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I.  BACKGROUND 
A. Purpose of the Model(s) 
The High Gradient Macroinvertebrate Index (HGMI) and the New Jersey Northern Fish Index of 
Biological Integrity (NJ Northern FIBI) are employed by the New Jersey Department of 
Environmental Protection (NJDEP) Ambient for the following purposes: 

• Evaluating attainment of aquatic life uses;  
• Compliance with Section 305(b) and 303(d) of the Clean Water Act reporting 

requirements; 
• Designating state Category 1 waters which are those waters deemed as having 

exceptional ecologically significance that warrant special protection; and 
• Assessing environmental trends within the state to determine the effectiveness of 

current regulations and to guide the development of future rules or revisions.   

B. Model Description and Depiction 
Both models are comprised of a series of worksheets that are completed manually with no 
specific software associated with them. Further description of the models are below. 
 
HGMI: Is a multimetric index model of collective metric responses of aquatic 
macroinvertebrates to environmental stress. Two indices were developed, one for 
application with genus level taxonomy and one for family level data.  
 
Metrics for HGMI  genus level are organized into seven categories: richness, composition, 
evenness, pollution tolerance, biological condition gradient attributes, functional feeding 
group and mode of locomotion. The specific metrics are listed below.  

• Total Number of genera 
• Percent of genera that are not insects 
• Percent of Ephemeroptera, Plecoptera, Trichoptera (EPT) individuals (excluding 

Hydropsychidae, including Diplectrona) 
• Number of scraper genera 
• Hilsenhoff Biotic Index 
• Number of attribute 2 genera 
• Number of attribute 3 genera 

 
For the HGMI family level, the five metrics calculated and scored include: 

• Number of EPT families 
• Percent of families that are not insects 
• Percent of individuals that are EPT (excluding Hydropsychidae) 
• Number of scraper families 
• Family of Biotic Index 
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The results of each metric listed are then totaled to generate a score which is then 
compared an Assessment Rating to determine the water quality.  

Assessment Rating Score 
Excellent    > 63 
Good     < 63-42 
Fair    < 42-21 
Poor     < 21 
 
 

NJ Northern FIBI: Is an index that measures the health of a stream based on multiple 
attributes of the resident fish assemblage specific to northern region of the state. The NJ 
Northern FIBI was refined in 2005, and contains the following indices: 

1. Total number of fish species 
2. Number of benthic insectivore species 
3. Number of trout and sunfish species 
4. Number of intolerant species 
5. Proportion of tolerant individuals 
6. Proportion of individuals as generalists 
7. Proportion of individuals as insectivorous cyprinids 
8. Proportion of individuals as trout or proportion of individuals as piscivores 
9. Number of individuals in the sample 
10. Proportion of individuals with disease or anomalies, excluding blackspot disease.  
 
The results of each metric listed are then totaled to generate a score which is then 
compared to Condition categories.  
Assessment Rating Score 
Excellent 45-50 
Good  37-44 
Fair  29-36 
Poor    10-28 

Habitat Assessment Worksheet: The HGMI and NJ Northern FIBI include a habitat 
assessment component that is conducted in conjunction with the field surveys required for 
each model.  The Habitat Assessment Worksheet used for both models was developed as 
part of the Environmental Protection Agency’s Rapid Bioassessment Protocols (EPA RBP).  
No modifications have been made to the worksheet by NJDEP to make it more regionalized. 
 
The habitat assessment includes a physical characterization, water quality assessment, and 
a visual assessment of instream and riparian habitat of the area in question. The physical 
characterization includes a description of general land, stream origin and type, riparian 
vegetation features and instream parameters such as width, depth, flow and substrate.  

 
The water quality assessment component involves taking in situ measurements such as 
water temperature, dissolved oxygen, turbidity, pH, and conductivity.  
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The visual assessment of instream and riparian habitat utilizes a worksheet consisting of a 
table comprising of ten Habitat Parameters, and four Condition Categories (Optimal, 
Suboptimal, Marginal and Poor) with a numerical scale of 0 to 20 that is used to evaluate 
and rate each Habitat Parameter.  
 
The ten Habitat Parameters identified on the Habitat Assessment Worksheet are as follows: 
 

1. Epifaunal Substrate/ Available Cover 
2. Substrate Embeddedness 
3. Velocity/Depth Combinations 
4. Sediment Deposition 
5. Channel Flow Status 
6. Channel Alteration 
7. Frequency of Riffles 
8. Bank Stability 
9. Bank Vegetative Protection 
10. Riparian Vegetative Zone Width 

 
The scores of each parameter are added together to create a total score. The total score is 
then compared to the habitat scoring chart to establish habitat quality as defined below. 

Habitat Score  Value 
Optimal   160-200 
Sub-Optimal   110-159 
Marginal   60-10 
Poor    <60 
 

In general, the results of the habitat assessment should be reflective of results of the 
benthic and fish assemblage analysis in relation to level of impairment. 

C. Contribution to Planning Effort 
The primary component of the Peckman River Flood Risk Management Study involves 
channel improvements to 1.4 miles of the Peckman River. The selected channel 
improvement plan proposes construction of a trapezoidal channel with a low flow channel 
to contain baseflows. Depending on optimization results, the improved channel bottom 
width could range from 30 to 60 feet with a top width of 100 to 150 feet.  
 
Other channel improvement alternatives that were formulated and will compare to without 
project future conditions include: 

a) Rectangular channel with concrete walls; 
b) Rectangular channel with low flow channel; 
c) Trapezoidal channel;  
d) Channel improvements on one side; and  
e) Channel improvements on one side and low flow channel. 
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The Peckman River Flood Risk Management Project Delivery Team (Peckman PDT) 
determined that the desired ecological model should focus on freshwater riverine habitat 
functions and established criteria for selecting the appropriate model. The selection 
criteria require that the model: 

1.  Quantify “no net loss” of habitat function and provide a watershed approach for 
mitigation as per Federal requirements. 

2.  Demonstrate to NJDEP that the project will not violate the antidegradation policy 
outlined in the New Jersey Surface Water Quality Standards – N.J.A.C. 7:9B. 

3.  Be consistent with NJDEP water quality survey methods in order to facilitate the 
permit coordination and approval process with NJDEP. 

4.  Evaluate the function of mitigation measures during post-construction surveys 
and develop adaptive management measures if required. 

5.  Translate easily to the layperson in order to explain the method to the public in 
the NEPA document. 

 
Prior to selecting the HGMI and NJ Northern FIBI, the Peckman River PDT consulted the 
following resources for assistance in determining the appropriate model(s) for the project 
needs:  

a) ERDC TN-EMRRP-EBA-4 Metric Development for Environmental Benefits Analysis 
b) ERDC/EBA TN-08-1 The Application of Conceptual Models to Ecosystem Restoration 
c) “Stream Assessment and Mitigation Protocols: A review of Commonalities and 

Differences”. Environmental Protection Agency, May 2010 
d) National Biological Information Infrastructure Ecological Assessment Methods 

Database found at http://assessmentmethods.nbii.gov/index.jsp?page=home 
e) Ecosystem Restoration Model Library on Civil Works Environment Gateway 

 
Based on a review of available resources, the HGMI and NJ Northern FIBI were determined 
to best meet the selection criteria established by the Peckman PDT and were chosen to 
serve as the models for the project.  The following describes how these models will be 
utilized from Feasibility Phase through post construction monitoring: 
 

1. HGMI and NJ Northern FIBI and companion Habitat Assessment Worksheet will 
initially be used to establish existing conditions and the functional value of the Peckman 
River. The reports documenting the stream assessment, the macroinvertebrate survey 
and the fish survey are located in Attachments 7-9 of this document. It should be noted 
that the, the New Jersey Impairment System (NJIS) method, which is the predecessor of 
the HGMI, was used in the report in order to compare the survey results with existing 
NJDEP data. Additional analysis using the HGMI method is pending and the report will be 
updated accordingly to document the results of the analysis and how it compares to the 
previously used method. 

 
2. Sufficient documentation exists on the general adverse impacts associated with river 
channelization on freshwater riverine ecosystems, that the Habitat Assessment 
Worksheet can be used to analyze impacts of various channelization alternatives by 
comparing changed conditions to the “without project” conditions.  References that will 

http://assessmentmethods.nbii.gov/index.jsp?page=home�
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be consulted to assist in completing the Habitat Assessment Worksheet for alternative 
evaluation will include but will not be limited to: 

• Manual of Stream Channelization Impacts on Fish and Wildlife, July 1982, U.S. 
Fish and Wildlife Service 

• Channelized Rivers, Perspectives for Environmental Management, Andrew 
Brookes   

• Restoring Streams in Cities:A Guide for Planners, Policymakers, and Citizens, Ann 
L. Riley and Luna B. Leopold 

• Engineering Manual 1110-2-1418 Engineering and Design - Channel Stability 
Assessment for Flood Control Projects 

• Engineering Manual 1110-2-1205 Environmental Engineering for Flood Control 
Channels 

• Effects of Riprap on Riverine and Riparian Ecosystems, ERDC/EL TR-03-4 
 

HEC-RAS will be an integral component to complete the worksheet because it will 
identify changes in water velocities and depths that can then be used to determine the 
level of impacts to the Embeddedness, Velocity/Depth Regimes, Sediment Deposition, and 
Channel Flow Status Habitat Parameters.   

 
3. The Habitat Assessment Worksheet will be used as a design guide for mitigation 
measures within the project area. Because the Habitat Assessment Worksheet contains 
set criteria to achieve a particular Condition Category for each of the ten Habitat 
Parameters, mitigation features must meet that criteria in order to maintain the no net 
loss value.  
 
4. The HGMI, NJ Northern FIBI and Habitat Assessment Worksheet will be used for post 
construction monitoring to track success of mitigation features, ensure compliance with 
state permit conditions and identify potential adaptive management measures.  

 
An ancillary benefit gained from using the state implemented models is the data can be 
used by the state for their purposes as outlined in section I.A. of this document. 
 
D. Description of Input Data 
HGMI: Macroinvertebrates are collected in the field following the survey method and then 
identified to the lowest practicable taxonomic level in a laboratory as outlined in the 
Standard Operating Procedure (SOP) in Attachment 3. Once identified, that data is used to 
complete the index metrics described in section 1.B. Model Description and Depiction. 
 
NJ Northern FIBI: Fish are collected, identified to species level, counted and examined for 
disease and anomalies and recorded on datasheets in the field. Once identified, the data  
is organized per the assigned Index Metrices identified in section 1.B Model Description 
and Depiction.  
 
Habitat Assessment: The companion Habitat Assessment worksheet is completed in the 
field during the surveys and is based on visual assessment. 
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E. Description of Output Data 
HGMI: 
The results of each metric listed in Section D above are then totaled to generate a score 
which is then compared to an Assessment Rating to determine water quality.  
 

Assessment Rating Score 
Excellent     > 63 
Good      < 63-42 
Fair     < 42-21 
Poor      < 21 

 
NJ Northern FIBI:   
As with the HGMI, the results of each metric listed are then totaled to generate a score 
which is then compared to Condition categories.  
Excellent 45-50 
Good 37-44 
Fair 29-36 
Poor    10-28 

Habitat Assessment Worksheet: Both the HGMI and NJ Northern FIBI include a habitat 
assessment worksheet that is required to be completed during biological surveying. The 
scores of each parameter are added together to create a total score. The total score is then 
compared to the habitat scoring chart to establish habitat quality as defined below. 

Habitat Score  Value 
Optimal   160-200 
Sub-Optimal   110-159 
Marginal   60-10 
Poor    <60 
 

F. Statement on the Capabilities and Limitation of the Model: 
Capabilities 
Both the HGMI and the NJ Northern FIBI serve as a means of assessing surface water 
quality and habitat degradation within a particular waterbody or watershed for high 
gradient, wadeable streams in northern region of New Jersey.  
 
Limitations 
Both the HGMI and the NJ Northern FIBI are limited to macroinvertebrate species and fish 
inhabiting high gradient stream systems within northern New Jersey as shown in 
Attachments 1 and 2.  
 
The HGMI development report indicates that the model was not adequately tested for 
streams with limestone geology or drainage less than one or greater than 19 square miles. 
Additionally, the HGMI development report noted that index results from samples with less 
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than or more than 200 individuals may be unreliable because metrics derived from small 
or large samples may be biased in ways that were not tested. 
 
Limitations specific to the NJ Northern FIBI is that it only applies to perennial streams with 
drainage areas larger than 5 square miles and only fish greater than one inch in length are 
counted. 
 
The Peckman River does not meet the limitation criteria given that the drainage area is 
approximately ten square miles in size and has a geologic composition of shale and 
sandstone. Therefore, the limitations with the models do preclude their use for the project. 
 
Habitat Assessment Worksheet: Limited to wadeable, high gradient streams. No additional 
modifications were made by the NJDEP to make it more specific to high gradient riverine 
systems in the northern region of New Jersey.  The Peckman River is a high gradient 
wadeable stream within northern New Jersey.  Therefore, use of the Habitat Assessment 
Worksheet is appropriate for use for the project. 
 
G. Description of Model Development Process Including Documentation on 
Testing Conducted (Alpha and Beta tests): 
HGMI: The HGMI was developed in 2007 and implemented in 2008 in response to a need to 
refine the existing macroinvertebrate index of biological integrity known as the NJIS. 
Specifically, there was a concern that the NJIS was limited in its ability to detect more 
subtle degrees of impairment. The model development and testing process is documented 
in detail in Attachment 3.   
 
NJ Northern FIBI: The NJ Northern FIBI was originally developed in 1994 by following the 
fish IBI guidelines outlined in the EPA RBP and then recalibrated by the NJDEP Bureau of 
Fish and Biological Monitoring in 2005.  The development and testing process is explained 
in detail in Attachment 4. 
 
Habitat Assessment Worksheet: The habitat assessment worksheet follows the same metric 
and scoring criteria as the one used for EPA RBP and has not been modified by NJDEP.  As 
described in Chapter 5 of EPA RBP, the worksheet was “originally based on the Stream 
Classification Guidelines for Wisconsin developed by Ball (1982) and "Methods of 
Evaluating Stream, Riparian, and Biotic Conditions" developed by Platts et al. (1983).” 
Barbour and Stribling (1991, 1994) modified the habitat assessment approach originally 
developed for the RBPs to include additional assessment parameters for high gradient 
streams and a more appropriate parameter set for low gradient streams.”  
 
II. TECHNICAL QUALITY 
A. Theory:  
Both models operate on the theory that biological metrics can be developed to serve as 
numerical expressions of biological community characteristics that react to a human 
disturbance in a predictable fashion.   
 

http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch11main.cfm#Ball%201982�
http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch11main.cfm#Platts%20et%20al.%201983�
http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch11main.cfm#Barbour%20and%20Stribling%201991�
http://water.epa.gov/scitech/monitoring/rsl/bioassessment/ch11main.cfm#Barbour%20and%20Stribling%201994�
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The basic concepts and procedures outlined in HGMI and NJ Northern FIBI follow those 
established by the Environmental Protection Agency Rapid Bioassessment Protocols (EPA 
RBP) which was developed in 1989 to address the need for identifying water quality 
problems and trends, and was designed to provide basic aquatic life data for water quality 
management purposes such as water quality problem screening, and trend monitoring, site 
ranking and water quality trend monitoring.  
 
The EPA RBP incorporated existing biological assessment methods from several states to 
create basic guidelines on conducting biological assessments for the purposes of evaluating 
water quality.  A workgroup of both State and USEPA Regional biologists was established to 
provide the framework for the basic approach and served as primary reviewers of various 
drafts. A panel of technical experts was developed to provide an in-depth review and 
recommendations to the 2nd edition. Additionally, the EPA RBP has undergone field tests 
across the nation. Further information about the development of EPA RBP can be found in 
Attachment 6. 
 
B. Description of System Being Represented by the Model:  
HGMI: The HGMI represents aquatic macroinvertebrate assemblages found in high gradient 
streams in New Jersey.  See Attachment 1 for area of applicability. 
 
NJ Northern FIBI: The NJ Fish IBI represents fish species in northern New Jersey. Refer to 
Attachment 2 for area of applicability. 

Habitat Assessment worksheet: Was developed for high gradient streams. 

C. Analytical Requirements:   
HGMI: Specifically, the HGMI was developed as a refinement to the previously used NJIS 
when it was determined that the NJIS may be limited in its ability to detect more subtle 
degrees of impairment. Refer to Attachment 3 for further discussion of how these 
requirements were addressed to develop the model.  
 
NJ Northern FIBI: The 2005 refinement of the 1994 FIBI was a result of the desire to have 
the model more reflective to high gradient systems. A more detailed description is included 
in the IBI Metrics Section on page 10 of Attachment 4. 
 
For the purposes of applying the models to the Peckman River Flood Risk Management 
Project, the Project Delivery Team identified the need for a model that would have the 
ability to quantify existing habitat conditions and impacts as it relates to a freshwater, high 
gradient riverine ecosystem. 
 
D. Assumptions:  
HGMI: Key assumptions taken into consideration when developing the HGMI include: 
a) Reference sites are those that are “least disturbed” and although may not be in pristine 

condition, represent a standard that should be attainable for other streams with similar 
natural characteristics.  Stressed sites represent conditions that have been degraded by 
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human activities as measured by physical and land use data and have biological samples 
that are different from the reference site. Refer to Section 3.0 of Attachment 3 for further 
discussion of how the reference and disturbed sites were defined.  

 
b) Metrics must be calculated using taxa identifications at levels appropriate to the indices 

(genus or family), attributes defined by NJDEP and metric adjustment and scoring 
formulae developed; 

 
c)  Certain metrics were adjusted adjusted on a continuous scale using the regression 
relationships between metric values and catchment size in reference sites.   
 
NJ Northern FIBI: Key assumptions taken into consideration when developing the HGMI 
include: 
a) Quantitative scoring criteria were developed for each biometric based upon the degree 

of deviation from appropriate ecoregional reference conditions. 
b) For the Total Number of Fish Species metric, it is assumed that fish species with the least 

tolerance to environmental change are typically the first to become absent when water 
degradation occurs. 

c) For the Number of Trout and Sunfish Species metric, both sunfish and trout are sensitive 
to habitat degradation and loss of instream cover. However, green sunfish and bluegill 
were eliminated due to their tolerance to environmental changes. 

d) For the Number of Intolerant Species metric, those species designated as intolerant 
should have historical distributions significantly greater than presently occurring 
populations and be restricted to streams that have exceptional water quality. 

e)  For the Proportion of Individuals as Generalists metric, generalists are defined as 
species with flexible feeding strategies and broad habitat requirements. 

f)  For the Proportion of Individuals as Insectivorous Cyprinids metric, a shift from 
specialized invertebrate feeders to generalists with flexible foraging behaviors often 
indicates poor conditions associated with water quality and /or physical habitat 
degradation. 

g) For the Proportion of Individuals as Trout or Proportion of Individuals as Piscivores, 
excluding American eel metric, the ubiquity of American eels in streams that have a wide 
range of water quality or habitat conditions limits their use as an indicator of aquatic 
health. 

h) For streams with drainage areas over 5 square miles in northern New Jersey, species 
richness is expected to increase with higher environmental quality. Additionally, in a 
stream with a given level of environmental quality species richness should increase with 
stream size. Thus large streams with good water quality should have significantly more 
species than a small stream with good water quality.  

 
E. Conformance with Corps Policies and Procedures: 
I. The following Corps policies were identified as those that the models are required to conform 
with: 

a) ER 1105-2-100, Planning Guidance Notebook (PGN): The PGN provides the overall 
direction by which Corps of Engineers Civil Works projects are formulated, evaluated and 
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selected for implementation. The PGN contains a description of the Corps of Engineers 
planning process, missions and programs, specific policies applicable to each mission and 
program and analytical requirements.  

   
b) CECW-PC Memorandum for Commanders, Major Subordinate commands: Implementation 
Guidance for Section 2036(a) of the Water Resources Development Act of 2007 (WRDA 07)- 
Mitigation for Fish and Wildlife and Wetlands Losses, 31 Aug 2009: This guidance 
memorandum outlines the requirements for determining and documenting mitigation 
measures and ensuring mitigation success for projects receiving Congressional authorization 
per WRDA 07.  
 
c) EC 1105-2-412, Assuring Quality of Planning Models, 31 March 2011: This EC established 
the process and requirements for assuring the quality of planning models. 

 
Model Compliance: Within the Planning Process, the IBI component of the HGMI, and the NJ 
Northern FIBI will primarily be used to inventory existing conditions and establish 
functional value. Because the Habitat Assessment Worksheet contains set criteria to 
achieve a particular Condition Category for each of the ten Habitat Parameters, the 
worksheet in conjunction with HEC-RAS and available information about the adverse 
impacts of and mitigation strategies for channelization activities will be used to: 
 

a) quantify impacts of the different channelization alternatives; and  
b) formulate, evaluate and compare the different mitigation plans associated with each 

channelization alternative.  
 
The models will be used for post-construction monitoring to document mitigation success 
and identify any adaptive management measures that may need to be incorporated into the 
project to ensure success. The use of the models for mitigation measure development and 
post-construction monitoring will be documented in the Feasibility Report and NEPA 
document to satisfy compliance with WRDA 07.  
 
II. Applicable laws and regulations to Civil Works Projects with which the model must 
comply: 

a) Section 404 of the Clean Water Act, as amended in 1977, authorizes the Corps of 
Engineers to regulate the discharge of dredged or fill material into waters of the United 
States, including wetlands.  The purpose of the Clean Water Act is to restore and maintain 
the physical, chemical, and biological integrity of the nation’s waters. 
 
b)Section 230.10 (d) of the Section 404 (b)(1) Guidelines states that “no discharge of 
dredged of fill material shall be permitted unless appropriate and practicable steps have 
been taken which will minimize potential adverse impacts of the discharge on the aquatic 
ecosystem.”  The Section 404 (b)(1) Guidelines require the application of a sequence of 
mitigation – avoidance, minimization and compensation.  In other words, mitigation 
consists of the set of modifications necessary to avoid adverse impacts altogether, 
minimize the adverse impacts that are unavoidable and compensate for the unavoidable 
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adverse impacts.  Compensatory mitigation is required for unavoidable adverse impacts, 
which remain after all appropriate and practicable avoidance and minimization has been 
achieved. 
 
c) Section 401 of the Clean Water Act provides authority for the state water quality 
agency to determine if the proposed action will violate water quality standards through a 
water quality certification.  New Jersey Department of Environmental Protection is the 
certifying agency. Mitigation provisions may be included in the conditions of the Section 
401 water quality certification. 
 
d) 40 CFR Compensatory Mitigation for Losses of Aquatic Resources; Final Rule 
(Mitigation Rule): dated 10 April 2008, states regulation governing compensatory 
mitigation for activities authorized by permits issued by the Department of the Army.  
The regulations establish performance standards and the use of permittee-responsible 
compensatory mitigation, mitigation banks, and in-lieu fee (ILF) programs to improve the 
quality and success of compensatory mitigation projects for activities authorized by 
Department of the Army permits.  The rule also emphasizes that a watershed approach 
be considered for mitigation activities. 

 
Model Compliance: The models are currently used by the state as part of their water quality 
assessment and compliance program. Therefore, application of the models during study 
investigations, alternative evaluation and post-construction monitoring will ensure a 
consistent and accurate process to assure maintenance of existing functional value of the 
Peckman River and to prevent violations to the state’s water quality standards. 
Additionally, the models comply with the watershed approach for mitigation by not 
focusing one specific species or habitat niche and can be used in determining measures that 
will minimize or avoid adverse impacts resulting from channelization.  

 
F. Identification of Formulas Used in the Model and Proof That the 

Computations are Appropriate and Done Correctly:  
 
HGMI: The HGMI is essentially a refinement and recalibration of the previously used NJIS 
method implemented by NJDEP in the 1980’s. Attachment 3 details the recalibration effort 
and the testing done to ensure model and computational accuracy. 
 
NJ Northern FIBI: As with the HGMI, the NJ Northern FIBI was developed as a refinement of 
the existing 1994 FIBI. Attachment 4 details the recalibration effort and the testing done to 
ensure model and computational accuracy. Attachment 5 includes the original 1994 FIBI. 
 
III.  SYSTEM QUALITY 
Neither the HGMI or NJ Northern FIBI and the associated stream assessment form utilize 
software. Therefore, this section is not applicable. 
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IV. USABILITY 
A. Availability of Input Data Necessary to Support the Model:  
HGMI: Field surveys to collect the macroinvertebrates and laboratory analysis for species 
identification to the lowest taxonomic level are necessary to obtain the data that is 
required to complete the model. Per the established Standard Operating Procedures, 
surveys need to be conducted between April 1 and November 30. Qualified biologists 
knowledgeable in sampling procedures and cursory species identification are required for 
the initial data collection. A laboratory certified in species identification and familiar with 
the NJ SOP is required for the detailed species identification.  
 
NJ Northern FIBI: Field surveys to collect and identify the fish species are required to 
obtain the data needed to complete the metric analysis. Surveying should be conducted 
from June through early October. The survey needs to be conducted by biologists who 
demonstrate the qualifications necessary to obtain a scientific collection permit, identify 
species, operate survey equipment (i.e. electroshocker) and perform the statistical analysis.  
 
Habitat Assessment Worksheet: Field surveys following the protocol outlined in Chapter 5 
of EPA RBP are required to obtain the data needed to complete the worksheet. Staff 
involved in the survey should have a basic understanding of freshwater riverine ecology.  
 
B. Formatting of Output in an Understanding Manner:  
 The scoring sheets for both the HGMI and NJ Northern FIBI and the stream assessment 
form are self-explanatory. Therefore, no modifications to the forms are required to present 
the results in a more understandable format. 
 
C. Usefulness of Results to Support Project Analysis:   
The HGMI and NJ Northern FIBI and companion Habitat Assessment Worksheet have 
applicability in multiple phases of the Civil Works study process. In the Feasibility Phase, 
both models will be used to establish existing habitat conditions and functional value.  The 
Habitat Assessment Worksheet will be used to assist in determining the impacts of various 
channelization alternatives to the Peckman River and the appropriate mitigation measures 
to achieve “no net loss” of habitat functions. During post construction monitoring the HGMI 
and NJ Northern FIBI will enable the tracking of benthic and fish population recovery 
within the project area and compliance with New Jersey’s anti-degradation policy. The 
Habitat Assessment worksheet will be used to track habitat recovery and the identification 
of potential adaptive management measures that may need to be implemented to ensure 
mitigation success. Neither model includes any parameters specific to state economic or 
recreational objectives that would require modification to comply with Corps policies or 
regulations. 
 
D. Ability to Export Results into Project Reports:   
Data may be calculated manually using the worksheets and formulas provided in the HGMI 
and NJ Northern FIBI SOPs and then can be formatted into a table in a Microsoft Word 
document.  
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E. Training Availability:  
There are no specific training classes for the HGMI or NJ Northern FIBI. However, New 
Jersey Department of Environmental Protection has developed comprehensive Standard 
Operating Procedures that outline survey and data analysis protocols that a qualified 
biologist would be able to follow.  
 
A comprehensive discussion about the Habitat Assessment worksheet can be found in 
Chapter 5 included in Attachment 6. Additionally, U.S. EPA offers an online training module 
for the EPA RBP which is available at: 
http://www.epa.gov/owow/watershed/wacademy/acad2000/rbp/ 
 
Given that the HGMI and NJ Northern FIBI are derived from EPA RBP, an individual wishing 
to become more knowledgeable in the methods could take the EPA RBP training to 
supplement their ability to follow the SOP’s developed by NJDEP for HGMI and NJ Northern 
FIBI. 
 
F. Users Documentation Availability and Whether it is user Friendly and 
Complete:  
All pertinent documents can be found on NJDEP’s website. The documentation is user 
friendly and translates well to the layperson although the ultimate surveys and analysis 
does have to be performed by qualified personnel.  
 
G. Technical Support Availability:   
NJDEP does not offer a formal technical support program for either the HGMI or NJ 
Northern FIBI although staff from the NJDEP Bureau of Water of Freshwater and Biological 
Monitoring can be contacted if there are specific questions regarding the index criteria. 
Given that there is no specific software program, the need for technical support should be 
minimal.  For the NJ Northern FIBI, an individual with questions can contact John Vile at 
(609) 292-0427. 
 
H. Software/Hardware Platform Availability to All or Most Users:  
HGMI: The primary component of the models are worksheets that are attached to the SOP 
as appendices and are available at: 
http://www.state.nj.us/dep/wms//bfbm/download/AMNET_SOP.pdf 

NJ Northern FIBI: 
http://www.state.nj.us/dep/wms/bfbm/fishibi.html 
 
I. Accessibility of the Model:   
Both the HGMI and NJ Northern FIBI can be downloaded from the NJDEP’s website. Specific 
locations are listed below. 
 
HGMI: General information about NJ Ambient can be found at: 

http://www.epa.gov/owow/watershed/wacademy/acad2000/rbp/�
http://www.state.nj.us/dep/wms/bfbm/download/AMNET_SOP.pdf�
http://www.state.nj.us/dep/wms/bfbm/fishibi.html�
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 http://www.state.nj.us/dep/wms//bfbm/amnet.html 
 

The HGMI Report can be downloaded at: 
http://www.state.nj.us/dep/wms/bfbm/download/HGMI_report.pdf 

 
The HGMI SOP can be downloaded at: 
http://www.state.nj.us/dep/wms//bfbm/download/AMNET_SOP.pdf 

 
NJ Northern FIBI: General information about the metric indices can be found at: 

http://www.state.nj.us/dep/wms/bfbm/fishibi.html 
 

The most recent data forms and description of analysis process are located in 
Attachment 4 which can be downloaded at:  
http://www.state.nj.us/dep/wms/bfbm/download/ibi2008volume1report.pdf 

 
Habitat Assessment Worksheet: The worksheet can be downloaded separately at: 

http://www.state.nj.us/dep/wms/bfbm/appendix/habitat.html 

J. Transparency of Model and How It Allows for Easy Verification of 
Calculations and Outputs:   
The worksheets attached to the HGMI and FIBI are completely transparent. The District 
followed these protocols in surveys to establish existing conditions and derived similar 
results related to water quality and habitat conditions as NJDEP had with their past 
macroinvertebrate studies in the Peckman River. 

 

 

 

 

http://www.state.nj.us/dep/wms/bfbm/amnet.html�
http://www.state.nj.us/dep/wms/bfbm/download/HGMI_report.pdf�
http://www.state.nj.us/dep/wms/bfbm/download/AMNET_SOP.pdf�
http://www.state.nj.us/dep/wms/bfbm/fishibi.html�
http://www.state.nj.us/dep/wms/bfbm/download/ibi2008volume1report.pdf�
http://www.state.nj.us/dep/wms/bfbm/appendix/habitat.html�
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Executive Summary 
 
 
The New Jersey Department of Environmental Protection (NJDEP) determined that its biological 
indicator for benthic macroinvertebrates in high gradient wadeable streams was due for 
evaluation and possible re-development.  This report evaluates performance of the existing 
indicator (the New Jersey Impairment Score) and examines revisions to the indicator that 
improve its sensitivity to natural variability among sites and its responsiveness to environmental 
stresses. 
 
The outcome of the evaluations and revisions was the development of a new tool for identifying 
biological degradation in the high gradient streams of New Jersey: the High Gradient 
Macroinvertebrate Index (HGMI).  Two forms of the index were developed, one for application 
with genus level taxonomy and one for family level data.  For the HGMIgen, seven metrics are 
calculated and scored for inclusion in the index: 
 

• Total number of genera  
• Percent of genera that are not insects  
• Percent of EPT individuals (excluding Hydropsychidae, including Diplectrona) 
• Number of scraper genera  
• Hilsenhoff Biotic Index  
• Number of attribute 2 genera (highly sensitive and uncommon taxa) 
• Number of attribute 3 genera (sensitive and common taxa) 

 
Five metrics are calculated and scored for inclusion in the HGMIfam: 
 

• Number of EPT families  
• Percent of families that are not insects  
• Percent of individuals that are EPT (excluding Hydropsychidae) 
• Number of scraper families  
• Family Biotic Index  

 
For combined calibration and verification data, all stressed sites had HGMI scores lower than the 
25th percentile of reference scores (discrimination efficiency = 100%).  The HGMIgen is more 
precise than the HGMIfam and should be used when taxonomic expertise for reliably identifying 
genera is available.   
 
The HGMI accounts for natural variability through metric adjustments of those metrics that were 
correlated with catchment area, the only natural environmental variables that had any significant 
effect on metrics in reference sites.  There is no categorical classification by stream size.  Rather, 
metrics are adjusted on a continuous scale using the regression relationships between metric 
values and catchment size in reference sites. 
 
We recommend applying the HGMI in high gradient sites where samples are collected between 
April 1 and November 30 and processed using NJDEP protocols.  Metrics must be calculated 
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using taxa identifications at levels appropriate to the indices (genus or family), attributes defined 
by NJDEP, and metric adjustment and scoring formulae provided in Tables 5 and 6 of this report.  
HGMI results can be used in bioassessments, provided that the uncertainties associated with 
thresholds and unaccounted-for natural variability are stated as part of the assessments.  
Particular natural conditions that have not been adequately tested include very small, very large, 
and limestone streams.   
 
NJDEP must select an impairment threshold if the HGMI is to be used in bioassessments.  Three 
approaches for threshold selection are suggested.  They include: 

1.  Select a percentile of reference site HGMI scores based on confidence in the 
reference site selection and the disturbance levels expected in those sites, 

2.  Balance error between Type 1 and Type 2 error rates, and 
3.  Use Biological Condition Gradient Tiers to associate HGMI values with descriptions 

of biological alterations. 
 
Optimally, NJDEP will consider all three approaches to bolster the selection of a threshold of the 
HGMI to distinguish impaired from unimpaired biological conditions. 
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CV   Coefficient of variability 
 
DE   Discrimination efficiency 
 
DFA   Discriminant function analysis 
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1.0 Introduction 
 
The primary goal of the Clean Water Act is to preserve and protect the biological integrity of the 
Nation’s waters.  Stream aquatic resources in New Jersey are threatened by continued 
degradation caused by numerous unnatural stressors.  Biological measures that are indicative of 
environmental stresses have been used to assess the condition of stream resources.  Though these 
indicators have been effective, they are due for evaluation and re-calibration because additional 
data have been compiled, allowing refinement of the indicators.  In the course of indicator 
refinement, one specific question that can be examined relates to biotic conditions in headwater 
streams.  Headwater streams may be more vulnerable to human activities than larger wadeable 
streams because of their small size and relative proximity to stressor sources.  Evaluation of the 
sensitivity of biological indicators to stresses in small watersheds is a secondary reason for 
evaluating and re-calibrating New Jersey’s biotic indicators for streams. 
 
The New Jersey Department of Environmental Protection (NJDEP) routinely monitors 
waterbodies for various chemical, physical, and biological parameters.  Biological monitoring 
includes sampling for macroinvertebrates and fish.  NJDEP has developed macroinvertebrate and 
fish protocols, which are used together to assess environmental conditions of non-tidal wadeable 
streams. Through the Ambient Biological Monitoring Network (AMNET), streams have been 
assessed with benthic macroinvertebrates using a multimetric index, namely the New Jersey 
Impairment Score (NJIS; Kurtenbach 1990).  The NJIS uses family-level taxonomy and an index 
with three rating categories of biological condition (non-impaired, moderately impaired, and 
severely impaired).  The current protocol may be limited in its ability to detect more subtle 
degrees of impairment as compared to biological assessments with more detailed taxonomy.  
NJDEP’s original protocol was not developed for perennial headwater streams.   
 
The analyses described in this report are intended to evaluate biological indicators in headwater 
and non-headwater streams and to recommend an improved index, if the NJIS is not adequate.  
In 2003, U.S. EPA Region II collected macroinvertebrate samples from headwater streams 
located in northern New Jersey.  Preliminary results of this study showed that these small 
streams had sufficient macroinvertebrate abundances and taxonomic richness to apply NJDEP’s 
current protocol.  However, there was a concern that cut offs for the NJIS metric scores are 
inappropriate for application in headwater streams.  The objective of this study is to analyze 
recent data of New Jersey streams to recalibrate and revise, if necessary, New Jersey’s NJIS 
index with respect to both headwater and non-headwater streams in high gradient regions of the 
State.  Comparisons will also be made to the recently developed fuzzy set model for predicting 
tiers of the Biological Condition Gradient (BCG) in New Jersey (Gerritsen and Leppo 2005). 
 
1.1 Study Area 
 
The area of study was limited to northern New Jersey, above the geologic fall-line.  This area 
includes the following ecoregions: the North Central Appalachians, the Central Appalachian 
Ridges and Valleys, the Northeastern Highlands, the Northeastern Coastal Zone, and the 
Northern Piedmont.  The focus on northern, higher gradient streams was purposeful; it was 
assumed to reduce variability in the biological samples.  Streams in the southern portion of the 
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State are known to have a fundamentally different character than northern streams.  The southern 
portion is the Mid-Atlantic Coastal Plain, which is different from northern ecoregions in terms of 
soils, underlying geology, and stream gradients, among other things.  A multimetric index was 
recently developed for Pinelands streams (Jessup et al. 2005) and NJDEP uses the Mid-Atlantic 
Coastal Streams protocols in non-Pinelands Coastal Plains streams.  
 
1.2 Approach to Index Development 
 
The premise of the index development process is that physical and chemical disturbances are 
reflected by changes in the benthic macroinvertebrate community.  Physical and chemical 
characteristics can first be used to distinguish minimally disturbed (reference) sites from sites 
disturbed through human activity.  The benthic macroinvertebrate data from these sites can then 
be used to identify a biological reference condition that is distinct from the non-reference, or 
stressed, condition.  Meaningful biological signals of disturbance are summarized in a 
multimetric index that can be used to evaluate biological integrity in sites of unknown quality.  
The development of a multimetric index calibrated on the benthic macroinvertebrate and 
environmental data collected in high gradient New Jersey streams follows a series of steps, as 
follows: 
 

1. Collect and organize the data; 
2. Define reference and stressed sites; 
3. Stratify natural biological conditions; 
4. Calculate biological metrics and determine metric sensitivity to stresses; 
5. Combine appropriate metrics into index alternatives; 
6. Select the most appropriate index for application in high gradient streams based on 

sensitivity and variability, and; 
7. Assess performance of the index. 

 
This report is organized along the lines of the index development process, with methods and 
results explained for each step.  Appendices include site assessments using the recommended 
index. 
 
 
2.0 Data Compilation 
 
The NJDEP provided data collected for its AMNET program during the period from 1990 to 
2004.  These data included benthic macroinvertebrate samples, site and watershed 
characteristics, field water quality measures, and physical habitat scores.  The data were 
organized in a relational database for efficient storage and calculation of biological metrics.  
Data from headwater streams collected by U.S. EPA Region II were added to the database so that 
a combined analysis could be performed.  Samples were considered valid for this analysis if they 
were collected between April 1 and November 1, total individuals in the sub-sample was 
between 50 and 200, and sites were located in the Appalachian Piedmont and Mountains, above 
the geologic fall-line (Figure 1). 
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Figure 1.  Northern New Jersey showing site locations for samples used in the analysis.  Solid circles are 
least impaired reference sites and crosses are stressed sites.  Gray circles are “other” sites, neither 
reference nor stressed. 
 
 
NJDEP uses a "multi-habitat" sample collection approach, focusing on the more productive 
habitat types (Barbour et al. 1999).  The usual sampling device is a D-frame kick net of 800 x 
900 um mesh size and one foot width.  In high-gradient streams, where the predominant 
substrate is cobble, the riffle/run area is the preferred sampling habitat.  The kick net is held 
firmly against the hard bottom, and an area approximately one foot upstream of the net is 
disturbed using feet and hands.  This procedure is repeated, sampling all velocity/depth regimes 
at the site, including at least one riffle-run-riffle sequence (if present).  The length of the 
sampling reach approaches, but does not exceed, 100 meters.  Level of effort is consistent for all 
sites.  EPA collected samples from riffles over a four minute period.  Where possible, samples 
were taken on the upstream side of any road crossings, sufficiently upstream of the influence of 
any channel alterations due to bridges.  The entire sample is sieved using a #30 mesh sieve 
bucket, put into wide-mouthed (1-L) jars, and preserved with 5 to 10% formalin or ethanol (to 
20% in cases of excessive organic loading).   
 
In the laboratory, the composited sample is rinsed and evenly distributed in a light-colored pan 
marked with grids of equal size.  Using low-power magnification (6.3x), all organisms greater 
than 2mm in size were removed from randomly selected grids until a total of at least 100 
organisms were obtained.  EPA processing varies from NJDEP processing in that rose Bengal is 
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added to EPA samples to enhance recognition of specimens during sorting, which is performed 
without magnification.  Also, EPA stops picking after 100 organisms, instead of completely 
picking a grid, as does NJDEP.  Colonial groups (e.g., Bryozoa and Porifera), vertebrates, and 
terrestrial organisms are not included in the subsample.  Organisms were generally of sufficiently 
good condition to allow for genus level identification.   
 
The individuals from the subsample are identified to the lowest practicable taxonomic level, 
usually genus or species, using 7 to 30X stereozoom and 40 to 400X compound magnification. A 
comprehensive collection of taxonomic keys and other references, including functional (or niche) 
descriptions and pollution tolerance classifications for most species, is maintained in the 
laboratory. For verification, 10% of the samples are sent to a qualified independent consultant for 
parallel identifications.  A macroinvertebrate specimen reference collection is maintained in the 
laboratory. 
 
During the field operations, qualitative observations of habitat, surrounding land use, potential 
pollution sources, and presence of other aquatic biota are recorded.  Habitat scores reflect the 
overall habitat quality as measured using Rapid Bioassessment Protocols (RBP; Barbour et al. 
1999).  Because habitat scoring methods changed slightly after 1995, scores were standardized as 
a percentage of the maximum possible score.  Field water quality variables include water 
temperature, dissolved oxygen, specific conductance, and pH.  Site characteristics include 
latitude, longitude, ecoregion, water management area, and hydrologic unit.  Watershed 
characteristics include area of the site catchment, and percentages of land use types in the 
catchment (urban, agriculture, forest, barren, water, and wetland).  Land use coverages were 
based on remotely sensed data from 1995 and 2002. 
 
The macroinvertebrate samples were collected over several years with repeat visits to established 
sites over time. To eliminate the chance of biasing the analysis with multiple samples from any 
one site, one sample per site was selected to be included in the analysis.  Samples collected 
before 1995 were only used if no valid samples were collected after that year.  Otherwise, 
samples were selected randomly from each site.   
 
A multimetric index is a model of collective metric responses to environmental stress.  The 
model is developed, or calibrated, using one set of data.  The effectiveness of the model at 
distinguishing reference from stressed sites is verified using a separate, preferably independent, 
data set.  Samples were assigned to the calibration or verification groups, such that 
approximately 80% of samples were used in calibration, 20% in verification. 
 

3.0 Defining Reference and Stressed Sites 
 
Reference sites represent least disturbed conditions as determined by non-biological 
environmental data (Stoddard et al. 2006).  They may be sites that have escaped significant 
human activities that alter stream integrity, or they may have recovered from some past 
alterations.  These sites are not pristine, but are the best sites in this data set and represent a 
standard that should be attainable for other streams with similar natural characteristics.  The 
variables available in the high gradient dataset for defining reference sites include land use, field 
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chemistry, and habitat assessments.  Once reference sites are identified using physical and 
chemical data, their biological samples are used to describe the biological reference condition, 
which is a standard to which other samples can be compared for identifying impairment status.   
 
Stressed sites represent conditions that have been degraded by human activities, as measured by 
physical and land use data.  They are expected to have biological samples that differ from 
reference conditions.  Biological metrics with values that consistently differ between reference 
and stressed sites are apparently responsive to the stressors in the stressed sites.  “Other” sites are 
those classified as neither reference nor stressed.  They are expected to have intermediate levels 
of stress, and are not used in calibration of the index.   
 
3.1 Identifying Reference and Stressed Sites 
 
Reference and stressed sites were selected according to a set of explicit criteria defining what is 
“best” for the region (Table 1).  These criteria were based on recommendations from EPA and 
NJDEP biologists.  The recommendations were tested and modified to arrive at criteria that 
resulted in a sufficient number of samples for the analysis and that were generally acceptable as 
indicating least disturbed conditions in the study area.  Water quality measures were not used as 
criteria because the data are assumed to be highly variable with the time of day and date of the 
samples.  EPA suggested specific headwater sites to be included in the reference and stressed 
data sets, but all of the recommended sites did not meet the modified criteria. Over the period of 
data collection, the habitat evaluation procedures changed slightly.  Earlier evaluations were 
based on a total possible score of 135 habitat points and later evaluations were based on 200 
points.  To compare across time periods, the habitat scores were standardized as a percentage of 
the total possible score. 

 
Table 1. Criteria for reference and stressed sites.  Reference sites met all criteria.  Stressed sites 
met any stressed criterion. 
Physical Measure Reference Criteria Stressed Criteria 
% Urban + Agriculturea <20% >80% 
Habitat Scoreb >75% <50% 
Below Dam No  
a Both 1995 and 2002 data were considered. 
b As a percentage of the total possible habitat score. Where multiple habitat assessments were recorded, 
all scores met the criteria (e.g., all > 75% or all < 50%). 
 
3.2 Samples Used in Analysis 
 
Application of reference criteria to 436 high gradient sites in New Jersey resulted in 43 reference 
sites and 54 stressed sites (Table 2).  These sample sizes are large enough to explore site 
classification in reference sites and to reserve a portion of the data for verification.  Reference 
sites make up 10% of all sites and stressed sites make up 12%, leaving most of the data (78%) 
uncategorized (“Other”).  Four sites were included in the reference data set for ordinations that 
were removed from later analyses because of close proximity to other reference sites.  
Information from proximal (and therefore redundant) sites can enhance interpretations of 
ordinations and can cause bias in metric selection and further steps. 
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Table 2.  Samples available for analysis.  

Reference Stressed  Data 
Source 

All  
Sites 

All  
Samples Calibration  Verification Calibration  Verification 

AMNET 371 908 18 4 30 7 
Headwater 54 54 17 4 13 4 
Total 426 962 35 8 43 11 

 
 
Other than differences in land use coverage and habitat scores, reference and stressed sites 
differed in specific conductance (Appendix A).  Conductivity in reference sites averaged 151 
µS/cm (standard deviation 115) and stressed sites averaged 544 µS/cm (standard deviation 200).  
No differences between reference and stressed sites were evident with pH, water temperature, or 
dissolved oxygen. 
 

4.0 Site Classification 
 
Strata of biologically similar groups can be identified among high gradient reference sites 
through examination of biological gradients or assemblage types and association of the 
biological gradient with natural variables.  At the outset of the analysis, we expected that site 
catchment size might define a natural biological gradient among reference sites.  We used non-
metric multidimensional scaling (NMS) of the taxonomic data to test our expectations.  
Additional supporting analyses included indicator species analysis, correlations, cluster analysis, 
and metric distribution plots.  Stratification requires sufficient sample size for development of a 
multimetric index after separating the reference sites into multiple strata.   
 
4.1 Classification Methods 
 
NMS allows a comparison of taxa within each sample and an arrangement of the samples so that 
similar samples plot closer together than dissimilar samples in multiple dimensions.  Natural 
environmental variables can be associated with the biological gradient through correlations with 
the biologically defined axes of the NMS diagram.  NMS is a robust method for detecting 
similarity and differences among ecological community samples and works as well using 
presence/absence data as relative abundance data (McCune and Mefford 1999).  
 
A site by taxa matrix was compiled.  Similarity among reference biological samples was made 
using the Bray-Curtis similarity measure.  The Bray-Curtis (BC) formula is sometimes written in 
shorthand as  
 

BC = 1-2W/(A+B)  
 

where W is the sum of shared abundances and A and B are  the sums of abundances in individual 
sample units.  The ordination software (PC-Ord, McCune and Mefford 1999) calculates a site by 
site matrix of BC similarity from which the arrangement of samples in the ordination diagram is 
derived.  Multiple dimensions are compressed into two or three dimensions that we can perceive.  
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Rare and ambiguous taxa are not useful in the NMS ordination.  Rare taxa were defined as those 
that occurred in less than three reference samples.  Ambiguous taxa are those that are identified 
at higher taxonomic levels because of damaged or undeveloped specimens.  The site by taxa 
matrix was therefore reduced to retain as much information as possible while excluding rare and 
ambiguous taxa.  When several rare genera occurred within one family or when several 
identifications were at the family level, then all individuals were counted at the family level.  
When most identifications within a family were made at genus level, then the fewer 
identifications made at family level were excluded from the analysis.  The site by environmental 
variable matrix included location information and catchment characteristics.   
 
4.2 Classification Results 
 
In classification, the goal is to identify differences among biological samples that can be 
attributed to natural differences among their sites.  The environmental variables available for 
testing included catchment size, latitude, longitude, ecoregion, hydrologic unit, and water 
management area.  Other variables were available for exploring effects of human disturbance 
(land use, water quality, and habitat), but these are not appropriate for classification.  Sampling 
metadata were also available (sampling agency and date of sample), which are also not 
appropriate for classification, but could illustrate sampling effects. 
 
Ordination 
In the NMS ordination, the strongest classification variable was catchment size category.  This is 
evident when comparing samples based on presence/absence of taxa.  In the presence absence 
diagram of sites in taxa space, the core area of small sites (less than 10 square kilometers) is not 
overlapped by any of the largest sites (greater than 40 sq. km.) on the two most important axes of 
the ordination diagram (Figure 2). About a third of the smallest sites were outside of the core 
area of their group and intermingle with the medium and large sites.  Groupings based on size 
class or other variables were not as obvious using relative abundance information.  This suggests 
that differences among the catchment size classes are due to taxa of low abundances in the 
samples.  
 
The smaller sites have more representation by the Plecoptera (stoneflies).  Non-insects are more 
common in larger sites.  Smaller sites have lower pH, ranging from 6.5 – 8.0, compared to larger 
sites with pH’s mostly greater than 7.5.  In general, in the smaller sites, dissolved oxygen is 
lower and temperature is higher.  EPA headwater samples were collected in July, when higher 
temperatures can be expected. 
 
The variable that showed greatest discriminating power in the presence/absence NMS diagram 
was the sampling agency – NJDEP or EPA.  This is not a valid classification variable, but it 
suggests that there may have been differences in the samples based on site selection, sample 
collection techniques, processing and identification methods, or sampling dates.  The pattern was 
not observed in relative abundance NMS ordinations.  
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Indicator Species Analysis 
Further investigation using an indicator species analysis (Dufresne and Legendre 1997) on 
reference sites of less than 20 square kilometers revealed that there are several taxa occurring in 
the NJDEP samples that were not observed in any of the EPA samples (Table 3).  Some of the 
indicator taxa that are more prevalent in NJDEP samples are from relatively slow-water habitats 
(Tubificidae, Isopoda, Sphaeriidae, Cryptochironomus, Phaenopsectra), suggesting that EPA 
concentrated sampling in riffles to a greater degree than NJDEP.  Distributions of metrics based 
on insects and their attributes appear similar when comparing NJDEP and EPA samples.  Metrics 
based on non-insects showed that NJDEP samples captured more non-insect taxa as a percentage 
of all taxa.  This effect is less pronounced when calculating percent of non-insect taxa at the 
family level (Figure 3). 
 

 
Figure 2.  NMS diagram of reference sites arranged by taxonomic similarity and indicating the catchment 
size class for each site. The diagram includes four sites that were removed from later analyses. 
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Table 3. Taxa occurring in greater frequencies and abundances by collecting agency. This partial 
list shows only those taxa that showed significant indications (p<0.05) among small reference 
sites (< 20 sq. km.). 
More common in NJDEP samples More common in EPA samples 
Centroptilum* (Baetidae) Pteronarcyidae (Pteronarcyidae) 
Cryptochironomus* (Chironomidae) Parametriocnemus (Chironomidae) 
Stenacron* (Heptageniidae) Orthocladius (Chironomidae) 
Isopoda* (Isopoda) Ectopria (Psephenidae) 
Leptoceridae* (Leptoceridae) Polypedilum (Chironomidae) 
Nemertea* (Nemertea) Tvetenia (Chironomidae) 
Agnetina* (Perlidae) Acroneuria (Perlidae) 
Sphaeriidae (Sphaeriidae) Rhyacophila (Rhyacophilidae) 
Tubificidae  (Tubificidae) Oulimnius (Elmidae) 
Phaenopsectra  (Chironomidae) Dolophilodes (Philopotamidae) 
Stenelmis  (Elmidae)  
* Taxa entirely absent from EPA samples. 
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Figure 3.  Non-insect metric distributions by sampling agencies. 
 
Cluster Analysis 
A cluster analysis was conducted and a discriminant function analysis (DFA) was used to 
explore classification variables for 3 – 5 groups.  With 5 groups, only catchment area (log 
transformed) entered into the model at a significance level of p<0.05.  With 3 groups, log 
catchment area and latitude entered into the model.  Latitude is related to ecoregions, with the 
piedmont in the south and the Appalachian Mountains, ridges, and valleys in the north.  
However, within the study area, most reference sites are in the northwest and more stressed sites 
are in the southeast, confounding the natural variable with influences of human disturbance and 
rendering latitude an unreliable group predictor for this analysis. 
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Metric distributions by size class 
Box and whisker plots were used to illustrate metric differences among catchment size classes.  
Metric distributions are similar among the groups (Figure 4).  The samples from sites in the 
smallest size class have slightly fewer scraper taxa and samples from sites in the largest size 
class have slightly higher HBI values and a greater percentage of non-insect taxa.  These 
differences are not significant.  Sites with large catchments make up the smallest site class (too 
small to calibrate an independent index: 5 sites).  
 
Correlations  
Using reference calibration and verification data, 26 metrics had significant correlations with 
catchment size (log of square kilometers).  Significant regression coefficient (r2) values ranged 
from 0.093 to 0.225 (Table 4).  The strongest correlation was with the biotic index based on 
Biological Condition Gradient (BCG) attributes.   
 
Classification Conclusions   
There is evidence that stream catchment size affects metric values.  No other variables were 
identified as useful for site classification.  NMS ordination and distribution plots of metrics show 
that the smallest streams may have different organisms and compositions compared to the largest 
streams.  Scatter plots of metric values and catchment size reveal no obvious “breakpoints” that 
could be used to discretely classify sites by size class.  Correlation analysis shows that most 
metrics are unaffected by catchment size.  However, for certain metrics catchment area can 
explain up to 23% of metric variability in reference sites.  Therefore, adjustment of the 
individual metrics that respond to catchment size using a continuous (not categorical) scale 
would be the best alternative for recognizing biological variability due to catchment size.  
Metrics and indices can be adjusted for watershed area using the following formula: 
 

adjusted metric = mean reference value + observed value – predicted value, 
 
where the predicted value is derived from a regression of reference values (both calibration and 
verification data) on catchment size (log of square kilometers).   
 
Most of the reference data are from streams with catchment sizes between 2 and 50 square 
kilometers.  Stressed sites are also mostly in this range.  Among sites that are neither reference 
nor stressed, there are several that are larger than 50 square kilometers and a few that are smaller 
than 2 square kilometers.  Extrapolation of catchment size effects outside of the range of 
calibration (2 – 50 square kilometers) may yield imprecise metric predictions.  This has not been 
tested. 
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Figure 4.  Metric distributions in reference sites of three size classes. 
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Table 4. Correlation (r) and regression (r2) coefficients of metrics significantly (p<0.05) related 
to catchment area (log square kilometers) in reference data.  

Metric r r2 Metric r r2 
Total Taxa  0.33 0.11 Margalef's Diversity 0.31 0.10 
Ephemeroptera Taxa  0.44 0.19 Scraper Taxa  0.31 0.09 
Ephemeroptera Taxa @ 
family 0.39 0.15 Collector Taxa  0.34 0.11 
Plecoptera Taxa @ family -0.42 0.17 Swimmer Taxa  0.40 0.16 
Crustacea & Mollusca Taxa  0.41 0.17 Clinger Taxa  0.37 0.14 
% EPT excluding 
Hydropsychidae -0.32 0.10 % Sprawler -0.39 0.15 
% EPT excl. Hydropsychidae 
including Diplectrona -0.36 0.13 Hilsenhoff's Index 0.43 0.18 
% EPT excluding 
Hydropsychidae and Baetidae -0.33 0.11 Hilsenhoff's Index @ 

family 0.34 0.12 
% Isopoda 0.33 0.11 Biotic Index (BCG taxa) 0.32 0.10 
% Tubificidae 0.34 0.11 Biotic Index (BCG 

individuals) 0.47 0.23 
Cricotopus&Chironomus/ 
Chironomidae 0.31 0.09 % Tolerant 0.42 0.17 
% BCG attr 2 -0.40 0.16 % Intolerant -0.31 0.09 
BCG attr 4 taxa 0.42 0.18 Tolerant Taxa  0.37 0.13 
% BCG attr 4 0.33 0.11    

 
 

5.0 Metric Calculations and Responses to Stress 
 
A biological metric is a numerical expression of a biological community attribute that responds 
to human disturbance in a predictable fashion.   Metrics were considered for inclusion in this 
multimetric index on the basis of discrimination efficiency, low inter-annual or seasonal 
variability, ecological meaningfulness, contribution of representative and unique information, 
and sufficient range of values.  They were organized into seven categories: richness, 
composition, evenness, pollution tolerance, BCG attributes, functional feeding group, and habit 
(mode of locomotion).   
 
5.1  Metric Methods 
 
A suite of commonly applied, empirically proven, and theoretically responsive metrics was 
calculated for possible inclusion in a multimetric index.  Tolerance metrics were based on both 
Hilsenhoff tolerance values and Biological Condition Gradient (BCG) taxa attribute groups 
(Davies and Jackson 2006; Gerritsen and Leppo 2005).  Hilsenhoff tolerance values are on a 0 to 
10 scale (most sensitive to most tolerant).  The Hilsenhoff scale was derived primarily to address 
taxa tolerance to organic pollutants (Hilsenhoff 1987).  Attributes associated with taxa for BCG 
analysis range from sensitive-endemic to pollution tolerant.  BCG attributes were assigned to 
taxa by consensus during a workshop on assessment of New Jersey’s wadeable streams 
(Gerritsen and Leppo 2005).  Several metrics describe richness and composition of 
Ephemeroptera, Plecoptera, and Trichoptera (EPT; mayflies, stoneflies, and caddisflies) insects. 
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All richness metrics (e.g., insect taxa and non-insect taxa) were calculated such that only unique 
taxa are counted.  Those taxa that were identified at higher taxonomic levels because of damage 
or under-developed features were not counted as unique taxa if other individuals in the sample 
were identified to a lower taxonomic level within the same sample.  Genus level taxonomy was 
expected to provide more responsive metrics, so all metrics were calculated at the genus level.  
Metrics that performed well or were previously part of the NJIS were also calculated at the 
family level.  Metrics were not calculated at the species level because several specimens were 
not identified below genus.  Collapsing to genus level provides greater taxonomic consistency, 
though species level attributes are lost.  Habit metrics were calculated using insect taxa only.  
Habit attributes were not assigned to non-insects by NJDEP.  Metrics were calculated in a 
relational database.  Once calculated, the metrics were imported into the statistical package 
Statistica for further analysis. 
 
Discrimination efficiency 
Discrimination efficiency (DE) is the capacity of the biological metric or index to detect stressed 
conditions.  It is measured as the percentage of stressed sites that have values lower than the 25th 
percentile of reference values (Stribling et al. 2000).  For metrics that increase with increasing 
stress, DE is the percentage of stressed sites that have values higher than the 75th percentile of 
reference values.  DE can be visualized on box plots of reference and stressed metric or index 
values with the inter-quartile range plotted as the box (Figure 5).  When there is no overlap of 
boxes representing reference and stressed sites, the DE is greater than 75%.  A metric with a high 
DE thus has a greater ability to detect stress than metrics with low DEs.  Metrics with DEs <25% 
do not discriminate and were not considered for inclusion in the index.   
 
Metric variability 
When comparing metrics, those with lower variability in the reference sites are preferable to 
those with higher variability.  Variability was measured as the coefficient of variability (CV) in 
reference sites, calculated as the metric standard deviation over the mean, expressed as a 
percentage. Lower CVs indicate greater precision of metrics. 
 
Other metric considerations 
Ecologically meaningful metrics are those for which the assemblage response mechanisms are 
understandable and are represented by the calculated value.  Ecological meaningfulness is a 
professional judgment based on theoretical or observed response mechanisms.  Those metrics 
that respond according to expectations established in other studies are more defensible.   
 
 
Metrics contribute information representative of integrity if they are from diverse metric 
categories.  As many metric categories as practical should be represented in an index so that 
signals of various stressors can be integrated into the index.  While several metrics should be 
included to represent biological integrity, those that are included should not be redundant with 
each other.  Redundancy was evaluated using a Pearson Product-Moment correlation analysis. 
 
For metrics to discriminate on a gradient of stress, they must have a sufficient range of values.  
Metrics with limited ranges (e.g., richness of taxa poor groups or percentages of rare taxa) may 
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have good discrimination efficiency.  However, small metric value changes will result in large 
and perhaps meaningless metric scoring changes. 
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Figure 5.  Illustration of metric discrimination efficiency (DE) between reference and stressed 
sites.   

 

5.2  Metric Results 
 
One hundred and nineteen (119) metrics were calculated in the seven metric categories 
(Appendix B).  Within calibration samples, 90 metrics responded with at least 50 percent of 
stressed sites worse than the 25th or 75th percentile of reference.  Metrics were excluded from 
consideration in possible index alternatives if they did not discriminate or discriminated weakly 
between reference and stressed sites, were redundant with more discriminating metrics, or were 
not representative of the benthic community.  The habit metrics were not representative (and 
were not used) because habit attributes were only assigned to insect taxa.  Box plots of metric 
distributions in reference and stressed samples of the calibration data set show that several 
metrics clearly discriminate between reference and stressed sites (Appendix C).  
 
In general, metrics based on sensitive taxa were more responsive to increasing stress than metrics 
based on tolerant taxa.  For instance, BCG metrics based on attributes 2 and 3 had higher DEs 
than those based on attributes 4 or 5.  In the richness and composition categories, the most 
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responsive metrics included those based on sensitive insects (mayflies, stoneflies, and 
caddisflies).   
 
Metrics based on pollution tolerance had excellent DE’s, with several showing DE’s greater than 
90%.  Feeding group metrics based on scrapers were more discriminating than other feeding 
groups.  Evenness metrics based on the entire sample performed better than simple percent 
dominance.  Habit metrics based on clingers performed best in the category.  Habit attributes 
were only assigned to insects and clingers were highly correlated with EPTs.  For these reasons, 
habit metrics were not used in the index.  For metrics with higher DE’s, family level metrics 
performed the same as their genus level counterparts (DE’s within 5%).  
 
6.0 Index Composition 
 
A multimetric index is a combination of metric scores that indicates a degree of biological stress 
in the stream community (Barbour et al. 1999).  Individual metrics are candidate for inclusion in 
the index if they: 
 
 -  discriminate well between reference and stressed sites; 

-  are ecologically meaningful (mechanisms of responses can be explained); 
-  represent diverse types of community information (multiple metric categories); and 
-  are not redundant with other metrics in the index.   

 
Metrics are scored on a common scale prior to combination in an index.  The scale ranges from 0 
to 100 and the optimal score is determined by the distribution of data.  For metrics that decrease 
with increasing stress, the 95th percentile of all high gradient data was considered optimal and 
scored as 100 points.  All other metric values were scored as a percentage of the 95th percentile 
value (Figure 6) except those that exceeded 100, which were assigned a score of 100.  The 95th 
percentile value was selected as optimal instead of the maximum so that outlying values would 
not skew the scoring scale. 
 
6.1 Index Results 
 
To accommodate differing needs and capabilities across monitoring programs throughout the 
high gradient region of New Jersey, two indices were developed; one at genus level and another 
at family level.  Several index alternatives were calculated using an iterative process of adding 
and removing metrics, calculating the index, and evaluating index responsiveness and variability 
(Appendix D).  The first index alternatives included variations of the family level NJIS.  Other 
index alternatives were composed of those metrics that had the highest DEs within each metric 
category.  Subsequent index alternatives were formulated by adding, removing, or replacing one 
metric at a time from the initial index alternatives that performed well.  Indices were tested using 
metrics at both genus and family levels.  The index alternatives recommended as the High 
Gradient Macroinvertebrate Index (HGMI at genus and family levels) were those that met the 
criteria listed above and that could not be improved (increased DE, lower variability) by 
substituting, adding, or removing metrics.  Each alternative index was evaluated based on 
discrimination efficiency (DE, calculated as for individual metrics), separation of reference and 
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stressed index means as a multiple of the inter-quartile range of reference scores (quartile Z 
score), and the Mann-Whitney non-parametric Z score.   
 

Figure 6.  Metric scoring schematic for metrics that decrease with increasing stress. 
For metrics that increased with increasing stress (not shown), the 5th percentile of the data was 
considered optimal and assigned a value of 100 points, with increasing values scaled down to 0.   
 
The index recommended as the HGMIgen includes the following metrics: 
 

• Total number of genera  
• Percent of genera that are not insects1  
• Percent of sensitive EPT individuals (excluding Hydropsychidae, including Diplectrona) 
• Number of scraper genera  
• Hilsenhoff Biotic Index  
• Number of attribute 2 genera 
• Number of attribute 3 genera 

 
The index recommended as the HGMIfam includes the following metrics: 
 

• Number of EPT families  
• Percent of families that are not insects1  
• Percent of individuals that are EPT (excluding Hydropsychidae) 
• Number of scraper families  
• Family Biotic Index  

                                                 
1 The “percent of genera (families) that are not insects” metrics are calculated from taxa counts, not individual 
abundance. A sample with four non-insect taxa and 16 taxa overall would have a metric value of 25%. 
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For comparison, the NJIS contains the following metrics: total number of families, number of 
EPT families, percent EPT, percentage of individuals in the dominant family, and the family 
biotic index.  The revised indices show better discrimination than the original NJIS, partly 
because the percent dominant metric does not perform well in this data set.  In addition, the 
percent EPT metric performs better when eliminating Hydropsychidae from the calculation and 
the metrics based on BCG attributes are highly discriminating.   
 
Four of the metrics in the HGMIgen and two of the metrics in the HGMIfam were significantly 
correlated with catchment area.  These were adjusted prior to scoring based on linear regressions 
(Table 5), as recommended in the classification discussion (Section 4.2).   
 
 
Table 5. Adjustments to metric values to account for catchment size. 
Metric adjustment formulaA Index 
Total genera adj = 26.53 + Metric - (22.776 + 4.173*log10(areasqkm)) Genus 
Scraper genera adj = 5.44 + Metric - (3.889 + 1.724*log10(areasqkm)) Genus 
% sensitive EPT adj =  37.49 + Metric - (49.922 - 13.800*log10(areasqkm)) Genus 
%EPT (no Hydropsychidae) adj = 35.15 + Metric - (45.59 - 11.59*log10(areasqkm)) Family 
Hilsenhoff Biotic Index adj = 4.23 + Metric - (3.407+0.918*log10(areasqkm))   Genus 
Family Biotic Index adj = 4.19+ Metric - (3.636 + 0.615*log10(areasqkm)) Family 

A Adjusted metric value = MeanReference + MetricObserved - MetricPredicted, where predictions are based on linear 
regression analysis of reference metric values on catchment size. 
 
 
Performance statistics and scoring formulas of the HGMI metrics (Table 6) will allow 
application and interpretation of the index.  Investigators should calculate scores from sample 
taxa lists and average the scores to arrive at the appropriate index value.   
 
Metrics that performed well but were not selected for the recommended genus level index 
included metrics based on the EPT genera, because they were redundant with metrics based on 
attribute 2 and 3 taxa.  The strongest correlation among index metrics was between % sensitive 
EPT and the Hilsenhoff Biotic Index, with a correlation coefficient of -0.81 (Table 7).  This level 
of redundancy is at the upper limit of acceptability. 
 
Metrics that performed well but were not selected for the recommended family level index 
included several metrics that were highly correlated with EPT families, such as clinger taxa, 
intolerant taxa, Beck’s Biotic Index, and BCG Attribute 2 and 3 taxa.  The highest correlation 
among index metrics was between EPT families and non-insect families as a percent of all 
families, with a Pearson product moment correlation coefficient of -0.80 (Table 8).  This level of 
redundancy is at the upper limit of acceptability.  
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Table 6. Performance statistics and scoring formulas for index metrics. 
Metric Index CV 1 DE 2 Response 3 Scoring Formula 4 
Number of genera 5 Genus 21.8 79.1 Dec 100* X /31 
% non-insect genera  Genus 62.0 90.7 Inc 100*(60- X)/55 
% sensitive EPT 5 Genus 46.2 93.0 Dec 100* X /69 
Number of scraper genera 5 Genus 48.4 81.4 Dec 100* X /11 
Hilsenhoff Biotic Index 5 Genus 22.4 95.3 Inc 100*(7.2- X)/4.6 
Number of attribute 2 genera Genus 52.7 100.0 Dec 100* X /8 
Number of attribute 3 genera Genus 43.9 97.7 Dec 100* X /8 
Number of EPT families  Family 29.7 95.3 Dec 100* X /12 
% non-insect families  Family 59.9 95.3 Inc 100*(70- X )/63 
% EPT (no Hydropsychidae) 5 Family 47.9 93.0 Dec 100* X /67 
Number of scraper families Family 34.2 81.4 Dec 100* X /6 
Family Biotic Index 5 Family 19.5 90.7 Inc 100*(7- X )/4 

1  CV = Coefficient of Variability = 100*StdDevRef / MeanRef. 
2  DE = Discrimination Efficiency = percentage of stressed samples with metric values outside of the 

reference quartile range in the direction of response (calibration data only). 
3  Direction of metric response with increasing stress, decreasing (Dec) or increasing (Inc). 
4  “X” refers to the appropriate metric value.  The scoring range is between 0 and 100. If formula results 

in a value outside of the range, reset the score to the nearest extreme of the range. 
5  See Table 5 for metric adjustment prior to scoring. 
 
 
 
Table 7. Correlation coefficients (Pearson product-moment) among metrics of the HGMIgen  
(adjusted as required, calibration and verification data). 

# Metric 1 2 3 4 5 6 7 
1 Total genera •       
2 % non-insect genera -0.42 •      
3 % sensitive EPT 0.19 -0.56 •     
4 Number of scraper genera  0.70 -0.38 0.36 •    
5 Hilsenhoff Biotic Index  -0.10 0.61 -0.81 -0.31 •   
6 Number of attribute 2 genera 0.55 -0.59 0.57 0.54 -0.52 •  
7 Number of attribute 3 genera 0.62 -0.64 0.62 0.64 -0.57 0.62 •

 
 
 
Table 8. Correlation coefficients (Pearson product-moment) among metrics of the HGMIfam 
(adjusted as required, calibration and verification data). 

#  1 2 3 4 5 
1 EPT families •      
2 % non-insect families -0.80 •     
3 % EPT (no Hydropsychidae) 0.74 -0.63 •    
4 Scraper families 0.73 -0.56 0.61 •   
5 Family Biotic Index -0.62 0.63 -0.72 -0.57 •  
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6.2  Index Performance 
 
The recommended indices discriminate well between reference and stressed sites.  All of the 
index scores from stressed sites are below the 25th percentile of reference sites (DE = 100%, 
Figure 7 - 8).  Discrimination statistics for other percentiles of the reference distribution (Table 
9) allow consideration of Type 1 and Type 2 errors for assessment thresholds.  For the genus 
index, error would be minimized at a threshold based on the 5th percentile of reference.  At this 
threshold the total error rate is 9%; 5% Type 1 and 4% Type 2.   For the family index, error 
would be minimized at a threshold based on the 10th percentile of reference.  At this threshold 
the total error rate is 12%; 10% Type 1 and 2% Type 2.    
 
The reference data set includes an outlier that appears in several of the index alternatives.  The 
outlier is site AN0225, an unnamed tributary of the Dead River, which is the lowest reference in 
both genus and family indices.  This site was established as an ecoregional reference site in the 
early 90’s, but NJDEP biologists have noticed a significant decline in the site in the last 10 years.  
The cause of this decline has not yet been determined.   The highest index value of the stressed 
sites is site AN0086, Lockatong Creek, for both indices. 
 
Table 9.  Index discriminations based on several percentiles of the reference distribution 
(calibration and verification data). 

Statistic \ Percentile Index 0th 
(min) 5th 10th 15th 20th 25th 50th 

(median)
Reference value (N = 43) Genus 29.11 44.3 46.2 54.1 56.0 60.4 69.1 
% stressed below (N = 54) Genus 66.7 96.3 98.1 100 100 100 100 
Reference value (N = 43) Family 26.6 43.2 50.2 57.8 61.0 63.0 69.4 
% stressed below (N = 54) Family 70.4 88.9 98.1 98.1 100 100 100 
  
Other performance measures used to compare alternative index formulations are marginally 
superior for the recommended indices (Appendix D).  These measures include the quartile Z-
score and the Mann-Whitney Z-score, both of which account for both separation of values 
between reference and stressed sites and variability in the values.  The quartile Z-score for the 
genus level index is higher than any for family level index alternatives. 
 
Variability measured within repeated samples (samples taken over multiple seasons and years in 
sites all along the stressor gradient) indicates that the HGMIgen has a 90% confidence interval of 
±15.1 index points and a CV of 20.1%.  The HGMIfam has a 90% confidence interval of ±18.1 
index points and a CV of 21.2%.  When the index CV is measured among reference sites it is 
22.2% for both the genus and family indices.  The CV’s of the recommended indices are lower 
than those of several other index alternatives.   
 
HGMI index values are generally in agreement with Biological Condition Gradient (BCG) tiers 
as determined using the fuzzy set model of Gerritsen and Leppo (2005, Figures 9 and 10).  There 
is complete separation of the HGMI inter-quartile ranges between tiers 2, 3, 4, and 5, especially 
for the HGMIgen.  Inter-quartile overlap was somewhat higher for tiers 2 and 3 in the family 
index.  Sample sizes for the half-tiers and tier 6 are too small to reliably interpret. 
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Figure 7.  Distribution of HGMIgen values in reference and stressed sites.  Box plots describe distributions 
of calibration data.  Verification data are represented by individual points. 
 

   Reference    Stressed
0

20

40

60

80

100

H
G

M
I (

fa
m

ily
)

 
Figure 8. Distribution of HGMIfam values in reference and stressed sites.  Box plots describe distributions 
of calibration data.  Verification data are represented by individual points. 
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Figure 9.  HGMIgen value distributions within categorical BCG tiers resulting from the fuzzy set model. 
This figure includes all calibration and verification data.  Sample sizes are shown above Tier labels. 
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Figure 10. HGMIfam value distributions within categorical BCG tiers resulting from the fuzzy set model. 
This figure includes all calibration and verification data. Sample sizes are as shown in Figure 9. 
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7.0 Conclusions 
 
The High Gradient Macroinvertebrate Index (HGMI) was developed as a tool for identifying 
biological degradation in the high gradient streams of New Jersey.  Two indices were developed, 
one for application with genus level taxonomy and one for family level data.  For the HGMIgen, 
seven metrics are calculated and scored for inclusion in the index, including: 
 

• Total number of genera  
• Percent of genera that are not insects  
• Percent of EPT individuals (excluding Hydropsychidae, including Diplectrona) 
• Number of scraper genera  
• Hilsenhoff Biotic Index  
• Number of attribute 2 genera 
• Number of attribute 3 genera 

 
Five metrics are calculated and scored for inclusion in the HGMIfam, including: 
 

• Number of EPT families  
• Percent of families that are not insects  
• Percent of individuals that are EPT (excluding Hydropsychidae) 
• Number of scraper families  
• Family Biotic Index  

 
For combined calibration and verification data, all stressed sites had HGMI scores lower than the 
25th percentile of reference scores (DE = 100%).  The HGMIgen is more precise than the 
HGMIfam and should be used when taxonomic expertise for reliably identifying genera is 
available.   
 
The HGMI accounts for natural variability through metric adjustments of those metrics that were 
correlated with catchment area (see Table 5), the only natural environmental variable that had 
any significant effect on metrics in reference sites.  There is no categorical classification by 
stream size.  Rather, metrics are adjusted on a continuous scale using the regression relationships 
between metric values and catchment size in reference sites. 
 
The selection of threshold values that are protective of aquatic life uses is the responsibility of 
the State.  An indication that aquatic life uses are attained can come from comparison of index 
values among new samples and the reference data from this data set.  If NJDEP is confident that 
the reference sites were selected carefully and are expected to contain benthic communities that 
represent background or minimally disturbed conditions, then it makes sense to create thresholds 
that distinguish biological conditions that are similar to reference (unimpaired) and different 
from reference (impaired).  The level of error associated with the identification of reference sites 
has immediate bearing on the percentile of the reference distribution used as a threshold.  For 
instance, if NJDEP was certain that all of the reference sites are attaining their designated aquatic 
life uses, then a low reference percentile should be selected as the threshold.  The 5th percentile is 
the lowest recommended threshold possibility because the minimum (0th percentile) is more 
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susceptible to random variation caused by sampling error and natural variability and is more 
likely than the 5th percentile to have an outlier index value.   
 
In this data set, we described reference sites as “least disturbed”, a term which recognizes the 
possibility that reference sites have some human activity that may affect biological integrity.  
Therefore, a greater degree of error in identifying reference conditions from reference sites may 
be acceptable for this data set.  Greater error in identifying reference sites translates to selection 
of a threshold based on a higher reference percentile (e.g., 10th or 25th, see Table 9 for HGMI 
values associated with these percentiles).  Type 1 error (labeling a site as impaired when it is 
actually unimpaired) is equal to the percentile value selected as a threshold. 
 
Another alternative for threshold selection is to use the HGMI threshold values that minimize 
total error among reference and stressed sites in this analysis.  This puts equal confidence in the 
selection of both reference and stressed sites.  The total error rates (Type 1 and Type 2 
combined) of the indices are minimized at threshold values of 44.3 and 50.2, for the HGMIgen 
and the HGMIfam, respectively.  
 
Threshold selection could also be coordinated to incorporate the tiers of the BCG.  Narrative 
descriptions of the BCG tiers have meanings that can be interpreted in the context of aquatic life 
use protection.  Sites with biological conditions indicative of tiers 1 and 2 are associated with 
biological integrity, without much contention.  Tiers 3, 4, and 5 are associated with increasing 
degrees of alterations of biological integrity.  NJDEP may choose to define a threshold based on 
the descriptions of those alterations and a professional judgment regarding the protective merits 
of each tier.  After selecting a protective tier, HGMI values associated with the tier could be used 
to define a threshold (Figures 9-10 and 11-12).  For assessments, the BCG tiers (Gerritsen and 
Leppo 2005) and the HGMI could be used in parallel to increase confidence in site assessments. 
 
We recommend applying the HGMI in high gradient sites where samples are collected between 
April 1 and November 30 and processed using NJDEP protocols.  Metrics must be calculated 
using taxa identifications at levels appropriate to the indices (genus or family), attributes defined 
by NJDEP, and metric adjustment and scoring formulae provided in Tables 5 and 6 of this report.  
Index results from samples with less than 50 or more than 200 individuals may be unreliable 
because metrics derived from small or large samples may be biased in ways that were not tested.  
 
Reference sites range in size from 0.9 to 144 square kilometers, though the majority of reference 
sites have watersheds between 2 and 50 square kilometers.  Results from test sites with 
catchments within these ranges are most certain.  Results from sites with smaller or larger 
catchments should be used in assessments, though there may be an added degree of uncertainty 
due to extrapolation of the metric to catchment size relationships.  Because the relationships use 
a log transformation of the catchment size, the metric adjustments for larger sites are more 
gradual than for smaller sites.  Additional reference site data from small and large catchments 
should be targeted in future sampling efforts to improve our understanding of the relationships.   
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Figure 11.  HGMIgenus values and BCG tiers for reference sites, showing sample sizes in the lower 
histogram.  
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Figure 12.  HGMIfamily values and BCG tiers for reference sites, showing sample sizes in the lower 
histogram.  
 
 
We recommend that NJDEP completes the habit attributes for non-insects of the NJ taxa list. 
Morphology and habitat niches can be used to infer habit with reasonable certainty. These 
attributes are not widely published, but habits could be assigned to several taxa using state 
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biologists’ judgments and lists generated in neighboring states. This would allow testing of habit 
metrics in further index development and aid in sample interpretation. 
 
NJDEP has concerns that limestone streams may represent a unique site class.  Effects of 
geology were not examined in this report and should be the subject of further investigation.  If 
limestone geology affects water chemistry and stream biota in the absence of human disturbance, 
then metric and index values in undisturbed limestone streams may not resemble reference 
conditions as defined by the HGMI.  Application of the HGMI is recommended for limestone 
streams, though the uncertainty associated with an untested site classification should be 
communicated along with index results. 
 
HGMI values and BCG tiers indicate that some of the reference sites have altered biological 
composition and functions.  Such sites may have stresses that were not detected using the 
reference criteria.  Additional criteria or more thorough review of site reference status would 
help refine the reference condition by eliminating biological samples with altered composition 
and functions.  It may be possible to use data from neighboring monitoring programs to augment 
the reference data set. 
 
Some systematic bias is apparently associated with the differences in sample collection protocols 
used by NJDEP and EPA for the headwater sites.  Bias should be reduced through consistent 
application of protocols.   
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Table A-1. Reference and degraded sites with site and watershed characteristics. 
WBName station Ref 

Status 
Area 

SqKm Lat Long CollDate CalVer Hab 
Min 

AgUrb 
95 

AgUrb 
02 

Sp. 
Cond. DO TempC pH 

Bear Swamp Brook HW21 Ref 7.0 41.08 -74.22 7/7/03 c 84 1.15  39.0 7.6 20.0 6.5 
Beaver Bk AN0245 Ref 17.7 40.95 -74.46 7/12/01 c 81.5 7.35 3.48 53.5 8.2 21.5 7.7 
Big Flat Bk AN0006 Ref 74.9 41.2 -74.82 7/15/02 v 85 1.98 1.88 81.5 11.6 11.1 8.6 
Camp Harmony Br of  
Stony Bk AN0390 Ref 6.5 40.4 -74.8 9/9/04 c 78.5 14.33 11.39 150.5 10.1 15.2 7.8 

Clove Bk AN0309A Ref 21.6 41.26 -74.63 6/17/98 c 93.5  17.72 174.5 10.4 14.8 8.4 
Clove Brook HW25 Ref 3.7 41.33 -74.7 7/8/03 c 86.5 0.88  223.0 7.4 18.4 7.4 
Cooley Brook HW24 Ref 4.1 41.15 -74.35 7/1/03 v 76 2.61  50.0 11.6 15.1 6.4 
Criss Brook HW20 Ref 2.7 41.23 -74.77 7/8/03 c 77 1.25  70.0 8.4 18.0 6.8 
Crooked Bk AN0252 Ref 3.4 40.94 -74.37 8/4/98 c 87.5 13.72 9.98 144.5 8.0 17.4 7.6 
Dunnfield Ck AN0012 Ref 9.6 40.97 -75.13 6/11/02 c_close 81.5 0.11 0.45 34.0 11.7 8.9 6.9 
Dunnfield Creek HW03 Ref 9.8 40.97 -75.12 7/22/03 c 87 0.34  35.4 9.1 17.5 6.9 
Dwars Kill AN0208 Ref 0.9 40.98 -73.93 7/2/03 c 84 6.80 6.81 102.5 8.2 17.2 7.8 
Flat Bk AN0007 Ref 144.4 41.16 -74.88 7/15/02 c 90 7.83 8.35 205.0 12.1 12.1 7.8 
Forked Brook HW11 Ref 3.4 41.24 -74.75 7/14/03 c 91 0.38  116.0 8.1 16.0 7.6 
Franklin Pond Creek HW27 Ref 18.3 41.1 -74.57 7/22/03 c 83 9.98  289.0 8.4 18.7 7.1 
Green Brook HW38 Ref 4.1 41.15 -74.36 7/1/03 c 86.5 1.07  117.0 5.1 17.0 6.7 
Harmony Brook HW19 Ref 5.9 40.8 -74.58 7/23/03 c 77 17.33  143.3 7.3 24.6 7.3 
Hewitt Brook HW22 Ref 2.2 41.13 -74.33 7/1/03 c 76 7.77  76.2 8.7 15.2 6.8 
Hibernia Brook HW17 Ref 5.0 40.95 -74.51 7/23/03 c 78 7.76  134.5 7.7 19.6 7.1 
High Mountain Brook HW26 Ref 5.1 41.08 -74.26 7/21/03 c 79 18.62  70.8 7.8 18.8 7.6 
Jacksonburg Ck AN0028 Ref 6.4 41.04 -74.96 7/17/01 v 81.5 5.82 4.85 62.5  8.4 7.6 
Lake Lookout Bk  
(trib to Wawayanda Ck) AN0294 Ref 11.1 41.19 -74.42 7/19/01 v 81 0.23  159.5 8.8 16.2 8.0 

Little Flat Bk AN0004 Ref 2.1 41.28 -74.76 7/31/01 c 93 0.29 0.49 60.5 11.6 6.9 7.8 
Little Flat Bk AN0005 Ref 9.6 41.26 -74.79 7/2/02 c 81 3.25 6.05 239.5 9.3 15.0 7.6 
Lopatcong Ck AN0051 Ref 5.3 40.74 -75.12 9/18/97 c_close 78 16.50 19.08 181.5 10.9 12.1 7.4 
Lopatcong Creek HW08 Ref 3.7 40.75 -75.11 7/30/03 c 76.5 18.52  237.4 8.5 18.3 7.5 
Lubbers Run AN0066 Ref 44.2 40.93 -74.72 8/14/01 c 83.5 18.01 16.59 274.0 8.7 19.8 7.7 
Mossmans Bk AN0260 Ref 10.1 41.11 -74.43 7/19/01 c_close 85.5 2.71 0.03 54.5 8.5 16.7 7.1 
Mossmans Brook HW07 Ref 9.6 41.11 -74.43 7/21/03 c 81.5 0.03  77.3 6.5 18.1 6.9 
Musconetcong R AN0064 Ref 62.4 40.92 -74.73 8/7/97 c 88 16.08 15.15 459.5 10.4 15.6 8.0 
Parker Brook HW10 Ref 6.8 41.24 -74.73 7/14/03 c 85.5 0.27  87.8 8.0 18.0 7.2 
Pequannock River AN0259 Ref 49.2 41.08 -74.49 8/6/98 c 90 4.79 4.40 256.5 9.6 18.5 7.8 
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WBName station Ref 
Status 

Area 
SqKm Lat Long CollDate CalVer Hab 

Min 
AgUrb 

95 
AgUrb 

02 
Sp. 

Cond. DO TempC pH 

Primrose Bk AN0215 Ref 1.4 40.77 -74.53 7/22/03 c 90 6.19 5.28 94.3 10.9 11.3 7.7 
Rock Bk AN0399 Ref 8.4 40.44 -74.74 6/6/02 c 80.5 6.74 7.31 140.0 10.1 14.7 7.8 
Russia Bk AN0239 Ref 29.6 41.02 -74.53 7/16/98 c 82 17.91 12.87 264.0 7.9 20.2 7.9 
Shimers Bk AN0003 Ref 17.9 41.31 -74.78 7/31/01 c 83.5 14.01 14.99 195.5 11.7 8.7 9.1 
Shimmers Brook HW14 Ref 7.3 41.3 -74.75 7/8/03 c 84 1.03  70.0 7.9 18.3 7.0 
Sparta Glen Road HW06 Ref 5.9 41.04 -74.61 7/22/03 v 77.5 14.53  251.7 7.7 18.6 7.4 
Stony Brook HW13 Ref 5.9 41.21 -74.77 7/14/03 c 87.5 0.46  55.4 6.4 18.4 6.6 
Stony Brook HW15 Ref 7.2 40.96 -75.09 7/22/03 c 78.5 7.20  52.5 8.4 19.5 7.1 
Tuttles Corner Brook HW12 Ref 9.7 41.2 -74.8 7/8/03 v 85.5 3.70  160.0 7.1 21.0 7.0 
Unnamed Tributary to  
Westbrook HW18 Ref 3.4 41.08 -74.34 7/20/03 v 85.5 2.15  78.7 7.0 16.3 7.5 

UNT to Dead River AN0225 Ref 1.1 40.66 -74.59 7/31/03 v 81 16.82 5.80 471.5 12.9 11.5 7.9 
UNT to Troy Bk AN0023A Ref 24.8 41.08 -74.83 8/6/02 c 85 14.10 14.06 176.0 9.3 17.5 8.7 
Van Campens Bk AN0009 Ref 2.9 41.1 -74.93 6/12/03 c 91 1.06 1.47 36.0 10.4 8.9 6.1 
Van Campens Bk AN0011 Ref 19.4 41.06 -75 7/17/01 c 91.5 1.45 1.33 76.0 11.7 5.6 8.1 
Van Campens Bk AN0010 Ref 12.6 41.07 -74.96 7/16/02 c_close 84.5 0.40 0.43 63.0 9.0 10.4 7.8 
Allendale Brook HW29 Stress 2.5 41.02 -74.13 7/7/03 c 40 68.52  195.0 5.6 21.0 6.4 
Assunpink Ck AN0116 Stress 0.3 40.24 -74.74 6/3/03 v 61 97.91  220.0 8.8 12.9 7.2 
Black Bk AN0222 Stress 1.2 40.74 -74.42 7/24/03 v 69.5 89.55 86.67 457.0 9.7 14.7 7.3 
Bound Bk AN0424B Stress 14.8 40.56 -74.4 6/17/04 c 41  71.91 584.0 9.6 11.6 7.6 
Canoe Brook HW30 Stress 6.8 40.79 -74.31 7/9/03 v 48.5 71.06  600.0 4.4 23.7 7.5 
Deepavaal Bk AN0271 Stress 17.0 40.89 -74.27 8/5/98 c 47.5 83.16  598.0 6.1 14.7 7.3 
Demarest Brook HW32 Stress 2.8 40.95 -73.96 7/16/03 c 49.5 71.90  486.6 7.7 16.7 7.5 
Diamond Bk AN0278 Stress 7.1 40.95 -74.14 8/11/98 v 59.5 95.47 95.18 528.0 7.3 18.4 7.2 
East Branch of  
Rahway River HW33 Stress 10.4 40.74 -74.27 7/29/03 c 52.5 92.15  782.0 5.4 18.6 7.0 

Elizabeth River AN0204 Stress 41.8 40.68 -74.23 9/16/98 c 46 93.40 93.31 696.0 8.2 17.1 7.4 
Goffle Bk AN0277 Stress 22.6 40.94 -74.16 8/11/98 c 60 87.53 86.44 421.5 6.2 15.9 7.6 
Goffle Bk AN0277A Stress 10.7 40.98 -74.14 7/1/04 c_close 42.5  88.56 676.5 5.7 21.0 7.1 
Goffle Brook HW37 Stress 10.6 40.98 -74.14 7/7/03 c 59 88.51  771.0 6.9 25.0 7.4 
Gold Run AN0107 Stress 5.3 40.24 -74.82 7/1/97 c 72.5 87.63 81.52 319.5 9.1 16.8 7.9 
Hirshfeld Brook HW41 Stress 9.3 40.94 -74.01 7/16/03 c 53 96.64  720.0 4.9 22.0 7.5 
Hohokus Bk AN0288 Stress 47.5 40.97 -74.11 8/18/98 v 59.5 81.56 77.39 626.0 8.6 18.1 7.4 
Loantaka Bk AN0220 Stress 3.4 40.77 -74.46 7/24/03 c 62 88.69 85.97 863.0 9.6 16.4 7.6 
Lockatong Ck AN0086 Stress 3.8 40.53 -74.95 7/15/97 c 74.5 88.17 65.60 163.0 8.9 19.3 7.4 
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WBName station Ref 
Status 

Area 
SqKm Lat Long CollDate CalVer Hab 

Min 
AgUrb 

95 
AgUrb 

02 
Sp. 

Cond. DO TempC pH 

Mile Run AN0429 Stress 14.8 40.51 -74.47 6/17/04 c 63 94.23 90.74 417.5 8.0 19.7 7.5 
Mill Bk AN0436 Stress 10.3 40.51 -74.38 7/8/04 c_close 75.5 92.45 89.27 588.5 9.2 21.3 7.5 
Mill Brook HW42 Stress 8.9 40.5 -74.38 7/31/03 v 51.5 89.27  669.0 8.3 19.0 7.3 
Morses Creek HW43 Stress 6.1 40.65 -74.27 7/2/03 c 39 91.99  704.0 6.8 20.0 7.3 
Musquapsink Bk AN0206 Stress 18.1 40.99 -74.02 7/1/03 c 52 86.79 83.62 570.0 7.5 19.7 7.4 
Naachtpunkt Brook HW45 Stress 3.6 40.91 -74.24 7/9/03 c 43 65.10  690.0 6.8 21.0 7.4 
Nomehegan Brook HW46 Stress 7.5 40.68 -74.33 7/2/03 c 44.5 74.78  401.0 7.3 24.0 7.2 
Overpeck HW47 Stress 14.0 40.88 -73.99 7/16/03 c 34.5 90.96  771.0 5.9 18.9 7.5 
Overpeck Ck AN0212 Stress 5.3 40.91 -73.97 7/2/03 c 51.5  82.07 483.0 9.1 18.3 7.6 
Packanack Bk AN0270 Stress 2.5 40.93 -74.25 8/5/98 c 62 82.39 79.26 281.5 8.6 22.3 8.4 
Papakating Ck AN0307 Stress 96.8 41.19 -74.62 6/10/98 c 45 44.79 42.13 327.5 9.1 15.5 7.7 
Pascack Bk AN0207 Stress 73.4 40.99 -74.02 7/1/03 v 71.5 88.06  519.5 8.4 20.1 7.3 
Rahway River AN0192 Stress 10.2 40.77 -74.28 10/13/04 c 42.5 84.28 75.11 1234.5 12.2 6.6 7.3 
Rahway River AN0194 Stress 80.7 40.67 -74.31 10/13/04 c 58 86.23 76.01 716.5 11.0 7.7 7.4 
Rahway River AN0195 Stress 107.4 40.62 -74.28 10/21/04 c_close 56 83.48 79.15 519.0 11.3 8.4 7.9 
Rahway River HW51 Stress 10.3 40.77 -74.28 7/19/03 v 45 75.08  1270.0 8.4 23.0 7.6 
Ramapo River AN0267 Stress 0.2 41.04 -74.24 8/7/98 c 72.5 89.29  411.0 10.9 17.7 7.8 
Robinsons Br AN0199 Stress 52.8 40.61 -74.29 10/21/04 v 57 81.36 78.54 266.0 11.7 8.6 7.6 
Royce Bk Br AN0412 Stress 5.2 40.51 -74.63 9/30/04 v 68 87.73 76.00 238.0 9.0 13.5 7.6 
Saddle R AN0279 Stress 15.7 41.07 -74.09 7/8/03 c 73.5 94.36  608.0 8.4 19.8 7.9 
Saddle R AN0282 Stress 58.9 40.97 -74.09 8/14/98 c 76 86.87  416.0 10.2 16.9 7.8 
Sawmill Bk AN0435 Stress 9.7 40.46 -74.43 7/29/04 c 38 87.76 83.19 398.5 7.2 20.4 6.8 
Second River AN0293 Stress 27.9 40.78 -74.15 6/24/04 c 43.5  91.79 719.0 8.9 19.8 7.7 
Second River HW52 Stress 5.7 40.81 -74.21 7/19/03 c 53 96.67  782.0 8.6 18.3 7.6 
South Br Rahway River AN0200 Stress 2.5 40.55 -74.34 10/7/04 c 56.5 88.01 77.49 416.0 10.3 12.8 7.8 
South Br Rahway River AN0201 Stress 22.9 40.58 -74.3 6/12/02 c 53.5 91.04 84.78 660.5 10.5 9.9 7.0 
Tenakill Bk AN0209 Stress 22.7 40.98 -73.97 7/1/03 c 55.5 87.74 84.94 536.5 7.0 20.8 7.3 
Third River AN0292 Stress 32.1 40.83 -74.14 8/19/98 c 42.5 93.47 90.83 468.5 9.1 15.5 7.4 
Third River AN0292A Stress 13.1 40.83 -74.18 9/25/98 c 50.5  83.85 453.0 8.2 13.6 7.3 
Third River HW53 Stress 13.4 40.83 -74.18 7/17/03 c 55 84.05  690.0 8.4 16.0 7.7 
Unnamed Tributary to 
Passaic River HW54 Stress 8.3 40.7 -74.41 7/28/03 c 36.5 91.64  550.0 12.5 26.1 8.7 

UNT to Robinsons Br AN0197 Stress 5.2 40.63 -74.35 10/7/04 c 62.5 95.46 92.26 456.5 11.1 8.8 7.7 
UNT to Robinsons Br AN0198 Stress 4.4 40.62 -74.33 10/7/04 c 55.5 91.32 90.18 473.0 11.4 7.7 7.6 
UNT to Shipetaukin Ck AN0110 Stress 0.6 40.32 -74.73 6/3/03 c 73.5 85.00 49.27 221.0 10.1 10.9 7.3 
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WBName station Ref 
Status 

Area 
SqKm Lat Long CollDate CalVer Hab 

Min 
AgUrb 

95 
AgUrb 

02 
Sp. 

Cond. DO TempC pH 

Valentine Bk AN0284 Stress 6.7 41.03 -74.15 7/30/03 c 46.5 83.88 78.92 847.0 7.6 19.2 7.5 
Van Saun Bk AN0211 Stress 15.5 40.91 -74.04 7/8/03 c 56.5 92.89 91.81 729.5 5.5 22.9 7.8 
W Br Saddle River AN0280 Stress 4.8 41.07 -74.1 7/8/03 c 53 93.36 85.41 648.5 8.4 21.7 7.9 
West Br Elizabeth River AN0202 Stress 7.9 40.69 -74.24 9/16/98 c_close 37.5 83.40 83.50 484.0 7.3 24.1 7.5 
West Branch Elizabeth 
River HW55 Stress 7.4 40.69 -74.25 7/2/03 c 53 83.07  613.0 4.4 21.3 7.0 

West Branch of  
Shabakunk Creek HW56 Stress 6.3 40.26 -74.78 7/29/03 v 52.5 83.43  330.6 7.4 22.3 7.4 

 



 

 

 

 

 

Appendix B 

 

Metric Statistics 
 
 
 
 
Trend: Direction of metric response with increasing stress. The trends for unresponsive 
metrics were left blank.   

Incr = increasing metric values with increasing stress.   
Decr = decreasing metric values with increasing stress. 

 
DE:  Discrimination Efficiency = the percentage of degraded samples lower or higher 
than the quartile of the reference samples, in the direction of the trend (calibration data 
only). 
 
CVref: Coefficient of Variability = the standard deviation of reference metric values over 
the mean of the values, expressed as a percentage.
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Table B-1.  Performance statistics for metrics tested in New Jersey high gradient streams. 
Metric Name Metric Code Trend DE CVref 
Richness     
Total Taxa  TotalTax Decr 90.7 23.1 
adj Total Taxa  adjTotalTax Decr 79.1 21.8 
Total Taxa @ family TotalFam Decr 93.0 21.0 
EPT Taxa @ family EPTFam Decr 95.3 29.7 
Insect Taxa  InsectTax Decr 93.0 24.0 
Insect Taxa @ family InsectFam Decr 97.7 23.7 
Non-Insect Taxa Percent NonInsPT Incr 90.7 62.0 
Non-Insect Taxa Percent @ family NonInsFamPT Incr 95.3 59.9 
EPT Taxa  EPTTax Decr 97.7 32.5 
Ephemeroptera Taxa  EphemTax Decr 90.7 62.5 
adj Ephemeroptera Taxa  adjEphemTax Decr 90.7 56.3 
Ephemeroptera Taxa @ family EphemFam Decr 93.0 50.4 
adj Ephemeroptera Taxa @ family adjEphemFam Decr 93.0 46.5 
Plecoptera Taxa  PlecoTax Decr 100.0 52.2 
Plecoptera Taxa @ family PlecoFam Decr 100.0 56.0 
adj Plecoptera Taxa @ family adjPlecoFam Decr 97.7 51.0 
Trichoptera Taxa  TrichTax Decr 86.0 38.5 
Trichoptera Taxa @ family TrichFam Decr 88.4 38.0 
Diptera Taxa  DipTax  30.2 35.3 
Midge Taxa  ChiroTax  30.2 37.9 
Orthocladiinae Taxa OrthoTax  32.6 69.7 
Tanytarsini Taxa TanytTax  18.6 67.2 
Coleoptera Taxa  ColeoTax Decr 76.7 54.3 
Crustacea & Mollusca Taxa  CrMolTax Incr 51.2 115.8 
adj Crustacea & Mollusca Taxa  adjCrMolTax Incr 67.4 105.4 
Oligochaeta Taxa  OligoTax Incr 76.7 57.4 
Composition     
% EPT EPTPct Decr 76.7 40.1 
% EPT excluding Hydropsychidae EPTnHPct Decr 90.7 50.5 
adj % EPT excluding Hydropsychidae adjEPTnHPct Decr 93.0 47.9 
% EPT excl. Hydropsychidae, include Diplectrona sEPTpct Decr 90.7 49.6 
adj % EPT excl. Hydropsychidae, inc. Diplectrona adjsEPTpct Decr 93.0 46.2 
% EPT excluding Hydropsychidae and Baetidae EPTnHBPct Decr 100.0 55.0 
adj % EPT excl. Hydropsychidae and Baetidae adjEPTnHBPct Decr 100.0 51.9 
% Ephemeroptera EphemPct Decr 72.1 87.3 
% Plecoptera PlecoPct Decr 100.0 115.2 
% Trichoptera TrichPct Decr 67.4 58.9 
% Odonata OdonPct  9.3 144.3 
% Coleoptera ColeoPct Decr 74.4 102.6 
% Diptera DipPct  39.5 56.4 
% Midge ChiroPct  32.6 64.4 
Cricotopus&Chironomus/Chironomidae CrCh2ChiPct Incr 55.8 245.1 
adj Cricotopus&Chironomus/Chironomidae adjCrCh2ChiPct  23.3 989.1 
% Orthocladiinae:Midges Orth2ChiPct  37.2 78.0 
% Tanytarsini TanytPct  27.9 92.1 
% Tanytarsini:Midges Tnyt2ChiPct  23.3 77.8 
% Non-Insect NonInPct Incr 74.4 118.9 



B-2 Tetra Tech, Inc. 

Metric Name Metric Code Trend DE CVref 
% Amphipoda AmphPct Incr 53.5 285.8 
% Isopoda IsoPct Incr 51.2 404.7 
% Crustacea & Mollusca CrMolPct Incr 65.1 195.2 
% Gastropoda GastrPct Incr 58.1 329.8 
% Bivalvia BivalPct  32.6 413.5 
% Oligochaeta OligoPct  44.2 106.1 
% Tubificidae TubifPct Incr 62.8 340.8 
% Hydropsychidae:EPT Hyd2EPTPct  44.2 80.2 
% Baetidae:Ephemeroptera Baet2EphPct Decr 53.5 82.8 
% Hydropsychidae:Trichoptera Hyd2TriPct Incr 53.5 63.6 
Evenness     
Shannon-Weiner Index (base e) Shan_e Decr 81.4 14.1 
Evenness Evenness Decr 83.7 14.7 
Margoleff's Diversity D_Mg Decr 90.7 23.7 
adj Margoleff's Diversity adjD_Mg Decr 81.4 22.5 
Simpson's Index D Incr 62.8 57.1 
% dominant 1 Dom01Pct  46.5 43.7 
% dominant 1  @ family Dom1Fam Incr 55.8 37.1 
FeedingGroup     
% Collector CllctPct Incr 72.1 49.5 
% Filterer FiltrPct  46.5 51.8 
% Predator PredPct Decr 58.1 61.1 
% Scraper ScrapPct Decr 67.4 71.6 
% Scraper @ family ScrapFamPct Decr 83.7 61.4 
% Shredder ShredPct  37.2 74.5 
Collector Taxa  CllctTax  18.6 33.6 
adj Collector Taxa  adjCllctTax  32.6 31.6 
Filterer Taxa  FiltrTax  25.6 40.4 
Predator Taxa  PredTax Decr 62.8 42.6 
Scraper Taxa  ScrapTax Decr 81.4 50.8 
adj Scraper Taxa  adjScrapTax Decr 81.4 48.4 
Scraper Taxa @ family ScrapFam Decr 81.4 34.2 
Shredder Taxa  ShredTax  48.8 34.0 
Tolerance     
Beck's Index BeckBI Decr 100.0 36.3 
Hilsenhoff's Index HBI Incr 95.3 24.8 
adj Hilsenhoff's Index adjHBI Incr 95.3 22.4 
Hilsenhoff's Index @ family HBI_Fam Incr 88.4 20.8 
adj Hilsenhoff's Index @ family adjHBI_Fam Incr 90.7 19.5 
Biotic Index (BCG taxa) BCGTaxaBI Incr 100.0 10.4 
adj Biotic Index (BCG taxa) adj BCGTaxaBI Incr 100.0 9.9 
Biotic Index (BCG individuals) BCGBI Incr 95.3 13.3 
adj Biotic Index (BCG individuals) adjBCGBI Incr 95.3 11.7 
% Intolerant IntolPct Decr 100.0 53.7 
adj % Intolerant adjIntolPct Decr 100.0 51.2 
% Tolerant TolerPct Incr 58.1 93.1 
adj % Tolerant adjTolerPct Incr 58.1 84.6 
Intolerant Taxa  IntolTax Decr 100.0 38.4 
Tolerant Taxa  TolerTax Incr 58.1 72.3 
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Metric Name Metric Code Trend DE CVref 
adj Tolerant Taxa  adjTolerTax Incr 74.4 67.2 
BCG     
BCG attr 2 taxa Att2Taxa Decr 100.0 52.7 
BCG attr 3 taxa Att3Taxa Decr 97.7 43.9 
BCG attr 2&3 taxa Att23Taxa Decr 100.0 34.9 
BCG attr 4 taxa Att4Taxa  34.9 40.2 
adjBCG attr 4 taxa adjAtt4Taxa  44.2 36.4 
BCG attr 5 taxa Att5Taxa Incr 72.1 52.9 
% BCG attr 2 Att2Pct Decr 97.7 70.1 
adj % BCG attr 2 adjAtt2Pct Decr 97.7 64.1 
% BCG attr 3 Att3Pct Decr 83.7 66.5 
% BCG attr 4 Att4Pct  41.9 50.3 
adj % BCG attr 4 adjAtt4Pct Incr 55.8 47.5 
% BCG attr 5 Att5Pct Incr 62.8 64.1 
Habit     
% Burrower BrrwrPct  37.2 94.2 
% Climber ClmbrPct  34.9 74.9 
% Clinger ClngrPct Decr 79.1 28.7 
% Sprawler SprwlPct Decr 69.8 62.9 
adj % Sprawler adjSprwlPct Decr 69.8 57.9 
% Swimmer SwmmrPct Decr 62.8 136.6 
Burrower Taxa  BrrwrTax  9.3 79.9 
Climber Taxa  ClmbrTax  46.5 34.5 
Clinger Taxa  ClngrTax Decr 93.0 28.5 
adj Clinger Taxa  adjClngrTax Decr 95.3 26.4 
Sprawler Taxa  SprwlTax Decr 60.5 43.4 
Swimmer Taxa  SwmmrTax  44.2 63.7 
adj Swimmer Taxa  adjSwmmrTax Decr 83.7 58.5 
% Clinger @ family ClngrFamPct Decr 79.1 34.0 

 



 

 

 

 

 

 

Appendix C 

 

Selected Metric Distributions 
 
 

Refer to Appendix B for metric code translation. 
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Figure C-1. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-2. Metric distributions in calibration reference and degraded (stress) sites. 
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Figure C-3. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-4. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-5. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-6. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-7. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-8. Metric distributions in calibration reference and degraded (stress) sites. 
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 Figure C-9. Metric distributions in calibration reference and degraded (stress) sites. 



C-11 Tetra Tech, Inc. 
 

Ref Stress
-1
0
1
2
3
4
5
6
7
8
9

B
rr

w
rT

ax

Ref Stress
-2
0
2
4
6
8

10
12
14
16
18
20
22

B
rr

w
rP

ct

Ref Stress
-2
0
2
4
6
8

10
12
14
16
18
20
22
24
26

C
ln

gr
Ta

x

Ref Stress
-10

0
10
20
30
40
50
60
70
80
90

C
ln

gr
Pc

t

Ref Stress
-1

0

1

2

3

4

5

6

Sw
m

m
rT

ax

Ref Stress
-5
0
5

10
15
20
25
30
35
40
45

Sw
m

m
rP

ct

 Figure C-10. Metric distributions in calibration reference and degraded (stress) sites. 



C-12 Tetra Tech, Inc. 
 

Ref Stress
-2

0

2

4

6

8

10

12

14

16

EP
TF

am

Ref Stress
-20

0

20

40

60

80

100

N
on

In
sF

am
PT

Ref Stress
1

2

3

4

5

6

7

8

9

H
B

I_
Fa

m

Ref Stress
1

2

3

4

5

6

7

8

9

ad
jH

B
I_

Fa
m

Ref Stress
-1
0
1
2
3
4
5
6
7
8
9

Sc
ra

pF
am

Ref Stress
10

20

30

40

50

60

70

80

90

100

D
om

1F
am

 Figure C-11. Metric distributions in calibration reference and degraded (stress) sites. 



 

 

 

 

 

 

Appendix D 

 

 

Index Alternatives 
 
 
The following tables describe the various compilations of metrics that were tested to find 
an index that discriminates between reference and degraded sites, that contains non-
redundant metrics from several metric categories, and that is precise.  In each column, the 
metrics with numbers in the cells are included in the that index alternative, which is 
summarized in the performance statistics at the bottom of the table. Refer to Appendix B 
for translations of the metric codes. 
 
The first index is the NJIS and the four following indices (NJa – NJd) are variations on 
the NJIS.  Indices 1 – 41 are alternatives that were attempted because the metric 
combinations were promising in this data set.  
 
Index 41 is the genus index recommended in the report.  Index 21 is the recommended 
family index.  Indices 2 and 3 contain redundant metrics.  Index 8adj was adjusted for 
catchment area at the index level (individual metrics were not adjusted).   
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Table D-1.  Index alternatives and performance statistics. 

Metric Code 
NJI
S 

NJ
a 

NJ
b 

NJ
c 

NJ
d 1 2 3 4 5 6 7 8 

8 
adj 

TotalTax  a   d          
NonInsPT      1 2 3 4 5 6 7   
EPTTax  a   d 1 2 3   6    
EPTPct NJ a b        6 7   
EPTnHPct    c d 1 2 3 4 5   8 8 
Shan_e     d   3       
ScrapTax      1 2 3 4   7   
BeckBI       2 3       
HBI  a   d 1   4  6    
Dom01Pct  a             
Att23Taxa         4      
TotalFam NJ  b c           
NonInsFamPT             8 8 
EPTFam NJ  b c      5  7 8 8 
ScrapFam             8 8 
HBI_Fam NJ  b c      5  7 8 8 
Dom1Fam NJ  b c           

Ref 75th %ile 30 82 83 82 84 80 80 83 79 85 84 80 82 79 
Ref 25th %ile 27 65 63 63 65 63 59 66 63 63 64 66 64 62 

Ref Quartile 
Range 3 17 21 19 19 18 21 17 16 22 20 14 17 17 

Calibration DE 93 98 93 95 98 100 100 100 100 100 98 100 100 100 
Ref Median 30 76 75 73 77 71 71 74 73 79 77 73 74 70 

Stress Median 12 32 29 28 35 22 19 27 21 23 28 26 19 15 
Quartile Z-

score 6 2.6 2.2 2.3 2.3 2.8 2.4 2.7 3.2 2.6 2.5 3.4 3.1 3.3 
Mann-Whitney 

Z 6.6 7.1 6.9 7.1 7.2 7.3 7.4 7.3 7.4 7.3 7.1 7.3 7.4 7.4 
Verif. Stress 

<refcal25 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Verif. Ref 
>refcal25 38 75 75 50 75 50 63 63 50 63 63 63 63 50 
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Table D-2. Index alternatives and performance statistics. 
Metric Code 9 10 11 12 13 14 15 16 17 18 19 20 21 
NonInsPT       15 16  18 19   
EphemTax          18 19   
PlecoTax          18 19   
TrichTax          18 19   
EPTnHPct 9    13 14   17 18 19 20  
adjEPTnHPct             21 
EPTnHBPct  10 11 12   15 16      
ScrapPct          18    
ScrapTax       15 16   19   
ClngrPct          18    
ClngrTax        16   19   
HBI       15 16      
TALUTaxaBI          18 19   
Att23Taxa       15 16      
TotalFam         17     
NonInsFamPT 9 10 11 12 13 14      20 21 
EPTFam 9 10 11 12 13 14   17    21 
EphemFam            20  
PlecoFam            20  
TrichFam            20  
ScrapFamPct 9   12 13         
ScrapFam  10 11   14   17   20 21 
ClngrFamPct   11 12 13 14        
HBI_Fam 9 10 11 12 13 14   17   20  
adjHBI_Fam             21 

Ref 75th %ile 79 84 84 78 79 82 81 82 82 73 76 79 80 
Ref 25th %ile 52 64 62 52 52 62 64 62 60 58 59 59 65 

Ref Quartile 
Range 27 20 22 26 27 20 18 20 22 15 17 20 15 

Calibration DE 95 100 98 95 95 98 100 100 98 100 100 100 100 
Ref Median 68 73 74 68 69 73 72 74 72 65 69 71 73 

Stress Median 16 19 19 17 17 20 21 21 23 18 17 15 19 
Quartile Z-

score 1.9 2.6 2.5 1.9 1.9 2.7 2.9 2.7 2.3 3.1 3 2.8 3.6 
Mann-Whitney 

Z 7.2 7.4 7.4 7.2 7.2 7.3 7.4 7.4 7.3 7.4 7.5 7.5 7.4 
Verif. Stress 

<refcal25 100 100 100 100 100 100 100 100 100 100 100 100 100 
Verif. Ref 
>refcal25 88 63 63 88 88 75 50 63 50 50 63 63 50 
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Table D-3. Index alternatives and performance statistics. 
Metric Code 22 23 24 25 26 27 28 29 30 
adjTotalTax      27 28 29 30 
NonInsPT 22 23 24 25 26  28 29  
EPTTax      27 28   
adjEphemTax 22 23 24       
PlecoTax 22 23 24       
TrichTax 22 23 24       
adjEPTnHPct 22 23 24 25 26 27  29 30 
adjEPTnHBPct       28   
adjScrapTax 22 23 24 25 26 27 28 29 30 
adjHBI  23  25  27  29 30 
adjTALUTaxaBI   24       
adjTALUBI 22    26  28   
Att23Taxa    25 26   29 30 

Ref 75th %ile 74.8 73.0 73.9 73.9 76.1 73.7 76.6 77.2 74.8 
Ref 25th %ile  55.1 55.2 55.2 62.0 63.3 57.5 61.5 64.0 59.1 

Ref Quartile Range 19.7 17.8 18.7 11.9 12.8 16.2 15.1 13.2 15.8 
Calibration DE  100 100 100 100 100 100 100 100 100 

Ref Median 66.5 66.0 67.1 68.1 69.2 66.1 71.4 71.7 68.0 
Stress Median 15.9 17.2 17.3 19.3 20.0 22.1 26.6 25.5 22.2 

Z-score 2.6 2.7 2.7 4.1 3.8 2.7 3.0 3.5 2.9 
Mann-Whitney-U Z 7.49 7.43 7.47 7.44 7.47 7.31 7.46 7.43 7.39 

Verif. Stress 
<refcal25 100 100 100 100 100 100 100 100 100 
Verif. Ref 
 >refcal25 62.5 62.5 50.0 50.0 50.0 62.5 50.0 62.5 62.5 
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Table D-4. Index alternatives and performance statistics. 
Metric code  31 32 33 34 35 36 37 38 39 40 41 
TotalTax       38    
adjTotalTax 31 32 33 34   37  39  41 
NonInsPT 31 32 33 34 35 36 37 38 39 40 41 
EPTTax     36      
adjEPTnHPct 32  34 35 36  38 39 40  
adjEPTnHBPct 31  33    37     
adjSEPTPct           41 
adjScrapTax 31 32 33 34 35 36 37 38 39 40 41 
adjHBI 31       38 39 40 41 
adjTALUBI 32 33 34 35 36 37     
Att2Taxa   34 35  37 38 39 40 41 
Att3Taxa   34 35  37 38 39 40 41 
Att23Taxa 31 32 33         

Ref 75th %ile 78.1 77.9 78.5 76.5 72.8 76.3 77.2 73.4 74.4 73.0 74.5 
Ref 25th %ile  60.2 65.7 63.2 66.3 63.0 61.0 61.8 64.6 64.9 61.4 64.8 

Ref Quartile Range 17.9 12.2 15.2 10.2 9.8 15.3 15.4 8.8 9.5 11.6 9.7 
Calibration DE  100 100 100 100 100 100 100 100 100 100 100 

Ref Median 71.1 71.1 71.3 70.2 67.1 69.3 70.1 69.5 69.1 67.7 69.1 
Stress Median 25.6 26.5 24.1 22.7 17.6 19.9 21.5 21.6 21.9 17.1 21.3 

Z-score 2.5 3.6 3.1 4.7 5.0 3.2 3.2 5.4 5.0 4.3 4.9 
Mann-Whitney-U Z 7.48 7.45 7.49 7.47 7.48 7.47 7.51 7.47 7.47 7.47 7.47 

Valid. Stress <refcal25  100 100 100 100 100 100 100 100 100 100 100 
Validation Ref 

>refcal25 62.5 50.0 50.0 50.0 50.0 50.0 62.5 50.0 50.0 50.0 50.0 
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Metric and Index Values 
 
 
 

Only reference and stressed site data are shown. 
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Table E-1. Genus level metrics and HGMI.   
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Reference sites - HGMI genus           
HW21 Bear Swamp Brook 7/7/03 Calibration 16 6.3 57.6 3 4.58 5 6 64.8 
AN0245 Beaver Bk 7/21/98 Not used 24 12.5 36.8 5 3.21 5 6 70.1 
AN0245 Beaver Bk 7/12/01 Calibration 25 16.0 30.1 4 3.88 7 6 68.4 
AN0245 Beaver Bk 10/2/01 Not used 31 9.7 47.8 6 3.02 8 9 87.1 
AN0245 Beaver Bk 4/4/02 Not used 27 3.7 44.5 5 2.04 8 11 84.8 
AN0245 Beaver Bk 8/21/03 Not used 32 3.1 52.8 7 3.63 7 9 87.5 
AN0006 Big Flat Bk 7/15/02 Verification 36 11.1 32.1 7 5.22 7 7 77.2 
AN0390 Camp Harmony Br of Stony Bk 4/5/94 Not used 31 25.8 28.8 6 5.07 6 6 64.7 
AN0390 Camp Harmony Br of Stony Bk 4/14/99 Not used 17 35.3 20.2 4 2.82 2 4 47.8 
AN0390 Camp Harmony Br of Stony Bk 9/9/04 Calibration 30 23.3 13.0 5 6.11 2 3 44.7 
AN0309A Clove Bk 6/17/98 Calibration 23 17.4 54.9 7 4.02 9 1 68.8 
AN0309A Clove Bk 4/22/03 Not used 28 7.1 54.5 9 3.34 10 7 89.1 
HW25 Clove Brook 7/8/03 Calibration 24 8.3 53.6 5 3.08 10 5 77.6 
HW24 Cooley Brook 7/1/03 Verification 24 8.3 22.9 4 5.06 5 5 58.5 
HW20 Criss Brook 7/8/03 Calibration 25 4.0 35.7 6 3.65 6 7 74.5 
AN0252 Crooked Bk 8/3/93 Not used 17 5.9 41.3 6 3.60 4 7 68.5 
AN0252 Crooked Bk 8/4/98 Calibration 38 13.2 43.7 7 4.07 3 11 72.7 
AN0252 Crooked Bk 9/6/01 Not used 27 22.2 31.7 8 5.07 4 5 61.3 
AN0252 Crooked Bk 5/21/02 Not used 28 17.9 82.1 4 3.55 8 7 81.9 
AN0252 Crooked Bk 9/25/03 Not used 19 10.5 67.7 3 1.99 5 4 70.3 
AN0012 Dunnfield Ck 8/30/01 Not used 25 16.0 66.7 5 3.74 11 6 79.1 
AN0012 Dunnfield Ck 6/11/02 Not used 30 23.3 66.0 7 3.07 12 5 82.3 
HW03 Dunnfield Creek 7/22/03 Calibration 30 10.0 39.8 5 3.83 11 6 77.2 
AN0208 Dwars Kill 7/10/98 Not used 35 8.6 34.3 5 4.56 7 7 71.2 
AN0208 Dwars Kill 7/2/03 Calibration 20 15.0 63.6 3 2.39 9 1 67.5 
AN0007 Flat Bk 7/15/02 Calibration 27 29.6 11.7 3 6.96 1 4 38.3 
HW11 Forked Brook 7/14/03 Calibration 27 3.7 38.8 3 3.80 10 6 73.6 
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HW27 Franklin Pond Creek 7/22/03 Calibration 28 14.3 27.3 7 3.91 9 5 73.5 
HW38 Green Brook 7/1/03 Calibration 27 11.1 46.2 4 4.89 6 6 68.0 
HW19 Harmony Brook 7/23/03 Calibration 26 7.7 44.4 4 3.55 5 6 70.7 
HW22 Hewitt Brook 7/1/03 Calibration 16 6.3 73.7 2 3.94 6 4 66.3 
HW17 Hibernia Brook 7/23/03 Calibration 28 14.3 35.8 6 3.96 9 5 73.0 
HW26 High Mountain Brook 7/21/03 Calibration 24 8.3 64.7 5 2.62 10 6 83.3 
AN0028 Jacksonburg Ck 7/17/01 Verification 32 12.5 21.2 5 5.47 4 9 64.0 
AN0028 Jacksonburg Ck 10/9/01 Not used 33 15.2 22.4 7 5.33 4 7 64.8 
AN0028 Jacksonburg Ck 4/9/02 Not used 26 15.4 23.0 5 3.28 3 11 66.5 
AN0294 Lake Lookout Bk (trib to 

Wawayanda Ck) 
6/9/98 Not used 23 26.1 8.0 2 5.79 1 2 33.6 

AN0294 Lake Lookout Bk 7/19/01 Verification 20 15.0 26.4 3 4.64 1 5 49.2 
AN0294 Lake Lookout Bk 10/11/01 Not used 17 23.5 5.9 4 6.36 0 3 31.9 
AN0294 Lake Lookout Bk 5/7/02 Not used 26 23.1 38.9 4 5.72 2 4 50.4 
AN0004 Little Flat Bk 7/31/01 Calibration 33 9.1 67.9 10 3.55 8 11 92.4 
AN0004 Little Flat Bk 10/18/01 Not used 25 12.0 24.8 6 5.83 5 9 63.5 
AN0004 Little Flat Bk 5/14/02 Not used 33 9.1 73.0 8 2.45 10 10 94.3 
AN0005 Little Flat Bk 7/2/02 Calibration 35 22.9 26.6 10 5.91 1 4 55.7 
AN0051 Lopatcong Ck 9/1/92 Not used 27 3.7 75.4 11 1.72 11 7 96.7 
AN0051 Lopatcong Ck 9/18/97 Not used 24 16.7 58.5 5 3.63 5 9 75.0 
HW08 Lopatcong Creek 7/30/03 Calibration 24 4.2 44.0 6 3.13 9 3 74.0 
AN0066 Lubbers Run 8/4/92 Not used 17 5.9 32.7 5 3.70 2 5 59.7 
AN0066 Lubbers Run 8/7/97 Not used 24 29.2 10.4 7 5.47 1 5 47.6 
AN0066 Lubbers Run 8/14/01 Calibration 26 26.9 12.0 8 5.50 1 9 56.0 
AN0066 Lubbers Run 5/29/02 Not used 20 25.0 7.1 6 5.75 2 3 42.1 
AN0260 Mossmans Bk 8/5/93 Not used 28 7.1 21.0 5 5.02 2 6 58.7 
AN0260 Mossmans Bk 8/6/98 Not used 35 17.1 45.9 7 4.72 4 7 71.7 
AN0260 Mossmans Bk 7/19/01 Not used 36 13.9 41.5 10 4.33 3 8 76.8 
AN0260 Mossmans Bk 10/11/01 Not used 23 8.7 59.6 6 5.36 2 7 66.0 
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AN0260 Mossmans Bk 5/1/02 Not used 35 14.3 31.8 7 4.64 6 9 75.1 
AN0260 Mossmans Bk 9/25/03 Not used 36 22.2 27.4 5 4.77 7 6 67.4 
HW07 Mossmans Brook 7/21/03 Calibration 27 11.1 21.0 5 4.80 4 8 65.0 
AN0064 Musconetcong R 8/4/92 Not used 20 15.0 24.2 2 4.38 1 3 45.8 
AN0064 Musconetcong R 8/7/97 Calibration 24 20.8 26.5 7 4.31 5 3 60.4 
HW10 Parker Brook 7/14/03 Calibration 25 0.0 30.2 4 4.07 5 7 68.3 
AN0259 Pequannock River 7/22/93 Not used 25 16.0 12.0 4 6.02 1 5 46.2 
AN0259 Pequannock River 8/6/98 Calibration 38 18.4 20.6 11 5.68 5 7 72.5 
AN0259 Pequannock River 10/9/03 Not used 32 18.8 68.5 10 3.38 3 10 83.2 
AN0215 Primrose Bk 7/22/03 Calibration 29 6.9 48.6 6 3.26 12 4 77.0 
AN0399 Rock Bk 4/5/94 Not used 13 15.4 24.2 3 2.10 4 5 56.8 
AN0399 Rock Bk 4/27/99 Not used 15 13.3 25.7 6 2.53 3 5 60.7 
AN0399 Rock Bk 9/13/01 Not used 22 22.7 34.3 7 4.16 1 8 61.6 
AN0399 Rock Bk 6/6/02 Calibration 17 5.9 9.6 3 5.35 2 4 44.3 
AN0399 Rock Bk 9/21/04 Not used 21 14.3 13.6 4 4.18 1 3 46.1 
AN0239 Russia Bk 7/22/93 Not used 28 0.0 11.3 6 4.28 4 7 66.9 
AN0239 Russia Bk 7/16/98 Calibration 30 6.7 31.5 5 4.19 3 7 68.8 
AN0239 Russia Bk 9/16/03 Not used 25 8.0 13.5 6 5.05 2 9 61.1 
AN0003 Shimers Bk 7/31/01 Calibration 21 14.3 67.6 5 3.60 4 5 69.1 
AN0003 Shimers Bk 10/18/01 Not used 16 18.8 73.3 6 2.62 4 6 70.8 
AN0003 Shimers Bk 5/22/02 Not used 31 19.4 46.0 6 3.66 4 6 71.6 
HW14 Shimmers Brook 7/8/03 Calibration 29 6.9 44.3 5 3.37 9 7 81.5 
HW06 Sparta Glen Road 7/22/03 Verification 29 13.8 35.3 5 3.99 10 5 72.2 
HW13 Stony Brook 7/14/03 Calibration 19 10.5 15.8 0 4.87 4 4 46.2 
HW15 Stony Brook 7/22/03 Calibration 33 9.1 25.8 11 3.45 9 7 85.3 
HW12 Tuttles Corner Brook 7/8/03 Verification 28 3.6 44.2 3 3.04 10 5 76.5 
AN0225 UNT to Dead River 7/10/01 Not used 12 41.7 1.7 2 6.24 1 2 22.3 
AN0225 UNT to Dead River 10/4/01 Not used 19 31.6 4.4 5 5.93 0 4 34.8 
AN0225 UNT to Dead River 4/4/02 Not used 23 26.1 3.9 5 5.76 1 4 40.4 
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AN0225 UNT to Dead River 7/31/03 Verification 18 33.3 1.9 4 5.91 1 1 29.1 
AN0023A UNT to Troy Bk 10/9/97 Not used 25 28.0 33.8 8 4.40 4 6 64.5 
AN0023A UNT to Troy Bk 8/6/02 Calibration 39 20.5 20.6 9 5.16 5 8 71.8 
HW18 UNT to Westbrook 7/20/03 Verification 26 7.7 43.9 6 3.29 5 8 77.2 
AN0009 Van Campens Bk 6/12/03 Calibration 13 23.1 72.4 0 3.43 6 1 54.1 
AN0010 Van Campens Bk 7/16/02 Not used 36 0.0 60.0 9 3.29 14 8 94.1 
AN0011 Van Campens Bk 7/17/01 Calibration 32 0.0 64.8 13 2.56 12 10 99.7 
AN0011 Van Campens Bk 10/9/01 Not used 23 0.0 82.0 10 1.93 6 9 89.8 
AN0011 Van Campens Bk 4/11/02 Not used 22 4.5 90.5 8 1.85 8 7 88.6 
Stressed sites - HGMI genus           
HW29 Allendale Brook 7/7/03 Calibration 21 38.1 1.1 2 6.38 1 3 28.3 
AN0116 Assunpink Ck 6/3/03 Verification 18 50.0 0.0 4 6.38 0 0 21.8 
AN0222 Black Bk 7/24/03 Verification 18 66.7 0.0 2 7.74 0 1 16.1 
AN0424B Bound Bk 6/17/04 Calibration 14 78.6 0.0 2 6.30 0 0 12.3 
HW30 Canoe Brook 7/9/03 Verification 13 15.4 1.0 1 6.14 1 3 29.4 
AN0271 Deepavaal Bk 7/7/93 Not used 17 35.3 0.0 4 7.48 0 0 19.1 
AN0271 Deepavaal Bk 8/5/98 Calibration 18 44.4 0.0 2 7.40 0 0 14.8 
AN0271 Deepavaal Bk 9/6/01 Not used 15 53.3 0.9 2 7.38 0 1 13.2 
AN0271 Deepavaal Bk 5/21/02 Not used 18 61.1 0.0 4 7.76 0 0 13.1 
AN0271 Deepavaal Bk 10/23/03 Not used 18 61.1 0.0 3 7.37 0 0 12.2 
HW32 Demarest Brook 7/16/03 Calibration 20 20.0 5.0 2 6.12 0 2 29.7 
AN0278 Diamond Bk 7/7/93 Not used 19 47.4 3.4 1 7.16 0 0 14.1 
AN0278 Diamond Bk 8/11/98 Verification 16 50.0 0.0 1 6.64 0 0 13.1 
HW33 East Br of Rahway River 7/29/03 Calibration 17 23.5 0.0 1 6.74 1 2 25.6 
AN0204 Elizabeth River 9/16/98 Calibration 19 31.6 28.0 1 5.47 0 0 30.0 
AN0204 Elizabeth River 10/21/04 Not used 18 38.9 0.9 1 7.12 1 2 22.3 
AN0277 Goffle Bk 7/7/93 Not used 14 28.6 0.0 2 5.97 0 0 21.7 
AN0277 Goffle Bk 8/11/98 Calibration 19 42.1 0.0 3 6.97 0 0 18.7 
AN0277 Goffle Bk 10/30/03 Not used 11 18.2 0.0 1 5.22 0 0 24.1 
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AN0277A Goffle Bk 9/15/98 Not used 9 88.9 0.0 1 6.37 0 0 8.2 
AN0277A Goffle Bk 7/1/04 Not used 26 26.9 10.6 3 5.90 1 2 36.3 
HW37 Goffle Brook 7/7/03 Calibration 17 23.5 5.9 1 6.13 1 2 28.7 
AN0107 Gold Run 7/13/92 Not used 21 28.6 16.7 3 5.15 0 0 31.3 
AN0107 Gold Run 7/1/97 Calibration 21 23.8 15.2 3 5.41 0 1 33.2 
AN0107 Gold Run 5/13/03 Not used 15 40.0 1.9 3 6.83 0 1 19.2 
HW41 Hirshfeld Brook 7/16/03 Calibration 17 11.8 10.0 1 6.01 1 2 32.9 
AN0288 Hohokus Bk 7/17/90 Not used 17 23.5 0.0 1 5.83 0 1 26.3 
AN0288 Hohokus Bk 8/18/98 Verification 22 40.9 0.7 4 6.94 0 0 22.5 
AN0288 Hohokus Bk 10/28/03 Not used 19 57.9 0.0 4 7.12 0 1 17.8 
AN0220 Loantaka Bk 7/24/03 Calibration 14 50.0 0.0 2 6.51 1 1 17.8 
AN0086 Lockatong Ck 7/15/97 Calibration 23 17.4 17.9 6 4.96 1 6 52.1 
AN0086 Lockatong Ck 5/1/03 Not used 25 12.0 39.2 5 4.55 4 3 58.8 
AN0429 Mile Run 10/13/98 Not used 18 61.1 0.0 4 8.47 0 0 13.1 
AN0429 Mile Run 6/12/02 Not used 13 46.2 0.0 0 8.21 0 0 9.8 
AN0429 Mile Run 6/17/04 Calibration 14 57.1 0.0 1 7.25 1 0 10.5 
AN0436 Mill Bk 7/13/99 Not used 7 42.9 21.2 1 5.14 0 1 21.7 
AN0436 Mill Bk 7/8/04 Not used 19 36.8 15.4 1 5.94 1 2 28.7 
HW42 Mill Brook 7/31/03 Verification 14 14.3 8.2 1 5.74 1 1 29.5 
HW43 Morses Creek 7/2/03 Calibration 19 31.6 7.1 2 7.28 1 2 25.7 
AN0206 Musquapsink Bk 7/6/93 Not used 11 54.5 0.0 4 6.19 0 0 15.4 
AN0206 Musquapsink Bk 7/9/98 Not used 19 31.6 4.8 5 6.27 0 0 27.1 
AN0206 Musquapsink Bk 8/21/01 Not used 13 30.8 4.0 2 6.97 0 1 20.1 
AN0206 Musquapsink Bk 6/5/02 Not used 20 50.0 5.6 4 6.94 0 0 19.5 
AN0206 Musquapsink Bk 7/1/03 Calibration 16 50.0 0.0 2 6.71 0 0 14.7 
HW45 Naachtpunkt Brook 7/9/03 Calibration 16 25.0 0.0 1 5.35 0 1 25.8 
HW46 Nomehegan Brook 7/2/03 Calibration 13 23.1 1.0 2 6.07 0 0 21.9 
HW47 Overpeck 7/16/03 Calibration 14 7.1 4.9 2 6.68 0 2 29.4 
AN0212 Overpeck Ck 7/6/93 Not used 14 21.4 2.9 2 7.00 0 2 23.6 
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AN0212 Overpeck Ck 7/10/98 Not used 19 52.6 6.8 3 6.60 0 0 17.6 
AN0212 Overpeck Ck 7/2/03 Calibration 19 21.1 0.9 0 6.29 0 1 23.7 
AN0270 Packanack Bk 7/12/93 Not used 14 35.7 0.0 3 6.53 0 0 19.4 
AN0270 Packanack Bk 8/5/98 Calibration 16 37.5 1.0 1 5.72 0 0 19.8 
AN0270 Packanack Bk 10/15/03 Not used 11 54.5 0.0 1 5.75 0 0 13.0 
AN0307 Papakating Ck 6/27/90 Not used 23 21.7 45.7 8 4.98 1 4 57.9 
AN0307 Papakating Ck 6/10/98 Calibration 21 33.3 5.1 7 6.86 2 1 34.9 
AN0307 Papakating Ck 7/24/01 Not used 29 24.1 5.5 7 6.22 3 3 48.3 
AN0307 Papakating Ck 10/30/01 Not used 17 35.3 1.6 4 6.87 1 1 26.1 
AN0307 Papakating Ck 5/29/02 Not used 20 50.0 0.0 2 7.73 0 0 14.4 
AN0307 Papakating Ck 4/22/03 Not used 28 21.4 1.3 6 6.93 1 3 40.6 
AN0207 Pascack Bk 7/6/93 Not used 19 21.1 1.6 2 5.31 1 0 30.9 
AN0207 Pascack Bk 7/9/98 Not used 17 35.3 2.9 1 5.22 0 0 24.7 
AN0207 Pascack Bk 7/1/03 Verification 22 27.3 4.0 3 6.20 1 2 33.3 
AN0192 Rahway River 10/13/04 Calibration 16 43.8 0.0 3 8.93 0 0 15.3 
AN0194 Rahway River 10/13/04 Calibration 14 57.1 0.0 1 7.15 0 0 11.2 
AN0195 Rahway River 10/21/04 Not used 15 46.7 1.8 6 5.54 0 0 25.5 
HW51 Rahway River 7/19/03 Verification 16 18.8 9.9 1 6.46 1 1 27.5 
AN0267 Ramapo River 7/10/90 Not used 22 36.4 12.1 4 5.91 0 2 32.2 
AN0267 Ramapo River 8/7/98 Calibration 21 23.8 29.4 4 4.58 0 3 41.2 
AN0267 Ramapo River 10/21/03 Not used 20 30.0 27.5 4 4.85 0 4 39.7 
AN0199 Robinsons Br 10/21/04 Verification 10 50.0 0.0 2 6.06 0 0 14.6 
AN0412 Royce Bk Br 9/30/04 Verification 16 50.0 1.0 2 6.33 0 1 17.3 
AN0279 Saddle R 7/17/90 Not used 18 16.7 17.9 5 4.21 1 2 44.9 
AN0279 Saddle R 8/14/98 Not used 24 16.7 4.8 7 4.76 2 1 45.8 
AN0279 Saddle R 7/8/03 Calibration 29 31.0 28.0 6 5.98 2 2 45.9 
AN0281 Saddle R 7/17/90 Not used 25 24.0 6.1 5 5.39 0 1 37.1 
AN0281 Saddle R 8/13/98 Not used 32 21.9 8.1 5 5.63 0 2 42.4 
AN0281 Saddle R 7/10/03 Not used 30 16.7 13.6 5 6.00 1 2 44.6 
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AN0282 Saddle R 7/17/90 Not used 19 21.1 4.5 5 4.87 0 1 36.7 
AN0282 Saddle R 8/14/98 Calibration 23 26.1 1.8 5 5.14 0 2 37.6 
AN0282 Saddle R 10/28/03 Not used 16 25.0 5.6 3 4.86 1 0 31.9 
AN0289 Saddle R 7/17/90 Not used 13 30.8 0.0 1 5.64 0 0 22.8 
AN0289 Saddle R 8/18/98 Not used 22 36.4 0.0 4 6.21 0 0 26.4 
AN0289 Saddle R 10/28/03 Not used 16 31.3 0.0 1 5.56 0 0 24.3 
AN0290 Saddle R 7/17/90 Not used 13 30.8 0.0 0 6.88 0 0 19.3 
AN0290 Saddle R 8/18/98 Not used 23 26.1 0.9 2 7.41 0 0 23.7 
AN0291 Saddle R 7/17/90 Not used 13 38.5 0.0 0 7.46 1 0 17.5 
AN0291 Saddle R 8/18/98 Not used 22 50.0 25.2 2 6.57 0 0 24.8 
AN0435 Sawmill Bk 9/30/93 Not used 20 55.0 0.0 3 7.62 0 1 16.1 
AN0435 Sawmill Bk 9/10/98 Not used 28 42.9 0.9 2 8.20 0 1 21.8 
AN0435 Sawmill Bk 7/29/04 Calibration 21 61.9 0.0 5 8.77 0 0 16.1 
AN0293 Second River 6/24/04 Calibration 12 33.3 7.8 2 8.24 0 1 17.7 
HW52 Second River 7/19/03 Calibration 11 27.3 0.0 1 7.09 1 0 17.3 
AN0200 South Br Rahway River 10/7/04 Calibration 15 53.3 0.0 2 5.28 0 0 17.9 
AN0201 South Br Rahway River 8/9/01 Not used 21 23.8 2.4 2 6.85 1 1 27.5 
AN0201 South Br Rahway River 6/12/02 Calibration 17 47.1 7.4 0 8.11 1 1 16.7 
AN0201 South Br Rahway River 10/5/04 Not used 18 38.9 1.0 2 5.22 0 1 25.2 
AN0209 Tenakill Bk 7/6/93 Not used 14 35.7 0.0 1 7.83 0 0 13.5 
AN0209 Tenakill Bk 7/9/98 Not used 16 56.3 0.0 2 8.96 0 0 10.3 
AN0209 Tenakill Bk 7/1/03 Calibration 22 59.1 0.0 3 7.53 0 0 14.0 
AN0292 Third River 7/6/93 Not used 16 43.8 5.0 5 5.39 1 0 27.5 
AN0292 Third River 8/19/98 Calibration 14 57.1 5.4 1 4.61 0 0 18.7 
AN0292A Third River 9/25/98 Calibration 16 62.5 0.0 3 6.32 0 0 14.3 
HW53 Third River 7/17/03 Calibration 18 27.8 2.1 2 5.59 1 2 30.4 
HW54 UNT to Passaic River 7/28/03 Calibration 18 11.1 2.0 1 5.72 0 2 30.9 
AN0197 UNT to Robinsons Br 10/7/04 Calibration 16 43.8 0.0 2 5.18 0 0 20.7 
AN0198 UNT to Robinsons Br 10/7/04 Calibration 14 64.3 0.0 2 7.23 0 0 10.1 
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AN0110 UNT to Shipetaukin Ck 6/3/03 Calibration 19 57.9 0.8 3 7.99 0 1 19.6 
AN0284 Valentine Bk 7/16/90 Not used 19 36.8 0.0 3 6.02 0 1 24.2 
AN0284 Valentine Bk 8/13/98 Not used 17 29.4 0.0 4 5.54 0 0 26.2 
AN0284 Valentine Bk 8/21/01 Not used 14 35.7 0.0 2 5.13 0 0 21.9 
AN0284 Valentine Bk 6/5/02 Not used 13 30.8 0.0 2 7.84 0 0 16.5 
AN0284 Valentine Bk 7/30/03 Calibration 26 26.9 0.0 5 6.32 1 1 33.5 
AN0211 Van Saun Bk 7/6/93 Not used 15 33.3 0.0 2 6.67 0 0 18.5 
AN0211 Van Saun Bk 7/10/98 Not used 15 53.3 0.0 4 6.36 0 0 16.9 
AN0211 Van Saun Bk 7/8/03 Calibration 25 48.0 0.0 2 7.40 0 1 18.8 
AN0280 W Br Saddle River 7/17/90 Not used 24 8.3 9.3 7 4.03 2 4 55.7 
AN0280 W Br Saddle River 8/14/98 Not used 18 16.7 12.4 5 5.35 2 1 39.4 
AN0280 W Br Saddle River 7/8/03 Calibration 26 30.8 32.0 5 6.22 2 2 42.5 
AN0202 West Br Elizabeth River 9/16/98 Not used 19 47.4 0.0 0 6.74 0 0 13.5 
HW55 West Br Elizabeth River 7/2/03 Calibration 15 20.0 0.0 2 6.57 1 0 23.7 
HW56 West Br of Shabakunk Crk 7/29/03 Verification 19 15.8 2.0 3 5.56 1 1 33.1 
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Table E-2. Family level metrics and HGMI, as well as the family level NJIS and the genus level BCG Tiers. 
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Reference sites - HGMI genus           
HW21 Bear Swamp Brook 7/7/03 Calibration 10 7.7 57.6 4.31 4 80.1 2 27 
AN0245 Beaver Bk 7/21/98 Not used 8 17.6 36.0 3.46 5 77.3 2 30 
AN0245 Beaver Bk 7/12/01 Calibration 8 17.6 30.1 3.86 5 73.5 2 30 
AN0245 Beaver Bk 10/2/01 Not used 11 13.0 40.7 3.18 6 89.8 2 30 
AN0245 Beaver Bk 4/4/02 Not used 11 5.6 42.7 3.86 4 82.4 2 27 
AN0245 Beaver Bk 8/21/03 Not used 11 5.3 48.1 3.39 5 89.7 2 30 
AN0006 Big Flat Bk 7/15/02 Verification 12 14.3 29.0 4.96 5 79.6 3 24 
AN0390 Camp Harmony Br of Stony Bk 4/5/94 Not used 8 29.2 28.8 5.78 3 50.4 3 24 
AN0390 Camp Harmony Br of Stony Bk 4/14/99 Not used 5 40.0 20.2 5.34 1 34.9 3.5 15 
AN0390 Camp Harmony Br of Stony Bk 9/9/04 Calibration 5 33.3 13.0 5.69 4 43.2 5 21 
AN0309A Clove Bk 6/17/98 Calibration 10 23.5 54.9 4.15 5 81.5 2 30 
AN0309A Clove Bk 4/22/03 Not used 12 10.0 54.5 4.20 6 92.2 2 30 
HW25 Clove Brook 7/8/03 Calibration 12 11.1 44.3 3.51 6 87.3 2 30 
HW24 Cooley Brook 7/1/03 Verification 7 14.3 22.9 4.65 3 56.1 3 27 
HW20 Criss Brook 7/8/03 Calibration 10 6.3 32.7 4.38 5 73.1 2 27 
AN0252 Crooked Bk 8/3/93 Not used 9 7.1 41.3 3.20 4 77.2 2 30 
AN0252 Crooked Bk 8/4/98 Calibration 10 22.7 39.8 3.53 6 78.5 3 30 
AN0252 Crooked Bk 9/6/01 Not used 8 27.8 29.7 4.56 3 55.4 3 30 
AN0252 Crooked Bk 5/21/02 Not used 13 22.7 81.3 3.00 4 87.2 2 30 
AN0252 Crooked Bk 9/25/03 Not used 9 12.5 45.5 3.25 4 76.5 3 30 
AN0012 Dunnfield Ck 8/30/01 Not used 13 21.1 54.7 3.75 5 85.3 2 30 
AN0012 Dunnfield Ck 6/11/02 Not used 11 28.6 63.0 3.32 5 85.9 2 30 
HW03 Dunnfield Creek 7/22/03 Calibration 13 15.0 38.8 4.28 3 73.2 2 27 
AN0208 Dwars Kill 7/10/98 Not used 10 15.0 33.3 4.62 4 63.1 3 30 
AN0208 Dwars Kill 7/2/03 Calibration 9 20.0 62.1 3.78 3 69.3 2 30 
AN0007 Flat Bk 7/15/02 Calibration 7 33.3 11.7 6.73 3 46.4 4 24 



E-10      Tetra Tech, Inc. 

Station Waterbody Name CollDate CalVer 

E
P

TF
am

 

N
on

In
sF

am
P

T 

E
P

Tn
H

P
ct

 

H
B

I_
Fa

m
 

S
cr

ap
Fa

m
 

H
G

M
Ifa

m
 

B
C

G
 T

ie
r 

N
JI

S
 

HW11 Forked Brook 7/14/03 Calibration 13 5.9 31.6 4.23 4 74.2 2 27 
HW27 Franklin Pond Creek 7/22/03 Calibration 8 25.0 22.2 4.33 5 66.6 2 30 
HW38 Green Brook 7/1/03 Calibration 7 17.6 44.2 3.75 3 65.9 2 30 
HW19 Harmony Brook 7/23/03 Calibration 8 11.8 44.4 4.10 3 68.7 3 30 
HW22 Hewitt Brook 7/1/03 Calibration 9 8.3 71.6 3.87 3 77.9 2 30 
HW17 Hibernia Brook 7/23/03 Calibration 10 21.1 22.1 4.66 4 62.5 2 30 
HW26 High Mountain Brook 7/21/03 Calibration 14 10.0 51.0 3.61 5 86.6 2 30 
AN0028 Jacksonburg Ck 7/17/01 Verification 10 19.0 20.3 5.03 5 64.8 3 21 
AN0028 Jacksonburg Ck 10/9/01 Not used 9 19.0 20.6 5.64 5 60.2 3 24 
AN0028 Jacksonburg Ck 4/9/02 Not used 8 23.5 23.0 4.94 3 54.6 3 24 
AN0294 Lake Lookout Bk (trib to 

Wawayanda Ck) 
6/9/98 Not used 4 42.9 8.0 4.50 2 37.8 5 21 

AN0294 Lake Lookout Bk 7/19/01 Verification 7 20.0 26.4 4.08 3 61.0 4 27 
AN0294 Lake Lookout Bk 10/11/01 Not used 5 30.8 5.9 5.40 4 44.8 5 15 
AN0294 Lake Lookout Bk 5/7/02 Not used 6 35.3 38.9 5.11 4 56.3 4 27 
AN0004 Little Flat Bk 7/31/01 Calibration 14 13.6 56.9 3.41 6 89.0 2 30 
AN0004 Little Flat Bk 10/18/01 Not used 12 11.1 23.9 4.99 5 68.7 2.5 21 
AN0004 Little Flat Bk 5/14/02 Not used 14 12.5 73.0 2.29 5 94.7 2 30 
AN0005 Little Flat Bk 7/2/02 Calibration 7 42.1 26.6 6.10 5 50.2 4 24 
AN0051 Lopatcong Ck 9/1/92 Not used 12 5.6 73.2 2.99 6 99.5 2 30 
AN0051 Lopatcong Ck 9/18/97 Not used 10 22.2 56.1 3.93 4 76.1 2 30 
HW08 Lopatcong Creek 7/30/03 Calibration 11 6.7 44.0 3.90 4 78.1 2 30 
AN0066 Lubbers Run 8/4/92 Not used 8 9.1 32.7 3.64 3 74.1 3 27 
AN0066 Lubbers Run 8/7/97 Not used 6 36.8 10.4 4.69 4 53.4 5 27 
AN0066 Lubbers Run 8/14/01 Calibration 7 35.3 12.0 4.85 5 58.5 4 27 
AN0066 Lubbers Run 5/29/02 Not used 6 35.7 7.1 4.66 4 52.9 5 24 
AN0260 Mossmans Bk 8/5/93 Not used 8 12.5 21.0 4.86 5 65.9 4 24 
AN0260 Mossmans Bk 8/6/98 Not used 10 30.0 45.9 4.16 7 78.0 3 30 
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AN0260 Mossmans Bk 7/19/01 Not used 11 20.8 41.5 3.82 7 82.9 3 30 
AN0260 Mossmans Bk 10/11/01 Not used 8 14.3 59.6 4.22 3 73.4 3.5 30 
AN0260 Mossmans Bk 5/1/02 Not used 10 21.7 31.8 4.43 7 75.0 3 27 
AN0260 Mossmans Bk 9/25/03 Not used 11 25.0 27.4 4.84 5 68.9 3 30 
HW07 Mossmans Brook 7/21/03 Calibration 6 18.8 20.0 4.65 4 57.8 3 24 
AN0064 Musconetcong R 8/4/92 Not used 5 25.0 24.2 4.37 3 58.9 4 27 
AN0064 Musconetcong R 8/7/97 Calibration 8 31.3 26.5 3.67 4 69.4 3 30 
HW10 Parker Brook 7/14/03 Calibration 9 0.0 22.9 4.13 3 65.7 3 30 
AN0259 Pequannock River 7/22/93 Not used 8 25.0 12.0 5.21 3 55.3 4 18 
AN0259 Pequannock River 8/6/98 Calibration 10 30.0 20.6 5.32 6 69.1 4 18 
AN0259 Pequannock River 10/9/03 Not used 12 25.0 68.5 3.33 6 94.3 3 30 
AN0215 Primrose Bk 7/22/03 Calibration 12 9.1 45.0 3.61 4 78.2 2 30 
AN0399 Rock Bk 4/5/94 Not used 6 16.7 24.2 5.37 2 49.1 2 18 
AN0399 Rock Bk 4/27/99 Not used 4 16.7 25.7 4.83 5 59.0 2 18 
AN0399 Rock Bk 9/13/01 Not used 7 29.4 34.3 3.73 6 71.3 4 30 
AN0399 Rock Bk 6/6/02 Calibration 6 11.1 9.6 1.83 4 65.0 4.5 21 
AN0399 Rock Bk 9/21/04 Not used 5 23.1 13.6 4.18 4 54.9 5 27 
AN0239 Russia Bk 7/22/93 Not used 8 0.0 11.3 4.01 5 72.0 3 24 
AN0239 Russia Bk 7/16/98 Calibration 11 10.5 31.5 3.81 4 79.6 3 30 
AN0239 Russia Bk 9/16/03 Not used 8 10.5 13.5 4.01 5 71.6 3.5 24 
AN0003 Shimers Bk 7/31/01 Calibration 9 12.5 67.6 3.95 5 86.2 3 27 
AN0003 Shimers Bk 10/18/01 Not used 8 20.0 64.8 3.40 5 84.9 2 30 
AN0003 Shimers Bk 5/22/02 Not used 10 18.2 38.7 4.10 4 74.8 3 30 
HW14 Shimmers Brook 7/8/03 Calibration 14 9.5 43.3 3.64 5 85.4 2 30 
HW06 Sparta Glen Road 7/22/03 Verification 10 21.1 35.3 4.07 4 69.8 2 30 
HW13 Stony Brook 7/14/03 Calibration 6 18.2 15.8 5.08 1 43.2 3 18 
HW15 Stony Brook 7/22/03 Calibration 14 13.0 24.7 3.67 6 81.8 2 27 
HW12 Tuttles Corner Brook 7/8/03 Verification 11 5.6 38.9 3.69 4 80.4 2 30 
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AN0225 UNT to Dead River 7/10/01 Not used 2 44.4 1.7 4.44 2 28.3 5 9 
AN0225 UNT to Dead River 10/4/01 Not used 4 31.3 4.4 4.91 5 43.5 5 18 
AN0225 UNT to Dead River 4/4/02 Not used 5 31.3 3.9 5.70 4 37.8 5 21 
AN0225 UNT to Dead River 7/31/03 Verification 3 46.2 1.9 5.00 2 26.6 5 15 
AN0023A UNT to Troy Bk 10/9/97 Not used 9 35.0 28.6 4.44 6 70.7 3 30 
AN0023A UNT to Troy Bk 8/6/02 Calibration 10 29.6 19.6 4.96 6 68.8 3 27 
HW18 UNT to Westbrook 7/20/03 Verification 7 14.3 40.8 3.65 4 69.2 2 30 
AN0009 Van Campens Bk 6/12/03 Calibration 6 27.3 72.4 2.85 0 63.0 3 27 
AN0010 Van Campens Bk 7/16/02 Not used 15 0.0 60.0 3.57 5 93.0 2 30 
AN0011 Van Campens Bk 7/17/01 Calibration 15 0.0 64.8 2.78 8 100.0 2 30 
AN0011 Van Campens Bk 10/9/01 Not used 11 0.0 82.0 2.71 4 91.7 2 30 
AN0011 Van Campens Bk 4/11/02 Not used 11 6.3 90.5 2.91 5 95.0 2 30 
Stressed sites - HGMI genus           
HW29 Allendale Brook 7/7/03 Calibration 2 58.3 1.1 5.99 1 13.9 4 15 
AN0116 Assunpink Ck 6/3/03 Verification 1 69.2 0.0 4.99 2 14.4 5 15 
AN0222 Black Bk 7/24/03 Verification 0 72.7 0.0 7.66 1 3.3 5 12 
AN0424B Bound Bk 6/17/04 Calibration 0 90.9 0.0 7.19 1 4.3 5 12 
HW30 Canoe Brook 7/9/03 Verification 2 33.3 1.0 6.01 1 23.1 4 6 
AN0271 Deepavaal Bk 7/7/93 Not used 1 55.6 0.0 6.71 2 16.5 5 9 
AN0271 Deepavaal Bk 8/5/98 Calibration 0 77.8 0.0 6.64 2 10.6 5 9 
AN0271 Deepavaal Bk 9/6/01 Not used 1 70.0 0.9 6.76 3 15.3 5 12 
AN0271 Deepavaal Bk 5/21/02 Not used 0 81.8 0.0 6.70 3 13.6 5 15 
AN0271 Deepavaal Bk 10/23/03 Not used 0 81.8 0.0 7.14 1 4.8 5 12 
HW32 Demarest Brook 7/16/03 Calibration 3 30.8 5.0 6.08 2 27.3 5 21 
AN0278 Diamond Bk 7/7/93 Not used 2 64.3 3.4 6.83 1 10.0 5 12 
AN0278 Diamond Bk 8/11/98 Verification 1 72.7 0.0 6.40 1 7.8 5 12 
HW33 East Branch of Rahway River 7/29/03 Calibration 1 50.0 0.0 6.39 0 11.8 5 12 
AN0204 Elizabeth River 9/16/98 Calibration 3 46.2 28.0 4.99 1 39.0 5 27 
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AN0204 Elizabeth River 10/21/04 Not used 2 50.0 0.9 6.72 2 22.7 5 21 
AN0277 Goffle Bk 7/7/93 Not used 1 44.4 0.0 5.33 1 24.4 5 15 
AN0277 Goffle Bk 8/11/98 Calibration 1 61.5 0.0 6.82 2 14.9 5 12 
AN0277 Goffle Bk 10/30/03 Not used 1 28.6 0.0 4.46 1 33.8 5 18 
AN0277A Goffle Bk 9/15/98 Not used 0 88.9 0.0 6.33 1 7.5 6 9 
AN0277A Goffle Bk 7/1/04 Not used 3 40.0 10.6 5.46 2 32.9 4 21 
HW37 Goffle Brook 7/7/03 Calibration 3 44.4 5.9 5.91 1 24.5 4.5 9 
AN0107 Gold Run 7/13/92 Not used 3 40.0 16.7 4.47 4 44.3 5 27 
AN0107 Gold Run 7/1/97 Calibration 4 30.8 15.2 4.83 3 43.3 5 24 
AN0107 Gold Run 5/13/03 Not used 2 45.5 1.9 5.83 3 26.4 5 15 
HW41 Hirshfeld Brook 7/16/03 Calibration 3 25.0 10.0 5.41 1 34.0 4 18 
AN0288 Hohokus Bk 7/17/90 Not used 1 44.4 0.0 5.30 1 26.7 5 15 
AN0288 Hohokus Bk 8/18/98 Verification 2 53.3 0.7 6.62 3 25.8 5 18 
AN0288 Hohokus Bk 10/28/03 Not used 1 62.5 0.0 7.74 3 16.7 5 12 
AN0220 Loantaka Bk 7/24/03 Calibration 1 60.0 0.0 5.25 1 15.8 5 12 
AN0086 Lockatong Ck 7/15/97 Calibration 7 25.0 17.9 4.43 5 58.7 4 30 
AN0086 Lockatong Ck 5/1/03 Not used 8 17.6 39.2 4.08 5 70.8 4 30 
AN0429 Mile Run 10/13/98 Not used 1 73.3 0.0 7.00 3 13.4 5 9 
AN0429 Mile Run 6/12/02 Not used 1 71.4 0.0 8.00 0 2.6 5 6 
AN0429 Mile Run 6/17/04 Calibration 1 70.0 0.0 6.53 0 5.8 5 9 
AN0436 Mill Bk 7/13/99 Not used 2 50.0 21.2 4.23 1 33.9 6 15 
AN0436 Mill Bk 7/8/04 Not used 3 58.3 15.4 5.32 1 25.8 5 24 
HW42 Mill Brook 7/31/03 Verification 2 33.3 8.2 5.03 1 30.9 5 15 
HW43 Morses Creek 7/2/03 Calibration 3 45.5 7.1 6.91 1 17.9 5 15 
AN0206 Musquapsink Bk 7/6/93 Not used 1 55.6 0.0 4.70 2 26.7 5 9 
AN0206 Musquapsink Bk 7/9/98 Not used 2 60.0 4.8 5.19 3 29.4 5 15 
AN0206 Musquapsink Bk 8/21/01 Not used 2 50.0 4.0 5.85 3 28.9 5 9 
AN0206 Musquapsink Bk 6/5/02 Not used 2 66.7 5.6 5.92 2 20.5 5 15 



E-14      Tetra Tech, Inc. 

Station Waterbody Name CollDate CalVer 

E
P

TF
am

 

N
on

In
sF

am
P

T 

E
P

Tn
H

P
ct

 

H
B

I_
Fa

m
 

S
cr

ap
Fa

m
 

H
G

M
Ifa

m
 

B
C

G
 T

ie
r 

N
JI

S
 

AN0206 Musquapsink Bk 7/1/03 Calibration 1 63.6 0.0 5.99 1 14.4 5 15 
HW45 Naachtpunkt Brook 7/9/03 Calibration 1 50.0 0.0 5.40 1 18.3 4 6 
HW46 Nomehegan Brook 7/2/03 Calibration 2 33.3 1.0 4.82 1 29.3 5 12 
HW47 Overpeck 7/16/03 Calibration 1 33.3 4.9 5.91 1 25.2 5 3 
AN0212 Overpeck Ck 7/6/93 Not used 2 33.3 2.9 5.80 1 24.0 5 6 
AN0212 Overpeck Ck 7/10/98 Not used 2 66.7 6.8 6.18 2 16.0 5 15 
AN0212 Overpeck Ck 7/2/03 Calibration 2 42.9 0.9 6.49 0 14.0 5 9 
AN0270 Packanack Bk 7/12/93 Not used 1 50.0 0.0 4.74 2 24.4 5 15 
AN0270 Packanack Bk 8/5/98 Calibration 2 45.5 1.0 4.96 1 23.1 5 21 
AN0270 Packanack Bk 10/15/03 Not used 1 55.6 0.0 4.86 1 18.7 5 18 
AN0307 Papakating Ck 6/27/90 Not used 6 33.3 45.7 4.77 4 66.8 4 30 
AN0307 Papakating Ck 6/10/98 Calibration 4 50.0 5.1 5.81 4 40.9 5 18 
AN0307 Papakating Ck 7/24/01 Not used 6 43.8 5.5 5.38 5 51.8 5 18 
AN0307 Papakating Ck 10/30/01 Not used 3 46.2 1.6 5.64 2 33.6 5 18 
AN0307 Papakating Ck 5/29/02 Not used 0 70.0 0.0 6.80 1 11.4 5 12 
AN0307 Papakating Ck 4/22/03 Not used 3 38.5 1.3 6.45 4 38.6 5 12 
AN0207 Pascack Bk 7/6/93 Not used 2 37.5 1.6 4.83 1 34.6 5 18 
AN0207 Pascack Bk 7/9/98 Not used 2 54.5 2.9 4.78 2 33.2 5 24 
AN0207 Pascack Bk 7/1/03 Verification 3 40.0 4.0 5.31 3 40.5 5 18 
AN0192 Rahway River 10/13/04 Calibration 0 55.6 0.0 8.05 1 8.3 5 9 
AN0194 Rahway River 10/13/04 Calibration 1 70.0 0.0 6.37 1 14.7 5 9 
AN0195 Rahway River 10/21/04 Not used 3 58.3 1.8 4.39 4 43.0 5 18 
HW51 Rahway River 7/19/03 Verification 2 37.5 9.9 5.88 0 22.9 5 12 
AN0267 Ramapo River 7/10/90 Not used 4 53.3 12.1 5.77 3 22.8 5 18 
AN0267 Ramapo River 8/7/98 Calibration 7 33.3 29.4 4.49 3 43.4 4 30 
AN0267 Ramapo River 10/21/03 Not used 6 33.3 27.5 4.27 4 45.5 4 30 
AN0199 Robinsons Br 10/21/04 Verification 1 50.0 0.0 4.74 2 31.4 5.5 15 
AN0412 Royce Bk Br 9/30/04 Verification 2 61.5 1.0 4.63 2 24.0 5 12 
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AN0279 Saddle R 7/17/90 Not used 6 20.0 17.9 3.96 5 65.0 5 30 
AN0279 Saddle R 8/14/98 Not used 4 28.6 4.8 4.44 4 49.3 5 24 
AN0279 Saddle R 7/8/03 Calibration 5 44.4 28.0 5.21 3 45.7 4 21 
AN0281 Saddle R 7/17/90 Not used 6 35.3 6.1 5.18 3 46.5 5 24 
AN0281 Saddle R 8/13/98 Not used 6 36.8 8.1 5.20 6 56.5 5 24 
AN0281 Saddle R 7/10/03 Not used 5 28.6 13.6 5.48 2 44.4 5 18 
AN0282 Saddle R 7/17/90 Not used 3 33.3 4.5 4.62 5 52.2 5 24 
AN0282 Saddle R 8/14/98 Calibration 3 40.0 1.8 4.64 4 45.9 5 24 
AN0282 Saddle R 10/28/03 Not used 3 36.4 5.6 4.19 2 43.7 5 24 
AN0289 Saddle R 7/17/90 Not used 1 44.4 0.0 4.99 1 30.8 5 18 
AN0289 Saddle R 8/18/98 Not used 1 70.0 0.0 6.09 2 20.5 5 12 
AN0289 Saddle R 10/28/03 Not used 1 50.0 0.0 4.92 1 29.4 5 15 
AN0290 Saddle R 7/17/90 Not used 1 50.0 0.0 6.55 0 18.5 5 12 
AN0290 Saddle R 8/18/98 Not used 2 40.0 0.9 6.76 0 22.5 5 9 
AN0291 Saddle R 7/17/90 Not used 1 62.5 0.0 7.31 0 11.0 5 3 
AN0291 Saddle R 8/18/98 Not used 3 66.7 25.2 5.88 3 37.7 5 21 
AN0435 Sawmill Bk 9/30/93 Not used 1 64.7 0.0 7.17 2 10.3 5 12 
AN0435 Sawmill Bk 9/10/98 Not used 1 55.6 0.9 7.89 3 16.8 5 12 
AN0435 Sawmill Bk 7/29/04 Calibration 0 75.0 0.0 8.33 2 7.0 5 9 
AN0293 Second River 6/24/04 Calibration 2 44.4 7.8 7.76 1 19.0 5 9 
HW52 Second River 7/19/03 Calibration 0 42.9 0.0 6.32 0 11.6 5 6 
AN0200 South Br Rahway River 10/7/04 Calibration 1 61.5 0.0 4.70 2 21.0 5 18 
AN0201 South Br Rahway River 8/9/01 Not used 3 41.7 2.4 5.90 2 29.8 5 12 
AN0201 South Br Rahway River 6/12/02 Calibration 2 55.6 7.4 7.46 1 15.1 5 9 
AN0201 South Br Rahway River 10/5/04 Not used 2 50.0 1.0 4.63 2 31.5 5 18 
AN0209 Tenakill Bk 7/6/93 Not used 0 66.7 0.0 6.27 0 7.7 5 6 
AN0209 Tenakill Bk 7/9/98 Not used 0 87.5 0.0 8.21 0 1.6 5 6 
AN0209 Tenakill Bk 7/1/03 Calibration 0 76.9 0.0 6.59 2 11.7 5 15 
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AN0292 Third River 7/6/93 Not used 2 54.5 5.0 4.50 4 39.5 5 21 
AN0292 Third River 8/19/98 Calibration 2 66.7 5.4 4.42 1 26.2 5 21 
AN0292A Third River 9/25/98 Calibration 1 83.3 0.0 4.79 2 20.8 5 12 
HW53 Third River 7/17/03 Calibration 3 50.0 2.1 5.24 2 28.9 4 15 
HW54 UNT to Passaic River 7/28/03 Calibration 2 33.3 2.0 6.01 1 24.0 4 6 
AN0197 UNT to Robinsons Br 10/7/04 Calibration 1 58.3 0.0 4.41 2 24.4 5 18 
AN0198 UNT to Robinsons Br 10/7/04 Calibration 0 70.0 0.0 7.35 2 6.7 5 9 
AN0110 UNT to Shipetaukin Ck 6/3/03 Calibration 1 64.3 0.8 6.81 3 13.5 5 15 
AN0284 Valentine Bk 7/16/90 Not used 1 53.8 0.0 5.57 1 17.0 5 15 
AN0284 Valentine Bk 8/13/98 Not used 1 50.0 0.0 5.28 2 23.1 5 12 
AN0284 Valentine Bk 8/21/01 Not used 1 62.5 0.0 4.52 2 22.9 5 18 
AN0284 Valentine Bk 6/5/02 Not used 0 66.7 0.0 6.05 1 8.9 5.5 6 
AN0284 Valentine Bk 7/30/03 Calibration 1 46.2 0.0 5.79 2 21.7 5 15 
AN0211 Van Saun Bk 7/6/93 Not used 1 55.6 0.0 6.51 0 10.6 5 12 
AN0211 Van Saun Bk 7/10/98 Not used 1 77.8 0.0 6.09 2 14.7 5 9 
AN0211 Van Saun Bk 7/8/03 Calibration 1 72.7 0.0 6.87 0 4.2 5 12 
AN0280 W Br Saddle River 7/17/90 Not used 7 13.3 9.3 3.89 5 63.3 4 27 
AN0280 W Br Saddle River 8/14/98 Not used 4 30.0 12.4 5.07 4 44.6 4 18 
AN0280 W Br Saddle River 7/8/03 Calibration 4 44.4 32.0 5.60 4 43.3 4 24 
AN0202 West Br Elizabeth River 9/16/98 Not used 0 80.0 0.0 7.06 0 0.0 5 9 
HW55 West Br Elizabeth River 7/2/03 Calibration 0 42.9 0.0 6.47 1 14.5 5 9 
HW56 West Br of Shabakunk Creek 7/29/03 Verification 3 33.3 2.0 5.30 2 31.7 5 15 
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1.0 INTRODUCTION 
 
Rationale for Biological Monitoring 
 
Biological monitoring refers to the use of in-stream populations of benthic macroinvertebrates as indicators of 
water quality. Benthic macroinvertebrates are macroscopic invertebrate animals inhabiting aquatic habitats. In 
freshwater, common forms are aquatic insects, worms, snails and crustaceans. Macroinvertebrates are 
commonly found throughout the state's streams, fulfilling an important role in the aquatic food web. Species 
comprising the instream macroinvertebrate community occupy distinct niches (living spaces) governed by 
environmental conditions and their tolerance to pollution. Changes in environmental conditions are reflected 
by commensurate changes in macroinvertebrate community structure. Assessments of ambient water quality 
can then be based upon standardized measures of said changes in community structure. 
 
In 1992, the Bureau of Freshwater & Biological Monitoring reactivated its Ambient Biomonitoring 
Network (AMNET) which, at the time of its last sampling in 1988, consisted of only 18 sampling sites 
statewide. The old network was determined to be inadequate to support the department's 305(b) [water 
quality inventory report], 303(d) [list of impaired waters] and watershed programs, so bureau staff 
designed a new program.  
The new statewide AMNET program established over 800 sampling stations throughout each of the 20 
freshwater Watershed Management Areas, evaluating the health of instream benthic macroinvertebrate 
communities using a USEPA-developed monitoring and assessment methodology referred to as Rapid 
Bioassessment Protocol (RBP). Under AMNET, each of the State's five major Water Regions are sampled 
for benthic macroinvertebrates on a rotational schedule of once every five years. Visual observations, 
Stream Habitat Assessments and limited physical/chemical parameters are performed on each site.    
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Advantages of Using Benthic Macroinvertebrates: 
 

1. They are good indicators of localized conditions of water quality due to their limited 
mobility. As such, they are well suited for the assessment of site specific pollution impacts. 

2. They are sensitive to environmental impacts from both point and nonpoint sources of 
pollution. 

3. They integrate the effects of short term environmental variations, such as oil spills and 
intermittent discharges. 

4. Sampling is relatively easy and inexpensive. 
5. They are holistic indicators of overall water quality, even for substances at lower than 

detectable limits. 
6. They are normally abundant in New Jersey waters. 
7. They serve as the primary food source for many species of fish important commercially and 

for recreation. 
8. Unlike chemical monitoring, where impacts to the environment are by inference, not direct 

measurement, they are a direct measure of water quality degradation in a manner closely 
aligned with the goals of the Clean Water Act. 

9. They can be used to assess non-chemical impacts to the benthic habitat, such as by thermal 
pollution or excessive sediment loading (siltation). 

10. To the general public, impacts to resident benthic macroinvertebrate communities are more 
tangible measurements of water quality than more complex listings of chemical analysis 
results. 

11. When used together with chemical/physical parameter monitoring, benthic macroinvertebrate 
monitoring can be used to identify sources of impairment. 

 
Limitations: 

 
Biological monitoring cannot replace chemical monitoring, toxicity testing, and other 
environmental measurements. Each of these tools provides the analyst with specific 
information only available by that procedure. 

 
The next two pages provide an overview of the most common groups of organisms used when 
making biological impairment assessments. 
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Aquatic Organisms as Environmental Indicators 
 

The following photos provide an overview of the major macroinvertebrate indicator groups 
employed in making biological water quality assessments. 
 
Benthic Macroinvertebrates Usually Indicative of Good Water Quality 
 

 

Mayfly nymphs are often abundant wherever the water is clean.  They 
are sensitive to various types of water pollution, including low 
dissolved oxygen, ammonia, biocides, and metals. 

Stonefly nymphs are usually found only in 
cool, well-oxygenated waters free of 
pollution.  Though not usually found in the 
numbers characteristic of mayflies, the 
presence of even a few stoneflies is 
indicative of good water quality. 

Most caddisfly larvae, many of which build portable 
cases of stones, sticks, sand, and other detritus, are 
intolerant of water pollution. 

Aquatic beetles are common in well-oxygenated, 
swiftly running waters; many species are referred 
to as “riffle beetles.”  They are usually indicative 
of clean water since they are sensitive to wetting 
agents (soaps and detergents) and other pollutants. 

All photographs taken by D.Bryson, NJDEP 
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Benthic Macroinvertebrates Usually Indicative of Poor Water Quality 
 

 

 
 

 

 
 
 
 

Midges (chironomids) are among the most common of 
aquatic invertebrates. They occupy a variety of aquatic 
habitats, including lakes, ponds, bogs, rivers, creeks, 
and marshes. They even exploit manmade habitats such 
as sewage treatment plants, water treatment plants, fish 
pools, irrigation ditches, and birdbaths. Many species 
are very tolerant of pollution. 

Aquatic sowbugs, or freshwater isopods, are 
abundant in waters enriched with organic nutrients 
and low in dissolved oxygen. They are commonly 
observed in the recovery areas below sewage 
treatment plants. 

Leeches and other segmented worms are very 
common in our lakes and streams, though not 
often noticed. They are tolerant of poor water 
quality and severe pollution. 

Black fly larvae are filter feeders, capturing and ingesting 
plankton and bacteria from the surrounding water with 
specialized antennae. Some species are very tolerant of poor 
water quality and thus can be used as indicators of pollution. 

All photographs taken by D.Bryson, NJDEP 
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2.0 SCOPE AND OBJECTIVES 
 
The major goal of AMNET is to provide a cost efficient means of gauging the quality of surface 
water and watershed areas throughout the state.  This is done through biological sampling and 
analysis of macroinvertebrate communities from a network of stream sites that adequately represents 
New Jersey’s major drainage basins and NJDEP’s Watershed Management Areas (WMAs). 
Administratively there are currently twenty-one (21) WMAs within New Jersey's five (5) major 
basins [Upper Delaware (aka Northwest), Lower Delaware, Northeast, Raritan, and Atlantic]. Each 
major basin is also known as a "Water Region". Each of the 21 WMAs are a sub-basin of a Water 
Region. There are an average of 165 AMNET sites in each Water Region with a statewide total of 
over 800 sites.  

  
Another  program goal is to monitor each Water  Region’s complement of stations within the 
optimal sampling season of April through November, giving our modelers and planners a snapshot 
of ambient biological conditions during that particular year.   

  
The spatial distribution of stations is adequate to provide biological impact data on a long-term, 
basin-wide or statewide scale. It is likely not sufficient, however, to assess the biological impact(s) 
of any one point source of pollution, as this would be better served by a site-specific or intensive 
survey of the stream segment in question.  The designated sampling interval for AMNET, of five 
years, reflects a realistic temporal lag between cessation of an environmental perturbation and 
recovery of the impacted biological community. 
 
3.0  DATA USAGE 

 
Data obtained is used  in the generation of the biennial New Jersey Integrated Water Quality and 
Assessment Report [includes 305(b) and 303(d) list],which supports the development of water 
quality criteria to protect aquatic life and human health, the assignment of stream classifications to 
reflect existing and designated uses, and the promulgation of antidegradation policies to protect and 
maintain the quality of surface and ground waters of the State. Data is also used to support sound 
policy decisions in water quality/watershed management such as Category 1 (C1) designations, used 
in Stressor Identification (SI) investigations, and to direct regulatory or “permit” activities.  The 
information gathered will be summarized in a final AMNET report which, following internal review, 
will be made generally available on the Bureau of Freshwater and Biological Monitoring website:  
www.state.nj.us/dep/wms/bfbm. 
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4.0 SITE SELECTION 
 
As mentioned previously, the existing AMNET network contains over 800 active sites. These 
sites were initially selected to ensure complete and representative coverage of  the State and each 
Water Region.  Sites have been placed on “first order”, “second order”, and higher order streams 
as described by Strahler (see figure 1).  To ensure enough flow for sampling, sites on "first-
order" streams (those with no tributaries) are situated at least three miles downstream of 
headwaters. Since many first order streams have very little, or only intermittent flow, most sites 
are situated on second-order and higher waterways.  All sites are located in reasonably accessible 
and primarily wadeable segments.  Sites are located at, or upstream, of the head of tide. 
 
AMNET site locations (latitude and longitude to nearest seconds) are determined via the Global 
Positioning System (GPS) using Trimble Pathfinder units and the appropriate correction sources 
utilized by NJDEP. This will allow field personnel to return to the exact site locations for current 
and future sampling.  All positions are logged into the Geographical Information System (GIS). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Strahler stream order diagram. 
Stream size is categorized by Strahler stream order, demonstrated here for a watershed. The 
confluence (joining) of two 1st order streams forms a 2nd order stream; the confluence of two 2nd 
order streams forms a 3rd order stream.  (USEPA, Office of Water, 2006) 
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5.0 METHODS 
 
The methodology follows the Rapid Bioassessment Protocols (RBP), designed and validated under 
the auspices of the U. S. Environmental Protection Agency (USEPA);  this is described in Rapid 
Bioassessment Protocols for Use in Wadeable Streams and Rivers, 2nd Edition (Barbour et al, 1999). 
 Data analysis and assessments were developed using the RBP multi-metric approach and are 
customized to New Jersey water regions. 
 
5.1 Equipment  
 

A complete checklist of field equipment is found in Appendix  A.  This checklist is filled out 
prior to leaving for sampling sites. 

 
5.2 Safety 
 

Foremost, when sampling, is to keep safety is mind.  Listed below are some things to be 
aware of when  sampling. 

 
-Always sample using the "buddy system". 
-Parking is frequently limited at sampling locations.  Park in a safe legal location and use 

vehicle’s hazard lights and traffic cones.  Obtain permission when accessing 
private property 

-Wear protective clothing. Hip boots or chest waders with steel shanks.  Rubber gloves, 
especially when there is trash present or a discharger is upstream. 

 -Know the bottom of the stream.  Look for any algae or other substances coating rocks  
and stream bottom.  This can make movement very slippery and dangerous.  Be 
careful of mud and silt, as you can sink several feet and get stuck even if the 
water depth is only a few inches. 

 -Look for deep pools.  Use the pole of your net in front of you as a guide in deep water.   
 -Avoid areas where you cannot see the bottom from the surface. 

-Look for any trash or glass which may be a hazard. 
-Look for snags which may trip you. 
-If the flow is too swift and/or too deep to manage, do not sample.  
-Do not sample when ice is present. 
-Keep car keys and valuables with your partner on the bank, or at a secure location. 

 
5.3 Labels 
 

Sample jars and field sheets are affixed with a pre-printed label containing the following: 
 

1) collection date 
2) watershed management area 
3) station number 
4) stream name \ location  
5) sampler name(s) 
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5.4 Sample Collection 
 

Level of effort is consistent for all sites.  In the presence of road crossings,  where 
possible, sampling is performed upstream of bridges, sufficiently removed to avoid the 
influence of any associated channel alterations. 

 
5.4.1 Riffle/Run Sample 

 
A riffle/run area is the ideal substrate in which to collect macroinvertebrates.  It 
provides stable habitat in the form of large rocks and cobbles  and is usually well 
oxygenated.  A traveling kick method, using a D-frame net, is used in streams  
dominated by riffle/ run areas. 

 
-Face downstream. 
-Place the net on the stream bottom in front of you so the water flows into the net.   
-Place your feet in front of the net and "kick" the stream bottom vigorously, in an 

area approximately the length and width of the net frame,  to disturb the 
bottom and disengage any organisms attached to the substrate.  Where 
substrate is too large to move with feet, rub the substrate with hands to 
dislodge organisms. 

-Travel a few feet upstream, keeping the net in the water so the water flows into and 
does not release any organisms.  Travel upstream from starting point, 
sampling in the above manner.   

-Collect about 10 - 20 kicks using this method. 
 

5.4.2 Multihabitat Sample 
 

In slower moving low gradient streams, riffle areas are usually not present.  
Therefore, it will be necessary to sample with a multihabitat “jab and sweep” 
method, using a  D-frame net.  Substrates such as submerged portions of stream 
banks, submerged aquatic vegetation (macrophytes), gravel, snags (woody debris 
such as logs and branches, etc.) anything which a macroinvertebrate can cling to that 
serve as habitats.  Remember to always sample riffle areas if they are present because 
they provide the ideal habitat.  Unless it is the only habitat available, avoid sampling 
relatively low productive habitats such as leaf packs and sand. 

 
-Face downstream 

 -Place net  in front of the substrate you are sampling  so the water flows into the net 
   from the substrate. 
 -With your hands rub off the substrate so the organisms are dislodged and flow into 

 the net.  You can also kick a substrate vigorously as in the riffle method, and/ 
or jab and sweep with the net.  Travel upstream from starting point, sampling 
in the above manner. 

-Collect at least 10 - 20 samples in this fashion, proportionate to the habitat types 
 present. 
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5.5 Sample Preservation 
 

-Deposit contents of net into sieve bucket.  
-Rinse net in the sieve bucket and use tweezers to pull off any organisms that are attached 
 to the net.  Place any organisms picked from the net directly into the sample container. 
-While the sample is in the sieve bucket rinse off any large materials such as sticks,          
   leaves, and large rocks which cannot fit into the sample jar.  Make sure these are  
             completely rinsed of  organisms, then discard into the stream. 
-Allow all water to flow from the sieve bucket, then place contents into the sample jar.   

Examine sieve for any adhering organisms; remove with tweezers and place 
directly into sample jar. 

 -Place a pre-printed AMNET label on the outside of the lid. 
-Fill jar with water leaving an airspace of approximately ½ inch.   
-Wearing protective eye-ware and gloves, add 30 mLs of formaldehyde to the sample.      
 This will make an approximately 5 – 10 % solution of formaldehyde.   Add 30-60 mLs    
      more formaldehyde for samples with high organic content (algae, leaves, etc.).  Place 
      lid tightly on the jar and invert several times to mix. 
-Place preserved sample in a closed cooler to prevent exposure to formaldehyde vapors. 

 
5.6 Field Observations/ Habitat Assessment 
 

The land surrounding the stream to be sampled can have an impact on the type of 
macroinvertebrates found at the site.  Dischargers or non-point sources such as storm drains, 
agricultural run-off,  septic system, golf courses, parking lots, construction sites, and many 
other types of runoff into the stream have an impact on water quality and habitat quality. 
When assessing surrounding land, note any dischargers or other activities near the site which 
may impact the stream.  Also note the present and previous day's weather conditions as this 
can affect the amount of runoff. 

 
Forested areas help prevent flooding and erosion, provide shade to keep the stream cool in 
the summer inhibiting oxygen depletion in the stream, and provide food when fallen leaves 
begin to degrade.  It is important to note the amount of canopy, or trees and shrubs which 
overhang the stream.  Note the proximity and amount of trees and shrubs along the stream 
bank as well as signs of flooding and erosion.   

 
The in-stream substrate or habitat provides a place for macroinvertebrates to live.  Run off 
and siltation from construction sites, for example, cover over existing habitats preventing 
organisms from establishing a place to survive.  Although the water quality may still be 
good, noting the  degradation of habitat is important in assessing what is happening to the 
stream. Record the types of substrate in the stream such as cobbles, snags, submerged 
vegetation, etc. (anything a macroinvertebrate can cling to). 

 
Note the approximate average width,  depth, and flow of a stream.  Swift riffle areas provide 
more dissolved oxygen for organisms. 

 
Note any other type of life, in or near the stream, such as submerged plants, excessive algae 
growth, fish, frogs, turtles, and waterfowl.  This may offer a more complete picture as to the 
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health of a stream. 
Physical/ Chemical Parameters are recorded while on site.  Dissolved oxygen, pH, 
conductivity, and temperature are recorded using appropriate field meters following the 
respective manufacturer's instructions and in accordance with the specifications given in 
N.J.A.C. 7:18-8 (NJDEP, 1996) and Field Sampling Procedures Manual (NJDEP, 2005). 

 
The Biological Field Observations and  Data Sheet and Habitat Assessment Sheet are 
located in Appendix A.  Complete all pertinent fields for each sheet while on site.  Data 
sheets are specific for high or low gradient streams. 

 
5.8 Sample Log 
 

At the time samples are received in the lab, they are recorded into the AMNET log 
database.  All fields on the log are completed.  Any digital photos taken on site are 
downloaded at this time.  Photo files are named with the AMNET  number, up or 
downstream, and the month and year sampled; e.g. AN0123up1105. 

 
5.9 Sample Processing 
 

A 100 (± 10%) organism subsample is required to perform  the biological assessments used 
in the AMNET program. 
 
Transfer each sample to a #30 sieve and rinse gently, but thoroughly, with tap water to 
remove preservative, and fine sediment. 

 
Place the washed sample in a light colored gridded pan and evenly distribute the  
sample. 

 
A grid is randomly selected using a random number table.  All material within the grid is 
scooped out using a lab spatula and placed into a Petri dish.  The material in the dish is 
examined under low power (6.3x) using a stereo microscope.  All observed organisms, in a 
condition well enough to allow for identification, are counted and removed with forceps to a 
separate Petri dish containing water.  This procedure is repeated with additional grids until at 
least 100 organisms are obtained.  To further eliminate bias, all organisms are removed from 
the grid in which the 100th  organism was found.  This may result in a subsample much 
greater than required in the assessment methodology.  In this case, all the organisms are 
identified.  Then the identified individuals are added to  a random generator program in MS 
Access.  This program selects the required 100 organism subsample. 
 
Record the number of grids sorted on the Macroinvertebrate Data laboratory bench sheet 
found in Appendix A. 

 
If identification is delayed for more than one day,  a few drops of 95% isopropyl alcohol is 
added to the Petri dish to prevent decay. 
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5.9 Taxonomic Identification 
 

The biomonitoring laboratory utilizes updated, high-quality optical systems for 
macroinvertebrate identifications.  Macroinvertebrates are identified using a Leica Model 
MZ6 stereomicroscope capable of up to 40x magnification.  A  compound microscope with 
100x, 200x, 400x, and 1000x magnification will be used for very detailed identifying 
features.  The biomonitoring laboratory currently uses Leica models DME and DMLS (with 
phase contrast) compound microscopes.  

 
Individuals are identified to the lowest practicable taxonomic level (usually contingent on 
specimen condition and maturity) using the taxonomic references listed in Appendix C. 
Identifications are recorded on the Macroinvertebrate Data laboratory bench sheet found in 
Appendix A. 
 
Morphological abnormalities are noted when observed.  For chironomids, record the number 
of chironomids with abnormalities per the total number of chironomids identified in the 
subsample.  For amphipods, record the total number of amphipods observed with 
abnormalities in the subsample. 

 
Place identified sample in a jar containing 50% isopropyl alcohol.  Attach a pre-printed 
AMNET sample label on the jar.   Sample is retained until the data has been reviewed and 
verified. 

 
6.0 DATA ENTRY/ ANALYSIS 
 
Assessments are performed using a multimetric index, calibrated to major physiographic regions of 
the State, using recognized methods established by the USEPA (Barbour et al, 1999).  Index scoring 
criteria is found in Appendix B. 
 
The individuals identified in each sample are entered into the Bureau’s Rapid Bioassessment 
Protocol (RBP Analysis) computer program.  If more that 100 individuals are identified, enter each 
one, as the RBP Analysis Program will create a random, 100 individual, subsample.  The RBP 
Analysis Program will calculate the bioassessment rating using the appropriate regional multi-metric 
index.  Three distinct indices are used:  High Gradient Macroinvertebrate Index (HGMI), Coastal 
Plain Macroinvertebrate Index (CPMI), and the Pinelands Macroinvertebrate Index (PMI).  See 
Appendix B. 
 
A  data analysis sheet is printed and placed into the appropriate file, with the raw data bench sheets 
and field sheets attached,  for data QC and verification.  
 
Index and metric results are entered into the AMNET log.  
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7.0 QUALITY CONTROL 
 
The Biomonitoring Operations Section is subject to audits and guidelines of the NJDEP  Office of 
Quality Assurance Laboratory Certification Program as well as internal performance evaluations.   
 

7.1 Quality Assurance Project Plan 
 

A Quality Assurance Project Plan is prepared and submitted to the Office of Quality 
Assurance 30 days prior to the initiation of any project or study. 

 
7.2 Taxonomic Identification 

 
7.2.1 Ten percent of all macroinvertebrate samples are sent to an independent 

laboratory for confirmation.  Eighty five percent, or better, taxonomic 
agreement between labs is the goal.   

 
7.2.2 A reference collection of identified organisms is maintained in the 

laboratory for use in confirming identifications. 
 

7.3 Physical/ Chemical Parameters 
 

All equipment is calibrated, maintained, and used following manufacturer's 
instructions and in accordance with the specifications given in N.J.A.C. 7:18-8 
(NJDEP, 1996). 

 
8.0 REPORTS 
 
All habitat assessments, physical/ chemical analyses, and site observations are recorded on the 
Bureau of Freshwater and Biological Monitoring Biological Field Observations and Data Sheet, and  
also recorded electronically in the AMNET log, Microsoft Access database.   
 
All macroinvertebrate identifications are recorded on the Bureau of Freshwater and Biological  
Monitoring Macroinvertebrate Laboratory Data Sheet. 
 
A draft report is issued to management approximately four months after all data is analyzed and 
verified,  and will contain at a minimum: Index Scores and assessment ratings of all sites sampled, 
with an interpretive summary of  these results; chemical results and GIS maps of the study area.  A 
comparison of results to previous sampling rounds and a trends analysis will also be included. 
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 AMNET SAMPLING 
CHECKLIST

   

 Date:    
     
 Sampling Equipment   Before Leaving Office
 D-Frame Net   calibrate pH meter
 Sieve Bucket   calibrate cond. meter
 Tweezers   check D.O. probe for air bubbles
 1 L Sample Bottles (at least 8)   turn  on D.O. meter (calibrate in 

field)
 Chem sample bottle   fill formaldehyde bottle
 Formaldehyde    
 gloves - shoulder length    
 gloves - wrist length   Return to Office
 chest waders   download pictures
    log in samples
 Meters/ Measuring   place samples in cabinet
 pH meter   turn off all meters
 D.O. Meter   place pH probe in storage sol'n
 Cond. Meter   make sure all sites sampled are 

checked
 Tape Measure   on field site list
 camera    
     
 Paperwork    
 Site List    
 labels    
 field sheets (at least 8)    
 quad maps    
 atlas    
     
 Safety    
 goggles/ faceshield    
 traffic cone    
 hand wash    
     
 Other    
 paper towels    
 pencils    
 kimwipes    
 D.I. Water    
 

 



 

 
 
 



 

 
 
 
 



 

 
 
 



 

NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION 
DIVISION OF WATERSHED MANAGEMENT 

BUREAU OF FRESHWATER & BIOLOGICAL MONITORING 
BIOMONITORING LABORATORY 

 
Macroinvertebrate Data 

 
 

Start Finish 
Date of Analysis 

  

 
 
 
 
 
TAXA        L/N   P/A  TOTAL     TAXA                       L/N   P/A   TOTAL 
______________________________________  ___  ___  _____      _____________________________________  ___  ___  _____ 
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______________________________________  ___  ___  _____      _____________________________________  ___  ___  _____ 
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Multimetric Indices and Regulatory Thresholds  
For Benthic Macroinvertebrate Data In Wadeable Streams 

 
Multimetric Index Development   
 
New Jersey’s benthic macroinvertebrate communities can be statistically grouped into three distinct 
structures based on geographical regions:  high gradient (above the Fall Line), low gradient (Coastal Plain 
excluding the Pinelands), and Pinelands. To accurately assess biological conditions, a multimetric index  
was developed, using genus level taxonomic identifications for each distinct region using guidelines 
outlined in USEPA Rapid Bioassessment Protocols(RBP) for Use in Wadeable Streams and Rivers (see 
http://www.epa.gov/bioindicators/html/rbps.html).  Before these three indices were developed, a single 
index was used statewide, the New Jersey Impairment Score (NJIS), which is based on family level 
taxonomic identifications. All current assessments will use the three genus level indices. 
 
High Gradient and Low Gradient Streams 
 
Two of the indices (see Table A1) to be employed in New Jersey,  the High Gradient Macroinvertebrate Index 
(HGMI) [Jessup, 2007]  and Coastal Plain Macroinvertebrate Index (CPMI) [Maxted, 2000] ,  were 
developed using guidelines outlined in USEPA Rapid Bioassessment Protocols for Use in Wadeable Streams 
and Rivers.   The resolution of index scoring thresholds was further enhanced by establishing a graphical 
relationship between the scores for each index and the tiers these scores represent in the context of a 
Biological Condition Gradient (BCG)[see summary of BCG below, and Figure(s) A2 & A3].  The final index 
scoring thresholds serves to assess each site from two perspectives: the condition of the macroinvertebrate 
community and the regulatory use attainment.    
 
The final index scores were derived in coordination with professional staff from Water Monitoring and 
Standards’ Bureau of Freshwater and Biological Monitoring, Water Monitoring and Standards’ Bureau of 
Water Quality Standards and Assessment, USEPA, United States Geological Survey (USGS), and the 
Delaware River Basin Commission (DRBC).  For each index, four descriptive categories were established at 
break points along the statistical distribution of scores from reference to degraded conditions, coordinated to 
the BCG to increase the accuracy; “Excellent”, “Good”, “Fair”, and “Poor” (see Table A1).   “Excellent” and 
“Good” fall into the acceptable regulatory range of fully attaining the aquatic life use.   “Fair” and “Poor” fall 
below the acceptable regulatory range and are considered impaired, from a Federal Clean Water Act (CWA) 
perspective, and not attaining the use.  
 
Pinelands Streams 
 
The Pinelands Macroinvertebrate Index (PMI) was developed using the same USEPA guidelines and 
professional coordination as above.  However, since a BCG was not developed, and not necessary from a 
regulatory standpoint, a graphical relationship between index scores and the BCG tiers was not generated.  As 
with the high and low gradient indices, four descriptive categories were established at break points along the 
statistical distribution of scores from reference to degraded conditions “Excellent”, “Good”, “Fair”, and 
“Poor” (see Table A1). For PL waters, “Excellent” and “Good” are classified as reference or natural 
conditions of Pineland waters and fall into the acceptable regulatory range of fully attaining the aquatic life 
use.   “Fair” and “Poor” fall below the acceptable regulatory range and are considered impaired, from a CWA 
perspective, and not attaining the use.  
 
 
 
 



 

The unique chemical, physical, and biological properties characteristic of waters contained with the Pinelands 
area are also present for varying distances outside this jurisdictional delineation. To assess these Pinelands-
like waters outside the Pinelands area, the Department delineated a 5 kilometer buffer around the Pinelands 
Area and will apply the PMI to this region. Pinelands-like waters outside the jurisdictional delineation are, 
however, classified as FW2 and not PL. From a regulatory standpoint FW2 waters are held to a somewhat 
lower level of biological expectation than the Outstanding National Resource Waters (ONRW)waters 
contained within the PL designated Pinelands area.  Because of this lower regulatory expectation for FW2 
waters,  the PMI category of “Fair” and above will be regarded as fully attaining the aquatic life use, i.e. 
biologically nonimpaired from a regulatory perspective. FW2 waters in this buffer region assessed as “Poor” 
will be regarded as impaired and not supporting the aquatic life use.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Coastal Plain Macroinvertebrate Index (CPMI)1 
 
Study area: southern New Jersey, below the geologic fall-line;  Middle Atlantic Coastal Plain ecoregion, 
excluding the Pinelands National Reserve.  See figure A1. 
 
Index Metrics 
1.  Total number of genera 
2.  Total number of EPT genera  
3.  Percent Ephemeroptera genera 
4.  Hilsenhoff Biotic Index 
5.  Percent Clinger genera 
  Score 
 Index   Metric 6 4 2 0 
Number of genera >25 17-25 9-16 <9 
Number of EPT genera  >9 7-9 4-6 <4 
% of Ephemeroptera >29 20-29 10-19 <10 
Hilsenhoff Biotic Index <4.9 4.9-6.0 6.1-7.3 >7.3 
% Clingers >51 34-51 17-33 <17 

 
Assessment Rating  Score 
Excellent    22-30 
Good     12-20 
Fair     10-6 
Poor     < 6  
 
Reference 
J.R. Maxted, et al.  Assessment framework for mid-Atlantic coastal plain streams using benthic 
macroinvertebrates.  J.N. Am. Benthol. Soc. 2000, 19(1):128-144. 
 
Attributes 
 
Excellent:  Minimal changes in structure of biological community and minimal changes in 
ecosystem function.  Virtually all native taxa are maintained with some changes to biomass and/or 
abundance;  ecosystem functions are fully maintained within the range of natural variability. 
 
Good:  Some evident changes in structure of the biotic community and minimal changes in 
ecosystem function.  Some changes in structure due to loss of some rare native taxa; shifts in relative 
abundance of taxa but sensitive-ubiquitous taxa are common  and abundant; ecosystem functions are fully 
maintained. 
 
Fair:  Moderate to major changes in structure of biological community and moderate changes in 
ecosystem function. Sensitive taxa are markedly diminished;  conspicuously unbalanced distribution of 
major groups from that expected; organism condition shows signs of physiological stress;  system function 
shows reduced complexity. 
 
Poor:  Extreme changes in structure of biological community and major loss of ecosystem 
function. Extreme changes in structure;  wholesale changes in taxonomic composition; extreme alterations 
from normal densities and distributions; organism condition is often poor;  ecosystem functions are severely 
altered. 
 
1 

Based on 100 organism subsample, genus level taxonomy 



 

Pinelands Macroinvertebrate Index (PMI)1 
 
Study area: southern New Jersey, below the geologic fall-line within the Pinelands National Reserve and 
extending 5 kilometers outside the Reserve boundary.  See figure A1. 
 
Index Metrics 
 
1.  Number of Insect genera 
2.  Number of Non-insect genera  
3.  Percent Plecoptera (P) and Trichoptera (T)  
4.  Percent Diptera genera excluding Tanytarsini 
5.  Percent Mollusca and Amphipoda 
6.  Beck’s Biotic Index 
7.  Percent Filterers 
 
Assessment Rating  Score 
Excellent    ≥ 63 
Good     < 63-56 
Fair     < 56-34 
Poor     < 34  
 
Reference 
Benjamin Jessup, et al.  Report.  Development of the New Jersey Pinelands macroinvertebrate index 
(PMI).  TetraTech, Inc.  Owings Mills, MD.  March, 2005. 
 
 
Attributes 
 
Excellent:  Minimal changes in structure of biological community and minimal changes in 
ecosystem function.  Virtually all native taxa are maintained with some changes to biomass and/or 
abundance;  ecosystem functions are fully maintained within the range of natural variability. 
 
Good:  Some evident changes in structure of the biotic community and minimal changes in 
ecosystem function.  Some changes in structure due to loss of some rare native taxa; shifts in relative 
abundance of taxa but sensitive-ubiquitous taxa are common  and abundant; ecosystem functions are fully 
maintained. 
 
Fair:  Moderate to major changes in structure of biological community and moderate changes in 
ecosystem function. Sensitive taxa are markedly diminished;  conspicuously unbalanced distribution of 
major groups from that expected; organism condition shows signs of physiological stress;  system function 
shows reduced complexity. 
 
Poor:   Extreme changes in structure of biological community and major loss of ecosystem 
function. Extreme changes in structure;  wholesale changes in taxonomic composition; extreme alterations 
from normal densities and distributions; organism condition is often poor;  ecosystem functions are severely 
altered. 
 
1 

Based on 100 organism subsample, genus level taxonomy 

 
 
 



 

High Gradient Benthic Index (HGMI)1 
 
Study area:  northern New Jersey, above the geologic fall-line including the following ecoregions: 
North Central Appalachians, Central Appalachian Ridges and Valleys, Northeastern Highlands, 
Northeastern Coastal Zone, and Northern Piedmont.  See figure A1. 
 
Index Metrics 
1.  Total number of genera adj = 26.53 + Metric – [22.776 + 4.173*log10(areasqkm)] 
2.  Percent of genera that are not insects 
3.  Percent sensitive  EPT (excluding Hydropyschidae, including Diplectrona) adj  

= 37.49 + Metric – [49.922 – 13.800*log10(areasqkm)] 
4.  Number of scraper genera adj = 5.44 + Metric – [3.889 + 1.724*log10(areasqkm)] 
5.  Hilsenhoff Biotic Index adj = 4.23 + Metric – [3.407 + 0.918*log10(areasqkm)] 
6.  Number of New Jersey TALU attribute 2 genera 
7.  Number of New Jersey TALU attribute 3 genera 
 
ADJ (Adjusted metric value) = Mean reference + Metric observed – Metric predicted, where predictions are based 
on linear regression analysis of reference metric values on catchment size. 
 
Assessment Rating  Score 
Excellent    ≥ 63 
Good     < 63 - 42 
Fair      < 42 - 21 
Poor      < 21 
 
Reference 
Benjamin Jessup, et al.  Report.  Development of the New Jersey high gradient macroinvertebrate index 
(HGMI).  TetraTech, Inc.  Owings Mills, MD.  February, 2007. 
 
Attributes 
 
Excellent:  Minimal changes in structure of biological community and minimal changes in 
ecosystem function.  Virtually all native taxa are maintained with some changes to biomass and/or 
abundance;  ecosystem functions are fully maintained within the range of natural variability. 
 
Good:  Some evident changes in structure of the biotic community and minimal changes in 
ecosystem function.  Some changes in structure due to loss of some rare native taxa; shifts in relative 
abundance of taxa but sensitive-ubiquitous taxa are common  and abundant; ecosystem functions are fully 
maintained. 
 
Fair:  Moderate to major changes in structure of biological community and moderate changes in 
ecosystem function. Sensitive taxa are markedly diminished;  conspicuously unbalanced distribution of 
major groups from that expected; organism condition shows signs of physiological stress;  system function 
shows reduced complexity. 
 
Poor:   Extreme changes in structure of biological community and major loss of ecosystem 
function. Extreme changes in structure;  wholesale changes in taxonomic composition; extreme alterations 
from normal densities and distributions; organism condition is often poor;  ecosystem functions are severely 
altered. 
 
1 

Based on 100 organism subsample, genus level taxonomy 

 
 



 

 
 
Figure A1.  Boundaries for generic level index use. 
 
 
 



 

Table A1: Descriptive and regulatory thresholds for Fresh Water High Gradient (Highlands, Ridge 
And Valley, Piedmont), Low Gradient (Coastal Plain, Excluding Pinelands Waters) and Pinelands 
Waters.  
 

High Gradient Macroinvertebrate Index (HGMI) 
(Highlands, Ridge and Valley, Piedmont): 

Assessment category Index Score Regulatory Threshold 

Excellent  63 - 100 Full Attainment 
Good <63-42  Full Attainment 
Fair  <42-21  Non-Attainment 
Poor  < 21 Non-Attainment 

   
Coastal Plain Macroinvertebrate Index (CPMI) 

Assessment category Index Score 
 Regulatory Threshold 

Excellent  22 - 30 Full Attainment 
Good  20 - 12 Full Attainment 
Fair  10 - 6 Non-Attainment 
Poor  < 6 Non-Attainment 

   
Pinelands Macroinvertebrate Index (PMI) 

Assessment category Index Score Regulatory Threshold 

Excellent  63  - 100 Full Attainment 
Good  <63-56  Full Attainment 
Fair  <56-34  Non-Attainment(PL) 

Full Attainment(FW2) 

Poor  < 34 Non-Attainment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

New Jersey Impairment Score (NJIS)1 
 

Study Area:  All of New Jersey.  The NJIS was used for assessments in reports prior to 
2007.  This table can be used when referring to these historical documents. 

 
 

Index metrics 
 

 
6 

 
3 

 
0 

 
Taxa Richness (total Families) 

 
>10 

 
10-5 

 
4-0 

 
E+P+T Index (EPT) 

 
>5 

 
5-3 

 
2-0 

 
Percent Dominance (%CDF) 

 
<40 

 
40-60 

 
>60 

 
Percent EPT2 (%EPT) 

 
>35 

 
35-10 

 
<10 

 
Modified Family Biotic Index3 (FBI) 

 
<5 

 
5-7 

 
>7 

  
Biological Assessment  

 
   Total Score 

 
Non-impaired  

 
        24-30 

 
Moderately Impaired  

 
        9-21 

 
Severely Impaired  

 
        0-6 

 
Reference 
Kurtenbach, J.  A method for rapid bioassessment of streams in New Jersey using benthic 
macroinvertebrates.  Bull. N. Am. Benth. Soc. 8(1):129. 1991. 
 
Attributes 
 
Non-impaired:  Benthic community comparable to other undisturbed streams within the region. A 
community characterized by a maximum taxa richness, balanced taxa groups and good representation of 
intolerant individuals. 
 
Moderately Impaired:  Macroinvertebrate richness is reduced, in particular EPT taxa. Taxa 
composition changes result in reduced community balance and intolerant taxa become absent. 
 
Severely Impaired:  A dramatic change in the benthic community has occurred. Macroinvertebrates 
are dominated by a few taxa which are very abundant. Tolerant taxa are the only individuals present. 
 
 
1 

Based on 100 organism subsample, family level taxonomy.  Used in previous assessments, replaced in favor of genus level indices. 
2 

Including the hydropsychid family 
3 

Also known as the Hilsenhoff Biotic Index 



 

Summary of Biological Condition Gradient   
 
A Biological Condition Gradient (BCG) defining aquatic use attainment, from a  regulatory perspective, was 
established for wadeable streams in New Jersey by TetraTech, a USEPA contractor (Gerritsen and Leppo, 
2005).  A BCG establishes a conceptual framework of biological condition categories or tiers (6 in all) 
reflecting a gradient from pristine undisturbed biological communities to the most severe levels of 
anthropogenic impairment (Figure A4)(Davis and Jackson, 2006)  (also see 
http://www.epa.gov/bioindicators/html/bcg.html  for an explanation of a BCG).Theoretically, the BCG and 
resulting tiers can be applied consistently across broad multi-state regions or even nationally (Davis and 
Jackson, 2006), and they  can provide a tool for states to establish consensus regarding what levels of 
biological condition do meet the goals of the federal Clean Water Act (CWA) and which do not.  Based upon 
such USEPA sponsored discussions involving 23 states and one tribe, a consensus was established whereby 
tiers 1-4 are seen as meeting the interim goals of the CWA while tiers 5 and 6 do not (Davis and Jackson, 
2006).  
 
The effort to establish a BCG in New Jersey for macroinvertebrate data did not include the Pinelands region 
of the State because the region represented a unique biological system, different from the high and low 
gradient streams covered under the scope of the USEPA BCG contract.  In addition, waters contained within 
the Pinelands jurisdiction (as defined under N.J.S.A. 13:18 A1-29) are classified as Outstanding National 
Resource Waters or ONRW (PL in the New Jersey Surface Water Quality Standards) and as such, the aquatic 
life designated use for PL waters requires a higher level of protection than that provided by the interim goals 
of the CWA. The NJ Surface Water Quality Standards delineates the aquatic life designated use in these 
waters as “Maintenance, migration and propagation of the natural and established biota indigenous to this 
unique ecological system,” hence a BCG was not necessary to establish regulatory cutoffs for benthic 
macroinvertebrate data.  Instead, biological conditions defined within the context of the Pinelands 
Macroinvertebrate Index (PMI) development were used. (Jessup 2005) .   



 

Figure A2.  Comparison of HGMI Scoring Distribution and BCG Tier. (Jessup, 2007)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Figure A3.  Comparison of CPMI Scoring Distribution and BCG Tier. 
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Figure A4. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Structure & function similar to natural 
community with some additional taxa & 
biomass; ecosystem level functions are 
fully maintained

Evident changes in structure due to loss 
of some rare native taxa; shifts in relative 
abundance; ecosystem level functions 
fully maintained. 

Moderate changes in structure due to 
replacement of sensitive ubiquitous taxa by 
more tolerant taxa; ecosystem functions 
largely maintained. 

Sensitive taxa markedly diminished; 
conspicuously unbalanced distribution  
of major taxonomic groups; ecosystem 
function shows reduced complexity . 

 
Extreme changes in structure and 
ecosystem function; wholesale changes  
in taxonomic composition; extreme 
alterations from normal densities. 

Natural structural, functional, and 
taxonomic integrity is preserved. 

Chemistry, habitat, and/or flow 
regime severely altered from 

natural conditions. 
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Levels of Biological Condition 

The Biological Condition Gradient:  Biological Response to 
Increasing Levels of Stress (Davies, Jackson. 2006) 
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List Of Taxonomic References Used by the Aquatic Biomonitoring 
Laboratory 

 
General 

 
Eddy, S. and A.C. Hodson, 1961.  Taxonomic Keys to the Common Animals of the North 
Central States, 3rd  Ed.  Burgess Publishing Co., Minneapolis, MN.  pp.162. 
 
Hilsenhoff, W.L., 1975.  Aquatic Insects of Wisconsin.  Technical Bulletin No. 89, Wisconsin 
Department of Natural Resources, Madison, WI.  pp.52. 
 
Hilsenhoff, W.L., 1982.  Using a Biotic Index to Evaluate Water Quality in Streams.  Technical 
Bulletin No. 132, Wisconsin Department of Natural Resources, Madison, WI. 
 
Merritt, R.W. and K.W. Cummins, 1984.  An Introduction to the Aquatic Insects of North 
America, 2nd Ed.  Kendall/Hunt Publishing Company, Dubuque, Iowa.  pp.722. 
 
Merritt, R.W. and K.W. Cummins, 1996.  An Introduction to the Aquatic Insects of North 
America, 3rd Ed.  Kendall/Hunt Publishing Company, Dubuque, Iowa.  pp.862. 
 
Peckarsky, B.L., P.R. Fraissinet, M.A. Denton and D.J. Conklin Jr., 1990.  Freshwater 
Macroinvertbrates of Northeastern North America.  Cornell University Press, Ithaca, NY.  
pp.442. 
 
Pennak, R.W., 1978.  Freshwater Invertebrates of the United States, 2nd  Ed.  John Wiley and 
Sons, Inc., New York, NY.  pp.803.   
 
Pennak, R.W., 1989.  Freshwater Invertebrates of the United States:  Protozoa to Mollusca,  3rd  
Ed.  John Wiley and Sons, Inc., New York, NY.  pp.628.  
 
Thorp, J.H. and A.P. Covich, 1991.  Ecology and Classification of North American Freshwater 
Invertebrates.  Academic Press Inc., San Diego, California.  pp.911. 
 
Ward, H.B. and G.C. Whipple, 1959.  Freshwater Biology, 2nd  Ed.  John Wiley and Sons, Inc., 
New York, NY.  pp.1248. 
 
Usinger, R.L., 1956.  Aquatic Insects of California.  University of California Press, Berkeley and 
Los Angeles, California.  pp.508. 
 

Turbellaria 
 
Kenk, R., 1972.  Freshwater Planarians (Turbellaria) of North America.  Water Pollution Control 
Research Series 18050 ELD02/72, USEPA, Washington D.C.  pp.81. 
 

 
 



 

Polychaetes 
 
Foster, N., 1972.  Freshwater Polychaetes (Annelida) of North America. Water Pollution Control 
Research Series 18050 ELD03/72, USEPA, Washington D.C.  pp.15. 
 

Nematodes 
 
Ferris, V.R., J.M. Ferris, and J.P. Tjepkema, 1973.  Genera of Freshwater Nematodes 
(Nematoda) of Eastern North America. Water Pollution Control Research Series 18050 
ELD01/73, USEPA, Washington D.C.  pp.38. 
 

Oligochaeta 
 
Brinkhurst, R.O., 1964.  Studies on the North American Oligochaeta I: Naididae and 
Opistocystidae.  Vol. 116, Proc.  Academy of Natural Sciences, Philadelphia, PA.  195-230. 
 
Brinkhurst, R.O., 1965.  Studies of the North American Aquatic Oligochaeta II:  Tubificidae.  
Vol. 117 No. 4, Proc. Academy of Natural Sciences, Philadelphia, PA.  117-172. 
 
Hiltunen, J.K. and D.J. Klemm, 1980.  A Guide to the Naididae (Annelida: Clitellata:  
Oligochaeta) of North America.  EPA-600/4-80-0, USEPA Environmental Monitoring and 
Support Laboratory, Cincinnati, OH.  pp.48. 
 
Kathman, R.D. and R.O. Brinkhurst, 1998.  Guide to the Freshwater Oligochaetes of North 
America.  Aquatic Resources Center, College Grove, TN.  pp.264. 
 
Milligan, M.R., 1997.  Identification Manual for the Aquatic Oligochaeta of Florida Volume 1 
Freshwater Oligochaetes.  State of Florida Department of Environmental Protection, Tallahassee, 
FL.  pp.187. 
 
Stimpson, K.S., D.J. Klemm, and J.K. Hiltunen, 1982.  A Guide to the Freshwater Tubificidae 
(Annelida: Clitellata: Oligochaeta) of North America.  EPA-600/3-82-033, USEPA 
Environmental Monitoring and Support Laboratory, Cincinnati, OH.  pp.61. 
 

Hirudinea 
 
Klemm, D.J., 1972.  Freshwater Leeches (Annelida: Hirudinea) of North America. Water 
Pollution Control Research Series 18050 ELD05/72, USEPA, Washington D.C.  pp.53. 
 
Klemm, D.J., 1982.  Leeches (Annelida: Hirudinea) of North America.  EPA-600/3-82-025, 
USEPA Environmental Monitoring and Support Laboratory, Cincinnati, OH.  pp.177. 
 
 
 
 
 



 

Crustacea 
 
Hobbs, H.H., 1972.  Crayfishes (Astacidae) of North and Middle America. Water Pollution 
Control Research Series 18050 ELD05/72, USEPA, Washington D.C.  pp.173. 
 
Holsinger, J.R., 1972.  The Freshwater Amphipod Crustaceans (Gammaridae) of North America. 
Water Pollution Control Research Series 18050 ELD04/72, USEPA, Washington D.C.  pp.89. 
 
Williams, W.D., 1972.  Freshwater Isopods (Asellidae) of North America. Water Pollution 
Control Research Series 18050 ELD05/72, USEPA, Washington D.C.  pp.45. 
 

Coleoptera 
 
Brown, H.P., 1972.  Aquatic Dryopoid Beetles (Coleoptera) of the United States. Water 
Pollution Control Research Series 18050 ELD04/72, USEPA, Washington D.C.  pp.82. 
 
Epler, J.H., 1996.  Identification Manual for the Water Beetles of Florida.  State of Florida 
Department of Environmental Protection, Division of Water Facilities, Tallahassee, Florida.  
pp.259. 
 

Diptera 
 
Adler, Peter H. and Ke Chung Kim, 1985.  The Blackflies (Simuliidae, Diptera) of Pennsylvania: 
 Bionomics, Taxonomy, and Distribution.  The Pennsylvania Agricultural Experiment Station.  
pp.88. 
 
Beck, W.M. and E.C. Beck, 1966.  Chironomidae (Diptera) of Florida;  I.  Pentaneurini 
(Tanypodinae).  Bulletin of Florida State Museum, Biological Science Vol. 10 No. 8. 
 
Beck, W.M., 1977.  Environmental Requirements and Pollution Tolerance of Common 
Freshwater Chironomidae.  EPA-600/4-77-024,   USEPA Environmental Monitoring and 
Support Laboratory, Cincinnati, Ohio.  pp.261.  
 
Bode, R.W., 1983.  Larvae of North American Eukefferiella and Tvetenia (Diptera: 
Chironomidae).  Bulletin No. 452, New York State Museum, Albany, NY.  pp.40. 
 
Epler, J.H., 1995.  Identification Manual for the Larval Chironomidae (Diptera) of Florida.  State 
of Florida Department of Environmental Protection, Division of Water Facilities, Tallahassee, 
Florida.  pp.317. 
 
Epler, J.H., 2001.  Identification Manual for the Larval Chironomidae (Diptera) of North and 
South Carolina.  North Carolina Department of Environment and Natural Resources, Raleigh, 
NC.  pp.526. 
 
Johannsen, O.A., 1934.  Aquatic Diptera Part I:  Nemocera, Exclusive of Chironomidae and 
Ceratopogonidae.  Memoir 164 Plates I-XXIV,  Cornell University Agriculture Experimental 
Station, Ithaca, NY. 



 

 
Johannsen, O.A., 1935.  Aquatic Diptera Part II:  Orthorrhapha-  Brachycera and Cyclorrhapha.  
Memoir 177 Plates I-XII,  Cornell University Agriculture Experimental Station, Ithaca, NY. 
 
Johannsen, O.A., 1937.  Aquatic Diptera Part III:  Chironomidae:  Subfamilies Tanypodinae, 
Diasmesinae, and Orthocladinae.  Memoir 205 Plates I-XVIII,  Cornell University Agriculture 
Experimental Station, Ithaca, NY. 
 
Johannsen, O.A., 1937.  Aquatic Diptera Part IV: Chironomidae:  Subfamily Chironominae.  
Memoir 210 Plates I-XVIII,  Cornell University Agriculture Experimental Station, Ithaca, NY. 
 
Mason, W.T., 1973.  An Introduction to the Identification of Chironomid Larvae.  USEPA 
National Environmental Research Center, Cincinnati, OH.  pp.90. 
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EXECUTIVE SUMMARY 
 
Historically, the health of aquatic systems was monitored primarily through chemical means.  
However, chemical monitoring provides only a “snapshot” of conditions at the time of sampling 
and may fail to detect acute pollution events (e.g., runoff from heavy rain, spills), non-chemical 
pollution (e.g., habitat alteration) and non-point source pollution. 
 
In order to address the limitations of chemical monitoring, DEP began supplementing its 
chemical monitoring with biological monitoring in 1992.  Such monitoring is based on the 
premise that biological communities are shaped by the long-term conditions of their environment 
and more accurately reflect the health of an ecosystem for applications such as aquatic life use 
assessments. Originally, Water Monitoring and Standards’ (WM&S) Bureau of Freshwater and 
Biological Monitoring (BFBM) only monitored benthic macroinvertebrate assemblages (aquatic 
insects, worms, clams, etc.) at stations throughout New Jersey.  Benthic macroinvertebrate 
assemblages are generally reflective of short-term and local impairment.  
 
The federal Clean Water Act (CWA) Title 40, section 130.4 requires states to monitor all waters, 
which includes using biological monitoring.  The U.S. EPA’s National Guidance on the 10 
elements of a State Water Monitoring and Assessment Program suggests states should be using 
at least three (3) trophic levels, including fish, macroinvertebrates, and periphytic algae.  
Consequently, in order to assess environmental conditions on a larger spatial and temporal scale 
as envisioned by the CWA, in 2000 the state began to supplement benthic macroinvertebrate 
monitoring (AMNET program) with a new sampling program called the fish index of biotic 
integrity (FIBI). The FIBI is an index that measures the health of a stream based on multiple 
attributes of the resident fish assemblage. Each site sampled is scored based on its deviation from 
reference conditions (i.e., what would be found in an unimpacted stream) and is subsequently 
classified as “poor”, “fair”, “good” or “excellent”.  
In addition, the habitat at each site is evaluated 
and later classified as “poor”, “marginal”, 
“suboptimal” or “optimal”.  Presently FIBI 
monitoring takes place only in northern New 
Jersey where a 100 station network has been 
established.  Sites are sampled once every five (5) 
years, and in 2004, New Jersey completed the first 
5 year round of sampling.  Data are currently 
being collected for the planned extension of the 
network to include portions of southern New 
Jersey and the state’s headwater streams, with the 
goal of having a statewide 200 station network. 
 
Beginning in 2004, the collected Fish IBI data 
became a significant part of the intensive, data-
driven, Category 1 (C-1) selection process 
(N.J.A.C. 7:9B).  This selection process is used to 
identify State waterbodies of exceptional 
ecological significance that would then be entitled 
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to an anti-degradation classification.  Since 2004, this Fish IBI data has aided in the classification 
of some or all of an additional 229 river miles to a C-1 category.   
 
In addition to its inclusion in the C-1 evaluation process, the Fish IBI data has proven to be 
critical for other federally-required activities, including: 
 

a) the assessment of aquatic life use in State waters, as required by the federal CWA 
under section 305(b); and 

b) the identification of State impaired waters, under section 303(d) of the federal CWA. 
 

These two latter efforts, as reported in New Jersey’s biennial Integrated Water Quality 
Monitoring and Assessment Report, help measure the NJDEP’s success in attainment of water 
quality uses as well as the CWA’s goal of “fishable” waters. 

 
The Fish IBI has also found utility in WM&S’ Stressor Identification (SI) program as well, 
where it has been used to prioritize site selection, help identify the spatial extent of waterbody 
degradation, and to aid in the location and identification of potential stressors.  An unexpected 
use that appears to be of some public importance, is the location of waterbodies with a high 
potential for successful fishing opportunities.  The importance of the Fish IBI data to the public 
is exemplified in the average 2,800 website downloads WM&S receives per month. 
 
The 2008 season marked year four of the second round of sampling, in which the network sites 
originally sampled in 2003 were revisited.  In an effort to ensure sensitivity to anthropogenic 
stressors, the Northern Fish IBI was re-evaluated in 2005 using Round 1 data (2000-2004).  This 
recalibration resulted in modifications in scoring criteria and species lists for several metrics (see 
Table 3, in the full Summary Report, for list of refined metrics).  Refinements also included the 
replacement of the proportional abundance of white suckers metric with the proportional 
abundance of tolerant species.  These recalibrations have increased the overall sensitivity of the 
Fish IBI to anthropogenic stressors, as Round 2 scores exhibit a significant decreasing trend with 

an increase in urban land use.  The 
2008 season is the fourth year in which 
the revised metrics were utilized.  
Previous years’ data (2000-2004) will 
be rescored only for the purposes of 
conducting trends analysis; not for the 
purpose of revisiting the listing process 
under the Integrated Water Monitoring 
and Assessment Report, as those sites 
will be revisited in this second round.  
In 2008, the ninth year of sampling, 20 
sites were sampled. One site was rated 
“excellent”, eight were “good”, eight 
were “fair”, and three sites received a 
“poor” rating.  
 

 

2008 Fish IBI Ratings

Excellent Good Fair Poor

Pe
rc

en
t

0

10

20

30

40

50



 3

 
It is worth noting that Beaver Brook (FIBI079) exhibited a decline in biological integrity from a 
score of 48 “Excellent” in Round 1 to a score of 42 “Good” in Round 2.  An impounded tributary 
of the brook may be the cause of the decline in biological integrity, as fine sediment build-up and 
changes to the stream’s discharge and water chemistries were noted just below the recently 
impounded section.  Several DEP programs were contacted with regard to this stream 
encroachment including the NJDEP’s Northern Region Enforcement Bureau within the 
Compliance and Enforcement Program.  The TPC1 designation to this section of Beaver Brook 
was adopted in 2002, prior to the encroachment.  Conversely at FIBI067 on Pohatcong Creek, a 
total of 86 wild trout were collected, including 21 young-of-the-year brown trout, making this a 
candidate stream for upgrade from “trout maintenance” to a “trout production” classification. 

 
Overall, ratings from Rounds 1 and 2 for the 
same 17 sites were similar when Round 1 sites 
were rescored utilizing the new metrics.  In 
Round 1 53% of sites were rated “fair” or “poor” 
compared to 47% in Round 2.  The number of 
“excellent” sites remained the same, while sites 
receiving a “good” rating increased from 41% in 
Round 1 to 47% in Round 2.    In addition, 35% 
of the sites exhibited a positive rating increase, 
while the ratings for 47% of sites remained 
unchanged.  Three sites (Russia Brook, Stony 
Brook, and Beaver Brook) exhibited sharp 
declines in biological integrity, while scores 
from Pequest River, Troy Brook, Ambrose 
Brook, and Middle Brook increased significantly 
from 2002/2003 to 2008 (for further information 
see Trends Analysis section in the full Summary 
Report).                                       

      *Round 1 sites were re-scored using newly 
                      re-calibrated metrics for comparative analysis.  These 
                  re-calculated Round 1 scores will only be used for the 

                    purposes of trends analysis. 
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INTRODUCTION 
 

Monitoring the health of aquatic systems is a critical component of watershed management. 
Historically, aquatic systems were monitored primarily through chemical means. Unfortunately, 
chemical monitoring provides only a “snapshot” of conditions at the time of sampling and may 
fail to detect acute pollution events (e.g. runoff from heavy rain, spills) and chronic non-
chemical pollution (e.g. habitat alteration). In order to address the shortcomings of chemical 
monitoring, the Department of Environmental Protection (NJDEP) supplements chemical 
monitoring with biological monitoring. Biological monitoring is based on the premise that 
biological communities are shaped by the long-term conditions of their environment and more 
accurately reflect the health of an ecosystem. 
 
The monitoring of stream fish assemblages is an integral component of many water quality 
management programs for a variety of reasons (see Table 1), and its importance is reflected in 
the aquatic life use support designations adopted by many states. Narrative expressions such as 
"maintaining coldwater fisheries", "fishable", or "fish propagation" are prevalent in many state 
standards. In New Jersey, surface water quality criteria are closely aligned with descriptors such 
as trout production, trout maintenance and non-trout waterways. Fish assemblages can be stand-
alone indicators of a waterbody’s health and/or fishability. In addition, they may be combined 
with other biological and chemical indicators to assist in the identification of waters for upgrade 
to Category One antidegradation classification (N.J.A.C. 7:9B) based on exceptional ecological 
significance.  
 
The general methodology1 currently employed in the compilation of these studies and reports is 
the Rapid Bioassessment Protocol described in Barbour et al. (1999) with some modifications for 
regional conditions (Kurtenbach 1994). The principal evaluation mechanism utilizes the 
technical framework of the Index of Biotic Integrity (IBI), a fish assemblage approach developed 
by Karr (1981). The IBI incorporates the zoogeographic, ecosystem, community and population 
aspects of the fish assemblage into a single ecologically based index. Calculation and 
interpretation of the IBI involves a sequence of activities including: fish sample collection, data 
tabulation, and regional modification1 and calibration of metrics and expectation values. This 
concept has provided the overall multimetric index  framework for rapid  bioassessment in this 
document. 

 
The Clean Water Act (CWA) Title 40, section 130.4 requires states to monitor all waters, which 
includes using biological monitoring.  The U.S. EPA’s National Guidance on the 10 elements of 
a State Water Monitoring and Assessment Program suggest states should be using at least 3 
trophic levels, including fish, macroinvertebrates, and periphytic algae.  The Fish IBI data is used 
in concert with available macroinvertebrate data to assess the status of aquatic life designated use 
in state waters as required by the CWA section 305(b) (40 CFR: 130.8).  These data are also used 

                                                           
1 The IBI methodology presently being used in these studies was modified from Plafkin et al. (1989) to meet the 
regional conditions of New Jersey (not all of the state, however, is covered, see Fig. 1) based on work by 
Kurtenbach (1994). It should be noted, however, that an enumeration of fish assemblages, regardless of whether 
an IBI is calculated or not, is still a useful environmental indicator capable of providing stand alone information 
to determine whether the affected stream(s) are capable of providing some secondary contact recreation such as 
fishing. 
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to identify impaired waters under section 303(d) (40 CFR: 130.7).  The data help to measure 
water quality use attainment and the Department's success in attaining the Clean Water Act goal 
of "fishable" waters as elaborated in the New Jersey Integrated Water Quality Monitoring and 
Assessment Report (Integrated Report). The Department has developed an assessment 
methodology that uses the results from the Fish IBI. This methodology was used in the 2008 
Methods Document that was used to prepare the 2008 Integrated List and Report.  Data provided 
by the IBI have become another component of the DEP's suite of environmental indicators. 
 
Beginning in 2004, the Fish IBI data became a significant part of the intensive, data-driven, 
Category 1 (C-1) selection process (N.J.A.C. 7:9B).  This selection process is used to identify 
State waterbodies of exceptional ecological significance that would then be entitled to an anti-
degradation classification.  Since 2004, this Fish IBI data has aided in the classification of some 
or all of an additional 229 river miles to a C-1 category.   
 
The Fish IBI has also found utility in Water Monitoring and Standards’ (WM&S’) Stressor 
Identification (SI) program as well, where it has been used to prioritize site selection, help 
identify the spatial extent of waterbody degradation, and to aid in the location and identification 
of potential stressors.  An unexpected use that appears to be of some public importance, is the 
location of waterbodies with a high potential for successful fishing opportunities.  The 
importance of the Fish IBI data to the public is exemplified in the average 2,800 website 
downloads WM&S receives per month. 
 

 
 

1. Fish are good indicators of long-term (several years) effects and broad habitat conditions because they 
are relatively long-lived and mobile (Karr et al. 1986). 

2.  Fish assemblages generally include a range of species that represent a variety of trophic levels 
(omnivores, herbivores, insectivores, planktivores, and piscivores). They tend to integrate effects of 
lower trophic levels; thus, fish assemblage structure is reflective of integrated environmental health. 

3. Fish are at the top of the aquatic food chain and are consumed by humans, making them important 
subjects in assessing contamination. 

4. Fish are relatively easy to collect and identify to the species level. Most specimens can be sorted and 
identified in the field and released unharmed. 
 Environmental requirements of common fish are comparatively well known. 
 Life history information is extensive for most species. 
 Information on fish distributions is commonly available. 

5.  Aquatic life uses  (water quality standards) are typically characterized in terms of fisheries  (e.g. 
coldwater, coolwater, warmwater, sport, forage). 
 Monitoring fish assemblages provides direct evaluation of  "fishability", which emphasizes  

             the importance of fish to anglers and commercial fisherman.                                                                                                    
6. Fish account for nearly half of the endangered vertebrate species and subspecies in the United States     

(Warren and Burr 1994). 
 

Table 1.  Advantages of using fish as indicators of environmental health.



 

 6

METHODS 
 

Field Sampling 
 

Primary objectives of the fish collections are to obtain samples with representative species and 
abundances, at a reasonable level of effort. Sampling effort is standardized by using similar 
stream lengths, collection methods, and habitat types. Stream segments selected for sampling are 
representative of the habitat of the reach.  In addition, sample sites will be representative of the 
habitat of the reach being sampled, and will have a riffle, run, and pool sequence where possible. 
 

 A B C 
 
Stream Size 

Moderate to large 
streams and rivers  (5th 
order or greater) 

 
Wadeable streams (3rd 
and 4th order) 

 
Headwater streams (1st 

and 2nd order) 
 
Sampling Distance 
(meters) 

 
500 m 

 
150 m 

 
150 m 

 
Electrofishing Gear 

 
12’ boat 

 
2 Backpacks or barge 

electrofishing unit 

 
1-2 Backpack 

electrofisher(s) 

 
Power Source 

 
5000 watt generator 

 
24 volt battery or  2500 

watt generator 

 
24 volt battery 

 
Streams with drainage areas less than 5 square miles are presently excluded from IBI scoring 
because of naturally occurring low species richness. Often streams classified as trout 
production waters fall into this category. More appropriate assessment methods for these 
streams include the measurement of trout abundance and/or young of the year production. 
Benthic macroinvertebrate assessments are also a viable alternative. In addition, atypical 
habitats such as dams and mouths of tributaries are avoided, unless the intent of the study is 
to determine the influence these habitats have on the fish assemblage. Most often, sampling 
atypical habitats results in the collection of fish species not represented in typical stream 
reaches. Sampling intermittent streams is also avoided. These streams require the 
development of a separate set of IBI scoring criteria.  The Fish IBI was developed for waters 
in northern New Jersey, from Trenton to Raritan Bay (Figure 1). 
 
 
 

 

Table 2.  Requirements for fish sampling based on stream size. 
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Figure 1.  Map of New Jersey Ecoregions and region of Fish IBI applicability.     
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Electrofishing 
 

Fish are sampled primarily with electrofishing gear using pulsed direct current (DC) output. This 
method of collection has proved to be the most comprehensive and effective single method for 
collecting stream fishes. Direct current is safer, more effective, especially in turbid water, and 
less harmful to the fish. In waters with low conductivity (less than 75 µmhos/cm) it may be 
necessary to use an AC unit (Lyons 1992). Selection of the appropriate electrofishing gear is 
dependent on stream size (Table 2). A typical sampling crew consists of four to seven people 
(Figure 2), depending on the gear being utilized.  A minimum of two people are required for 
netting the stunned fish. Electrofishing is conducted by working slowly upstream for 150 meters  
and placing the electrodes in all available fish habitat. Stunned fish are netted at and below the 
electrodes as they drift downstream. Netters attempt to capture fish representing all size classes. 
All fish captured are immediately placed in water filled containers strategically located along the 
stream bank in order to reduce fish mortality. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sampling time generally requires 4 to 5 hours per station. This includes the measurement of 
chemical and physical parameters. Sampling is conducted during daylight hours, June through 
early October, under normal or low flows, and never under atypical conditions such as high 
flows or excessive turbidity caused by heavy precipitation. Fish collections made in the summer 
and early fall are easier, safer and less likely to disturb spawning fish. 

 
Sample Processing 

 
Fish are identified to the species level, counted, examined for disease and anomalies, measured 
(game fish), released and recorded on fish data sheets in the field. The sampling protocol 
employed is ineffective in capturing a representative sample of smaller fish because they are 
difficult to see and tend to congregate. Consequently, only fish greater than 25 mm or 1″ in 
length are counted. Reference specimens and difficult to identify individuals are placed in jars 

Figure 2.  A typical fish sampling operation using the backpack electrofishing. 
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containing 10 percent formaldehyde and later confirmed at the laboratory using taxonomic keys 
(Werner 1980; Eddy and Underhill 1983; Smith 1985; Page and Burr 1991; Jenkins and 
Burkhead 1993). Species particularly difficult to identify are forwarded to fisheries experts 
outside WM&S’ Bureau of Freshwater and Biological Monitoring (BFBM) for confirmation (at 
present, Eco-Analysts, Inc). 
 
Measurement of Physical and Chemical Parameters 

 
Physical and chemical measurements (e.g. pH, conductivity, temperature, dissolved oxygen, 
depth, and flow) of existing stream conditions are recorded on physical characterization/water 
quality field data sheets and later summarized.  Potential stressors, such as storm sewer outfalls, 
are identified and mapped using GPS. 
 
Habitat Assessment 
 
Habitat assessments are conducted at every sampling site and all information is recorded on field 
sheets (Barbour et al. 1999). Habitat assessments provide useful information on probable causes  
of impairment to instream biota when water quality parameters do not indicate a problem. The   
habitat assessment consists of  an  evaluation  of  the  following  physical  features along the  150 
meter  reach: substrate, channel  morphology, stream flow, bank stability, canopy, and  stream 
side cover. Individual parameters within each of these groups are scored and summed to produce 
a total score, which is assigned a habitat quality category (see Appendix 3). 

 
Quality Assurance/Quality Control 

 
A Quality Assurance/Quality Control plan is approved by the DEP Office of Quality Assurance 
prior to sampling. A copy of this plan is available by contacting WM&S’ BFBM. 
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IBI METRICS 
 

Metric Refinement 
 

In an effort to ensure sensitivity to common urban and agricultural stressors, the Northern Fish 
IBI metrics were re-evaluated using data from Round 1 (2000-2004).  Metric refinements led to 
changes in scoring criteria, species lists, and the selection of a replacement metric (Table 3).  
Metric recalibration analysis mirrored those techniques used by Ohio EPA and Maryland 
Department of Natural Resources (Emery et al. 2003; Rankin and Yoder 1999; Roth et al. 2000). 
Each metric was examined individually to ensure sensitivity to urban and agricultural land uses, 
statistically significant separation between least impaired and most impaired sites, adequate 
scoring distribution, and correlation with habitat scoring.  Linear regression models were used to 
assess drainage correlation and the need for scoring modification. 
  

 

 
 
Using surrounding watershed land use/land cover and site habitat scores from Round 1, a subset 
of sites were divided into least impaired and most impaired.  The following criteria were used to 
classify sites: least impaired < 35% combined urban/agricultural land use and habitat score ≥ 
160; most impaired > 65% urban land use.  A total of 32 sites (17 least impaired; 15 most 
impaired) were analyzed using analysis of covariance (ANCOVA) and Mann-Whitney 
nonparametric U-test (Table 4).   
 
In addition, each metric was analyzed for classification efficiency to ensure minimal overlap 
between least impaired and most impaired sites (Table 4).  The classification efficiency was 

Table 3.  Refined Fish IBI Metrics. 

Metric Recalibration Results 

1. Total Number of Fish Species Revised Maximum Species Richness Scoring Lines 

2. Number of Benthic Insectivorous Species Eliminated white sucker & bullheads 

3. Number of Trout and/or Sunfish Species Eliminated green sunfish & bluegill  

4. Number of Intolerant Species No refinement needed 

5. Proportion of Tolerant Individuals Replacement metric for Proportion White Suckers 

6. Proportion of Generalists Revised species list 

7. Proportion of Insectivorous Cyprinids No refinement necessary 

8. Proportion of Piscivores Removed size limits 

8. Proportion of Trout No refinement necessary 

9. Number of Individuals in Sample Removed Tolerant Species 

10. Proportion of DELT Anomalies No refinement at this time 
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calculated as the proportion of least impaired sites with individual metric scores greater than or 
equal to 3 and the proportion of most impaired sites with individual metric scores less than 3 
(Roth et al. 2000).  Metric classification efficiencies ranged from 59 to 91 percent for Round 1 
data and 54 to 90 percent using an independent dataset from USEPA.  The mean classification 
efficiency for refined metrics was 66 percent compared to the 56 percent efficiency using 
previous metrics.  Final metric refinements were validated using the USEPA Region 2 dataset 
and redundancy among metrics was examined using Pearson’s correlation analysis (Table 5).  
Correlation among metrics ranged from 0.01 to 0.67 and although several metrics were 
statistically significant, values were below the 0.75-0.80 redundancy threshold (Mundahl and 
Simon 1999; Emery et al. 2003).  
 

Fish IBI Metrics 
ANCOVA   
(p-value) 

Mann-
Whitney     
(p-value) 

Round 1        
Classification 
Efficiency (%) 

Independent 
Data         

Classification 
Efficiency (%) 

Species Richness & Composition  --   
1. Number of Species 0.042 -- 59% 73% 
2. Number of Benthic Insectivorous Species <0.001 -- 69% 78% 
3. Number of Trout and/or Sunfish Species 0.036 -- 59% 54% 
4. Number of Intolerant Species <0.001 -- 91% 90% 
5. Proportion of Tolerant Species -- 0.021 75% 73% 
        

Trophic Composition     
6. Proportion of Generalists -- <0.001 75% 70% 
7. Proportion of Insectivorous Cyprinids -- 0.004 72% 73% 

 Proportion of Trout -- 0.007   
8.  OR    63% 76% 

 Proportion of Piscivores -- 0.61   
        

Fish Abundance & Condition     
9. Number of Fish  -- 0.14 59% 66% 

10. Proportion of Fish with anomalies N/A N/A N/A N/A 
 

 
No. 

Species Abund-Tol 
% 

Piscivores 
% 

Trout 
%Ins. 

Cyprinids 
% 

Generalists 
% 

Tolerants 
No. 

Intolerants 
No. 

Trout&Sun 

No.Benthic Ins. 0.52 0.39 -0.29 0.07 0.42 -0.42 -0.23 0.65 0.28 

No.Trout&Sun 0.59 -0.05 -0.008 0.21 -0.11 -0.04 -0.02 0.55 1 

No.Intolerants 0.30 0.12 -0.04 0.29 0.26 -0.42 -0.29 1  

%Tolerants 0.10 -0.39 -0.18 -0.27 -0.56 0.67 1   

%Generalists 0.003 -0.33 -0.02 -0.26 -0.66 1    

%Ins.Cyprinids 0.02 0.53 -0.25 0.06 1     

%Trout -0.11 0.01 0.06 1      

%Piscivores -0.16 -0.22 1       

Abund-Tol 0.24 1        

Table 4.  Results of metric analysis and classification efficiency for impaired vs. non-impaired 
sites. 

Table 5.  Pearson Correlation matrix for revised Fish IBI metrics.  
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Finally, Pearson’s correlation analysis was used to evaluate the response of each metric to 
land use, habitat score, and IBI score (Table 6).  Overall, each metric, with the exception 
of proportion of piscivores, exhibited a significant predicted response at P < 0.05.  The 
number of benthic insectivores, number of intolerants, and proportion of insectivorous 
cyprinids metrics exhibited significant decreasing trends with urban and urban/agriculture 
land use and significant increasing trends with habitat score and IBI score.  In contrast, 
proportion of tolerant and generalist species metrics exhibited significant predicted 
responses; both increased with urban and urban/agriculture land use and decreased with 
an increase in habitat and IBI score.  
 
 

Metric Urban Land Use Urban/Ag Land Use Habitat Score IBI Score
No. Species -0.32 -0.15 0.11 0.38 

No. Benthic Ins. -0.49 -0.33 0.40 0.67 
No. Trout&Sun -0.32 -0.32 0.15 0.38 
No. Intolerants -0.48 -0.48 0.37 0.62 

% Tolerants 0.32 0.38 -0.30 -0.66 
% Generalists 0.42 0.42 -0.52 -0.68 

% Ins Cyprinids -0.37 -0.28 0.37 0.67 
% Trout -0.05 -0.14 0.23 0.35 

% Piscivores -0.09 -0.18 0.002 -0.04 
Abund-Tol -0.25 -0.01 0.11 0.44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6.  Pearson correlation analysis of revised metrics with land use, habitat, and IBI scores.  
Correlations in bold are significant at P < 0.05.
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Calculating the IBI2 
 
Once the fish from each sample collection have been identified, counted, examined for disease     
and anomalies, and recorded, several biometrics are used to evaluate biological integrity. Fish 
assemblage analysis is accomplished using a regional modification of the original IBI (Karr 
1981), developed by Kurtenbach (1994) and later recalibrated by WM&S’ BFBM in 2005. 
Consistent with Karr et al. (1986), a theoretical framework is constructed of several biological 
metrics that are used to assess a fish assemblage’s richness, trophic composition, abundance and 
condition, as compared to fish assemblages found in regional reference streams.3, 4  The recent 
metric recalibration has resulted in the selection of a new metric proportion of tolerant 
individuals in place of the prior proportion of white suckers metric.  The modified IBI uses the 
following 10 biometrics: 1) total number of fish species, 2) number of benthic insectivorous 
species, 3) number of trout and  sunfish species, 4) number of intolerant species, 5) proportion of 
tolerant individuals, 6) proportion of individuals as generalists, 7)  proportion of individuals as 
insectivorous cyprinids, 8) proportion of  individuals as trout or  proportion of individuals as 
piscivores (top carnivores), 9) number of individuals in the sample and 10) proportion of 
individuals with disease or anomalies, excluding blackspot disease (see Appendices 1 and 2). 
 
Quantitative scoring  criteria were  developed for each  biometric based upon the degree of 
deviation; 5 (none to slight), 3 (moderately), and 1 (significantly) from appropriate ecoregional 
reference conditions. Scores for the individual biometrics at each sampling location are summed 
to produce a total score, which is then assigned a condition category. The maximum possible IBI 
score is 50, representing excellent biological integrity. A score of less than 29 indicates a stream 
has poor biological integrity. 10 is the lowest score a site can receive. Further descriptions of all  
of the metrics used in the IBI calculations are presented below: 
 
Species Richness and Composition 
 
Four of the biometrics require the use of Maximum Species Richness (MSR) lines. MSR lines 
relate species richness to stream size and environmental quality. For streams with drainage areas 
over 5 square miles in northern New Jersey, species richness is expected to increase with higher 
environmental quality. Additionally, in a stream with a given level of environmental quality, 
species richness should increase with stream size. Thus, large sized streams with good water 
quality should have significantly more species than a small stream with good water quality. MSR 
lines (See Appendix 3) were developed to show the relationship between species richness and 
waterbody size in New Jersey. Using the procedure described in Karr et al. (1986), MSR lines 
for each richness metric were drawn by Kurtenbach (1994) with slopes fit by eye to include 95% 
of the data points. These MSR lines have recently been evaluated and modified when necessary 
as part of WM&S’ BFBM’s Fish IBI refinement.  The area under the MSR line is trisected by 

                                                           
2 Narrative for this section taken largely from Kurtenbach (1994) 
3 For regional reference conditions Kurtenbach (1994) used historical fisheries data collected by the New Jersey 
Division of Fish, Game and Wildlife (unpublished) at 126 stream sites located in the Delaware, Passaic, and 
Raritan River watersheds. The fish collection methods and the stream lengths sampled in these historical studies 
were compatible with Kurtenbach’s work. 
4 Trophic guilds, pollution tolerances and origins (native or introduced) of each fish species utilized by 
Kurtenbach to calculate the IBI were assigned using several fisheries publications (Stiles, 1978: Smith, 1985; 
Hocutt et al. 1986; Karr et al. 1986; Ohio EPA, 1987; Miller et al. 1988). 
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two diagonal lines. 
 
Points located near the MSR line represent species richness approaching that expected for an 
unimpacted stream. Points falling within the lowest trisected area, furthest from the MSR line, 
represent the greatest deviation from an ecoregional reference condition. For example, using the 
“total number of fish species” graph in Appendix 3, a sample collection resulting in the capture 
of ten total fish species in a stream with a drainage area of 10 square miles, would receive a score 
of three and have an intermediate deviation from the expected condition. 
 
1. Total number of fish species: 
 

This metric is simply a measure of the total number of fish species identified from a sample 
collection. A reduction of taxonomic richness may indicate a pollution problem (e.g., organic 
enrichment, toxicity) and/or physical  habitat  loss. Fish species with the least tolerance to 
environmental change, typically are the first to become absent when water degradation 
occurs. Although freshwater fish species richness in New Jersey is less than half that of the 
Midwest region where the IBI was first developed (Karr et al. 1986; Ohio EPA 1987; Lyons 
1992), effectiveness of this metric is comparable to regions with richer fish faunas. 

 
2. Number of benthic insectivorous species: 
 

This metric is a modification of several metrics used in the original IBI (Karr 1981). Darter 
species make up a relatively small component of the New Jersey fish fauna. However, 
several other benthic species require clean gravel or cobble substrate for reproduction and/or 
living space. Degradation of this habitat from siltation is often reflected by a loss of benthic 
species richness (Karr et al. 1986) and abundance (Berkman and Rabeni 1987). Several 
benthic fish require quiet pool bottoms and may decline when benthic oxygen depletion 
occurs (Ohio EPA 1987). Further, reductions of some benthic insectivorous fish may 
indirectly indicate a toxics problem. Benthic macroinvertebrates are an important food source 
for benthic insectivorous fish and their sessile mode of life make them particularly 
susceptible to toxicant effects.  Metric recalibration has resulted in the elimination of white 
suckers and bullheads, as these species are designated as tolerant by the USEPA (Plafkin et al 
1989). 

 
3. Number of trout and sunfish species: 
 

This metric was adopted as a hybrid for warmwater and coldwater streams. The metric is 
similar to that used in a combined coldwater-warmwater version of an IBI developed in 
Ontario (Steedman 1988), but designed for high-gradient rather than low gradient streams. 
Both sunfish and trout are water-column species sensitive to habitat degradation and loss of 
instream cover (Gammon et al. 1981; Angermeier 1983). In coldwater streams where sunfish 
are typically absent, trout fill a similar ecological niche and may be used to replace sunfish. 
Trout are equally, if not more sensitive to habitat degradation. The relationship between trout 
populations and habitat is well documented (Peters 1967; Hunt 1969; Meehan 1991).  Metric 
recalibration has resulted in the elimination of green sunfish and bluegill, as these species are 
designated as tolerant by the USEPA (Plafkin et al 1989). 
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4. Number of intolerant species: 
 

This metric provides a measure of fish species most sensitive to environmental degradation. 
The absence of some fish species occurs with subtle environmental changes caused by 
anthropogenic disturbances. Fish species assigned as intolerant should have historical 
distributions significantly greater than presently occurring populations and be restricted to 
streams that have exceptional water quality (Karr et al. 1986). 

 
5. Proportion of tolerant individuals: 
 

This metric was selected as a replacement for the percentage of white sucker as a more 
regionally appropriate tolerant group in the northeast (Miller et al. 1988; Langdon 1992). In 
New Jersey, a number of tolerant species are commonly found in small and large streams 
representing a wide range of water quality conditions.  These tolerant species adapt well to 
changing environmental conditions and often become dominant at disturbed sites. This 
metric is generally useful in distinguishing moderately and severely impaired conditions. 

 
Trophic Composition 
 
Trophic composition metrics, unlike the richness metrics, are scored based on a percentage of the 
total numbers of individual fish captured. The influence of stream size on trophic composition   
has not been determined for New Jersey streams. However, in Illinois and Wisconsin streams 
(Karr 1981; Lyons 1992), trophic composition was not strongly influenced by stream size. Based 
on these findings, fixed scoring criteria are used on all stream sizes found in New Jersey, with    
the exception of large rivers. 

 
6. Proportion of individuals as generalists: 
 

This metric replaces the omnivore metric used in the original IBI (Karr 1981). Use of the 
omnivore metric was determined to be inappropriate in New Jersey because omnivores  
are naturally depauperate. Generalists, as defined here, are species with flexible feeding 
strategies and broad habitat requirements. Often a shift from predominantly specialist groups 
to generalist groups occurs as water quality becomes degraded (Leonard and Orth 1986; Ohio 
EPA 1987). Due to broad feeding and habitat requirements, species included for use in this 
metric are considered tolerant of environmental degradation. 

 
7. Proportion of individuals as insectivorous cyprinids: 
 

Like many streams found in North America, cyprinids are the dominant insectivorous fish in 
New Jersey (excluding Pineland streams). A shift from specialized invertebrate feeders to 
generalists with flexible foraging behaviors often indicates poor conditions associated with 
water quality and/or physical habitat degradation (Karr et al.  1986). Similar to the benthic 
insectivore metric, insectivorous cyprinids in some instances, may indirectly measure the 
effects of toxicity. 

 
8. Proportion of individuals as trout or proportion of individuals as piscivores (top carnivores) - 

excluding American eel (whichever gives higher score): 
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Streams with slight or moderate water quality impairment generally contain several top 
predator fish species. In cold water streams of New Jersey, predator fish such as bass and 
pickerel are depauperate and typically replaced by trout. Thus, a metric is required which 
measures both groups of top carnivores. A metric fulfilling this requirement is currently  
used on Vermont streams (Langdon 1992) and has been adopted for use in New Jersey. 
American eels are excluded from use in this metric. The ubiquity of American eels in streams 
that have a wide range of water quality and habitat conditions limits their use as an indicator 
of aquatic health.  

 
Fish Abundance and Condition 
 
9. Numbers of individuals in the sample – excluding tolerant species: 
 

This metric measures the abundance of  fish  captured  from  a  specified  area  or  stream 
reach and is used to distinguish streams with severe water quality impairment. Like the 
original IBI (Karr 1981), catch per unit effort is used to score this metric. Severe toxicity    
and oxygen depletion are examples of perturbations often responsible for extremely low fish 
abundance.  Tolerant species have been excluded from this metric, as often these species 
thrive and are numerous under degraded conditions (Ohio EPA 1988). 

 
10. Proportion of individuals with disease or anomalies (excluding blackspot disease): 
 

This metric provides a relative measure of the condition of individual fish (Figure 3). Similar 
to metric nine, this metric is especially useful in distinguishing streams with serious water 
quality impacts. This metric is intended to detect impacts in streams highly contaminated by 
chemicals. A significant relationship between the incidence of blackspot disease and 
environmental quality has not been established for New Jersey streams. As a result, blackspot 
disease is excluded from use in this metric.  The acronym DELT is used for the types of 
anomalies: D=deformity; E=eroded fins; L=lesion; T=tumor. 

 
 
 

 
 

Figure 3.  Stocked brook trout with multiple deformities. 
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RESULTS 
 

 
 
 
In 2008, the fourth year of Round 2 of sampling, 20 sites were sampled.  One site was rated 
“excellent”, eight were “good”, eight were “fair” and three were “poor” (Figure 4).  The habitat 
ratings for the 2008 sites consisted of seven sites with “optimal” habitat, ten “sub-optimal”, and 
three with “marginal” habitat. 
 
 
 

 
 

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Figure 4.  Summary of the 2008 ratings for 20 sites in northern New Jersey. 

2008 Fish IBI Ratings
N = 20

Excellent
Good
Fair
Poor

5%
(1)

40%
(8)

40%
(8)

15%
(3)
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DISCUSSION 
 

The fish IBI monitoring network is one of the Department's newer rapid bioassessment 
protocols, designed to detect impacts to biological communities - in this case, fish assemblages. 
When impacts are suspected, additional investigation would be warranted.  This can be 
accomplished with either more intensive field surveys and sampling, or a desk review of other 
Department records, or a combination of both. For purposes of discussion here, impacts are 
suspected at sites with a FIBI rating of "fair". Sites with an FIBI rating of "poor" are considered 
to be impacted significantly enough that, for purposes of the Department's Water Quality 
Monitoring and Integrated Assessment Report [IA]( 40 CFR 130.7  and N.J.A.C. 7:15-6 f), they 
will be categorized as "impaired".  It is important to note that the use attainment status of the 
overall biological community is based upon a suite of indicators which include fish and benthic 
macroinvertebrate communities, and associated physical/chemical data. 
 
In this round of sampling, a total of three (3) 
impaired sites were identified (FIBI062a, 
FIBI070, FIBI076a) (Figure 5; Table 7).  Of 
these three sites, Van Saun Mill Brook 
(FIBI062a) and Mahwah Brook (FIBI076a) 
were identified as having water quality 
impairments, likely a result of anthropogenic 
stressors.  Poor biotic integrity at Stony 
Brook (FIBI070), however, is unclear.  In 
addition, eight (8) sites were classified as 
“fair” and are suspected of having impacts.   
 
Except for Pequannock River (FIBI075) and 
Lamington River (FIBI078), those sites 
classified as “impaired” and “potentially 
impaired” all had “marginal” or “sub-
optimal” habitat ratings and many have high 
percent urban land cover/use within their 
contributing watershed.  Increasing 
urbanization has been shown to result in a 
reduction, and even loss, of sensitive fish 
species, an increased rate of native species 
replacement by introduced species, as well as 
a general decline in species richness and  
abundance (Wang & Lyons, 2003).  The 
following is a discussion of possible causes  
for the suspected impacts. 
 
 
 
 
 

Figure 5.  Location of 2008 Fish IBI sites.
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FIBI Site Waterbody County Habitat Rating IBI Score IBI Rating  
FIBI061 Musconetcong River Warren Optimal 38 Good  
FIBI062a Van Saun Mill Brook Bergen Marginal 26 Poor  
FIBI063 Pequest River Sussex Suboptimal 36 Fair  
FIBI064 Pequest River Warren Suboptimal 36 Fair  
FIBI065 Little Flat Brook Sussex Optimal 38 Good  
FIBI066 Big Flat Brook Sussex Optimal 40 Good  
FIBI067 Pohatcong Creek Warren Suboptimal 46 Excellent  
FIBI068 Russia Brook Morris Suboptimal 32 Fair  
FIBI069 Troy Brook Morris Suboptimal 38 Good  
FIBI070 Stony Brook Mercer Suboptimal 26 Poor  
FIBI071 Ambrose Brook Middlesex Marginal 34 Fair  
FIBI072 Middle Brook Somerset Suboptimal 32 Fair  
FIBI086a Bear Creek Warren Suboptimal 34 Fair  
FIBI074 Whippany River Morris Suboptimal 42 Good  
FIBI075 Pequannock River Passaic Optimal 34 Fair  
FIBI076a Mahwah Brook Bergen Marginal 28 Poor  
FIBI077 Pequannock River Morris Optimal 42 Good  
FIBI078 Lamington River Somerset Optimal 32 Fair  
FIBI079 Beaver Brook Morris Optimal 42 Good  
FIBI080 Rockaway River Morris Suboptimal 38 Good  

 

1Sampling maps and data for each site can be found in volume 2 of this report. 
 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7.  Results of 2008 Round 2 Fish IBI sampling1.  
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Potentially Impaired Sites 
 
Pequest River  - FIBI063 
FIBI063 was relocated approximately 13 miles downstream of the original sampling location to 
avoid channel braiding.  This new location on the Pequest River in Independence Township 
received a “fair” rating (36) mainly as a result of the proportionally high abundance of tolerant 
species in the collection.  American eel and white sucker were the most abundant tolerant species 
collected, together representing almost 40% of the total catch.  The overall fish community was 
diverse (H` = 2.4) and species rich (22) despite the homogeneous habitat consisting of mainly 
slow moving runs and with a high percentage of fine sediments.  Throughout the stretch there 
was ample large woody debris which provided excellent habitat for numerous game species such 
as bluegill, redbreast sunfish, largemouth bass, redfin pickerel, green sunfish, rockbass, and 
pumpkinseed. 
 
Pequest River  - FIBI064 
The habitat at FIBI064 exhibited signs of impairment, and received a “fair” rating with a score of 
36.  This is likely a result of agriculture surrounding this section of the Pequest River.  The left 
descending bank has been severely impacted, most likely a result of unrestricted livestock access 
to the stream.  The wetted width increases from 30 feet at the start of the reach to 69 feet at the 
100-meter point.  In addition, the conductivity was relatively high (589 μmhos/cm) and heavy 
periphyton/macrophyte growth was observed.  Livestock access to streams increases nutrient 
loading and bank erosion/stream widening.  This section of the Pequest River has few trees along 
the bank, likely a result of bank erosion.  The mean percent open canopy increases from 22 
percent downstream of the livestock access to 99 percent at the access point.   
 
Although fish abundance (1,131) and richness (20) were high, only one top predator was 
collected, representing less than one percent of the total fish collected.  In the previous survey in 
2003, predatory fish represented 5% of the fish collected and included chain pickerel, redfin 
pickerel, largemouth bass, and yellow perch.  Numerous fish typically preyed upon by piscivores 
were abundant in 2008 including banded killifish (241), spottail shiner (95), common shiner 
(129), and blacknose dace (56). 
 
Russia Brook - FIBI068 
The overall score of ‘fair’ (32) for this site indicates some impacts to the aquatic community are 
occurring.  The habitat in the downstream section of the reach is characterized by mainly fine 
sediments, heavy embeddedness, uniform channel, and a lack of adequate fish habitat.  As a 
result, insectivorous cyprinids such as fallfish and blacknose dace were only collected in the 
upper portion of the reach which contained cleaner cobble/gravel substrate, higher flow, and 
better fish habitat.  Impacts to the stream have resulted in trophic imbalance, as generalist species 
were overly abundant, while few specialized feeders such as insectivorous cyprinids were 
collected. 
 
Ambrose Brook - FIBI071 
A Fish IBI rating of ‘fair’ (34) may underestimate the numerous habitat and water quality 
impairments noted at this site, which have likely impacted resident fish communities.  These 
impairments include low dissolved oxygen for early June (4.8 mg/l), high conductivity (489 
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μmhos/cm), large composition of fine sediment (25%), numerous storm water outfalls, a lot of 
debris/garbage, and a lack of habitat/flow complexity.  A storm water outfall on the right 
descending bank approximately 50-m from the start was the source of cloudy gray water entering 
the stream and anoxic sediments in the stream around the outfall.  In addition, yard wastes were 
being dumped into the stream near the start of the sampling reach.  As result of channelization 
and low flow, it is unlikely this material is dispersed and, instead, is decomposing in one area of 
the stream, which can impact nearby aquatic organisms. 
 
Middle Brook - FIBI072 
Middle Brook received a “fair” rating (32) in 2008 and is likely a result of impairments to the 
natural substrate, habitat, and water temperature.  Although the substrate throughout the stretch is 
made-up of cobble and gravel/sand, most are severely embedded by fine sediments.  The left 
descending bank is bordered by a flood control levee with no trees to provide overhead cover.  
The section of the stream from the start to 100-m had an average open canopy of 81.5%, thus 
allowing a great deal of sunlight penetration leading to the high water temperature (25.5° C) for 
early June. 
 
Natural substrates embedded by fine sediments smother aquatic macroinvertebrates and, 
therefore, impact the specialized insectivorous cyprinidae feeding group, whose abundance was 
proportionally low.  The high water temperature measured in early June can be detrimental to 
those sensitive fish in the intolerant species metric, none of which were collected here.  In 
contrast, tolerant species able to tolerate high water temperatures and habitat degradation 
comprised more than half (54%) of the total fish collected. 
 
Bear Creek - FIBI086a 
A total of 12 wild brook trout were collected from this FW2-TMC2 stream.  Although the habitat 
was rated as “sub-optimal” (154), the stream was more typical of a low gradient waterbody.  The 
stream lacked adequate riffle habitat, as the majority of the stream was run and pool habitat.  As 
a result, few riffle species were collected and richness of several fish groups was relatively low, 
resulting in a Fish IBI score of “fair” (34).  The left descending bank contained little overhead 
cover as the bank was meadow, providing little shade to the stream.  Although Bear Creek 
receives a lot of direct sunlight, springs keep the stream cool (18.3° C) and oxygenated (101%) 
during summer months enabling sensitive wild brook trout survival. 
 
Pequannock River - FIBI075 
Although the habitat was rated “optimal” (176), no trout were collected at this FW2-TPC1 
stream and the resulting Fish IBI score was rated “fair” (34).  The stream flattens 100-meters 
above the Route 23 crossing and becomes low gradient.  Communication with NJ Fish & 
Wildlife indicated the upper sections of the Pequannock River have been altered by beaver ponds 
which have modified the gradient of downstream sections and limited available trout production 
habitat.  This is apparent from the two rounds of sampling in which no trout have been collected 
and the fish assemblages consist of a mix of high gradient and low gradient species.  The only 
other possible impairment to the stream was a plume of foamy gray water following the thalweg 
from an unidentified source.  Two NJPDES permitted outfalls are located several miles 
upstream, on a tributary to the Pequannock River, but it is unclear if these were the source. 
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Lamington River - FIBI078 
In 2008, FIBI078 was moved approximately 1.5 miles downstream to eliminate a braided 
channel around the previous sample location.  This new site, which received a “fair” rating (32), 
is downstream and adjacent to a large golf course which borders both banks for more than a 
kilometer below Interstate 78 (Figure 6).  Several outfalls were observed coming from the golf 
course property, which provides a pathway to transport fertilizers and herbicides sprayed on the 
fairways and greens.  Although periphyton growth was minimal while sampling in late June, 
growth may be more significant later in the summer, especially if allochthonous nutrients enter 
the stream.  In addition, throughout much of this section there is no riparian buffer between the 
river and golf course which not only eliminates natural filtering processes, but also reduces 
natural shading to the stream.  As a result, periphyton growth was higher in sections of the 
Lamington River which had an open canopy (Figure 7).  
 

 
 
 

 
 

 
 
 
 

Figure 6.  Proximity of golf course to Fish IBI station. 
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Although three species of intolerant fish were collected, shield darter, brook lamprey, and 
margined madtom, overall fish abundance and richness were relatively low for a river this 
size.  In addition, proportional abundance of specialized feeders such as insectivorous 
cyprinids and piscivores were low. 
 
Fish IBI station FIBI032, located approximately 3.5 miles upstream of FIBI078 was sampled 
in 2006 and received a “good” rating.  The fish assemblage from this upstream location 
(FIBI032) contained 7 insectivorous cyprinid species which comprised almost 24% of the 
fish collected compared to just 3 insectivorous cyprinids comprising only 14% of the total at 
the downstream location (FIBI078). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Figure 7.  Periphyton growth in Lamington River. 
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Impaired Sites 
 
 
Van Saun Mill Brook - FIBI062a 
The habitat of Van Saun Mill Brook was rated “marginal” (89) with numerous signs of stress and 
degradation.  The conductivity was relatively high (455 μmhos/cm), a likely result of the large 
amount of run-off from surrounding parking lots and roads, but other water chemistry parameters 
were relatively normal.  Large amounts of concrete, cinder blocks, and debris were observed 
throughout the stretch.  Several failing retaining walls were noted which likely adds to the 
artificial substrate of the stream (Figure 8).  The stream provides little natural fish habitat, with 
most of the fish concentrated in and around concrete slabs in the deeper pools (Figure 9).  
Although hydrology and run-off have severely impacted the stream’s biota, the stretch did 
exhibit good overhead cover, flow regime, and water clarity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  Failing retaining walls along Van Saun Mill Brook. 
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Although fish were abundant in the stretch, over half of the fish collected (~52%) are considered 
tolerant species.  In addition, proportional abundance of specialized feeding insectivorous 
cyprinids was low (3.4%), an indication of impairments to the benthic community, and just one 
top predatory fish was collected.  Surprisingly, just two green sunfish were collected compared 
to 105 pumpkinseed, a trend which is likely to reverse in future years. 
 
Ratings for AMNET site AN0211, 0.2 miles upstream of FIBI062a, have steadily increased over 
time from “poor” (16.86) in 1998 to “fair” (23.39) in 2008.   
 
Stony Brook - FIBI070 
Stony Brook received a “suboptimal” (144) habitat score and although there were no obvious 
signs of impairment, the stream lacked adequate riffle habitat, as the stretch was relatively flat 
(Figure 10).  In addition, the substrate consisted mainly of sand/gravel with little cobble or larger 
substrate for macroinvertebrate assemblages and the fish species which rely on these organisms.  
The flow throughout much of the stretch was low (3cfs), as the stream widened above the 
halfway point in the stretch, as the wetted width increased from 22.4 feet at 50-meters to 45.4 
feet at 100-meters.  Several large macrophyte beds were present in the wide flat sections, 
including duckweed and Eurasian Watermilfoil (Figure 11).  The stretch contained several deep 
pools with ample large woody debris providing suitable habitat for lentic species like many 
centrarchids, but little habitat for lotic fish species. 
 
 
 
 

Figure 9.  Concrete debris in Van Saun Mill Brook. 
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The fish community was made-up of mostly Centrarchid species with few benthic or cyprinid 
species.  A few margined madtoms and tessellated darters comprised the benthic community, 
while just seven total cyprinids were collected.  As a result, generalist feeders were the most 
abundant (65%) feeding guild, while the proportion of specialized feeders such as insectivorous 
cyprinids and top predators was low (2.8% and 0.8% respectively).  Despite being stocked with 
trout just a few weeks prior to the July 11, 2008 sampling event, no trout were collected 
confirming the stream’s FW2-NT status. 
 

Figure 10.  Flat sections of Stony Brook.

Figure 11.  Duckweed in sections of Stony Brook. 
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Mahwah Brook - FIBI076a 
The habitat was rated “marginal” (96) with abundant debris throughout the stretch.  The stream 
lacks a riparian buffer, as it is bordered by numerous parking lots, buildings, and houses.  The 
right descending bank from the road crossing upstream 100 meters is lined with riprap, while the 
left descending bank above the mid-point of the stretch is bordered by large retaining walls 
(Figure 12).  The stream is prone to flash flooding from run-off from the surrounding impervious 
surfaces and outfalls.  There are a total of 11 outfalls within the 150-meter sample reach, 
including a NJPDES permitted outfall near the start.  In addition, the conductivity was very high 
(733 μmhos/cm), a likely result of run-off, and the dissolved oxygen concentration was low (5.65 
mg/l).  In addition, the substrate is covered in a layer of fine sediments.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The fish community was dominated by green sunfish, as this invasive species comprised almost 
29% of the total sample (Figure 13).  The trophic status of the fish community was skewed 
toward generalist feeders (60%), while proportional abundance of specialized feeders such as 
insectivorous cyprinids and piscivores were relatively low, 11 and 2.6 percent respectively.  
Despite the numerous habitat and water quality impairments, a number of cyprinid species were 
collected including fallfish, common shiner, creek chub, and the intolerant cutlips minnow.  
Typically impairments to the benthic community will result in fish community shifts from 
cyprinids to tolerant/generalist species.  A number of abnormalities were noted within the fish 
community, primarily consisting of lesions on white suckers (Figure 14). 
 

Figure 12.  Failing retaining wall on Mahwah Brook. 
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Figure 13.  Green sunfish collected from Mahwah Brook. 

Figure 14.  Caudal fin lesion on white sucker collected from Mahwah Brook.
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Other Important Findings  
 

 
Pohatcong Creek - FIBI067 
A total of 86 wild trout were collected from this FW2-TMC1 stream, which included 84 wild 
brown trout and 2 wild brook trout.  In addition, 21 of the wild brown trout were young-of-the-
year making this a candidate stream for upgrade to a “trout production” classification (Figure 
15). 
 

 
 
Whippany River - FIBI074 
Twelve wild brown trout, including one young-of-the-year, were collected from this FW2-TPC1 
stream.  In addition, 86 American brook lamprey were collected which is the highest abundance 
of these sensitive species found at a site since the start of the Fish IBI Program in 2000. 
 
Pequannock River - FIBI077 
Eight wild brown trout and two wild brook trout were collected from this FW2-TPC1 stream, 
including four young-of-the-year brown trout and one young-of-the-year brook trout.  The 
stream habitat was rated “optimal” (181) and exhibited good fish habitat, overhead cover, 
substrate, and flow regime.  The only potential impairment was the relatively high conductivity 
(413 μmhos/cm), likely a result of the run-off from the Paterson-Hamburg Turnpike, which 
closely parallels the stream. 
 
Beaver Brook - FIBI079 
A total of 33 wild brook trout, including eight young-of-the-year, were collected from this FW2-
TPC1 stream.  Although the habitat was rated “optimal” (162), the recent construction of a 
private pond has changed the water chemistry, substrate, and discharge of the stream (Figures 16 
and 17).  The pond appears to be an encroachment of the stream, as a branch of Beaver Brook 
has been dammed to create the pond.  The substrate in a large pool just below the pond outfall 
consists of fine sediments which contrasts the gravel/cobble/boulder substrate of the rest of the 
stretch.  In addition, the water temperature was higher and the pH was much lower at the pond 
outfall compared to the section just upstream.  The warm surface water run-off from the pond 
could quickly increase the water temperature of the stream and could impact the wild brook trout 

Figure 15.  Young-of-the-year brown trout collected from Pohatcong Creek. 
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population.  Several state agencies were contacted with regard to this stream encroachment 
including the NJDEP’s Northern Enforcement Bureau within the Compliance and Enforcement 
Element.  The TPC1 designation to this section of Beaver Brook upstream of Meridan Road was 
adopted in 2002, prior to the encroachment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16.  2002 aerial photo of Beaver Brook.

Figure 17.  2007 aerial photo of Beaver Brook. 

2007

2002
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Rockaway River - FIBI080 
Despite numerous man-made impacts to this section of the Rockaway River which include high 
conductivity, floatables, several storm water outfalls, marginal overhead canopy, and no riparian 
buffer along the left descending bank, one wild brown trout was collected in this FW2-NTC1 
stream.  The stream was littered with garbage and debris and contained little fish habitat, but this 
has had minimal impact on the resident fish community as the site was rated “good” (38).  The 
fish community was healthy and balanced.  These anthropogenic impacts may not be impacting 
the fish community at FIBI080, but biotic integrity steadily decreases downstream.  FIBI080 is 
the uppermost Fish IBI site on the Rockaway River and has received recalibrated metric ratings 
of “good” in both Rounds 1 and 2.  However, biotic integrity steadily decreases downstream to a 
“fair” rating at FIBI083 (~5 miles downstream of FIBI080) and “poor” ratings in both Rounds 1 
and 2 at FIBI021, the furthest downstream Fish IBI location on the Rockaway River (~13.5 miles 
downstream of FIBI080). 
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SUMMARY 
 

The observed impacts and potential impacts often appear related to the habitat/water quality and 
the land use/land cover of the surrounding watershed.  Vegetative cover and riparian buffers are 
important in maintaining natural stream function necessary to sustain a healthy stream 
community.  Studies have demonstrated the adverse impacts to fish community structure and 
function as a result of loss of riparian cover due to agriculture and urbanization (Roth et al. 1996; 
Goldstein et al. 2002; Talmage et al. 2002).  Linear regression analysis of NJ Fish IBI Round 2 
data indicates a positive linear relationship between Fish IBI and habitat scores (Figure 18).  
Similarly, Roth et al. (1996) found a direct correlation between fish IBI and habitat quality in the 
Midwest.   
 
In addition, there is a significant inverse relation between the percent urban land use and Round 
2 Fish IBI score (Figure 19).  Stream impacts resulting from urban land use can be complex in 
nature and difficult to discern.  Urban impacts to a stream are wide ranging and include changes 
to stream hydrology, geomorphology, water temperature, water chemistry, fish communities, and 
macroinvertebrate communities.  Analysis of data on the effects of urbanization on New England 
streams indicated degradation was most apparent in the following biotic metrics: EPT taxa for 
macroinvertebrates, cyprinid taxa for fish, and diatom taxa for periphyton (Coles et al. 2004).  
Water chemistry and stream habitat impacts were most apparent in levels of alkalinity, 
conductivity, nitrogen, water depth, and water temperature. 
 
Preliminary analysis of the NJ Fish IBI data suggests several community metrics appear 
responsive to urbanization, including loss of trophic guilds and intolerant species.  The most 
common trophic level changes include loss and often absence of top carnivores (piscivores) and 
insectivorous cyprinids.  
                                              
Although an index of biotic integrity provides valuable input into the health of a lotic ecosystem, 
accurate interpretation of the data is essential.  According to Angermeier and Karr (1986) “ the 
IBI cannot be used in a “cookbook” fashion…When used in conjunction with measures of 
physical and chemical quality, it can provide a comprehensive evaluation of ecological 
integrity.”   
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Figure 18.  Linear regression comparing IBI and habitat scores. 

Figure 19.  Linear regression comparing urban land use and IBI score. 
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TRENDS ANALYSIS 
 

The completion of the 2008 sampling season marks the fourth year of the second round of Fish 
IBI sampling.  The sites sampled in 2008 were originally sampled in 2003.  Those sites sampled 
in 2003 were re-scored using the re-calibrated metrics in order to compare results over time 
(Table 8).  
 

 

  Round 1 Results*  2008 Results 
FIBI Site Waterbody IBI Score IBI Rating  IBI Score IBI Rating  
FIBI061 Musconetcong River† 34 Fair  38 Good  
FIBI062a Van Saun Mill Brook N/A N/A  26 Poor  
FIBI063 Pequest River 26 Poor  36 Fair  
FIBI064 Pequest River 32 Fair  36 Fair  
FIBI065 Little Flat Brook 44 Good  38 Good  
FIBI066 Big Flat Brook 42 Good  40 Good  
FIBI067 Pohatcong Creek 42 Good  46 Excellent  
FIBI068 Russia Brook 40 Good  32 Fair  
FIBI069 Troy Brook 32 Fair  38 Good  
FIBI070 Stony Brook 32 Fair  26 Poor  
FIBI071 Ambrose Brook 24 Poor  34 Fair  
FIBI072 Middle Brook 26 Poor  32 Fair  
FIBI086a Bear Creek N/A N/A  34 Fair  
FIBI074 Whippany River 38 Good  42 Good  
FIBI075 Pequannock River 36 Fair  34 Fair  
FIBI076a Mahwah Brook N/A N/A  28 Poor  
FIBI077 Pequannock River 44 Good  42 Good  
FIBI078 Lamington River 34 Fair  32 Fair  
FIBI079 Beaver Brook 48 Excellent  42 Good  
FIBI080 Rockaway River 44 Good  38 Good  

 

*Round 1 sites were re-scored using newly re-calibrated metrics for comparative 
analysis.  These re-calculated Round 1 scores will only be used for the purposes of 
trends analysis and will not be used for regulatory uses. 
†Round 1 results are from resample in 2005. 
 

 

       
 
 
 
 
 
 
 
 
 
 

Table 8.  Comparison of Round 1 and 2 results using newly calibrated metrics. 
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The proportion of sites rated as “fair” and “poor” decreased slightly from Round 1 (53%) to 
Round 2 (47%) (Figure 20).  The number of “excellent” sites remained constant, while the 
proportion of “good” sites increased slightly from 41% in Round 1 to 47% in Round 2.  Overall, 
scores between rounds differed by less than one point, as the average score in 2003 was 36.4 
compared to 35.7 in 2008. 
 
Fish IBI scores can fluctuate temporally at a station due to natural variation, and as a result it is 
not uncommon for site scores to differ by a few points over time (Karr et al. 1986).  
Anthropogenic stress, on the other hand, can result in larger fluctuations in scoring over time, 
and for the purposes of the NJ Fish IBI, sites with scoring differences greater than four points in 
addition to a change in rating are considered significant.  Significant scoring/rating changes 
occurred at several sites including the following: Pequest River (063), Russia Brook (068), Troy 
Brook (069), Stony Brook (070), Ambrose Brook 
(071), Middle Brook (072), and Beaver Brook (079) 
(Figure 21).  Four of these changes were positive 
changes and three indicated degradation in biological 
integrity.  The following is a description of trends at 
these individual sites over time. 
 
Pequest River – FIBI063 
The location of FIBI063 on the Pequest River was 
moved in 2008 due to a braided channel and difficulty 
in collecting a representative sample from the original 
sampling location on Pequest Road in Green 
Township.  The new site is located approximately 13 
miles south of the Green Township site and is likely 
the reason for significant scoring and rating 
differences.   
 
Russia Brook – FIBI068 
The biological integrity of Russia Brook decreased 
from 40 “Good” in Round 1 to 32 “Fair” in Round 2.  
The number and proportion of insectivorous cyprinids 
decreased significantly between rounds.  Within this 
group of specialized feeders, creek chub, blacknose 
dace, and fallfish represented 49% of the total catch in 
Round 1compared to just 19% in the second round.  
Subsequently, as the proportional abundance of 
specialized feeders decreased, the proportion of 
generalist feeders increased between rounds.  These 
generalist feeders included redbreast sunfish, white 
sucker, bluegill, Eastern mudminnow, and brown 
bullhead all of which comprised almost 46% of the  
total catch. 
 
 
 

Figure 20.  Ratings comparison 
for  Rounds 1 and 2. 
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Troy Brook – FIBI069 
The 2008 fish community lacked diversity (H` = 1.67) and no intolerant species were collected, 
but did exhibit good trophic balance.  The biotic integrity of Troy Brook increased from “fair” 
(32) in 2003 to “good” (38) in 2008.  Despite high turbidity, high conductivity, and possible 
impacts from a storm water detention basin, the substrate, flow, habitat, and overhead cover in 
2008 were indicative of a healthy stream community.  The detention basin is likely outdated and 
was not designed to handle the current run-off from surrounding impervious cover.  As a result, a 
deeply scoured channel has been carved from the outlet to the entrance into Troy Brook (Figure 
22).   
 

Figure 21.  Comparison of ratings for Rounds 1 and 2 at individual sites. 
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Stony Brook – FIBI070 
The biotic integrity of Stony Brook decreased from 32 “fair” in Round 1 to 26 “poor” in 
Round 2.  In 2003, two stocked rainbow and one stocked brook trout were collected 
which resulted in higher scores for metric 3 (Trout/Sunfish Richness) and metric 4 
(Intolerant Richness).  Without these stocked fish, results between rounds were the same.  
The collection of stocked trout is dependent on many factors not related to biotic integrity 
including stocking allocations, fishing pressure, and condition of the fish at the time of 
stocking. 
 
Ambrose Brook – FIBI071 
Despite numerous signs of habitat and water quality degradation, the biotic integrity 
increased from 24 “poor” in Round 1 to 34 “fair” in Round 2.  The fish community 
collected in 2008 exhibited better trophic balance and was not dominated by tolerant 
individuals, as was the collection in 2003.  Although certain fish groups, such as the 
benthic insectivorous tessellated darter and the insectivorous cyprinid spottail shiner were 
more abundant in 2008, overall species diversity was poor (H` = 1.58). 
 
Middle Brook – FIBI072 
The biotic integrity increased from “poor” (26) in 2003 to “fair” (32) in 2008.  Although 
the overall proportion of tolerant species was high for both years surveyed, the 
percentage decreased from 79% in 2003 to 54% in 2008.  In addition, specialized feeders 
and overall fish abundance were slightly higher in this second round of sampling.   
 
Beaver Brook – FIBI079 
Biological integrity decreased from 48 “Excellent” in Round 1 to 42 “Good” in Round 2.  
An impounded tributary of the brook may be the cause of the decline in biological 
integrity, as fine sediment build-up and changes to the stream’s discharge and water 
chemistries were noted just below the impounded section.  Species richness declined 

Figure 22.  Channel scouring at storm water detention basin outlet. 
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from 15 in Round 1 to 10 in this second round with several benthic species absent from 
this recent sampling event including margined madtom, yellow bullhead, and brown 
bullhead.
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FURTHER INFORMATION 
 
The current report summarizes the ninth year of IBI sampling.  The network established a total of 
100 stations in northern New Jersey.  An IBI for southern New Jersey is currently being 
evaluated.  Stations will be visited every five years as part of the WM&S/BFBM’s monitoring 
efforts. 
 
Reports and data for the first eight years of the IBI can be obtained on the WM&S Bureau of 
Freshwater and Biological Monitoring’s web page: 
http://www.state.nj.us/dep/wms/bfbm/fishibi.html or by calling 609-292-0427. 
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APPENDIX 1 
Second Revised List of New Jersey Freshwater Fishes 

 
 

 
Trophic 

Guild Tolerance 
Historical 
Presence 

Petromyzontidae:    
American Brook Lamprey (Lampetra appendix) NF IS N 
Sea Lamprey (Petromyzon marinus) PF -- N 

Acipenseridae:    
Atlantic Sturgeon (Acipenser oxyrhynchus) BI -- N 
Shortnose Sturgeon (A. brevirostrum) BI IS N 

Lepisosteidae:    
Longnose Gar (Lepisosteus osseus) P -- EX 

Amiidae:    
Bowfin (Amia calva) P -- NN 

Anguillidae:    
American Eel (Anguilla rostrata) P TS N 

Clupeidae:    
Blueback Herring (Alosa aestivalis) PL -- N 
Hickory Shad (A. mediocris) I/P -- N 
Alewife (A. pseudoharengus) PL -- N 
American Shad (A. sapidissima) PL -- N 
Gizzard Shad (Drosoma cepedianum) O -- N 

Salmonidae:    
Rainbow Trout (Oncorhynchus mykiss) I/P IS NN 
Brown Trout (Salmo trutta) I/P IS E 
Brook Trout (Salvelinus fontinalis) I/P IS N 
Lake Trout (S. namaycush) P -- NN 

Osmeridae:    
Rainbow Smelt (Osmerus mordax) I -- N 

Umbridae:    
Eastern Mudminnow (Umbra pygmaea) G -- N 

Esocidae:    
Redfin Pickerel (Esox americanus) P -- N 
Northern Pike (E. lucius) P -- NN 
Muskellunge (E. masquinongy) P -- NN 
Chain Pickerel (E. niger) P -- N 

Cyprinidae:    
Goldfish (Carassius auratus) G -- E 
Grass Carp (Ctenopharyngodon idella) H -- E 
Satinfin Shiner (Cyprinella analostana) I -- N 
Spotfin Shiner (C. spiloptera) I -- N 
Common Carp (Cyprinus carpio) G -- E 
Cutlips Minnow (Exoglossum maxillingua) BI IS N 
Eastern Silvery Minnow (Hybognathus regius) H -- N 
Common Shiner (Luxilis cornutus) I -- N 
Golden Shiner (Notemigonus crysoleucas) O -- N 
Comely Shiner (Notropis amoenus) I -- N 
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Trophic 
Guild Tolerance 

Historical 
Presence 

Bridle Shiner (N. bifrenatus) I -- N 
Ironcolor Shiner (N. chalybaeus) I -- N 
Spottail Shiner (N. husdonius) I -- N 
Swallowtail Shiner (N. procne) I -- N 
Bluntnose Minnow (Pimephales notatus) O -- NN 
Fathead Minnow (P. promelas) O -- NN 
Blacknose Dace (Rhinichthys atratulus) BI -- N 
Longnose Dace (R. cataractae) BI -- N 
Creek Chub (Semotilus atromaculatus) I -- N 
Fallfish (S. corporalis) I -- N 

Cobitidae:    
         Oriental Weatherfish (Misgurnus anguillicaudatus) BI -- E 
Catostomidae:    

Quillback (Carpiodes cyprinus) O -- N 
White Sucker (Catostomus commersoni) G TS N 
Creek Chubsucker (Erimyzon oblongus) BI -- N 
Northern Hog Sucker (Hypentelium nigricans) BI IS N 

Ictaluridae:    
White Catfish (Ameiurus catus) I/P -- N 
Black Bullhead (A. melas) G -- NN 
Yellow Bullhead (A. natalis) G -- N 
Brown Bullhead (A. nebulosus) G -- N 
Channel Catfish (Ictalurus punctatus) I/P -- NN 
Tadpole Madtom (Noturus gyrinus) BI -- N 
Margined Madtom (N. insignis) BI IS N 

         Flathead Catfish (Pylodictis olivaris) P -- NN 
Aphredoderidae:    

Pirate Perch (Aphredoderus sayanus) I -- N 
Cyprinodontidae:    

Banded Killifish (Fundulus diaphanus) G TS N 
Mummichog (F. heteroclitus) G TS N 

Poeciliidae:    
Western Mosquitofish (Gambusia affinis) I -- NN 
Eastern Mosquitofish (G. holbrooki) I -- N 

Gasterosteidae:    
Fourspine Stickleback (Apeltes quadracus) I -- N 
Threespine Stickleback (Gasterosteus aculeatus) I -- N 
Ninespine Stickleback (Pungitius pungitius) I -- N 

Moronidae:    
White Perch (Morone americana) I/P -- N 
Striped Bass (M. saxatilis) P -- N 

Centrarchidae:    
Mud Sunfish (Acantharchus pomotis) I -- N 
Rock Bass (Ambloplites rupestris) I/P -- NN 
Warmouth (Chaenobryttus gulosus) I/P -- NN 
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 Trophic 
Guild Tolerance Historical 

Presence 
Blackbanded Sunfish (Enneacanthus chaetodon) I -- N 
Bluespotted Sunfish (E. gloriosus) I -- N 
Banded Sunfish (E. obesus) I -- N 
Redbreasted Sunfish (Lepomis auritus) G -- N 
Green Sunfish (L. cyanellus) G TS NN 
Pumpkinseed (L. gibbosus) G -- N 
Bluegill (L. macrochirus) G TS NN 
Smallmouth Bass (Micropterus dolomieu) P -- NN 
Largemouth Bass (M. salmoides) P -- NN 
White Crappie (Pomoxis annularis) I/P -- NN 
Black Crappie (P. nigromaculatus) I/P -- NN 

Percidae:    
Swamp Darter (Etheostoma fusiforme) BI IS N 
Tessellated Darter (E. olmstedi) BI -- N 
Yellow Perch (Perca flavescens) P -- N 
Shield Darter (Percina peltata) BI IS N 
Walleye (Sander vitreus) P IS NN 

Cottidae:    
Slimy Sculpin (Cottus cognatus) BI IS N 

 
 
Abbreviations: 
 

BI Benthic Insectivore or Invertivore IS Intolerant Species 
E Exotic N Native

EX Extirpated (no longer found in NJ) O Omnivore 
NF Nonparasitic filterer P Piscivore (top carnivore) 
PF Parasitic / Filterer PL Planktivore 
H Herbivore NN Non Native (introduced) 
I Insectivore TS Tolerant Species 

G Generalist 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 47

APPENDIX 2 
IBI for Northern New Jersey 

(Metrics and Scoring Criteria) 
 

 SCORING CRITERIA 
 5 3 1 
SPECIES RICHNESS AND COMPOSITION:  

1) Total Number of Fish Species VARIES WITH STREAM SIZE 

2) Number and Identity of benthic insectivorous species VARIES WITH STREAM SIZE 

3) Number and identity of trout and/or sunfish species VARIES WITH STREAM SIZE 

4) Number and identity of intolerant species VARIES WITH STREAM SIZE 

5) Proportion of tolerant individuals <20% 20-45% >45% 

TROPHIC COMPOSITION:    

6) Proportion of individuals as generalists  <20% 20-45% >45% 

7) Proportion of individuals as insectivorous cyprinids >45% 20-45% <20% 

8) Proportion of individuals as trout >10% 3-10% <3% 

OR 
(whichever gives better score)

   

Proportion of individuals as piscivores (excluding American eel) >5% 1-5% <1% 

FISH ABUNDANCE AND CONDITION:    

9) Number of individuals in the sample >250 75-250 <75 

10) Proportion of individuals with disease and anomalies (excluding 
blackspot disease) <2% 2-5% >5% 

 
Condition Categories (modified from Karr et al. 1986) 

 
45-50 Excellent Comparable to the best situations with minimal human disturbance: all 

regionally expected species for the habitat and stream size, most intolerant forms 
are present and there is a balanced trophic structure. 

 
37-44 Good Species richness somewhat below expectation, especially due to the loss of some 

intolerant species; some species present with less than optimal abundances or 
size distributions; trophic structure shows some signs of stress (increasing 
frequency of generalists and tolerant species). 

 
29-36 Fair Signs of additional deterioration include fewer species, loss of most intolerant 

species, highly skewed trophic structure (high frequency of generalists and 
tolerant species); older age classes of trout and/or top carnivores may be rare.  

 
10-28 Poor Low species richness, dominated by generalists and tolerant species, few (if any) 

trout or top carnivores, individuals may show signs of disease/parasites and site 
may have overall low abundance of fish. 
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Species to be included in each of the metrics used by the NJDEP: 
 

Benthic Insectivores (Metric 2) – Sturgeon, Cutlips Minnow, Dace, Suckers, Madtoms, Darters and  

Sculpins (Not including white sucker or bullheads) 

 

Trout* and Sunfish (Metric 3, 8) – All species in the families Salmonidae and Centrarchidae (Not including 

green sunfish or bluegill) 

 

Intolerant Species (Metric 4) – American Brook Lamprey, Shortnose Sturgeon, All Trout species, Cutlips 

Minnow, Northern Hog Sucker, Margined Madtom, Swamp Darter, Shield Darter, Walleye and Slimy Sculpin 

 

Proportion of Tolerant Individuals (Metric 5) – Green Sunfish, Bluegill, White Sucker, Banded Killifish, 

Mummichog, American Eel 

 

Proportion of Generalist Individuals (Metric 6) – Redbreast Sunfish, Green Sunfish, Banded Killifish, 

Pumpkinseed, Bluegill, Mummichog, Eastern Mudminnow, Yellow Bullhead, Brown Bullhead, White Sucker, 

Common Carp, Goldfish  

 

Insectivorous Cyprinids (Metric 7) – All minnows (Family Cyprinidae) in the following genera: Cyprinella, 

Exoglossum, Luxilus, Notropis, Rhinichthys and Semotilus 

 

Piscivores (Metric 8) – Largemouth Bass, Smallmouth Bass, Yellow Perch, Walleye, Chain Pickerel, Redfin 

Pickerel, Northern Pike, Bowfin 

• Streams that have been stocked with trout are sampled during July and August.  Both stocked and resident 
trout found during these months are counted in the IBI scoring.  The ability of a stream to support trout 
during these harsh months (high temperature, low dissolved oxygen) is indicative of good water quality and 
habitat. 

 
Number of Individuals (Metric 9) – (Not including Tolerant Species – Green Sunfish, Bluegill, White Sucker, 
Banded Killifish, Mummichog, American Eel) 
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APPENDIX 3 
 

IBI AND HABITAT SCORING SHEETS/GRAPHS 
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 LABEL  IBI SCORING 

SHEET 
 

    
    

Scorer 1   Excellent Good Fair Poor 

Date    

Scorer 2   Excellent Good Fair Poor 

Date    

   Scorer 1 Scorer 2 

    

# of Fish Species   

    

# of Benthic Insectivorous Species (BI)  

    

# of Trout and Centrarchid Species (trout, bass, sunfish, crappie)  

    

# of Intolerant Species (IS)  

    

Proportion of Tolerant Individuals  

    

Proportion of Individuals as Generalists   

  

Proportion of Individuals as Insectivorous Cyprinids (I and BI)  

    

Proportion of Individuals as Trout  *whichever gives better score 

OR    

Proportion of Individuals as Piscivores (Excluding American Eel)*  

    

Number of Individuals in Sample  

    

Proportion of Individuals w/disease/anomalies (excluding blackspot)  

    

Total    

 
 
 
 
 
 
 
 



 

 52

 
FIBI Field Data Sheet                                         High Gradient                              
 

Condition Category 
Habitat Parameter 

Optimal Suboptimal Marginal Poor 
 
 
1. Epifaunal Substrate 

/Available Cover 

 
Greater than 70% of substrate 
favorable for epifaunal 
colonization and fish cover; mix 
of snags, submerged logs, 
undercut banks, cobble or other 
stable habitat and at stage to 
allow full colonization potential 
(i.e., logs/snags that are not new 
fall and not transient). 

 
40-70% mix of stable habitat; 
well-suited for full colonization 
potential; adequate habitat for 
maintenance of populations; 
presence of additional substrate in 
the form of newfall, but not yet 
prepared for colonization (may 
rate at high end of scale). 

 
20-40% mix of stable habitat; 
habitat availability less than 
desirable; substrate frequently 
disturbed or removed. 

 
Less than 20% stable habitat; lack 
of habitat is obvious; substrate 
unstable or lacking. 

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
2. Embeddedness 

 
Gravel, cobble, and boulder 
particles are 0-25% surrounded 
by fine sediment.  Layering of 
cobble provides diversity of niche 
space 

 
Gravel, cobble, and boulder 
particles are 25-50% surrounded 
by fine sediment. 

 
Gravel, cobble, and boulder 
particles are 50-75% surrounded 
by fine sediment. 

 
Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment. 

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
3. Velocity/Depth Regimes 

 
All 4 velocity/depth regimes 
present (slow-deep, slow-shallow, 
fast-deep, fast-shallow). 
(slow is <0.3 m/s, deep is >0.5 m) 

 
Only 3 of the 4 regimes present 
(if fast-shallow is missing, score 
lower than if missing other 
regimes). 

 
Only 2 of the 4 habitat regimes 
present (if fast-shallow or slow-
shallow are missing, score low). 

 
Dominated by 1 velocity / depth 
regime (usually slow-deep). 

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
4. Sediment Deposition 

 
Little or no enlargement of 
islands or point bars and less than 
5% (<20% for low-gradient 
streams) of the bottom affected 
by sediment deposition. 

 
Some new increase in bar 
formation, mostly from gravel, 
sand or fine sediment;  
5-30% (20-50% for low-gradient) 
of the bottom affected; slight 
deposition in pools. 

 
Moderate deposition of new 
gravel, sand or fine sediment on 
old and new bars; 30-50% (50-
80% for low-gradient) of the 
bottom affected; sediment 
deposits at obstructions,  
constrictions, and bends; 
moderate deposition of pools 
prevalent. 

 
Heavy deposits of fine material, 
increased bar development; more 
than 50% (80% for low-gradient) 
of the bottom changing 
frequently; pools almost absent 
due to substantial sediment 
deposition. 

SCORE 20       19       18       17       16 15      14       13      12     11 10        9         8         7         6 5       4       3       2       1       0 
 
 
5. Channel Flow Status 
 

 
Water reaches base of both lower 
banks, and minimal amount of 
channel substrate is exposed. 

 
Water fills >75% of the available 
channel; or <25% of channel 
substrate is exposed. 

 
Water fills 25-75% of the 
available channel, and/or riffle 
substrates are mostly exposed. 

 
Very little water in channel and 
mostly present as standing pools. 

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
6. Channel Alteration 

 
Channelization or dredging 
absent or minimal; stream with 
normal pattern. 

 
Some channelization present, 
usually in areas of bridge 
abutments; evidence of past 
channelization, i.e., dredging, 
(greater than past 20 yr) may be 
present, but recent channelization 
is not present. 

 
Channelization may be extensive; 
embankments or shoring 
structures present on both banks; 
and 40 to 80% of stream reach 
channelized and disrupted. 

 
Banks shored with gabion or 
cement; over 80% of the stream 
reach channelized and disrupted.  
In stream habitat greatly altered 
or removed entirely. 

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
7. Frequency of Riffles (or 

bends) 

 
Occurrence of riffles relatively 
frequent; ratio of distance 
between riffles divided by width 
of the stream <7:1 (generally 5 to 
7); variety of habitat is key.  In 
streams where riffles are 
continuous, placement of 
boulders or other large, natural 
obstruction is important. 

 
Occurrence of riffles infrequent; 
distance between riffles divided 
by the width of the stream is 
between 7 to 15.   

 
Occasional riffle or bend; bottom 
contours provide some habitat; 
distance between riffles divided 
by the width of the stream is 
between 15 to 25.   

 
Generally all flat water or shallow 
riffles; poor habitat; distance 
between riffles divided by the 
width of the stream is a ratio of 
>25.   

SCORE 20       19       18       17       16 15      14       13      12      11 10        9         8         7         6 5       4       3       2       1       0 
 
 
8. Bank Stability (score 

each bank) 
Note: determine left 
or right side by facing 
downstream. 

 
Banks stable; evidence of erosion 
or bank failure absent or minimal; 
little potential for future 
problems. <5% of bank affected. 

 
Moderately stable; infrequent, 
small areas of erosion mostly 
healed over.  5-30% of bank in 
reach has areas of erosion. 

 
Moderately unstable; 30-60% of 
bank in reach has areas of 
erosion; high erosion potential 
during floods. 

 
Unstable; many eroded areas; 
"raw" areas frequent along 
straight sections and bends; 
obvious bank sloughing; 60-
100% of bank has erosional scars. 

SCORE ______ (LB) Left Bank 10        9  8             7             6  5             4             3  2             1             0 
SCORE ______ (RB) Right Bank 10        9  8             7             6  5             4             3  2             1             0 
 
 
9. Bank Vegetative 

Protection (score each 
bank) 

 
More than 90% of the streambank 
surfaces and immediate riparian 
zone covered by native 
vegetation, including trees, under 
story shrubs, or nonwoody 
macrophytes; vegetative 
disruption through grazing or 
mowing minimal or not evident; 
almost all plants allowed to grow 
naturally. 

 
70-90% of the streambank 
surfaces covered by native 
vegetation, but one class of plants 
is not well-represented; disruption 
evident but not affecting full plant 
growth potential to any great 
extent; more than one-half of the 
potential plant stubble height 
remaining. 

 
50-70% of the streambank 
surfaces covered by vegetation; 
disruption obvious; patches of 
bare soil or closely cropped 
vegetation common; less than 
one-half of the potential plant 
stubble height remaining. 

 
Less than 50% of the streambank 
surfaces covered by vegetation; 
disruption of streambank 
vegetation is very high; 
vegetation has been removed to  
5 centimeters or less in average 
stubble height. 

SCORE ______ (LB) Left Bank 10        9  8             7             6  5             4             3  2             1             0 
SCORE ______ (RB) Right Bank 10        9  8             7             6  5             4             3  2             1             0 
 
 
10. Riparian Vegetative 

Zone Width (score 
each bank riparian 
zone) 

 
Width of riparian zone >18 
meters; human activities (i.e., 
parking lots, roadbeds, clear-cuts, 
lawns, or crops) have not 
impacted zone. 

 
Width of riparian zone 12-18 
meters; human activities have 
impacted zone only minimally. 

 
Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal. 

 
Width of riparian zone <6 meters: 
little or no riparian vegetation due 
to human activities. 

SCORE ______ (LB) Left Bank 10        9  8             7             6  5             4             3  2             1             0 
SCORE ______ (RB) Right Bank 10        9  8             7             6  5             4             3  2             1             0 

 
HABITAT SCORES VALUE 

OPTIMAL 160 Χ 200 

SUB-OPTIMAL 110 Χ 159 

MARGINAL   60 Χ 109 

POOR  < 60 

HABITAT SCORE 
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Total number of fish species versus watershed area for New Jersey ecoregion reference sites 
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Total number of benthic insectivorous fish species versus watershed area for New Jersey ecoregion reference sites 
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Total number of trout and sunfish species versus watershed area for New Jersey ecoregion reference sites 
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Total number of intolerant fish species versus watershed area for New Jersey ecoregion reference sites 
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Executive Summary

Under the Clean Water Act, states are required to measure status
and trends of surface water quality and determine the extent to
which waterbodies support balanced biological communities. To
date, this has been accomplished through monitoring programs
designed to routinely monitor waterbodies for various chemical,
physical and biological parameters. Fish have a long history of
use as biological indicators of water quality. For example, the
re-establishment of fish populations in waterbodies from which
they were once absent, has been used to demonstrate the
successfulness of various pollution abatement programs. In
addition, to determine the extent and magnitude of chemical
contamination in the environment, fish are routinely collected
and their tissue analyzed for chemical contaminants. More
recently, with the development of the Index of Biotic Integrity
(IBI), the use of fish communities is gaining support for
assessing environmental quality. The IBI utilizes various
ecological attributes of fish communities (i.e., species
richness, trophic composition, abundance, fish condition) to
assess environmental quality of streams and rivers.

This document reports the findings of a study conducted to
evaluate the application and use of the IBI in New Jersey,
including several recommendations regarding the use of the IBI as
a water monitoring assessment tool.

Fish samplings were conducted over a four summer period (1990 -
1993), at 122 stream sites located in the Passaic, Wallkill,
Delaware and Raritan drainages. Stream drainages ranged in size
from approximately 5 to 350 square miles. Chemical and benthic
macroinvertebrate data were obtained at 30 and 63 sites,
respectively, and used to examine their relationship with the
IBI.

Study findings suggests the IBI may be limited to screening sites
for the detection of seriously degraded conditions. Strong
relationships between IBI data and both chemical and benthic
macroinvertebrate data were not apparent. Several trends were
evident suggesting that some biometrics comprising the IBI may
contribute little information to the overall IBI. Like most
monitoring tools, it is not recommended the IBI be used to
replace information obtained by other monitoring tools, but
rather to enhance existing information.

IV



Background

New Jersey like other states, is required to measure status and
trends of surface water quality and determine the extent to which
waterbodies support balanced biological communities (Section
305(b) of the Clean Water Act). To accomplish this, the New
Jersey Department of Environmental Protection and Energy
routinely monitors waterbodies for various chemical, physical and
biological parameters. In practice, measurements of these
parameters should enable states to determine whether they are
meeting the goals of the Clean Water Act. Objectives stated in
Section 101 of the Clean Water Act are "to restore and maintain
the chemical, physical and biological integrity of the Nation's
waters". At the present time, numerous assessment tools are
being utilized or proposed for the routine monitoring of surface
water quality. Unfortunately, there is substantial controversy
regarding the present ability of monitoring programs to document
water quality improvements or declines on a regional and national
scale. In response to this concern, a number of recommendations
have been made to enhance surface water monitoring, including the
application and development of promising biological techniques
(U.S. EPA 1987). As an outgrowth of these recommendations and a
renewed interest in biological assessments, Environmental
Services Division personnel examined the potential application of
two newly proposed bioassessment tools: rapid bioassessment
protocols (RBP's) and the index of biological integrity (IBI).
This report describes our assessment and application of the IBI
in northern New Jersey streams. To date, a rigorous analysis of
the relationship of the IBI to environmental quality in New
Jersey streams has not occurred.

Development and Description of the IBI

The IBI developed by Karr et al. (1986), utilizes various
ecological attributes of stream fish communities to assess
habitat and water quality. Karr and Dudley (1981) defined biotic
integrity as "a balanced, integrated, adaptive community of
organisms having a species composition, diversity, and functional
organization comparable to that of natural habitat of the
region". The original IBI was developed for use on small wadable
streams located in Illinois and Indiana. More recently, a number
of modifications and regional applications of the IBI have
occurred (Leonard and Orth 1986; Hughes and Gammon 1987; Miller
et al. 1988; Steedman 1988; Lyons 1992). Regional modifications
were necessary to account for regional differences in fish
distribution and community structure.

The New Jersey version of the IBI described here consists of ten
biometrics:



Species Richness and Composition

1. Total number of fish species (excluding trout)
2. Number and identity of benthic insectivorous species
3. Number and identity of trout (non-stocked) and/or sunfish

species
4. Number and identity of intolerant species
5. Proportion of individuals as white suckers

Trophic Composition

6. Proportion of individuals as omnivores
7. Proportion of individuals as insectivorous cyprinids
8. Proportion of individuals as non-stocked trout or proportion

of individuals as piscivores

Fish Abundance and Condition

9. Number of individuals in the sample
10. Proportion of individuals with disease or anomalies

Consistent with Karr et al. (1986), a theoretical framework
utilizing several biological metrics is used to assess a fish
communities richness, trophic composition, abundance and
condition as compared to fish communities found in regional
reference streams. Six of Karr's (1986) original twelve metrics:
total number of fish species, number and identity of intolerant
species, proportion of individuals as omnivores, proportion of
individuals as insectivorous cyprinids, number of individuals in
sample and proportion of individuals with disease, tumors, fin
damage, and skeletal anomalies, were retained for the modified
version. Two metrics, number and identity of benthic
insectivorous species and proportion of individuals as white
suckers fCatostomus commersoni) were taken from (Miller et al.
1988). The trophic composition metric, proportion of individuals
as trout or proportion of individuals as piscivores, was
developed for use in Vermont (Langdon 1992). Unlike the Vermont
IBI, the New Jersey version was modified not to include stocked
trout. Abundances of stocked trout in streams often depend on
fish angling pressure and numbers of fish stocked, and may not be
directly related to environmental quality.

in high quality streams, fish communities have structural and
functional characteristics similar to communities found in
ecoregion reference streams. Ecoregion reference sites as
defined here, are unimpaired (minimal impact) streams in areas of
relatively homogeneous ecological systems. In order to calculate
the IBI and make an accurate assessment of environmental
conditions, a thorough understanding of species richness,
composition and condition of a healthy fish community is
necessary. When the fish community observed at a site is similar
to the expected (based on ecoregional references), environmental



degradation is unlikely. Conversely, when the fish community
observed deviates from the expected, environmental degradation
can be inferred. In streams exhibiting good water quality, fish
communities are represented by high total species, benthic
insectivorous species and intolerant species richnesses.
Intolerant species are those fish which are most sensitive to
water pollution and habitat alteration. High quality streams are
also characterized by balanced trophic composition representing
species with specialized and generalized foraging behaviors.
Further, fish populations are abundant and individual fish are in
healthy condition. When stream degradation occurs, total species
richness, intolerant species richness and species richnesses of
other taxonomic groups decline. The fish community shifts toward
species with more generalized feeding habits. Omnivores often
dominate, while insectivorous cyprinids and top carnivores become
less numerous. When water quality is severely degraded, fish
population abundances are low and incidences of disease and
anomalies are often prevalent.

Field Collection

Primary objectives of the fish collection are to obtain samples
with representative species, and abundances, at a reasonable
level of effort. Sampling effort is standardized by using
similar stream lengths, collection methods, sampling times
and habitat types.

Stream segments selected for sampling must have at a minimum, one
riffle, run and pool sequence to be considered representative.
Approximately equal proportions of these habitats are sampled
among sites being compared. Channelized streams may be an
obvious exception, as are streams located in central and southern
New Jersey, were low gradient precludes typical riffle habitat.
In low gradient streams, the sampling requires that stream
lenghts encompass major habitat types such as pools, runs, bends
and log jams. Determining stream lengths necessary for adequate
sampling is based on stream size (Table 1). Streams with
drainage areas less than 5 square miles are excluded from IBI
scoring because of naturally occuring low species richness.
Often streams classified as trout production waters fall into
this category. More appropriate assessment methods for these
streams include the measurement of trout abundance and/or young
of the year production. Benthic macroinvertebrate assessments
are also a viable alternative. In addition, atypical habitats
such as bridge crossings, dams and mouths of tributaries should
be avoided, unless the intent of the study is to determine the
influence these habitats have on the fish community. Most often,
sampling atypical habitats results in the collection of fish
species not represented in typical stream reaches. Sampling
intermittent streams should also be avoided. These streams
require the development of a separate set of IBI scoring
criteria.



Table 1. Requirements for fish sampling based on stream size.

Stream Size:
A B

Moderate to large Wadeable streams
streams and rivers (3rd and 4th order)
{5th order or greater)

Headwater streams
(1st and 2nd order)

Sampling Distance:
(meters)

500 m 200-150 m 150 m

Electrofishing Gear: 12' boat Long1ine(400') and Backpack shocker
streambank generator
pulsator unit

Power Source: 5000 watt generator 2500 watt generator 12 volt battery



Fish are sampled using electrofishing gear with pulsed direct
current output. Direct current is safer, more effective in
turbid water and less harmful to the fish. In low conductivity
waters (less than 75 umhos/cm), alternating current should be
used. Selection of appropriate electrofishing gear is dependent
on stream size (Table 1). A typical sampling crew consists of
three to four people depending on the gear being utilized. A
minimum of two people is required for netting the stunned fish.
Electrofishing is conducted by working slowly upstream and
placing the electrodes in all available fish holding habitat.
Stunned fish should be netted at and below the electrodes as they
drift downstream. Long handled nets with sufficient frame width
and depth having a 3/16" mesh size are utilized. Netters should
attempt to capture fish representing all size classes. To
maximize fish capture efficiency, all sampling crew members must
wear polarized sunglasses to reduce sun glare.

All fish captured are placed in water filled styrafoam coolers
located along the streambank. Coolers should be within at least
20 meters of each other. To reduce fish mortality, coolers must
contain sufficient water and never be placed in direct sunlight.

Sampling time generally requires two hours per station. This
includes the measurement of routine chemical and physical
parameters. Sampling is conducted in the daytime, June through
early October, during normal or low flows, and never under
atypical conditions such as high flows or excessive turbidity
caused by significant precipitation. Fish collections made in
the summer and early fall are easier, safer and less likely to
disturb spawning fish.

Sample Processing

Fish are identified to the species level, counted, examined for
disease and anomalies, released and recorded on fish data sheets
in the field (Appendix 1). Only fish greater than 20 mm in
length are counted. All fish must be identified accurately to
species. Reference specimens for difficult to identify
individuals are placed in jars containing 10 percent fomaldehyde
and later confirmed at the laboratory using regional taxonomic
keys (Stiles 1978; Werner 1980; Smith 1985). Under certain
circumstances, the capture of fish using electrofishing gear may
result in some fish receiving electrode scares or apparent
backbone deformities. These fish must be excluded from the
assessment of disease and anomalies. All fish should be handled
gently during counting and released immediately to reduce
mortality which may result from handling stress.

Measurement of Physical and Chemical Parameters

Physical and chemical measurements of existing stream conditions
are recorded on physical characterization/water quality field



data sheets (Appendix 2) (Plafkin et. al. 1989). Additional
notes on the absence or presence of aquatic macrophyte, algae,
benthic macroinvertebrate species and other pertinent information
should be recorded. In addition, when impairment is observed, an
impairment assessment sheet (Appendix 3) (Plafkin et. al. 1989)
is completed.

Habitat Assessment

Habitat assessments are conducted at every sampling site and all
information is recorded on field data sheets (Appendix 4).
Habitat assessments provide useful information on probable causes
of impairment to instream biota, when water quality parameters do
not indicate any limitations. The habitat assessment consists of
an evaluation of the following physical features: substrate,
channel morphology and streamside cover. Each of these groups is
scored and summed to produce a total score which is assigned a
habitat quality category: excellent, good, fair or poor.

Using and Interpreting the IBI

Once fish from sample collections have been identified, counted,
examined for disease and anomalies, and recorded, several
biometrics are applied to evaluate biological integrity. Fish
community analysis is accomplished using a regional modification
of the original IBI (Karr et. al. 1986). The modified IBI (New
Jersey version) uses the following ten biometrics: 1) total
number of fish species, 2) number and identity of benthic
insectivorous species, 3) number and identity of trout and/or
sunfish species, 4) number and identity of intolerant species, 5)
proportion of individuals as white suckers, 6) proportion of
individuals as omnivores, 7) proportion of individuals as
insectivorous cyprinids, 8) proportion of individuals as non-
stocked trout or proportion of individuals as piscivores, 9)
number of individuals in the sample and 10) proportion of
individuals with disease or anomalies.

Four biometrics require the use of Maximum Species Richness (MSR)
lines. MSR lines relate species richness to stream size and
environmental quality. For any given stream, species richness is
expected to increase with higher environmental quality.
Additionally, in a stream with a given level of environmental
quality, species richness should increase with stream size.
Thus, large sized streams with good water quality should have
significantly more species than a small, poor quality stream.
MSR lines (Figures 1-4) were developed to show the relationship
between species richness and waterbody size in New Jersey.
Historical fisheries data (unpublished New Jersey Division of
Fish and Game) collected at 126 stream sites located in the
Delaware, Passaic and Raritan drainages were used to plot this
relationship. The fish collection methods and the stream lengths
sampled in the historical study were similar to ours (Table 1).



Figure 1. Total number of fish species versus f̂ | watershed area for New Jersey
ecoregion reference sites. v-x 2
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Figure 2. Total number of benthic insectivorou:TS\ fish species versus watershed
area for New Jersey ecoregion refer %irence sites.
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Figure 3. Total number of intolerant fish spe^ikcies versus
New Jersey ecoregion reference siteCvs.

watershed area for
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Figure 4. Total number of trout and sunfish /̂ Vspecies versus watershed area
New Jersey ecoregion reference ̂ f sites.
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Using the procedure described in (Karr et al. 1986), MSR lines
for each richness metric were drawn with slopes fit by eye to
include 95% of the data points. The area under the MSR line is
trisected by two diagonal lines.

Points located near the MSR line represent species richness
approaching that expected for an unimpacted stream. Points
falling within the lowest trisected area, furthest from the MSR
line, represent the greatest deviation from an ecoregional
reference condition. For example, using total species richness
(Figure 1), a sample collection resulting in the capture of five
total fish species in a stream with a drainage area of 10 square
miles, would receive a score of three and have an intermediate
deviation from an expected condition.

Trophic composition metrics, unlike the richness metrics, are
scored based on a percentage of the total numbers of individual
fish captured. The influence of stream size on trophic
composition has not been determined for New Jersey streams. In
Illinois and Wisconsin streams (Karr 1981; Lyons 1992), trophic
composition was not strongly influenced by stream size. Based on
these findings, fixed scoring criteria are used on all stream
sizes found in New Jersey, with the exception of large rivers.

Quantitative scoring criteria were developed for each biometric
based upon the degree of deviation: 5 (none to slight), 3
(moderately) and 1 (significantly) from appropriate ecoregional
reference sites. Scores for the individual biometrics at each
sampling location are summed to produce a total score which is
then assigned a condition category (Appendix 5). The maximum
possible IBI score is 50, representing excellent biological
integrity. A score of less than 18 indicates a stream has very
poor biological integrity. 10 is the lowest score a site can
receive. Trophic guilds, pollution tolerances and origins
(exotic or introduced) for each fish species used in calculating
the IBI (Appendix 6) were assigned using several fisheries
publications (Stiles 1978; Smith 1985; Hocutt et. al. 1986; Karr
et. al. 1986; Ohio EPA 1987; Miller et. al. 1988). A description
of each biological metric used to measure biological integrity is
presented below.

Species Richness and Composition

1. Total number of fish species:

This metric is simply a measure of the total number of fish
species identified from a sample collection. A reduction of
taxonomic richness may indicate a pollution problem (e.g. organic
enrichment, toxicity) and/or physical habitat loss. Fish species
that are least tolerant of environmental change are the first to
become absent when water quality degradation increases.

11



2. Number and identity of benthic insectivorous species:

Many benthic species require clean gravel or cobble substrate for
reproduction and/or living space. Degradation of this habitat
from siltation is often reflected by a loss of benthic species
richness (Karr et al. 1986). Several benthic fish require quiet
pool bottoms and may decline when benthic oxygen depletion occurs
(Ohio EPA 1987). Further, reductions of some benthic
insectivorous fish may indirectly indicate a toxics problem.
Benthic macroinvertebrates are an important food source for
benthic insectivorous fish. Their sessile mode of life, make
them particularly susceptible to toxicant effects.

3. Number and identity of trout and/or sunfish species:

Sunfish species numbers decline with pool habitat degradation and
loss of instream cover (Gammon et. al. 1981; Angermeier 1983).
In coldwater streams where sunfish are absent, trout fill a
similar ecological niche and may be used to replace sunfish.
Trout are equally, if not more sensitive to habitat degradation. -
The relationship between trout populations and habitat is well
documented (Boussu 1954; Bowlby and Roff 1986).

4. Number and identity of intolerant species:

This metric provides a measure of the fish species most sensitive
to environmental degradation. The absence of some fish species
occurs when only subtle enviromental changes are caused by
chemical or physical perturbations. Fish species classified as
intolerant should have historical distributions significantly
greater than presently occurring populations and be restricted to
streams that have exceptional water quality (Karr et al. 1986).

5. Proportion of individuals as white suckers:

White suckers are a common fish species found in small and large
streams representing a wide range of water quality conditions*
White suckers adapt well to changing environmental conditions and
often become dominant at disturbed sites. This metric is
generally useful in distinguishing moderately and severely
impaired conditions.

Trophic Composition

6. Proportion of individuals as omnivores:

This metric provides information on the trophic dynamics of a
stream ecosystem. Often a shift in feeding behavior from
specialized to generalized occurs when water quality becomes
degraded. For example, excessive nutrient enrichment may result
in the proliferation of algae, thus providing an additional food
source available for exploitation by fish species with flexible
feeding strategies.

12



7. Proportion of individuals as insectivorous cyprinids:

Cyprinids are the dominant insectivorous group found in northern
New Jersey streams and in general, insectivores are the dominant
trophic guild found in lotic systems. A shift from insectivores
to omnivores often indicates poor conditions associated with
water quality and/or physical habitat degradation. Similar to
the benthic insectivore metric, insectivorous cyprinids may
indirectly measure the effects of toxicity.

8. Proportion of individuals as non-stocked trout or proportion
of individuals as piscivores:

Streams with slight or moderate water quality impairment
generally contain several top predator fish species. In
coldwater streams were true piscivores are absent, adult trout
may be used to replace piscivores.

Fish Abundance and Condition

9. Number of individuals in the sample:

This metric measures the relative abundance of fish captured in a
specified area or stream length and is used to distinguish
streams with severe water quality impairment. Severe toxicity
and oxygen depletion are examples of perturbations often
responsible for extremely low fish abundances.

10. Proportion of individuals with disease or anomalies:

This metric provides a relative measure of the condition of
individual fish. Similar to metric nine, this fish condition
metric is especially useful for distinguishing streams with
serious water quality impacts. This metric often detects impacts
occurring below subacute chemical discharges or areas highly
contaminated by chemicals.

Testing and Application of the IBI in
Northern New Jersey Streams

Methods

Electrofishing surveys were conducted over a four summer period
(1990 - 1993), at 122 stream sites located in the Passaic,
Wallkill, Delaware and Raritan drainages (Appendix 7). All
sampling was performed in the summer and early fall. Stream
drainages ranged in size from approximately 5 to 350 square miles
and were determined using information obtained from the United
States Geological Survey (Velnich 1982 and unpublished data).
Routine chemical and physical parameters (Appendix 2), including
the assessment of habitat, were measured in conjunction with fish
collections at each site. Data collected from 30 sites (Table 2)
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Table 2. IBI and water quality data for stream sites sampled during 1990-1993.

RIVER

Assunpink Creek
Bedens Brook
Big Flat Brook
Black Creek
Crosswicks Creek
Doctors Creek
Elizabeth River
Lamington River
Lamington River
Lamington River
Millstone River
Millstone River
Millstone River
Musconetcong River
Neshanic River
Passaic River
Passaic River
Paulins Kill
Paulins Kill
Pequannock river
Rahway River
Ramapo River
Rockaway River
Saddle River
South Branch Raritan River
Spruce Run Creek
Wallkill River
Wanaque River
Whippany River
Wickecheoke Creek

DRAINAGE

Delaware
Raritan
Delaware
Wallkill
Delaware
Delaware
Passaic
Raritan
Raritan
Raritan
Raritan
Raritan
Raritan
Delaware
Raritan
Passaic
Passaic
Delaware
Delaware
Passaic
Passaic
Passaic
Passaic
Passaic
Raritan
Raritan
Wallkill
Passaic
Passaic
Delaware

WQM
SCORE

72
42
19
51
37
45
82
58
22
30
25
32
43
39
85
60
57
58
32
26
72
42
86
83
35
37
26
4
94
51

IB! 2
SCORE

40
46
46
36
42
40
24
38
40
42
38
30
36
38
42
40
38
44
42
38
38
32
36
40
44
42
40
34
36
40

1 On a scale of 0(excellent) to 100(very poor). WQI scores of
the worst three months average were taken from the 1990 New
Jersey 305(b) report.

2 On a scale of 10(very poor) to 50 (excellent)
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were evaluated to determine the relationship between the IBI and
a water quality index (WQI). The WQI is a numeric value, ranging
from 0 (best) to 100 (worst), used to reflect the composite
influence of eight constituents (temperature, oxygen, pH,
bacteria, nutrients, solids, ammonia and metals) considered most
important in determining water quality. Statistical analysis of
the data set was performed using a correlation coefficient
statistic. In addition, at 63 sites where IBI data and benthic
macroinvertebrate data were collected (Table 3), the data were
compared to examine the relationship between the two measures.

Study Area

Streams selected for sampling were located near or north of the
fall line that runs from approximately Trenton to Raritan Bay.
This area is divided disproportionately into four ecoregions:
Northern Piedmont, North Central Appalachians, Northeastern
Highlands and Northeastern Coastal Zone (Omernik 1987) . The
Peidmont ecoregion comprises the largest percent area. All
watersheds have varied land uses consisting of agriculture,
forest, suburban development and urbanization. Watersheds
heavily influenced by urbanization are located in the Trenton
area and northeastern New Jersey. The extreme northwestern and
northern portions of the state are predominantly forested. The
remaining areas have a mixture of forest, agriculture and
residential development.

Results and Discussion

Assessing the IBI as an Indicator of Stream Quality:

In our study, stream health as measured by the IBI was not
strongly related to an independent measure of water quality,
based on WQI scores. Statistical analyses using Spearman Rank
Correlation Coefficient measured a weak correlation (Spearmans r
= - 0.1677). Correlation with the WQI is negative because WQI
scores decrease as water quality increases. This relationship
implies the IBI may not be a sensitive indicator of overall water
quality.

A relationship appeared to exist between IBI and RBP scores for
streams with degraded environmental conditions. 18 sites
assessed as poor, fair and fair-good using the IBI were assessed
as moderately or severely impacted using RBP's. Relationships
between the IBI and RBP were unclear at the other end of the
water quality scale. At 45 sites environmental conditions
measured by the IBI were good, good-excellent and excellent.
Concomitant assessments using RBP's determined that 31 sites
(69%) and 14 sites (31%) were non-impacted and moderately
impacted, respectively. At 31 percent of the sites, assessments
of benthic macroinvertebrates appeared to provide a more
sensitive indicator of environmental quality.
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Tables. IBland rapid bioassessment protocol data for stream sites sampled during 1986-1093.

RIVER DRAINAGE CONDITION CATEGORY
IBI RBP 1

Assunpink Creek
Big Flatbrook
Big Flatbrook
Big Flatbrook
Big Flatbrook
Big Flatbrook
Bound Brook
Bound Brook
Bound Brook
Capoolong Creek
Crosswicks Creek
Doctors Creek
Doctors Creek
Drakes Brook
Furnace Brook
Furnace Brook
Green Brook
Green Brook
Hakihokake Creek
Hakihokake Creek
Hanhokake Creek
Lamington River
Lamington River
Lockalong Creek
Middle Brook
Millstone River
Millstone River
Musccnetcong River
Nishisakawick Creek
North Branch Raritan River
North Branch Raritan River
North Branch Rockaway Creek
Passaic River
Passaic River
Passaic River
Paulms Kill River
Peapack Brook
Peckmans River
Pequannock River
Pequannock River
Pequest River
Pohatcong Creek
Pompton River
Pompton River
Ramapo River
Rockaway River
RocKaway River
Rockaway River
South Branch Raritan River
South Branch Raritan River
South Branch Raritan River
South Branch Raritan River
South Branch Rarilan River
Spruce Run Creek
Stony Brook
Van Campens Brook
Walikill River
Wanaque River
Wanaque River
Whippany river
Whippany River
Whippany River
Wickecheoke Creek

1 Rapid bioassessment protocol condition categories (NI
impacted/ MI = moderately impacted, SI » severly impactei

Delaware
Delaware
Delaware
Delaware
Delaware
Delaware
Raritan
Raritan
Raritan
Rarrtan
Delaware
Delaware
Delaware
Rarrtan
Delaware
Delaware
Raritan
Raritan
Delaware
Delaware
Delaware
Raritan
Raritan
Delaware
Raritan
Raritan
Raritan
Delaware
Delaware
Raritan
Raritan
Raritan
Passaic
Passaic
Passaic
Delaware
Raritan
Passaic
Passaic
Passaic
Delaware
Delaware
Passaic
Passaic
Passaic
Passaic
Passaic
Passaic
Raritan
Rarrtan
Rarrtan
Raritan
Raritan
Raritan
Raritan
Delaware
Walikill
Passaic
Passaic
Passaic
Passaic
Passaic
Delaware

Good
Good to Excellent
Good
Good to Excellent
Good to Excellent
Good to Excellent
Fair
Poor
Poor to Fair
Good
Good
Fair to Good
Good
Excellent
Poor
Good
Good to Excellent
Good
Good to Excellent
Good
Excellent
Good
Good
Good
Good
Fair to Good
Good
Good
Excellent
Good
Good
Fair to Good
Fair
Good
Good to Excellent
Good to Excellent
Good
Poor
Fair
Good
Fair
Good to Excellent
Fair
Fair
Fair
Good
Good
Fair to Good
Good to Excellent
Good
Good to Excellent
Fair to Good
Good
Good
Good to Excellent
Excellent
Good
Good
Fair
Good
Fair to Good
Good to Excellent
Good

Ml
NI
Nl
NI
Nl
NI
Ml
Ml
SI
Ml
Ml
Ml
Nl
Nl
Ml
Nl
Nl
Ml
Nl
Nl
Ni
Nl
Nl
Nl
Ml
Ml
Ml
Ml
Nl
Ml
Ml
Ml
Ml
Nl
Nl
Ml
Nl
Ml
Ml
Ml
Ml
Nl
SI
SI
Ml
Nl
Ml
Ml
Nl
Ml
Nl
Ml
Ml
Nl
Nl
Nl
Nl
Nl
SI
Nl
Ml
Nl
Nl

non-



Our testing of the New Jersey version of the IBI, suggests the
IBI may be limited to screening sites for the detection of
seriously degraded conditions. Fish community and benthic
macroinvertebrate assessments are both effective in distinguising
sites that have degraded water quality. Based on the poor
relationship between IBI and WQI scores, the present version of
the IBI is not recommended as an assessment tool for measuring
subtle changes in environmental quality. Further, caution must
be exercised when solely using the IBI to evaluate stream health.
In our study, several site assessments concluded healhty stream
conditions using the IBI. In contrast, benthic macroinvertebrate
assessments conducted at the same sites suggested moderate
impairment.

Assessment of the Metrics:

After applying the New Jersey version of the IBI on 122 stream
sites, certain trends were evident regarding each metric's
contribution of useful information to the IBI. Inferences drawn
here are based on field observations and the review of IBI data,
and should not be construed as conclusions supported by rigorous
statistical testing and analyses.

Two of the species richness and composition metrics may require
additional refinements or adjustments. The number and identity
of trout and/or sunfish species metric appears to have
limitations when applied to small coolwater and warmwater
streams. Sunfish species richness in New Jersey streams is
generally poor. Even for larger streams, the maximum number of
sunfish species typically captured in our survey was only five
species (not excluding Micropterus sp.) Unlike Karr et al.
(1986), black basses fMicropterus sp.) were included in the
metric, in order to inflate already low centrachid family
richness. Our findings concur with other studies that have
evaluated regional applications of the IBI. Maintaining the
theoretical rationale of the original metric, Miller et al.
(1988) replaced the sunfish richness metric with a water column
species richness metric. The authors felt it was not possible to
use a sunfish richness metric because drainages located in the
northeast were typically depauperate of native sunfish species.

Use of the metric on number and identity of intolerant species
was problematic. Information on tolerances of individual fish
species to environmental perturbations is incomplete and somewhat
subjective, especially for freshwater fish found in New Jersey.
Karr et al. (1986) recommended for the purposes of the IBI,
assignment of the intolerant class be restricted to 5 to 10% of
the total species known to be sensitive to major environmental
disturbances (e.g. nutrient enrichment, channelization). In
order to meet this requirement, intolerant species assignments
developed for other northeastern drainages were used (Miller et
al. 1988). Several species, redfin pickerel (Esox americanus)
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and creek chubsucker (Erimvzon oblonausl, although classified as
intolerant, were common throughout a range of water quality
conditions in our study, and would not appear to represent
pollution sensitive species. This discrepency may be explained
in part by zoogeographic fish distributions. Redfin pickerel,
creek chubsucker and several other fish species originated from
the Mid-Atlantic refugia (Hocutt et al. 1986) and are at northern
limits of their distribution in the northeast. These species may
be rare in the northeast, but not necessarily intolerant of poor
environmental conditions. Limited distributions of these species
may have been used to falsely infer intolerance. As a result,
the intolerant species metric did not contribute significantly to
the overall IBI.

Use of the trophic composition metrics, proportion of individuals
as omnivores and piscivores, did not contribute significant
information to the IBI. Omnivorous fish species are depauperate
in New Jersey. Golden shiners fNotemigonus crysoleucas) are the
only native omnivore present in New Jersey, and are generally
restricted to lakes and large streams, thus limiting their use in
small and intermediate streams. Common carp (Cyprinus carpio),
an introduced omnivore with a known tolerance to pollution are
commonly found in New Jersey. Most streams in northern New
Jersey are typically characterized by having moderate gradients.
Common carp, however, do not prefer stream habitats that have
significant gradient. Consequently, the use of carp in the
omnivore metric is limited to use on low gradient streams.

Piscivorous fish species are depauperate in New Jersey streams.
Chain pickerel (Esox nigerl, redfin pickerel and the american eel
fAnguilla rostrata) are among the only native predatory species.
Introduced species such as smallmouth bass fMicropterus
doloirdeiu) and largemouth bass (Micropterus salmoides) have well
established populations and do inflate the richness of total
piscivorous species. With the exception of american eels,
piscivorous fish abundances were low at most of our collection
sites, and probably reflect the depauperate nature of freshwater
streams in New Jersey. American eels on the other hand, were
abundant in most of the fish collections. The ubiquity of
american eels in streams having a wide range of water quality and
habitat conditions, limits their use as an indicator of aquatic
health. Overall, the metric, using proportion of individuals as
piscivores, appeared to contribute insignificantly to the IBI.

Fish abundance as measured by the number of individuals in the
sample generally contributes to the IBI scoring. However, when
fish capture abundances are very low, IBI scoring may be biased
and not representative of the environmental conditions at a site.
When abundances are low, the presence and absence of a few
individuals can significantly influence metric scores. Lyons
(1992) recommended for samples with fewer than 50 fish, an IBI
not be calculated, and instead a correction factor be used that
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subtracts 10 points from the total IBI score. Low fish capture
rates alone should provide sufficient evidence of poor biological
integrity.

Conclusions

The New Jersey version of the IBI described here should be
limited to use only as a screening tool for the detection of
seriously impaired water quality. Future analysis of our data
with replacement metrics for those metrics that were determined
to contribute little information, may improve the overall ability
of the IBI to detect a broad range of environmental conditions.
Like most monitoring tools, the IBI should not be used to replace
information obtained by other monitoring tools, but rather to
enhance existing information.
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Biological assessment is an
evaluation of the condition of a
waterbody using biological surveys
and other direct measurements of
the resident biota in surface waters.

1
THE CONCEPT OF RAPID

BIOASSESSMENT 

1.1 PURPOSE OF THE DOCUMENT

The primary purpose of this document is to describe a
practical technical reference for conducting cost-effective
biological assessments of lotic systems.  The protocols
presented are not necessarily intended to replace those already
in use for bioassessment nor is it intended to be used as a
rigid protocol without regional modifications.  Instead, they
provide options for agencies or groups that wish to implement
rapid biological assessment and monitoring techniques.  This guidance, therefore, is intended to provide
basic, cost-effective biological methods for states, tribes, and local agencies that (1) have no
established bioassessment procedures, (2) are looking for alternative methodologies, or (3) may need to
supplement their existing programs (not supersede other bioassessment approaches that have already
been successfully implemented).

The Rapid Bioassessment Protocols (RBPs) are essentially a synthesis of existing methods that have
been employed by various State Water Resource Agencies (e.g., Ohio Environmental Protection
Agency [EPA], Florida Department of Environmental Protection [DEP], Delaware Department of
Natural Resources and Environmental Control [DNREC], Massachusetts DEP, Kentucky DEP, and
Montana Department of Environmental Quality [DEQ]).  Protocols for 3 aquatic assemblages (i.e.,
periphyton, benthic macroinvertebrates, fish) and habitat assessment are presented.  All of these
protocols have been tested in streams in various parts of the country.  The choice of a particular
protocol should depend on the purpose of the bioassessment, the need to document conclusions with
confirmational data, and available resources.  The original Rapid Bioassessment Protocols were
designed as inexpensive screening tools for determining if a stream is supporting or not supporting a
designated aquatic life use.  The basic information generated from these methods would enhance the
coverage of broad geographical assessments, such as State and National 305(b) Water Quality
Inventories.  However, members of a 1986 benthic Rapid Bioassessment Workgroup and reviewers of
this document indicated that the Rapid Bioassessment Protocols can also be applied to other program
areas, for example:

! Characterizing the existence and severity of impairment to the water resource

! Helping to identify sources and causes of impairment

! Evaluating the effectiveness of control actions and restoration activities

! Supporting use attainability studies and cumulative impact assessments

! Characterizing regional biotic attributes of reference conditions

Therefore, the scope of this guidance is considered applicable to a wider range of planning and
management purposes than originally envisioned, i.e., they may be appropriate for priority setting,
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point and nonpoint-source evaluations, use attainability analyses, and trend monitoring, as well as
initial screening.
1.2 HISTORY OF THE RAPID BIOASSESSMENT PROTOCOLS

In the mid-1980's, the need for cost-effective biological survey techniques was realized because of
rapidly dwindling resources for monitoring and assessment and the extensive miles of un-assessed
stream miles in the United States.  It was also recognized that the biological data needed to make
informed decisions relevant to the Nation’s waters were greatly lacking across the country.  It was
further recognized that it was crucial to collect, compile, analyze, and interpret environmental data
rapidly to facilitate management decisions and resultant actions for control and/or mitigation of
impairment.  Therefore, the principal conceptual underpinnings of the RBPs were:

! Cost-effective, yet scientifically valid, procedures for biological surveys

! Provisions for multiple site investigations in a field season

! Quick turn-around of results for management decisions

! Scientific reports easily translated to management and the public

! Environmentally-benign procedures.

The original RBPs were developed in two phases.  The first phase centered on the development and
refinement of the benthic macroinvertebrate protocols.  The second phase involved the addition of
analogous protocols pertinent to the assessment of fish assemblages.

The benthic macroinvertebrate protocols were originally developed by consolidating procedures in use
by various State water quality agencies.  In 1985, a survey was conducted to identify States that
routinely perform screening-level bioassessments and believed that such efforts were important to their
monitoring programs.  Guidance documents and field methods in common use were evaluated in an
effort to identify successful bioassessment methods that used different levels of effort.  Original survey
materials and information obtained from direct personal contacts were used to develop the draft
protocols.

Missouri Department of Natural Resources (DNR) and Michigan Department of Natural Resources
both used an approach upon which the screening protocol (RBP I) in the original document was based. 
The second (RBP II) was more time and labor intensive, incorporating field sampling and family-level
taxonomy, and was a less intense version of RBP III.  The concept of family-level taxonomy was based
on the approach used by the Virginia State Water Control Board (SWCB) in the late 1980s.  The third
protocol (RBP III) incorporated certain aspects of the methods used by the North Carolina Division of
Environmental Management (DEM) and the New York Department of Environmental Conservation
(DEC) and was the most rigorous of the 3 approaches.

In response to a number of comments received from State and USEPA personnel on an earlier version
of the RBPs, a set of fish protocols was also included.  Fish protocol V was based on Karr's work
(1981) with the Index of Biological Integrity (IBI), Gammon's Index of Well Being (1980), and
standard fish population assessment models, coupled with certain modifications for implementation in
different geographical regions.  During the same time period as the development of the RBPs, Ohio
EPA developed precedent-setting biological criteria using the IBI and Index of Well Being (IWB), as
well as a benthic macroinvertebrate index, called the Invertebrate Community Index (ICI), and
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published methods and supporting documentation (Ohio EPA 1987).  A substantial database on their
use for site-specific fish and benthic macroinvertebrate assessments exists, and has been published
(DeShon 1995, Yoder 1995, Yoder and Rankin 1995a,b).  In the intervening years since 1989, several
other states have followed suit with similar methods (Davis et al. 1996).

A workgroup of State and USEPA Regional biologists (listed below) was formed in the late 1980's to
review and refine the original draft protocols.  The Rapid Bioassessment Workgroup was convened
from 1987 through 1989 and included biologists using the State methods described above and
biologists from other regions where pollution sources and aquatic systems differed from those areas for
which the draft protocols were initially developed.

USEPA
James Plafkin1, Assessment and Watershed Protection Division (AWPD), USEPA 
Michael Bilger2, USEPA Region I
Michael Bastian2, USEPA Region VI
William Wuerthele, USEPA Region VIII
Evan Hornig2, USEPA Region X

STATES
Brenda Sayles, Michigan DNR
John Howland2, Missouri DNR
Robert Bode, New York DEC
David Lenat, North Carolina DEM
Michael Shelor2, Virginia SWCB
Joseph Ball, Wisconsin DNR

The original RBPs (Plafkin et al. 1989) have been widely distributed and extensively tested across the
United States.  Under the direction of Chris Faulkner, Monitoring Branch of AWPD the AWPD of
USEPA, a series of workshops has been conducted across the Nation since 1989 that have been
directed to training and discussions on the concept and approach to rapid bioassessment.  As a result of
these discussions and the opportunity of applying the techniques in various stream systems, the
procedures have been improved and refined, while maintaining the basic concept of the RBPs.  This
document reflects those improvements and serves as an update to USEPA’s Rapid Bioassessment
Protocols.

1.3 ELEMENTS OF THIS REVISION

Refinements to the original RBPs have occurred from regional testing and adaptation by state agency
biologists and basic researchers.  The original concept of large, composited samples, and multimetric
analyses has remained intact for the aquatic assemblages, and habitat assessment has remained integral
to the assessment.  However, the specific methods for benthic macroinvertebrates have been refined,
and protocols for periphyton surveys have been added.  A section on conducting performance-based
evaluations, i.e., determining the precision and sensitivity of methods, to enable sharing of comparable
data despite certain methodological differences has been added.  Various technical issues, e.g., the
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testing of subsampling, selection of index period, selection and calibration of biological metrics for
regional application have been refined since 1989.  Many of these technical issues, e.g., development of
reference condition, selection of index period and selection/calibration of metrics, have been discussed
in other documents and sources (Barbour et al. 1995, Gibson et al. 1996, Barbour et al. 1996a).  This
revision draws upon the original RBPs (Plafkin et al. 1989) as well as numerous other sources that
detail relevant modifications.  This document is a compilation of the basic approaches to conducting
rapid bioassessment in streams and wadeable rivers and focuses on the periphyton, benthic
macroinvertebrates, and fish assemblages and assessing the quality of the physical habitat structure.
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2
APPLICATION OF RAPID BIOASSESSMENT

PROTOCOLS (RBPS)

2.1 A FRAMEWORK FOR IMPLEMENTING THE RAPID
BIOASSESSMENT PROTOCOLS

The Rapid Bioassessment Protocols advocate an integrated assessment, comparing habitat (e.g., physi-
cal structure, flow regime), water quality and biological measures with empirically defined reference
conditions (via actual reference sites, historical data, and/or modeling or extrapolation).   Reference
conditions are best established through systematic monitoring of actual sites that represent the natural
range of variation in "minimally” disturbed water chemistry, habitat, and biological conditions (Gibson
et al. 1996).  Of these 3 components of ecological integrity, ambient water chemistry may be the most
difficult to characterize because of the complex array of possible constituents (natural and otherwise)
that affect it.  The implementation framework is enhanced by the development of an empirical
relationship between habitat quality and biological condition that is refined for a given region.  As addi-
tional information is obtained from systematic monitoring of potentially impacted and site-specific
control sites, the predictive power of the empirical relationship is enhanced.  Once the relationship
between habitat and biological potential is understood, water quality impacts can be objectively
discriminated from habitat effects, and control and rehabilitation efforts can be focused on the most
important source of impairment.

2.2 CHRONOLOGY OF TECHNICAL GUIDANCE

A substantial scientific foundation was required before the USEPA could endorse a bioassessment
approach that was applicable on a national basis and that served the purpose of addressing impacts to
surface waters from multiple stressors (see Stribling et al. 1996a).  Dr. James Karr is credited for his
innovative thinking and research in the mid-1970's and early 1980's that provided the formula for
developing bioassessment strategies to address issues mandated by the Clean Water Act.  The USEPA
convened a few key workshops and conferences during a period from the mid-1970's to mid-1980's to
provide an initial forum to discuss aspects of the role of biological indicators and assessment to the
integrity of surface water.  These workshops and conferences were attended by National scientific
authorities who contributed immensely to the current bioassessment approaches advocated by the
USEPA.  The early RBPs benefitted from these activities, which fostered attention to biological
assessment approaches.  The RBPs embraced the multimetric approach described in the IBI (see Karr
1981, Karr et al. 1986) and facilitated the implementation of bioassessment into monitoring programs
across the country.

Since the publication of the original RBPs in 1989, U.S. Environmental Protection Agency (USEPA)
has produced substantial guidance and documentation on both bioassessment strategies and
implementation policy on biological surveys and criteria for water resource programs.  Much of this
effort was facilitated by key scientific researchers who argued that bioassessment was crucial to the
underpinnings of the Clean Water Act.  The work of these researchers that led to these USEPA
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documents resulted in the national trend of adapting biological assessment and monitoring approaches
for detecting problems, evaluating Best Management Practices (BMPs) for mitigation of nonpoint
source impacts, and monitoring ecological health over time.  The chronology of the crucial USEPA
guidance, since the mid-1980's, relevant to bioassessment in streams and rivers is presented in Table 2-
1.  (See Chapter 11 [Literature Cited] for EPA document numbers.)  

Table 2-1.  Chronology of USEPA bioassessment guidance (relevant to streams and rivers).

Year Document Title Relationship to Bioassessment Citation

1987 Surface Water Monitoring: A Framework for
Change

USEPA calls for efficacious methods to assess and
determine the ecological health of the nation’s
surface waters.

USEPA
1987

1988 Proceedings of the First National Workshop on
Biological Criteria (Lincolnwood, Illinois)

USEPA brings together agency biologists and
“basic” researchers to establish a framework for the
initial development of biological criteria and
associated biosurvey methods.

USEPA
1988

1989 Rapid Bioassessment Protocols for Use in
Streams and Rivers: Benthic Macroinvertebrates
and Fish

The initial development of cost-effective methods
in response to the mandate by USEPA (1987),
which are to provide biological data on a national
scale to address the goals of the Clean Water Act.

Plafkin et
al. 1989

1989 Regionalization as a Tool for Managing
Environmental Resources

USEPA develops the concept of ecoregions and
partitions the contiguous U.S. into homogeneous
regions of ecological similarity, providing a basis
for establishment of regional reference conditions.

Gallant et
al. 1989

1990 Second National Symposium on Water Quality
Assessment: Meeting Summary

USEPA holds a series of National Water Quality
Symposia.  In this second symposium, biological
monitoring is introduced as an effective means to
evaluating the quality of water resources.

USEPA
1990a

1990 Biological Criteria: National Program Guidance
for Surface Waters

The concept of biological criteria is described for
implementation into state water quality programs. 
The use of biocriteria for evaluating attainment of
“aquatic life use” is discussed.

USEPA
1990b

1990 Macroinvertebrate Field and Laboratory Methods
for Evaluating the Biological Integrity of Surface
Waters

This USEPA document is a compilation of the
current “state-of-the-art” field and laboratory
methods used for surveying benthic
macroinvertebrates in all surface waters (i.e.,
streams, rivers, lakes, and estuaries).

Klemm et
al. 1990

1991 Biological Criteria: State Development and
Implementation Efforts

The status of biocriteria and bioassessment
programs as of 1990 is summarized here.

USEPA
1991a

1991 Biological Criteria Guide to Technical Literature A limited literature survey of relevant research
papers and studies is compiled for use by state
water resource agencies.

USEPA
1991b

1991 Technical Support Document for Water
Quality–Based Toxics Control

USEPA describes the approach for implementing
water quality-based toxics control of the nation’s
surface waters, and discusses the value of
integrating three monitoring tools, i.e., chemical
analyses, toxicity testing, and biological surveys.

USEPA
1991c

1991 Biological Criteria: Research and Regulation,
Proceedings of the Symposium

This national symposium focuses on the efficacy of
implementing biocriteria in all surface waters, and
the proceedings documents the varied applicable
approaches to bioassessments.

USEPA
1991d
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1991 Report of the Ecoregions Subcommittee of the
Ecological Processes and Effects Committee

The SAB (Science Advisory Board) reports
favorably that the use of ecoregions is a useful
framework for assessing regional fauna and flora. 
Ecoregions become more widely viewed as a basis
for establishing regional reference conditions.

USEPA
1991e

1991 Guidance for the Implementation of Water
Quality–Based Decisions: The TMDL Process

The establishment of the TMDL (total maximum
daily loads) process for cumulative impacts
(nonpoint and point sources) supports the need for
more effective monitoring tools, including
biological and habitat assessments.

USEPA
1991f

1991 Design Report for EMAP, the Environmental
Monitoring and Assessment Program

USEPA’s Environmental Monitoring and
Assessment Program (EMAP) is designed as a
rigorous national program for assessing the
ecological status of the nation’s surface waters.

Overton et
al. 1991

1992 Procedures for Initiating Narrative Biological
Criteria

A discussion of the concept and rationale for
establishing narrative expressions of biocriteria is
presented in this USEPA document.

Gibson
1992

1992 Ambient Water-Quality Monitoring in the U.S.
First Year Review, Evaluation, and
Recommendations

Provide first-year summary of task force efforts to
develop and recommend framework and approach
for improving water resource quality monitoring.

ITFM
1992

1993 Fish Field and Laboratory Methods for
Evaluating the Biological Integrity of Surface
Waters

A compilation of the current “state-of-the-art” field
and laboratory methods used for surveying the fish
assemblage and assessing fish health is presented
in this document.

Klemm et
al. 1993

1994 Surface Waters and Region 3 Regional
Environmental Monitoring and Assessment
Program: 1994 Pilot Field Operations and
Methods Manual for Streams

USEPA focuses its EMAP program on streams and
wadeable rivers and initiates an approach in a pilot
study in the Mid-Atlantic Appalachian mountains.

Klemm
and
Lazorchak
1994

1994 Watershed Protection: TMDL Note #2,
Bioassessment and TMDLs

USEPA describes the value and application of
bioassessment to the TMDL process.

USEPA
1994a

1994 Report of the Interagency Biological Methods
Workshop

Summary and results of workshop designed to
coordinate monitoring methods among multiple
objectives and states. [Sponsored by the USGS]

Gurtz and
Muir 1994

1995 Generic Quality Assurance Project Plan
Guidance for Programs Using Community Level
Biological Assessment in Wadeable Streams and
Rivers

USEPA develops guidance for quality assurance
and quality control for biological survey programs.

USEPA
1995a

1995 The Strategy for Improving Water Quality
Monitoring in the United States: Final Report of
the Intergovernmental Task Force on Monitoring
Water Quality

An Intergovernmental Task Force (ITFM)
comprised of several federal and state agencies
draft a monitoring strategy intended to provide a
cohesive approach for data gathering, integration,
and interpretation.

ITFM
1995a

1995 The Strategy for Improving Water Quality
Monitoring in the United States: Final Report of
the Intergovernmental Task Force on Monitoring
Water Quality, Technical Appendices

Various issue papers are compiled in these
technical appendices associated with ITFM’s final
report.

ITFM
1995b



Table 2-1.  Chronology of USEPA bioassessment guidance (relevant to streams and rivers) (Continued).
DRAFT REVISION—September 25, 1998

Year Document Title Relationship to Bioassessment Citation

2-4  Chapter 2: Application of Rapid Bioassessment Protocols (RBPs)

1995 Environmental Monitoring and Assessment
Program Surface Waters: Field Operations and
Methods for Measuring the Ecological Condition
of Wadeable Streams

A revision and update of the 1994 Methods Manual
for EMAP.

Klemm
and
Lazorchak
1995

1996 Biological Assessment Methods, Biocriteria, and
Biological Indicators: Bibliography of Selected
Technical, Policy, and Regulatory Literature

USEPA compiles a comprehensive literature survey
of pertinent research papers and studies for
biological assessment methods.  This document is
expanded and updated from USEPA 1991b.

Stribling
et al.
1996a

1996 Summary of State Biological Assessment
Programs for Wadeable Streams and Rivers

The status of bioassessment and biocriteria
programs in state water resource programs is
summarized in this document, providing an update
of USEPA 1991a.

Davis et
al. 1996

1996 Biological Criteria: Technical Guidance for
Streams and Small Rivers

Technical guidance for development of biocriteria
for streams and wadeable rivers is provided as a
follow-up to the Program Guidance (USEPA
1990b).  This technical guidance serves as a
framework for developing guidance for other
surface water types.

Gibson et
al. 1996

1996 The Volunteer Monitor’s Guide to Quality
Assurance Project Plans

USEPA develops guidance for quality assurance for
citizen monitoring programs.

USEPA
1996a

1996 Nonpoint Source Monitoring and Evaluation
Guide

USEPA describes how biological survey methods
are used in nonpoint-source investigations, and
explains the value of biological and habitat
assessment to evaluating BMP implementation and
identifying impairment.

USEPA
1996b

1996 Biological Criteria:  Technical Guidance for
Survey Design and Statistical Evaluation of
Biosurvey Data

USEPA describes and define different statistical
approaches for biological data analysis and
development of biocriteria.

Reckhow
and
Warren-
Hicks
1996

1997 Estuarine/Near Coastal Marine Waters
Bioassessment and Biocriteria Technical
Guidance

USEPA provides technical guidance on biological
assessment methods and biocriteria development
for estuarine and near coastal waters.

USEPA
1997a

1997 Volunteer Stream Monitoring: A Methods
Manual

USEPA provides guidance for citizen monitoring
groups to use biological and habitat assessment
methods for monitoring streams.  These methods
are based in part on the RBPs.

USEPA
1997b

1997 Guidelines for Preparation of Comprehensive
State Water Quality Assessments (305[b]
reports)

USEPA provides guidelines for states for preparing
305(b) reports to Congress.

USEPA
1997c

1997 Biological Monitoring and Assessment: Using
Multimetric Indexes Effectively

An explanation of the value, use, and scientific
principles associated with using a multimetric
approach to bioassessment is provided by Drs. Karr
and Chu.

Karr and 
Chu 1999

1998 Lake and Reservoir Bioassessment and
Biocriteria Technical Guidance Document

USEPA provides technical guidance on biological
assessment methods and biocriteria development
for lakes and reservoirs.

USEPA
1998
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1998 Environmental Monitoring and Assessment
Program Surface Waters: Field Operations and
Methods for Measuring the Ecological Condition
of Wadeable Streams

A revision and update of the 1995 Methods Manual
for EMAP.

Lazorchak
et al. 1998

2.3 PROGRAMMATIC APPLICATIONS OF BIOLOGICAL DATA

States (and tribes to a certain extent) are responsible for identifying water quality problems, especially
those waters needing Total Maximum Daily Loads (TMDLs), and evaluating the effectiveness of point
and nonpoint source water quality controls.  The biological monitoring protocols presented in this
guidance document will strengthen a state's monitoring program if other bioassessment and monitoring
techniques are not already in place.  An effective and thorough biological monitoring program can help
to improve reporting (e.g., 305(b) reporting), increase the effectiveness of pollution prevention efforts,
and document the progress of mitigation efforts.  This section provides suggestions for the application
of biological monitoring to wadeable streams and rivers through existing state programs.

2.3.1 CWA Section 305(b)—Water Quality Assessment

Section 305(b) establishes a process for reporting information about the quality of the Nation's water
resources (USEPA 1997c, USEPA 1994b).  States, the District of Columbia, territories, some tribes,
and certain River Basin Commissions have developed programs to monitor surface and ground waters
and to report the current status of water quality biennially to USEPA.  This information is compiled
into a biennial National Water Quality Inventory report to Congress. 

Use of biological assessment in section 305(b) reports helps to define an understandable endpoint of
relevance to society—the biological integrity of waterbodies.  Many of the better-known and widely
reported pollution cleanup success stories have involved the recovery or reappearance of valued sport
fish and other pollution-intolerant species to systems from which they had disappeared (USEPA 1980). 
Improved coverage of biological integrity issues, based on monitoring protocols with clear
bioassessment endpoints, will make the section 305(b) reports more accessible and meaningful to many
segments of the public.

Biological monitoring provides data that augment several of the section 305(b) reporting requirements. 
In particular, the following assessment activities and reporting requirements are enhanced through the
use of biological monitoring information:

! Determine the status of the water resource (Are the designated/beneficial and aquatic
life uses being met?).

! Evaluate the causes of degraded water resources and the relative contributions of
pollution sources.

! Report on the activities underway to assess and restore water resource integrity.

! Determine the effectiveness of control and mitigation programs.
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! Measure the success of watershed management plans.

2.3.2 CWA Section 319—Nonpoint Source Assessment

The 1987 Water Quality Act Amendments to the Clean Water Act (CWA) added section 319, which
established a national program to assess and control nonpoint source (NPS) pollution.  Under this
program, states are asked to assess their NPS pollution problems and submit these assessments to
USEPA.  The assessments include a list of "navigable waters within the state which, without additional
action to control nonpoint source of pollution, cannot reasonably be expected to attain or maintain
applicable water quality standards or the goals and requirements of this Act.”  Other activities under
the section 319 process require the identification of categories and subcategories of NPS pollution that
contribute to the impairment of waters, descriptions of the procedures for identifying and implementing
BMPs, control measures for reducing NPS pollution, and descriptions of state and local programs used
to abate NPS pollution.  Based on the assessments, states have prepared nonpoint source management
programs.

Assessment of biological condition is the most effective means of evaluating cumulative impacts from
nonpoint sources, which may involve habitat degradation, chemical contamination, or water withdrawal
(Karr 1991).  Biological assessment techniques can improve evaluations of nonpoint source pollution
controls (or the combined effectiveness of current point and nonpoint source controls) by comparing
biological indicators before and after implementation of controls. Likewise, biological attributes can be
used to measure site-specific ecosystem response to remediation or mitigation activities aimed at
reducing nonpoint source pollution impacts or response to pollution prevention activities.

2.3.3 Watershed Protection Approach

Since 1991, USEPA has been promoting the Watershed Protection Approach (WPA) as a framework
for meeting the Nation's remaining water resource challenges (USEPA 1994c).  USEPA's Office of
Water has taken steps to reorient and coordinate point source, nonpoint source, surface waters,
wetlands, coastal, ground water, and drinking water programs in support of the watershed approach. 
USEPA has also promoted multi-organizational, multi-objective watershed management projects across
the Nation.

The watershed approach is an integrated, inclusive strategy for more effectively protecting and
managing surface water and ground water resources and achieving broader environmental protection
objectives using the naturally defined hydrologic unit (the watershed) as the integrating management
unit.  Thus, for a given watershed, the approach encompasses not only the water resource, such as a
stream, river, lake, estuary, or aquifer, but all the land from which water drains to the resource.  The
watershed approach places emphasis on all aspects of water resource quality—physical (e.g.,
temperature, flow, mixing, habitat); chemical (e.g., conventional and toxic pollutants such as nutrients
and pesticides); and biological (e.g., health and integrity of biotic communities, biodiversity).

As states develop their Watershed Protection Approach (WPA), biological assessment and monitoring
offer a means of conducting comprehensive evaluations of ecological status and improvements from
restoration/rehabilitation activities.  Biological assessment integrates the condition of the watershed
from tributaries to mainstem through the exposure/response of indigenous aquatic communities.
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2.3.4 CWA Section 303(d)—The TMDL Process

The technical backbone of the WPA is the TMDL process.  A total maximum daily load (TMDL) is a
tool used to achieve applicable water quality standards.  The TMDL process quantifies the loading
capacity of a waterbody for a given stressor and ultimately provides a quantitative scheme for
allocating loadings (or external inputs) among pollutant sources (USEPA 1994a).  In doing so, the
TMDL quantifies the relationships among sources, stressors, recommended controls, and water quality
conditions.  For example, a TMDL might mathematically show how a specified percent reduction of a
pollutant is necessary to reach the pollutant concentration reflected in a water quality standard.

Section 303(d) of the CWA requires each state to establish, in accordance with its priority rankings,
the total maximum daily load for each waterbody or reach identified by the state as failing to meet, or
not expected to meet, water quality standards after imposition of technology-based controls.  In
addition, TMDLs are vital elements of a growing number of state programs.  For example, as more
permits incorporate water quality-based effluent limits, TMDLs are becoming an increasingly
important component of the point-source control program.  

TMDLs are suitable for nonchemical as well as chemical stressors (USEPA 1994a).  These include all
stressors that contribute to the failure to meet water quality standards, as well as any stressor that
presently threatens but does not yet impair water quality.  TMDLs are applicable to waterbodies
impacted by both point and nonpoint sources.  Some stressors, such as sediment deposition or physical
alteration of instream habitat, might not clearly fit traditional concepts associated with chemical
stressors and loadings.  For these nonchemical stressors, it might sometimes be difficult to develop
TMDLs because of limitations in the data or in the technical methods for analysis and modeling.  In the
case of nonpoint source TMDLs, another difficulty arises in that the CWA does not provide well-
defined support for regulatory control actions as it does for point source controls, and controls based
on another statutory authority might be necessary.  

Biological assessments and criteria address the cumulative impacts of all stressors, especially habitat
degradation, and chemical contamination, which result in a loss of biological diversity.  Biological
information can help provide an ecologically based assessment of the status of a waterbody and as such
can be used to decide which waterbodies need TMDLs (USEPA 1997c) and aid in the ranking process
by targeting waters for TMDL development with a more accurate link between bioassessment and
ecological integrity.

Finally, the TMDL process is a geographically-based approach to preparing load and wasteload
allocations for sources of stress that might impact waterbody integrity.  The geographic nature of this
process will be complemented and enhanced if ecological regionalization is applied as part of the
bioassessment activities.  Specifically, similarities among ecosystems can be grouped into
homogeneous classes of streams and rivers that provides a geographic framework for more efficient
aquatic resource management.

2.3.5 CWA Section 402—NPDES Permits and Individual Control Strategies

All point sources of wastewater must obtain a National Pollutant Discharge Elimination System
(NPDES) permit (or state equivalent), which regulates the facility's discharge of pollutants.  The
approach to controlling and eliminating water pollution is focused on the pollutants determined to be
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harmful to receiving waters and on the sources of such pollutants.  Authority for issuing NPDES
permits is established under Section 402 of the CWA (USEPA 1989).

Point sources are generally divided into two types—industrial and municipal.  Nationwide, there are
approximately 50,000 industrial sources, which include commercial and manufacturing facilities. 
Municipal sources, also known as publicly owned treatment works (POTWs), number about 15,700
nationwide.  Wastewater from municipal sources results from domestic wastewater discharged to
POTWs, as well as the "indirect" discharge of industrial wastes to sewers.  In addition, stormwater
may be discrete or diffuse, but is also covered by NPDES permitting regulations.

USEPA does not recommend the use of biological survey data as the basis for deriving an effluent limit
for an NPDES permit (USEPA 1994d).  Unlike chemical-specific water quality analyses, biological
data do not measure the concentrations or levels of chemical stressors.  Instead, they directly measure
the impacts of any and all stressors on the resident aquatic biota.  Where appropriate, biological
assessment can be used within the NPDES process (USEPA 1994d) to obtain information on the status
of a waterbody where point sources might cause, or contribute to, a water quality problem.  In
conjunction with chemical water quality and whole-effluent toxicity data, biological data can be used to
detect previously unmeasured chemical water quality problems and to evaluate the effectiveness of
implemented controls.

Some states have already demonstrated the usefulness of biological data to indicate the need for
additional or more stringent permit limits (e.g., sole-source discharge into a stream where there is no
significant nonpoint source discharge, habitat degradation, or atmospheric deposition) (USEPA
1994d).  In these situations, the biological findings triggered additional investigations to establish the
cause-and-effect relationship and to determine the appropriate limits.  In this manner, biological data
support regulatory evaluations and decision making.  Biological data can also be useful in monitoring
highly variable or diffuse sources of pollution that are treated as point sources such as wet-weather
discharges and stormwater runoff (USEPA 1994d).  Traditional chemical water quality monitoring is
usually only minimally informative for these types of point source pollution, and a biological survey of
their impact might be critical to effectively evaluate these discharges and associated treatment
measures.

2.3.6 Ecological Risk Assessment

Risk assessment is a scientific process that includes stressor identification, receptor characterization
and endpoint selection, stress-response assessment, and risk characterization (USEPA 1992, Suter et
al. 1993).  Risk management is a decision-making process that involves all the human-health and
ecological assessment results, considered with political, legal, economic, and ethical values, to develop
and enforce environmental standards, criteria, and regulations (Maughan 1993).  Risk assessment can
be performed on an on-site basis or can be geographically-based (i.e., watershed or regional scale), and
it can be used to assess human health risks or to identify ecological impairments.  In early 1997, a
report prepared by a Presidential/Congressional Commission on risk enlarged the context of risk to
include ecological as well as public health risks (Karr and Chu 1997).

Biological monitoring is the essential foundation of ecological risk assessment because it measures
present biological conditions — not just chemical contamination — and provides the means to compare
them with the conditions expected in the absence of humans (Karr and Chu 1997).  Results of regional
bioassessment studies can be used in watershed ecological risk assessments to develop broad scale
(geographic) empirical models of biological responses to stressors.  Such models can then be used, in



DRAFT REVISION—September 25, 1998

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition 2-9

combination with exposure information, to predict risk due to stressors or to alternative management
actions.  Risks to biological resources are characterized, and sources of stress can be prioritized. 
Watershed risk managers can and should use such results for critical management decisions.

2.3.7 USEPA Water Quality Criteria and Standards

The water quality standards program, as envisioned in Section 303(c) of the Clean Water Act, is a joint
effort between the states and USEPA.  The states have primary responsibility for setting, reviewing,
revising, and enforcing water quality standards.  USEPA develops regulations, policies, and guidance
to help states implement the program and oversees states' activities to ensure that their adopted
standards are consistent with the requirements of the CWA and relevant water quality standards
regulations (40 CFR Part 131).  USEPA has authority to review and approve or disapprove state
standards and, where necessary, to promulgate federal water quality standards.

A water quality standard defines the goals of a waterbody, or a portion thereof, by designating the use
or uses to be made of the water, setting criteria necessary to protect those uses, and preventing
degradation of water quality through antidegradation provisions.  States adopt water quality standards
to protect public health or welfare, enhance the quality of water, and protect biological integrity.

Chemical, physical, or biological stressors impact the biological characteristics of an aquatic
ecosystem (Gibson et al. 1996).  For example, chemical stressors can result in impaired functioning or
loss of a sensitive species and a change in community structure.  Ultimately, the number and intensity
of all stressors within an ecosystem will be evidenced by a change in the condition and function of the
biotic community.  The interactions among chemical, physical, and biological stressors and their
cumulative impacts emphasize the need to directly detect and assess the biota as indicators of actual
water resource impairments.

Sections 303 and 304 of the CWA require states to protect biological integrity as part of their water
quality standards.  This can be accomplished, in part, through the development and use of biological
criteria.  As part of a state or tribal water quality standards program, biological criteria can provide
scientifically sound and detailed descriptions of the designated aquatic life use for a specific waterbody
or segment.  They fulfill an important assessment function in water quality-based programs by
establishing the biological benchmarks for (1) directly measuring the condition of the aquatic biota, (2)
determining water quality goals and setting priorities, and (3) evaluating the effectiveness of
implemented controls and management actions.

Biological criteria for aquatic systems provide an evaluation benchmark for direct assessment of the
condition of the biota that live either part or all of their lives in aquatic systems (Gibson et al. 1996) by
describing (in narrative or numeric criteria)  the expected biological condition of a minimally impaired
aquatic community (USEPA 1990b).  They can be used to define ecosystem rehabilitation goals and
assessment endpoints.  Biological criteria supplement traditional measurements (for example, as
backup for hard-to-detect chemical problems) and will be particularly useful in assessing impairment
due to nonpoint source pollution and nonchemical (e.g., physical and biological) stressors.  Thus,
biological criteria fulfill a function missing from USEPA's traditionally chemical-oriented approach to
pollution control and abatement (USEPA 1994d).

Biological criteria can also be used to refine the aquatic life use classifications for a state.  Each state
develops its own designated use classification system based on the generic uses cited in the CWA,
including protection and propagation of fish, shellfish, and wildlife.  States frequently develop
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subcategories to refine and clarify designated use classes when several surface waters with distinct
characteristics fit within the same use class or when waters do not fit well into any single category.   As
data are collected from biosurveys to develop a biological criteria program, analysis may reveal unique
and consistent differences between aquatic communities that inhabit different waters with the same
designated use.  Therefore, measurable biological attributes can be used to refine aquatic life use or to
separate 1 class of aquatic life into 2 or more subclasses.  For example, Ohio has established an
exceptional warmwater use class to include all unique waters (i.e., not representative of regional
streams and different from their standard warmwater class). 
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3
ELEMENTS OF BIOMONITORING

3.1 BIOSURVEYS, BIOASSAYS, AND CHEMICAL MONITORING

The water quality-based approach to pollution assessment requires various types of data.  Biosurvey
techniques, such as the Rapid Bioassessment Protocols (RBPs), are best used for detecting aquatic life
impairments and assessing their relative severity.  Once an impairment is detected, however, additional
ecological data, such as chemical and biological (toxicity) testing is helpful to identify the causative
agent, its source, and to implement appropriate mitigation (USEPA 1991c).  Integrating information
from these data types as well as from habitat assessments, hydrological investigations, and knowledge
of land use is helpful to provide a comprehensive diagnostic assessment of impacts from the 5 principal
factors (see Karr et al. 1986, Karr 1991, Gibson et al. 1996 for description of water quality, habitat
structure, energy source, flow regime, and biotic interaction factors).  Following mitigation, biosurveys
are important for evaluating the effectiveness of such control measures. Biosurveys may be used within
a planning and management framework to prioritize water quality problems for more stringent
assessments and to document "environmental recovery" following control action and rehabilitation
activities.  Some of the advantages of using biosurveys for this type of monitoring are:

! Biological communities reflect overall ecological integrity (i.e., chemical, physical, and
biological integrity).  Therefore, biosurvey results directly assess the status of a
waterbody relative to the primary goal of the Clean Water Act (CWA). 

! Biological communities integrate the effects of different stressors and thus provide a
broad measure of their aggregate impact.

! Communities integrate the stresses over time and provide an ecological measure of
fluctuating environmental conditions.

! Routine monitoring of biological communities can be relatively inexpensive,
particularly when compared to the cost of assessing toxic pollutants, either chemically
or with toxicity tests (Ohio EPA 1987).

! The status of biological communities is of direct interest to the public as a measure of
a pollution free environment.

! Where criteria for specific ambient impacts do not exist (e.g., nonpoint-source impacts
that degrade habitat), biological communities may be the only practical means of
evaluation.

Biosurvey methods have a long-standing history of use for "before and after" monitoring. However, the
intermediate steps in pollution control, i.e., identifying causes and limiting sources, require integrating
information of various types—chemical, physical, toxicological, and/or biosurvey data.  These data are
needed to:
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Identify the specific stress agents causing impact:  This may be a relatively simple task; but, given
the array of potentially important pollutants (and their possible combinations), it is likely to be both
difficult and costly.  In situations where specific chemical stress agents are either poorly understood or
too varied to assess individually, toxicity tests can be used to focus specific chemical investigations or
to characterize generic stress agents (e.g., whole effluent or ambient toxicity).   For situations where
habitat degradation is prevalent, a combination of biosurvey and physical habitat assessment is most
useful (Barbour and Stribling 1991).

Identify and limit the specific sources of these agents:  Although biosurveys can be used to help
locate the likely origins of impact, chemical analyses and/or toxicity tests are helpful to confirm the
point sources and develop appropriate discharge limits.  Impacts due to factors other than chemical
contamination will require different ecological data.

Design appropriate treatment to meet the prescribed limits and monitor compliance:  Treatment
facilities are designed to remove identified chemical constituents with a specific efficiency.  Chemical
data are therefore required to evaluate treatment effectiveness.  To some degree, a biological endpoint
resulting from toxicity testing can also be used to evaluate the effectiveness of prototype treatment
schemes and can serve as a design parameter.  In most cases, these same parameters are limited in
discharge permits and, after controls are in place, are used to monitor for compliance.  Where
discharges are not controlled through a permit system (e.g., nonpoint-source runoff, combined sewer
outfalls, and dams) compliance must be assessed in terms of ambient standards.  Improvement of the
ecosystem both from restoration or rehabilitation activities are best monitored by biosurvey techniques.

Effective implementation of the water quality-based approach requires that various monitoring
techniques be considered within a larger context of water resource management. Both biological and
chemical methods play critical roles in a successful pollution control program.  They should be
considered complementary rather than mutually exclusive approaches that will enhance overall
program effectiveness when used appropriately.

3.2 USE OF DIFFERENT ASSEMBLAGES IN BIOSURVEYS

The techniques presented in this document focus on the evaluation of water quality (physicochemical
constituents), habitat parameters, and analysis of the periphyton, benthic macroinvertebrate, and fish
assemblages.  Many State water quality agencies employ trained and experienced benthic biologists,
have accumulated considerable background data on macroinvertebrates, and consider benthic surveys a
useful assessment tool.  However, water quality standards, legislative mandate, and public opinion are
more directly related to the status of a waterbody as a fishery resource.  For this reason, separate
protocols were developed for fish and were incorporated as Chapter 8 in this document.  The fish
survey protocol is based largely on Karr's Index of Biotic Integrity (IBI) (Karr 1981, Karr et al. 1986,
Miller et al. 1988), which uses the structure of the fish assemblage to evaluate water quality.  The
integration of functional and structural/compositional metrics, which forms the basis for the IBI, is a
common element to the rapid bioassessment approaches.

The periphyton assemblage (primarily algae) is also useful for water quality monitoring, but has not
been incorporated widely in monitoring programs.  They represent the primary producer trophic level,
exhibit a different range of sensitivities, and will often indicate effects only indirectly observed in the
benthic and fish communities.  As in the benthic macroinvertebrate and fish assemblages, integration of
structural/compositional and functional characteristics provides the best means of assessing impairment
(Rodgers et al. 1979).
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In selecting the aquatic assemblage appropriate for a particular biomonitoring situation, the advantages
of using each assemblage must be considered along with the objectives of the program.  Some of the
advantages of using periphyton, benthic macroinvertebrates, and fish in a biomonitoring program are
presented in this section.  References for this list are Cairns and Dickson (1971), American Public
Health Association et al. (1971), Patrick (1973), Rodgers et al. (1979), Weitzel (1979), Karr (1981),
USEPA (1983), Hughes et al. (1982), and Plafkin et al. (1989).

3.2.1 Advantages of Using Periphyton

! Algae generally have rapid reproduction rates and very short life cycles, making them
valuable indicators of short-term impacts.

! As primary producers, algae are most directly affected by physical and chemical
factors.

! Sampling is easy, inexpensive, requires few people, and creates minimal impact to
resident biota.

! Relatively standard methods exist for evaluation of functional and non-taxonomic
structural (biomass, chlorophyll measurements) characteristics of algal communities.

! Algal assemblages are sensitive to some pollutants which may not visibly affect other
aquatic assemblages, or may only affect other organisms at higher concentrations (i.e.,
herbicides).

3.2.2 Advantages of Using Benthic Macroinvertebrates

! Macroinvertebrate assemblages are good indicators of localized conditions. Because
many benthic macroinvertebrates have limited migration patterns or a sessile mode of
life, they are particularly well-suited for assessing site-specific impacts (upstream-
downstream studies).

! Macroinvertebrates integrate the effects of short-term environmental variations.  Most
species have a complex life cycle of approximately one year or more.  Sensitive life
stages will respond quickly to stress; the overall community will respond more slowly.

! Degraded conditions can often be detected by an experienced biologist with only a
cursory examination of the benthic macroinvertebrate assemblage.  Macro-
invertebrates are relatively easy to identify to family; many "intolerant" taxa can be
identified to lower taxonomic levels with ease.

! Benthic macroinvertebrate assemblages are made up of species that constitute a broad
range of trophic levels and pollution tolerances, thus providing strong information for
interpreting cumulative effects.

! Sampling is relatively easy, requires few people and inexpensive gear, and has minimal
detrimental effect on the resident biota. 
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! Benthic macroinvertebrates serve as a primary food source for fish, including many
recreationally and commercially important species.

! Benthic macroinvertebrates are abundant in most streams.  Many small streams (1st
and 2nd order), which naturally support a diverse macroinvertebrate fauna, only
support a limited fish fauna.

! Most state water quality agencies that routinely collect biosurvey data focus on
macroinvertebrates (Southerland and Stribling 1995).  Many states already have
background macroinvertebrate data.  Most state water quality agencies have more
expertise with invertebrates than fish.

3.2.3 Advantages of Using Fish

! Fish are good indicators of long-term (several years) effects and broad habitat
conditions because they are relatively long-lived and mobile (Karr et al. 1986).

! Fish assemblages generally include a range of species that represent a variety of
trophic levels (omnivores, herbivores, insectivores, planktivores, piscivores).  They
tend to integrate effects of lower trophic levels; thus, fish assemblage structure is
reflective of integrated environmental health.

! Fish are at the top of the aquatic food web and are consumed by humans, making them
important for assessing contamination.

! Fish are relatively easy to collect and identify to the species level.  Most specimens can
be sorted and identified in the field by experienced fisheries professionals, and
subsequently released unharmed.

! Environmental requirements of most fish are comparatively well known. Life history
information is extensive for many species, and information on fish distributions is
commonly available.

! Aquatic life uses (water quality standards) are typically characterized in terms of
fisheries (coldwater, coolwater, warmwater, sport, forage).  Monitoring fish provides
direct evaluation of “fishability” and “fish propagation”, which emphasizes the
importance of fish to anglers and commercial fishermen.

! Fish account for nearly half of the endangered vertebrate species and subspecies in the
United States (Warren and Burr 1994).

3.3 IMPORTANCE OF HABITAT ASSESSMENT

The procedure for assessing physical habitat quality presented in this document (Chapter 5) is an
integral component of the final evaluation of impairment.  The matrix used to assess habitat quality is
based on key physical characteristics of the waterbody and surrounding land, particularly the
catchment of the site under investigation.  All of the habitat parameters evaluated are related to overall
aquatic life use and are a potential source of limitation to the aquatic biota.
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The alteration of the physical structure of the habitat is one of 5 major factors from human activities
described by Karr (Karr et al. 1986, Karr 1991) that degrade aquatic resources.  Habitat, as structured
by instream and surrounding topographical features, is a major determinant of aquatic community
potential (Southwood 1977, Plafkin et al. 1989, and Barbour and Stribling 1991).  Both the quality and
quantity of available habitat affect the structure and composition of resident biological communities. 
Effects of such features on biological assessment results can be minimized by sampling similar habitats
at all stations being compared. However, when all stations are not physically comparable, habitat
characterization is particularly important for proper interpretation of biosurvey results.

Where physical habitat quality at a test site is similar to that of a reference, detected impacts can be
attributed to water quality factors (i.e., chemical contamination) or other stressors.  However, where
habitat quality differs substantially from reference conditions, the question of appropriate aquatic life
use designation and physical habitat alteration/restoration must be addressed. Final conclusions
regarding the presence and degree of biological impairment should thus include an evaluation of habitat
quality to determine the extent that habitat may be a limiting factor.  The habitat characterization
matrix included in the Rapid Bioassessment Protocols provides an effective means of evaluating and
documenting habitat quality at each biosurvey station.

3.4 THE REGIONAL REFERENCE CONCEPT

The issue of reference conditions is critical to the interpretation of biological surveys.  Barbour et al.
(1996a) describe 2 types of reference conditions that are currently used in biological surveys: site-
specific and regional reference.  The former typically consists of measurements of conditions upstream
of a point source discharge or from a “paired” watershed.  Regional reference conditions, on the other
hand, consist of measurements from a population of relatively unimpaired sites within a relatively
homogeneous region and habitat type, and therefore are not site-specific.

The reference condition establishes the basis for making comparisons and for detecting use impairment;
it should be applicable to an individual waterbody, such as a stream segment, but also to similar
waterbodies on a regional scale (Gibson et al. 1996).

Although both site-specific and ecoregional references represent conditions without the influence of a
particular discharge, the 2 types of references may not yield equivalent measurements (Barbour et al.
1996a).  While site-specific reference conditions represented by the upstream, downstream, or paired-
site approach are desirable, they are limited in their usefulness.  Hughes (1995) points out three
problems with site-specific reference conditions: (1) because they typically lack any broad study
design, site-specific reference conditions possess limited capacity for extrapolation— they have only
site-specific value; (2) usually site-specific reference conditions allow limited variance estimates; there
are too few sites for robust variance evaluations because each site of concern is typically represented
by one-to-three reference sites; the result could be an incorrect assessment if the upstream site has
especially good or especially poor habitat or chemical quality; and (3) they involve a substantial
assessment effort when considered on a statewide basis.

The advantages of measuring upstream reference conditions are these: (1) if carefully selected, the
habitat quality is often similar to that measured downstream of a discharge, thereby reducing
complications in interpretation arising from habitat differences, and (2) impairments due to upstream
influences from other point and nonpoint sources are already factored into the reference condition
(Barbour et al. 1996a).  New York DEC has found that an upstream-downstream approach aids in
diagnosing cause-and-effect to specific discharges and increase precision (Bode and Novak 1995).
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Where feasible, effects should be bracketed by establishing a series or network of sampling stations at
points of increasing distance from the impact source(s).  These stations will provide a basis for
delineating impact and recovery zones.  In significantly altered systems (i.e., channelized or heavily
urbanized streams), suitable reference sites are usually not available (Gibson et al. 1996).  In these
cases, historical data or simple ecological models may be necessary to establish reference conditions. 
See Gibson et al. (1996) for more detail.

Innate regional differences exist in forests, lands with high agricultural potential, wetlands, and
waterbodies.  These regional differences have been mapped by Bailey (1976), U.S. Department of
Agriculture (USDA) Soil Conservation Service (1981), Energy, Mines and Resources Canada (1986),
and Omernik (1987).  Waterbodies reflect the lands they drain (Omernik 1987, Hunsaker and Levine
1995) and it is assumed that similar lands should produce similar waterbodies.  This ecoregional
approach provides robust and ecologically-meaningful regional maps that are based on an examination
of several mapped land variables.  For example, hydrologic unit maps are useful for mapping drainage
patterns, but have limited value for explaining the substantial changes that occur in water quality and
biota independent of stream size and river basin. 

Omernik (1987) provided an ecoregional framework for interpreting spatial patterns in state and
national data.  The geographical framework is based on regional patterns in land-surface form, soil,
potential natural vegetation, and land use, which vary across the country.  Geographic patterns of
similarity among ecosystems can be grouped into ecoregions or subecoregions.  Naturally occurring
biotic assemblages, as components of the ecosystem, would be expected to differ among ecoregions but
be relatively similar within a given ecoregion.  The ecoregion concept thus provides a geographic
framework for efficient management of aquatic ecosystems and their components (Hughes 1985,
Hughes et al. 1986, and Hughes and Larsen 1988).  For example, studies in Ohio (Larsen et al. 1986),
Arkansas (Rohm et al. 1987), and Oregon (Hughes et al. 1987, Whittier et al. 1988) have shown that
distributional patterns of fish communities approximate ecoregional boundaries as defined a priori by
Omernik (1987).  This, in turn, implies that similar water quality standards, criteria, and monitoring
strategies are likely to be valid throughout a given ecoregion, but should be tailored to accommodate
the innate differences among ecoregions (Ohio EPA 1987). 

However, some programs, such as EMAP (Klemm and Lazorchak 1994) and the Maryland Biological
Stream Survey (MBSS) (Volstad et al. 1995) have found that a surrogate measure of stream size
(catchment size) is useful in partitioning the variability of stream segments for assessment.  Hydrologic
regime can include flow regulation, water withdrawal, and whether a stream is considered intermittent
or perennial.  Elevation has been found to be an important classification variable when using the
benthic macroinvertebrate assemblage (Barbour et al. 1992, Barbour et al. 1994, Spindler 1996).  In
addition, descriptors at a smaller scale may be needed to characterize streams within regions or classes. 
For example, even though a given stream segment is classified within a subecoregion or other type of
stream class, it may be wooded (deciduous or coniferous) or open within a perennial or intermittent
flow regime, and represent one of several orders of stream size. 

Individual descriptors will not apply to all regional reference streams, nor will all conditions (i.e.,
deciduous, coniferous, open) be present in all streams.  Those streams or stream segments that
represent  characteristics atypical for that particular ecoregion should be excluded from the regional
aggregate of sites and treated as a special situation.  For example, Ohio EPA (1987) considered aquatic
systems with unique (i.e., unusual for the ecoregion) natural characteristics to be a separate aquatic life
use designation (exceptional warmwater aquatic life use) on a statewide basis.
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Although the final rapid bioassessment guidance should be generally applicable to all regions of the
United States, each agency will need to evaluate the generic criteria suggested in this document for
inclusion into specific programs.  To this end, the application of the regional reference concept versus
the site-specific control approach will need to be examined.  When Rapid Bioassessment Protocols
(RBPs) are used to assess impact sources (upstream-downstream studies), regional reference criteria
may not be as important if an unimpacted site-specific control station can be sampled.  However, when
a synoptic ("snapshot") or trend monitoring survey is being conducted in a watershed or river basin,
use of regional criteria may be the only means of discerning use impairment or assessing impact. 
Additional investigation will be needed to: delineate areas (classes of streams)that differ significantly in
their innate biological potential; locate reference sites within each stream class that fully support
aquatic life uses; develop biological criteria (e.g., define optimal values for the metrics) using data
generated from each of the assemblages.

3.5 STATION SITING

Site selection for assessment and monitoring can either be “targeted”, i.e., relevant to special studies
that focus on potential problems, or “probabilistic”, which provides information of the overall status or
condition of the watershed, basin, or region.  In a probabilistic or random sampling regime, stream
characteristics may be highly dissimilar among the sites, but will provide a more accurate assessment
of biological condition throughout the area than a targeted design.  Selecting sites randomly provides an
unbiased assessment of the condition of the waterbody at a scale above the individual site or stream. 
Thus, an agency can address questions at multiple scales.  Studies for 305(b) status and trends
assessments are best done with a probabilistic design.

Most studies conducted by state water quality agencies for identification of problems and sensitive
waters are done with a targeted design.  In this case, sampling sites are selected based on known
existing problems, knowledge of upcoming events that will adversely affect the waterbody such as a
development or deforestation; or installation of BMPs or habitat restoration that are intended to
improve waterbody quality.  This method provides assessments of individual sites or stream reaches. 
Studies for aquatic life use determination and those related to TMDLs can be done with a random
(watershed or higher level) or targeted (site-specific) design.

To meaningfully evaluate biological condition in a targeted design, sampling locations must be similar
enough to have similar biological expectations, which, in turn, provides a basis for comparison of
impairment.  If the goal of an assessment is to evaluate the effects of water chemistry degradation,
comparable physical habitat should be sampled at all stations, otherwise, the differences in the biology
attributable to a degraded habitat will be difficult to separate from those resulting from chemical
pollution water quality degradation.  Availability of appropriate habitat at each sampling location can
be established during preliminary reconnaissance.  In evaluations where several stations on a
waterbody will be compared, the station with the greatest habitat constraints (in terms of productive
habitat availability) should be noted.  The station with the least number of productive habitats available
will often determine the type of habitat to be sampled at all sample stations.

Locally modified sites, such as small impoundments and bridge areas, should be avoided unless data
are needed to assess their effects.  Sampling near the mouths of tributaries entering large waterbodies
should also be avoided because these areas will have habitat more typical of the larger waterbody (Karr
et al. 1986).

For bioassessment activities where the concern is non-chemical stressors, e.g., the effects of habitat
degradation or flow alteration, or cumulative impacts, a different approach to station selection is used. 
Physical habitat differences between sites can be substantial for two reasons:  (1) one or a set of sites is
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more degraded (physically) than another, or (2) is unique for the stream class or region due to the
essential natural structure resulting from geological characteristics.  Because of these situations, the
more critical part of the siting process comes from the recognition of the habitat features that are
representative of the region or stream class.  In basin-wide or watershed studies, sample locations
should not be avoided due to habitat degradation or to physical features that are well-represented in the
stream class.

3.6 DATA MANAGEMENT AND ANALYSIS

USEPA is developing a biological data management system linked to STORET, which provides a
centralized system for storage of biological data and associated analytical tools for data analysis.  The
field survey file component of STORET provides a means of storing, retrieving, and analyzing
biosurvey data, and will process data on the distribution, abundance, and physical condition of aquatic
organisms, as well as descriptions of their habitats.  Data stored in STORET become part of a
comprehensive database that can be used as a reference, to refine analysis techniques or to define
ecological requirements for aquatic populations.  Data from the Rapid Bioassessment Protocols can be
readily managed with the STORET field survey file using header information presented on the field
data forms (Appendix A) to identify sampling stations.

Habitat and physical characterization information may also be stored in the field survey file with
organism abundance data.  Parameters available in the field survey file can be used to store some of the
environmental characteristics associated with the sampling event, including physical characteristics,
water quality, and habitat assessment.  Physical/chemical parameters include stream depth, velocity,
and substrate characteristics, as well as many other parameters.  STORET also allows storage of other
pertinent station or sample information in the comments section.

Entering data into a computer system can provide a substantial time savings.  An additional advantage
to computerization is analysis documentation, which is an important component for a Quality
Assurance/Quality Control (QA/QC) plan.  An agency conducting rapid bioassessment programs can
choose an existing system within their agency or utilize the STORET system developed as a national
database system.

Data collected as part of state bioassessment programs are usually entered, stored and analyzed in
easily obtainable spreadsheet programs.  This method of data management becomes cumbersome as the
database grows in volume.  An alternative to spreadsheet programs is a multiuser relational database
management system (RDMS).  Most relational database software is designed for the  Windows
operating system and offer menu driven interfaces and ranges of toolbars that provide quick access to
many routine database tasks.  Automated tools help users quickly create forms for data input and
lookup, tables, reports, and complex queries about the data.  The USEPA is developing a multiuser
relational database management system that can transfer sampling data to STORET.  This relational
database management system is EDAS (Ecological Data Application System) and allows the user to
input, compile, and analyze complex ecological data to make assessments of ecosystem condition. 
EDAS includes tools to format sampling data so it may be loaded into STORET as a batch file.  These
batch files are formatted as flat ASCII text and can be loaded (transferred) electronically to STORET. 
This will eliminate the need to key sample data into STORET.  

By using tables and queries as established in EDAS, a user can enter, manipulate, and print data.  The
metrics used in most bioassessments can be calculated with simple queries that have already been
created for the user.  New queries may be created so additional metrics can be calculated at the click of
the mouse each time data are updated or changed.  If an operation on the data is too complex for one of
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Figure 3-1.  Example of the relationship of data tables in a typical relational database.

the many default functions then the function can be written in code (e.g., visual basic access) and
stored in a module for use in any query.  Repetitive steps can be handled with macros.  As the user
develops the database other database elements such as forms and reports can be added.

Table design is the foundation of the relational database, such as EDAS (Figure 3-1), because they
function as data containers.  Tables are related through the use of a unique identifier or index.  In the
example database “StationId” links the tables “ChemSamps”, “HabSamps”, and “BenSamps” to the 
“Stations” table.  The chemical parameters and habitat parameters table act as reference tables and 
contain descriptive data (e.g., measurement units, detection limits).  This method of storing data is
more efficient than spreadsheets, because it eliminates a lot of redundant data.  Master Taxa tables are
created for the biological data to contain all relevant information about each taxon.  This information
does not have to be repeated each time a taxon is entered into the database.

Input or lookup forms (Figure 3-2) are screens that are designed to aid in entering or retrieving data. 
Forms are linked to tables so data go to the right cell in the right table.  Because of the relationships
among the tables, data can be updated across all the tables that are linked to the form.  Reports can be
generated in a variety of styles, and data can be exported to other databases or spreadsheet programs.

3.7 TECHNICAL ISSUES FOR SAMPLING THE PERIPHYTON
ASSEMBLAGE

3.7.1 Seasonality

Stream periphyton have distinct seasonal cycles, with peak abundance and diversity typically occurring
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Figure 3-2.  Example input or lookup form in a typical relational database.

in late summer or early fall (Bahls 1993).  High flows may scour and sweep away periphyton.  For
these reasons, the index period for periphyton sampling is usually late summer or early fall, when
stream flow is relatively stable (Kentucky DEP 1993, Bahls 1993).

Algae are light limited, and may be sparse in heavily shaded streams.  Early spring, before leafout, may
be a better sampling index period in shaded streams.

Finally, since algae have short generation times (one to several days), they respond rapidly to
environmental changes.  Samples of the algal community are “snapshots” in time, and do not integrate
environmental effects over entire seasons or years.

3.7.2 Sampling Methodology

Artificial substrates (periphytometers) have long been used in algal investigations, typically using glass
slides as the substrate, but also with glass rods, plastic plates, ceramic tiles and other substances. 
However, many agencies are sampling periphyton from natural substrates to characterize 
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the natural community.  Advantages of artificial and natural substrates are summarized below (Cairns
1982, Bahls 1993).

Advantages of Artificial Substrates:

! Artificial substrates allow sample collection in locations that are typically difficult to
sample effectively (e.g., bedrock, boulder, or shifting substrates; deep or high velocity
water).

! As a "passive" sample collection device, artificial substrates permit standardized
sampling by eliminating subjectivity in sample collection technique.  Direct sampling
of natural substrate requires similar effort and degree of efficiency for the collection of
each sample.  Use of artificial substrates requires standardization of setting and
retrieval; however, colonization provides the actual sampling mechanism.

! Confounding effects of habitat differences are minimized by providing a standardized
microhabitat.  Microhabitat standardization may promote selectivity for specific
organisms if the artificial substrate provides a different microhabitat than that
naturally available at a site.

! Sampling variability is decreased due to a reduction in microhabitat patchiness,
improving the potential for spatial and temporal similarity among samples.

! Sample collection using artificial substrates may require less skill and training than
direct sampling of natural substrates.

Disadvantages of Artificial Substrates:

! Artificial substrates require a return trip; this may be a significant consideration in
large states or those with limited technical resources.

! Artificial substrates are prone to loss, natural damage or vandalism.

! The material of the substrate will influence the composition and structure of the
community; solid artificial substrates will favor attached forms over motile forms and
compromise the usefulness of the siltation index.

! Orientation and length of exposure of the substrate will influence the composition and
structure of the community.

3.8 TECHNICAL ISSUES FOR SAMPLING THE BENTHIC
MACROINVERTEBRATE ASSEMBLAGE

3.8.1 Seasonality for Benthic Collections (adapted from Gibson et al. 1996)

The ideal sampling procedure is to survey the biological community with each change of season, then
select the appropriate sampling periods that accommodate seasonal variation.  Such indexing makes the
best use of the biological data.  However, resident assemblages integrate stress effects over the course
of the year, and their seasonal cycles of abundance and taxa composition are fairly predictable within
the limits of interannual variability.
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Many programs have found that a single index period provides a strong database that allows all of their
management objectives to be addressed.  However, if one goal of a program is to understand seasonal
variability, then establishing index periods during multiple seasons is necessary.  Although a single
index period would not likely be adequate for assessing the effects of catastrophic events, such as spill,
those assessments should be viewed as special studies requiring sampling of reference sites during the
same time period.

Ultimately, selection of the appropriate sampling period should be based on 3 factors that reflect efforts
to:

1. minimize year-to-year variability resulting from natural events,

2. maximize gear efficiency, and

3. maximize accessibility of targeted assemblage.

Sampling and comparisons of data from the same seasons (or index periods) as the previous year’s
sampling provides some correction and minimization of annual variability.  The season of the year
during which sampling gear is most effective is an important consideration for selecting an index
period.  For example, low flow or freezing conditions may hamper an agency’s ability to sample with
its selected gear.  Seasons where those conditions are prevalent should be avoided.  The targeted
assemblage(s) should be accessible and not be inhabiting hard-to-reach portions of the sampling area. 
For example, if benthos are primarily deep in the substrate in winter, beyond normal sampling depth,
that period should be avoided and another index period chosen.  If high flows are typical of spring
runoff periods, and sampling cannot occur, the index period should be established during typical or low
flow periods.

3.8.2 Benthic Sampling Methodology

The benthic RBPs employ direct sampling of natural substrates.  Because routine evaluation of a large
number of sites is a primary objective of the RBPs, artificial substrates were eliminated from
consideration due to time required for both placement and retrieval, and the amount of exposure time
required for colonization.  However, where conditions are inappropriate for the collection of natural
substrate samples, artificial substrates may be an option.  The Science Advisory Board (SAB 1993)
cautioned that the only appropriate type of artificial substrates to be used for assessment are those that
are “introduced substrates”, i.e., substrates that are representative of the natural substrate of the stream
system, such as rock-filled baskets in cobble- or gravel-bottomed streams.  Ohio EPA and Maine DEP,
are examples of states that use artificial substrates for their water resource investigations (Davis et al.
1996).

Advantages and disadvantages of artificial substrates (Cairns 1982) relative to the use of natural
substrates are presented below.

Advantages of Artificial Substrates:

! Artificial substrates allow sample collection in locations that are typically difficult to
sample effectively (e.g., bedrock, boulder, or shifting substrates; deep or high velocity
water).
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! As a "passive" sample collection device, artificial substrates permit standardized
sampling by eliminating subjectivity in sample collection technique.  Direct sampling
of natural substrate requires similar effort and degree of efficiency for the collection of
each sample.  Use of artificial substrates requires standardization of setting and
retrieval; however, colonization provides the actual sampling mechanism.

! Confounding effects of habitat differences are minimized by providing a standardized
microhabitat.  Microhabitat standardization may promote selectivity for specific
organisms if the artificial substrate provides a different microhabitat than that
naturally available at a site (see second bullet under Disadvantages below). Most
artificial substrates, by design, select for the Scraper and Filterer components of the
benthic assemblages or for Collectors if accumulation of debris has occured in the
substrates.

! Sampling variability is decreased due to a reduction in microhabitat patchiness,
improving the potential for spatial and temporal similarity among samples.

! Sample collection using artificial substrates may require less skill and training than
direct sampling of natural substrates.  Depending on the type of artificial substrate
used, properly trained technicians could place and retrieve the substrates.  However,
an experienced specialist should be responsible for the selection of habitats and sample
sites.

Disadvantages of Artificial Substrates:

! Two trips (one to set and one to retrieve) are required for each artificial substrate
sample; only one trip is necessary for direct sampling of the natural substrate.
Artificial substrates require a long (8-week average) exposure period for colonization. 
This decreases their utility for certain rapid biological assessments.

! Samples may not be fully representative of the benthic assemblage at a station if the
artificial substrate offers different microhabitats than those available in the natural
substrate.  Artificial substrates often selectively sample certain taxa, misrepresenting
relative abundances of these taxa in the natural substrate.  Artificial substrate samples
would thus indicate colonization potential rather than the resident community
structure.  This could be advantageous if a study is designed to isolate water quality
effects from substrate and other microhabitat effects.  Where habitat quality is a
limiting factor, artificial substrates could be used to discriminate between physical and
chemical effects and assess a site's potential to support aquatic life on the basis of
water quality alone.

! Sampler loss or perturbation commonly occurs due to sedimentation, extremely high or
low flows, or vandalism during the relatively long (at least several weeks) exposure
period required for colonization.

! Depending on the configuration of the artificial substrate used, transport and storage
can be difficult.  The number of artificial substrate samplers required for sample
collection increases such inconvenience.
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3.9 TECHNICAL ISSUES FOR THE SURVEY OF THE FISH
ASSEMBLAGE

3.9.1 Seasonality for Fish Collections 

Seasonal changes in the relative abundances of the fish community primarily occur during reproductive
periods and (for some species) the spring and fall migratory periods.  However, because larval fish
sampling is not recommended in this protocol, reproductive period changes in relative abundance are
not of primary importance.

Generally, the preferred sampling season is mid to late summer, when stream and river flows are
moderate to low, and less variable than during other seasons.  Although some fish species are capable
of extensive migration, fish populations and individual fish tend to remain in the same area during
summer (Funk 1957, Gerking 1959, Cairns and Kaesler 1971).  The Ohio Environmental Protection
Agency (1987) stated that few fishes in perennial streams migrate long distances.  Hill and Grossman
(1987) found that the three dominant fish species in a North Carolina stream had home ranges of 13 to
19 meters over a period of 18 months.  Ross et al. (1985) and Matthews (1986) found that stream fish
assemblages were stable and persistent for 10 years, recovering rapidly from droughts and floods
indicating that substantial population fluctuations are not likely to occur in response to purely natural
environmental phenomena.  However, comparison of data collected during different seasons is
discouraged, as are data collected during or immediately after major flow changes.

3.9.2 Fish Sampling Methodology

Although various gear types are routinely used to sample fish, electrofishing equipment and seines are
the most commonly used collection methods in fresh water habitats.  Each method has advantages and
disadvantages (Hendricks et al. 1980, Nielsen and Johnson 1983).  However, electrofishing is
recommended for most fish field surveys because of its greater applicability and efficiency.  Local
conditions may require consideration of seining as an optional collection method. Advantages and
disadvantages of each gear type are presented below.

3.9.2.1 Advantages and Disadvantages of Electrofishing

Advantages of Electrofishing:

! Electrofishing allows greater standardization of catch per unit of effort.

! Electrofishing requires less time and a reduced level of effort than some sampling
methods (e.g., use of ichthyocides) (Hendricks et al. 1980).

! Electrofishing is less selective than seining (although it is selective towards size and
species) (Hendricks et al. 1980).  (See second bullet under Disadvantages below).

! If properly used, adverse effects on fish are minimized.

! Electrofishing is appropriate in a variety of habitats.

Disadvantages of Electrofishing:
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! Sampling efficiency is affected by turbidity and conductivity.

! Although less selective than seining, electrofishing is size and species selective. Effects
of electrofishing increase with body size.  Species specific behavioral and anatomical
differences also determine vulnerability to electroshocking (Reynolds 1983).

! Electrofishing is a hazardous operation that can injure field personnel if proper safety
procedures are ignored.

3.9.2.2 Advantages and Disadvantages of Seining

Advantages of Seining:

! Seines are relatively inexpensive.

! Seines are lightweight and are easily transported and stored.

! Seine repair and maintenance are minimal and can be accomplished onsite.

! Seine use is not restricted by water quality parameters.

! Effects on the fish population are minimal because fish are collected alive and are
generally unharmed.

Disadvantages of Seining:

! Previous experience and skill, knowledge of fish habitats and behavior, and sampling
effort are probably more important in seining than in the use of any other gear
(Hendricks et al. 1980).

! Sample effort and results for seining are more variable than sampling with
electrofishing.

! Use of seines is generally restricted to slower water with smooth bottoms, and is most
effective in small streams or pools with little cover.

! Standardization of unit of effort to ensure data comparability is difficult.

3.10 SAMPLING REPRESENTATIVE HABITAT

Effort should be made when sampling to avoid regionally unique natural habitat.  Samples from such
situations, when compared to those from sites lacking the unique habitat, will appear different, i.e.,
assess as in either better or worse condition, than those not having the unique habitat.  This is due to
the usually high habitat specificity that different taxa have to their range of habitat conditions; unique
habitat will have unique taxa.  Thus, all RBP sampling is focused on sampling of representative
habitat.

Composite sampling is the norm for RBP investigations to characterize the reach, rather than individual
small replicates.  However, a major source of variance can result from taking too few samples for a
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composite.  Therefore, each of the protocols (i.e., for periphyton, benthos, fish) advocate compositing
several samples or efforts throughout the stream reach.  Replication is strongly encouraged for
precision evaluation of the methods. 

When sampling wadeable streams, rivers, or waterbodies with complex habitats, a complete inventory
of the entire reach is not necessary for bioassessment.  However, the sampling area should be
representative of the reach, incorporating riffles, runs, and pools if these habitats are typical of the
stream in question.  Midchannel and wetland areas of large rivers, which are difficult to sample
effectively, may be avoided.  Sampling effort may be concentrated in near-shore habitats where most
species will be collected.  Although some deep water or wetland species may be undersampled, the data
should be adequate for the objective of bioassessment.
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5
HABITAT ASSESSMENT AND

PHYSICOCHEMICAL PARAMETERS

An evaluation of habitat quality is critical to any assessment of ecological integrity and should be
performed at each site at the time of the biological sampling.  In general, habitat and biological
diversity in rivers are closely linked (Raven et al. 1998).  In the truest sense, “habitat” incorporates
all aspects of physical and chemical constituents along with the biotic interactions.  In these
protocols, the definition of “habitat” is narrowed to the quality of the instream and riparian habitat
that influences the structure and function of the aquatic community in a stream.  The presence of
an altered habitat structure is considered one of the major stressors of aquatic systems (Karr et al.
1986).  The presence of a degraded habitat can sometimes obscure investigations on the effects of
toxicity and/or pollution.  The assessments performed by many water resource agencies include a
general description of the site, a physical characterization and water quality assessment, and a
visual assessment of instream and riparian habitat quality.  Some states (e.g., Idaho DEQ and
Illinois EPA) include quantitative measurements of physical parameters in their habitat assessment. 
Together these data provide an integrated picture of several of the factors influencing the biological
condition of a stream system.  These assessments are not as comprehensive as needed to adequately
identify all causes of impact.  However, additional investigation into hydrological modification of
water courses and drainage patterns can be conducted, once impairment is noted.

The habitat quality evaluation can be accomplished by characterizing selected physicochemical
parameters in conjunction with a systematic assessment of physical structure.  Through this
approach, key features can be rated or scored to provide a useful assessment of habitat quality.

5.1 PHYSICAL CHARACTERISTICS AND WATER QUALITY

Both physical characteristics and water quality parameters are pertinent to characterization of the
stream habitat. An example of the data sheet used to characterize the physical characteristics and
water quality of a site is shown in Appendix A.  The information required includes measurements
of physical characterization and water quality made routinely to supplement biological surveys.

Physical characterization includes documentation of general land use, description of the stream
origin and type, summary of the riparian vegetation features, and measurements of instream
parameters such as width, depth, flow, and substrate.  The water quality discussed in these
protocols are in situ measurements of standard parameters that can be taken with a water quality
instrument.  These are generally instantaneous measurements taken at the time of the survey. 
Measurements of certain parameters, such as temperature, dissolved oxygen, and turbidity, can be
taken over a diurnal cycle and will require instrumentation that can be left in place for extended
periods or collects water samples at periodic intervals for measurement.  In addition, water samples
may be desired to be collected for selected chemical analysis.  These chemical samples are
transported to an analytical laboratory for processing.  The combination of this information
(physical characterization and water quality) will provide insight as to the ability of the stream to
support a healthy aquatic community, and to the presence of chemical and non-chemical stressors
to the stream ecosystem.  Information requested in this section (Appendix A-1, Form 1) is standard
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to many aquatic studies and allows for some comparison among sites. Additionally, conditions that
may significantly affect aquatic biota are documented. 

5.1.1 Header Information (Station Identifier)

The header information is identical on all data sheets and requires sufficient information to identify
the station and location where the survey was conducted, date and time of survey, and the
investigators responsible for the quality and integrity of the data.  The stream name and river basin
identify the watershed and tributary; the location of the station is described in the narrative to help
identify access to the station for repeat visits.  The rivermile (if applicable) and latitude/longitude
are specific locational data for the station.  The station number is a code assigned by the agency
that will associate the sample and survey data with the station.  The STORET number is assigned
to each datapoint for inclusion in USEPA’s STORET system.  The stream class is a designation of
the grouping of homogeneous characteristics from which assessments will be made.  For instance,
Ohio EPA uses ecoregions and size of stream, Florida DEP uses bioregions (aggregations of
subecoregions), and Arizona DEQ uses elevation as a means to identify stream classes.  Listing the
agency and investigators assigns responsibility to the data collected from the station at a specific
date and time.  The reason for the survey is sometimes useful to an agency that conducts surveys
for various programs and purposes.

5.1.2 Weather Conditions

Note the present weather conditions on the day of the survey and those immediately preceding the
day of the survey.  This information is important to interpret the effects of storm events on the
sampling effort.

5.1.3 Site Location/Map

To complete this phase of the bioassessment, a photograph may be helpful in identifying station
location and documenting habitat conditions. Any observations or data not requested but deemed
important by the field observer should be recorded.  A hand-drawn map is useful to illustrate major
landmarks or features of the channel morphology or orientation, vegetative zones, buildings, etc.
that might be used to aid in data interpretation.

5.1.4 Stream Characterization

Stream Subsystem:  In regions where the perennial nature of streams is important, or where the
tidal influence of streams will alter the structure and function of communities, this parameter
should be noted.  

Stream Type:  Communities inhabiting coldwater streams are markedly different from those in
warmwater streams, many states have established temperature criteria that differentiate these 2
stream types.

Stream Origin:  Note the origination of the stream under study, if it is known.  Examples are
glacial, montane, swamp, and bog.  As the size of the stream or river increases, a mixture of
origins of tributaries is likely.
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5.1.5 Watershed Features

Collecting this information usually requires some effort initially for a station.  However,
subsequent surveys will most likely not require an in-depth research of this information.

Predominant Surrounding Land Use Type: Document the prevalent land-use type in the
catchment of the station (noting any other land uses in the area which, although not predominant,
may potentially affect water quality).  Land use maps should be consulted to accurately document
this information.

Local Watershed Nonpoint Source Pollution:  This item refers to problems and potential
problems in the watershed.  Nonpoint source pollution is defined as diffuse agricultural and urban
runoff. Other compromising factors in a watershed that may affect water quality include feedlots,
constructed wetlands, septic systems, dams and impoundments, mine seepage, etc.

Local Watershed Erosion:  The existing or potential detachment of soil within the local watershed
(the portion of the watershed or catchment that directly affects the stream reach or station under
study) and its movement into the stream is noted. Erosion can be rated through visual observation
of watershed and stream characteristics (note any turbidity observed during water quality
assessment below).

5.1.6 Riparian Vegetation

An acceptable riparian zone includes a buffer strip of a minimum of 18 m (Barton et al. 1985)
from the stream on either side.  The acceptable width of the riparian zone may also be variable
depending on the size of the stream.  Streams over 4 m in width may require larger riparian zones. 
The vegetation within the riparian zone is documented here as the dominant type and species, if
known.

5.1.7 Instream Features

Instream features are measured or evaluated in the sampling reach and catchment as appropriate.

Estimated Reach Length:  Measure or estimate the length of the sampling reach.  This
information is important if reaches of variable length are surveyed and assessed.

Estimated Stream Width (in meters, m):  Estimate the distance from bank to bank at a transect
representative of the stream width in the reach.  If variable widths, use an average to find that
which is representative for the given reach.  

Sampling Reach Area (m2):  Multiply the sampling reach length by the stream width to obtain a
calculated surface area.  

Estimated Stream Depth (m):  Estimate the vertical distance from water surface to stream bottom
at a representative depth (use instream habitat feature that is most common in reach) to obtain
average depth.  
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Velocity:  Measure the surface velocity in the thalweg of a representative run area.  If
measurement is not done, estimate the velocity as slow, moderate, or fast.

Canopy Cover:  Note the general proportion of open to shaded area which best describes the
amount of cover at the sampling reach or station.  A densiometer may be used in place of visual
estimation.

High Water Mark (m):  Estimate the vertical distance from the bankfull margin of the stream
bank to the peak overflow level, as indicated by debris hanging in riparian or floodplain vegetation,
and deposition of silt or soil. In instances where bank overflow is rare, a high water mark may not
be evident.

Proportion of Reach Represented by Stream Morphological Types:  The proportion
represented by riffles, runs, and pools should be noted to describe the morphological heterogeneity
of the reach.

Channelized:  Indicate whether or not the area around the sampling reach or station is channelized
(e.g., straightening of stream, bridge abutments and road crossings, diversions, etc.).

Dam Present:  Indicate the presence or absence of a dam upstream in the catchment or
downstream of the sampling reach or station. If a dam is present, include specific information relat-
ing to alteration of flow.

5.1.8 Large Woody Debris

Large Woody Debris (LWD) density, defined and measured as described below, has been used in
regional surveys (Shields et al. 1995) and intensive studies of degraded and restored streams
(Shields et al. 1998).  The method was developed for sand or sand-and-gravel bed streams in the
Southeastern U.S. that are wadeable at baseflow, with water widths between 1 and 30 m (Cooper
and Testa 1999).  

Cooper and Testa’s (1999) procedure involves measurements based on visual estimates taken by a
wading observer.  Only woody debris actually in contact with stream water is counted.  Each
woody debris formation with a surface area in the plane of the water surface >0.25 m2 is recorded. 
The estimated length and width of each formation is recorded on a form or marked directly onto a
stream reach drawing.  Estimates are made to the nearest 0.5 m , and formations with length or
width less than 0.5 m are not counted.  Recorded length is maximum width in the direction
perpendicular to the length.  Maximum actual length and width of a limb, log, or accumulation are
not considered.  

If only a portion of the log/limb is in contact with the water, only that portion in contact is
measured.  Root wads and logs/limbs in the water margin are counted if they contact the water, and
are arbitrarily given a width of 0.5 m Lone individual limbs and logs are included in the
determination if their diameter is 10 cm or larger (Keller and Swanson 1979, Ward and Aumen
1986).  Accumulations of smaller limbs and logs are included if the formation total length or width
is 0.5 m or larger.  Standing trees and stumps within the stream are also recorded if their length
and width exceed 0.5 m. 

The length and width of each LWD formation are then multiplied, and the resulting products are
summed to give the aquatic habitat area directly influenced.  This area is then divided by the water
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surface area (km2) within the sampled reach (obtained by multiplying the average water surface
width by reach length) to obtain LWD density.  Density values of 103 to 104 m2/km2 have been
reported for channelized and incised streams and on the order of 105 m2/km2 for non-incised
streams (Shields et al. 1995 and 1998).  This density is not an expression of the volume of LWD,
but rather a measure of LWD influence on velocity, depth, and cover. 

5.1.9 Aquatic Vegetation

The general type and relative dominance of aquatic plants are documented in this section.  Only an
estimation of the extent of aquatic vegetation is made.  Besides being an ecological assemblage that
responds to perturbation, aquatic vegetation provides refugia and food for aquatic fauna.  List the
species of aquatic vegetation, if known.

5.1.10 Water Quality

Temperature (EEC), Conductivity or “Specific Conductance” (µohms), Dissolved Oxygen
(µg/L), pH, Turbidity:  Measure and record values for each of the water quality parameters
indicated, using the appropriate calibrated water quality instrument(s). Note the type of instrument
and unit number used.

Water Odors:  Note those odors described (or include any other odors not listed) that are
associated with the water in the sampling area.

Water Surface Oils:  Note the term that best describes the relative amount of any oils present on
the water surface.

Turbidity:  If turbidity is not measured directly, note the term which, based upon visual
observation, best describes the amount of material suspended in the water column.

5.1.11 Sediment/Substrate

Sediment Odors:  Disturb sediment in pool or other depositional areas and note any odors
described (or include any other odors not listed) which are associated with sediment in the sampling
reach.

Sediment Oils:  Note the term which best describes the relative amount of any sediment oils
observed in the sampling area.

Sediment Deposits:  Note those deposits described (or include any other deposits not listed) that
are present in the sampling reach.  Also indicate whether the undersides of rocks not deeply
embedded are black (which generally indicates low dissolved oxygen or anaerobic conditions).

Inorganic Substrate Components:  Visually estimate the relative proportion of each of the 7 sub-
strate/particle types listed that are present over the sampling reach. 

Organic Substrate Components:  Indicate relative abundance of each of the 3 substrate types
listed.
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EQUIPMENT/SUPPLIES NEEDED FOR HABITAT
ASSESSMENT AND PHYSICAL/WATER

QUALITY CHARACTERIZATION

• Physical Characterization and Water Quality Field
Data Sheet*

• Habitat Assessment Field Data Sheet*

• clipboard
• pencils or waterproof pens
• 35 mm camera (may be digital)
• video camera (optional)
• upstream/downstream “arrows” or signs for

photographing and documenting sampling reaches
• Flow or velocity meter
• In situ water quality meters
• Global Positioning System (GPS) Unit

* It is helpful to copy field sheets onto water-resistant
paper for use in wet weather conditions

5.2 A VISUAL-BASED HABITAT ASSESSMENT

Biological potential is limited by the quality of the physical habitat, forming the template within
which biological communities develop (Southwood 1977).  Thus, habitat assessment is defined as
the evaluation of the structure of the surrounding physical habitat that influences the quality of the
water resource and the condition of the resident aquatic community (Barbour et al. 1996a).  For
streams, an encompassing approach to assessing structure of the habitat includes an evaluation of
the variety and quality of the substrate, channel morphology, bank structure, and riparian
vegetation.  Habitat parameters pertinent to the assessment of habitat quality include those that
characterize the stream "micro scale" habitat (e.g., estimation of embeddeddness), the "macro
scale" features (e.g., channel morphology), and the riparian and bank structure features that are
most often influential in affecting the other parameters. 

Rosgen (1985, 1994) presented a
stream and river classification system
that is founded on the premise that
dynamically-stable stream channels
have a morphology that provides
appropriate distribution of flow
energy during storm events.  Further,
he identifies 8 major variables that
affect the stability of channel
morphology, but are not mutually
independent: channel width, channel
depth, flow velocity, discharge,
channel slope, roughness of channel
materials, sediment load and sediment
particle size distribution.  When
streams have one of these
characteristics altered, some of their
capability to dissipate energy
properly is lost (Leopold et al. 1964,
Rosgen 1985) and will result in
accelerated rates of channel erosion.  Some of the habitat structural components that function to
dissipate flow energy are:

! sinuosity

! roughness of bed and bank materials

! presence of point bars (slope is an important characteristic)

! vegetative conditions of stream banks and the riparian zone

! condition of the floodplain (accessibility from bank, overflow, and size are
important characteristics).

Measurement of these parameters or characteristics serve to stratify and place streams into distinct
classifications.  However, none of these habitat classification techniques attempt to differentiate the
quality of the habitat and the ability of the habitat to support the optimal biological condition of the
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region.  Much of our understanding of habitat relationships in streams has emerged from
comparative studies that describe statistical relationships between habitat variables and abundance
of biota (Hawkins et al. 1993).  However, in response to the need to incorporate broader scale
habitat assessments in water resource programs, 2 types of approaches for evaluating habitat
structure have been developed.  In the first, the Environmental Monitoring and Assessment
Program (EMAP) of the USEPA and the National Water-Quality Assessment Program (NAWQA)
of the USGS developed techniques that incorporate measurements of various features of the
instream, channel, and bank morphology (Meader et al. 1993, Klemm and Lazorchak 1994). 
These techniques provide a relatively comprehensive characterization of the physical structure of
the stream sampling reach and its surrounding floodplain.  The second type was a more rapid and
qualitative habitat assessment approach that was developed to describe the overall quality of the
physical habitat (Ball 1982, Ohio EPA 1987, Plafkin et al. 1989, Barbour and Stribling 1991,
1994, Rankin 1991, 1995).  In this document, the more rapid visual-based approach is described. 
A cursory overview of the more quantitative approaches to characterizing the physical structure of
the habitat is provided.

The habitat assessment matrix developed for the Rapid Bioassessment Protocols (RBPs) in Plafkin
et al. (1989) were originally based on the Stream Classification Guidelines for Wisconsin
developed by Ball (1982) and “Methods of Evaluating Stream, Riparian, and Biotic Conditions”
developed by Platts et al. (1983). Barbour and Stribling (1991, 1994) modified the habitat
assessment approach originally developed for the RBPs to include additional assessment
parameters for high gradient streams and a more appropriate parameter set for low gradient
streams (Appendix A-1, Forms 2,3).  All parameters are evaluated and rated on a numerical scale
of 0 to 20 (highest) for each sampling reach.  The ratings are then totaled and compared to a
reference condition to provide a final habitat ranking. Scores increase as habitat quality increases. 
To ensure consistency in the evaluation procedure, descriptions of the physical parameters and
relative criteria are included in the rating form.

The Environmental Agency of Great Britain (Environment Agency of England and Wales, Scottish
Environment Protection Agency, and Environment and Heritage Service of Northern Ireland) have
developed a River Habitat Survey (RHS) for characterizing the quality of their streams and rivers
(Raven et al. 1998).  The approach used in Great Britain is similar to the visual-based habitat
assessment used in the US in that scores are assigned to ranges of conditions of various habitat
parameters.

A biologist who is well versed in the ecology and zoogeography of the region can generally
recognize optimal habitat structure as it relates to the biological community.  The ability to
accurately assess the quality of the physical habitat structure using a visual-based approach
depends on several factors:

! the parameters selected to represent the various features of habitat structure need
to be relevant and clearly defined

! a continuum of conditions for each parameter must exist that can be characterized
from the optimum for the region or stream type under study to the poorest
situation reflecting substantial alteration due to anthropogenic activities
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! the judgement criteria for the attributes of each parameter should minimize
subjectivity through either quantitative measurements or specific categorical
choices

! the investigators are experienced in or adequately trained for stream assessments
in the region under study (Hannaford et al. 1997)

! adequate documentation and ongoing training is maintained to evaluate and correct
errors resulting in outliers and aberrant assessments.

Habitat evaluations are first made on instream habitat, followed by channel morphology, bank
structural features, and riparian vegetation.  Generally, a single, comprehensive assessment is made
that incorporates features of the entire sampling reach as well as selected features of the catchment. 
Additional assessments may be made on neighboring reaches to provide a broader evaluation of
habitat quality for the stream ecosystem. The actual habitat assessment process involves rating the
10 parameters as optimal, suboptimal, marginal, or poor based on the criteria included on the
Habitat Assessment Field Data Sheets (Appendix A-1, Forms 2,3). Some state programs, such as
Florida Department of Environmental Protection (DEP) (1996) and Mid-Atlantic Coastal Streams
Workgroup (MACS) (1996) have adapted this approach using somewhat fewer and different
parameters.

Reference conditions are used to scale the assessment to the "best attainable" situation. This
approach is critical to the assessment because stream characteristics will vary dramatically across
different regions (Barbour and Stribling 1991). The ratio between the score for the test station and
the score for the reference condition provides a percent comparability measure for each station.
The station of interest is then classified on the basis of its similarity to expected conditions
(reference condition), and its apparent potential to support an acceptable level of biological health. 
Use of a percent comparability evaluation allows for regional and stream-size differences which
affect flow or velocity, substrate, and channel morphology.  Some regions are characterized by
streams having a low channel gradient, such as coastal plains or prairie regions.

Other habitat assessment approaches or a more rigorously quantitative approach to measuring the
habitat parameters may be used (See Klemm and Lazorchak 1994, Kaufmann and Robison 1997,
Meader et al. 1993).  However, holistic and rapid assessment of a wide variety of habitat attributes
along with other types of data is critical if physical measurements are to be used to best advantage
in interpreting biological data.  A more detailed discussion of the relationship between habitat
quality and biological condition is presented in Chapter 10. 

A generic habitat assessment approach based on visual observation can be separated into 2 basic
approaches—one designed for high-gradient streams and one designed for low-gradient streams. 
High-gradient or riffle/run prevalent streams are those in moderate to high gradient landscapes.
Natural high-gradient streams have substrates primarily composed of coarse sediment particles
(i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches.  Low-
gradient or glide/pool prevalent streams are those in low to moderate gradient landscapes.  Natural
low-gradient streams have substrates of fine sediment or infrequent aggregations of more coarse
(gravel or larger) sediment particles along stream reaches.  The entire sampling reach is evaluated
for each parameter.  Descriptions of each parameter and its relevance to instream biota are
presented in the following discussion.  Parameters that are used only for high-gradient prevalent
streams are marked with an “a”; those for low-gradient dominant streams, a “b”.  If a parameter is
used for both stream types, it is not marked with a letter.  A brief set of decision criteria is given
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for each parameter corresponding to each of the 4 categories reflecting a continuum of conditions
on the field sheet (optimal, suboptimal, marginal, and poor).  Refer to Appendix A-1, Forms 2 and
3, for a complete field assessment guide.
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PROCEDURE FOR PERFORMING HABITAT ASSESSMENT

1. Select the reach to be assessed.  The habitat assessment is performed on the same 100 m reach (or
other reach designation [e.g., 40 x stream wetted width]) from which the biological sampling is
conducted.  Some parameters require an observation of a broader section of the catchment than just
the sampling reach.

2. Complete the station identification section of each field data sheet and habitat assessment form.

3. It is best for the investigators to obtain a close look at the habitat features to make an adequate
assessment.  If the physical and water quality characterization and habitat assessment are done
before the biological sampling, care must be taken to avoid disturbing the sampling habitat. 

4. Complete the Physical Characterization and Water Quality Field Data Sheet.  Sketch a map of
the sampling reach on the back of this form.

5. Complete the Habitat Assessment Field Data Sheet, in a team of 2 or more biologists, if possible,
to come to a consensus on determination of quality.  Those parameters to be evaluated on a scale
greater than a sampling reach require traversing the stream corridor to the extent deemed necessary
to assess the habitat feature.  As a general rule-of-thumb, use 2 lengths of the sampling reach to
assess these parameters.

QUALITY ASSURANCE PROCEDURES

1. Each biologist is to be trained in the visual-based habitat assessment technique for the applicable
region or state.

2. The judgment criteria for each habitat parameter are calibrated for the stream classes under study. 
Some text modifications may be needed on a regional basis.

3. Periodic checks of assessment results are completed using pictures of the sampling reach and
discussions among the biologists in the agency.
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Parameters to be evaluated in sampling reach:

1 EPIFAUNAL SUBSTRATE/AVAILABLE COVER

high and low
gradient streams

Includes the relative quantity and variety of natural structures in the
stream, such as cobble (riffles), large rocks, fallen trees, logs and branches,
and undercut banks, available as refugia, feeding, or sites for spawning
and nursery functions of aquatic macrofauna.  A wide variety and/or
abundance of submerged structures in the stream provides
macroinvertebrates and fish with a large number of niches, thus increasing
habitat diversity.  As variety and abundance of cover decreases, habitat
structure becomes monotonous, diversity decreases, and the potential for
recovery following disturbance decreases.  Riffles and runs are critical for
maintaining a variety and abundance of insects in most high-gradient
streams and serving as spawning and feeding refugia for certain fish.  The
extent and quality of the riffle is an important factor in the support of a
healthy biological condition in high-gradient streams.  Riffles and runs
offer a diversity of habitat through variety of particle size, and, in many
small high-gradient streams, will provide the most stable habitat.  Snags
and submerged logs are among the most productive habitat structure for
macroinvertebrate colonization and fish refugia in low-gradient streams. 
However, “new fall” will not yet be suitable for colonization.

Selected
References

Wesche et al. 1985, Pearsons et al. 1992, Gorman 1988, Rankin 1991,
Barbour and Stribling 1991, Plafkin et al. 1989, Platts et al. 1983,
Osborne et al. 1991, Benke et al. 1984, Wallace et al. 1996, Ball 1982,
MacDonald et al. 1991, Reice 1980, Clements 1987, Hawkins et al. 1982,
Beechie and Sibley 1997.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

(high and low
gradient)

Greater than 70% (50%
for low gradient streams)
of substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

40-70% (30-50% for low
gradient streams) mix of
stable habitat; well-suited
for full colonization
potential; adequate habitat
for maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

20-40% (10-30% for low
gradient streams) mix of
stable habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 20% (10% for
low gradient streams)
stable habitat; lack of
habitat is obvious;
substrate unstable or
lacking.

SCORE  20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range

1a. Epifaunal Substrate/Available Cover—High Gradient

Optimal Range (Mary Kay Corazalla, U. of Minn.) Poor Range

1b. Epifaunal Substrate/Available Cover—Low Gradient
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Optimal Range (William Taft, MI DNR) Poor Range (William Taft, MI DNR)

2a. Embeddedness—High Gradient

2a EMBEDDEDNESS

high gradient
streams

Refers to the extent to which rocks (gravel, cobble, and boulders) and
snags are covered or sunken into the silt, sand, or mud of the stream
bottom.  Generally, as rocks become embedded, the surface area available
to macroinvertebrates and fish (shelter, spawning, and egg incubation) is
decreased.  Embeddedness is a result of large-scale sediment movement
and deposition, and is a parameter evaluated in the riffles and runs of high-
gradient streams.  The rating of this parameter may be variable depending
on where the observations are taken.  To avoid confusion with sediment
deposition (another habitat parameter), observations of embeddedness
should be taken in the upstream and central portions of riffles and cobble
substrate areas.

Selected
References

Ball 1982, Osborne et al. 1991, Barbour and Stribling 1991, Platts et al.
1983, MacDonald et al. 1991, Rankin 1991, Reice 1980, Clements 1987,
Benke et al. 1984, Hawkins et al. 1982, Burton and Harvey 1990.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

2.a Embeddedness

(high gradient)

Gravel, cobble, and
boulder particles are 0-
25% surrounded by fine
sediment.  Layering of
cobble provides diversity of
niche space.

Gravel, cobble, and
boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are more
than 75% surrounded by
fine sediment.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1    0



DRAFT REVISION—September 24, 1998

5-14  Chapter 5: Habitat Assessment and Physicochemical Parameters

Optimal Range
(Mary Kay Corazalla, U. of Minn.)

Poor Range

2b. Pool Substrate Characterization—Low Gradient

2b POOL SUBSTRATE CHARACTERIZATION

low gradient
streams

Evaluates the type and condition of bottom substrates found in pools. 
Firmer sediment types (e.g., gravel, sand) and rooted aquatic plants support
a wider variety of organisms than a pool substrate dominated by mud or
bedrock and no plants.  In addition, a stream that has a uniform substrate in
its pools will support far fewer types of organisms than a stream that has a
variety of substrate types.

Selected
References

Beschta and Platts 1986, U.S. EPA 1983.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

2b. Pool Substrate
Characterization

(low gradient)

Mixture of substrate
materials, with gravel and
firm sand prevalent; root
mats and submerged
vegetation common.

Mixture of soft sand, mud,
or clay; mud may be
dominant; some root mats
and submerged vegetation
present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or bedrock;
no root mat or submerged
vegetation.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range (Mary Kay Corazalla, U. of Minn.)
(arrows emphasize different velocity/depth regimes)

Poor Range (William Taft, MI DNR)

3a. Velocity/Depth Regimes—High Gradient

3a VELOCITY/DEPTH COMBINATIONS

high gradient
streams

Patterns of velocity and depth are included for high-gradient streams under
this parameter as an important feature of habitat diversity.  The best
streams in most high-gradient regions will have all 4 patterns present: (1)
slow-deep, (2) slow-shallow, (3) fast-deep, and (4) fast-shallow.  The
general guidelines are 0.5 m depth to separate shallow from deep, and 0.3
m/sec to separate fast from slow.  The occurrence of these 4 patterns
relates to the stream’s ability to provide and maintain a stable aquatic
environment. 

Selected
References

Ball 1982, Brown and Brussock 1991, Gore and Judy 1981, Oswood and
Barber 1982.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

3a.  Velocity/ Depth
Regimes 

(high gradient)

All 4 velocity/depth
regimes present (slow-deep,
slow-shallow, fast-deep,
fast-shallow).
(slow is <0.3 m/s, deep is
>0.5 m)

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than if
missing other regimes).

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range (Peggy Morgan, FL DEP) Poor Range (William Taft, MI DNR)

3b. Pool Variability—Low Gradient

3b POOL VARIABILITY

low gradient
streams

Rates the overall mixture of pool types found in streams, according to size
and depth.  The 4 basic types of pools are large-shallow, large-deep, small-
shallow, and small-deep.  A stream with many pool types will support a
wide variety of aquatic species.  Rivers with low sinuosity (few bends) and
monotonous pool characteristics do not have sufficient quantities and types
of habitat to support a diverse aquatic community.  General guidelines are
any pool dimension (i.e., length, width, oblique) greater than half the cross-
section of the stream for separating large from small and 1 m depth
separating shallow and deep.

Selected
References

Beschta and Platts 1986, USEPA 1983.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

3b. Pool
Variability

(low gradient)

Even mix of large-
shallow, large-deep, small-
shallow, small-deep pools
present.

Majority of pools large-
deep; very few shallow.

Shallow pools much more
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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4 SEDIMENT DEPOSITION

high and low
gradient streams

Measures the amount of sediment that has accumulated in pools and the
changes that have occurred to the stream bottom as a result of deposition. 
Deposition occurs from large-scale movement of sediment.  Sediment
deposition may cause the formation of islands, point bars (areas of
increased deposition usually at the beginning of a meander that increase in
size as the channel is diverted toward the outer bank) or shoals, or result in
the filling of runs and pools.  Usually deposition is evident in areas that are
obstructed by natural or manmade debris and areas where the stream flow
decreases, such as bends.  High levels of sediment deposition are
symptoms of an unstable and continually changing environment that
becomes unsuitable for many organisms.

Selected
References

MacDonald et al. 1991, Platts et al. 1983, Ball 1982, Armour et al. 1991,
Barbour and Stribling 1991, Rosgen 1985.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

4. Sediment
Deposition

(high and low
gradient)

Little or no enlargement of
islands or point bars and
less than 5% (<20% for
low-gradient streams) of
the bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 
5-30% (20-50% for low-
gradient) of the bottom
affected; slight deposition
in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% (50-80% for
low-gradient) of the
bottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
50% (80% for low-
gradient) of the bottom
changing frequently; pools
almost absent due to
substantial sediment
deposition.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Poor Range
(arrow pointing to sediment deposition)

Optimal Range

4a. Sediment Deposition—High Gradient

Optimal Range

Poor Range
(arrows pointing to sediment deposition)

4b. Sediment Deposition—Low Gradient
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5 CHANNEL FLOW STATUS

high and low
gradient streams

The degree to which the channel is filled with water.  The flow status will
change as the channel enlarges (e.g., aggrading stream beds with actively
widening channels) or as flow decreases as a result of dams and other
obstructions, diversions for irrigation, or drought.  When water does not
cover much of the streambed, the amount of suitable substrate for aquatic
organisms is limited.  In high-gradient streams, riffles and cobble substrate
are exposed; in low-gradient streams, the decrease in water level exposes
logs and snags, thereby reducing the areas of good habitat. Channel flow is
especially useful for interpreting biological condition under abnormal or
lowered flow conditions.  This parameter becomes important when more
than one biological index period is used for surveys or the timing of
sampling is inconsistent among sites or annual periodicity.

Selected
References

Rankin 1991, Rosgen 1985, Hupp and Simon 1986, MacDonald et al.
1991, Ball 1982, Hicks et al. 1991.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

5. Channel Flow
Status

(high and low
gradient)

Water reaches base of both
lower banks, and minimal
amount of channel
substrate is exposed.

Water fills >75% of the
available channel; or
<25% of channel substrate
is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range
(arrow showing that water is not reaching both banks; leaving much
of channel uncovered)

5a. Channel Flow Status—High Gradient

Poor Range (James Stahl, IN DEM)
Optimal Range

5b. Channel Flow Status—Low Gradient
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Parameters to be evaluated broader than sampling reach:

6 CHANNEL ALTERATION

high and low
gradient streams

Is a measure of large-scale changes in the shape of the stream channel. 
Many streams in urban and agricultural areas have been straightened,
deepened, or diverted into concrete channels, often for flood control or
irrigation purposes.  Such streams have far fewer natural habitats for fish,
macroinvertebrates, and plants than do naturally meandering streams. 
Channel alteration is present when artificial embankments, riprap, and
other forms of artificial bank stabilization or structures are present; when
the stream is very straight for significant distances; when dams and bridges
are present; and when other such changes have occurred.  Scouring is often
associated with channel alteration.

Selected
References

Barbour and Stribling 1991, Simon 1989a, b, Simon and Hupp 1987,
Hupp and Simon 1986, Hupp 1992, Rosgen 1985, Rankin 1991,
MacDonald et al. 1991.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

6. Channel
Alteration 

(high and low
gradient)

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas of
bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks; and
40 to 80% of stream reach
channelized and disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and disrupted.
 Instream habitat greatly
altered or removed
entirely.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range
(arrows emphasizing large-scale channel
alterations)

6a. Channel Alteration—High Gradient

Optimal Range Poor Range (John Maxted, DE DNREC)

6b. Channel Alteration—Low Gradient
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7a FREQUENCY OF RIFFLES (OR BENDS)

high gradient
streams

Is a way to measure the sequence of riffles and thus the heterogeneity
occurring in a stream.  Riffles are a source of high-quality habitat and
diverse fauna, therefore, an increased frequency of occurrence greatly
enhances the diversity of the stream community.  For high gradient streams
where distinct riffles are uncommon, a run/bend ratio can be used as a
measure of meandering or sinuosity (see 7b).  A high degree of sinuosity
provides for diverse habitat and fauna, and the stream is better able to
handle surges when the stream fluctuates as a result of storms.  The
absorption of this energy by bends protects the stream from excessive
erosion and flooding and provides refugia for benthic invertebrates and fish
during storm events.  To gain an appreciation of this parameter in some
streams, a longer segment or reach than that designated for sampling
should be incorporated into the evaluation.  In some situations, this
parameter may be rated from viewing accurate topographical maps.  The
“sequencing” pattern of the stream morphology is important in rating this
parameter.  In headwaters, riffles are usually continuous and the presence
of cascades or boulders provides a form of sinuosity and enhances the
structure of the stream.  A stable channel is one that does not exhibit
progressive changes in slope, shape, or dimensions, although short-term
variations may occur during floods (Gordon et al. 1992). 

Selected
References

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983,
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983,
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989,
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

7a. Frequency of
Riffles (or bends)

(high gradient)

Occurrence of riffles 
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
to 7); variety of habitat is
key.  In streams where
riffles are continuous,
placement of boulders or
other large, natural
obstruction is important.

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15. 

Occasional riffle or bend;
bottom contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25. 

Generally all flat water or
shallow riffles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25.  

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range
(arrows showing frequency of riffles and
bends)

Poor Range

7a. Frequency of Riffles (or bends)—High Gradient

7b CHANNEL SINUOSITY

low gradient
streams

Evaluates the meandering or sinuosity of the stream.  A high degree of
sinuosity provides for diverse habitat and fauna, and the stream is better
able to handle surges when the stream fluctuates as a result of storms.  The
absorption of this energy by bends protects the stream from excessive
erosion and flooding and provides refugia for benthic invertebrates and fish
during storm events.  To gain an appreciation of this parameter in low
gradient streams, a longer segment or reach than that designated for
sampling may be incorporated into the evaluation.  In some situations, this
parameter may be rated from viewing accurate topographical maps.  The
“sequencing” pattern of the stream morphology is important in rating this
parameter.  In "oxbow" streams of coastal areas and deltas, meanders are
highly exaggerated and transient.  Natural conditions in these streams are
shifting channels and bends, and alteration is usually in the form of flow
regulation and diversion. A stable channel is one that does not exhibit
progressive changes in slope, shape, or dimensions, although short-term
variations may occur during floods (Gordon et al. 1992). 

Selected
References

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983,
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983,
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989,
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988.
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Optimal Range Poor Range

7b. Channel Sinuosity—Low Gradient

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

7b. Channel
Sinuosity

(low gradient)

The bends in the stream
increase the stream length
3 to 4 times longer than if
it was in a straight line. 
(Note - channel braiding is
considered normal in
coastal plains and other
low-lying areas.  This
parameter is not easily
rated in these areas.)

The bends in the stream
increase the stream length
2 to 3 times longer than if
it was in a straight line.

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

Channel straight;
waterway has been
channelized for a long
distance.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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8 BANK STABILITY (condition of banks)

high and low
gradient streams

Measures whether the stream banks are eroded (or have the potential for
erosion).  Steep banks are more likely to collapse and suffer from erosion
than are gently sloping banks, and are therefore considered to be unstable. 
Signs of erosion include crumbling, unvegetated banks, exposed tree roots,
and exposed soil.  Eroded banks indicate a problem of sediment movement
and deposition, and suggest a scarcity of cover and organic input to
streams.  Each bank is evaluated separately and the cumulative score (right
and left) is used for this parameter.

Selected
References

Ball 1982, MacDonald et al. 1991, Armour et al. 1991, Barbour and
Stribling 1991, Hupp and Simon 1986, 1991, Simon 1989a, Hupp 1992,
Hicks et al. 1991, Osborne et al. 1991, Rosgen 1994, 1996.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

8. Bank Stability
(score each bank)

Note: determine
left or right side by
facing downstream

(high and low
gradient)

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems. <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10    9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10    9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing to stable streambanks)

Poor Range (MD Save Our Streams)
(arrow highlighting unstable streambanks)

8a. Bank Stability (condition of banks)—High Gradient

Poor Range
(arrow highlighting unstable streambanks)

Optimal Range (Peggy Morgan, FL DEP)

8b. Bank Stability (condition of banks)—Low Gradient
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9 BANK VEGETATIVE PROTECTION

high and low
gradient streams

Measures the amount of vegetative protection afforded to the stream bank
and the near-stream portion of the riparian zone.  The root systems of
plants growing on stream banks help hold soil in place, thereby reducing
the amount of erosion that is likely to occur.  This parameter supplies
information on the ability of the bank to resist erosion as well as some
additional information on the uptake of nutrients by the plants, the control
of instream scouring, and stream shading.  Banks that have full, natural
plant growth are better for fish and macroinvertebrates than are banks
without vegetative protection or those shored up with concrete or riprap. 
This parameter is made more effective by defining the native vegetation for
the region and stream type (i.e., shrubs, trees, etc.).  In some regions, the
introduction of exotics has virtually replaced all native vegetation.  The
value of exotic vegetation to the quality of the habitat structure and
contribution to the stream ecosystem must be considered in this parameter. 
In areas of high grazing pressure from livestock or where residential and
urban development activities disrupt the riparian zone, the growth of a
natural plant community is impeded and can extend to the bank vegetative
protection zone.  Each bank is evaluated separately and the cumulative
score (right and left) is used for this parameter.

Selected
References

Platts et al. 1983, Hupp and Simon 1986, 1991, Simon and Hupp 1987,
Ball 1982, Osborne et al. 1991, Rankin 1991, Barbour and Stribling 1991,
MacDonald et al. 1991, Armour et al. 1991, Myers and Swanson 1991,
Bauer and Burton 1993.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

9. Vegetative
Protection (score
each bank)

Note: determine
left or right side by
facing
downstream.

(high and low
gradient)

More than 90% of the
streambank surfaces and
immediate riparian zones
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through grazing
or mowing minimal or not
evident; almost all plants
allowed to grow naturally.

70-90% of the streambank
surfaces covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the streambank
surfaces covered by
vegetation; disruption
obvious; patches of bare
soil or closely cropped
vegetation common; less
than one-half of the
potential plant stubble
height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing to streambank with high level of vegetative
cover)

Poor Range
(arrow pointing to streambank with almost no vegetative cover)

9a. Bank Vegetative Protection—High Gradient

Optimal Range (Peggy Morgan, FL DEP) Poor Range (MD Save Our Streams)
(arrow pointing to channelized streambank with no vegetative
cover)

9b. Bank Vegetative Protection—Low Gradient
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10 RIPARIAN VEGETATIVE ZONE WIDTH

high and low
gradient streams

Measures the width of natural vegetation from the edge of the stream bank
out through the riparian zone.  The vegetative zone serves as a buffer to
pollutants entering a stream from runoff, controls erosion, and provides
habitat and nutrient input into the stream.  A relatively undisturbed
riparian zone supports a robust stream system; narrow riparian zones
occur when roads, parking lots, fields, lawns, bare soil, rocks, or buildings
are near the stream bank.  Residential developments, urban centers, golf
courses, and rangeland are the common causes of anthropogenic
degradation of the riparian zone.  Conversely, the presence of "old field"
(i.e., a previously developed field not currently in use), paths, and
walkways in an otherwise undisturbed riparian zone may be judged to be
inconsequential to altering the riparian zone and may be given relatively
high scores.  For variable size streams, the specified width of a desirable
riparian zone may also be variable and may be best determined by some
multiple of stream width (e.g., 4 x wetted stream width).  Each bank is
evaluated separately and the cumulative score (right and left) is used for
this parameter.

Selected
References

Barton et al. 1985, Naiman et al. 1993, Hupp 1992, Gregory et al. 1991,
Platts et al. 1983, Rankin 1991, Barbour and Stribling 1991, Bauer and
Burton 1993.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

10.  Riparian
Vegetative Zone
Width (score each
bank riparian
zone)

(high and low
gradient)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no riparian
vegetation due to human
activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing out an undisturbed riparian zone)

Poor Range
(arrow pointing out lack of riparian zone)

10a. Riparian Vegetative Zone Width—High Gradient

Optimal Range
(arrow emphasizing an undisturbed riparian zone)

Poor Range (MD Save Our Streams)
(arrow emphasizing lack of riparian zone)

10b. Riparian Vegetative Zone Width—Low Gradient
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5.3 ADDITIONS OF QUANTITATIVE MEASURES TO THE
HABITAT ASSESSMENT

Kaufmann (1993) identified 7 general physical habitat attributes important in influencing stream
ecology.  These include:

! channel dimensions

! channel gradient

! channel substrate size and type

! habitat complexity and cover

! riparian vegetation cover and structure

! anthropogenic alterations

! channel-riparian interaction.

All of these attributes vary naturally, as do biological characteristics; thus expectations differ even
in the absence of anthropogenic disturbances.  Within a given physiographic-climatic region,
stream drainage area and overall stream gradient are likely to be strong natural determinants of
many aspects of stream habitat, because of their influence on discharge, flood stage, and stream
power (the product of discharge times gradient).  In addition, all of these attributes may be directly
or indirectly altered by anthropogenic activities.

In Section 5.2, an approach is described whereby habitat quality is interpreted directly in the field
by biologists while sampling the stream reach.  This Level 1 approach is observational and requires
only one person (although a team approach is recommended) and takes about 15 to 20 minutes per
stream reach.  This approach more quickly yields a habitat quality assessment.  However, it
depends upon the knowledge and experience of the field biologist to make the proper interpretation
of observed of both the natural expectations (potentials) and the biological consequences (quality)
that can be attributed to the observed physical attributes.  Hannaford et al. (1997) found that
training in habitat assessment was necessary to reduce the subjectivity in a visual-based approach. 
The authors also stated that training on different types of streams may be necessary to adequately
prepare investigators.

The second conceptual approach described here confines observations to habitat characteristics
themselves (whether they are quantitative or qualitative), then later ascribing quality scoring to
these measurements as part of the data analysis process.  Typically, this second type of habitat
assessment approach employs more quantitative data collection, as exemplified by field methods
described by Kaufmann and Robison (1997) for EMAP, Simonson et al. (1994), Meador et al.
(1993) for NAWQA, and others cited by Gurtz and Muir (1994).  These field approaches typically
define a reach length proportional to stream width and employ transect measurements that are
systematically spaced (Simonson et al. 1994, Kaufmann and Robison 1997) or spaced by
judgement to be representative (Meador et al. 1993).  They usually include measurement of
substrate, channel and bank dimensions, riparian canopy cover, discharge, gradient, sinuosity, in-
channel cover features, and counts of large woody debris and riparian human disturbances.  They
may employ systematic visual estimates of substrate embeddedness, fish cover features, habitat



DRAFT REVISION—September 24, 1998

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition 5-33

types, and riparian vegetation structure.  The time commitment in the field to these more
quantitative habitat assessment methods is usually 1.5 to 3 hours with a crew of two people. 
Because of the greater amount of data collected, they also require more time for data
summarization, analysis, and interpretation.  On the other hand, the more quantitative methods and
less ambiguous field parameters result in considerably greater precision.  The USEPA applied both
quantitative and visual-based (RBPs) methods in a stream survey undertaken over 4 years in the
mid-Atlantic region of the Appalachian Mountains.  An earlier version of the RBP techniques were
applied on 301 streams with repeat visits to 29 streams; signal-to-noise ratios varied from 0.1 to
3.0 for the twelve RBP metrics and averaged (1.1 for the RBP total habitat quality score).  The
quantitative methods produced a higher level of precision; signal-to-noise ratios were typically
between 10 and 50, and sometimes in excess of 100 for quantitative measurements of channel
morphology, substrate, and canopy densiometer measurements made on a random subset of 186
streams with 27 repeat visits in the same survey.  Similarly, semi-quantitative estimates of fish
cover and riparian human disturbance estimates obtained from multiple, systematic visual
observations of otherwise measurable features had signal:noise ratios from 5 to 50.  Many riparian
vegetation cover and structure metrics were moderately precise (signal:noise ranging from 2 to 30). 
Commonly used flow dependent measures (e.g., riffle/pool and width/depth ratios), and some
visual riparian cover estimates were less precise, with signal:noise ratios more in the range of those
observed for metrics of the EPA’s RBP habitat score (<2).

The USEPA’s EMAP habitat assessment field methods are presented as an option for a second
level (II) of habitat assessment.  These methods have been applied in numerous streams throughout
the Mid-Atlantic region, the Midwest, Colorado, California, and the Pacific Northwest.  Table 5-1
is a summary of these field methods; more detail is presented in the field manual by Kaufmann and
Robison (1997).

Table 5-1.  Components of EMAP physical habitat protocol.

Component Description

1. Thalweg
Profile

Measure maximum depth, classify habitat, determine presence of soft/small sediment
at 10-15 equally spaced intervals between each of 11 channel cross-sections (100-150
along entire reach).  Measure wetted width at 11 channel cross-sections and mid-way
between cross-sections (21 measurements).

2. Woody
Debris

Between each of the channel cross sections, tally large woody debris numbers within
and above the bankfull channel according to size classes.

3. Channel
and
Riparian
Cross-
Sections

At 11 cross-section stations placed at equal intervals along reach length:

• Measure: channel cross section dimensions, bank height, undercut, angle
(with rod and clinometer); gradient (clinometer), sinuosity (compass
backsite), riparian canopy cover (densiometer).

• Visually Estimate*: substrate size class and embeddedness; areal cover class
and type (e.g., woody) of riparian vegetation in Canopy, Mid-Layer and
Ground Cover; areal cover class of fish concealment features, aquatic
macrophytes and filamentous algae.

• Observe & Record*: human disturbances and their proximity to the channel.

4. Discharge In medium and large streams (defines later) measure water depth and velocity @ 0.6
depth (with electromagnetic or impeller-type flow meter) at 15 to 20 equally spaced
intervals across one carefully chosen channel cross-section.  In very small streams,
measure discharge with a portable weir or time the filling of a bucket.

* Substrate size class and embeddedness are estimated, and depth is measured for 55 particles taken at 5 equally-spaced points on
each of 11 cross-sections.  The cross-section is defined by laying the surveyor’s rod or tape to span the wetted channel.  Woody
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debris is tallied over the distance between each cross-section and the next cross-section upstream.  Riparian vegetation and
human disturbances are observed 5 m upstream and 5 m downstream from the cross section station.  They extend shoreward 10
m from left and right banks.  Fish cover types, aquatic macrophytes, and algae are observed within channel 5 m upstream and 5
m downstream from the cross section stations.  These boundaries for visual observations are estimated by eye.

Table 5-2 lists the physical habitat metrics that can be derived from applying these field methods. 
Once these habitat metrics are calculated from the available physical habitat data, an assessment
would be obtained from comparing these metric values to those of known reference sites.  A strong
deviation from the reference expectations would indicate a habitat alteration of the particular
parameter.  The close connectivity of the various attributes would most likely result in an impact
on multiple metrics if habitat alteration was occurring.  The actual process for interpreting a
habitat assessment using this approach is still under development.

Table 5-2.  Example of habitat metrics that can be calculated from the EMAP physical habitat data.

Channel mean width and depth
Channel volume and Residual Pool volume
Mean channel slope and sinuosity
Channel incision, bankfull dimensions, and bank characteristics
Substrate mean diameter, % fines, % embeddedness
Substrate stability
Fish concealment features (areal cover of various types, e.g., undercut banks, brush)
Large woody debris (volume and number of pieces per 100 m)
Channel habitat types (e.g., % of reach composed of pools, riffles, etc.)
Canopy cover
Riparian vegetation structure and complexity
Riparian disturbance measure (proximity-weighted tally of human disturbances)
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1.0 INTRODUCTION 

 
The United States Army Corps of Engineers (USACE), New York District (District), is 
conducting a Feasibility Study to investigate the implementation of flood-risk management 
(FRM) measures along the Peckman River in the Town of Little Falls and the Borough of 
Woodland Park located in Essex and Passaic Counties, New Jersey, respectively.  The Peckman 
River is a 3rd Order stream and tributary of the Passaic River (Figure 1).  It originates in the 
Town of West Orange and flows northeasterly through the towns of Verona, Cedar Grove, Little 
Falls and the Borough of Woodland Park.  Extensive development in the Peckman River basin 
has contributed to the degradation of the stream and surrounding riparian area, and has resulted 
in periodic flooding during peak rain events as a result of increased runoff created by the 
urbanization of the watershed.   
 
Specific FRM measures under current investigation include channelization of approximately 
11,000 feet of the Peckman River, a diversion culvert and approximately 2,500 ft of floodwall 
along Great Notch Brook, a tributary of the Peckman River located in Borough of Woodland 
Park.   
 
The biological integrity and productivity of a stream is directly linked to the habitat within which 
the stream is located.  In general, “habitat” is composed of physical and chemical elements and 
the interactions resulting from the combinations of the two.  For the purposes of this stream 
assessment, “habitat” can be defined as a combination of instream and adjacent riparian physical 
and chemical attributes.   
 
This stream assessment evaluates habitat associated with four reaches of the Peckman River:  
two “in-project” reaches and two “reference” reaches.  The overall goals of this stream habitat 
assessment, and associated invertebrate and fish assemblage assessments (reported separately), 
are to provide baseline stream data in support of the Feasibility Study being conducted by the 
District.  The Feasibility Study will utilize this stream assessment to help determine the best 
action alternative for implementation of FRM measures.  Furthermore, the data obtained from 
this study will supplement surveys previously conducted by the New Jersey Department of 
Environmental Protection (NJDEP).   
 
1.1 REACH SELECTION 
 
Prior to conducting the Stream Assessment, two Tetra Tech, Inc. (Tetra Tech) biologists 
conducted a reconnaissance site visit on June 29, 2010, in order to become familiar with the 
Peckman River system, and to identify representative sampling locations within the FRM project 
area and associated reference reach locations.  The results of this site visit are included in 
Appendix A.   
 
Tetra Tech biologists were provided with maps showing the locality of two potential sampling 
locations within the Project area, and two potential reference sampling locations.  In-Project area 
sampling locations included a reach in the vicinity of Passaic Valley Regional High School, and  
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a reach in the vicinity of Peckman Preserve.  The two Reference sampling locations included a 
reach in the vicinity of Cedar Grove School and a reach in the vicinity of Cedar Grove 
Community Park. 
 
Based on the reconnaissance of the Peckman River, Tetra Tech biologists determined that the 
sections of the Peckman River near the Passaic Valley Regional High School (Project Reach) 
and Cedar Grove School (Reference Reach) were the most similar and appropriate to sample for 
the purposes of this survey.  Physical characteristics such as gradient, wetted width, substrate 
composition, depth, velocity, and bankfull width were taken into consideration when determining 
the similarity of the Project Reach and Reference Reach.  The characteristics and access point for 
the four reaches are described below. 
 
1.1.1 Passaic Valley Regional High School (Project Reach) 
 
The Passaic Valley Regional High School Reach (Project Reach) is located in a residential area 
within the town of Little Falls, New Jersey (Figures 2 and 3a).  The Project Reach was accessed 
by parking in the cul-de-sac on the north end of Hopson Avenue, and continuing by foot 
northwest through the adjacent baseball fields.  This portion of the Peckman River is within the 
planned FRM measures area and was selected as a representative reach of typical stream habitat 
within the Peckman River basin.  This portion of the Peckman River is composed of a series of 
riffles and glides, and a deep lateral scour pool segment.  The substrate consists largely of gravel 
and cobble, with lesser amounts of sand.  Human bank alterations, in the form of stone and 
concrete walls, were noted on the left1 bank of the river.     
 
1.1.2 Cedar Grove School (Reference Reach) 
 
The Cedar Grove School Reach (Reference Reach), (also known as “Washington Academy”) is 
located in a commercial area within the town of Cedar Grove, New Jersey (Figures 2 and 3b).  
This reach of the Peckman River can be accessed from the southbound side of Pompton Avenue, 
by turning into the north parking lot of the Cedar Grove School, and continuing by foot west past 
the basketball courts into the wooded riparian corridor.  The Reference Reach was selected as a 
representative reach of typical stream habitat within the Peckman River basin and is composed of 
a series of riffles and glides with several pools dispersed throughout.  The substrate consists 
primarily of cobble and gravel, with boulders and sand present in lesser amounts throughout.    
 
1.1.3 Peckman Preserve (Alternate Project Reach) 
 
The Peckman Preserve Reach (Alternate Project Reach) is located in a residential area within the 
town of Little Falls, New Jersey (Figures 2 and 3a).  Access to the Alternate Project Reach is 
located at the intersection of Grove Road and Charles Street.  Parking is provided on the west 
side of Grove Road in the vicinity of the old dam.  This portion of the Peckman River is within 
the planned FRM measures area, and is composed of a riffle/glide sequence.  The substrate 
consists largely of gravel and cobble with large amounts of rip-rap and concrete debris.  Human 
bank alterations, in the form of stone and concrete walls, were noted on the right bank of the 
river.    
                                                 
1 Left and right bank designations are assigned by facing downstream.  
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and County Roadways for Peckman 

River Flood Risk Management
Project, Little Falls, New Jersey. 

Source: ESRI ArcGIS Online and data partners, including 
imagery from agencies supplied via the Content Sharing 
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Assement Locations, Tetra Tech August 2010.
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1.1.4 Cedar Grove Community Park (Alternate Reference Reach) 
 
The Cedar Grove Community Park (Alternate Reference Reach) is located in a residential area 
within the town of Cedar Grove, New Jersey (Figures 2 and 3b).  Access to the Alternate 
Reference Reach can be made by following Community Park Road south to a large parking lot 
within the Cedar Grove Community Park.  From the parking area, continue west into the wooded 
riparian corridor.  The Alternate Reference Reach is composed of a series of riffles and glides 
with several pools dispersed throughout, and has a slightly steeper gradient than the Project 
Reach.  The substrate consists primarily of cobble and gravel, with natural boulders and sand 
present in lesser amounts throughout.    
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2.0 ASSESSMENT METHODOLOGY 

 
Following the methodology set forth in the Environmental Protection Agency’s (EPA) Rapid 
Bioassessment Protocols (RBP) (Barbour et al.  1999), Tetra Tech biologists conducted 
biological sampling and stream habitat assessments between July 26–29, 2010, as described 
below at two in-Project reaches and two Reference reaches.  Copies of field data forms are 
included in Appendix B, photographs from the sampling events are included in Appendix C, a 
copy of the scientific collection’s permit is provided in Appendix D, and a copy of the EPA’s 
RBP is provided in Appendix E of this report. Results of the biological sampling are documented 
in separate reports. 
 
2.1 SURVEY PROTOCOL  
 
Instream biological sampling was conducted within the Project Reach and Reference Reach 
locations.  Stream habitat assessments were conducted for the Project Reach and Reference 
Reach as well as at the Peckman Preserve (Alternate Project Reach) and the Cedar Grove 
Community Park (Alternate Reference Reach).  Tetra Tech biologists performed stream habitat 
assessments for the Project Reach and Alternate Reference Reach on June 27, 2010; and for the 
Reference Reach and Alternate Project Reach on June 28, 2010, in accordance with the 
aforementioned EPA RBP (Appendix E) as follows:   

• A general site evaluation, referred to as “Level I” for the purposes of this report, 
including physical characterization, water quality assessment, and a visual assessment of 
instream and riparian habitat was conducted for the Alternate Reference Reach.  
  

• A Level I survey coupled with a higher level survey, referred to as “Level II” for the 
purposes of this report, involving quantitative measurements of physical parameters was 
used for the Project Reach, Alternate Project Reach, and Reference Reach locations.   
 

• Surveys were conducted during calm, clear, sunny conditions.  Stream flow was 
consistent during the 2-day sampling period.   
 

• Ambient temperature throughout the sampling period ranged from 16.7° Celsius (C) to 
31.7°C.   
 

• The Little Falls, NJ area received 0.93 inches of rain in the week leading up to the 
sampling period.  Approximately 0.20 inches of rain had fallen within 48 hours of the 
time of the sampling effort (Weather Underground 2010). 
 

2.1.1 Level I Survey Parameters 
 
The Level I approach is a combination of physicochemical (physical characterization and water 
quality) and visual based observations.  This approach is best suited for a quick habitat 
assessment and can be performed by one person or a small group in 15 to 30 minutes.   This 
evaluation depends upon the knowledge and experience of the field biologist/biologists to make 
the proper interpretation of both the natural expectations (potentials) and the biological 
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consequences (quality) that can be attributed to the observed physical attributes (Barbour et al. 
1999).  For the purposes of this study, Tetra Tech used the Habitat Assessment Field Data Sheets 
for High Gradient Streams, as provided in Appendix A-1 of Barbour et al.’s Rapid 
Bioassessment Protocols for Use in Streams and Wadeable Rivers, which was prepared for the 
EPA (1999).  The following list is an example of parameters included in a Level I stream habitat 
assessment:  
 
Physical Characterization: 

• General Land Use 
• Stream Origin and Type 
• Riparian Vegetation Features 
• Instream Parameters – Width, Depth, Flow, and Substrate 

 
Water Quality: 

• In situ measurements such as water temperature, dissolved oxygen, turbidity, pH, and 
conductivity were collected upon arrival at site for each stream reach.    

 
Visual Based Observations (High Gradient Streams): 

• Epifaunal Substrate/ Available Cover 
• Substrate Embeddedness 
• Velocity/Depth Combinations 
• Sediment Deposition 
• Channel Flow Status 
• Channel Alteration 
• Frequency of Riffles 
• Bank Stability 
• Bank Vegetative Protection 
• Riparian Vegetative Zone Width 

 
The following definitions are provided in Barbour et al.’s Rapid Bioassessment Protocols for 
Use in Streams and Wadeable Rivers (1999):  
 

Epifaunal Substrate/Available Cover - Evaluates the diversity and quantity of natural 
structures in the stream available for inhabitants to use as refuge, feeding, and spawning 
sites.  These features include cobble (riffles), boulders, undercut banks, and fallen trees; 
and a diverse mixture and of these structures increases recovery potential following 
disturbances. A wide range of particle sizes in riffles and runs often provide the highest 
quality habitat for certain fish and macroinvertebrates, and submerged woody debris are 
some of the most productive features for macroinvertebrates.  
 
Embeddedness - Measures the percentage to which rocks and snags are surrounded or 
sunken into the stream bottom.  Resulting from sediment mobilization and deposition, the 
usable surface for macroinvertebrates and fish decreases as embeddedness increases.    
 
Velocity Depth Regime – Habitat diversity is directly related to the patterns of velocity 
and depth. Typically, streams with the highest quality habitat will have all four patterns 
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present:  slow-deep, slow-shallow, fast-deep, and fast-shallow.  Streams with the most 
stable habitat will have an abundance of each pattern.  
 
Sediment Deposition – Measures the sediment accumulation in pools and the resulting 
changes to the stream bottom.  Heavy sedimentation is a characteristic of a dynamic and 
unstable aquatic environment that is uninhabitable for many organisms.   
 
Channel Flow Status – Measures the extent to which a channel is filled with water.  
Changes in channel size will affect the channel flow status, and when water coverage 
decreases useable habitat becomes limited for many organisms.  Channel flow status is 
important during abnormal or lowered flow conditions.   
 
Channel Alteration – Evaluates large-scale changes to the stream channel shape.  It is 
common to find straighten streams in urban and agricultural areas and to also divert 
streams for flood control and irrigation.  Straightened streams have far less suitable 
habitat features for its inhabitants than natural sinuous streams.  Such alteration 
commonly results in streambed scouring, which often causes sedimentation downstream.  
 
Frequency of Riffles (or Bends) – Riffles are a high-quality habitat for a wide variety of 
organisms and therefore increased abundance of riffles greatly increases the diversity of 
the aquatic community.  Streams with higher sinuosity are better suited to handle large 
flow increases from storms by absorbing energy and lowering flows around bends.    
 
Bank Stability – Measures whether the banks are eroded or have the potential to erode.  
Erosions characteristics include crumbling, unvegetated banks, and exposed tree roots 
and soil.  Eroding banks allow soil and sediments to migrate into streams and change 
substrate composition.    
 
Vegetative Protection – Measures the extent of vegetative protection on the stream bank 
and in the near-stream section of the riparian zone.  Plant root systems on stream banks 
help to bind soil and reduce soil migration.  Native plant canopies also provide shade 
over the streams, generally improving the habitat for fish and insects.   
 
Riparian Vegetative Zone Width – Measures the width of the natural vegetation between 
the stream banks through the riparian zone.  This vegetated zone provides a pollutant 
buffer from runoff, controls erosion, provides habitat and uptakes nutrients before they 
enter the stream.  Narrow riparian zones often occur around residential and urban 
developments, golf courses, and agriculture fields.    

 
By assigning a score to the 10 habitat parameters described above, a stream can be assessed and 
given a total score related to its condition.   Scores ranging from 0 to 20 are assigned to each of 
the 10 habitat parameters, with 0 being a “poor” score and 20 being an “optimal” score. After 
scoring all parameters, a final score can be determined.  The final stream score can range from 0 
to 200 with a score of 0 to 59 representing a “poor” condition; 60 to 112 representing a 
“marginal” condition; 113 to 165 representing a “suboptimal” condition; and 166 to 200 



 

Peckman River Flood Risk Management Project Page 16 

representing an “optimal” condition.  This rapid, “qualitative” approach was applied to each of 
the four reaches assessed during the July 2010 physical habitat assessments.  
 
2.1.2 Level II Survey Parameters 
 
According to Barbour et al., in the Rapid Bioassessment Protocols for Use in Streams and 
Wadeable Rivers (1999), the Level II habitat assessment approach employs all or most of the 
parameters addressed in the Level I habitat assessment, as well as quantitative data collection 
parameters.  Additional data collection includes defining a reach length proportional to stream 
width (a distance of 40 times the stream’s wetted width) and employing transect measurements 
that are systematically spaced (total reach length divided by 10 transects).  For the purposes of 
this study, additional parameters included measurement of substrate, channel and bank 
dimensions, riparian canopy cover, discharge, gradient and bearing, sinuosity, in-channel cover 
features, and counts of large woody debris, acknowledgement of invasive plant species, riparian 
human disturbances, visual estimates of substrate embeddedness, and fish cover features.   
 
Datasheets following the criteria set forth in the USEPA, National River and Streams 
Assessment: Field Operations Manual (2007) were used for collection of data following the 
Level II survey parameters.  The time commitment in the field to this more quantitative habitat 
assessment method is usually 1.5 to 3 hours with a crew of two or more people (Barbour et al. 
1999).  Based on the needs of the District, only Level I survey parameters are discussed in depth 
in this report.  However, additional data analysis also is included for stream discharge and 
gradient, as described below.   
 

Discharge – The measure of water flow within a stream, generally expressed in m3/s or 
cubic feet per second (cfs).  For all reach locations, within the study area, the “velocity 
area” method was used for determining discharge.  To determine the discharge of a reach 
using the velocity area method, the width of the reach was divided into transects spaced 1 
ft apart, with the first transect at 0 ft from the right bank.  Depth and velocity 
measurements were obtained for each transect.  Velocity was collected using a Marsh-
McBirney Flo-Mate 2000 Portable Flowmeter and depth was determined using a 
surveyor’s rod with 1/100 ft accuracy.   
 
Slope or Gradient – Slope or gradient is the change in vertical distance over a given 
horizontal distance, also referred to as “rise over run”.  Slope measurements were 
gathered using a Topcon AT-G7 Survey Set with accuracy to the 1/100 ft.  Field 
measurements were collected in standard units and converted to metric units. 

 
Data sheets addressing the Level II survey parameters are located in Appendix B.  Level II data 
sheets provide the opportunity for further data analyses, if needed at a later time.  However, for 
the purposes of this study, Level II data analyses were not conducted and therefore, were not 
included in the body of this report.  
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3.0 ASSESSMENT RESULTS 

 
Results of the stream habitat assessment include reach descriptions, water quality parameters, 
physical characterization, physical habitat parameters, gradient, discharge, and watershed 
conditions. 
 
3.1 REACH DESCRIPTIONS 
 
A brief description of each reach is provided in the following sections.  Information pertaining to 
reach locations, lengths, distance from project reach, and level of stream habitat assessment are 
summarized in Table 1.   
 

Table 1: Reach Information for Peckman River Flood Risk Management Project, Little 
Falls, New Jersey 

Reach Name 
Reach 

Location 

GPS Location 
(Transects A 

and K) 

Reach 
Length 

(Meters) 

Distance 
Upstream 

From 
Project 

Reach (m) 

Habitat 
Assessment 

Level 

Biological 
Sampling 
Included 

Project 
Reach 

Passaic 
Valley 

Regional 
High School 

40°52'57.42"N, 
74°13'8.34"W 

40°52'50.00"N, 
74°13'7.47"W 

240 0 Level 1 & 2 Yes 

Reference 
Reach 

Cedar Grove 
School 

40°51'4.78"N, 
74°13'52.99"W 

40°50'55.57"N, 
74°14'2.61"W 

400 3,800 Level 1 & 2 Yes 

Alternate 
Project Reach 

Peckman 
Preserve 

40°52'32.28"N, 
74°13'12.92"W 

40°52'22.00"N, 
74°13'20.05"W 

400 600 Level 1 & 2 No 

Alternate 
Reference 

Reach 

Cedar Grove 
Community 

Park 

40°51'31.14"N, 
74°13'37.67"W 

40°51'28.89"N, 
74°13'40.56"W 

100 2,800 Level 1 No 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
 
 
3.1.1 Project Reach 
 
The Project Reach section of the Peckman River has a large amount of filamentous algae and 
mixed gravel/cobble substrate.  The surrounding land-use is predominantly residential; however 
this portion of the reach has a relatively wide riparian corridor on the right bank.  The dominant 
vegetation within the riparian corridor consists of large deciduous trees with a dominance of 
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Japanese knotweed (Fallopia japonica) adjacent to the bank.  This portion of the Peckman River 
was determined to be a high gradient stream.   
 
A reach length of 240-meters was established by multiplying the mean of five wetted width 
measurements (6 meters) by a factor of 40, also referred to as 40 times the wetted width.  A 
subreach length of 24 meters was determined by dividing the total reach length (240 m) by the 
total number of desired subreaches (10), in accordance with the EPA RBP (Barbour et al. 1999). 
 
 
3.1.2 Reference Reach 
 
The dominant vegetation within the riparian corridor of the Reference Reach consists of a 
mixture of large deciduous trees. Notable adjacent land-uses include the Overbrook Hospital to 
the west and a Sewage Disposal area to the east.  This portion of the Peckman River is located 
approximately 3,800 meters upstream of the Project Reach (Figures 2 and 3b, Table 1). 
 
The Reference Reach was determined to be 400 meters long with 40-meter subreaches.  This 
portion of the Peckman River was noted to have a slightly higher gradient, when compared to the 
Project Reach.  The majority of the reach is composed of riffle/glide complexes with fewer 
natural pools than the Project reach.    
 
3.1.3 Alternate Project Reach 
 
The Alternate Project Reach (Figure 3a) is composed primarily of a riffle/glide sequence.  A 
large amount of filamentous algae and several large boulder-sized pieces of concrete slabs are 
present within the stream channel.  The surrounding land-use is predominantly forest/scrub-shrub 
adjacent to residential buildings.  The dominant vegetation within the riparian corridor consists 
of scrub-shrub vegetation dominated by Japanese knotweed.   
 
This portion of the Peckman River is located approximately 600 meters upstream and southwest 
of the Project Reach (Table 1).  Based on an average wetted width of 10 meters, the Alternate 
Project Reach was determined to be 400 meters long with 40-meter subreaches.  
 
3.1.4 Alternate Reference Reach 
 
The Alternate Reference Reach is composed of a series of riffles and glides with several pools 
dispersed throughout.  The dominant vegetation within the riparian corridor consists of a mixture 
of large deciduous trees, including sugar maple (Acer saccharum) and hickory (Carya sp.).   
 
This portion of the Peckman River is located approximately 2,800 meters upstream and 
southwest of the Project Reach (Table 1).  Using the guidelines, provided in the EPA’s Rapid 
Bioassessment Protocols for the Level I survey, a 100-meter long reach length was evaluated in 
the Alternate Reference Reach. 
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3.2 WATER QUALITY PARAMETERS 
 
A comparison of all collected water quality parameters in all reaches is presented in Table 2.  
Variation between reaches for each of the four parameters is relatively small.   
 

Table 2: Water Quality Parameters for Peckman River Flood Risk Management Project, 
Little Falls, New Jersey. 

Reach Name Time Dissolved Oxygen 
(mg/L) Temp. (oC) pH Specific Conductance 

(µS/cm) 
Project Reach 0849 3.6 19.7 7.41 699 

Reference Reach 0804 3.5 21.9 7.50 737 
Alternate Project 

Reach 1437 5.1 24.2 8.29 733 

Alternate Reference 
Reach 1505 2.3 22.8 7.46 750 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
 
 
3.3 PHYSICAL CHARACTERIZATION 
 
3.3.1 Substrate Components 
 
Substrate composition, estimated by visual observation, was similar across all reaches within the 
study area; particularly between the Project Reach and the Reference Reach.  In general, all 
reach substrates were composed primarily of cobble and gravel with lesser amounts of boulders 
and sand.  Both the Project Reach and the Reference Reach were found to have a small amount 
(5%) of silt.  All reaches exhibited 5% or less of detritus.   
 

Table 3: Reach Substrate Components for Peckman River Flood Risk Management 
Project, Little Falls, New Jersey. 

Reach Name 

Inorganic Substrate Components 
% 

Organic Substrate Components 
% 

Bedrock Boulder Cobble Gravel Sand Silt Clay Detritus 
Muck
-Mud Marl 

Project Reach 0 1 34 50 20 5 0 2 0 0 
Reference Reach 0 5 30 40 20 5 0 5 0 0 
Alternate Project 
Reach 0 2 70 25 3 0 0 1 0 0 

Alternate Reference 
Reach 0 10 35 40 15 0 0 5 0 0 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
 
3.3.2 Large Woody Debris: 
 
Large woody debris was absent from three of the four reaches.  The Reference Reach exhibited a 
large amount of woody debris, with an approximate total area of 20 m2 and a density of 5,000 
m2/km2.   
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3.3.3 Aquatic Vegetation: 
 
Aquatic vegetation in the form of filamentous algae was present in all four reaches.  The Project 
Reach and Alternate Project Reach had the greatest amounts of filamentous algae, with 
approximately 75% of each reach covered by filamentous algae.  The Reference Reach had a 
small amount of filamentous algae and a small amount of submerged aquatic vegetation.   
 
3.4 PHYSICAL HABITAT PARAMETERS 
 
The assessment of each of the four reaches involved an evaluation of the substrate, channel 
morphology, bank structure, and riparian vegetation.  Ten (10) habitat parameters were evaluated 
and scored on a scale of 0 to 20.  The results for each reach are presented in Table 4.  The total 
score for each reach was used to determine the condition of the habitat present within the reach.  
All reaches within the study area were determined to be of suboptimal condition (i.e., total score 
ranging from 113 to 165).  The Reference and Alternate Reference reaches were determined to 
have slightly higher quality and more natural habitat than the Project and Alternate Project 
reaches.  However, all four reaches surveyed exhibited very similar total scores; ranging from 
117 to 130. 
 
 

Table 4: Habitat Parameter Results for Peckman River Flood Risk Management Project, 
Little Falls, New Jersey. 
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20 20 20 20 20 20 20 20 20 20 200 

Project 
Reach 8 11 16 11 6 14 16 12 12 19 125 

Reference 
Reach 15 14 10 8 13 18 14 12 9 15 128 

Alternate 
Project 
Reach 

9 13 9 10 12 12 16 12 12 12 117 

Alternate 
Reference 

Reach 
11 13 10 13 15 20 16 14 8 10 130 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
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3.5 GRADIENT 
 
Gradient measurements were collected within the Project Reach, Reference Reach, and Alternate 
Project Reach (Table 5).  Gradient was similar for each of the three reaches.  The highest 
gradient was noted within the Reference Reach, which is the most upstream reach.  A reduction 
in stream gradient was recorded for each successive downstream reach, with the lowest gradient 
associated with the Project Reach.   
 
     Table 5: Gradient Measurements for Peckman River Flood Risk Management Project, 

Little Falls, New Jersey. 
Reach Name Gradient (meters/meter) 

Project Reach .002 
Reference Reach .005 

Alternate Project Reach .004 
Alternate Reference Reach N/A 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
 
 
3.6 DISCHARGE 
 
Discharge measurements were collected within the Project Reach, Reference Reach, and 
Alternate Project Reach.  Discharge was similar for each of the three reaches, as shown in Table 
6.  The highest discharge was observed within the Project Reach, which is the furthest 
downstream reach.  A reduction in stream discharge was recorded for each successive upstream 
reach, with the lowest discharge associated with the Reference Reach.   
 
The range of discharge observed at the USGS Peckman River gauging station, located between 
the Alternate Project Reach and the Alternate Reference Reach, also is shown in Table 6. 
 
 

Table 6: Discharge Measurements for Peckman River Flood Risk Management Project, 
Little Falls, New Jersey. 

Reach Name Wetted Width (feet) Velocity Range Across 
Width (fps) Discharge (cfs) 

Project Reach 15 0.03–1.37 7.8 

Reference Reach 15 0–0.38 3.4 

Alternate Project 
Reach 14 0.01–1.30 6.4 

Alternate Reference 
Reach N/A N/A N/A 

USGS Gauging Station #01389550 Peckman River at Little Falls NJ 
(between 27–28 July 2010) 4.5–8.8 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
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3.7 WATERSHED CONDITIONS 
 
3.7.1 Riparian Zone 
 
Visual estimates were established for three riparian zone parameters based on a review of aerial 
photographs and visual assessments during field surveys.  Observed parameters include: riparian 
corridor width, riparian corridor vegetative composition, and estimated forested riparian corridor 
age class (Table 7). 
 

Table 7: Riparian Zone Visual Estimates for Peckman River Flood Risk Management 
Project, Little Falls, New Jersey. 

Reach 
Name 

Riparian Corridor Width 
(Meters) 

Riparian Corridor Vegetative 
Composition 

Estimated Forested 
Riparian Corridor Age 

Class (Years) 
 Left Bank Right Bank Left Bank Right Bank Left Bank Right Bank 

Project 
Reach 10-200 25-260 Scrub/Shrub, 

Forested Forested 20-50 20-50 

Reference 
Reach 50-105 15-90 Forested Forested 30-50 30-50 

Alternate 
Project 
Reach 

10-215 1-50 Scrub/Shrub, 
Forested 

Herbaceous, 
Scrub/Shrub, 

Forested 
20-30 20-30 

Alternate 
Reference 

Reach 
12-35 30-60 Forested Forested 30-50 30-50 

Note:  Bold reaches are the primary reaches; non-bold are the alternate reaches. 
 
 
3.7.2 Road Density 
 
Road densities are based on an assessment of aerial photography. Road densities are highest, and 
impervious surfaces are greatest, in the vicinity of the Alternate Reference Reach.  The density 
of roads in the Project Reach, Reference Reach, and Alternate Reference Reach locations are 
similar.  The Reference Reach is located in an area with less residential development and lower 
road densities than the other reaches within the survey area.  In general, the amount of permeable 
surface throughout the Peckman River watershed is small due to the extensive residential 
development and high density of roads.  
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4.0 CONCLUSIONS 

 
All four of the surveyed reaches within the Peckman River basin were determined to be 
representative of a “suboptimal” condition, based on the Rapid Bioassessment Protocols criteria 
used in this study.  The total stream habitat assessment score for the Project Reach is 125 and for 
the Reference Reach is 128.  This similarity indicates that the two reaches are a reasonable 
choice for making quantitative comparisons of the impacts of any future stream alterations to the 
habitat of the Peckman River.  The two reaches were most similar in terms of substrate 
components, bank stability, channel alteration, frequency of riffles, embeddedness, and riparian 
vegetative zone width.  However, there were some notable differences in habitat characteristics 
between the two, particularly for epifaunal substrate/cover, velocity/depth regime, and channel 
flow.  The distance between the Project Reach and the Reference Reach is such that the 
Reference Reach is not likely to be influenced by any stream alterations that may occur within 
the Project Reach. 
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Site Visit Summary 
Peckman River Flood Damage Reduction Project 

Little Falls, New Jersey  
 

June 29, 2010 
 
 
Objective:  The goal of this site visit was to perform reconnaissance on the Peckman 
River to determine the most appropriate sampling sites for the biological surveys and 
habitat assessment to be conducted July 27–30, 2010. 
 
Actions:  Two Tetra Tech (TT) biologists conducted a site visit on the Peckman River on 
June 29, 2010, to become familiar with the area and stream, and to determine a sampling 
location in the Project area and identify an appropriate Reference sampling location for 
the upcoming biological surveys and habitat assessment.  TT biologists were provided 
with maps showing the locations of two potential sampling location access points within 
the Project area and two potential Reference sampling location access points.  TT 
biologists also evaluated stream reaches that were accessible from these locations or from 
publicly accessible road crossings.   
   
TT biologists began by visiting the two potential in-project sampling reaches that were 
accessible through the Passaic Valley Regional High School and the Peckman Preserve.  
On the morning of June 29, TT biologists parked at the Passaic Valley Regional High 
School and accessed the Peckman River through the adjacent baseball field.  TT 
biologists visually assessed approximately 500 meters of stream in this area.  This section 
of the Peckman River was a mixture of glides and small riffle sections (Photo 1, 2, 3 and 
4).  The depth varied between approximately 10–60 cm and the substrate was dominated 
by cobble with sand composing approximately 30%.   The banks were vegetated, wetted 
width was approximately 4–5 m, and bank full width was approximately 15–20 m (Photo 
3 and 5).   
 
TT biologists then assessed the downstream sections, northeast of US 46, where 
additional flood wall alignments are to be constructed, and additional downstream 
sections of the Peckman River where it crosses Passaic County Route 632 and Route 639 
before the confluence with the Passaic River.  These areas were mostly glides, and lacked 
the riffle sections present in upstream sections; substrates were dominated by fine 
sediments.  The flow in these sections appeared to be substantially slower (Photo 7).  A 
section below the Route 632 bridge was channelized and impounded (Photo 6). Overall, 
stream conditions and habitat in the downstream sections were different than the section 
near the high school.  Due to the increased channelization, anthropogenic disturbance, 
and natural stream condition variations, these sections of the Peckman River were 
determined not to be suitable sampling sites for comparison with the Reference areas. 
 
TT biologists then traveled upstream to inspect river sections near the Peckman Preserve. 
The river in the vicinity of Peckman Preserve was mostly glides with large boulders 



interspersed throughout.  The stream gradient appeared to be greater in comparison to the 
downstream sections. 
 
The upstream Reference areas were then inspected, beginning with a section of the 
Peckman River adjacent to the Cedar Grove Community Park on Essex County Route 
617.  The river here was similar to the areas near Passaic Valley High School with a mix 
of riffle and glides but with a slightly steeper gradient (Photo 8 and 9).  TT biologists 
evaluated the river approximately 300 m upstream, and observed an increased gradient 
because of a waterfall below the walking trail foot bridge (Photo 10 and 11).  The river 
here was composed of bedrock and boulders. 
 
Reference areas accessible through Cedar Grove School/Washington Academy on Route 
23 were inspected next. This section of the Peckman River appeared to have a lower 
gradient than the section near the Cedar Grove Community Park, and was similar to the 
section of the Peckman River next to Passaic Regional High School (Photo 12). This 
section was also a mix of glides and riffles (Photo 13 and 14).  The substrate was 
dominated by cobble with sand composing approximately 25%. The depth in this area 
ranged from 0.10–0.70 m with a wetted width of approximately 4–5 m. Bankfull width 
varied between 12–18 m.  
 
Results:  Based on the reconnaissance of the Peckman River at the two potential in-
project and two Reference sampling areas, in addition to other accessible stream sections, 
TT biologists determined that the sections of the Peckman River near the Passaic Valley 
Regional High School (i.e., in-Project area) and Cedar Grove School/Washington 
Academy (i.e., Reference area) were the most similar and appropriate to sample for the 
purposes of this survey.  These two sections had the most similar physical characteristics 
out of the four sites, including comparable gradient, wetted width, substrate composition, 
depth, velocity, and bankfull width.  
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  1 

Date:  June 29, 2010 

Photographer.:  T. Gaudet 

Comments:  View facing 
downstream at access point 
adjacent to Passaic Valley 
Regional High School. 
  

 
 
 
 

Photo No.:  2 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  View facing 
upstream at access point 
adjacent to Passaic Valley 
Regional High School. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  3 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: Side channel 
and gravel bar near access 
point adjacent to Passaic 
Valley Regional High 
School. 
 

 
 
 
 

Photo No.:  4 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  Photo was 
taken approximately 300 m 
from the access point 
adjacent to Passaic Valley 
Regional High School facing 
downstream. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  5 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: Photo was taken 
approximately 300 m from 
the access point adjacent to 
Passaic Valley Regional 
High School facing 
upstream. 

 
 
 
 

Photo No.:  6 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  View facing 
downstream from bridge on 
Passaic County Route 632 
(Lakawana Road).  
Impoundment is visible on 
the left bank. 

 



 
PHOTOGRAPHIC RECORD 

 
 

 
 4 of 7  

Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  7 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: View facing 
upstream at the bridge on 
Passaic County Route 639. 
Stream velocity was low and 
sediments are fine here. 

 
 
 
 

Photo No.:  8 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  View facing 
downstream at access point 
at the community park 
located east of Essex County 
Route 617 in the reference 
reach. This area was slightly 
higher gradient than 
downstream “in-project” 
sections. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  9 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: View facing 
upstream at community park 
access point located east of 
Essex County Route 617 in 
the reference reach. The 
substrate here was dominated 
by cobble and boulders. 

 
 
 
 

Photo No.:  10 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  Waterfall and 
cascades above the walking 
trail foot bridge in the 
community park. This area 
was the highest gradient that 
TT biologists observed 
during the site visit. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  11 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: View 
downstream of foot bridge in 
the community park walking 
trails.  

 
 
 
 

Photo No.:  12 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  View upstream 
in reference section of the 
Peckman River accessed 
through Cedar Grove 
School/Washington 
Academy on Route 23. This 
area is most similar to the 
“in-project” reaches near 
Passaic Valley Regional 
High School. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project 
 Site Visit & Sampling Site Identification 
 
 

Photo No.:  13 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments: View 
downstream in reference 
section of the Peckman River 
accessed through Cedar 
Grove School/Washington 
Academy on Route 23. 

 
 
 
 

Photo No.:  14 

Date:  June 29, 2010 

Photographer:  T. Gaudet 

Comments:  View facing 
upstream toward Essex 
County Route 640 bridge.  
This section has a similar 
composition of glides and 
riffles as the reach near 
Passaic Valley Regional 
High School. 

 



 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 
 



 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

DATA SHEETS 



 

Peckman River Flood Risk Management Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 



















































































 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 
 



















































































 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 
 











































































 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 
 











 

Peckman River Flood Risk Management Project  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 
 



 

Peckman River Flood Risk Management Project Page 31 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

PHOTOGRAPHIC LOG 



 

Peckman River Flood Risk Management Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page intentionally left blank. 



 
PHOTOGRAPHIC RECORD 

 
 

 
 1 of 5  

Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project, Little Falls, NJ 
 
 

Photo No.:  1 

Date:  July 27, 2010 

Photographer.:  L. Rivard 

Comments:  View facing 
upstream of Project Reach. 
  

 
 
 
 

Photo No.:  2 

Date:  July 27, 2010 

Photographer:  L. Rivard 

Comments:  View 
downstream of deep-slow 
pool at Transect C within 
Project Reach. 
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project, Little Falls, NJ 
 

Photo No.:  3 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments: View upstream 
from Transect A within 
Reference Reach.  This 
portion of the reach is 
characterized by a long pool 
created by a concrete dam 
downstream of the Reach.    
 

 
 
 
 

Photo No.:  4 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments:  View upstream 
from Transect D within 
Reference Reach. This 
portion of the Reach is 
characterized by a riffle/glide 
sequence.  
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project, Little Falls, NJ 
 

Photo No.:  5 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments: View 
downstream from Transect E 
within Reference Reach.  
This portion of the reach is 
characterized by a long glide.  
 

 
 
 
 

Photo No.:  6 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments:  View upstream 
from Transect K within 
Reference Reach. This 
portion of the Reach is 
characterized by a long glide. 
West Bradford Ave. bridge 
crossing can be seen in the 
background.  
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project, Little Falls, NJ 
 

Photo No.:  7 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments: View facing 
upstream from Transect A of 
the Alternate Project Reach. 
This portion of the Reach is 
characterized by a long glide 
with interspersed riffles.   

 
 
 
 

Photo No.:  8 

Date:  July 28, 2010 

Photographer:  L. Rivard 

Comments:  View facing 
upstream of glide/riffle 
section of Alternate Project 
Reach.  Several drainage 
pipes are located on the right 
bank throughout this portion 
of the Reach.  
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Company:  U.S. Army Corps of Engineers, New York District 
Project:  Peckman River Flood Damage Reduction Project, Little Falls, NJ 
 

Photo No.:  9 

Date:  July 27, 2010 

Photographer:  L. Rivard 

Comments: View facing 
upstream from lower 
portions of Alternate 
Reference Reach.  This 
portion of the Reach is 
characterized by a riffle/glide 
sequence.   

 
 
 
 

Photo No.:  10 

Date:  July 27, 2010 

Photographer:  L. Rivard 

Comments:  View facing 
downstream from lower 
portions of Alternate 
Reference Reach.  This 
portion of the Reach is 
characterized by a long glide 
with interspersed riffle.  
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5
HABITAT ASSESSMENT AND

PHYSICOCHEMICAL PARAMETERS

An evaluation of habitat quality is critical to any assessment of ecological integrity and should be
performed at each site at the time of the biological sampling.  In general, habitat and biological
diversity in rivers are closely linked (Raven et al. 1998).  In the truest sense, “habitat” incorporates
all aspects of physical and chemical constituents along with the biotic interactions.  In these
protocols, the definition of “habitat” is narrowed to the quality of the instream and riparian habitat
that influences the structure and function of the aquatic community in a stream.  The presence of
an altered habitat structure is considered one of the major stressors of aquatic systems (Karr et al.
1986).  The presence of a degraded habitat can sometimes obscure investigations on the effects of
toxicity and/or pollution.  The assessments performed by many water resource agencies include a
general description of the site, a physical characterization and water quality assessment, and a
visual assessment of instream and riparian habitat quality.  Some states (e.g., Idaho DEQ and
Illinois EPA) include quantitative measurements of physical parameters in their habitat assessment. 
Together these data provide an integrated picture of several of the factors influencing the biological
condition of a stream system.  These assessments are not as comprehensive as needed to adequately
identify all causes of impact.  However, additional investigation into hydrological modification of
water courses and drainage patterns can be conducted, once impairment is noted.

The habitat quality evaluation can be accomplished by characterizing selected physicochemical
parameters in conjunction with a systematic assessment of physical structure.  Through this
approach, key features can be rated or scored to provide a useful assessment of habitat quality.

5.1 PHYSICAL CHARACTERISTICS AND WATER QUALITY

Both physical characteristics and water quality parameters are pertinent to characterization of the
stream habitat. An example of the data sheet used to characterize the physical characteristics and
water quality of a site is shown in Appendix A.  The information required includes measurements
of physical characterization and water quality made routinely to supplement biological surveys.

Physical characterization includes documentation of general land use, description of the stream
origin and type, summary of the riparian vegetation features, and measurements of instream
parameters such as width, depth, flow, and substrate.  The water quality discussed in these
protocols are in situ measurements of standard parameters that can be taken with a water quality
instrument.  These are generally instantaneous measurements taken at the time of the survey. 
Measurements of certain parameters, such as temperature, dissolved oxygen, and turbidity, can be
taken over a diurnal cycle and will require instrumentation that can be left in place for extended
periods or collects water samples at periodic intervals for measurement.  In addition, water samples
may be desired to be collected for selected chemical analysis.  These chemical samples are
transported to an analytical laboratory for processing.  The combination of this information
(physical characterization and water quality) will provide insight as to the ability of the stream to
support a healthy aquatic community, and to the presence of chemical and non-chemical stressors
to the stream ecosystem.  Information requested in this section (Appendix A-1, Form 1) is standard
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to many aquatic studies and allows for some comparison among sites. Additionally, conditions that
may significantly affect aquatic biota are documented. 

5.1.1 Header Information (Station Identifier)

The header information is identical on all data sheets and requires sufficient information to identify
the station and location where the survey was conducted, date and time of survey, and the
investigators responsible for the quality and integrity of the data.  The stream name and river basin
identify the watershed and tributary; the location of the station is described in the narrative to help
identify access to the station for repeat visits.  The rivermile (if applicable) and latitude/longitude
are specific locational data for the station.  The station number is a code assigned by the agency
that will associate the sample and survey data with the station.  The STORET number is assigned
to each datapoint for inclusion in USEPA’s STORET system.  The stream class is a designation of
the grouping of homogeneous characteristics from which assessments will be made.  For instance,
Ohio EPA uses ecoregions and size of stream, Florida DEP uses bioregions (aggregations of
subecoregions), and Arizona DEQ uses elevation as a means to identify stream classes.  Listing the
agency and investigators assigns responsibility to the data collected from the station at a specific
date and time.  The reason for the survey is sometimes useful to an agency that conducts surveys
for various programs and purposes.

5.1.2 Weather Conditions

Note the present weather conditions on the day of the survey and those immediately preceding the
day of the survey.  This information is important to interpret the effects of storm events on the
sampling effort.

5.1.3 Site Location/Map

To complete this phase of the bioassessment, a photograph may be helpful in identifying station
location and documenting habitat conditions. Any observations or data not requested but deemed
important by the field observer should be recorded.  A hand-drawn map is useful to illustrate major
landmarks or features of the channel morphology or orientation, vegetative zones, buildings, etc.
that might be used to aid in data interpretation.

5.1.4 Stream Characterization

Stream Subsystem:  In regions where the perennial nature of streams is important, or where the
tidal influence of streams will alter the structure and function of communities, this parameter
should be noted.  

Stream Type:  Communities inhabiting coldwater streams are markedly different from those in
warmwater streams, many states have established temperature criteria that differentiate these 2
stream types.

Stream Origin:  Note the origination of the stream under study, if it is known.  Examples are
glacial, montane, swamp, and bog.  As the size of the stream or river increases, a mixture of
origins of tributaries is likely.
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5.1.5 Watershed Features

Collecting this information usually requires some effort initially for a station.  However,
subsequent surveys will most likely not require an in-depth research of this information.

Predominant Surrounding Land Use Type: Document the prevalent land-use type in the
catchment of the station (noting any other land uses in the area which, although not predominant,
may potentially affect water quality).  Land use maps should be consulted to accurately document
this information.

Local Watershed Nonpoint Source Pollution:  This item refers to problems and potential
problems in the watershed.  Nonpoint source pollution is defined as diffuse agricultural and urban
runoff. Other compromising factors in a watershed that may affect water quality include feedlots,
constructed wetlands, septic systems, dams and impoundments, mine seepage, etc.

Local Watershed Erosion:  The existing or potential detachment of soil within the local watershed
(the portion of the watershed or catchment that directly affects the stream reach or station under
study) and its movement into the stream is noted. Erosion can be rated through visual observation
of watershed and stream characteristics (note any turbidity observed during water quality
assessment below).

5.1.6 Riparian Vegetation

An acceptable riparian zone includes a buffer strip of a minimum of 18 m (Barton et al. 1985)
from the stream on either side.  The acceptable width of the riparian zone may also be variable
depending on the size of the stream.  Streams over 4 m in width may require larger riparian zones. 
The vegetation within the riparian zone is documented here as the dominant type and species, if
known.

5.1.7 Instream Features

Instream features are measured or evaluated in the sampling reach and catchment as appropriate.

Estimated Reach Length:  Measure or estimate the length of the sampling reach.  This
information is important if reaches of variable length are surveyed and assessed.

Estimated Stream Width (in meters, m):  Estimate the distance from bank to bank at a transect
representative of the stream width in the reach.  If variable widths, use an average to find that
which is representative for the given reach.  

Sampling Reach Area (m2):  Multiply the sampling reach length by the stream width to obtain a
calculated surface area.  

Estimated Stream Depth (m):  Estimate the vertical distance from water surface to stream bottom
at a representative depth (use instream habitat feature that is most common in reach) to obtain
average depth.  
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Velocity:  Measure the surface velocity in the thalweg of a representative run area.  If
measurement is not done, estimate the velocity as slow, moderate, or fast.

Canopy Cover:  Note the general proportion of open to shaded area which best describes the
amount of cover at the sampling reach or station.  A densiometer may be used in place of visual
estimation.

High Water Mark (m):  Estimate the vertical distance from the bankfull margin of the stream
bank to the peak overflow level, as indicated by debris hanging in riparian or floodplain vegetation,
and deposition of silt or soil. In instances where bank overflow is rare, a high water mark may not
be evident.

Proportion of Reach Represented by Stream Morphological Types:  The proportion
represented by riffles, runs, and pools should be noted to describe the morphological heterogeneity
of the reach.

Channelized:  Indicate whether or not the area around the sampling reach or station is channelized
(e.g., straightening of stream, bridge abutments and road crossings, diversions, etc.).

Dam Present:  Indicate the presence or absence of a dam upstream in the catchment or
downstream of the sampling reach or station. If a dam is present, include specific information relat-
ing to alteration of flow.

5.1.8 Large Woody Debris

Large Woody Debris (LWD) density, defined and measured as described below, has been used in
regional surveys (Shields et al. 1995) and intensive studies of degraded and restored streams
(Shields et al. 1998).  The method was developed for sand or sand-and-gravel bed streams in the
Southeastern U.S. that are wadeable at baseflow, with water widths between 1 and 30 m (Cooper
and Testa 1999).  

Cooper and Testa’s (1999) procedure involves measurements based on visual estimates taken by a
wading observer.  Only woody debris actually in contact with stream water is counted.  Each
woody debris formation with a surface area in the plane of the water surface >0.25 m2 is recorded. 
The estimated length and width of each formation is recorded on a form or marked directly onto a
stream reach drawing.  Estimates are made to the nearest 0.5 m , and formations with length or
width less than 0.5 m are not counted.  Recorded length is maximum width in the direction
perpendicular to the length.  Maximum actual length and width of a limb, log, or accumulation are
not considered.  

If only a portion of the log/limb is in contact with the water, only that portion in contact is
measured.  Root wads and logs/limbs in the water margin are counted if they contact the water, and
are arbitrarily given a width of 0.5 m Lone individual limbs and logs are included in the
determination if their diameter is 10 cm or larger (Keller and Swanson 1979, Ward and Aumen
1986).  Accumulations of smaller limbs and logs are included if the formation total length or width
is 0.5 m or larger.  Standing trees and stumps within the stream are also recorded if their length
and width exceed 0.5 m. 

The length and width of each LWD formation are then multiplied, and the resulting products are
summed to give the aquatic habitat area directly influenced.  This area is then divided by the water
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surface area (km2) within the sampled reach (obtained by multiplying the average water surface
width by reach length) to obtain LWD density.  Density values of 103 to 104 m2/km2 have been
reported for channelized and incised streams and on the order of 105 m2/km2 for non-incised
streams (Shields et al. 1995 and 1998).  This density is not an expression of the volume of LWD,
but rather a measure of LWD influence on velocity, depth, and cover. 

5.1.9 Aquatic Vegetation

The general type and relative dominance of aquatic plants are documented in this section.  Only an
estimation of the extent of aquatic vegetation is made.  Besides being an ecological assemblage that
responds to perturbation, aquatic vegetation provides refugia and food for aquatic fauna.  List the
species of aquatic vegetation, if known.

5.1.10 Water Quality

Temperature (EEC), Conductivity or “Specific Conductance” (µohms), Dissolved Oxygen
(µg/L), pH, Turbidity:  Measure and record values for each of the water quality parameters
indicated, using the appropriate calibrated water quality instrument(s). Note the type of instrument
and unit number used.

Water Odors:  Note those odors described (or include any other odors not listed) that are
associated with the water in the sampling area.

Water Surface Oils:  Note the term that best describes the relative amount of any oils present on
the water surface.

Turbidity:  If turbidity is not measured directly, note the term which, based upon visual
observation, best describes the amount of material suspended in the water column.

5.1.11 Sediment/Substrate

Sediment Odors:  Disturb sediment in pool or other depositional areas and note any odors
described (or include any other odors not listed) which are associated with sediment in the sampling
reach.

Sediment Oils:  Note the term which best describes the relative amount of any sediment oils
observed in the sampling area.

Sediment Deposits:  Note those deposits described (or include any other deposits not listed) that
are present in the sampling reach.  Also indicate whether the undersides of rocks not deeply
embedded are black (which generally indicates low dissolved oxygen or anaerobic conditions).

Inorganic Substrate Components:  Visually estimate the relative proportion of each of the 7 sub-
strate/particle types listed that are present over the sampling reach. 

Organic Substrate Components:  Indicate relative abundance of each of the 3 substrate types
listed.
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EQUIPMENT/SUPPLIES NEEDED FOR HABITAT
ASSESSMENT AND PHYSICAL/WATER

QUALITY CHARACTERIZATION

• Physical Characterization and Water Quality Field
Data Sheet*

• Habitat Assessment Field Data Sheet*

• clipboard
• pencils or waterproof pens
• 35 mm camera (may be digital)
• video camera (optional)
• upstream/downstream “arrows” or signs for

photographing and documenting sampling reaches
• Flow or velocity meter
• In situ water quality meters
• Global Positioning System (GPS) Unit

* It is helpful to copy field sheets onto water-resistant
paper for use in wet weather conditions

5.2 A VISUAL-BASED HABITAT ASSESSMENT

Biological potential is limited by the quality of the physical habitat, forming the template within
which biological communities develop (Southwood 1977).  Thus, habitat assessment is defined as
the evaluation of the structure of the surrounding physical habitat that influences the quality of the
water resource and the condition of the resident aquatic community (Barbour et al. 1996a).  For
streams, an encompassing approach to assessing structure of the habitat includes an evaluation of
the variety and quality of the substrate, channel morphology, bank structure, and riparian
vegetation.  Habitat parameters pertinent to the assessment of habitat quality include those that
characterize the stream "micro scale" habitat (e.g., estimation of embeddeddness), the "macro
scale" features (e.g., channel morphology), and the riparian and bank structure features that are
most often influential in affecting the other parameters. 

Rosgen (1985, 1994) presented a
stream and river classification system
that is founded on the premise that
dynamically-stable stream channels
have a morphology that provides
appropriate distribution of flow
energy during storm events.  Further,
he identifies 8 major variables that
affect the stability of channel
morphology, but are not mutually
independent: channel width, channel
depth, flow velocity, discharge,
channel slope, roughness of channel
materials, sediment load and sediment
particle size distribution.  When
streams have one of these
characteristics altered, some of their
capability to dissipate energy
properly is lost (Leopold et al. 1964,
Rosgen 1985) and will result in
accelerated rates of channel erosion.  Some of the habitat structural components that function to
dissipate flow energy are:

! sinuosity

! roughness of bed and bank materials

! presence of point bars (slope is an important characteristic)

! vegetative conditions of stream banks and the riparian zone

! condition of the floodplain (accessibility from bank, overflow, and size are
important characteristics).

Measurement of these parameters or characteristics serve to stratify and place streams into distinct
classifications.  However, none of these habitat classification techniques attempt to differentiate the
quality of the habitat and the ability of the habitat to support the optimal biological condition of the
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region.  Much of our understanding of habitat relationships in streams has emerged from
comparative studies that describe statistical relationships between habitat variables and abundance
of biota (Hawkins et al. 1993).  However, in response to the need to incorporate broader scale
habitat assessments in water resource programs, 2 types of approaches for evaluating habitat
structure have been developed.  In the first, the Environmental Monitoring and Assessment
Program (EMAP) of the USEPA and the National Water-Quality Assessment Program (NAWQA)
of the USGS developed techniques that incorporate measurements of various features of the
instream, channel, and bank morphology (Meader et al. 1993, Klemm and Lazorchak 1994). 
These techniques provide a relatively comprehensive characterization of the physical structure of
the stream sampling reach and its surrounding floodplain.  The second type was a more rapid and
qualitative habitat assessment approach that was developed to describe the overall quality of the
physical habitat (Ball 1982, Ohio EPA 1987, Plafkin et al. 1989, Barbour and Stribling 1991,
1994, Rankin 1991, 1995).  In this document, the more rapid visual-based approach is described. 
A cursory overview of the more quantitative approaches to characterizing the physical structure of
the habitat is provided.

The habitat assessment matrix developed for the Rapid Bioassessment Protocols (RBPs) in Plafkin
et al. (1989) were originally based on the Stream Classification Guidelines for Wisconsin
developed by Ball (1982) and “Methods of Evaluating Stream, Riparian, and Biotic Conditions”
developed by Platts et al. (1983). Barbour and Stribling (1991, 1994) modified the habitat
assessment approach originally developed for the RBPs to include additional assessment
parameters for high gradient streams and a more appropriate parameter set for low gradient
streams (Appendix A-1, Forms 2,3).  All parameters are evaluated and rated on a numerical scale
of 0 to 20 (highest) for each sampling reach.  The ratings are then totaled and compared to a
reference condition to provide a final habitat ranking. Scores increase as habitat quality increases. 
To ensure consistency in the evaluation procedure, descriptions of the physical parameters and
relative criteria are included in the rating form.

The Environmental Agency of Great Britain (Environment Agency of England and Wales, Scottish
Environment Protection Agency, and Environment and Heritage Service of Northern Ireland) have
developed a River Habitat Survey (RHS) for characterizing the quality of their streams and rivers
(Raven et al. 1998).  The approach used in Great Britain is similar to the visual-based habitat
assessment used in the US in that scores are assigned to ranges of conditions of various habitat
parameters.

A biologist who is well versed in the ecology and zoogeography of the region can generally
recognize optimal habitat structure as it relates to the biological community.  The ability to
accurately assess the quality of the physical habitat structure using a visual-based approach
depends on several factors:

! the parameters selected to represent the various features of habitat structure need
to be relevant and clearly defined

! a continuum of conditions for each parameter must exist that can be characterized
from the optimum for the region or stream type under study to the poorest
situation reflecting substantial alteration due to anthropogenic activities
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! the judgement criteria for the attributes of each parameter should minimize
subjectivity through either quantitative measurements or specific categorical
choices

! the investigators are experienced in or adequately trained for stream assessments
in the region under study (Hannaford et al. 1997)

! adequate documentation and ongoing training is maintained to evaluate and correct
errors resulting in outliers and aberrant assessments.

Habitat evaluations are first made on instream habitat, followed by channel morphology, bank
structural features, and riparian vegetation.  Generally, a single, comprehensive assessment is made
that incorporates features of the entire sampling reach as well as selected features of the catchment. 
Additional assessments may be made on neighboring reaches to provide a broader evaluation of
habitat quality for the stream ecosystem. The actual habitat assessment process involves rating the
10 parameters as optimal, suboptimal, marginal, or poor based on the criteria included on the
Habitat Assessment Field Data Sheets (Appendix A-1, Forms 2,3). Some state programs, such as
Florida Department of Environmental Protection (DEP) (1996) and Mid-Atlantic Coastal Streams
Workgroup (MACS) (1996) have adapted this approach using somewhat fewer and different
parameters.

Reference conditions are used to scale the assessment to the "best attainable" situation. This
approach is critical to the assessment because stream characteristics will vary dramatically across
different regions (Barbour and Stribling 1991). The ratio between the score for the test station and
the score for the reference condition provides a percent comparability measure for each station.
The station of interest is then classified on the basis of its similarity to expected conditions
(reference condition), and its apparent potential to support an acceptable level of biological health. 
Use of a percent comparability evaluation allows for regional and stream-size differences which
affect flow or velocity, substrate, and channel morphology.  Some regions are characterized by
streams having a low channel gradient, such as coastal plains or prairie regions.

Other habitat assessment approaches or a more rigorously quantitative approach to measuring the
habitat parameters may be used (See Klemm and Lazorchak 1994, Kaufmann and Robison 1997,
Meader et al. 1993).  However, holistic and rapid assessment of a wide variety of habitat attributes
along with other types of data is critical if physical measurements are to be used to best advantage
in interpreting biological data.  A more detailed discussion of the relationship between habitat
quality and biological condition is presented in Chapter 10. 

A generic habitat assessment approach based on visual observation can be separated into 2 basic
approaches—one designed for high-gradient streams and one designed for low-gradient streams. 
High-gradient or riffle/run prevalent streams are those in moderate to high gradient landscapes.
Natural high-gradient streams have substrates primarily composed of coarse sediment particles
(i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches.  Low-
gradient or glide/pool prevalent streams are those in low to moderate gradient landscapes.  Natural
low-gradient streams have substrates of fine sediment or infrequent aggregations of more coarse
(gravel or larger) sediment particles along stream reaches.  The entire sampling reach is evaluated
for each parameter.  Descriptions of each parameter and its relevance to instream biota are
presented in the following discussion.  Parameters that are used only for high-gradient prevalent
streams are marked with an “a”; those for low-gradient dominant streams, a “b”.  If a parameter is
used for both stream types, it is not marked with a letter.  A brief set of decision criteria is given
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for each parameter corresponding to each of the 4 categories reflecting a continuum of conditions
on the field sheet (optimal, suboptimal, marginal, and poor).  Refer to Appendix A-1, Forms 2 and
3, for a complete field assessment guide.
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PROCEDURE FOR PERFORMING HABITAT ASSESSMENT

1. Select the reach to be assessed.  The habitat assessment is performed on the same 100 m reach (or
other reach designation [e.g., 40 x stream wetted width]) from which the biological sampling is
conducted.  Some parameters require an observation of a broader section of the catchment than just
the sampling reach.

2. Complete the station identification section of each field data sheet and habitat assessment form.

3. It is best for the investigators to obtain a close look at the habitat features to make an adequate
assessment.  If the physical and water quality characterization and habitat assessment are done
before the biological sampling, care must be taken to avoid disturbing the sampling habitat. 

4. Complete the Physical Characterization and Water Quality Field Data Sheet.  Sketch a map of
the sampling reach on the back of this form.

5. Complete the Habitat Assessment Field Data Sheet, in a team of 2 or more biologists, if possible,
to come to a consensus on determination of quality.  Those parameters to be evaluated on a scale
greater than a sampling reach require traversing the stream corridor to the extent deemed necessary
to assess the habitat feature.  As a general rule-of-thumb, use 2 lengths of the sampling reach to
assess these parameters.

QUALITY ASSURANCE PROCEDURES

1. Each biologist is to be trained in the visual-based habitat assessment technique for the applicable
region or state.

2. The judgment criteria for each habitat parameter are calibrated for the stream classes under study. 
Some text modifications may be needed on a regional basis.

3. Periodic checks of assessment results are completed using pictures of the sampling reach and
discussions among the biologists in the agency.
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Parameters to be evaluated in sampling reach:

1 EPIFAUNAL SUBSTRATE/AVAILABLE COVER

high and low
gradient streams

Includes the relative quantity and variety of natural structures in the
stream, such as cobble (riffles), large rocks, fallen trees, logs and branches,
and undercut banks, available as refugia, feeding, or sites for spawning
and nursery functions of aquatic macrofauna.  A wide variety and/or
abundance of submerged structures in the stream provides
macroinvertebrates and fish with a large number of niches, thus increasing
habitat diversity.  As variety and abundance of cover decreases, habitat
structure becomes monotonous, diversity decreases, and the potential for
recovery following disturbance decreases.  Riffles and runs are critical for
maintaining a variety and abundance of insects in most high-gradient
streams and serving as spawning and feeding refugia for certain fish.  The
extent and quality of the riffle is an important factor in the support of a
healthy biological condition in high-gradient streams.  Riffles and runs
offer a diversity of habitat through variety of particle size, and, in many
small high-gradient streams, will provide the most stable habitat.  Snags
and submerged logs are among the most productive habitat structure for
macroinvertebrate colonization and fish refugia in low-gradient streams. 
However, “new fall” will not yet be suitable for colonization.

Selected
References

Wesche et al. 1985, Pearsons et al. 1992, Gorman 1988, Rankin 1991,
Barbour and Stribling 1991, Plafkin et al. 1989, Platts et al. 1983,
Osborne et al. 1991, Benke et al. 1984, Wallace et al. 1996, Ball 1982,
MacDonald et al. 1991, Reice 1980, Clements 1987, Hawkins et al. 1982,
Beechie and Sibley 1997.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

(high and low
gradient)

Greater than 70% (50%
for low gradient streams)
of substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

40-70% (30-50% for low
gradient streams) mix of
stable habitat; well-suited
for full colonization
potential; adequate habitat
for maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

20-40% (10-30% for low
gradient streams) mix of
stable habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 20% (10% for
low gradient streams)
stable habitat; lack of
habitat is obvious;
substrate unstable or
lacking.

SCORE  20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range

1a. Epifaunal Substrate/Available Cover—High Gradient

Optimal Range (Mary Kay Corazalla, U. of Minn.) Poor Range

1b. Epifaunal Substrate/Available Cover—Low Gradient
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Optimal Range (William Taft, MI DNR) Poor Range (William Taft, MI DNR)

2a. Embeddedness—High Gradient

2a EMBEDDEDNESS

high gradient
streams

Refers to the extent to which rocks (gravel, cobble, and boulders) and
snags are covered or sunken into the silt, sand, or mud of the stream
bottom.  Generally, as rocks become embedded, the surface area available
to macroinvertebrates and fish (shelter, spawning, and egg incubation) is
decreased.  Embeddedness is a result of large-scale sediment movement
and deposition, and is a parameter evaluated in the riffles and runs of high-
gradient streams.  The rating of this parameter may be variable depending
on where the observations are taken.  To avoid confusion with sediment
deposition (another habitat parameter), observations of embeddedness
should be taken in the upstream and central portions of riffles and cobble
substrate areas.

Selected
References

Ball 1982, Osborne et al. 1991, Barbour and Stribling 1991, Platts et al.
1983, MacDonald et al. 1991, Rankin 1991, Reice 1980, Clements 1987,
Benke et al. 1984, Hawkins et al. 1982, Burton and Harvey 1990.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

2.a Embeddedness

(high gradient)

Gravel, cobble, and
boulder particles are 0-
25% surrounded by fine
sediment.  Layering of
cobble provides diversity of
niche space.

Gravel, cobble, and
boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are more
than 75% surrounded by
fine sediment.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1    0
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Optimal Range
(Mary Kay Corazalla, U. of Minn.)

Poor Range

2b. Pool Substrate Characterization—Low Gradient

2b POOL SUBSTRATE CHARACTERIZATION

low gradient
streams

Evaluates the type and condition of bottom substrates found in pools. 
Firmer sediment types (e.g., gravel, sand) and rooted aquatic plants support
a wider variety of organisms than a pool substrate dominated by mud or
bedrock and no plants.  In addition, a stream that has a uniform substrate in
its pools will support far fewer types of organisms than a stream that has a
variety of substrate types.

Selected
References

Beschta and Platts 1986, U.S. EPA 1983.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

2b. Pool Substrate
Characterization

(low gradient)

Mixture of substrate
materials, with gravel and
firm sand prevalent; root
mats and submerged
vegetation common.

Mixture of soft sand, mud,
or clay; mud may be
dominant; some root mats
and submerged vegetation
present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or bedrock;
no root mat or submerged
vegetation.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0



DRAFT REVISION—September 24, 1998

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition 5-15

Optimal Range (Mary Kay Corazalla, U. of Minn.)
(arrows emphasize different velocity/depth regimes)

Poor Range (William Taft, MI DNR)

3a. Velocity/Depth Regimes—High Gradient

3a VELOCITY/DEPTH COMBINATIONS

high gradient
streams

Patterns of velocity and depth are included for high-gradient streams under
this parameter as an important feature of habitat diversity.  The best
streams in most high-gradient regions will have all 4 patterns present: (1)
slow-deep, (2) slow-shallow, (3) fast-deep, and (4) fast-shallow.  The
general guidelines are 0.5 m depth to separate shallow from deep, and 0.3
m/sec to separate fast from slow.  The occurrence of these 4 patterns
relates to the stream’s ability to provide and maintain a stable aquatic
environment. 

Selected
References

Ball 1982, Brown and Brussock 1991, Gore and Judy 1981, Oswood and
Barber 1982.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

3a.  Velocity/ Depth
Regimes 

(high gradient)

All 4 velocity/depth
regimes present (slow-deep,
slow-shallow, fast-deep,
fast-shallow).
(slow is <0.3 m/s, deep is
>0.5 m)

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than if
missing other regimes).

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range (Peggy Morgan, FL DEP) Poor Range (William Taft, MI DNR)

3b. Pool Variability—Low Gradient

3b POOL VARIABILITY

low gradient
streams

Rates the overall mixture of pool types found in streams, according to size
and depth.  The 4 basic types of pools are large-shallow, large-deep, small-
shallow, and small-deep.  A stream with many pool types will support a
wide variety of aquatic species.  Rivers with low sinuosity (few bends) and
monotonous pool characteristics do not have sufficient quantities and types
of habitat to support a diverse aquatic community.  General guidelines are
any pool dimension (i.e., length, width, oblique) greater than half the cross-
section of the stream for separating large from small and 1 m depth
separating shallow and deep.

Selected
References

Beschta and Platts 1986, USEPA 1983.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

3b. Pool
Variability

(low gradient)

Even mix of large-
shallow, large-deep, small-
shallow, small-deep pools
present.

Majority of pools large-
deep; very few shallow.

Shallow pools much more
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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4 SEDIMENT DEPOSITION

high and low
gradient streams

Measures the amount of sediment that has accumulated in pools and the
changes that have occurred to the stream bottom as a result of deposition. 
Deposition occurs from large-scale movement of sediment.  Sediment
deposition may cause the formation of islands, point bars (areas of
increased deposition usually at the beginning of a meander that increase in
size as the channel is diverted toward the outer bank) or shoals, or result in
the filling of runs and pools.  Usually deposition is evident in areas that are
obstructed by natural or manmade debris and areas where the stream flow
decreases, such as bends.  High levels of sediment deposition are
symptoms of an unstable and continually changing environment that
becomes unsuitable for many organisms.

Selected
References

MacDonald et al. 1991, Platts et al. 1983, Ball 1982, Armour et al. 1991,
Barbour and Stribling 1991, Rosgen 1985.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

4. Sediment
Deposition

(high and low
gradient)

Little or no enlargement of
islands or point bars and
less than 5% (<20% for
low-gradient streams) of
the bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 
5-30% (20-50% for low-
gradient) of the bottom
affected; slight deposition
in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% (50-80% for
low-gradient) of the
bottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
50% (80% for low-
gradient) of the bottom
changing frequently; pools
almost absent due to
substantial sediment
deposition.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0



DRAFT REVISION—September 24, 1998

5-18  Chapter 5: Habitat Assessment and Physicochemical Parameters

Poor Range
(arrow pointing to sediment deposition)

Optimal Range

4a. Sediment Deposition—High Gradient

Optimal Range

Poor Range
(arrows pointing to sediment deposition)

4b. Sediment Deposition—Low Gradient
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5 CHANNEL FLOW STATUS

high and low
gradient streams

The degree to which the channel is filled with water.  The flow status will
change as the channel enlarges (e.g., aggrading stream beds with actively
widening channels) or as flow decreases as a result of dams and other
obstructions, diversions for irrigation, or drought.  When water does not
cover much of the streambed, the amount of suitable substrate for aquatic
organisms is limited.  In high-gradient streams, riffles and cobble substrate
are exposed; in low-gradient streams, the decrease in water level exposes
logs and snags, thereby reducing the areas of good habitat. Channel flow is
especially useful for interpreting biological condition under abnormal or
lowered flow conditions.  This parameter becomes important when more
than one biological index period is used for surveys or the timing of
sampling is inconsistent among sites or annual periodicity.

Selected
References

Rankin 1991, Rosgen 1985, Hupp and Simon 1986, MacDonald et al.
1991, Ball 1982, Hicks et al. 1991.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

5. Channel Flow
Status

(high and low
gradient)

Water reaches base of both
lower banks, and minimal
amount of channel
substrate is exposed.

Water fills >75% of the
available channel; or
<25% of channel substrate
is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range
(arrow showing that water is not reaching both banks; leaving much
of channel uncovered)

5a. Channel Flow Status—High Gradient

Poor Range (James Stahl, IN DEM)
Optimal Range

5b. Channel Flow Status—Low Gradient
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Parameters to be evaluated broader than sampling reach:

6 CHANNEL ALTERATION

high and low
gradient streams

Is a measure of large-scale changes in the shape of the stream channel. 
Many streams in urban and agricultural areas have been straightened,
deepened, or diverted into concrete channels, often for flood control or
irrigation purposes.  Such streams have far fewer natural habitats for fish,
macroinvertebrates, and plants than do naturally meandering streams. 
Channel alteration is present when artificial embankments, riprap, and
other forms of artificial bank stabilization or structures are present; when
the stream is very straight for significant distances; when dams and bridges
are present; and when other such changes have occurred.  Scouring is often
associated with channel alteration.

Selected
References

Barbour and Stribling 1991, Simon 1989a, b, Simon and Hupp 1987,
Hupp and Simon 1986, Hupp 1992, Rosgen 1985, Rankin 1991,
MacDonald et al. 1991.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

6. Channel
Alteration 

(high and low
gradient)

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas of
bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks; and
40 to 80% of stream reach
channelized and disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and disrupted.
 Instream habitat greatly
altered or removed
entirely.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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Optimal Range

Poor Range
(arrows emphasizing large-scale channel
alterations)

6a. Channel Alteration—High Gradient

Optimal Range Poor Range (John Maxted, DE DNREC)

6b. Channel Alteration—Low Gradient
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7a FREQUENCY OF RIFFLES (OR BENDS)

high gradient
streams

Is a way to measure the sequence of riffles and thus the heterogeneity
occurring in a stream.  Riffles are a source of high-quality habitat and
diverse fauna, therefore, an increased frequency of occurrence greatly
enhances the diversity of the stream community.  For high gradient streams
where distinct riffles are uncommon, a run/bend ratio can be used as a
measure of meandering or sinuosity (see 7b).  A high degree of sinuosity
provides for diverse habitat and fauna, and the stream is better able to
handle surges when the stream fluctuates as a result of storms.  The
absorption of this energy by bends protects the stream from excessive
erosion and flooding and provides refugia for benthic invertebrates and fish
during storm events.  To gain an appreciation of this parameter in some
streams, a longer segment or reach than that designated for sampling
should be incorporated into the evaluation.  In some situations, this
parameter may be rated from viewing accurate topographical maps.  The
“sequencing” pattern of the stream morphology is important in rating this
parameter.  In headwaters, riffles are usually continuous and the presence
of cascades or boulders provides a form of sinuosity and enhances the
structure of the stream.  A stable channel is one that does not exhibit
progressive changes in slope, shape, or dimensions, although short-term
variations may occur during floods (Gordon et al. 1992). 

Selected
References

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983,
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983,
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989,
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

7a. Frequency of
Riffles (or bends)

(high gradient)

Occurrence of riffles 
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
to 7); variety of habitat is
key.  In streams where
riffles are continuous,
placement of boulders or
other large, natural
obstruction is important.

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15. 

Occasional riffle or bend;
bottom contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25. 

Generally all flat water or
shallow riffles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25.  

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0



DRAFT REVISION—September 24, 1998

5-24  Chapter 5: Habitat Assessment and Physicochemical Parameters

Optimal Range
(arrows showing frequency of riffles and
bends)

Poor Range

7a. Frequency of Riffles (or bends)—High Gradient

7b CHANNEL SINUOSITY

low gradient
streams

Evaluates the meandering or sinuosity of the stream.  A high degree of
sinuosity provides for diverse habitat and fauna, and the stream is better
able to handle surges when the stream fluctuates as a result of storms.  The
absorption of this energy by bends protects the stream from excessive
erosion and flooding and provides refugia for benthic invertebrates and fish
during storm events.  To gain an appreciation of this parameter in low
gradient streams, a longer segment or reach than that designated for
sampling may be incorporated into the evaluation.  In some situations, this
parameter may be rated from viewing accurate topographical maps.  The
“sequencing” pattern of the stream morphology is important in rating this
parameter.  In "oxbow" streams of coastal areas and deltas, meanders are
highly exaggerated and transient.  Natural conditions in these streams are
shifting channels and bends, and alteration is usually in the form of flow
regulation and diversion. A stable channel is one that does not exhibit
progressive changes in slope, shape, or dimensions, although short-term
variations may occur during floods (Gordon et al. 1992). 

Selected
References

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983,
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983,
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989,
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988.
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Optimal Range Poor Range

7b. Channel Sinuosity—Low Gradient

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

7b. Channel
Sinuosity

(low gradient)

The bends in the stream
increase the stream length
3 to 4 times longer than if
it was in a straight line. 
(Note - channel braiding is
considered normal in
coastal plains and other
low-lying areas.  This
parameter is not easily
rated in these areas.)

The bends in the stream
increase the stream length
2 to 3 times longer than if
it was in a straight line.

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

Channel straight;
waterway has been
channelized for a long
distance.

SCORE   20     19     18     17     16 15     14     13     12     11 10      9      8      7      6 5     4     3     2     1     0
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8 BANK STABILITY (condition of banks)

high and low
gradient streams

Measures whether the stream banks are eroded (or have the potential for
erosion).  Steep banks are more likely to collapse and suffer from erosion
than are gently sloping banks, and are therefore considered to be unstable. 
Signs of erosion include crumbling, unvegetated banks, exposed tree roots,
and exposed soil.  Eroded banks indicate a problem of sediment movement
and deposition, and suggest a scarcity of cover and organic input to
streams.  Each bank is evaluated separately and the cumulative score (right
and left) is used for this parameter.

Selected
References

Ball 1982, MacDonald et al. 1991, Armour et al. 1991, Barbour and
Stribling 1991, Hupp and Simon 1986, 1991, Simon 1989a, Hupp 1992,
Hicks et al. 1991, Osborne et al. 1991, Rosgen 1994, 1996.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

8. Bank Stability
(score each bank)

Note: determine
left or right side by
facing downstream

(high and low
gradient)

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems. <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10    9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10    9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing to stable streambanks)

Poor Range (MD Save Our Streams)
(arrow highlighting unstable streambanks)

8a. Bank Stability (condition of banks)—High Gradient

Poor Range
(arrow highlighting unstable streambanks)

Optimal Range (Peggy Morgan, FL DEP)

8b. Bank Stability (condition of banks)—Low Gradient
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9 BANK VEGETATIVE PROTECTION

high and low
gradient streams

Measures the amount of vegetative protection afforded to the stream bank
and the near-stream portion of the riparian zone.  The root systems of
plants growing on stream banks help hold soil in place, thereby reducing
the amount of erosion that is likely to occur.  This parameter supplies
information on the ability of the bank to resist erosion as well as some
additional information on the uptake of nutrients by the plants, the control
of instream scouring, and stream shading.  Banks that have full, natural
plant growth are better for fish and macroinvertebrates than are banks
without vegetative protection or those shored up with concrete or riprap. 
This parameter is made more effective by defining the native vegetation for
the region and stream type (i.e., shrubs, trees, etc.).  In some regions, the
introduction of exotics has virtually replaced all native vegetation.  The
value of exotic vegetation to the quality of the habitat structure and
contribution to the stream ecosystem must be considered in this parameter. 
In areas of high grazing pressure from livestock or where residential and
urban development activities disrupt the riparian zone, the growth of a
natural plant community is impeded and can extend to the bank vegetative
protection zone.  Each bank is evaluated separately and the cumulative
score (right and left) is used for this parameter.

Selected
References

Platts et al. 1983, Hupp and Simon 1986, 1991, Simon and Hupp 1987,
Ball 1982, Osborne et al. 1991, Rankin 1991, Barbour and Stribling 1991,
MacDonald et al. 1991, Armour et al. 1991, Myers and Swanson 1991,
Bauer and Burton 1993.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

9. Vegetative
Protection (score
each bank)

Note: determine
left or right side by
facing
downstream.

(high and low
gradient)

More than 90% of the
streambank surfaces and
immediate riparian zones
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through grazing
or mowing minimal or not
evident; almost all plants
allowed to grow naturally.

70-90% of the streambank
surfaces covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the streambank
surfaces covered by
vegetation; disruption
obvious; patches of bare
soil or closely cropped
vegetation common; less
than one-half of the
potential plant stubble
height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing to streambank with high level of vegetative
cover)

Poor Range
(arrow pointing to streambank with almost no vegetative cover)

9a. Bank Vegetative Protection—High Gradient

Optimal Range (Peggy Morgan, FL DEP) Poor Range (MD Save Our Streams)
(arrow pointing to channelized streambank with no vegetative
cover)

9b. Bank Vegetative Protection—Low Gradient
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10 RIPARIAN VEGETATIVE ZONE WIDTH

high and low
gradient streams

Measures the width of natural vegetation from the edge of the stream bank
out through the riparian zone.  The vegetative zone serves as a buffer to
pollutants entering a stream from runoff, controls erosion, and provides
habitat and nutrient input into the stream.  A relatively undisturbed
riparian zone supports a robust stream system; narrow riparian zones
occur when roads, parking lots, fields, lawns, bare soil, rocks, or buildings
are near the stream bank.  Residential developments, urban centers, golf
courses, and rangeland are the common causes of anthropogenic
degradation of the riparian zone.  Conversely, the presence of "old field"
(i.e., a previously developed field not currently in use), paths, and
walkways in an otherwise undisturbed riparian zone may be judged to be
inconsequential to altering the riparian zone and may be given relatively
high scores.  For variable size streams, the specified width of a desirable
riparian zone may also be variable and may be best determined by some
multiple of stream width (e.g., 4 x wetted stream width).  Each bank is
evaluated separately and the cumulative score (right and left) is used for
this parameter.

Selected
References

Barton et al. 1985, Naiman et al. 1993, Hupp 1992, Gregory et al. 1991,
Platts et al. 1983, Rankin 1991, Barbour and Stribling 1991, Bauer and
Burton 1993.

Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

10.  Riparian
Vegetative Zone
Width (score each
bank riparian
zone)

(high and low
gradient)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no riparian
vegetation due to human
activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0
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Optimal Range
(arrow pointing out an undisturbed riparian zone)

Poor Range
(arrow pointing out lack of riparian zone)

10a. Riparian Vegetative Zone Width—High Gradient

Optimal Range
(arrow emphasizing an undisturbed riparian zone)

Poor Range (MD Save Our Streams)
(arrow emphasizing lack of riparian zone)

10b. Riparian Vegetative Zone Width—Low Gradient
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5.3 ADDITIONS OF QUANTITATIVE MEASURES TO THE
HABITAT ASSESSMENT

Kaufmann (1993) identified 7 general physical habitat attributes important in influencing stream
ecology.  These include:

! channel dimensions

! channel gradient

! channel substrate size and type

! habitat complexity and cover

! riparian vegetation cover and structure

! anthropogenic alterations

! channel-riparian interaction.

All of these attributes vary naturally, as do biological characteristics; thus expectations differ even
in the absence of anthropogenic disturbances.  Within a given physiographic-climatic region,
stream drainage area and overall stream gradient are likely to be strong natural determinants of
many aspects of stream habitat, because of their influence on discharge, flood stage, and stream
power (the product of discharge times gradient).  In addition, all of these attributes may be directly
or indirectly altered by anthropogenic activities.

In Section 5.2, an approach is described whereby habitat quality is interpreted directly in the field
by biologists while sampling the stream reach.  This Level 1 approach is observational and requires
only one person (although a team approach is recommended) and takes about 15 to 20 minutes per
stream reach.  This approach more quickly yields a habitat quality assessment.  However, it
depends upon the knowledge and experience of the field biologist to make the proper interpretation
of observed of both the natural expectations (potentials) and the biological consequences (quality)
that can be attributed to the observed physical attributes.  Hannaford et al. (1997) found that
training in habitat assessment was necessary to reduce the subjectivity in a visual-based approach. 
The authors also stated that training on different types of streams may be necessary to adequately
prepare investigators.

The second conceptual approach described here confines observations to habitat characteristics
themselves (whether they are quantitative or qualitative), then later ascribing quality scoring to
these measurements as part of the data analysis process.  Typically, this second type of habitat
assessment approach employs more quantitative data collection, as exemplified by field methods
described by Kaufmann and Robison (1997) for EMAP, Simonson et al. (1994), Meador et al.
(1993) for NAWQA, and others cited by Gurtz and Muir (1994).  These field approaches typically
define a reach length proportional to stream width and employ transect measurements that are
systematically spaced (Simonson et al. 1994, Kaufmann and Robison 1997) or spaced by
judgement to be representative (Meador et al. 1993).  They usually include measurement of
substrate, channel and bank dimensions, riparian canopy cover, discharge, gradient, sinuosity, in-
channel cover features, and counts of large woody debris and riparian human disturbances.  They
may employ systematic visual estimates of substrate embeddedness, fish cover features, habitat
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types, and riparian vegetation structure.  The time commitment in the field to these more
quantitative habitat assessment methods is usually 1.5 to 3 hours with a crew of two people. 
Because of the greater amount of data collected, they also require more time for data
summarization, analysis, and interpretation.  On the other hand, the more quantitative methods and
less ambiguous field parameters result in considerably greater precision.  The USEPA applied both
quantitative and visual-based (RBPs) methods in a stream survey undertaken over 4 years in the
mid-Atlantic region of the Appalachian Mountains.  An earlier version of the RBP techniques were
applied on 301 streams with repeat visits to 29 streams; signal-to-noise ratios varied from 0.1 to
3.0 for the twelve RBP metrics and averaged (1.1 for the RBP total habitat quality score).  The
quantitative methods produced a higher level of precision; signal-to-noise ratios were typically
between 10 and 50, and sometimes in excess of 100 for quantitative measurements of channel
morphology, substrate, and canopy densiometer measurements made on a random subset of 186
streams with 27 repeat visits in the same survey.  Similarly, semi-quantitative estimates of fish
cover and riparian human disturbance estimates obtained from multiple, systematic visual
observations of otherwise measurable features had signal:noise ratios from 5 to 50.  Many riparian
vegetation cover and structure metrics were moderately precise (signal:noise ranging from 2 to 30). 
Commonly used flow dependent measures (e.g., riffle/pool and width/depth ratios), and some
visual riparian cover estimates were less precise, with signal:noise ratios more in the range of those
observed for metrics of the EPA’s RBP habitat score (<2).

The USEPA’s EMAP habitat assessment field methods are presented as an option for a second
level (II) of habitat assessment.  These methods have been applied in numerous streams throughout
the Mid-Atlantic region, the Midwest, Colorado, California, and the Pacific Northwest.  Table 5-1
is a summary of these field methods; more detail is presented in the field manual by Kaufmann and
Robison (1997).

Table 5-1.  Components of EMAP physical habitat protocol.

Component Description

1. Thalweg
Profile

Measure maximum depth, classify habitat, determine presence of soft/small sediment
at 10-15 equally spaced intervals between each of 11 channel cross-sections (100-150
along entire reach).  Measure wetted width at 11 channel cross-sections and mid-way
between cross-sections (21 measurements).

2. Woody
Debris

Between each of the channel cross sections, tally large woody debris numbers within
and above the bankfull channel according to size classes.

3. Channel
and
Riparian
Cross-
Sections

At 11 cross-section stations placed at equal intervals along reach length:

• Measure: channel cross section dimensions, bank height, undercut, angle
(with rod and clinometer); gradient (clinometer), sinuosity (compass
backsite), riparian canopy cover (densiometer).

• Visually Estimate*: substrate size class and embeddedness; areal cover class
and type (e.g., woody) of riparian vegetation in Canopy, Mid-Layer and
Ground Cover; areal cover class of fish concealment features, aquatic
macrophytes and filamentous algae.

• Observe & Record*: human disturbances and their proximity to the channel.

4. Discharge In medium and large streams (defines later) measure water depth and velocity @ 0.6
depth (with electromagnetic or impeller-type flow meter) at 15 to 20 equally spaced
intervals across one carefully chosen channel cross-section.  In very small streams,
measure discharge with a portable weir or time the filling of a bucket.

* Substrate size class and embeddedness are estimated, and depth is measured for 55 particles taken at 5 equally-spaced points on
each of 11 cross-sections.  The cross-section is defined by laying the surveyor’s rod or tape to span the wetted channel.  Woody
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debris is tallied over the distance between each cross-section and the next cross-section upstream.  Riparian vegetation and
human disturbances are observed 5 m upstream and 5 m downstream from the cross section station.  They extend shoreward 10
m from left and right banks.  Fish cover types, aquatic macrophytes, and algae are observed within channel 5 m upstream and 5
m downstream from the cross section stations.  These boundaries for visual observations are estimated by eye.

Table 5-2 lists the physical habitat metrics that can be derived from applying these field methods. 
Once these habitat metrics are calculated from the available physical habitat data, an assessment
would be obtained from comparing these metric values to those of known reference sites.  A strong
deviation from the reference expectations would indicate a habitat alteration of the particular
parameter.  The close connectivity of the various attributes would most likely result in an impact
on multiple metrics if habitat alteration was occurring.  The actual process for interpreting a
habitat assessment using this approach is still under development.

Table 5-2.  Example of habitat metrics that can be calculated from the EMAP physical habitat data.

Channel mean width and depth
Channel volume and Residual Pool volume
Mean channel slope and sinuosity
Channel incision, bankfull dimensions, and bank characteristics
Substrate mean diameter, % fines, % embeddedness
Substrate stability
Fish concealment features (areal cover of various types, e.g., undercut banks, brush)
Large woody debris (volume and number of pieces per 100 m)
Channel habitat types (e.g., % of reach composed of pools, riffles, etc.)
Canopy cover
Riparian vegetation structure and complexity
Riparian disturbance measure (proximity-weighted tally of human disturbances)
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1.0 INTRODUCTION 

 
The United States Army Corps of Engineers (USACE), New York District (District), is 
conducting a Feasibility Study to investigate the implementation of flood-risk management 
(FRM) measures along the Peckman River in the Town of Little Falls and the Borough of 
Woodland Park located in Essex and Passaic Counties, New Jersey, respectively.  The Peckman 
River is a 3rd Order stream and tributary of the Passaic River (Figure 1).  It originates in the 
Town of West Orange and flows northeasterly through the towns of Verona, Cedar Grove, Little 
Falls and the Borough of Woodland Park.  Extensive development in the Peckman River basin 
has contributed to the degradation of the stream and surrounding riparian area, and has resulted 
in periodic flooding during peak rain events as a result of increased runoff created by the 
urbanization of the watershed.   
 
Specific FRM measures under current investigation include channelization of approximately 
11,000 feet of the Peckman River, a diversion culvert and approximately 2,500 ft of floodwall 
along Great Notch Brook, a tributary of the Peckman River located in Borough of Woodland 
Park.    
 
The purpose of this study is to characterize the aquatic invertebrate community in the Peckman 
River within the Project area to establish existing conditions and evaluate the potential impacts 
that the proposed FRM measures may have on the benthic macroinvertebrates within the Project 
area.  This baseline invertebrate data will support the Feasibility Study being conducted by the 
District to determine the best action alternative for implementation of FRM measures.  The data 
obtained from this study will supplement surveys previously conducted by the New Jersey 
Department of Environmental Protection (NJDEP) along the Peckman River in July of 1993, 
August and September of 1998, and October of 2003 as part of the Ambient Biomonitoring 
Network projects (NJDEP 1994, NJDEP 2000, and NJDEP 2008).   
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2.0 SURVEY METHODOLOGY 

 
The survey methodology used for this Project was based upon the Environmental Protection 
Agency’s (EPA) Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: 
Periphyton, Benthic Macroinvertebrates, and Fish, Second Edition (Barbour et al. 1999), 
Chapter 7 Benthic Macroinvertebrate Protocols. Tetra Tech biologists conducted benthic 
macroinvertebrate sampling concurrent with a fish survey (USACE 2010a), and a stream habitat 
assessment survey (USACE 2010b) between July 26–29, 2010, as described below at the Project 
Reach and Reference Reach.  Copies of field data forms are included in Appendix A and a copy 
of the EPA’s Rapid Bioassessment Protocol (RBP) is provided in Appendix B of this report. 
 
2.1 DESCRIPTION OF SURVEY SITES 
 
To establish sampling sites within the Project area and the Reference area, Tetra Tech biologists 
conducted a site visit in June 29, 2010.  The goal of this site visit was to determine which two of 
the four possible sampling sites, two sites within the Project area and two in the reference area, 
were most similar in stream characteristics and suitable for this survey.  Based on the 
reconnaissance of the two potential Project and two potential Reference sampling areas, Tetra 
Tech biologists determined that the sections of the Peckman River near the Passaic Valley 
Regional High School (i.e., Project Reach) and Cedar Grove School/Washington Academy (i.e., 
Reference Reach) were the most similar and appropriate to sample for the purposes of this 
survey (see USACE Peckman River Stream Assessment Report 2010), as shown in Figures 1 and 
2.  These two sections had the most similar physical characteristics out of the four sites, 
including comparable gradient, wetted width, substrate composition, depth, velocity, and 
bankfull width.  
 
2.1.1 Passaic Valley Regional High School (Project Reach) 
 
The Passaic Valley Regional High School Reach (Project Reach) is located in a residential area 
within the town of Little Falls, New Jersey (Figure 3a).  The Project Reach was accessed by 
parking in the cul-de-sac on the north end of Hopson Avenue, and continuing by foot northwest 
through the adjacent baseball fields.  This portion of the Peckman River is within the planned 
FRM measures area and was selected as a representative reach of typical stream habitat within 
the Peckman River basin.  This portion of the Peckman River is composed of a series of riffles 
and glides, and a deep lateral scour pool segment.  The substrate consists largely of gravel and 
cobble, with lesser amounts of sand.  Bank alterations caused by human disturbances, in the form 
of stone and concrete walls, were noted on the left1 bank of the river.   
 
2.1.2 Cedar Grove School (Reference Reach) 
 
The Cedar Grove School Reach (Reference Reach), (also known as “Washington Academy”) is 
located in a commercial area within the town of Cedar Grove, New Jersey (Figure 3b).  This 
reach of the Peckman River can be accessed from the southbound side of Pompton Avenue, by 
turning into the north parking lot of the Cedar Grove School, and continuing by foot west past 

                                                 
1 Left and right bank designations are assigned by facing downstream.  
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Figure 2. Survey Locations 
for the Peckman River Flood 

Risk Management Project,
Little Falls, New Jersey.

Source: ESRI ArcGIS Online and data partners, including 
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the basketball courts into the wooded riparian corridor.  The Reference Reach was selected as a 
representative reach of typical stream habitat within the Peckman River basin and is composed of 
a series of riffles and glides with several pools dispersed throughout.  The substrate consists 
primarily of cobble and gravel, with boulders and sand present in lesser amounts throughout.   
 
2.2 BENTHIC MACROINVERTEBRATE SAMPLING PROTOCOL 
 
Tetra Tech biologists, experienced in benthic macroinvertebrate collection, conducted the 
benthic macroinvertebrate survey of the Project Reach on July 27, 2010, and the Reference 
Reach on July 28, 2010.  To collect a representative sample of the benthic macroinvertebrate 
assemblage from the appropriate habitat composition, biologists used the multi-habitat approach 
outlined in the EPA’s RBP (Barbour et al. 1999) (Appendix B).   
 
2.2.1 Multi-habitat Approach Field Sampling Procedures 
 
In accordance with the RBP, the multi-habitat approach was used for obtaining 20 kick samples 
across the major habitats within each reach (Barbour et al. 1999).  Habitat types were sampled in 
approximate proportion to their representation of surface area across the reach.  A sketch map of 
the reach was created by walking along the entire length of the reach and recording the distance 
of each stream component (riffle, glide, pool).  Approximate composition of each habitat type 
(cobble, sand, snags, and woody debris) was then estimated for each stream component.  The 
number of kick samples taken from of each habitat type was then calculated based on the 
approximate composition of each habitat type throughout the reach.  For instance, if 50% of the 
reach habitat was composed of cobbles, then 50% of the selected kick samples were located 
within cobble habitat.  
 
To determine the reach length, Tetra Tech biologists obtained five wetted width measurements at 
random locations along the Peckman River; these measurements were averaged and multiplied 
by 40 to calculate the total sampling reach length as outlined in the RBP.  Ten (10) transects, 
used for obtaining physical habitat and fish composition data, were systematically spaced 
throughout the reach.  Benthic macroinvertebrate sampling was conducted within the identified 
reaches based on the proportion of each habitat type, as described above. 
 
Prior to sampling, in situ measurements were taken for water temperature, dissolved oxygen, 
turbidity, pH, and conductivity for each stream reach.  Additional data, such as weather 
conditions, land use, and a map depicting the sampling reach were recorded prior to sampling.   
 
Samples were collected with a 500 µm opening mesh, 0.3 m wide, D-frame dip net.  Sampling 
was initiated at the downstream end of the reach.  Kick samples were obtained by positioning the 
net firmly against the hard bottom, and disturbing the substrate for a distance of 0.5 m upstream 
of the net using hands and/or feet.  In general, riffle and run stream components were preferred 
due to the predominant cobble substrate within these areas.  Samples were composited into a 500 
µm opening mesh sieve bucket following each kick sample.  Large debris, such as stones, sticks 
or vegetation, were rinsed within the net, inspected for the presence of organisms, which were 
removed by hand and placed within the net, and then the large pieces of debris were removed 
from the composite sample. 
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2.2.2 Sample Processing 
 
Following the removal of large debris, the composite sample was transferred to 500 ml wide-
mouthed sample containers and preserved with 95% ethanol.  When needed, forceps and rinse 
bottles were used to remove organisms from the sieve bucket.  Internal sample labels, consisting 
of Rite-in-the-Rain© paper with hand written label information, were placed in each sample jar.  
The outside container labels contained the same information recorded on the internal labels.  
Container lids were fastened with electrical tape in order to ensure a proper seal during transit 
from the field to the laboratory. 
 
Following the processing of samples the Benthic Macroinvertebrate Data Sheet (Appendix A-3, 
Form 1 of the EPA’s RBP) was completed for each reach.  Copies of the completed field data 
sheets are located in Appendix A of this report.   
 
2.2.3 Laboratory Analysis 
 
Tetra Tech contracted Watershed Assessment Associates, LLC, located in Schenectady, New 
York, to conduct the macroinvertebrate identification of the samples.  The composite samples 
collected from each reach were subsampled for identification of at least 100 organisms ± 20%.  
Each organism was identified to the lowest practical identification level (LPIL). 
 
The samples were rinsed, subsampled (using a gridded tray) and identified in accordance with 
the NJDEP Standard Operating Procedures, Ambient Biological Monitoring Using Benthic 
Macroinvertebrates, Field, Lab, and Assessment Methods (NJDEP 2007).  A Leica MZ-12 8-
100x power high grade dissecting microscope was used to determine general taxa identification.  
A Swift Five Series High Grade Compound Microscope (magnification 40, 100, 400, and 1000 
oil immersion, with light and dark field and phase contrast illumination) was used to determine 
Chironomidae and Oligochaeta identifications.  Chironomidae and Oligochaeta were slide 
mounted in CMCP-10 mounting media to facilitate identification to lowest practical level.  The 
method is described below: 
 

• The slides are compressed with a cover slip in order to show the appropriate body 
structures needed for identification.  Up to 10 organisms (whole bodies for Oligochaetes 
and small Chironomids, head capsules for larger Chironomids) were placed under each 
cover slip with two cover slips per slide.  

• If the organisms to be mounted were large fewer specimens were mounted under one 
cover slip.  

• Chironomidae and Oligochaeta were identified using a high quality compound 
microscope.  

• Slides were labeled with the site identifier, date collected, and the name of the collector.  

 



Invertebrate Survey Report  

Peckman River Flood Risk Management Project Page 9 

2.2.4 Data Analysis 
 
Data analysis was performed to emulate the data analyses presented in the Ambient 
Biomonitoring Network, 1998 Benthic Macroinvertebrate Data report dated June 2000 (NJDEP 
2000).  Although organisms were identified to the LPIL, the family of each organism was used in 
the data analysis to facilitate comparison of results to other studies conducted in New Jersey as 
part of the Ambient Monitoring Network program.  Data analysis was performed utilizing several 
“biometrics” to measure components of community structure.  Selected biometrics conducted 
were based on the New Jersey impairment score (NJIS) presented in June 2000 and February 
2008 Ambient Biomonitoring Network, Benthic Macroinvertebrate Data reports (NJDEP 2000 
and NJDEP 2008).  The NJIS was used for assessments in reports prior to 2007 and has since 
been replaced by genus level indices (NJDEP 2007).  Metrics included in this analysis are listed 
below. 
 

• Taxa Richness (# of families) – an index of community diversity; generally increases 
with improved water quality. 

• Percent Contribution of Dominant Family (relative to the total # of families) – dominance 
by relatively few species/families is a good indicator of environmental stress. 

• Number of EPT Families – number of families represented within the orders 
Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies); these 
families are generally pollution-sensitive. 

• Percent EPT (of the total # of individuals) – generally increases with improved water 
quality. 

• Hilsenhoff (family) Biotic Index (HBI) – assigns tolerance values to individual families, 
and are used to summarize the overall pollution tolerance of the entire benthic 
macroinvertebrate community.  Tolerance values applied to the benthic 
macroinvertebrates identified for this Project were obtained from EPA’s RBP manual 
(Barbour et al. 1999).  Tolerance values range from 0 to 10 for families and increase as 
water quality declines, as shown in Table 1 (Mandaville 2002).  The HBI is calculated as 
∑ (xi ti)/(n) where:  

o xi is equal to the number of individuals within a given taxon; 
o ti is equal to the tolerance value of the given taxon; and, 
o n is equal to the total number of organisms in the sample.  
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Table 1. Evaluation of Water Quality Using Hilsenhoff Biotic Index Values for Benthic 
Macroinvertebrates. 

Biotic Index Water Quality Degree of Organic Pollution 
0.00-3.50 Excellent No apparent organic pollution 
3.51-4.50 Very good Possible slight organic pollution 
4.51-5.50 Good Some organic pollution 
5.51-6.50 Fair Fairly significant organic pollution 

6.51-7.50 Fairly poor Significant organic pollution 

7.51-8.50 Poor Very significant organic pollution 

8.51-10.00 Very poor Severe organic pollution 
Source: Mandaville 2002. 
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3.0 SURVEY RESULTS 

 
3.1 SUMMARY OF PHYSICAL HABITAT RESULTS 
 
Both the Project Reach and Reference Reach portions of the Peckman River were determined to 
be representative of a “suboptimal” condition, based on the RBP criteria used for the Stream 
Assessment Report (USACE 2010b).  The total stream habitat assessment score, based on a scale 
of 0 to 200, was 125 for the Project Reach and 128 for the Reference Reach.   
 
The two reaches were most similar in terms of substrate components, bank stability, channel 
alteration, frequency of riffles, embeddedness, and riparian vegetative zone width.  However, 
there were some notable differences in habitat characteristics between the two, particularly for 
epifaunal substrate/cover, velocity/depth regime, and channel flow.  Similar to the results 
established during the stream habitat assessment, both the Project Reach and Reference Reach 
were determined to be “moderately impaired” in regards to the benthic macroinvertebrate 
community.  Additional data sheets that contain the physical habitat data collected for each reach 
are provided in Appendix B of the Stream Assessment Report (USACE 2010b). 
 
3.2 PROJECT REACH: PASSAIC VALLEY REGIONAL HIGH SCHOOL 
 
3.2.1 Stream Habitat Type Composition 
 
The breakdown by habitat type within the Project Reach and number of kick samples gathered 
from each habitat type was as follows: 
 

Cobble  94% of reach habitat  19 kick samples 
Woody Debris  1% of reach habitat 1 kick sample  
Sand  5% of the reach habitat Not sampled due to the lack of habitat for 

benthic macroinvertebrates.   
 
Data sheets containing the benthic macroinvertebrate data and sketch map for the Project Reach 
are provided in Appendix A.  
 
3.2.2 Benthic Macroinvertebrate Results 
 
A total of 109 organisms were identified within the subsample for the Project Reach, comprising 
8 different families.  Table 2 includes the results of the benthic macroinvertebrates identified 
from the subsample for the Project Reach, including the feeding habit and pollution tolerance for 
each of the invertebrate families identified.  Laboratory results are included in Appendix C. 
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Table 2. Results of the Benthic Macroinvertebrate Survey for the Project Reach, Peckman River Flood Risk Management 
Project, Little Falls, New Jersey. 

Phylum Class Order Family Genus/Species Number of 
Individuals 

Feeding 
Habit* 

Family 
Tolerance 

Value 
Arthropoda Insecta Trichoptera Hydropsychidae Cheumatopsyche sp. 20 fc 5 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche betteni 6 fc 4 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche bronta 6 fc 4 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche morosa 11 fc 4 
Arthropoda Insecta Diptera Empididae Hemerodromia sp. 1 pr 6 
Arthropoda Insecta Diptera Chironomidae Cryptochironomus sp. 1 pr 8 
Arthropoda Insecta Diptera Chironomidae Paratanytarsus sp. 4 gc 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum flavum gr. 23 sh/gc 6 
Arthropoda Insecta Diptera Chironomidae Phaenopsectra sp. 1 sc/gc 7 
Arthropoda Insecta Diptera Chironomidae Orthocladius complex 4 gc 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum halterale gr. 1 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Thienemannimyia gr. Spp. 2 pr 6 
Arthropoda Insecta Diptera Chironomidae Tanytarsus sp. 3 fc/gc 6 
Arthropoda Insecta Diptera Chironomidae Parametriocnemus sp. 1 gc 5 
Arthropoda Insecta Diptera Chironomidae Dicrotendipes sp. 2 gc/fc 8 
Arthropoda Insecta Diptera Chironomidae Microtendipes pedullus gr. 4 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Cardiocladius obscurus 3 pr 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum scalaenum gr. 2 gc/pr/sh/fc/sc 6 
Mollusca Gastropoda Basommatophora Planorbidae Menetus dilatatus 1 sc 7 
Arthropoda Crustacea Isopoda Asellidae Caecidotea sp. 10 gc 6 
Arthropoda Crustacea Amphipoda Crangonyctidae Crangonyx sp. 1 gc 4 
Annelida Oligochaeta Tubificida Tubificidae Tubificidae w/o cap setae 1 gc 10 
Annelida Hirudinea Rhynchobdellida Glossiphoniidae - 1 pr 8 
Total 109   
* fc (filterer-collector); gc (gatherer-collector); pr (predator); sc (scraper); sh (shredder) 
Source: Barbour et al. 1999. 

 
 



Invertebrate Survey Report  

Peckman River Flood Risk Management Project Page 13 

3.2.3 Data Analysis 
 
Eight families were identified in the Project Reach subsample.  The most dominant family of 
invertebrates (47% of the subsample) belonged to the family Chironomidae.  The second most 
dominant family was Hydropsychidae, also known as net-spinning caddisflies, which compose 
39% of the subsample, and represented the only EPT family present within the subsample.  
Asellidae isopods made up 9% of the subsample.  One individual of each of the remaining five 
families was identified, each composing less than 1% of the subsample.    
 
Based on the HBI value calculated for the subsample, the Project Reach scored a tolerance value 
of 5.50.  This indicates that the Project Reach has good water quality, with some organic 
pollution present (Table 1). 
 
The NJIS for benthic macroinvertebrates for the Project Reach, as calculated based on Taxa 
Richness (8), EPT families (1),  contribution of the dominant family (CDF) (46%), percent EPT 
(39%), and HBI value (5.50), is 15 (Table 3).  This indicates that the Project Reach waterway is 
moderately impaired.   
 
Table 3. New Jersey Impairment Score (NJIS) for Benthic Macroinvertebrate Samples 
Collected within the Project Reach, Peckman River Flood Risk Management Project, Little 
Falls, New Jersey. 

Index Metrics Score 6 3 0 
Taxa Richness >10 10–5 4–0 
EPT >5 5–3 2–0 
% CDF <40 40–60 >60 
% EPT >35 35–10 <10 
HBI <5 5–7 >7 
Non-impaired  Total Score: 24–30 
Moderately Impaired Total Score: 9–21 
Severely Impaired Total Score: 0–6 

Project Reach Score is within Bold Range. 
Source: NJDEP 2007. 

 
 
Based on the results and metrics analysis conducted for the Project Reach, water quality is 
considered good according to the HBI results, moderately impaired according to NJIS rankings, 
and contains suboptimal habitat conditions based on EPA physical habitat assessment criteria. 
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3.3 REFERENCE REACH: CEDAR GROVE SCHOOL 
 
3.3.1 Stream Habitat Type Composition 
 
The breakdown by habitat type within the Reference Reach and number of kick samples gathered 
from each habitat type was as follows: 
 

Cobble  60% of reach habitat  14 kick samples 
Sand 39% of reach habitat 5 kick samples 
Hard Pan Clay 1% of reach habitat 1 kick sample 

 
Data sheets containing benthic macroinvertebrate data and sketch map for the Reference Reach 
are provided in Appendix A.  
 
3.3.2 Benthic Macroinvertebrate Results 
 
A total of 107 organisms were identified within the subsample for the Reference Reach, 
comprising 12 different families.  Table 4 includes the results of the benthic macroinvertebrates 
identified from the subsample for the Reference Reach, including the feeding habit and pollution 
tolerance for each of the invertebrate families identified.  Laboratory results are included in 
Appendix C. 
 
3.3.3 Data Analysis 
 
Twelve (12) families were identified in the Reference Reach subsample.  The most dominant 
family of invertebrates (39% of the subsample) belonged to the family Chironomidae.  The 
second most dominant family was net-spinning caddisflies of the family Hydropsychidae, which 
compose 28% of the subsample.  Asellidae isopods made up 13% of the subsample, and the 
remaining families each represented 6% or less of the subsample.  Four EPT taxa were present in 
the subsample, including one Ephemeroptera family (Baetidae), and three Trichoptera families 
(i.e., Glossosomatidae, Hydroptilidae, and Hydropsychidae).  The EPT families together make 
up 34% of the subsample.   
 
Based on the HBI value calculated for the subsample, the Reference Reach scored a tolerance 
values of 5.55.  This indicates that the Reference Reach has fair water quality, with fairly 
significant organic pollution present (Table 1). 
 
The NJIS for benthic macroinvertebrates for the Reference Reach, as calculated based on Taxa 
Richness (12), EPT families (4), CDF (39%), percent EPT (34%), and HBI score (5.55), is 21 
(Table 5).  This indicates that the Reference Reach waterway is moderately impaired. 
 
Based on the results and metrics analysis conducted for the Reference Reach, water quality is 
considered fair according to the HBI results, moderately impaired according to NJIS rankings, 
and contains suboptimal habitat conditions based on EPA physical habitat assessment criteria. 
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Table 4. Results of the Benthic Macroinvertebrate Survey for the Reference Reach, Peckman River Flood Risk Management 
Project, Little Falls, New Jersey. 

Phylum Class Order Family Genus/Species Number of 
Individuals

Feeding 
Habit* 

Family 
Tolerance 

Value 
Arthropoda Insecta Ephemeroptera Baetidae Baetis intercalaris 4 gc 4 
Arthropoda Insecta Trichoptera Glossosomatidae Glossosoma sp. 1 sc 4 
Arthropoda Insecta Trichoptera Hydroptilidae Leucotrichia pictipes 1 sc 4 
Arthropoda Insecta Trichoptera Hydropsychidae Cheumatopsyche sp. 15 fc 4 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche betteni 10 fc 4 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche sparna 5 fc 4 
Arthropoda Insecta Diptera Tipulidae Tipula sp. 1 sh 7 
Arthropoda Insecta Diptera Simuliidae Simulium sp. 2 fc 6 
Arthropoda Insecta Diptera Chironomidae Tanytarsus sp. 2 gc 7 
Arthropoda Insecta Diptera Chironomidae Polypedilum flavum 15 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Dicrotendipes sp. 2 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Orthocladius complex 2 gc/shr/prd 6 
Arthropoda Insecta Diptera Chironomidae Micropsectra sp. 4 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Thienemannimyia gr. Spp. 1 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum halterale gr. 4 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum scalaenum gr. 1 gc/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Synorthocladius nr. semivirens 1 gc/sh/pr 6 
Arthropoda Insecta Diptera Chironomidae Polypedilum illinoense gr. 7 cg/pr/sh/fc/sc 6 
Arthropoda Insecta Diptera Chironomidae Ablabesmyia mallochi 2 pr 7 
Arthropoda Insecta Diptera Chironomidae Parametriocnemus sp. 1 gc/sh/pr 6 
Arthropoda Insecta Odonata  Anisoptera 1 pr 3 
Arthropoda Insecta Veneroidea Pisidiidae Pisidium sp. 1 gc 8 
Arthropoda Crustacea Isopoda Asellidae Caecidotea sp. 14 gc 8 
Arthropoda Crustacea Amphipoda Crangonyctidae Crangonyx sp. 6 gc 6 
Platyhelminthes Turbellaria Tricladida  Turbellaria 4 pr 4 
Total 107   

* fc (filterer-collector); gc (gatherer-collector); pr (predator); sc (scraper); sh (shredder) 
Source: Barbour et al. 1999. 
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Table 5. New Jersey Impairment Score (NJIS) for Benthic Macroinvertebrate Samples 
Collected within the Reference Reach, Peckman River Flood Risk Management Project, 
Little Falls, New Jersey. 

Index Metrics 6 3 0 
Taxa Richness >10 10–5 4–0 
EPT >5 5–3 2–0 
% CDF <40 40–60 >60 
% EPT >35 35–10 <10 
HBI <5 5–7 >7 
Non-impaired  Total Score: 24–30 
Moderately Impaired Total Score: 9–21 
Severely Impaired Total Score: 0–6 

*Reference Reach Score is within Bold Range. 
Source: NJDEP 2007. 

 
 
3.4 COMPARISON OF REACH RESULTS 
 
A comparison of the benthic macroinvertebrate metric results obtained for the Project Reach and 
Reference Reach during the July 2010 survey is provided in Table 6.  Both reaches had 
suboptimal habitat conditions based on the physical habitat analysis, had similar percent EPT, 
and were considered moderately impaired based on the NJIS rating.  The Reference Reach 
contained more taxa, lower percent CDF, and higher number of EPT taxa, which would suggest 
water quality in this reach is slightly better in comparison to the Project Reach.  However, a 
comparison of the HBI values indicates that water quality at the Project Reach is slightly better 
in comparison to the Reference Reach.   
 
3.5 COMPARISON OF RESULTS WITH PREVIOUS BENTHIC MACROINVERTEBRATE SURVEYS 
 
In 1993, 1998, and 2003, the NJDEP collected benthic macroinvertebrate samples at numerous 
locations within the Peckman River watershed as part of the Ambient Biomonitoring Network 
program.  During the 1998 and 2003 sampling effort (NJDEP 2000 and NJDEP 2008), the 
NJDEP sampled a site approximately 200 m upstream2 of the Reference Reach surveyed for this 
report.  Table 7 provides a comparison of the Ambient Biomonitoring Network results for the 
1998 and 2003 surveys to the results obtained for the Reference Reach in 2010.   
 
 
  

                                                 
2 Distance is estimated as exact survey location was not available. 
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Table 6. Comparison of the Benthic Macroinvertebrate Survey Data Analysis for the 
Project Reach and Reference Reach, Peckman River Flood Risk Management Project, 
Little Falls, New Jersey. 

Project Reach Reference Reach 
Number of Taxa: 8 Number of Taxa: 12 
Total Number of Individuals: 109 Total Number of Individuals: 107 
% Contribution of Dominant Family (%CDF): 
46.8% Chironomidae 

% Contribution of Dominant Family (%CDF): 
39.3% Chironomidae 

Hilsenhoff (Family) Biotic Index (HBI): 5.50 
(Good) 

Hilsenhoff (Family) Biotic Index (HBI): 5.55 
(Fair) 

EPT: 1 EPT: 4 
% EPT: 39.5% % EPT: 33.6% 
NJIS Rating: 15 NJIS Rating: 21 
Biological Condition: Moderately Impaired Biological Condition: Moderately Impaired 
Habitat Analysis: 125 (Suboptimal) USEPA 
Protocol 

Habitat Analysis: 128 (Suboptimal) USEPA 
Protocol 

Observations:  Approximately 3800 meters 
downstream from waste treatment facility. 
 
Water Quality at the time of the survey (8:49 
am, July 27, 2010): 
Dissolved Oxygen – 3.6 mg/L 
Temperature – 19.7oC 
pH – 7.41 
Specific Conductance – 699 µS/cm 

Observations: Immediately downstream of 
waste treatment facility.  
 
Water Quality at the time of the survey (8:04 
am, July 28, 2010): 
Dissolved Oxygen – 3.5 mg/L 
Temperature – 21.9oC 
pH – 7.50 
Specific Conductance – 737 µS/cm 

 
 
Results obtained from the 1998 and 2003 NJDEP surveys show substantial variability for the 
number of taxa collected, percent CDF, HBI value, percent EPT, and physical habitat analysis 
results.  For example the number of taxa declined by more than 50% between 1998 and 2003, 
and the percent CDF increased from 24% in 1998 to 91% in 2003.  Additionally, the HBI value 
calculated for the site in 2003 was 4.11, indicating very good water quality despite the 91% 
dominance by a single family of Trichoptera.  Normally the dominance by one family is 
indicative of low biodiversity, which would suggest poor water quality.  However, the overall 
NJIS ratings resulting from the two NJDEP surveys indicate that the stream is moderately 
impaired, despite differences in the metrics that contributed to the overall score. 
 
The 2010 results for the Reference Reach are most similar to the 1998 results, with similar 
results obtained for the NJIS rating (moderately impaired), and physical habitat analysis 
(suboptimal) metrics.  A more detailed comparison of the benthic macroinvertebrate 
communities between the historical data and the 2010 Reference Reach data is not feasible 
because the results from the 1998 and 2003 sampling efforts did not contain specific taxonomic 
results (NJDEP 2000 and NJDEP 2008).   
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Table 7.  Comparison of the Benthic Macroinvertebrate Survey Data Analysis for the 
Reference Reach Data to the Ambient Biomonitoring Network Program Data collected at a 
nearby location within the Peckman River Watershed, New Jersey, for the Peckman River 
Flood Risk Management Project, Little Falls, New Jersey. 

NJDEP Data 1998 
Station AN0275A 

NJDEP Data 2003 
Station AN0275A Reference Reach Data 2010 

Number of Taxa: 15 Number of Taxa: 6 Number of Taxa: 12 
Total Number of Individuals: 
109 

Total Number of Individuals: 
108 

Total Number of Individuals: 
107 

% Contribution of Dominant 
Family (%CDF): 23.9% 
Asellidae 

% Contribution of Dominant 
Family (%CDF): 90.7% 
Hydropsychidae 

% Contribution of Dominant 
Family (%CDF): 39.3% 
Chironomidae 

HBI: 7.31 (Fairly Poor) HBI: 4.11 (Very Good) HBI: 5.55 (Fair) 
EPT: 2 EPT: 1 EPT: 4 
% EPT: 17.4% % EPT: 90.7% % EPT: 33.6% 
NJIS Rating: 15 NJIS Rating: 15 NJIS Rating: 21 
Biological Condition: 
Moderately Impaired 

Biological Condition: 
Moderately Impaired 

Biological Condition: 
Moderately Impaired 

Habitat Analysis: 138 
(Suboptimal) USEPA 
Protocol 

Habitat Analysis: 168 
(Optimal) USEPA Protocol 

Habitat Analysis: 128 
(Suboptimal) USEPA 
Protocol 

Observations: Upstream of 
waste treatment facility 
(collected near W. Bradford 
Ave in Cedar Grove, just 
upstream of Reference Reach) 
 
Water Quality at the time of 
the survey (September 15, 
1998): 
Dissolved Oxygen – 7.7 mg/L 
Temperature – 22.4oC 
pH – 7.2 
Specific Conductance – 681 
µS/cm 
 

Observations: Upstream of 
waste treatment facility 
(collected near W. Bradford 
Ave in Cedar Grove, just 
upstream of Reference Reach)
 
Water Quality at the time of 
the survey (October 30, 
2003): 
Dissolved Oxygen – 10.2 
mg/L 
Temperature – 13.2oC 
pH – 7.8 
Specific Conductance – 420 
µS/cm 
 

Observations: 450 meters 
downstream of Verona 
Sewage Treatment Plant. 
Immediately downstream of 
Essex County Hospital 
Sewage Treatment Facility 
(closed an removed sometime 
around 2000)  
 
Water Quality at the time of 
the survey (8:04 am, July 28, 
2010): 
Dissolved Oxygen – 3.5 mg/L 
Temperature – 21.9oC 
pH – 7.5 
Specific Conductance – 737 
µS/cm 
 

Source: NJDEP 2000 and NJDEP 2008. 
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4.0 CONCLUSIONS 

 
Based on habitat, geographic location, water quality characteristics, and previous survey data 
including the 2010 stream assessment and fish survey, the Peckman River is considered 
suboptimal as it pertains to aquatic resource habitat and water quality.  Generally, the benthic 
macroinvertebrate surveys in the Project Reach and Reference Reach yielded results that were 
consistent with this classification.  Both reaches had a similar percent EPT.  The Reference 
Reach contained more taxa, lower percent CDF, and a higher number of EPT taxa, which would 
suggest that water quality in this reach is slightly better in comparison to the Project Reach; 
however, the HBI values indicate the reverse.  The NJIS rating incorporates each of these metrics 
into the reach score, and presents a more comprehensive view of the overall water quality and 
stream health.  Based on the NJIS rating, both reaches are considered moderately impaired.  
 
The similarity of overall habitat characteristics between the Reference Reach and the Project 
Reach noted in the Stream Assessment Report (USACE 2010b) helps explain the observed 
similarities in benthic macroinvertebrate data obtained from the subsamples collected for each of 
the reaches.  Although the habitat characteristics are similar between the Reference Reach and 
Project Reach, there also are a few habitat differences between the two reaches that may account 
for some of the observed differences in the 2010 benthic macroinvertebrate data.  The Stream 
Assessment Report noted a difference in epifaunal substrate and canopy cover, with the 
Reference Reach scoring a 15, and the Project Reach scoring an 8.  Filamentous algae also 
covered more than 75% of the substrates in the Project Reach compared to only small amounts 
observed in the Reference Reach.  Additionally, the amount of available instream cover may 
account for the differences in the aquatic invertebrate community at the two sites.  Habitat 
parameters are likely to be an important driver for observed benthic macroinvertebrate 
distribution and abundance within the Peckman River.   
 
The comparison of the 2010 benthic macroinvertebrate survey in the Reference Reach with the 
1998 and 2003 NJDEP surveys yield uncertain results.  The 2010 results are more similar to the 
1998 results than the 2003 results.  It is unclear what contributed to the dramatic shifts in the 
aquatic invertebrate community between 1998, 2003, and 2010, particular in relation to the 
number of taxa, percent CDF, HBI, number of EPT taxa, percent EPT, and physical habitat 
analysis.  It is possible that time of survey, upstream point sources of pollution, and climatic 
conditions (i.e., drought) also may have contributed to the differences, however the contribution 
of these factors is not fully understood.  However, the overall NJIS rating for the Peckman River 
in the Reference Reach and during the two NJDEP surveys indicates that the stream is 
moderately impaired, despite differences in the metrics that contributed to the overall score. 
 
The overall similarities in the observed benthic macroinvertebrate communities between the 
Project Reach and Reference Reach indicates that the two reaches are reasonable choices for 
making quantitative comparisons of the impacts of any future stream alterations to the habitat of 
the Peckman River.  Also, the distance between the Project Reach and the Reference Reach is 
such that the Reference Reach is not likely to be influenced by any stream alterations that may 
occur within the Project Reach. 
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STANDARD BENTHIC MACROINVERTEBRATE SAMPLING GEAR TYPES FOR STREAMS
(assumes standard mesh size of 500 µ nytex screen)

• Kick net:  Dimensions of net are 1 meter (m) x 1 m attached to 2 poles and functions similarly to a
fish kick seine.  Is most efficient for sampling cobble substrate (i.e., riffles and runs) where velocity
of water will transport dislodged organisms into net.  Designed to sample 1 m2 of substrate at a time
and can be used in any depth from a few centimeters to just below 1m (Note -- Depths of 1m or
greater will be difficult to sample with any gear).

• D-frame dip net:  Dimensions of frame are 0.3 m width and 0.3 m height and shaped as a “D”
where frame attaches to long pole.  Net is cone or bag-shaped for capture of organisms.  Can be used
in a variety of habitat types and used as a kick net, or for “jabbing”, “dipping”, or “sweeping”.

• Rectangular dip net:  Dimensions of frame are 0.5 m width and 0.3 m height and attached to a long
pole.  Net is cone or bag-shaped.  Sampling is conducted similarly to the D-frame.

• Surber:  Dimensions of frame are 0.3 m x 0.3 m, which is horizontally placed on cobble substrate to
delineate a 0.09 m2 area.  A vertical section of the frame has the net attached and captures the
dislodged organisms from the sampling area.  Is restricted to depths of less than 0.3 m.

• Hess:  Dimensions of frame are a metal cylinder approximately 0.5 m in diameter and samples an
area 0.8 m2.  Is an advanced design of the Surber and is intended to prevent escape of organisms and
contamination from drift.  Is restricted to depths of less than 0.5 m.

7
BENTHIC MACROINVERTEBRATE

PROTOCOLS

Rapid bioassessment using the benthic macroinvertebrate assemblage has been the most popular set of
protocols among the state water resource agencies since 1989 (Southerland and Stribling 1995).  Most
of the development of benthic Rapid Bioassessment Protocols (RBPs) has been oriented toward RBP
III (described in Plafkin et al. 1989).  As states have focused attention on regional specificity, which
has included a wide variety of physical characteristics of streams, the methodology of conducting
stream surveys of the benthic assemblage has advanced.  Some states have preferred to retain more
traditional methods such as the Surber or Hess samplers (e.g., Wyoming Department of Environmental
Quality [DEQ]) over the kick net in cobble substrate.  Other agencies have developed techniques for
streams lacking cobble substrate, such as those streams in coastal plains.  State water resource
agencies composing the Mid-Atlantic Coastal Streams (MACS) Workgroup, i.e., New Jersey
Department of Environmental Protection (DEP), Delaware Department of Natural Resources and
Environmental Control (DNREC), Maryland Department of Natural Resources (DNR) and Maryland
Department of the Environment (MDE), Virginia DEQ, North Carolina Department of Environmental
Management (DEM), and South Carolina Department of Health and Environmental Control (DHEC),
and a workgroup within the Florida Department of Environmental Protection (DEP) were pioneers in
this effort.  These 2 groups (MACS and FLDEP) developed a multihabitat sampling procedure using a
D-frame dip net.  Testing of this procedure by these 2 groups indicates that this technique is
scientifically valid for low-gradient streams.  Research conducted by the U.S. Environmental Protection
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Kicknet

D-frame Dipnet

Hess sampler
 (Mary Kay Corazalla, Univ. of Minnesota)

Rectangular Dipnet

Agency (USEPA) for their Environmental Monitoring and Assessment  Program (EMAP) program and
the United States Geological Survey (USGS) for their National Water Quality Assessment Program
(NAWQA) program have indicated that the rectangular dip net is a reasonable compromise between
the traditional Surber or Hess samplers and the RBP kick net described the original RBPs.

From the testing and implementation efforts that have been conducted around the country since 1989,
refinements have been made to the procedures while maintaining the original concept of the RBPs. 
Two separate procedures that are oriented toward a “single, most productive” habitat and a
multihabitat approach represent the most rigorous benthic RBP and are essentially a replacement of the
original RBP III.  The primary differences between the original RBP II and III are the decision on field
versus lab sorting and level of taxonomy.  These differences are not considered sufficient reasons to
warrant separate protocols.  In addition, a third protocol has been developed as a more standardized
biological reconnaissance or screening and replaces RBP I of the original document.
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FIELD EQUIPMENT/SUPPLIES NEEDED FOR BENTHIC
MACROINVERTEBRATE SAMPLING

—SINGLE HABITAT APPROACH

• standard kick-net, 500 F opening mesh, 1.0 meter width
• sieve bucket, with 500 F opening mesh
• 95% ethanol
• sample containers, sample container labels
• forceps
• pencils, clipboard
• Benthic Macroinvertebrate Field Data Sheet*

• first aid kit
• waders (chest-high or hip boots)
• rubber gloves (arm-length)
• camera
• Global Positioning System (GPS) Unit

* It is helpful to copy fieldsheets onto water-resistant paper for use
in wet weather conditions

7.1 SINGLE HABITAT APPROACH: 1 METER KICK NET

The original RBPs (Plafkin et al. 1989) emphasized the sampling of a single habitat, in particular
riffles or runs, as a means to standardize assessments among streams having those habitats.  This
approach is still valid, because macroinvertebrate diversity and abundance are usually highest in cobble
substrate (riffle/run) habitats.  Where cobble substrate is the predominant habitat, this sampling
approach provides a representative sample of the stream reach.  However, some streams naturally lack
the cobble substrate.  In cases where the cobble substrate represents less than 30% of the sampling
reach in reference streams (i.e., those streams that are representative of the region), alternate habitat(s)
will need to be sampled (See Section 7.2).  The appropriate sampling method should be selected based
on the habitat availability of the reference condition and not of potentially impaired streams.  For
example, methods would not be altered for situations where the extent of cobble substrate in streams
influenced by heavy sediment deposition may be substantially reduced from the amount of cobble
substrate expected for the region.

7.1.1 Field Sampling Procedures for Single Habitat

1. A 100 m reach
representative of the
characteristics of the
stream should be selected. 
Whenever possible, the
area should be at least
100 meters upstream
from any road or bridge
crossing to minimize its
effect on stream velocity,
depth, and overall habitat
quality.  There should be
no major tributaries
discharging to the stream
in the study area.

2. Before sampling,
complete the
physical/chemical field
sheet (see Chapter 5;
Appendix A-1, Form 1) to document site description, weather conditions, and land use.  After
sampling, review this information for accuracy and completeness.

3. Draw a map of the sampling reach.  This map should include in-stream attributes (e.g., riffles,
falls, fallen trees, pools, bends, etc.) and important structures, plants, and attributes of the
bank and near stream areas.  Use an arrow to indicate the direction of flow.  Indicate the areas
that were sampled for macroinvertebrates on the map.  Estimate “river mile” for sampling
reach for probable use in data management of the water resource agency.  If available, use
hand-held Global Positioning System (GPS) for latitude and longitude determination taken at
the furthest downstream point of the sampling reach.
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ALTERNATIVES FOR STREAM REACH
DESIGNATION

• Fixed-distance designation—A standard
length of stream, such as a reach, is
commonly used to obtain an estimate of
natural variability.  Conceptually, this
approach should provide a mixture of
habitats in the reach and provide, at a
minimum, duplicate physical and structural
elements such as a riffle/pool sequence.

• Proportional-distance designation—
Alternatively, a standard number of stream
“widths” is used to measure the stream
distance, e.g., 40 times the stream width is
defined by EMAP for sampling (Klemm and
Lazorchak 1995).  This approach allows
variation in the length of the reach based on
the size of the stream.

4. All riffle and run areas within the 100-m
reach are candidates for sampling
macroinvertebrates.  A composite
sample is taken from individual sampling
spots in the riffles and runs representing
different velocities.  Generally, a
minimum of 2 m2 composited area is
sampled for RBP efforts.

5. Sampling begins at the downstream end
of the reach and proceeds upstream. 
Using a 1 m  kick net, 2 or 3 kicks are
sampled at various velocities in the riffle
or series of riffles.  A kick is a stationary
sampling accomplished by positioning
the net and disturbing one square meter
upstream of the net.  Using the toe or
heel of the boot, dislodge the upper layer
of cobble or gravel and scrape the
underlying bed.  Larger substrate
particles should be picked up and rubbed
by hand to remove attached organisms.  If different gear is used (e.g., a D-frame or rectangular
net), a composite is obtained from numerous kicks (See Section 7.2).

6. The jabs or kicks collected from different locations in the cobble substrate will be composited
to obtain a single homogeneous sample.  After every kick, wash the collected material by
running clean stream water through the net 2 to 3 times.  If clogging does occur, discard the
material in the net and redo that portion of the sample in a different location.  Remove large
debris after rinsing and inspecting it for organisms; place any organisms found into the sample
container.  Do not spend time inspecting small debris in the field. [Note — an alternative is to
keep the samples from different habitats separated as done in EMAP (Klemm and Lazorchak
1995).]

7. Transfer the sample from the net to sample container(s) and preserve in enough 95 percent
ethanol to cover the sample.  Forceps may be needed to remove organisms from the dip net. 
Place a label indicating the sample identification code or lot number, date, stream name,
sampling location, and collector name into the sample container.  The outside of the container
should include the same information and the words “preservative: 95% ethanol”.  If more than
one container is needed for a sample, each container label should contain all the information
for the sample and should be numbered (e.g., 1 of 2, 2 of 2, etc.).  This information will be
recorded in the "Sample Log" at the biological laboratory (Appendix A-3, Form 2).

8. Complete the top portion of the “Benthic Macroinvertebrate Field Data Sheet” (Appendix A-3,
Form 1), which duplicates the “header” information on the physical/chemical field sheet.

9. Record the percentage of each habitat type in the reach.  Note the sampling gear used, and
comment on conditions of the sampling, e.g., high flows, treacherous rocks, difficult access to
stream, or anything that would indicate adverse sampling conditions.
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QUALITY CONTROL (QC) IN THE FIELD

1. Sample labels must be properly completed, including the sample identification code, date, stream
name, sampling location, and collector’s name, and placed into the sample container.  The outside
of the container should be labeled with the same information.  Chain-of-custody forms, if needed,
must include the same information as the sample container labels.   

2. After sampling has been completed at a given site, all nets, pans, etc. that have come in contact with
the sample should be rinsed thoroughly, examined carefully, and picked free of organisms or debris. 
Any additional organisms found should be placed into the sample containers. The equipment should
be examined again prior to use at the next sampling site.

3. Replicate (1 duplicate sample) 10% of the sites to evaluate precision or repeatability of the sampling
technique or the collection team.

FIELD EQUIPMENT/SUPPLIES NEEDED FOR BENTHIC
MACROINVERTEBRATE SAMPLING

—MULTI-HABITAT APPROACH

• standard D-frame dip net, 500 F opening mesh, 0.3 m width
(~ 1.0 ft frame width)

• sieve bucket, with 500 F opening mesh
• 95% ethanol
• sample containers, sample container labels
• forceps
• pencils, clipboard
• Benthic Macroinvertebrate Field Data Sheet*

• first aid kit
• waders (chest-high or hip boots)
• rubber gloves (arm-length)
• camera
• Global Positioning System (GPS) Unit

* It is helpful to copy fieldsheets onto water-resistant paper for use
in wet weather conditions

10. Document observations of aquatic flora and fauna.  Make qualitative estimates of
macroinvertebrate composition and relative abundance as a cursory estimate of ecosystem
health and to check adequacy of sampling.

11. Perform habitat assessment (Appendix A-1, Form 2) after sampling has been completed;
walking the reach helps ensure a more accurate assessment.  Conduct the habitat assessment
with another team member, if possible.

12. Return samples to laboratory and complete log-in form (Appendix A-3, Form 2).

7.2 MULTIHABITAT APPROACH: D–FRAME DIP NET

Streams in many states vary from
high gradient, cobble dominated to
low gradient streams with sandy
or silty sediments.  Therefore, a
method suitable to sampling a
variety of habitat types is desired
in these cases.  The method that
follows is based on Mid-Atlantic
Coastal Streams Workgroup
recommendations designed for use
in streams with variable habitat
structure (MACS 1996) and was
used for statewide stream
bioassessment programs by
Florida DEP (1996) and
Massachusetts DEP (1995).  This
method focuses on a multihabitat
scheme designed to sample major
habitats in proportional
representation within a sampling
reach.  Benthic
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macroinvertebrates are collected systematically from all available instream habitats by kicking the
substrate or jabbing with a D-frame dip net.  A total of 20 jabs (or kicks) are taken from all major
habitat types in the reach resulting in sampling of approximately 3.1 m2 of habitat.  For example, if the
habitat in the sampling reach is 50% snags, then 50% or 10 jabs should be taken in that habitat.  An
organism-based subsample (usually 100, 200, 300, or 500 organisms) is sorted in the laboratory and
identified to the lowest practical taxon, generally genus or species.

7.2.1 Habitat Types

The major stream habitat types listed here are in reference to those that are colonized by
macroinvertebrates and generally support the diversity of the macroinvertebrate assemblage in stream
ecosystems.  Some combination of these habitats would be sampled in the multihabitat approach to
benthic sampling.

Cobble (hard substrate) - Cobble will be prevalent in the riffles (and runs), which are a common
feature throughout most mountain and piedmont streams.  In many high-gradient streams, this habitat
type will be dominant.  However, riffles are not a common feature of most coastal or other low-
gradient streams.  Sample shallow areas with coarse (mixed gravel, cobble or larger) substrates by
holding the bottom of the dip net against the substrate and dislodging organisms by kicking the
substrate for 0.5 m upstream of the net.

Snags - Snags and other woody debris that have been submerged for a relatively long period (not recent
deadfall) provide excellent colonization habitat.  Sample submerged woody debris by jabbing in
medium-sized snag material (sticks and branches).  The snag habitat may be kicked first to help
dislodge organisms, but only after placing the net downstream of the snag.  Accumulated woody
material in pool areas are considered snag habitat.  Large logs should be avoided because they are
generally difficult to sample adequately.

Vegetated banks - When lower banks are submerged and have roots and emergent plants associated
with them, they are sampled in a fashion similar to snags.  Submerged areas of undercut banks are
good habitats to sample.  Sample banks with protruding roots and plants by jabbing into the habitat. 
Bank habitat can be kicked first to help dislodge organisms, but only after placing the net downstream. 

Submerged macrophytes - Submerged macrophytes are seasonal in their occurrence and may not be a
common feature of many streams, particularly those that are high-gradient.  Sample aquatic plants that
are rooted on the bottom of the stream in deep water by drawing the net through the vegetation from the
bottom to the surface of the water (maximum of 0.5 m each jab).  In shallow water, sample by
bumping or jabbing the net along the bottom in the rooted area, avoiding sediments where possible.

Sand (and other fine sediment) - Usually the least productive macroinvertebrate habitat in streams,
this habitat may be the most prevalent in some streams.  Sample banks of unvegetated or soft soil by
bumping the net along the surface of the substrate rather than dragging the net through soft substrates;
this reduces the amount of debris in the sample. 
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ALTERNATIVES FOR STREAM REACH
DESIGNATION

• Fixed-distance designation—A standard
length of stream, such as a reach, is
commonly used to obtain an estimate of
natural variability.  Conceptually, this
approach should provide a mixture of
habitats in the reach and provide, at a
minimum, duplicate physical and structural
elements such as a riffle/pool sequence.

• Proportional-distance designation—
Alternatively, a standard number of stream
“widths” is used to measure the stream
distance, e.g., 40 times the stream width is
defined by EMAP for sampling (Klemm and
Lazorchak 1995).  This approach allows
variation in the length of the reach based on
the size of the stream.

7.2.2 Field Sampling Procedures for Multihabitat

1. A 100 m reach that is representative of
the characteristics of the stream should
be selected.   Whenever possible, the
area should be at least 100 m upstream
from any road or bridge crossing to
minimize its effect on stream velocity,
depth and overall habitat quality.  There
should be no major tributaries
discharging to the stream in the study
area.

2. Before sampling, complete the
physical/chemical field sheet (see
Chapter 5; Appendix A-1, Form 1) to
document site description, weather
conditions, and land use.  After
sampling, review this information for
accuracy and completeness.

3. Draw a map of the sampling reach.  This
map should include in-stream attributes
(e.g., riffles, falls, fallen trees, pools, bends, etc.) and important structures, plants, and
attributes of the bank and near stream areas.  Use an arrow to indicate the direction of flow. 
Indicate the areas that were sampled for macroinvertebrates on the map.  Approximate “river
mile” to sampling reach for probable use in data management of the water resource agency.  If
available, use hand-held GPS for latitude and longitude determination taken at the furthest
downstream point of the sampling reach.

4. Different types of habitat are to be sampled in approximate proportion to their representation
of surface area of the total macroinvertebrate habitat in the reach.  For example, if snags
comprise 50% of the habitat in a reach and riffles comprise 20%, then 10 jabs should be taken
in snag material and 4 jabs should be take in riffle areas.  The remainder of the jabs (6) would
be taken in any remaining habitat type.  Habitat types contributing less than 5% of the stable
habitat in the stream reach should not be sampled.  In this case, allocate the remaining jabs
proportionately among the predominant substrates.  The number of jabs taken in each habitat
type should be recorded on the field data sheet.  

5. Sampling begins at the downstream end of the reach and proceeds upstream.  A total of 20 
jabs or kicks will be taken over the length of the reach; a single jab consists of forcefully
thrusting the net into a productive habitat for a linear distance of 0.5 m.   A kick is a stationary
sampling accomplished by positioning the net and disturbing the substrate for a distance of 0.5
m upstream of the net.

6. The jabs or kicks collected from the multiple habitats will be composited to obtain a single
homogeneous sample.  Every 3 jabs, more often if necessary, wash the collected material by
running clean stream water through the net two to three times.  If clogging does occur that may
hinder obtaining an appropriate sample, discard the material in the net and redo that portion of
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QUALITY CONTROL (QC) IN THE FIELD

1. Sample labels must be properly completed, including the sample identification code, date, stream
name, sampling location, and collector’s name and placed into the sample container.  The outside of
the container should be labeled with the same information.  Chain-of-custody forms, if needed, must
include the same information as the sample container labels.   

2. After sampling has been completed at a given site, all nets, pans, etc. that have come in contact with
the sample should be rinsed thoroughly, examined carefully, and picked free of organisms or debris. 
Any additional organisms found should be placed into the sample containers. The equipment should
be examined again prior to use at the next sampling site.

3. Replicate (1 duplicate sample) 10% of the sites to evaluate precision or repeatability of sampling
technique or collection team.

the sample in the same habitat type but in a different location. Remove large debris after
rinsing and inspecting it for organisms; place any organisms found into the sample container. 
Do not spend time inspecting small debris in the field.

7. Transfer the sample from the net to sample container(s) and preserve in enough 95% ethanol to
cover the sample.  Forceps may be needed to remove organisms from the dip net.  Place a label
indicating the sample identification code or lot number, date, stream name, sampling location,
and collector name into the sample container.  The outside of the container should include the
same information and the words “preservative: 95% ethanol”.  If more that one container is
needed for a sample, each container label should contain all the information for the sample and
should be numbered (e.g., 1 of 2, 2 of 2, etc.).  This information will be recorded in the
"Sample Log" at the biological laboratory (Appendix A-3, Form 2).

8. Complete the top portion of the “Benthic Macroinvertebrate Field Data Sheet” (Appendix A-3,
Form 1), which duplicates the “header” information on the physical/chemical field sheet.

9. Record the percentage of each habitat type in the reach.  Note the sampling gear used, and
comment on conditions of the sampling, e.g., high flows, treacherous rocks, difficult access to
stream, or anything that would indicate adverse sampling conditions.

10. Document observations of aquatic flora and fauna.  Make qualitative estimates of
macroinvertebrate composition and relative abundance as a cursory estimate of ecosystem
health and to check adequacy of sampling.

11. Perform habitat assessment (Appendix A-1, Form 3) after sampling has been completed. 
Having sampled the various microhabitats and walked the reach helps ensure a more accurate
assessment.  Conduct the habitat assessment with another team member, if possible.

12. Return samples to laboratory and complete log-in forms (Appendix A-3, Form 2).
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LABORATORY EQUIPMENT/SUPPLIES NEEDED
FOR BENTHIC MACROINVERTEBRATE SAMPLE

PROCESSING

• log-in sheet for samples
• standardized gridded pan (30 cm x 36 cm) with

approximately 30 grids (6 cm x 6 cm)
• 500 micron sieve
• forceps
• white plastic or enamel pan (15 cm x 23 cm) for

sorting
• specimen vials with caps or stoppers
• sample labels
• standard laboratory bench sheets for sorting and

identification
• dissecting microscope for organism identification
• fiber optics light source
• compound microscope with phase contrast for

identification of mounted organisms (e.g., midges)
• 70% ethanol for storage of specimens
• appropriate taxonomic keys

7.3 LABORATORY PROCESSING FOR MACROINVERTEBRATE
SAMPLES

Macroinvertebrate samples collected by either intensive method, i.e., single habitat or multihabitat, are
best processed in the laboratory under controlled conditions.  Aspects of laboratory processing include
subsampling, sorting, and identification of organisms.

All samples should be dated and
recorded in the "Sample Log" notebook
or on sample log form (Appendix A-3,
Form 2) upon receipt by laboratory
personnel. All information from the
sample container label should be
included on the sample log sheet.  If
more than one container was used, the
number of containers should be
indicated as well.  All samples should
be sorted in a single laboratory to
enhance quality control.

7.3.1 Subsampling and
Sorting

Subsampling benthic samples is not a
requirement, and in fact, is frowned
upon by certain scientists. 
Courtemanch (1996) provides an
argument against subsampling, or to
use a volume-based procedure if
samples are to be subsampled.  Vinson and Hawkins (1996) and Barbour and Gerritsen (1996) provide
arguments for a fixed-count method, which is the preferred subsampling technique for RBPs.

Subsampling reduces the effort required for the sorting and identification aspects of macroinvertebrate
surveys and provides a more accurate estimate of time expenditure (Barbour and Gerritsen 1996).  The
RBPs use a fixed-count approach to subsampling and sorting the organisms from the sample matrix of
detritus, sand, and mud.  The following protocol is based on a 200-organism subsample, but it could
be used for any subsample size (100, 300, 500, etc.).  The subsample is sorted and preserved
separately from the remaining sample for quality control checks.  

1. Prior to processing any samples in a lot (i.e., samples within a collection date, specific
watershed, or project), complete the sample log-in sheet to verify that all samples have arrived
at the laboratory, and are in proper condition for processing.

2. Thoroughly rinse sample in a 500 µm-mesh sieve to remove preservative and fine sediment. 
Large organic material (whole leaves, twigs, algal or macrophyte mats, etc.) not removed in the
field should be rinsed, visually inspected, and discarded.  If the samples have been preserved in
alcohol, it will be necessary to soak the sample contents in water for about 15 minutes to
hydrate the benthic organisms, which will prevent them from floating on the water surface
during sorting.  If the sample was stored in more than one container, the contents of all
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SUBSAMPLE PROCEDURE MODIFICATIONS

Subsampling procedures developed by Hilsenhoff 
(1987) and modified by Plafkin et al. (1989) were
used in the original RBP II and RBP III protocols. 
As an improvement to the mechanics of the
technique, Caton (1991) designed a sorting tray
consisting of two parts, a rectangular plastic or
plexiglass pan (36 cm x 30 cm) with a rectangular
sieve insert.  The sample is placed on the sieve, in
the pan and dispersed evenly.  

When a random grid(s) is selected, the sieve is lifted
to temporarily drain the water.  A “cookie-cutter”
like metal frame 6 cm x 6 cm is used to clearly
define the selected grid; debris overhanging the grid
may be cut with scissors.  A 6 cm flat scoop is used
to remove all debris and organisms from the grid. 
The contents are then transferred to a separate
sorting pan with water for removal of
macroinvertebrates.

These modifications have allowed for rapid isolation
of organisms within the selected grids and easy
removal of all organisms and debris within a grid
while eliminating investigator bias.

containers for a given sample should be combined at this time. Gently mix the sample by hand
while rinsing to make homogeneous.

  
3. After washing, spread the sample

evenly across a pan marked with grids
approximately 6 cm x 6 cm.  On the
laboratory bench sheet, note the
presence of large or obviously
abundant organisms; do not remove
them from the pan.  However, Vinson
and Hawkins (1996) present an
argument for including these large
organisms in the count, because of the
high probability that these organisms
will be excluded from the targeted
grids.

4. Use a random numbers table to select
4 numbers corresponding to squares
(grids) within the gridded pan. 
Remove all material (organisms and
debris) from the four grid squares, and
place the material into a shallow white
pan and add a small amount of water
to facilitate sorting.   If there appear
(through a cursory count or
observation) to be 200 organisms ±
20% (cumulative of 4 grids), then
subsampling is complete.  

Any organism that is lying over a line separating two grids is considered to be on the grid 
containing its head.  In those instances where it may not be possible to determine the location
of the head (worms for instance), the organism is considered to be in the grid containing most
of its body.

If the density of organisms is high enough that many more than 200 organisms are contained in
the 4 grids, transfer the contents of the 4 grids to a second gridded pan.  Randomly select grids
for this second level of sorting as was done for the first, sorting grids one at a time until 200
organisms ± 20% are found.  If picking through the entire next grid is likely to result in a
subsample of greater than 240 organisms, then that grid may be subsampled in the same
manner as before to decrease the likelihood of exceeding 240 organisms.  That is, spread the
contents of the last grid into another gridded pan. Pick grids one at a time until the desired
number is reached.  The total number of grids for each subsorting level should be noted on the
laboratory bench sheet.
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PCEi'
(nXc)min

(ni Xci)

TESTING OF SUBSAMPLING

Ferraro et al. (1989) describe a procedure for calculating the “power-cost efficiency” (PCE), which
incorporates both the number of samples and the cost (i.e. time or money) for each alternative sampling
scheme.  With this analysis, the optimal subsampling size is that by which the costs of increased effort are
offset by the lowest theoretical number of samples predicted from the power analysis to provide reliable
resolution (Barbour and Gerritsen 1996).

There are 4 primary steps in assessing the PCE of a suite of alternative subsampling strategies:

Step 1: For each subsampling strategy (i.e., 100-, 200-, 300- organism level, or other) collect samples at
several reference and impaired stations.  The observed differences in each of the core metrics is
defined to be the magnitude of the difference desired to be detected.  The difference is the “effect
size” and is equivalent to the inverse coefficient of variation (CV).

Step 2: Assess the “cost” (ci), in time or money, of each subsampling scheme i at each site.  The cost can
include labor hours for subsampling, sorting, identification, and documentation.  Total cost of
each subsampling alternative is the product of cost per site and required sample size.

Step 3: Conduct statistical power analyses to determine the minimum number of replicate samples (ni)
needed to detect the effect size with an acceptable probability of Type I (%; the probability that
the null hypothesis [e.g., “sites are good”] is true and it is rejected.  Commonly termed the
significance level.) and Type II ($; the probability that the null hypothesis is false and it is
accepted) error.  Typically, % and $ are set at 0.05.  This step may be deleted for those programs
that already have an established number of replicate samples.

Step 4: Calculate the PCE for each sampling scheme by:

where (n X c)min =  minimum value of (n X c) among the i sampling schemes.  The PCE formula
is equivalent to the “power efficiency” ratio of the sample sizes attained by alternative tests under
similar conditions (Ferraro et al. 1989) with the n’s multiplied by the “cost” per replicate sample. 
Multiplying n by c puts efficiency on a total “cost” rather than on a sample size basis.  The
reciprocal of PCEi is the factor by which the optimal subsampling scheme is more efficient than
alternative scheme i.  When PCE is determined for multiple metrics, the overall optimal
subsampling scheme may be defined as that which ranks highest in PCE for most metrics of
interest.

5. Save the sorted debris residue in a separate container.  Add a label that includes the words
"sorted residue" in addition to all prior sample label information and preserve in 95% ethanol. 
Save the remaining unsorted sample debris residue in a separate container labeled "sample
residue"; this container should include the original sample label.  Length of storage and
archival is determined by the laboratory or benthic section supervisor.

6. Place the sorted 200-organism (± 20%) subsample into glass vials, and preserve in 70%
ethanol.  Label the vials inside with the sample identifier or lot number, date, stream name,
sampling location and taxonomic group. If more than one vial is needed, each should be labeled
separately and numbered (e.g., 1 of 2, 2 of 2).  For convenience in reading the labels inside the
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QUALITY CONTROL (QC) FOR SORTING

1. Ten percent of the sorted samples in each lot should be examined by laboratory QC personnel or a
qualified co-worker. (A lot is defined as a special study, basin study, entire index period, or
individual sorter.)  The QC worker will examine the grids chosen and tray used for sorting and will
look for organisms missed by the sorter.  Organisms found will be added to the sample vials.  If the
QC worker finds less than 10 organisms (or 10% in larger subsamples) remaining in the grids or
sorting tray, the sample passes; if more than 10 (or 10%) are found, the sample fails.  If the first
10% of the sample lot fails, a second 10% of the sample lot will be checked by the QC worker. 
Sorters in-training will have their samples 100% checked until the trainer decides that training is
complete.

2. After laboratory processing is complete for a given sample, all sieves, pans, trays, etc., that have
come in contact with the sample will be rinsed thoroughly, examined carefully, and picked free of
organisms or debris; organisms found will be added to the sample residue.

vials, insert the labels left-edge first.  If identification is to occur immediately after sorting, a
petri dish or watch glass can be used instead of vials.

7. Midge (Chironomidae) larvae and pupae should be mounted on slides in an appropriate
medium (e.g., Euperal, CMC-9); slides should be labeled with the site identifier, date collected,
and the first initial and last name of the collector.  As with midges, worms  (Oligochaeta) must
also be mounted on slides and should be appropriately labeled.

8. Fill out header information on Laboratory Bench Sheet as in field sheets (see Chapter 5).  Also
check subsample target number.  Complete back of sheet for subsampling/sorting information. 
Note number of grids picked, time expenditure, and number of organisms.  If QC check was
performed on a particular sample, person conducting QC should note findings on the back of
the Laboratory Bench Sheet.  Calculate sorting efficiency to determine whether sorting effort
passes or fails.

9. Record date of sorting and slide monitoring, if applicable, on Log-In Sheet as documentation of
progress and status of completion of sample lot.

7.3.2 Identification of Macroinvertebrates

Taxonomy can be at any level, but should be done consistently among samples.  In the original RBPs,
two levels of identification were suggested — family (RBP II) and genus/species (RBP III) (Plafkin et
al. 1989).  Genus/species provides more accurate information on ecological/ environmental
relationships and sensitivity to impairment.  Family level provides a higher degree of precision among
samples and taxonomists, requires less expertise to perform, and accelerates assessment results.  In
either case, only those taxonomic keys that have been peer-reviewed and are available to other
taxonomists should be used.  Unnamed species (i.e., species A, B, 1, or 2) may be ecologically
informative, but may be inconsistently handled among taxonomists and will, thus, contribute to
variability when a statewide database is being developed.

1. Most organisms are identified to the lowest practical level (generally genus or species) by a
qualified taxonomist using a dissecting microscope.  Midges (Diptera: Chironomidae) are



DRAFT REVISION—September 24, 1998

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition 7-13

QUALITY CONTROL (QC) FOR TAXONOMY

1. A voucher collection of all samples and subsamples should be maintained. These specimens should
be properly labeled, preserved, and stored in the laboratory for future reference.  A taxonomist (the
reviewer) not responsible for the original identifications should spot check samples corresponding to
the identifications on the bench sheet.

2. The reference collection of each identified taxon should also be maintained and verified by a second
taxonomist.  The word “val.” and the 1st initial and last name of the person validating the
identification should be added to the vial label.  Specimens sent out for taxonomic validations should
be recorded in a “Taxonomy Validation Notebook” showing the label information and the date sent
out.  Upon return of the specimens, the date received and the finding should also be recorded in the
notebook along with the name of the person who performed the validation.  

3. Information on samples completed (through the identification process) will be recorded in the
“sample log” notebook to track the progress of each sample within the sample lot.  Tracking of each
sample will be updated as each step is completed (i.e., subsampling and sorting, mounting of midges
and worms, taxonomy).

4. A library of basic taxonomic literature is essential in aiding identification of specimens and should
be maintained (and updated as needed) in the taxonomic laboratory (see attached list).  Taxonomists
should participate in periodic training on specific taxonomic groups to ensure accurate
identifications. 

mounted on slides in an appropriate medium and identified using a compound microscope. 
Each taxon found in a sample is recorded and enumerated in a laboratory bench notebook and
then transcribed to the laboratory bench sheet for subsequent reports.  Any difficulties
encountered during identification (e.g., missing gills) are noted on these sheets. 

2. Labels with specific taxa names (and the taxonomist’s initials) are added to the vials of
specimens by the taxonomist.  (Note that individual specimens may be extracted from the
sample to be included in a reference collection or to be verified by a second taxonomist.) 
Slides are initialed by the identifying taxonomist.  A separate label may be added to slides to
include the taxon (taxa) name(s) for use in a voucher or reference collection.

3. Record the identity and number of organisms on the Laboratory Bench Sheet (Appendix A-3,
Form 3).  Either a tally counter or “slash” marks on the bench sheet can be used to keep track
of the cumulative count.  Also, record the life stage of the organisms, the taxonomist’s initials
and the Taxonomic Certainty Rating (TCR) as a measure of confidence.

4. Use the back of the bench sheet to explain certain TCR ratings or condition of organisms. 
Other comments can be included to provide additional insights for data interpretation.  If QC
was performed, record on the back of the bench sheet.

5. For archiving samples, specimen vials, (grouped by station and date), are placed in jars with a
small amount of denatured 70% ethanol and tightly capped.  The ethanol level in these jars
must be examined periodically and replenished as needed, before ethanol loss from the
specimen vials takes place.  A stick-on label is placed on the outside of the jar indicating
sample identifier, date, and preservative (denatured 70% ethanol).
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7.4 BENTHIC METRICS

Benthic metrics have undergone evolutionary developments and are documented in the Invertebrate
Community Index (ICI) (DeShon 1995), RBPs (Shackleford 1988, Plafkin et al. 1989, Barbour et al.
1992, 1995, 1996b, Hayslip 1993, Smith and Voshell 1997), and the benthic IBI (Kerans and Karr
1994, Fore et al. 1996).  Metrics used in these indices evaluate aspects of both elements and processes
within the macroinvertebrate assemblage.  Although these indices have been regionally developed, they
are typically appropriate over wide geographic areas with minor modification (Barbour et al. 1995).

The process for testing the efficacy and calibrating the metrics is described in Chapter 9.  While the
candidate metrics described here are ecologically sound, they may require testing on a regional basis. 
Those metrics that are most effective are those that have a response across a range of human influence
(Fore et al. 1996, Karr and Chu 1999).  Resh and Jackson (1993) tested the ability of 20 benthic
metrics used in 30 different assessment protocols to discriminate between impaired and minimally
impaired sites in California.  The most effective measures, from their study, were the richness
measures, 2 community indices (Margalef’s and Hilsenhoff’s family biotic index), and a functional
feeding group metric (percent scrapers).  Resh and Jackson emphasized that both the measures
(metrics) and protocols need to be calibrated for different regions of the country, and, perhaps, for
different impact types (stressors).  In a study of 28 invertebrate metrics, Kerans and Karr (1994)
demonstrated significant patterns for 18 metrics and used 13 in their final B-IBI (Benthic Index of
Biotic Integrity).  Richness measures were useful as were selected trophic and dominance metrics.  One
of the unique features of the fish IBI presently lacking in benthic indices is the ability to incorporate
metrics on individual condition, although measures evaluating chironomid larvae deformities have
recently been advocated (Lenat 1993).

Four studies that were published from 1995 through 1997 serve as a basis for the most appropriate
candidates for metrics, because the metrics were tested in detail in these studies (DeShon 1995,
Barbour et al. 1996b, Fore et al. 1996, Smith and Voshell 1997).  These metrics have been evaluated
for the ability to distinguish impairment and are recommended as the most likely to be useful in other
regions of the country (Table 7-1).  Other metrics that are currently in use in various states are listed in
Table 7-2 and may be applicable for testing as alternatives or additions to the list in Table 
7-1.

Taxa richness, or the number of distinct taxa, represents the diversity within a sample.  Use of taxa
richness as a key metric in a multimetric index include the ICI (DeShon 1995), the fish IBI (Karr et al.
1986), the benthic IBI (Kerans et al. 1992, Kerans and Karr, 1994), and RBP's (Plafkin et al. 1989,
Barbour et al. 1996b).  Taxa richness usually consists of species level identifications but can also be
evaluated as designated groupings of taxa, often as higher taxonomic groups (i.e., genera, families,
orders, etc.) in assessment of invertebrate assemblages.  Richness measures reflect the diversity of the
aquatic assemblage (Resh et al. 1995).  The expected response to increasing perturbation is
summarized, as an example, in Table 7-2.  Increasing diversity correlates with increasing health of the
assemblage and suggests that niche space, habitat, and food source are adequate to support survival
and propagation of many species.  Number of taxa measures the overall variety of the
macroinvertebrate assemblage.  No identities of major taxonomic groups are derived from the total taxa
metric, but the elimination of taxa from a naturally diverse system can be readily detected.  Subsets of
“total” taxa richness are also used to accentuate key indicator groupings of organisms.  Diversity or
variety of taxa within these groups are good indications of the ability of the ecosystem to support
varied taxa.  Certain indices that focus on a pair-wise site comparison are also included in this richness
category.
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Table 7-1.  Definitions of best candidate benthic metrics and predicted direction of metric response to
increasing perturbation (compiled from DeShon 1995, Barbour et al. 1996b, Fore et al. 1996, Smith and
Voshell 1997).

Category Metric Definition

Predicted
response to
increasing

perturbation

Richness measures Total No. taxa Measures the overall variety of the
macroinvertebrate assemblage

Decrease

No. EPT taxa Number of taxa in the insect orders
Ephemeroptera (mayflies), Plecoptera
(stoneflies), and Trichoptera (caddisflies)

Decrease

No. Ephemeroptera Taxa Number of mayfly taxa (usually genus or
species level)

Decrease

No. Plecoptera Taxa Number of stonefly taxa (usually genus of
species level)

Decrease

No. Trichoptera Taxa Number of caddisfly taxa (usually genus
or species level)

Decrease

Composition
measures

% EPT Percent of the composite of mayfly,
stonefly, and caddisfly larvae

Decrease

% Ephemeroptera Percent of mayfly nymphs Decrease

Tolerance/Intolerance
measures

No. of Intolerant Taxa Taxa richness of those organisms
considered to be sensitive to perturbation

Decrease

% Tolerant Organisms Percent of macrobenthos considered to be
tolerant of various types of perturbation

Increase

% Dominant Taxon Measures the dominance of the single
most abundant taxon.  Can be calculated
as dominant 2, 3, 4, or  5 taxa.

Increase

Feeding measures % Filterers Percent of the macrobenthos that filter
FPOM from either the water column or
sediment

Variable

% Grazers and Scrapers Percent of the macrobenthos that scrape
or graze upon periphyton

Decrease

Habit measures Number of Clinger Taxa Number of taxa of insects Decrease

% Clingers Percent of insects having fixed retreats or
adaptations for attachment to surfaces in
flowing water.

Decrease

Composition measures can be characterized by several classes of information, i.e., the identity, key
taxa, and relative abundance.  Identity is the knowledge of individual taxa and associated ecological
patterns and environmental requirements (Barbour et al. 1995).  Key taxa (i.e., those that are of special
interest or ecologically important) provide information that is important to the condition of the targeted
assemblage.  The presence of exotic or nuisance species may be an important aspect of biotic
interactions that relate to both identity and sensitivity.  Measures of composition (or relative
abundance) provide information on the make-up of the assemblage and the relative contribution of the
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populations to the total fauna (Table 7-2).  Relative, rather than absolute, abundance is used because
the relative contribution of individuals to the total fauna (a reflection of interactive principles) is more
informative than abundance data on populations without a knowledge of the interaction among taxa
(Plafkin et al. 1989, Barbour et al. 1995).  The premise is that a healthy and stable assemblage will be
relatively consistent in its proportional representation, though individual abundances may vary in
magnitude.  Percentage of the dominant taxon is a simple measure of redundancy (Plafkin et al. 1989). 
A high level of redundancy is equated with the dominance of a pollution tolerant organism and a
lowered diversity.  Several diversity indices, which are measures of information content and
incorporate both richness and evenness in their formulas, may function as viable metrics in some cases,
but are usually redundant with taxa richness and % dominance (Barbour et al. 1996b).  

Table 7-2.  Definitions of additional potential benthic metrics and predicted direction of metric response
to increasing  perturbation.

Category Metric Definition

Predicted
response to
increasing

perturbation References

Richness
measures

No. Pteronarcys
species

The presence or absence of a long-lived stonefly
genus (2-3 year life cycle)

Decrease Fore et al.
1996

No. Diptera taxa Number of “true” fly taxa, which includes
midges

Decrease DeShon 1995

No. Chironomidae
taxa

Number of taxa of chironomid (midge) larvae Decrease Hayslip 1993,
Barbour et al.
1996b

Composition
measures

% Plecoptera Percent of stonefly nymphs Decrease Barbour et al.
1994

% Trichoptera Percent of caddisfly larvae Decrease DeShon 1995

% Diptera Percent of all “true” fly larvae Increase Barbour et al.
1996b

% Chironomidae Percent of midge larvae Increase Barbour et al.
1994

% Tribe
Tanytarsini

Percent of Tanytarisinid midges to total fauna Decrease DeShon 1995

% Other Diptera
and noninsects

Composite of those organisms generally
considered to be tolerant to a wide range of
environmental conditions

Increase DeShon 1995

% Corbicula Percent of asiatic clam in the benthic
assemblage

Increase Kerans and
Karr 1994

% Oligochaeta Percent of aquatic worms Variable Kerans and
Karr 1994

Tolerance/
Intolerance
measures

No. Intol. Snail and
Mussel species

Number of species of molluscs generally thought
to be pollution intolerant

Decrease Kerans and
Karr 1994

% Sediment
Tolerant organisms

Percent of infaunal macrobenthos tolerant of
perturbation

Increase Fore et al.
1996
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Hilsenhoff Biotic
Index

Uses tolerance values to weight abundance in an
estimate of overall pollution.  Originally
designed to evaluate organic pollution

Increase Barbour et al.
1992, Hayslip
1993, Kerans
and Karr
1994

Tolerance/
Intolerance
measures
(continued)

Florida Index Weighted sum of intolerant taxa, which are
classed as 1 (least tolerant) or 2 (intolerant). 
Florida Index = 2 X Class 1 taxa + Class 2 taxa

Decrease Barbour et al.
1996b

% Hydropsychidae
to Trichoptera

Relative abundance of pollution tolerant
caddisflies (metric could also be regarded as a
composition measure)

Increase Barbour et al.
1992, Hayslip
1993

Feeding
measures

% Omnivores and
Scavengers

Percent of generalists in feeding strategies Increase Kerans and
Karr 1994

% Ind. Gatherers
and Filterers

Percent of collector feeders of CPOM and
FPOM

Variable Kerans and
Karr 1994

% Gatherers Percent of the macrobenthos that “gather” Variable Barbour et al.
1996b

% Predators Percent of the predator functional feeding group. 
Can be made restrictive to exclude omnivores

Variable Kerans and
Karr 1994

% Shredders Percent of the macrobenthos that “shreds” leaf
litter

Decrease Barbour et al.
1992, Hayslip
1993

Life cycle
measures

% Multivoltine Percent of organisms having short (several per
year) life cycle

Increase Barbour et al.
1994

% Univoltine Percent of organisms relatively long-lived (life
cycles of 1 or more years)

Decrease Barbour et al.
1994

Tolerance/Intolerance measures are intended to be representative of relative sensitivity to
perturbation and may include numbers of pollution tolerant and intolerant taxa or percent composition
(Barbour et al. 1995).  Tolerance is generally non-specific to the type of stressor.  However, some
metrics such as the Hilsenhoff Biotic Index (HBI) (Hilsenhoff 1987, 1988) are oriented toward
detection of organic pollution; the Biotic Condition Index (Winget and Mangum 1979) is useful for
evaluating sedimentation.  The Florida Index (Ross and Jones 1979) is a weighted sum of intolerant
taxa (insects and crustaceans) found at a site (Beck 1965) and functions similarly to the HBI
(Hilsenhoff 1987) used in other parts of the country.  The tolerance/intolerance measures can be
independent of taxonomy or can be specifically tailored to taxa that are associated with pollution
tolerances.  For example, both the percent of Hydropsychidae to total Trichoptera and percent Baetidae
to total Ephemeroptera are estimates of evenness within these insect orders that generally are
considered to be sensitive to pollution.  As these families (i.e., Hydropsychidae and Baetidae) increase
in relative abundance, effects of pollution (usually organic) also increase.  Density (number of
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FIELD EQUIPMENT/SUPPLIES NEEDED FOR BENTHIC
MACROINVERTEBRATE SAMPLING

—BIORECON

• standard D-frame dip net, 500 F opening mesh, 0.3 meter
width (~ 1.0 ft frame width)

• sieve bucket, with 500 F opening mesh
• 95% ethanol
• sample containers
• sample container labels
• forceps
• field data sheets*, pencils, clipboard
• first aid kit
• waders (chest-high or hip boots), rubber gloves (arm-length)
• camera
• Global Positioning System (GPS) Unit

* It is helpful to copy fieldsheets onto water-resistant paper for use
in wet weather conditions

individuals per some unit of area) is a universal measure used in all kinds of biological studies. 
Density can be classified with the trophic measures because it is an element of production; however, it
is difficult to interpret because it requires careful quantification and is not monotonic in its response
(i.e., density can either decrease or increase in response to pollution) and is usually linked to tolerance
measures.

Feeding measures or trophic dynamics encompass functional feeding groups and provide information
on the balance of feeding strategies (food acquisition and morphology) in the benthic assemblage. 
Examples involve the feeding orientation of scrapers, shredders, gatherers, filterers, and predators. 
Trophic dynamics (food types) are also included here and include the relative abundance of herbivores,
carnivores, omnivores, and detritivores.  Without relatively stable food dynamics, an imbalance in
functional feeding groups will result, reflecting stressed conditions.  Trophic metrics are surrogates of
complex processes such as trophic interaction, production, and food source availability (Karr et al.
1986, Cummins et al. 1989, Plafkin et al. 1989).  Specialized feeders, such as scrapers, piercers, and
shredders, are the more sensitive organisms and are thought to be well represented in healthy streams. 
Generalists, such as collectors and filterers, have a broader range of acceptable food materials than
specialists (Cummins and Klug 1979), and thus are more tolerant to pollution that might alter
availability of certain food.  However, filter feeders are also thought to be sensitive in low-gradient
streams (Wallace et al. 1977).  The usefulness of functional feeding measures for benthic
macroinvertebrates has not been well demonstrated.  Difficulties with the proper assignment to
functional feeding groups has contributed to the inability to consider these reliable metrics (Karr and
Chu 1997).

Habit measures are those that denote the mode of existence among the benthic macroinvertebrates. 
Morphological adaptation among the macroinvertebrate distinguishes the various mechanisms for
maintaining position and moving about in the aquatic environment (Merritt et al. 1996).  Habit
categories include movement and positioning mechanisms such as skaters, planktonic, divers,
swimmers, clingers, sprawlers, climbers, burrowers.  Merritt et al. (1996) provide an overview of the
habit of aquatic insects, which are the primary organisms used in these measures.  Habit measures have
been found to be more robust than functional feeding groups in some instances (Fore et al. 1996).

7.5 BIOLOGICAL
RECONNAISSAN
CE (BioRecon) OR
PROBLEM
IDENTIFICATION
SURVEY

The use of biological survey
techniques can serve as a
screening tool for problem
identification and/or prioritizing
sites for further assessment,
monitoring, or protection.  The
application of biological surveys
in site reconnaissance is intended
to be expedient, and, as such,
requires an experienced and well-
trained biologist.  Expediency in
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this technique is to minimize time spent in the laboratory and with analysis.  The “turn-around” time
from the biosurvey to an interpretation of findings is intended to be relatively short.  The BioRecon is
useful in discriminating obviously impaired and non-impaired areas from potentially affected areas
requiring further investigation.  Use of the BioRecon allows rapid screening of a large number of sites. 
Areas identified for further study can then either be evaluated using more rigorous bioassessment
methods for benthic macroinvertebrates and/or other assemblages, or ambient toxicity methods.

Because the BioRecon involves limited data generation, its effectiveness depends largely on the
experience of the professional biologist performing the assessment.  The professional biologist should
have assessment experience, a knowledge of aquatic ecology, and basic expertise in benthic
macroinvertebrate taxonomy.  

The BioRecon presented here is refined and standardized from the original RBP I (Plafkin et al. 1989),
and is based on the technique developed by Florida DEP (1996), from which the approach derives its
name.  This biosurvey approach is based on a multihabitat approach similar to the more rigorous
technique discussed in Section 7.2.  The most productive habitats, i.e., those that contain the greatest
diversity and abundance of macroinvertebrates, are sampled in the BioRecon.  As a general rule,
impairment is judged by richness measures, thereby emphasizing the presence or absence of indicator
taxa.  Biological attributes such as the relative abundance of certain taxa may be less useful than
richness measures in the BioRecon approach, because samples are processed more quickly and in a less
standardized manner. 

7.5.1 Sampling, Processing, and Analysis Procedures

1. A 100 m reach representative of the characteristics of the stream should be selected.   For the
BioRecon, it is unlikely that the alternative reach designation approach (i.e., x times the stream
width), will improve the resolution beyond a standard 100 m reach.  Whenever possible, the
area should be at least 100 meters upstream from any road or bridge crossing to minimize its
effect on stream velocity, depth and overall habitat quality.  There should be no major
tributaries discharging to the stream in the study area.

2. Before sampling, complete the “Physical Characterization/Water Quality Field Data Sheet”
(Appendix A-1, Form 1) to document site description, weather conditions, and land use.  After
sampling, review this information for accuracy and completeness.

3. The major habitat types (see 7.2.1 for habitat descriptions) represented in the reach are to be
sampled for macroinvertebrates.  A total of 4 jabs or kicks will be taken over the length of the
reach.  A minimum of 1 jab (or kick) is to be taken in each habitat.  More than 1 jab may be
desired in those habitats that are predominant.  Habitat types contributing less than five
percent of the stable habitat in the stream reach should not be sampled.  Thus, allocate the
remaining jabs proportionately among the predominant substrates.  The number of jabs taken
in each habitat type should be recorded on the field data sheet.  

4. Sampling begins at the downstream end of the reach and proceeds upstream.  A total of four
jabs or kicks will be taken over the length of the reach; a single jab consists of forcefully
thrusting the net into a productive habitat for a linear distance of 0.5 m.   A kick is a stationary
sampling accomplished by positioning the net and disturbing the substrate for a distance of 0.5
m upstream of the net.
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QUALITY CONTROL (QC)

1. Sample labels must be properly completed, including the sample identification code date, stream
name, sampling location, and collector’s name and placed into the sample container.  The outside of
the container should be labeled with the same information.  Chain-of-custody forms, if needed, must
include the same information as the sample container labels.   

2. After sampling has been completed at a given site, all nets, pans, etc. that have come in contact with
the sample will be rinsed thoroughly, examined carefully, and picked free of organisms or debris. 
Any additional organisms found should be placed into the sample containers. The equipment should
be examined again prior to use at the next sampling site.

3. A second biologist familiar with the recognition and taxonomy of the organisms should check the
sample to ensure all taxa are encountered and documented.

5. The jabs or kicks collected from the multiple habitats will be composited into a sieve bucket to
obtain a single homogeneous sample.  If clogging occurs, discard the material in the net and
redo that portion of the sample in the same habitat type but in a different location. Remove
large debris after rinsing and inspecting it for organisms; place any organisms found into the
sieve bucket. 

6. Return to the bank with the sampled material for sorting and organism identifications. 
Alternatively, the material can be preserved in alcohol and returned to the laboratory for
processing (see Step 7 in Section 7.1.1 for instructions).  

7. Transfer the sample from the sieve bucket (or sample jar, if in laboratory) to a white enamel or
plastic pan.  A second, smaller, white pan may be used for the actual sorting.  Place small
aliquots of the detritus plus organisms in the smaller pan diluted with a minimal amount of site
water (or tap water).  Scan the detritus and water for organisms.  When an organism is found,
examine it with a hard lens, determine its identity to the lowest possible level (usually family or
genus), and record it on the Preliminary Assessment Score Sheet (PASS) (Appendix A-3,
Form 4) in the column labeled “tally.”  Place representatives of each taxon in a vial, properly
labeled and containing alcohol.

8. If field identifications are conducted, verify in the lab and make appropriate changes for
misidentifications.

9. Analysis is done by determining the value of each metric and comparing to a predetermined
value for the associated stream class.  These value thresholds should be sufficiently
conservative so that “good” conditions or non-impairment is verified.  Sites with metric values
below the threshold(s) are considered “suspect” of impairment and may warrant further
investigation.  These simple calculations can be done directly on the PASS sheet.

7.6 TAXONOMIC REFERENCES FOR MACROINVERTEBRATES
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PROJECT REACH

WAA PROJECT ID WAA ID # SAMPLE ID # DATE StreamName phylum class order family genus Final Determination INDIV
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Cheumatopsyche Cheumatopsyche sp. 20
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Hydropsyche Hydropsyche betteni 6
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Hydropsyche Hydropsyche bronta 6
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Hydropsyche Hydropsyche morosa 11
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Empididae Hemerodromia Hemerodromia sp. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Cryptochironomus Cryptochironomus sp. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Paratanytarsus Paratanytarsus sp. 4
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum flavum gr. 23
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Phaenopsectra Phaenopsectra sp. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chiromonidae Orthocladius Orthocladius complex 4
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum halterale gr. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Thienemannimyia Thienemannimyia gr. spp. 2
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Tanytarsus Tanytarsus sp. 3
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Parametriocnemus Parametriocnemus sp. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Dicrotendipes Dicrotendipes sp. 2
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Microtendipes Microtendipes pedellus gr. 4
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Cardiocladius Cardiocladius obscurus 3
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum scalaenum gr. 2
6254 10511 Project Reach 27‐Jul‐10 Peckman River MOLLUSCA GASTROPODA BASOMMATOPHORA Planorbidae Menetus Menetus dilatatus 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA CRUSTACEA ISOPODA Asellidae Caecidotea Caecidotea sp. 10
6254 10511 Project Reach 27‐Jul‐10 Peckman River ARTHROPODA CRUSTACEA AMPHIPODA Crangonyctidae Crangonyx Crangonyx sp. 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ANNELIDA OLIGOCHAETA TUBIFICIDA Tubificidae Tubificidae w/o cap setae 1
6254 10511 Project Reach 27‐Jul‐10 Peckman River ANNELIDA HIRUDINEA RHYNCHOBDELLIDA Glossiphoniidae Glossiphoniidae 1

REFERENCE REACH

WAA PROJECT ID WAA ID # SAMPLE ID # DATE StreamName phylum class order family genus Final Determination INDIV
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA EPHEMEROPTERA Baetidae Baetis Baetis intercalaris 4
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Glossosomatidae Glossosoma Glossosoma sp. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydroptilidae Leucotrichia Leucotrichia pictipes  1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Cheumatopsyche Cheumatopsyche sp. 15
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Hydropsyche Hydropsyche betteni 10
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA TRICHOPTERA Hydropsychidae Hydropsyche Hydropsyche sparna 5
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Tipulidae Tipula Tipula sp. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Simuliidae Simulium Simulium sp. 2
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Tanytarsus Tanytarsus sp. 2
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum flavum 15
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Dicrotendipes Dicrotendipes sp. 2
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chiromonidae Orthocladius Orthocladius complex 2
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Micropsectra Micropsectra sp. 4
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Thienemannimyia Thienemannimyia gr. spp. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum halterale gr. 4
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum scalaenum gr. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Synorthocladius Synorthocladius nr. semivirens 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Polypedilum Polypedilum illinoense gr. 7
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Ablabesmyia Ablabesmyia mallochi 2
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA DIPTERA Chironomidae Parametriocnemus Parametriocnemus sp. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA INSECTA ODONATA Anisoptera 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River MOLLUSCA PELECYPODA VENEROIDEA Pisidiidae Pisidium Pisidium sp. 1
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA CRUSTACEA ISOPODA Asellidae Caecidotea Caecidotea sp. 14
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River ARTHROPODA CRUSTACEA AMPHIPODA Crangonyctidae Crangonyx Crangonyx sp. 6
6254 10510 Ref. Reach 28‐Jul‐10 Peckman River PLATYHELMINTHTURBELLARIA TRICLADIDA Turbellaria 4
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1.0 INTRODUCTION 

 
The United States Army Corps of Engineers (USACE), New York District (District), is 
conducting a Feasibility Study to investigate the implementation of flood risk management 
(FRM) measures along the Peckman River in the Town of Little Falls and the Borough of 
Woodland Park located in Essex and Passaic Counties, New Jersey, respectively.  The Peckman 
River is a 3rd Order stream and tributary of the Passaic River (Figure 1).  It originates in the 
Town of West Orange and flows northeasterly through the towns of Verona, Cedar Grove, Little 
Falls, and the Borough of Woodland Park.  Extensive development in the Peckman River basin 
has contributed to the degradation of the stream and surrounding riparian area, and has resulted 
in periodic flooding during peak rain events as a result of increased runoff created by the 
urbanization of the watershed.   
 
Specific FRM measures under current investigation include channelization of approximately 
11,000 feet of the Peckman River, a diversion culvert and approximately 2,500 ft of floodwall 
along Great Notch Brook, a tributary of the Peckman River located in the Borough of Woodland 
Park.   
 
The purpose of this study is to characterize the fish community in the Peckman River within the 
Project area to establish existing conditions and evaluate the potential impacts that the proposed 
FRM measures may have on the fish within the Project area.  This baseline fish data supports the 
Feasibility Study being conducted by the District to determine the best action alternative for 
implementation of FRM measures.  This survey also supplements surveys previously conducted 
by the New Jersey Department of Environmental Protection (NJDEP) in 1999 at specific 
locations along approximately 5.6 kilometers of the Peckman River.1   
 
  

                                                 
1 The results of the 1999 NJDEP study are summarized in Table 8 and a comparison with the 2010 fish data is 
available in Table 9 of this report. 
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2.0 SURVEY METHODOLOGY 

 
The survey methodology used for this Project was based upon the Environmental Protection 
Agency’s (EPA) Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: 
Periphyton, Benthic Macroinvertebrates, and Fish, Second Edition (RBP) (Barbour et al. 1999), 
Chapter 8 Fish Protocols.  Tetra Tech biologists conducted fish sampling, concurrent with stream 
habitat (USACE 2010a) and invertebrate assessments (USACE 2010b), between July 26–29, 
2010, as described below at the Project Reach and Reference Reach.  Copies of field data forms 
are included in Appendix A, a copy of the scientific collection’s permit is provided in Appendix 
B, and a copy of the EPA’s RBP Chapter 8 Fish Protocols is provided in Appendix C of this 
report. 
 
2.1 DESCRIPTION OF THE SURVEY SITES 
 
To establish sampling sites within the Project area and the Reference area, Tetra Tech biologists 
conducted a site visit in June 29, 2010.  The goal of this site visit was to determine which two of 
the four possible sampling sites, two sites within the Project area and two in the reference area, 
were most similar in stream characteristics and suitable for this survey.  Based on the 
reconnaissance of the two potential Project and two potential Reference sampling areas, Tetra 
Tech biologists determined that the sections of the Peckman River near the Passaic Valley 
Regional High School (i.e., Project Reach) and Cedar Grove School/Washington Academy (i.e., 
Reference Reach) were the most similar and appropriate to sample for the purposes of this 
survey (see USACE Peckman River Stream Assessment Report 2010), as shown in Figures 1 and 
2.  These two sections had the most similar physical characteristics out of the four sites, 
including comparable gradient, wetted width, substrate composition, depth, velocity, and 
bankfull width.  
 
2.1.1 Passaic Valley Regional High School (Project Reach) 
 
The Passaic Valley Regional High School Reach (Project Reach) is located in a residential area 
within the town of Little Falls, New Jersey (Figure 2).  The Project Reach was accessed by 
parking in the cul-de-sac on the north end of Hopson Avenue, and continuing by foot northwest 
through the adjacent baseball fields.  This portion of the Peckman River is within the planned 
FDR measures area and was selected as a representative reach of typical stream habitat within 
the Peckman River basin.  This portion of the Peckman River is composed of a series of riffles 
and glides, and a deep lateral scour pool segment.  The substrate consists largely of gravel and 
cobble, with lesser amounts of sand.  Human bank alterations, in the form of stone and concrete 
walls, were noted on the left2 bank of the river.     
 
 
  

                                                 
2 Left and right bank designations are assigned by facing downstream.  
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2.1.2 Cedar Grove School (Reference Reach) 
 
The Cedar Grove School Reach (Reference Reach), (also known as “Washington Academy”) is 
located in a commercial area within the town of Cedar Grove, New Jersey (Figure 2).  This reach 
of the Peckman River can be accessed from the southbound side of Pompton Avenue, by turning 
into the north parking lot of the Cedar Grove School, and continuing by foot west past the 
basketball courts into the wooded riparian corridor.  The Reference Reach was selected as a 
representative reach of typical stream habitat within the Peckman River basin and is composed of 
a series of riffles and glides with several pools dispersed throughout.  The substrate consists 
primarily of cobble and gravel, with boulders and sand present in lesser amounts throughout.    
 
2.2  FIELD SAMPLING PROTOCOLS 
 
To collect a representative sample of the fish assemblage from the appropriate habitat 
composition, Tetra Tech biologists used the proportional-distance reach designation outlined in 
the RBP.  Specifically, the length of the sampling reach was calculated from a standard number 
of stream channel “widths;” this method bases the sampling length on the size of the stream 
(USEPA 2007). 
 
Tetra Tech biologists, experienced in electrofishing and identification of freshwater fishes, 
conducted the fish survey in the Project Reach on July 27, 2010 and at the Reference Reach on 
July 28, 2010.  Fish surveys at both locations utilized backpack electrofishing methods in 
accordance with Chapter 8 of the RBP (Appendix C), as summarized below: 
 

• A Scientific Collection Permit was obtained from the NJDEP (Appendix B). 

• To determine the reach length, Tetra Tech biologists obtained five wetted width 
measurements at random locations along the Peckman River; these measurements were 
averaged and multiplied by 40 to calculate the total sampling reach length as outlined in 
the RBP. 

• Tetra Tech fisheries biologists conducted the electrofishing survey, with additional 
assistance with dipnetting/processing as-needed from additional field staff performing the 
invertebrate or habitat surveys 

• Biologists wore chest waders and rubber lineman’s gloves during the survey. 

• A Smith-Root LR-24 backpack electrofishing unit was used for both survey locations, 
with a fresh battery at the start of each location. 

• The LR-24 was calibrated through the “auto-setup” function, then fine-tuned voltage, 
frequency, duty-cycle, etc. as needed. 

• One crew member wore the electrofishing unit, held the anode and held a small dipnet 
(the cathode trailed behind in the water), while the other crew member used a larger 
dipnet and held the collection bucket.  Both crew members were responsible for locating 
and dipnetting stunned fish and placing in the bucket for processing 

• After a safety briefing for the entire survey team, the timer was set to zero and the survey 
began at the start of each reach; The beginning (downstream end) of each reach was 
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located at physical fish barriers for both the Project Reach (shallow riffle at the exit of a 
pool/glide) and the Reference Reach (spillway of a pool formed by a small concrete dam, 
approx 0.5 m high), as recommended by the RBP protocol. 

• The fish survey continued upstream in a bank-to-bank sweeping technique, covering all 
wadeable habitats within the reach. 

• Collected fishes were held in a 5 gal bucket with fresh ambient water changes, as needed. 

• At the end of the reach, the fishes were processed, sorted and identified to species.  Total 
number for each species collected was recorded.  A representative subset of 25 
individuals from each species was measured (total length, TL) to the nearest millimeter 
(mm), prior to being released back into the river when all data was obtained. 

• Fishes were also observed for any deformities, lesions, or abnormalities. 

• References used during field identifications included; The Fishes of Maryland (Kazyak, 
and Raesly 2003), McClane’s Field Guide to Freshwater Fishes of North America 
(McClane 1978), and the list of fishes collected from previous surveys conducted by 
NJDEP in 1999, the results of which are located in Table 8. 

• After sampling was finished, the fish were processed and identified to the species level.  
Processing involved recording the total number of individuals of each species and the 
lengths of up to 25 individuals of each species.  Individuals less than 20 mm total length 
were not identified or included in the results. 

 
2.3 INDEX OF BIOLOGICAL INTEGRITY (IBI) 
 
A description of an Index of Biological Integrity (IBI) and associated metrics are provided in this 
section.  The RBP for fish includes the technical framework of the IBI, which is a single 
ecologically-based index used for fish assemblage assessment that is based on the 
zoogeographic, ecosystem, community and population aspects of the fish composition.  The RBP 
for fish used in this Project involves careful, standardized field collection, species identification 
and enumeration, and quantification of the numbers of key species.  The fish RBP survey 
produces an objective discrete measure of the condition of the fish assemblage from which the 
IBI can be generated.  Calculation and interpretation of the IBI involves data tabulation, and 
regional modification and calibration of metrics and expectation values.  Data provided by the 
fish RBP and the IBI can serve to assess use attainment, develop biological criteria, prioritize 
sites for further evaluation, provide a reproducible impact assessment, and evaluate status and 
trends of the fish assemblage (Barbour et al. 2009). 
 
The data collected during the fish survey is presented in the IBI format described below to 
provide the necessary inputs into the IBI analysis.  More detailed information on the 
methodology of the IBI can be found within Chapter 8 of the RBP (Appendix C).  Results are 
presented in the context of the data requirements for the IBI, as listed in the 10 metrics below: 
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Table 1: Description and Alternatives for the Metrics Used to Develop the IBI for the 
Peckman River Flood Risk Management Project, Little Falls, NJ.. 

Metric 
Description & Alternatives (surrogate species/groups)  

for Northeastern Streams 

1 –Total Number of Fish 
Species 

This number is a measurement of the total number of fish 
species identified during a sample collection. A decrease of 
taxonomic richness possibly results from a pollution problem 
and/or physical habitat loss. Fish species with the least tolerance 
to environmental change, typically are the first to become absent 
when water degradation occurs. 

2 – Number of Benthic 
Insectivorous Species 
(Excluding white sucker) 

Darter species make up a relatively small component of the New 
Jersey fauna. However, several other benthic species require 
clean gravel or cobble substrate for reproduction and/ or living 
space. Several benthic species exhibit reductions in abundance 
and richness from habitat degradations such as siltation and 
pollution. Benthic macroinvertebrates are an important food 
source for benthic insectivorous fish and their sessile mode of life 
make them particularly susceptible to toxicant effects. Metric 
recalibrations have resulted in the eliminations of white suckers 
and bullheads, as these are designated as tolerant by the 
USEPA. 

3 – Number of Trout and/or 
Sunfish Species (Excluding 
green sunfish or bluegill) 

Both sunfish and trout are water-column species sensitive to 
habitat degradation and loss of instream cover. In coldwater 
streams where sunfish are typically absent, trout fill a similar 
ecological niche and may be used to replace sunfish. Trout are 
equally, if not more sensitive to habitat degradation. Metric 
recalibrations have resulted in the elimination of green sunfish 
and bluegill as these species are designated as tolerant by the 
USEPA. 

4 – Number of Intolerant 
Species 

This metric is a measurement of fish species most sensitive to 
environmental degradation. The absence of some fish species 
occurs with subtle environmental changes caused by 
anthropogenic disturbances.  

5 – Proportion of Tolerant 
Individuals 

This metric was selected as a replacement for the percentage of 
white suckers as a more regionally appropriate tolerant group in 
the northeast. In New Jersey, a number of tolerant species are 
commonly found in small and large streams representing a wide 
range of water quality conditions. These tolerant species adapt 
well to changing environmental conditions and often become 
dominant at disturbed sites. This metric is generally useful in 
distinguishing moderately and severely impaired conditions. 

6 – Proportion of Generalist This metric replaces the omnivore metric used in the original IBI. 
Use of the omnivore metric was determined to be inappropriate 
in New Jersey because omnivores are naturally depauperate. 
Generalists, as defined here, are species with flexible feeding 
strategies and broad habitat requirements. Often a shift from 
predominantly specialist groups to generalist groups occurs as 
water quality becomes degraded. Due to broad feeding and 
habitat requirements, species included for use in this metric are 
considered tolerant of environmental degradation. 



Fish Survey Report  

Peckman River Flood Risk Management Project Page 8 

Metric 
Description & Alternatives (surrogate species/groups)  

for Northeastern Streams 

7 – Proportion of Insectivorous 
Cyprinids 

Like many streams found in North America, cyprinids are the 
dominant insectivorous fish in New Jersey (excluding Pineland 
stream). A shift from specialized invertebrate feeders to 
generalist with flexible foraging behaviors often indicates poor 
conditions associated with water quality and/ or physical habitat 
degradation. Similar to the benthic insectivore metric, 
insectivorous cyprinids in some instances, may directly measure 
the effects of toxicity. 

8 –  Proportion of Trout or 
Piscivores (Excluding 
American eel) 

Streams with slight or moderate water quality impairment 
generally contain several top predator fish species. In the cold 
water streams of New Jersey, predator fish such as bass and 
pickerel are depauperate and typically replaced by trout. Thus, a 
metric is required which measures both groups of top carnivores. 
A metric fulfilling this requirement is currently used on Vermont 
streams and has been adopted for use in New Jersey. American 
eels are excluded from use in this metric. The ubiquity of 
American eels in streams that have a wide range of water quality 
and habitat conditions limit their use as an indicator of aquatic 
health. 

9 – Number of Individuals in 
the Sample (Excluding 
Tolerant species) 

This metric measures abundance of fish captured from a 
specified area or stream reach and is used to distinguish streams 
with severe water quality impairment. Like the original IBI, catch 
per unit effort is used to score this metric. Severe toxicity and 
oxygen depletions are examples of perturbations often 
responsible for extremely low fish abundance. Tolerant species 
have been excluded from this metric, as often these species 
thrive and are numerous under degraded conditions. 

10 –  Proportion of Fish with 
DELT Anomalies (Excluding 
blackspot disease) 

This metric provides a relative measure of the conditions of 
individual fish. Similar to metric 9, this metric is especially useful 
in distinguishing streams with serious water quality impacts. This 
metric is intended to detect impacts in streams highly 
contaminated by chemicals. A significant relationship between 
the incidence of blackspot disease and environmental quality had 
not been established for New Jersey streams; therefore 
blackspot disease is excluded from use in this metric. 

*Metric description from New Jersey Department of Environmental Fish IBI 2005 Sampling Report (NJDEP 2008) 
 



Fish Survey Report  

Peckman River Flood Risk Management Project Page 9 

3.0 SURVEY RESULTS 

A total of 645 fishes were collected from both reaches, represented by 12 species.  All 
individuals were positively identified to species in the field.  No deformities, lesions, or 
abnormalities were observed in any of the specimens collected.  Field crews were careful to 
minimize potential bias of habitat quality in the catch by spending similar sampling effort 
throughout each reach.  Fish sampling and processing at the Project Reach took approximately 
2.5 hours with 2605 seconds of actual “trigger” time on the electrofishing unit, which is the time 
that the electrofishing unit was on and producing electrical current. The Reference Reach was 
longer than the in Project Reach  (400 m and 240 m respectively) and therefore took longer to 
sample with approximately 3 hours spent sampling and processing the fish and 3150 seconds of 
“trigger” time. 
 
3.1 SURVEY DATA 
 
A total of 319 fishes, representing 10 species, were collected during the July 2010 electrofishing 
surveys in the Project Reach, with three species accounting for 87% of the total catch.  The most 
abundant species in the Project Reach were white sucker (approx 48% of total catch), blacknose 
dace (26%), and creek chub (14%).  Also, longnose dace represented approximately 7% and 
tessellated darter represented 4% of the total catch within the Project Reach.  Only one or two 
individuals of each of the remaining species were caught.  Fish survey data for the Project Reach 
are presented in Table 2. 
 
A total of 326 fishes, representing 6 species, were collected during the July 2010 electrofishing 
surveys in the Reference Reach, with two species accounting for 95% of the total catch.  The 
most abundant species in the Reference Reach were blacknose dace (approx 57% of total catch), 
and creek chub (38%).  Juvenile bluegill sunfish represented approximately 3% of the total catch 
within the Reference Reach.  The remaining species each represented 1% or less of the total 
number of individuals in the catch.  Fish survey data for the Reference Reach are presented in 
Table 3. 
 
Although, blacknose dace and creek chub are dominant species in both reaches, the percent 
composition of each species is different in the Project Reach and Reference Reach (Table 4).  
White sucker were the most abundant species in the Project Reach, but were completely absent 
in the Reference Reach, located upstream of the Project Reach.  Blacknose dace and creek chub 
were the second and third most abundant species in the Project Reach, however both of these 
species occurred in greater numbers within the Reference Reach than in the Project Reach.  
 
The overall length distributions for most species were comparable between the two sites, with 
the exception of creek chub.  The average length for creek chub in the Reference Reach (127.6 
mm) was significantly greater than the average length for creek chub in the Project Reach (55.6 
mm), as shown in Figure 3. 
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Table 2. Results of Stream Electrofishing Surveys Conducted in the Peckman River within 
the Project Reach in July 2010, for the Peckman River Flood Risk Management Project, 
Little Falls, NJ. 

Common 
Name 

Scientific 
Name 

Minimum 
Length 
(mm) 

Maximum 
Length 
(mm) 

Average 
Length  
(mm) 

Number of 
Individuals % Comp. 

American Eel Anguilla 
rostrata 370 440 405 2 <1% 

Blacknose 
Dace 

Rhinichthys 
atratulus 47 90 70.5* 82 26% 

Bluegill Lepomis 
macrochirus 30 30 30 1 <1% 

Common 
Carp 

Cyprinus 
carpio 348 348 348 1 <1% 

Creek Chub Semotilus 
atromaculatus 40 89 55.6* 43 14% 

Green 
Sunfish 

Lepomis 
cyanellus 118 118 118 1 <1% 

Longnose 
Dace 

Rhinichthys 
cataractae 74 100 87.6 22 7% 

Smallmouth 
Bass 

Micropterus 
dolomieu 245 245 245 1 <1% 

Tessellated 
Darter 

Etheostoma 
olmstedi 42 77 63.2 13 4% 

White Sucker Catostomus 
commersoni 36 346 127.8* 153 48% 

    Total 319 100% 
*Average length calculated from a subsample of 25 individuals. 
% Comp. = Percent Composition 

 
Table 3. Results of Stream Electrofishing Surveys Conducted in the Peckman River within 
the Reference Reach in July 2010, for the Peckman River Flood Risk Management Project, 
Little Falls, NJ. 

Common 
Name 

Scientific 
Name 

Minimum 
Length 
(mm) 

Maximum 
Length 
(mm) 

Average 
Length  
(mm) 

Number of 
Individuals % Comp. 

Banded 
Killifish 

Fundulus 
diaphanus 107 107 107 1 <1% 

Blacknose 
Dace 

Rhinichthys 
atratulus 63 94 79.0* 187 57% 

Bluegill Lepomis 
macrochirus 34 50 40.9 10 3% 

Creek Chub 
Semotilus 

atromaculatu
s 

104 175 127.6* 124 38% 

Green 
Sunfish 

Lepomis 
cyanellus 116 116 116 1 <1% 

Largemouth 
Bass 

Micropterus 
salmoides 69 85 78.0 3 <1% 

    Total 326 100% 
*Average length calculated from a subsample of 25 individuals. 

% Comp. = Percent Composition 
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Table 4. Fish Abundance and Percent Composition between the Project Reach and 
Reference Reach Electrofishing Surveys in July 2010, for the Peckman River Flood Risk 
Management Project, Little Falls, NJ. 

Common Name Scientific Name 

Project Reach Reference Reach 
Number of 
Individuals % Comp. 

Number of 
Individuals % Comp. 

American Eel Anguilla rostrata 2 <1% 0 -- 
Banded Killifish Fundulus diaphanus 0 -- 1 <1% 

Blacknose Dace Rhinichthys atratulus 82 26% 187 57% 
Bluegill Lepomis macrochirus 1 <1% 10 3% 

Common Carp Cyprinus carpio 1 <1% 0 0% 
Creek Chub Semotilus atromaculatus 43 14% 124 38% 

Green Sunfish Lepomis cyanellus 1 <1% 1 <1% 
Largemouth Bass Micropterus salmoides 0 -- 3 <1% 

Longnose Dace Rhinichthys cataractae 22 7% 0 -- 
Smallmouth Bass Micropterus dolomieu 1 <1% 0 -- 

Tessellated Darter Etheostoma olmstedi 13 4% 0 -- 
White Sucker Catostomus commersoni 153 48% 0 -- 

 Total 319 100% 326 100% 
% Comp. = Percent Composition 

 

.  
Figure 3: Length Distributions of Creek Chub between the Project Reach and Reference 
Reach in July 2010, for the Peckman River Flood Risk Management Project, Little Falls, 
NJ.  
 
Note:, Error bars are one standard deviation.  Creek chub were significantly larger in the Reference Reach  (T = 
15.48, p-value = < 0.00001)   

Average 
Length 
(mm) 
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Overall, the Project Reach displayed a higher species richness (10 species) compared to the 
Reference Reach (6 species).  Six species (white sucker, longnose dace, tessellated darter, 
American eel, common carp, and smallmouth bass) were unique to the Project Reach and two 
species (largemouth bass and banded killifish) were unique to the Reference Reach.  Additional 
habitat data can be obtained in the USACE Peckman River Stream Assessment Report (2010). 
Water quality results are provided in Table 5. 
 
Table 5. Water Quality Results in July 2010, for the Peckman River Flood Risk 
Management Project, Little Falls, NJ. 

Reach Name Time 

Dissolved 
Oxygen 
(mg/L) Temp. (oC) pH 

Specific 
Conductance 

(µS/cm) 

Project Reach 0849 3.6 19.7 7.41 699 

Reference Reach 0804 3.5 21.9 7.50 737 

 
 
The total number of fishes collected and Catch per Unit Effort (CPUE) were very similar 
between the two reaches, as shown in Table 6.  Although the Project Reach was shorter than the 
Reference Reach, the CPUE was higher. 
 
Table 6. Comparison of Fish Survey Data in the Project Reach and Reference Reach in 
July 2010, for the Peckman River Flood Risk Management Project, Little Falls, NJ. 

Reach Name 

Reach 
Length 

(m) 
Time 

Sampled (s) 
Number of 

Species Total Fish CPUE 

Project Reach 240 2605 10 319 0.122 

Reference Reach 400 3150 6 326 0.104 

Note:  CPUE = Catch per Unit Effort 
 
 
3.2 IBI ANALYSIS METRICS 
 
Information on the trophic guild and tolerance for the fishes collected from the Project Reach 
and Reference Reach is located in Table 7.  The trophic guild provides a grouping of species by 
feeding group, and the tolerance refers to the ability of the species to environmental stressors, 
such as pollution (NJDEP 2008). 
 
Data collected in this survey have been organized in Table 8, consistent with the 10-metrics 
outlined in the methodology section for the IBI.  The initial observation of these data indicate 
that the Project Reach and Reference Reach are similar to each other, as expected based on the 
data presented in the Project Reach survey results (Tables 2) and Reference Reach survey results 
(Table 3), above.    
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Table 7. Trophic Status and Tolerance for All Fishes Collected from the Project Reach and 
Reference Reach in July 2010, for the Peckman River Flood Risk Management Project, 
Little Falls, NJ. 

Common Name Scientific Name 
Trophic 
Guild1 Tolerance2 

American Eel Anguilla rostrata P TS 

Banded killifish Fundulus diaphanus G TS 

Blacknose Dace Rhinichthys atratulus BI -- 

Bluegill  Lepomis macrochirus G TS 

Common Carp Cyprinus carpio G -- 

Creek Chub Semotilus atromaculatus I -- 

Green Sunfish Lepomis cyanellus G TS 

Largemouth Bass Micropterus salmoides P -- 

Longnose Dace Rhinichthys cataractae BI -- 

Smallmouth Bass Micropterus dolomieu P -- 

Tessellated Darter Etheostoma olmstedi BI -- 

White Sucker Catostomus commersoni G TS 
Source:  NJDEP 2008. 
Notes:  1 Trophic Guild   2 Tolerance  
A grouping of species according to feeding group. Ability to tolerate environmental stressors, such as pollution. 
BI=Benthic Insectivore or Invertivore  TS=Tolerant Species 
G=Generalist   --=No tolerance rating 
I=Insectivore   
P=Piscivore (top carnivore)  
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Table 8. Comparison of IBI metrics in the Project Reach and Reference Reach in July 
2010, for the Peckman River Flood Risk Management Project, Little Falls, NJ. 

Standard IBI Metrics 
Project 
Reach IBI Score 

Reference 
Reach IBI Score 

1. Total Number of Fish 
Species 10 3 6 1 

2. Number of Benthic 
Insectivorous Species 
(Excluding white sucker) 

3 3 1 1 

3. Number of Trout and/or 
Sunfish Species (Excluding 
green sunfish or bluegill) 

1 1 1 1 

4. Number of Intolerant 
Species 0 1 0 1 

5. Proportion of Tolerant 
Individuals 49% 1 4% 5 

6. Proportion of Generalists 49% 1 4% 5 
7. Proportion of 
Insectivorous Cyprinids 46% 5 95% 5 

8. Proportion of Trout or 
Piscivores (Excluding 
American eel) 

<1% 1 <1% 1 

9. Number of Individuals in 
Sample (Excluding Tolerant 
species) 

162 3 314 5 

10. Proportion of Fish with 
DELT Anomalies (Excluding 
blackspot disease) 

0 5 0 5 

TOTAL 24 TOTAL 30 
RATING POOR RATING FAIR 

Note:  Watershed size estimated at 9 square miles. 
 
 
Substantial differences between the Project Reach and Reference Reach were evident in Metric 
#5, Proportion of Tolerant Individuals, and Metric #6, Proportion of Generalists.  For Metric #5, 
the Project Reach had 49% tolerant individuals and the Reference Reach had 4%.  For Metric #6, 
the Project Reach had 49%.generalist species and the Reference Reach had 4%.  Less substantial, 
but notable differences between reaches for the IBI metrics were observed for Metric #1, Total 
Number of Fish Species; Metric #2, Number of Benthic Insectivorous Species (Excluding white 
sucker); and, Metric #9, Number of Individuals in Sample (Excluding Tolerant Species).  For 
Metric #1, there were 10 fish species identified in the Project Reach and 6 in the Reference 
Reach.  For Metric #2, the Project Reach contained three benthic insectivorous species (longnose 
dace, blacknose dace and tessellated darter), and the Reference Reach contained one (blacknose 
dace).  For Metric #9, the number of individuals in the sample, excluding tolerant species in the 
Reference Reach was almost double the number in the Project Reach. 
 
Substantial differences in size and abundance of creek chub were observed between the two 
reaches, and in abundance of blacknose dace and white sucker.  However, the IBI metrics 
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examine the data in a variety of different ways in order to avoid any single species biasing the 
IBI score.  The Project Reach scored 24 and Reference Reach scored 30.  The Project reach score 
is in the “poor” category. According to the NJDEP, rivers and streams in the “poor” category 
have low species richness and are dominated by generalists and tolerant species, with few (if 
any) trout or top carnivores.  Individuals may show signs of disease or parasites and the site may 
have an overall low abundance of fish (NJDEP 2008). The Reference reach score is in the “fair” 
category.  According to the NJDEP, rivers and streams in the “fair” category show signs of 
deterioration, which include fewer species, loss of most intolerant species, and highly skewed 
trophic structure (high frequency of generalists and tolerant species). Older age classes of trout 
and/or top carnivores may be rare in this category. 
 
3.3 COMPARISON WITH PREVIOUS (1999) FISH SURVEY 
 
In 1999, the NJDEP surveyed sections of Peckman River near the current Project and Reference 
reaches as shown in Figure 2.  In total, NJDEP surveyed approximately 1,460 meters along a 5.6 
km reach in the Peckman River beginning downstream of the Passaic Valley Regional High 
School athletic fields in Little Falls, New Jersey, and continuing upstream to the ending 
downstream of Franklin Street in Verona, New Jersey. 
 
The sections of the 1999 survey that were closest to the Project Reach were a section 
downstream of the Passaic Valley Regional High School athletic fields (Site 1), which partially 
overlaps the Project Reach, and upstream of the Main Street bridge (Site 2) approximately 390 
meters upstream of the Project Reach.  The 1999 survey results from both of these locations are 
very similar to the 2010 Project Reach survey results.  Species compositions for both Site 1 and 2 
from 1999 were comparable to the 2010 results for the Project Reach.  In both sampling events, 
blacknose dace, white sucker, and creek chub dominated the catch.  Species that were present in 
the 1999 NJDEP survey that were absent from the 2010 survey in these reaches included brown 
trout and brown bullhead.  In contrast, species that were present in the 2010 survey and absent in 
the 1999 NJDEP survey included American eel, longnose dace, tessellated darter, and 
smallmouth bass.  Fish survey data for the 1999 NJDEP surveys are shown in Table 9. 
 
The 2010 Reference Reach is situated between Site 4 (approximately 550 m downstream of the 
Reference Reach) and Site 5 (approximately 500 m upstream of the Reference Reach) from the 
1999 survey.  Species composition at these sites was similar to the 2010 Reference Reach results, 
with blacknose dace and creek chub dominating the catch.  Additionally, white sucker were 
entirely absent during 1999 NJDEP surveys, similar to the 2010 survey at the Reference Reach.  
Species that were collected in the 1999 NJDEP survey that were absent from the 2010 survey 
included brown trout and brown bullhead. In contrast, species that were present in the 2010 
survey but absent in the 1999 NJDEP survey included banded killifish, green sunfish, and 
largemouth bass.  Fish survey data for the 1999 NJDEP surveys are shown in Table 9.   
 
Overall, the percent compositions were very similar between 1999 NJDEP survey and the 2010 
survey (Table 10).  When data were pooled by survey (i.e., 1999 NJDEP survey and 2010 
survey), the fish species compositions for both surveys were dominated by the same three 
species: blacknose dace (49.1% and 41.7% respectively), creek chub (26.9% and 25.9% 
respectively), and white sucker (22.5% and 23.7% respectively).  The percent composition for 
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Table 9. Fish Data from 1999 New Jersey Department of Environmental Protection 
Electrofishing Survey. 

Site 8 7 6 5** 4** 3 2* 1* 
Approx. 

Distance from 
Passaic River 

(km) 
confluence  7.5 6.8 6.4 5.3 4.4 3.6 2.2 1.8 

Species Number of Individuals Collected (1999) 
Grand 
Total 

% 
Comp. Notes 

Blacknose Dace 300 300 150 75 100 100 200 300 1525 49.1% estimate 

Creek Chub 100 200 100 10 75 100 100 150 835 26.9% estimate 

White Sucker 0 0 0 0 50 300 200 150 700 22.5% estimate 

Brown Bullhead 10 0 1 0 0 1 3 3 18 0.6% not collected in 
2010 

Brown Trout 0 1 2 3 0 3 1 0 10 0.3% not collected in 
2010 

Bluegill  4 2 2 0 0 0 0 0 8 0.3%  

Rainbow Trout 0 3 0 0 0 1 0 0 4 0.1% not collected in 
2010 

Common Carp 1 0 0 0 0 0 1 0 2 0.1%  

Satinfin Shiner 0 0 0 0 0 0 0 1 1 < 0.1% not collected in 
2010 

Pumpkinseed 0 0 0 0 0 0 0 1 1 < 0.1% not collected in 
2010 

Total 415 506 255 88 225 505 505 607 3106 100.0% 

NJDEP SITE LOCATIONS: 
1=Downstream of Athletic Fields at Passaic Valley High School  5=Pompton Ave Bridge  
2=Upstream of Main Street Bridge Little Falls, NJ    6= Between Bradford and Ozone Avenue 
3=Conrail Trestle   7=Verona STP Discharge 
4=Downstream of Little Falls Road Bridge  8=Downstream of Franklin Street 
*=Near Project Reach 
**=Near Reference Reach 
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Table 10. Comparison of Percent Compositions of 1999 New Jersey Department of 
Environmental Protection and July 2010 Peckman River Flood Risk Management Project 
Survey. 

1999 NJDEP 
Combined 

Sites 

2010 Survey 
Combined 

Sites 
Species % Comp. % Comp. Notes 

Blacknose Dace 49.1% 41.7% NJDEP data are estimated 
Creek Chub 26.9% 25.9% NJDEP data are estimated 
White Sucker 22.5% 23.7% 
Brown Bullhead 0.6% -- not collected in 2010 
Brown Trout 0.3% -- not collected in 2010 
Bluegill  0.3% 1.7% 
Rainbow Trout 0.1% -- not collected in 2010 
Common Carp 0.1% 0.2% 
American Eel -- 0.3% 
Green Sunfish -- 0.3% 
Satinfin Shiner < 0.1% -- not collected in 2010 
Pumpkinseed < 0.1% -- not collected in 2010 
Longnose Dace -- 3.4% 
Smallmouth Bass -- 0.2% 
Largemouth Bass -- 0.5% 
Tessellated Darter -- 2.0% 
Banded Killifish -- 0.2% 

Total Number of 
Species 10 12 

 
 
the three most abundant species (i.e., blacknose dace, creek chub, white sucker) were very 
similar, whereas the less abundant species exhibited some variability.  Rainbow trout, 
pumpkinseed, and satinfin shiner were present during 1999 NJDEP surveys, but were not present 
during the 2010 surveys. Longnose dace and tessellated darter were abundant in 2010 in the 
Project Reach, but were absent from the Reference Reach and all sites in the 1999 NJDEP 
survey.  Species richness was higher in 2010 surveys compared to 1999 surveys, with 12 species 
sampled in 2010 and 10 species in 1999.  A quantitative comparison of fish abundance between 
1999 and 2010 was not performed because the majority of NJDEP data was estimated and actual 
values were not provided. 
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4.0 CONCLUSIONS 

 
Based on habitat, geographic location, water quality characteristics, and previous survey data 
including the 2010 river assessment and macroinvertebrate study, the Peckman River is 
considered suboptimal as it pertains to aquatic resource habitat and water quality.  The 2010 
electrofishing surveys provided results that were relatively consistent with this classification.  
Specifically, the Project Reach was determined by the metrics calculated in the fish IBI analysis 
to be impaired (i.e., “poor”) and the Reference Reach was determined to be potentially impaired 
(i.e., “fair”).  Generally, the electrofishing surveys in the Project Reach and Reference Reach 
yielded similar results, between sites and between survey years, with some notable observations 
and exceptions, as summarized below: 
 

• Similar total number of fish collected and catch per unit effort (CPUE) between reaches, 
and between survey years. 

• Similar length distributions for most species, with the exception of creek chub; average 
length of creek chub was significantly greater in the Reference Reach than in the Project 
Reach. 

• Data yielded the same IBI score for the Reference Reach and the Project Reach for the 5 
metrics; although for Metric #7, the proportion of insectivorous cyprinids in the 
Reference Reach was nearly double the proportion in the Project Reach, both had the 
same IBI score.  

• Approximately 49% of fish caught were considered “tolerant” species (Metric #5) and 
generalists (Metric #6) in the Project Reach, compared to 4% in the Reference Reach, 
which is an indicator of suboptimal habitat and water quality for the Project reach. 

• Species richness (Metric #1, Total Number of Fish Species) was considerably lower in 
the Reference Reach (6 species), than in the Project Reach (10 species). 

• The number of benthic insectivorous species (Metric #2) was higher in the Project Reach 
(3 species) compared to the Reference Reach (1 species). 

• The number of fish caught, excluding tolerant species (Metric #9) was almost twice as 
high in the Reference Reach (314 individuals) compared to the Project Reach (162 
individuals). 

• The abundance of blacknose dace in the Reference Reach was more than two times 
higher than in the Project Reach, and the abundance of creek chub was nearly three times 
higher in the Reference Reach.  White sucker, a tolerant generalist species, comprised 
48% of the sample in the Project Reach; but was absent from the Reference Reach. 

• Salmonids (trout), bullhead, satinfin shiner, and pumpkinseed, were present in the 1999 
NJDEP survey, but were absent from the 2010 survey. 

 
The similarity of overall habitat characteristics between the Reference Reach and the Project 
Reach noted in the USACE (2010a) Peckman River Stream Assessment Report helps explain 
some of the observed similarities in fish data between the two reaches.  These similarities, with 
the exception of the substantial differences in Metrics # 5 and 6, can be seen in the IBI table 
(Table 8).  This is not surprising, considering the nearly identical total habitat scores for the 
Reference Reach (128) and the Project Reach (125) (USACE 2010a).  Habitat parameters are 
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likely to be an important driver for observed fish distribution and abundance within the Peckman 
River.  
 
Although the habitat characteristics are very similar between the Reference Reach and Project 
Reach, there are also a few habitat differences between the two reaches that may account for 
some of the observed differences in the 2010 fish data.  The USACE (2010a) Peckman River 
Stream Assessment Report noted a difference in epifaunal substrate and cover, with the 
Reference Reach scoring a 15 for this parameter, and the Project Reach scoring an 8.  The 
amount of available instream cover has been shown to increase the growth of creek chub 
(Fischer et al. 2010).  The difference in availability of instream cover between the sites may 
account for the significant differences in creek chub size between the Reference Reach (127.6 
mm) and the Project Reach (55.6 mm) (p-value = <0.00001).  However, the greater abundances 
of creek chub within the Reference Reach are not intuitive given the large size of the individuals.  
Fish growth in freshwater streams is typically density dependent (Lorenzen and Enberg 2002); 
that is, a lower growth rate would be expected with higher densities.  In fact, Schlosser (1998) 
reported that the growth of creek chubs was strongly density dependent, with decreasing growth 
as fish density increased.  It is likely that other unknown ecological factors are contributing to 
this unique observation for creek chub in the Peckman River. 
 
Other habitat parameters may have contributed to the observed abundances of other fish species.  
Filamentous algae covered more than 75% of the substrates in the Project Reach compared to 
only small amounts reported in the Reference Reach.  Aquatic vegetation can be a food source 
for white suckers, therefore the substantial decrease in aquatic vegetation may help to explain the 
absence of white sucker in the Reference Reach.  The abundance of blacknose dace, a benthic 
insectivore, in the Project Reach was nearly half the number in the Reference Reach.  This may 
be attributed to habitat differences, such as increased algae cover on substrate surfaces in the 
Project Reach, which impact insect diversity and abundance.  Based on the USACE (2010b) 
Peckman River Invertebrate Survey Report, both reaches yielded similar number of individual 
invertebrates, however the Reference Reach contained a higher diversity (i.e., number of taxa); 
less contribution of the dominant family; and, a higher number of Ephemeroptera (mayflies), 
Plecoptera (stoneflies), and Trichoptera (caddisflies), known as EPT families, which supports 
these observations.  As blacknose dace grow and mature, they forage on invertebrates associated 
with deep eddying pools (USFWS 1983).  Additionally, the increased flow downstream in the 
Project Reach also may affect blacknose dace food sources, which also may impact insect 
diversity and abundance.   
 
Tessellated darters and longnose dace were present in the Project Reach but absent from the 
Reference Reach.  Habitat differences such as the increased riffle frequency and discharge in the 
Project Reach may provide better habitat for these species, which prefer swift waters.  This is 
supported by the higher flows present in the Project Reach (7.8 cubic feet per second [cfs]) 
versus the Reference Reach (3.4 cfs).  The American eel, which is catadromous, meaning it lives 
in freshwater but migrates to saltwater to breed, was present in the Project Reach and absent in 
the Reference Reach during both survey years.  Fish passage barriers, such as the waterfall near 
the Cedar Grove Community Park, likely restricts access upstream of this point for migratory 
species such as American eel. 
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In general, the overall species abundance and composition in the Project Reach have changed 
very little since the 1999 NJDEP electrofishing surveys, as shown in Tables 9 and 10.  The 
consistencies between the 1999 NJDEP survey and the 2010 survey data suggest that the fish 
community in the Peckman River is relatively stable.  However, two species, brown trout and 
rainbow trout, were notably absent from the 2010 surveys.  A possible explanation for this may 
be that the individuals sampled 1999 could be hatchery raised fish that were released prior to the 
sampling.  New Jersey fish stocking records for this waterbody would need to be consulted to 
confirm this. 
 
The overall similarities, with notation of the observed differences, in the observed fish data and 
IBI metrics between the Project Reach and Reference Reach indicate that the two reaches are 
reasonable choices for making quantitative comparisons of the impacts of any future stream 
alterations to the habitat of the Peckman River.  Also, the distance between the Project Reach 
and the Reference Reach is such that the Reference Reach is not likely to be influenced by any 
stream alterations that may occur within the Project Reach. 
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8
FISH PROTOCOLS

Monitoring of the fish assemblage is an integral component of many water quality management
programs, and its importance is reflected in the aquatic life use-support designations of many states. 
Narrative expressions such as “maintaining coldwater fisheries”, “fishable” or “fish propagation” are
prevalent in state standards.  Assessments of the fish assemblage must measure the overall structure
and function of the ichthyofaunal community to adequately evaluate biological integrity and protect
surface water resource quality.  Fish bioassessment data quality and comparability are assured through
the utilization of qualified fisheries professionals and consistent methods.  

The Rapid Bioassessment Protocol (RBP) for fish presented in this document, is directly comparable to
RBP V in Plafkin et al. (1989).  The principal evaluation mechanism utilizes the technical framework
of the Index of Biotic Integrity (IBI) — a fish assemblage assessment approach developed by Karr
(1981).  The IBI incorporates the zoogeographic, ecosystem, community and population aspects of the
fish assemblage into a single ecologically-based index.  Calculation and interpretation of the IBI
involves a sequence of activities including:  fish sample collection; data tabulation; and regional
modification and calibration of metrics and expectation values.  This concept has provided the overall
multimetric index framework for rapid bioassessment in this document.  A more detailed description of
this approach for fish is presented in Karr et al. (1986) and Ohio EPA (1987).  Regional modification
and applications are described in Leonard and Orth (1986), Moyle et al. (1986), Hughes and Gammon
(1987), Wade and Stalcup (1987), Miller et al. (1988), Steedman (1988), Simon (1991), Lyons
(1992a), Simon and Lyons (1995), Lyons et al. (1996), and Simon (1999).

The RBP for fish involves careful, standardized field collection, species identification and enumeration,
and analyses using aggregated biological attributes or quantification of the numbers (and in some cases
biomass, see Section 8.3.3, Metric 13) of key species.  The role of experienced fisheries scientists in
the adaptation and application of the RBP and the taxonomic identification of fishes cannot be
overemphasized.  The fish RBP survey yields an objective discrete measure of the condition of the fish
assemblage.  Although the fish survey can usually be completed in the field by qualified fish biologists,
difficult species identifications will require laboratory confirmation.  Data provided by the fish RBP
can serve to assess use attainment, develop biological criteria, prioritize sites for further evaluation,
provide a reproducible impact assessment, and evaluate status and trends of the fish assemblage.

Fish collection procedures must focus on a multihabitat approach — sampling habitats in relative
proportion to their local representation (as determined during site reconnaissance).  Each sample reach
should contain riffle, run and pool habitat, when available.  Whenever possible, the reach should be
sampled sufficiently upstream of any bridge or road crossing to minimize the hydrological effects on
overall habitat quality.  Wadeability and accessability may ultimately govern the exact placement of the
sample reach.  A habitat assessment is performed and physical/chemical parameters measured
concurrently with fish sampling to document and characterize available habitat specifics within the
sample reach (see Chapter 5: Habitat Assessment and Physicochemical Characterization).  
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ELECTROFISHING CONFIGURATION AND FIELD TEAM ORGANIZATION

All field team members must be trained in electrofishing safety precautions and unit operation
procedures identified by the electrofishing unit manufacturer.  Each team member must be insulated from
the water and the electrodes; therefore, chest waders and rubber gloves are required.  Electrode and dip
net handles must be constructed of insulating materials (e.g., woods, fiberglass).  Electrofishers/electrodes
must be equipped with functional safety switches (as installed by virtually all electrofisher
manufacturers).  Field team members must not reach into the water unless the electrodes have been
removed from the water or the electrofisher has been disengaged.  

It is recommended that at least 2 fish collection team members be certified in CPR (cardiopulmonary
resuscitation).  Many options exist for electrofisher configuration and field team organization; however,
procedures will always involve pulsed DC electrofishing and a minimum 2-person team for sampling
streams and wadeable rivers.  Examples include:

• Backpack electrofisher with 2 hand-held electrodes mounted on fiberglass poles, one positive (anode)
and one negative (cathode).  One crew member, identified as the electrofisher unit operator, carries
the backpack unit and manipulates both the anode and cathode poles.  The anode may be fitted with a
net ring (and shallow net) to allow the unit operator to net specimens.  The remaining 1 or 2 team
members net fish with dip nets and are responsible for specimen transport and care in buckets or
livewells.

• Backpack electrofisher with 1 hand-held anode pole and a trailing or floating cathode.  The
electrofisher unit operator manipulates the anode with one hand, and has a second hand free for use
of a dip net.  The remaining 1 or 2 team members also aid in the netting of specimens, and in
addition are responsible for specimen transport in buckets or livewells.

• Tote barge (pramunit) electrofisher with 2 hand-held anode poles and a trailing/floating cathode
(recommended for large streams and wadeable rivers).  Two team members are each equipped with
an anode pole and a dip net.  Each is responsible for electrofishing and the netting of specimens.  The
remaining team member will follow, pushing or pulling the barge through the sample reach.  A
livewell is maintained within the barge and/or within the sampling reach but outside the area of
electric current.

8.1 FISH COLLECTION PROCEDURES: ELECTROFISHING

All fish sampling gear types are generally considered selective to some degree; however, electrofishing
has proven to be the most comprehensive and effective single method for collecting stream fishes. 
Pulsed DC (direct current) electrofishing is the method of choice to obtain a representative sample of
the fish assemblage at each sampling station.  However, electrofishing in any form has been banned
from certain salmonid spawning streams in the northwest.  As with any fish sampling method, the
proper scientific collection permit(s) must be obtained before commencement of any electrofishing
activities.  The accurate identification of each fish collected is essential, and species-level identification
is required (including hybrids in some cases, see Section 8.3.3, Metric 11).  Field identifications are
acceptable; however, voucher specimens must be retained for laboratory verification, particularly if
there is any doubt about the correct identity of the specimen (see Section 8.2).  Because the collection
methods used are not consistently effective for young-of-the-year fish and because their inclusion may
seasonally skew bioassessment results, fish less than 20 millimeters total length will not be identified or
included in standard samples.
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Tote barge (pram unit) Electrofishing

Backpack Electrofishing
FIELD EQUIPMENT/SUPPLIES NEEDED FOR FISH

SAMPLING—ELECTROFISHING

• appropriate scientific collection permit(s)
• backpack or tote barge-mounted electrofisher
• dip nets
• block nets (i.e., seines)
• elbow-length insulated waterproof gloves
• chest waders (equipped with wading cleats, when necessary)
• polarized sunglasses
• buckets/livewells
• jars for voucher/reference specimens
• waterproof jar labels
• 10% buffered formalin (formaldehyde solution)
• measuring board (500 mm minimum, with 1 mm increments)a

• balance (gram scale)b

• tape measure (100 m minimum)
• fish Sampling Field Data Sheetc

• applicable topographic maps
• copies of field protocols
• pencils, clipboard
• first aid kit
• Global Positioning System (GPS) Unit

a Needed only if program/study requires length frequency
information

b Needed only if total biomass and/or the Index of Well-Being are
included in the assessment process (see Section 8.3.3, Metric 13).

c It is helpful to copy fieldsheets onto water-resistant paper for use in
wet weather conditions. 

The safety of all personnel and the quality of the data is assured through the adequate education,
training, and experience of all members of the fish collection team.  At least 1 biologist with training
and experience in electrofishing techniques and fish taxonomy must be involved in each sampling event. 
Laboratory analyses are conducted and/or supervised by a fisheries professional trained in fish
taxonomy.  Quality assurance and quality control must be a continuous process in fisheries monitoring
and assessment, and must include all program aspects (i.e., field sampling, habitat measurement,
laboratory processing, and data recording).  

8.1.1 Field Sampling
Procedures

1. A representative
stream reach (see
Alternatives for
Stream Reach
Designation, next
page) is selected and
measured such that
primary physical
habitat characteristics
of the stream are
included within the
reach (e.g., riffle, run
and pool habitats,
when available).  The
sample reach should
be located away from
the influences of major
tributaries and
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ALTERNATIVES FOR STREAM REACH
DESIGNATION

The collection of a representative sample of the fish
assemblage is essential, and the appropriate sampling
station length for obtaining that sample is best
determined by conducting pilot studies (Lyons 1992b,
Simonson et al. 1994, Simonson and Lyons 1995). 
Alternatives for the designation of stream sampling
reaches include:

• Fixed-distance designation—A standard length of
stream, e.g., a 150-200-meter reach (Ohio EPA
1987), 100-meter reach (Massachusetts DEP 1995)
may be used to obtain a representative sample. 
Conceptually, this approach should provide a
mixture of habitats in the reach and provide, at a
minimum, duplicate physical and structural
elements such as riffle/pool sequences.

• Proportional-distance designation— A standard
number of stream channel “widths” may be used to
measure the stream study reach, e.g., 40 times the
stream width is defined by Environmental
Monitoring & Assessment Program (EMAP) for
sampling (Klemm and Lazorchak 1995).  This
approach allows variation in the length of the reach
based on the size of the stream.  Application of the
proportional-distance approach in large streams or
wadeable rivers may require the establishment of
sampling program time and/or distance maxima
(e.g., no more than 3 hours of electrofishing or 500-
meter reach per sampling site, [Klemm et al.
1993]).

bridge/road crossings (e.g.,
sufficiently upstream to decrease
influences on overall habitat
quality).  The exact location (i.e.,
latitude and longitude) of the
downstream limit of the reach
must be recorded on each field
data sheet.  (If a Global
Positioning System unit is used to
provide location information, the
accuracy or design confidence of
the unit should be noted.)  A
habitat assessment and physical/
chemical characterization of water
quality should be performed
within the same sampling reach
(see Chapter 5: Habitat
Assessment and Physicochemical
Characterization).

2. Collection via electrofishing
begins at a shallow riffle, or other
physical barrier at the
downstream limit of the sample
reach, and terminates at a similar
barrier at the upstream end of the
reach.  In the absence of physical
barriers, block nets should be set
at the upstream and downstream
ends of the reach prior to the
initiation of any sampling
activities.  

3. Fish collection procedures
commence at the downstream barrier.  A minimum 2-person fisheries crew proceeds to
electrofish in an upstream direction using a side-to-side or bank-to-bank sweeping technique to
maximize area coverage.  All wadeable habitats within the reach are sampled via a single pass,
which terminates at the upstream barrier.  Fish are held in livewells (or buckets) for subsequent
identification and enumeration.  

4. Sampling efficiency is dependent, at least in part, on water clarity and the field team’s ability
to see and net the stunned fish.  Therefore, each team member should wear polarized
sunglasses, and sampling is conducted only during periods of optimal water clarity and flow.

5. All fish (greater than 20 millimeters total length) collected within the sample reach must be
identified to species (or subspecies).  Specimens that cannot be identified with certainty in the
field are preserved in a 10% formalin solution and stored in labeled jars for subsequent
laboratory identification (see Section 8.2).  A representative voucher collection must be
retained for unidentified specimens, very small specimens, new locality records, and/or a
particular region.  In addition to the unidentified specimen jar, a voucher collection of a
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QUALITY CONTROL (QC) IN THE FIELD

1. Quality control must be a continuous process in
fish bioassessment and should include all program
aspects, from field collection and preservation to
habitat assessment, sample processing, and data
recording.  Field validation should be conduced at
selected sites and will involve the collection of a
duplicate sample taken from an adjacent reach
upstream of the initial sampling site.  The adjacent
reach should be similar to the initial site with
respect to habitat and stressors.  Sampling QC data
should be evaluated following the first year of
sampling in order to determine a level of
acceptable variability and the appropriate
duplication frequency.

2. Field identifications of fish must be conducted by
qualified/trained fish taxonomists, familiar with
local and regional ichthyofauna.  Questionable
records are prevented by: (a) requiring the
presence of at least one experienced/trained fish
taxonomist on every field effort, and (b) preserving
selected specimens (e.g., Klemm and Lazorchak
1995 recommend a subsample of a maximum 25
voucher specimens of each species) and those that
cannot by readily identified in the field for
laboratory verification and/or examination by a
second qualified fish taxonomist (see Section 8.2). 
Specimens must be properly preserved and labeled
(refer to Section 8.1.1, number 5).  When needed,
chain-of-custody forms must be initiated following
sample preservation, and must include the same
information as the sample container labels.

3. All field equipment must be in good operating
condition, and a plan for routine inspection,
maintenance, and/or calibration must be developed
to ensure consistency and quality of field data. 
Field data must be complete and legible, and
should be entered on standardized field data forms
and/or digital recorders.  While in the field, the
field team should possess sufficient copies of
standardized field data forms and chains-of-
custody for all anticipated sampling sites, as well
as copies of all applicable Standard Operating
Procedures (SOPs).

subsample of each species identified in the field should be preserved and labeled for subsequent
laboratory verification, if necessary.  Obviously, species of special concern (e.g., threatened,
endangered) should be noted and released immediately on site.  Labels should contain (at a
minimum) location data (verbal
description and coordinates), date,
collectors’ names, and sample
identification code and/or station
numbers for the particular
sampling site.  Young-of-the-year
fish less than 20 millimeters (total
length) are not identified or
included in the sample, and are
released on site.  Specimens that
can be identified in the field are
counted, examined for external
anomalies (i.e., deformities, eroded
fins, lesions, and tumors), and
recorded on field data sheets.  An
example of a “Fish Sampling Field
Data Sheet” is provided in
Appendix A-4, Form 1.  Space is
available for optional fish length
and weight measurements, should a
particular program/study require
length frequency or biomass data. 
However, these data are not
required for the standard
multimetric assessment.  Space is
allotted on the field data sheets for
the optional inclusion of
measurements (nearest millimeter
total length) and weights (nearest
gram) for a subsample (to a
maximum 25 specimens) of each
species.  Although fish length and
weight measurements are optional,
recording a range of lengths for
species encountered may be a
useful routine measure.  Following
the data recording phase of the
procedure, specimens that have
been identified and processed in the
field are released on site to
minimize mortality.  

6. The data collection phase includes
the completion of the top portion of
the “Fish Sampling Field Data
Sheet” (Appendix A-4, Form 1),
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QUALITY CONTROL (QC) FOR TAXONOMY

1. A representative voucher collection must be
retained for unidentified specimens, small
specimens, and new locality records.  In addition,
a second voucher jar should be retained for a
subsample of each species identified in the field
(e.g., Klemm and Lazorchak 1995 recommend a
subsample of 25 voucher specimens of each
species).  The vouchers must be properly
preserved, labeled, and stored in the laboratory
for future reference (see Section 8.2).

2. Voucher collections should be verified by a
second qualified fish taxonomist, i.e., a
professional other than the taxonomist
responsible for the original field identifications. 
The word “validated” and the name of the
taxonomist that validated the identification
should be added to each voucher label. 
Specimens sent from the laboratory to taxonomic 
specialists should be recorded in a “Taxonomy
Validation Notebook” (see Chapter 7), noting the
label information and date sent.  Upon return of
the specimens, the date received and findings
should also be recorded in the notebook (and the
voucher label), along with the name of the person
who performed the validation.

3. Information on samples completed (through the
identification/validation process) will be tracked
in a “Sample Log” notebook, to track the
progress of each sample (Appendix A-4, Form
2).  Sample log entries will be updated as each
step is completed (e.g., receipt, identification,
validation, archive).

4. A library of taxonomic literature is essential for
the aid and support of identification/verification
activities, and must be maintained (and updated
as needed) in the laboratory.  A list of selected
taxonomic references is provided in Section 8.4.

which duplicates selected information from the physical/chemical field sheet.  Information
regarding the sample collection procedures must also be recorded.  This includes method of
fish capture, start time, ending time, duration of sampling, maximum and mean stream widths. 
The percentage of each habitat type in the reach is estimated and documented on the data sheet. 
Comments should include sampling conditions, e.g., visibility, flow, difficult access to stream,
or anything that may prove to be valuable information to consider for future sampling events
or by personnel unfamiliar with the site.

8.2 LABORATORY IDENTIFICATION AND VERIFICATION

Fish records of questionable quality are
prevented by preserving specimens (that
cannot be readily identified in the field) for
laboratory examination and/or a voucher
collection for laboratory verification. 
Specimens must be properly preserved (e.g.,
10% formalin for tissue fixing and 70%
ethanol for long-term storage) and labeled
(using museum-grade archival labels/paper,
and formalin/alcohol-proof pen or pencil). 
Labels should contain (at a minimum) site
location data (i.e., verbal description and site
coordinates), collection date, collector’s
names, species identification (for fishes
identified in the field), species totals, and
sample identification code and/or station
number.  All samples received in the
laboratory should be tracked using a sample
log-in procedure (Appendix A-4, Form 2).  
Laboratory fisheries professionals must be
capable of identifying fish to the lowest
possible taxonomic level (i.e., species or
subspecies) and should have access to suitable
regional taxonomic references (see Section
8.4) to aid in the identification process. 
Laboratories that do not typically identify fish,
or trained fisheries professionals that have
difficulty identifying a particular specimen or
group of fish, should contact a taxonomic
specialist (i.e., a recognized authority for that
particular taxonomic group).  Taxonomic
nomenclature must be kept consistent and
current.  Common and scientific names of
fishes from the United States and Canada are
listed in Robins et al. (1991).

8.3 DESCRIPTION OF FISH
METRICS
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(3.) COMPUTATION AND 
INTERPRETATION

Rating of IBI metrics

Interpretation of IBI

Assignment of integrity class

Calculation of total IBI score

(1.) REGIONAL MODIFICATION AND 
CALIBRATION

Assignment of trophic guild 
and tolerance

Identification of regional fish 
fauna

Evaluation of metric suitability

Development of expectation 
(reference) values and metric 

ratings

(2.) SAMPLE COLLECTION AND 
DATA TABULATION

Sampling of local fish 
community

Selection of sampling site(s)

Listing of species and tabulation 
of numbers of individuals

Summarization of fisheries 
information for IBI metrics

Figure 8-1.  Sequence of activities involved in calculating and interpreting the Index of
Biotic Integrity (adapted from Karr et al. 1986).

Through the IBI, Karr et al. (1986) provided a consistent theoretical framework for analyzing fish
assemblage data.  The IBI is an aggregation of 12 biological metrics that are based on the fish
assemblage’s taxonomic and trophic composition and the abundance and condition of fish.  Such
multiple-parameter indices are necessary for making objective evaluations of complex systems.  The
IBI was designed to evaluate the quality of small Midwestern warmwater streams but has been
modified for use in many regions (e.g., eastern and western United States, Canada, France) and in
different ecosystems (e.g., rivers, impoundments, lakes, and estuaries).  

The metrics attempt to quantify a biologist’s best professional judgment (BPJ) of the quality of the fish
assemblage.  The IBI utilizes professional judgment, but in a prescribed manner, and it includes
quantitative standards for discriminating the condition of the fish assemblage (Figure 8-1).  BPJ is
involved in choosing both the most appropriate population or assemblage element that is representative
of each metric and in setting the scoring criteria.  This process can be easily and clearly modified, as
opposed to judgments that occur after results are calculated.  Each metric is scored against criteria
based on expectations developed from appropriate regional reference sites.  Metric values
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EXAMPLES OF SOURCES FOR METRIC
ALTERNATIVES

Karr et al. (1986)
Leonard and Orth (1986)
Moyle et al. (1986)
Fausch and Schrader (1987)
Hughes and Gammon (1987)
Ohio EPA (1987)
Miller et al. (1988)
Steedman (1988)
Simon (1991)
Lyons (1992a)
Barbour et al. (1995)
Simon and Lyons (1995)
Hall et al. (1996)
Lyons et al. (1996)
Roth et al. (1997)
Simon (1999)

approximating, deviating slightly from, or deviating greatly from values occurring at the reference sites
are scored as 5, 3, or 1, respectively.  The scores of the 12 metrics are added for each station to give an
IBI ranging from a maximum of 60 (excellent) to a minimum of 12 (very poor).  Trophic and tolerance
classifications of selected fish species are listed in Appendix C.  Additional classifications can be
derived from information in State and regional fish texts, by objectively assessing a large statewide
database, or by contacting authors/originators of regional IBI programs or pilot studies.  Use of the IBI
by water resource agencies may result in further modifications.  Many modifications have occurred
(Miller et al. 1988) without changing the IBI’s basic theoretical foundations.
The IBI serves as an integrated analysis because individual metrics may differ in their relative
sensitivity to various levels of biological condition.  A description and brief rationale for each of the 12
IBI metrics is outlined below.  The original
metrics described by Karr (1981) for Illinois
streams are followed by substitutes used in or
proposed for different geographic regions and
stream sizes. Because of zoogeographic
differences, different families or species are
evaluated in different regions, with regional
substitutes occupying the same general habitat
or niche.  The source for each substitute is
footnoted below.  Table 8-1 presents an
overview of the IBI metric alternatives and their
sources for various areas of the United States
and Canada.

8.3.1 Species Richness and
Composition Metrics

These metrics assess the species richness compo-
nent of diversity and the health of resident
taxonomic groupings and habitat guilds of
fishes.  Two of the metrics assess assemblage
composition in terms of tolerant or intolerant species. 

Metric 1. Total number of fish species  Substitutes (Table 8-1):  Total number of resident native fish
species and salmonid age classes.  

This number decreases with increased degradation; hybrids and introduced species are not included.  In
coldwater streams supporting few fish species, the age classes of the species found represent the
suitability of the system for spawning and rearing.  The number of species is strongly affected by
stream size at most small warmwater stream sites, but not at large river sites (Karr et al. 1986, Ohio
EPA 1987).

Metric 2.  Number and identity of darter species Substitutes (Table 8-1):  Number and identity of
sculpin species, benthic insectivore species, salmonid juveniles (individuals); number of sculpins
(individuals); percent round-bodied suckers, sculpin and darter species.

These species are sensitive to degradation resulting from siltation and benthic oxygen depletion because
they feed and reproduce in benthic habitats (Kuehne and Barbour 1983, Ohio EPA 1987). Many
smaller species live within the rubble interstices, are weak swimmers, and spend their entire lives in an
area of 100-400 m2 (Matthews 1986, Hill and Grossman 1987).  Darters are appropriate in most
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Mississippi Basin streams; sculpins and yearling trout occupy the same niche in western streams. 
Benthic insectivores and sculpins or darters are used in small Atlantic slope streams that have few
sculpins or darters, and round-bodied suckers are suitable in large midwestern rivers. 

Metric 3.  Number and identity of sunfish species.  Substitutes (Table 8-1):  Number and identity of
cyprinid species, water column species, salmonid species, headwater species, and sunfish and trout
species.
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Table 8-1.  Fish IBI metrics used in various regions of North America.a
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1. Total Number of Species X X X X X X X X

#native fish species X X X X X

# salmonid age classesb X X

2. Number of Darter Species X X X X X X

# sculpin species X

# benthic insectivore species X

# darter and sculpin species X

# darter, sculpin, and madtom species X

# salmonid juveniles (individuals)b X X X

% round-bodied suckers Xc

# sculpins (individuals) X

# benthic species X X

3. Number of Sunfish Species X X X X X

# cyprinid species X

# water column species X

# sunfish and trout species X

# salmonid species X X

# headwater species X

% headwater species X X

4. Number of Sucker Species X X X X X X

# adult trout speciesb X X

# minnow species X X X

# sucker and catfish species X

5. Number of Intolerant Species X X X X X X X X X

# sensitive species X X

# amphibian species X

presence of brook trout X

% stenothermal cool and cold water species X

% of salmonid ind. as brook trout X

6. % Green Sunfish X

% common carp X

% white sucker X X

% tolerant species X X X X X X X

% creek chub X

% dace species X

% eastern mudminnow X
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7. % Omnivores X X X X X X X X

% generalist feeders X

% generalists, omnivores, and invertivores X

8. % Insectivorous Cyprinids X X

% insectivores X X X X X Xe

% specialized insectivores X X

# juvenile trout X

% insectivorous species X X

9. % Top Carnivores X X X X X X X

% catchable salmonids X

% catchable trout X

% pioneering species X X X

Density catchable wild trout X

10. Number of Individuals (or catch per effort) X X X X X Xd Xd X X Xd X

Density of individuals X X

% abundance of dominant species X X

Biomass (per m2) Xf

11. % Hybrids X X

% introduced species X X

% simple lithophills X X X X

# simple lithophills species X

% native species X

% native wild individuals X

% silt-intolerant spawners X

12. % Diseased Individuals (deformities, eroded
fins, lesions, and tumors)

X X X X X X X X X X X X

Note:  X = metric used in region.  Many of these variations are applicable elsewhere.
a Taken from Karr et al. (1986), Leonard and Orth (1986), Moyle et al. (1986), Fausch and Schrader (1987), Hughes and Gammon

(1987), Ohio EPA (1987), Miller et al. (1988),  Steedman (1988), Simon (1991), Lyons (1992a), Barbour et al. (1995), Simon and
Lyons (1995), Hall et al. (1996), Lyons et al. (1996), Roth et al. (1997).

b Metric suggested by Moyle et al. (1986) or Hughes and Gammon (1987) as a provisional replacement metric in small western salmonid
streams.

c Boat sampling methods only (i.e., larger streams/rivers).
d Excluding individuals of tolerant species.
e Non-coastal Plain streams only.
f Coastal Plain streams only.

These pool species decrease with increased degradation of pools and instream cover (Gammon et al.
1981, Angermeier 1987, Platts et al. 1983).  Most of these fishes feed on drifting and surface
invertebrates and are active swimmers.  The sunfishes and salmonids are important sport species. The
sunfish metric works for most Mississippi Basin streams, but where sunfish are absent or rare, other
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groups are used.  Cyprinid species are used in coolwater western streams; water column species
occupy the same niche in northeastern streams; salmonids are suitable in coldwater streams; headwater
species serve for midwestern headwater streams; and trout and sunfish species are used in
southern Ontario streams. Karr et al. (1986) and Ohio EPA (1987) found the number of sunfish species
to be dependent on stream size in small streams, but Ohio EPA (1987) found no relationship between
stream size and sunfish species in medium to large streams, nor between stream size and headwater
species in small streams.

Metric 4.  Number and identity of sucker species.  Substitutes (Table 8-1):  Number of adult trout
species, number of minnow species, and number of suckers and catfish.

These species are sensitive to physical and chemical habitat degradation and commonly comprise most
of the fish biomass in streams.  All but the minnows are longlived species and provide a multiyear
integration of physicochemical conditions.  Suckers are common in medium and large streams;
minnows dominate small streams in the Mississippi Basin; and trout occupy the same niche in
coldwater streams.  The richness of these species is a function of stream size in small and medium
sized streams, but not in large (e.g., non-wadeable) rivers.

Metric 5.  Number and identity of intolerant species.  Substitutes (Table 8-1):  Number and identity
of sensitive species, amphibian species, and presence of brook trout.

This metric distinguishes high and moderate quality sites using species that are intolerant of various
chemical and physical perturbations.  Intolerant species are typically the first species to disappear
following a disturbance.  Species classified as intolerant or sensitive should only represent the 5-10
percent most susceptible species, otherwise this becomes a less discriminating metric.  Candidate
species are determined by examining regional ichthyological books for species that were once
widespread but have become restricted to only the highest quality streams.  Ohio EPA (1987) uses
number of sensitive species (which includes highly intolerant and moderately intolerant species) for 
headwater sites because highly intolerant species are generally not expected in such habitats.  Moyle
(1976) suggested using amphibians in northern California streams because of their sensitivity to
silvicultural impacts.  This also may be a promising metric in Appalachian streams which may
naturally support few fish species.  Steedman (1988) found that the presence of brook trout had the
greatest correlation with IBI score in Ontario streams.  The number of sensitive and intolerant species
increases with stream size in small and medium sized streams but is unaffected by size of large (e.g.,
non-wadeable) rivers.

Metric 6.  Proportion of individuals as green sunfish.  Substitutes (Table 8-1):  Proportion of
individuals as common carp, white sucker, tolerant species, creek chub, and dace.

This metric is the reverse of Metric 5. It distinguishes low from moderate quality waters.  These
species show increased distribution or abundance despite the historical degradation of surface waters,
and they shift from incidental to dominant in disturbed sites.  Green sunfish are appropriate in small
midwestern streams; creek chubs were suggested for central Appalachian streams; common carp were
suitable for a coolwater Oregon river; white suckers were selected in the northeast and Colorado where
green sunfish are rare to absent; and dace (Rhinichthys species) were used in southern Ontario.  To
avoid weighting the metric on a single species, Karr et al. (1986) and Ohio EPA (1987) suggest using a
small number of highly tolerant species (e.g., alternative Metric 6— percent abundance of tolerant
species).
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8.3.2 Trophic Composition Metrics

These three metrics assess the quality of the energy base and trophic dynamics of the fish assemblage. 
Traditional process studies, such as community production and respiration, are time consuming to
conduct and the results are equivocal; distinctly different situations can yield similar results.  The
trophic composition metrics offer a means to evaluate the shift toward more generalized foraging that
typically occurs with increased degradation of the physicochemical habitat.

Metric 7.  Proportion of individuals as omnivores.  Substitutes (Table 8-1):  Proportion of
individuals as generalist feeders.

The percent of omnivores in the community increases as the physical and chemical habitat deteriorates. 
Omnivores are defined as species that consistently feed on substantial proportions of plant and animal
material.  Ohio EPA (1987) excludes sensitive filter feeding species such as paddlefish and lamprey
ammocoetes and opportunistic feeders like channel catfish.  In areas where few species fit the true
definition of omnivore, the proportion of generalized feeders may be substituted (Leonard and Orth
1986).

Metric 8.  Proportion of individuals as insectivorous cyprinids.  Substitutes (Table 8-1): 
Proportion of individuals as insectivores, specialized insectivores, insectivorous species, and number of
juvenile trout.

Invertivores, primarily insectivores, are the dominant trophic guild of most North American surface
waters. As the invertebrate food source decreases in abundance and diversity due to habitat degradation
(e.g., anthropogenic stressors), there is a shift from insectivorous to omnivorous fish species. 
Generalized insectivores and opportunistic species, such as blacknose dace and creek chub were
excluded from this metric by Ohio EPA (1987).  This metric evaluates the midrange of biological
condition, i.e., low to moderate condition.

Metric 9.  Proportion of individuals as top carnivores.  Substitutes (Table 8-1):  Proportion of
individuals as catchable salmonids, catchable wild trout, and pioneering species.

The top carnivore metric discriminates between systems with high and moderate integrity.  Top
carnivores are species that feed, as adults, predominantly on fish, other vertebrates, or crayfish.
Occasional piscivores, such as creek chub and channel catfish, are not included.  In trout streams,
where true piscivores are uncommon, the percent of large salmonids is substituted for percent
piscivores.  These species often represent popular sport fish such as bass, pike, walleye, and trout.
Pioneering species are used by Ohio EPA (1987) in headwater streams typically lacking piscivores. 
Pioneering species predominate in unstable environments that have been affected by temporal
desiccation or anthropogenic stressors, and are the first to reinvade sections of headwater streams
following periods of desiccation.

8.3.3 Fish Abundance and Condition Metrics

The last 3 metrics indirectly evaluate population recruitment, mortality, condition, and abundance. 
Typically, these parameters vary continuously and are time consuming to estimate accurately.  Instead
of such detailed population attributes or estimates, general population parameters are evaluated. 
Indirect estimation is less variable and much more rapidly determined.
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THE INDEX OF WELL-BEING (IWB)

The Iwb (Gammon 1976, 1980, Hughes and Gammon
1987) incorporates two abundance and two diversity
measures in an approximately equal fashion, thereby
representing fish assemblage quality more realistically
than a single diversity or abundance measure.  The Iwb
is calculated using the formula:

Iwb ' 0.51nN%0.5 1nB%H̄N%H̄B

where

N = number of individuals caught per unit
distance sampled

B = biomass of individuals caught per unit
distance

= Shannon diversity index, calculated as:H̄

H̄ ' &E
ni

N
1n (

ni

N
)

where

ni = relative number or weight of the ith
species

N = total number or weight of the sample

THE MODIFIED INDEX OF WELL-BEING
(MIWB)

The MIwb (Ohio EPA 1987) retains the same formula as
the Iwb; however, highly tolerant species, hybrids, and
exotic species are eliminated from the abundance (i.e.,
number and biomass) components of the formula.  This
modification increases the sensitivity of the index to a
wider array of environmental disturbances.

Metric 10.  Number of individuals in sample.  Substitutes (Table 8-1):  Density of individuals.

This metric evaluates population abundance and varies with region and stream size for small streams.
It is expressed as catch per unit effort, either by area, distance, or time sampled.  Generally sites with
lower integrity support fewer individuals,
but in some nutrient poor regions,
enrichment increases the number of
individuals.  Steedman (1988) addressed
this situation by scoring catch per minute
of sampling greater than 25 as a 3, and
less than 4 as a 1.  Unusually low
numbers generally indicate toxicity,
making this metric most useful at the low
end of the biological integrity scale.
Hughes and Gammon (1987) suggest that
in larger streams, where sizes of fish may
vary in orders of magnitude, total fish
biomass may be an appropriate substitute
or additional metric.

Metric 11.  Proportion of individuals as
hybrids.  Substitutes (Table 8-1): 
Proportion of individuals as introduced
species, simple lithophils, and number of
simple lithophilic species.

This metric is an estimate of reproductive
isolation or the suitability of the habitat
for reproduction. Generally as
environmental degradation increases the
percent of hybrids and introduced species
also increases, but the proportion of
simple lithophils decreases.  However,
minnow hybrids are found in some high
quality streams, hybrids are often absent
from highly impacted sites, and
hybridization is rare and difficult to detect. 
Thus, Ohio EPA (1987) substitutes simple
lithophils for hybrids.  Simple lithophils
spawn where their eggs can develop in the
interstices of sand, gravel, and cobble
substrates without parental care.  Hughes and Gammon (1987) and Miller et al. (1988) propose using
percent introduced individuals.  This metric is a direct measure of the loss of species segregation
between midwestern and western fishes that existed before the introduction of midwestern species to
western rivers.

Metric 12.  Proportion of individuals with disease, tumors, fin damage, and skeletal anomalies

This metric depicts the health and condition of individual fish.  These conditions occur infrequently or
are absent from minimally impacted reference sites but occur frequently below point sources and in
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areas where toxic chemicals are concentrated.  They are excellent measures of the subacute effects of
chemical pollution and the aesthetic value of game and nongame fish.

Metric 13.  Total fish biomass (optional).

Hughes and Gammon (1987) suggest that in larger (e.g., non-wadeable) rivers where sizes of fish may
vary in orders of magnitude this additional metric may be appropriate.  Gammon (1976, 1980) and
Ohio EPA (1987) developed an Index of Well-Being (Iwb) and Modified Index of Well-Being (MIwb),
respectively, based upon both fish abundance and biomass measures.  The combination of diversity and
biomass measures is a useful tool for assessing fish assemblages in larger rivers (Yoder and Rankin
1995b).  Ohio EPA (1987) found that the additional collection of biomass data (i.e., in addition to
abundance information needed for the IBI) required to calculate the MIwb does not represent a
significant expenditure of time, providing that subsampling techniques are applied (see Field Sampling
Procedures 8.1.1).

Because the IBI is an adaptable index, the choice of metrics and scoring criteria is best developed on a
regional basis through use of available publications (Karr et al. 1986, Ohio EPA 1987, Miller et al.
1988, Steedman 1988; Simon 1991, Lyons 1992a, Simon and Lyons 1995, Hall et al. 1996, Lyons et
al. 1996, Roth et al. 1997, Simon 1999).  Several steps are common to all regions.  The fish species
must be listed and assigned to trophic and tolerance guilds.  Scoring criteria are developed through use
of high quality historical data and data from minimally-impaired regional reference sites.  This has
been done for much of the country, but continued refinements are expected as more ecological data
become available for the fish community.

8.4 TAXONOMIC REFERENCES FOR FISH

The following references are provided as a list of taxonomic references currently being used around the
United States for identification of fish.  Any of these references cited in the text of this document will
also be found in Chapter 11 (Literature Cited).
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