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Library of Habitat Models
to Evaluate Benefits

of Aquatic Restoration
Projects on Fishes

by K. Jack Killgore, Jan Jeffrey Hoover,
and Catherine E. Murphy

INTRODUCTION: Habitat models are used to evaluate impacts of water resource development
activities such as flood control and navigation projects, and environmental benefits of restoration
or mitigation projects. These models generally take the form of an index ranging from 0.0 (poor
habitat) to 1.0 (optimum habitat), referred to as a “Habitat Suitability Index” (HSI). HSI’s are
used to weight acres of affected habitat, a method compatible with the commonly used Habitat
Evaluation Procedure (www.fws.gov/policy/hbindex.cfm) or Instream Flow Incremental
Methodology (www.fort.usgs.gov/Products/Software/IFIM/). Both of these methods multiply
quality (i.e., HSI) and quantity (e.g., acres) to determine habitat conditions. HSI’s represent the
biological components of the evaluation (e.g., number of species, relative abundance) and their
responses to changes in habitat conditions. The multiplicative product of HSI and acres of habitat
is a unit (e.g., Habitat Unit, Weighted Usable Area) that can be compared among project alter-
natives and averaged over the life of the project (e.g., Average Annual Habitat Unit).

The U.S. Army Engineer Research and Development Center (ERDC) continues to evaluate
consequences of flood control, water supply, and navigation projects on fish assemblages, as
well as benefits of aquatic restoration. Many of these projects have been completed through
leveraged funds from Corps of Engineers Districts (primarily Vicksburg and Memphis Districts)
and the Ecosystem Management and Restoration Research Program at ERDC. HSI models are
based on field-derived correlations between biotic-abiotic variables, resulting in a library of
regression equations developed over the past 10 years. The purpose of this technical note is to
summarize the HSI models and describe their development and applicability as assessment tools
in similar aquatic systems.

DEVELOPMENT OF MODELS: All models presented herein were developed from field
studies that sampled fish populations and measured a suite of habitat variables concurrently.
Depending on the objectives of the original study, the biotic response was either for a single
species (e.g., largemouth bass), guild (e.g., riverine versus wetland assemblages), or the entire
community (e.g., number of species). Fish were collected with seines, hoop nets, gill nets, and/or
electrofishing. Standard methods were used to calculate total number of species and the mean
and range of catch-per-unit-effort. Specific habitat variables (e.g., water quality, hydraulics and
hydrology, depth, instream cover) were measured during or prior to fish collection activities so
correlations between biotic and abiotic variables could be derived.
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Analyses of data included removing outliers, identifying correlations between biotic and abiotic
variables using Pearson or Spearman correlation matrices, and in some cases, logjo-transforming
variables to improve correlation coefficients and meet assumptions of a normal distribution.
Two types of models were developed. The Red River Navigation model evaluated tradeoffs
between un-impounded and impounded (locks and dams) river reaches. Fish species were
collected in the field and grouped into ecological guilds that consider preference and tolerance to
riverine, lacustrine, and wetland habitats. Mean abundances of fish guilds were compared among
three different macrohabitats: river, navigation pool, and oxbow lake. An HSI of 1.0 was
assigned to the habitat with the highest mean abundance of a particular guild, and the mean
abundances in the two remaining habitats were divided into the highest abundance value to
calculate their respective HSI scores.

The second type of model was in the form of regression equations using linear or curvilinear
functions. These models were based on microhabitat variables (e.g., depth, velocity, dissolved
oxygen) rather than larger-scale macrohabitats considered in the Red River model. Predicted
biotic value was divided by a measured or theoretical (i.e., professional opinion, comparison to
regional values) maximum value to obtain the HSI score. The overall goal of the analysis was to
maximize the coefficient of determination (r*-value) for a univariate or multivariate regression
model that has realistic biological predictions over a defined range of habitat conditions. The
projects associated with model development are referenced in Appendix A. Some of the final
models presented herein were modified from the original studies to maintain consistency in
reporting variables and further improve the accuracy and precision of the output.

APPLICATION OF MODELS: Models are presented by major water body types: navigable
rivers, lowland streams, upland streams, wetlands, and oxbow lakes (Table 1). For each model,
the location and a description of the water body size and other geomorphic conditions are
provided. These descriptions will provide a basis to determine transferability of a particular
model developed in one aquatic system to another. Although relationships between fishes and
their habitats were developed from field studies of specific individual rivers (Table 1), they may
be easily (and appropriately) applied in planning or assessment studies of other systems. This is
because they predict responses for populations of wide-ranging taxa or for community-level
metrics that are characteristic of many low-gradient aquatic ecosystems.

Except for the Red River model, each model calculates an HSI value for a given set of abiotic
conditions by dividing the maximum observed value of the biotic, or dependent, variable by the
predicted value. Models forecast HSI values over a specified range of habitat conditions
(Table 2). Extrapolation beyond the range may result in erroneous values. Hydraulic variables
(e.g., depth, velocity, discharge) were the primary correlates to diversity and abundance of the
fish assemblage in most of the habitat models. Other factors, such as water temperature,
dissolved oxygen, turbidity, and vegetative coverage were also important in describing biotic
responses in some of the models. Models do not explain all of the variation in biotic responses to
habitat changes, but do focus on those physical variables that can be predicted quantitatively by
Corps of Engineers Districts and are known to influence the structure of fish assemblages.
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Relationships between dependent (biotic) variables and independent (physical) variables may be
evaluated (by planners, etc.) for reliability either “internally,” based on descriptive statistics (e.g.,
reported measures of variance, magnitude of r*), or “externally,” based on comparisons with pub-
lished information (e.g., previous studies, accounts in regional ichthyofaunal books). Transfer-
ability of these models to other systems will require independent field study but may be inferred
a priori based on geographic proximity and/or habitat similarity. Models cannot be extrapolated
beyond the ranges of data used in their development; computational limits and a worksheet for
each model are provided (Table 2).

The models presented herein provide not only assessment tools for individual water bodies, but
also a framework for system-wide or watershed-scale evaluations. Models represent large
navigable rivers with both upland and lowland tributaries. In addition, wetlands and oxbow lakes
that are characteristic of many alluvial river systems are represented. Comprehensive data, such
as those used to derive these types of models, may be too labor-intensive or cost-prohibitive for
large-scale assessments. However, several instream abiotic parameters such as channel dimen-
sions, water chemistry, hydrology, and bathymetry may be available from Corps of Engineers
Districts. Couple these physical data with strategically located fish collections and/or knowledge
of local assemblages, and models such as these can be combined to estimate baseline conditions
and reveal potential impacts or benefits of large-scale environmental modifications.

ACKNOWLEDGEMENTS: Funding for the individual projects was provided by the Vicksburg
(MVK) and Memphis (MVM) Districts. Particular assistance was provided by Gary Young,
Dave Johnson, and Kent Parrish with MVK, and Edward Lambert and Mark Smith with MVM.

POINTS OF CONTACT: For additional information, contact Dr. K. Jack Killgore (601-634-
3397, Jack.Killgore@usace.army.mil) or the Program Manager of the Ecosystem Management
and  Restoration Research  Program (EMRRP), Glenn Rhett (601-634-3717,
Glenn.G.Rhett@usace.army.mil). This technical note should be cited as follows:

Killgore, K. J., J. J. Hoover, and C. E. Murphy. 2008. Library of habitat models to
evaluate benefits of aquatic restoration projects on fishes. EMRRP Technical
Notes Collection (ERDC TN-EMRRP-ER-10). Vicksburg, MS: U.S. Army
Engineer Research and Development Center.

NOTE: The contents of this technical note are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an official endorsement or
approval of the use of such products.
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APPENDIX A: LIST OF CIVIL REIMBURSABLE PROJECTS ASSOCIATED WITH
HABITAT MODEL DEVELOPMENT

Hoover, J. J., and K.J. Killgore. 1995. Fish Habitat Benefits of a Weir at Lake Whittington, MS-
AR, U.S. Army Engineer District, Vicksburg.

Hoover, J. J., and K. J. Killgore. 1999. Benefits to Fish Habitat of Restoring Flow in the Upper
Little Tallahatchie River. Final Report, U.S. Army Engineer District, Vicksburg.

Hoover, J., and J. Killgore. 2004. Aquatic Benefits of Boeuf River, LA Section 1135:
Restoration of Connectivity. Submitted to U.S. Army Engineer District, Vicksburg.

Killgore, K. J., and J. J. Hoover. 1999. Frazier/Whitehorse (Lower Red River Oxbow Lakes)
Section 1135 Restoration: Summary of Aquatic Benefits. U.S. Army Engineer District,
Vicksburg.

Killgore, K. J., and J. J. Hoover. 2000. Aquatic Evaluation of Sulphur River Wildlife Man-
agement Area Section 1135 Restoration Project (Mercer Bayou). U.S. Army Engineer
District, Vicksburg.

Killgore, K. J., and J. J. Hoover. 2002. Aquatic Benefits of Bayou Macon, LA Section 1135
Restoration. Prepared for U.S. Army Engineer District, Vicksburg.

Killgore, K. J., and J. J. Hoover. 2002. Fishery Benefits of Bayou DeSiard Section 1135
Restoration. Prepared for U.S. Army Engineer District, Vicksburg.

Killgore, K. J., and J. J. Hoover. 2002. Fishery Benefits of Remmel Dam/Ouachita River, AR
Section 1135 Restoration. Prepared for U.S. Army Engineer District, Vicksburg.

Killgore, J. and J. J. Hoover. 2003. White River Navigation to Newport, Arkansas General Re-
evaluation Project - Fishery Evaluation. Prepared for U.S. Army Engineer District,
Vicksburg.

Killgore, K. J., J. J. Hoover, J. P. Kirk, and L. G. Sanders. 1996. Effects of Grand Prairie
Irrigation Project on Fishes of the White River and Tributaries. U.S. Army Engineer
District, Memphis.

Killgore, K. J., J. J. Hoover, C. E. Murphy, and L. Marcy. 2003. Potential Impacts of the Black
Creek Flood Control Project on Fish and Aquatic Habitat. Prepared for U.S. Army
Engineer District, Vicksburg.

Killgore, K. J., J. J. Hoover, and Stephen G. George. 2004. Red River Navigation, Southwest
Arkansas Project: Evaluation of Fish and Aquatic Habitat. Appendix to Draft Environ-
mental Impact Statement, U.S. Army Engineer District, Vicksburg.
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Killgore, K. J., J. J. Hoover, and C. E. Murphy. 2005. Bayou Meto Water Supply and Flood
Control Project: Fish Evaluation. Appendix in Environmental Impact Statement,
U.S. Army Engineer Districts, Vicksburg and Memphis.

Murphy, C., J. Killgore, and J. Hoover. 2005. Restoration of Dump Lake, Mississippi: Effects on
Fishes and Fish Habitat. Section 1135 Report, U.S. Army Engineer District, Vicksburg.
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