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Subsequently, more work has demonstrated a cor-
relation between PHABSIM output and fish distri-
butions. If feeding station analysis results match
cell suitabilities at a reach level, then the feeding
station method adds nothing. If it differs, then the
use of PHABSIM is preferred because it has pro-
vided more successful validation.

Calibration and Validation: To date, there has
been no validation demonstrating a correlation
between this method of feeding station analysis
and fish distributions. To validate this method, the
practitioner should (1) perform standard hydraulic
model calibration to ensure that the model reason-
ably approximates actual depths and velocities at
flows of interest, (2) measure fish distribution
along PHABSIM transects and identify concurrent
feeding stations, and (3) determine if actual fish
distribution matches feeding station distribution.

Critical Opinion: This method has resulted in
inadequate flow recommendations and should not
be used without additional research. The main
purpose of the method served as a check on WUA
versus flow patterns when there were few tests of
assumptions for WUA. If both methods yielded
similar trends, then both were assumed to be more
likely to be approximately correct. If the two meth-
ods differed, then nothing pointed to one method
or the other. However, that assumption has
changed. Research supports the assumptions
behind WUA (Beecher et al. 1993, 1995); thus, the
Washington Department of Fish and Wildlife,
which developed the Feeding Station Method,
now strongly prefers WUA and no longer uses the
feeding station analysis. Use of this method has
led to inadequate flow recommendations that were
rejected by the Washington State Pollution Control
Hearings Board (2000), which has initial review of
water appeals.

FLOW DURATION CURVE METHODS

Summary: Instream flow methods based on flow
duration curves derived from hydrologic records.

Objective: To obtain a single flow value with a
minimal amount of effort that has some hydrolog-
ical relevance to maintaining natural habitat or
geomorphologic characteristics.

Type of Technique: Standard setting
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Description: Exceedence percentiles or propor-
tions of monthly medians are calculated from flow
duration curves derived from hydrologic records.
Many approaches have been developed and each
uses a different rationale/biological justification
for selection and derivation of percentiles and/or
percentages. Examples include:

Hoppe Method (Hoppe, unpublished paper)—
the flow that is exceeded 40% of the time (Q4)
is recommended for spawning and the Qg is
recommended for food production and cover.
In addition, the Q7 is recommended as a
flushing flow for 48 hours.

Northern Great Plains Resource Program Method
(unpublished report)—Qg, recommended for a
minimum instream flow on a monthly basis;
Qg derived from “normal” or average flows.

Lyon’s Method (Bounds and Lyons 1979)—40%
of the monthly median (Qsg) is recommended
for maintaining habitat from October through
March and 60% of Qs is recommended for
enhancing flows for spawning and during hot
summer months (April-September).

Other methods have been developed that
derive percentages or percentiles based upon
specific (e.g., Arkansas Method, Filipek et al.
1987) or historical biological data (e.g., Texas
Method, Matthews and Bao 1991).

Appropriate Scale: Reach. The temporal scale
may be addressed through the use of seasonally
adjusted flow statistics.

Riverine Component(s) Addressed: Hydrology is
the only ecosystem component addressed because
this method relies solely on hydrologic records to
develop instream flow standards. Consideration
of biology is intended in some methods by making
adjustments in percentages or percentiles for some
times of year (e.g., spawning season).

Assumptions: Each method may have multiple
assumptions but the basic assumption is that the
identified percentages or percentiles are appropri-
ate for maintaining habitat for aquatic biota.

Level of Effort: These are office techniques.
Whereas the level of effort in deriving flow dura-
tion curves is low, acquiring a “naturalized”
streamflow record of sufficient length can often be
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difficult. Some methods require a moderate level
of effort to collect field data or assimilate historical
biological data. Where adequate stream gaging
records are lacking, additional effort is needed to
develop hydrologic statistics based on appropriate
gages in nearby drainages and watershed charac-
teristics.

Application: These are standard-setting methods
developed for application within a specific region.
They serve as examples only; other research is nec-
essary to establish these types of relations within
different regions. Data needs include hydrologic
records of sufficient duration. Records that are
degraded by anthropogenic change will compro-
mise derivation of flow duration curves and sub-
sequent recommendations. Naturalized flow
records would be a preferred alternative.

Historical Development: Varied.

Strengths: Once the relation(s) have been estab-
lished, and the similarities of the source and target
watersheds and biology have been verified, flow
duration curve methods are quick, easy, and rela-
tively inexpensive. At that point, they do not
require additional field measurements.

Limitations and Constraints: These methods were
developed as a way of extending limited research
to similar streams, within a geographical region.
When applied to streams within the region where
they were developed, these techniques may be
used as the second step in a more comprehensive
instream flow program, where detailed research on
the biological relation to discharge is being con-
ducted. The practitioner must verify that the tar-
get streams are similar in terms of hydrology, geo-
morphology, biology, and water quality to the
source streams and likely to remain so. Defining
acceptable temporal and spatial variability in the
established relation is often a stumbling block. The
real constraint of these techniques is that consider-
able research must occur to establish and verify the
relations of biology to the hydrologic parameter
being proposed for use.

Calibration and Validation: Ecological research
directed toward establishing linkages between
flow exceedence percentiles (or percentages of
monthly median flows) and aquatic ecosystem
integrity would be needed to establish the validity
of these types of methods. Application of the
method requires research that verifies the original
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relations established in the source streams and that
also exist in the target streams.

Critical Opinion: Selection of percentages or per-
centiles for maintaining habitat quality is difficult
to justify and is arbitrary without the site-specific
information to develop and then verify use of the
hydrologic statistic. For example, in many western
Washington streams, flow is flashy. The statistics
may indicate that the flow that maximizes coho
spawning habitat, for instance, only occurs a small
percent of the time. If the 90% and 10% hydro-
graphs are plotted, it may appear that the best
spawning flows are “never” there, but when daily
flows are graphed they occur regularly enough
during the appropriate season that they meet the
Washington Department of Fish and Wildlife's
developing definition of achievable or feasible
(Hal Beecher, personal communication).

The precision of results is only as accurate as the
quality of hydrologic data used to obtain the flow
standard, which can yield exceptionally wide con-
fidence intervals around some flow recommenda-
tions. Unless the underlying relation of hydrology
to biology (habitat) is substantiated within the tar-
get region (which is seldom done), these tech-
niques are inappropriate by themselves for estab-
lishing instream flow levels or assessing the valid-
ity of instream flow recommendations that are
derived from other methods. These methods and
approaches do not provide for the necessary
regime of flows that are critical to maintaining
natural riverine functions and processes. These
techniques may be acceptable for developing pre-
liminary or reconnaissance level recommenda-
tions, but they do not provide quantitative infor-
mation about biological or geomorphologic
processes that are important for maintaining fish-
eries or natural river processes. Where that level
of information is needed, other methods should be
used. It is not acceptable to use this group of
methods to evaluate the adequacy of recommen-
dations derived from other methods that use site-
specific data because they contain less detailed,
site-specific information.

INDEX OF BIOTIC INTEGRITY (IBD)

Summary: The Index of Biotic Integrity (IBI) is a bio-
logically based multi-metric index used for assess-
ing and monitoring the biotic integrity of a site.
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Objective: The purpose of the IBI is to assess and
monitor the biotic integrity at a specific site relative
to expected conditions for similar streams.

Type of Technique: Monitoring/Diagnostic

Description: The IBI integrates a set of metrics of
fish assemblages that fall into three categories:
species composition, trophic composition, and fish
abundance and condition. New categories of met-
rics continue to evolve as the method is further
tested and expanded to new regions. A benthic
invertebrate index of biotic integrity (B-IBI) has
also been developed and has had widespread
acceptance and use. Initially, 12 fish metrics rele-
vant to midwestern streams were produced.
Metrics can be modified, added, or deleted to
reflect regional fish communities and still maintain
the theoretical underpinnings of IBI. Each metric is
rated according to expected conditions at a stream
of similar size and geographic region with minimal
human impact. Each metric is scored a 5, 3, or 1
depending if the site approximates, deviates some-
what, or deviates strongly from expected condi-
tions. The sum of all of the metrics results in an IBI
total score. The integrity of the site (based on a 12
metric index) is defined as Excellent (58-60), Good
(48-52), Fair (40-44), Poor (28-34), Very Poor (12-
22), and No Fish.

The IBI requires an “expected condition” to evalu-
ate the integrity of a site. The expected conditions
are valid for streams of the same size in the same
geographic region. The method appears to be
appropriate for any size of stream and has also
been adapted for other environments such as lakes,
estuaries, wetlands, riparian areas, and reservoirs.

Appropriate Scale: Reach.

Riverine Component(s) Addressed: The IBI
addresses the Biological component. It uses biolog-
ical metrics to indicate both chemical and physical
degradation of a site caused by human impacts.

Assumptions: The basic assumption in using the
IBI is that the metrics that are measured (whatever
they are for a particular region) are sensitive to a
broad range of environmental degradation and
show a consistent quantitative change across a gra-
dient of human influences. Further, the fish IBI
assumes that the sample on which it is based
reflects the taxa richness and relative abundance of
the stream fauna without bias toward size or taxa.
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Level of Effort: This is an incremental method that
requires intensive field effort (in terms of labor
and cost) in the data collection stage, particularly if
it is being applied in a new region where site-spe-
cific metrics must be defined and tested. Existing
data can be used if there is confidence that species
composition and relative abundance across all
trophic levels (i.e., not just sportfish) can be pro-
duced.

Historical Development: The IBI was developed
in response to federal U.S. legislation that calls for
the protection of the biological integrity of the
nation’s water. A water quality monitoring
approach was initially used, but cleaner water was
not stopping the decline of biotic integrity of water
resources. Fish were chosen as biological monitors
because they are (1) present even in the smallest
streams, (2) are relatively easy to sample and iden-
tify in the field, (3) occupy several trophic levels in
the food web, and (4) can be responsive to a wide
range of man-induced environmental distur-
bances. The metrics initially outlined in the IBI and
the criteria for ranking each metric were developed
for midwestern U.S. streams. As the application of
the IBI widened, it was found that many of the
metrics would need to be modified regionally.
Examples of its application can be found in Fausch
et al. (1984) and Karr (1981,1991).

Application: The IBI has been applied throughout
the world. Initial testing was conducted in the
northern midwestern United States, where the
method was developed. Karr and Chu (1997),
among others, discussed fish and invertebrate IBls
and how they have been developed, tested and
applied. Although true experimental manipula-
tion of conditions has not been conducted, IBI
scores have predicted degradation where known
sources of pollution or poor habitat conditions are
found. Metrics chosen for use in IBls have also
been tested to show if a predicted response is
found over a gradient of human influence using
statistical and graphical analysis.

Strengths: The technique is widely used and gen-
erally accepted. The IBI quantifies the biological
effect of degraded water quality conditions and is
more sensitive and thorough than classic methods
of monitoring water quality.

Limitations and Constraints: Considerable expert-

ise and sampling is required to develop the “expec-
tation criteria” of species richness and composition
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against which all other sites of similar size and
geographic region will be compared. In areas
where the IBI has not been applied, local expertise
and preferably existing data are needed to rank
and interpret the data and modify the metrics. A
classification system may be required to determine
if the site being studied is in a different category
than other IBI sites in the area. In regions with low
species richness, the IBI has been difficult to apply
and often requires major modifications. Recent
work has found that fish and benthic IBls do not
always result in the same ranking at a site. It has
yet to be determined if these differences are a result
of sensitivity, sampling effectiveness, water body
size, or some other factor.

Calibration and Validation: There are no “cookie
cutter” steps to follow to modify (i.e., calibrate) the
IBI metrics so that they are representative of local
fauna while maintaining the sensitivity of the
index to environmental perturbations. Local
expert knowledge, and preferably local data, are
required to adjust the IBI for a new region and to
evaluate what metrics are sensitive to environmen-
tal degradation. A set of categories to be measured
is generally accepted, but which metrics within
each category and how to represent those metrics
are issues that need to be addressed at a regional
scale. If the proper metrics are not chosen, the IBI
will not be an accurate or useful tool.

One method of validation is to conduct an IBI study
upstream and downstream of a known source of
pollution, or above and below an irrigation diver-
sion, and compare the results. The IBI scores should
reflect the expected differences in the biotic integrity
of the sites. Statistical validation of IBI results has
also been done for some data sets. Validation of the
metrics chosen can also be conducted. One com-
monly used metric is a measure of intolerant species.
The generally accepted rule for this metric based on
the experience of IBls developers is that intolerant
species should not be present in sites with a rating of
“fair” or worse. Similar criteria are available for
other metrics, but may be specific to a region.

Critical Opinion: The IBI is not a tool that can be
used to develop an instream flow recommendation.
It is an assessment and monitoring tool that can be
used to give an initial assessment of a site and then
track any changes in the biotic integrity of the site
after an instream recommendation is made. The
method is heavily reliant on expert judgment for
many of the steps in the process, which can be a lim-
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itation in developing, testing, and applying the
method in a new region. The IBI can be expensive to
implement depending on the site being studied. It
would be most cost effective for a long-term moni-
toring program that is proposed to evaluate the
effects of an instream recommendation.

TARGET FISH COMMUNITY ASSESSMENT

Summary: The Target Fish Community (TFC)
method was developed—using regional distribu-
tion and local relative abundance data—to
describe a community of fish that is appropriate
for a natural river when streamflow and biological
integrity are maintained. The TFC method is used
as a benchmark for comparison to an existing com-
munity and identification of departures from the
TEC.

Objective: The purpose of the Target Fish
Community method is to describe a model fish
community that serves as a target for river restora-
tion, rehabilitation, or enhancement and as an end-
point for evaluating program progress.

Type of Technique: Monitoring/Diagnostic

Description: The TFC method (Bain and Meixler
2000) was developed for use on a defined reach of
the Quinebaug River in Massachusetts and
Connecticut. This method can be followed, with
some modification, on any defined reach of a mod-
erate or large river system.

The first step in using this method is to develop a
list of fish species known to have historically inhab-
ited the subject river basin. The list is then used as a
starting point for selecting species to include in the
community analysis. In the Quinebaug study, some
species were deleted due to their marine or estuar-
ine distribution or because they were not listed in
detailed historical records as locally present. Others
were added because of their recorded recent occur-
rence. Selected species are then classified into three
macrohabitat classes: generalists (MG), fluvial
dependents (FD), and fluvial specialists (FS) based
on habitat requirements. Pollution tolerances, tem-
perature preferences, and trophic status are also sum-
marized for each species when data are available.

To define a target community, fish collections are
assembled from several rivers that have been iden-
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tified by management agencies as being in a desir-
able fishery. These data are compiled and summa-
rized to identify about 10 species in rank order of
abundance using average rank abundances across
the quality-rivers. Fish abundance data from these
rivers are mathematically converted to the expect-
ed proportions of each species in the Target Fish
Community.

Once the TEC is developed for a study reach of
river (which can be considered the “expected”
community), species proportions are compared to
those from recent fish surveys on the study reach
(which can be considered the “observed” commu-
nity). The comparisons of target and current fish
communities were made using a percent model
affinity procedure (Novak and Bode 1992).

Appropriate Scale: Reach
Riverine Component(s) Addressed: Biology

Assumptions: One of the assumptions accompa-
nying the application of this method is that a set of
management-specified quality rivers has similar
fish communities that would be characteristic of a
similar class of rivers in a region. Further, quality
rivers are assumed to have fish fauna indicative of
a desired condition. Sampling used to document
the existing fish community in the study reach and
in quality rivers should be comparable and reflect
the true fish species composition.

Level of Effort: Field data on fish abundance must
be obtained. However, this method is designed to
use the data that state agencies currently gather
rather than developing independent or more com-
plex sampling schemes. Effort should be focused
on sampling free-flowing habitat types in propor-
tion to their availability in the study reach. The
level of effort required to assemble the information
about quality rivers is fairly substantial and should
involve discussions with regional fisheries experts.

Historical Development: The method was first
developed to set a measurable target for river reha-
bilitation. The work was part of a flow study on the
Quinebaug River in Massachusetts and Connecticut
under the direction of the U.S. Environmental
Protection Agency (EPA). In addition to the EPA,
participants included New England Interstate Water
Pollution Control Commission, Massachusetts
Department of Environmental Protection,
Connecticut Department of Environmental
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Protection, Massachusetts Division of Fisheries
and Wildlife, U.S. Fish and Wildlife Service, U.S.
Army Corps of Engineers, U.S. Geological Survey,
and Millenium Power Partners. Many of these
participants continue to meet periodically to dis-
cuss standardization of methods for applying this
approach to other watersheds and study reaches.
The method has been modified for use in the
Ipswich River watershed of Massachusetts, and
the state plans to conduct a TFC analysis on all its
mainstem rivers.

Application: The TFC method can be used to eval-
uate instream flows, once they have been estab-
lished or manipulated, for their resource enhance-
ment or protection value. It can also be used to
assess other impacts to river systems. Several field
sampling standardization criteria have been devel-
oped, but most of those criteria are already in place
in most agency survey and inventory protocols.
Effort should be focused on sampling free-flowing
habitat types in proportion to their availability in
the study reach. The TFC is not a tool for develop-
ing incremental instream flow recommendations.

Strengths: This is a practical approach that is
based on some easily understood assumptions. It
is presentable to a wide range of audiences. The
data requirements are easily attainable by resource
agencies using standard survey and inventory pro-
cedures. The Target Fish Community method pro-
vides decision makers and stakeholders with a rea-
sonable expectation (not a precolonial ideal) of
what the fish community should look like and a
measurable goal for restoring the fish fauna in the
study reach. The use of quality rivers as a surro-
gate for a more traditional “reference” river is a
realistic method for New England waters because
true reference conditions rarely, if ever, exist in
moderate to large rivers. The method focuses on
the most common fish species, which allows the
community to be characterized without the need to
assure representative sampling of rare species.

Limitations and Constraints: This method can be
applied to moderate or large rivers but should not
be used in very large rivers or small streams. The
sensitivity of the method to detect modest changes
in the flow regime has not yet been determined.
For rivers with migratory fish species, the timing
of fish sampling efforts is a significant issue. The
TFC developed for quality rivers appears to be
regionally transferable as long as the most com-
mon fish in the community are the same.
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Calibration and Validation: This is a regional
approach that should be repeated and validated
for each different region in which it is used. The
method is relatively new and has yet to be widely
tested.

Critical Opinion: This method employs a readily
understandable common-sense approach to fish
community assessment and resource monitoring
and provides a measurable goal for restoration or
rehabilitation. Fish communities, sampled through
standardized methodologies, in free-flowing reach-
es of moderate-sized rivers should consist primari-
ly of fish species adapted to live in lotic conditions
(fluvial dependents and specialists). Rather than
relying on a single-species approach for resource
protection, which tends to accentuate the value of
relatively few commercially important species, the
TFC method highlights fish community character-
istics that are relatively easy to interpret. The
method does not provide incremental flow recom-
mendations but does establish a biologically based
goal for rehabilitation or restoration and the mech-
anism by which incremental flow changes can be
assessed. By combining this method with other
incremental  methods (e.g., MesoHABitat
SIMulator, Physical Habitat Simulation), predic-
tions can be made about how to improve habitat
quantity and quality to attain the TFC.

PHYSICAL HABITAT SIMULATION
(PHABSIM)

Summary: The Physical Habitat Simulation
(PHABSIM) system is a computer program that is
used for quantifying the suitable versus unsuitable
hydraulic habitat attributes of selected species and
life stages as a function of discharge.
Measurements are at the microhabitat level within
representative stream reaches or specified meso-
habitat types.

Objective: The purpose of PHABSIM is to develop
the relation between hydraulic habitat features and
discharge for individual species and life stages of
fish or macroinvertebrates in specific river reaches.
This relation provides input to the total habitat and
time series analyses component of the IFIM.

Type of Technique: Incremental

Description: The PHABSIM is a model that is
designed to calculate an index to the amount of
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microhabitat available for selected species life
stages at different discharges. It has two major
analytical components: stream hydraulics and life
stage-specific habitat suitability requirements.
Output is the functional relation between habitat
hydraulics and discharge for a stream reach. This
is typically presented as a graph of weighted
usable area (microhabitat) versus discharge. The
PHABSIM was specifically developed as a compo-
nent module within the comprehensive Instream
Flow Incremental Methodology (IFIM). As such, it
addresses only the spatial distribution of the
hydraulic attributes of the stream habitat. The
computer models are designed to provide input to
habitat time series programs (Milhous et al. 1989).
Only when combined with the hydrologic time
series of the streamflow to develop a time series of
total habitat are the temporal aspects of the habi-
tat addressed.

Appropriate Scale: Results are based on microhab-
itat and are applied within mesohabitats to
describe river reaches.

Riverine Component(s) Addressed: The biologi-
cal component is addressed through hydraulic
habitat. It is presumed that there is an explicit rela-
tion between hydraulic habitat and the spatial dis-
tribution of aquatic organisms.

Assumptions: Users of PHABSIM assume that
physical-hydraulic habitat variables are important
determinants of individual aquatic organisms spa-
tial distributions. Consequently, species are
assumed (supported by considerable research) to
exhibit preference-avoidance behavior for depth,
velocity, and the reach characteristics of cover and
substrate. Users thus assume that areas of suitable
and unsuitable habitat within the wetted stream
channel may change significantly with discharge.
Users also assume that the channel geometry does
not significantly change from that described in the
model for the time period analyzed. Therefore,
repeated measurements of the channel geometry
are necessary in changing channels.

Level of Effort: This is an incremental method that
requires intensive fieldwork (i.e., multiple site-spe-
cific measurements within river reaches and meso-
habitats) and calibration/verification of both
hydraulic and suitability submodels.

Historical Development: The PHABSIM model
evolved from early work on the depth and veloci-
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ty preferences of salmon in known spawning habi-
tats as described and used to prescribe instream
flow standards in the State of Washington
(Collings 1974) and by Waters (1976) for the life
stages of trout in California. These concepts were
linked with one-dimensional hydraulic models
originally used to simulate water surface eleva-
tions in rivers to simulate flood flows.
Considerable modification and testing of these
hydraulic programs along with regression models
produced the library of model options found in
PHABSIM where the focus is on the spatial distri-
bution of velocities rather than simply water sur-
face elevations. Habitat suitability criteria com-
prise the biological input to the PHABSIM model.
Considerable work was undertaken to describe
and test techniques for developing habitat suitabil-
ity criteria (Bovee 1986; Thomas and Bovee 1993).
Several look-alike versions of PHABSIM have been
developed and are in use throughout the world
(Dunbar et al. 1998). Recent developments are
incorporating n-dimensional hydraulic models
with the habitat suitability models of PHABSIM
(see separate discussion of two-dimensional
hydraulic models and MesoHABbitat SIMulator
(MesoHABSIM).

Application: Field measurements of depth, veloci-
ty, substrate material, and cover at specific sam-
pling points along transects placed across the
stream channel are taken at different flows. The
sampling points are termed verticals and describe
conditions for some distance around them (cells),
judged to be relatively homogenous. Water sur-
face elevations are also collected and are used to
calibrate the hydraulic models. Hydraulic models
are used to calculate water surface elevations for
specified flows (from which the depths are com-
puted) and to simulate velocities at the same flows.
Each step uses theoretical equations or empirical
regression techniques, depending on the circum-
stances. Most applications involve a mix of sub-
models to characterize hydraulic conditions at sim-
ulated flows. The habitat component weights each
stream cell using indices that assign a relative
value between 0 and 1 for each habitat attribute,
indicating how suitable that attribute is for the life
stage under consideration. These attribute indices
are usually termed habitat suitability criteria. They
are developed using direct observations of the
attributes used most often by a particular life stage
of a species, by expert opinion about what the life
requisites are, or by a combination (Bovee 1986).
Much debate and effort has been expended over
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the last decade as to the “most appropriate” sam-
pling and analytical procedures for developing the
habitat suitability criteria.

Practitioners must remember that the habitat suit-
ability criteria are “input” to the habitat model and
are not the output. The simulated suitable versus
unsuitable output in terms of stream area is the
important output of PHABSIM. This is the critical
product from PHABSIM that forms the shape of
the habitat versus flow function of the modeled
reach. Therefore, validation of the biological sub-
model in PHABSIM is done by observation of fish
distribution in the field compared with predicted
suitable versus unsuitable areas of the modeled
stream as indicated by the intermediate output of
PHABSIM.

A common practice has evolved among some prac-
titioners for prescribing an instream flow standard
by recommending the maximum habitat value
from the weighted usable area or discharge graph
for a single life stage of a single species or by some
aggregation technique of the maximum values
from among several species and life stage plots.
Although this approach might be considered by
some practitioners to be appropriate in certain sit-
uations, the primary value of PHABSIM is its abil-
ity to identify trade-offs between streamflow and
hydraulic habitat as a decision-making tool.

Strengths: The PHABSIM is a rigorous library of
models much tested and capable of demonstrating
whether or not the changing hydraulic features of
a flow regime are likely to have significant effects
on fish distribution. The most valuable use of
PHABSIM is to identify and quantify those areas
within the wetted stream environment that are
unsuitable for specific life stages of evaluated
aquatic species under various discharges. When
coupled with hydrologic time series, the timing,
amount, and duration of unsuitable areas can help
identify potential habitat bottlenecks induced by
natural or managed flow events (e.g., see Bovee et
al. 1994) or the relative strengths of one prescribed
flow regime versus another.

Limitations and Constraints: The PHABSIM pro-
vides a habitat/flow function that is limited to the
hydraulic attributes of depth and velocity within
fixed channel indexes. Further, it evaluates only
the spatial aspects of the hydraulic attributes with-
in stream reaches and requires a well designed
stratified sampling procedure for extrapolation to
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