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Over the past several decades, quantitative methods of assessing impacts and
mitigation requirements for wildlife habitats and wetlands have been evolving. These
methods have been aimed at reducing bias and subjective opinion in such assessments
by ascribing numerical values to various habitat parameters or ecosystem functions
based on peer reviewed expert consensus. Additionally, computational formulae and
importance weighting of various habitat parameters and ecosystem functions have also
been developed based on peer reviewed expert consensus. For a more complete
review of early wetland and ecosystem assessment models see Lonard, et al, (1981),
USEPA (1984), and World Wildlife Fund (1992).

While numerous models have been developed by various entities for use either
nationwide or regionally, the remainder of this presentation will focus on two commonly
utilized models, the Habitat Evaluation Procedures (HEP) and the Hydrogeomorphic
Model (HGM). It should be noted that the U.S. Army Corps of Engineers (USACE) is
increasingly requiring and relying on the HGM approach to mitigation assessment,
particularly for iarge or controversial projects. Additionally, the USACE does not usually
require HEP, but other resource agencies in the permit review process, such as U.S.
Fish and Wildlife Service and state natural resource agencies may request HEP if
important non-wetland habitats are also potentially to be affected by a project. The
USACE's and EPA’s recent compensatory mitigation guidance in the Section 404 permit
program (73 FR 70:19593-19705, April 2008) generally requires some form of functional
assessment for the determination of mitigation requirements, but a quantitative method
is not mandatory. Another assessment model called Wetland Evaluation Technique
(WET) was developed in the late 1980s as a rapid assessment tool for wetland
mitigation and has been utilized extensively in the past, but is increasingly being
replaced by the HGM since WET is generally qualitative and HGM is more quantitative.

HABITAT EVALUATION PROCEDURES (HEP)

HEP was one of the early ecosystem assessment models developed in the early 1980s
by the U.S. Fish and Wildlife Service (USFWS, 1981a; 1881b). This model was
developed to assess impacts and evaluate mitigation for wildlife habitats, including
wetlands and aquatic habitats. The HEP was designed to be implemented by a team of
biological specialists from various resource and regulatory agencies, and project
. proponents to provide an array of biological expertise and perspective. The project
team operates on consensus and makes all modeling decisions, future predictions, and
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collects necessary data to input to the model. Some data may rely on professional
opinion or judgment; thus, consensus among team members is important to minimize
bias. If consensus cannot be reached, averaging of feam data can also help to
eliminate bias and variations in opinions.

The HEP model is based on a method of comparison of a project area's habitat
characteristics with predetermined ideal habitat characteristics for “representative
wildlife species” for each distinct habitat type. The ideal habitat characteristics have
been determined by peer reviewed expert consensus and have resulted in the
development of Habitat Suitability Index (HSI) models for a large number of
representative species referred to as “target species” from various ecosystem guilds. A
sample HSI model for the great egret is provided in Attachment A. '

At the beginning of a HEP analysis, all major habitat types on the project site are
mapped and quantified. If an off-site mitigation area is proposed as part of the project,
the same procedure will also take place on the mitigation site. Then, several
. appropriate target species are selected by the team to represent each distinct habitat
type in the project area. The HSI models for each of the target species identify the
habitat parameters (variables) that need to be measured within the identified habitat
areas on the site. The team selects one or more representative sampling locations
within each habitat type. For large habitat areas, several well-distributed sampling sites
are appropriate to ensure that habitat variability is adequately sampled. The existing or
pre-project conditions (baseline) are then measured by a number of quantitative and
qualitative methods by the team. For measured variables, this can usually be once at
each sampling site. For estimated variables, differences in estimation can frequently
occur from person {o person. Therefore, to eliminate unintentional variability or bias, the
team can either agree to a consensus estimate on the spot, or each team member can
make an individual estimate and the multiple estimates can be averaged. The field
measurements for each variable are then composited from the sampling sites within
each habitat type (see Table 1).

. The composited field measurements for the variables are then compared to the ideal
habitat conditions for each target species provided in the published HSI models to arrive
at a Suitability Index (Sl) for each variable (see Attachment A). The variable Sls are
‘then input to HSI formulas provided in the model to result in a numerical habitat value
(HSI) between 0 (worst) and 1 (ideal) for each target species in each habitat type (see
Table 2). The HSI values for the various target species in each habitat type can be
averaged together to result in a representative HSI score for each habitat type (Table
3). The HS{ score is then muitiplied by the acreage of the habitat type within the project
area to result in Habitat Units (HUs). This completes the baseline assessment.

The next step is for the team to predict how the project will affect the various habitats,
both directly and indirectly. The project impacts and proposed mitigation gains are
assessed together under the “With Project” scenario. Occasionally, all impacts or
mitigation gains can occur instantaneously. However, most project impacts and
mitigation gains are usually temporal in nature, and an evaluation period for the project
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TABLE 2: Great Egret SI-HSI Calculation (Estuarine and Palustrine)

SUITABILITY SUITABMLITY

Variable AVERAGE AVERAGE iNDEX INDEX
Palustrine  Estuarine Palustrine Estuarine
V1 | % of the area with water 10-23 cm
(4-9 inches) deep 30.25% 15.53% 0.32 0.18

V2 | % of substrate in the 10-23 cm water depth

covered by submerged or emergent veg 50.92% 30.33% 1 0.8
V3 | % of an island covered by woody vegetation

> Imeter in height 5% 5% 0.01 0.01
V4 | Distance to house or road from nest or

roost site {m) 403m 403m 0 0
V5 | Distance to human disturbance other than

house or road from nest or roost site (m) 403m 403m 1 1

Food (F) HSI = SIV{=8IV2/2 0.66 048

Cover (C-lsland) = SIV3 0.01 0.01

Disturbance (D) = (SIV4xSiv5)*? 0 0

HS! Nesting (Island) = lowerof C or D 0 0

While nesting habitat is not present on the site,

it is assumed to be present within 36 km (22.4 miles} {(mainland),

therefore, the HS! for the site is the feeding HSI 0.66 0.48
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TABLE 3: BASELINE HSI/HU VALUE SUMMARY

Species Habitat Acreage HSI HABITAT
UNITS
(HU)
Estuarine
White/Brown Shrimp SMISOWITF 150.28 0.72 108.20
Great Egret SMISOWITF 150.28 0.48 7213
Motiled Duck SM/SOWITF 150.28 0.12 18.03
AVERAGE HSI 0.44
Palustrine
Bull Frog FM/FOW 182.07 0.63 114.70
Great Egret FM/FOW 182.07 0.66 12017
- Mottled Duck FM/FOW 182.07 0.15 27.31
AVERAGE HSI 0.48
Upland
Cottontail UPL 754.43 0.6 452.66
Meadow Lark UPL 754.43 06 - 452.66
Black-shouldered Kite UPL 754.43 0.7 528.10
AVERAGE HSI 0.63 '
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is chosen based on project and ecosystem characteristics. Evaluation intervals during
the evaluation period area also selected. These are referred to as “target years.”
Target year 0 represents the baseline or pre-project conditions. Predictions of how
impacts will occur in each of the future target years are made by the team and are
quantified by habitat type and acreage. This will also include gains in habitat quality in
the proposed mitigation area. The impacts or gains are predicted as to acreage and the
change to the HSI values (+) from the baseline condition for each habitat type and the
HUs are calculated for each target year (Table 4).

The HUs that are lost due to impacts or gained in the mitigation are annualized over the
evaluation period using a formula to result in annualized values referred to as Average
Annual Habitat Units (AAHUs) (Table 5). This becomes the numerical assessment of
the composite impacts and mitigation values for the project rather than just acres.

The same analysis is then applied to the "Without Project” scenario. In this case,
predictions of future conditions for the project area are made assuming the proposed
project does not occur. This may result in less or no impacts compared to the proposed
project, but depending on predicted future conditions and other non-project related
actions that might foreseeably occur, impacts could result despite the proposed project
(see Tables 6 and 7).

The resuits of the “With Project” and “Without Project” scenarios are then compared.
The proposed project mitigation is deemed adequate if the resultant "With Project’
‘AAHUs are equal to or exceed the *Without Project” AAHUs (see Table 8).

The HEP model can evaluate impacts and mitigation for upland, wetland, and aquatic
habitats for which HSI models have been developed with representative target species.
However, the HEP is generally limited in its scope o assessing only wildlife habitat
values and does not specifically assess other ecosystem functions, particularly for
wetlands, such as flood storage, water quality treatment, nutrient cycling, erosion
abatement, and others.
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TABLE 4: Impact Assessment - With Project
With Project Target Year 0
HABITAT AREA HS! Habitat Units
Developed 0 0 0.00
Estuarine 150.28 0.44 66.12
Palustrine 182.07 0.48 87.39
Upland 754.43 0.63 475.29
: 1086.78
With Project Target Year 1
HABITAT - AREA HSI Habitat Units
Developed 36.19 0 0.00
Estuarine 150.28 0.44 66.12
Palustrine 182.07 0.48 87.39
Upland 718.24 0.63 452.49
1086.78
With Project Target Year 5
HABITAT AREA HSl Habitat Units
" Developed {residential) 84.16 0 0.00
Developed (golf manicured) 43.7 0.13 5.68
Developed (golf rough) 82.8 0.28 23.18
Estuarine (remainder) 150.28 0.48 72.13
Palustrine (remainder) 139.54 0.53 73.96
Upland (remainder) 586.3 0.69 404.55
1086.78 '
With Project Target Year 10
HABITAT AREA HSI Habitat Units
Developed (residential) 283.61 0 0.00
Developed (golf manicured) 43.7 0.13 5.68
Developed {golf rough) 82.8 0.28 23.18
Estuarine (remainder) 150.28 0.5 75.14
Palustrine (remainder) 129.H1 0.56 7275
Upland {remainder) 396.48 0.72 28547
1086.78
With Project Target Year 20
HABITAT AREA HSI Habitat Units
Developed (residential) 445,51 0 0.00
Developed (golf manicured) 43.7 0.13 568
Developed (golf rough) 82.8 0.28 23.18
Estuarine {(remainder} 147.78 047 69.46
Palustrine (remainder) 123.26 0.53 65.33
Upland (remainder) 243.73 (.68 165.74
1086.78
With Project Target Year 30
HABITAT AREA HSI Habitat Units
Developed (residential) 484 51 0 0.00
Developed (golf manicured) 437 0.13 568
Developed (goff rough) 82.8 0.28 23.18
Estuarine (remainder) 147.78 047 69.46
Palustrine {remainder) 123.26 0.53 65.33
Upland (remainder) 204.73 0.68 139.22
1086.78
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TABLE 8: Impact Assessment - Without Project (Total avoidance of wetlands)

With Project Target Year 0
HABITAT AREA HSI Habitat Units
Deveioped 0 0 0.00
Estuarine 150.28 0.44 66.12
Palustrine 182.07 0.48 87.39
Upland 754 43 0.63 475.29
With Project Target Year 1
HABITAT AREA HS! Habitat Units
Developed 226.33 0 0.00
Estuarine 15028 0.44 66.12
Palustrine 182.07 0.48 87.39
Upland 528.1 0.63 332.70
With Project Target Year 5
HABITAT AREA HSI Habitat Units
Developed 492.98 0 0.00
Estuarine 150.28 044 66.12
Palustrine 179.47 0.34 61.02
Upland 264.05 - 0.63 166.35
With Project Target Year 10 '
HABITAT AREA HSI Habitat Units
Developed 739.53 o 0.00
Estuarine 147.78 0.4 59,11
Palustrine 169.29 024 40.63
Uptand 30.18 0.13 3.92
With Project Target Year 20
HABITAT AREA HSE Habitat Units
Developed 739.53 0 0.00
Estuaring - 147.78 0.4 59.11
Palustrine 169.29 0.24 40.63
Upland 30.18 0.13 3.92
With Project Target Year 30
HABITAT AREA HSI Habitat Units
Developed 739.53 0 6.00
Estuarine 147.78 04 59.11
Palustrine 169.29 G.24 40.63
Upland 30.18 0.13 3.92
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TABLE 8: (FORM D) DETERMINATION OF NET CHANGE OF AVERAGE ANNUAL HABITAT UNITS
Study: Proposed Project |
Study Area: 1086.78 acres
Proposed Action: WITH AND WITHOUT PROJECT

HABITAT TYPE FUTURE FUTURE CHANGE IN

WITH ACTION WITHOUT ACTION AAHUs
Average Annual Habitat Units
ESTUARINE 108.11 92.87 ' 15.24
PALUSTRINE 115.75 1 73.04 o427
UPLAND 410.97 97.98 312.98
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HYDROGEOMORPHIC MODEL (HGM)

The Hydrogeomorphic Model (HGM) approach was developed by the U.S. Army Corps
of Engineers Waterways Experiment Station in the 1990s as a specific tool for
evaluating impacts and mitigation for wetlands in the Section 404 permitting process
(Smith, et al, 1995). HGM is a somewhat similar modeling procedure to HEP, but
Functions provided by

focuses on a wide array of functions provided by wetlands.

wetlands include the following:

Short-Tenm Storage of Swurface Water: the temporary
storage of surface water for short perinds.

Onsile:

Offsite:

Replenish soll moisture, imporfexport materials,
conduit for organisms.

Reduce downsiream peak discharge and voluine
and help maintain and improve waler quality.

Long-Tetm Storage of Strface Water: the temporary
storage of suiface water for long periods.

Onsite:

Qtfsite:

Provide habitat and maintain physical and biogan-
chemical processes.

Reduce dissolved and parficulate loading and halp
maintain and improve suiface water gquality.

Slorage of Subsurface Water: the storage of
subsurface water. :

Cnrisite:
Offsite:

Maintain biogeochemical processes.
Recharge suficial aquifers and maintain basefiow
and seasonal flow in streams.

Moderation of Groundwater Flow or Discharge: the
moderation of groundwater fiow or groundwater

| _discharge.

- Onsite:

Offsite:

Maintain habitat.
Malntain groundwater storage, baseflow, seasonal
flows, and surface waler emperatures,

Dissipation of Energy: the reduction of anergy in
moving water at the landhvater interface.

Cycling of Nufriznts: the conversion of elements from
one form fo ancther through abiotic and
bigtic processes.

Onsite:
Offsita:

. Contribute o nutrent capital of ecosystem
Reduced downstraam parficulate loading helps fo
maintain or improve surface water quality

Contributes {o nutrient capital of ecosystem.
Reduced downstream parliculate loading helps to
maintain or improve surface water guality.

Removal of Elements and Compounds: the

removal of nutrients, confaminants, or other elements
and compounds on a short-temm or long-term basis
through burial, Incorpoeration into

biomass, or biochemical reactions.

Onshte:

Oifsite:

Contributes to nutrients capital of ecosystern.
Contaminants are removed, of rendered innocuots,
Reduced downstream loading helps to maintaln or
Improve surface water quality.

- Retention of Parliculates: the retention of organic and
inorganic particulates on a shorblerm or long-term
basis through physical processes.

Onsite:
Offsite;

Contribistes to nulrient capital of scosystem.
Reduced downstream particulate joading helps i
malrtain or improve sinface watar quality.

Export of Organic Carbon: the export of dissolved or
particulate erganic carbon.

Maintenance of Plant and Anirnal Compunities: the
maintenance of ptant and animat communily that is
characteristic with respect to species composition,
abundance, and age structure.

Cnsite:

Offsite:

Onsite:

Enhances decompostiion and mobilizalion of
metais. :

Supports aguatic food webs and downstream
biogeochemical processes.

Maintain habitat for plants and aninmats (e.g.,
endangered species and critical habitats), for rest
and agriculture products, and aesthetic,
recreational, and educational opporiunities.

Offsite: Maintain corridors befween habitat islands and
landscapairadional blodiversity.
From; Smith et al., 1995
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Specific HGM models are created for various types of wetlands on a regionalized basis.
The models are developed by interdisciplinary teams from various natural resource or
regulatory agencies for each wetland type within a region. For each wetland type, the
team determines which functions are important and what weight is given to each
function for that wetland type. The team develops the model variables, equations and
field measurement parameters specific to the wetland. One or more “reference
wetlands” which are determined to be ideal for the wetland type in the region are
identified and assessed to provide the benchmark for assessment of other wetlands of
that type within the region. Once the draft model is developed, it is peer reviewed by
additional experts in various fields to provide an expert consensus for finalization of the
model.

In Texas, the only HGM model that has been finalized is for Tidal Fringe Wetlands in the
Northwest Guif of Mexico (Shafer, et al., 2002). Other models have been developed for
other wetland types on an interim basis, but have not been fully peer reviewed and
finalized. However, the interim models are currently being utilized, but usually in an
abbreviated format. Several interim models are currently available in Texas including:
Riverine Forested Wetlands; Riverine Shrub/Herbaceous Wetlands; and Gulf Coast
Depressional Wetlands West of Houston. Additional models have been developed (and
many finalized) for wetlands in adjacent regions. These models may be utilized for
similar wetlands in Texas if the USACE concurs that local wetlands are of a similar
nature.

An example of a typical HGM analysis is provided below. This example uses the
Interim Riverine Forested HGM and Interim Riverine Shrub/Herbaceous HGM. This
example is for a proposed reservoir in east Texas that will inundate riverine wetlands
along a perennial stream. The Interim Riverine Forested HGM is provided in Attachment
B for reference. The Interim Riverine Shrub/Herbaceous HGM is similar, but uses
madified variables and calculations.

The interim models abbreviate wetland functions into three main categories:

» Temporary Storage and Detention of Storage Water
» Maintain Plant and Animal Community
» Removal and Sequestration of Elements and Compounds

These functions are evaluated for a given wetland within a project area referred to as a
Wetland Assessment Area (WAA) using a set of physical, chemical, and biological
variables. The variables used in the interim models include:

Vaur— The % of the WAA that is flooded or ponded due to the hydrology of the
adjacent waterway (i.e. overbank flooding).

Vieq— The frequency that the WAA is flooded or ponded by the nearby
waterway.

Viepo — The roughness or topography of the WAA.
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Vewa — The number of pieces of coarse woody debris > 3" dia. along a 100’
transect.

Vweod — Percentage of the WAA that is covered by woody vegetation.
Viee — Percentage of the frees in the WAA that are mast producers.
Vich — The diversity of the tree species in the WAA.

Viasal — The average/mean basal area of the trees in the WAA per acre.
Vaensity — The average density of frees > 3" dia. in the WAA.

Vmia — The average/mean coverage of the midstory (shrub/sapling) fayer in the
WAA
Vhens — The average/mean coverage of the WAA by the herbaceous layer.

Venitus — The amount of detritus on the WAA (determined by presence of A or O
soil horizon)

Viedox — The amount of the WAA that exhibits redox features as an indication of
chemical exchange.

Vet — The absorptive properties of the soils as determined by soil type.
Veomnect — The number of habitat types within 600" of the perimeter of the WAA.

Specific data for each variable are gathered from existing published information and
field investigations. The specific data for each of the variables are compared to pre-
determined maximum values for an ideal reference wetland to arrive at a sub-index for
each variable that is between 0 and 1 where 0 is the lowest and 1.0 is optimal. The sub-
indices are then analyzed by specific formulas for each function to arrive at Functional
Capacity Indices (FCls). The FCls are then multiplied by the area of the WAA to arrive
at the Functional Capacity Units (FCUs) for each function in each WAA. This analysis is
done for baseline conditions (pre-project) and one or more post-project intervals,
depending on the type of project and length of time that impacts are likely to occur. The
net FCU loss (or gain) is calculated as the difference between the post-project FCU and
the pre-project FCU for each function.

For the example reservoir study, impacts are analyzed over a 30-year period of time
with specific evaluation intervals including Pre-project, Year 1, Year 5, Year 10, Year
20, and Year 30. For surface water reservoirs, impacts do not occur all at once.
Additionally, studies have indicated that development of wetlands in the fringe area of a
reservoir ocecurs over several decades, thus the 30 year evaluation period.

Construction of a large dam usually takes several years and it may be 4 or 5 years
before any water is impounded in the reservoir. In the example analysis, it was
assumed that in Year 1 the foot print of the dam and certain other areas in the pool
would be land cleared with a significant reduction in the FCU values.

Once reservorir filling is initiated, it may take several more years to impound water to
normal operating level, depending on rainfall over that period. A reservoir will usually
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fluctuate dramatically for several years until it reaches a general equilibrium of
fluctuation around its normal operating level. Therefore, impoundment impacts are not
usually complete until at least year 5. For the example analysis, it was assumed that
beginning with Year 5, the pool area below the fringe (discussed below) would be
assumed to be completely impacted (all FCUs would be reduced to zero) for the life of
the project. (Note: The open water portions of reservoirs, while remaining regulated
waters of the US, are not generally considered to provide any wetland functions).

For reservoirs that are not maintained with a constant pool elevation, establishment of
wetlands at the upper fringe, can be difficult to predict. Depending on size of
watershed, runoff coefficients, evaporation, water use, downstream bypasses, spillway
~design, etc, the zone of fluctuation for each reservoir can be highly variable. From
observation of other reservoirs, it appears that existing wetlands at or near the fringes of
a new reservoir may remain relatively unchanged for the first few years of reservoir
impoundment, but they will eventually diminish due to excessive inundation. New
wetlands. will develop in their place over a number of years that are better adapted to
the increased inundation regime, beginning with herbaceous emergent and Submergent
wetlands, then transitioning into shrub and forested wetlands over time. Most young
reservoirs (5 to 10 years) have a fairly barren fringe while older reservoirs (15+ years)
typically have a fringe of herbaceous, shrub, and early successional stage forested
wetlands, depending on age of the reserveir. The vertical and horizontal dimension of
these fringe areas is highly variable depending on many physical and hydrological
variables. The typical vertical dimension is usually a few feet, dependent on the
frequency and duration of reservoir fluctuation. The horizontal dimension is a function of
the vertical dimension, shoreline slope, shoreline aspect and exposure to wave energy,
and water clarity.

In an effort to predict reasonable patterns of wetlands fringe development for the
example analysis, a study of two existing reservoirs of variable age in East Texas —
Richland Chambers Reservoir (approximately 20 years old) and Cedar Creek Reservoir
(40+ years old) was conducted to assess the fringe wetland development. In this study,
overall characteristics, spatial distribution, and vertical distribution of fringe wetland
vegetation were assessed. At the time of investigation, both reservoirs were at their
normal operating levels. Elevations of observed wetlands along the fringes relative to
the normal operating levels were determined with the aid of graduated rods.

The field data were then compared to historical reservoir level information for years
common to the two reservoirs’ existence, 1990 fo 1996. A very close relationship
between average reservoir fluctuation and the vertical distribution of wetland vegetation
in both reservoirs was determined. For Richland Chambers, that range was about 3.5
feet. For Cedar Creek, the range was about 2.5 feet. :

That relationship was then evaluated relative to reservoir operation analysis results
(predicted daily lake levels) for the proposed reservoir based on the same years (1990 - °
1996) of rainfall data and full operation of the reservoir. The range of fluctuation was 4.5
feet for the proposed reservoir. With additional analysis of frequency and duration of
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fluctuations, it was decided to use 4 feet as the predicted vertical distribution of a fringe
for the proposed reservoir. Based on the field observations at Richland Chambers and
Cedar Creek reservoirs, the majority of fringe wetlands were confined to protected
coves and backwater areas with very little fringe wetland observed along the open
shorelines of the reservoirs. :

The predicted fringe for the proposed reservoir was thus mapped as the protected cove
shorelines and backwater areas with relatively gentle slope and 4 feet of vertical
distribution. Within that fringe area, the acreage of existing wetland types (herbaceous,
shrub, and forested) and uplands was determined from project wetland and vegetation
mapping. Assumptions of wetland impacts and establishment were made for this fringe
area based on observations at Richland Chambers and Cedar Creek Reservoirs for the
study period intervals.

Data for the variables to input to the model for pre-project conditions were derived from
existing literature, maps, and field studies. The HGM analyses were run based on the
above described procedures and a set of future assumptions. The reservoir impacts and
reestablishment of fringe wetlands would likely occur over an extended period of time
(30 years) with variable results. Output of the analysis is provided in Attachment C as
an example. In this analysis, the proposed reservoir project would result in forested
wetland impacts of -3627.37 FCUs for Temporary Storage, -3747.60 FCUs for
Maintenance of Plant and Animal Communities, and -3141.58 FCU's for Removal and
Sequestration of Elements and Compounds (see last table of output in Attachment C).
The impacts to shrub wetlands would be -130.96 FCUs for Temporary Storage, -105.00
FCUs for Maintenance of Plant and Animal Communities, and -105.47 FCU's for
Removal and Sequestration of Elements and Compounds. For herbaceous wetlands,
the impacts would be -955.47 FCUs for Temporary Storage, -706.67 FCUs for
Maintenance of Plant and Animal Communities, and -717.27 FCU’s for Removal and
Sequestration of Elements and Compounds. Note, this example analysis has only
determined project impacts. The results of this analysis can be used to determine the
number of credits that may need to be purchased from a mitigation bank, or an
additional analysis is needed if a permittee-responsible mitigation plan is to be

- implemented. The mitigation must equal or exceed the impact levels in FCUs in order
to achieve no net loss of wetland functions. '

SUMMARY

As can be seen from these examples, quantitative functional analyses (HGM, HEP) can
be complicated and involve a significant amount of effort (planning, field, and
computation/analysis). These computational methods strive to reduce bias and
subjective opinion in the assessment of mitigation for weitand impacts.
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ATTACHMENT A

SNOWY EGRET HSI MODEL
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PREFACE

The habitat suitability index (HSI) model for the great egret presented in
this report is intended for use in the habitat evaluation procedures (HEP)
developed by the U.S. Fish and Wildlife Service (1980) for impact assessment
and habitat management. The model was developed from a review and synthesis of
existing information and is scaled to produce an index of habitat suitability
between 0 (unsuitable habitat) and 1.0 (optimally suitable habitat).
Assumptions used to develop the HSI model and guidelines for mode}
applications, including methods for measuring model variables, are described.

This model is a hypothesis of species-habitat relations, not a statement
of proven cause and effect. The model has not been field tested, but it has
been applied to three hypothetical data sets that are presented and discussed.
The U.S. Fish and Wildlife Service encourages model users to convey comments
and suggestions that may help increase the utility and effectiveness of this
habitat-based approach to fish and wildlife management. Please send any
comments or suggestions you may have on the great egret HSI model to the
following address.

Mational Coastal Ecosystems Team
1.5, Fish and Wildlife Service
1010 Gause Boulevard

Stidell, LA 70458
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_ This report should be cited as: .. = .. .. .o

' i itability index models:
, B.R., and R.J. Howard. 1984. Habitat suitabi
Chapm;:eat egret. U.S. Fish Wildl. Serv. FWs/0BS-82/10.78. 23 pp.
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GREAT EGRET {Casmerodius aibus)

INTRODUCT 10N

The great egret, also called common egret or American egret, s a Jarge
white heren in the order Ciconiiformes, family Ardeidae. Great egrets stand
94.0-104.1 cm {(37-41 1inches) tall and have a wing spread to 139.7 cm (55
inches) (Terres 1980). The species is associated with streams, ponds, lakes,
mud flats, swamps, and freshwater and salt marshes. The birds feed in shallow
water on fishes, amphibians, reptiles, crustaceans and insects (Terres 1980).

Distribution

The great egret is a common breeding species in all coastal areas south
from southern Oregon on the Pacific coast and from Maine on the Atlantic coast;
in riverine, palustrine and estuarine habitats along the coast of the Gulf of
Mexico; and in the Eastern-Central United States (Palmer 1962; Erwin and.
Korschgen 1979; American Ornithologists' Union 1983). The great egret
undergoes an extensive postbreeding dispersal that extends the range of the
species to most of the United States exclusive of the arid Southwest (Byrd
1578). Young birds hatched in Gulf coast colonies tend to move northward for
a short period (Byrd 1978; Ogden 1978). However, with the onset of colder
weather most great egrets and other herons migrate south and many winter along
the gulf coast in Texas, Louistana, and Florida (Lowery 1974; Gberholser and
Kincaid 1974; Byrd 1978). Analysis of banding data indicates that many birds
winter in Cuba, the Bahamas, the Greater and Lesser Antilles, Mexjco, and
Central America (Coffey 1948). Lowery (1974) suggested that during severe
winters, a higher proportion of the population winters farther south.

Life History Overview

Great egrets nest in mixed-species colonies that number from a few pairs
to thousands of individuals. A colony may include other species of herons,
spoonbills, ibises, cormorants, anhingas, and pelicans. Colony and nest-site
selections begin as early as December along the gulf coast, but most great
egrets do not initiate nesiing activities until mid- Fehruary or early March
(Bent 1926; Oberhelser and Kincaid 1974; Chaney et al. 1978; Morrison and
Shantey 1978). Eggs have been recorded from March through eaﬂy August, and
young have been observed in nests from mid-May through. late August (Oberhelser
and Kincaid 1974; Chaney et al. 1978). Clutch size varies from one to six eggs
per nest, but three to four eggs is most common {Bent 1926). Incubation period
in a Texas colony ranged from 23 to 27 days (Morrison and Shanley 1978). The

Tirst “flights of young have been hoted about 42 days after hatching (Tevres
1980).
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SPECIFIC HABITAT REQUIREMENTS

Food and Foraging Habitat

Fish constitute up to 83% of the great egret's diet (Hoffman 1978). Most
fish taken by great egrets are minnow-sized (less than 10 cm or 3.9 inches},
but fish up to 36 cm (14 inches) can be captured and swallowed (Willard 1977;
Schiorff 1978). Other major food items include insects, crustaceans, frogs,
and snakes, while small mammals, small birds, salamanders, turtles, snails, and
plant seeds are occasionally taken (Baynard 1912; Bent 1926; Hunsaker 1959;
Palmer 1962; Genelly 1964; Kushlan 1978b).

Little specific information exists on the food habits of various age
classes of great.egrets. An adult great egret weighing 917 g (32.3 oz) (Palmer
1962) may require approximately 110 g (3.9 oz) of food per day (estimated by
using the wading bird weight-daily food requirement model proposed by Kushlan
1978b). Daily food requirements are undoubtedly higher during the nesting
season when adults are feeding young (Kushlan 1978b). '

Great egrets usually forage in open, calm, shallow water areas near the
margins of wetlands. They show no preference for fresh-, brackish, or
saltwater habitat. Custer and Osborn (3978a,b} found that feeding habitat
selection in coastal areas of North Carolina varied daily with the tidal cycle.

- During low tide, great egrets fed in estuarine seagrass beds. During high
tide, freshwater ponds and the margins of Spartina marshes were used. Inland,
great egrets feed near the banks of rivers or lakes, in drainage ditches,
marshlands, rain pools (Bent 1926; Dusi et al. 1971; Kushian 1976b), and
occasionally 1in grassy aveas (Weise and Crawford 1974). Feeding sites are
generally not turbid and are fairly open with no vegetative canopy and few
emergent shoots (Thompson 1979b).

Great egrets forage singly, in single-species groups, and in mixed-species
associations (Kushlan 1978b). Great egrets generally fly alone to feeding
sites (Custer and Osborn 1978a,b) and may use the same feeding site repeatedly.
The density and abundance of fish at a given location in estuarine habitats may
vary with season, time of day, tidal stage, turbidity, and other factors. If
feeding success is low, great egrets may move to other areas (Cypert 1958;
Schlorff 1978) and join other conspecifics. in good feeding habitats (Custer and
Osborn 1978a,b). Most instances of group feeding have been observed during
specific environmental conditions, such as lowered water levels, that tend teo
concentrate prey (Kushlan 1976a,b; Schiorff 1978).

Meyerriecks (1960, 1962) and Kushlan (1976a, 1878a,b) provided detailed
information on hunting techniques employed by great egrets. The
"stand-and-wait" and “"slow-wade” methods are used most frequently. Because of
their long legs, great egrets can forage in somewhat deeper water than most

" other herons. In New Jersey, foraging depths ranged from 0 (standing on the
bank while fishing) to 28 cm (11 inches), but depths ranging from 10 cm to
23 cm {4 te 9 inches) were most commonly- used- (Will&ed 19773, 7 Ti “NovrEh™ —
Carolina, great egrets fed in water with a mean depth of 25.1 cm {9.8 inc{aes)
in Spartina habitat and of 17.4 cm (6.8 inches) in non-Spartina habitat
(Custer and Osborn 1978b). Mean water depth was 20 cm (7.9 inches) for

i
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foraging great egrets in California (Hom 1983). 1In addition to wading, great
egrets can feed by alighting on the surface of deep waters to catch prey, a
method rarely employed (Reese 1973; Rodgers 1974, 1975).

Although recent declines of great egret populations in the central coastal
region of Texas occurred simultaneously with declines in coastal marine and
estuarine fish populations (Chapman 1980), no causal relationship has been
proven. At present there are no known management practices that provide
suitable food alternatives for pisciverous species, such as the great egret,
during periods of fish population declire. Known fish nursery and feeding
areas need protection from destruction or habitat alteration to ensure adequate
prey populations for fish-eating birds.

Cover

Nesting. The great egret is a versatile nester, using trees, shrubs, and
ground sites in riparian forest, swamp, and island habitats. Most colony sites
in Texas are on natural or dredged-material islands, but several inland sites
are known (Chaney et at. 1978). Most colony sites in Louisiana are associated
with coastal fresh- or brackish water marshland {(Pertnoy 1978). In some cases,
great egrets successfully occupy artificial nesting structures (Wiese 1976).
Few colony sites are known -that lack a substantial water barrier. Most inland
sites are in swamps where nest trees grow in water at least 0.6 m (2 ft) deep
during the breeding season (Meanley 1955; Wiese 1976). Such colony isolation
may be important to reduce predation (Taylor and Michael 1971) or other
disturbance.

Nest height varies with wvegetation height, and nests within a mixed-
species heronry tend to be stratified vertically in an order that correlates
with species body length (Burger 1978). Thus, great egret nests are usually
higher than the nests of all other species except the great blue heron (Ardea
herodia). Most great egret nests are situated near the top, but just below
the crown, of vegetation (Meanly 1955; Teal 1965; Pratt 1972; Girard 1976;
Wiese 1976; Maxwell and Kale 1977; Portnoy 1978; Thompson 1979; Beaver et al.
1980). Terres {1980) noted that nests were usually about 6.1-12.2 m (20-
40 ft) above the ground in medium sized trees. In coastal shrub-scrub
vegetation, mean nest heights of 2.8 m (9.2 ft) (Maxwell and Kale 1977) and
1.7 m (5.6 ft) (Beaver et al.) have been reported. McCrimmon {1978)
identified several additional characteristics of great egret nest placement
that differ from other species: great egrets nested in larger trees, closer
to the edge of the heronry, and in more open and accessible sites. Trees and
shrub species where great egrets in coastal Texas and louisiana build nests

are listed in Table 1.

" Because great egret nests are large (0.6 m or 2 ft) in diameter (Girard
1976), they are usually supported by several limbs that have a combined mean
diameter of 5.9 cm (2.3 inches) (McCrimmon 1978). Thus, suitable nest site
criteria may be related not only to available space, but also to minimum nest
support. If vegetation for suitable nest support is present, great egrets can
nest. close to each.other.. . Nearest. nest distances._of 1 m (3.3 fL) have been
found in densely packed colonies {Beaver et al. 1980}.
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Table 1.

Scientific name,

common name, and mean vegetation height of ail

ptants reported as nest species for great egrets in Texas and Louisiana.

Zanthoxylum clava-herculis

Mean
height
Scientific name Common name {(m) Reference
Acacia farnesiana Huisache 1 Goering and Cherry
1971
Acer rubrum Red maple 1 Tayler and Michael
— 1971
Avicennia germinans Black mangrove 1 Chaney et al. 1978
Baccharis halifolia Sea myrtle 1 Burger 1978
Chaney et al. 1978
Celtis lindheimeri Hackbefr_y 5 Chaney et al. 1978
Cephalanthus occidentalis Buttonbush 7 . Taylor and MWichael
1971
Iva frutescens Marsh-etder 1 Chaney et al. 1978
Portnoy 1977
Nyssa sp. Tupelo 7 Portnoy 1977
Cpuntia lindheimeri Prickly-pear 1 Chaney et al. 1978
Prosopis glandulosa Mesquite 2 Chaney et al. 1978
Salix pigra Black willow 5 Wiese 1976
Sambucus canadensis Common elder-berry 1 Chaney et al. 1978
Scirpus spp. Bulrush 1 Oberhelser and
RETEE Kincaid 1974
Spartina patens Marshhay cordgrass 1 Chaney et al. 1978
Tamarix sp- Salt cedar 2 Burger 1978
Taxedium sp. Lypress 8 Simmons 1959
TickTe-tongue 5 thaney et al. 1978
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Although great egrets usually nest in the crowns of trees and shrubs,
ground nests have been reported in Texas (Chaney et al. 1978) and elsewhere
(McCrimmon 1978). Ground nests are rare and usually found adjacent to a
heronry on an island; apparently, ground nesting occurs when there is a lack of
suitable nest sites in trees or shrubs in or near a dense colony.

Colony size of single-species or mixed-species heronries varies from four
nests in a single tree or shrub to severa) thousand nests scattered throughout
a heterogeneous vegetative association covering 6 ha (15 acres) or more
(Portnoy 1977; Chaney et al. 1978; Nesbitt et al. 1982). Great egret nests
tend to be clumped within a mixed-species heronry because their nest piacement

requirements differ from other herons.

There is evidence that herons re-use colony sites (Custer and Osborn
1977). Repeated use of a site may depend upon several factors: (1) prior
(successful) experience at a site (Wiese 1978b); (2) the presence of other
herons, particularly the great blue heron, which begins nesting before the
great egret (Chaney et al. 1978); and (3) the remnants of old nests (Wiese
1976). Colony abandonment can result from the destruction of nest vegetation
(Wiese 1979) or from changes in feeding habitat (Custer et al. 1980). Human
disturbance and predation have also been jmplicated as factors contributing to
colony abandonment (Chaney et al. 1978). '

Non-nesting. Great egrets roost nocturnally in communal sites when not
breeding. These sites are usually at the tops of tall trees in dense thickets
or in the tops of short trees on jislands or over water (Bent 1926). Roosting

} sites may be used for many years, and some may also be used for nesting. The
characteristics of roost sites are similar to the those of nest sites, but no
specific data have been published. '

Water

The physiologic water requirement of great egrets is probably met during
feeding activities in aquatic habitats (Dusi et al. 1971). Water depth affects
the quantity, variety, and distribution of food and cover; great egret food and
cover needs are generally met between the shoreline and water 0.5 m (1.6 ft)
deep (Willard 1977).

Interspersion

Suitable habitat for the great egret must include (1) extensive shallow,
open water habitat from 10 to 23 cm (4 to 9 inches) deep (Willard 1977); (2)
food species present in sufficient quantity (Custer and Osborn 1977); and (3)
adequate nesting or roosting habitat close to feeding habitat. Most great
egrets at a colony in North Carolina flew less than 4 km (2.5 mi) from nesting
colonies (and presumably, from roosting sites) to feeding areas (Custer and
Osborn 1978a), but flight distances of up to 36 km (22.4 mi) have been recorded
in the floodplain of the Upper Mississippi River (Thompson 1979b).

- - Several-hevonries may be-close together. Great egrets from one colony may
fly over or near an adjacent colony, but rarely feed in the same areas as
) conspecifics from the adjacent colony (Thompson 1979b).

2
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Special Considerations

Human disturbance and habitat alteration are the two factors considered
most responsible for the decline of the great egret throughout its range
(Custer and Osborn 1977; Portnoy 1977; Chaney et al. 1978; Chapman 1980).
Great egrets are sensitive to human disturbance and may abandon nests or entire
colonies as a result of human activity (Goering and Cherry 1971; Mendoza and
Ortiz 1974). Human presence in a colopy may cause nest desertion, which leads
to high nestling mortality from exposure, predation, and accidents (Morrison
and Shanley 1978).

Traditional colony sites and pocturnal roosts should be preserved.
Secondary sites of similar ecologic constitution are also important. High
heron density within a colony may destroy nest vegetation by the effects of
guano buildup and, to a lesser extent, trampling (Wiese 1978a,b). When this
type of habitat destruction occurs, great egrets may pioneer adjacent suitable
sites.

HABITAT SUITABILITY INDEX (HSI) MODELS

Model Applicability

Geographic area. The habitat suitability dindex (HSI) models 1in this
report were deveioped for application in coastal wetland habitats in Texas and
Louisiana. Because there are few differences in habitat requirements along the

_Atlantic coast, the remainder of the gulf coast, and inland sites in the
Southeastern United States, the HSI models may also be used to evaluate
potential habitat in those areas.

Season. These models will produce HSI values based wupon habitat
requirements of great egrets during the breeding season {February to August).
Because there is no apparent seasonal difference in feeding habitat preference
and because winter nocturnal roosts are similar to nesting sites, the HSI

. models may also be used to evaluate winter habitat for the great egret.

Cover types. Great egrets nest on upland islands and in the following
cover types of Cowardin et al. (1979): Fstuarine Intertidal Scrub-Shrub
‘wetland - (E25S), Estuarine Intertidal Forested wetland (E2F0), Palustrine
Scrub~Shrub wettand (PSS) (including deciduous and evergreen subclasses), and
Palustrine Forested wetland (PFO) (including deciduous and evergreen
" subclasses). Great egrets may also feed in these wooded wetlands, but
preferred feeding areas may be any one of ‘a wide variety of wetland cover types

{Table 2).

Minimum habitat area. Minimum habitat area is defined as the minimum
amount of contiguous suitable habitat required before an area can be occupied
by a particular species. Specific information on minimum areas required by
great egrets was not found in the literature. If local _information is

“Ivaiiable to define the minimum habitat™area, and less than this amount of
area is avajlable, the HSI for the species will be zero.
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Verification level.

The output of these HS1 models is an index between 0

and 1.0 that is believed to reflect habitat potential for great egrets.

Two

biologists reviewed and evaluated the great egret HSI model throughout its
development: Dr. R. Douglas Slack, Texas AZM University, College Station, and
Jochen H. Wiese, Environmental Science and Engineering Company, Gainesville,
Florida. Their recommendations were incorporated into the model-building
effort. The authors, however, are responsible for the final version of .the
models. The models have not been fieTd-tested.

Table 2. Great egret feeding habitat types. Classification follows Cowardin

et al. (1979).

System Subsystem Class Abbreviation
Estuarine Intertidal Aquatic Bed E2AB
Emergent EZEM
Forested E2FO
Stream Bed E25B
Scrub-Shrub E25S§
Unconsolidated Shore _EZUS
Riverine Tidal Aquatic Bed R1AB
Emergent R1EM
Unconsolidated Bottom R1UB
Unconsolidated Shore RIUS
Lower Aguatic Bed R2AB
Perennial Emergent RZEM
Unconsolidated Bottom R2U8
Unconselidated Shore R2US
Intermittent Stream Bed RASH
Lacustrine " Littoral Aquatic Bed L2AB
Emergent L2EM
Unconsolidated Bottom 1 2UB
Unconsolidated Shore L2US
Palustrine Aquatic Bed PAB
Forested PFO
Emergent PEM
Scrub-Shrub PSS
Unconsalidated Bottom PUB
Unconsolidated Shore -PUS
7
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Model Descriptions

) Overview. Separate HSI models were developed te evaluate great egret
feeding and nesting habitats. No attempt was made to integrate these two
models into a single, overall habitat model for the following reasons. As
noted previously, most great egrets fly less than 4 km (2.5 mi) from nesting or
roosting sites to feeding areas, but they may travel up to 36 km (22.4 mi).
HSI models are intended primarily for use in impact assessment and may be
applied in relatively small study areas. The study area for great egqret may or
may not contain both feeding and nesting cover types, and great egrets may use
hahitat outside the study area boundaries. An HSI model integrating food and
nesting requirements may assign a low or no value to an area with cover types
that supply only one of these requirements when the remaining requirement is
met outside the area. Similarly, a single HSI model would downgrade the value
of an area that had high-quality nesting habitat and where birds were bypassing
low-quality feeding sites to use higher quality feeding sites outside the
area. Separate models that evaluate potential feeding or potential nesting
habitat gquality avoid problems of the type outlined above and retain
simplicity in model application. The relationships of habitat variables to
the feeding and nesting HSI values are illustrated in Figure 1.

Feeding HSI model. Great egret feeding habitat suitability is related to
prey availability. Habitat suitability is optimal when two conditions are
met: {1} the populations of minnow-sized fish are high; and (2} shallow open
water (necessary for successful prey capture), aquatic vegetation (necessary
for prey survival and reproduction), and deeper water are present in a ratio
that maximizes prey density and minimizes hunting interference. Use of this
model assumes that deep or permanent water envirvonments are not limiting in
coastal habitats and that fish populations are distributed uniformly. Because
great egrets hunt a variety of species in many different habitat types, a
general approach to modeling feeding habitat switability is presented.
Suitability of all wetland cover types for feeding is determined by integrating
two factors: (1) the abundance of prey and (2) the accessibility of prey.

The abundance of prey is determined by the ability of the habitat to
support the major prey species, especially minnow-sized fish. It is assumed
that the abundance of major prey species is related to the primary and
secondary productivity of the aguatic habitat; however, few field studies have
documented this relationship. The model assumes that prey abundance is not
limiting in coastal habitats. Therefore, the accessibility of prey is used as
the indicator of feeding habitat suitability.

The accessibility of prey is determined by water depth and percentage
cover of aguatic vegetation. A wetland with 100% of its area covered by water
10~23 cm (4~9 inches) deep is assumed to be optimal for feeding by great egretls
(V;). Although an absence of submerged or emergent vegetation would render
fish species most vulnerable to capture, it is unlikely that many prey species
would use such an area because it totally lacks cover. The model assumes,
therefore, that optimal conditions for both the occurrence and susceptibi]it.:y
to capture of prey species exist when 40%-60% of _the wetland.substrate is. .

““covered by ‘submerged or emergent vegetation (V;). When such vegetation is
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lacking, the habitat has a low value for feeding great egrets because smail
fish may use unvegetated water that j§s too shallow for their larger aguatic
predators.

 Nesting HSI model. The suitability of potential nesting sites for great
egrets is determined by two factors: “cover and disturbance (Figure 1). Im
this model, ground nesting 1is not considered because it involves few
individuals, occurs in proximity to ‘“normal” colonies, and may reflect a
response to overcrowding rather than site preference.

Cover for nesting great egrets depends on vegetation characteristics and
the presence of water barriers. On islands surrounded by deep or wide water
barriers, great egrets nest in a wide variety of habitats ranging from low
(1m, or 3.3 ft) shrubs or grasses with dense canopies, to tall trees.
Therefore, cover suitability of nesting habitat on islands is assumed to be
related to the percentage of the island area having woody vegetation equal to
or exceeding 1 m (3.3 ft) in height (V,). Optimal habitat is present when 60%
or more of the island supports woody vegetation equal to or exceeding 1 m in
height. For the application of this model, islands are defined as sites less
than 5 ha (12.4 acres) and completely surrounded by open water. Islands can be
either along the coast or located inland in freshwater habitats.

In any given area, some or all of the great egret population may nest in
non-isiand sites even though island habitats with suitable cover types are
available. Non-island nest sites are found in shrubs or trees in seasonally
(during the great egret nesting season) or permanently flooded areas such as
the - Estuarine Intertidal and Palustrine Scrub-Shrub and Forested wetlands
{Cowardin et al. 1979). For such areas, the model assumes that nesting
suitability varies with water depth (V,) and that a water depth of 0.6 m (2 ft)
or more reduces access by potential predators and represents optimal conditions
for nesting. The mean height of woody vegetation in non-island sites must
exceed 7 m (23 ft) to be optimal for nesting by great egrets (V).

Great egrets are sensitive to disturbance from humans and predators,
especially during the breeding season. Boating and other water activities do
not disturb nesting great egrets if they cccur 50 m {164 ft) or more from the
colony, the noise level is normal (no horns or other loud neises), and no
twmans walk in or near the colony. No colonies are known to occur within
0.5 km (0.3 mi) of a roadway or human dwelling. The model assumes that as the
distance from human disturbance increases, the suitability of a site alse
increases. Sites 0.5 km (0.3 mi) or closer to a roadway or dwelling (Vg) are
unsuitable for nesting by great egrets. Optimal sites must be at Teast 50 m
(164 ft) from a channel or other potential source of human disturbance (V).

Suitability Index (SI) Graphs for Model Variables

This section provides graphic representation of the relationship between
habitat variables and habitat suitability for the great egret in wetland (see
Tablie 2 for abbreviations) and upland (U} cover types. The SI values are read

~directly.from. the .graph..(1.0.=- optimal}- suitability;8-0 = no suitability) for = -
each variable. Assumptions used in developing the SI graph for each variable
appear in Table 3.

10

CLEINTERNATIONAL WPAGED-3m TEXAS WETLANDS




Quantitative Methods for Assessing Mitigation Projects C. Lee Sherrod, Vice President

lacking, the habitat has a low value for feeding great egrets because smali
fish may use unvegetated water that is too shallow for their larger aquatic
 predators.

Nesting HSI medel. The suitability of potential nesting sites for great
egrets is determined by two factors: cover and disturbance (Figure 1). In
this model, ground nesting 1is not considered because it involves few
individuals, occurs in proximity to "normal® colonies, and may reflect a
response to overcrowding rather than site preference.

Cover for nesting great egrets depends on vegetation characteristics and
the presence of water barriers. On islands surrounded by deep or wide water
barriers, great egrets nest in a wide variety of habitats ranging from Tow
{Im, or 3.3. ft) shrubs or grasses with dense canopies, to tall trees.
Therefore, cover suitability of nesting habitat on islands is assumed tc be
related to the percentage of the island area having woody vegetation equal to
or exceeding 1 m (3.3 ft) in height (V5). Optimal habitat is present when 60%
or more of the island supports woody vegetation equal to or exceeding 1 m in
height. For the application of this model, islands are defined as sites less
than 5 ha (12.4 acres) and completely surrounded by open water. Islands can be
either along the coast or located inTand in freshwater habitats.

In any given area, some or all of the great egret population may nest in
non-island sites even though island habitats with suitable cover types are
.available. Non-island nest sites are found in shrubs or trees in seasonally
(during the great egret nesting season) or permanently flooded areas such as
the Estuarine Intertidal and Palustrine Scrub-Shrub and Forested wetlands
(Cowardin et al. 1979). For such areas, the model assumes that nesting
‘suitability varies with water depth (V,) and that a water depth of 0.6 m (2 ft)
or more reduces access by potential predaters and represents optimal conditions
for nesting. The mean height of woody vegetation in non-island sites must
exceed 7 m (23 ft) to be optimal for nesting by great egrets (Vg).

Great egrets are sensitive to disturbance from humans and predators,
especially during the breeding season. Boating and other water activities do
not disturb nesting great egrets if they occur 50 m (164 ft) or more from the
colony, the noise level is normal {no horns or other loud noises), and no
humans walk in or near the colony. No colopnies are known to occur within
0.5 km (0.3 mi) of a roadway or human dwelling. The model assumes that as the
distance from human disturbance fincreases; the suitability of a site also
increases. Sites 0.5 km (0.3 mi) or closer to a roadway or dweiling (Vg) are
unsuitable for nesting by great egrets. Optimal sites must be at least 50 m
{154 ft)} from a channel or other potential source of human disturbance (V;).

Suitability Index (SI) Graphs for Medel Variables

This section provides graphic representation of the relationship between
habitat variables -and habitat suitability for the great egret fn wetland (see
Table 2 for abbreviations) and upland (U) cover types. The SI values are read
. directly from the graph (1.0 =. optimal suitability, 0:0 =mo 'S’Uitéb’ﬂﬁty)"’fc?‘ oo
each variable. Assumptions used in developing the SI graph for each variable
appear in Table 3. -

10
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Table 3. Data sources and assumptions for great egret suitability indices.

Variable and source Assumption

V:; Willard 1977 Prey is most accessible in water
depths of 10-23 cm (4-9 inches).

V, Willard 1977 Substrates with 40%-60% coverage of
‘ emergent or submerged  vegetation
provide the optimum balance between
cover for prey species and
vulnerability of prey fto capture by

great egrets.

V; Chaney et al. 1978 Suitability of nesting/roosting
Portnoy 1978 habitat on islands is positively
related to the percentage cancpy cover
of woody vegetation > 1 m (3.3 ft)

talt.
V, Meanley 1955 Optimal nesting habitat for non-island
Wiese 1976 sites is found when mean water depth

beneath the woody vegetation is equal
to or deeper than 0.6 m (2 Tt).

Vg Pratt 1972 Suitability of nesting/roosting
McCrimmon 1978 _ habitat on non-island sites increases
Wiese 1978b with vegetation canopy height; optimum

. Beaver et al. 1980 mean height equals or exceeds 7 m
{23 ft).
Ve (a) Human disturbance is detrimental to

great egret nesting/roosting. Optimal
habitat occurs where the nearest road
or dwelling is 0.5 km (0.3 mile) or
farther from the site.

Vs (a) The optimal distance from potential
nesting/roosting sites to disturbance
other than roads or dwellings exceeds
50 m.

AThese variables are not discussed in the literature on the great egret; they
_were.derived from general discussions in Thompson (1979) and Rodgers and Burger
(1982), from personal observations, and from results of other colonial seabird

studies.

11
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The SI araphe are bhaged en the assumption that the suitability of a
particular variable can be represented by a two-dimensional linear response
surface. Although there may be interdependencies and correlations between many
habitat varijables, the model assumes that each variable operates independently
over the range of other variables under consideration. Habitat abbreviations

are defined in Table 2.

Suitability Graph

Habitat Variable

H i L] 3 i i ] Jm

Ail habitats ¥, Percentage of sludy

in Table 2. area with water 10-
23 cm deep. In tidal
areas, use depth at
mean low tide. In
nontidal areas, use
average summer condi-
tions.

Suitability Index

%

AYY habitats V;  Percentage of sub-

in Table 2, strate in zone 10-
23 tm deep covered
by submerged or emer-
gent vegetation.

Suitability Index

e
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Habitat Variable Suitability Graph
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Habitat Variable Suitability Graph
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Component Index fquations and HSI Determination

The following equations are suggested for combining individual variable Sl
values into component indices and for obtaining the fimal HSI value. The HSI
for feeding (or nesting)- habitat is set at.0.if .no cover type suitable for
nesting (or feeding) can be located within 36 km (22.4 mi) of the study area.

14
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Feeding HST.
Component Equatien

Food (F) Sy, + Sy,
.
HSI=F

Nesting HSI

Component Equation
Cover, islands (Ci) SIV3

Cover, npn-islands (Cn) (SIV4 X SIVS)35

1
Disturbance (D) (SIVG * 51‘\.{7)'i

HSI (Islands) = Ci or D, whichever is lower.
HSI (Non-islands) = Cn or D, whichever is lower.
Data representing three hypothetical study areas for great egret were used
to calculate samplie HSI values (Table 4). The HSI values obtained are believed

to reflect the potential of the areas to support feeding or nesting great
egrets.

Field Use of Models

The level of detail needed for application of these models will depend on
time, money, and accuracy constraints. Detailed field sampTling of all
variables will provide the most reiiable and replicable HSI values. Any or all
variables can be estimated to reduce the amount of time or money required to
apply the models. Increased use of the subjective estimates decreases
reliability and replicability, and these estimates should be accompanied by
appropriate documentation to insure that decisionmakers understand both the
method of HSI determination and quality of data used in the model. Techniques
for measuring habitat variables included in the great egret HSI models are
suggested in Table 5.

A project area may contain both potential feeding and nesting habitat. To
decrease the cost and time necessary to evaluate the area, assume that foed is
pot 1imiting and apply only the nesting HSI model. This recommendation is based

.. upon ..the.. following._ assumptions: (1) in most coastal areas of Texas and
. Louisiana, aquatic habitats suitable for feeding are abundant and " are,
. therefore, less of a lipiting factor to great egrets than are suitable nesting
sites; and (2) nesting value is easier and more accurately estimated by using
subjective methods than is food value. The variables used to measure food

15

CLE INTERNATIONAL : W PAGE D-40m TEXAS WETLANDS




Quantitative Methods for Assessing Mitigation Projects

C. Lee Sherrod, Vice President

Tabie 4.

! Calculations of suitability indices (51),
habitat suitability dindices (HSI) for three sample

component indices, and
data sets using habitat

variable (V) measurements and the great egret HSI model equations.

Model Data set 1 Data set 2
element Data SI. Data Si
Variables
v, 60% 0.60 - -
Vs 0% 0.25 - -
Vs - - 75% 1.0
v, - - - -
Vs = - - -
Ve i - - 1.0 kin 1.0
V7 - - 25 i1 0- 38
Component indices
F 0.43 -
C. - 1.0
i
c - -
n
3] - 0.61
HSI
Feeding 0.43 -
Nesting - _ 0.61

Bata set 3
Data S1

0.27m 0.45
6 m 0.86
0.75 tm 0.5
50 m 1.0

0.62
0.71

0.62

value are more indirect than those used to measure nesting value. This
~ peflects the difficulties involved with measuring prey abundance, prey

distribution, and prey accessibility.

A major assumption of the mestifig HSI modél is that all habitat areas with
appropriate cover types have some potential value to great egrets. However, it
ic difficult to assess this potential because of two factors: (1) traditional

16
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use of past colony sites, and (2) the emhancement of a site by the presence of
other herons. These two factors are usually, but not always, interrelated.
Great egrets tend to use the same colony site in successive years until the
site is degraded, and the site may include great blue herons. When applying
the HSI model, the user should be aware that an area known to be used by great
egrets {or great blue herons} is more 1ikely to be used in future years than an
area with an egual HSI value not known to have a history as a colony site.

Table 5. Suggested measurement techniques for habitat variables used in the
great egret HSI models.

Variable Suggested technique
v, The percentage of the area with water 10-23 cm (4-9 inches)
deep can be determined by Tine transect sampling of water
depth.
Vo The percentage of substrate in the 10-23 cm (4-9 inches)

water depth =zone covered by submerged or emergent
vegetation can be determined from available cover maps,
aerial photographs, or by line transect sampling.

Va "The percentage of an island covered by woody vegetation
> 1 m (3.3 ft) in height can be determined by measuring the
height of randomly seiected vegetation with a hypsometer or
altimeter (Hays et al. 1981).

V, Mean water depth beneath woody vegetation on non- istand
sites can be determined by line transect sampling of water
depth.

Vg Mean height of woody vegetation on non-island sites can be

measured by using a hypsometer or altimeter (Hays et al.
1981) on randomly selected vegetation.

Ve,V Distance te disturbance can be measured on maps or aerial
photographs. The disturbance lecation should be marked and
the straight line distance measured from the disturbance to
the middle of the potential nest/roost site.

If two or mere distinct units of either potent1a1 feeding or nesiing
habitat are present within the prOJect evaluation area, a single feeding or
nesting index value for the project may be dbtained by weighting the HSI of
each unit by its area. When a weighted HSI is desired, the following equation
should be applied:

17
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n
HSE =3. HSIiAi where  n=number of distinct units of habitat
i=l "HSI.=HSI of uniti :
ZAi : Ai: rea of uniti

Ihterpreting Model Output-

The HSI value obtained by applying the great egret models may have no
relationship to actual population levels. Great egret population levels may be
determined by nonhabitat factors, such as competition and predation, excluded
from the models. Model outputs can be used, however, to compare the potential
of two areas to support feeding or nesting great egrets at a single point in
time. HSI values can also be used to compare the potential of a single area to
suppoert great egrets at future points in time.

ADDITIONAL HABITAT MODELS

No other. habitat model for the great egret was located.

18
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ATTACHMENT B
INTERIM RIVERINE FORESTED WETLAND HGM

Riverine Forested HGM Interim
(FCI formulas)

Temporary Storage & Detention of Storage Water:

\/[m * (Vrapa + Vcwa‘ + V:vaaa‘):|
3
Maintain Plant and Animal Community:

[:I/!ree + Vewa + Vrich + [Vbaml '+2‘Vdensfaﬂ] + I:(I/mr'd + Vfrerb):| + I/cannerr:|

2

6

Removal & Sequestrian of Elements & Compounds:
(V:!apa + Vewd + Vivood ):| + [(V det ritus + Vredox + morpi):”
3 3

[uvood + Freq + Vaur +|:

5

Need values for: use the existing methods describes in the Riverine Interim model

Vdur Vmid
Vireq Vherb
Viopo Vdetritus
Vewd - Vredox
Vwood Vsorpt
Vtree Vconnect
Vrich

Vhasal

Vdensity

* The Riverine HGM interim model is limited to the use of estimated potential impacts to
wetlands that are located along floodplains and/or floodways located along riparian

corridors. These wetlands share a surface hydrology connection with the waters of the
riverine system at least for a portion of the time. This type of model should be used for
a rapid non-controversial estimate of the potential impacts to forested riparian wetlands
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