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INTRODUCTIQN

. This report provides decumentation for a whooping crane (Grus americana)
roost habitat simulaticn medel developed for the Platte River in
Nebraska. The purpose ¢f the model is to characterize the relaticnship
between river discharge and roosting habitat. The relationship is based
on physical habitat parameters within the channel which are related to
flow. Habitat suitability criteria are used in conjunction with
hydraulic simulations of the Instream Flow Incremental Methodology
(IFIM). The model is applied to an 89 mile reach of the central Platte

River between Lexington and Chapman, Nebraska.

IFIM (Bovee 1982) is a state of the art modeling tool that consists of a
collection of camputer models and analytical procedures. It is designed
to predict changes in aquatic habitats or agquatic resources, in relation
to river discharge. Physical habitat simulation of IFIM is based an
physical features of roosting habitat that are related to discharge; it

is not an ecological model.

Physical habitat simulation is camprised of two campanents, a hydraulic
model and a species model. Habitat suitability criteria used in the
whooping crane model were develcoped by consensus of whooping crane
experts and the Bioclogy Workgroup of the Platte River Joint Management
Study. Hydraulic modeling was conducted under the direction of the U.S.
Bureau of Reclamation and conform with the IFIM guidelines described by

Bovee (1982).

This report describes whooping crane use of riverine habitats for
rcosting, the development and application of habitat criteria in the
physical habitat simulation using IFIM, and modeling output. The report

is organized into five sections:
I. The study area

II. Bydraulic modeling and simulation
procedures

III. Wwhooping crane roosting habitat
suitability criteria

IV. Application of the whooping crane cr:.terla
and hydraulic models using IFIM

V. Results of the model application



This study was conducted for the Platte River Management Joint Study.
The study has involved the U.S. Fish and Wildlife Service (Service) and
the U.S. Bureau of Reclamation (Bureau) in cooperation with a number of
other federal, state, and private resource management and interest
groups. The study covered a seven year pericd fram 1983 to 1989. The
authors of this report are David Carlscon of the US Fish and wildlife
Servace, Del Holz and Duane Woodward of the US Bureau of Reclamation, and
Jerry Ziewitz of the Platte River whooping Crane Habitat Maintenance

Trust.

I. THE STUDY AREA

The study area is an 89 mile reach of the central Platte River between
Lexington and Chapman, Nebraska (Shenk and Armbruster 1986, USFWS 1987).
A 56 mile segment within the reach has been designated as critical
habitat for whooping cranes (Federal Register 43[94]: 20938-20942). The
study area and its loccation in Nebraska is shown in Figure 1.

Channel widths in the study area vary considerably. In same river
segments, particularly in upper reaches of the study area, anabranching
channels have replaced the former wide, braided channel. The average
width of individual channels in highly anabranched segments of the river
is approximately 200 feet. Channel widths are generally greater in the
lower (eastern) end of the study area. Same of these channels have.

widths of 1200 feet or more.

The bed material of the central Platte River is an unconsolidated
alluvium of sand and gravel. The river overlies an aquifer and high
water table. The channel gradient is approximately 6.0 feet per mile,
and varies fram 5.0 to 7.0 feet per mile.

Islands of various sizes have developed within the chamnel and are cammon
in the study area. However, two major island camplexes that result -from
splits in the channel are morphologically significant. These are the
Fort Farm/Killgore islands between Kearney and Gibbon, and the
Shoemaker/Indian Island/Mormon Island camplex that extends from Wood
River to three miles east of Grand Island

large forested areas have developed cn stabilized islands and accreted
areas within the former river chamnel. Predaminant woody shrubs are
sandbar willow, indigo bush, rough-leaf dogwood and red-osier dogwood.
The predominant trees are cottorwood, and red cedar (USFWS 1981). Much
of the river valley has been converted to cropland with the predominant



crcp being irrigated corn. Wetland MEadOWS clid MELLVE gbussswo
still exist in same lowland areas in the river valley. These low lying
crasslands have scil moisture regimes that are hydraulically related to
the river stage (Hurr 1983). ' :

No major inflows occur in the study area. one major diversion, the
Kearney Canal, diverts water near E'm Creek. Flow is returned to the
river approximately 6.0 miles east of Kearney. The diversion operates
during most ice-free days of ths yezar.

II. HYDRAULIC SIMULATION

The procedures used for IFIM study design and modeling physical channel
features followed the guidelines described by Bovee (1982). An
interagency team (U.S. rish and Wildlife Service, U.S. Bureau of
Reclamation, and Nebraska Game and Parks Comuission) of hydrologists and
biclogists familiar with IFIM and the study area participated in study
cite selection. The 89 mile reach was first divided into 12 segments
pased on the channel morphology and flow regime. One or more
representative reaches (study sites) were selected in each segment to
represent physical features of the segment. A total of 16 study sites
were established in the study area (Figure 1).

Segments and study sites were sequentially numbered fraom Lexington
downstream to Chapman (Figure 1). River segments 3 and 5 have similar
channel morphology and flow regimes and study site 5 was used to
represent both of these segments. Same segments have variable
characteristics. These are represented by specific sub-segments which
were modeled separately. For example, river segment 8 contains three
sub-segments designated 8A, 8B, and 8C. Sub-segment 8A further is
camposed of a north and south charnel and the two study sites located in
these charnels are designated 8AN and 8AS, respectively.

The length of individual study sites ranged from 766 to 6871 feet.
Berween three and nine permanent transects were established at each site:;

a total of 85 transects were established at the 16 study sites.
Transects were weighted to describe the length, and the longitudinal
characteristics of the channel represented by each transect.

Field measurements were collected between March 1983 and April 1988.
Between two and nine measurements, Or sets of hydraulic data, were
collected at each study site. River profiles, water velocities, and the
occurrence and location of woody perennial vegetation were recerded for
each transect. Information about the location, measurements, and
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lengthh of river represented by each study site is shown in Table A-1
of Appendix A.

Both Water Surface Profile (WSP) and IFG-4 models (Milhous et al. 1984)
were used to model channel hydraulics. Discharge relaticnships were
simulated for flows between 0.4 and 2.5 times the measured discharge.
The Bureau (USBR 1989) has described further details of procedures used
for field dara collecticn and hydraulic simulaticn. IFG-4 hydraulic
simulation files were prepared, and simulations of various hydraulic
parameters have been reported (USBR 1987).

Assumptions upon which IFIM evaluations are predicated pertain to this
model. Among the assurptions is that the channel is either stable or in
dynzmic equilibrium (Milhous et al. 1984). Channel changes may occur on
both a short term and long term basis. '

Changes in the bed of alluvial streams which result in short temm
variations in hydraulic parameters are often related to the preceding
flow regime (Milhous and Bovee 1978). More intensive IFIM sampling and
study design may often be required to understand the hydraulic
relationships associated with this variation (C. Stalnaker pers. camm.).
Several sights have been repeatedly sampled by the Bureau and Service in
order to discern these short-term variations. A consensus of
professicnal opinion has formed that the hydraulic measurements and
simulations can be used to accurately portray the present conditions of
the river (USFWS 1987a). The hydraulic measurements conducted by the
Joint Study, and hydraulic and habitat simulations made using these
measurements are referred to as “present conditions®.

Long-term changes in channel morphology can occur that are related to
fluvial dynamics including sediment transport, flow duration, and channel
geametry (Hydrology Workgroup 1989). The validity with which the
modeling simulations can be used to predict long-term trends under
various future scenariocs is not known. The approach of the Joint Study
is to treat the database as the present condition while continuing to
monitor possible changes in channel hydraulics (USBR 1987, Hydrology
Workgroup 1989). Habitat versus flow relationships can be reconstructed
if hydraulic or morphologic conditions of the chamnel change. In
-addition, hydraulic medeling techniques are being examined and dsveloped
that could be used to predict possible changes of alluvial dynamics (USER

pers. camm.).



ITI. WHOOPING CRANE USE OF RIVERINE ROOSTING HABITATS

Shallow river channels represent cne of several types of habitat used for
rocsting by whooping cranes. Whooping crane biologists generally agree
whooping cranes select rcost sites based on the security offered by the
site(s). The following characteristics have been used to describe

riverine roost sites (Biology Workgroup 1988) ¢

1) Presence of water: Whooping cranes roost in water. The
availability of water is an inherent requirement of
whooping crane kehavior.

2) Wide horizontal visibility: Whooping cranes seleCt roost
sites free of visual dbstructions or with an unabstructed
View, presumably to allow them to see approaching
terrestrial predators. Visibility at riverine sites
includes both a broad, uncbstructed channel width and
upstream and downstream visibility.

3) Depth of water: Whooping cranes stand in shallow water to
roost. Deeper water is often present in the channel
adjacent to the roost sites. In braided alluvial rivers
such as the Platte, a mixture of deeper thalwegs and
shallowly submerged sandbars occur. Biologists have
hypothesized that deep water surrounding riverine roost
sites form a deterrent to terrestrial predators.

4) Water width: In addition to simply being present and
having adequate depths, the expanse of water surrounding
the roost site must be sufficiently wide to provide a
sense of isclation and security.

The US Fish and Wildlife Service (1981) reported whooping cranes
generally preferred to rcost in wide river channels which have low,
exposed, bare sandbars, relatively shallow water, slow rates of flow, and
isclaticn from human disturbance. The following characteristics were
described based on 10 riverine sites used by whooping cranes, including
four sites an the Platte River:

1) wide channel, with 9 of 10 sites being between 155 and 365
meters (170 and 400 yards); )



2) slow flow, i.e. approximately 0.4-1.8 meters per second
(1-4 mph) although water in the main channel may be

flowing faster:

3) shallow water except in the main channel (all sites
evaluated were less than 30 centimeters (12 inches) deep
and six of nine sites were 5-15 centimeters (2-6 inches)

deep) ;
4) unvegetated;
5) <fine substrate, usually sand;

6) good horizantal visibility unobstructed from river bank to
river bank and &t least a few hundred yards upstream and

downstream (or to a bend in the river) at all sites;

7) good overhead visibility without tall trees, tall and
' dense shrubbage or high banks near the roost;

8) close proximity (usually less than 1.6 kilameter or 1
mile) to suitable feeding sites;

9) isclation (0.4 kilameter or 0.25 mile) fraom roads houses,
and railroad trac}cs and,

10) sandbars in the vicinity of the roost that usually sloped
gradually into the water (often less than 1-2 degrees),
had low topographic relief (often less than 0.3 meters (1
foot)). no banks over several cm high, and had little or

no vegetation.

Additicnal measurements of physical parameters has been systematically
collected at whooping crane roost sites used in the Platte River study
area fram 1983 to 1989 (Appendix B). Based cn measursments at 21 roost

sites the following parameters have been described:
1) Active chamnel widths of 172 to 1365 feet:
2) Water width within the channel ranging fram 172 to 1207 feet:

3) The percentage of the active channel that was water-filled
ranges fram 59 to 100 percent (mean = 93.3 percent);



4) Profiles of the river channels ranging from barren
sandbars as high as one foot above the water, to channels

greater than 3.5 feet deep.

Sri i iteria

Rabizat suitability criteria are designed to implement habitat parameters
in the model. The habitat criteria were originally developed by
consensus of whooping crane and modeling experts in two workshops which
were conducted under the supervision of the Service's National Ecology
Research Center. The hzbitat-use information and suitability criteria of
the workshops have been Cascribed in two reports (Shenk and Armbruster
177, USFWS 1987b). An zlternate depth criterion was subsequently
daveloped for the Biology Workgroup by the whooping crane model
subcamittee (1988), and the suitability index curves were refined to
inzlude data collected at roost sites used through the 1989 spring

migratian.

Four habitat parameters are used to describe the principal qualities of
rocst sites on the Platte River which are campatible with IFIM

simulation. These parameters are the channel width, wetted area within
the channel, the distribution of depths in the wetted area, and lack of

disturbance.

T™wo of the parameters, wetted area and water depth, vary with flow. The
other two parameters, areas subject to disturbance and channel width, do
not; these parameters characterize factors that are constant and specific
within each river segment. The "freedam fram disturbance" criterion
functions as a binary criterion in the model and is used to eliminate
areas of the river subject to disturbance fram further consideration.

The channel width, in cambination with the longitudinal characteristics
of the river, describe both the visibility characteristics within the
channel and the open areas of channel available to cranes. Suitability
criteria and index curves have been developed to describe the discharge

dependant parameters.

The standard used to define the criteria and structure suitability curves
is "habitat-use". Habitat-use data documents the whooping cranes use of
or preference for habitat with particular characteristics. It is assumed
that (1) the species will select and use areas that are best able to
satisfy its life requirements; and (2) as a result, greater use will
occur in higher quality habitat (Schamberger and O'Neil 1986).



Suwitability is defined in terms of the assumed relationship between
optimm canditions and the opposite extreme of no resource available,
Suitabiliry index curves were pProduced for each habitat criteria, with
values ranging fram 0.0 to 1.0. The index values represent an -
interpretation of the biological significance of a measure of the habitat
Criterion. In same cases, conditions identified as optimm (suitability
incex equal to 1.0) represent a campramnise between biological and
management consideraticns. For example, a number of whooping crane
sightings have been made on rivers with wetted widths greater than 1000
feet. The channel of the Platte River was historically several thousand
feet wide throughout much of the Study area. Today, however, only a few

relatively short reaches have chammnels widths greater than 1000 feet.
Fram a practical standroint, a water width of 1000 feet was judged to be

sufficient to provide a desirable management condition. The suitability
index curve was constructed accordingly.

The information used to davelop the criteria are from canfirmed sightings
and direct cbservations of roost sites made on the Platte River by
professiocnal biclogists. A nocturnal roost is defined as the location
occupied by a single or group of whooping cranes in the late evening as
it became dark or when the cranes were first cbserved in the early
morning, between first light and shortly (15 minutes) after sunrise,

The data that were used to develop the suitability criteria have been
collected on the Platte River system since 1966. Physical habitat .
feztures have been systematically measured at rcost sites on the Platte
River since the 1983 fall migration. The suitability index curves are
derived fram, and applicable to, roosting habitat an the Platte River
System under the "present conditions" (i.e. . the physical, morphological
and hydraulic conditions that currently prevail).

a. Disturbance and Excluded areas

Whooping cranes usually avoid areas within one-quarter mile of certair;
types of disturbance (USFWS 1981). Disturbances that were identified
Quring the IFIM study design were county roads, railroad tracis, and
bridges. Reaches of the river within ane—quarter mile of these
disturbances were excluded from representaticn. -

Other reaches of river are excluded because of power line crossings.
Power lines pose a flight hazard to cranes attempting to locate rcosting
areas. River reaches in the immediate vicinity of power lines were
Getermined to be undesirsble for modeling, and a ocne-quarter mile length
of river upstream and downstream of power line crossings was excluded.
The lengths of river represented by each study site that are given in



Appendix A, Table A-1, have been adjusted to exclude lengths of river
influenced by disturbances and power lines.

b. Active Channel width

Whooping cranes roosting on the Platte River have demonstrated a
preference for sites with broad channels, free of woody vegetation, and
with good horizental and overhead visibility (USFWS 1981). The active
channel width criterion is used to describe these features. Other
factors being equal, broad, active channels with wide unabstructed views
have greater value than narrow chamnels. The active channel width
criterion includes the characteristics of "unabstructed view" described
by Shenk and Armbruster (1986), and is Synonymous with "uncbstructed
channel width" criterion described by the USFWS (1987b) .

Table 1. Bank to bank, unabstructed channel widths
reported at 40 riverine whooping crane roost sites,
ranked from largest to smallest for sightings on the
Platte River system and other Great Plains rivers.

Platte River Other rivers

rank

1 1365 . 2050
2 1207 1837
3 1152 1640
4 1087 - 1575
5 1048 1476
6 1019 1276
7 986 1247
B 975 1230
9 881 1230
10 856 - . 1201
11 850 1050
12 831 899
13 8277 810
14 7557 600
15 699 512
16 696~ 489
17 6007

18 570

15 552
20 507
21 495

22 475
23 373

24 172

10



Channels of the Platte River that normally carry flow (active channels)
are bounded by woody, peremnial vegetation. The banks and vegetation
form visual cbstructions to cranes standing in the river. The locaticon
of river banks and perennial woody vegetation greater than three feet in
height (USFWS 1987b) is coded in the hydraulic data files for each IFIM _
transect, and the width of the active channel is measured as the distance

between cbstructions alchg a transect.

Channel widths used by whooping cranes on the Platte River are given in
Table 1. Channel widths have ranged fram 172 to 1365 feet. Of 24 roost
sites evaluated on the Platte River, 20 have been in channels greater
than 500 feet wide, and two other sites were in channels 495 angd 474 feet
wide. In contrast, the availability of channels greater than 500 feet on
the central Platte River is limited (USFWS 1981). Use of chamnels with
widths generally greater than 500 feet is substantiated by dbservations
made at a number of other riverine roost sights (R. Lock rers. cam.).
The suitability index curve originally developed to describe the
unabstructed channel width is shown in Append:lx C.

The whooping crane's requirement for a wide unobstructed view includes
upstream and downstream visibility (Faanes, in press). Characteristics
of upstream and downstream visibility at roosts on the Platte River are
reported in Aprendix B. Upstream and downstream visibility are not
directly measured by the model, however, aspects of the field design
(i.e., transect placement and transect weighting) are used to represent
the longitudinal characteristics of the river channel at each site. The
active channel width criterion in cambination with the longitudinal
characteristics describe the "active channel area". The implementation
is described in Section IV of this report. Channels having widths less
than 170 feet, the narrowest channel used by whooping cranes, are
excluded fram the model.

€. Water width

This criterion characterizes the expanse of water that normally occurs in
the chamnel at roost sites. An expanse of water arparently provide
Cranes a sense of isolation and security (Shenk and Armbruster 1986,
USFWS 1987b). The water width is camuted as the sum of the wetted
widths within the chamnel (USFWS 1987b).



Table 2. Width of water within the uncbstructed
channels reported at 35 riverine rcost locations used
by whooping cranes. Total water widths are ranked :
fraom largest to smallest for Platte River sightings
and for other Great Plains rivers.

water Width (f£r)

rank Platte River Other Rivers
1 1207 ' 1640
2 1087 1575
3 1048 1230
4 963 1230
5 948 - 1230
6 86l 1115
7 - 843 1050
8 831 984
9 827~ 810
10 826 787
11 804 489
12 755~
13 748
14 696~
.15 646
16 600~
17 562
18 520
19 507
20 495
21 475
22 356
- 23 172
24 -

The water width in channels used by whooping cranes shown in the Platte
River and other Great Plains rivers are shown in Table 2. The greatest
chserved water width used by whooping cranes on the Platte River is 1207
feet. Water widths greater than 1207 feet have been reported at a number
of roost sites on other rivers in the migration corridor. The narrowest
water width in the channel at sites used by whooping cranes on the Platte
River is 121 feet (Jognson unpubl data, presented in Shenk and

A:mbruster 1986)

The suitability index curve constructed for this criterien has a value of
0.0 for widths less than 120 feet. A suitability value of 0.9 is
assigned to wetted widths of 850 feet and a suitability value of 1.0 is
assigned to wetted widths of 1000 feet or greater (Figure 2).

12
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Figure 2. Suitabilicy index curve for the Wetted width criterion
used in the whooping crans roosting habitat simulation model.

d. Depth

Whooping cranes using the Platte River often roost on shallowly subimerged
sandbars at a distance fram the edge of water and visual cbstructions.
Deeper water has bounded the submerged sandbar or specific location where
cranes stood. The actual depths of water whooping cranes stand in can
vary within certain limits if the over-all suitability at the site 1is
sufficiently met. Because of natural variation in the alluvial channel
bed, a suitable roosting site will have a variety of water depths:
submerged sandbars that are braided by a number of deeper channels or
thalwegs within the main channel.

The depth criterion was empirically developed based on the variation of
depths measured at roost locations. Channel profiles were collected at
21 locaticons used by whooping cranes cn the Platte River (Figure 3).
Measurements of water depths were collected by placing a transect across
the channel at the roost site shortly after cranes had left. Each
transect was placed perpendicular to the channel and between the banks or
points of visual cbstruction. Measurements of water depth were taken at

intervals along it.

13
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Figure 4. Cumulative depth distribution curve for whooping crane
roost sites on the Platte River. The curve is the mean plus and
minus 2 standard deviations of the cumulative distributicon

functions for 21 roosts sites. This range (shaded area) is the
suitable zone used in the whooping crane model.

The proportion of the wetted width was camputed for each 0.1 foot
increment in depth, and a cumulative distribution function {cdf) was
developed for each roost site to describe the statistical distribution of
depths at the site. A range of suitable depths was calculated by
averaging the cdf curves of all 21 roosts sites (Figure 4). The suitable
range was defined as the mean ¢df curve, plus and minus two standard
deviations.

The suitability index of transects at the IFIM study sites is determined
by how well the cumlative distribution function (¢cdf) for the transect
at a given flow conforms with the ¢df camputed for whooping crane roost
sites. The suitability index of the transect is calculated as the
proportion of the points on its ¢df curve that fall within the suitable
range. This calculaticn is repeated for each transect segment for each
flow that is simulated. A detailed description of the depth criterion
was provided in a report prepared for the Biclogy Workgroup (Carlson et
al. 1988).
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w



IV. IMPLEMENTATION CF HABITAT VARIABLES

The habitat suitability criteria are applied to the central Platte River
study area using hydraulic simulation and a physical habitat simulation
program. The physical habitat simulation is implemented by a camputer

program criginally developed by Ziewitz (1987) and modified by Woodward.

Physical roosting habitat used in this model is cansidered by convention
to be a function of habitat quality (suitability) and the quantity (area)
of available habitat. This approach is based an a similar concept often
used with HSI models when they are applied in Habitat Evaluation
Procedures (HEP) and IFIM system models. The channél area within the
study area is a constant, and incremental changes in river flow result in
incremental changes in the quality of habitat within the study area.

An IFIM transect represents the profile of cne or more channels,
depending on channel morphology. Individual channels represented by a
transect are referred to as "transect segments" (Figure 5a). A transect
segment represents the active portion of the river; that portion which
conducts flow and is bounded either by stable banks or permanently
vegetated islands. The channel may carry the total Platte River
discharge or a portion of it.

Transect segments are the sampling unit of the model and certain
physical characteristics of each transect segment are fixed. These
characteristics include the location of banks and tall woody vegetation,
the number and location of channels, and the length of river it
represents. The information is coded into hydraulic input files (IFG-4
files) and does not change during hydraulic or habitat simulation.

Habitat value is camputed as a product of the active channel area and
suitability indices. The active chamnel area is first camputed by
multiplying the uncbstructed channel width of each transect segment by
the length of river the transect segment represents. This implementation
serves two purposes. Operationally, the habitat/discharge relationship
that is generated at a site is a camposite for all channels that are
available, provided they meet or exceed the minimm suitability for
channel width., Secondly, greater weight is given to chamnels that are
wider and have greater suitability.

Suitability indices are camputed for the flow dependant criteria (depth
and water width) for each transect segment, and the channel area
represented by the transect segment is "weighted", 'or multiplied, by the
suitability indices. A habitat function termed "weighted habitat area"



(WHA) is produced for the porticn of river channel represented by the
segment. The simple equation that expresses this relationship is:

Weighted Habitat Area = (CW X L) (STww X SIg)

where: WHA Weighted Habitat Area for a transect segment
cw Width of the active channel '
L = Length of river represented by the transect
SIww = Suitability index for water width
s8Id Suitability index for water depth

The habitat values of the transect segments are addsd together to derive
the WHA for the study site (Figure 5b). The habitat value is expressed
in terms of the WHA value per 1000 linear feet of river for each river
segment. WHA is an camposite index of the relative quality and quantity
of roost habitat, absolute magnitudes are not meaningful.

(b) Representation of a study site
t=]

WHA/1000. fr = %[(ZWHA):] = L x 1000

Figure 5. Channel width and indices for water width and water depth
are computed for each transect segment (a). Weighted habitat area per
unit length of river is computed by summing WHA for all transect
segments at the site and dividing by the total length of the study
site (b). T = transect; L = length of river represented by individual

transects (L¢) and the study site (Ls).

17



V. RESULTS OF PHYSICAL HABITAT SIMULATION

The preliminary results of flow versus habitat relationships generated by

the model are given in Figures D-1 through D-15, and in Appendix D.

wWhen more than one measurement was made at a site, slight shifts in the
hydraulic and habitat versus flow simulations are sametimes cbserved.
These are believed to be due to shifts in the channel bed that cccurs
between measurements. The model treats the channel bed as static for the
hydraulic and habitat s:mulations of each data set. The flow versus
habitat curves presentez in this report were combined using a
mathematical algorithm czveloped by the Bureau of Reclamation (in prep.).
Irregularities that aprcar in the resulting habitat/discharge curves of
individual sites are d.zened when the relationships are cambined for the

entire study area.

To produce a flow versius hebitat relationship for the study area, the WHA
relationships for each site were first multiplied by the length of the
river segment representad by the site to cbtain WHA for the river
segment. The WHA for the river segments were then added together. The
physical habitat versus flow relationship for the study area is given in

Figure 6 (preliminary).
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Figure 6. Habitat versus discharge relationship simulated for
whooping crane roosting habitat for the central Platte River study

area.
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VI. ASSUMPTIONS AND LI ZTTATIONS

The model is based@ on physical features of roosting habitat which are
Gischarge related; it is not an ecological model. Several issues
important to maintaining the ecoleogical value of whooping crane migratory
a&nc roost habitat on the Platte River are beyond the scope of the model.
These issues include, but are not necessarily limited to the hydrology of
wet meadows, the importarnce of feeding in riverine habitat, the
maintenance of river chaznnel morphology, and the juxtaposition of land
use and habitat types.

The model is applicable to roost habitat characteristics within the banks
of the river channel proper. Occasionally, roosting opportunities occur
in the riverine setting but outside of the channel due to bank overflow,
or when lowlands adjacent to the channel f£ill with groundwater. Though
these events can be related to river discharge, the model doss not
adcéress the value of thsse potantial roosting areas.

The rodel represents the relationship of whooping crane habitat to
discharge in the existing setting; it does not address whooping crane
response to change in relaticnships among the habitat variables beyond
those that presently occur. The hydraulic measurements and subsequent
sirnlartions represent the “"present conditions" of the river. The
hydraulic conditicns that are likely to prevail under various long-tarm
scenarios of river or flow management are not known. Though channel
feztures available to whooping cranes under the present conditions vary
considerzbly, the sighting information on channel and water-related
features used limit the channel changes that can be mudeled.

Several inter-relationships amoig these and other habitat criteria have
been examined which could bear further cansideration in habitat
mansgement and recovery decisions. FPurther investigation and
interpretation of these relationships will depend upon identifying
specific uses of the model, as well as formulation of specific manage.rrent
abjectives for the recovery of roosting habitat.

VERIFICATION AND VALIDATICN

Verification and validation are ongoing processes of modsl development
and refinement. Verification is conducted to assure the model is
internally consistent, that it operates properly, and that the logic and
mathematical operations are performed in the manner they are intended.
Validation, on the other hand, tests the model's accuracy. Validation is
designed to determine if assumptions of the model are sound, if criteria
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accurately portray biological relationships, and if the model's output is
accurate ar consistent with the dbserved respeonse of the organism. :
Methods used to test a rmedel have been described by O'Neil and
Schamberger (1986) and by Terrell (1988). :

Several forms of verification have been undertaken periodically
throughout the develomrant of the model through sensitivity analysis,
input fram species authorities and modeling experts, and professicnal
review. Methods of validating the habitat versus flow relaticnship have
not been developed. However, river flows during recent whooping
sightings an the Platte River appear, are at a minimum grossly consistent
with high habitat values simulated for those flows. Further validatien
will rely upcn additicnal sighting information, use of additional
information with the analytical methodoleogy described above, or the
future develcmment of other analytical methods.
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