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This r e p r t  provides dccmtatim for a -ping crane (w m r i c a n a  ) 

The puzzse cf the rrcdel is to characterize the relatianship 
rmst habitat simlaucn miel develop& for  the Platte River in  
N e b r a s k a .  
between river discharge and roosting habitat. 
on physical habitat pa-rmeters 'wim the ~hannel m~h are related to  
flow. Habitat  suitabilfry criteria are used i n  canjunction w i t h  
hydraulic simlatLans of the Pstream Flcw I n c r m c a l  Methodology 
(IFIM) . 
River between Lexing-con md Chapan, Nebraska. 

Tfie relationship is based 

The mdel is appxed to  an 89 mile reach of the central Platte 

IFlM (Bovee 1982) is a state of the an &ling twl that consists of a 
colleccim of canpucer m&ls and analytical prozedures. It is designed 
t o  predict changes in aquztic habitats or aquatic resources, i n  relatian 
t o  river &charge. Physical habitat simulation of IFlM is based on 
physical features of roosting habitat that are related t o  discharge; it 
is not an ecolcgiczl 0 1 .  

Physical habitat simulatian is cmprbed of t m  ccrrrpulents, a hydraulic 
&l and a species model.. Habitat s u i t a b i l i t y  criteria used in the 
Mcc>ing crane rnodgl were developed by C ~ S ~ ~ ~ L L S  of -ping crane 
exp=rcs and the Biology Workgroup of the Plat-  River Joint M a n a g m t  
Study. Hydraulic &ling was cm&cted under the direction of the U.S. 
Bureau of R ~ l a m a t i o n  and conform w i t h  the IFlM guidelines described by 
Bovee (1982). 

This rep= describes whcoping crane use of riverine 
rwsting, the developent and applicatian of habitat 
physical habitat simlation using PTIM, and @eli ' ng 
is org- into five sections: 

I. 

II* 

111. 

Iv. 

The study area 

Hydraulic xrdelmg ' ardsiLllulatian 
prcxedures 

Whwping crane roosting habitat 
suitability cr i ter ia 

habitats 
criteria 
output. 

Applicatim of the -ping crane ciiteria 
and hydraulic xdek  using IFlM 

Results of the rrodel applicatian 

for 
inthe 
The r e p r t  



l k s  study was conducted for the Platte River Managenwt Joint S W .  
The study has involved the U.S.  Fish and Wildlife Serv;ice (Service) and 
the U.S.  Eureau of Reclamation (gureau) In cmperation w i t h  a n m k r  of 
other federal, state, and private resource management and interest 
groups. 
authcrs of t!! r e p r t  zre David Carlsm of the US Fish and Wildlife 
Semce, Del HO~Z and mme hkdward of the US Bureau of Reclamation, and 
Jerry ZieWiu of the Plat- River -ping Crane Habitat Maincenance 
Trust. 

?he study covered a seven year pericd f m n  1983 t o  1989. The 

.. 

The study area i s  an 89 mile reach of the central Platte River betmen 
Lexington and C h a m ,  N e b r a s k a  (Shenk and Armbruster 1986, USFwS 1987).  
A 56 m e  segrmt w i t h i n  the reach has been designated as crit ical  
habitat for wfiooping c r z e s  (Federal Register 43 [941: 20938-20942).  he 
study area and its kcation in Nebraska i s  ShCkJn i n  Figure 1. 

channel widths in the study area vary considerably. 
sagme?ts, particularly in upper reaches of the study area, anabranching 
channels have replaced the fozmr w i d e 8  braidd channel. 
width of Wvidml  channels in highly anabranchea segnmts of the river 
i s  apprmhxely 200 feet. 
lcwer (eastern) end of the study area. S m  of these channels have 
widths of 1200 feet or  mre. 

In s m  river 

The average 

channel widths are generally greater in the 

The bed materid of the central P l a t t e  River is an unconsolidated 
alluvium of sand and gravel. 
water table. 
and varies frm 5.0 to  7.0 feet per mile. 

The river overlies an aquifer and high 
The channel gradient is approximately 6.0 feet per mile, 

~slands of various sizes ha- developed within the channel and are cmmn 
in the study area. 
sp l i t s  in the channel are rnr@mlcg~c;rlly significant. These are the 
Fort FaraCrKFllgore islands betwen Kearney and Gi lbn ,  and the 
%cmaker/Indian Island/mrrmn Island canplw that extends fran W c c d  
River to  three miles east of Grand Island. 

Haever, tm major island c q h s  that result .fram 

Large forested a r e s  have developed cn stabilized islands and accreted 
areas w i t h i n  the f o m  river channel. P r e d a u n m  ' t shrubs are 
sandbar U r n ,  indigo bush, rough-leaf dcgw=cd and red-osier d c q c d .  
The Pr- ' t trees are cot-, and red cedar (USWs 1981). MU& 
of the river valley has been converted to cropland w i t h  the predaminant 
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c x p  keing irrigated corn. 
s d l l  exist in sme 1owlm.d a r e s  in the river valley. These LON lying 
gaslands have soil misture regirrres that are hydrafically relxed t o  
~ ? e  river stage (Hurr 1983). 

Wetlznd rreaams au A I P U V ~  3ALLJ.31Lybu 

No rrajor i n f l u s  ccm in the seedy area. 
K e m y  C-, diverts wxer nez  
rivzr z z r ~ ~ ~ ~ t e l y  6.0 rrdes e=t of Kearney. 
&ring msc ice-free dzys of 

One major diversion, the 
C r e e k .  F l w  is return& t o  the 

The diversion oErates 
year. 

11. HYDRAULIC SIMULATION 

The prxedures used for IFlM st* design and -ling physical channel 
feacures follmed the guidelines described by Bovee (1982). An 
interagency team (U.S. Fish and Wildlife Service, U.S. Bureau of 
Rec lmuon ,  and Nebraska Gyne and Parks C a r m i s s i o n )  of hydrolcgists and 
Siclogists fami l ia r  with IFlM and the study area m c i p a t e d  in smdy 
site selection. The 89 mile reach was first divided into 12 segnmts 
based on th9 channel mrpholcgy and flow regim. 
representarive reaches (study sites) were selected in each segrnsnt t o  
represent physical features of the segment. 
e r e  established in the scu& area (Figure 1) . 

One or mre 

A total of 16 study sites 

Segm=nts and study sites were sequentiaUy nmkred frm Lexington 
damstream to Chapran (Figure 1). 
channel rrrorphology and flmi regimss and study site 5 was used to 
represent both of these segrents. 
cbaracteristics. 
were rcdeled separately. For example, river s-t 8 contains three 
sub-segrents designaced 8A, 8B, and 8C. Sub-swmnt 8A further is 
cmpsed of a north and south channel and the tm study sites lccated in 
these channels are designated RAN and EAS, respectively. 

River sespnents 3 and 5 have similar 

Sane S~~IIEII~S have variable 
These are represent& by specific sub-segna~ts mch 

m length of indihdual study sites ranged fran 766 to 6871 feet. 
B~DESI three and nine permanent transects were eXabU&& a t  each site; 
a mtal of 85 transects here estabUsh& at the 16 study sites. 
Ransects m w=ight€x3 to describe the length, and the lmg?.Ndinal 
chaacteristics of the channel represented by each transect. 

Field masurments were c0-W be- March 1483 and April 1988. 
&tween tcl~b and nine ~~~asuremnts, or sets of hydra* data, e r e  
collected at  each study site. River profiles, water velocities, and the 
C c m a c e  and location of x c d y  perennial vegetation e e  recorded for  
each transect. Infomatian about the location, measuramts, and 
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length of river represemed by each study site is ,sham in Table A-1 
of ApFendu< * A. 

Both Water Surface Profile (WSP) and IFG-4 I113dels (-us et al. 1984) 
here us& to  -1 ch=.?mel hydrzuUcs. Discharge relatimsbips e r e  
SirrJilated for flms beween 0.4 and 2.5 t i m s  the masured discharge. 
The Bureau (USBR 1989) h a  descr- funher d e w  of prccedures used 
for field data collection and hjtradic simlatian. IFG-4 hydraulic 
sinuatian files were prepxred, and slxnilatians of various hydrauhc 
p r m t e s s  have k~ r e p r t e d  (VSI3R 1987) = 

Assu-rptians u p n  which LFlM evaluations are predicated pertab t o  this 
-1. Arrong the zs~urr~~Lans is that the channel is either stable or  in 
dymmic ==brim (KiLioUs et  pl. 1984). channel changes may cccur on 
b c h  a shon term md long term basis. 

Changes in the ked of dlwial screams which result in short term 
variations in hydraulic pararrreters are often related to  the preceding 
flcw reg- (.Wdhom and Bovee 1978). bbre intensive IFlM sampling and 
stcdy design may o f L e n  k required to understand the hydrzulic 
relarionships asscciated w i t h  t h i s  variation (C. S-r pers. cam. ) . 
Several sights have been repsatedly sampld by the Bureau and Sendce in 
or6er to disce-m t l s e  short-term mriatians. A consensus of 
professianal opinion has f o m  that the hydraulic masuremnts and 
simulations czn be used to accurately W m a y  the present cmditians of 
the river ( U S M  1987a). The h y d r a u c  masumrents conducted by the 
Joint Studty, and hydraulic and habitat simlations made using these 
rreasmewnts z e  referred t o  as "present conditions". 

Lmg-te-nn &ages in channel mrpholcgy can occur that are related to 
fluvial dynamics including s-t transmrt, flm duration, and channel 
gearetry (Hydrology Workgroup 1989). The MLFdity w i t h  a c h  the 
-ling sirmilations can be used to predict lang-tenn trends under 
various future scenarios is not knmm. 
is to treat the database as the present cmditian WfiFle continuing'to 
m t o r  pssible changes in channel ' s {USBR 1987, Hydrology 
Workgroup 1989) . Habitat versus flcw rela- 'ps can be reconstructed 
i f  hydraulic o r  mrphologic c a n d i m  of the channel change. 
-tian, hydraulic &ling techniques are king ' and developed 
that could ke used to predict pxsible changes of allwial dynamics (Usm 
pers. cam.), 

Rlg approach of the Joint Study 

In 
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III. 

S U c w  r iver channels represent one of several t y p s  of hzbitat used for 
roosting by -ping crznes. -ping crane biologists generally agree 
whmping cranes select rwst sites based on the security offered by the 
sire (s) . 
riverine rmst sites (Biology Workgmup 1988): 

WHWPDJG CRANE: USE OF R I L E R D E  R(XSTIG HABITATS 

The follming characteristics have been ued to  describe 

Presence of watzr: Whwping cranes mst in water. The 
availability of water is an inherent requkerrwt of 
whwping crane Mmcior.  

Wide horizontal vis ibi l i ty:  W-mping cranes select rmst 
sites f r e  of visual abstructic-ns or w i t h  an unobstnxted 
v i e w ,  presumably to  aUcw them to see app- * g  
terrestrial  predators. Visibility at riverine sites 
includes b t h  a broad, unobsuucted channel width and 
upstream and downscream visibility. 

Depth of water: 
rcost. &epr water is often present in the channel 
adjacent t o  the roost sites. 
such as the Platte, a mixture of deeper Wwegs and 
shallowly subrrrerged sandbars occur. Biologists have 
hypthesized that deep water surrounding riverine rmst 
sites form a detei-rent to terrestrial predators. 

Whmping cranes stand in sha l l ck~  water to 

I n  braid& a l l w i a l  rivers 

Water width: In addxian t o  sinply being present and 
having adequate depths, the expanse of water surrounding 
the rmst site must be sufficiently wide t o  provide a 
sense of isolation and security. 

 he us ~ish and WUdlife Service (1981) remrted -ping cranes 
generally preferred to  ms t  in wide river channels Wch have lw, - 
m s e d ,  bare sandbars, relatively shaUm water, slcrw rates of flm, and 
isolatim fran human disturbance. The fo l laan  ' g characteristics were 
described based on 1 0  river- sites used by whwping cranes, including 
four sites an the Platte River: 

1) wide channel, w i t h  9 of 1 0  sites being ~~ 155 and 365 
meters (170 and 400 yards); 



2)  slcw flm, i .e.  z?praximately 0.4-1.8 mters per second 
(1-4 mph) although water in t h e  main channel may he 
m g  faster;  

3) shal lcw water except in the main channel (all sites 
evaluated were less thm 30 centimters (12 inches) deep 
and six of F !  s i ~ s  were 5-15 cen-ters (2-6 inches) 
deep) : 

4)  unvegetated; 

5) fine substrate, s u a l l y  sand; 

6 )  good horizmcal visibuty unnbstrucM frcm river bank to 
river bank . a d  at l e s t  a few hundred yards upstream and 
downstream (or to a bend in the river) at  all s i tes ;  

7) g& overhead visibility without tall trees, t a l l  and 
nPn5e shrubSage or high banks near the rcost; 

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

9) isolation (0.4 kilmter or 0.25 ~ e )  fran r e ,  houses, 
and railroad tracks; and, 

10) sandbars in the vicinity of the rmst that usually s l o p d  
gradually inco the water (often less than 1-2 degrees) , 
had l m  topcgraphic relief (often less than 0.3 mters (1 
fat)), no banks over several an high, and had little or 
no vegetation. 

A d d i t i d  masurmts of physical parameters has kal systematically 
collected at whcaping crane -st sites used in the P l a t t e  River study 
&yea fran 1983 to  1989 (ApFendix B). 
sites the following praneters haw? keen Bescribea: 

Based on measurerrwts at 21 rcost 

1) Active channel Widths of 172 to 1365 feet; 

Water width within the channel ranging fm 172 to 1207 feet: 

3) The percentage of the active channel that was water-filled 
ranges fran 59 co 100 v e n t  (mean = 93.3 percent) ; 



. -  

4 )  Profiles of the river channels ranging fran barren 
sandbars as high as ane foot a b v e  the water, t o  channels 
greater than 3 . 5  feet deep. 

l!!~xt s u i t a b m t y  cr iEria  are designed to irrpllerrwt habitat paramters 
ir! the rrodel. The habitat criteria here orisjnally develoFed by 
consensus of -ping c r m  and II.odeling e>q=erts in W workshops whid 
here con&cted under the supe~sion of the Service's Natianal Ecology 
Research Center. The Pii tat-use informatian and satability cr i ter ia  
12% wrkshops have beer; &scribed in w rep- (Shenk and Armbruster 
E-!, USW 1987b). Ar! e temate  &pth criterion was subsequently 
dadoped for the Bio lcq  Workgroup by the -ping crane -1 
subcamittee (1988), a26 'the .suitability index curves were refined to  
&lu& data collecfed Z:"L rast sites used through'the 1989 spring 

1 

of 

migrauon. 

F o u  habitat parameters zre used to describe the principal qualities of 
rmst sites on the Platte River which are campatible with IFlM 
sLxulation. These parameters are the channel width, wtted area w i t h i n  
the channel, the distribution of depths in the wtted area, and lack of 
disturbance. 

?ko of the pxmters, e t t e d  area and water depth, vary w i t h  flow. The 
other DO parmters, areas subject to disturkance and d.lannel width, do 
r ~ t ;  &se pa-vmters characterize factors that are constant and specific 
w i + A  each river s m t .  The "freedm fran disturbance" criterian 
fzictions as a binaxy criterion in the mdel and is used to  eliminate 
zeas  of the river subject to disturbance fran funher cansideration. 
Tne channel width, in carbination w i t h  the langitudinal characteristics 
of the river, describe b t h  the v i s i b j l i t y  characteristics w i t h i n  the 
C i . ! . ! l  and the o m  areas of channel available to cranes. S u i t a b i l i t y  
criteria and index curves have been developd to describe the &charge 
depsndant pmwcers. 

 he standard used to define the criteria and structure suitability cumes 
is %&itat-use". Habitat-use data dcmmnts the -ping cranes use of 
or preference for habitat w i t h  partFcular characteristics. It is assumed 
that (1) the species will selezt and use areas that are best able to  
satisfy i ts  l i f e  requirerrwts; and (2) as a result, greater use w i l l  
occur in higher Wty habitat (sdmbxger and O'Neil 1986). 
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Sui t zb i l i t y  is &fir& in tezm of the as- relatianship ktwsm 
optinurn canditians and tk opFosite we of no resource a W l e ,  
S u i t a b U r y  index w e s  were p- for each habitat criteria, with 
vdlues ranging fram 0.0 to  1.0. The index values represent an 
incerpretatian of the biolcgical significance of a reaswe of the habitat: 
criterian. 
index equal t o  1.0) represent a ccorrpranise betwen bi0l~cci. l  and 
m g e r r m t  considerauors. For ample,  a n u r b r  of -ping crane 
sightings have bee? ma& on rivers w i t h  wetted widths greater than 1000 
feet. The channel of L!e Plat= River was hi.storicaUy several t!!usmd 
feet wide throughout much of the study area. Today, haever, mly a few 
relatively shorc rexhes have ChaMelS widths greater than 1000 feet. 
Frm a practical standwhr, a wacer width of 1000 feet was judged t o  be 
sufficient to provide a desirable m g e m n t  condition. The s u i t a b i l i t y  
index curve was canstrucced accordingly. 

In  sane czses, conditians identified as optimum (suitAbility 

The information used to &velop the criteria are fran confhned sightings 
and direct abservauons of roost sites made M the Platte River by 
professional biologists. A ~lccturnal most is d e w  as the location 
cccupied by a single or group of whooping cranes in the late evening as 
ir karrts dark or vhen the cranes m e  first observed In the early 
mrning, k e n e n  first l i gh t  and shortly (15 minutes) after sunrise. 

The data that were used r,o develop the suitabUity criteria have been 
collected an the Platte -5iver system since 1966. 
feaures have been s y s ~ ~ ~ t i c a U y  masured at rmst sites on the Platte 
River since the 1983 f a l l  migratim. The suitabil i ty index curves are 
derived frm, and applicable to,  roosting habitat on the Platte River 
systen under the "present conditions" (Le., the physical, mrphological 
and hydraulic conditions that currently preMil) . 

Physical habitat 

a. Disturbance and Ekcluded areas 

whcoping cranes USIIAY avoid areas Within one-quarter mile of certain 
types of d is tuxknce (USFWS 1981). Disturbances that were idprxified 

bridges. 
disturbances excluded fran representatian. 

during the IFlM study design were  cam^ roads, railroad trac;rs, and 
Reaches of the river within one- mile of these 

O t h e r  reaches of river are excluded because of p e r  Ilne crossings. 
Pmer hnes mse a f l ight  hazard to  cranes attempting t o  locate rmsting 
areas. River reaches in the imedu * te vicinity of paer lines were 
determit.led to  be undesirable for mdeUing, and a IFile length 
of river upstream and damstream of line crossings was excluded. 
The lengths of river represented by each study site that are given in 
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Apw-ciix A, Table A-1, have been adjusted to exclude lengths of river 
influenced by disturbances and m r  lines. 

b. Active channel Width 

Whcoping cranes rcosting on the Platte River have dem=mstrated a 
preference for s i tes  w i t h  broad channels, free of x c d y  vegeteuan, and 
w i ~  gccd horizon& and overhead visibility (USFWS 1981). 

faccors k i n g  equzl, broad, =rive channgls with wide u n a b s t i i t &  views 
have greater value than narrw channels. 
crirerion includes the chxacteristics of "Unabstrwted v i e w "  described 
by Shenk and ArmbnsLer (19861, and is synonymus w i t h  "unabstructed 
c-1 width" cricerion described by the U S M  (198%). 

The active 
width criterion is used to describe these feamres. Other 

The active channel width 

Table  1. Bank to bank, unnbstructed channel widths 
remned ar: 40 r iverhe krhcoping crane rmst sites, 
ranked fran lzges t  to smallest for sightings on the 
Platce River system and other Great Plains rivers. 

obstrucfed c m e l  width (ft) 
. r b t t e  Y Fil ver Other rivers 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1365 
1207 
1152 
1087 
1048 
1019 
986 
975 
881 
856 
850 
831 
827 ' 
755/ 
699 
696 ' 
600 
570 
552 
507 
495 
475 ' 

373 

2050 
1837 
1640 
1575 
1476 
1276 
1247 
123 0 
1230 
1201 
1050 
899 
810 
600 
5 12 
4139 

24 172 
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channels of the Platte Xver tha t  m W y  carry flw (active channels) 
are bun&d by wD3dy, Ferennial vegetatian. 
form visual 0bstructio.nls to cranes standing in the river.  The location 
of river banks and pra-r!Lal hcdy vegetation greater than three feet  in 
height (USFWS 1987b) is ccded in the hydraulic data files for each IFlM 
transect, and the width of the active channel is masued as the distance 
bewen abstruccians alczg a transect. 

The banks and vegetation 

channel widths used by hkoping cranes an the P l a t t e  River are given in 
T a b l e  1. Channel WidLhs hive ranged fran 172 to 1365 feet. 
sices evaluated M the Platte River, 20 have been in channels greater 
thm 500 feet wide, and tm other Sites were h channels 495 and 474 feet 
wide. ~n contrast, the ~ v a U a b U t y  of channels greater than 500 feet an 
the CETEZ& Plat= fiver is Limit& (USM 1981). Use of channels w i t h  
widths generally greater than 500 feet is substantiated by abservatians 
mde a t  a n&r of other riverine rwst sights (R. b k  Rrs. c m . )  . 
The suitability index crve originally developd t o  describe the 

Of 24 rmst 

unobsuructed channel wi,&h is shocsl in Appendix c. 

The whcoping crane's requkerrwt for a wide unobstructed v i e w  includes 
upstream and damstream v i s i s i l i t y  (Faanes, in press). Q-iarzcteristics 
of upstream and dmnstrem visibility at roosts an the Platte River are 
reprted i n  Appenduc ' B. 
directly ~ a s u r e d  by the IIlDdel, a v e r ,  aspects of the f ie ld  design 
(i.e. , transect p l a c m r t  and trans= weighting) are used t o  represent 
the longitudinal characteristics of the river channel at each site. 
active channel ~ d t h  cricerian in c-inatim with the longitudinal 
characteristics &scribe the "active channel area". 
is  described in Section N of this report. 

than 170 feet, the narrowest channel used by -ping cranes, are 
excluded fran the mdel.  

Upstream and dckslstream Visibility zre not 

T k  

implerrentation 
Channels h a h g  widths less 

c. Water Width 

This criterion characterizes the expanse of water that n0-y occurs in 
the charml at mst  sires. An m e  of water apparently provide 
cranes a sense of isolation and searim (Shenk and Ambruster 1986, 
USFWS 1987b). Tfie water w i d t h  is canplted as the sum of the wetted 
Flidths w i t h i n  the channel (USM 198%). 



Table 2. 
channels remrted at 35 river- rmst locatians used 
by -ping crws.  
frm laryest t o  m a l l e s t  for Platte River sightings 
and for other Great P l a i n s  rivers. 

Width of water w i t h i n  the U n a b S t r u c t e d  

Total water widths are ranked 

Water Width (ft) 
rank Platte River Other Rivers 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 

1207 
1007 
1048 
9 63 

861 
843 
831 
027 ’. 
826 
804 
755 
748 
636/ 
646 
600. 
5 62 
520 
507 
495 
475 
356 
172 

948 

1640 
1575 
123 0 
1230 
1230 
1115 
1050 
9 84 
810 
7 87 
489 

Ths water width in channels used by -ping cranes ShCkJn in the P l a t t e  
River and other Great Plains rivers are sham in Table 2. The greatest 
&served water width used by -ping cranes on the Platte River is  1207 
feet. Water widths greater than 1207 feet have been re-rted at a numter 
of rwst sites on other rivers in the migration cornidor. The narrcwest 
mter w i d t h  in the channel at sites used by w i n g  cranes on the Platte 
River is 121 feet (Johnson wubl. I -  data, presented in Shenk and 
Arxrbruster 1986). 

me suitability index curve constructed for this criteria has a value of 
0.0 for  widths less than 120 feet. 
assigned to wstted widths of 850 feet and a suitability value of 1 .0  is 
assigned to wetted widths of 1000 feet or greater (Figure 2). 

F 

A Suitability value of 0.9 is 

. . . .- ... . . ..... .~ . . . . ~~~ . ~ ~ 
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Figure 2. 
used in che whooping cram rmstin3 habimt simulation rrcdel. 

Suitability index m e  for the Wetted Width criterion 

whcoping cranes using the Platte River often roost an shallmly subrerged 
sancbars a t  a distance fran the edge of water and visual obstructians. 
kepzr w a t e r  has bunded the s m r g e 3  sandbar or specific location where 
cranes s-. The uctual depths of water -ping cranes stand in can 
vary within certain Units i f  the over-all suitability a t  the site is 
sufficiently m t .  
bed, a suitable rcosthg site w i l l  have a variety of water depths: 
suherged sandbars that are braid& bi a nu&r of deeper channels or 

&cause of natural variatim in the al luvial  channel 

thalhegs w i t h i n  the main channel. 

TYE depth criterim was enpkicaUy developed based on the variation of 
depths measured at rwst lozatians. Channel profiles were collected at 
21 locatians used by w p h g  cranes on the P h t t e  River (Figure 3 ) .  
~&zsurenwts of water depths were collected by placing a transect across 
the channel a t  the rmst site shortly after cranes had l e f t .  Each 
transect was placed prpmdicular to the channel and be- the banks or 
pints of visual a b s u ~ c t i o n .  
intervals almg it. 

easuramts of water depth w e  taken at 
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Figure 4 .  
rmst siws on the Placte River. 
minus 2 standard deviatians of the emulative distributian 
functions for 21 rmsts sites. 
suitable zone used in the -ping crane -1. 

Cumulative depth distribution czllve for  Who3phg crane 
The m e  is the =an plus and 

This range (shaded zrea) is  the 

The proprt ion of the wetted width w a s  canputed for each 0.2 f a t  
i n c r m t  in depth, and a cumulatA=ve distribution function (-1 was 
developed for each rmst site t o  describe the s ta t i s t i ca l  distribution of 
&pms a t  the site. 
averaging the The suiwble 
rarige was defined as the man a curve, plus and minus W standard 

A range of suitable depths was calculated by 
w e s  of a l l  21 roosts sites (Figure 4 ) .  

The suitability index of transects at the IFSM study sites is detemined 
by hcw well the W a t i v e  distribution -tion (a) for  the transect 
ac a given flw canforms w i t h  the canp~ted for -ping crane =st 
sites. The suitability index of the transect is calculated as the 
progartian of the pints on its r;df curve that fall w i t h i n  the suitable 
range. mis calculation is repeated for each transect segmnt for  each 
flcw tha t  is s d a t e d .  A detdled desdpt ian of the depth criterion 
was provided in a r e p r t  prepared for the Biology Workgroup (Carbon e t  
al. 1988). 



IV. IMPLEMENTATION CF IiA2ITAT VXUABLES 

The habitat suitability cr i ter ia  are applied to  the central Platte River 
study area using hydrzulic sinailation and a physical habitat simulat im 
program. The physical habitat  sirrrulation is implaTwted by a ccxrpuEr 
program originally developsd by Ziewitz (1987) and ncdified by Wm&ard. 

Physical rcosting habitat used in this mdel is cansidered by conventim 
to be a function of habiczt guality (suitability) and the quantity (area) 
of available habitat. This apprcach is based an a similar cancept often 
used w i t h  HSI n-cdels *? they are applied in Habitat Evaluation 
Proxiures (HEP) and IFIN system mdels. The channd area w i t h i n  the 
s n d y  area is a cons tan^, and increrrwtal changes in river flcw result in 
i n c r m t a l  changes in Th quality of habitat w i t h i n  the study area. 

An IFlM transect represents che profile of one or m r e  channels, 
depending on channel mrpholcgy. Indi~L- channels represented by a 
transect are referred to  as "transect s w t s "  (Figure 5a). A transect 
s-t represents the active p n i o n  of the river; that wrtion wh ich  
conducts flaw and is bm&d either by stable barb or p=mnmently 
vegetated islands. 
discharge or a  ort ti on of it. 

The channel may carry the to ta l  Platte River 

Transect segnwts are the sampling un i t  of the rrodel and certain 
physical characteristics of each transect s-t are fixed. 
chzacteristics include the lozation of banks and tall w&y vegetation, 
w n-r and location of channels, and the length of river it 
represents. The informatinn is coded into hydraulic inpu t  files (IFG-4 
f i les)  and a s  not change during h y d r a u c  or habitat simlation. 

These 

Habitat value is cmputed as a pr&t of the active channel area and 
su i tab i l i ty  indices. The active channel area is first ccmputed by 
multiplying the unobstructed channel width of each transect s-t by 
the length of river the transect s m t  represents. 
serves two purpses. 
that is generated a t  a site is a c-site for a U  channels that  are 
available, prwided they met or exceed the minimum suitability for  
channel width. 
wider and have greater su i tab i l i ty .  

This irrrplerrwtation 
Operaticnally, the habitat/discharge relatianship 

Secondly, greater weight i s  g iva  t o  channels that are 

suitability indices are canpated for the flow dependant cr i ter ia  (depth 
and water width) for each transect segnmt, 
represented by the transect segrrwt is %eight&", 'or -tiwed, by the 
suitability indices. A habitat functim termd "k&ght& habitat area" 

and the channel area 



(WHA) is prcduced for e-e mrtian of river channel represented by the 
segrenc. The simple equation that expresses t h i s  relatianship is: 

weighted Habirat Area = (CW x L) (SIw x SId) 

a r e :  WHA = Wsighted Habitat Area for a transect ssgnent 
Cw = Width of the active channel 
L = Length of river represented by the transect 
S I w  = Sui tab i l i ty  index for water width 
SId = Suitability index for water depth 

The Mitat vdlues of the transect s-ts are M together t o  derive 
the hWA for  the study sice (Figure Sb). 
in t e rn  of the WHA valus per 1000 U ~ a r  feet of river for each river 
s e m t .  WHA i s  an ccmpzsite index of the relative Wty and quantiw 
of rmst habitat, absoluEe magnitudes are not maningful. 

The habitat Val= is  expressed 

r-\ 

(a )  Representation of a .transect cross-section 

\ 

- 
- *.:.,, .^_. 1 ' .*.*i-.- 

T1 T2 
(b) Representation of a study site 

Figure 5 .  
are computed for each transect segment 
unit length of river is computed by summing WH&for all transect 
segments at the sire and dividing by the total length of the study 
site (b). 
ttansects (Lt) and rhe study site (Ls). 

Channel width and indices for water width and water depth 
( a ) .  Weighted habitat area per 

T = transecr; L = length of river represented by individual 

17 



V. RESULTS OF PHYSICAL 3BITAT SIMULATION 

results of flow versus habitat relatianships generated by The pre17mlnaz-y 
the rc&l are given in ?igUres D-1 through E-15, and in ApFendix D. 
hhc! mre than one masxcmt was mde a t  a s i te ,  slight shifts in the 
hydraulic and habiEat vzsus flow sinlatims are s m m - s  observed. 
These zre hlieved to ke due to shifts in the channel bsd that cccurs 
beKweerl mz.surernents. TZ2 mxle- 1 treacs the channel bed as s ta t i c  for the 
hydraulic and habicx s:yfiauans of each data set. 
habitat a w e s  presemzi iq rep= e r e  canbind using a 
mathematical algorithm zevelom by the Bureau of Reclamatian (in prep. ) . 
Irregularities mt z p ~ ~ - i z  in the resulting habicat/discharge c w e s  of 
u-dividml s i tes  z re  & g a e d  hrfien tin2 relatianships are canbined for  the 
entire study area. 

. .  

The flow versus 

To prcduce a flow v e r s s  ,Witat relatianship for the study area, the WHA 
relationships for e x h  site were first multiplied by the length of the 
rivsr s-t represcnd by the s i t e  to &tam WHA for the river 
s m t .  The WHA fcr 2.2 river segnwts were then added together. 
physical habitat versus flcw relationship for the study area is  given in 
Figure 6 (prehmnazz). 

The 

1600 - 
0 aJ L 1400 
a 
+ 1200 L 
0 

+ l o o 0  - .- 

O F  
1000 2000 3 l l O Q  4000 

Discharge (cfs) 
5000 

Figure 6. 
-ping crane roosuing habitat for the cencral Platte River study 

Habitat versus discharge rela- ' p  simulated for 

area. 



m. 

. -  

The rcdel is based on pkysical features of rwsting -tat which are 
6ischarge relam; i r ,  i s  -mt an ecolcgical r l .  
Wmt t o  maint.ining the ecological rdue of -ping crzre rigracory 
znc rwst habitat on ~ ! ! e  Plat= River are kyorld the scopt of the -1. 
These issues inch&, bur: z e  mt I.1,Pcessariiy U r ~ t e d  t o  the h y d r o l w  of 
MZL ~ a & w s ,  the iqarr,z.=e of feeding in riverine habitat, & 
a r : a - m c e  of river 6k--x1 mqhlcgy, and the jmwsitior? of lmd 
use and habitat t y p s .  

Several issues 

Th2 n&el is applic&le ca rmst habitat characteristics w i t h i n  tlhe banks 
of the river channel pro-rxr. Cccasianally, m s t i r g  o p p x t m u e s  cccu 
in zhe r i v e r h e  s e t c ig  but outside of the channel due to bank overflm, 
or hhen lmlands adjxent t o  the channel fill w i t h  groundwater. Though 
these events can ke relxsd ro r iver  discharge, the rrodel doss not 
ad5zess che value of ttl?ss puxial roosting areas. 

Th -1 repressms the relationship of -ping crane habit- a t  t o  
ciis-ge in the e x i s u ~ j  setting; it does not address whmping crane 
resp-se  to change in relatianships m m g  the habitat variables beyond 
thosje that presently occur. The hydraulic measurarents and subsequent 
s k L a t i a n s  represent the "present conditians" of the river. 
hydzeulic cmdici~ns that are likely to  preMil under various lm~-tz!rm 
scaar ios  of river or flcw m a m g m t  are not kncm. 
feerues a v a i l a l e  to whwping cranes &r the presult cmdicions 
corsidzzbly, 
fezcues used l i m i t  the cilanrlel changes tha t  can bs &led. 

?he 

Though charnil 

s i g h t i ~ g  information cn chamel 2nd waEr-rekt& 

Sewral inter-relationships m a g  thzse and other habitat critzria have 
LazrI examned bd-~Lch could bear further consideration in habiut 
rra.sgerri3nt and recovery &cisians. 
inte-rpretation of these relationships will de- up=m idennfying 
s E i f i c  uses of ths -1, zs WEU. as formulatian of s p z i f i c  m g m t  
objectives for the recovery of roosting habitat. 

Further investigatim and 

AND v.mTI0.N 

Verificatian and validation are angoing processes of mdd devdopn=nt 
and refbemnt .  
internally consistent, that It operates properly, and that the logic and 
mathmatical operations are p e r f o m  in t h e  mmer they are intended. 
Validxion, on the other hand, tests the fiodfl's accuracy. Validation is 
designed to determine if assmptians of the -1 are sound, i f  c r i t e r i a  

Verificatim is conducted to assure the rc&l is 
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accurately Fortray biolcgical relatimships, and i f  the rcdel's output is 
accurate or cansistent w i t h  the observed respnse of the organism. 
Methods used to test a rr- have been described by O'Neil and 
Scharrkeryer (1986) and by T e n d  (1988). 

Sever& forms of ver i f ica t im have been undertaken p r i c d i c a l l y  
throughout the develqmac of the r d e l  through sensitivity analysis,  
input fran species au*Drities and &ling expsns, and professional 
review. Methods of v u d t i n g  the Mitat versus f low relationship have 
not been develom. P a ~ v e r ,  river flows during recent -ping 
sightings an the P l a t t e  fiiver 'appear, are at a m h i q u n  grossly cansistent 
wit? high habitat valEes simulated for those flcws. 
w i l l  rely up3 zddiuc.n& sightAg information, use of additional 
infomation w i t h  the z ~ m c a l  mxh&olcgy descrihsd abve ,  or the 
future deve1c;rrmt of oLkr  analytical methods. 

Further validation 
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Table A-1.  Information about the IFIM study s i t e s  used in the simulation of the 
whooping crane roosting habitat versus discharge relationship. 

~ Range of 
l Site number River segment number Measured discharges 
' &  approximate and segment length Measurement discharge simulated ifg4 

location site represents a number & date ( c f s )  ( c f s )  data file 

Site 2 2 
Jeff reys 
Island 

I 

I Site 4 A  4 
~ Elm Creek 
I 

'Site 4B 4 
Odessa 

S i t e  5b 3 
Kearney 5 

Site 6 6 
I Audubon 
~ Sanctuary 

'Site 7 ,  , 7 
~ Gibbon 

Sites B A N  8 
Denman 

'Site BAS 8 

1 
' Denman 

:Site 8 B  8 
Denman 

3.9 miles 

3.0 miles 

5.0 miles 

8.0 miles 
10.7 miles 

7.6 miles 

11.2 miles 

7.3 miles 

7.3 miles 

2.3 miles 

1 
2 
3 

2 
3 

2 
3 

%z 
%3 
1 
2 
3 
4 

1 
2 
3 

2 
3 

2 
3 

2 
3 
4 

1 0 / 1 0 / 8 4  
04/10/85 
07/22/85 

0 3./ 2 6 / 8 5 
07/08/85 

03/27/85 
07/09/85 

05/06/85 
07/23/85 

10/03/84 
04/03/85 
07/17/85 
06/09/86 

10/09/84 
04/22/85 
07/15/85 

03/20/85 
07/24/85 

03/20/85 
07/30/85 

03/21/85 
07/12/85 
05/21/86 

2030 
2290 

6 4 0  

1871 
227 

1716 
215 

2063 
520 

1430' 
1977 
290 
549 

893 
335 
209 

1525d 
177 

1746d 
360 

3336 
415 
1802 

825-5155 
916-5725 
250-1600 

800-4700 
090-0570 

686-4290 
086-0538 

825-5158 
208-1300 

600-3500 
800-4900 
120-0750 
220-1372 

357-2233 
134-0838 
083-0522 

614-3843 
070-0442 

700-2600 
150-0900 

1350-5000 
166-1038 
721-4500 

IF0021W 
1F0022W 
IF0023W 

IF04A2W 
IF04A3W 

IF04B2W 
IF04B3W 

I FO 0 52W 
IF0053W 

IF0061W 
IF0062W 
IF0063W 
IF0064W 

IF0071W 
IF0072W 
IF0073W 

IF8AN2W 
IF8AN3W 

IF8AS2W 
lF8AS3W 

IF08B2W 
IF08B3W 
IF08B4W 



4 

Table A-1. ( c o n t i n u e d )  

IFOBClW ' S i t e  8C 8 3.0 m i l e s  1 10/15/84 4 2 7 0  
Denman 2 04/18/85 1372 5 5 0- 34 3 0 IFOEC2W 

1 3 07/19/85 5 4 0  2 16-1 350 IFOEC3W 

17 0 0-  5000 

I 

Site 9BWe 9 16.3 miles 4 
Mormon I s l a n d  5 
C r a n e  Meadows 6 

7 
0 
9 

04/02/85 1299 f 700-3200 IF9BW4W 
07/10/85 110 Ob6-0275 IF9BW5W 
10/02/85 858 50,0-2150 IF9BW6W 
04/03/86 1113 4 '  0-2800 IF9BW7W 
06/12/86 604 250-1500 IF9BW8W 
03/22/88 1120 450-2800 IF9BW9W 

IF9BE2W S i t e  9 B E e  9 16.3  m i l e s  2 04 /01 /85  1305 522-3263 
Mormon I s l a n d  3 07 /1 1/85 96 0 3 8-024 0 IF9BE3W 

1 C r a n e  Meadows 4 10/03/85 950 3 b 0- 2 3 5 0 IF'9BE4W 
I 6 06/11/86 530 212-1325 IF9BE6W 

7 03/24/88 1140 456-2850 IF9BE7W 

Site 10 10 8.2 miles 1 10/0 1 /84 4 6 4  R lP6-1160 IFOlOlW 
Mormon I s l a n d  2 04/04/85 380 152-0950 IF0102W 
C r a n e  Meadows 4 03/23/88 564 225-1410 IF0104W 

I 

7586 300-2000 IF01 11W Site 11 11 16.5 miles 1 10/04/84 
IF0112W Mormon I s l a n d  2 04/12/85 805 350-2200 

I C r a n e  Meadows 3 07/20/85 350 150-0850 IF0113W 
I 

]S i t e  12A 12 5.4 m i l e s  1 10/12/84 2225 890-4500 IF12AlW 
 chapman 1 2 04/15/05 1837 600-3900 IF12A2W 

3 07/16/05 215 090-0550 IF12A3W 
4 06/13/86 1068 4 27 --2 67 0 I F12A4W 

S i t e  12B 12 4.4 miles 2 04/16/85 1857 743-4643 IF12B2W 
P h i  1 lips 3 07/25,f85 600 239-1495 IF12B3W 

' a .  The segment  l e n g t h s  t h a t  a r e  reported have  been  a d j u s t e d  (reduced) t o  a c c o u n t  for reaches 
\ s u b j e c t  t o  disturbances, such as roads and  bridges.  
I 

,b. Site 5 r e p r e s e n t s  two-  r iver segmen t s ,  Segment 3 a n d  Segment 5. 

c ,  Site 6 does not represent all river c h a n n e l s ;  reported discharges are a p p r o x i m a t e l y  68 
I 

p e r c e n t  of t h e  t o t a l  r i v e r  flow. 

. I 



Table A-1.  (continued) 

d. Site 8 A  is a split c h a n n e l ;  8 A S  carr ie s  60 percent of the total flow and 8AN carries 4 0  
1 percent. 

le. Sites 9BW and 9BE represent t h e  same river segment. 
I 

f .  Flow a t  Sites  9BW and 9BE relate to the  total flow as: Total f l o w  ( c f s )  = 
(Reported f l o w  x 1 . 8 1 )  + 354  cfs. 

9. S i t e  10  flow relates to total flow as: Total flow (cfs) = (Reported flow x 7.35) + 266  c f s .  

ih. S i t e  11 f l o w  relates to total flow as: Total flow ( c f s )  = (Reported flow x 2.64) - 1 4 4  cfs .  
, 
I 



Table B-1. Measurements of physical habitat variables collected at 21 whooping 
, crane roost sites on t h e  c e n t r a l  P l a t t e  River. 
1 

I P E RC EN T MEDIAN UPSTREAM DOWNZTREAM 
CHANNEL WATER OF CHANNEL WATER VISIBILITY VISIBILITY 

DEPTH (ft) lest miles) ( e  st miles) PATE WIDTH f f t )  WIDTH (ft) WETTED 

10/28/03 
10/21/85 
11/05/86 

' 03/22/87 
' 04/08/87 ' 04/10/87 

~ 04/11/87 
04/12/87 
10/22/87 
03/24/08 
03/25/88 
03/28/88 
03/30/88 : 04/01/88 
04/03/88 ' 04/04/88 

1 04/04/88 
1 09/05/88 

04/06/08 
03/30/89 
04/16/89 

1152 
1019 
699 
1207 
1087 
975 

881 
986 
373 
831 
552 
172 
495 
1365 
475 
850 
570 
507 
709 
678 

1048 

748 65 
826 81 
646 92 
1207 100 
1087 100 
948 9 7 ,  
1048 100 
861 98 
963 98 
356 95 
831 100 
520 94 
172 100 
495 100 
804 59 
475 100 
84 3 99 
562 99 
507 100 

.m<c77 95 
589 87 

.74 
* 74 
- 7 1  

1.10 
-72 

1.03 
.97 
.64 
-93 
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Figure  C-1. S u i t a b i l i t y  index curve for t h e  
Unobstructed Channel Width c r i t e r i o n .  
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