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SANDHILL CRANE ROOST SITE CHARACTERISTICS IN THE 
NORTH PLATTE RIVER VALLEY 

MARTIN J. FOLK, Cooperative Wildlife Research Laboratory and Department of Zoology, Southern Illinois University, Carbondale, 
IL 62901 

THOMAS C. TACHA,' Cooperative Wildlife Research Laboratory and Department of Zoology, Southern Illinois University, 
Carbondale, IL 62901 

Abstract: We documented sandhill crane (Grus canadensis) roost site characteristics in the North Platte 
River Valley (NPRV) of Nebraska in riverine and semipermanent palustrine wetlands from late February 
through mid-April in 1988 and 1989. Crane roost sites in the river were located closer to visual obstructions, 
in narrower channels, and in a wider range of water depths than determined previously in the Platte River. 
Cranes roosted in semipermanent wetlands where widths were >12 m, water depths were 5.0-24.4 cm, and 
distance to shore was >1 m. Based on the estimated peak number of sandhill cranes and roosting capacity 
estimates, availability of roosting habitat was not limiting use of the NPRV by cranes. North Platte river 
flows should be maintained to provide channel widths -48 m and water depths '21 cm for roosting cranes. 
Temporary (wet meadow) and semipermanent palustrine wetlands adjacent to the river should be preserved 
to provide important diurnal and nocturnal crane habitat. 
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The North Platte and Platte River valleys of 
Nebraska are the primary spring staging areas 
for the midcontinental population of sandhill 
cranes (Benning and Johnson 1987). Cranes are 
dependent upon these valleys to provide high 
energy foods (especially corn) necessary to ac- 
cumulate lipid reserves for use in nesting areas 
(Krapu et al. 1985, Tacha et al. 1987). Loss of 
grasslands and wetlands to agricultural and 
commercial development has altered staging 
habitat of sandhill cranes (Lewis et al. 1977, 
Currier and Ziewitz 1987). Flow reductions in 
the rivers allowed encroachment of woody 
vegetation on sandbars used by cranes for roost- 
ing. 

Current management of crane roosting hab- 
itat includes maintenance of water flows and 
costly mechanical removal of woody vegetation 
(Lingle 1982). Iverson et al. (1987) found up to 
67,500 (45% of total) cranes using off-river tem- 
porary and semipermanent wetland roost sites 
in the North Platte River Valley (NPRV) and 
recommended the preservation of existing sites 
and development of additional off-river roost 
sites. However, no studies of roost site selection 
have been conducted in the NPRV. Our objec- 
tives were to determine factors associated with 
crane use and selection of river and adjacent 
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STUDY AREA 
The study area encompassed 260 km2 of the 

valley formed by the North and South Platte 
rivers between Sutherland and North Platte, Ne- 
braska (Iverson et al. 1987:Fig. 1). This area has 
been described previously (Iverson et al. 1987, 
Krapu et al. 1987, Folk 1989). 

Semipermanent (unconsolidated mud bot- 
tom) and temporary palustrine wetlands (Co- 
wardin et al. 1979) were located in grassland 
pastures where vegetation height was limited 
by grazing and haying. Light snow and rain 
helped maintain temporary wetland water levels 
in spring 1988. Temporary wetlands held no 
water in spring 1989; no appreciable winter snow 
accumulated to provide initial water, and only 
light snow fell during staging. Some semiper- 
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manent wetlands went dry in 1989. The North 
and South Platte rivers and Birdwood Creek 
were permanent riverine wetlands; the South 
Platte River was not used by roosting cranes 
(Iverson et al. 1987, Folk 1989). 

The North Platte River between Sutherland 
and North Platte was designated by the USFWS 
in 1987 as Resource Category 1 for sandhill 
cranes (U.S. Dep. Inter. 1987). Category 1 areas 
are of unique and irreplaceable value, with a 
goal of no habitat loss. 

METHODS 
Roost Site Factors 

Sampling Design.-Each of 2 river areas 
served as sampling units for initial analyses of 
roost site selection characteristics (variables). The 
2 river areas formed a continuous 3.2-km stretch 
of channel downstream from the bridge located 
north of Hershey, Nebraska. Nine semiperma- 
nent wetlands (0.1-3.8 ha) used for roosting 
served as sampling units and were located 1.6- 
2.4 km north and 7.2-8.8 km east of Hershey 
(Iverson et al. 1987:Fig. 1). Areas used by cranes 
for roosting within each river or semipermanent 
wetland sampling unit were delineated on aerial 
photographs; roost and nonroost areas within 
sampling units served as sampling subunits. 
Roosts were mapped at night with the aid of a 
3 x night-vision scope. 

We randomly selected sampling points for 
measuring habitat characteristics within sam- 
pling subunits by using a numbered grid overlay 
on aerial photos and a random numbers table 
following methods of Soine (1982) and Haley 
(1983). In 1988, >6 sampling points were se- 
lected each week in subunits of the river and 1 
semipermanent wetland. Water depth, distance 
to visual obstruction (obstruction >1 m high), 
and unobstructed river channel (i.e., channel 
bank to bank or between visual obstructions), 
and wetland widths (min. distance across wet- 
land) were measured at each point. Mud depth 
and average substrate slope were measured fol- 
lowing methods of Soine (1982) and Folk (1989: 
8-9) when water depths were suitable (<35.6 
cm) for crane use (Armbruster and Farmer 1982). 
Distances to potential human disturbance fac- 
tors were measured when factors were present 
within distances that could affect crane roosting 
(Armbruster and Farmer 1982). 

Multiple regression analyses of habitat char- 
acteristics on crane roost use in 1988 indicated 

slope was not associated (P > 0.10) with roost 
site selection in the river or semipermanent wet- 
land. Thus, only water and mud depth, unob- 
structed width, and distance to nearest shore 
were sampled in subunits of 8 semipermanent 
wetlands during spring 1989 to increase sample 
size. 

Collective predictability of roost site selection 
criteria for the river (based on 1988 data) was 
tested in 1989 using night aerial infrared pho- 
tography from the peak of staging (20 Mar based 
on weekly surveys [Folk 1989]) and data from 
a river habitat inventory. This inventory was 
conducted during the 1989 spring staging pe- 
riod in the 26 km of the North Platte River from 
the Sutherland bridge to 5.2 km upstream from 
the Highway 83 bridge at North Platte. Tran- 
sects perpendicular to the water current were 
established at 50-m intervals in all channels > 48 
m wide (cranes were not observed roosting in 
narrower channels in 1988). Within each tran- 
sect, water depth was measured at 4-m intervals 
within a zone 4 m from each side of the nearest 
visual obstructions (cranes were not observed 
roosting closer than 4 m to an obstruction in 
1988). Transects were not measured when they 
fell within 400 m of a bridge (Armbruster and 
Farmer 1982). Sampling points that met mini- 
mum water depth, channel width, and distance 
to obstruction requirements (from 1988 criteria) 
for crane roosting were plotted on aerial pho- 
tographs from the Agricultural Stabilization and 
Conservation Service (ASCS); polygons were 
drawn around the perimeter of groups of con- 
tiguous plotted points to delineate potential 
roosts. 

Potential roosts were then compared to actual 
roosts as shown on aerial infrared photography 
of the river. A subset of 16.7 km of river channels 
(Folk 1989:49) for which photographs of roost- 
ing cranes were available was used for visual 
comparisons with predicted crane roosts. River 
channels and crane flocks within the river were 
outlined on acetate sheets placed over the night 
photographs. These overlays were then enlarged 
to match the scale of the ASCS photographs 
where predicted roosts were drawn. 

Visual comparison of predicted versus actual 
roost areas clearly indicated that water depth 
and channel width criteria from 1988 analyses 
were overly restrictive. Data from the 1989 hab- 
itat inventory and infrared photography were 
then used to reanalyze criteria for channel width 
and water depth. Channel widths <48 m were 
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points (A), 444 transects (B), and 3,062 sampling points (C). 

not considered in the spring 1989 river habitat 
inventory, but were scaled from aerial photo- 
graphs at 50-m intervals where transects oc- 
curred and were included in analyses of 1989 
data. 

Analyses. Two-group t-tests were used for 
simple comparisons of habitat characteristics, 
and multiple regression was used to compare 
multiple habitat characteristics (independent 
variables) for roost versus nonroost sites (depen- 
dent variable). We included significant factors 
(P < 0.05) from t-tests as independent variables 

in regression analyses. The initial model for the 
river, based on 1989 data, included water depth, 
distance to visual obstruction, substrate slope, 
unobstructed width, and the interactions be- 
tween these variables. The initial model for the 
semipermanent wetland studies using 1989 data 
included water depth, mud depth, unobstructed 
width, distance to shore, and associated inter- 
actions. Each model was run and rerun remov- 
ing nonsignificant (P > 0.10) independent vari- 
ables until all remaining independent variables 
were significant (P < 0.10). We used ANOVA 
to determine if roost characteristics (dependent 
variables) varied (P < 0.05) among weeks (in- 
dependent variable) during 1988. 

Bar charts were prepared showing percentage 
distributions of samples (availability) and per- 
centage distributions of samples where cranes 
roosted (use). These were prepared for signifi- 
cant (P < 0.10) variables (e.g., cm of water 
depth; Fig. 1) from final 1989 analyses of data 
from the river and semipermanent wetlands. 
Chi-square tests were used to determine differ- 
ences in the ratio of use versus availability among 
levels of each variable (Neu et al. 1974). When 
a significant (P < 0.05) difference was present, 
groups of variable levels showing the highest 
use were considered optimum, levels of less use 
were considered suboptimum, and levels with 
no use were considered unusable. 

Roosting Capacity 
River roost criteria were used to plot potential 

roost sites (polygons) on aerial photographs of 
the North Platte River from the Sutherland 
bridge to 5.2 km upstream from the Highway 
83 bridge at North Platte. Total potential op- 
timum and suboptimum roost areas were used 
to predict a range of carrying capacity. 

We plotted optimum roost sites and used a 
planimeter to estimate the area of optimum hab- 
itat. Roosting capacity of optimum habitat was 
the product of this total potential roost area and 
an average maximum density of roosting cranes, 
obtained from the peak period of crane use in 
1988 (Folk 1989). Roosting capacity of the sub- 
optimum component was the product of subop- 
timum area and one-half the density of cranes 
used for the optimum component. Half density 
was selected subjectively to reflect the assump- 
tion that as habitat quality declined from op- 
timum to unusable, the number of roosting 
cranes declined. This estimate of carrying ca- 
pacity was conservative because it did not in- 
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Table 1. Multiple regression analyses for roost and nonroost sites of sandhill cranes in riverine and semipermanent wetlands 
in the North Platte River Valley during spring 1988 and 1989. Only significant (P < 0.05) variables are listed. 

Independent variablea df R2 F P 

River 4, 171 0.48 39.10 0.0001 
OBST 1 0.08 14.58 0.0002 
WIDTH 1 0.04 12.35 0.0006 
OBST x WATER 1 0.02 5.82 0.0169 
WIDTH x WATER I 0.01 4.04 0.0459 

Semipermanent wetland 7, 225 0.16 6.11 0.0001 
WIDTH x SHORE 1 0.07 19.34 0.0001 
SHORE 1 0.06 16.04 0.0001 
WIDTH 1 0.05 13.79 0.0003 
WATER x WIDTH x SHORE 1 0.03 9.27 0.0026 
WATER 1 0.03 8.63 0.0036 
WATER x SHORE 1 0.03 7.40 0.0070 
WATER x WIDTH 1 0.02 5.71 0.0177 

a WIDTH = unobstructed width (m) of river channel or wetland, OBST = distance (m) to visual obstruction, WATER = depth (cm) of water, 
SHORE = distance (m) to nearest shore. 

clude all channels <48 m where cranes could 
roost. 

RESULTS 
Roost Site Factors 

River. -Water depth, distance to obstruction, 
substrate slope, and unobstructed width were 
significantly different between roost and non- 
roost sites of the river (Folk 1989:19). Distance 
to obstruction, unobstructed width, the inter- 
action of distance to obstruction with water 
depth, and the interaction of unobstructed width 
with water depth (Table 1) explained 48% of 
the variation in roost site selection. Substrate 
slope was not retained (P > 0.10) in the model. 
River water levels fluctuated 10 cm between 19 
March and 12 April 1988 (Folk 1989), but none 
of the river roost characteristics varied (P > 0.09 
for all F-tests) among weeks. Water levels de- 
creased 12 cm from 10 to 12 March 1989 and 
fluctuated 5 cm between 13 March and 13 April. 
We assumed these fluctuations in river levels in 
1989 (smaller than in 1988 after 12 Mar) had 
little effect on crane roost site selection. 

There were 60 sampling points for measuring 
distance to obstruction within roosts; 52% were 
>25 m, and 48% were 4-25 m from a visual 
obstruction (Fig. 1A). Use versus availability 
among distance categories <3, 4-25, and >25 
m was different (x2 = 45.50, 2 df, P = 0.001). 
Cranes roosted in the river as close as 4 m to an 
obstruction, but preferred distances >25 m. 
There were 261 channel widths measured where 
cranes roosted; 82% were >48 m, and 18% were 
16-47 m (Fig. 1B). Use versus availability of 

channel widths <48 m and > 48 m was different 
(x2 = 162.10, 1 df, P = 0.0001). Cranes roosted 
in channels > 16 m in width, but preferred chan- 
nels >48 m wide. Eighty-six percent of 1,598 
points within cranes roosts were in depths <21 
cm, and 14% were in depths from 21.1 to 35.5 
cm (Fig. 1C). Use versus availability of water 
depths '21 cm was different (x2 = 545.58, 1 df, 
P = 0.0001) from use of depths >21 cm. Water 
depths <35.5 cm were used; depths ?<21 cm 
were preferred. 

Semipermanent Wetlands.-Water depth, 
mud depth, unobstructed width, and distance 
to nearest shore were different between roost 
and nonroost sites of the semipermanent wet- 
lands (Folk 1989:29). Water depth, wetland 
width, distance to shore, and their interactions 
(Table 1) explained only 16% of the variation 
in roost site selection. Mud depth was not re- 
tained (P > 0.10) in the model. Water depth, 
distance to obstruction, and wetland width did 
not vary (P > 0.24 for all F-tests) among weeks. 

Wetland width was measured at 104 sam- 
pling points within crane roosts; 90% were in 
widths >23 m, and 10% were in widths 12-22 
m (Fig. 2A). Use versus availability among width 
categories <12, 12-22, and >22 m was different 
(x2 = 19.80, 2 df, P = 0.0001). Wetland widths 
> 12 m were used, but widths >23 m were pre- 
ferred. Cranes roosted in water depths from 5.0 
to 24.4 cm (Fig. 2B) and showed no preferences 
(P > 0.20) within this range. There were 104 
measurements of distance to shore within roosts; 
73% were >9 m, and 27% were 1-8 m (Fig. 2C). 
Use versus availability of distances to shore <8 
and >8 was different (x2 = 21.68, 1 df, P = 
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Fig. 2. Habitat measurements for sandhill cranes in semiper- 
manent wetlands of the North Platte River Valley, 1988-89. 
Measurements are from 233 sampling points. 

0.0001). Cranes roosted as close as 1 m to shore, 
but preferred distances -9 m. 

There was no difference in distance to nearest 
occupied farm building (t = 1.16, 7 df, P = 
0.45) or wetland size (t = 1.05, 7 df, P = 0.33) 
among semipermanent wetlands where cranes 
did or did not roost. Distance to nearest paved 
road differed (t = 3.47, 7 df, P = 0.01) between 
wetlands used or not used by roosting cranes, 
but this was confounded with differences (P < 
0.02) in wetland characteristics (water depth, 
mud depth, and wetland width). mud depth, and wetland width). 

Roosting Capacity 
Average maximum density of roosting cranes, 

determined from 1988 data, was 0.53 cranes per 
m2. Optimum habitat on the river totaled 17.8 
ha, thereby providing potential roost space for 
an estimated 94,340 cranes. An additional 55.8 
ha of suboptimum habitat could provide roost- 
ing space for another 147,870 cranes, for a total 
river roosting capacity of 242,210 cranes. When 
available, wetlands adjacent to the river may 
provide roosting habitat for up to 67,500 ad- 
ditional cranes (Iverson et al. 1987), for a valley- 
wide roosting capacity of about 309,000 cranes. 

DISCUSSION 
Crane roost sites in the North Platte River 

were located closer to obstructions, in narrower 
channels, and in a wider range of optimum water 
depths than determined in previous studies that 
concentrated on the Platte River. Armbruster 
and Farmer (1982) suggested that cranes need 
a minimum of 25 m from a visual obstruction 
and prefer distances >75 m. In contrast, cranes 
in the NPRV roosted a minimum of 4 m from 
an obstruction but preferred distances >25 m. 
NPRV cranes preferred channels >48 m in 
width, in contrast to a preference for channels 
>150 m wide reported by the USFWS (1981) 
for the Platte River. The optimum range of 
roosting depths in the North Platte River (0.1- 
21.0 cm) was about twice the optimum range 
(10.2-20.3 cm) reported by Armbruster and 
Farmer (1982). 

The range of water depths used by cranes in 
semipermanent wetlands of the NPRV was sim- 
ilar to those described in previous wetland roost 
studies (Lovvorn and Kirkpatrick 1981, Soine 
1982, Haley 1983). Distance to shore was an 
important variable associated with crane use of 
semipermanent wetlands of the NPRV. Cranes 
apparently preferred roosting as far from shore 
as other variables (especially water depth) per- 
mitted. Distance to nearest shore was an im- 
portant characteristic of crane roosts in North 
Dakota (Soine 1982) and Texas (Haley 1983). 

Our data indicated the NPRV provided po- 
tential roost space for over 300,000 sandhill 
cranes. Based on the estimated maximum of 
127,279 cranes in the NPRV in 1989 (Folk 1989), 
availability of roosting habitat was not limiting 
crane numbers. 

Night aerial infrared photography in this study 
revealed cranes were concentrated toward the 
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middle of the study area. All optimum and >90% 
of the suboptimum roost areas were used in the 
center of the study area, whereas optimum and 
suboptimum roost habitat at the east and west 
ends of the study area held no cranes. Iverson 
et al. (1987) also found that areas 4.8 km from 
the river on east and west ends of the study area 
received less use than areas in the center. Diur- 
nal habitat use was associated with the presence 
of palustrine wetlands, and average crane use 
of areas containing at least 1 wetland was nearly 
5-fold greater than areas without wetlands 
(Iverson et al. 1987). Thus, palustrine wetlands 
and cranes were concentrated toward the center 
of the study area in our study and in previous 
studies, suggesting that the interaction of avail- 
ability of river roost space and off-river habitats 
(especially palustrine wetlands) probably con- 
trols crane distribution, and possibly crane 
abundance, in the NPRV. Concurrent analyses 
of nocturnal (e.g., our study) and diurnal habitat 
use (Iverson et al. 1987) would further improve 
understanding of factors affecting sandhill crane 
distribution and abundance in the NPRV. 

MANAGEMENT IMPLICATIONS 

River flows should be maintained to provide 
maximum areas with unobstructed channel 
widths >-48 m and water depths <21 cm. Car- 
rying capacity of roost habitat suggests that 
availability of roost sites is not limiting crane 
use of the NPRV, but that cranes require a com- 
plex of roosting and other wetland and upland 
habitats (Iverson et al. 1987). Management ef- 
forts should emphasize identification and pro- 
tection of these habitat complexes. 

Sandhill cranes roosted on palustrine wetlands 
adjacent to the North Platte River early and 
consistently during staging. Iverson et al. (1987) 
found palustrine wetlands to be a preferred 
diurnal habitat of sandhill cranes in the NPRV. 
Temporary palustrine wetlands (wet meadows) 
within 0.8 km of the river are primary locations 
for pair formation behaviors of these cranes 
(Tacha 1988), and both temporary and semi- 
permanent palustrine wetlands are important 
for drinking and loafing during midday (Tacha 
1981). 

Semipermanent and temporary palustrine 
wetlands adjacent to the North Platte River 
should be protected through purchase or ease- 
ment. Adequate river flows for maintenance of 
riverine roost habitat would probably also ben- 

efit adjacent palustrine wetlands by sustaining 
higher groundwater (Safina et al. 1989). 
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Abstract: We conducted a replicated experiment in eastern West Virginia to examine the effect of diflu- 
benzuron on the abundance of deciduous forest birds. Diets of 7 insectivorous bird species and foraging 
behavior of male red-eyed vireos (Vireo olivaceus) also were examined in treated and untreated areas. 
Although caterpillars were less common on treated areas, none of the 21 common bird species was significantly 
(P < 0.10) more abundant in untreated than treated plots. Significant differences in the percentage of 
Lepidoptera larvae in diets were observed for all species examined except the worm-eating warbler (Hel- 
mitheros vermivorus) and blue-gray gnatcatcher (Polioptila caerulea). Two different measures of area covered 
per unit time spent foraging indicated that vireo foraging areas were 3.1 and 2 times larger on treated areas 
than on untreated areas, respectively. Differences in diet and foraging behavior were likely related to the 
decrease in abundance of caterpillars on treated plots. 
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Since its introduction into the northeastern 
United States in 1869, the gypsy moth (Lyman- 
tria dispar) has become an important insect pest 
of eastern deciduous forests because of its rapid 
population growth, its ability to thrive on a va- 
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riety of host plants, and its lack of natural pred- 
ators. Various methods have been used to control 
gypsy moth populations, including introduction 
of parasitoids and microbial diseases, manage- 
ment of predator populations, sterile male in- 
troductions, and pesticide applications (Doane 
and McManus 1981). Pesticides have been most 
effective in reducing gypsy moth populations, 
but are in disfavor because of possible harmful 
environmental effects. Also, use of broad spec- 
trum pesticides may preclude effective use of 
many of the above control measures (U.S. For. 
Serv. [USFS] 1985). 

The insect growth regulator diflubenzuron (1- 
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