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Abstract
Aerialinfraredvideographywas used to map spatialdistributions
of nocturnalsandhillcrane(Gruscanadensis)flocksand determinecrane
densitieswithinroostsas an alternativeto the currently
used diumalphoto-correctedoculartransectmethodto estimatethe size of the midcontinental
Densitiesmeasuredearlyinthe
population.Thedensitiesdeterminedfromsamplestakenoverthe courseof a nightshow variability.
night(2100to 2300 hrs)weregenerallylowerthanthosemeasuredin the timeperiodaftermidnightandup untilcranespreparedto departtheir
roostsbeforesunrise.Thissuggests thatcranesmaybe moreactiveearlyin thenightandpossiblystillsettlingintotheirroostsat thistime.For
this reason,densitiesand areas measuredlaterat nightand into the earlymorningwere used to estimatepopulationsize. Ourmethods
estimatedthatthe annualcranepopulationsalongthe centralPlatteRiverin Nebraskawerehigherthanestimatesfromthe oculartransect
method;howeverbothmethodsshoweda similartrendwithtime.Ourpopulationsize estimateslikelywerehigherbecause ourmethodology
providedsynopticimageryof craneroostsalongthe entirestudyreachwhenall craneshad returnedto the river,and the nocturnaldensities
werehigherthanpreviousestimatesusingobservationsfromlateeveningor earlymorning.Inadditionto providinga toolforestimatingannual
can be utilizedovertimeto identifyspatialchangesin the roostingpatternsthatmayoccuras a resultof
populationsize, infraredvideography
riverinemanagement activities. (JOURNALOF WILDLIFE
MANAGEMENT
70(1):70-77; 2006)
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The annualspringmigrationof mid-continentsandhillcranes Overthe lastcentury,developmentof upstreamwaterresources
throughNebraskahas been calledone of the greatestecological has alteredthe historicalregimeof waterandsedimentinputsto
a once wide, braidedriver
spectaclesin North America.From MarchthroughearlyApril the centralPlatteRiver,transforming
cranesmaketheirwaynorthward
fromtheirwinteringgroundsin into a narrower,
and
channelized, vegetatedriver(Williams1978,
Texasand Mexicoto stagein the Platteand North PlatteRiver U.S. FishandWildlifeService1981,Eschneret al. 1983,O'Brien
Valleys(Krapuet al. 1984).Duringthe daycranesaredistributed and Currier1987). These changes have alteredthe roosting
in cornfieldsand wetlandmeadowswherethey feed and amass habitatused by cranes(Krapuet al. 1982, Faanesand LeValley
bodyfat fortheirnorthernmigration(Krapuet al. 1985).At dusk 1993). A habitatrecoveryprogramis currentlyproposedfor the
the cranesreturnto the NorthPlatteandPlatteRiversto rooston central Platte River. Managementof lands acquiredby the
submergedsandbars.
programwill partiallybe aimed at restoringriverineroosting
The maximumnumberof sandhillcranesstagingin the North habitatthat has been lost throughvegetationencroachment
and
Platte and Platte River Valleys,collectivelyreferredto as the channel narrowing.Possible managementalternativesinclude
Central Platte Valley (CPV) by the U.S. Fish and Wildlife Service vegetation modificationalong riparianand in-channelareas,
and
(USFWS), currentlyranges between 306,000-541,000 based on restorationof wetlandmeadowhabitats,and augmentation
data from 1979 and 1980 (U.S. Fish and Wildlife Service 1981). manipulation
of streamflowfor channelmaintenance.
Evaluating
The last diurnal high-altitude vertical photographic survey the effect of these strategieson cranes requiresa detailed
of currentroostingpatternsand the abilityto
conducted in 1982 along the CPV counted 490,000 cranes understanding
monitor
the cranepopulationalongthe centralPlatte
and
The
concentration
of
sandhill
1987).
Johnson
efficiently
(Benning
large

cranes in the CPV represents >95% of the mid-continent
population (Sharp et al. 2002). Therefore, the USFWS has, since
1982, conducted an annual diurnalphoto-correctedocular survey
along the CPV (Benning and Johnson 1987, Solberg 2004). This
survey is used in conjunction with concurrentcounts on spring

River.

There is a long historyof effortsto censussandhillcranesin
Nebraska.
The firstsurvey,calledthe ocularcruise,wasinitiatedin
1957 (Wheelerand Lewis1972). In 1972, the ocularcruisewas
modifiedto includepredawncountsalongroostingareasin the
in
stagingareasfromthe CentralFlywaystatesof Nebraska,Kansas, PlatteRiverValley.The censustechniqueconsistedof observers
andTexasto monitorthe trendin the size of the mid-continent an aircraftcountingboththe cranesroostingin the riverandthose
population.These coordinatedsurveysprovidethe metricthat is within a 1.6-km stripon eitherside betweendaybreakand one
comparedagainstthe populationgoal (343,000-465,000cranes; houraftersunrise(Lewis1978). Lewis (1978) believedthat the
the numberof cranesbasedon the
Sharpet al. 2002). With the exceptionof Nebraska,sandhill ocularcruiseunderestimated
annual
variations
in
the
cranesarehuntedin all of the statesin the CentralFlyway.
countsand deemedit unableto
large
detect ?25% changesin annualpopulationsize. In 1979, the
1
E-mail:pjkinzel@usgs.gov
oculartransectmethodwas adoptedto increasethe spatialextent
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of the surveyby traversingall known foraging areas in the CPV
adjacent to the North Platte and Platte Rivers (Ferguson et al.
1979). In 1982, the ocular transect method was altered (Benning
and Johnson 1987) by standardizingthe time of the day and year
that the surveywas conducted (between 0800 and 1600 hours on
the fourth Tuesday in Mar). The random starting points for
sampling from the transects population was replacedby a single
set of 54 transectsthat are sampled annually.The ability of pilot
and observer to accuratelycount the cranes on a transect was
determinedby using a third individual to subsamplethe ocularly
counted crane flocks with 35-mm oblique photography. The
photographsallow the computationof observer-specificcorrection
factors used to adjust the ocular count (Benning and Johnson
1987, Solberg 2004).
Some investigatorshave obtained images of roosting flocks of
sandhill cranes on the Platte River using near-dawn aerial
photographs (Latka et al. 1986, Norling et al. 1990) or neardawn obliquevideography(Davis 2001). Roosting cranesassemble
into flocks for protectionfrom predation.This behaviorprovidesa
unique opportunityto census the birds efficientlybecauseroosting
cranes are less dispersed than when they are on foraging areas.
However, because cranes arrive to their roosts after sunset and
departprior to sunrise, nocturnalimaging techniques are needed
to completely census the population.
Infrareddetectorsfrom militarysourceshave been used to obtain
nocturnalimages of sandhill cranes roosting on the Platte River
(Munro and Lewis 1976, Pucherelli1985, 1988, Sidle et al. 1993).
These investigators have demonstrated that sufficient thermal
contrast or difference in emissivity exists between sandhill cranes
and their roost sites. Because of the insulating propertiesof their
feathers, cranes emit less thermal radiationthan the surrounding
water and are recognizable as small dots on an infrared image.
Although infrared technology has been availablefor monitoring
the annual population of sandhill cranes in the CPV for some
time, its repeated application has been limited by a variety of
factors including cost, weather, navigation, access to equipment,
and other logistics.
We used an aerialinfraredvideographytechnique to census the
mid-continental sandhill crane population during their annual

spring stopoverin the centralPlatte River. Our objectiveswere to
map and evaluatethe annualvariationin roost locations, evaluate
temporal and spatialvariationin cranedensities at roost sites, and
compare population estimates gained in the central Platte River
using infrared videography with the ocular photo-corrected
diurnal count currently in use. We also address the reliability
and cost effectiveness of infrared videography for annually
estimating the size of the mid-continent population of sandhill
cranes.

Methods
Study Area
We conducted infrared surveys along the 130-km-long reach of
the Platte River between Lexington and Grand Island, Nebraska
(Fig. 1). This reach of the centralPlatte River is referredto as the
Big Bend and includes 2 of the 3 major spring staging areas in
Nebraska (Krapu et al. 1982). The third staging area is located
near Hershey on the North Platte River. The USFWS annual
ocularphoto-correctedsurveyis conducted in both the Platte and
the North Platte River Valleys (CPV) and includes all 3 staging
areas.

Infrared Videography
We used a commercial aerial thermal-imaging contractor (Davis
Aviation, Kent, Ohio) to image the central Platte River for 5
nights in 2000, 3 nights in 2001, 3 nights in 2002 and 3 nights in
2003 from a Cessna 182 aircraft using a Mitsubishi IR-M600
Thermal Imager (Mitsubishi,Tokyo, Japan).Infraredimageswere
displayedto the pilot and cameraoperatoron a video monitor for
real-time viewing while simultaneously archived using a digital
video recorder(Sony, Tokyo, Japan).The operator,via a remotecontrol unit, could adjust the gain or strength of signal of the
thermal imager to optimize image contrast.The thermal-imaging
camerawas mounted verticallyon a turretfastened above a hole in
the floor of the aircraftfuselage.The majorityof the imageryused
to map the spatial distribution of cranes was collected between
2400 and 0200 hours to ensurethat all staging craneshad returned
to their roosts. Additional imagery was collected during various
times throughout the night to compute the densities of the
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Figure 1. Infrared
surveyreachand bridgesegments alongthe centralPlatteRiver,Nebraska.
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roosting birds. We also made nocturnal ground observationsof
craneroosts with the infraredcamerafrom a riversidephoto-blind
in 2000 and from a 12-m observationtower in 2001.
The thermal imager had a platinum silicide Schottky-Barrier
infrared detector with 512 by 512 pixels. The infrared detector
could detect infraredradiationin the 3- to 5-micron wavelength.
The cameraused an infrared,polarized f50mm F1.2 lens. Using
this lens, the noise equivalent temperaturedifferential (NETD)
was 0.080C for a black body at 270C. The field of view of the
detectorusing an f50mm lens as reportedby the manufacturerwas
140 horizontalby 110 in the vertical.From a high-altitude vantage
point crane roosts could be discerned in a "white hot" thermal
video image as gray areas silhouetted against the higher temperature river water, which appearedas a lighter background(Fig.
2A). Exposed sandbars and vegetated islands were easily
distinguished, as these features also were less emissive than the
river water. Thermal contrast in the water was observed in an
infrared image, with the smaller contrast being the result of
turbulence generated from fluid shear around sandbars and
islands; larger contrast could be observed where mixing occurs
between channels with different water temperatures.
Objectivesof the study requiredimagerythat both displayedthe
distributionof sandhill crane roosts and resolvedindividualbirds.
An altitude of approximately1,200 m produced a field of view
large enough to capture an image of the entire width of river
channel and both banks, through most of the reach surveyed.
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Figure 2 (A)Infraredvideo image of sandhillcrane roostingflocks on the
PlatteRiver,Nebraska.Altitudeis approximately
1200 metersabove the river
channel.Imageis "whitehot"-darkercolorsrepresentcoolertemperaturesor
less thermalemissivity.(B)Infrared
video imageof sandhillcranes roostingon
the Platte River,Nebraska.Altitudeis approximately
300 meters above the
riverchannel. Image is "blackhot"-lighter colors representcooler temperaturesor less thermalemissivity.
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However, while roosting flocks could be resolved at this altitude,
individual birds could not. After some experimentation,we used
an altitude of approximately300 m to obtain the images needed to
count individual birds and compute densities within roosts
(Fig. 2B).

Image Processing
The imagery from the flights was stored on digital videotape
(Sony). The date, time, altitude, latitude, longitude, ground speed
and coursewere overlainon the bottom of each video image frame
(Fig. 2). This informationalso was encoded along the left side of
the video image and duringplaybackwas used in conjunctionwith
a video decoder (Vodaka, Lottsburg, Virginia) to output a
National Marine Electronics Association (NMEA) global positioning system data string. Mapping software capable of plotting
the NMEA string was used to track and trace the approximate
position of the aircraftover digital orthophotographsof the study
area.The video was streamedfrom the digital video player(Sony)
into a personal computer through an Institute of Electrical and
Electronic Engineers (IEEE) 1394, "Fire Wire," connection.
Individual video frames were selected and captured using a
softwarepackagefor digital video editing (Ulead Systems,Taipei,
Taiwan). The video images were then imported into a Geographical Information System (GIS; Enviromental Systems
Research Institute, Redlands, California) and registered or
georeferenced to a series of 1998 1:24,000-scale color infrared
orthophotographsof the central Platte River used as basemaps.
Easily identifiable feature analogs, such as trees or permanent
island points, were used in the registration process to properly
scale and rotate the video images taken from the high-altitude
vantage point where both banks were clearlyvisible in the image.
This technique permitted successive video images to be placed
alongside one another along river reaches where roost sites were
detected. The perimeter of each roost site was then carefully
digitized to create a polygon within the GIS. These polygons
formed a digital coverage of correctly sized and oriented roost
sites. We used the GIS software to compute the areas of these
polygons within the 11 bridge segments from Lexington to Grand
Island for each year surveyed.
Due to the length of the study reach and experimentationwith
various altitudes,rectifiedhigh-altitude images from the nights of
26 and 27 March 2000 were required to map the spatial
distributionof roosts from Lexington to Grand Island, Nebraska,
during the first year of data collection. On the nights of 25 March
2001, 26 March 2002, and 24 March 2003, a single night's series
of images was sufficientto cover the entire study area.The images
obtained from our high-altitude flights over the river channel
overlappedthe banks and islands sufficientlyto allow this imagery
to be georeferenced.However, the altitude of these flights did not
permit resolution of individual birds. Low-altitude flights,
although capable of resolving individual cranes, were more
difficult to georeferencebecause of the smaller field of view and
lack of suitable registrationpoints over the open river channel. It
was possible, however, to correlate low-altitude imagery with
high-altitude imageryflown on the same night. Assuming that the
size of the roosts and numbers of birds within the roost did not
change significantlybetween the high and low-altitude passes, the
area of the roost could be determined from a registered highThe Joumalof WildlifeManagement* 70(1)

altitudepass image and the count could be performedon an image
of the same roost area collected during a low-altitude pass. This
technique was applied in the 2000 surveyover 4 nights using 40
roosts located between the Highway 10 and Gibbon bridges.
However, this technique was limited to smaller roosts because
large roosts exceeded the field of view of the camera at low
altitude. To apply this technique along the entire survey, both
high-altitude and low-altitude imageryhad to be conducted over
the same night of flying. The time required to complete both
surveysduring 1 night was prohibitive. Alternatively,during the
2001, 2002, and 2003 flights we used a radaraltimeterto measure
the elevation of the aircraft above the water and thus camera
elevation above the roosting birds. The elevation was used with
the cameralens geometry to compute the horizontal and vertical
dimensions of the low-altitude video image. Once scaled, the area
of the imaged roost was digitized and the number of individuals
counted within that circumscribedpolygon. The spatialdensity of
roosting cranes (number of cranes per squaremeter of roost) was
computedby dividing the numberof cranescounted by the areaof
the digitized polygon. This techniqueyielded spatialdensities that
were comparablewith the range of those measuredin 2000 from
registeredimages.
In 2001, 2002, and 2003, 5 density samples were collected in
each of 6 bridge segments between Lexington and Grand Island
between 2300 and 0200 hours to calculatea mean spatialdensity.
The number of cranes roosting in the central Platte River during
the 2000, 2001, 2002, and 2003 survey dates was estimated by
multiplying the roosting areas (Table 1) with the mean density
computed for that year. We also computed the 95% confidence
intervals for the mean density and multiplied these by the
corresponding areas to illustrate the effect of the variability of
crane densities upon the annual population estimates.
We evaluatedsimple image-processingtechniques to automate
the counting of individualcraneson low-altitude images.We used
an iterative procedure to select the pixel threshold that best
isolated and contrasted crane pixels from the backgroundwater
pixel values. Other largercontrastingobjects in the image, such as
islands, were eliminated from the automatedcount by setting the
upper limit on the pixel size. Although this technique seemed
attractive initially, it became apparent that various factors
influenced the quality of individual video images and thus the
accuracyof this counting procedure.In some images, due to high
airspeed, cranes were indistinct from one another such that the
thermalsignatureemitted by 1 bird intersectedthe signaturefrom
an adjacent bird. The overlapping of the signatures on these
images made isolation of individuals using the threshold
procedureon these images problematic.The automatedprocedure
was evaluatedagainst a small sample of manualcounts made from
the images. In the majority of cases, the threshold technique
underestimatedthe manual count, so we used manual counts to
compute the densities.
The USFWS ocularphoto-correctedsurveyprovidesan estimate
of the total number of cranes in the CPV. Estimates using the
photo-corrected ocular surveys in the central Platte River were
required for comparison to the estimates from the infrared
videography surveys. The annual ocular photo-corrected CPV
surveyswere recomputedusing only the 44 transects sampled in
Kinzelet al. * Infrared
Videographyof SandhillCranes

Table 1. Sandhillcraneroostareaalongthe centralPlatteRivercategorizedby
bridgesegment for each year surveyed.
Roost area (m2)

Bridge segment
Lexington - Overton

Overton- ElmCreek
ElmCreek- Odessa
Odessa - Kearney
Kearney- Highway10
Highway 10 - Gibbon
Gibbon - Shelton
Shelton - Wood River
Wood River - Alda
Alda - Highway 281
Highway 281 - Highway 34
Total

2000

2001

2,455

23,527

5,327
49,875
12,671
53,718

5,812
38,957
18,823
30,615

246,042
78,405
114,021
120,755
138,975
55,076
877,320

181,437
48,702
96,847
106,030
94,208
92,334
737,292

2002
245

9,591
26,957
19,937
52,327
171,221
78,396
106,175
110,671
94,307
115,451
785,278

2003
10,995

6,187
56,094
19,806
54,522
124,364
91,750
164,068
109,312
88,223
85,625
810,946

the centralPlatte Riverto give an estimate of the numberof cranes

in this stagingarea(J. Solberg,U.S. Fish and Wildlife Service,
unpublisheddata).

Results
Area and Distribution of Roosts
Crane flocks were not homogeneously distributedalong the study
reach (Table 1). The majority of cranes were located east of
Kearney, Nebraska. In 3 of the 4 years surveyed, >20% of the
total sandhillcraneroost areacomputed from the videographywas
between the Highway 10 and Gibbon bridges.The percentagesof
roosting areasdistributedamong the bridge segmentsvariedin the
4 annual surveys.The percentageof roost area digitized between
the Highway 10 and Gibbon bridges and the Alda and Highway
281 bridges decreasedeach year from 2000 to 2003. During the
same period of time the percentage of roost area increased each
year in the Shelton to Wood River segment. The greatestrangein
the percentagesof roosting areasover the 4 yearswas observedin
the river reaches between the Highway 10 and Gibbon bridges
and the Highway 281 and Highway 34 bridges. The smallest
range in percentages was found in the Overton to Elm Creek
segment and the Wood River to Alda segment.

Densities of Roosting Sandhill Cranes
Surveys conducted in 2002 suggested that crane density varied
during the night. The density was highest between 0100 and 0500
hours (Fig. 3). During 2001, 2002 and 2003 crane densities were
somewhatgreaterin the western end of the studyreachthan in the
eastern end (Fig. 4). The mean density of cranes in 40 roosts
imaged in 2000 over 4 nights between the Highway 10 and
Gibbon bridges was 0.63 cranes/m2 (SE 0.021). The mean
densities computed in 2001, 2002, and 2003 were calculatedusing
30 scaled images, 5 taken in each of 6 sample sites, between the
Overton and Highway 34 bridges. The mean density was 0.66
cranes/m2(SE = 0.018) in 2001, 0.62 cranes/m2(SE = 0.018) in
2002, and 0.64 cranes/m2(SE.= 0.016) in 2003.

Population Estimates from Infrared Videography and
Diurnal Surveys
Using the roostareasdigitizedfromthe infraredimageryandthe
meandensitiescalculatedabove,approximately
552,000 + 38,000
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craneswere estimatedin 2000, 488,000 ? 26,000 in 2001, 486,000
+ 28,000 in 2002 and 516,000 + 25,000 in 2003. The USFWS
estimated 438,600 cranes in 2000, 286,000 in 2001, 273,600 in
2002, and 264,800 in 2003. Both the USFWS ocular photocorrected survey and the aerial infrared video method gave the
highest population count in 2000. Both methods also recordeda
relativelylargedecreasein populationcountsfrom2000 to 2001 and
a decrease in population size from 2001 to 2002. However, the
infraredsurveymethod showed an increasein populationfrom2002
to 2003 while the ocularphoto-correctedmethod showed a decrease
(Fig. 5). The mean population estimatedusing the infraredsurvey
method exceeded the mean of the ocularphoto-correctedmethod
by approximately195,000 cranesover the 4 yearssampled.

Discussion
Area and Distributionof Roosts
Other workers have described a distribution pattern of sandhill
crane roosts (Pucherelli 1988; Sidle et al. 1993; Platte River
Whooping Crane Maintenance Trust, unpublished data) similar
to the distributiondescribedin this paper.The location of roosts
in the central Platte River has been attributedto the distribution
of wide channels and the proximity of the river to wetland
meadows (Faanes and LeValley 1993, Sidle et al. 1993, Davis
2001). The highest percentageof sandhillcraneareasin 3 of the 4
years was found in the Highway 10 to Gibbon bridge segment.
This bridge segment contains the Lillian Annette Rowe
Sanctuary-a National Audubon Society sanctuaryand a reach
of the river where riparianand in-channel vegetation is actively
managed to preserveunobstructedviews for roosting cranes.

Densities of Roosting Cranes
Our estimates of spatial densities for roosting sandhill cranes are
greater than those reported in studies by Pucherelli (1988) and
Sidle et al. (1993). Pucherelli (1985) used thermography to
estimate the roosting areas along 2 bridge segments, but because
individualcranescould not be resolvedin the thermography,early
morning photographs were used to compute density. By overlaying samplegrids on these photographsthe density of craneswas
74

of sandhillcrane mean densitiesfor 6 sample
Figure 4. Spatialdistribution
sites along the centralPlatte River,Nebraskacollected in 2001, 2002 and
2003. Thestandarderrorof the meanforeach samplesite is shownwithbars.
Sampleswere collectedbetween 2300 and 0500 hours.

determined to be 0.60 cranes/m2. Pucherelli (1988) revised this
numberto be 0.32 cranes/m2based on additionalanalysisof these
photos in 1985 (M. Pucherelli, U.S. Bureau of Reclamation,
unpublished data). Sidle et al. (1993) conducted infraredsurveys
over 2 nights in 1989 with the Nebraska Air National Guard's
AN/AAD infraredreconnaissancesystem and estimated a mean
density of 0.29 cranes/m2.However, Sidle et al. (1993) believed
that, because the aircraftpassed over the study site <1 hour after
sunset, all the craneshad probablynot returnedto the river.Latka
et al. (1986) also computed densities of roosting cranes on the
Platte Riverfrom earlymorningphotographsand calculated0.300.37 cranes/m2. Because these studies were conducted in either
late evening or earlymorning,they could have reflectedmovement
of cranes into or out of the roosts. Folk and Tacha (1990)
estimated a maximum density of 0.53 cranes/m2 from infrared
photographyof sandhill cranes on the North Platte River.
Our method to estimate population size reconciledthe fact that
2 different sampling strategies were used. In 2000 the density
sampleswere stratifiedon a nightly basis along a single segment of
river. In 2001, 2002, and 2003 the samples were stratified into
multiple segments of river over a single night. This approach
assumes that the statistics of the sampled stratum do not vary
significantly among stratum, so all stratum can be given equal
weight and pooled together. We investigatedthis assumptionby
consideringthe spatiallystratifiedsamplingstrategyused in 2001,
2002, and 2003. The method presentedin Ferguson et al. (1979)
for estimating the density and total number of cranes with the
stratified ocular transect survey was adapted to the spatially
stratified infrared survey. However, the infrared surveyin 2001,
2002, and 2003 only consisted of 6 of the 11 bridge segments so it
must be assumed that the population is comprised of these 6
stratum. Estimates and the standard errors of density and
populationsize for the 6 stratumusing pooled datawere compared
The Journalof WildlifeManagement* 70(1)
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to the estimateusingweightedstratifiedsampling.The 2 methods the thermal signaturesof comparablysized birds at typical
observationaltitudes.Evenwhen flyingat relativelylow altitude
yieldedresultsthat differedby only a few percent.
it is difficultto distinguishbetweena craneandotherbirdspecies
Population Estimates from Infrared Videography and based solely on their thermalsignatures.The aerial infrared
Diurnal Surveys
surveyswere scheduledto coincide with the USFWS ocular
Becausethe aerialinfraredvideography
surveyand ocularphoto- surveys.However,at this time we also anticipatedthat most
correctedsurveydo not directlycountcranes,they operateon 2 Canada geese (Branta canadensis)and snow geese (Chen
thatthe surveysufficientlysamplesthe caerulescens)
fundamental
assumptions,
haddepartedthe centralPlatteRiver.Weeklyground
distribution
of
and that the cranesare accurately surveysin 2000 and2001 conductedboth by the U.S. Geological
cranes
spatial
estimatedon the samples.The populationsizeestimatesfromaerial SurveyNorthernPrairieWildlifeResearchCenterandthe Platte
infraredvideography
havepotentialsourcesof errorwith regardto RiverWhoopingCraneMaintenanceTrustsuggestedthat geese
these assumptions.A potentialsource of errorwith the first numberswerelow at the time of the infraredsurveys(Krapuand
assumptionis the factthatcranescanonlybe detectedif they are Brandt, Platte River Whooping Crane MaintenanceTrust,
such as water.At low unpublisheddata). Nevertheless,other birds could have biased
standingon highlyemissivebackgrounds
riverdischarges,
in the river the area and density estimates from the infrared surveys.
cranescanrooston subaerial
sandbars
channels.Although the majorityof cranesroost in low water Determiningthe bias in counts of sandhill cranes and the
depths,cranesroostingon exposedsandbarsarenot visiblefrom feasibilityof developingandapplyingcorrectionmethodsrequires
high-altitudeinfraredimageryandwouldnot be counted.There- intensivegroundsurveysthatarespatiallyandtemporalcoincident
this has not been done to date.
fore, dependingon the riverflow and the proportionof cranes with the infraredvideography;
underestimate
infrared
counts
could
on
subaerial
The
annual
ocular
sandbars,
roosting
surveyassumesthat stratum
photo-corrected
size.
known
areas.
Reconnaissance
outsidethe strata
include
all
population
foraging
were
wasconductedin 1978,andthe surveyboundaries
Anotherpotentialsourceof erroris the factthat the resolution boundaries
of the infraredcamerausedwas not sufficientto discernbetween slightlyadjustedbecausecraneswereobservedeastof NorthPlatte
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and southeast of Grand Island (Fergusonet al. 1979). The survey
areawas restratifiedin 1982 (Benning andJohnson, 1987) but has
not been alteredsince. Cranesin flight or soaringduringthe ocular
surveys are also not included in the ocular count. Benning and
Johnson (1987) expressedconcernover soaringcranesbut believed
soaring was minimal during their 1982 survey. Further investigation is needed to ascertainif significantnumbersof cranesare
present outside the strata boundaries and to evaluate what
influence soaring may have on the bias of these diurnalcounts.
The second assumption with regard to the ocular photocorrected survey is that both the pilot and observer are able to
see and accuratelycount the cranes along each transect.Ferguson
et al. (1979) concluded that as flock size increasedthe ability of
observersto successfullycount the cranes decreased. In 1982, a
visibility correctionfactor (ratio of cranes counted on an oblique
photographto the numberof cranescounted ocularly)was used to
addressthis problem(Benning andJohnson 1987). This correction
factor has been used to adjust the ocular count over the last 20
years. Solberg (2004) pointed out the difficultyin capturinglarge
flocks with oblique photography and believed this negatively
biased the correctionfactor. If the correctionfactor is negatively
biased, the ocular surveywould underestimatepopulation size.

Platte River in 2000, 2001, 2002, and 2003 using infrared
videographywere much largerthan those estimatedby the photocorrectedocular survey,which was originallydesigned to provide
an index to detect population trends. In addition to providing
estimates of the size of the staging population, infrared
videography can supply detailed information on the spatial and
temporaldistributionof crane roosts, which can be used to assess
the effects of habitat restorationefforts along the Platte River. If
nocturnalimagery is used to estimate population size it must be
performed when all the cranes have returned to the river and
settled in their roosts. We believe this occurswhen the density of
the birds within their roosts has reached a maximum (between
2300 and 0500 hours).
The ocular photo-corrected and infraredvideo surveysshowed
similartrendsin the estimatedannualpopulationsize in 2 of the 3
annual intervals.This may indicate that, over the short period of
comparison,the ocularphoto-correctedsurveyis performingas it
was designed for detecting annual trends in the numbers of
sandhill cranes present along the central Platte River in late
March. The last effort to count cranes directly was the diurnal
high-altitude verticalphotographicsurveymade over 20 years ago
in the CPV; this survey indicated that the ocular counts
underestimated the photographic counts by 70,000 cranes.
Reliability and Cost-Effectiveness of Infrared
Benning and Johnson (1987) establishedthe operationalvertical
Videography
In 3 of the 4 years, our nocturnalinfraredsurveyswere limited by photographic survey to satisfy the goal of the Central Flyway
weather conditions in late March. At these times, safety Waterfowl Council to obtain reliable estimates of the population
considerationscaused by high wind speed grounded the aircraft. size every 5 years. This survey has not been repeated. The
The initial cost of aerialinfraredvideographyis high given the cost application of infrared videography technology for directly
of purchasing a thermal infrared camera (US$50,000counting roosting cranesrequiresa surveytechnique that resolves
the
logisticaland technicalchallengesimposed by the resolutionof
US$100,000). This servicecould alternativelybe obtainedthrough
a contractor,as was the case in our study (approximatelyUS$2,000 currentlyavailablecommercialinfrareddetectors.
per night of flying). The cost of image processingwould include
the software and hardwarenecessaryfor digital video editing in Acknowledgments
addition to roughly a few months of time for the image analysis. We thank J. P. Bennett and G. L. Krapu(USGS) for reviewing
Automated orthorectificationof infraredvideo imageryshould be previous versions of this paper. S. Gyetvai and A. K. Heckman
investigated as it could reduce the processing time for image (USGS) provided support with GIS and image analysis. M.
registration.However, this technology would likely increase the Starbuck (USGS) assisted in collecting the aerial infrared
cost of image acquisition.
videography. The authors are appreciative of the staff and
volunteers at Audubon's Rowe Sanctuaryfor providing access to
ManagementImplications
the riverreacheslocated within the Sanctuaryproperty.Any useof
Over the past 30 years a number of techniques have been used to trade, product, or firm names in this publication is for descriptive
estimate the annualpopulationof sandhillcranesin the CPV. Our purposes only and does not imply endorsement by the U.S. Governresults indicate that the population size estimates for the central ment.

LiteratureCited
Benning,D. S., and D. H. Johnson. 1987. Recent improvementsto sandhill
crane surveys in Nebraska'sCentralPlatteValley.Pages 10-16 in J. C.
CraneWorkshop.U.S. Fish
Lewis,editor.Proceedingsof 1985 International
and WildlifeService,GrandIsland,Nebraska,USA.
Davis,C. A. 2001. Nocturnalroost site selectionand diurnalhabitatuse by
sandhillcranesduringspringincentralNebraska.Pages 48-56 in D. H. Ellis,
editor.Proceedingsof the EighthNorthAmericanCraneWorkshop.North
AmericanCraneWorkingGroup,Albuquerque,New Mexico,USA.
Eschner, T. R., R. F. Hadley, and K. D. Crowley.1983. Hydrologicand
morphologicchanges in channels of the Platte Riverbasin in Colorado,
Wyomingand Nebraska:a historicalperspective.U.S. GeologicalSurvey
ProfessionalPaper1277-A, Reston,Virginia,USA.
of sandhillcraneson
Faanes,C.A.,and M.J. LeValley.1993. Isthe distribution
the PlatteRiverchanging?GreatPlainsResearch3:297-304.
76

Ferguson,E. L., D. S. Gilmer,D. H. Johnson, N. Lyman,and D. S. Benning.
1979. Experimental
surveysof sandhillcranes in Nebraska.Pages 41-49 in
J. C. Lewis,editor.Proceedingsof 1978 CraneWorkshop,ColoradoState
FortCollins,USA.
University,
Folk,M.J., and T. C. Tacha. 1990. Sandhillcraneroostsite characteristicsin
the NorthPlatteRiverValley.Journalof WildlifeManagement54:480-486.
Krapu,G. L., and D. A Brandt.InPress. Do northernnestinggeese compete
withsandhillcranes for waste corn in the CentralPlatteValley,Nebraska?
Proceedingsof the NinthNorthAmericanCraneWorkshop,Sacramento,
USA.
California,
and D. H. Johnson. 1984. Habitatuse
Krapu,G. L., D. E. Facey,E. K. Fritzell,
by migrantsandhillcranes in Nebraska.Journalof WildlifeManagement48:
407-417.
The Journalof WildlifeManagement* 70(1)

Krapu,G. L.,G.C. Iverson,K.J. Reinecke,andC. M.Boise.1985. Fatdeposition
and usage by arctic-nestingsandhillcranesduringspring.Auk102:362-368.
Krapu,G. L., K. J. Reinecke,and C. R. Frith.1982. Sandhillcranes and the
Platte River.Transactionsof the North AmericanWildlifeand Natural
ResourcesConference47:542-552.
Latka,D. C., and J. W. Yahnke. 1986. Simulatingthe roostinghabitatof
sandhillcranes and validatingsuitability-of-use
indices. Pages 19-22 in J.
Verner,M. L. Morrison,and C. J. Ralph,editors.Wildlife2000: modeling
HabitatRelationshipsof TerrestrialVertebrates.Universityof Wisconsin
Press, Madison,USA.
Lewis,J. C. 1978. Springcensus of sandhillcranes:factorsaffectingthe Platte
River crane census. Final Report. Accelerated program for webless
migratorygame birds. Oklahoma Cooperative WildlifeResearch Unit,
OklahomaState University,
Stillwater,USA.
Munro,R. E., and J. C. Lewis. 1976. Nighttimetests of remotesensors for
census of sandhill cranes. Pages 304-308 in J. C. Lewis, editor.
Proceedings of the InternationalCrane Workshop. Oklahoma State
Stillwater,USA.
University,
Norling,B. S., S. H.Anderson,and W.A. Hubert.1990. The influenceof water
depth,unobstructedarea,and disturbancefeatureson the selectionof roost
sites by sandhillcranes along the Platte River,Nebraska.ProjectReport,
U.S. Fishand WildlifeService,Laramie,Wyoming,USA.
O'Brien,J. S., and P. J. Currier.1987. PlatteRiverchannelmorphologyand
riparian
vegetationchanges inthe BigBend Reachand minimumstreamflow
criteriaforchannelmaintenance.PlatteRiverTrust,GrandIsland,Nebraska,
USA.

Kinzelet al. * Infrared
Videographyof SandhillCranes

sandhillcrane (Gruscanadensis)roosting
Pucherelli,M. J. 1985. Determining
sites usingaerialthermography
and geographicalinformation
systems. U.S.
Bureauof Reclamation,Denver,Colorado,USA.
Pucherelli,M. J. 1988. Measuringchannel widthvariablesof sandhillcrane
(Gruscanadensis)roostinghabitatsites alongthe PlatteRiverusingnighttime
aerialthermography.
U.S. Bureauof Reclamation,Denver,Colorado,USA.
Sharp,D. E., J. A. Dubovsky,and K. L. Kruse.2002. Status and harvestsof
Mid-continent
and RockyMountainPopulationsof sandhillcranes. U.S. Fish
and WildlifeService,Denver,Colorado,USA.
and M.Orr.
Sidle,J.G., H.G.Nagel,R. Clark,C. Gilbert,D. Stuart,K.Willburn,
1993. Aerialinfraredthermalimagingof sandhillcranes on the PlatteRiver,
Nebraska.RemoteSensing of Environment
43:333-341.
Solberg,J. 2004. Coordinatedspringsurveyof mid-continentsandhillcranes
2003. Officeof Migratory
BirdManagement,U.S. Fishand WildlifeService,
Jamestown,NorthDakota,USA.
U.S. Fishand Wildlife
Service.1981. The PlatteRiverEcologyStudy:U. S. Fish
and WildlifeService Special ScientificReport.Jamestown, NorthDakota,
USA.
Wheeler,R. H., and J. C. Lewis.1972. Trappingtechniquesforsandhillcrane
studies in the Platte RiverValley.U.S. Fish and WildlifeService Resource
Publication107. WashingtonD.C., USA.
Williams,G. P. 1978. The Case of the ShrinkingChannels-TheNorthPlatte
and Platte Rivers in Nebraska. U.S. Geological Survey Circular781,
Arlington,
Virginia,USA.
Associate Editor:Sheaffer.

77

