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SUMMARY OF FINDINGS 

 The data presented in the chapters of this thesis are primarily focused on 

examining factors influencing the reproductive success of the federally endangered 

Eastern Migratory Population (EMP) of whooping cranes (WHCR, Grus americana) that 

chiefly nest at the Necedah National Wildlife Refuge (NNWR) in Juneau County, 

Wisconsin and the Meadow Valley State Wildlife Area (MVSWA) in Monroe County, 

Wisconsin. Data were collected from the 2014 through 2016 breeding seasons. 

Reproductive success of adult WHCR’s in the EMP is near 0% and nearly all breeding 

adults have been raised in captivity by costumed humans. We do not know how captive 

rearing has affected the reproductive success of EMP WHCR’s and do not have data to 

compare EMP WHCR’s to the only wild, self sustaining Aransas Wood Buffalo 

Population (AWBP) of WHCR’s. However, because other studies have used a related 

species to make comparisons between captive raised and wild individuals to aid in 

endangered species management (Powell et al. 1997), we used greater sandhill cranes 

(SACR, Grus canadensis tabida) as a surrogate species because they also nest at NNWR 

and MVSWA.  

In the first chapter, we examined the response of WHCR’s and SACR’s to a 

human induced nest disturbance by examining the flight initiation distance (FID) and 

duration of time spent off nest (TON) following the disturbance. We evaluated potential 

differences in FID and TON between WHCR’s and SACR’s nesting on and around 

NNWR with regard to age of clutch, disturbance method (i.e. on foot, kayak, or canoe), 

ordinal day of the year, and species. We used linear regression and ranked models using 

AICc corrected for small sample size for model selection. The best approximating model 

for FID included a species covariate and contained 99 % of the total AIC weight. Results 
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for TON were ambiguous and AIC weights were relatively evenly distributed. However, 

our results indicate a species effect of FID and TON between WHCR’s and SACR’s 

nesting on and around NNWR. Whooping cranes had greater flush distances and returned 

to nests sooner than SACR’s. 

The majority of data we collected involved using trail cameras and required 

multiple observers to identify behaviors from camera photos. In the second chapter, we 

investigated the effects of training on inter-observer reliability when examining camera 

photos. We assessed factors that may influence the reliability of observers identifying 

distinct behaviors of nesting cranes including the complexity of behavior, species being 

observed and the training level of the observer. We used logistic regression and ranked 

models using AICc corrected for small sample size. The best approximating model 

included an interaction of training and complexity and contained 99 % of the total AIC 

weight. Our data indicate that training increases inter-observer reliability. However the 

positive effects of training were only recognized when specific, complex behaviors were 

being identified. 

Ornithophilic black fly emergence coincides with WHCR incubation on and 

around NNWR. Black fly emergence may be a contributing factor for the low 

reproductive success of EMP WHCR’s and has been identified as a cause for widespread, 

synchronous nest abandonment. Nest abandonment due to black fly parasitism is not 

observed in SACR’s nesting near WHCR’s on and around NNWR. Therefore, in the third 

and final chapter, we compared incubation behavior between SACR’s and WHCR’s 

during and after black fly emergence by installing trail cameras at active nests. In 

addition, we aimed to reduce black fly duress on incubating WHCR’s via egg salvage 

induced nest failure and to identify if egg salvaged induced nest failure increases WHCR 
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renest propensity. We quantified the percent time nesting cranes spent exhibiting various 

incubation and black fly avoidance behaviors and ran a discriminant function analysis on 

the average proportion of time spent per nest to compare incubation behaviors by species 

and fate of nest. Our data suggest that behavior indicative of black fly emergence was 

more prevalent at failed WHCR nests. Our results also indicate WHCR’s that nested later 

are more successful than ones that nested during black fly parasitism suggesting renesting 

without the presence of black fly parasitism could increase WHCR nest success. 

PREFACE 
 

The contents of this thesis were written following the required guidelines outlined 

by the Wildlife Society for publication in the Journal of Wildlife Management. Each 

chapter is intended to be written as a stand-alone document for individual publication and 

therefore, redundancy exists in the introduction and methodology sections of each 

chapter. 
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CHAPTER I 

RESPONSE OF REINTRODUCED WHOOPING CRANES (GRUS AMERICANA) 

AND GREATER SANDHILL CRANES (GRUS CANADENSIS TABIDA) TO A 

HUMAN INDUCED NEST DISTRUBANCE IN WISCONSIN 

 

Abstract 

 

The Eastern Population of greater sandhill cranes (SACR, Grus canadensis 

tabida) experienced a population decline in the mid 1900’s due to hunting and habitat 

loss but has since recovered. The federally endangered Whooping crane (WHCR, Grus 

americana) also experienced population declines due to hunting and habitat loss but 

WHCR’s are still experiencing low reproductive success. Only one wild, self-sustaining 

migratory population of WHCR’s exists. In 2001, the Whooping Crane Recovery Team 

recommended reintroducing WHCR’s to Necedah National Wildlife Refuge (NNWR) in 

Juneau County, Wisconsin in order to establish an Eastern Migratory Population (EMP). 

Both SACR’s and WHCR’s have been nesting at NNWR and the surrounding Meadow 

Valley State Wildlife Area (MVSWA) located in Monroe County, Wisconsin since 2005. 

The low reproductive success of WHCR’s at NNWR could be related to how they 

perceive and respond to nest predation. Anti-predator behavior is exhibited by nesting 

birds to increase survival for themselves as well as their offspring. Flight initiation 

distance (FID) or flush distance (distance at which an animal flees an approaching 

predator) has been used to assess a species predator avoidance response. The duration of 

time spent off nest (TON) following a disturbance also has been used to evaluate the 

perception of risk following a nest disturbance. Sandhill cranes and WHCR’s are 
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vulnerable to predators during the nesting season and adults and offspring of both species 

may be exposed to similar predators. Although WHCR’s breed and nest within close 

proximity to SACR’s on and around NNWR, the EP of SACR’s appear to have greater 

nest success based on their overall population increase. Reproductive success of the EMP 

is near 0% resulting in a near 0% chance of the EMP becoming self-sustaining. 

Whooping cranes in the EMP may exhibit inappropriate responses to a nest disturbance 

as a result of being raised in captivity and costume reared by people. We determined how 

age of clutch, disturbance method (i.e. on foot, kayak, or canoe), ordinal day of the year, 

and species influenced FID and TON between WHCR’s and SACR’s nesting on and 

around NNWR. We used linear regression and ranked models using AICc corrected for 

small sample size. The best approximating model for FID included a species covariate 

and contained 99 % of the total AIC weight. Results for TON were ambiguous and AIC 

weights were relatively evenly distributed. However, our results indicate that WHCR’s 

flush from nests sooner and return to nests quicker than SACR’s suggesting a species 

effect of FID and TON between WHCR’s and SACR’s nesting on and around NNWR. 

Examining FID and TON between SACR’s and WHCR’s may provide insight for 

whether anti-predator behavior affects overall nest success between the two species.  

 

Introduction 

 

The whooping crane (WHCR, Grus americana) is federally endangered (CWS 

and USFWS 2007). The historical range of WHCR’s was extensive and included portions 

of Canada, North-Central and Southwestern United States, as well as the Gulf Coast 

(Allen 1952). However due to hunting as well as habitat loss (Archibald and Lewis 1996, 

Johnsgard 1983), population levels reached an all time estimated low of less than 25 wild 
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individuals in 1941 (Archibald and Lewis 1996). The Aransas-Wood Buffalo Population 

(AWBP) is the only remaining wild, self-sustaining population of WHCR’s. This 

population breeds on and around Wood Buffalo National Park and winters on the Gulf 

coast on and around Aransas National Wildlife Refuge in Austwell, Texas (CWS and 

USFWS 2007). All additional WHCR’s are in non-migratory populations or are raised in 

captivity (CWS and USFWS 2007). However, in 1998 the Whooping Crane Recovery 

Team recommended establishing an additional migratory population of WHCR’s to 

safeguard against a catastrophic occurrence (i.e., hurricane, oil spill) that might cause 

extinction of the species (CWS and USFWS 2007). The recovery team proposed 

establishing a geographically isolated population in the Great Lakes region and selected 

Wisconsin as the recovery site (Cannon 1998). Central Wisconsin was selected as a 

reintroduction site due to the abundance of nesting greater sandhill cranes (SACR, Grus 

canadensis tabida) (Bennett 1978, Cannon 1998, Drewien et al. 1985, Howard 1977, 

Walkinshaw 1949). In 2001, a group of non-profit, state, and government agencies (i.e. 

the Whooping Crane Eastern Partnership; WCEP) reintroduced WHCR’s to Necedah 

National Wildlife Refuge (NNWR) in Necedah, Wisconsin, in order to establish an 

Eastern Migratory Population (EMP). The EMP was established as a non-essential, 

experimental population under section 10(j) of the Endangered Species Act of 1973 as 

amended, with the primary goal of creating a self-sustaining, migratory, wild population 

(WCEP 2011). Whooping cranes in the EMP appear to be exhibiting appropriate nesting 

behavior (i.e., nest building, egg laying), habitat selection, and pair formation (WCEP 

2011). However, despite nearly sixteen years of reintroduction efforts, reproductive 

success remains low because nest success, defined as the proportion of nests that result in 
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at least one hatched egg, is near 0 % and the population is not self-sustaining (Converse 

et al. 2013).  

Several factors may be contributing to the low nest success of EMP WHCR’s 

including ornotholiphic black fly (Simulidae spp.) populations (Urbanek et al. 2010), and 

inappropriate behaviors (i.e. response to predators) exhibited by captive raised 

individuals (McPhee 2003). Since their reintroduction in 2001, nearly all breeding adult 

WHCR’s in the EMP have been reared in captivity by costumed humans. Costume-

rearing methods require humans to disguise their form by wearing full-length white suits, 

hoods and puppet crane heads to prevent colts from inappropriately imprinting on 

humans (Horwich 2001). Captive reared colts are released into the EMP but the effects of 

costume rearing on breeding behavior in adult WHCR’s are unknown. 

The low reproductive success of EMP WHCR’s could also be related to how they 

perceive and respond to predators during the breeding season. How avian species assess 

the risk of nest predation and respond to a nest disturbance directly affects survival of 

adults and offspring (Lima 2009). Some studies suggest anti-predator behavior may be 

species specific (Blumstein et al. 2003, Morse 1980). Flight initiation distance (FID), the 

distance at which an animal flees an approaching predator, can be used to assess a species 

predator avoidance response (Ydenburg and Dill 1986). Ydenberg and Dill (1986) 

presented a graphical model of FID that explains a trade-off between the risk of 

remaining in an area and risk of fleeing as the predator approaches. The intersection of 

this trade-off represents an optimal escape distance for the animal exposed to a 

disturbance (Ydenberg and Dill 1986). When the cost of remaining is greater than the 

cost of fleeing, a species risks mortality from the approaching predator (Ydenberg and 
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Dill 1986). Thus, the species at risk of predation from a disturbance must assess the risk 

of remaining or fleeing and respond accordingly to optimize survival to self and potential 

offspring. However, the optimal escape distance and FID could be influenced by a variety 

of factors such as visibility (Fernández-Juricic et al. 2001, Miller et al. 2013), time of day 

(Delaney et al. 1999), intruder starting distance (Blumstein 2003) and type of disturbance 

(Frid and Dill 2002). The way in which a nesting bird is approached (i.e. on foot or boat) 

may also influence the assessment a bird makes to remain or how far to flee from a nest 

(Rodgers and Smith 1995). Whooping cranes and SACR’s nesting on and around NNWR 

are accessible via walking but some nests require access via kayak or canoe.  

In addition, the duration of time spent away from a nest after a disturbance has 

been used to identify perception of risk and recovery from a possible predation event 

(Miller et al. 2013). Return to a nest after a predation attempt can be influenced by a 

variety of factors such as ambient temperature (Yasue and Dearden 2005) breeding 

experience (Montgomerie and Weatherhead 1988), length of breeding season (Barash 

1975, Gottfried 1979, Trivers 1972) and age of clutch (Brunton 1990). The age of a 

clutch can influence the amount of investment a bird has toward its potential offspring 

(Brunton 1990). Studies suggest nesting birds have increased investment in older clutches 

because adults have invested more energy toward incubation since these clutches are 

closer to hatching (Ackermen and Eadie 2003, Mallory et al. 1998, Sjöberg 1994). 

Captive raised individuals might make different decisions than wild individuals 

when assessing the risk to remain or flee from a nest and how long to return to a nest 

after a disturbance. Captive breeding programs often are used for the conservation of 

endangered species (Christie et al. 2012, Fraser 2008, Kleimen 1989, Ralls and Meadows 
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2001). Captive WHCR’s in the EMP are costume-reared by humans who attempt to 

mimic behaviors exhibited by adult WHCR’s. Although various captive rearing 

techniques are used to limit human interaction (Horwich 1996), we do not know if 

humans can effectively raise WHCR’s to behave as they would in the wild. Conditions in 

which captive cranes are raised are undoubtedly different than those of wild cranes. 

Several studies suggest that behavioral differences exist between captive raised and wild 

individuals (Frankham 2008, McPhee 2003). Kreger et al. (2004) found that WHCR colts 

raised under different captive husbandry techniques expressed varying behaviors. 

Aggression, sleep, vigilance, and foraging varied depending upon hand rearing technique 

(Kreger et al. 2004). Upon release into the wild, captive reared individuals often exhibit 

inappropriate foraging skills and responses to human interaction and/or predators (Ralls 

and Meadows 2001). Whooping cranes raised in captivity may have lower reproductive 

success than wild born individuals because captive rearing may influence their behavior. 

Data suggest that captive individuals have lower reproductive success than wild born 

individuals (Araki et al. 2009, Christie et al. 2012).  

 Research also shows that differences between captive raised and wild born 

individuals may be a result of genetic adaptation caused by artificial selection (Arnold 

1995, Frankham and Loebel 1992, McDougall et al. 2006, McPhee 2003). Artificial 

selection can cause traits that would be advantageous in the wild (i.e. vigilance, 

aggression) to be relaxed in a captive environment (Frankham 2008, McPhee 2003). 

Relaxed selection can cause genetic shifts in these types of traits resulting in 

maladaptation to natural environments once captive individuals are reintroduced into the 

wild (Araki et al. 2009). 
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 To better understand how behavior is influenced by captivity, other researchers 

have compared captive individuals to their wild counterparts (Araki et al. 2009). The 

Aransas-Wood Buffalo Population is the only wild, self-sustaining population of 

WHCR’s but no data exist that would allow for a comparison of nest success on wild 

WHCR’s to captive raised, EMP WHCR’s. Although WHCR’s breed and nest within 

close proximity to SACR’s on and around NNWR (Figure 1.1) the EP of SACR’s appear 

to have greater nest success based on their overall population increase (Kruse et al. 2014). 

However, information on the reproductive success of SACR’s nesting on and around 

NNWR is limited. Because SACR’s also breed on and around NNWR and appear to have 

greater nest success, they may provide insight for comparing nest success as well as 

behavioral differences between wild and captive raised cranes. Comparing captive raised, 

endangered individuals to a related, surrogate species could aid in potential management 

strategies for the declining species (Powell et al. 1997).  

Similar to WHCR’s, SACR’s experienced an overall population decline in the late 

1800’s as a result of hunting and habitat loss (Leopold 1949, Walkinshaw 1973) but the 

Eastern population (EP) of SACR’s has since recovered to 74,784 individuals (Kruse et 

al. 2014). Greater sandhill cranes are biologically similar to WHCR’s and have similar 

breeding ecology. Both species reach sexual maturity at 3-6 years of age (Archibald and 

Lewis 1996) and construct nests on a nest platform with piled vegetation (i.e. Carex spp., 

Typha spp., Scirpus spp.) surrounded by water (Archibald and Lewis 1996) and incubate 

a clutch of 1-2 eggs (Archibald and Lewis 1996, Johnsgard 1983) during an average 

incubation period of 29 days (Johnsgard 1983).  
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Despite these apparent reproductive similarities, SACR’s may have higher nest 

success due to a different behavioral response (i.e. black fly avoidance or response to 

predators) during incubation. We do not know whether FID for EMP WHCR’s varies 

from EP SACR’s as a result of captivity. However, captivity has been known to influence 

behavior (Kreger et al. 2004, McPhee 2003, Ralls and Meadows 2001). Identifying 

differences between nesting WHCR’s and SACR’s during the risk of predation and how 

they respond to that disturbance may partially explain differences in nest success between 

species. 

 Cranes as well as their eggs are predated by a variety of avian and mammalian 

species such as great horned owls (Bubo virginianus), golden and bald eagles (Aquila 

chrysaetos and Haliaeetus leucocephalus), hawks (Buteo spp.), coyotes (Canis latrans), 

wolves (Canis lupus), red and gray foxes (Vulpes vulpes and Urocyon cinereoargenteus), 

bobcats (Lynx rufus), raccoons (Procyon lotor), and skunks (Mephitis mephitis) (Allen 

1952, Archibald and Lewis 1996, Johnsgard 1983). Both WHCR’s and SACR’s nesting 

on and around NNWR are presumably exposed to the same type of natural predators. 

However, little information exists on nest predation of WHCR’s and SACR’s on and 

around NNWR. 

While WHCR’s and SACR’s breeding on and around NNWR have reproductive 

similarities and are presumably exposed to similar predators, differences in FID and TON 

may also be a result of different selective pressures. Sandhill cranes may be better 

adapted and have higher fitness for avoiding predation due to cryptic coloration. Adult 

plumage of SACR’s is a grayish to a rusty brown (Johnsgard 1983) allowing for 

concealment against wetland vegetation (Archibald and Lewis 1996), whereas adult 
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plumage of WHCR’s is conspicuous. Whooping crane adults are primarily white except 

black primaries, alula, malar region, and red crown (Johnsgard 1983). Therefore, 

WHCR’s do not rely on cryptic coloration to avoid predators.  

In this study, we explored factors that may influence FID and TON between 

captive raised WHCR’s and wild SACR’s nesting on and around NNWR. Our objectives 

were to compare FID and TON by: (1) species (2) age of nest (3) flush method (i.e. 

access to nest via foot, kayak, or canoe) and (4) ordinal day of the year. We hypothesized 

WHCR’s would return to nests sooner than SACR’s. The duration of time spent off a nest 

may indicate the cranes perception of risk and recovery from a disturbance and may be 

influenced by captivity. We also hypothesized that SACR’s would flush at shorter 

distances than WHCR’s. We speculate WHCR’s in the EMP may flush from nests earlier 

than SACR’s nesting on and around NNWR because they are more invested in favoring 

their own survival over survival of potential offspring (Cooper and Frederick 2007, 

Ydenberg and Dill 1986), which may account for why the EMP has near 0% reproductive 

success (Converse et al. 2013). 

Study Area 

 

We conducted this research on the Necedah National Wildlife Refuge and the 

adjacent Meadow Valley State Wildlife Area (MVWA) (Figure 1.2). The area is 17,683 

ha of federally owned land in Juneau County, Wisconsin and 23,472 ha of federally 

owned land in Monroe County, Wisconsin. Topographic characteristics include large, 

shallow wetland impoundments with forested margins and open prairie (Urbanek et al. 

2005, King et al. 2013b). Wetland vegetation is predominately comprised of sedges 

(Carex spp.), cattail (Typha spp.), bulrushes (Scirpus spp.), and patches of willow (Salix 
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spp.) (King et al. 2013a). Forested margins contain a variety of oak (Quercus spp.), aspen 

(Populus spp.), and pine (Pinus spp.) (Urbanek et al. 2005, King et al. 2013a). Climate in 

central Wisconsin is characterized by relatively short summers and long winters (NOAA 

2014).  Precipitation averages 85cm annually (NOAA 2014). Spring temperatures (March 

through May) average at 6.7°C with an average high of 13°C and an average low 0.5°C 

(NOAA 2014). Summer temperatures (June through August) average 21°C with an 

average high of 27°C and an average low of 14°C (NOAA 2014).  

Methods 

 

Nest Searching and Monitoring 

 

 We located active WHCR and SACR nests on study sites during the 2015 and 

2016 breeding seasons. Each WHCR in the EMP can be uniquely identified by color 

combinations on leg bands and is fitted with a leg-mounted VHF radio transmitter 

(lithium battery powered VHF, Advanced Telemetry Systems, Insanti, MN; 164-166 

MHz). Most sandhill cranes in the EP are unmarked. We focused search efforts on areas 

with known breeding territories from previous research (McKinney 2014) because both 

species exhibit strong nest site fidelity (Kuyt 1976). We conducted search efforts on foot 

or by vehicles and scanned likely areas for cranes with optics. Once we detected a crane 

we attempted to maintain continuous visual contact with the bird until it returned to its’ 

nest to exchange incubation duties with its’ mate. In addition to ground-based search 

efforts, partnering organizations assisted by conducting fixed-winged aircraft or 

helicopter based nest search efforts each year. 

 Once a crane was observed, we recorded basic observational data such as bird ID 
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(if known), location, behavior, and association with other birds. Special emphasis was 

given to paired birds exhibiting nesting behavior, such as unison calling or vegetation 

pulling (Allen 1952, Archibald and Lewis 1996, Johnsgard 1983). We considered a nest 

to be active once at least 1 egg was present in a nest or we observed behaviors indicative 

of egg presence, such as egg rolling or incubation (Allen 1952, Johnsgard 1983). We 

monitored nests daily from ground observations and with occasional fixed-winged 

aircraft surveys. 

Camera Installation 

 

We visited all active nests within 10 days of initial observation to install trail 

cameras to monitor incubation. When we knew nest initiation dates, we waited until nests 

had been incubated at least 5 days before visiting them to reduce the risk of nest 

abandonment (Gloutney 1993). Because most sandhill cranes in the EP are not 

individually marked, we often could not determine the exact nest initiation date. We 

visited SACR nests as soon as we detected them to install trail cameras. Nest initiation 

date for SACR nests was determined via egg float (Ackerman and Smith 2010, Fisher 

and Swengel 1991, Walter and Rusch 1997) or by subtracting 30 days from the first day 

of observing a colt on camera (Howard 1977). We calculated nest initiation date via egg 

float for SACR’s by comparing the picture of the egg to a diagram depicting stages of 

incubation based on the angle of the egg floating in the water column (Fisher and 

Swengel 1991, Hays and LeCroy 1971, Westerskov 1950).  

We installed a ReconyxTM, Hyperfire HC600, PC900 (Reconyx Inc., Holmen, 

WI) or Bushnell ® Trophy CamTM, (Bushnell Outdoor Products, Overland Park, KS) at 

active WHCR and SACR nests in 2015 and 2016 from April through June. Cameras were 
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mounted on a steel t-post and placed approximately 10 meters from the nest.  We 

attempted to orient cameras facing north to minimize glare from sunlight. We made an 

effort to standardize the distance between cameras and nest locations but we adjusted 

camera placement to account for landscape differences at each nest site.  Cameras were 

camouflaged with local vegetation (i.e. Carex spp., Pinus spp., Typha spp. and Salix 

spp.). We programmed the cameras to capture a photo every five minutes 24-hours a day. 

Previous studies have used cameras at crane nest sites to monitor incubation (Bennett 

1978, Howard 1977). In addition, (McKinney 2014) used similar techniques on the study 

site. We left cameras at nest sites until the completion of a successful nest or upon nest 

failure.  

Flight Initiation Distance and Time Off Nest 

 

We recorded the flight initiation distance (i.e. when cranes left their nest by flying 

or walking) for WHCR’s and SACR’s while we approached nests to install trail cameras. 

We attempted to observe incubating cranes with optics from a distance prior to our 

approach to minimize the amount of time nesting cranes were disturbed. We approached 

all active nests via kayak, canoe, or on foot at a steady pace of approximately 1.0 m/s. 

Once incubating cranes flushed during our approach to their nest, we immediately 

recorded our location using a handheld Garmin GPS (1998 Garmin Corporation, Olathe, 

Kansas). We recorded the location of each nest with a second GPS point. We calculated 

FID as the distance between our location when the bird flushed and the location of the 

nest using the proximity tool in the ArcToolbox in ArcMAP (ESRI, Redlands, CA). We 

measured the time a disturbed crane was off nest by comparing the time stamp from the 

GPS to that on the first photograph the camera trap indicated the crane had resumed 
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incubation.  

Data Analysis 

 

We used linear regression to explain variation in FID and TON as a function of 

nest age, ordinal date, flush method, and species (Table 1.1). We also added a year 

covariate because FID and TON were collected in 2015 and 2016 (Table 1.1). We 

specified 8 models each representing a competing hypothesis to explain factors that may 

influence FID (Table 1.2) and 7 models to explain TON (Table 1.4) We ranked candidate 

models using Akaike’s Information Criterion corrected for small sample sizes (AICc 

Burnham and Anderson 2002). We ranked all candidate models according to their AICc 

values and calculated Akaike weights (wi) (Burnham and Anderson 2002). We conducted 

statistical analysis using R software (Version 3.2.4, R Development Core Team, 2016).   

Results 

 

We collected FID from a total of 39 crane nests (12 WHCR, 27 SACR) in 2015 

and 28 nests (13 WHCR, 15 SACR) in 2016. Our top four models contained a species 

covariate with a (ΔAICc < 3). The best approximating model explaining FID included the 

species and Odate covariates. This model had 40% of the total AIC weight (Table 1.2). 

Our top four models suggest a species difference between WHCR’s and SACR’s in 

regard to FID because WHCR’s flee from nests sooner than SACR’s (Figure 1.3). The 

remaining models with single covariates of  “Odate”, “age”, “method” and “year” 

contained negligible empirical support (ΔAICc ≥ 20, wi=0.00; Table 1.2). The confidence 

intervals of the parameter estimates for species did not overlap 0 but the confidence 

intervals for parameter estimates for odate, age, year, and method overlapped 0 

suggesting that only species was significant (Table 1.3). 
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We collected TON from a total of 37 crane nests (15 WHCR, 22 SACR) in 2015 

and 35 nests (20 WHCR, 15 SACR) in 2016. The top 3 models for TON had relatively 

evenly distributed AIC weights (Table 1.4). However, the best approximating model for 

TON had species as a single covariate and contained 46% of the total AIC weight (Table 

1.4). The confidence intervals on the parameter estimates did not overlap 0 (Table 1.5). 

The second best model included species with an additive effect of year with a 21% AIC 

weight (Table 1.4) but confidence intervals on year estimate overlapped 0 (Table 1.5). 

The remaining models “age”, “method” and “species*method” held relatively even 

weights (Table 1.4). Whooping cranes appeared to resume incubation sooner than 

SACR’s (Figure 1.4).  

Discussion 

 

In this study, the best predicting models for FID and TON were those that 

contained species as a covariate (Table 1.2 and Table 1.4). Other studies have shown that 

anti-predator behaviors can be species specific (Blumstein et al. 2003, Morse 1980). 

Blumstein et al. (2005) examined 147 studies on interspecific variation with regard to 

species response to a human disturbance. Of the 147 studies, 31 contained multiple 

species with 93.5% reporting evidence of interspecific variation in response to a human 

disturbance (Blumstein et al. 2005). Our results indicate that SACR’s resist flushing from 

nests longer than WHCR’s nesting on and around NNWR (Figure 1.3) and that WHCR’s 

return to nests sooner than SACR’s (Figure 1.4). 

Predation is a strong selective pressure in nesting birds (Caro 2005) and the 

ability to rely on crypsis to avoid detection is a fundamental concept of natural selection 

(Darwin 1859). Whooping cranes likely adapted under different selective pressures   
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creating different phenotypic characteristics (i.e. WHCR’s are white and SACR’s are 

gray) accounting for why WHCR’s do not have the ability to rely on crypsis for avoiding 

predation while incubating. Nesting SACR’s may be better adapted for avoiding 

predation because they are cryptically colored (Broom and Ruxton 2005, Lack 1968). 

Flight initiation distance is an anti-predator behavior that should be optimized to ensure 

survival for the incubating bird as well as potential offspring (Ydenberg and Dill 1986, 

Blumstein 2003). Sandhill cranes may be able to optimize their FID because they have 

higher fitness by remaining at nests longer when a predator is approaching simply 

because they have the option of relying on cryptic coloration. Because no FID data on 

wild WHCR’s exists for comparison, we do not know if other WHCR’s also flush from 

nests early. Our data show a difference in FID between WHCR’s and SACR’s nesting on 

and around NNWR. We would assume SACR’s nesting on and around NNWR that 

remain at nests would have greater nest success because they are presumably more 

invested in their potential offspring than risk to self (Cooper and Frederick 2007, 

Ydenberg and Dill 1986) since they remain at nests longer. However, information on the 

reproductive success of SACR’s nesting in this area is lacking. Our data indicate a 

difference in FID and TON between WHCR’s and SACR’s nesting on and around 

NNWR but whether that translates to increased reproductive success for SACR’s nesting 

in and around NNWR is unknown. Differences in FID between WHCR’s and SACR’s 

nesting on and around NNWR could be a result of selective pressures (i.e. cryptic 

coloration) because either species has adapted differently and as such may respond 

differently to nesting predators. It may also be a result of variation in a behavioral 

response to a predator because captivity has influenced WHCR’s to respond differently 
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than SACR’s even though they are biologically similar and are presumably exposed to 

the same types of predators.  

An appropriate response to a predator during a nest disturbance is likely important 

for the reproductive success of EMP WHCR’s. Captive rearing methods can influence 

behavior (Kreger et al. 2004). Artificial selection has been known to occur in captive 

populations and can cause a genetic adaptation resulting in deleterious genes that are 

selected against in the wild (Arnold 1995, Frankham and Loebel 1992, McDougall et al. 

2006, McPhee 2003). For example, captivity has been known to influence important anti-

predator behaviors such as vigilance and aggression. Although some studies suggest 

predator recognition may be innate in avian species (Saunders et al. 2013), some anti-

predator behaviors may need to be learned (Shier and Ownings 2007). Nearly all 

WHCR’s in the EMP were raised in captivity and costume reared by people and as such 

may not have learned appropriate anti-predator behaviors from adult WHCR’s because 

people raise them in captivity.  

Captivity may also influence the perception of risk of a disturbance. Whooping 

cranes appeared to resume incubation sooner than SACR’s (Figure 1.4). Our results 

indicate SACR’s remained off nest longer in both years (Figure 1.5). Whooping cranes 

may return to nests sooner and are able to recover from a disturbance quicker than 

SACR’s because of an inability to recognize the risk of predation (Ralls and Meadows 

2001). Habituation to humans has been recognized in captive animals and may result in 

decreased fear (Csermely et al. 1983). However our approach to incubating WHCR’s and 

SACR’s represents a simulated predation. Anti-predator behaviors that optimize FID and 

influence TON may change during a natural predation risk (i.e. coyote, bobcat, eagle). 
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Lord et al. (2001) found that northern New Zealand dotterels (Charadrius obscurus) had 

an increased FID and spent more time off nest when incubating birds were approached by 

a human walking a dog than without a dog. Perkins et al. (2014) found northern bobwhite 

quail (Colinus virginianus) displayed varied predator avoidance behaviors depending 

upon the type of threat (i.e. raptors, hunters).  

Our results indicate FID and TON of WHCR’s and SACR’s nesting on and 

around NNWR is species specific. Differences in FID and TON between WHCR’s and 

SACR’s are likely a combination of selective pressures (i.e. cryptic coloration) and 

behavioral responses influenced by captivity. A comparison between the wild, self-

sustaining AWBP of WHCR’s and EMP WHCR’s would provide insight into whether the 

results we observed in FID and TON are appropriate for WHCR’s. Research into the 

behavioral response of captive produced and costume reared WHCR’s and how these 

relate to SACR’s is needed. 

Management Implications 

 Appropriate anti-predator behaviors during incubation could be important for the 

overall success of nesting WHCR’s and SACR’s. If low nest success of EMP WHCR’s is 

influenced by an inappropriate response to a predator during a nest disturbance, rearing 

methods in captivity can be managed to increase anti-predator responses. Heatley (2002) 

found that endangered Mississippi Sandhill Cranes (Grus canadensis pulla), exhibited an 

increase in vigilance in the presence of adult cranes during anti-predator conditioning in 

captivity. Juvenile cranes spent more time in a tall alert behavior in the presence of an 

adult crane (Heatley 2002) suggesting anti-predator conditioning aided by the presence of 

adult cranes alongside juveniles could increase vigilant behavior and may be important 
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when reintroducing captive, endangered species to natural environments (Heatley 2002). 

Altering captive rearing methods to increase anti-predator behaviors such as vigilance 

and aggression may help elicit an appropriate response to nest a disturbance that could 

increase overall nest success of EMP WHCR’s.  
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Table 1.1 Variables used to model the flight initiation distance and time off nest of 

WHCR’s and SACR’s nesting on NNWR 

Variables Description 

Age Duration of incubation 

Method Mode of access to nest: foot, kayak, or canoe 

Odate Ordinal day of the year 

Species Whooping crane, sandhill crane 

Year 2015 or 2016 
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Table 1.2 Models of the flight initiation distance of nesting WHCR’s and SACR’s in 

response to a human induced disturbance on and around the NNWR 

Model AIC ΔAICc ωi   

Species+Odate 691.56 0 0.400   

Species+Age 692.31 0.74 0.275   

Species 692.98 1.42 0.196   

Species+Year 693.86 2.29 0.127   

Odate 717.72 26.16 8.3E-07   

Method 727.42 35.86 6.5E-09   

Age 728.29 36.72 4.2E-09   

Year 732.39 40.82 5.4E-10   
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Table 1.3 Parameter estimates for top models of flight initiation distance of WHCR’s and 

SACR’s  

Parameter β SE Lower CI Upper CI 

          

Species+Odate 

 
   

Intercept  135.01 53.68 27.76 242.26 

Species 66.22 11.45 43.34 89.10 

Odate -0.81 0.44 -1.69 0.07 

Species+Age 

 
   

Intercept  49.07 7.93 29.87 68.26 

Species 72.98 10.44 52.11 93.84 

Age -1.11 0.69 -2.50 0.26 

Species     

Intercept 37.37 6.38 24.61 50.12 

Species 75.50 10.45 54.62 96.38 

Species+Year     

Intercept  21631.66 20745.72 -19812.67 63075.99 

Species 76.56 10.50 55.59 97.53 

Year -10.71 10.29 -31.27 9.84 
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Table 1.4 Models of the duration of time WHCR’s and SACR’s spent away from the nest 

following a human induced disturbance on and around the NNWR 

Model AIC ΔAICc ωi 

Species 873.33 0.00 0.46 

Species+Year 874.91 1.58 0.21 

Species+Age 875.33 2.00 0.17 

Species*Method 879.23 5.90 0.02 

Year 880.96 7.63 0.01 

Age 881.77 8.44 0.01 

Method 884.10 10.77 0.00 
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Table 1.5 Parameter estimates for top three models of time off nest of WHCR’s and 

SACR’s  

          

Parameter β SE Lower CI Upper CI 

Species         

Intercept 124.95 16.66 91.73 158.17 

Species -72.09 23.89 -119.74 -24.44 

Species+Year         

Intercept  31390.42 49034.23 -66430.19 129211.03 

Species -69.51 24.33 -118.05 -20.98 

Year -15.51 24.33 -64.05 33.02 

Species+Age         

Intercept  124.75 25.20 74.49 175.02 

Species -72.04 24.59 -121.09 -22.98 

Age 0.02 1.94 -3.85 3.88 
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Figure 3.1 Map of WHCR’s and SACR’s nesting within close proximity on NNWR  
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Figure 1.2 Map of the Necedah National Wildlife Refuge in Juneau County, Wisconsin 

and the Meadow Valley State Natural Area in Monroe County, Wisconsin where crane 

nests were monitored 
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Figure 1.3 Box plot of flight initiation distance of WHCR’s and SACR’s nesting on and 

around the NNWR  
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Figure 1.4 Box plot of time off nest of WHCR’s and SACR’s nesting on and around the 

NNWR 
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Figure 1.5 Box plot of time off nest in regard to species and year of WHCR’s and 

SACR’s nesting on and around the NNWR 
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CHAPTER II 

EFFECTS OF TRAINING ON INTER-OBSERVER RELIABILITY FOR 

CLASSIFICATION OF BEHAVIORS OF NESTING CRANES 

 

Abstract 

 

Wildlife biologists have used camera traps to study population abundance, habitat 

use, activity patterns, and behavior in birds, ungulates, and carnivores. According to a 

Web of Science search, more than 650,000 published studies have used camera traps 

since 1994 with a substantial increase occurring after 2006. Although camera traps easily 

collect photos, reviewing the photos to extract data can be laborious. When multiple 

observers are used to assign animal behavior definitions to photos, observer bias and 

inter-observer reliability should be considered. We explored several factors that may 

influence the reliability of observers identifying distinct behaviors of nesting cranes 

including the complexity of behavior, species being observed and the training level of the 

observer. We specified 6 logistic regression models to explain inter-observer reliability 

when assigning behaviors to crane photos and ranked models using AICc corrected for 

small sample size. The best approximating model included an interaction of training and 

complexity and contained 99% of the total AIC weight. Our data indicate that training 

increases inter-observer reliability. However the positive effects of training were only 

recognized when specific, complex behaviors were being identified. Continued research 

is needed to examine how training and behavior complexity may influence consistency of 

observer-to-observer response across multiple individuals. 
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Introduction 

 

The whooping crane (WHCR, Grus americana) is federally endangered (CWS 

and USFWS 2007). The historical range of WHCR’s was extensive and included portions 

of Canada, North-Central and Southwestern United States, as well as the Gulf Coast 

(Allen 1952). However due to hunting as well as habitat loss (Archibald and Lewis 1996, 

Johnsgard 1983), population levels reached an all time estimated low of less than 25 wild 

individuals in 1941 (Archibald and Lewis 1996). The Aransas-Wood Buffalo Population 

(AWBP) is the only remaining wild, self-sustaining population of WHCR’s. This 

population breeds on and around Wood Buffalo National Park and winters on the Gulf 

coast on and around Aransas National Wildlife Refuge in Austwell, Texas (CWS and 

USFWS 2007). All additional WHCR’s are in non-migratory populations or are raised in 

captivity (CWS and USFWS 2007). However, in 1998 the Whooping Crane Recovery 

Team recommended establishing an additional migratory population of WHCR’s to 

safeguard against a catastrophic occurrence (i.e., hurricane, oil spill) that might cause 

extinction of the species (CWS and USFWS 2007). The recovery team proposed 

establishing a geographically isolated population in the Great Lakes region and selected 

central Wisconsin as the recovery site (Cannon 1998) due to the abundance of nesting 

greater sandhill cranes (SACR, Grus canadensis tabida) (Bennett 1978, Cannon 1998, 

Drewien et al. 1985, Howard 1977, Walkinshaw 1949). In 2001, a group of non-profit, 

state, and government agencies (i.e. the Whooping Crane Eastern Partnership; WCEP) 

reintroduced WHCR’s to Necedah National Wildlife Refuge (NNWR) in Necedah, 

Wisconsin, in order to establish an Eastern Migratory Population (EMP). The EMP was 

established as a non-essential, experimental population under section 10(j) of the 
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Endangered Species Act of 1973 as amended, with the primary goal of creating a self-

sustaining, migratory, wild population (WCEP 2011). Whooping cranes in the EMP 

appear to be exhibiting appropriate nesting behavior (i.e., nest building, egg laying), 

habitat selection, and pair formation (WCEP 2011). However, despite nearly sixteen 

years of reintroduction efforts, reproductive success remains low because nest success, 

defined as the proportion of nests that result in at least one hatched egg, is near 0 % and 

the population is not self-sustaining (Converse et al. 2013).  

Several factors may be contributing to the low nest success of EMP WHCR’s 

including ornithophilic black fly (Simulidae spp.) populations (Urbanek et al. 2010), and 

inappropriate behaviors (i.e. response to predators) exhibited by captive raised 

individuals (McPhee 2003). Since their reintroduction in 2001, nearly all breeding adult 

WHCR’s in the EMP have been reared in captivity by costumed humans. Costume-

rearing methods require humans to disguise their form by wearing full-length white suits, 

hoods and puppet crane heads to prevent colts from inappropriately imprinting on 

humans (Horwich 2001). Captive reared colts are released into the EMP but the effects of 

costume rearing on breeding behavior in adult WHCR’s are unknown. 

Camera traps potentially provide a non-invasive method for comparing 

differences in incubation behavior between WHCR’s and SACR’s under black fly duress. 

Other researchers have installed camera traps at nests of incubating cranes to monitor 

incubation behavior (Bennet 1978, Howard 1977, King and Alder 2012, King 2013a, 

McKinney 2014, Urbanek et al. 2010). Camera traps have been used for a wide range of 

ecological studies such as species occurrence (O’Connell et al. 2011), richness (O’Brien 

et al. 2011), abundance (Roberts et al. 2006), activity patterns (Clevenger et al. 2013) as 
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well as behavior (Green et al. 2015, O’ Connell et al. 2011). Camera traps are efficient 

for evaluating a variety of taxa including ungulates (Roberts et al. 2006), carnivores 

(Gompper et al. 2006), and birds (Dinata et al. 2008, O’Brien and Kinnaird 2008, 

Richardson 2009). They also allow for capture of elusive species (Trolle and Kèry 2005) 

and minimize disturbance when monitoring threatened and endangered species (Butler 

2009, Chang-Yong Choi et al. 2007, Dinata et al. 2008). Camera traps have increased in 

popularity because of advances in technology and because of their robust ability to 

provide information on a wide range of ecological phenomena. Rowcliffe and Carbone 

(2008) reported that a Web of Science search yielded more than 650,000 studies 

including the use of camera traps have been published since 1994 with a substantial 

increase occurring after 2006.  

Although camera traps can provide information on numerous phenomena and 

easily collect photos, reviewing the photos to extract data can be time consuming and 

multiple individuals often are required to process a high volume of photos. When photos 

are passed from user to user, subjectivity from individual observers can arise with regard 

to behavior identification and observer bias has been recognized in behavioral studies 

(Burghardt et al. 2012, Caro et al. 1979, Lewis 2011). When multiple observers are used 

to assign animal behavior definitions to photos, observer bias and inter-observer 

reliability should be considered. Inter-observer reliability is a metric that can be used to 

measure the extent to which two or more observers match in their response when 

identifying the same behavior (Caro et al. 1979, Martin and Bateson 1986, Neuman 

1999).   
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In this study, we explored factors that may influence the consistency of observer-

to-observer response across multiple individuals when identifying photos of incubating 

WHCR’s and SACR’s. The objectives of this study were to: (1) measure possible 

observer variation when comparing incubation behaviors of WHCR’s and SACR’s (2) 

determine if prior exposure to incubating crane behaviors through training increases 

inter-observer reliability (3) assess if specific behaviors influence inter-observer 

reliability and (4) to measure the probability of match by comparing observer response to 

an individual who has been previously trained on incubating crane behaviors.  

Study Area 

 

Pictures for this study were collected on the Necedah National Wildlife Refuge 

and the adjacent Meadow Valley State Wildlife Area (MVWA). The area is 17,683 ha of 

federally owned land in Juneau County, Wisconsin and 23,472 ha of federally owned 

land in Monroe County, Wisconsin. Topographic characteristics include large, shallow 

wetland impoundments with forested margins and open prairie (Urbanek et al. 2005, 

King et al. 2013b). Wetland vegetation is predominately comprised of sedges (Carex 

spp.), cattail (Typha spp.), bulrushes (Scirpus spp.), and patches of willow (Salix spp.) 

(King et al. 2013a). Forested margins contain a variety of oak (Quercus spp.), aspen 

(Populus spp.), and pine (Pinus spp.) (Urbanek et al. 2005, King et al. 2013a). However, 

inter-observer reliability was assessed at the University of Wisconsin Stevens Point in 

Stevens Point, Wisconsin. 
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Methods 

 

Nest Searching and Monitoring 

 

 We located active WHCR and SACR nests on study sites during the 2015 and 

2016 breeding seasons. Each WHCR in the EMP can be uniquely identified by color 

combinations on leg bands and is fitted with a leg-mounted VHF radio transmitter 

(lithium battery powered VHF, Advanced Telemetry Systems, Insanti, MN; 164-166 

MHz). Most SACR’s in the EP are unmarked. We focused search efforts on areas with 

known breeding territories from previous research (McKinney 2014) because both 

species exhibit strong nest site fidelity (Kuyt 1976). 

 Once a crane was observed, we recorded basic observational data such as bird ID 

(if known), location, behavior, and association with other birds. Special emphasis was 

given to paired birds exhibiting nesting behavior, such as unison calling or vegetation 

pulling (Allen 1952, Archibald and Lewis 1996, Johnsgard 1983). We considered a nest 

to be active once at least 1 egg was present in a nest or we observed behaviors indicative 

of egg presence, such as egg rolling or incubation (Allen 1952, Johnsgard 1983).  

Camera Installation 

 

We installed a ReconyxTM, Hyperfire HC600, PC900 (Reconyx Inc., Holmen, 

WI) or Bushnell ® Trophy CamTM, (Bushnell Outdoor Products, Overland Park, KS) at 

active WHCR and SACR nests in 2015 and 2016 from April through June. Cameras were 

mounted on a steel t-post and placed approximately 10 meters from the nest. We 

attempted to orient cameras facing north to minimize glare from sunlight. We made an 

effort to standardize the distance between cameras and nest locations but we adjusted 
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camera placement to account for landscape differences at each nest site.  Cameras were 

camouflaged with local vegetation (i.e. Carex spp., Pinus spp., Typha spp. and Salix 

spp.). We programmed the cameras to capture a photo every five minutes 24-hours a day. 

Previous studies have used cameras at crane nest sites to monitor incubation (Bennett 

1978, Howard 1977). In addition, (McKinney 2014) used similar techniques on the study 

site. We left cameras at nest sites until the completion of a successful nest or upon nest 

failure.  

Incubation Behavior  

 

After we retrieved the cameras, we transferred all photos to an external harddrive 

and extracted their meta-data (i.e. date, time, temperature) using ExifTool (ver 9.60). We 

classified behavior depicted on each photograph by “tagging” the photo with the 

appropriate attributes using Picasa (Google, Inc.). We used the methods and behavioral 

categories described by McKinney (2014) to tag each photo. Only photos taken a half an 

hour before sunrise and a half an hour after sunset were tagged. Variability in visibility at 

night (i.e. distance from camera to nest, vegetation obstruction, etc.) made it difficult to 

tag behaviors and so we therefore, discarded night pictures from analysis.  

Inter-observer Reliability 

 

 To assess inter-observer reliability, we evaluated how the species being observed, 

training level of the observer, and complexity of behavior would influence a user’s ability 

to define a behavior tag. We asked a group of undergraduate students from a 2016 

wildlife techniques class at the University of Wisconsin-Stevens Point to simultaneously 

tag a series of 150 photos collected from camera traps at active crane nests. 

Undergraduates in this wildlife technique class represent young professionals likely to 
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achieve future careers in the wildlife field. Therefore, these students may represent 

citizen science. All photos were individually shown in chronological order according to 

the timestamp stored on the camera and displayed via PowerPoint only once at 30-second 

intervals. We only used 150 photos to allow for adequate time for participants to tag 

photos within a two-hour time frame. Of the 150 photos, 75 were taken from one WHCR 

nest and the remaining 75 were taken from one SACR nest. The two nests were chosen 

because of similarities in nest visibility and similar distance between the nest and camera.  

Photos were identified with a number corresponding to the order it was displayed (i.e. 

first displayed photo was given a number 1, etc.). The first half of photos shown were of 

WHCR’s and all remaining photos were of SACR’s. Participants were not aware of 

which photo contained WHCR’s or SACR’s prior to observing the displayed photo.  

To evaluate whether training, through prior exposure to incubating crane 

behaviors, influenced inter-observer reliability, we randomly assigned participants into a 

trained or untrained group before observing the photos. Individuals in either group were 

not aware to which group they were being assigned. Prior to tagging all photos, 

individuals in the trained group were shown photos of WHCR’s for 15 to 20 minutes via 

PowerPoint and were provided with definitions of behaviors (McKinney 2014) being 

exhibited in the photo under observation. The photos shown during the 15 to 20 minute 

training session were not the same photos displayed during the tagging process and 

therefore were not included in the final analysis. Behavior definitions were placed in 

three categories (Appendix A). Participants first noted whether the crane was present in 

the photo (indicated by “away from nest”). Second, they noted if the crane was 

incubating with its head tucked or head up. If the crane was incubating with its head up, 
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we further classified additional behaviors into alert, preening, manipulating platform, or 

other (Appendix A). Individuals who were not trained did not see photos or definitions of 

behaviors (McKinney 2014) prior to tagging the photos. All participants were given an 

activity budget (Altmann 1974) and list of behavior categories prior to tagging photos. As 

the photos in the PowerPoint were displayed, participants placed a check mark in the 

behavior category that corresponded to the behavior they thought was being displayed in 

the photo under observation. We assessed the probability of match of trained and 

untrained individuals to a graduate student previously exposed to incubating crane 

behaviors.  

Data Analysis 

 

We used logistic regression (Hosmer and Lemeshow 2002) as a modeling 

approach to determine the participant’s probability of match to an individual who had 

been previously trained on incubating crane behaviors. We selected 3 variables to assess 

how prior exposure to incubating crane behaviors through training influenced inter-

observer reliability. We assessed the relative importance of independent variables as well 

as combinations of variables and variable interactions (Table 2.1). The dependent 

variable was the participant’s response (coded as 1 if they matched the trained individual 

and 0 if they did not) and covariates included species (WHCR and SACR), level of 

training (Trained or Untrained), as well as Complexity of behavior (1 basic – 3 complex) 

(Table 2.1) We coded behavior categories into three levels of complexity: (1) the first and 

most basic level was whether the crane was present in the picture (2) the second level was 

whether the crane was incubating with its head up or head tucked and (3) the third and 

most complex level was whether the crane was exhibiting an alert, preening, 
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manipulating platform, or other behavior. We specified 6 models each representing a 

competing hypothesis to explain factors that may influence inter-observer reliability. 

Models were ranked using Akaike’s Information Criterion corrected for small sample 

sizes (AICc Burnham and Anderson 2002). We ranked all candidate models according to 

their AICc values and considered the best model (i.e. most parsimonious) with the 

smallest AICc value (Burnham and Anderson 2002). Akaike weights (wi) (Table 2.1) 

were calculated in order to determine the weight supporting each model (Burnham and 

Anderson 2002). Statistical analysis was performed using R software version (Version 

3.2.4, R Development Core Team, 2016). 

Results 

 

A total of 32 individuals tagged photos, 13 were trained and 19 remained 

untrained. The best approximating model included an interaction of training and 

complexity and contained 99 % of the total AIC weight (Table 2.1) indicating that 

training mattered but varied with complexity of the behaviors. Effects of training were 

most pronounced when identifying behaviors in the third and most complex level 

assessing the participants probability of match to whether the crane was exhibiting an 

alert, preening, manipulating platform, or other behavior (Figure 2.1).  Confidence 

intervals for all parameter estimates in the top model did not overlap 0 (Table 2.2). The 

remaining 5 models contained negligible empirical support (ΔAICc ≥ 93, wi=0.00; Table 

2.1).  

Discussion 

 

Many researchers have documented the use of camera traps for studying various 

aspects of animal ecology (Butler 2009, Chang-Yong Choi et al. 2007, Clevenger et al. 
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2013, Dinata et al. 2008, Gompper et al. 2006, Green et al. 2015, O’ Connell et al. 2011, 

O’Brien and Kinnaird 2008, Richardson 2009, Roberts et al. 2006, Trolle and Kèry 

2005). The potential for observer bias is evident in studies of animal behavior and has 

been reported as problematic for data collection (Burghardt et al. 2012, Caro et al. 1979, 

Lewis 2011).  However, few researchers have reported on conditions in which to measure 

inter-observer reliability (Burghardt et al. 2012, Kaufman and Rosenthal 2009). Of a total 

of 960 published articles from 5 animal behavior journals reviewed by Burghardt et al. 

(2012), fewer than 10% reported ways to minimize observer bias. Consideration of inter-

observer reliability could be important for consistency among observers when identifying 

animal behaviors.  

Our analysis indicates that prior exposure to behaviors through training can 

increase inter-observer reliability when identifying complex behaviors (Table 2.2). 

Individuals placed in our trained group exhibited an 80% probability of match (Figure 

2.1) to an individual who had prior experience identifying incubating crane behaviors in 

regard to complex behaviors. Even though trained individuals were only shown photos 

and behavior definitions for a 15-20 minute period prior to tagging the 150 photos, they 

exhibited a higher degree of inter-observer reliability when compared to untrained 

individuals (Figure 2.1). However, as previously noted, the positive effects of training 

were only seen in the most complex level of our assigned behavioral categories (i.e. 

identifying if the crane was alert, preening, manipulating platform, or exhibiting another 

behavior). Therefore prior exposure to behaviors may not be as important when 

considering camera trap studies used to identify simple species occurrence (O’ Connell et 

al. 2011) or presence and absence (Rovero et al. 2010). However, observer consistency 
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across multiple individuals may improve through training in a photographic study with a 

higher degree of complexity such as individual species recognition or with mark and 

recapture when reviewing unique markings (Treilibs et al. 2016).   

Observers that review our images from cameras placed at both WHCR and SACR 

nests commonly encounter specific behaviors (i.e. alert, preening, manipulating platform, 

other) as categorized in this analysis of inter-observer reliability. In addition to the 

complex levels of behavior as categorized in this study, we also have our observers 

identify additional behaviors with potentially similar levels of specificity (McKinney 

2014, Appendix B, Tier 4). Overall, we collected 347,220 photos from cameras placed at 

WHCR and SACR nests in 2015 but 130,587 (38%) were used in behavioral analysis. Of 

the 130,587 photos used for our behavioral analysis 80% contained behaviors with 

potentially similar levels of specificity as listed in Appendix B, Tier 4 (McKinney 2014). 

Our aim was to identify differences in incubation behaviors by species. Therefore 

behaviors in Appendix B, Tier 4 (McKinney 2014) were critical to our investigation on 

the effects of training. Because a large portion of our photos contain specific behaviors, 

prior exposure to these behaviors through training may be important for increasing inter-

observer reliability among the observers that tag our photos.   
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Table 2.1 Model selection using AICc corrected for small sample size of the response of 

participants match to a trained individual on incubation behaviors in regard to species, 

training, and complexity of behavior. Model statistics include number of paramaters (K), 

difference in value between AICc  and the lowest AICc (ΔAICc), and model weight (ωi) 

Model AICc 
 ΔAICc  ωi  

  

Training*Complexity 3511 
 

0 
 0.988    

Training+Complexity 3604 
 

93 
 0.009    

Complexity 3630 
 

120 
 0.002    

Training+Species 4212 
 

701 
 5.9E-16    

Training 4212 
 

702 
 5.6E-16    

Species 4234 
 

724 
 1.8E-16    
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Table 2.2 Parameter estimates (β), standard error (SE), and 95% confidence intervals 

(lower CI and upper CI) for the best-approximating model of inter-observer reliability  

  β SE Lower CI Upper CI 

Training*Complexity         

Intercept 4.03 0.32 3.43 4.67 

Training:Untrained 4.04 0.47 3.13 4.97 

Complexity -0.89 0.12 -1.14 -0.65 

TrainingUntrained:Complexity -1.71 0.18 -2.06 -1.37 
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Figure 2.1 Comparison of probability of match between trained and untrained 

participants in regard to behavior complexity
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Appendix A. Flow chart of pictures used in inter-observer reliability tagging process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Away from nest 

Incubation headup 

Manipulating platform Other Preening 

Incubation head tucked 

Alert 
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Appendix B (McKinney 2014). Flow chart of potential tags for photographs:  

 

Tier 1 

Tier 2 

Tier 3 

1 whcr

Incubation

Head up

Bill flick

Head rub

Preening

Calling

Manipu. 
platform

Unison 
call

Alert

Tending 
colt

Other

Head 
tucked

Brooding

Same

Flying Standing

On 
platform

Same

Head 
tucked

Manipu. 
egg

In water

Same

Walking

Foraging

Bands 
readable

Combo

Crane id

Incubation  
swap

2 whcr 1 colt 2 colts Away Species

Tier 4 
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1. Name the species of crane, and number of cranes or colts in the picture. If crane is 

absent tag as away from nest. 

2. Record the general behavior (incubation, standing, flying). Each picture with a 

crane in it should at least have a tag from Tier 1 and Tier 2. 

3. Continue to tag using behaviors or locations from Tier 3 and Tier 4. When 

tagging behaviors take into account pictures before and after the picture being 

tagged. These other pictures can help classify the behavior. 

If information needed to tag the photo with a behavior on Tier 4 is lacking, (for example 

the photo is blurry or the crane is too far away) tag with only as much detail as you can 

see. 

 

BEHAVIOR DEFINITION TAGS: 

 

 INCUBATION: The crane is sitting on a nest containing eggs. If one colt has hatched 

but the crane is still sitting on an egg this is classified as incubation. This tag will always 

be followed by a tag for head up or head tucked.  

 

INCUBATION, HEAD UP, ALERT: The cranes head is held high and its neck is fairly 

straight.  

 

INCUBATION, HEAD UP, OTHER: If the crane’s head is low, its neck is curved, and it 

is not doing any of the behaviors listed this is tagged as “other.” 

 

INCUBATION, HEAD TUCKED: Crane’s head is tucked under its wing in a sleeping 

position (Tacha 1987). 

 

HEAD TUCKED VS. PREENING: Head tucked may look similar to preening. The 

picture on the top would be classified as incubation head up, preening. The picture on the 

bottom would be classified as incubation head tucked. When deciding on these behaviors 

look at the black and red area on the top of the crane’s head. In the picture on the top, it is 

vertical in a preening position. In the picture on the bottom it is horizontal in a resting 

position. 

 

INCUBATION HEAD UP: If there is not enough information for you to choose a 

behavior do not tag photo. Only tag what you can see. The picture below are tagged as 

incubation, head up, but since I do not think I have enough information to decide if the 

crane is preening, bill flicking, manipulating platform or any other behavior I do not 

continue tagging. 

 

HEAD RUB- the side or top of the crane’s head is touching its back or body (Tacha 

1987). 

 

BILL FLICK: a movement blur is seen in the photo suggesting back and forth or up and 

down movement of bill (Whooping Crane Eastern Partnership 2012) 
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PREENING - The crane’s bill is touching its own body. The crane may be sitting or 

standing. If beak is not visible, neck will be curved toward the body, or neck will be 

straight and stiff with head facing down in order to preen the neck (Tacha 1987). 

Incubation, head up, preening  

MANIPULATING PLATFORM: The crane’s bill is touching the nest. The crane may be 

stretching to grab a piece of the nest, and there may be some grass in the crane’s bill. You 

may see a difference in the shape of the nest from one picture to another. 
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CHAPTER III 

IDENTIFYING INCUBATION BEHAVIORS BETWEEN NESTING WHOOPING 

CRANES (GRUS AMERICANA) AND GREATER SANDHILL CRANES (GRUS 

CANADENSIS TABIDA) DURING BLACK FLY PARASITISM IN WISCONSIN 

 

Abstract 

 

Blood-feeding black flies (family Simuliidae) serve as vectors for parasites, bacteria, and 

viruses in wild and domestic birds. Approximately 37% of black fly species that occur in North 

America are ornithophilic, and can serve as stressors at nests of common loons, great-horned 

owls, and purple martins, among others. Black flies may be contributing to low nest success of 

the reintroduced Eastern Migratory Population (EMP) of federally endangered whooping cranes 

(WHCR, Grus americana) nesting at Necedah National Wildlife Refuge (NNWR) in central 

Wisconsin because emergence of black flies at NNWR coincides with WHCR incubation. 

Observations from several video surveillance cameras placed near nests have identified that 

WHCR’s exposed to black flies exhibit head rubs and bill flicks, behaviors indicative of black fly 

parasitism and nest desertion coincides with black fly emergence. The Eastern Population (EP) 

of greater sandhill cranes (SACR, Grus canadensis tabida) is ecologically similar to WHCR’s 

and nest in close proximity to WHCR’s on and around NNWR. Although WHCR’s breed and 

nest within close proximity to SACR’s on and around NNWR, the EP of SACR’s appear to have 

greater nest success based on their overall population increase. Reproductive success of the EMP 

is near 0% resulting in a near 0% chance of the EMP becoming self-sustaining. Our objectives 

were to (1) reduce black fly duress on incubating WHCR’s via egg salvage induced nest failure 

(2) identify if egg salvaged induced nest failure increases WHCR renest propensity and (3) 
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compare incubation behavior between SACR’s and WHCR’s during and after black fly 

emergence by installing camera traps at active nests. Cameras took a photo every 5 minutes and 

remained at nests until nests failed or were successful (defined as one egg hatching in a nest). We 

compared apparent nest success of WHCR’s and SACR’s in the 2014 to 2016 breeding seasons 

and compared fate of nest during the 2015 and 2016 breeding seasons. We also quantified the 

percent time nesting cranes spent exhibiting various incubation and black fly avoidance 

behaviors and ran a discriminant function analysis on the average proportion of time spent per 

nest to compare incubation behaviors by species and by fate of nest. Our data suggest that 

behavior indicative of black fly emergence was more prevalent at failed WHCR nests. Our 

results also indicate WHCR’s that nest later are more successful than ones that nest during black 

fly parasitism suggesting renesting without the presence of black fly parasitism could increase 

overall WHCR nest success. Lastly, WHCR nest success appeared lower than SACR nest 

success in all three years studied. 

Introduction 

 

The whooping crane (WHCR, Grus americana) is federally endangered (CWS and 

USFWS 2007). The historical range of WHCR’s was extensive and included portions of Canada, 

North-Central and Southwestern United States, as well as the Gulf Coast (Allen 1952). However 

due to hunting as well as habitat loss (Archibald and Lewis 1996, Johnsgard 1983), population 

levels reached an all time estimated low of less than 25 wild individuals in 1941 (Archibald and 

Lewis 1996). The Aransas-Wood Buffalo Population (AWBP) is the only remaining wild, self-

sustaining population of WHCR’s. This population breeds on and around Wood Buffalo National 

Park and winters on the Gulf coast on and around Aransas National Wildlife Refuge in Austwell, 

Texas (CWS and USFWS 2007). All additional WHCR’s are in non-migratory populations or are 
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raised in captivity (CWS and USFWS 2007). However, in 1998 the Whooping Crane Recovery 

Team recommended establishing an additional migratory population of WHCR’s to safeguard 

against a catastrophic occurrence (i.e., hurricane, oil spill) that might cause extinction of the 

species (CWS and USFWS 2007). The recovery team proposed establishing a geographically 

isolated population in the Great Lakes region and selected central Wisconsin as the recovery site 

(Cannon 1998) due to the abundance of nesting greater sandhill cranes (SACR, Grus canadensis 

tabida) (Bennett 1978, Cannon 1998, Drewien et al. 1985, Howard 1977, Walkinshaw 1949). In 

2001, a group of non-profit, state, and government agencies (i.e. the Whooping Crane Eastern 

Partnership; WCEP) reintroduced WHCR’s to Necedah National Wildlife Refuge (NNWR) in 

Necedah, Wisconsin, in order to establish an Eastern Migratory Population (EMP). The EMP 

was established as a non-essential, experimental population under section 10(j) of the 

Endangered Species Act of 1973 as amended, with the primary goal of creating a self-sustaining, 

migratory, wild population (WCEP 2011). Whooping cranes in the EMP appear to exhibit 

appropriate nesting behavior (i.e., nest building, egg laying), habitat selection, and pair formation 

(WCEP 2011). However, despite nearly sixteen years of reintroduction efforts, reproductive 

success remains low because nest success, defined as the proportion of nests that result in at least 

one hatched egg, is near 0 % and the population is not self-sustaining (Converse et al. 2013).  

Several factors may be contributing to the low nest success of EMP WHCR’s including 

ornithophilic black fly (Simulidae spp.) populations (Urbanek et al. 2010), and inappropriate 

behaviors (i.e. response to predators) exhibited by captive raised individuals (McPhee 2003). 

Since their reintroduction in 2001, nearly all breeding adult WHCR’s in the EMP have been 

reared in captivity by costumed humans. Costume-rearing methods require humans to disguise 

their form by wearing full-length white suits, hoods and puppet crane heads to prevent colts from 
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inappropriately imprinting on humans (Horwich 2001). Captive reared colts are released into the 

EMP but the effects of costume rearing on breeding behavior in adult WHCR’s are unknown. 

Although several factors may be contributing to low nest success, a correlation between parasitic 

black fly emergence and WHCR nest abandonment on and off the refuge has been identified 

(Urbanek et al. 2010). 

Black flies (family Simuliidae) serve as vectors for parasites (Hunter et al. 1997) such as 

Leucocytozoon spp. and avian trypanosomes in wild and domestic birds (Lehane 2005). 

Approximately 1,787 species of black fly exist worldwide (Adler et al. 2004), but 255 have been 

found in the United States (Adler et al. 2004). All species of black flies live in close proximity to 

running water (e.g., rivers, streams) (Adler et al. 2004) and both males and females are diurnal 

(Lehane 2005, Martinez et al. 2009). Running water often serves as breeding grounds and an 

important location for the development of larvae and pupae (Bukaciński and Bukacińska 2000). 

Females require blood from avian and mammalian hosts for egg maturation (Malmqvist et al. 

2007, Sutcliffe 1986). Females lay between 150-600 eggs (Lehane 2005) that settle on the 

bottom of water. Upon hatching, larvae will filter feed (Adler et al. 2004). Adults are small, 

measuring 1 to 5 mm in length (Lehane 2005). Adult females have a life cycle lasting 10-35 days 

(Adler et al. 2004). Black flies are short lived with a lifespan of approximately 3 weeks (Adler et 

al. 2004). Emergence of black flies in Wisconsin occurs between April and May (Adler et al. 

2004) coinciding with incubation of WHCR’s at NNWR (Urbanek et al. 2010a) and may be a 

contributing factor for their low nest success.  

Specific cues used by black flies to select hosts are unknown (Adler et al. 2004). A 

variety of studies suggest that host preference is based on olfactory and visual cues (Atwood and 

Meisch 1993, Bradbury and Bennett 1974, Fallis et al. 1967, Sutcliffe 1986, Weinandt et al. 
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2012). Sutcliffe (1986) found that black flies were seen in greater numbers in traps with CO2 

versus traps that did not contain CO2. Atwood and Meisch (1993) found that tent traps mixed 

with 1-octen-3-ol (Octenol) (a mushroom alcohol known to attract biting insects) and CO2 

contained higher numbers of black flies than traps containing only CO2 in Arkansas. 

Approximately 37% of black fly species that occur in North America are ornithophilic (Adler et 

al. 2004). Blood-feeding black flies affect a variety of avian species as nesting stressors [Hunter 

et al. 1997; great horned owl (Bubo virginianus), Norton et al. 1970; purple martin (Progne 

subis), Smith et al. 1998; red-tailed hawk (Buteo jamaicensis), Weinandt et al. 2012; common 

loon (Gavia immer)]. Additionally, black flies can cause a decrease in nest attendance of avian 

species (Bukaciński and Bukacińska 2000, King et al. 2013b). Smith et al. (1998) found that 

black fly infestations of nestling red tailed hawks (Buteo jamaicensis) resulted in chick mortality 

of 14% for 42 nests. The presence of black flies caused direct physiological trauma associated 

with early nest departure, resulting in nestling mortality (Smith et al. 1998).  

Urbanek et al. (2010) was among the first to suggest black flies as a cause for nest 

abandonment of WHCR’s in the EMP. Outbreaks of black flies at NNWR coincide with WHCR 

incubation (Urbanek et al. 2010). Observations from video surveillance cameras placed near 

nests showed WHCR’s, as well as their eggs, covered in black flies and an increase in nest 

desertion during black fly emergence (Urbanek et al. 2010). Visible lesions caused from black 

fly bites were seen upon evaluation of a captured female WHCR (Urbanek et al. 2010). 

Whooping cranes also were observed displaying behaviors indicative of black fly parasitism (i.e. 

head-rub, preening, bill flick) (Urbanek et al. 2010). King and Adler (2012) observed several 

species of black fly at NNWR; Simulium annulus and Simulium johannseni were observed at 

WHCR nests. It is unclear what specific cues are being used by black flies at NNWR to select 
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WHCR’s as hosts. Black flies are however, ornithophilic (Adler et al. 2004) and an increase in 

nest desertion of WHCR’s at NNWR was seen during black fly emergence (Urbanek et al. 2010). 

Therefore, reducing black fly numbers and limiting interactions between black flies and 

WHCR’s at NNWR could potentially decrease WHCR nest desertion and increase nest success.  

 The Whooping Crane Eastern Partnership attempted to reduce black fly numbers by 

conducting a 4-year experiment from 2010 to 2013 to control the black fly population near 

NNWR (Adler unpublished data 2010). Bacillus thuringinensis israelensis (Bti), a biological 

control agent, was released in waterways adjacent to NNWR in 2011 and 2012 (Adler 

unpublished data 2010). Bacillus thuringinensis israelensis is a bacterium that has been applied 

to control black flies in water containing black fly eggs (Gibbs et al. 1986, Jackson et al. 2002). 

When released, Bti produces toxic crystal proteins that are lethal to black fly larvae when 

ingested (Gibbs et al. 1986). During both treatment years (2011 and 2012), the use of Bti may 

have caused a reduction in the black fly population and an increase in WHCR incubation at 

NNWR (Adler unpublished data 2010, Strobel unpublished data). However, it is unclear whether 

the reduction in the black flies and the increase in WHCR incubation was a direct result of the 

use of Bti during treatment years. Fluctuations in environmental factors (e.g., weather, 

temperature) may reduce the effectiveness of Bti applications (Adler unpublished data 2010). 

Despite the apparent reduction in black flies, WHCR fledging rates were similar in control years 

(2 of 19 nests in 2010, 1 of 23 nests in 2013) and treatment years (0 of 22 nests in 2011, 2 of 29 

nests in 2012) (Strobel unpublished data). Additional options may need to be explored in order to 

reduce interactions between black flies and the EMP of WHCR’s.  

 Egg salvage induced nest failure may increase nest success by forcing adult WHCR’s to 

renest after the peak of black fly emergence (Strobel unpublished data). Forced renesting has 
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been used to increase the production of cranes in captivity for years (Archibald 1974).  In 

Florida, 13 of 17 pairs of Florida sandhill cranes (Grus canadensis pratensis) renested after egg 

salvage (Nesbitt 1988). Black fly emergence at NNWR coincides with WHCR nesting season 

(Urbanek et al. 2010). However, crane species have the ability to lay a second or third clutch in 

the same nesting season (Nesbitt 1988). Salvaging eggs from WHCR nests that coincide with 

black fly emergence could allow them to lay a later clutch and achieve higher nest success 

without the onset of black fly duress. It is unknown if black flies also parasitize other nesting 

birds on or around NNWR. 

 Similar to WHCR’s, SACR’s experienced an overall population decline in the late 1800’s 

as a result of hunting and habitat loss (Leopold 1949, Walkinshaw 1973) but the Eastern 

population (EP) of SACR’s has since recovered to 74,784 individuals (Kruse et al. 2014). 

Greater sandhill cranes are similar ecologically and biologically to WHCR’s and also breed on 

and around NNWR. Both species reach sexual maturity at 3-6 years of age (Archibald and Lewis 

1996) and construct nests on a nest platform with piled vegetation (i.e. Carex spp., Typha spp., 

Scirpus spp.) surrounded by water (Archibald and Lewis 1996) and incubate a clutch of 1-2 eggs 

(CWS and USFWS 2007, Johnsgard 1983) during an average incubation period of 29 days 

(Johnsgard 1983). In addition, SACR’s nest within close proximity to WHCR’s on and around 

NNWR (Figure 3.1). Widespread, and synchronous nest abandonment of WHCR’s occurring 

during black fly emergence at NNWR has not been observed in SACR’s nesting near WHCR’s. 

However, information on the reproductive success of SACR’s nesting on and around NNWR is 

limited. Because SACR’s also breed on and around NNWR and appear to have greater nest 

success despite black fly parasitism, they may provide insight for comparing nest success as well 

as behavioral differences between wild and captive raised cranes. Comparing captive raised, 
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endangered individuals to a related, surrogate species could aid in potential management 

strategies for the declining species (Powell et al. 1997).  

Sandhill cranes nesting on and around NNWR may not abandon nests during black fly 

parasitism because of different behavioral responses than WHCR’s. Whooping cranes raised in 

captivity may have lower reproductive success than wild born individuals because captive 

rearing may influence their behavior (Kreger et al. 2004). Data suggest that captive individuals 

have lower reproductive success than wild born individuals (Araki et al. 2009, Christie et al. 

2012). 

According to Allen (1952), prior to European Settlement, the total WHCR population 

numbered between 500 and 1400 individuals with portions of their range extending into southern 

Wisconsin. However, wild WHCR’s were not individually marked prior to 1975 (Drewien and 

Bizeau 1978) resulting in limited information on their historical range. It is unclear whether 

WHCR’s nested in Wisconsin prior to their reintroduction in 2001 (Allen 1952) whereas studies 

indicate SACR’s have nested in Wisconsin (Hamerstrom 1938, Henika 1936) and therefore, may 

have adapted alongside black flies allowing them to tolerate black fly infestation during 

incubation. Whooping cranes at NNWR appear to incubate alongside the peak of black fly 

parasitism (Figure 3.2). 

The objectives of this study were to (1) reduce black fly duress on incubating WHCR’s 

via egg salvage induced nest failure (2) identify if egg salvaged induced nest failure increases 

WHCR renest propensity and (3) compare incubation behavior, specifically behaviors indicative 

of black fly parasitism (i.e. preening, bill flicks, head rubs, etc.) between SACR’s and WHCR’s 

during incubation by installing camera traps at active nests.  
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Study Area 

 

This study was conducted on the Necedah National Wildlife Refuge and the adjacent 

Meadow Valley State Wildlife Area (MVWA). These research sites encompass 17,683 ha of 

federally owned land in Juneau County, Wisconsin and 23,472 ha of federally owned land in 

Monroe County, Wisconsin, respectively. Topographic characteristics include large, shallow 

wetland complexes with forested margins and open prairie (Urbanek et al. 2005, King et al. 

2013b). Wetland vegetation is predominately comprised of sedges (Carex spp.), cattail (Typha 

spp.), bulrushes (Scirpus spp.), and patches of willow (Salix spp.) (King et al. 2013a). Forested 

margins contain a variety of oak (Quercus spp.), aspen (Populus spp.), and pine (Pinus spp.) 

(Urbanek et al. 2005, King et al. 2013a). Climate in central Wisconsin is characterized by 

relatively short summers and long winters (NOAA 2014).  Precipitation averages 85cm annually 

(NOAA 2014). Spring temperatures (March through May) average 6.7°C with an average high of 

13°C and an average low of 0.5°C (NOAA 2014). Summer temperatures (June through August) 

average 21°C with an average high of 27°C and an average low of 14°C (NOAA 2014).  

Methods 

 

Nest Searching and Monitoring 

 

 We located active WHCR and SACR nests on study sites during the 2015 and 2016 

breeding seasons. Each WHCR in the EMP can be uniquely identified by color combinations on 

leg bands and is fitted with a leg-mounted VHF radio transmitter (lithium battery powered VHF, 

Advanced Telemetry Systems, Insanti, MN; 164-166 MHz). Most SACR’s in the EP are 

unmarked. We focused search efforts on areas with known breeding territories from previous 

research (McKinney 2014) because both species exhibit strong nest site fidelity (Kuyt 1976). We 

conducted search efforts on foot or by vehicles and scanned likely areas for cranes with optics. 
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Once we detected a crane via spotting scope, binoculars or VHF transmitters we attempted to 

maintain continuous visual contact with the bird until it returned to its’ nest to exchange 

incubation duties with its’ mate. In addition to ground-based search efforts, partnering 

organizations assisted by conducting fixed-winged aircraft or helicopter based nest search effort  

each year. 

 Once a crane was observed, we recorded basic observational data such as bird ID (if 

known), location, behavior, and association with other birds. Special emphasis was given to 

paired birds exhibiting nesting behavior, such as unison calling or vegetation pulling (Allen 

1952, Archibald and Lewis 1996, Johnsgard 1983). We considered a nest to be active once at 

least 1 egg was present in a nest or we observed behaviors indicative of egg presence, such as 

egg rolling or incubation (Allen 1952, Johnsgard 1983). We monitored nests daily from ground 

observations and with occasional fixed-winged aircraft surveys. 

Forced Renesting  

 

 Upon detection of WHCR nests, we placed them in a control or treatment group via 

randomized coin toss. After assigning the first nest to either the control or treatment group, we 

alternated between treatment and control for each subsequent nest. We collected eggs from 

WHCR nests placed in the treatment group prior to the emergence of adult black flies. Black fly 

emergence was predicted using cumulative degree days (CDDmax) and calculated as: 

𝐶𝐷𝐷𝑡 = ∑ 𝑇𝑚𝑎𝑥,𝑖 − 𝑇0, 𝑖𝑓 𝑇𝑚𝑎𝑥,𝑖 > 𝑇0

𝑡

𝑖=1

 

CDDmax is a degree-day model that can be used to predict emergence of adult black flies by 

calculating day i’s maximum temperature and subtracting it from a threshold temperature 

(Shaman et al. 2006) where Tmax,i represents the maximum temperature of day i recorded by 
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the weather station located at NNWR and T0 is the threshold temperature below which 

development is suspected to be near 0. We used T0=32°F and CDDmax = 1000 for predicted 

emergence (Urbanek unpublished data). Because emergence was predicted as CDDmax = 1000 

we used CDDmax = 900 as a measure to implement forced renesting before the onset of black 

fly emergence. However because black fly emergence is influenced by environmental factors 

(i.e. temperature) (Adler 2004) and may influence CDDmax, we also monitored incubating 

WHCR’s for behaviors indicative of black fly emergence (i.e. head-rub, preening, bill flick) 

(Urbanek et al. 2010). Once CDDmax = 900, incubating WHCR’s began to exhibit black fly 

avoidance behaviors or black flies were detected on the landscape we implemented forced 

renesting on WHCR nests placed in the treatment group. 

Camera Installation 

 

We visited WHCR nests in the control group and all active SACR nests within 5 to 10 

days of initial observation to install trail cameras to monitor incubation. Other studies have used 

trail cameras to monitor incubation (Bennett 1978, Fisher and Swengel 1991, Howard 1977, 

King and Alder 2012, King 2013a, McKinney 2014, Urbanek et al. 2010). We did not place a 

camera at WHCR nests in the treatment group until they initiated a renest. We waited 5 to 10 

days after nest initiation to visit all WHCR nests in order to reduce the risk of nest abandonment 

(Gloutney 1993). Sandhill cranes in the EP are not individually marked. Therefore, we often 

could not determine the exact nest initiation date. We visited SACR nests as soon as we detected 

them to install trail cameras. Nest initiation date for SACR nests was determined via egg float 

(Ackerman and Smith 2010, Fisher and Swengel 1991, Walter and Rusch 1997) or by subtracting 

30 days from the first day of observing a colt on camera (Howard 1977). We calculated nest 

initiation date for SACR’s by comparing the picture of the egg to a diagram depicting stages of 
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incubation based on the angle of the egg floating in the water column (Fisher and Swengel 1991, 

Hays and LeCroy 1971, Westerskov 1950).  

We installed a ReconyxTM, Hyperfire HC600, PC900 (Reconyx Inc., Holmen, WI) or 

Bushnell ® Trophy CamTM, (Bushnell Outdoor Products, Overland Park, KS) at active WHCR 

and SACR nests in 2015 and 2016 from April through June. Cameras were mounted on a steel t-

post and placed approximately 10 meters from the nest. We attempted to orient cameras facing 

north to minimize glare from sunlight. We made an effort to standardize the distance between 

cameras and nest locations but we adjusted camera placement to account for landscape 

differences at each nest site. Cameras were camouflaged with local vegetation (i.e. Carex spp., 

Pinus spp., Typha spp. and Salix spp.). We programmed the cameras to capture a photo every 

five minutes 24-hours a day. Previous studies have used cameras at crane nest sites to monitor 

incubation (Bennett 1978, Howard 1977). In addition, (McKinney 2014) used similar techniques 

on the study site. We left cameras at nest sites until the completion of a successful nest or upon 

nest failure. 

Incubation Behavior  

 

 Once cameras were retrieved, photos stored in camera SD cards were copied to an 

external hard drive. We used copies of the original photos for all analyses. We extracted meta-

data (i.e. date, time, temperature) from each photo using ExifTool (ver 9.60), a free 

downloadable program and assigned behavioral tags using Picasa, a free photo management 

software (Google, Inc.). Tags and behavior definitions were assigned to each photo using similar 

techniques as described by McKinney (2014). Percent time spent in each behavior was calculated 

using similar techniques as described by McKinney (2014).  
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Data Analysis 

We calculated apparent nests success (proportion of sampled nests that are successful) 

using the statistical method as described by Mayfield (1961,1975) and compared it by species 

(SACR and WHCR) and initial nests compared to renests (Table 3.1). We compared the fate of 

nests for WHCR’s and SACR’s by calculating the total number of nests in each fate category 

(i.e. hatch, predation, inviable, etc.) divided by the total number of observed nests and calculated 

percent relevant in the same manner but excluded nests of unknown fate or fates affected by 

research or monitoring activities, but included the fates of forced renests (Table 3.2). We 

calculated renest propensity as number of nests that renested in either forced failure or naturally 

failed nests divided by the number that were successful in each category (i.e. forced failure or 

natural failure) (Table 3.3). We quantified the percent time nesting cranes spent exhibiting 

various incubation and black fly avoidance behaviors (Table 3.4, McKinney 2014) and ran a 

discriminant function analysis (Lattin et al. 2003) on the proportion of time spent in each 

behavior per nest to compare incubation behaviors by species and fate of nest (Figure 3.3). 

Behavior variables included in the analysis were incubation, vigilance, preening, head rub, bill 

flick, away from nest, and tending egg (Table 3.4). We compared all variables by species 

(WHCR or SACR) and by fate of nest (successful or unsuccessful) in the discriminant function 

analysis. Species fate was coded as sw=successful whooping crane, fw=failed whooping crane, 

ss=successful sandhill crane, and fs=failed sandhill crane (Figure 3.3). We chose a linear 

discriminant function (LDA) analysis because of its robust ability to allow for inclusion of all 

variables measured to find linear combinations that separate into two or more classes (Lattin et 

al. 2003). Because we analyzed data by species (WHCR or SACR) and fate of nest (successful or 

unsuccessful) and compared a variety of incubation behaviors, an LDA was appropriate. 



 71 

Statistical analyses were performed using R software (Version 3.2.4, R Development Core Team, 

2016). 

Results 

 
We monitored a total of 31 WHCR and 35 SACR nests in 2015 (Table 3.2). We initiated 

treatment on the 16th of April after calculated CDDmax reached 900. However, we did not 

observe black flies on the landscape and incubating WHCR’s appeared to exhibit limited black 

fly avoidance behavior (i.e. bill flick, head rubs) during direct observations. Of the 31 WHCR 

nests, 10 were in a control and 9 were initially in treatment group. However a pair in treatment 

was observed consuming their eggs the day before we initiated treatment and were therefore 

removed from treatment. An additional 2 nests were not included in either control or treatment 

due to initiation after we conducted forced renesting. A total of 10 WHCR pairs renested (2 from 

control and all 8 from treatment). Of the 10 WHCR renests 80% were successful (Table 3.1). We 

monitored a total of 33 WHCR and 19 SACR nests in 2016 (Table 3.2). We initiated treatment 

on the 14th and 15th of April upon observing black flies on the landscape and directly observing 

incubating WHCR’s exhibiting bill flicks and head rubs. Of the 33 WHCR nests, 7 were in 

control and 7 were in treatment. Of the 7 control nests, all but 1 abandoned as a result of 

suspected black fly parasitism on the 16th of April. We visited the 6 control nests upon suspected 

abandonment resulting from black fly parasitism and observed black flies on nest platforms and 

eggs. A total of 5 nests were not included in control or treatment due to failures before they 

could be placed in control or treatment. A total of 14 WHCR pairs renested (all 6 pairs from 

control that abandoned due to suspected black fly parasitism, 5 of the 7 in treatment, and 3 of the 

5 that were excluded from both control and treatment). Of the 14 WHCR renests 64% were 

successful (Table 3.1). In addition, for initial nests, SACR apparent nest success exceeded 50% 
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in each of the 3 years measured whereas apparent nest success for WHCR varied from 17% in 

2016 to 38% in 2015 (Table 3.1). 

We installed a total of 42 cameras at WHCR nests and 46 cameras at SACR nests throughout 

the 2015 and 2016 breeding seasons. Data gathered at all 42 WHCR cameras (21 from 2015) and 

(21 from 2016) were used in our LDA. However, of the 46 SACR cameras, data from only 29 

(16 from 2015) and (13 from 2016) were used in the final LDA. We quantified the percent time 

spent in behaviors from nests with known fates and therefore removed nests where birds did not 

return upon camera installation or with vegetation that impeded our ability to assign behavior 

tags to photographs which was the case for some SACR nests. However, we also included the 

percent time calculated by (McKinney 2014) for an additional 15 nests (8 WHCR and 7 SACR) 

in our final LDA. Therefore, we analyzed incubation behaviors from 50 WHCR and 36 SACR 

nests from 2014 through 2016 in the final LDA. Of the 50 WHCR nests included in the LDA, 20 

(42%) were unsuccessful and of the 33 SACR nests, 11 (32%) were unsuccessful. Behaviors 

indicative of black fly parasitism (i.e. headrubs) were more prevalent at failed WHCR nests 

(Figure 3.4) than successful SACR nests (Figure 3.3). Discriminating factor 1 indicated that 

black fly avoidance behaviors such as bill flicks and head rubs were more prevalent at failed 

WHCR nests than at other nests while discriminant factor 2 was based on egg manipulation and 

incubation (Figure 3.3).  

Discussion 

  

Most breeding behaviors exhibited by WHCR’s on and around NNWR are sufficient to 

produce a viable, wild population (WCEP 2011). However, despite nearly sixteen years of 

reintroduction efforts, the EMP is not self-sustaining because nest success is near 0% (Converse 

et al. 2013). Although data on the reproductive success of wild WHCR’s in the AWBP and 
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SACR’s nesting on and around NNWR are limited for comparison to EMP WHCR’s, our results 

indicate that initial nests of SACR’s have higher apparent nests success than initial nest attempts 

for WHCR’s (Table 3.1). Other studies have reported apparent nest success >50% for other crane 

species that is comparable to our calculated apparent nest success for initial nest attempts of 

SACR’s nesting on and around (NNWR) (Table 3.1). Ivey and Dugger (2008) monitored greater 

SACR’s at Malheur National Wildlife Refuge in Oregon and found a mean apparent nest success 

that varied from 51% to 87% over 9 monitored breeding seasons. In addition, Dwyer and Tanner 

(1992) found a 59% apparent nest success for Florida sandhill cranes (Grus canadensis 

pratensis) over 2 breeding seasons. Our results suggest that WHCR’s that renest have higher 

apparent nest success comparable to initial nest attempts of SACR’s (Table 3.1). Whooping 

cranes in the EMP may have higher apparent nest success for renests because renesting allows 

for incubation without the onset of black fly parasitism. Furthermore, we observed more WHCR 

nest abandonments in both 2015 and 2016 compared to SACR’s (Table 3.2) while the majority 

of SACR nest failures were a result of predation (Table 3.2) suggesting black fly parasitism 

could be a major cause for WHCR nest abandonments.  

Nest desertion, caused by black fly infestation, has threatened efforts to establish a self-

sustaining EMP of WHCR’s. Black fly presence at nests was an unanticipated hindrance to 

recovery goals. Minimizing black fly infestation by forcing WHCR’s to renest after the peak of 

black fly emergence may allow for increased nest success. Other studies have shown that cranes 

that renest can achieve high nest success. Nesbitt (1988) removed eggs from initial nests of 

Florida sandhill cranes and found that 76% of pairs renested. Our results indicate WHCR’s are 

nesting alongside the peak of black fly parasitism (Figure 3.2). Nests that are initiated after the 

onset of black fly emergence may achieve higher nest success because delaying incubation 



 74 

allows for incubation in the absence of black fly duress. Our results also indicate renest 

propensity for nests in our treatment was higher in all three study years than nests that naturally 

failed (Table 3.3). 

Nest desertion observed in WHCR’s during black fly parasitism also could be a result of 

inappropriate behaviors influenced by captivity. Whooping cranes may desert nests more readily 

during black fly duress than SACR’s because WHCR’s are favoring investment to self over 

potential offspring (Cooper and Frederick 2007, Ydenberg and Dill 1986) due to inappropriate 

behaviors influenced by captive environments (Araki et al. 2009, McPhee 2003, Christie et al. 

2012). Captive rearing programs have been known to reduce reproductive success (Araki et al. 

2009, Christie et al. 2012) and influence behavior (Kreger et al. 2004, McPhee 2003). If captive 

rearing is influencing behavior of EMP WHCR’s, it also may account for why we observed 

differences in black fly avoidance behaviors (i.e. head rubs, bill flicks) between WHCR’s and 

SACR’s.  

Whooping cranes appear to exhibit more black fly avoidance behaviors (i.e headrubs) 

(Figure 3.4) than SACR’s. In addition, our data suggest that WHCR nests that fail exhibit 

increased black fly avoidance behaviors when compared to successful WHCR or both successful 

and unsuccessful SACR’s (Figure 3.3). Minimizing the duress of black flies on early WHCR 

nests may allow for WHCR’s to achieve higher nest success comparable to SACR’s (Table 3.3) 

that are naturally nesting later in the season (Figure 3.5) after the onset of black fly emergence.  

In addition, we may not observe widespread and synchronous nest abandonment during 

black fly parasitism for SACR’s because they may have adapted alongside black fly emergence 

at NNWR and are therefore better adapted to handle black fly parasitism. This may also account 

for why we observed peak SACR nesting later in the season when compared to WHCR nest 
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attempts (Figure 3.5). According to Leopold (1929, unpublished data) SACR’s have been nesting 

in central Wisconsin since the late 1920’s. Historical records indicating that WHCR’s nested in 

Wisconsin prior to their reintroduction in 2001 are lacking. Whooping cranes may be maladapted 

to conditions (i.e. black fly parasitism) at NNWR. Thus, reducing black fly duress on incubating 

WHCR’s may allow for an increase in nest success.  

Management Implications 
 

Continued nest success likely depends on implementation of forced renesting. It is 

unlikely that WHCR’s in the EMP will initiate nesting attempts after the peak of black flies on 

their own. Even if WHCR’s fail to initiate nest attempts after the peak of black fly emergence on 

their own, forced renesting while implemented, could potentially increase nest success if 

fledging rate and survival to and from wintering grounds increases and nest desertion decreases. 

Other contributing factors such as maladaptive conditions to NNWR or inappropriate behaviors 

associated with captivity may potentially cause low nest success if nest success does not increase 

as a result of forced renesting, and nest desertion continues after the peak of black fly emergence. 

However, forced renesting could be a promising management tool to achieve an overall increase 

in nest success of EMP WHCR’s nesting on and around NNWR.   
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Table 3.1 Apparent Nest Success of Initial Nests and Renests for WHCR's and SACR's Nesting 

on NNWR 2014-2016 

    Assumed Initial Nests (no FRs) Renests (FRs and Others) 

Year Species # Nests # Successful ANS* # Chicks # Nests # Successful ANS* # Chicks 

2014 SACR 16 9 56% 4 - - - - 

2014 WHCR 17a 5 29% 9 3 0 0% 0 

2015 SACR 35 18 51% 25 - - - - 

2015 WHCR 13b 5 38% 9 10c 8d 80% 12 

2016 SACR 20 10 50% 14 - - - - 

2016 WHCR 12e 2 17% 4 14f 9g 64% 16 

                    

a - 20 total initial nests, 3 nests were forced to fail 

b - 21 total initial nests, 8 nests were forced to fail 

c - 8 forced renests 

d - all were forced renests 

e -19 total initial nests, 7 nests were forced to fail 

f - 5 forced renests 

g - 2 were forced renests 

* - Apparent Nest Success 
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Table 3.2 Fates of crane nests monitored on NNWR April-June 2015-2016 

 
                        

2015 

                          

    Whooping Crane   Sandhill Crane 

FATE   N   % Total   % Relevanta   N   % Total   % Relevanta 

Abandonment   2   6.5%   8.7%   0   0.0%   0.0% 

Inviableb   1   3.2%   4.3%   1   2.9%   4.5% 

Predation (Mammal)   2   6.5%   8.7%   2   5.7%   9.1% 

Predation (Unknown)   0   0.0%   0.0%   1   2.9%   4.5% 

Failure (Unknown cause)   4   12.9%   17.4%   1   2.9%   4.5% 

Hatch   14   45.2%   60.9%   17   48.6%   77.3% 

Human Caused Failure   8   25.8%   -   2   5.7%   - 

Unknown Fate   0   0.0%   -   11   31.4%   - 

TOTAL   31           35         

 
                        

2016 

                          

    Whooping Crane   Sandhill Crane 

FATE 

 

N   % Total   % Relevanta   N   % Total   % Relevanta 

Abandonment   6   18.2%   24.0%   0   0.0%   0.0% 

Inviableb   3   9.1%   12.0%   1   5.0%   6.7% 

Predation (Mammal)   0   0.0%   0.0%   3   15.0%   20.0% 

Predation (Avian)   0   0.0%   0.0%   1   5.0%   6.7% 

Predation (Unknown)   0   0.0%   0.0%   0   0.0%   0.0% 

Failure (Unknown cause)   4   12.1%   16.0%   0   0.0%   0.0% 

Hatch   12   36.4%   48.0%   10   50.0%   66.7% 

Human Caused Failure   7   21.2%   -   2   10.0%   - 

Unknown Fate   1   3.0%   -   3   15.0%   - 

TOTAL   33           20         
a - excludes nests of unknown fate or fates affected by research or monitoring activities, but 

includes the fates of "forced renests". 
b - past term incubation, eggs collected to terminate nest 
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Table 3.3 Renesting propensity of nests we forced 

to fail compared to nests that naturally failed 

  Renesting Propensity   

  Forced Failure   Natural Failures   

2014 50% (N=4)   9% (N=11)   

2015 100% (N=8)   28% (N=7)   

2016 71% (N=7)   90% (N=10)   

Total 79% (N=19)   42% (N=28)   
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Table 3.4 Variables and coefficients of linear 

discriminants for each behavior in the discriminant 

function analysis. 

  Factor 1   Factor 2 

        

Incubation -27.7   17.5 

Vigilance -1.7   2.5 

Preen 0.4   12.4 

Headrub 181.7   107.7 

Bill flick -93.9   -86.4 

Away -10.5   12.4 

Egg Tend -25.1   -37.8 
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Figure 3.1 Map of WHCR’s and SACR’s nesting within close proximity on NNWR   
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Figure 3.2 Diagram of fate of WHCR nests compared with peak of black fly emergence on 

NNWR in 2016 
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Figure 3.3 Linear discriminant function analysis comparing species (WHCR or SACR) and fate 

of nest (FW=unsuccessful WHCR, SW=unsuccessful SACR, SW=successful WHCR, 

SS=successful SACR 
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Figure 3.4 Boxplot comparing proportion of time WHCR’s and SACR’s spent exhibiting a 

headrub behavior 
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Figure 3.5 Proportion of active nests for WHCR’s and SACR’s nesting in and around NNWR 

2015-2016  
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