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ABSTRACT 
 
 
 

Ohio supports a small population (<15 breeding pairs) of greater sandhill cranes 

(Grus canadensis tabida) that is currently listed as endangered by the Ohio Division of 

Wildlife.  The population has displayed little or no growth since it was established during 

the mid-1980s, and plans to restore the species by habitat restoration, habitat 

manipulation, and population augmentation are currently under consideration.  The 

purpose of this study was to identify factors that currently limit growth of Ohio’s crane 

population in order to evaluate the potential for Ohio to support a viable breeding 

population of cranes and develop management recommendations for population 

enhancement. 

The largest concentration of breeding pairs occurs at Killbuck Marsh Wildlife 

Area (KMWA) and Funk Bottoms Wildlife Area (FBWA) in Wayne and Holmes 

Counties, although breeding pairs are also present in Geauga andTrumbull Counties and 

near La Su An Wildlife Area (LSWA) in Williams County.  Cranes nested in shallow 

marshes dominated by emergent vegetation that were located 29 ± 25 m (S.E.) from grass 

habitat and 246 ± 137 m from row crops.  Breeding and sub-adult cranes spent >70% of 

daytime in shallow marsh and wet meadow and used these habitats primarily for nesting, 

resting, and comfort activities.  Cranes fed in agricultural fields throughout the breeding 

season, utilizing crop stubble, plowed fields, and planted corn and soybean fields.  Cranes 

used grass habitats extensively for food and cover during brood-rearing but rarely during 

other phases of the breeding cycle.  Grass habitat that is near marshes used for nesting 
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was identified as a critical habitat component to provide optimal breeding habitat for 

cranes.   

Nesting success for cranes breeding at KMWA, FBWA, and LSWA averaged 

30% during 2002-2004.  Nest flooding was responsible for 70% of failed nesting 

attempts.  Fledged colts averaged 12.5% of the fall population, an autumn age ratio that 

would support population growth.  However, fledged colts comprised < 8% of the 

autumn population during 2002 and 2004, which is an age ratio that is below the lower 

limit required for a stable population.  If productivity observed during 2002 and 2004 is 

more typical of long-term annual recruitment than the 3-year average, then Ohio’s crane 

population is limited by poor nesting success that is caused by flooding.  Analysis of 

water level fluctuations at KMWA suggests that flood events of a magnitude that cause 

nest flooding occur 2-5 times annually during the breeding season, a frequency less than 

the incubation period of cranes, and the crane population at KMWA and FBWA appears 

to be limited by poor nesting success caused by flooding. 

A Habitat Suitability Index (HSI) model was developed to identify suitable crane 

nesting habitat in northern Ohio using National Land Cover Data (NLCD) and a 

geographic information system.  Nesting habitat suitability was evaluated on the basis of 

wetland vegetation type, wetland size, and the amount of grass habitat and row crops 

within 780 m of the wetland.  The HSI model identified known crane nesting sites when 

herbaceous wetland was correctly classified in the NLCD habitat coverage.  The HSI 

model identified that suitable, unoccupied habitat is available to cranes at Killdeer Plains 

and Big Island Wildlife Areas in Wyandot and Marion Counties, near La Due Reservoir 

in Geauga County, and in the Lake Erie marsh region. 
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HSI model output also was used to estimate carrying capacity for 5 habitat 

complexes in Ohio where suitable nesting habitat for cranes was identified.  Carrying 

capacity was defined as the maximum number of suitable nesting sites that can be 

occupied simultaneously by breeding pairs, given that pairs are territorial and nests must 

be spaced 3,000 m apart.  Carrying capacity was formulated as an Anti-Covering 

Location Problem (ACLP) and solved using optimization techniques.  ACLP results 

indicate that Killbuck Marsh-Funk Bottoms, La Su An, and Aquilla-La Due habitat 

complexes are at or near carrying capacity defined by current crane habitat utilization 

patterns.  Modeling results also indicate that the greatest potential for crane population 

expansion exists in the Lake Erie marsh region, while little opportunity exists at Killdeer 

Plains-Big Island, because availability of suitable nesting sites is limited.   

Future status of cranes in Ohio will depend on long-term annual recruitment that 

is depressed by nest flooding, availability of suitable nesting habitat at sites where cranes 

currently breed, and expansion of the population into suitable habitats that are currently 

unoccupied.  Management recommendations for population restoration include annual 

breeding pair surveys, continued population monitoring, wetland restoration, water level 

regulation, and habitat enhancement.
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CHAPTER 1 

 
INTRODUCTION 

 
  

Greater sandhill cranes breed in wetland habitats across Canada and the northern 

United States, with five distinct populations identified: Colorado River Valley, Prairie, 

Rocky Mountain, Central Valley, and Great Lakes (Meine and Archibald 1996).  The 

Great Lakes population suffered dramatic declines during the late 1800s and early 1900s, 

when wetland drainage, over-hunting, agricultural expansion, and other disturbances 

caused by human activity extirpated the species from much of the Midwest (Walkinshaw 

1973, Johnsgard 1983).  Subsequent wetland restoration, high recruitment (Drewien 

1977), and behavioral adaptation by the species to agriculture (Krapu et al. 1985) and 

human activity (Armbruster 1987) allowed the population to recover to 8,000–10,000 

birds by 1973 (Lewis et al. 1977).  The population has continued to increase during 

recent decades, and recent estimates of population size exceed 30,000 birds (Meine and 

Archibald 1996). 

Sandhill cranes nested in bogs and wetlands in northern Ohio during the late 1800s 

through early 1900s (Peterjohn 2001).  Breeding pairs were documented in Lucas and 

Fulton Counties (12-15 pairs, Campbell 1968) and Huron County (Hicks 1935).  

Summering cranes were observed in Ashtabula, Crawford, and Erie Counties, although 
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breeding was not confirmed (Hicks 1935).  Breeding cranes were extirpated from Ohio 

during the mid-1920s (Meine and Archibald 1996). 

Greater sandhill cranes returned to breed in Ohio during 1988 (Meine and Archibald 

1996) and are currently listed as state-endangered.  Rapid growth experienced by sandhill 

crane populations across the Great Lakes region has not been observed in Ohio, with only 

4 breeding pairs confirmed during 2001 (ODOW 2001).  A goal of the Ohio Division of 

Wildlife is to restore a viable population of sandhill cranes in Ohio to the point where the 

species can be down-listed from endangered by 2010.  Restoration plans currently under 

consideration include habitat protection, habitat enhancement, and possibly population 

augmentation. 

Factors that currently limit growth of Ohio’s breeding greater sandhill crane 

population are unknown.  Factors outside the breeding season, breeding season habitat 

conditions, and other non-habitat factors during the breeding season (e.g. nest failure) are 

potentially limiting.  Habitat utilization patterns of breeding cranes in Ohio have not been 

identified, and it is unknown if current habitat can support additional breeding pairs.  

Limiting factors must be determined before restoration efforts can be implemented.  If all 

suitable habitats are currently occupied by breeding pairs, then an effort to augment the 

population by reintroducing either captive-reared or wild cranes will not facilitate 

restoration.  Similarly, if the population is limited by non-habitat factors that suppress 

recruitment, then habitat enhancement may not be effective without population 

augmentation. 

The goals of this project were to identify factors that currently limit growth of Ohio’s 

greater sandhill crane population, evaluate the potential of Ohio to support a viable 
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breeding population of sandhill cranes, and identify opportunities for population 

enhancement.  Specific project objectives included: 

1. Conduct population censuses in areas of Ohio where cranes were confirmed 

breeding during 2001. 

2. Determine diurnal habitat utilization patterns of breeding sandhill cranes in 

Ohio during courtship, nesting, brood-rearing, and after failed nesting 

attempts. 

3. Determine nesting and fledging success of breeding pairs found in Ohio. 

4. Determine availability of habitats suitable for breeding sandhill cranes and 

estimate carrying capacity for habitats where cranes currently breed in Ohio. 

5. Identify potential factors that limit growth of the breeding sandhill crane 

population in Ohio and provide management recommendations for habitat 

conservation and population augmentation. 
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CHAPTER 2 

DISTRIBUTION AND ABUNDANCE OF BREEDING SANDHILL CRANES IN 

OHIO 

 

2.1 INTRODUCTION 

Sandhill cranes nested in wetland habitats of northern Ohio during the 1880s and 

early 1900s (Peterjohn 2001).  Wetland drainage, agricultural expansion, over-hunting, 

and other disturbances caused by human activity led to extirpation of the species during 

the 1920s (Meine and Archibald 1996).  A small population, possibly emigrants from a 

flock of cranes at Long Point, Ontario, established itself in Ohio during the late 1980s, 

when cranes were confirmed breeding at Killdeer Plains Wildlife Area in Wyandot 

County and Funk Bottoms Wildlife Area in Wayne County (ODOW 2001).  However, 

the Ohio Division of Wildlife (ODOW) confirmed only 4 pairs of cranes breeding in 

Ohio during 2001, and the population is currently listed as state-endangered (ODOW 

2001). 

Systematic searches for cranes were not conducted in Ohio prior to this study, and 

accounts of crane breeding pairs represent only casual observations made by ODOW 

personnel.  The ODOW has a goal to restore a viable population of sandhill cranes in 

Ohio to the point where the species can be down-listed from endangered by 2010, but 

current size and viability of the population are unknown.  The purpose of this chapter was 

to: (1) report results of breeding pair censuses conducted at sites where cranes were 
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confirmed breeding during 2001, (2) document the current distribution of breeding cranes 

in Ohio, and (3) evaluate current viability of Ohio’s crane population. 

 

2.2 METHODS 

 Breeding pair censuses were conducted during 2002-2004 at 3 sites where the 

ODOW (2002) confirmed cranes breeding during 2001: Killbuck Marsh Wildlife Area 

(KMWA, 2 pairs), Funk Bottoms Wildlife Area (FBWA, 1 pair), and La Su An Wildlife 

Area (LSWA, 1 pair) (Figure 2.1).  KMWA (2,200 ha) is located in Wayne and Holmes 

Counties and is Ohio’s largest marshland complex outside the Lake Erie region.  FBWA 

(370 ha) is located in Wayne and Ashland Counties and consists predominantly of 

seasonally flooded moist soil meadows and bottomland hardwood forest, although 

several marshes are present on the area.  FBWA is located less than 10 km from KMWA.  

LSWA is located in Williams County in extreme northwest Ohio and is dominated by 

row crop agriculture.  The LSWA census area included a 20 km2 area west of the wildlife 

area, where one breeding pair was observed in 2001.   

 A road survey was used to locate breeding pairs at KMWA, FBWA, and LSWA 

during courtship, which occurs during late March through early April (Provost et al. 

1992, McIvor and Conover 1992).   Pairs were considered breeding if a nest was located, 

if colts were observed, or if paired cranes were observed feeding singly in upland habitat 

during the nesting season (Provost et al. 1992).  Each route consisted of a series of 3-5 

minute stops spaced at approximately 1.6-km intervals (Appendices 1-3).  Cranes were 

detected by visual scanning along the route and by listening for Unison calls (Archibald 

1976) at each stop.  Unison calls are made by courting pairs and can be heard from 2-3 
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km (Nesbitt and Bradley 1997).  Morning (beginning one-half hour before sunrise) and 

evening (starting 2 hours before sunset) surveys were conducted at each site, rotating 

daily among sites and route starting points.  Surveys concluded when routes were 

completed. 

 Road surveys were used to systematically locate as many pairs as possible, while 

ground searches and field observations were used to obtain a final count.  Ground 

searches were performed to locate sub-adult cranes and breeding pairs not detected from 

the vehicle.  Cranes in adult plumage that summered in groups of >2 individuals or did 

not display nesting activity were considered sub-adults.  Ground searching was the only 

method used to locate cranes at FBWA during 2003 and 2004.  Once cranes were 

detected by road or ground surveys, individual cranes were identified by plumage 

characteristics (e.g. pattern of iron staining, Taverner 1929), body characteristics, group 

size, and geographic location. 

Additional sites where ODOW personnel or private individuals reported 

observations of cranes in Ohio were searched during 2003, including sites in Wayne, 

Holmes, Trumbull, and Geauga Counties.  Ground searches were used to locate cranes at 

these sites once reports were received.  Reports of crane observations were only 

considered confirmed if cranes were observed during ground searches at the sites, or if 

the observations were made by ODOW personnel. 

 A Habitat Suitability Index (HSI) model was used to direct crane searches in 

northern Ohio during 2004 (Chapter 5, Appendix 6).  Vehicle and ground surveys were 

conducted at 19 sites, including (1) locations where cranes were confirmed breeding 

during 2002 or 2003, (2) sites where crane activity was reported to the ODOW by private 
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Figure 2.1 (Ohio County Map with all sites shown). 
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individuals, and (3) sites where crane status was unknown (Figure 2.1, Table 2.1).  

Search results were used to document the distribution of breeding cranes in Ohio. 

 

Site County 2003 Status 2004 Status
Charles Mill Lake Ashland Unknown Not Detected
Aquilla Geauga Reported Confirmed
La Due Reservoir Geauga Reported Reported
South Killbuck Holmes Unknown Not Detected
Cedar Point National Wildlife Refuge Lucas Unknown Not Searched
Metzger Marsh Lucas Unknown Not Searched
Big Island Wildlife Area Marion Unknown Not Detected
Little Portage Wildlife Area Ottawa Unknown Not Detected
Magee Marsh Wildlife Area Ottawa Unknown Not Detected
Ottawa National Wildlife Refuge Ottawa Unknown Sub-adults confirmed
Pickerel Creek Wildlife Area Sandusky Unknown Not Detected
Congress Lake Stark Unknown Not Detected
Shenango Wildlife Area Trumbull Confirmed Reported
Funk Bottoms Wildlife Area Wayne Confirmed Reported
Rittman-Doylestown Wayne Confirmed Confirmed
Killbuck Marsh Wildlife Area Wayne, Holmes Confirmed Confirmed
La Su An Wildlife Area Williams Confirmed Confirmed
Killdeer Plains Wildlife Area Wyandot Unknown Not Detected

Table 2.1.  Status of sandhill crane breeding pairs during 2003 and 2004 at 19 sites in Ohio that were 
used to evaluate a Habitat Suitability Index model.
 
 

2.3 RESULTS 

 Six crane breeding pairs were confirmed at KMWA, FBWA, and LSWA during 

2002 and 2003, while 7 pairs were observed during 2004.  Three breeding pairs were 

confirmed at KMWA during 2002 and 2003, and 4 pairs were located during 2004. 

Two pairs were observed at FBWA during each year.  A single breeding pair was 

confirmed at LSWA during all three years.   
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Breeding pairs at all 3 sites were observed in the same territories during each 

year, and territories were thought to be occupied by the same individuals throughout the 

study.  One breeding crane was radio-tagged at KMWA during 2003 and returned to nest 

in the same marsh during 2004.  Two breeding cranes from the same pair were radio-

tagged at KMWA during post-breeding, 2003, although the pair was not believed to have 

nested at KMWA during that year.  The female died within 2 days of capture.  The male 

returned to the site where it was captured the following spring and re-paired.  The pair 

nested at KMWA during 2004. 

 All breeding pairs that were observed at KMWA and LSWA were detected during 

the first 5 surveys during 2002 and 2003.  Cranes at FBWA were not detected by road 

surveys during 2002 but were located by ground searching during all years.  Cranes were 

detected by both visual scanning (92.2%) and listening for Unison calls (7.8%).  A mean 

0.60 pairs/survey were detected at KMWA (n=25) and 0.23 pairs/survey at LSWA (n=13, 

Appendix 4).  Supplemental ground searching revealed new areas utilized by known 

breeding pairs and detected sub-adults, which do not Unison call.   

Two sub-adult cranes were observed at KMWA during 2002, while 5 sub-adults 

were observed during 2003.  Five sub-adults also were observed at FBWA prior to 

nesting during 2003, although these were believed to be the same 5 cranes later observed 

at nearby KMWA.  Nine sub-adults were observed between KMWA and FBWA during 

2004. 

 Reports of sandhill cranes breeding in Ohio were investigated during 2003.  

Division of Wildlife personnel confirmed 1 pair breeding at Shenango Wildlife Area in 

Trumbull County and 1 pair near Rittman, Ohio, in Wayne County.  Two additional pairs 
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were confirmed near KMWA in Wayne and Holmes Counties as a part of this study.  

Reports of two pairs nesting in Geauga County were investigated but not confirmed 

(Appendix 5). 

 Eight of 19 (42%) sites where suitable habitat was indicated by a HSI model were 

occupied by cranes during 2004 (Table 2.1, Figure 2.2).  Searches confirmed 1 crane pair 

breeding near KMWA in Holmes County at the same location observed during 2003.  

The additional pair observed in Wayne County during 2003 nested at KMWA during 

2004.  ODOW personnel observed 3-4 cranes at Ottawa National Wildlife Refuge, 

although breeding was not confirmed.  ODOW personnel also confirmed 1 breeding pair 

near Aquilla Wildlife Area in Geauga County.  Reports of 2 additional pairs in Geauga 

County were investigated but not confirmed (Appendix 5).  The pairs observed at 

Shenango Wildlife Area and near Rittman in Wayne County during 2003 were not 

confirmed during 2004, but were believed to still be present at the sites (Table 2.2). 

 

County Confirmed Unconfirmed Confirmed Unconfirmed Confirmed Unconfirmed
Wayne 4 0 6 0 5 1
Holmes 1 0 2 0 2 0
Williams 1 0 1 0 1 0
Trumbull -- -- 1 0 0 1
Geauga -- -- 0 2 1 2

Total 6 0 10 2 9 4
Table 2.2.  Numbers of confirmed and unconfirmed sandhill crane breeding pairs observed in Ohio 
by county during 2002-2004.

2002 2003 2004
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ohio map Figure 2.2 
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2.4 DISCUSSION 

 Prior to 2002, estimates of breeding crane abundance in Ohio were obtained 

through anecdotal sightings made by ODOW personnel, including 4 pairs confirmed at 3 

sites during 2001.  Systematic surveys conducted at those sites during 2002-2004 

revealed the presence of 4 additional breeding pairs.  Breeding cranes also were located 

at other sites that were searched during 2003-2004.  A continuation of breeding pair 

surveys at KMWA, FBWA, LSWA, and other sites where crane breeding is confirmed or 

reported is recommended to obtain annual estimates of population size and monitor 

population growth.   

Road surveys were an effective method of locating breeding cranes at KMWA 

and LSWA but were ineffective at FBWA.  Poor road access to crane habitat explains the 

failure of the FBWA road survey.  Road surveys are recommended for future breeding 

pair searches at KMWA, LSWA, and any other sites with adequate road access, although 

ground searching is required if a complete count of breeding pairs and sub-adults is 

desired.  Ground searches are recommended for locating cranes at FBWA. 

 Aerial searches are also recommended for KMWA, LSWA, FBWA and other 

sites where crane breeding is expected.  Helicopter searches are the most common and 

effective method used to locate cranes and nesting sites (Riley 1992; Bennett 1989; 

Bennett and Bennett 1989, 1990; Melvin et al. 1990; Dwyer and Tanner 1992; Provost et 

al. 1992; Roberts et al. 1996; Drewien et al. 1996; Ellis et al. 1998).  Crane searches have 

also been conducted using ATVs (Melvin et al. 1990), aerial thermal infrared imaging 

(Sidle et al. 1993), and boats (Bennett 1989). 
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 The largest concentration of breeding cranes in Ohio (7 pairs) is located at 

KMWA, FBWA, and nearby habitats in Wayne and Holmes Counties.  An additional 4-6 

breeding pairs were observed in isolated groups of 1-3 pairs located across northeastern 

and extreme northwestern Ohio.  At current estimated size and distribution, Ohio’s crane 

population may not be viable.  Populations are considered viable when large enough such 

that risks of extinction caused by changes in environmental or genetic diversity are 

negligible (Shaffer 1987).  Small, isolated populations can be vulnerable to local 

extinctions caused by stochastic events.  Ohio’s crane population is comprised of small, 

isolated groups of breeding cranes, which indicates the population may be vulnerable to 

extinction.  Until several self-sustaining sub-populations of breeding cranes become 

established in Ohio, the population should be considered endangered. 
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CHAPTER 3 

HABITAT USE BY BREEDING SANDHILL CRANES IN OHIO 

 

3.1 INTRODUCTION 

 Sandhill cranes nest in shallow wetland habitats across portions of the northern 

United States, Canada, and Siberia (Meine and Archibald 1996).  Types of wetlands used 

for nesting vary by region: bogs, fens, or muskegs in northern boreal forests (Taylor 

1996, Melvin et al. 1990); stream sides in sagebrush parklands (Bienasz 1979); wet 

marshes and sedge-grass meadows in Alaska (Boise 1977); wet, brush-covered tundra in 

Siberia (Dement’ev and Gladkov 1951), sand dunes in the arctic (Reed 1988); and 

emergent or palustrine marshes in Idaho (Drewien 1973), southern Michigan 

(Walkinshaw 1973), Oregon (Littlefield and Ryder 1968), and Minnesota (Provost et al. 

1992).  Cranes construct over-water platform nests in whatever emergent vegetation 

dominates the nesting area (Walkinshaw 1973). 

 Crane pairs defend a territory around the nest that provides for all reproductive, 

food, and cover needs (Drewien 1973, Walkinshaw 1973, Lewis et al. 1977).  Pairs 

display high fidelity to breeding territories (Walkinshaw 1949, 1973, 1989; Nesbitt and 

Wenner 1987; Littlefield and Ryder 1995), although locations of nest sites within 

territories vary from year to year with changes in habitat suitability (Baker et al. 1995).   
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Territory size varies with breeding pair density (Littlefield and Ryder 1968).   

Breeding pairs typically exclude other cranes from home ranges, although nearby pairs 

may share some feeding sites in densely occupied habitats (Walkinshaw 1973, Lewis et 

al. 1977).  Cranes in Michigan defended territories as large as 192 ha (Walkinshaw 

1973), while mid-continent cranes defended territories up to 405 ha (Lewis et al. 1977).  

Mean adult home range size at Seney Wildlife Refuge, Michigan, was 199 ha (Nesbitt 

and Williams 1990), and average colt home range was 158 ha (McMillen 1988).  Home 

ranges of adult and sub-adult Florida sandhill cranes (G.c. pratensis) averaged 93 ha and 

447 ha (Nesbitt and Williams 1990). 

Non-wetland habitats utilized within breeding territories vary by geographic 

region.  Arctic cranes feed in dry and wet tundra habitats (Reed 1988), while cranes in 

Colorado feed in sagebrush (Artemisia spp.) and aspen (Populus tremuloides) stands 

(Bienasz 1979).  Cranes in Alaska and northern Canada utilize slough banks, heath 

tundra, and short-grass meadows during brood-rearing (Walkinshaw 1973, Boise 1976).  

Mid-continent cranes use planted hayland and other upland habitats for courtship 

activities (Tacha 1988).  Great Lakes cranes nest in wetlands surrounded by forest or 

shrubland (Walkinshaw 1973) and forage in forest openings (Taylor 1976), wetlands, and 

pastures (Bennett 1978). 

 Habitat utilization patterns of breeding greater sandhill cranes are unknown in 

Ohio.  The purpose of this chapter was to: (1) identify wetland types used by cranes for 

nesting, (2) quantify habitat utilization during courtship, nesting, brood-rearing, and after 

failed nest attempts, (3) describe how cranes utilize different habitat types, (4) document 

breeding territories and home range sizes of cranes breeding in Ohio, and (5) quantify 
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spatial relationships between nesting marshes and habitats that provide food resources to 

cranes. 

 

3.2 METHODS 

3.21 NESTING HABITAT 

 An attempt was made to locate nests for all crane breeding pairs observed at 

Killbuck Marsh Wildlife Area (KMWA), Funk Bottoms Wildlife Area (FBWA), and La 

Su An Wildlife Area (LSWA, Chapter 2).  Nest searches were conducted by helicopter 

and from the ground.  Nests were only visited after a crane family or unsuccessful pair 

left the nest site, as nest abandonment is common if a pair is disturbed during incubation 

(Boise 1976, Duan and Bookhout 1997, Dwyer and Tanner 1992). 

 Mean diameter and species of plant used to construct the nest were recorded for 

each nest.  Nest height and water depth were measured at nest center.  Water depth and 

wetland vegetation type (submergent, emergent, or open water) were recorded at 1-m 

intervals along six equally spaced transects radiating from nest center.  Mean water depth 

was summarized within 5 m zones around each nest, while percent composition of 

wetland vegetation types was summarized within 10 m zones.  Stem density of emergent 

plants was sampled in 12 0.5-m2 circular plots within the first 5 m of each nest. 

 

3.22 HABITAT UTILIZATION AND TIME BUDGETS 

 Habitat utilization patterns of cranes were identified by visual observations during 

2002 and 2003.  Radio-telemetry aided observations of two breeding pairs during 2003.  

An attempt was made to monitor each breeding pair or group of sub-adults for an entire 
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day once every 1-2 weeks.  Cranes were located during early morning and followed until 

sunset or until the observer lost contact with the cranes.  Locations where cranes were 

observed were plotted on 1:24,000 USGS topographic maps, and time spent in each 

habitat type was recorded to the nearest minute.  The proportion of time breeding pairs 

spent in each habitat type was summarized by period of day (morning: 6:00-11:00, 

afternoon: 11:00-16:00, evening: 16:00-21:00) and phase of the breeding cycle 

(courtship, nesting, brood-rearing, and following a failed nesting attempt).  Habitat use 

data for sub-adults was summarized by time periods for the entire breeding season. 

Analysis of Variance (ANOVA) and Tukey’s Studentized Range Test were used to detect 

differences in breeding pair habitat utilization among periods of day and breeding cycle 

phases (P < 0.05). 

 Time budgets were calculated to describe how breeding and sub-adult cranes 

utilized each habitat type.  Time budgets of colts >6 weeks of age also were quantified.  

Behaviors of cranes were recorded at 20-s intervals for a 20-min period during each hour 

of observation.  Behaviors recorded included: locomotion (walking, swimming, flying), 

resting (loafing, sleeping), comfort (preening, stretching), feeding (gleaning, probing), 

searching for food, alert, courtship (unison call, vertical leap, upright wing stretch, 

horizontal head pump, bow display, vertical toss, bill up display, copulation), brooding, 

distraction display, and agonistic (directed walk threat, choke, upright forward, upright 

stab, upright kick, low bow, ruffle bow, mutual bill dueling, unison call; Tacha 1988, 

Voss 1977, Nesbitt and Archibald 1981, and Yosef 1994).  Time budgets alternated 

between members of a pair or group if more than one crane was visible.  The non-

incubating crane was always observed during nesting.  Time budgets that yielded less 
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than 15 min of data were discarded from the analysis.  ANOVA was used to detect 

differences in breeding pair time budgets among habitats and breeding cycle phases.   

 

3.23 HABITAT AVAILABILITY 

 Habitat availability was calculated for KMWA, FBWA, and LSWA using 30-m 

resolution National Land Cover Data (NLCD, Version 03-16-2000) derived from Landsat 

TM data acquired during 1992-1994.  The availability of each habitat type was measured 

as the percent composition of that type within 2 km of each study area.  The proportion of 

time spent by breeding cranes throughout the breeding season (using individual breeding 

pairs as sample units) in each habitat type was compared to the proportion of each habitat 

type available at the study areas using one sample mean 95% confidence intervals. 

 

3.24 SPATIAL ANALYSIS OF CRANE HABITAT 

  Locations where cranes were observed while collecting habitat utilization and 

time budgets through visual observations were plotted on 1:24,000 USGS topographic 

maps.  Geographic coordinates were recorded for each observation.  In addition ODOW 

captured two breeding cranes from separate pairs and fitted them with leg-mounted radio-

transmitters during 2003.  Locations of radio-marked cranes were determined by 

triangulation at 2-hr intervals, 1-2 times per week, from one week after capture through 

the post-breeding period (late September). 

 Crane locations obtained through visual observations and radio-telemetry were 

digitized using ArcView 3.2 GIS (Environmental Systems Research Institute, Inc) to 

delineate territories occupied by breeding pairs.  Locations where sub-adult cranes were 
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observed also were displayed.  Home ranges were calculated for radio-marked birds and 

other pairs when >30 independent visual observations in both wetland and upland 

habitats were obtained.  Home ranges were calculated using minimum convex polygon 

(MCP, Southwood 1966) and fixed kernel (Worton 1989) methods using Biotas Version 

1.0.2 (Ecological Software Solutions).   

 Spatial relationships of crane breeding territories also were measured using 

ArcView 3.2.  Distances between nest sites were calculated for neighboring pairs at 

KMWA.  The shortest distances between the edges of nesting marshes and agricultural 

fields and grass habitat types were measured for breeding pairs with known nest 

locations.   

 

3.3 RESULTS 

3.31 NESTING HABITAT 

Nests of five crane pairs at KMWA and LSWA were located during 2002-2004 

(Appendix 7).  Nests of two pairs at FBWA were not found during any year.  Five nests 

at KMWA were located by helicopter, while the nest at LSWA was located from the 

ground.  Three pairs at KMWA constructed nests from sedge (Carex spp.), while one 

utilized reed canary grass (Phalaris arundinacea).  The pair at LSWA built a nest from 

cattail (Typha spp.).  Nest diameter averaged 120.4 cm (S.D. 32.5), and mean nest height 

was 29.9 cm (S.D. 12.5).  Mean water depth at nest center was 28.1 cm (S.D. 16.7). 

Cranes nested in marshes dominated by emergent vegetation of the same species 

used to construct nests.  Predominantly emergent vegetation surrounded nest sites (Table 
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3.1).  Water depth surrounding nest sites averaged <35 cm (Table 3.2).  Stem density of 

emergent plants varied widely (Table 3.3). 

Nest Location
KMWA (Moore Marsh) 0.82 0.07 0.12
KMWA (Butler Spring) 1.00 0.00 0.00
KMWA (Headquarters) 0.88 0.12 0.00
LSWA (Private Land) 0.73 0.27 0.00

Mean all nests (S.D.) 0.86 (0.11) 0.11 (0.12) 0.03 (0.03)

Table 3.1.  Proportions of emergent vegetation, submergent vegetation, and open 
water within 10 m of sandhill crane nests at Killbuck Marsh Wildlife Area 
(KMWA) and La Su An Wildlife Area (LSWA) during 2002-2003.

Emergent Submergent Open Water

 

Nest Location
KMWA (Moore Marsh) 6.0 8.2 (3.8) 21.8 (10.30)
KMWA (Butler Spring) 27.5 27.2 (0.7) 27.8 (2.10)
KMWA (Headquarters) 46.0 56.0 (2.6) 29.3 (1.70)
LSWA (Private Land) 33.0 35.2 (3.1) 64.7 (3.10)

Mean all nests (S.D.) 28.1 (6.7) 31.7 (19.7) 35.9 (19.50)

Mean Depth     
1-5 m

Mean Depth    
6-10 m 

Table 3.2.  Water depth (cm) at nest center and mean water depth within 1-5 m and 6-10 
m of sandhill crane nests located at Killbuck Marsh Wildlife Area (KMWA) and La Su An 
Wildlife Area (LSWA) during 2002-2003.

Depth at 
Nest Center

  

Nest Location Plant Species Stem density (S.D.)
KMWA (Moore Marsh) Reed Canary Grass 275.3 (15.2)
KMWA (Butler Spring) Sedge 42.6 (16.7)
KMWA (Headquarters) Sedge 36.7 (29.3)
LSWA (Private Land) Cattail 1.0 (2.0)
Table 3.3.  Stem densities (stems/m2 of emergent plant species found within 5 
m of nests located at Killbuck Marsh Wildlife Area (KMWA) and La Su An 
Wildlife Area (LSWA) during 2002-2003.
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3.32 HABITAT UTILIZATION AND TIME BUDGETS 

3.321 Courtship 

 Habitat utilization data was not collected for breeding pairs during courtship in 

2002, because field activities focused on censusing cranes.  Courting cranes spent 73% of 

diurnal use in freshwater marsh and 27% in row crops during 2003 (Table 3.4).  Cranes 

were occasionally observed in grassland or hay during courtship, but these habitats 

accounted for <1% of diurnal use.  Use of row crop fields—both corn and soybean 

stubble—was greatest during morning and evening (P<0.05).  Cranes spent the majority 

of time in row crop fields feeding (Figure 3.1a), while marshes were used primarily for 

resting and comfort activities (Figure 3.2b). 

 

 

Time Period n
Morning 4 0.62 (0.12) 0.38 (0.12) 0.00 (0.00)
Afternoon 4 0.88 (0.19) 0.12 (0.19) 0.00 (0.00)
Evening 4 0.69 (0.13) 0.31 (0.13) 0.00 (0.00)

Table 3.4.  Proportions (S.D.) of time spent by courting sandhill cranes in marsh, row crop, 
and grass habitats in Ohio during 2002-2003.

Marsh Row crops Grass
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 a. Marsh (n = 8) b. Row Crop Fields (n = 9)
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Figure 3.1.  Activity budgets of courting sandhill cranes in marsh habitat (a) and row 
crops (b) in Ohio during 2002-2003. 
 

 

3.322 Nesting 

 Nesting cranes spent 82% of daytime in freshwater marsh (Table 3.5).  At least 

one member of a pair was always present at the nest, and males and females alternately 

utilized row crop fields as they relieved each other from incubation.  Nesting cranes used 

both row crop stubble and plowed fields for feeding and comfort activities (Figure 3.2a).  

Time budgets for nesting cranes in marsh were limited, because nest sites were screened 

by tall vegetation.  Limited observations indicate that nesting cranes utilized marsh 

primarily for resting and preening when they were not incubating (Figure 3.2b). 

 

Time Period n
Morning 8 0.78 (0.26) 0.20 (0.26) 0.02 (0.01)
Afternoon 7 0.87 (0.30) 0.13 (0.30) 0.00 (0.00)
Evening 6 0.82 (0.20) 0.18 (0.20) 0.00 (0.00)

Table 3.5.  Proportions (S.D.) of time spent by nesting sandhill cranes in marsh, row crop, 
and grass habitats in Ohio during 2002-2003.

Marsh Row crops Grass
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b. Row Crop Fields (n = 33) a. Marsh (n = 4)
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Figure 3.2.  Activity budgets of nesting sandhill cranes in marsh habitat (a) and row crop 
fields (b) in Ohio during 2002-2003. 
 

 

3.323 Brood-rearing 

Cranes spent 76% of daytime in freshwater marsh during brood-rearing (Table 

3.6).  Unlike courting and nesting cranes, brood-rearing cranes utilized marsh less during 

the afternoon than morning and evening.  Brood-rearing cranes spent 8% of daytime in 

row crops (crop stubble, plowed and planted fields), less than during courtship and 

nesting (F = 3.03, df = 4, P = 0.023).  Brood-rearing cranes spent more time in grass 

(16%) than courting and nesting cranes (F = 8.23, df = 4, P < 0.001).  Brood-rearing 

cranes and colts utilized both grass and row crop fields predominantly for feeding, food 

searching, and resting (Figures 3.3 and 3.4).   

                                                                                                                                      

Feeding 
42% 

Resting
26%

Walking
15%

Preening
15%

2% 
9% 

Walkin  g
11% 

Resting
45%

Preenin  g
15% 

Alert 
18% 

Time Period n
Morning 8 0.71 (0.29) 0.08 (0.19) 0.21 (0.21)
Afternoon 9 0.66 (0.42) 0.14 (0.20) 0.20 (0.26)
Evening 7 0.89 (0.13) 0.03 (0.05) 0.08 (0.11)
Table 3.6.  Proportions (S.D.) of time spent by brood-rearing sandhill cranes in marsh, row 
crop, and grass habitats in Ohio during 2002-2003.

Marsh Row crops Grass
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 b. Row Crop Fields (n = 14) a. Grass (n = 28)
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3.  Activity budgets of brood-rearing sandhill cranes in grass habitats (a) and 
row crop fields (b) in Ohio during 2002-2003. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4.  Activity budgets of sandhill crane colts in grass habitats (a) and row crop 
fields (b) in Ohio during 2002-2003. 
 
 
 
3.324 Failed-nesting 

 Habitat utilization patterns of cranes during the period following a failed nesting 

attempt were similar to those observed during courtship and nesting.  Failed-nesting 

cranes spent 71% of diurnal habitat use in freshwater marsh and 28% in plowed and 

Food Searching
16% Restin  g

16% 

Feeding
39%

Alert
6%

Preening
7%

Other
2% Other

4%Preening 
8% 

Food Sear hing c
11% 

Aler  t
12% 

Restin  g
16% 

Feeding
44%

Walking 
5% 

Walking
6%

Brooding
8%

b. Row Crop Fields (n = 13) a. Grass (n = 9) 

Restin  g
27% 

Feeding
39%

Alert
4% 

Food Sea chingr
7% 

Othe  r
2% 

Walking
10%

Food Searching
14%

Restin  g
24% 

Feeding 
37% 

Stretching
3%

Preening
9%

Other
3% 

Walking
8% 

Preenin  g
13% 

 38



planted row crop fields (Table 3.7).  Cranes spent less time feeding and more time 

preening in row crop fields following a failed nesting attempt than during courtship and 

nesting (F = 3.89, df = 4, P = 0.003, Figure 3.5a).  Failed-nesting cranes utilized marsh 

for resting, preening, and feeding (Figure 3.5b).  While brood-rearing cranes spent >15% 

of daytime in grass, breeding pairs without colts were rarely observed in grass.   

 

 

Time Period n
Morning 7 0.63 (0.26) 0.37 (0.26) 0.00 (0.00)
Afternoon 8 0.84 (0.35) 0.16 (0.35) 0.00 (0.00)
Evening 6 0.66 (0.31) 0.31 (0.26) 0.03 (0.06)
Table 3.7.  Proportions (S.D.) of time spent by breeding sandhill cranes following failed 
nesting attempts in marsh, row crop, and grass habitats in Ohio during 2002-2003.

Marsh Row crops Grass
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Figure 3.5.  Activity budgets of breeding sandhill cranes during the period following 
failed nesting attempts in marsh habitats (a) and row crop fields (b) in Ohio during 2002-
2003. 
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3.325 Sub-adults 

 Habitat utilization data and time budgets were collected for sub-adult cranes when 

possible.  Because these cranes did not have established territories and ranged over a 

large area, they were only observed sporadically.  Limited habitat utilization data 

indicates sub-adult cranes utilized freshwater marsh and row crop fields in similar 

proportions to breeding cranes (Table 3.8).  Sub-adult cranes similarly used  

row crop fields for feeding (18%), food searching (26%), resting (37%), and preening 

(20%, n=4) and freshwater marsh for resting (37%), preening (29%), and feeding (11%, 

n=8). 

 

 

Time Period n Marsh Row crops Grass
Morning 2 0.70 0.30 0.00
Afternoon 1 1.00 0.00 0.00
Evening 2 0.75 0.25 0.00
Table 3.8.  Proportions of time spent by sub-adult sandhill cranes in marsh, row 
crop fields, and grass in Ohio during 2002-2003.

 

3.33 HABITAT AVAILABILTY 

 Grass was the most abundant habitat type at KMWA (42.6%) and FBWA (32.4%) 

and the second most abundant at LSWA (14.4%).  Crane pairs spent 5.0 + 4.8% of 

daytime in grass throughout the breeding season, which was proportionally less than 

availability at all 3 sites.  Breeding cranes spent 21.4 + 6.6% of daytime in row crops, 

which was proportional to availability at KMWA (18.5%) and FBWA (28.3%) and less 
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than availability at LSWA (73.7%).  Breeding cranes spent 73.0 + 8.2% of daytime in 

marsh, which proportionally far greater than availability at all 3 sites.  Other habitat types 

were also available but were not used by cranes during the breeding season (Figure 3.6). 

 

Figure 3.6.  Percent of time spent by breeding sandhill cranes in 7 habitat types during 
courtship, nesting, brood-rearing, and after failed nesting attempts, and percent 
availability of habitat types at Killbuck Marsh Wildlife Area (KMWA), Funk Bottoms 
Wildlife Area (FBWA), and La Su An Wildlife Area (LSWA) during 2002-2003. 
 

 

3.34 SPATIAL ANALYSIS OF CRANE HABITAT 

 Crane locations obtained by visual observations and radio-telemetry were used to 

identify territories occupied by breeding pairs at KMWA (Figure 3.7), FBWA (Appendix 

8), and LSWA (Appendix 9).   Nests of neighboring breeding pairs at KMWA were 

spaced 4,070-7,050 m apart. During 2004, a new crane pair (Force Road) nested at 

KMWA and occupied a portion of the home range occupied by another pair 
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(Headquarters) during the previous year (Figure 3.7).  Cranes nested in marshes that were 

29 ± 25 m from grass habitat and 246 ± 137 m from row crops.  Sub-adult cranes were 

observed at both KMWA and FBWA.  These sub-adults did not have established 

territories and roamed among breeding pair territories and between KMWA and FBWA 

(Figure 3.7). 

 Home range size was calculated from visual observation data obtained for only 

one breeding pair at KMWA during 2003.  Home ranges were not calculated for other 

pairs, because exact wetland locations often could not be determined.  MCP home range 

for the pair was 565.1 ha during the breeding season (Table 3.9).  Home ranges calculated 

from telemetry data for one breeding pair during late brood-rearing through post-breeding 

and one adult male during post-breeding during were 230.5 ha and 185.8 ha (Table 3.9). 

  

Location Season MCP 50% 75% 95%
Butler Spring Brood-rearing  through 

post-breeding
230.5 0.3 1.6 11.3

Wright Marsh Breeding 565.1 0.2 1.1 12.6

Force Road Post-breeding (adult 
male)

185.8 0.2 0.6 4.3

Table 3.9.  Minimum Convex Polygon (MCP) and fixed kernel home ranges (ha) of two 
breeding pairs and one adult male sandhill crane observed at Killbuck Marsh Wildlife Area 
during 2003.

Fixed Kernel
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3.4 DISCUSSION 

 Breeding greater sandhill cranes in Ohio nested in marshes dominated by 

emergent plants of three species: cattail, sedge, and reed canary grass.  Sandhill cranes 

select nest sites in emergent marshes based on water depth and proximity to feeding sites 

rather than the particular species of plant to be used in nest construction (Armbruster 

1987).  Great Lakes cranes nest in marshes <30 cm deep, with shallower depths preferred 

(Walkinshaw 1973).  Ohio cranes nested at water depths averaging 28.1 cm, although 

50% of nests were built over water >30 cm deep.  Nest construction in marshes deeper 

than preferred may indicate that some pairs nested in suboptimal wetland habitat. 

 Breeding cranes spent more time in marsh than any other habitat type during all 

phases of the breeding cycle, and its diurnal use far exceeded availability.  Marshes 

provide critical habitat to breeding cranes in Ohio for nesting, roosting, feeding, and 

comfort activities.  Sub-adult cranes also depend on marsh habitat for survival.  Future 

size and status of Ohio’s crane population will be directly dependent upon the availability 

of suitable marsh habitat.   

 Breeding and sub-adult cranes utilized row crop fields throughout the breeding 

season.  Cranes used corn and soybean stubble, plowed fields, and planted fields, 

depending on what was available.  Although availability of crop fields did not appear to 

be limiting at KMWA, FBWA, or LSWA based on relative composition of habitat types, 

location of cropland with respect to marsh habitat may make some cropland unsuitable, 

as cranes nested in marshes that were in close proximity to agricultural fields. 

 Breeding cranes made substantial use of grass habitats during brood-rearing but 

rarely during other phases of the breeding cycle.  Grass habitats provided food and cover 
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to brood-rearing adults and colts.  Cranes nested in marshes that were an average of 30 m 

from grass habitat, indicating that grassland or hay is a crucial element of an optimal 

breeding territory.  Optimal habitat for breeding sandhill cranes in Ohio consists of a 

shallow marsh (<30 cm deep) that is at least 2 ha and dominated by emergent vegetation 

that is adjacent to grassland or hay and within 780 m of row crop fields.  Habitat for 

breeding sandhill cranes can be enhanced by maintaining or planting grassland and 

cropland adjacent to emergent marshes that can be used for nesting. 
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CHAPTER 4 

NESTING SUCCESS AND RECRUITMENT OF SANDHILL CRANES IN OHIO 

 

4.1 INTRODUCTION 

 The sandhill crane has the lowest known autumn age ratio (% juveniles) of all 

hunted bird species in North America (Drewien 1995).  Cranes are long-lived annual 

breeders with delayed sexual maturity.  Cranes are capable of breeding at < 3 years of age 

(Tacha et al. 1992, Nesbitt 1992), although most do not successfully pair until age 5-6 or 

successfully fledge young until age 8 (Tacha et al. 1989).  Clutch size is usually two 

(Walkinshaw 1973) with a mean of 1.8-1.9 (Tacha et al. 1992, Littlefield 1995, Dwyer 

and Tanner 1992, Melvin et al. 1990, Bennett and Bennett 1990).  Nesting success 

averages 50% for most populations in North America (Tacha and Vohs 1984, Tacha et al. 

1992). 

 Poor nesting and fledging success depress recruitment in some North American 

crane populations.  Nest flooding significantly reduced productivity of Florida sandhill 

cranes (G.c. pratensis) in Georgia (Dwyer and Tanner 1992).  Nest depredation reduced 

hatching success of Florida sandhill cranes (Bennett and Bennett 1990) and greater 

sandhill cranes in Oregon (Littlefield 1995).  Additionally, colt mortality, primarily 

caused by predation, depressed recruitment of Rocky Mountain and Central Valley 

greater sandhill cranes and contributed to population declines (Des Roberts 1997, Ivey 

and Scheuering 1997). 
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 Recruitment rates of Ohio’s greater sandhill crane population is unknown.  The 

purpose of this chapter was to calculate nesting and fledging success for cranes observed 

in Ohio and identify causes of reproductive failure.  Post-fledging age ratios were 

calculated to evaluate the current status of Ohio’s crane population.  A model was 

developed to predict future population growth using census data and 2002-2004 estimates 

of nesting and fledging success. 

 

4.2 METHODS 

4.21 NESTING SUCCESS 

Nesting and fledging success were determined for all breeding pairs censused at 

KMWA, FBWA, and LSWA during 2002-2004 (Chapter 1).  Nests were considered 

successful if at least one colt hatched.  Re-nesting attempts were included in nest success 

calculations.  Flooding was considered responsible for nest failures when a nest was 

observed underwater, or when pairs abandoned nests immediately following a rise in 

water levels.  Fledging success—or colt survival—was calculated as the proportion of 

hatched colts that survived to fledging.  Percentage of fledged colts in Ohio’s crane 

population was calculated for the three study areas combined, and post-fledging brood 

size was calculated for all breeding pairs observed in Ohio (Chapter 2).   

 

4.22 POPULATION MODEL 

 Growth of the crane population at KMWA and FBWA (including Holmesville, 

Chapter 2) was modeled using the population age structure observed in 2004: 16 adults  
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Parameter Value Source
Adult annual survival (AS) 0.95 Tacha et al. 1992
Two-year-old annual survival (TS) 0.95 Tacha et al. 1992
One-year-old annual survival (OS) 0.95 Tacha et al. 1992
Fledged colt winter survival (CW) 0.82 Nesbitt in Tacha et al. 1992
Nesting success - Ohio 0.30 This study
Nesting success - Typical 0.50 Tacha and Vohs 1984, Tacha et al. 1992
Clutch size 1.90 Tacha et al. 1992
Pre-fledging colt survival 0.58 This study
Nest attempts/pair > 4 years old 1.20 This study
Nest attempts/pair = 3 years old 0.10 This study

Table 4.1.  Parameters used in a population model used to predict growth of the sandhill 
crane population at Killbuck Marsh and Funk Bottoms Wildlife Areas in Ohio.
 

 

(AD, > 3 years of age), 3 two-year-olds (TYO), and 6 one-year-olds (OYO, Chapter 2).  

Growth was modeled assuming an equal sex ratio.  Population growth was simulated for 

a 15-year period from 2004-2020 using parameters specific to Ohio and, when possible, 

other values from published literature (Table 4.1).  Population growth was modeled using 

2 estimates of nesting success: (1) nest success observed in Ohio during 2002-2004 (30%, 

this study), and (2) typical nest success for cranes in North America (50%, Tacha and 

Vohs 1984, Tacha et al. 1992).  Spring population size for year y was modeled as: 

 

 Number of adults  
  AD(y) = [AD(y-1) * AS] + [TYO(y-1) * TS] 
 
 Number of nest attempts (NN) 
  NN(y) = [AD(y-1) * NA] + [TYO(y-1) * NT] 
 
 Number of colts hatched (CH) 
  CH(y) = NN(y) * NS * CL 

Number of colts fledged (CF) 
  CF(y) = CH(y) * CS 
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 Number of one-year-olds 
  OYO(y) = CF(y-1) * CW 
 
 Number of two-year-olds 
  TYO(y) = OYO(y-1) * OS 
 
 Spring population size (N) 
  N(y) = AD(y) + TYO(y) + OYO(y) 

  

4.23 MARSH WATER LEVELS 

 Water depths of 2 managed marsh complexes (8 units) and 5 unmanaged marshes 

at KMWA were recorded from staff gauges 1-2 times per week during Mar-June 2003 to 

document fluctuations in water levels.  Maximum change in water depth was calculated 

for each marsh or diked unit.  Mean and range of water level fluctuations were compared 

between managed and unmanaged marshes using a two-sample t-test (P <0.05). 

 Stream flow (m3/s) data for Killbuck Creek, which flows adjacent to both 

managed and unmanaged marshes at KMWA, was obtained from a United States 

Geological Survey gauging station located downstream of KMWA (USGS 2003).  

Simple correlation analysis was used to compare changes in stream flow and marsh water 

depth.  

Stream flow observed on days when nest were abandoned was compared to values 

recorded during the previous 30 days (crane incubation period, Walkinshaw 1973) to 

calculate the magnitude of increase in stream flow that was associated with nest flooding.  

Using thresholds obtained from nest abandonment events, stream flow data for 1995-

2004 nesting seasons (Apr-June) were analyzed to estimate the occurrence of flood 

events during each breeding season that likely caused nest failures. 
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4.3 RESULTS 

4.31 NESTING SUCCESS 

 Six crane pairs made 7 nesting attempts at KMWA, FBWA, and LSWA during 

2002 (Appendix 10).  Only 2 (28%) nests were successful (Table 4.2).  One crane pair at 

KMWA nested in a diked marsh and hatched 1 colt.  The remaining 2 pairs at KMWA 

made a total of 3 nesting attempts, although none were successful.  Flooding caused at 

least 2 of the failures.  One pair at FBWA hatched 2 colts, while the nest of the second 

pair was flooded.  The pair that nested in a private marsh near LSWA did not produce 

colts, and cause of reproductive failure was undetermined. 

 Six crane pairs made 8 nesting attempts during 2003.  Three nests (38%) were 

successful (Table 4.1).  One pair at KMWA produced 2 colts.  The remaining 2 pairs at 

KMWA failed in a total of 3 nesting attempts.  Flooding was responsible for 2 nest 

failures, while the cause of the third was undetermined.  One pair at FBWA hatched 2 

colts, while the second pair failed in 2 nesting attempts.  Nest flooding caused both 

failures.  The pair near LSWA produced 2 colts.  Both crane pairs that nested 

successfully during 2002 failed during 2003, while pairs successful in 2003 failed the 

previous year.  One pair at KMWA failed during both years.   

 Eight crane pairs nested during 2004 (Table 4.1).  Two of 8 (25%) nests were 

successful, although it was unknown whether 2 pairs made multiple nesting attempts.  

One pair at KMWA and the single pair at LSWA produced 1 colt each, although it is 

possible additional colts hatched and died before nests were confirmed successful.  Two 

pairs at KMWA abandoned nests because of flooding.  An additional pair at KMWA 

nested in a diked marsh and failed, although cause of the failure was undetermined.  Two 
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pairs at FBWA made a combined 3 nesting attempts, although none were successful.  

Flooding was responsible for at least 2 of the failures at FBWA.  Three-year average 

nesting success was 30%.  Nesting success observed in diked marshes was 50% (n = 2). 

 

Location 2002 2003 2004 2002 2003 2004
KMWA (Butler Spring) 0/2 1/1 1/1 -- 2/2 1
KMWA (Headquarters) 0/1 0/2 0/1 -- -- --
KMWA (Moore Marsh) 1/1 0/1 0/1 0/1 -- --
KMWA (Force Rd) -- -- 0/1 -- -- --
FBWA (North) 1/1 0/2 0/2 1/2 -- --
FBWA (South) 0/1 1/1 0/1 -- 1/2 --
LSWA (Private Land) 0/1 1/1 1/1 -- 2/2 1

Mean .28 .38 .25 .33 .83 --

Successful Nests/Attempts Fledged Colts/Hatched Colts

Table 4.2.  Nesting and fledging success for sandhill crane breeding pairs observed at 
Killbuck Marsh Wildlife Area (KMWA), Funk Bottoms Wildlife Area (FBWA), and La 
Su An Wildlife Area (LSWA), Ohio, during 2002-2004.

 

 

4.32 FLEDGING SUCCESS 

 One of 3 colts that hatched at KMWA, FBWA, and LSWA during 2002 survived 

to fledging (33%).  The single colt observed at KMWA died at 2-4 weeks of age, while 1 

colt at FBWA died at an undetermined age.  Five of 6 (83%) colts hatched during 2003 

also fledged.  One colt at FBWA died at an unknown age.  Two colts fledged during 

2004, although fledging success was not determined.  Fledged colts comprised 6.7% of 

the population during 2002, 20.7% during 2003, and 8.0% during 2004 (mean = 12.5%). 
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 Breeding pairs confirmed at other locations in Ohio fledged young during 2003.  

Two pairs near KMWA fledged two colts each, and a pair at Shenango Wildlife Area 

fledged one.  A colt was also observed with the pair near Rittman, although it was not 

determined if it fledged.  One colt was observed in Geauga County during 2004 

(Appendix 5).  Post-fledging brood size averaged 1.4. 

 

4.33 POPULATION MODEL 

 The KMWA-FBWA population is predicted to increase from 25 cranes to 34 by 

2010 and 59 by 2020 if nesting success continues to average 30% (Figure 3.1).  This 

increase is less than that observed when population growth is modeled using a typical 

nest success rate of 50%, where the population could increase from 25 cranes to 46 by 

2010 and 122 by 2020 (Figure 4.1).   

 

4.34 WATER LEVELS 

 Cranes nested in marshes at depths of 6-43 cm (Chapter 3).  Water depths in 

managed marsh units fluctuated 11-40 cm during the 2003 breeding season with a mean 

change of 19.6 cm (Figure 4.2).  Water depths of these units did not show a strong 

correlation with Killbuck Creek stream flow (Table 4.3).  Water depths of unmanaged 

marshes fluctuated by 25 to 65 cm with a mean change of 51.4 cm (Figure 4.3).  

Fluctuations in water depths were of a higher magnitude in unmanaged marshes than in 

diked marsh units (P < 0.01).  There was a strong correlation between Killbuck Creek 

stream flow and water depths in unmanaged marshes (Table 4.2), which indicated stream 
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flow was the predominant factor influencing water levels in unmanaged marshes at 

KMWA. 
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Figure 4.1.  Predicted growth of the sandhill crane population at Killbuck Marsh-Funk 
Bottoms habitat complex, Ohio, using two estimates of nesting success. 
 

 

 One crane pair abandoned nesting when stream flow increased by 200 m3/s during 

2003.  Water levels in the marsh where the nest was located (Headquarters, Chapter 4) 

increased by 65 cm when the nest failed.  This pair also failed in two nesting attempts 

during 2002 when stream flow increased by 280 m3/s and 540 m3/s.  An additional pair 

(Butler Spring, Chapter 4) failed on two occasions when stream flow increased by 367 

m3/s and 498 m3/s during 2002.  However, this pair nested successfully in the same marsh 

during 2003 when stream flow increased by 331 m3/s and marsh water levels increased 
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by 25 cm.  Two thresholds were selected to analyze stream flow for 1995-2004: (1) 200 

m3/s to represent marshes such as Headquarters that flood at lower flow rates and (2) 350 

m3/s to represent marshes such as Butler Spring that are more resistant to flooding.   

 

Figure 4.2.  Fluctuations in water depths within 8 diked marsh units at Killbuck Marsh 
Wildlife Area during 2003. 
 
 

Stream flow in Killbuck Creek increased by 200 m3/s at least once during the 

nesting season during all 10 years from 1995-2004 (Table 3.3a).  Independent events 

where stream flow increased by 200 m3/s occurred 2-5 times per nesting season with a 

mean of 3.4 events/season.  At least one event occurred per month during 6 of 10 years.  

Killbuck Creek stream flow increased by 350 m3/s at least once during 8 of 10 nesting 

seasons (Table 4.3b).  Flood events of this magnitude occurred 0-4 times per nesting 

season with a mean of 1.8 events/season. 
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Figure 4.3.  Fluctuations in water depths within 5 unmanaged marsh units at Killbuck 
Marsh Wildlife Area during 2003 (Butler Spring (BU), Force Road (FO), Valley Road 
(VA), Clark Road (CL), and County Line (CO)). 
 
 
 

Site Marsh Type n
Moore - North DM 0.32 13
Moore - South DM 0.43 13
Wright - A DM 0.40 14
Wright - B DM 0.55 14
Wright - C DM 0.31 14
Wright - D DM -0.10 14
Wright - E DM 0.36 14
Wright - F DM -0.05 14
Butler Spring UM 0.83 13
Force UM 0.81 12
Valley UM 0.78 13
Clark UM 0.60 12
County Line UM 0.82 13

r

Table 4.3.  Mean correlations (r ) of Killbuck Creek stream flow (USGS 2003) with 
water levels recorded in diked managed marsh units (DM) and undiked marshes (UM) 
at Killbuck Marsh Wildlife Area during 2003.
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Year April May June Total
2004 2 1 2 5
2003 1 1 1 3
2002 2 1 1 4
2001 2 0 1 3
2000 1 1 1 3
1999 2 0 0 2
1998 2 1 2 5
1997 0 1 2 3
1996 1 1 1 3

1995 0 1 2 3

Number of Events 

Table 4.4.  Number of flood events by month at Killbuck Marsh Wildlife Area in which 
Killbuck Creek stream flow (USGS 2003) increased by at least 200 m3/s during 1995-
2004.
 

 

Year April May June Total
2004 1 1 2 4
2003 0 1 0 1
2002 1 0 1 2
2001 0 0 0 0
2000 1 0 0 1
1999 0 0 0 0
1998 1 1 2 4
1997 0 1 1 2
1996 1 1 1 3
1995 0 1 0 1

Number of Events 

Table 4.5.  Number of flood events by month at Killbuck Marsh Wildlife Area in 
which Killbuck Creek stream flow (USGS 2003) increased by at least 350 m3/s 
during 1995-2004.
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4.4 DISCUSSION 

 Nesting success of sandhill cranes varies by sub-species and region, but 50% is 

typical for most populations in North America (Tacha and Vohs 1984, Tacha et al. 1992).  

Nest success was 50% in diked marshes, where nest flooding was not observed.  Nesting 

success averaged 30% for cranes at KMWA, FBWA, and LSWA during 2002-2004.  

Nest flooding at KMWA and FBWA caused 69% of failed nesting attempts and 

depressed recruitment each year.    Other causes of nest failure could not be determined, 

although predation, egg infertility, and addling are other common causes of nest failure 

(Drewien et al. 1995, Littlefield and Cornely 1997). 

 Post-fledging brood size averaged 1.40, which is similar to the range of 1.21 to 

1.35 observed in other crane populations (Tacha et al. 1992).  Colt survival was 0.58, 

which was similar to or greater than estimates reported for other populations.  Colt 

survival averaged 0.36 to 0.54 in California (DesRoberts 1997) and 0.19 in Oregon (Ivey 

and Scheuring 1997).  Survival of Florida sandhill crane colts was 0.65 (Nesbitt 1992).  

Causes of colt mortality in Ohio could not be identified.  Predation is often the greatest 

source of colt mortality, although parasitic gapeworms, drowning, and intraspecific 

aggression are other common causes (Ivey and Scheuring 1997, DesRoberts 1997). 

 Percentage of fledged colts in Ohio’s crane population averaged 12.5% during 

2002-2004.  Fledged colts comprise 6.6 to 18.3% of crane populations in North America 

(Tacha et al. 1994, Drewien et al. 1995).  Fledged colts comprised 10-14.3% of Great 

Lakes populations (Drewien 1973, Lovorn and Kirkpatrick 1982), which indicates 

recruitment in Ohio’s crane population is similar to other populations in the region.  

Crane populations that average >8-10% fledged colts annual are considered stable, while 
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populations that average >10% annually are considered increasing and expanding 

(Littlefield and Ryder 1968, Drewien 1996).  Based on 2002-2004 estimates of 

recruitment, Ohio’s sandhill crane population appears to be increasing.  However, 

Drewien et al. (1995) cautions use of age ratios when making inferences about crane 

population productivity, especially in short-term studies such as this one.  Although 

average productivity indicates Ohio’s population is expanding, productivity was at or 

below the lower limit of population stability during 2 of 3 years.  If productivity observed 

during 2002 and 2004 is more typical of long-term annual recruitment than the 3-year 

average, then Ohio’s crane population is limited by poor nesting success that is caused by 

flooding. 

Stream flow data analyzed for 1995-2004 indicates that nest failure caused by 

flooding probably limits population growth of sandhill cranes at KMWA.  Stream flow 

events of a magnitude that flooded nests in the Headquarters marsh occurred at a 

frequency less than the incubation period of cranes.  Flood events of this magnitude 

occurred almost monthly during the past 10 nesting seasons, and successful nesting is not 

expected in this marsh except during years when water levels are unusually stable.  Butler 

Spring marsh showed the highest resistance to flooding of undiked marshes at KMWA, 

although flood events of a magnitude that caused nest flooding still occurred almost twice 

per nesting season.  Pairs nesting in marshes that display a pattern of hydrology similar to 

Butler Spring marsh would be expected to be more successful than those nesting in other 

undiked marshes, but flooding would still depress reproduction during most years.   

Water levels of most marshes at KMWA fluctuate in a similar manner to the 

Headquarters marsh, with Butler Spring marsh as the exception.  Identical patterns of 
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flooding and nest abandonment were observed at neighboring FBWA.  Diked emergent 

marshes offered stable water levels that prevented nest flooding, but all diked marshes at 

KMWA are in 2 neighboring units that only support a single breeding pair.  If future 

stream flow patterns of Killbuck Creek are similar to those observed during the past 

decade, then the sandhill crane population at KMWA and FBWA cannot be expected to 

expand significantly without changes in regulation of marsh water levels.  Habitat 

enhancement at these sites should focus on dike construction to control marsh flooding 

that causes nest failure. 

Although nest flooding appears to limit population growth at KMWA and FBWA, 

the influence of flooding on crane production at other sites in Ohio is not known.  An 

effort should be made to identify nest success and causes of nest failure in Geauga and 

Trumbull Counties before dike construction is recommended in these areas.  Nest 

flooding may be a localized problem in Wayne and Holmes Counties but could 

potentially limit crane population expansion throughout Ohio. 
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CHAPTER 5 

MODELING HABITAT SUITABILITY AND CARRYING CAPACITY FOR 

BREEDING SANDHILL CRANES IN OHIO 

 

5.1 INTRODUCTION 

 Habitat Suitability Index models incorporate habitat utilization information into a 

mathematical model that indexes overall habitat quality on a scale of 0.0 (unsuitable) to 

1.0 (optimal, USFWS 1981).  Armbruster (1987) developed a HSI model for greater 

sandhill cranes in North America.  Model inputs included: amount of evaluation area in 

wetlands (weighted by wetland class and water regime), amount in uplands (weighted by 

cover type), and size of disturbance-free site.   

Armbruster’s model was modified and applied to digital land cover data for 

Minnesota using a GIS (Herr and Queen 1995).  Results indicated that cranes nested in 

sub-optimal habitats, even when optimal habitats were unoccupied.  Habitat arrangement 

and other landscape features were not incorporated into the model, and the authors noted 

these factors may better explain habitat suitability than availability alone.  Additonally, 

Armbruster’s model can only be applied to evaluation areas with pre- defined boundaries.  

Calculated HSI values depend on boundary placement (e.g. ha of marsh) and may not 

reflect actual habitat suitability at each site.  This problem is common to many HSI 
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models (Rickers et al. 1995) and is referred to as the Modifiable Areal Unit Problem 

(MAUP, Openshaw 1984).   

Spatially-explicit, or proximity-based, modeling approaches avoid arbitrary 

boundary placement associated with the MAUP and can be used to assess habitat 

arrangement in addition to availability.  HSI algorithms are used to evaluate contiguous 

habitat and quantify habitat availability and suitability (Rickers et al. 1995) by assessing 

landscape character in the vicinity of each evaluation unit (usually a single raster cell) 

through a window or matrix approach (Agee 1989).   

A spatially-explicit modeling approach may be appropriate for evaluating habitat 

suitability for sandhill cranes in Ohio, because the juxtaposition of emergent marsh that is 

used for nesting, with grass and row crop habitats that are used for feeding, determines 

habitat suitability (Chapter 3).  Ohio cranes nested in marshes 2 ha and larger that were 

29 + 25 m (S.E.) from grass and 246 + 137 m from row crops (Chapter 3).  Marshes used 

for nesting were dominated by sedge, cattail, and reed canary grass (Chapter 3), although 

cranes often use bulrushes (Scirpus spp.), rushes (Juncus spp.), and other grass and forbs 

for nesting (Littlefield and Ryder 1968, Walkinshaw 1973, Drewien 1973).   

 A habitat model that uses land cover data to identify large marshes dominated by 

persistent emergent vegetation that are near grass and row crops could be employed to 

locate suitable crane nesting sites throughout Ohio.  Such a model would be a valuable 

tool to direct searches for new crane pairs and nest sites.  In addition, once suitable 

nesting sites are identified, carrying capacity can be estimated as the maximum number 

of nest sites that can be occupied by breeding pairs at a given time. 
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 The purpose of this chapter was to: (1) develop, apply, and validate a spatially-

explicit habitat suitability index model for breeding sandhill cranes in Ohio, (2) calculate 

carrying capacity of selected habitats in Ohio, and (3) use the model outputs to determine 

if Ohio’s crane population is currently limited by availability of suitable nesting sites. 

 

5.2 METHODS 

5.21 HABITAT SUITABILITY INDEX (HSI) MODEL 

 A spatially-explicit HSI model was developed to evaluate habitat suitability for 

breeding sandhill cranes in Ohio using 30-m resolution National Land Cover Data 

(NLCD) for Ohio (Version 03-26-2000) derived from Landsat TM data acquired during 

1992-1994.  NLCD classifies wetlands as herbaceous (persistent emergent) wetland, 

woody wetland, and open water.  Upland classification includes forest, barren, row crop, 

grass (pasture, hay, and grassland), and urban. 

 The sandhill crane habitat model assigns a HSI value to each raster cell, or 

potential nest site, that identifies whether the cell is unsuitable, suitable, or optimal for 

nesting habitat.  Marshes >2 ha that are dominated by persistent emergent vegetation, 

surrounded by grass, and located within 780 m of row crops are considered optimal 

(Chapter 3).  Habitat suitability is evaluated within four circular zones that surround each 

potential nest site (Figure 5.1).  Each zone represents different habitat needs that occur at 

different distances from the nest.  A final HSI value is obtained by combining values 

from each of the four evaluation zones. 
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 Zone 1 (Z1) is the potential nest site, the raster cell to be evaluated.  Z1 is 

assigned a value of 1.0 if the cell is classified as herbaceous wetland and 0.0 otherwise, 

because only herbaceous wetland provides suitable nesting habitat to cranes (Chapter 2). 

 Zone 2 (Z2) is the immediate nesting area and includes all cells within a 90-m 

radius of the potential nest site.  Each cell within the zone is assigned a 1.0 if herbaceous 

wetland and 0.0 otherwise.  The value of Z2 is calculated as the mean suitability rating 

for cells within the nesting area.  For a potential nest site to receive a Z2 value of 1.0, all 

habitat within 90 m must be classified as herbaceous wetland.  This requires a 2.5 ha core 

of herbaceous wetland for a nest site to be rated as optimum (Chapter 3). 

 Zone 3 (Z3) is the brooding area and includes all cells that are 90-450 m from a 

potential nest site.  An distance of 450 m was chosen, because that was the maximum 

distance from the nest that colts were observed feeding in uplands during early brood-

rearing (Chapter 3).  Grass habitats were assigned a rating of 1.0, because adult cranes 

and colts require grass habitats for feeding during brood-rearing (Chapter 3).  

Agricultural fields are given a 0.67 rating, as they also provide food resources to cranes 

throughout the breeding season (Chapter 3).  Herbaceous wetland, woody wetland, and 

open water provide additional cover and food resources to cranes and rated accordingly 

in Table 5.1 (Chapter 3, Armbruster 1987).  The value of Z3 is calculated as the mean 

suitability rating for cells within the brooding area. 

Zone 4 (Z4) is the feeding area and includes all cells that are 450-780 m from the 

potential nest site.  Habitats that provide food resources to cranes during courtship, 

nesting, and brood-rearing are rated the highest, with both grass and agricultural habitats 

receiving a 1.0 (Chapter 3).  Herbaceous wetland, woody wetland, and open water  
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Figure 5.1.  Circular zones surrounding a potential nest site (raster cell) that are 
used to calculate Habitat Suitability Index values for nesting sandhill cranes in 
Ohio: Nesting Area (Z2, 0-90 m), Brooding area (Z3, 90-450 m), and Feeding 
Area (Z4, 450-780 m).

Z4

Z2

Z3
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provide additional habitat to cranes and are assigned ratings listed in Table 5.1 (Chapter 

3, Armbruster 1987).  The value for Z4 is calculated as the mean suitability rating for 

cells within the feeding zone. 

The final HSI value was calculated as: HSI = Z1 * Z2 * [ ( Z3 + Z4 ) / 2 ].  

Multiplying Z1 ensures that only cells classified as emergent marsh are assigned HSI 

value >0.0, regardless of habitat types present in other zones.  Multiplying Z1 by Z2 

reduces Z1 by the percentage of habitat immediately surrounding the nest site that is not 

emergent marsh.  For example, if Z2 = 0.5, then 0.5 is the maximum possible HSI value 

for the cell, regardless of Z3 and Z4 values. The Z3 and Z4 values are averaged instead of 

multiplied to give more weight to wetland size in determining the final HSI value. 

The HSI model was applied to the NLCD habitat coverage for all of northern 

Ohio using ArcView 3.2 GIS (Environmental Systems Research Institute, Inc).  NLCD 

for northern Ohio was divided into 14 evaluation blocks in two rows: blocks 1-7—west to 

east—comprising the northern row and 8-14 the southern row (Appendix 11).  The HSI 

model was applied to each block separately to reduce computing load.  Summary 

statistics (mean, standard deviation, and maximum HSI value) were calculated for each 

evaluation block.  HSI values of known nesting marshes were used to verify the model. 

Each evaluation block was examined visually to identify locations where HSI 

values indicated suitable habitat (HSI > 0.25) was available to cranes.  A minimum HSI 

value of 0.25 was selected as a conservative lower limit to habitat suitability based on 

expert opinion of model output in comparison to known and suspected nest sites (Chapter 

3).  Nineteen sites where suitable crane habitat was identified were searched for cranes to 

determine occupancy during 2004 (Chapter 2, Table 2.1).  Suitable wetlands identified at 
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each site were visited to assess NLCD classification of persistent emergent marsh.  

Accuracy of marsh vegetation classification was summarized for sites or groups of 

nearby sites: (1) Killbuck-Funk: KMWA, FBWA, Holmesville; (2) Charles Mill Lake; 

(3) Rittman-Doylestown; (4) South Killbuck; (5) Congress Lake; (6) Aquilla-La Due: 

Aquilla, La Due Reservoir; (7) La Su An: LSWA; (8) Killdeer-Big Island: Killdeer Plains 

Wildlife Area, Big Island Wildlife Area; and (9) Lake Erie Marshes: Little Portage 

Wildlife Area, Magee Marsh Wildlife Area, Ottawa National Wildlife Refuge, Pickerel 

Creek Wildlife Area (Chapter 2). 

 

Habitat Class z1 z2 z3 z4
Herbaceous Wetland 1.00 1.00 0.33 0.33
Woody Wetland 0.00 0.00 0.15 0.15
Open Water 0.00 0.00 0.15 0.15
Grass/Pasture/Hay 0.00 0.00 1.00 1.00
Agricultural Fields 0.00 0.00 0.67 1.00
Forest 0.00 0.00 0.00 0.00
Shrubland 0.00 0.00 0.00 0.00
Urban 0.00 0.00 0.00 0.00

Table 5.1.  Sandhill crane Habitat Suitability Index model weights applied to National 
Land Cover Data (2003) habitat classes in four zones surrounding a raster cell to be 
evaluated: potential nest site (z1), nesting area (z2), brooding area (z3), and feeding 
area (z4).
 

 

5.22 CARRYING CAPACITY 

 Output obtained from the sandhill crane HSI model was used to estimate carrying 

capacity.  Carrying capacity was defined as the maximum number of sandhill crane 

nesting pairs that a site can support.  Carrying capacity was quantified by identifying all 

suitable nesting sites and calculating the maximum number of sites that can be occupied 
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simultaneously, given that cranes are territorial and nests must be placed a certain 

distance apart.  This problem was formulated as an Anti-Covering Location Problem 

(ACLP).   

The ACLP is a combinatorial optimization problem that attempts to maximize the 

set of location sites with associated benefits so that no two selected sites are within a 

specified distance of each other (Moon and Chaudry 1984).  The ACLP constraints to 

calculate carrying capacity were formulated using an approach described by Murray and 

Church (1997), where: 

 

i = index of cells representing potential nest sites 

ci = HSI value of cell i  

dij = shortest distance from potential nest site i to potential nest site j 

R = restriction distance requirement for adjacent nest sites 

S = restriction HSI requirement 

Ni = { j|dij < R & i ≠ j } = the set of potential nest sites within the restriction 
 distance to potential nest site i  
 

Mi = { i|ci > S } = the set of potential nest sites with HSI values greater than the  
restriction HSI requirement 
 

 ni = |Ni| 

Decision Variables 

 xi =  1 if a nest is located at potential nest site i 
        0 otherwise  
 
Objective 

 Maximize Z = ∑   ci xi 

                    i∈ Mi       

 

 67



Subject to  

(1)  ni x  + ∑  xj i < ni   for all i 
       j∈ Ni       

 

  (2)  xi = {0,1} for each i 

 

 The ACLP objective maximizes the benefit Z, which is the sum of HSI values for 

selected nest sites.  This simulates that cranes will select the best site available, unless 

two nearby sites of lesser quality can be occupied simultaneously for a greater total 

benefit.  Constraint (1) prohibits locating any two nests within restriction distance R.  

Constraint (2) imposes integer restrictions on the decision variable.  Carrying capacity 

equals the number of potential nest sites that are selected when benefit Z is maximized. 

The ACLP carrying capacity model was applied to edited NLCD-based HSI 

output.  Habitats that were identified as emergent marsh in NLCD but were classified as 

other habitats during field observations were excluded from the analysis.  Similarly, any 

known emergent marshes not identified by NLCD were assigned revised HSI values and 

included in carrying capacity calculations.   

Marshes that contained at least 1 raster cell with a HSI value > 0.25 were 

considered suitable when solving the ACLP.  Pair-wise distances between suitable 

nesting marshes were calculated using geographic coordinates of the cells with the 

highest HSI values.  The ACLP was solved by enumeration using a restriction distance R 

of 3,000 m.  An R-value of 3,000 m allows each nesting pair to occupy 706 ha of habitat.  

This area requirement satisfies the largest breeding pair home range observed in Ohio and 

allocates habitat for sub-adult cranes that occupy marsh habitats bordering breeding pair 

territories (Chapter 3).  Carrying capacity was calculated for five habitat complexes of 
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neighboring sites: (1) Killbuck Marsh-Funk Bottoms (including Holmesville), (2) 

Aquilla-La Due, (3) Killdeer Plains-Big Island, (4) La Su An Wildlife Area, and (5) Lake 

Erie Marshes (Cedar Point east to Bay View, Chapter 2). 

 

5.3 RESULTS 

5.31 HABITAT SUITABILITY INDEX MODEL 

 Calculated HSI values varied by evaluation block, with maximum values ranging 

from 0.003 to 0.799 (Table 5.2).  Highest mean HSI values were found in the Lake Erie 

marsh region (blocks 3 and 4) and parts of northeastern Ohio (blocks 7 and 11).  LSWA, 

KMWA, and FBWA were located in blocks with relatively low mean HSI values (blocks 

1, 12, and 12, respectively).  Two known nesting sites at KMWA and LSWA received 

HSI values of 0.36 and 0.40, while 4 other nests sites at KMWA were assigned values of 

0.0.  Nest sites not identified by the model as suitable habitat were classified incorrectly 

as open water or woody wetland in the NLCD coverage. 

Eight of 19 (42%) HSI evaluation sites were occupied by crane breeding pairs or 

sub-adults during 2002-2004 (Chapter 2, Table 2.1).  Six (32%) evaluation sites (Killdeer 

Plains Wildlife Area, Big Island Wildlife Area, South Killbuck, Magee Marsh Wildlife 

Area, Pickerel Creek Wildlife Area, and Little Portage Wildlife Area) contained suitable 

nesting habitat for cranes, although cranes were not detected.  Two sites did not contain 

suitable nesting habitat (Congress Lake and Charles Mill Lake), and two sites were not 

searched (Chapter 2, Table 2.1).   
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Accuracy of the NLCD classification of herbaceous wetland at all sites combined 

was 51.9% (Table 5.3).  Accuracy was > 65% at Killbuck-Funk, Aquilla-La Due, and 

Lake Erie Marshes and > 50% at Rittman-Doylestown, Killdeer-Big Island, and La Su 

An.  Accuracy was < 16% at South Killbuck, Congress Lake, and Charles Mill Lake.  

Bottomland hardwood forest, open water, crop fields, and shrubland were misclassified 

as herbaceous wetland in the NLCD coverage.  Recently published accuracy of 

herbaceous wetland classification for Ohio NLCD was 53% (USGS 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mean Standard Deviation Maximum
1 0.00013 0.00560 0.766
2 0.00031 0.00662 0.621
3 0.00270 0.02364 0.642
4 0.00130 0.00483 0.540
5 0.00005 0.00213 0.003
6 0.00080 0.01044 0.605
7 0.00114 0.01130 0.644
8 0.00005 0.00281 0.470
9 0.00007 0.00368 0.672

10 0.00020 0.00803 0.714
11 0.00230 0.00651 0.573
12 0.00040 0.00918 0.599
13 0.00054 0.01870 0.799
14 0.00023 0.00694 0.677

Block

Table 5.2.  Mean, standard deviation, and maximum Habitat Suitability Index (HSI) values 
obtained from applying a sandhill crane HSI model to 14 habitat blocks in northern Ohio.
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Habitat Complex Wetlands Sampled Accuracy
Killbuck-Funk 16 66.7%
Charles Mill Lake 9 0.0%
Rittman-Doylestown 8 50.0%
Aquilla-La Due 14 71.4%
Lake Erie Marshes 26 76.9%
Killdeer-Big Island 18 55.6%
La Su An 6 50.0%
Congress Lake 8 0.0%
South Killbuck 13 15.3%
Table 5.3  Number of wetlands sampled and accuracy of Ohio NLCD classification of 
herbaceous wetland at 9 habitat complexes in northern Ohio.  

 

 

5.32 CARRYING CAPACITY 

 Carrying capacity estimates varied from 1 nesting pair at La Su An Wildlife Area 

to 25 pairs in the Lake Erie marshes (Table 5.6).  Killbuck Marsh-Funk Bottoms is 

expected to support a maximum of 10 breeding pairs, while Aquilla-La Due is expected 

to support 7 pairs.  Killdeer Plains-Big Island is capable of supporting 4 breeding pairs.  

HSI values of selected nest sites varied from 0.25 to 0.57. 

 

Habitat Complex
Killbuck Marsh-Funk Bottoms 22 10
Aquilla-La Due 10 7
Killdeer Plains-Big Island 12 4
La Su An Wildlife Area 5 1
Lake Erie Marshes 62 25

Table 5.6.  Number of suitable sandhill crane nesting sites (N) and calculated carrying 
capacity (K) at five habitat complexes in Ohio that were identified by applying a Habitat 
Suitability Index (HSI) model applied to edited National Land Cover Data.

    N     K
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5.4 DISCUSSION  

The NLCD-based HSI model identified suitable nesting sites for cranes at several 

sites in northern Ohio.  Over 40% of these sites were occupied by cranes, while 32% 

contained suitable habitat that was unoccupied.  Remaining sites either did not contain 

suitable habitat or were not searched.  Accuracy of NLCD classification of emergent 

marsh was about 50%, which limited its use in identifying additional suitable habitat in 

Ohio that is suitable for nesting cranes.  NLCD over-estimated the abundance of 

emergent marsh at all evaluation sites, some of which did not contain any emergent 

marsh.  Use of NLCD to quantify availability of sandhill crane nesting habitat is not 

warranted without extensive ground-truthing.  An alternative habitat coverage with 

improved wetland classification is desired for use with the HSI model. 

Carrying capacity was quantified for 5 habitat complexes in northern Ohio using 

ACLP optimization techniques with HSI output obtained from edited NLCD.  Carrying 

capacity was calculated using a restriction distance of 3,000 m between adjacent nest 

sites, which requires a 1.5 km separation between the nest of one pair and breeding 

territories of neighboring pairs.  The smallest distance observed between nests of 

neighboring pairs in Ohio was 4,070 m, and breeding pairs commonly fed in row crop 

fields >1,000 m from nest sites (Chapter 3).  A restriction distance of 3,000 m is a 

reasonable estimate of nest site dispersion given current habitat utilization patterns of 

cranes in Ohio.  However, carrying capacity estimates are conservative, because cranes 

are known to nest at higher densities (Walkinshaw 1973).  Reported carrying capacities 

represent the best estimates given current data for Ohio’s crane population and may not 

represent future carrying capacity if cranes will nest at a higher density. 
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ACLP carrying capacity results indicate that some habitats in Ohio are at or near 

current carrying capacity.  La Su An is currently at estimated carrying capacity of 1 

breeding pair, and Killdeer-Big Island, although unoccupied by cranes, can only support 

4 breeding pairs if adjacent nest sites must be separated by 3,000 m.  Significant 

population expansion at these sites cannot be expected unless wetland restoration efforts 

are undertaken.  Similar conclusions can be made for Rittman-Doylestown, Charles Mill 

Lake, Congress Lake, and South Killbuck, where little or no emergent marsh habitat was 

identified. 

Killbuck-Funk currently supports 7 breeding pairs (Chapter 2) and is expected to 

reach a carrying capacity of 10 pairs by 2006 (Chapter 4).  A similar situation likely 

exists at Aquilla-La Due, where 3 nesting pairs were observed and carrying capacity is 

estimated at 7 pairs.  Expansion of these populations will depend on the number of 

suitable nesting sites available outside the habitat complexes and the ability of cranes in 

these areas to nest at higher density.  Little emergent marsh habitat was observed in 

habitats near Killbuck-Funk (Charles Mill Lake and South Killbuck).  Wetland 

restoration in nearby habitats can be used to increase carrying capacity regardless of 

nesting density. 

 The greatest potential for crane population expansion in Ohio is in the Lake Erie 

marsh region.  Results of this study indicate that significant, unoccupied suitable habitat 

is available to nesting cranes in this area.  Suitable sites include: Magee Marsh Wildlife 

Area, Ottawa National Wildlife Refuge, Little Portage Wildlife Area, and several other 

sites along Sandusky Bay.  Three cranes were observed at Ottawa National Wildlife 

Refuge during 2004, which suggests population augmentation may not be necessary to 
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establish a breeding population.  Population augmentation is not recommended, although 

continued monitoring of crane abundance in this region is recommended. 
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CHAPTER 6 

SUMMARY AND RECOMMENDATIONS 

 

6.1 INTRODUCTION 

 Ohio currently supports a population of more than 40 greater sandhill cranes: 13 

breeding pairs, 12-13 sub-adults, and 3 juveniles (colts fledged during 2003, Chapters 2 

and 4).  Killbuck Marsh Wildlife Area (KMWA) and Funk Bottoms Wildlife Area 

(FBWA) in Wayne and Holmes Counties support the largest concentration of breeding 

cranes in Ohio.  The Killbuck Marsh-Funk Bottoms habitat complex, which includes 

private land adjacent to KMWA and FBWA, currently supports 14 breeding cranes (7 

pairs), 9 sub-adults, and 1 juvenile.  Additional cranes were observed at scattered 

locations in northern Ohio: near La Su An Wildlife Area (LSWA) in Williams County (1 

breeding pair), Shenango Wildlife Area in Trumbull County (1 breeding pair), near the 

town of Rittman in Wayne County (1 breeding pair), Ottawa National Wildlife Refuge in 

Ottawa County (3-4 cranes), and near Aquilla Wildlife Area and La Due Reservoir in 

Geauga County (3 breeding pairs, Chapter 2).  At current estimated size, the population is 

not viable and should still be considered endangered (Chapter 2). 

 The goals of this project were to identify factors that currently limit the growth of 

Ohio’s crane population and identify opportunities for population enhancement.  Poor 

reproduction, availability of suitable breeding habitat, adult mortality, and other factors 
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outside the breeding season were considered possible limiting factors.  Management 

recommendations were developed to address limiting factors identified through this 

study. 

 

6.2 LIMITING FACTORS 

6.21 REPRODUCTION 

 Mean annual nesting success at KMWA, FBWA, and LSWA was 30% during 

2002-2004 (Chapter 4).  Nesting success averages 50% for most crane populations in 

North America (Tacha and Vohs 1984, Tacha et al. 1992).  Nest flooding at KMWA and 

FBWA accounted for nearly 70% of observed nest failures.  Causes of other nest failures 

were unknown, although predation, egg infertility, and addling are other common causes 

(Drewien et al. 1995, Littlefield and Cornely 1997).  Colt survival averaged 0.58, which 

was similar to or greater than estimates reported for other populations (Chapter 4).  

Causes of colt mortality were not identified, although predation is often the greatest 

source (Ivey and Scheuring 1997, DesRoberts 1997).  Other common causes of colt 

mortality include parasitic gapeworms, drowning, accidental injury, and intraspecific 

aggression (Nesbitt 1992, Ivey and Scheuring 1997, DesRoberts 1997). 

Percentage of fledged colts in Ohio’s crane population averaged 12.5% during 

2002-2004, which is similar to rates observed in other Great Lakes crane populations 

(Drewien 1973, Lovorn and Kirkpatrick 1982) and indicates the population is increasing 

and expanding (Drewien 1996).  However, during 2 of 3 years, juveniles comprised <8% 

of the autumn population.  Populations that average 8-10% juveniles during autumn are 

considered stable and <8% decreasing (Littlefield and Ryder 1968).  Analysis of KMWA 
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water level data for 1994-2004 suggests that flood events of a magnitude that cause nest 

failure occur at shorter intervals than the crane incubation period during most years, and 

long-term annual recruitment was likely over-estimated in this study (Chapter 4).  Poor 

reproduction caused by nest flooding currently limits growth of the Killbuck Marsh-Funk 

Bottoms crane population, although the influence of nest flooding on crane production at 

other sites in Ohio is not known. 

 

6.22 HABITAT AVAILABILITY 

 Cranes nested in shallow marshes dominated by persistent emergent vegetation 

(sedge, cattail, or reed canary grass) that were located 29 ± 25 m from grass habitat and 

246 ± 137 m from row crops.  Breeding and sub-adult cranes spent 71-82% of daytime in 

shallow marsh and wet meadow and used these habitats primarily for nesting, resting, and 

comfort activities.  Cranes fed in agricultural fields throughout the breeding season, 

utilizing crop stubble, plowed fields, and planted corn and soybean fields, depending on 

what was available.  Cranes used grass habitats extensively for food and cover during 

brood-rearing but rarely during other phases of the breeding cycle.  Grass habitat that is 

near marshes used for nesting was identified as a critical habitat component of an optimal 

crane breeding territory (Chapter 3).   

 A spatially-explicit Habitat Suitability Index (HSI) model was developed to 

identify suitable crane habitat in Ohio using digital land cover data and a geographic 

information system (Chapter 5).  Nesting habitat suitability was evaluated on the basis of 

wetland vegetation type, wetland size, and the amount of grass habitat and row crops 

within 780 m of the wetland.  The HSI model was applied to National Land Cover Data  
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(NLCD) for northern Ohio.  HSI model output predicted known nest locations when 

emergent marsh was correctly identified by NLCD, although inaccuracies in wetland 

classification limited utility of the HSI model in identifying suitable habitat across Ohio 

without extensive ground-truthing.  The HSI model identified that suitable, unoccupied 

habitat is available to cranes at Killdeer Plains and Big Island Wildlife Areas in Wyandot 

and Marion Counties, near La Due Reservoir in Geauga County, and in the Lake Erie 

marsh region. 

HSI output was also used to estimate breeding pair carrying capacity for 5 habitat 

complexes in northern Ohio (Chapter 5).  Carrying capacity was defined as the maximum 

number of suitable nesting sites that can be occupied simultaneously by breeding pairs, 

given that pairs are territorial and nests must be spaced 3,000 m apart.  Carrying capacity 

was formulated as an Anti-Covering Location Problem (ACLP) and solved using 

optimization techniques.  ACLP results indicate that Killbuck Marsh-Funk Bottoms, La 

Su An, and Aquilla-La Due are at or near carrying capacity defined by current crane 

habitat utilization patterns.  Population expansion at these sites can occur if cranes will 

nest at these sites at a higher density than currently observed in Ohio, if carrying capacity 

at the sites is increased through wetland restoration, or if the population will expand into 

unoccupied habitats in other areas.  The greatest potential for crane population expansion 

exists at the Lake Erie Marshes, which can support >25 breeding pairs. 
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6.23 ADULT MORTALITY  

Annual adult survival was not studied for cranes in Ohio.  However, annual non-

hunting mortality averages about 5% for fledged cranes (Tacha et al. 1992), and cranes in 

the Great Lakes population are not hunted.  Avian botulism (Clostridium botulinum), 

avian cholera (Pasteurella spp.), avian tuberculosis (Mycobacterium avium), aspergillosis 

(Aspergillus spp.), mycotoxins, lead poisoning, and power line collisions are known 

sources of mortality (Windingstad 1986, Tacha et al. 1994).  Predation of fledged cranes 

is rare (Tacha et al .1994).   Breeding pairs were observed in the same territories at 

KMWA, FBWA, and LSWA during each year of the study and were thought to be 

occupied by the same individuals (Chapter 3), and numbers of sub-adults observed at 

KMWA and FBWA increased during each year of the study (Chapter 2), which indicates 

that mortality of adults and fledged colts is not likely limiting.    

 

6.24 FACTORS OUTSIDE THE BREEDING SEASON 

 Other factors outside the breeding season that may limit population growth, such 

as body conditioning during migration and wintering habitat availability, were not 

studied.  Cranes acquire necessary nutrients for migration and reproduction at spring 

staging areas (Krapu 1985, Krapu and Johnson 1990).  Staging cranes use native 

grassland and planted hayland to acquire protein from invertebrates (Sparling and Krapu 

1984, Reinecke and Krapu 1986) and consume waste grains to replenish lipid stores that 

are expended during egg production and territorial defense (Tacha et al. 1987, Krapu et 

al. 1995).  An abundance of waste grains available during migration is believed to 
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contribute to increased recruitment observed in Mid-continent crane populations (Krapu 

et al. 1995).   

Autumn staging areas were identified for cranes breeding in Ohio by tracking 2 

cranes with radio-transmitters (Chapter 3).  The Killbuck Marsh-Funk Bottoms crane 

population staged at FBWA during autumn and later migrated to Hiwassee National 

Wildlife Refuge in Tennessee (Richard Urbanek, personal communication).  The cranes 

were believed to winter with other crane flocks at Hiwassee, although it is possible they 

wintered further south during a 3-4 week period during which they were not tracked.  A 

large portion of the Great Lakes population winters in southern Georgia and central 

Florida (Walkinshaw 1973).  Quality and availability of staging and wintering habitat for 

cranes that nest in Ohio is unknown, although there is no evidence that suggests either 

currently limit population growth. 

 

6.3 MANAGEMENT RECOMMENDATIONS 

6.31 POPULATION MONITORING 

 An annual monitoring program should be implemented to document changes in 

sandhill crane abundance and breeding distribution in Ohio.  Population surveys should 

be conducted each spring to locate breeding pairs at sites where breeding cranes have 

been confirmed or reported.  Pairs should be monitored throughout the breeding season to 

determine nesting success, and efforts should be made to identify causes of reproductive 

failure at sites where limiting factors have not been identified (e.g. Aquilla-La Due).  

Post-fledging brood size and autumn age ratios should be calculated annually to estimate 

productivity and infer population status (Chapter 4). 
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 Road surveys conducted during the courtship period were an efficient method for 

locating breeding cranes at KMWA and LSWA.  Road surveys were not effective for 

locating breeding cranes at FBWA, because road access to crane habitat was inadequate.  

Ground searching was used to successfully locate breeding cranes at FBWA and sub-

adult cranes at both FBWA and KMWA.  Cranes at other sites were located by both road 

surveys and ground searching (Chapter 2). 

 Road surveys are recommended for future breeding pair searches at KMWA, 

LSWA, and other sites where road access to habitats suitable to cranes is adequate, 

although additional ground searching will be necessary if a complete count of breeding 

pairs and sub-adults is desired.  Road surveys may be suitable for breeding pair searches 

at Killdeer Plains Wildlife Area, Big Island Wildlife Area, and Rittman-Doylestown.   

Road surveys should be conducted during early morning (starting one-half hour 

before sunrise and ending ~10:00) and evening (starting two hours before sunset and 

ending at dark) during late March through April.  All roads located within 1 km of 

suitable crane nesting habitat should be driven during the survey to visually scan for 

cranes.  Nearly all cranes located during surveys were observed in crop stubble or 

shallow marsh.  Stops (3-5 minutes) to listen for Unison calls should be placed at 

approximately 1.6-km intervals, such that there is at least 1 stop per km2.  Starting points 

and route direction should be alternated during subsequent visits.  One to 5 surveys were 

needed to locate all breeding pairs at LSWA and KMWA during each nesting season 

(Chapter 2). 

 Ground searches are recommended for locating breeding and sub-adult cranes at 

FBWA and other sites with poor road access and a relatively small amount of suitable 
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crane habitat to search.  Ground searches are recommended for locating cranes at 

Aquilla-La Due, Shenango Wildlife Area, and Little Portage Wildlife Area, as well as 

sub-adults at all sites.  Early morning or evening ground searches should be conducted 

during the courtship period to locate breeding pairs.  Searches should focus on listening 

for Unison calls and looking for cranes feeding in row crop stubble or flying to and from 

marshes used for roosting.  Ground searches for sub-adults can be conducted during early 

morning or evening throughout the breeding season. 

 Aerial searches are recommended for all sites, especially those with inadequate 

road access and a large amount of suitable crane habitat to search.  Helicopter searches 

are the most common and effective method used to locate cranes and nesting sites (Riley 

1992; Bennett 1989; Bennett and Bennett 1989, 1990; Melvin et al. 1990; Dwyer and 

Tanner 1992; Provost et al. 1992; Roberts et al. 1996; Drewien et al. 1996; Ellis et al. 

1998).  Helicopter searches may be the only efficient method of surveying breeding 

cranes in the Lake Erie Marshes and may be more efficient than road surveys and ground 

searches at all sites. 

 Population monitoring also should be conducted during both breeding and post-

breeding periods in order to estimate population size and calculate autumn age ratios (% 

fledged colts in the population) that can be used to infer population status (Chapter 4).  

Post-fledging counts can be conducted on the breeding grounds if all breeding pairs have 

been identified, or more easily, on autumn staging grounds.  Cranes in the Killbuck 

Marsh-Funk Bottoms population are known to stage at FBWA.  Autumn aerial surveys 

can be conducted quickly and efficiently at FBWA on an annual basis to document long-
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term changes in population size and age structure.  Aerial surveys should be conducted 

during the afternoon, when cranes roost in large groups. 

 

6.32 MAINTENANCE OF MULTIPLE VIABLE SUB-POPULATIONS 

 Ohio’s crane population, at current estimated size, is not viable.  Viable 

populations are naturally reproducing populations that are large enough such that risks of 

extinction caused by changes in environmental or genetic diversity are negligible (Shaffer 

1987).  The largest concentration of breeding cranes in Ohio is located at KMWA and 

FBWA, where population size is small and nest flooding events depress recruitment.   

Additional breeding cranes in Ohio were observed in isolated groups of 1-3 pairs, which 

may be vulnerable to local extinctions caused by stochastic events.  Ohio’s crane 

population should be considered endangered until multiple, self-sustaining sub-

populations become established in Ohio.  Maintaining viable sub-populations at multiple 

sites reduces the risk of extirpation of cranes from Ohio, because the overall population 

can survive periodic local extinction events. 

 Small sub-populations of cranes currently exist in Ohio at Killbuck Marsh-Funk 

Bottoms, La Su An, and Aquilla-La Due habitat complexes.  Suitable crane habitat also 

exists at Killdeer Plains-Big Island and the Lake Erie Marshes, although breeding pairs 

were not detected (Chapter 5). Carrying capacity estimates indicate that Killbuck Marsh-

Funk Bottoms, La Su An, Aquilla-La Due, and Killdeer Plains-Big Island can each 

support only 0-4 additional breeding pairs.  Carrying capacity was calculated assuming 

crane nests must be spaced >3,000 m apart, and future carrying capacities may be higher 

than estimated if cranes will nest at a higher density than currently observed in Ohio. 
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Population growth at these sites can also occur if cranes expand into unoccupied, suitable 

habitats in other areas, or if carrying capacity is increased through wetland restoration in 

adjacent habitats.  The greatest potential for crane population expansion exists in at the 

Lake Erie Marshes, which can support >25 breeding pairs.  Maintenance of viable sub-

populations at 3 or more of these 5 sites is recommended before cranes are down-listed 

from state-endangered.  A population viability analysis is recommended to determine the 

population size at which extinction risks from stochastic events are negligible. 

 

 

6.33 WETLAND RESTORATION AND POPULATION ENHANCEMENT 

 Wetland restoration is recommended to increase carrying capacity at sites where 

maintenance of viable sub-populations of sandhill cranes is desired and availability of 

suitable nesting sites is expected to be limiting in the near future.  Potential sites include: 

Aquilla-La Due, Killdeer Plains-Big Island, Killbuck Marsh-Funk Bottoms, and La Su 

An.    

Restoration of diked marshes >2.5 ha with water control structures is 

recommended to provide optimal nesting habitat for cranes in Ohio.   Diked marshes 

prevent nest flooding and allow managers to maintain a preferred water depth of 10-cm 

during the nesting season.  Ohio cranes nested in sedge, cattail, and reed canary grass 

(Chapter 3), although cranes also utilize bulrushes, rushes, and other grasses and forbs for 

nesting (Littlefield and Ryder 1968, Walkinshaw 1973, Drewien 1973).  Persistent 

emergent vegetation should be planted or encouraged through water level management to 

 84



provide adequate nesting cover.  Grass should be planted along marsh edges to provide 

optimal habitat during brood-rearing (Chapter 3). 

For optimal results in increasing carrying capacity, restored marshes should be 

located 1.5-3 km from known nesting sites and other marshes that are suitable for nesting.  

Constructing marshes close together may increase habitat quality within individual 

breeding territories but may not increase carrying capacity.  Marshes should also be 

constructed next to grassland, hay, or row crops (Chapter 3) and away from sources of 

human disturbance (Armbruster 1987). 

Increasing carrying capacity through population augmentation is not 

recommended, as many sites are nearing estimated carrying capacity.  The Lake Erie 

Marshes have the greatest potential to support a viable crane population, although 

breeding pairs were not observed during 2004.  However, 3-4 sub-adults were observed 

at the site during 2004, which could indicate that cranes are currently colonizing the area, 

and augmentation may not be necessary to establish a population.   

  

6.34 HABITAT ENHANCEMENT 

 Habitat enhancement at locations where cranes currently breed may contribute to 

increased population growth, if activities improve nesting success, colt survival, or adult 

fitness.  Habitat enhancement may also lead to increased breeding pair carrying capacity, 

if efforts improve habitat quality such that cranes will nest at a higher density.  

Additionally, habitat enhancement can be implemented at sites where a viable sub-

population is absent, such as the Lake Erie Marshes, to improve habitat suitability and 

possibly encourage colonization. 
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 Improved water level management is recommended at Killbuck Marsh-Funk 

Bottoms to prevent nest flooding that currently depresses recruitment (Chapter 4).  

Construction of dikes in existing marshes is one alternative, although restoration of new 

marshes with water control structures may be more feasible.  Diked marshes currently in 

existence should be managed such that multiple units provide optimal nesting habitat 

each nesting season (see Wetland Restoration). 

 Upland habitat management can be used to improve quality of breeding pair 

territories at all sites where cranes are present or desired.  Grass should be planted or 

maintained around shallow emergent marshes that are suitable for nesting, as grass 

provides optimal food and cover for cranes during brood-rearing.  Row crops, especially 

corn, should be planted within 250 m of nesting marshes, preferably adjacent to grass that 

surrounds nesting sites.  Some standing corn should be left after each harvest to provide 

additional food to cranes during courtship.  Cranes were observed feeding on waste corn 

each spring until it was no longer available.  Cranes consume corn to increase lipid stores 

that are depleted during migration, egg production, and territorial defense.  Providing 

additional corn to breeding cranes during courtship by leaving some standing crop each 

autumn may increase pair fitness and egg production (Tacha et al. 1987, Krapu et al. 

1995).  
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Date Time Site Observation
3/22/2002 7:28 AM KMWA Unison call, west of Valley Rd, south of Willow Rd.
3/24/2002 5:14 PM KMWA Pair in marsh on Cemetery Rd, near SR 226.
3/24/2002 5:59 PM KMWA Pair in field adjacent Moore Marsh, Valley Rd.
4/2/2002 6:47 PM KMWA Unison call heard from marsh at Butler Spring, SR 83.

4/16/2002 6:45 PM KMWA Pair in field behind KMWA headquarters.
4/1/2003 4:51 PM KMWA Pair in field on SR 83, by marsh at Butler Spring.
4/3/2003 7:45 AM KMWA Pair fly over Cemetery Rd., near SR 226.
4/7/2003 8:00 AM KMWA Pair in field behind KMWA headquarters.
4/9/2003 4:55 PM KMWA Pair in field on Kimber Rd.
4/9/2003 5:06 PM KMWA Pair in field on SR 83, by marsh at Butler Spring.
4/9/2003 6:38 PM KMWA Pair in field on CR 1, west of Killbuck Creek.

4/12/2004 7:15 PM KMWA Pair in field on SR 83, by marsh at Butler Spring.
4/12/2004 7:20 PM KMWA Pair in field on CR 1, west of Killbuck Creek.
4/19/2004 6:45 PM KMWA Pair in field adjacent Wright Marsh, Willow Rd.
4/19/2004 7:45 PM KMWA Unison call heard behind KMWA headquarters.
3/30/2002 7:30 AM LSWA Pair on Road P50, west of SR 49.
4/9/2002 7:40 AM LSWA Pair on Road R, west of SR 49.
4/2/2003 4:45 PM LSWA Pair on SR 49, north of Q50.

Appendix 4.  Sandhill crane breeding pair observations during census routes at 
Killbuck Marsh Wildlife Area (KMWA) and La Su An Wildlife Area (LSWA) during 
2002-2004.
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Location Year East North
KMWA - Headquarters 2003 418274 4503228
KMWA - Headquarters 2003 418390 4503230
KMWA - Butler Spring 2002 420588 4499852
KMWA - Moore Marsh 2002 417609 4510362
LSWA - Private Land 2002 686500 4615000
KMWA - Force Road 2004 418750 4503750
KMWA - Wright Marsh 2004 416353 4508388
Appendix 7.  UTM coordinates for sandhill crane nests at Killbuck Marsh Wildlife 
Area (KMWA) and La Su An Wildlife Area (LSWA).
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Location East North
Kiser Ditch 407550 4510550
Kiser Ditch 408400 4510775
Elyria Road 409275 4511475
Elyria Road 408950 4512200
Kiser Ditch 408375 4511475
Elyria Road 408175 4513300
State Route 95 408050 4512450
State Route 95 407750 4512325
State Route 95 407375 4512200
State Route 95 406950 4512425
Funk Road 406200 4513665
Funk Road 405950 4513425
Funk Road 405950 4513250
Funk Road 405825 4512725
Funk Road 405500 4513550
Funk Road 405575 4512725
Funk Road 405500 4512475
Appendix 8.  Approximate UTM coordinates of sandhill crane observations at 
Funk Bottoms Wildlife Area, Ohio, during 2002-2004.
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Location East North
State Route 49 687450 4614250
Road P 50 687425 4614125
Road Q 686475 4615000
Road Q 686375 4614975
Road P 50 686375 4614050
Road P 50 685950 4614025
Appendix 9.  Approximate UTM coordinates of sandhill crane observations 
at La Su An Wildlife Area, Ohio, during 2002-2004.
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Site - Location Year Nest Initiation Nest Fate (Cause of Failure)
KMWA - Butler Spring 2002 Prior to 28 March Abandoned 1 April (Flooding)
KMWA - Moore-Wright 2002 21 April Hatched 1 colt, 23 May
KMWA - Butler Spring 2002 Between 20 April and 24 April Abandoned 11 June, 2 eggs (Unknown)
LSWA - Private Land 2002 Between 11 April and 30 April Abandoned prior to 16 May (Unknown)
KMWA - Headquarters 2002 Between 24 April and 8 May Abandoned 16 May
FBWA - North 2002 Prior to 7 May Abandoned 17 May
FBWA - South 2002 During April Hatched 2 colts, observed 29 May
KMWA - Butler Spring 2003 25 March Hatched 2 colts, observed 8 May
FBWA - North 2003 Prior to 22 April Abandoned 12 May (Flooding)
KMWA - Moore-Wright 2003 Between 21 April and 24 April Abandoned 1 May (Unknown)
FBWA - South 2003 Prior to 5 May Hatched 2 colts, observed 18 June
LSWA - Private Land 2003 During April Hatched 2 colts, observed 15 May
KMWA - Headquarters 2003 During April Abandoned (Flooding)
KMWA - Headquarters 2003 Prior to 16 May Abandoned prior to 18 June (Flooding)
FBWA - North 2003 Prior to 3 June Abandoned 17 June (Flooding)
KMWA - Butler Spring 2004 After 12 April Hatched 1 colt, observed 15 May
KMWA - Force Road 2004 Unknown Abandoned prior to 2 June (Flooding)
KMWA - Headquarters 2004 During April or late May Abandoned prior to 31 May (Flooding)
KMWA - Moore-Wright 2004 Prior to 24 May Abandoned 5 June (Unknown)
KMWA - Holmesville 2004 Prior to 12 April Unknown
LSWA - Private Land 2004 Unknown Hatched 1 colt, observed 29 June
FBWA - North 2004 Prior to 28 April Abandoned prior to 24 May (Flooding)
FBWA - South 2004 Prior to 10 May Abandoned prior to 7 June (Unknown)
FBWA - North 2004 During late May Abandoned prior to 14 June (Flooding)
Appendix 10.  Sandhill crane nest initiation dates and fates observed at Killbuck Marsh Wildlife Area 
(KMWA), Funk Bottoms Wildlife Area (FBWA), and La Su An Wildlife Area (LSWA) in Ohio during 2002-
2003.
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1 920000 1090000 2150000 2100000
2 990000 1040000 2150000 2100000
3 1040000 1090000 2250000 2100000
4 1090000 1140000 2250000 2100000
5 1140000 1190000 2250000 2100000
6 1190000 1240000 2250000 2100000
7 1240000 1300000 2250000 2100000
8 920000 1090000 2100000 2000000
9 990000 1040000 2100000 2000000

10 1040000 1090000 2100000 2000000
11 1090000 1140000 2100000 2000000
12 1140000 1190000 2100000 2000000
13 1190000 1240000 2100000 2000000
14 1240000 1300000 2100000 2000000

Bottom

Appendix 11.  NLCD (2003) corner cooridinates for 14 evaluation blocks used to 
evaluate sandhill crane habitat suitability in Ohio.

Block Left Right Top
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