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Abstract: Current recommendations for subpopulation management for mid-continent
sandhill cranes (Grus canadensis) are based on tentative evidence that suggests geo-
graphic separation of crane concentrations during migration and winter and possible
variation in demographic characteristics between these groups. We determined distribu-
tion, abundance, subspecific composition, and annual recruitment of the Gulf Coast
subpopulation of mid-continent sandhill cranes because little information was available
on most demographic characteristics of this subpopulation. Based on aerial line transect
surveys conducted along the Texas Coast during winter, subpopulation abundance was
120,072 cranes (SD = 31,845) during 1996-1997 and 121,057 cranes (SD = 31,521)
during 1997-1998. Winter age ratios (percent hatch-year cranes) along the Texas Gulf
Coast ranged from 9.5% (SE=0.52, N=3,239 cranes) to 10.8% (SE=0.61, ^=2,570
cranes), indicating that annual recruitment was lower than previously reported. Subspe-
cific composition of cranes wintering along the Texas Coast included 28%-32% greater
sandhill cranes (G. c. tabida), 62%-68% Canadian sandhill cranes (G. c. rvwani), and
4%-8% lesser sandhill cranes (G. c. canadensis) during the winters of 1995-1997. Few
greater sandhill cranes were present in either the Rolling Plains or South Texas Plains
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during the hunting season. A subpopulation boundary through these regions would in-
clude the majority of greater sandhill cranes in the Gulf Coast subpopulation.

Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies 53:449-463

The Mid-continent population of sandhill cranes is currently managed as a sin-
gle population (Central and Pacific Fly way Counc. 1993). However, geographic sep-
aration of crane concentrations during fall and winter (Johnson and Stewart 1973;
Tacha et al. 1984, 1986), as well as differences in demographic characteristics of
wintering aggregations (Tacha 1981, Tacha and Vohs 1984), provided evidence for
recognition of 2 subpopulations (henceforth referred to as the Gulf Coast and west-
ern subpopulations) and indicated the need to manage them separately (Mid-
continent Sandhill Cranes Ad Hoc Subcomm. of the Central Fly way Counc, unpubl.
rep.). Furthermore, differences in internal parasites between Western and Gulf Coast
subpopulation (GCS) sandhill cranes suggested separation during the breeding sea-
son and further supported the concept of 2 distinct subpopulations (Iverson et al.
1983).

Although extensive work has been conducted to estimate demographic parame-
ters of the Western subpopulation of mid-continent sandhill cranes (Iverson et al.
1982, 1985a, b, 1987; Carlisle and Tacha 1983; Tacha and Vohs 1984; Tacha et al.
1985a, b), little information is available on most demographic variables for the GCS.
Previous estimates of abundance for the GCS vary widely (Guthery and Lewis
1979:22,000 [no variance]; Tacha et al. 1986: 30,000 [no variance]; Muehl 1994:
166,000 [95% CI=± 160,000]) and are imprecise or have no associated measures of
variability. Annual recruitment has been estimated by age ratio surveys during migra-
tion when nonbreeding cranes and family units may be segregated (Miller and Hat-
field 1974,Buller 1979, Carlisle and Tacha 1983, Tacha and Vohs 1984), or from lim-
ited areas on wintering grounds (Buller 1976, Tacha et al. 1986). Furthermore,
concern over the small number of greater sandhill cranes within the GCS is based on
limited data.

The GCS includes greater, lesser, and Canadian sandhill cranes (Guthery and
Lewis 1979, Tacha et al. 1994). Greater sandhill cranes are considered most limited
in abundance and distribution within the range of the mid-continent population. Con-
sequently, this subspecies has attracted special concern among agencies responsible
for mid-continent sandhill crane management. Ideally, management of subpopula-
tions would involve identifying a subpopulation that includes most of the mid-
continent greater sandhill cranes, which would facilitate protection of this subspe-
cies. Based on previous subspecific composition studies, it is thought that most
greater sandhill cranes are part of the GCS (Johnson and Stewart 1973, Tacha 1981).
However, without a reliable estimate of the GCS size and subspecific composition,
the number of greater sandhill cranes in the mid-continent population remains spec-
ulative. Because sandhill cranes exhibit delayed sexual maturation and low annual
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recruitment rates, accurate delineation of abundance and harvest of subspecies is es-
sential. Currently, the mid-continent population is hunted in 9 Central Flyway states,
Alaska, Arizona, Canada, and Mexico (Tacha et al. 1992, 1994) Additionally, sand-
hill crane harvest in the Central Flyway has steadily increased over the past 20 years
(Sharp etal. 1997).

The purpose of this study was to investigate demographic characteristics of the
GCS of mid-continent sandhill cranes including distribution, abundance, subspecific
composition, and annual recruitment to help facilitate management at the subpopula-
tion level.

We thank F. S. Guthery for technical advice throughout this study. We are also
grateful to the King Ranch, Inc., Kennedy Ranch, and other private landowners who
allowed access to their properties. We appreciate assistance and information pro-
vided by D. S. Benning, R. L. Bingham, and D. H. Johnson. We thank J. Steiner for
analyzing aerial photographs. We acknowledge assistance in data collection by J.
Hurst, D. Lobpries, M. Nelson, T. Pilcik, R. Sims, R. Taylor, G. Waggerman, and
many other Texas Parks and Wildlife Department (TPWD) employees. M. A.
Bishop, F. Chavez-Ramirez, A. M. Fedynich, F. S. Guthery, D. G. Hewitt, D. H.
Johnson, and K. J. Reinecke commented on the manuscript. Cooperative funding was
provided by the 1995 Webless Migratory Bird Research Program (U.S. Fish and
Wildl. Serv. and U.S. Geol. Survey-Biol. Resour. Div.), TPWD, and Caesar Kleberg
Wildlife Research Institute at Texas A&M University-Kingsville. This is publication
number 97-123 of the Caesar Kleberg Wildlife Research Institute.

Methods

Subpopulation Abundance

Sandhill crane abundance along the Texas coast was determined using aerial
line transect surveys (see Buckland et al. 1993). Twenty-seven counties (Fig. 1) were
divided into 5 strata based on traditional crane distribution (TPWD unpubl. data). We
allocated 75 aerial transects such that the variance and extrapolated estimate of re-
gional population size was minimized. Buckland et al. (1993:311) showed that opti-
mum allocation is approximately

lAyDy

where Pv is the proportion of total transect length allocated to stratum v, Av is the area
of stratum v, and Dv is the density of cranes in stratum v. Each transect totaled 32 km
and consisted of 2 parallel 16-km segments that were 3.2 km apart and oriented
north-south. Starting points for each transect were determined by randomly selecting
latitude-longitude coordinates within each county. We allocated transects to counties
within strata in approximate proportion to county size, which provided better spatial
distribution of transects. Because strata were not contiguous, allocation to counties
ensured that a transect would not cross a county boundary and enter another stratum.
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Observers counted cranes from fixed-wing aircraft and recorded flock size and
right-angle distance (m) from the center of the flock to the transect line. Aerial surveys
were conducted during the third week of December each year to correspond with
peak crane abundance (Tacha et al. 1986). Preliminary surveys were conducted in
December 1995; however, they were incomplete because of logistical constraints and
therefore are not reported. In subsequent years, 2 crews completed surveys during the
third week of December. Flight speed (160 km/hour) and altitude (150 m) were con-
sistent between survey crews and years.

Population abundance in each stratum was estimated using the equation

where G is the number of flocks in v strata, gv is the number of flocks observed
in stratum v, Av is the area of stratum v, /(0) is the probability of detecting a flock on
the transect line, and Lv is the total transect length in stratum v (Buckland et al. 1993).
The associated variance is calculated using the equation

where var(G) is the variance of flocks, Dv is the density of flocks in stratum v; b\ is
calculated as

, var(n)

where var(n) is 2 times the number of flocks, and E(n) is 2LD//(0); and In is calcu-
lated as follows (Buckland et al. 1993).

E(n)var(f(0))
[f(0)}2

The number of cranes (TV) is calculated as N=(G) E(s), where E(s) is the expected
flock size and the variance associated with the number of cranes is calculated by

var(N) = var(G) £(s)2 + var(E(s)) G2-var(G)var(E(s))

where var(N) is the variance of the subpopulation estimate, E(s) is the expected flock
size, and var(E(s)) is the estimated variance of the expected flock size. Estimates of
crane abundance in Kleberg and Nueces counties were calculated similarly to com-
pare to roost counts. To calculate flock density and regional estimates of the probabil-
ity of detection of flocks on the transect line we used program DISTANCE (Buck-
land et al. 1993). Based on histograms of distance data, we analyzed data using
several robust models (Buckland et al. 1993). We chose a half-normal detection
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function with a cosine adjustment because it had the smallest Akaike Information
Criterion value and the goodness of fit tests (P=>0.251) gave no indications that the
model was inappropriate or that any assumptions were seriously violated (see Buck-
land etal. 1993).

Each year on mornings concurrent with aerial surveys, we conducted ground
counts of cranes at all known roosts in Kleberg and Nueces counties to evaluate the
accuracy of aerial survey estimates. Several large roosts were located in proximity to
county boundaries, and cranes leaving these roosts and exiting either county were not
counted. Roost counts were assumed to be complete counts of cranes using these 2
counties and were compared to 95% confidence intervals derived from aerial survey
data. In addition, photographs were taken of random crane flocks during aerial sur-
veys in 1996 to measure error in group size estimation for each observer. Photo-
graphs (25.4-cm X 30.5-cm prints from 35-mm color oblique) were magnified to de-
termine number of cranes within flocks, similar to methods used during the spring
Mid-continent Population survey conducted by the U.S. Fish and Wildlife Service
(Walter 1996).

Age Ratios

Age ratios of sandhill cranes were determined by observing flocks in 19
counties along the Texas coast (Fig. 1) during 15—31 December 1995—1997. Roads
were systematically driven north to south in each county to reduce the chance of
counting a flock more than once. A flock was defined as s 2 cranes separated from
other flocks of >2 cranes by >50 m. We only sampled flocks that were on the ground
and within distances that distinguishing characteristics were observable. Crown
feathering and nape feather coloration were used to determine age (Lewis 1979).
Both Tacha and Vohs (1984) and Drewien et al. (1995) found >98% of hatch-year
(HY) cranes were distinguishable from after-hatch-year (AHY) cranes as late as Jan-
uary and February using crown and nape feather characteristics. Age ratios were ex-
pressed as (HY cranes/total cranes) X 100. We used %2-tests to investigate differ-
ences in age structure among years and among counties within years.

Distribution and Subspecific Composition

Sandhill cranes were collected from 14 counties along the Gulf Coast of Texas
during mid-December through late January 1995-1996 and 1996-1997 (Fig. 1). We
determined sex by gonadal examination and measured length (mm) of culmen post-
nares, wing chord, and tarsus for each AHY crane collected (Table 1). Sandhill
cranes also were collected from 3 counties in the South Texas Plains and 6 counties
in the Rolling Plains (Fig. 1) to determine the westward extent of greater sandhill
crane distribution. Crane collections were conducted during November in 1995 and
from mid-November through mid-December 1996 and 1997 to determine the propor-
tion of greater sandhill cranes present during the hunting season in this region. Opti-
mally, we hoped to establish subpopulation boundaries that would include the ma-
jority of mid-continent greater sandhill cranes. We collected cranes by shooting as
they flew to roosts in the evening or to feeding areas in the morning. We attempted
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Houston

Figure 1. Shaded areas indicate counties within 3 regions of Texas where this study took
place. Cranes were collected in the Rolling Plains and South Texas Plains regions. Within the
Gulf Coast region (enlarged area), aerial surveys were conducted in all counties, cranes were
collected in counties that are shaded, and age ratio surveys were conducted in counties that
are shaded or hatched.

to randomly collect 1 crane per flock. Because of age-, sex- (Tacha andVohs 1984)
and potential subspecific differences in vulnerability to harvest we did not use decoys
except for 6 hunter-shot birds in the Rolling Plains. Discriminant models (D. H.
Johnson, U.S. Geol. Survey, unpubl. data) derived from measurements of AHY sand-
hill cranes of known sex and breeding origin were used to partition our sample of
cranes into the 3 respective subspecies. Subspecific composition is reported as the
percentage of each subspecies within each region . We used %2 analysis to test for dif-
ferences in subspecific composition between years for each region and between re-
gions within years. We used aZ-test to test for differences in the proportion of greater
sandhill cranes between the lower and mid-coasts. We also evaluated our sampling
effort to determine if it was proportional to sandhill crane distribution along the Gulf
Coast. This was accomplished by weighting our estimates of subspecific composi-
tion within each stratum by the estimated stratum population size based on our cur-
rent aerial survey data. We then compared the weighted subspecific populations with
the samples of cranes collected along the Gulf Coast using %2 analysis.
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Table 1. Measurements (mm) of culmen post-nares (culmen), tarsus, and unflattended
wing chord from sandhill cranes collected in 3 regions of Texas during winters 1995-96 and
1996-97.

Subspecies

Lessers
N
X

SE
min.
max.

Canadians
N
X

SE
min.
max.

Greaters
N
X

SE
min.
max.

Culmen

37
73.5
0.7

64.2
82.6

96
84.3
0.4

74.2
92.6

45
93.6

0.6
87.3

102.8

Females

Tarsus

37
185.9

2.3
142
207

96
211.7

1.0
187
235

45
229.0

1.6
211
263

Wing chord

37
455.1

3.4
415
503

96
479.2

1.9
437
522

45
494.8

2.4
465
549

Culmen

43
77.1

0.8
68.5
89.2

147
88.7
0.4

73.8
101

55
98.6

0.6
90.0

110.6

Males

Tarsus

43
199.3

2.4
158
222

147
228.5

1.0
196
255

55
237.4

1.9
197
263

Wing chord

43
475.1

3.1
435
514

147
499.1

1.6
432
555

55
528.9

1.7
505
552

Results

Subpopulation Abundance

We counted cranes along 72 aerial line transects in December 1996 and 68 tran-
sects in 1997 (Table 2). During both years, survey crews completed surveys during
the third week of December. Estimated subpopulation abundance was 120,072
cranes (SD = 31,845) in 1996 and 121,057 cranes (SD=31,521) in 1997.

Table 2. Aerial survey data from sandhill crane surveys conducted
along the Gulf Coast of Texas during December 1996 and 1997.

Year
Stratum

1996
1
2
3
4
5

1997
1
2
3
4
5

N transects

72
11
32
14
11
4

68
11
31
14
8
4

N flocks

124
21
55
19
28

1

224
49

135
16
15
9

Ncranes

3,792
554

1,063
626

1,525
24

4,426
654

2,763
512
280
217

Estimate11

120,072
6,759

39,249
26,565
41,300

6,199

121,057
8,530

53,791
12,101
16,456
30,179

a. Estimates were derived using methods of Buck land el al. (1993:310).
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Tests that evaluated the accuracy of our surveys suggested that our estimates
from aerial surveys in Nueces and Kleberg counties in 1996 (5,127 cranes >3,339 ±
461). Extensive flooding prevented access to much of the 2-county area during 1997,
and roost counts were <95% confidence intervals (l,745<20,428 ± 1,681). Analy-
sis of aerial photographs taken during surveys indicated that observers underesti-
mated flock sizes by an average of 14% (range=2%-21%, N=33 photos) in 1996
and 12% (range=7%-10%, /V=36 photos) in 1997.

Age and Sex Ratios

Age ratios of cranes wintering along the Texas Gulf Coast were obtained from
223 flocks containing 4,752 cranes in December 1995, 307 flocks containing 3,239
cranes in December 1996, and 107 flocks containg 2,570 cranes in December 1997.
Percent HY cranes in the GCS was 10.6% (SE=0.45) in 1995, 9.5% (SE=0.52) in
1996, and 10.8% (SE=0.61) in 1997. Proportions of HY cranes were similar among
years (P=0.243) and among counties in December 1996 (P=0.193) and 1997
(P=0.301) but differed among counties in 1995 (%2i8=32.8, P<0.001).

Cranes collected from all 3 geographic regions consisted of nearly 60% males in
each region each year. For example, AHY cranes collected along the Gulf Coast con-
sisted of 63.7% males (72/113) in 1995 and 58.6% males (112/191) in 1996 and did
not vary among counties either year (P>0.40).

Distribution and Subspecific Composition

Wintering AHY sandhill cranes were collected along the Texas coast during
1995-96 (W=113) and 1996-1997 (N=l9l). During winter 1996-97, when both

Table 3. Subspecific composition of sandhill cranes collected in coastal
counties (listed in north-south order) of Texas during winters 1995-96 and
1996-97.

County

Fort Bend
Brazoria
Wharton
Colorado
Matagorda
Jackson
Calhoun
Victoria
Nueces
Kleberg
Kenedy
Willacy
Hildalgo
Cameron

G.c.

N

0
1
1
2
0
0
3
3
4
1
1
0
3
0

Canadensis

%

0
3.3
2.3
6.9
0
0

16.7
8.8

50.0
6.3

11.1
0

25.0
0

G. t.

N

14
15
26
20
21
21
12
21

4
15
8
4
8
3

wwani

%

42.4
50.0
60.5
69.0
60.5
61.8
66.6
61.8
50.0
87.4
77.8

100
66.7

100

G.c

N

19
14
16
7
8

13
3

10
0
1
1
0
1
0

. lubida

%

57.6
46.7
37.2
24.1
27.6
38.2
16.7
29.4

0
6.3

11.1
0
8.3
0
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Table 4. Numbers and percentages of 3 subspecies" of sandhill cranes (Grus canadensis)
collected in 3 regions of Texas during November-January 1995-96 and 1996-97.

Year

Region

1995-96
Gulf Coast
South Texas Plains
Rolling Plains

1996-97
Gulf Coast
South Texas Plains
Rolling Plains

1997-98b
Rolling Plains

N

113
32
27

191
26
34

21

G.

N

4
22
7

15
20
12

3

c. canadensis

%(SE)

3.5(1.73)
68.8(8.19)
25.9 (8.43)

7.9(1.95)
76.9 (8.27)
35.3(8.20)

14.3(7.64)

G.

N

11
9

15

115
6

21

18

c. rowani

%(SE)

68.2 (4.38)
28.1 (7.95)
55.6(9.56)

60.2 (3.54)
23.1 (8.27)
61.8(8.33)

85.7(7.64)

G.

N

32
1
5

61
0
1

0

c. tabida

<7,(SE)

28.3 (5.00)
3.1 (3.06)

18.5(7.47)

31.9(3.37)

2.9(2.88)

a. Based on discriminant function models derived from morphological measurements on adult sandhill cranes of known sex and breeding

origin (D. H. Johnson. U.S. Geol. Surv., unpubl. data).

b Sandhill crane collections were only conducted in the Rolling Plains in Nov — Dec 1997.

aerial surveys and sandhill crane collections were conducted concurrently, analysis
showed that our sampling effort along the Gulf Coast was proportional to sandhill
crane strata population (/24=7.13, P=0.129). Subspecific composition differed
(P<0.001) within our sampling area along the Gulf Coast between the lower and
upper half both years. Morphological variation in our sample indicated gradation
from smaller to larger cranes moving northeastward along the Gulf Coast (Table 3).
The majority of birds along the Gulf Coast were Canadian sandhill cranes during
both years (1995: 68.2%, SE=4.38; 1996: 60.2%, SE=3.54) (Table 4). Greater sand-
hill cranes comprised 28.3% (SE=4.24) to 31.9% (SE=3.37) of cranes collected
along the coast, whereas lesser sandhill cranes represented 3.5 (SE= 1.73) to 7.9%
(SE= 1.95) of our samples.

Approximately 30 sandhill cranes were collected from the Rolling Plains and
South Texas Plains each year (Table 4). Lesser sandhill cranes were the dominant
subspecies in the South Texas Plains, where only 1 greater sandhill crane was col-
lected during 2 years (58 cranes). Proportions of greater sandhill cranes from the
Rolling Plains showed high variability among years, representing from 0 to 18.5% of
collected cranes during 1995-1997 (Table 4). However, during the 2 years when col-
lections were concurrent with the sandhill crane hunting season, only 1 greater sand-
hill crane was detected.

Subspecific composition was similar (P=0.120) between years within each re-
gion, but differed (1995-96: x22=52.79, P<0.001; 1996-97: x2

2=68.03, P <0.001)
between coastal and western regions. Proportions of greater sandhill and Canadian
sandhill cranes were higher in the coastal region, whereas lesser sandhill cranes were
more prevalent in the 2 western regions (Table 4).
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Discussion

Subpopulation Abundance

Previous estimates of crane abundance in the GCS ranged from 22,000 (Guth-
ery and Lewis 1979) to 166,000 cranes (Muehl 1994) and often lacked associated
measures of variability. Guthery and Lewis (1979) incorporated aerial surveys, road-
side counts, and roost counts to estimate crane abundance along the Texas coast dur-
ing December-January 1971. They tallied approximately 22,000 cranes wintering
along the Texas coast; however, they suggested that their count was conservative be-
cause they did not survey several locations were cranes were present. They also sug-
gested that cranes may have changed distribution during their survey period. Tacha et
al. (1986) attempted to estimate crane abundance along the Texas coast and encoun-
tered similar problems to Guthery and Lewis (1979). Weekly counts to determine mi-
gration chronology of sandhill cranes using national wildlife refuges along the Texas
Gulf Coast found that crane abundance peaked in mid-December (Tacha et al. 1986).
However, their surveys to estimate crane abundance were conducted in early Febru-
ary when numbers of cranes in this region were approximately 13% of peak accord-
ing to the migration chronology data. This survey led to an estimated population of
approximately 30,000 cranes from counties associated with the GCS's winter range
(east of Hwy. 16; see Tacha et al. 1986). Muehl (1994) incorporated a systematic
sampling technique to survey 1,009 random quarter sections along the Texas coast,
which were allocated among 5 strata (based on dominant land use) in approximate
proportion to stratum size. His estimate of 165,824 cranes in November 1992 was ac-
companied by a relatively high standard error (SE=81,499) which reduced confi-
dence in the estimate. A subsequent survey in January 1993 estimated 63,542 cranes
along the Texas coast; however, it also had a relatively large standard error
(SE=34,617; Muehl 1994).

We attempted to overcome many of the problems faced by these early studies by
conducting systematic crane surveys during peak crane abundance as well as by
stratifying sampling effort to minimize the variance associated with our extrapolated
estimates of population size. Additionally, we used roost counts and aerial photos of
random flocks during the aerial surveys to evaluate accuracy of aerial survey esti-
mates. Results from booth roost count comparisons and analysis of aerial photos sug-
gested that survey estimates were conservative.

Age Ratios

Understanding population dynamics is essential for effective management of
hunted species or populations that exhibit low recruitment rates (Johnson 1979,
Tacha et al. 1989). Age structure and age-related productivity are key factors that in-
fluence recruitment in long-lived species of migratory birds (Raveling 1981). De-
layed breeding and low annual recruitment rates make sandhill crane populations
sensitive to overharvest, and estimates of recruitment rates are essential to ensure that
recreational harvest and crop depredation control are compatible with long-term pop-
ulation viability.
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We found that percentages of HY cranes in the GCS were approximately half of
previous estimates. Previous estimates of annual recruitment ranged from 18.2%-
20.0% for the GCS and were considerably higher than estimates from the western
subpopulation and other sandhill crane populations (see Drewien et al. 1995). Tacha
et al. (1989) speculated that high recruitment rates of cranes in the GCS may result
from an earlier age of fist successful breeding compared to cranes in the western sub-
population. Age ratios (percent HY cranes) for the GCS of sandhill cranes at several
migration stopover areas ranged from 17.1% to 24% HY cranes (Buller 1976, Tacha
and Vohs 1984). However, reliability of these estimates is questionable due to differ-
ences in migration chronology between family and nonbreeding groups (Miller and
Hatfield 1974, Buller 1979, Carlisle and Tacha 1983, Tacha and Vohs 1984) and the
resulting uncertainty that both social classes are present in representative proportions
in migrational stopover areas. Tacha et al. (1986) provided the only age ratios for the
GCS of sandhill cranes during winter; their estimate of 18.2% HY cranes was based
on weekly counts of flocks observed around 2 lakes along the Gulf Coast of Texas
during mid-December through February. Interestingly, the percentage of HY cranes
in their sample of 162 harvested cranes (11.7%) was 36% lower than that estimated
through flock observations. This disparity is particularly interesting because HY
cranes are approximately 3.7 times more vulnerable to harvest than AHY birds
(Tacha and Vohs 1984); therefore, HY birds should represent a larger rather than
smaller component in harvested samples. Estimates of the proportion of HY cranes
within the subpopulation should be most representative during the period of peak
abundance. The reliability of previous estimates of annual recruitment for the GCS is
unknown due to restricted sampling areas and sampling well outside the period of
peak crane abundance (Tacha et al. 1986). The extensive geographic coverage and
appropriate sampling period employed in our study suggest that estimates of recruit-
ment may be more representative of the subpopulation, with the possible bias that our
estimates were obtained after some hunting mortality in northern states and Cana-
dian provinces. Furthermore, estimates of the proportion of HY cranes were similar
(P>0.243) among years, and fell within the range of other sandhill crane populations
(see Drewien et al. 1995).

Sex composition of the 304 AHY sandhill cranes collected during this study
was similar to previous reports of 54%-62% males in harvested samples from North
Dakota and Texas (Johnson and Stewart 1973, Tacha and Vohs 1984, Tacha et al.
1986), but differed from nonhunted samples (43%-47% males; Tacha and Vohs
1984). Disparate adult sex ratios in monogamous species, such as sandhill cranes,
can have negative effects on recruitment rates (Tacha and Vohs 1984).

Subspecific Composition

We observed a north-south gradient in winter distribution of subspecies along
the Gulf Coast of Texas with larger cranes wintering farther north. Guthery and
Lewis (1979) were the first to document greater sandhill cranes wintering along the
Gulf Coast of Texas; they also found this subspecies was more abundant in more
northern portions of the Gulf Coast. Variation in winter distribution from smaller to
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larger cranes along a south to north gradient has also been reported in other wintering
populations of sandhill cranes (Drewien and Bizeau 1974, Drewien et al. 1996).

Our estimates of subspecific composition of sandhill cranes in the GCS were
similar between years. We estimated higher proportions (28% to 32%) of greater
sandhill cranes than previous studies (9%; Guthery and Lewis 1979, Tacha et al.
1986), suggesting that this subspecies is more numerous than previously reported or
has increased in abundance. Furthermore, our sampling was proportional to sandhill
crane distribution in coastal Texas based on our aerial line transect survey data. Addi-
tionally, sampling effort by Guthery and Lewis (1979) proved to be markedly differ-
ent from sandhill crane distributions during this study (X2=73.77, df=4, P<0.001)
and historic distributional data (TPWD, unpubl. data) (X2 = 32.66, df=4, P<0.001),
suggesting that differences in subspecific composition between previous research
and our study may have been caused by sampling effort not being proportionate to
crane distribution in earlier studies.

Tacha et al. (1986) used morphological and electrophoretic characteristics to
distinguish subspecies and subpopulation affiliation of cranes in southern Texas.
They reported that subspecific composition of cranes wintering in the South Texas
Plains was similar to birds in the western subpopulation based on comparative
morphology. In addition, electrophoretic profiles for cranes in the South Texas Plains
were different from cranes along the Gulf Coast, but were similar to western subpop-
ulation cranes (Gaines and Warren 1984). Our results, based on morphological char-
acteristics, provided additional support that cranes wintering in the South Texas
Plains more closely resemble birds from the western subpopulation (see Tacha et al.
1984, 1986) than to cranes wintering along the Gulf Coast.

Disparity in the proportion of greater sandhill cranes collected from the Rolling
Plains between 1995 and subsequent years apparently stemmed from a change in our
sampling schedule. During 1995, we sampled in mid- to late-November, prior to the
opening of crane hunting season. Subsequently, we collected cranes during early to
mid-December to better understand subspecific composition during the sandhill
crane hunting season in this region. It appeared that fewer greater sandhill cranes
were in the Rolling Plains during the hunting season (typically 1 Dec-10 Feb). Be-
cause this is both a wintering area and migrational corridor for sandhill cranes, tem-
poral or spatial variability in migration chronology within or between years may
have affected our results. Given the low proportions of greater sandhill cranes in
samples from both the Rolling Plains and South Texas Plains during the crane hunt-
ing season, a subpopulation boundary through these regions would include the ma-
jority of greater sandhill cranes in the GCS.

Management Implications

To further improve our survey methodology to determine subpopulation abun-
dance, better delineation of the winter distribution of the GCS will provide a more
representative area to sample. Reports of large numbers of cranes supposedly from
the GCS that traditionally remain in eastern Oklahoma and Kansas later in fall and
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early winter (see Tacha et al. 1984) and during the time of our surveys may warrant
inclusion in the survey.

Harvest management restrictions within the GCS's winter range in Texas that
were initiated due to concern about limited numbers of greater sandhill cranes, may
warrant reappraisal. Our estimates of subspecific composition indicated that there
was a higher proportion of greater sandhill cranes in the GCS than previously re-
ported. Additionally, higher estimates of subpopulation abundance provided further
evidence that greater sandhill cranes were considerably more abundant than previ-
ously reported.

Establishing a boundary between the Gulf Coast and western subpopulations
that would include the majority of wintering greater sandhill cranes in the GCS is
possible based on our findings. However, because the Rolling Plains serve as both a
migration and wintering area, more data collected over a broader temporal and spa-
tial distribution are needed to understand subspecific differences in migration chro-
nology through this region. Results from this and previous studies (Gaines and War-
ren 1984, Tacha et al. 1986) suggested that the boundary between the Gulf Coast and
western subpopulations in South Texas should be the eastern border of the South
Texas Plains.

The basic premise behind management of the mid-continent population of sand-
hill cranes at the subpopulation level was because of marked differences in demo-
graphics between crane concentrations, namely differences in recruitment rates and
the presence of a subspecies of limited abundance in one crane concentration. How-
ever, our findings refute previous reports of significantly higher recruitment rates in
the GCS than the western subpopulation (see Drewein et al. 1995). Furthermore,
even though the GCS would encompass most of the greater sandhill cranes wintering
in the mid-continent region, this subspecies may be >10 times more abundant than
currently acknowledged by managers based on our findings. Given this information,
the justification for subpopulation management may need to be reevaluated.
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