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Using Stable Hydrogen Isotope Analysis of Feathers to Delineate Origins
of Harvested Sandhill Cranes in the Central Flyway of North America
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Abstract.—

 

Assignment and quantification of breeding production areas of migratory birds is a crucial step in
understanding their population dynamics and informing conservation and management decisions, especially for
game birds. Sandhill Cranes (

 

Grus canadensis

 

) breed throughout the North American boreal, taiga, and non-forest-
ed regions of the Arctic and Siberia. Birds harvested in North America originate from these remote northern re-
gions but conventional mark-recapture techniques cannot readily be used to answer key questions of proportionate
take due to the logistical impossibility of marking young birds in an unbiased way. We used stable-hydrogen isotope
analyses (

 

δ

 

D) of feathers from 242 hatch-year (HY) and 628 after-hatch year (AHY) cranes harvested during the
2002 and 2003 hunting seasons in Saskatchewan, North Dakota, Kansas, Oklahoma, and Texas in order to provide
new quantitative information regarding their geographical origins. While adult cranes originated from throughout
the breeding range, south of the tree line, most birds were produced in the southeast boreal of western Ontario
and/or central Manitoba and/or western Alaska. Adult birds taken in Saskatchewan, at the northern portion of the
collection area, showed more northwesterly origins than birds taken at the southernmost extreme in Texas. Isotopic
analysis of claws and feathers from individuals showed good correlation suggesting that claws could also be used to
delineate latitude of origin, especially for AHY birds that may retain some flight feathers for more than one year.
Future studies need to consider more carefully the potential contributions of southern boreal populations and if
possible to develop means to distinguish isotopically those birds originating in western Alaska. 
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Establishing and quantifying connec-
tions between breeding, stopover and win-
tering sites of migratory birds is essential to
their conservation and to understanding
their demography (Webster 

 

et al.

 

 2002; Web-
ster and Marra 2005). This is especially true
for those birds that are harvested at some
point in their annual life cycle, since it re-
mains largely unknown which breeding pop-
ulation produces the majority of birds that
are subsequently taken by hunters. For sever-
al game species, the use of extrinsic markers
has contributed to our knowledge of life-
cycle connectivity (Hobson 2003), although
marking data are biased toward those re-
gions where birds can be marked. For spe-
cies like the Sandhill Crane (

 

Grus canaden-
sis

 

), we know little about the linkage between

areas of bird productivity and rates of har-
vest. Hence, management decisions are
made largely without knowledge of region-
specific crane population demographics.
Previously, this serious lack of information
was both unavoidable and accepted, because
breeding Sandhill Cranes are distributed
broadly over the boreal and Taiga regions of
North America (Tacha 

 

et al.

 

 1992, 1994) and
are difficult to locate or capture for marking.
Recent use of satellite tracking methods will
better help to define population movements
and segregation (Krapu 

 

et al.

 

, unpublished
data), but will not necessarily quantify hunt-
er take unless winter areas are shown to be
composed entirely of known and homoge-
nous source populations. However, the de-
velopment of isotopic tools to establish molt
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or natal origins of migrant birds throughout
North America (Hobson and Wassenaar
1997; Hobson 1999; Rubenstein and Hobson
2004; Hobson 2005; Bowen 

 

et al.

 

 2005) pre-
sents a new opportunity to bridge the infor-
mation gap in cases where birds are obtained
through harvested individuals (Hebert and
Wassenaar 2005a, b).

 In North America, stable-hydrogen iso-
tope abundance (represented as 

 

δ

 

D, see
Methods) of feathers reflects the long-term
growing-season average 

 

δ

 

D of precipitation
(Hobson and Wassenaar 1997; Bowen 

 

et al.

 

2005). The large-scale patterns in precipita-
tion 

 

δ

 

D, in turn, show a systematic trend
from the southeast to the northwest, but are
complicated in coastal or montane zones.
For most of the breeding range of the San-
dhill Crane, a progressive depletion in deu-
terium in feathers with increasing latitude
was expected, a common pattern confirmed
for numerous species by several researchers
(Chamberlain 

 

et al.

 

 1997; Kelly 

 

et al.

 

 2002;
Meehan 

 

et al.

 

 2001; Rubenstein 

 

et al.

 

 2002;
Hobson 2003; Hebert and Wassenaar 2005a,
b). The overall objective of this study was to
obtain isotopic measurements of feathers of
hunter-killed birds in the Central Flyway of
North America in order to determine ap-
proximate natal origin of hatch-year (HY)
birds and molt or breeding origins of adults.
There are very few studies linking migratory
or wintering population origins to regions of
productivity and this study was intended as a
preliminary investigation into using the iso-
topic approach for Sandhill Cranes (Was-
senaar and Hobson 1998; Hebert and Was-
senaar 2005a).

 

M

 

ETHODS

 

Sandhill Cranes in the Central Flyway

The mid-continent population of Sandhill Cranes
represents the largest migratory grouping in this species
and is hunted in Alaska and several Central Flyway states
and provinces. These cranes breed in Canada west of
Hudson Bay and James Bay and in Alaska and Siberia
(Fig. 1). Depending on region, this population consists
of the subspecies 

 

G. c. canadensis

 

, 

 

G. c. rowani

 

, and 

 

G. c.
tabida 

 

(Tacha 

 

et al.

 

 1994), although the status of 

 

G. c. row-
ani

 

 has been debated recently (Glen 

 

et al.

 

 2002; Rhymer

 

et al.

 

 2002). During autumn migration, cranes move
through south-central Saskatchewan, North Dakota,

Kansas and Oklahoma. These birds winter in west Texas
and along the Gulf Coast of Texas, New Mexico, south-
west Oklahoma, southeast Arizona, and central and
northern Mexico (Tacha 

 

et al.

 

 1992, 1994; Fig. 1).
The mid-continent population of Sandhill Cranes is

believed to be comprised of western and Gulf Coast sub-
populations (Tacha 

 

et al.

 

 1984, 1992). The western sub-
population breeds in western Canada, Alaska and
Siberia and migrates through central Alberta, southwest
Saskatchewan, western portions of North and South
Dakota, Nebraska, Kansas, and Oklahoma and eastern
portions of Montana, Wyoming, and Colorado. This
population winters in west Texas, eastern and southern
New Mexico, and southeast Arizona (Tacha 

 

et al.

 

 1984,
1992). The Texas Gulf Coast wintering subpopulation
breeds in northwestern Minnesota, north central Cana-
da, including southwestern Ontario, much of Manitoba,
and migrates through eastern portions of the Dakotas,
and central portions of Nebraska, Kansas and Oklaho-
ma (Tacha 

 

et al.

 

 1984, 1992). The mid-continent popu-
lation may thus represent an east-west split with
Saskatchewan and points south representing the ap-
proximate mid-point of a migratory divide (Tacha 

 

et al.

 

1984, 1994).

Sampling

A sample of birds that was representative of those
taken during the hunting season in various locations
throughout the Central Flyway during the years of study
was attempted. However, the sample obtained was large-
ly opportunistic. Feathers and/or claws were derived
from hunter-killed cranes during the autumn-winter
seasons of 2002/2003, henceforth the 2002 season, and
2003/2004 (2003 season). Most of the U.S. material was
obtained through game check-stations, directly from
hunters and from a collection of birds killed in a power-
line collision (Oldham County, Texas). Most of the
Saskatchewan sample was obtained from a game proces-
sor near Last Mountain Lake National Wildlife Manage-
ment Area (51°20’N, 105°15’W). The following are the
counties within each state and the areas in
Saskatchewan where birds were taken. Interested read-

Figure 1. North American breeding and wintering range
of Sandhill Crane.
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ers can contact the senior author for more information
on locations where birds were taken: Saskatchewan
(Last Mountain Lake, Outlook, Wynyard, Bradwell) 1-
29 September; North Dakota (Benson, Eddy, Kidder,
Logan, McHenry, McLean, Pierce, Ramsey, Rolette,
Sheridan, Stutsman) 20 September to 11 November;
Kansas (Barber, Barton, Stafford) 1 November to 28 De-
cember; Oklahoma (Jackson, Tillman, Kiowa) 26 Octo-
ber to 8 February; Texas (Brazoria, Briscoe, Floyd,
Castro, Oldham) 14 December to 3 January.

Most hydrogen isotopic analyses were performed on
primary feathers. For hatch-year (HY) birds, this was ar-
bitrarily an outer primary, for after-hatch-year (AHY)
birds, usually the newest (most recently grown) primary
was chosen since birds are known to retain feathers for
more than one year (Tacha 

 

et al.

 

 1992). For a sub-sample
of birds concordance of isotopic information gained
from claws (distal 5 mm portion of the nail) and feath-
ers was examined (e.g., Mazerolle and Hobson 2005)
and so the central toe nail from a random sample of
adults from Saskatchewan and North Dakota was sam-
pled in 2002.

Stable Isotope Analyses

All feathers were cleaned of surface oils in a 2:1 chlo-
roform:methanol solvent rinse and prepared for stable-
hydrogen isotope analysis at the Environment Canada
stable isotope laboratory in Saskatoon. Stable-hydrogen
isotope analyses of feathers were completed using the
comparative equilibration method described in detail
by Wassenaar and Hobson (2003) and through the use
of calibrated keratin isotope reference materials. Stable-
hydrogen isotope measurements were performed on H

 

2

 

derived from high-temperature flash pyrolysis of feath-
ers and nails using continuous-flow isotope-ratio mass
spectrometry. All 

 

δ

 

D results are expressed in the typical
delta notation, in units of per mil (‰), and normalized
on the Vienna Standard Mean Ocean Water—Standard
Light Antarctic Precipitation (VSMOW-SLAP) standard
scale. Repeated analyses of hydrogen isotope inter-com-
parison material IAEA-CH-7 (-100‰) and keratin refer-
ences yielded an external repeatability of better than
±2.0‰.

Statistical Analysis

Correlation between stable-hydrogen isotope signa-
tures of primary feathers and claws was examined using
linear regression from a subset of 59 AHY birds from
Saskatchewan and North Dakota for which we could ob-
tain both materials. Using results of this regression,
feather 

 

δ

 

D was estimated for 241 individuals for which
only claw values were available in order to facilitate com-
parison with the rest of the sample. Normality was tested
using a one sample Kolmogorov-Smirnov test. Feather

 

δ

 

D values were compared using General Linear Models
(GLM). We examined whether origins differed based
on age, state/province of harvest, or whether there was
an interaction between state/province and age. We ex-
amined the relationship between feather 

 

δ

 

D and date of
harvest in each of the collection areas using Pearson’s
correlation statistics. We used Akaike’s Information Cri-
terion (AIC) to select the most parsimonious model
(Burnham and Anderson 1998).

 In order to assign geographic origins to the samples
of harvested birds, we calculated the proportion of birds
originating from each of three isotopic regions of the

breeding range (Fig. 3), corresponding to Zone A
(>-85‰), B (-85 to -130‰), and C (<-130‰). However,
variation can exist between the isotopic signatures of in-
dividuals growing their feathers at the same location
(e.g., Hobson 

 

et al.

 

 2004). Therefore, we estimated how
variance within samples may influence assignment of
proportions of the samples originating from each isoto-
pic zone using Monte Carlo simulations. For each sam-
ple location, we used mean, SD (from Table 1) and an
assumed normal distribution to generate ten runs of
randomly simulated data, with each run consisting of
10000 trials. Data from the 10000 trials in each run were
used to calculate the proportions of birds expected to
originate from each of the three isotopic zones. Mean
proportion (and SD) expected to originate from each
of the three isotopic zones was then calculated between
the ten runs. We felt the assumption of normality was
justified in this case as the sample data show little evi-
dence of not fitting this distribution (see below). All
Monte Carlo simulations were conducted using the pro-
gram Crystal Bal (Version 7, Decisioneering, Inc., Den-
ver, Colorado).

Establishing Crane Origins

Two methods were used to assign origins of hunter-
killed cranes. First, the species range (excluding British
Columbia west of the Rocky Mountains where we expect
no birds to originate) was divided into 3 zones depicting
the extreme southeast (A), the central southeast and ex-
treme western Alaska (B) and the remaining areas (C,
Fig. 3). These regions were largely dictated by the orien-
tation of the feather isotope map contours (Meehan 

 

et al.

 

2004). Proportions of birds originating from each of
these zones were established for each state or province by
age class. Secondly, individual crane origins were
mapped using a georeferenced, altitude-corrected data
set of expected growing-season average 

 

δ

 

D in precipita-
tion (Meehan 

 

et al.

 

 2004). This data set is available online
as a raster grid file that can be imported into GIS soft-
ware (http://pubweb.csf.edu/tmeehan/ddp_home/).
To account for isotopic discrimination from precipita-
tion to feathers, a raster discrimination layer of the same
spatial extent as the precipitation basemap was created
with cells having a value of -25‰ (as per the isotopic dis-
crimination determined by Hobson and Wassenaar,
1997). The discrimination layer was then added to the
precipitation layer to yield expected feather 

 

δ

 

D values us-
ing a Spatial Analyst Math operation in ArcGIS 9.0 (ES-
RI, Redlands, CA). All subsequent queries were done
using the expected feather 

 

δ

 

D layer. The isotopic dis-
crimination factor linking feathers with mean annual
growing season precipitation has been established for
relatively few species (Bowen 

 

et al.

 

 2005). Other authors
have determined slightly more negative values than the
-25‰ value we adopted (Hebert and Wassenaar 2005a,
b). We examined the effect of using a value of -30‰ but
this resulted in a general southern shift in origins includ-
ing many predicted origins from the extreme southeast-
ern portion of the breeding range and origins outside of
the breeding range. For this reason we continued to use
the -25‰ discrimination factor.

Means and 95% Confidence Intervals (CI) of 

 

δ

 

D
data corresponding to potential region of origin were
generated for the entire collection regardless of harvest
site. These data were then mapped using the expected
feather 

 

δ

 

D basemap. For each collection location, loca-
tions on the raster basemap falling within the 95% CI
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were selected as potential origins using Spatial Analyst
to reclassify all cells outside the 95% CI as containing no
data or a value of 1 if the cell values fell within the CI.
The resulting raster image was then converted to vector
format for further manipulation. Potential origins were
further limited by using the ArcGIS Geoprocessing wiz-
ard to clip the expected origins to only those areas fall-
ing within the known breeding range of the Sandhill
Crane using a georeferenced distribution map.

 

R

 

ESULTS

 

For adult cranes, a strong correlation
between 

 

δ

 

D values for toenails and those of
primary feathers grown on the breeding
grounds was found (Fig. 2, r

 

2

 

 = 0.62, P <
0.01). Statistically the intercept did not differ
from 0 (t = 0.83, P = 0.41). The outermost
(distal) portion of the nail corresponds to a
period of dietary integration similar to that
of feather growth, with both tissues repre-
senting the breeding grounds.

Feather or claw 

 

δ

 

D values for 628 AHY
and 242 HY Sandhill Cranes were measured
(Table 1). All claw data were converted to
primary feather equivalent 

 

δ

 

D values using
the regression results of Figure 2 and incor-
porated into a single dataset. Feather equiv-
alent 

 

δ

 

D values for both AHY and HY birds
fit the normal distribution (Kolmogorov-
Smirnov: N = 648, Z = 0.8, P > 0.2; and N =
242; Kolmogrov-Smirnov Z = 1.0, P > 0.2, re-
spectively), therefore parametric models
were appropriate and we felt justified in plot-
ting mean and SD of the populations as GIS
representations. The top GLM model de-

scribing differences in isotopic composition
of Sandhill Crane primary feathers received
approximately 95% of the support (Table 2).
This model suggests that hydrogen isotope
ratios differed based on state/province, age
and the interaction of these factors and so
distributions of 

 

δ

 

D values for AHY and HY
feathers by age and harvest region in the fly-
way were examined.

We determined a significant correlation
between feather 

 

δ

 

D and date of harvest in
North Dakota, Oklahoma, and Texas. For
North Dakota, AHY (r = 0.303, P < 0.001)
and HY (r = 0.331, P < 0.01) birds tended to
have more positive feather 

 

δ

 

D values with
time. In Texas AHY bird feather 

 

δ

 

D values
were also positively correlated with date (r =
0.278, P < 0.01). In Oklahoma, HY bird
feather 

 

δ

 

D values were negatively correlated
with collection date (r = -0.448, P < 0.01).

With the exception of Saskatchewan,
which showed the majority of birds originat-
ed from zone C, the majority of birds taken
in the rest of the Central Flyway originated
from zone B (Table 3). The distribution of
Saskatchewan AHY birds was clearly more
skewed toward more negative feather 

 

δ

 

D val-
ues than those from Texas (Fig. 4). AHY
birds from North Dakota, Oklahoma, Kansas
and Texas also showed evidence of birds
originating from the extreme southeastern
portion of their range (i.e., Zone A; Table 3).
Thus, birds collected from points south of
Saskatchewan most likely originated in the
southeastern portion of the breeding range
(zones B and/or A; see Fig. 3) and/or west-
ern Alaska. We also found slightly different
distributions of AHY and HY birds from each
harvest sample where sufficient sample sizes
were available (Fig. 5) suggesting that AHY
and HY catchments were not necessarily
coincident. Since HY birds and their parents
travel together during autumn migration,
this effect may have been influenced by the
AHY sample including also failed or non-
breeders that molted in different areas.

GIS analyses depicted the origins of the
mean and standard deviation of the whole
AHY and HY cranes from our harvested sam-
ple (Fig. 6). This depiction further narrowed
the probable range of origins and empha-

Figure 2. Relationship between primary feather δD and
toenail δD for after hatch-year (AHY) Sandhill Cranes
taken during autumn migration 2002-2003 from
Saskatchewan and North Dakota.
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sized the southeastern region or a band of
the boreal southeast of lower Hudson Bay
through Lake Winnipegosis (Meehan 

 

et al.

 

2004, Fig. 6) as well as western Alaska.

D

 

ISCUSSION

 

Although the breeding distribution of
the mid-continent population of Sandhill
Cranes is extremely large and widespread,
the potential natal areas and breeding ori-
gins were narrowed. At least 50% of both our
HY and AHY birds originated from the bore-
al forest of southern Hudson Bay lowlands
through Manitoba, and potentially the
plains of western Alaska.

In the case of the Sandhill Crane, an un-
fortunate aspect of its geographical distribu-
tion from an isotopic analysis perspective is
that it also breeds in west-central Alaska and
the southern boreal of Manitoba. These ar-
eas have similar patterns of growing-season
precipitation 

 

δ

 

D and so currently, with the
use of this single isotope, it is impossible to
separate these diverse regions as potential

origins. Thus, the relative importance of
these areas cannot be quantified. In addi-
tion, while some birds contributing to the
mid-continent flyway may originate in Sibe-
ria (Tacha 

 

et al.

 

 1994), there is currently not
sufficient isotopic information from Siberia
to include this region in our derivation maps
(but see Bowen 

 

et al.

 

 2005). Clearly, future
work should investigate if isotopes of other
elements (e.g., 

 

δ

 

15

 

N, 

 

δ

 

13

 

C, and 

 

δ

 

34

 

S) and trace
element analyses can assist in providing
greater resolution between these areas. How-
ever, this would require the isotopic or trace
element measurement of feathers or toenails
from birds of known origin. Nonetheless,
the GIS depictions of origin shown here
highlight the southeastern portion of the
western Canadian boreal forest as potential
origins of several birds taken from areas
south of Saskatchewan and this is new infor-
mation. Indeed, a striking feature of the dis-
tribution of origins of both HY and AHY
cranes from the sample was the clear ab-
sence of birds from the western Canadian
boreal and the Canadian taiga.

Table 1. Results of stable-hydrogen isotope analysis of feathers (or feather equivalent values based on the feather-
claw regression of Fig. 2) for Sandhill Cranes sampled in 2002 to 2004 in the mid-continent population.

State/province Age N Median (‰) Mean (‰) SD (‰) 95% CI (‰)

Saskatchewan HY 4 -146 -147 9 -162 to -132
AHY 131 -137 -137 21 -141 to -134

North Dakota HY 82 -120 -122 19 -125 to -117
AHY 195 -121 -117 22 -120 to -114

Oklahoma HY 53 -112 -115 20 -121 to -110
AHY 105 -99 -103 29 -108 to -97

Kansas HY 97 -123 -126 16 -129 to -123
AHY 108 -113 -112 21 -116 to -108

Texas HY 6 -133 -140 25 -166 to -113
AHY 89 -115 -115 25 -120 to -110

Table 2. Model selection from General Linear Models examining isotopic composition of Sandhill crane primary
feathers. K denotes number of parameters in the model, AIC is Akaike’s Information Criterion; ∆AIC denotes
change in AIC value relative to the most parsimonious model; and ωi is the Akaike Weight, indicating the proportion
of support a particular model receives in a candidate set.

Model K AIC ∆AIC ωi

State, Age, State*Age, Intercept 5 5374.1 0.0 0.9525
State, Age, Intercept 4 5380.1 6.0 0.0475
State, Intercept 3 5412.0 37.9 0.0000
Age, Intercept 3 5536.6 162.4 0.0000
Intercept 2 5542.4 168.3 0.0000



142 WATERBIRDS

We found that in some cases, timing of
collection influenced feather δD values.
However, this was only convincing for our
North Dakota sample which was comprised
of birds taken fairly uniformly throughout
the collection period. Here, later arriving
birds seemed to originate from further south
(i.e., they had more positive feather δD val-
ues). For Oklahoma and Texas, while we
found significant correlations, the sampling
was dominated by a few early and late collec-
tions and visual inspection of the data sug-
gested high variability and overlap of early
and late samples with no strong pattern.
However, we recognize that future sampling
strategies should consider the potential for a
temporal gradient in crane populations de-
pending on origin. Indeed, the stable iso-
tope approach can readily be used to exam-

ine patterns of migration in this species (e.g.,
Kelly et al. 2002).

Another caveat to the interpretation of
AHY origins is the fact that feather isotope
data provided information on the origins of
molt and although it is expected that these
areas coincide with breeding origin, it is also
possible that some data reflect those situa-
tions where birds molted farther south.
Some individuals may have lost primaries on
the wintering grounds or en route during mi-
gration and were forced to regrow them at
more southern latitudes. This phenomenon
would tend to overemphasize proportions of
birds from zone A. Molted primaries can be
found at daytime roosts of cranes in the Cen-
tral Platte River Valley in March and there is
also no previous evidence for birds from zone
A entering the Central Flyway (G. Krapu,
pers. comm.). However, we expect this to be
a relatively small error (Tacha et al. 1992) and
once toenail growth rates can be established
for this and other crane species, it will be pos-
sible to choose that portion of nail in autumn
that reflects the longer breeding season vs.
more ephemeral molting periods. Further-
more, examination of our data show little ev-
idence of outliers that might suggest molt
had an appreciable impact on our results.

As noted earlier, the mid-continent popu-
lation of Sandhill Cranes may be split into
the Gulf Coast and western subpopulations
(Tacha et al. 1984, 1992). Although the iso-
tope data suggested most cranes in this study
originated in the southern boreal forest and

Table 3. Estimated mean percentage (±SD) of birds originating from zones A (feather values > -85‰), B (-85 to
-130‰) and C (< -130‰) as shown in Figure 3. Estimates were derived from ten Monte Carlo simulations of data in
Table 1. Each run consisted of 10,000 simulations. Saskatchewan and Texas HY not included due to low sample size.

State/province Age

Isotopic region (percent)

A B C

Saskatchewan AHY 0.7 (0.1) 35.7 (0.4) 63.6 (0.4)

North Dakota HY 2.6 (0.1) 63.8 (0.5) 33.7 (0.5)
AHY 7.5 (0.3) 64.8 (0.4) 27.7 (0.5)

Oklahoma HY 6.7 (0.2) 70.4 (0.4) 22.8 (0.3)
AHY 26.7 (0.4) 55.8 (0.4) 17.6 (0.4)

Kansas HY 0.5 (0.1) 59.3 (0.3) 40.2 (0.3)
AHY 9.8 (0.2) 70.5 (0.3) 19.8 (0.3)

Texas AHY 11.5 (0.4) 61.2 (0.4) 27.3 (0.5)

Figure 3. Zones corresponding to feather deuterium val-
ues across the Sandhill Crane breeding range. Zone A
(> -85‰), B (-85 to -130‰), C (< -130 ‰). The breed-
ing range in British Columbia west of the Rocky Moun-
tains is not depicted since birds originating here were
not part of the Central Flyway. See Figure 1 for legend.
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western Alaska, we can not exclude the possi-
bility that cranes harvested in the Central Fly-
way represent multiple subpopulations. Our
samples were collected opportunistically, so
it is possible that cranes originating from ar-
eas outside the range suggested by our data
(parts of Alaska, western Canada) simply
were not sampled. Thus, another fruitful ar-
ea of research would be to systematically sam-
ple birds from both migratory stopover and
wintering areas throughout the historically
delineated ranges of these two subpopula-
tions. Such a study should also sample cranes
from across their breeding range to establish
expected isotope signatures for multiple iso-
topic markers, thereby enabling the use of
multiple markers on birds of unknown ori-
gin. Additionally, recent satellite tracking
studies on this species will undoubtedly assist
in the design of any future stable isotope
studies (G. Krapu, pers. comm.). Finally, our
sample was typically from only a few areas in
each state/province and so these data are
not intended to be interpreted unequivocal-
ly as state or provincial harvests.

This study demonstrates that the outer-
most portion of claws could be used to delin-
eate natal or breeding origins of birds taken
in the flyway, at least for the more northern
portions of their migratory stopovers. Use of
claws would remove confusion in assignment
for AHY birds because that age group con-
sists of birds that retain flight feathers for
more than one year. However, further work
on captive birds to determine claw growth
rates would be instructive and help us to im-
prove appropriate tissue sampling protocols
(Bearhop et al. 2003). Another area requir-
ing further study is the need for a better un-
derstanding of the nature of isotopic varia-
tion spatially across the breeding range of
the species. Like all studies using the deute-
rium isotope approach to delineate origins
of migratory wildlife, we are at the mercy of
the long-term averaged precipitation δD
dataset and it is not clear how any given year
may depart from this long-term average pat-
tern (Hobson 2005). Similarly, the scope of
the variance associated with intrapopulation
feather or claw δD values is poorly under-

Figure 4. Distribution of feather deuterium values for AHY Sandhill Cranes taken during 2002-2004 from southern
Saskatchewan and Texas.
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stood but may be considerable (Hebert and
Wassenaar 2005a).

Management Implications

Based on our opportunistic sample, the
mid-continent population of Sandhill Cranes
harvested between Saskatchewan and Texas
appears to represent relatively discrete
source populations of differing origin. The
consequences of this proposed population
structure for management decisions is po-
tentially profound. We have identified two
potential key regions of production for the
mid-continent population of Sandhill Cranes
in North America. In particular, the boreal
wetlands of north central Manitoba and re-
gions of western Alaska may well produce the
largest proportion of birds harvested in the

Central Flyway. Those birds harvested in
more southern regions from Kansas through
Texas may be derived more from southeast-
ern boreal forest than previously expected
but clearly more studies are required to eval-
uate this hypothesis.

In addition to possible climate change sce-
narios that point to the southern boreal as be-
ing particularly vulnerable (Hogg and Hurdle
1995; Burton and Cumming 1995), of more
immediate concern are current and planned
forestry and/or hydroelectric developments
in Manitoba (e.g., http://www.gov.mb.ca/con-
servation/wno/; http://www.hydro.mb.ca/
issues/transmission_projects/transmission_
projects.shtml; http://manitobawildlands.
org/develop_wuskwatim.htm) and how
these may affect local Sandhill Crane popu-
lations. Monitoring of eastern proportions

Figure 5. Distribution of feather deuterium values for AHY and HY Sandhill Cranes taken during 2002-2004 from
North Dakota, Kansas, and Oklahoma.
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Figure 6. Estimated origins of after hatch-year (AHY) and hatch-year (HY) Sandhill Cranes recovered from all 2002-
2004 sampling locations. Displayed are cells falling within the 95% Confidence Intervals and within one standard
deviation of the mean. Inset displays potential areas of origin within western Alaska. Sampling origins depicted ac-
cording to their relative contribution to state or provincial sample.
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of the mid-continent crane population along
with industrial development in this region is
recommended. The combination of isotopic
and GIS tools will be invaluable for this pur-
pose. For the western portion of the mid-con-
tinent crane population, further isotopic in-
vestigations designed to delineate birds from
western Alaska and southeast boreal birds are
now required.
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