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ABSTRACT: Several time-serles statistical procedures demonstrate 10-year periodicity in
relative abundance of whooping cranes (Grus amerlcana) censused at Aransas National Wildlife
Refuge, Texas (Boyce and Miller 1985). Such periodicity can only be detected after appropriate
transformation (either log or square-root) and detrending of the data. Fallure to perform
necessary transformations accounts for the Inability of Miller et al. (1974) to detect the
pronounced periodicity. Forecasts based upon a periodic ARIMA model have |ower variance than
when not including the 10-year periodlclty. Forecasts entail several critical assumptions, but
may have value in assessing the ef fectiveness of management programs. For example, ARIMA model
forecasts predict declines |n growth rate at 10-year intervals which should not be attributed
to fallure of population/habitat management efforts. Reasons for 10-year cycles in whooping
crane census are unknown. Data are not Inconsistent with an explanation based upon periodic
risks to predation as a consequence of 10-year periodicity In abundance of mammal ian carnivores
on nesting grounds. Further research to identify mechanisms behind whooping crane population
periodlcity may suggest management strateglies to secure survival of the whooping crane.

PROCEEDINGS 1985 CRANE WORKSHOP

In a special Issue of the Journal of Wildlife Management (vol. 19, no. 1) devoted to
popul ation cycles, Lamont Cole (1954) pointed out that, for a randomly-generated sequence of
hypothetical population sizes, the average number between peaks converges on 3 vyears. Cole
deduced that many of the population cycles claimed to occur in nature are not genulne cycles
but rather are stochastic fluctuations in autocorrelated data. There is no jJustification for
such a view because statistical procedures for detecting cycllc oscillations (periodicity) In a
time-series are well known. In fact, one of these procedures, autocorrelation, was introduced
into the fleld of ecology by Moran (1949), who incidentally also had a paper in the same issue
of the Journal of Wildlife Management Iin which Cole publlshed his misleading paper (Moran
1954) . As Moran polinted out, counting the number of years between peaks In density does not
constitute a satisfactory approach to studying a *time-series; +time-series statistical
procedures use all| data points to assess existence of periodicity.

It Is not clear to me why so many ecologists overlooked Moran's work, but quickly embraced
Cole's, Cole's paper was easler reading, and, because of the difficulty ecologlists have
explaining population cycies, | suspect many were relieved by the suggestion that population
cycles were simply random, Nevertheless, to this day many ecologlsts are of the opinion that
popul ation cycles are Imaginary, l.e., *rue population cycles do not exist, and that
fluctuations In population size which appear to be repeated are actually Just random,
autocorrel ated series.

Obviously not all populations exhibit truly cycllc fluctuations In size, and failure *to
employ appropriate statistical analyses has led to claims that some populations were cyclic
when they were not, e.g., some microtine rodent populations (Garsd and Howard 1981). Some are
cycl lc, others not. However, +there Is solld statistical basis for the existence of cycllic
fluctuations in populations of several vertebrate species (Bulmer 1974, Sauer and Boyce 1979,
Finerty 1980, Garsd and Howard 1981, Roseberry and Kl imstra 1984), the most pronounced and best
studied being the 10-year cycle In lynx (Elton and Nicholson 1942, Schaffer 1984, 1985). |In
this paper | dlscuss aspects of 10-year periodicity for the Aransas/Wood Buffalo whooping crane
popul ation (Boyce and Miller 1985). Factors underlying this periodicity are unknown, but |
emphasize the potential management significance for thelr discovery.

Rod Drewein convinced me +o prepare this paper. I thank Jim Lewis and Tom Stehn for
reviewing the manuscript and for verifying the data in Table 1 agalnst original U. S. Fish and
Wildlife Service files, Discussions with William M, Schaffer greatly improved my appreciation

for nonl inear dynamics.
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2 FORECASTING OF THE WHOOPING CRANE POPULATION = Boyce

ANALYS IS

A time-series |s simply a sequence of observations ordered through time. Analysis of a
time-series Is greatly facllitated if data are procured at regular intervals over a long time.
Procedures have been developed for detection of trends in a time series, and for statistical
detection of periodicity of "cycles". For the latter, it is essential that the time-series be
"stationary”, meaning free from trends. |f a frend exists, tests for periodlcity must be
preceded by detrending via differencing or regression analysis to achieve stationarity. Such
"massaging" of data does not destroy Its periodic structure, but rather simply removes trends
which would dominate the analysis.

An additional assumption for a valid time-series analysis Is that deviations from mean
population size be normally distributed (Bloomfield 1976). Most population time-series possess
a positive skew due to the nature of exponential population growth (Williamson 1972).
Therefore, logarithm or square root transformations of population statistics are often
necessary before a valid time-series analysis can be performed.

In this paper | describe aspects of an analysls of the winter whooping crane census
statistics compiled annually at Aransas National Wildlife Refuge, Texas. Miller et al. (1974)
performed the first time-series analysis of the whoopling crane census, reporting:

"|nspection of the curve of population growth suggests that marked decreases in total

numbers occur at approximately 10-year intervals. However, a Time-series analysis of

the data shows |1ttle correlation between events 10 years apart, and there Is a change
from only a sl Ightly negative to a slightly positive correlation around these 10-year

intervals. There 1s, therefore, no reason to regard these fluctuations as non-random

at the present time....these decreases do not have a significant periodicity."

At the time that the Miller et al. (1974) paper appeared, | was a graduate student at Yale,
taking a course In time-serles analysis from John Hartigan. | attempted to repeat their
analysis, but 1instead found a very pronounced and statistlcally significant 10-year
periodicity. Roy Mendelssohn (third author on the Miller et al. paper) was also a graduate
student at Yale at that time, and was responsible for the conciusions quoted above.
Mendelssohn falled to detect +the periodic pattern because he neglected to perform essential
tfransformations before calculating an autocorrelation function for the time-series.
Consequently, his autocorrelations were dominated by large values.

| was reluctant fo publish the results of my analysis because the time-serlies only contalned
35 years, or 3 1/2 cycles. Naturally, the longer the time-series the more confident one can be
about a periodic pattern, and the actual length of the period. However, last year, after an
additional 10 years had elapsed, | had another look to discover that the periodicity was
malntained. This time we decided to publish the results (Boyce and Milier 1985).

CLEANING UP THE DATA

Before conducting further analysis of the time-series, careful scrutiny of the data seems
appropriate. First, note that the data presented in Table 1 of Miller et al. (1974) and in
Table 1 and Figure 3 of Binkley and Miller (1983) have many discrepancies. For this reason, In
Table 1 | present the updated census data correcting several typographical errors in both
Miller et al. (1974) and Binkley and Miller (1983).

The quality of the census statistics In recent years is high, usually based upon weekly
aerial surveys, and we can assume that error Is probably low. Nevertheless, It 1Is still
possible that some birds do not overwinter with the main flock In the vicinity of Aransas
National Wildllfe Refuge; It has been specul ated that some birds may have migrated info Mexico
(Allen 1952), Earller counts, however, were not performed with as much effort, In part because
less money was allocated to aerial surveys necessary to achieve reliable counts (Tom Stehn,
pers. comm.). Although there Is no way to know the actual magnitude of errors, at least one
count 1Is obviously In error, and two others appear suspect. Note that in 1945 (Table 1), only
14 adul +-plumage and 3 Juvenlle~-plumage birds were counted. Yet, In 1946, 22 adult-plumage
birds were counted! Based upon the 1945 counts, the maximum possible number of adult birds Is
17 assuming 100% survival of Juvenile and adult birds. Obviously, at least five birds of
unknown age went uncounted in 1945 1f the 1946 count was correct.
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Table 1. Peak numbers of whooping cranes alive In the vicinity of Aransas National Wlildlite
Refuge each winter, 1938-1985, updating and correcting statistics printed Iin Miller et al.
(1974) and Binkley and Miller (1983). Statistics for 1941-42 and 1945-46 have been adjusted as
described In the text; original figures In parentheses.

Winter ) Adult plumage Young Total % young
1938-39 14 4 18 22,2
1939-40 15 7 22 31.8
1940-41 21 5 26 19,2
1941-42 14(13) 2 16(15) 12.5
1942-43 15 4 19 2141
1943-44 16 5 21 23.8
1944-45 15 3 18 16.7
1945-46 18(14) 4(3) 22(17) 23.5
1946-47 22 3 25 12,0
1947-48 25 6 31 19.4
1948-49 27 3 30 10.0
1949-50 30 4 34 11.8
1950-51 26 5 31 16.1
1951=52 20 5 25 20,0
1952-53 19 2 21 9.5
1953-54 21 3 24 12,5
1954-55 21 0 21 0.0
1955-56 20 8 28 28.6
1956-57 22 2 24 8.3
1957-58 22 4 26 15.4
1958-59 23 9 32 28.1
1959-60 31 2 33 6.1
1960-61 30 6 36 16.7
1961-62 34 5 39 12.8
1962-63 32a 0 32 0.0
1963-64 26 7 33 21.2
1964~65 32 10 42 23.8
1965-66 36 8 44 18.2
1966-67 38 5 43 11.6
1967-68 39 9 48 18.8
1968-69 44 6 50 12.0
1969-70 48 8 56 14.3
1970-71 51 6 57 10.5
1971-72 54 5 59 8.5
1972-73 46 5 51 9.8
1973-74 ' 47 2 49 4.1
1974-75 47 2 49 4.1
1975-76 49 8 57 14,0
1976-77 57 12 69 17.4
1977-78 62 10 72 13.9
1978-79 68 7 75 9.3
1979-80 70 6 76 7.9
1980-81 72 6 78 7.9
1981-82 71 2 73 2.7
1982-83 67 6 73 8.2
1983-84 68, 7 75 9.3
1984-85 71 15 86 17.4

a Possibly two additional adults sighted near Tampico, Mexlco. Not Included due to
b questionable nature of report,
Includes one subadult killed by a predator at Aransas, ca. 14 November 1984.
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4 FORECASTING OF THE WHOOPING CRANE POPULATION - Boyce

Errors could potentially occur in both directions, I.e., counts may have missed birds or
birds may have been counted twice. The latter seems less |lkely, however, and In my attempt to
adjust the data | will assume that birds were missed in 1945 due to Insufflicient survey
effort, |t seems logical, therefore, to increase the counts for 1945, but deciding on an
appropriate magnitude for an adjustment is not easy. The simplest correction would be to add
five birds to the 1945 counts thereby assuming 100% survival between 1945 and 1946. Yet It
seems probable that some birds might have died. Therefore, to estimate a reasonable correction
for 1945, it 1Is necessary to evaluate patterns of mortal Ity among years, particularly for
recent years when the qual ity of data are uniformly high.

How does one estimate mortality? Effective recruitment can be assessed directly by the
number of Juvenal-plumage birds seen on the wintering grounds (Binkley and Miller 1983), yet
this Is obviously confounded with mortality of chlcks before they reach Aransas In late
autumn. |If all adults and all juveniles survived, the number of adults at time T is simply

na(f) =n.(t=1) + na(?-1) (1

J
But of course some juveniles and some adults are |ikely to dle over the perlod (t-1,%), thus In
real ity equation (1) should appear

na(*) = S(f)'[nJ(T-l) + na(?-i)] (2)

where S(t) s the probabllity of survival for any individual (irrespectlve of age) over the
Interval (+-1,1).
The model at (2) permits us to calculate an estimator of S(t):

A
S(t) = na('r)/[nJ('I'-l) + 0 (+-1)] (3)

In Table 2 we present estimates of S(t) for each year over +the perlod 1938-1984. Also
presented 1is the number of Individuals (age unknown) alive at time t=-1 that died, M(f), during
each annual Interval (+-1,%), calculated

M(t) = [nj(f-l) + na(f-1)] - na(f). (4)

Inspection of these data show two obvious outliers. First Is the 1945 error, but also note
the exceptionally low survivorship of 0.5 In 1941 followed by 100§ survival of both juveniles
and adults in 1942, Such a pattern could easily be due to missing birds In 1941 which were
later counted again in 1942, Again, the problem |s finding an appropriate adjustment for these
statistics.

| experimented with various adjustments, but my attempts to get sophisticated In my
correction procedure usually got me into even more trouble. For example, In 1945 we know there
must have been at least 22 birds total, say 18 adults and 4 Juveniles. Such a value Implies
1004 survival between 1945 and 1946 if the 1946 statistics are correct, But note that these
adjustments for 1945 also suggest 100% survival over the period from 1944 to 1945, It seems
Improbable that 2 years with 100§ survival would occur in subsequent years, although It did
appear to occur in 1975 and 1976. |If | assume some sl ightly lower probabil ity of survival for
periods 1944-45 or 1945-46, | find that adjustments are necessary for elither 1944 or 1946. The
easlest solution with the least arbitrary alteration is to set the 1945 census at 22 birds, 18
adults and 4 Juveniles. Similarly, to minimize complications for 1941-42, | will Increase the
total census to 16 birds (up 1) to make the count slightly more In |lne with other years, but
minimizing my alteration of the original time-series.

TRANSFORMAT IONS AND DETRENDING

The wusual transformation for a time series of population statistics 1Is logarithmic
(WillTamson 1972), although Boyce and Miller (1985) found a square root transformation to yield
a more stationary detrended series, as did Anderson (1977) In his study of Canadian lynx (Lynx
canadensis) data. Detrending procedures can also vary with a cholce between differencing or
regression procedures (Bloomfield 1976). Although results should theoretically be similar with
el ther procedure, the process of detrending can alter the frequency structure slightly (Trevino
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Tabie 2. Probability of survivorship S(t), and number of mortalities M(t), among birds known
to be alive at time *=-1 at Aransas Natlional Wildlife Refuge, Texas. Correctlons are
Incorporated as detalied In Table 1.

Winter S(+) M(t) ‘ Winter S(t) M)
1938-39 - - 1962-63 0.821 7
1939-40 0.833 3 1963-64 0.813 6
1940~-41 0.955 1 1964-65 0.914 3
1941-42 0.538 12 1965-66 0.857 6
1942-43 0.938(1.00) 1 1966-67 0.864 6
1943-44 0.842 3 1967-68 0.907 4
1944-45 0.714 6 1968-69 0.917 4
1945-46 0.778 4 1969-70 0.960 2
1946-47 1.000(1.294) 0 1970-71 0.911 5
1947-48 1.000 0 1971-72 0.947 3
1948-49 0.871 4 1972-73 0.780 13
1949-50 1.000 0 1973-74 0.922 4
1950-51 0.765 8 1974~75 0.959 2
1951-52 0.645 11 1975-76 1.000 0
1952-53 0.760 6 1976-77 1.000 0
1953-54 1.000 0 1977-78 0.899 7
1954-55 0.875 3 1978-79 0.944 4
1955-56 0.952 1 1979-80 0.935 5
1956-57 0.786 6 1980-81 0.947 4
1957-58 0.917 2 1981-82 0.910 7
1958-59 0.885 3 1982-83 0.918 6
1959-60 0.969 1 1983-84 0.932 5
1960-61 0.909 3 1984-85 0.947 4
1961-62 0.944 2

1982) . Unfortunately, procedures for nonstationary time-series are not yet at a stage that
they can be applled in data analysis (Trevino, pers. comm.).

Boyce and Miller (1985) employed a square root transformation foliowed by a two-stage |inear
regression detrending procedure. Other transformations will reveal perlodicity as well, e.g.,
log transforms, dlifferencing, single |inear regression, although it |s essential that the
series be both transformed and detrended. In Table 3, the autocorrelation function Is
Illustrated for the first 16 lags employing three varlations on the analysis of Boyce and
Miller (1985). |n each of these Instances, the data set was "cleaned up" as described above.
In the first column of Table 3 is the autocorrelation function for the raw time serjes with no
transformation or detrending. Note that It is totally dominated by the trend in +the series,
and detectlon of periodiclty is not possible.

In the second column of Table 3, +the time-series has been detrended by calculating the
residuals from a single |lnear regresslon of census number versus time (as In Mendelssohn's
analysis).  Although a vague Indication of periodiclty Is suggested, the autocorrelation does
not become negative until the 12th lag, and significant autocorrelations do not appear between
the 3rd and 14th |ags. '

The +third column of Table 3 depicts the autocorrelation function when the time-series was
log-transformed and detrended with a single |inear regression. The periodicity is obvious and
regular, although +the periodicity Is not as pronounced as for the square root transformation
presented by Boyce and Miller (1985). The Importance of transformation for this time-series Is
to reduce the disproportionate Influence given to large values In the series, Just as one must
transform variables In regression analysls to reduce the contribution from outliers.
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Table 3. Autocorreiation function for the first 16 lags of original time-series, deirended
series without transformation, and residuals of a |inear regression of the |og-transformed
time-series on time (detrended, transformed).

Autocorrelation Autocorrelation Autocorrelation

Lag orgininal data detrended detrended, transformed
1 0.91 0.75 0.56

2 0.83 0.53 0.27

3 0.77 0.32 0.08

4 0.70 0.20 -0.17

5 0.62 0.13 =-0.26

6 0.56 0.14 -0.19

7 0.49 0.15 -0.12

8 0.43 0.17 0.00

9 0.37 0.16 0.11

10 0,33 0.11 0.20

1 0.30 0.04 0.12

12 0.26 -0.09 =0.06

13 0.22 -0.20 -0.19

14 0.15 =0.30 =0.31

15 0.09 -0.28 =0.21

16 0.03 -0.31 =0.20
DISCUSSION

Is this an esoteric exercize? No, this Is not an estoeric exercise. Why does [t matter that
the whooping crane population exhlbits population perlodicity? There are at least two
Important ramifications from our demonstration that whooping cranes exhibit 10-year cycles.

First, better characterization of fluctuations in the time-series means that a greater
proportion of the varlance can be characterized, and therefore, one Is able to generate
forecasts wlth higher accuracy and precision. In Table 4, | present the forecasts based upon
the nonperiodic model of Miller et al. (1974) compared with an update of Boyce and Miller's
(1985) mul tipllcative IMA forecast model. Although the Miller et al. (1974) projections appear
to reflect the mean population trajectory, there appear to be systematic deviations from their
forecasts, i.e., runs of years where forecasts were either too large or too small. Thls occurs
because they failed to recognize that every 10 years there will be a dip In growth rate.
Conflidence Intervals around projected populations also are necessarily much higher than in the
IMA model, because Miller et al. (1974) were unable to account for as much variance in the
time-series.

One value of the Improved forecasts Is to reduce potential panic when the whooping crane
popul ation shows the occasional decrease In population size or growth rate. Rather than a
fallure in management, It may be more approprlate to simply recognize the periodic rhythm of
boreal ecosystems as Influencing the popul ation dynamics of cranes. As a caveat, however, |
emphasize that such forecasts are rather mindless projections of the current population
trajectory into the future. Any change in the environment or management of +the cranes over
that occurring since 1957 will alter this frajectory and totally Invalidate forecasts.

Second, and most Important, the 1dentiflcation of regular periodicity suggests something
about the ecology of whooping cranes which we did not previously recognize. The periodic dips
in population size are subtle, and are not |ikely to be detected without the employment of
time-series statistical procedures. But the ramifications are extremely important; I.e., the
observed periodicity Is a consequence of periodic decreases in both survivorship and realized
fecundity (or possibly Juvenile survivorship) which occur every 10 years. |Is It possible to
manage the environment to el Iminate these periodic fluctuations?
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Table 4. Forecasts for the Aransas/Wood Buffalo whooping crane population from aperlodic
birth-death process model (MIller et al. 1974), and those from this study employing a
multiplicative IMA model.

Winter Observed er et a ARIMA Model

Forecast Lower Upper Forecast Lower Upper
1973-74 49 53 44 62 - - -
1974-75 49 55 42 68 - - -
1975-76 57 58 41 74 - - -
1976-77 69 60 41 78 - - -
1977-78 70 62 40 84 - - -
1978-79 74 65 40 90 - - -
1979-80 76 68 40 96 - - -
1980-81 78 70 39 100 - - -
1981-82 73 73 39 107 - - -
1982-83 73 76 39 113 - - -
1983-84 75 79 39 119 - - -
1984~-85 86 82 39 125 - - -
1985-86 85 39 130 88 77 38
1986-87 89 39 138 90 79 102
1987-88 93 40 145 97 85 109
1988-89 97 41 153 100 88 113
1989-90 100 41 159 107 93 121
1990-91 104 41 167 109 96 124
1991-92 109 42 176 105 91 120
1992-93 114 43 185 100 86 15
1993~-94 102 88 118
1994-95 108 93 125
1995~96 116 99 134
1996-97 119 101 138
1997-98 127 108 147
1998-99 131 1" 152
1999-00 138 118 160
2000-01 141 120 164

Management Implications are dependent upon our Identiflication of the ecological mechanisms
behind the periodicity. Several hypotheses may be considered: (1) demographic periodicity
generated by the age-structure perturbation caused by severe reduction In numbers during the
1930's, (2) periodic predation Imposed by wolves (Canls lLupus) or other carnlvores known to
exhibit 10-year cycles in the vicinity of the Wood Buffalo nesting ground, (3) periodic
fluctuations In water levels on the nesting grounds which require that cranes must range
further to feed (Kuyt et al. 1981), (4) a periodic mortallty factor on the wintering grounds,
(5) a trophic~level interaction between the cranes and a food source, or between the cranes
and a secondary predator, (6) a |lInk between crane recrultment and mortal Ity and the nodal
lunar cycle (Archibald 1977, Roseberry and Klimstra 1984), and (7) periodic influences of
cl imate, elther In Texas or Canada.

None of these alternative hypotheses has been adequately evaluated, although | +think (1),
(4), and (5) are very unlikely. Demographic periodiclty should have dampened by now, yet the
periodicity is still very pronounced after 4 1/2 cycles. We have detected nothing periodic
about mortallty on the wintering grounds, although documentation of deaths on the wintering
grounds may not be satisfactory. Our preliminary attempts to find correlations between
whooping crane cycles and climate at Fort Smith, Northwest Territories, or near Aransas
National Wildlife Refuge, Texas have not been rewarding.

Trophic-level Interactions seem unllkely given the extremely small size: of the crane
popul ation, the large area over which they range, and the overal| exponential growth pattern In
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the crane census since 1938. Schaffer (1984, 1985) has recently found exciting promise for
understanding 10-year cycles In lynx by identifying evidence for a periodic strange attractor.
If the system generating the whooping crane periodicity did possess a periodic attractor, the
unlimited growth pattern observed indicates that the popul ation is probably far from its limit
set. Therefore, what is seen Is the transient. Ten-year oscillations in the transient do not
necessarily Imply the existence of a periodic attractor (W. M. Schaffer, pers. comm.).

The probiem of detecting the cause for whooping crane cycies may be a difficult one,
Popul ation ecologists have toiled for decades to offer a satisfactory explanation for the
classic lynx-hare cycle and for cyclic fluctuations In microtine rodents. But there is no
consensus on causal mechanisms. Because of the endangered status of the whooping crane,
hopeful ly our documentation of 10-year periodicity will stimul ate Interest and financlal
support for additional research on ultimate causes behind wildl ife's 10-year cycle.
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RECENT IMPROVEMENTS TO SANDHILL CRANE SURVEYS IN NEBRASKA'S CENTRAL PLATTE VALLEY

DOUGLAS S. BENNING, Office of Migratory Bird Management, U. S. Fish and Wildllife Service,
Golden, Colorado 80401.

DOUGLAS H. JOHNSON, Northern Prairie Wildlife Research Center, U. S. Fish and Wildlife Service,
Jamestown, North Dakota 58401.

Abstract: Sandhill crane surveys In Nebraska's central Platte Valley during spring migration
were Improved to address certain survey needs specified by the Central Flyway Councii's
Management Pian for the mid-continent sandhill crane population. An operational vertical

photographic survey was establ ished to estimate the population every fifth year, and an
Improved ocular survey was developed in conjunction with coordinated surveys throughout Central
Flyway states to assess trends annually. Both techniques ylelded reliable estimates with low
standard errors, A review of the survey assumptions and associated biases Indicate relatively
jow bias with each technique. Future survey refinements will attempt to minimize the effects
of the known and suspected biases.

PROCEEDINGS 1985 CRANE WORKSHOP

Most if not all of the mid-continent population of sandhil! cranes (Grus canadensis Zfabida,
G. ¢. rowani, G. c. canadensis) use the Platte River in Nebraska as their primary staging area
during spring migration. When numbers of cranes peak in that valley during late March or early
April only a small percentage of mid-continent cranes are observed elsewhere (Benning 1984).
Population levels are estimated durling spring staging primarily because cranes are so wldely
distributed during other periods of the year.

In July 1981, the Central Flyway Waterfowl Council developed a management plan that included
guidelines for the cooperative management of the mid-continent sandhill cranes by state and
federal agencies. One of the plan's objectives Is to maintain the population at a stable level
between 480,000 and 590,000 cranes. Two strategies relating to this objective are (1)
"obtaining reliable estimates of the population...in 1982 and at least every fifth year
thereafter...on the Platte Valley of Nebraska during late March-early April peak
concentrations" and (2) "assessing trends...through annual coordinated surveys in late March In
Central Flyway States" (including the central Platte Valley). Experimental surveys addressing
each strategy were conducted In 1978 through 1981 within the central Platte Valley. The first
successful vertical photographic survey of the entire area was conducted in 1982 to deal with
the first strategy. An ocular transect survey initiated In 1978 was refined substantially in
1982 when ocular flock estimates (hereafter referred to as counts) were corrected through the
use of obllique photography. This Improved ocular survey was used In conjunction with the
second strategy to assess trends and was conducted annually thereafter. This paper describes
the modifications and Improvements made in both survey designs since 1978 (Ferguson et al.
1979), documents the results and statistical analyses, and dliscusses the appropriateness of
these survey techniques and thelr known and suspected blases.

Bill Lyon, Nebraska Aeronautics Division, provided technical advice and piloted the alrcraft
for the 1982 vertical photographic flights., Hubert Dall and Ken McHarque, Nebraska Roads
Division, provided technical advice and served as photographer, respectlvely, for the 1982
vertical photographic flights. Jim McCord, U. S. Geological Survey, processed and custom
printed the 1982 vertical photography. Al Novara and Bruce Hansen, U. S. Fish and Wildlife
Service, were observer and photographer, respectively, on the 1982-84
ocul ar/obl ique-photographer transect surveys. Judy Harr, U. S. Fish and Wildlife Service,
provided photo counts on all surveys. Karen Tiedt, U. S. Fish and Wildlife Service, typed this
manuscript.

METHODS
Vertical Photographic Transect Survey

Ferguson et ai. (1979) developed and descrlbeg the orlngal design of the photographic survey
technique. The survey area Involved 2,173.8 km~ (839.7 ml™) within the central Platte Valley
of Nebraska between Grand Island and LexIngton and between North Platte and Sutherland.
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The areas were divided Into 10 strata. The sampled area, whlchlfo*aled 177.4 km2 (68.5 mlz)

along 54 ftransects was photographed with a Vinton KS69A, ° 70 mm camera. The camera was
equipped with a 75 mm focal length Leitz lens and Wratten 12 filter. Exposures were made at
1/1000 at f-4 or f-2.8 using H & W VTE Pan black and white print film. A Cessnha 180 flxed-wing
aircraft wgs flown at 610 m (2,000 feet) above ground level providing 0.20894-km

(0.080707-mi™) coverage on each frame. Coverage was discontinuous., Processed film was scanned
for presence of cranes and those frames with detectable cranes were enlarged from 4X to 20X for
counting.

The major change incorporated In the 1982 design was restratifying the survey area based on
analysis of 11 various experimental and operational surveys during 1978-80. From a comparison
of average densities on transects, correlations between transects, and a cluster analysis of
transects, the survey area was divided Into five new strata. Some small areas with
consistently low or zero crane densities also were excluded from the survey area.

Other changes involved applying high quality, large-format photographic equipment and using a
twin-engine Cessna 401 alrcraft to conduct aerial photography. The camera was a Wild RC-8 with
229 X 229 mm (9 X 9 In) Imagery. The camera lens had a focal length of 152 mm (6.0 1in). A
yellow lens filter was used to reduce the ef fect of haze on final Imagery. Exposure was set at
1/700 second and f-8. Frame rate was controlled by an intervalometer, callbrated for 10%
over|ap, to provide continuous photographic coverage ofzeach +rans§c+.

The resul ting survey design (Fig. 1) covered 1,928 km~ (744.4 mi®). Sampllng fractions in
the five strata varied from 6.25% in the &owest denséfy stratum to 503 in the highest density
stratum. The sampled area totaled 295.8 km~ (114.2 mi“), with 104 transects totaling 735 km
(456.8 mi) in length.

1/
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Fig. 1. Vertical photographic transect survey area for sandhlil| cranes in the central Platte

Valley, Nebraska, 1982.
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The aircraft was flown at approximately 177 km/hr (110 mi/hr) at an althtude of 268 m (880
ft). This altitude provided a scale of 1:1,760 which franslates to 402-m" (1,320~ft") coverage
on each frame. Complete coverage of the survey transects was anticlpated to take approximately
9.5 hours fllght time with an additional 3 hours for refueling, relocading fllm magazines, and
non-transect cross-country flying. ’

The transect fllights were scheduled between 0800 and 1600 on two consecutive days. This time
period offered the greatest sunlight intensity for best photographic results. Photography was
restricted to periods with less than 5% cloud cover. The dates selected for obtaining the
photography were within the period 25 March through 3 April. Krapu (pers. comm.) conslidered
this period as Including the annual peak of the spring population In the Platte Valley (U. S.
Fish and Wildlife Service 1981).

Film was developed for maximum contrast between the cranes and thelr background. Prints were
cataloged by date of exposure, roll and frame number, stratum, transect, and sequence number.
The overlap area on each print was depicted by drawing a black Iine and writing “overlap" In
the appropriate area. This eliminated counting Individual cranes on more than one photograph.
Each print was searched for cranes with a 4X lens and high=Iintensity overhead illumination. An
electronic pressure-activated stylus was used to enumerate and mark each individual crane
Jdentified on the photographs. All prints were scanned a second time by another individual +to
search for cranes not already counted, an omission evident by the absence of a stylus mark on
the print. This second scanning also verified crane identification.

Ocular Transect Survey

The ocular transect survey used the same survey area and strata as the vertical photographic
transect survey described by Ferguson et al. (1979) without the restratification described
above., A sampiing fraction of approximately 25¢ was establ ished within each stratum. Line
transects with a width of 0.8 km (0.50 mi) were establlshed. Transect |locations were
establ Ished systematically with a minimum of 1.6 km (1.0 mi) between transects to eliminate
doubl e=counting due to roll-up of birds. As numerous options were avallable for chooslng
transects, selection for a glven year was done randomly as described by Ferguson. Pilot and
observer estimated the number of cranes In each flock on thelr respectlve side of the plane as
the aircraft was flown down the center of each transect at an approximate altitude of 61 m (200
ft) above ground level and 177 km (110 mi) per hour. The observer recorded data by transect on
forms held in a clipboard. Coverage was normally accompl ished between 0900 and 1730. Survey
dates were selected each year to coincide with suspected peak population bulldup (the last 5
days of March). Weather criteria were not establ ished for the survey.

Minor changes incorporated in 1982 and subsequent surveys Involved: (1) conducting the
survey between 0800 and 1600 to take advantage of maximum dayl ight for photographic purposes,
(2) using the same tfransects each year rather than a system of different randomly selected
starting points each year o eliminate variation between years associated with differing
transect iocations, and (3) schedul ing the coordinated surveys each year on the fourth Tuesday
of March to facilitate consistent schedul ing between years within or just before the period of
suspected peak population bulldup within Nebraska's central Platte Valley.

Beginning in 1982, we made a major modification to our survey deslgn by measuring and
correcting the suspected bias associated with individual observer counts. This bias became
evident when wide disparity was noted between the ocular counts and counts from vertical
photographs taken simultaneously during 1978-1980. The method developed to correct this blas
Involved subsampl ing ocular flock counts with oblique photography. To obtaln the subsample, a
third crew member took single or multiple overlapping photographs of a representative sample of
crane flocks in conjunction with each observer's counts. A Canon AE-1 35 mm single reflex
camera with FD 50 mm 1:1.2 lens, ultraviolet and polarizing filters, power winder, and Kodak
135 VR 100 color film was used.

Notes were made by the observer and the photographer on each photographed flock. Exposed
film was processed to maximize contrast between cranes and their background. After review of
both observer and photographer notes and a comparison with the contact proof prints, selected
prints were enlarged to 203 x 305 mm (8 x 12 in). Prints were examined In the same manner as
the vertical photography.

For each year and observer, 32-48 crane flocks were counted ocularly and from photographs.
Analysis Indicated that the error (difference between ocular count and photographic count) was
approximately proportional +to the flock size. Accordingly we developed a ratio estimator of
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SANDH ILL. CRANE SURVEYS [N NEBRASKA'S PLATTE VALLEY - Benning and Johnson 13
the visibil ity correctlon for each observer and year where:
cranes counted on photographs

vV = -
cranes counted ocularly

A standard error of this ratio was obtalned according to Cochran (1977:155).

For each survey date, we estimated the crane population on the left and right sides of the
flight Ilne separately. This procedure enabled us to explolt differences between pilot and
observer in visibil ity rate. Estimates for the two sides were added together to produce a
total estimate.

For each side, we took the projected count times the visiblllty rate (V). The standard error
of this product was obtained from:

Var (vX) = VZvar(X) + Var(V)XZ + Var(V)Var(X).
where X = ocular count

RESULTS
Vertical Photographic Transect Survey

Transect flights were conducted on 25 and 26 March 1982, and required 13.9 hours flight
time. About 4.5 hours lnvolved cross-country travel and duplicate +ransect coverage due +to
excessive cloud cover on the first coverage. Crane flocks were occasionally disturbed by the
alrcraft passing overhead. Consequently, the origlinal fllight altitude was increased to 366 m
(1,200 f1), which resulted In no evident dlsfurbanﬁe to the flocks, Subsequent photography was
on a scale of 1:2,400 and each frame covered 549 m~ (1,800 f+°),

A total of 2,050 frames provided complete survey coverage. Another 400 frames were exposed
and printed but not used due to the assocliated excessive cloud cover. Photographs did not
require enlargement but did necessitate use of a 4X magnifier to aid in flock detection and
counting of cranes. Some difficulty was encountered In distinguishing cranes from ducks,
geese, crows, and even turkeys, but dlfferences were evident upon careful examination.

A stratified ratio estimate (Cochran 1977) of crane numbers was obtained with the area of a
transect serving as the denominator. The resulting estimate was 490,093 cranes, with a
standard error of 47,966 (Table 1). Fig. 2 compares the 1982 data obtalned using this method
to other spring survey results obtalned within the central Platte Valley during the period 1957
through 1984 utilizing other methods.

Table 1. Sandhill crane population estimates in the central Platte Valley of Nebraska derived
from the vertical photographic survey, 1982 and ocular surveys. 1982-84,

Suzygxaigchnlaues

Vertical —Ocular
Category photographic 1982 1983 1984
Year 1982 1982 1983 1984
Pilot estimate 220,282 157,294 129,455
Observer estimate 490,093 196,981 186,084 132,347
Combined estimate 417,262 343,378 261,802
Standard error(+) 47,966 42,331 31,674 24,198
Coefficlent of
Variation (%) 9.8 10,1 9.2 9.2
a

In 1982 and 1983, population estimates were developed using the mean of expanded counts
adJusted with the appropriate observer correction factors.
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Fig. 2. Spring sandhil| crane population indices in Nebraska's central Platte Valley, 1957-84.

Ocular Transect Survey

The ocular survey flights were conducted on 22 and 23 March 1982, 22 and 23 March 1983, and
27 March 1984. The fllights normally required an average of 7.5 hours flight time for complete
survey coverage, which included approximately 1.8 hours of cross-country flight. A mid-day
refueling and lunch break usually fook an additional hour. Survey coverage normally began at
0800 and ended near 1530. During 1982 and 1983 It was necessary to conduct two Identical
surveys wlithin 2 consecutive days to obtain the desired number of flock photographs for each
observer. In 1984 this photography was accomplished during a single survey. Nine to 14 rolls -
of 36-exposure film were used each year.

The 1982 and 1983 population estimates were determined from the mean of the expanded counts
adjusted with the appropriate observer correction factors. The pilot's and observer's counts
were corrected using 36 and 36 flocks In 1982, 48 and 46 flocks In 1983, and 36 and 32 flocks
in 1984, respectively. The corresponding correction factors with the standard errors for pllot
and observer, respectively, were 1.3723 (0.133183) and 1.0507 (0.064177) 1In 1982, 1.1204
(0.161015) and 1.1215 (0.109802) in 1983, and 1.1510 (0.11575) and 1.2005 (0.11460) In 1984.
The resulting popul ation estimates for the 1982, 1983, and 1984 (wlth standard error) were
417,263 (42,331), 343,378 (31,674), and 261,802 (24,198), respectively (Table 1). Fig. 2
1l lustrates how these data relate to crane spring survey results of 1957-84 within the central
Platte Valley using this and other methods. Because the percent of mid-continent sandhill
crane population surveyed within the central Platte Valley during the coordinated surveys
varied between years, the indices (Fig. 2) do not necessarily indicate population changes of
the magnitude depicted by the total population throughout the mid-continent region.
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DISCUSS ION

The vertical photographic transect survey in the central Platte Valley provided accurate
estimates (low blas and low standard error) compared with earllier survey methods. The success
of this technique, however, Is dependent on a sultable combination of procedures In conjunction
with quite restrictive weather |imitations. The survey technlique requires two consecutlve days
of nearly clear skies with flawless photography within a 10-day perlod. Typically, weather
during this +time of year in Nebraska tends to be quite variable with frequent storms. Also,
the loglstics of conducting an aerlal photo survey of this type and magnitude requlre a highly
coordinated team effort, professional results, and virtually no equlpment mal functions. As a
consequence, the opportunity for obtaining rellable results in any glven year |s far less than
certaln.

Basic assumptions of this technique are that (1) all cranes within the iransect are depicted
on the photography and are detected by the person making the counts off the photography; (2)
the photographic counts are 100 percent accurate; (3) there Is no biasing crane movement
between or on and off transects during the survey, and similarly there Is no movement of cranes
Into or out of the survey area during the survey; and (4) the mid=continent crane population
outside the central Platte Valley can be measured simul taneously. Although these assumptlons
have not been thoroughly tested, we do have some Indications of how well our techniques satisfy
these assumptions,

The first assumption was dealt with In part through an audit procedure where a second person
methodical ly searched each photograph for cranes not enumerated by the original count. This
did not preclude the possibil ity that both workers missed some cranes., A known blas assoclated
with this assumption Involves those cranes In flight at a substantial height above ground that
are not detected on vertical photography. Cranes occasionally soar during the warmer part of
the day, so that some cranes within the survey area are undetectable. As this phenomenon was
of minimal magnitude during the 1982 survey, no effort was made to account for soaring cranes.
If the number of cranes involved In this activity Is substantial, however, this bias should be
addressed.,

The second assumption was +treated In part through +the audit process discussed above.
Additionally, the electronic stylus counter was tested and found extremely relliable,

As to the third assumption, every effort was made to eliminate the effect of the survey
alrcraft on crane movement, Fllight altitude was Increased durlng the 1982 survey to elliminate
hazing cranes off the transect. Fllights of cranes between feeding and loafling areas can be
expected when we conduct the survey, However, we belleve that Ingress and egress on and off
transects wlthin the survey area wlll be compensatory In Its effect on survey results.
Additionally, the survey Is conflned to two consecutive days to minimize the effect of crane
movement Into and out of the survey area. .

The fourth assumptlon was dealt with through coordinated survey efforts Initiated in 1974
throughout the mid-continent regton. Although the techniques used In these other areas do not
have assoclated measures of error and they quite |lkely do not represent every component of the
popul ation outside Nebraska's central Platte Valley, this coordinated survey activity does
attempt o treat this known bias,

The ocular transect survey also provides relatively accurate estimates compared wlith ear|ler
survey methods. However, this technique is more tolerant of environmental conditions and
necessary logistic support +o obtaln rellable and complete results during this same perlod.
Survey costs cannot be Ignored; In 1982 the vertical photographic transect survey was roughly
elght times the cost of the ocular transect survey.

Basic assumptions of +thls technique are essentially the same as the vertical photographic
transect survey. However, the methods employed to ensure that these assumptions were met are
somewhat different and more susceptibie to criticism, -

Regarding +the assumption that all cranes within the transect are detected and counted by the
pitot or observer, we established a low-level flight altitude and slow alrcraft speed to ald
the observer's abllity In detecting flocks by flushing some birds In nearly all flocks., This
alsc alded In ldentifying birds. We do have some indicatlon, however, that overcast skies and
the assoclated iow light may impalr both the pllotfs and observer's abil Ity to detect some
crane flocks that do not flush as the aircraft passes. This relationship and associated blas
must be further Investigated. The photographer 1in the back seat of the survey alrcraft
documented only an occasional omlission by elther pllot or observer, which involved few cranes.
This does not precliude the possibllity that observers and photographer both missed some
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flocks. An important consideration in this survey technique Is the abll Ity of both observers
to detect and count cranes flying at altitudes that would be missed using the vertical
photographic technique. We are concerned, however, that some high-soaring cranes may go
undetected even by the ocular method. Again, further investigation Is suggested.

The assumption that the ocular counts are accurate was dealt with to a majJor extent by the
addition of oblique photography to this previously untreated bias. Most observers tend to
underestimate bird numbers and, perhaps more importantly, observers tend to differ In their
estimating capabil Ities. Therefore we thought that this bias was critical to obtaining
reallstic results, This method of correcting observer counting error is far from perfect, but
we belleve the procedure has credibil |ty and has further application to other ocular-oriented
surveys.

The assumption that there are no blasing crane movements between or on and off transects
during the survey was treated in two ways. The first involves the spacing of adjacent transect
at a minimum of 1.6 km distance between boundaries to el iminate the effect of roll-up. This
Is a consideration due to the low-level fllght required of the survey and the assoclated flight
of many cranes off the fransect. Roll-up was never detected using this 1.6 km spacing. The
second has to do with completing the survey in one day, therefore minimizing lateral movement
within the survey area and crane movement Into and out of the survey area which Is more |lkely
during surveys of longer duration. As with the vertical photographic transect survey, we
belleve that ingress and egress on and off transects within the survey area will be
compensatory In Its effect on survey results,

The last assumption, that the mid-continent cranes outside the central Platte Valley can be
measured simultaneously, has been treated through the annual coordinated survey efforts
throughout the mid-continent region as discussed earlier.

Despite their differences, both of these survey techniques appear fairly well suited to their
purpose. The relatively complex and expensive vertical-photographic survey has the potential
to provide a relatively accurate estimate of the mid-continent crane population within
Nebraska's central Platte Valley at infrequent Intervals, whereas the relatively simple and
Inexpensive ocular survey within the central Platte Valley should provide a fairly reliable
popul ation trend indicator on an annual basis when used In conjunction wlth the coordinated
surveys throughout the mid-continent region.
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Post-script: The results of the 1985 ocular survey with photo correction provided a population
estimate of 514,763 with a standard error of 49,650 and coefficient of variation of 9.6.
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THE WISCONSIN SANDHILL CRANE COUNT: A PUBLIC PARTICIPATION PROJECT
JAMES HARRIS, International Crane Foundation, Route 1, Box 250C, Baraboo, Wisconsin 53913
JEFF KNOOP, The Nature Conservancy, 1504 West First Avenue, Columbus, Ohlo 43212

Abstract: From 1975 to the present, an annual count has been made of greater sandhlll cranes
(Grus canadensls fabida) in Wisconsin. The census depends entirely on volunteer partlcipants,
some without previous experience observing cranes. In 1984, 2219 people surveyed 1284 sites In
59 of Wisconsin's 71 counties and found 5717 cranes. The crane count day occurs in the third
week of April, when participants visit thelr assigned wetland sites for 2 early morning hours.
They record all cranes seen or heard and the condition of the wetlands, These procedures
became standardized in 1981, and coverage of the survey has greatly expanded since then.  The
project Is an effective educational tool, exposing a great variety of people to cranes and
conveying a sense of wonder and appreciation toward wetlands. Research value of the project
depends on collection of data from many sites over several years. Results from any single year
can be blased by variations in weather and number of observers. This paper summarizes count
procedures and evaluates data through 1984, Including a detalled analysis of two sample
counties In southcentral Wisconsin. Cranes now occur throughout Wisconsin, with the greatest
numbers In central counties. In the two sample countlies, 59% of 58 regularly-used crane sites
were In private ownership. Crane count data are now being computerized In cooperation with the
Wisconsin Department of Natural Resources.

PROCEEDINGS 1985 CRANE WORKSHOP

Over the last decade, the annual sandhill crane count has become an Important event for
thousands of adults and children in Wisconsin. On 14 April 1984, over 2,200 people went out
before sunrlise and counted 5717 cranes In 59 of Wisconsin's 71 counties.

The crane count serves three purposes. First, It is a research tool. An army of volunteers
checks wetlands throughout Wisconsin for the presence of greater sandhill cranes on one early
morning at the beginning of the breeding season. The crane count |s collecting extensive
Information on abundance and distribution of cranes. These data would be Impossible to gather
through more Intensive studies by wildlife professionals =-- the crane count therefore
complements more traditional research efforts.

Second, and equally Important, the crane count educates citizens by providing them an
opportunity to participate in studying and ultimately protecting cranes and wetlands. As
preparation for the count, participants learn about crane biology and behavior and the
Importance of wetland habitats, The count then takes the observers Info the marshes at a
beautiful time of morning. As people become enthusiastic about protecting cranes and their
habitats, their interest can carry over Into other facets of conservation.

The cranes have attracted large numbers of people as volunteers, and the count grows in
popularity every year. The event Is especially effective as an education tool because people
learn by doing. They have a clear and practical goal for thelr efforts.

Third, the crane count encourages wetland conservation, Cranes serve as excellent Indicators
of the health of their ecosystems. Participants record not only the presence of cranes, but
also the condition of their study sites and any recent habitat changes they can detect. When
all these data are assembled, the extent of habitat change and Its effect on crane populations
can be determined. The crane data also can ldentify wetlands especially worthy of protection.

This paper outlines the methods used for the count, In sufficient detall that they can be
adapted for similar projects In other reglons. We also discuss resulfs of the crane count.

This discussion of results will be prellminary, and Is Intended chiefly to demonstrate how
the accumul ated data can be used rather than to give an exhaustive analysis. Variations In the
number and reliabillty of observers as well as weather have greatly Influenced data from
particul ar locations or partlcular years. Concluslons from crane count data must be based on
many sites observed over a series of years. Due to the small size of the count in Its early

years, only a few countlies have data bases extending back more than 3 or 4 years. We wlll look
at two sample countles, one with 6 years and the other with 5 years of data, as an indlication
of what Information the crane will be yielding for much of Wisconsin by 1986.

Proceedings 1985 Crane Workshop 17



18 WISCONSIN SANDHILL CRANE COUNT = Harris and Knoop

BACKGROUND

The sandhil| crane is of particular Interest In Wisconsin because Its populations have
undergone dramatic changes in the past 150 years. The status of the species has been revliewed
by Hunt and Gluesing (1976). Before white settlement, sandhill cranes bred commonly In

Wisconsin, especlally 1In southern and western regions of prairies and wetlands. But hunting,
settlement, and habltat al teratlion caused major declInes that became evident by the 1880's. By
1936, only 25 pairs were estimated to remain In Wisconsin (Henika 1936). Twenty palrs survived

on |arge marshes in Juneau, Wood, and Jackson counties, all in central Wisconsin, with a few
other palirs at scattered |ocations.
A gradual recovery In sandhil| crane numbers was detected in the 1940's. The development of

large waterfowl management areas encouraged a substantial increase in cranes by the 1960's. A
survey among wildlife managers and game wardens in 1967 revealed crane nests or young in 20
marshes in 16 counties (Hunt and Gluesing 1976). Most of these reports came from publlic
wildlife areas. Then results of a follow-up survey in 1973 Indicated that 250 pairs were
present that summer In 32 counties. Of 40 actually located, 55% were on private land. The
cranes aiso appeared to be using smaller wetlands for nesting, with a minimum size of 8 ha.
But the increase and spread of cranes through Wisconsin made representative population surveys
more difficult to accompl ish.

The sandhill crane count began In 1975 on a small scale. Initial efforts were |imited to
Columbia County as a high school study project, but by 1978 the count had spread into five
counties. For several years, the event was sponsored by the Wisconsin Wetlands Association, a
non-profit conservation and education organization staffed entirely by volunteers. The
International Crane Foundation (ICF) has organized the count since 1981.

Up through 1981, methods for the count varied from year to year, as organizers galned
experience with counting cranes and using volunteers. in 1979, for example, observers were
instructed to visit their survey sites on one or more occasions between 17 March and 24 April.
From 1981 to the present, observers have counted on a single date each year throughout the
state, and other procedures have been standardized so that data are easily comparable year to
year. Data from the years up before 1981 require extra care and effort when they are compared
to 1981-84 data.

The crane count is the result of the dedication and effort of thousands of volunteer
observers, many of them returning year after year to help., The County coordinators have done a
spiendid Job of organizing their areas, devoting |iterally days of work on count preparations.
We wish to acknowledge indlividual ly those whose vision helped start the count in the 1970's and
those who served as state coordinators for 1 or more years: Charllie Luthin, George Archibald,
Al Shea, Jim Bachhuber, Steve Schmidt, Steve Landfried, Scott Freeman, Karen Voss, Karen
Atkins, and Marion Hill, The Wisconsin Wetlands Association has consistently supported the
count, and took responsibility for organizing the event for several years. The followling
organizations contributed financially to the project for 1 or more years: Citizens Natrual
Resources Association, Sierra Club -=- the John Mulr Chapter, Madison Audubon Society, Milwaukee
Audubon Soclety, Winnebago Audubon Society, Wisconsin Metro Audubon Society, Lakeland Audubon
Society, and the Wisconsin Soclety for Ornithology. The Wisconsin Wetlands Inventory of the
Department of Natural Resources provided extensive information on wetland |ocations, slzes, and
vegetation types.

METHODS
Timing

Timing of the count greatly affects results. It must be standarized because Wisconsin's
crane population Is mlgratory and breeding appears synchronized, occurring directly after the
birds complete their migration. Starting in 1982, the crane count has occurred during the
third week In April--after most migration Is over In Wisconsin, but while most pairs are highly
vocal and territorial on their marshes, By early May, the cranes have eggs and have become
secretive; they are then difficult to count.

Observers arrive at their assigned survey sites at 0430 hours, well before sunrise, and
zemaln until 0630 or 0700 hours. Cranes are most consplicuous and vocal during this portion of

ay.
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State-wlde Organization

Because of the large slize of Wisconsin (14.5 million ha) and the number of survey sites and
participants, good organization Is necessary to complete the operation. An ICF staff person
serves as state coordinator, overseelng planning, site selection, and participant recruiting
for the entire count. The state coordinator has the followlng duties.

(a) Recrult and Assist County Coordinators--The state coordinator finds peopl e who will
organize the observers In thelr assigned counties. This organizing Is accompiished four months
before the count, so that county coordinators can be trained and began to recrult observers
within thelr counties.

(b) Develop Training Materials--We use a sllde show with a narrative tape cassette with
recordings of crane calls to train participants. These materials Introduce observers (who
often have |I1ttle sclentific background) to crane behavior and wetlands, and to values of
wetlands for wildl Ife and people. Multiple coples of the slide show have been prepared and are
loaned out to county coordinators.

(c) Coordinate Mapping of Survey Sites--The state coordinator maintains a permanent record of
wetland sites that have been surveyed in Wisconsin, This master map Is updated each year.
Copies of the maps for each county, with survey sites Identlfled, are sent to each county
coordinator. In 1982, a sample of wetlands in each county were Identified as ‘'priorlty
sltes." Since then, we have instructed county coordinators to be certaln each of these sites
Is covered annually by reliable observers.

(d) Arrange Advance Publ icity-~The state coordinator sends general news releases to major
Wisconsin newspapers to publicize the count and recruit participants. The state coordinator
also prepares publlc service announcements for radio and television, and special releases for
youth group newsletters. These materials go out more than a month before the count day.

(e) Prepare County Coordinator Packets~-These packets contain directions and background
Information for county coordinators and materials to be given to their participants. The maps,
data sheets, and publicity posters are included.

() Hold a County Coordimator Meeting=~This meeting occurs two months before the count day.
At the meeting, the state coordinator gets to know the county coordinators and Informs them of
count procedures. The packets are handed out.

(g) Dutles After Count Day--The state coordinator compiles the data county by county,
checking the reports filed by the county coordinators for accuracy and completeness. The
resul ts are announced to the public and to participants as soon as possible, and all records
are saved for permanent record.

County Coordinators

The county coordlnators play a key role in organizing the Wisconsin crane count. The state
Is too large for the state coordinator personally to contact all participants and make sure
they are sufficiently knowledgeable about cranes and count procedures. For Wisconsin's 1984
count, 54 county coordinators performed these tasks.

Coor dinators volunteer from each participating county. Many have an assistant who helps them
and becomes familiar with crane count procedures, so that they can replace coordinators In
later years. The county coordinators have the following responsibillties.

(a) Recrult Participants—-Records are kept of participants from previous years. The county
coordinator sends post cards to these people a month before the count, asking them to
particlipate again. New counters are recruited by Involving youth groups, through personal
contacts and news releases, and by placing posters In publlc areas.

(b) ldentify Survey Sites--=With the help of the map from the state coordinator, and through
personal know!edge of the area, the county coordinator Identifles all appropriate wetlands
within the county and labels them on site maps.

(c) Meet With Particlpants--The county coordinator holds a meeting to Introduce volunteer
observers +to cranes and wetlands and to distribute the materlals they will need. At this
meeting the slldes and tapes supplied by the state coordinator are used. Participants also
choose and sign up for thelr survey sites, The county meeting occurs two to three weeks before
the count.

(d) Do Local Publicity--The county coordinator sends news releases supplled by the state
coordinator to local radio stations and newspapers. Releases, Including the date of that
county's meeting for crane counters, go out two weeks before the county meeting. This helps
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recruit additional particlpants.

(e) Dutles on Count Day--The county coordinator holds a morning meeting Immediately after the
count, for participants to hand In data sheets and share experiences. These meetings are very
popul ar among particlpants, and allow them to ask questions about what they observed.

(f) After the Count--The county coordinator completes a summary sheet that Includes
information about the cranes and wetlands of his or her county. This summary sheet Is returned
to the state coordinator. The county coordinator also malls back all maps of survey sites and
participants! names and addresses.

Particlpants

Most people who volunteer for the crane count have |ittle prior knowledge about cranes. They
learn by participating. Participants include youth groups from scoutlng organizations and
schools, adults from birding clubs and community organizations, people who own wetlands
inhabited by cranes, and many other citizens.

Observers unfamillar wlith their assigned site are urged to visit the location between the
training meeting and the count day. Where necessary, they obtain landowner permission.
Observers are responsible for getting to and from the appropriate place at the necessary times,
al though sometimes the county coordinators help them to obtaln transportation.

Participants for each site fill out a data sheet during thelr 2-hour sunrise watch on count
day. They record site number, landowner, condition of the wetland, adjacent | and-use, and
wildl Ife observed. They record all crane observations, by ear or eye, together with the time.
At the end of the watch, they estimate how many cranes were present and the number of breeding
pairs. Breeding palrs are Identifled by the unison call. Participants also prepare a sketch
map of the site, with the locations of the cranes. The county coordinator will review these
data sheets tfo check observer judgement regarding total crane numbers and to make adjustments
for any cranes that may have been counted twice by observers on two neighboring sites.

I+ Is due to our varied but plentiful participants that the Wisconsin crane count can exist
on the scale it does. Many crane counters |ater support other ICF programs and work to protect
the wetlands near thelr homes.

RESULTS

Each year the state coordinator has tabulated results from all counties. Results for
1980~1984 are presented in Table 1. The Increase In cranes counted over the decade Is not
evidence for an increase In numbers of cranes but rather is due to growth in the organization
of the count and in the number of observers.

Data for 1981 and 1982 deserve further explanation because exactly the same number of cranes
were counted In the 2 years. This result is noteworthy because twice as many counters went out
in 1982 as In 1981, and they surveyed almost twice as many wetland sites. But the 1981 count
occurred on 4 April, when many migrant cranes still| |lngered in Wisconsin, thereby inflating
totals. The 17 April date for 1982 timed the count after most migration was over, when only
resident birds remained. As a further compllication, the weather for 1982 included wind, railn,
and even snow, so that viewing conditions were terrible. Many cranes probably were missed.

Table 1. Wisconsin sandhil| crane count annual totals, 1980-1984.

Total Total ‘Total

cranes counties Total survey
Year observed participating observers sites
1980 977 8 about 200 178
1981 2824 32 760 490
1982 2824 43 1617 937
1983 5822 55 1802 1178
1984 5717 59 2219 1284
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The results from 1981 and 1982 highlight the need for caution In Interpreting crane count
data. All analyses must consider the influence of weather, levels of publ ic participation, and
observer inexperience, We belleve that few reported cranes were misidentifled because the
crane has such a striking appearance and call. But a report of no cranes at a site can only be
considered tentative. :

Al though Table 1 cannot be used to compare crane numbers from year to year, the crane fotals
for 1983 and 1984 -=- over 5,000 crane each year -- do provide minimum figures for Wisconsin's
popul ation. The true population must be substantially greater, because some counties received
no coverage during the count and in others only a few sites were visited. Results from 1983
and 1984 clearly suggest the extent that sandhill crane populations have recovered in
Wisconsin, These current figures greatly exceed estimates for Wisconsln's crane population
even for 1973 and 1975 (Hunt and Gluesing 1976).

The crane count also reveals that cranes have returned to wetlands in all parts of the
state. Nevertheless, cranes are concentrated in certain areas. Fig. 1 depicts the numbers of
cranes counted and observers in each county In 1984, Relative crane numbers are charted by
county In Fig. 2. Consistent with the situation in earller decades, the central counties
appeared to have the greater share of cranes. The countles bordering the central Wisconsin
counties contained the second greatest crane densitles. Cranes were sparsely represented In
+the southwestern counties where wetlands are scarce, and In the heavily forested northern
countlies. We also charted crane numbers from the 1983 count, and had an almost identical map.

In Flg. 2, crane numbers are presented without any correction for the highly varlable numbers
of observers or survey sites in the different counties. Some counties had no more than 2-3
observers at 1-2 sites, while others flelded over 100 people at 80-100 sites. But no easy
correction can be made for such biases. Some counties may have only a couple dozen |ocations
even marginally sultable for cranes, while others have |iterally hundreds of wet|ands.

A county by county comparison of data in Fig. 1 reveals no clearcut correlation between
numbers of cranes and numbers of observers. We have chosen not to apply statistical tests to
these data which are from only 1 year. For many countles, only 2 or 3 years of data have been
col lected. By 1986, however, the project will have generated enough data to provide a more
reliable map.

A iIndicated in Table 1, only a handful of counties have data extending back 5 years. We
believe that a minimum of 5 years of data should be accumulated before the status of cranes in
any county can be closely evaluated.

For this paper, we examined data for two countles, both loccated In southcentral Wisconsin
(Table 2). We worked with 6 years of data from CQIumbla County, and 5 years of data from
Jefferson County. Columbia County has an area 2,010 km“, with a human population of 44,000;
out of Wisconsin's 71 counties, It 2ranks 33rd in surface area and 28th In population.
Jefferson County has an area of 1,461 km“ and a human population of 67,000; It ranks 53rd |In
surface area among Wisconsin counties and 21st In population (Wisconsin Legislative Reference
Bureau 1983). Both counties have relatively high crane populations (Figs. 1 and 2) with 278
cranes counted In Columbla County and 309 cranes counted in Jefferson County In 1984.

The crane count has signiflicance for research because of the |arge number of sites surveyed.
A two-county sample Is Yoo small to reveal population trends. But the two counties give us an
Indication of just what the project 1s accomplishing, and can guide data analysis for the whole
state as additional years of data accumul ate.

Coverage of sites In Columbia and Jefferson counties varies from year to year, so that few
sites have been surveyed every year. This Inconsistent coverage results malnly from the
preferences of the volunteers -~ because we encourage observers to visit a site near thelr home
or a wetland they especlally Ilke. As observers change from year to year, so do the sites
surveyed. But In this way, we hope to encourage people to become involved in the welfare and
fate of individual wetlands, so that they are |ikely to try fo influence governmental or
private landowner decisions affecting those wetlands.

The designation of priority sites In 1982 provided for consistent coverage of many areas In
each county, By this method, we are obtalning a slzable sample of wetlands surveyed every
year, while stil| allowing considerable observer cholce over survey sites.
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Fig. 1. Crane and observer totals by county, 1984 Wisconsin sandhlll crane count.
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Fig. 2. Crane abundance by county, 1984 Wisconsin sandhil| crane count,
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For purposes of the present analysis we have divided survey sites Into locations regularly
used by cranes and into locations Irregularly used or not used by cranes (Table 3). These
locations were selected from the sites that had been surveyed 2 or more years. We classified
as regular-use sites those locations where cranes were present 3 or more years, Sites reported
to be without cranes for 2 or more years were catagorized as irregul ar-use/unused sites. Many
sites did not meet either test, and three sites met both tests: these sites were placed Iin an
intermediate category and received no further analysis.

We chose this method for classifying sltes because of the variable coverage of sites from
year to year. We wanted to use our |imited amount of data to obtaln two groupings of wetl|ands
distinctly different in crane use. It should be noted that by our criteria, sites surveyed
only 2 years were classed as Irregul ar-use/unused sites if cranes appeared neither year;
otherwise, these sites were placed in the intermediate category and not analyzed.

Table 3 reveals one blas to our data, Regular-use sites greatly outnumbered
Irregul ar-use/unused sites. The organization of the count favors coverage of sites with
cranes. Both the volunteer observers and the county coordinators tended to select sites for
observation with a past history of crane use -- after all, the project 1is designed to give
volunteers experience with cranes. A site that did not have cranes for 1 or 2 years was less
| ikely than other sites to be surveyed in subsequent years (unless It had been designated as a
priority site).

The regular-use sites, 26 for Columblia County and 33 for Jefferson County, can be considered
prime crane marshes, This is by no means an exhaustive |ist (other prime sites probably have
not yet been surveyed for enough years to be considered). But the regular-use sites represent
a sizable sample of marshes where cranes frequently live. We have analyzed them according to
ownership and acreage.

Table 2. Numbers of surveyed wetland sites, Columbla and Jefferson counties, Wisconsin,

Number of Columbia Jefferson Two~-county
years surveyed County County total
1 22 44 66
2 25 28 53
3 12 25 37
4 1 13 24
5 6 11 17
6 3 3
Total 79 121 200

Table 3. Frequency of crane use of survey sites, Columbia and Jefferson counties, Wisconsin.

Columbia Jefferson Two-county
Use category County County total
Regul ar-use 25 33 58
Intermediate-use 27 34 61
Irregul ar-use
or unused 5 10 15
Total number
of sites 57 77 134
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We determined ownership of the regular-use sites from the 1983 platbook for Columbia County
and the 1984 platbook for Jefferson County. Among the 25 regular-use sites in Columbia County,
13 were entirely or almost entirely In private ownership, 508 of the total. In Jefferson
County, 21 regular-use sites were entirely or primarily In private ownership, 64% of the
total., For the itwo counties combined, 34 out of the 58 sites (59%) were In private ownership.
The remalning sites were partly or entirely owned by U. S. Flish and Wildllfe Service, the
Wisconsin Department of Natural Resources, or (two wetlands in Jefferson County) the Unlversity
of Wisconsin. Many of these Ypublic" lands were Interspersed with private holdings.

For these 1wo countles, the future of the crane population will be heavily influenced by how
private landowners manage thelr wetlands. The primary dependence of cranes on state and
federal wlldilife areas, noted through the 1950's and 1960's, no longer appears to characterize
Wisconsin's crane population. Private ownership of crane marshes Iin Columbla and Jefferson
counties for 1983-84 is similar to the 55% reported for Wisconsin as a whole In 1973 (Hunt and
Gluesing 1976).

Cranes do not appear to co-exist with people In Wisconsin's citlies and villages, perhaps
because remnant wetlands In urban areas are too small and too highly disturbed for cranes.
None of the 58 regular-use sites from the two counties were located in Incorporated areas.

We have also examined acreages for wetlands at regular-use survey sites. The Wisconsin
Wetlands Inventory of the Department of Natural Resources (DNR) provided acreages for these two
counties, based on computer analysis of the wetland maps recently completed for the state (see
Wisconsin Department of Natural Resources, 1982, for a description of the Wisconsin Wetland
Inventory). Several larger wetlands In each county contained more than one regular-use slte.
We analyzed sizes for 42 wetlands regularly used by cranes.

The DNR maps depict all wetland types, including heavlly forested swamps, wet areas covered
with shrubs, and open waters to a depth of 2 m. In calculating sizes of crane marshes, we only
included wetiand areas where at |east 304 of the surface was covered by emergent vegetation.
Wooded swamps and other areas unsuitable for cranes were thus not included in our silze
determinations,

0f +the 42 cranes marshes, 7 (or 17%) were less than 41 ha; 8 (or 19%) were between 41 and 81
ha; 3 (or 7%) were between 81 and 122 ha; 4 (or 10%) were between 122 and 162 ha; 5 (or 12§)
were between 162 and 203 ha; 4 (or 103) were between 203 and 405 ha; and 11 wetlands were
larger than 405 ha. Sizes of the wetlands regularly used by cranes ranged from 23 tc 1,251 ha,

These figures are roughly comparable to the sizes for 139 crane marshes reported for
Wisconsin by Hunt and Gluesing (1976), although our sample contalns a greater proportion of
large wetlands. This difference could simply reflect the sizes of wetlands present in
Jefferson and Columbia countlies, and thus available to the cranes.

Along wlith revealing the characteristics of marshes frequently used by cranes, the crane
count data should also provide Information on the differences between sites preferred and sites
not preferred by cranes. Such between-group comparisons are best made with a large sample
size, such as will be available after 1 or 2 additional years of data are collected for the
projects! randomly selected priority sites. But we have used our two-county sample for an
Inltlal comparison of sizes of regular-use sites and irregul ar-use/unused sites.

The 42 regular-use marshes averaged 262 ha, while the 15 Irregular-use/unused marshes
averaged 76 ha In size. The difference appears substantial, although we do not consider this
present sample to have been randomly selected and therefore did not analyze the data
statistically.

DISCUSSION

Based on our experience with data from the two sample counties, we are now working with the
Wisconsin DNR to develop a computer data bank for Wisconsin crane count results. Information
stored will Include site number and location along with an expandable array of variables about
each site =- ownership, acreage, other wildl1fe use, etc. We will enter the total number of
cranes present and the number of crane palrs for each site for each year of the count.

The data bank will serve two main purposes. The DNR will have the crane count results
available for use In Its water regul atory and environmental Impact programs. And ICF will have
the data readily accessible for research and analysis.

Our work wlth the data from our two sample counties has suggested the breadth of information
about cranes that can be derived from the count results. By 1986, hundreds of sites across
much of the state will have each been counted three to elght times. The I|imitations
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encountered in our small fwo-county sample -- |imitations Inherent In the type of data the
crane count generates -- can partially be overcome as the sample size grows. We will then be
able to analyze numbers of cranes reported at sites and evaluate habitat. In this manner, for
example, we can assess characteristics of wetlands that support more than one palr of cranes.

The count as a whole does not directly measure population size or change for sandhill cranes,
due to varlations in the coverage of sites. But the priority sites, surveyed every year, will
allow close comparison of crane numbers for a large sample of Wisconsin wetlands. These data
will serve as our measure of popul ation change.

There Is a special advantage to computerizing the data in cooperation wlth the DNR. The DNR,
particularly through its Wetlands Inventory and Endangered Resources programs, has assembled
extensive information about wetiands, information that may assist in analyzing crane count
data. The Wetlands Maps, for example, can be used to obtain acreage and habitat type figures
by county, township, or Indlvidual wetland across the state. The Endangered Resources Program
has been conducting surveys of black terns (Chllidonlas niger) and other wlldlife on many of the
same wetlands surveyed In the crane count. By storing crane count data with the DNR, there is
further opportunity for analysis using two or more of the data banks.

There are, however, definite 1imits to the accessibll ity and usefulness of the Wetl ands
inventory data. Wetland acreage figures were provided at our request for the two counties, but
budget constralnts may prevent generation of similar data for most other counties. And the
habltat types used for the Wetland Maps may not follow the criteria most useful for classifying
crane habitats. Crane hablitat analysis may need to depend on other wetiand inventories or on
fleld checks of selected crane marshes.

We plan to continue indefinitely conducting the annual crane count. The more data we have
from particular sites, the more useful it becomes. But also, the network of volunteer county
coordinators and participants that we have developed over the years probably would not remain
Involved 1f the count occurred only once every 2 to 3 years.

Although this paper has not emphasized the project's education and wetland conservation
goals, much of the value of the crane count derives from its multiple Impacts. When one
considers the substantial percentage of crane marshes in private hands, active involvement of
thousands of cltizens, Including many wetland owners, In the cause of crane conservation may
prove to be the most important result of our efforts.

We highly recommend crane counts as research-education projects for other areas within the
United States and abroad. The essential need is for an Institution able to make a long-term
commitment to organizing a count and carefully keeping the data. ICF has developed an
Instructional packet about the census in Wisconsin, including samples of forms and gulidel Ines
for coordinators and participants. These materials can be adapted for other areas. For a copy
of the packet, contact the Education Coordinator, International Crane Foundation, Route 1, Box
230C, Baraboo, Wisconsin 53913,
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THE GREATER SANDHILL CRANE IN YELLOWSTONE NATIONAL PARK: A PREL IMINARY SURVEY
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Abstract: A preliminary study of status, distribution, and seasonal movements of greater
sandhil| cranes (Grus canadensls tabida) summering in Yellowstone National Park was conducted
from July 1984-March 1985. Historical records indicate that al though cranes were abundant when
the Park was established In 1872, numbers declined rapidly with human settlement of surrounding
areas and Increased only slowly after the 1930's. In 1984, we surveyed 53 areas of potential
crane habitat by fixed-wing aircraft. Eighteen of these areas were resurveyed by helicopter
and 15 from the ground. Counts from fixed-wing aircraft underestimated adult crane numbers by
60-70.6% due to visibility blas. A regression estimation method was used to correct for this
bias, The predicted mean number of adult cranes inhabiting 53 areas was 188 (107-269, 90%
C.l.) based on ground survey and 203 (135-271, 90% C.!.) from hel icopter survey. By combining
all survey counts and supplemental observations provided by the Park Service, and eliminating
dupl ications, we accounted for 209 cranes at 47 locations. Suitable crane habitat is widely
interspersed throughout vast forested areas In the Park, consequently, we suspect the total
crane population may substantlally exceed our estimates for 53 primary areas. Helicopter
surveys appear to provide the best method for estimating crane numbers in the Park. Seasonal
movements of marked cranes conflirm that they are affillated with the Rocky Mountain
population. The major fall premigration staging area for cranes from western portions of the
Park 1s Teton Basin, ldaho. Park cranes stop in the San Luls Valley, Colorado, during spring
and fall migrations and winter principally in the Rio Grande Valley, In Valencia and Socorro
Counties, New Mexlco.

PROCEEDINGS 1985 CRANE WORKSHOP

The historical breeding distribution of greater sandhill cranes In the Rocky Mountalns
includes Yellowstone National Park (Park) (Merriam 1873, Grinnell 1876, Skinner 1925, Wright et
al. 1933, Brown 1942, Walkinshaw 1949, Drewlen and Bizeau 1974, and others). Recent studies
have dellneated status, distribution, and seasonal movements of the Rocky Mountain crane
population in areas adjacent to the Park In western Wyoming, eastern Idaho, and southwestern
Montana (Drewien and Bizeau 1974, Lewls 1977). This population has Increased In recent decades
and Is currently estimated at 17,000-20,000 cranes (Unpubl. data, |d. Coop. Wildl. Res. Unit).
Due to increasing numbers and crop depredations at certain locations, |imited hunting of this
subspecies has been allowed since 1981 In Arizona, and In New Mexico and Wyoming since 1982.
We have no knowledge whether these hunts Impact cranes from the Park.

Prior o thls study, little was known about the status of sandhill cranes in the Park and
nothing was known of their seasonal distribution and movements outside the Park. This lack of
Informatlion was noted recently by the Pacific Flyway Technical Committee and identified as a
research need to provide better management guldelines for the population (Wrakestraw and
Serdiuk 1982).

Whooping cranes (G. americana) have also been recorded in the Park during the first half of
the 20th century (Kemsies 1930, Allen 1952:64). With recent efforts to reestabl|sh whooping
cranes In the Rocky Mountain area (Drewien and Bizeau 1978), It 1Is possible that some may
settle In the Park In the near future. Whoopers from the reintroduction project have summered
in adjacent areas and we have unconfirmed reports from within the Park.

Objectives of this study were to determine the status and distribution of sandhill cranes
summering In Yellowstone National Park, Identify major areas of crane hablitat, and del ineate
seasonal movements of these cranes. This paper summarizes our findings from July 1984-March
1985,

We thank R. Barbee, Superintendent, Yellowstone National Park, for approving the study and
generously providing assistance and aircraft time for aerial surveys and banding operations.
R. Knight and B. Blanchard, Interagency Grizzly Bear Study Team, kindly shared thelr knowledge
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of crane distribution in the Park. The experience and knowledge of D. Stradley, Gallatin
Flying Service, contributed greatly to the aerlal survey effort. We gratefully acknowledge the
cooperation, support, and information provided by Park Service personnel including K.
Czarnowskl, J. Gulvin, M., Meagher, and all others who provided observations of cranes. K.
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METHODS

Historical distribution and status of cranes In the Park was ascertained from the | iterature
and unpubl ished records maintained in the Park's Research Office. Information about cranes
summering In the Park 1In 1984 was obtained from fixed-wing alrcraft, helicopter, and ground
surveys, Supplemental observations were provided by the Park Service. Cranes were recorded on
all surveys as follows: (1) single bird, (2) pair, (3) palr/single at nest or with one or two
young, and (4) groups of three or more adults. To avold spring and fall migrants, only May
through September observations were used to plot summer distribution. For brevity, fixed-wing
alrcraft surveys are hereafter referred to as air surveys.

After prellminary investigation to dellneate potential crane habitat, 53 primary areas were
surveyed by alr (Piper supercub) on 13-14 July. The aerial survey was conducted by a pilot and
one observer from sunrise to 1030 hours, MDT, a period when cranes normally forage In open
areas. Major meadow, marsh, lake, and riparian habitats were surveyed within the Park.

We obtained two measures of visiblility bias In order to refine air survey population
estimates. Of 53 areas surveyed by air, we resurveyed 15 areas from the ground and 18 from a
hel icopter to assess the proportion of cranes observed by air. Assumptions in this visibility
bias correction method are: (1) In ground and hellcopter surveys all cranes Inhabiting a
location are observed, (2) the estimated corrections are representative of all other areas
surveyed by air, and (3) no movement of adult cranes occurred between surveys.

Ground surveys were conducted on foot or horseback during early morning or late afternoon
hours. An effort was made to locate cranes hidden in emergent vegetation or in timber by using
binoculars and spotting scopes. During helicopter surveys, densely vegetated areas adjacent to
meadows and wetlands were flown in an attempt to flush hidden birds.

Population estimates of adult cranes on the 53 areas surveyed by air were obtained by using a
double sample regression estimation method (Scheaffer et al. 1979, Seber 1982:456). A simllar
ratio estimation Is discussed by Jolly (1969) and Eberhardt et al. (1979:21-22). The |lInear
relationship between helicopter-alr counts was estimated from 18 sample areas and ground-air
counts from 15 sample areas. Two estimates of the adult population and variance were then
obtained by multiplying the total number of areas (53) by the |inear regression estimates of
the mean and variance for hellcopter and for ground counts (Scheaffer et al. 1979:123).

Observations of cranes throughout the Park were sollicited from Park personnel by the Research
Office. These sightings supplemented survey and distribution data but were not employed 1In
popul ation estimates.

To assess seasonal movements, seven cranes were captured and color-marked with 7,6 cm high
colored plastic leg bands, and five of these were radio-tagged (Drewien and Bizeau 1981, Melvin
et al. 1983). Capture methods entailed locating flightless cranes from the ground or with the
ald of a helicopter and running them down (Drewlen and Bizeau 1974, 1978). Observations of
marked cranes along their migration route and on winter areas were made In conjunction with our
ongoing studies of sandhll!| cranes and Infroduced whooping cranes in the Rocky Mountain region,

RESULTS
Historical Status and Distribution in the Park

Limited evidence indicates that cranes were relatively abundant in the Yellowstone region
when the Park was establ Ished In 1872. Merriam (1873:702) |ists cranes as being numerous along
nearby Henry's Fork, ldaho, and In northwestern Wyoming In 1872. Grinnell (1876:653) reported
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cranes were “wery abundant all| through the Yellowstone Park" in 1875. Little Information Is
available for the period 1876-1925 but It 1Is apparent that cranes In sites bor dering
Yel lowstone Park declined rapidly with settlement (Drewien and Bizeau 1974). By the eariy
1900's cranes were considered very rare In Wyoming (Knight 1902, Graves and Walker 1913).

Published (Skinner 1925, Kemsies 1930, Wright et al. 1933, Wright 1934, Brown 1942) and
unpubl ished records reveal that cranes were rare in Yellowstone during the 1920's and early
1930's.  Phillips (1926:5) observed a pair in 1926 near Norris Junction and reported "The
sandhill crane, however, Is so rare that one can usually count on his finger-tips all he has
even seen allve." Wright et al. (1933) reported a minimum of five pairs In the Park In 1932,
Observations from 1925-1934 showed cranes were confined to 10 locations, primarily 1in Bechler
Meadows and the Madison River drainage Including major tributaries, the Firehole and Gibbon
rivers (Fig. 1A).

Observations in Park flles suggest that after the mid-1930's cranes were slowly Increasing in
numbers and dispersing within the Park. W. L. Evans observed a pair 1In August 1935 In the
Gallatin River meadows and commented, "These were the first | have ever seen in this section."
In July 1938, W. S. Chapman observed four cranes In Cougar Creek and commented "This Is the
first time | have seen any sandhill cranes in the vicinlty." From 1935-1944, cranes were
reported at 26 locations with most sightings again in Bechler Meadows and the Madison River
drainage; however, they were also noted in the Gallatin, Gardiner, and Yel lowstone dralnages
(Flg. 1B).

By 1937, McCreary (1937:34) |isted them as uncommon residents and migrants In Wyoming. In
1942, Brown (1942:8) considered sandhills rare in Wyoming but bel leved "numbers were Increasing
slightly, particularly In the northwestern part of Wyoming and Yellowstone Park." Walklnshaw
(1949:134) estimated 10-15 breeding palrs in Wyoming in 1944, He also belleved that numbers
were increasing during the 1940's.

Observations from the Research Office files for the period 1925-1944 definitely Indicate that
cranes were Increasing in distribution and numbers within the Park (Fig. 1). Although records
since the 1950's are Incomplete, avallable evidence suggests numbers continued to increase in
the Park and in the surrounding region. (Casllick 1955, Drewlen 1973a, Drewlen and Bizeau 1974,
Lewis 1977).

{:\’h\\\_/,ﬂ\\ 1925-34 {:\‘P\\\_/dp\\ 1935-44
\é

Fig. 1. May-September observations of sandhil| cranes In Yellowstone National Park during the
decades (A) 1925-1934, and (B) 1935-1944.
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1984 Crane Surveys

In mid-July, 53 areas were surveyed by alr (Fig. 2) and 61 adults and 7 young were recorded
at 17 locations, Number of adults ranged from 1-13 on these areas (Tables 1 and 2). Two of
seven young observed had recently hatched and were still on nests,

Corrections for visibility bias in air surveys showed that we missed 60.0 and 70.6% of the
adult cranes recorded during helicopter and ground surveys, respectively (Table 2, Fig. 3).
The regression estimation derived from alr-hel icopter comparison predicted a mean of 203 adults
(135-271, 90% C.1.), whereas, the air-ground estimation predicted a mean of 188 adults
(107-269, 90% C.|.) for the 53 areas.

Observations during ground and hel icopter surveys revealed that cranes spent much time close
to or inside edges of conifers, mainly lodgepole pine (Plnus contorta), or willows adjacent to
meadow and wetland habitats. Many higher elevation meadows (>1,900 m) and wetlands lack tall,
emergent vegetation, such as cattall (ITyphus sp.) and bulrush (Scirpus sp.). The predominant
vegetation on these areas Is grasses, forbs, sedges, and rushes <1 m tall which do not provide
adequate escape or resting cover. Because cranes frequent the taller conifers and willows for
these habitat requirements, their visibility during air surveys is greatly reduced.

We accounted for 209 cranes including 11 young at 47 of 61 locations by tallying results of
our surveys and Park Service observations, and eliminating cranes reported more than once from
the same |ocation (Table 1, Fig. 2). Total adjusted sightings obtained for the 53 areas
initially surveyed by air revealed a population of 194 cranes (185 adults, 9 young) at 39
locations. This total approximates the mean number of cranes predicted by both regression
estimations (Table 2).

Cranes were recorded by group size and age (Table 3). In a sample of 160 birds, pairs
without young comprised 69.8% of the adult population, pairs with young 12.1%, single birds
2.7%, and grouped birds 15.4%. Single birds are probably members of palirs where the other
member was not observed. Birds In groups represent subadults, mainly 1-2 years old, that have
not reached breeding age. All pairs are not necessarily breeders; many 2-4 year-olds and a few
older cranes are paired but do not attempt fto nest (Drewien 1973b, wunpubl. data, Id. Coop.
Wild. Res. Unit),

* banding site

Fig. 2. Survey areas and banding sites for sandhill cranes in Yellowstone National Park,
1984. See Table 1 for locatlon names.
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Table 1. Numbers of sandhil| cranes observed In summer 1984 In Yellowstone National Park
during air, hellcopter, and ground surveys with supplemental observations provided by Park
Service. The map reference numbers correspond to the numbered locations labelled in Fig. 2.

Map —No. Cranes (ad/yg)  Other  Total
reference Air  Helicopter Ground crang cranes
Location no. obs.” (ad/yg)
Rainbow Lake/Gardiner Flat 1 0c d 0
Mt Evert 2 N.S. 2/2 2/2
Blacktall Deer P|ateau 3 0 15/0 15/0
Hel lroaring Creek/Yel iowstone River 4 0 0
Slough Creek 5 0 4/0 4/0
Lamar River 6 0 0/0 0
Soda Butte Creek 7 0 3/0 3/0
Fern Lake/Broad Creek Area 8 0 1/0 1/0
Pelican Valley 9 2/0 14/0 14/0
Yel lowstone River-southeast arm 10 0 2/0 2/0
Thorofare Creek 1 2/0 2/0 4/0
Chipmunk Creek 12 4/2 4/2
The Promontory 13 2/0 2/0
South Arm Meadows 14 0 0
Surprise Creek 15 0 0
Flat Mt. Arm Meadows 16 0 0
Delusion Lake 17 0 0
Solution Creek 18 2/0 2/0
Riddl e Creek 19 0 0
Beaver Creek 20 0 4/0 4/0
Witch Creek 21 0 2/0 2/0
Basin Creek-Heart River 22 6/0 o 6/0
Fox Park 23 N.S. occur occur
Snake River 24 2/0 2/0
Upper Falls River Meadows 25 2/0 2/0
Bech| er Meadows 26 13/4 19/3 19/3
Bechl er Ranger Station Area 27 N. S. 2/0 2/0
Shoshone Lake 28 0 0
Upper Firehole Meadows 29 0 0
Little Firehole Meadows 30 0 4/0 4/0
Buffalo Meadows 31 0 6/1 6/1
Fern Cascades 32 N.S. 2/0 2/0
Upper Geyser Basin 33 N. S, 1/0 1/0
Arnica Creek _ 34 N. S. 2/0 2/0
Hayden Val l ey 35 ] 9/1 2/0 1/1
Sour Creek 36 0 0/0 ‘ 0
Cygnet Lakes 37 0 2/0 2/0
Nez Perce Creek 38 3/0 5/0 5/0
Midway Geyser Basin 39 ] 0/0 0
Lower Geyser Basin 40 4/0 6/0 6/0
Falry Creek 41 4/0 4/0 4/0 4/0
Sentinal Creek : 42 2/0 4/0 6/0 6/0
Madison Jct/Terrace Spring 43 0 2/1 2/1
Secret Val ley 44 0 2/0 2/0
Madlson Rlver 45 0 2/0 2/0
Madison Val ley 46 N.S. 2/0 2/0
Cougar Creek 47 0 0
Richards Pond 48 0 0/0 0
Duck & Gnelss Creeks 49 0 6/0 8/0 14/0

(continued next page)
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Table 1 (cont.). Numbers of sandhlll cranes observed In summer 1984 in Yellowstone National
Park during air, hellcopter, and ground surveys with supplemental observations provided by Park
Service. The map reference numbers correspond to the numbered locations labelled In Fig. 2.

Map No. Cranes (ad/vg) Other Total

reference = Air Hellicopter Ground cran cranes

Location no. obs.” (ad/yg)
Gibbon Meadows 50 2/0 2/0 0/0 2/0
Elk Park & adjacent meadows 51 0 0/0 2/0 2/0
Norris Geyser Basin-Twin Lakes 52 4/0 4/0
Grebe, Cascade, Wolf Lakes 53 0 2/0 2/0
Sol latara Creek 54 6/1 6/1 6/1
Grizzly Lake/Straight Creek 55 0 2/0 2/0
Winter Creek 56 N. S. 2/0 2/0
Willow Park/Obsidian Creek 57 0 0/0 2/0 2/0
Swan Lake Flats 58 1/0 1/0 0/0 4/0 5/0
Gardiner Hole 59 0 4/0 4/0
Gallatin River 60 0 0/0 2/0 2/0
Fan Creek 61 0 4/0 4/0
Total cranes 61/7 82/7(80/5)f 51/2 40/0 198/11
No. areas surveyed 53 19 (18)f 15 20 61

@ Observations provided by NPS personnel and adjusted for duplication with sightings from
fixed-wing, hellcopter, and ground surveys.

Total cranes observed by location adjusted for duplication.

N.S. = not surveyed by alr.

Data not included in population estimate obtained by comparing alr-hel icopter surveys.
Cranes were heard calllng In area but not observed.

Data used for population estimate obtained from alr-hel Icopter comparison.

-0 O0OT

Table 2. Comparison of alr surveys wlth hellcopter and ground surveys employed to correct
vislbil Ity blas, and parameters used in the regression estimation to predict numbers of adult
cranes on 53 areas in Yellowstone National Park, 1984.

Characteristic/parameter Alr survey Alr-hel Icopter Alr-ground
compar | son comparison
Air Hel Alr Ground
No. areas surveyed 53 18 18 15 15
No. (%) areas In survey cranes 17(32.1) 15(83.3) 15(83.3) 6(40.0) 9(60.0)
obs.
No. cranes obs. - ad./yg. 61/7 32/5 80/5 15/0 51/2
Sampl e areas
x+SE No. cranes sample area 1.840.48 4.4+1.19 1.030.20 3.4%1.05
Linear regression estimator
X(90%) Cl) No. cranes/sample area 3.83(2.55-5.12) 3.55(2.02-5.07)
Total (90§ CI) No. cranes on
53 areas 203(135=271) 188(107-269)
Correlation coefficlent 0.68 0.35
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Fig. 3. Relatlionship between numbers of adult sandhill cranes observed at specific sites

during alr surveys compared to numbers of adult cranes observed during ground and hellicopter
counts at the same locatlons, Yellowstone National Park, summer 1984.

Table 3. Group and age compositions of sandhil| cranes observed during air, hellicopter, and

ground surveys, Yellowstone National Park, summer 1984.

Crane group and age composition

Data source No.
locations Pair + Pair + a Total
Single Pair 1 yg. 2 yg. Group (ad/yg) %yg.

Survey method

Air 53 3 24 5 1 0 61/7 10.3

Hel icopter 19 2 27 5 1 14 82/7 7.9

Ground 15 2 18 2 0 9 51/2 3.8
Total (adjusted

for dupllcation) 54 4 52 7 2 23 149/11 6.9

g Group = 3 or more adult cranes
All cranes counted more than once at the same speciflic locatlions
totals.
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Table 4. Movements durlng fal
Yel lowstone Natlonal Park, Augu

STONE NATIONAL PARK

Drewien et al.

| and winter 1984-85 of sandhil|l cranes banded 1In

st 1984.

seven

Crane identiflcation no.

Locations

3 4 5 (adult) 6~7 Broodmates

Bechl er
Meadows(26)
Radlo

Banding Location®
and Markings

Fall Premigration Staglng area
Teton Baslin, near
Driggs, ldaho

Fall Migration (1984)
San Luis Valley, Colo.

1. Monte Vista NWR,
Rio Grande Co.
2. Rio Grande River,
Al amosa Co.
3, W of Rio Grande
River, Conejos Co. 10/26
Bandel fer Nat!| Mon.,
near Whlte Rock, Los
Al amos Co., N.M. b

Winter Grounds (1984-85)
Rio Grande Valley, N.M.
1. Bosque del Apache

NWR, Socorro Co.

10/5

2. Bernardo State
Refuge, Socorro
Co. 11/18=12/19
Veguita, Socorro Co. 1/3
. Los Lunas,
Valencia Co.
Bel en-Casa
Colorado State
refuges,
Valencia Co. I/BB
Spring Migration (1985)
near White Rock,
Los Al amos Co.,
N. M,
near Espanola, Rlo
Arriba Co., N.M.
San Luis Valley, Colo, (1985)
1. Monte Vista NWR,
Rio Grande Co.
2. Rlo Grande River,
Al amosa Co.
3. W of Rio Grande
River, Conejos Co. 3/11

2/22

Sol fatara Cr. Blacktall Mt. Everts (2)
(54) Deer 6~radlo
Colored |leg band Plateau 7-colored leg
(3) Radio bands

Bechl er Hayden
Meadows(26) Valley(35)
Radlo Radio

(1984)

9/29-10/5 9/20 Not obs. 9/20 10/5

Not obs. Not obs.

10/20-11/10

10/22~-28 10/20-11/9

11/1°
Not obs.

11/13-3/5(am) 11/13-

2/17

11/13-14

11/13,11/27

11/15-20,12/7-2/19 2/19

Not obs.

2/20° 2/21
3/5(pm)©

Not obs.
3/10 3/11
3/13

3/11

g See Fig. 2 for map reference number of banding locations In Yellowstone Park.
See Fig. 4 for migration and winter area locations
Radio signal from flock of migrating cranes (D. Stahlecker, pers. commun.)
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Age ratios from a sample of 160 cranes, showed 6.9% (11) young (Table 3). CQl-square
analysis revealed that the percent young in the Park did not differ significantly (X°=0.32, 1
d.f., p>0.05) from estimates we collected for the entire Rocky Mountain population (8.1%)
during October 1984 In the San Luls Valley, Colorado. However, the age ratio obtalined in the
Park is maximal because some young had not yet fledged and additional mortality may have
occurred before Park cranes arrived in Colorado.

Capturing and Marklng Cranes

In August, seven cranes (six flightless young and one adult) were captured and marked in the
western and central portions of the Park (Table 4, Fig. 2). Captured cranes included four
broods containing single young, one brood of two young, and one molting adult from a family
containing one young which eluded capture. :

Exact fall departure dates from the Park were not determined. Two young from Bechler Meadows
were still on their natal marshes on 20 September, whereas, two other marked cranes had arrived
In eastern ldaho by this date. Six marked cranes had |left the Park before 4 October (Table 4).

Movements and Distribution After Leaving the Park

Migratory movements of sandhil| cranes In the Rocky Mountaln population have been described
by Drewien and Bizeau (1974) and are briefly summarized here. After mid-August, cranes depart
their respective summer sites and gather at nearby premigration staging areas, primarily
located Iin eastern Idaho and western Wyoming. The major attraction is the availability of
grain, mainly barley, located near wetland roost sites. Cranes normally migrate from staging
areas by mid-October and stop for up to 6 weeks In the San Luis Valley, Colorado. Most |eave
Colorado by mid-November for winter areas In western New Mexlico, southeastern Arizona, and
northern Mexlco. During spring migration, cranes return to the San Luis Valley between
mid-February and early March and arrive on summer areas In April and May. Park records show
that the first cranes normally arrive in mid=April.

We surveyed premigration staging areas and located six of seven marked cranes in Teton Basin
near Driggs, l|daho, between 20 September-5 October (Table 4, Fig. 4). Teton Basin is a major
fall premigration staging area In the Rocky Mountain region (Drewlien and Bizeau 1974).
Distances from banding sites in the Park to Teton Basin range from 40-140 km. Only one marked
crane, a Junevile from Solfatara Creek, was not observed in Teton Basin or anywhere along the
migration route (Table 4). Although this bird may have died, it was not radlo-tagged and was
possibly overlooked In our surveys.

During the fall mlgration, we located filve marked cranes in the San Luis Valley, Colorado,
between 20 Oct.-10 Nov. (Table 4). This Valley Is about 875 km southeast of Yellowstone Park.
Each marked crane was observed in a separate flock. Two familles that originated from breeding
territories 0.5-1 km apart In Bechl| er Meadows utllized areas over 15 km apart in the Valley.

One crane, migrating on 1 November from Colorado to the winter grounds, was detected by radio
signal as It passed over Bandel ler National Monument near White Rock In northern New Mexico
(Table 4, Fig. 4) (D. Stahlecker, pers. comm.). Six cranes were |ocated in November on winter
areas in the middle Rio Grande Valley In west-central New Mexico; four remained during the
winter (Table 4). One family with two marked young stopped at the Bosque del Apache National
Wildl ife Refuge (Bosque Refuge) (Fig. 4) on 13-14 Nov., but apparently continued south for the
winter. We surveyed other winter areas in southwestern New Mexico, southeastern Arizona, and
Mexico but failed to reiocate this family., We suspect that they wintered in northern Mexico.

Locations and movements of four marked cranes wintering In the Rio Grande Valley varied
(Table 4). Cranes Nos. 2 and 5 remained at the Bosque Refuge until 17 February and 4 March.
Two others wintered between Los Lunas and Bernardo (Fig. 4). Crane No. 1 spent a month at
Bernardo State Refuge before moving 20 km north to the Belen-Casa Colorado State refuges where
It remained through 22 February. Crane No. 3 moved between Los Lunas and the Belen Refuge,
some 25 km apart, before settling for the winter In the Belen Refuge area.

All four cranes in the Rlio Grande Valley migrated from the wintergrounds between 19
February-5 March. Crane No. 6 returned from an unknown winter site and Its radio signal was
detected as It migrated over White Rock, New Mexlco on 21 February., Cranes Nos. 2 and 5 were
also detected by radio signal In northern New Mexico during spring migration. Crane No. 2
departed Bosque Refuge during mid=-morning, 5 March, and was detected at 1530 hours, some 260 km
north, near Espanola, New Mexico (Table 4, Fig. 4).
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Yellowstone

1D
San Luis
* Valley
Espanola
White Rock
AZ
Fig. 4. Distribution during fall, winter, and spring, 1984-85, of sandhil| cranes banded in

Yeliowstone National Park, August 1984, Migration route is adapted from Drewien and Bizeau
(1974, 1981).

Six cranes were relocated in March 1985 in the San Luis Valley, Colorado. Five had returned
to the same locations in the Valley where they had been observed during the previous fall.
Crane No. 5 was not observed in the Valley during fall migration but was found in March along
the Rio Grande River near Alamosa National Wildlife Refuge (Table 4).

DISCUSSION

The history and population trends of sandhill| cranes in the Park are similar to that of other
popul ation segments in the Rocky Mountalns. Apparently abundant before the 1880's, numbers
decl ined rapidly following settlement of the region and cranes were considered rare by the
early 1900's. Subsequent protection of the subspecies and favorable habitat changes allowed
cranes to slowly Increase and expand thelr range (Drewien and Bizeau 1974). When our survey
results are compared with Park records it becomes apparent that cranes have Increased
substantially In numbers and distribution in the Park over the past 60 years (Fig. 1 and 2).

Certaln Park |ocations have a long history of crane use, but other sites have only recently
been colonized as +the population Increased. Park records show that areas such as Bechler
meadows, Lower Geyser Basin, and meadows and wetlands along the Firehole and Gibbon rivers
(Fig. 1 and 2) were occupied even when cranes were considered rare in the Park. Bechler
Meadows represents some of the best sandhil| habitat within the Park; whooping cranes also have
been reported from this area (Kemsies 1930, Allen 1952).
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We agree with Caughley (1974:921) who stated "Aerial survey Is, at best, a rough method of
estimating the size of a population.®™ Our air surveys provided highly Inaccurate counts
because many cranes frequented woody cover types where they could not easily be observed, We
attempt to measure visibllity bias and to correct our population estimates accordingly.

We have not yet surveyed numerous but widely-dlistributed small areas of sultable crane
habitat within the Park. Consequently, we suspect that the total crane population may
substantiaily exceed the mean population estimates of 188-203 adults for the 53 primary areas
surveyed.

Conducting surveys for cranes is difflicult in this 9,000 km2 mountalnous Park. About 80% of
the Park is forested and elevations vary from 1,600-3,000 m (Despain 1983). Crane habitat is
confined primarily fo river valleys, wetlands, and meadows wldely Interspersed throughout
forested areas. Access to much of the crane habitat Is |imited to travel on foot, by horse, or
by alrcraft.

Our data indicate that the best estimate of crane numbers would probably be obtalned by
hei icopter survey. The correlation coefficient for air-hellcopter comparisons was nearly fwice
as high as for alr-ground comparisons (Table 2, Fig. 3) Indicating a greater consistency
between alr and hellicopter counts. This consistency Is also reflected by the smaller
confidence Interval for the popul ation predictions from the hel icopter survey. However, cost
of helicopter surveys may be prohibitive.

Fall, winter, and spring observations of marked cranes originating from the Park confirmed
thelr affiliation with the Rocky Mountain population. Cranes from western portions of the Park
share a premigration staging area at Teton Basin, Idaho, with cranes summmering In eastern
Idaho and southwestern Montana (Drewlen and Bizeau 1974). Park cranes also stage In fall and
spring In the San Luls Valley, Colorado, and utilize the population's principal winter grounds
In the middle Rio Grande Valley In west-central New Mexico. The distance traveled by cranes
migrating from northern areas of the Park via Teton Basin, the San Luis Valley, and on to
winter sites near the Bosque Refuge, New Mexlco, Is about 1,450 km.

FUTURE STUDIES

We plan to continue our surveys to refine population estimates and better define crane

distribution within the Park. Efforts will be directed towards surveying numerous, small areas
of crane habitat that were not included in our initial surveys. Additional banding and marking
efforts will be confined to cranes Inhabiting eastern and south-central areas so we can

document and compare their movements to birds already banded In western areas of the Park.
2?::Ter birds inhabliting these areas stage for migration in Teton Basin remains unknown at this
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HUNTING IN THE MANAGEMENT OF MID-CONTINENT SANDHILL CRANES
HARVEY W. MILLER, U.S. Fish and Wildlife Service, 730 Simms, Golden, CO 80401

Abstract: Mid-continent sandhil| cranes were protected from 1916 until 1959 when a season was
re-opened In Canada. In the Central Flyway, seasons were re-opened in 1961 In New Mexico and,
by 1972, In seven other states. The concern over the expansion of seasons prompted efforts to
obtaln better estimates of harvests. Since 1975, all hunters have been required to possess
special Federal permits. Post-season questionnaires were mailed to permittees to determine
their activity and success. During 1975-83 seasons, averages of 13,400 permits were Issued,
6,800 permittees hunted one or more times, and 2,900 hunters bagged one or more cranes.
Estimated harvests during those nine seasons averaged 10,100. Those harvests were cons|dered
to be within management guldel Ines.

PROCEEDINGS 1985 CRANE WORKSHOP

An objectlve of management of mid-continent sandhill cranes Is a stable population not
substantially different from that of 1980 (Central Flyway Counclil 1981). Sport hunting Is
recognized as a primary tool for accompllishing that objective. The long=standing interest In
sport hunting of cranes Is Illustrated In the 16 August 1916 Convention For The Protection Of
Migratory Blrds wherein representatives of the United States and Great Britain (for Canada)
agreed that, for the following 10-year period, there would be a ". . . continuous close (sic)
season onh. . . |1ttle brown, sandhil| and whooping cranes,. . . ." That "close season®
exceeded expectations and sport hunting of sandhill cranes was not resumed until 1959, 43 years
later, In Canada and even |ater, In January 1961, in the United States. This resumption, after
so long a “close season," naturally attracted even greater interest in sport hunting.

Hunting seasons In the Central Flyway soon were expanded, from only a portion of New Mexlco
In 1961, to Include a portion of Texas In 1962, portions of four more states In 1968, and
portions of two more In 1972. Those expansions undoubtedly contributed to sport hunting of
cranes becoming a subject of considerable controversy. Fortunately that controversy, probably
more than anything else, fostered Initiation of substantive efforts to learn more about
sandhil| cranes. The results of the efforts, well known to the participants iIn these
workshops, have made sandhil| cranes among the better known migratory birds.

Among the Increased efforts were those to obtaln better estimates of hunting activity and
harvests of cranes. The purpose of this paper is to report a preliminary assessment of some of
the resul ts and thelr relationships to hunting regul ations and harvest guidel Ines.

| am particularly indebted to M. F. Sorensen who conducted the special sandhiil crane harvest
surveys and reported the results so essential to this effort. My special thanks to K. L. Tledt
for asslistance In preparing Tables and Figures and for typing the manuscript. I thank my
col leagues in the Central Flyway States who coordinated the distribution of the Federal permits
and provided the encouragement to conduct the special studies.

METHODS

All persons who hunted cranes during regular seasons have been required, In 1975 and since,
to possess val id Federal sandhil| crane hunting permits In addition to any licenses required by
indlvidual states. The permits (Fig. 1) were provided by the U.S. Fish and Wildlife Service
(FWS) and were Issued, free and unlimited, by the respective state wildiife conservation
agencles. The permit required only recording the hunter's name and address and became valld
when signed by +that Individual. I+ included a "crane hunting dlary," for recording dally
hunting activity and success, along with a message that a sample of permittees would be
contacted following the season. Carbon coples of the permits were forwarded fo the FWS Section
of Waterfowl Harvest Surveys, Laurel, Maryland, and made up the universe of potential crane
hunters.

Post-card questionnalres (Fig. 2), pre-addressed and no postage necessary, Wwere malled to
hunters In the samples shortly after the seasons closed In each state. The sampl I ng rate was
100% in all| states except in North Dakota, where it was reduced to 77% In the 1982-83 survey
and 50% 1In the 1983-84 survey, and In Texas where It was reduced to 71% In 1982-83 and 50% In
1983-84. Fol low-up questionnaires were sent to those who did not respond to inifial contacts
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Fig. 1.

HUNT ING

IN THE MANAGEMENT OF SANDHILL CRANES =~

1983
SANDHILL CRANE

HUNTING PERMIT
(Voi<,. after June 30, 1984) )

No. 16735

This permit authorizes the person whose name and address
appears on the reverse side, and whose signature appears below,
to participate in the Sandhill (Little Brown)} Crane hunting
season in accordance with the provisions of both Federal and
State regulations governing the season. Following the close of
the season, a sample of permittees will be contacted by mail
and asked to report by separate daily hunts the information
indicated on diary portion at right. If contacted, report only
information on your personal bags (for,‘ party hunting report
only your personal take-home share of party bags).

Your assistance is appreciated.

.S,
FISH & WilL.DLIFE
SERVICE

U.S. FISH AND WILDLIFE SERVICE
DEPARTME}!\IT OF:THE INTERIOR
B =
SIGNATURE OF HUNTER:

,Zévm//mzaééw

ot valid unless signed)

DEPARTMENT OF THE INTERIOR
U.S. FISH AND WILDLIFE SERVICE

LAUREL, MD. 20708

No. 16735

Miller

CRANE HUNTING DIARY

Please use the below diary to record your per-
sonal hunting activity, for possible later transfer
to a questionnaire you may be mailed. include
hunts on which you bagged nothing.

DATE | NUMBER ! | NUMBER |
OF DOWNED

KILLED and
HUNT |RETRIEVED| BUT LOST

COUNTY
OF
HUNT

SEASON
TOTALS

e s
POST FEES
UNITED STATES DEPARTMENT
OF THE INTERIOR

INT-423
Please TYPE
Issued to: [— .
Harvey W. Miller
First Nama initiai Last
USFWS, 730 Simms, Rm 456
Number & Streat, or P.O. Box, or RFD
Golden Colorado
ity or Town State
et 80401

(-

County of Residence:

Federal sandhill crane hunting permit,

Unk

Zip Code I
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WATERFOWL HARVEST SURVEYS SECTION
NO POSTAGE
, NECESSARY
OFFICIAL BUSINESS IF MAILED

Penally for Privata Use $300 IN THE
UNITED STATES

BUSINESS REPLY CARD
FIRST CLASS PERMIT NO. 12874 LAUREL, MD
POSTAGE WILL BE PAID BY DEPARTMENT Of INTERIDR

DEPARTMENT OF THE INTERIOR *

FISH AND WILDLIFE SERVICE

OFFICE OF MIGRATORY BIRD MANAGEMENT
LAUREL, MARYLAND 20708
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€4 . 80226 10784
€4 .1C784 e1
OMB No. 1018 0023 Approvsl Exgires 3/31/86 DAILY CRANE-HUNTING ACTIVITY

SANDHILL CRANE HARVEST QUESTIONNAIRE It availabla, pleass enter below your daily crane

Daar Permitten: hunting activity accarding 1o dates on which you
about your hunting during | huntad, {inciude hunts on which you baggad nath-
va not recelved it, | ing). Ssason totals shouid oqual those given at ieft.
ost. (I you maiiea

he past san:
This Is anot

It within the
Your repo © sound crane PLEASE Date Number 1| Number i County
ANSWER this quastionnairs EVEN iF YOU DID NOT HUNT or of Killed sna downsd of

DID NOT SHOOT ANY SANDHILL CRANES, All reports are MHunt Retrieved But Lost — Hunt
agually Important. (Do not include tha activity of others, even
if they @ia not receiva 8 Questionnalre.)

U.S. FISH AND WILDLIFE SERVICE

1. On haw many cays did you go sandhili crana hunt-
ing durlng this past season? {if you did not hunt
€ranas, enter a 2ero in Quest. 1 and ladve remaindar
blank.}

2. How many sandhill cranes ald you KiLL and RE-
TRIEVE (hls past season? (Report only your per-
sonal bag or, for party-nunting, your persons! take-
home portian of the bag.)

3, How many cranes did you personally KNOCK
DOWN but COULD NOT RETRIEVE?

4. In what State(s) and
M

L]

STATE COUNTY

yO
hunt Landhlil cranes.

CS764 64 80226 €1

SEASON
Form 3-530 TOTALS

Fig. 2. Questionnaire mailed post-season to crane permittees. Lower view shows modification
Initiated In 1982,
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within approximately 3 weeks and the survey was terminated approximately 3 weeks thereafter.

Responses to the surveys have been accepted as presented, that 1Is, there have been no
adjustments for memory, prestige, or other possible biases. The respondents were considered
representative of all permittees, e.g., the fraction of respondents who reported hunting one or
more times, multiplied by the number of permits Issued, became the estimated number of active
hunters. An ldentification code for each permittee contacted enabled el Imination of duplicate
responses In Instances where follow-up questionnaires were malled before responses to Initial
contacts have been recelved In Laurel, Maryland.

RESULTS

There were several changes In the regular Central Flyway seasons (Table 1) for which sandhil |
crane hunting permits have been required. Those changes were designed to permit hunting when
and where cranes usual ly occur, under reasonable regulations, and In consideration of the usual
migration of whooping cranes, The 1984-85 seasons (Table 1) and areas open (Fig. 3) 1In those
eight states are considered "operational," 1.e., no additional substantive changes are
contempl ated.

The sandhil| crane hunting permits Issued (Table 2) during the first eight regular seasons,
1975-76 through 1982-83, ranged from about 11,350 to 13,800 and averaged nearly 12,800. The
number |ssued for the 1983-84 season Jumped to Just over 18,300. Within individual states, the
number [ssued varied from year to year wlthout pattern and apparently independently of the
numbers Issued In other states.

In total, following the 1975-76 through 1983-84 seasons, Just over 110,500 permittees were
contacted. Just over 80,000 (72%) responded to elther the initial or follow-up contacts. Of
all respondents, 51% reported hunting sandhill cranes. Those who hunted averaged 3.14
recreational hunting days and 42% were successful In bagging one or more cranes during an
average season.

The proportion of active hunters among the permittees, I.e., those who hunted one or more
times during the nine regular seasons (Table 2), ranged from 39% in 1983-84 to 594 In 1975=76.
Estimated numbers of active hunters ranged from nearly 5,100 in 1976 to just over 8,000 in 1977
and averaged Just over 6,800,

The reported harvests of cranes per active hunter ranged from an average of 1.32 in 1978 to
1.81 in 1983 and averaged 1.48 cranes during the nine regular seasons. The estimated harvests
(Table 3) ranged from nearly 7,400 in 1976 to nearly 13,000 in 1983 and averaged approximately
10,100.

The modified questionnaire (Fig. 2), Initiated in 1982, permitted respondents to report their
activity and success by day. Those who completed that portion of the questionnaire following
the 1983~84 seasons, consldered “operational," and were unsuccessful (season bag - 0) reported
hunting an average of 2.6 days. Respondents who were successful reported hunting an average of
3.4 days. The successful respondents bagged nothing on 44% of the days they hunted, one crane
on 28% of the days, two cranes on 15% of the days, and three cranes (the daily limit) on 13% of
the days they hunted.

DISCUSSION

Federal sandhill crane hunting permits apparently served the purpose of identifying potential
crane hunters. Personal contacts In the fleld indicated compliance with the requirement that
al |l hunters possess the free permit. There were no reports of specific violations of the
requirement. Harvests reported by permittees were assumed to be representative of cranes taken
during regular hunting seasons in the Central Flyway.

The numbers of permits Issued In some states appeared to reflect the Influence of changes in
hunting seasons. For example, in North Dakota, the substantial Increase in permits issued In
1977 probably reflected the percelved greater |ikelihood of cranes being present in September
and the Increase In 1983 probably reflected perceived opportunities to hunt cranes during
seasons on other game birds. The opening of a new hunting area (Zone C, Fig. 3) In Texas in
1983 obvlously Influenced more persons to obtain permits. However, there also were variations
In numbers of permits Issued In New Mexico where there were no changes In hunting seasons.

The proportion of active crane hunters (average 51%) among permlttees was |ower than usual
among those who obtained Federal permits, e.g. 83% of those who obtalned "duck stamps" hunted
one or more times during 1983-84 seasons (Carney et al. 1984). Such low participation probably
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reflected the free permits, l.e., there was no fee to dissuade anyone from obtaining a permit
"just 1n case" an opportunity arose. Participation was not well associated with the number of
permits Issued In the nine regular seasons; however, potential associations may have been
masked by changes In hunting seasons that influenced the demand for free permits. The estimated
numbers of active hunters appeared to be relatively stable; certainly there were no indications
of an Increasing trend.

The 1975-83 sandhil| crane harvest surveys were exemplary because all hunters were required
to have permits, permits Included diaries for recording dally activity and success, post-season
questionnaires went to all (7 years) or most (2 years) of the permlttees, and the response rate
(72%) was exceptional. Accordingly the responses, and thelr projections, were considered
reliable, If anything, estimates of harvests may have been somewhat inflated by a recognlzed
tendency for unsuccessful hunters to not respond and by duplicate reporting, l.e., there were
strong suggestions that the same crane(s) were reported by more than one member of a family or
party. The latter would be a disadvantage of 100§ or other high rates of post-season contacts.

Mid-continent sandhill cranes also are harvested In other areas. Harvests in Alaska,
estIimated from surveys of those buying duck stamps, ranged from 280 to 1,080 and averaged just
over 700 during 1975-83 seasons. Harvests in Canada (Canadian Wildlife Service 1979, 1984)
ranged from 1,640 to 6,165 and averaged Just over 3,800 durling 1975-76 and 1979-82 (seasons in
Saskatchewan were closed in 1977 and 1978). Harvests In Mexico reportedly are less than 1,000
per year (J. Trevino, pers. comm.). The total harvests in all areas, including the Central
Flyway, ranged from 11,100 (in 1976) to 17,800 (in 1980) and averaged Just under 15,000 in
years when all seasons were open.

The management guideline (Central Flyway Council 1981) is that the total kill not exceed 5%
of the population. This guidellnre was deslgned to achieve the objective of a stable population

Table 1. Regular seasons for hunting sandhil| cranes In the Central Flyway (Fig. 3).°

1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 1984-85

Cco 04-NBb 02=-N6 01-=N6  S30-N5 013-N18 011-N16 010-N15 02=N28 01-N27 S29-N25
MT 04~-No 02-N7 01-N6  S30-N5  S29-N4 04-N9 03-N8 02-N28 01=N27 S29-N25
Sheridan Zone N1=N27 Ni=N25

NM 025-J25 030-J30 029-J29 028-J28 027-J27 030-J31 031-J31 031-J31 029-J28 027-J27

ND N8-D8 N6-D5 §7-S11 §7-811  §7-S11
Zone 1 $6-S14  S$5-S20  S4-S19 S10-N6 S8-N4
Zone 2 $6-510  S5-S13  S4-S12 S10-S30  S8-S28

OK N29-J25 N27-J23 N26-J22 N25-J21 N24-J20 N22-J18 N22-J18 023-J23 022-J22 013-J13
Sb N8-D7 N6-D5 §7-511  §7-S11  §7-S11 S20-S28 S20-S28  02=N11 01-N6  S29-N4

TX

Zone A 025-J25 030-J30 N1-J31 031-J31 030-J30 031-J31 031-J31 030-J30 N12-F12 N10-F10
Zone B N29-J25 D4-J30 D5-J31 D5-J31 D4-J30 D5-J31 D5-J31 D4-J30 D3-F12 DI-FO

Zone C J14-F12 J12-F10

WY 011-N9 09-N7 08-N6 07-N5 013-N8  011-N16  03-N§  S25-N21 S24-N20 S22-N18

2 The "regular" seasons do not Include "experimental or special" seasons such as those held
in New Mexico 1982-1984.

b S=September, O=October, N-November, D=December, J=January, and F=February.
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Fig. 3. Areas open (crosshatched) to crane hunting In 1983-84 regular seascns, Zones 1In
Montana, North Dakota, and Texas referred to in Table 1.

and was based upon (i) information that the fall popul ation would be expected to average 11%
young-of-the-year (Buller 1979) and that annuai mortality would average 6% (R. Driewien pers,
comm.) and (2) assumptions that one-third of annual mortallty would occur between 20 March and
1 September and that hunting kill would not be compensated by reductions in other mortality.
Al lowance for unretrieved kill, equal to 20§ of the harvest, indicates that the total kill In
1980 could have been nearly 21,500, That kill would have been less than 4% of the fall flight,
estimated to be at least 550,000 In recent years. |f harvests equal to the maximums reported
In recent years, Including 1983 In the U.S., occurred in a single year, and the unretrieved
kill was equal to 20% of the harvest, that total kill still would be less than 5§ of the fall
fiight.
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Table 2. Sandhil| crane permits Issued and estimated active crane hunters®in +he Central
Flyway.
Number .
State of 1975 1976 1977 1978 1979 1980 1981 1982 1983
CO - Permits 401 341 374 343 528 437 397 528 575
Hunters 226 203 189 190 275 216 216 138 211
MT - Permits 158 117 82 209 159 118 53 147 175
Hunters 69 68 40 86 61 50 23 56 64
NM = Permits 1,225 1,195 1,452 956 1,288 1,082 1,022 962 706
Hunters 806 752 921 836 745 625 598 386 253

ND = Permits 4,172 4,137 6,294 5,798 4,949 5,754 5,796 4,714 8,033
Hunters 2,896 1,328 4,126 3,776 3,225 3,387 3,315 2,429 3,551

OK - Permits 171 265 519 620 470 510 466 750 909
Hunters 80 148 339 334 307 275 269 342 384
SD ~ Permits 198 200 134 98 63 240 197 579 528
Hunters 117 80 77 50 29 160 103 260 225

TX - Permits 5,482 5,060 4,897 5,198 5,098 5,239 5,297 4,650 7,317
Hunters 2,733 2,497 2,329 2,390 2,356 2,439 2,543 1,553 2,435

WY = Permits 56 37 48 52 43 33 30 40 63
Hunters 22 16 21 21 13 12 14 8 20

All- Permits 11,863 11,352 13,800 13,650 12,598 13,413 13,258 12,370 18,306
Hunters 6,949 5,092 8,008 7,683 7,011 7,164 7,081 5,172 7,143

¥Those permittees who reported hunting cranes one or more times.

Table 3. Estimated harvests of sandhill| cranes during regul ar seasons In the Central Flyway.
State 1975 1976 1977 1978 1979 1980 1981 1982 1983
co 91 106 39 106 129 68 92 49 70
MT 16 29 18 36 14 16 11 21 28
NM 911 858 1,456 1,089 1,170 1,019 907 335 354
ND 2,122 52 4,078 2,777 2,733 2,245 2,395 2,469 6,471
OK 142 200 410 389 397 363 397 535 373
SD 86 12 47 19 19 130 78 212 177
X 6,123 6,122 6,094 5,720 5,917 6,305 6,245 4,295 5,471
WY 6 14 9 10 0 6 9 0 15
All 9,497 7,393 12,151 10,146 10,379 10,152 10,134 7,916 12,959
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Information on the daily activity and success during 1983-84 seasons (Table 4) indicates the
probable effect of reductions in the daily bag |imlts should harvests have to be restricted.
To illustrate, a reduction of the dally bag |imit from three fo two would have been expected to
reduce the harvest by approximately 14%, i.e., hunters would have faken two cranes instead of
three on 526 days and reduced the "total cranes reported" by 526.

Table‘ 4, Summary of responses to daily activity portion of harvest survey questionnaire,
1983-84 sandhill crane seasons.
Unsuccessful hunters Successful hunters
Total

Number of Days Number of days on which bag was reported gs cranes
State respondents hunted respondents 0 1 2 3 ‘ 3+ reported
Co 130 443 26 53 31 6 1 0 46
MT 48 147 9 8 5 4 1 0 16
NM 112 337 38 157 23 21 34 4 167
ND 504 1,121 565 735 540 287 221 5 1,777
OK 200 522 71 146 63 36 27 0 216
SD 132 336 60 60 52 16 20 0 144
TX 373 905 377 547 366 235 222 0 1,502
WY _10 — 34 -1 -6 _6 _3 -0 o __12
Total 1,509 3,874 1,153 1,712 1,086 608 526 0 3,880

3pssumed to be party bags, not included In totals,
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AN EXPER IMENTAL GREATER SANDHILL CRANE AND CANADA GOOSE HUNT IN WYOMING

DAVID C. LOCKMAN, Wyoming Game and Fish Department, Smoot, WY 83126

LEONARD SERDIUK, Wyoming Game and Fish Department, Lander, WY 82520

ROD DREW IEN, l|daho Cooperative Wildl Ife Research Unit, University of ldaho, Moscow, 1D 83843

Abstract: An experimental, September hunting season was conducted on resident greater sandhill
" cranes (Grus canadensis tablda) and Canada geese (Branta canadensis moffittl) In 1982-84 In the
Bear River and Salt River valleys of Lincoln County, Wyoming. Objectives were to reduce |ocal
crane and goose humbers and decrease depredations to small grain crops. Hunts were designed to
protect and safeguard the endangered whooping crane (G. americana). Data were collected on
hunter effort, harvest, hunting techniques, crippling loss, and Illegal kill. Harvested cranes
were measured and thelr gizzards collected for food habits analysis. Crane and goose numbers
and distribution were monitored through each hunt period on each area. Impacts of hunting on
local crane production were monitored by counts of young/adult and census of fall premigration
staging areas. Impacts on goose production were measured by changes In breeding pair
densities, Of 125 permits allotted annually to both areas, the mean annual harvest was 70
cranes and 22 geese In the Bear River Unit and 62 cranes and 119 geese in Salt River Unit., A
portion of the hunt area was closed in Bear River in 1982 and Salt River in 1984 due to the
presence of a whooping crane. Closure areas occupied by a whooper provided refuges for cranes
and geese from surrounding open hunt areas. Over the 3 years, 54 to 82% of the prehunt goose
flock had |eft the drainages entirely by the last day of the hunt, but the crane population
Increased through the hunt period. Local breeding-age cranes were most vulnerable to over-
harvest in the early part of the season when families were stil| dispersed on territories. The
annual average removal rate (harvest + cripple loss + illegal take) of 13.7 to 16.6% of the
prehunt crane popul ation was approximately twice the average recrultment rate. Increased crane
numbers during 1982-84 were atiributed to Ingress from other population segments. The special
hunt was effective In minimizing local depredations to small grain crops. Results showed that
sandhills can be hunted In Wyoming with minimal risk to whooping cranes provided that proper
precautions were taken. Analysis of 54 crane gizzards collected In 1982 (indicated 60.4 to
70.7% of the food volume was barley and wheat with other plant foods comprising most of the
remal nder.

PROCEEDINGS 1985 CRANE WORKSHOP

Local popul ations of greater sandhill cranes and Canada geese have Increased In western
Wyoming In recent years (Drewien 1973, Drewlen and Bizeau 1974, Krohn 1980). Depredations of
barley and wheat in |ate August and September, before harvest, have become more severe as bird
numbers increased. Before 1982, the Wyoming Game and Fish Department (WGFD) responded to crane
and goose depredations by (1) standard harrassment techniques, (2) planting lure crops In
cooperation with the U. S. Fish and Wildl 1fe Service (FWS), and (3) payments for crop damage fo
landowners as provided by state law. Cost, In both funds and manpower, became excessive and
the problem of Increasing bird numbers was not addressed. The Bear and Salt River valleys In
Lincoln County are primary problem areas.

To minimize fall depredations in Lincoln County, a proposal for a September hunt of resident
cranes and geese was submitted by WGFD to the waterfowl counclls of the Paciflic and Central
flyways In March 1982, and approved by FWS in August. The "experimental" season was the first
early September Canada goose hunt 1In the Pacific Flyway. It was also the first greater
sandhill crane hunt within their breeding range since implementation of migratory bird hunting
regulations in this century.

Objectives of the special early September hunt were: (1) to decrease depredations to small
graln crops before harvest in September, and (2) to reduce local crane and goose numbers to
level s more compatible with agricultural land use. Desired fall premigration numbers of cranes
were set at 400 and 600, and of geese at 200 and 950 breeding pairs In the Salt+ and Bear River
val leys, respectively. The number of cranes and geese to be malntalned In these valleys Is
commensurate wlth the objectives of the Rocky Mountain greater sandhil| crane and Canada goose
popul ation objectives and management strategies (Pacific Flyway Technical Committee 1982,
1983). Hunts were also designed to safeguard the endangered whooping crane, which Is
occasional ly found In these areas.
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We thank those Individuals who assisted In operating the hunt: L. Schroeder, and J. Klett
(FWS); and R. Ferguson, D. Hyde, F. Herbal, K. Jones, J, Smith, D. Kerr, E. Wampler, P. Riddle,
Tom Toman, B. Tayler, D. Sparks, E. Dayton, B. MacPherron, H. Wixom, E. Hyde, B. Wakeman, C.
Murray, Kelth Tindall, and D. Flukiger (WGFD). R. Oakleaf, S. Fitton, S. Findholt, F. Hammond,
and K. Clegg assisted in whooping crane monitoring; D. Walker helped in food habits analysis;
W. Brown reviewed the manuscript; and W. Gasson helped with economic analysis. R. Geesaman
assisted with agricul tural crop data compilation. A special thanks to the many private
landowners who cooperated fully 1In opening their lands to hunters and to A. Anderson, G.
Barrus, L. D. Nleld, D. Nleld, D. Taylor, R. Johns, and others who hosted a whooping crane
during some hunts. Hel icopter time was donated by Kjerstad Hel icopters, Atlantic Richfield
Company, and Mile-HI Exploration Company.

METHODS
Hunt Regul ations and Data Collection

After approval of the experimental hunt by FWS, the WGFD authorized closure of portions of
hunting areas on an emergency basis If a whooping crane appeared. Provisions of the speclal
hunt, divided into two units--(1) Bear River, and (2) Salt River--are described In Table 1.
Al'l free permlts were allocated by annual drawings.

Hunters were required to check In and out dally. Check stations were equipped with maps of
emergency closure areas, displays on crane Identification, regulations, and reminders on
malntalning good landowner relations. Check stations were manned daily from 0530 to 2100 hours
MDT.  Attendants recorded the birds' age, sex and hunting success data, and took morphologlcal
measurements (welght, tarsus, mid-toe, culmen, wing chord). All cranes were aged; however,
mor phological measurements were only collected from adults when sex was determined.

In 1982, glzzards were collected from cranes to obtalin food habits Information. Volumetric
percentages of food Items were determined by D. Walker, New Mexico State University, using the
aggregate volume method described by Martin et al. (1946).

Numbers and distribution of cranes and geese within and adjacent to hunt areas were obtalned
annual ly by aerial (Piper super cub and Maule M5-235 alrcraft) surveys conducted before the
hunt (29-31 August), mid-season (7-8 September), and Immediately following hunts (15-17
September). Total area counts were obtained by counting from one side of the alrcraft along
transect llnes 0.4 to 0.8 km wide. Each area was stratified and count data were tabulated by
strata.

Age ratios of cranes were collected before and immediately after each hunt. Young cranes
were differentiated from adults by presence of feathered crowns (Lewis 1979). Surveys were
conducted on roosting, loafing, and feeding sites. Age ratios collected at the peak of
premigration staglng were used to assess annual production within each area.

Table 1. Provisions of special sandhil| crane and Canada goose hunting season, Lincoln County,
Wyoming, 1982-84.

Season dates Bag Limits
Hunt areas Opens Closes Dally possession Limitations
Bear River 1 Sept. 14 Sept. Season | imlt: Limited quota;
Salt River 2 sandhill 125 speclal permits each hunt area,
cranes and any sandhil| crane or Canada goose.

3 Canada geese All speclal permit holders must
check in and out of station dally
when hunting. Shooting hours are
sunrise to sunset daily.
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Young flightless cranes were captured wlth the aid of a hellcopter and color-marked with
plastic leg bands and neck collars in July 1982. Subsequent sightings of marked cranes were
obtalned during surveys of hunt areas.

Publ 1c and Landowner Education

Major landholders in hunt areas were contacted, and sportsmen, conservation, and clvic groups
were Informed about the special season. News releases further informed the public of +the
season, special provisions, and precautions.

Before each season, successful appllcants were sent packets containing: (1) a permit, (2)
hunting regulations, (3) information illustrating sandhill and whooping crane identification
characteristics, and (4) a detalled area map that showed the check station |ocation.

Protective Measures for Whooping Cranes

Provisions to protect whooping cranes Included: (1) a 14 September closlng date to minimize
the possibility of migrating whoopers arriving from Grays Lake, |daho; (2) permif hunting only,
thus regul ating hunter density and distribution; (3) mandatory dally check-In and check-out to
inform hunters of any emergency closures; (4) emergency closure authorization for any portion
of a hunt area; (5) |iterature on crane identification provided to hunters and posters placed
In consplcuous locations In hunt areas; (6) state and federal law enforcement patrol; (7)
coordinated monitoring of whooping cranes in Wyoming and Idaho; (8) hunters and |andowners were
asked to report whooping crane sightings to WGFD personnel; and (9) daily monitoring of
whooping cranes located In a hunt area.

Crop Depredation

A cost:benefit analysis was conducted to evaluate and compare the special hunting season to
other cropland depredation prevention methods (i.e., lure crops and conventional control). The
evaluation compared depredation prevention methods employed in Lincoln County since 1976,
Including payments to landowners, lure crops, and standard harrassment procedures. Costs and
benef its were based on 1980 monetary values. All costs encumbered by the WGFD were assessed.
Benefits to the Depariment and State/local economies generated by consumptive user recreation
of cranes and geese were assessed. Goose and crane hunter recreation days accrued during each
year's hunt were considered benefits (Phillips 1981, WGFD harvest surveys 1976-84).

RESULTS AND DISCUSSION
Hunter Partliclpation and Effort

Mean number of appllcants for the 125 Bear River and 125 Salt River permits were 164 and 212,
makling appl lcant drawing success 76% and 59%, respectively. Mean number of permit holders that
partlicipated annual ly was 95 (76%) in both hunt areas.

Locals and nonresidents comprised 15% and 16%, respectively, of the annual mean number of
Bear River hunters; non-local hunters (Wyoming residents outside hunt area) represented 69%.
In Salt Rlver, nonresidents comprised 7%, locals 51%, and nonlocals 42§ of the mean annual
hunters. The larger number of non-local hunters in Bear River was atfributed to the |ower
population of local hunters. In both hunt areas, most non-local hunters came from population
centers within 200 km. In three seasons, 76 to 94% of the nonresidents were from northern
Utah.

The greatest hunting pressure and harvest was on opening day. More than 52% of the hunting
ef fort occurred on opening day and Labor Day weekend. After Labor Day weekend an average of
6.3 and 3.0 hunters were afleld each weekday In Salt River and Bear River, respectively.
Hunters travel Ing |onger dlstances tended to spend more weekends or contiguous days hunting;
whereas, local hunters tended to hunt weekdays before or after work.

Hunter Harvest and Success

In Bear Rlver, 211 cranes and 67 geese were harvested in the 3-year perlod; annual X =70
cranes and 22 geese. Non-local and nonresident hunters sustained the highest success on
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cranes, and local hunters had higher success on geese, annually, except In 1983. Low local
hunter success on geese In 1983 and cranes in 1984 was attributed to lower effort.

In Sait River, 187 cranes and 358 geese were harvested; annual x = 62 cranes and 119 geese.
Lower harvest of cranes and geese In 1984 was attributed to decreased bird numbers using open
hunt areas.

Bear River hunters had a slightly higher success rate for cranes (0.74) than Salt River
hunters (0.65). However, Salt River hunters had a higher success rate for geese (1.43) than
Bear River hunters (0.24). During all hunts, 76% and 69% of cranes in Bear River and Salt
River, respectively, were harvested in 4 days, Including opening day and Labor Day weekend.
Seventy-eight percent of Bear River and 75§ of Salt River goose harvest occurred In this same
period. About 24% (67) of 285 Bear River hunters and 16% (46) of 286 Salt River hunters bagged
limits of cranes. About 108 of the Salt River and none of the Bear River hunters bagged |imits
of both cranes and geese.

Pass=shooting accounted for 61% and 40% of the crane and goose harvest, respectively. Decoy
hunting was employed by 24% of successful crane hunters and 50% of successful goose hunters,
Stalking provided less than 12§ of the cranes and geese taken.

Based upon hunter's reports of crippled cranes, estimated crippling loss, and illegal harvest
was 453 of the legal reported harvest in 1982 (Lockman et al. 1983), 29% in 1983 (Lockman et
al. 1984), and 20% In 1984.

Whooping Crane Occurrence and Protection

On 26 August 1982 a 2-year-old whooping crane arrived in the Bear River hunt area, and 6 km2
were closed to hunting. The closed area provided a refuge for sandhil| cranes which increased
in numbers from 21 ‘o 249 by 17 September,

Between 20-25 August 1984, a yearling whooper, which summered nearby, moved into the highest
density crane and goose use area of the Salt River hunt. The ﬁhoopers dally movements and
activity were monitored. To protect the whooper, about 24 km” were closed to hunting. Area
landholders were informed of +the closure. Bird movements within the closed area were
influenced malnly by farming ac+§vl+y, requiring a relatively large closure to accommodate the
whooper's movements. About 12 km~ were re-opened to hunting on 5 September after +the bird's
movements were better defined. Before the hunt, the closed area supported 349 (73%) of the
hunt area's cranes and by post-hunt, 859 cranes (92%). A similar infiux of Canada geese was
noted into the closed area.

Impact of Hunting of Cranes and Geese

On opening day, crane numbers were similar between areas and years (Fig. 1). Numbers In hunt
areas decreased markedly by mid-hunt between years and areas. Between mid-hynt and post-hunt
periods, crane numbers increased. Bear River had 35 to 50§ more cranes than Salt River each
year by post=hunt; however, more than 30% of the Bear River cranes remained in closed areas of
adjacent Ildaho and Utah. The emergency-closed areas on Bear River in 1982 and Salt River in
1984 served as refuges and attracted cranes and geese from hunted areas. The 1982 closure did
not result in concentrating cranes and geese as much as the 1984 closure (Figs. 1 and 2). This
difference was attributed to the high density and wide interspersion of graln fields and
wetland roosting sites In the 1984 closed area.

Crane numbers and harvest in both hunt areas remained similar through 1982-84 except in Sal+t
River in 1984 when crane and goose availabil Ity and harvest decreased 60% as a result of the
closure. Before the 1984 closure, Salt Rlver goose harvest was about 6 times that of Bear
River while geese were 9 to 11 times more abundant in Salt River on opening day each year (Fig.
2). The greater number of geese in Salt River was believed responsible for the larger number
of applicants and the greater effort expended hunting both specles.

Cranes moved as a result of hunting pressure; however, thelr movements were not as dramatic
as geese. Over the 3 years, 54 to 82% of the pre-hunt goose flock had Ieft the dralnages by
the last day of the hunt. |In the 1984 hunt most Salt River geese remained within the closed
area.

Crane numbers increased after the mid-hunting period In each area due to a movement from
higher elevation summer sites into lower elevation cropland staging areas. This movement was
triggered by frosts In early September which reduced natural food availability. Pre-hunt crane
counts were indicative of the number of cranes summering In hunt areas. Peak numbers at fall
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pre-migration staging sites occurred from 15-20 September (Fig. 1). The staging area peak
counts coincided wlith those dates observed In years previous to the hunt (Unpubl. data, Id.
Coop. Wildl. Res, Unit).

During the previous 12 years, Juvenile cranes in the Salt River and Bear River comprised from
6 to 14% of flocks (Unpubl. data, Id. Coop. Wildl. Res. Unit). Sandhil| crane age composition
in flocks and In the harvest appeared to be similar except in Bear River in 1984 (Table 2) when
the number of juveniles In the harvest was significantly higher (P < 0.05) +than their
occurrence In the population. In 1984 the larger percentage of harvested young resulted from a
larger number of |ate-hatched chicks that remained In family groups on breeding territories,
which apparently Increased their vulnerability. The low percentage of young In Bear River In
1983 and 1984 was attributed to nest failure from spring flooding. Harvest of some local adul+t
breeders In 1982 and 1983 may have also contributed to lowered production In 1984. Composition
of young In the harvest in Salt River remalned siml|ar between years. The annual mean number
of crane groups consisting of four or fewer individuals (non-breeders, failed breeders, and
pairs with chicks) decreased from 59.8 pre-hunt to 28.8 post-hunt. These data suggest that
local breeding-age cranes and thelr young were most vulnerable to over-harvest in the early
part of the hunt season while they were stil| dispersed on nestlng territories.

Analysis of the 3-year hunt data on the resident crane population indicated that harvest
exceeded recrultment of young. Percent juveniles in the fall population ranged from 7.6 to 8.1
(x =7.8) In Salt Rlver and 4.2 to 8.9 (X = 6.5) In Bear River (Table 2). The mean pre-hunt
crane populations were 511 and 639 for Salt and Bear rivers, respectively; mean harvests of the
pre~hunt populations were 62 (12.1%) and 70 (11.0%), respectively. Most of the harvest
occurred early In the hunt before cranes from surrounding tributaries arrived In hunt areas,
therefore, we assume that resident cranes sustalned most of the kill. Adjustment for crippling
losses (20 to 45% of harvest) resulted In an average removal rate of 13.7 to 16.6% of the
pre-hunt population or about double the average recruitment rate, Continuation of long=term
banding would provide insight 1Into breeding pair recrultment rates, as well as ingress Into
local breeding flocks. Increased peak staging numbers (post-hunt) over the 3 vyears were
atfributed to Increases In adjacent areas and ingress into local population segments (Fig. 1),
I'f hunts continue, breeding pair numbers and recruitment of young should be monitored closely
toc assess local population trends.

Food Habits

During the 1982 hunt, 54 crane gizzards (29 - Salt Rlver, 25 - Bear River) were analyzed for
food contents (Table 3). Some foods were too finely ground to identify. Soft foods such as
many invertebrates may not be well represented due to differential dlgestion rates (Swanson and
Bartonek 1970, Walker 1983).

Barley and wheat accounted for 60.4 to 70.7% of the food volume; unidentified vegetation was
24.0 to 29.0%. These two food categorles accounted for 89.4 to 94.7% of the total food volume
in crane gizzards In Bear and Salt Rlver areas, respectively (Table 3). Much unidentif led
vegetation probably was barley and wheat.

Animal foods, primarily grasshoppers, were 1.4 to 2.7% of +the food volume. Beetles,
caterpillars, and snails appeared infrequently and In small volume (Table 3). Grit averaged
40.2 and 58.7% of the total volume of material In glzzards from the Salt and Bear river areas,
respectively,

Mor phological Characters

Weights and four morphological measurements (tarus, mid-toe, wing-chord, culmen) were
obtained from 101 to 109 adult males and 89 to 91 adult females between 1982-84 (Table 4). The
means for all| measurements were |larger for males than for females, but t-tests revealed no
significant differences between the means of morphological characters except for weights (P <
0.05) and culmen length (P = < 0.05). However, the overlap of these characteristics precl uded
accurate separation of sexes except for |arger males,

Ninety-five percent of all females welghed < 5450 g and had culmens < 108 mm. All males had
culmens > 110 mm and welghed > 5674 g. Morphological data gathered in this study are similar
to those reported by Walkinshaw (1965) and Aldrich (1979) but showed more variation due to our
much larger sample slze (Table 4).
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Table 2. Greater sandhill crane flock age composition and harvest age composition in the Bear
River and Salt River drainages of Lincoln County, Wyoming.

Sample - No. No. %
Year Area Survey size young adul ts young
1982 Bear Flock 698 62 636 8.9
River Harvest 68 6 62 8.8
Salt Flock 569 44 525 7.7
River Harvest . 68 7 61 10.3
1983 Bear Fl ock 508 32 476 6.3
River Harvest 65 5 60 7.7
Salt Flock 322 26 296 8.1
River Harvest 89 8 81 8.9
1984 Bear Flock 814 - 34 780 4.2
River Harvest 74 12 62 16.2
Salt Flock 471 36 435 7.6
River Harvest 27 2 25 7.4
Table 3. Summary of food {1tems from 54 gizzards of greater sandhil| cranes from Lincoln
County, Wyoming, 1-14 September 1982,
Bear River (n = 25) Salt River (n = 29)
Percent Percent Percent Percent
Food 1tem occurrence volume occurrence vol ume
Plant food
Barley & wheat 68.0 60.4 58.6 70.7
Unidentified vegetation 72.0 29.0 65.5 24.0
Timothy corms (Phleum) 12.0 9.2 3.4 Tr.
Unidentified tubers 24 .1 2.6
Unidentifled seeds 6.8 Tr.
Total vegetation 100.0 98.6 100.0 97.3
Animal food
Grasshoppers 32.0 1.3 24.1 1.1
Bone fragments 4.0 0.1 10.3 0.2
Caterplllars 10.3 0.6
Beetles (Carabidae) 3.4 0.2
Beet| es (Tenebrionidae) 3.4 Tr.
Smal | snails 4,0 Tr. 6.9 0.3
Large snalls 3.4 0.3
Unid. invertebrates 4.0 Tr.
Total Invertebrates 36.0 1.4 51.7 2.7

% occurrence refers to the percent of gizzards containing the food item. Grit Is excluded
from occurrence and volume calculations. Tr. = < 0.1%.
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Table 4. Weights (g) and measurements (mm) of adult greater sandhill cranes froma Lincoln
County, Wyoming, 1982-84, and comparisons with measurements reported In other studies.

Sex Welght Culmen Tarsus Midtoe Wing chord
Male
Mean 5,430 105 239 94 545
Std. Deviation 432 6.9 13.0 4.9 20.9
Lowest 4,425 88 210 80 495
Highest 6,600 120 280 110 600
Sample size 101 109 109 108 105
Femal e
Mean 4,845 99 231 91 524
Std. deviation 338 4.8 15.1 4.2 20.1
Lowest 3,975 86 200 82 485
Highest 5,675 110 272 102 575
Sample size 88 89 90 91 90
Other studies
Walkinshaw (1965)
Male
X (n) 107 .2(8) 244 .,5(8) 561.5(8)
range 101=-116 226-264 526-598
Female
X (n) 97(1) 230.5(9) 546.0(9)
range 222-239 510-575
Aldrich (1979)
Male
X (n) 107.11(9) 243,47(17) 84(4) 547(17)
range 100-120 226-264 80-88 502-598
Female
X (n) 100.13(8) 227 .21(14) 79.43(7) 523.38(13)
range 97-103 217-238 75-85 490-575

@ Culmen from posterior edge of nostrils. Midtoe length not Including toenall.

Crane and Goose Depredations on Grain Crops

The special hunt minimized depredations on grain crops in all 3 years in Bear River, and no
damage claims were filed by farmers. |In Salt River, damage claims were minimal in 1982 and
1983 ($300/ year). In 1984, however, $1,685 of damage claims were filed by three landowners,
two within the emergency-closed area and one outside. Claims within the closed area were due
to increased goose and crane numbers during the hunt (Fig. 1). Another factor that contributed
to increased depredation In 1984 was the late grain harvest In Salt River Valley due to wet
weather. Total 1984 damage clalms were still much lower than when conventional control methods
were used (Table 5).

Manpower expenditures Increased by 24 to 31% for hunt administration when whoopers utilized
hunt areas ($2,692.05 in 1982 and $3,893.87 In 1984). When total costs were adjusted to 1980
dollars, caplital outlay was greatest for the lure crop program. Costs were similar for
conventional damage control and the experimental hunt. Landowners tended to favor the lure
crop program, but also believed it is Important to regulate local crane and goose numbers
through hunting. The hunt placated most farmers and decreased damages by moving geese out of
the val leys and preventing prolonged concentrations of cranes on one area. Very |ikely there
are feasible methods for alleviating spring and summer crop depredations by waterfowl in elther
valley, however, hunting to curtail local population increases should reduce spring and summer
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depredations.

The hunt provided an additional 391 hunter recreation days annually and generated an
additional $11,928.58 revenue To the local economy (Table 5). Non-consumptive user beneflits
were not determined; however, they were believed to exceed the consumptive (hunting) user
values., When a whooping crane was present, considerable local Interest was generated and 10 to
20 people daily came out to observe the bird. Overall, the hunt was the most effective method
for minimizing depredations to early maturing grain crops and reducing increases in local crane
and goose numbers., Also, more economic benefits were generated for more sectors of the |ocal
economy and sportsmen were provided Increased recreation days of qual ity hunting opportunity.

Table 5. Cost/Benefit analysis of fall crane and goose depredation prevention methods employed
in the Bear River and Salt River areas, 1976-84.

Costs (x/yr)

Convenflogal Lure crop Experimental
methods program hunt

Cost Item 1976, 1977, 1981 1978-1980 1982-1984
Salaries $ 4,439.50 $ 3,722.35 $10,803.24
Vehicles 1,600.00 2,195.30 1,649.00
Per diem 129.12 542.67
Suppl les 300.00 150.42 206 .00
Subtotal $ 6,339.50 $ 6,197.19 $13,200.91
Aircraft rental 33.33 1,281.29
Hunt season operations 166.67
Lure crop purch. 7,340.31 b
Damage claim payments 4,308.18 200.00 762.00
Subtotal $ 4,308.18 $ 7,573.64 $ 2,209.96
Total costs c $10,647.68 $13,770.83 $15,410.87
Adjusted totai $12,247.50 $13,770.83 $12,595.10
Consumptive user benefit Benefl'rsd
Exper imental hunt $11,928.58
Regul ar season (goose only) $35,453.00 $71,087.50 81,745.58
Total benefits $35,453.00 $71,087.50 $93,674.16
Cost/Benef it 1.22/3.54 = ,345 1.38/7.11 = .194 1.26/9.37 = .134
Cost/Benef It adJusfede 1.22/8.17 = .145 1.38/8.17 = .169 1.26/9.37 = .134

E Conventional methods include |andowner contact, daily hazing, pyrotechnics, etc.
Includes damage claim payments of $300, in 1982 and 1983 and an expected payment of $2,685
for 1984.

g Mid-point of each period adjusted to 1980 dollar values.
Benefits calculated as economic benefits to local and state economy for each waterfowl
hunter recreation day, valued at $30.50/recreation day (Phillips 1981).
Cost/Benef it adjusted - benefits were adjusted to reflect a constant regular season
recreation day value at 1982-84 regular goose season levels.
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Public, Hunter, and Landowner Attitudes

Most people were satisfied with safeguards Implemented for whoopers. Landowners in 1982 were
very accommodating to our requests to protect the whooper on thelr property. Most |andowners
in 1984 were also accommodating, but several expressed dissatisfactlon with Increased bird
numbers In the closed area. Personnel monitoring whoopers received many visitors who Inquired
about the bird and wished to view it. In 1984, a local sportsman's club offered to assist with
the hunt and protect the whooper. Cooperation of |andowners and others and the migration of
whoopers from hunt areas Indicated to us that sandhllls can be hunted in Wyoming with minimal
risk to whoopers.

Landowners expressed positive feelings about the success of hunts, hunter conduct, and
efforts to minimize depredations. Many landowners and sportsmen offered suggestions for future
seasons. Landowners and hunters alike expressed Ideas that local hunters should be allowed a
greater portion of the permits.

Most hunters regarded the hunt as a qual ity experience. The annual Increase in applicants,
especlal iy nonresldents, affirmed the hunt's popularity. The success of the | andowner/hunter
and WGFD/public relations was atiributed to local and statewlde Information effort, hunter
education, dally contact with hunters at check stations, local enforcement efforts, and
communications with |andowners.

Five game vliolations were recorded; one was an overbag of cranes and four involved shooting
great biue herons (Ardea herodias). Mistaking herons for cranes was a problem In all vyears,
Indicating a need to educate hunters on fleld identification of game and nongame species.

CONCLUS IONS AND RECOMMENDAT IONS

The 1-14 September hunts were successful In reducing crane and goose depredation on maturing
grain crops by dispersing bird concentrations. Hunting apparently had a greater influence on
geese because many left open hunt areas for longer perlods.

Early hunts of local breeding birds could detrimentally affect maintenance of desired flock
levels. By regulating harvest through permits, Impacts on future production can be monitored
and seasons adjusted accordingly. Our findings show that we could expect about 76% of the
permit holders to hunt. Increased hunter recreation and consumptive user benefits to |ocal
economies could be signlficant because 758 of the hunters would be non-local.

Most hunting effort (52%) occurred the first weekend and only minimal hunting effort occurred
during weekdays. Substantial decreases in annual administration costs ($6,000) could be
realized with permit hunting on several successive weekends wlth a |imited number of permits
per weekend. Such hunts should be as effective In minimizing depredations and Intensity of
harvest of local breeding cranes could be better regulated by permit numbers.

Early season hunting was the most cost effective method of minimizing fall depredation on
grain, It also provided increased hunter recreational opportunity and helped regulate |ocal
crane and goose populations. Based upon the results of the 3-year experiment, we recommend the
following:

1. Early September hunting of sandhill cranes and Canada geese in the Salt Rlver and Bear

River drainages of Llncoln County, Wyoming, should be continued annual ly.

2. Annual goose harvest should be manipulated to ensure that numbers do not decline below
950 and 200 breeding pairs In the Bear River and Salt River areas, respectively, for more
than 3 consecutive years.

3. Sandhll| crane flock objectives for these management areas should be established to
reflect numbers at the peak of the fall pre-migration staging period (15-25 September).
These objectives should be 1,200 for lower Bear River and 700 for Salt River.

4, Annual crane harvests should be manipulated to ensure that peak fall pre-migration
staging numbers and chick recruitment rates are sustained at desired levels.

5. Crane harvest rates of local breeding palrs and young should be monitored annually.

6. Whooping crane protection measures should be continued as designed In the experimental
hunt,

7. WGFD should continue to monitor hunts and collect information as occurred In this
exper imental hunt.

8. Leglislation authorizing the Department to charge a fee for a special crane and/or goose
hunt permit (l.e., speclal mlgratory bird hunting permit) would be beneficlal and aid in
defraying hunt costs.
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9, We recommend future hunt season's quotas be as follows but adjusted when necessary to
ref|ect crane and goose population changes: Bear River Area. 1-2 Sept.: 35 permits, 2
crane & 3 goose |imit; 7-8 Sept.: 40 permits, 2 crane & 3 goose |Imit; and 14-15 Sept.:
50 permits, 2 crane and 3 goose |imit. The Salt River area should have similar dates,
permits, and |imits, '
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MINIMIZ ING CONFL ICTS BETWEEN MIGRATORY GAME BIRD HUNTERS AND WHOOPING CRANES IN TEXAS

BRUCE C. THOMPSON, Texas Parks and Wildlife Department, 4200 Smith School Road, Austin,
TX 78744 ,

RONNIE R, GEORGE, Texas Parks and Wildl |fe Department, 4200 Smith School Road, Austin,
TX 78744

Abstract: Sandhill crane (Grus canadensis) hunting seasons establlished in three Texas zones
from 1961 through 1984 provided ftemporal and spatial separation between sandhill crane hunters
and endangered whooping cranes (G. americana) migrating or wintering In Texas. Hunter
information programs and contingency plans further minimized potential conflicts between
migratory game bird hunters and whooping cranes. Aerlal surveys of weekend coastal waterfowl
hunting activities from 1976 through 1984 In the vicinlity of whooping crane wintering grounds
at Aransas National Wildlife Refuge Indicated some temporary changes In whooping crane use
which could be attributed to hunter presence or alrboat activity, but gross changes in
distribution were not evident. The management plan and operating procedures developed under a
1983 federal/state agreement regarding management of publicly-owned portions of Matagorda
Isiand provided for buffer zones between hunters and normal whooping crane use areas.

PROCEEDINGS 1985 CRANE WORKSHOP

The U. S. Fish and Wildl ife Service (USFWS), the Canadian Wlldlife Service, varlous state
wildl Ife agencies, the Natlonal Audubon Society, and other public and private organizations
have been involved for many years In efforts to protect the endangered whooping crane. This
magnificent specles, which reached a low of only 16 surviving individuals In the Texas Coast
popul ation In 1940 -1941, has become a symbol of International efforts to save endangered
wiidl ife throughout the world (Whooping Crane Recovery Team 1986) .

Since loss of even a single individual may be detrimental to the survival of an endangered
species, protection of whooping cranes from mortal ity and Injuries resul ting from all factors
including hunting Is an obvious necessity. Potential conflicts between hunters and whooping
cranes were reduced by a general closed season on all cranes in the United States in 1916, and
efforts to further minimize conflicts slowly evolved fo include Improved |law enforcement,
establ ishment of refuges, public awareness efforts, and modification of hunting regulations for
game specles. Available evidence Indicates these steps have eliminated most direct
hunter-related mortality of whooping cranes, However, the sympatric distribution, simlliarity
of appearance, and mutual hablitat preference of the whooping crane and certain other species of
migratory fowl, particularly the closely-related sandhill crane, render migratory game bird
hunting a continued concern for those responsible for the safety of whooping cranes.

State and federal wildl ife administrators have been extremely cautious In modifylng migratory
bird hunting regulations because of potential whooping crane conflicts. Recent changes In
migratory bird hunting regulations in Texas have been accompanied by hunter education efforts,
contingency planning, and evaluation of the effects of waterfowl hunting and other human
activities on whooping cranes. The purpose of this paper is to describe steps that have been
taken In Texas to assess and minimize the Impact of migratory game bird hunting on the
endangered whooping crane.

Whoopling crane surveys were conducted within Texas Federal Ald Project W-103-R and this
report Is a contribution of Texas Federal Aid Projects W-103-R and W-115-R. J. C. Smith, D. W.
Mabie, and W. C. Brownlee assisted in the collection and compiiation of aerial survey data
throughout the study. D. Armentrout, D. R. Blankinship, W. C. Brownlee, R. C. Drewien, D. W.
Mabie, H. W. Miller, and T. V. Stehn reviewed the manuscript and provided valuable editorial
assistance.

SANDH ILL CRANE HUNTING
Season Timing and Zone Boundaries

The need to reduce sandhill crane crop depredation problems for farmers led to the
authorization of a 30-day season on sandhill cranes in parts of New Mexico and Texas during the
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early 1960's (Buller 1979, Central Flyway Representative 1981). From the beginning, an ef fort
was made by the USFWS and the Texas Parks and Wildilfe Depariment (TPWD) to provide temporal

and spatial separation for whooping cranes and sandhil| crane hunters In Texas. The first of
three sandhill crane hunting zones was established in Texas 1in 1961. This area, later
designated as Zone A (Fig. 1) permitted sandhil| crane hunting in the Trans-Pecos and Western

Panhandle Regions, well fo the west of known whooping crane migration routes. After a lengthy
evaluation period, Zone B was opened In the Eastern Panhandle In 1968. Zone B overlapped
suspected whooping crane migration routes, consequentiy the opening date for the sandhill crane
hunting season In Zone B was delayed until around 1 December each year (Table 1) to allow
completion of the mld-October to mid=-November whooping crane migration. Considerable numbers
of sandhil| cranes were also known to winter In South Texas, but concern about conflicts with
whoopling cranes wintering along the Texas Coast as well as questions about sandhill crane
raclal composition and population status in this area (Lewls 1977) precluded Immediate
establ Ishment of a South Texas crane hunting season.

In 1983, a 30-day, mid winter sandhil| crane hunting season for South Texas, exclusive of the
coastal areas used by wintering whooping cranes, was proposed by the TPWD and approved by the
Central Flyway Councll and the USFWS. This area, designated as Zone C (Fig. 1), was designed
to open after all whoopling cranes had reached the Texas Coast In the fall and terminate before
the whoopers began thelr return migration in the spring.

*
x CLOSED TO
CRANE HUNTING

#x

Whooping
@@ Crane wintering
area.

* Confirmed Whooping
Crane sightings 1965-1984.

® Circled stars indicate
sightings during an open
Sandhill Crane hunting season.

Fig. 1. Location of Texas sandhill| crane hunting zones, conflrmed whooping crane sightings
1965-1984, and primary wintering area of the Wood Buffal o-Aransas whooping crane population.
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Table 1. Sandhill crane hunting season dates and daliy bag |imits In Texas, 1961--84.a

Year Zone A Zone B Zone C
1984-85 10 Nov. = 10 Feb. 1 Dec. = 10 Feb. 12 Jan. - 10 Feb.
1983-84 12 Nov. = 12 Feb. 3 Dec. = 12 Feb. 14 Jan. - 12 Feb.
1982-83 30 Oct. = 30 Jan, 4 Dec. - 30 Jan.

1981-82 31 Oct. = 31 Jan, 5 Dec., = 31 Jan,
1980-81 31 Oct. = 31 Jan. 5 Dec., = 31 Jan,
1979~-80 30 Oct. = 30 Jan. 4 Dec. = 30 Jan.
1978-79 31 Oct. = 31 Jan. 5 Dec. = 31 Jan.
1977-78 1 Nov. = 31 Jan. 5 Dec. = 31 Jan.
1976=77 30 Oct. = 30 Jan. 4 Dec. - 30 Jan.
1975=76 25 Oct. = 25 Jan, 29 Nov. = 25 Jan.
1974-75 26 Oct, = 26 Jan. 30 Nov. = 26 Jan.
1973-74 27 Oct. = 27 Jan. 1 Dec. = 27 Jan.
1972-73 28 Oct. = 28 Jan. 2 Dec. - 28 Jan.
1971-72 30 Oct. = 30 Jan. 4 Dec., - 30 Jan,
1970-71 31 Oct. = 10 Jan, 5 Dec. = 10 Jan.
1969-70 1 Nov. - 28 Dec. 13 Dec. - 11 Jan,
1968-69 2 Nov. = 28 Dec. 14 Dec. = 12 Jan.
1967-68 4 Nov. = 2 Jan.
1966~67 29 Oct. = 27 Nov.
1965-66 30 Oct. = 28 Nov.
1964-65 31 Oct. = 29 Nov.
1963-64 2 Nov. = 1 Dec.
1962-63 3 Nov. = 2 Dec.
1961=-62 4 Nov. = 3 Dec.

a Dally bag limit was 2 cranes 1961-62 through 1968-69 and 3 cranes from 1969-70 through
1984-85. :

Hunter |Information Program

Newspaper, radio, and television coverage about endangered specles as well as the need for
positive hunter Identification of game species has been a joint effort of many organizations in
Texas. USFWS informational materials as well as an excellent National Audubon Soclety pamphlet
entitled "Is I+ A Whooping Crane?" have been available for several years. A TPWD pamphlet
entitled "Sandhil| Crane ldentification" that Il iustrated and described sandhiils, whoopers,
and other large wading birds was prepared and distributed to all persons who requested federal
sandhill crane hunting permits for Zone C in 1983, This |eaflet was distributed to all crane
hunters statewide In 1984.

Contingency Planning

Procedures to be followed In the event a whooping crane was reported in a sandhill crane
hunting zone during the open season were outlined In annual preseason memoranda to all TPWD
fileld personnel. In brief, field personnei were Instructed to immediately Investigate whooping
crane sighting reports, verlfy Identiflications, notify TPWD headquarters, and leave qualified
personnel In visual contact with the whoopers to monitor movements and ensure protection of the
birds until they departed the hunting zone.

TPWD officlials were responsible for contacting USFWS representatives and coordinating any
additional protective measures. If deemed necessary, the USFWS could temporarily suspend
hunting under federal regulations (50 CFR, Sec. 20.26) in an area encompassing at least the
dally range of the subject whooping cranes (Central Flyway Representative 1981).

Proceedings 1985 Crane Workshop




HUNTERS AND CRANES IN TEXAS - Thompson and George 61

Effectiveness

To date, there have been no known encounters between sandhill crane hunters and whooping
cranes In Texas. However, a whooping crane sighting was conflirmed by qual ified observers on
the Buffalo Lake National Wildlife Refuge in the Texas Panhandle on 6 November 1973 (Whooping
Crane Recovery Team 1985). Prior to 1985, this sighting on a non-hunted refuge located within
Zone A (Fig. 1) was the only whooper sighting ever conflrmed within a sandhill crane hunting
zone In Texas at the time the hunting season was In progress. On 22 December 1984, the first
of several reports was received concerning the sighting of a Juvenlle whooping crane near Edna
and later, Midfield, Texas. TPWD and USFWS personnel on 2 January 1985 confirmed the presence
of a juvenile whooper that had been color=-banded (blue-left leg, white-right leg) at Wood
Buffalo National Park, Canada during the summer of 1984.

This whooper apparently became separated from Its parents during fall migration and Its
parents continued to the Texas coast and occupied thelr normal winter territory (T. Stehn,
pers. comm.,). As the Zone C sandhill crane hunting season opening on 12 January 1985
approached, the whooper malnTQIned close associatlon with sandhill cranes and confined Ifs
movements to about a 20 km“ area 3 to 6 km northwest of Midfield, Texas (approximately 13 km
inside the Zone C boundary). Subsequent to detailed dlscussions and on-site examination, TPWD
and USFWS officlals agreed that daylight surveillance of the whooper throughout the 30-day Zone
C sandhill crane season and a vigorous public information program of fered sufficient means of
protecting the whooper. This decision was endorsed by representatlves of the Canadian Wildlife
Service.

A sandhll| crane season closure in the vicinity of thls whooper was careful ly considered but
not Implemented because the whooper confined its movements to closely-controlled private land
with |imited access and low hunting pressure. Local landowners (some of which initially

photographed and reported the whooper) were extremely cooperative in establishing local hunting
restrictions or closures to ensure the whooper's well-being. Cooperative state-federal
monitoring began on 12 January 1985 and ended on 10 February 1985. Throughout this perlod, the
whooper remained relatively sedentary within the identified use area and was largely insulated
from hunting activity. Administrative actions and fileld activities associated with this
monitoring effort were summarized by Thompson (1985).

Whoopling cranes reportedly traveling with sandhill cranes in the Texas Panhandle (Zone A) 1In
both 1984 and 1985 were later Identified as partial albino sandhills exhibiting all white body
plumage but normal, gray-colored primary and secondary wing feathers. Additional reports of
one to three whoopers at other locations in Zone A during the 1984-85 sandhil | crane season
were never verifled by quallfled observers.

COASTAL WATERFOWL HUNTING

Waterfow! hunting, unlike sandhill crane hunting, was not subject to federal closure during
the period from 1916 to 1960 and has traditionally been permitted within the winter range of
the whooping crane in Texas throughout this century. Duck and goose hunting seasons generally
opened in November when whooping cranes were still in migration and continued Into January,
about one-half way through the winter use period. Substantial whooping crane use s
concentrated on Aransas National Wildlife Refuge (ANWR), an area closed to hunting. However,
many of the cranes use public and private |ands and waters that are outside the refuge and are
normal ly hunted during open seasons. Only one instance of accidental crane mortal ity related
to hunting is known in Texas despite the temporal and spatial overlap of waterfowl hunting with
crane use areas (Whooping Crane Recovery Team 1986). This Incident In January 1968 Involved a
goose hunter who killed a whooper thinking It was a snow goose. The hunter voluntarily
surrendered to authorities when he realized his error,

Nonethel ess, uncertainty existed regarding the effect that hunting activities had on whooplng
cranes. Concerns exlsted not only for effects on day-to-day and annual use, but also for the
effect on potential expansion of habitat use as the whooper population continued to lIncrease.
Annual monitoring of whooplng cranes from the time of the acquisition of ANWR in 1937, through
the mid-1970's was generally |imited to weekly (mostly midweek) counts conducted by the USFWS.
Use patterns and responses of cranes had not been investigated on weekends when hunter activity
was presumably highest.
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Survey Methods

During the winter of 1976-77 (late December-mid April), the TPWD initliated a weekend aerial
survey to document whooping crane occurrence In proximity to waterfowl hunting activity and
detect any shifts In habitat use associated with hunter presence. This survey was not funded
In 1977-78, but flights were reinstituted In 1978-79 and continued through the winter of
1983-84.

The weekend aerial survey consisted of 19 Yo 27 fixed-wing fiights annually, generally from
late October to early March each winter. Flights were scheduled each Saturday and Sunday,
weather permitting, fo- approximately 2 hours starting at about 0700 CST during hunting
seasons. Prior to and after hunting seasons, flights were scheduled during the same dally
time period on 1 day each weekend. All known crane-use areas outside ANWR were examined on
each flight @and numbers and locations of whoopers, active blinareas ds, hunters,
outboard-powered boats, and airboats were recorded and plotted on maps.

Excluding ANWR, the cranes predictably used four general areas: Isla San Jose, Matagorda
Island, Welder Polnt, and Lamar Peninsula (Fig. 2). Data were summarized |ndependent|y for
these areas, Matagorda Island was divided into four segments for data collection because of
Its size and varlation in use by hunters and cranes, but data for all segments were grouped for
presentation In +this report. Survey personnel recognized that all hunters and boats were not
detected during each flight, but this factor was considered to be constant over the years of
the survey and a correction factor was not used. Comparisons of crane |locations before,
during, and after hunting seasons were used to assess use patterns related to hunter
activities, Maximum numbers of cranes, active blinds, hunters, and boats within the maJor use
areas were used to Index trends in use of the major areas over the duration of the study.
Additional detalls on methods and Individual survey counts were reported previously by Brownlee
(1977) ancd Smith (1980, 1981, 1982).
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Flg. 2. Proximity c¢f areas .sed by waterfowl hunters and whooplng cranes on the Texas Gult
Coast as identified through aerial survey during the wintering periods of 1976-1977 +through
1983-84.
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Hunter and Crane Use Patterns

General ly, the areas heavily used by whooping cranes were not heavlly used by hunters (Fig.
2). Cranes seemed to prefer closed marsh with small water bodies, whereas waterfow!l and
associated hunters frequented more open marsh with scattered, larger |akes. However, four
locations were Iidentifled that deserve particular caution because of concurrent crane and
hunter use. These areas were Welder Point, Panther Point to Twin Lakes on Matagorda Island,
Lamar Peninsula across from Egg Point, and the Spalding Cove area of Isla San Jose (Fig. 2).

Although some variation was evident, the maximum occurrence of whooping cranes in the general
use areas remained relatively stable during the 7 years of the survey (Table 2). The ampl | tude
of variation In maximum numbers of cranes was as great for the non-hunted ANWR as It was for
Matagorda lIsland and Isla San Jose (Table 2). Some varlation resulted from differing numbers
of young and breeding success of speciflic palrs over the years along with the net population
change of 6 additional cranes from 69 in 1976 to 75 in 1983.

Table 2. Maximum number of whooping cranes observed during weekend aerlal surveys In five
general use areas on the Texas Gul f Coast, 1976-84.

a
Maximum number of cranes observed durlng weekend surveys

Location 76=77 78-79 79-80 80-81 81-82 82-83 83-84
Lamar Penlnsula 4 2 2 2 2 2 3

Aransas NWR 43 52 54 59 43 48 47

Isia San Jose 7 8 13 6 10 8 7

Matagorda Island 22 15 17 18 21 16 19

Wel der Point 3 5 5 6 4 5 5

a

Includes adul t-plumaged cranes and juveniles. No survey In 1977-78. Aransas NWR 1983-84
count provided by T. Stehn.

Crane use in some portions of the wintering area appeared to shift somewhat during the
hunting season in response to hunter presence or alrboat activity as exemplified by Wel der
Point and Twin Lakes on Matagorda Island during 1978-79 (Figs. 3 and 4), but gross changes In
distribution were not evident over the wintering perlod as a whole. The general stability of
whooping crane use In these |Imited areas along the Texas Coast further substantlates the
suitabil Ity of the southeastern boundary selected for Zone C of the sandhill crane hunting area
(Fig. 1).

Maximum hunter numbers and presence of associated boats was substantial In the survey areas
during all years but tended to be stable or declining over the course of the survey (Table 3).
With few exceptions, maximum numbers of hunters and boats were recorded during the opening
weekend of the hunting season in early November. Only 75% of the whooplng cranes typlcally
have arrived at the wintering area by this +time (Tom Stehn, pers. comm. = USFWS unpubl.
rept.). The greatest hunter use was assoclated with Matagorda Island, but much of this use was
concentrated near Pringle Lake, an area not used by whooping cranes during this study.
Overall, hunter presence near whooping cranes was routine but declined over time within each
season,

Whooplng crane occurrences within 400 m of active hunters were recorded 27 times in all parts
of the area open to hunting but were detected most frequently at Lamar Peninsula (Table 4).
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Fig. 3. Locations of whooping cranes observed in the Welder Point area of the Texas Gul f Coast
during weekend aerial surveys during (A, 4-26 Nov; B, 17 Dec=21 Jan ) and after (C, 27 Jan-17
Mar) the waterfowl hunting season, winter 1978-79. Circled numbers on the maps represent the
numbers and |ocations of cranes observed during seven filghts within each survey period,
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Fig. 4. Locations of whooping cranes observed on a portion of Matagorda Isiand, Texas during
weekend aerlal surveys during (A, 4-26 Nov; B, 17 Dec-2t1 Jan) and after (C, 27 Jan-17 Mar) the
waterfow! hunting season, winter 1978-79, Circled numbers on the maps represent numbers and
locations of cranes observed during seven flights within each survey period.
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Table 3. Maximum number of boats, active hunting blinds, and hunters observed during weekend
aerial surveys In whooping crane winter use areas 1976-84.

Location and Maximum number observeda
disturbance factors

76=77 78=79 79-80 80-81 81-82 82-83 83-84

Lamar Peninsula

Airboat - 1 0 7 1 2 1

Outboard - 3 8 7 3 12 5

Active blind 18 5 14 10 10 12 7

Hunter 46 1" 37 26 26 31 16
Isla San Jose

Airboat - 5 5 17 7 5 4

Outboard - 14 16 21 20 7 1

Active blind 17 18 25 31 35 17 15

Hunter 40 43 50 69 91 40 34
Matagorda Island

Alrboat - 21 21 34 21 25 15

Outboard - 12 12 19 16 16 25

Active bl Ind 30 37 40 49 51 40 24

Hunter 58 83 83 110 122 102 43
Wel der Polnt

Airboat - 9 14 11 8 4 3

Outboard - 4 10 7 5 3 4

Active blind 10 20 41 15 15 8 7

Hunter 17 43 69 33 38 17 14

@ counts are not |isted for Aransas National Wiidlife Refuge where hunting Is not allowed.
No survey In 1977-78.

Proportional ly, the most whooper occurrences within 200 m of hunters also were observed on
Lamar Peninsula, the area used by the fewest cranes. This distinction may indicate |ndividual
or pair-by-pair differences In tolerance fo disturbance which has been observed undgr other
circumstances (D. R. Blankinship, pers. comm.). However, significantly more (59.3%, =16.99,
df=3, p<0.01) of the 27 recorded occurrences of whoopers in close proximity to hunters were
301-400 m distant (Table 4), thus Indicating some tendency for the whoopers to maintalin a
substantial separation. Considering that these observations represent very brief segments in
the overal| exposure of cranes to hunters, It Is possible that whoopers may frequently be in
close proximity to hunters without negative ef fects.

Management Actions

In the absence of major confllicts between whooping cranes and hunting activities, recom-
mendations have not been made for regulatory changes with respect to waterfowl hunting in
whooping crane use areas. However, the substantial use of Matagorda Island by cranes and
hunters, documented during the survey, Indlcated the need for reasonable precautions. In Sept.
1983, a memorandum of agreement between the U.S. Depariment of Interior and the State of Texas
transferred management responsibillties for about 43,000 acres of publ icly=owned land and
waters on Matagorda Island to the TPWD. The management plan for the Island has as a primary
objective the protection of state and federal endangered/threatened species, including the
whooping crane, and hunting programs provided only when conslstent with the primary objective.
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Table 4. Numbers of occasions where whooping cranes were observed within 400 m of active
hunters at four general areas within the winter range, 1978-1984.

Lamar Isla - Matagorda Wel der
Distance (m) Peninsul a San Jose Island Point Total
< 100 4 0 0 0 4
101 = 200 2 1 1 0 4
201 - 300 0 1 1 1 3
301 = 400 4 1 4 7 16
Total 10 3 6 8 27

Hunting activities on the Island, particularly waterfowl hunting, during the two seasons
since assumption of management authority, have been structured to provide buffers between
hunters and normal crane use areas. Hunters on the lsland proper are briefed on Ident!fication
of endangered specles, provided a pamphlet on species easlly confused with whooping cranes, and
famlllarized with a map of species locations relative to hunting areas. Hunters are further
cautioned about shooting in the vicinity of endangered species and Instructed on how to report
species of special interest to the Department. Although waterfowl hunters in the bayside
marshes on the Island are not under direct supervision of Department personnel, specific
survelllance activities are scheduied to monitor possible conflicts between hunters and
whooping cranes and to evaluate the effects of alrboat use or other watercraft on whooping
cranes. This Information, combined with past survey data presented In this report and other
ongoing whooping crane Investigations, form the basis for annual management and regulatory
recommendations. Under circumstances where a whooping crane enters a hunting area on the
Island, procedures are established to cease hunting Immediately.

DISCUSSION

Temporal and spatial consideratlions made within the regulatory planning process generally
provide sandhill crane hunting zones and seasons that effectively separate sandhill crane
hunters In Texas from |ikely contact with whooping cranes in the Wood Buffalo~Aransas

popul ation. However, errant migrants from the Wood Buffal o~Aransas population are possible,
and the expanding Grays Lake-Bosque del Apache population of whooping cranes presents |imited
potential for whoopers wandering from New Mexlco Into Texas during the sandhil| season (R, C.
Drewien, pers. comm.). Thus, hunter awareness programs and contingency planning for unexpected
whooping crane occurrences In all crane hunting zones are appropriately continued on an annual
basis. A satisfactory Information transfer program and network to deal with unexpected
whooping crane occurrences has been developed and tested within TPWD, but Its success depends
on routine commitment of program staff +to provide timeiy reminders to fleld staff well In
advance of hunting seasons.

Monitoring of whooping cranes within waterfow! hunting zones has revealed no gross effects on
distribution or habitat use related to hunting activities. The observed stabiilty In maximum
number of cranes using speclflic areas agreed closely with “typical" distribution through the
winter for the same periods (Stehn and Johnson +thls proceedings). However, hunting or
associated boating disturbance of whooping cranes may have subtle ef fects on the activity (=
energy) budget of certaln groups or age classes of cranes (Blankinship 1976, Bishop 1984), thus
being an Important factor in long-term recovery of the species. Data from past surveys are
Insufficient to address that issue, and further investigation Is necessary to measure whooping
crane responses to speciflic disturbance factors and estimate [f associated energy costs or
restrictions In habitat use are detrimental to recovery efforts. Airboats have been suggested
as a possible source of disturbance and Investigation of the effects of thelr use wlithin the
whooping crane winter range Is an Important component of future research,
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