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Abstract: Using data collected during 1981-B7 on the Cinmabar bighorn
sheep wintéer range in southcentral Montana, we compared 5 estimators of
numerical trend and 4 age/sex ratio estimators to detérmine; 1) the
relative consistency of values derived using each estimater, 2) sampling
intensity necessary to achieve consistency, and 3} the degree to which use
of different techniques would have finfluenced our interpretation of
population trend. None of the 5 numerical trend estimators would have
produced satisfactory results from 1 survaey. Two of the 4 ratio
estimators would have performed weéll with a singlée survey if a high
proportion of the herd were classified. ATl pumérical and ratio
aestimators performed reasonably well (90% chamnce of baing within 20% of
yearly values obtained using all the available data) when derived from &
surveys. Correlation coefficients, used as an index of agreement in
rate/direction of change over time, were generally high (r = 0.69-0.99)
for numerical trend estimators, lamb:ewe ratio estimators (¥ = 0.89-0.99),
and ram:ewe ratio estimators (r = 0.87-0.97). Changes in the ratios of
legally harvestable (3/4-curl or greatsr horns) rams to ewes varied (r =
0.55-0.93) among technigues. Most of the techniques would have led us to
the same conclusions regarding the status of the Cinnabar herd. The
analysis process we followed could be beneficial for binlogists working
with other herds, but no one should blindly adopt “off the shelf" sampling
schemes without assessing the suftability of the techniques for the hards
with which they are working.

Mountain sheep {Ovis camadensis) management relies heavily on winter
surveys to assess population status and trends (Trefethen 1975). Sheep
use open terrain, tend to concentrate on traditional winter/rutting
grounds, and may be classified by horn characteristics to  obtain
population age structure (Gefist 1966, 1971). Consequently, more detailed
assessments of sheep populations are possible than for most other
ungulates.

In conversations among ourselves and with other biologfists, we
lpresent address: Dept. Zoology, Univ. Alberta, Edmonton TEG 2E0.
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discovered differences in the way "standard® population parameters were
collected, analyzed, and reported that frequently are not obvious in
methods sections of agency reports or published papers. While many of the
differences are subtle, they could bias comparisons among herds studied by
different biologists.

To determine the magnitudes of these differences, we examined
results obtained from 5 techniques for assessing numerical trends and 4
for assessing ratios of lambs, rams, and legally huntable rams to ewes in
a habituated herd in southcentral Montana. 1In our evaluation, we lTooked
at similarity (Would different techniques produce similar values?), trend
comparability (Were direction and relative magnftude of changes over time
similar among techniques?), and efficiency (Did technigques differ in
precision or in the sampling effort required to obtain a given level of
precision?).

Data were collected from Rocky Mountain bighern sheep (0. c.
canadensis) wintering on the Cinnabar winter range (CWR)} in the upper
Yol Towstone River vi?luy 10 km northwest of Gardiner, Montana. The core
winter range, approximately & km®, was easily accessible via a county
road, and sheep were habituated to humans. Yehicles could often approach
within & m without causing sheep to move away from the road. The herd was
hunted (Irby et al. 1986), and the Montana Department of Fish, Wildlife,
and Parks (MDFWP) has monitored the population for >10 years,

Funding Ffor this study was provided by the Welder Wildlife
Foundation, the Foundation for North American Wild Sheep, the Booné and
Crockett Club, the Mational Rifle Association, and Montana Department of
Fish, Wildlife, and Parks. Field assistance provided by G. Erickson, K.
Eeating, and E. Arnett was greatly appreciated.

METHODS

During 1981-87, 118 gqround surveys of the CWR were completed.
surveys were conducted 1-4 times per month during Dotober - April along &
county road through the winter range. About 50T of the core winter range,
including most sheep concentration areas, was visible from the road.
Because a plot of the number of sheep seen on fndividual surveys against
time indicated that sheep numbers were highest on the survey route during
November - January, we wused only surveys from this perfod in  our
evaluations. Surveys in which <20 sheep were countad were delated from
most analyses as inadequate samples.

Numbers of individuals in recognizable age/sex classes were recorded
during each survey. Rams were classified by horn shape (<1/2-curl, 1/2 -
3/d-curl, >3/4-curl) and, whenever possible, aged by horn annuli counts
(Geist 1966]. Ages were not assigned to ewes. Individually recognizable
animals (cellars or distinctively broken horns) seen during each survey
were noted. Throughout the paper, we refer to annual periods by the year
1;3;?1ch survey sets were initiated (f1.e. 1981 = Movember 1981 - January
1 L ]

Descriptions and acronyms used to fdentify the techniques we
evaluated are given in Table 1. OF the 5 numerical trend techniques, MEAN
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Table 1. Approaches used for
ratios (lambs; rams: and legally

estimating numérical trends and age/séx
harvastable rams:100).

Technique

Definition

POPULATION INDICES

MEANC (Mean Count)

MAX (Maximum count)

MAX/C1
(Maximum count/class 1)

MAK/C2
(Maximum count/class 2)

LING (Chapman - corrected
Lincoln estimator)

CUMR (Cumulative ratio)

MEANR (Mean ratio)

Mean of all counts during Nov.-Jan.

Maximum total count for all sSurveys
during Nov.-Jan.

Maximum count for all recognizable
age/sex classes including male year
classes [horn annulf counts).
Individual 1y recognizable animals not
seen on days of maximum counts for their
class wera added to class total. Animals
known to have died during Nov.-Jan. were
subtracted from total. Includes all
surveys during Nov.-Jan.

Similar to MAN/C1 eéxcept maleés were
classified only by horn shape (<1/2 curl,
1/2-3/4 curl, 3/8+ curl), recognizable
animals were not added to class totals,
and known mortalities were not subtracted
from totals.

Estimates for individual surveys based on
proportion of total d{ndividually
recognizable animals (physical anomalfes
or collars) seen in counts >19 during Mov
- Jan.

a) Estimated number for individual
surveys =

(M marked + 1) (M cbserved + 1)
-1

(Marked animals observed + 1)

b) Estimated number for multiple surveys
= mean of estimates for Jindividual
surveys.

Ratios based on cumulative counts of all
animals sighted (including duplicated
sightings) during Nov - Jan.

Mean ratic derived from ratios calculated

for individual surveys with counts »19
during Nov - Jan.
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(Table 1. cont'd.)

Technigue Definition

RATIO ESTIMATORS

MAX R1 - Ratfos calculated from maximum counts per
(Maximum/class ratio 1] distinguishable age/sex class recorded
during all surveys from Nev - Jan. Males
were classiffed by year classes,
recognizable animals were added to totals
when not seen in maximum counts, and
known mortalities were subtracted from
class totals.

MAXRZ = Similar to MAXR] except males were
(Maximum/class ratio 2) classified by horn shape, marked animals
weré not added to totals, and known

mortalities were not subtracted.

and MAX involved the szmallest finvestment of time and money. These
techniques required counts of sheep on winter range 1 or more times during
wintér but no marking or age/sex classification of animals.

MAX/C1 and MAX/C2 required more than 1 survey per winter and
sufficient effort to classify animals by age and sex, but the presence of
individually recognizable animals was not essential. MAX/Cl approximated
conditions for an accessible, intensively studied population in which some
individually recognizable animals are available and biologists could
approach sheep closely enough to obtain horn annuli counts for rams.
MAX/C2 approximated conditions in an fnaccessible or unhabituated herd in
which classification of rams by horn annuli counts is unfeasible and
individually recognizable animals are not present.

The fifth technique, LINC, required marked animals. Population
estimates were based on the lease complex mark-resight model (no
heterogeneity in resighting probability, no avoifdance of resighting by
marked animals, and no variation in resighting probabilities over time)
presented by Otis et al. (1978:21-24). Estimates from multiple surveys
utilized the bias-corrected hypogeometric estimator (Chapman 1951) and
ﬁ;:';‘;'m““ outlined by Rice and Harder (1977} and Bartmann et al.

During 1980-84, 11 females (1/2 - 4+ yrs) and 7 males (1 1/2 - & 1/¢
yrs) were captured (Keating 1982, Andryk et al. 1983) and fitted with
individually marked radio collars (n = 16) or neckbands (n = 2). Seven
additional dindividuals (5 females and 2 males) with distinctive broken
horns weére {dentified during 1981-86. Numbers of findividually
recognizable animals available as marked samples for individual surveys
werg determined based on total recognizable animals observed through April
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of each year. Radiocollared animals were not located using radio
receivers during surveys.

Population estimates made using LINC were based on 5-15 recognizable
sheep per survey. Estimates were calculated only for surveys during
1982-86 in which »1%9 animals, about 10-20% of the presumed population
size, wore counted and at Teast one marked animal was seen. Because we
used an unrealistically simple model and a biased estimate of marked
animals (Except for radiocollared animals with functioning radios, we
could never be certain that an animal marked in an earlfier year but not
seen in the current year was not in the population), we refer to LINC as a
population index in this paper.

Four technigues were evaluated for estimating age/sex ratios in the
CWR population (Table 1). Lamb:ewe, ram:ewe, and legal ram (males with
3/4 or greater horn curl, regardless of age, that could Tegally be killed
by hunters): ewe ratios were calculated using each technique. CUMR ratios
were based on a simple summation of all animals classified during November
= January. MEANR values represented the means of ratios derived From
individual surveys. MAXR1 and MAXR? values were calculated from maxfmum
counts in each age/sex class from several winter range surveys. Ratios
obtained using MAXR] approximated conditions expected in a habituated herd
in which rams could be aged by horn annuli counts. Ratios obtained using
MAXRZ approximated conditions in an unhabituated herd.

Similarities of values produced by numerical and age/sex ratio
techniques were tested wusing blocked analyses of variance and
Newman-Keuls means tests [Steel and Torrie:110-111, 132-145). An
unbiased estimate of the missing 1981 value for the LINC method was
calculated as suggested fn Steel and Torrie (1960:139).
Similarities 1in trénds among the 5§ population and 4 age/sex
structure techniques were determined using Pearson correlations
(Steel and Torrie 1960:183-187). Statistical analyses were
conducted using the MSUSTAT statfstical package (Lund 1983).

Because the estimates obtained using each technique were based on
the same transect data and were sometimes derived from subtle variations
of the same approach, the requirement for sample independence in analysis
of variance and correlation analysis was violated. We elected to use
these tests despite this violation of assumptions because the tests
provided a conventionally recognizable manneér of displaying differances.

We evaluated efficiency in terms of precision and, for techniques
used to estimate trends in population size, the time costs of aging and
sexing sheep versus merely counting them. Standard deviations,
conventional measures of precision (Otis et al. 1978), were calculated for
the MEANC, LINC, and MEANR technigues, but we were unable to Jocate
suf table methods for calculating standard deviations for techniques
relying on maximum or cumulative values from a series of counts. Bs an
alternative, precision was assessed empirically by determining the number
of surveys necessary to achieve results within a specific range using a
variant of the "species-area curve” method (Oosting 1956). We calculated
the percentage of findividual surveys and of subsets of 3 and 6 randomly
selected surveys that fell within 20% of values derived from all surveys
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within a single year. Surveys in which <20 sheep were counted were
excluded from calculations to avoid variation due to obviously inadequate
sample sizes. Six sets of 3 and 3 sets of six surveys were selected for
each year for 1982-86. Twenty percent was selected as the acceptable
leyel of deviation to avoid excluding values that differed from annual
values by only 1-2 animals (i.e. with a 103 acceptance range, a lamb:100
ewe ratio of 12 would have been outside the "acceptable® range in a year
in which the mean ratio was 10].

The additional field time required for classifying, rather than
simply counting, animals was estimated from 2 segments of the survey
route. One seqgment Crossed the most heavily used portion of the winter
rangé and included three S-min scanning stops and 11 km of driving. The
second segment crossed a portion of the winter range used by fewer sheep
and included four Z-min scanning stops and 4 km of driving. At each stop,
735 binoculars and a 20-60x telescope were used to locate sheep. Counts
(without age/sex classification) could be made in <2 min at stops on both
segments.

RESULTS
Mumerical Trend Indices

The numerical trend techniques produced 3 statistically different (P
< D.05) sets of estimates (Table 2). In order of increasing estimated
numbers, the sets were: 1] MEANC, 2) estimates based on maximum counts
(MAX, MAX/C1, and MAX/C2), and 3) LINC (MY F = 66.25).

Table 2. Summary of the results of 5 techniques for estimating population
trend on the CWR (N = number of surveys). Standard deviations are given
in parentheses.

1981 1982 1983 1984 1985 1986
Tech-
nigque N Est. N Est. N Est. N Est. N Est. N Est.

MEANC2 7 46(25) 16 62(28) 15 64(23) 11 46{17) 12 52(19) 12 54(22)

MAX T 90 16 117 15 93 11 64 12 73 12 a2
MRX/CL 70 9] 16 127 15 101 11 71 11 83 12 93
MAX/C2 7 81 16 117 15 95 11 &8 12 77 12 #8
LINCE 13 150(66) 12 135(35) 9 113(44) 10 96(29) & 117(41)

' Definitions of acronyms are given in Table 1.
B Only yearling males were aged in 5 counts.
Median numbérs of recognizable dndividuals available were:
1982 = 8, 1983 = 10, 1984 = 9, 1985 = 8, 1985 = 8.
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Posiftive Pearson correlations (r = 0.69-0.99) indicated that changes
in values during 1981-86 were generally similar in direction among the §
techniques. Significant correlations (r > 0.86: P < 0.058), indicating
similarities in relative magnitude as well as direction of change, were
identified among MAX, MAX/C1, and MAX/C2 (r = 0.98-0.99) and between LINC
and MAY and MAX/CZ (r = 0.88-0.89). Al1]l technigues indicated a population
decline between 1982 and 1984 and an increase between 1984 and 1986 (Table
2). Estimates of the magnitude of the 1982-84 decline varied from 25-25%
with 2 distinct groupings: 1) MAX, MAX/C1, and MAXC/2 (42-85%), and 2)
MEANC and LINC (25-26%). The 19B84-86 increase followed & similar pattarn
with highast percentage increases abtained with MAX, MAX/C1, and MAX/C2
(28-31%) and smaller increases with MEANC (17%) and LINC (4%).

The proportion of individual surveys falling within 202 of average
annual values for the 5 techniques varied from 0.20 to 0.54 (Table 3).
Three surveys were judged inadequate (<%0% chance of obtaining a value
within 208 of the value calculated from complete sets of 11-16 surveys)
for all technigues. 5ix surveys were apparently adequate for all

technigues.

Table 3. Percentages of winter range surveys, sets of 3 surveys, and sets
of & surveys that were within 2008 of annual wvalues for numerical
estimators. Percentages were calculated from sets drawn from 61 surveys
in which >19 sheep were counted during November-January, 1982-86.

Numerical 1 surve 3 surveys 6 surveys
estimator (N = 61)3 (N = ED{ (N = 15)
MEANCD 54 83 93
MAX 34 73 923
MAX/C1 20 &7 93
MAX/C2 33 B3 93
LINC 48%< 53 100

& N = number of values used to compute percentages.

© Ncronyms are defined in Table 1.

€ Based on 52 of the 61 surveys in which 1 or more marked animals
wWere sSeen.

Age/Sex Ratios

The & methods used to determine lamb:ewe ratios (Table 4) gave
comparable results (AOY F = 0.49, P = 0.70). Over a G-year period, all
techniques produced valdes within 0% of annual estimates in >50% of
individual surveys and Tn >90% of sets of 6 surveys (Table 5).
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Table 4, Lamb:ewe, ram:ewe, and Tegal ram:ewe ratios in the CWR
population during 1981-86 calculated using 4 techniques,

1981 1982 1983 1984 1985 1986

Total surveys T 16 15 11 12 12
(Counts >19) (6) {15) {14) {10} (11} (11}

Total animals
classified 322 972 950 ol 666 633

TECHNIQUES

Lambs:100 ewes

CUMRA 35 34 11 16 40 24
MEANR (50) 37 I6(16)  11(3) 17(5) 39(10) 23(s)
MAXR1 34 1 10 20 4l 33
MAXR2 14 32 10 20 41 13

Rams : 100 ewes

CUMR 49 a7 a7 a6 1 50
MEANR (5D ) 45(16) 47{12) 47(10) 48(15) 33(14) 5S0(8)
MAXR1 60 64 59 58 48 10
HAXRZ 80 56 53 50 34 63

Legal rams:100 ewes

CUMR 23 17 13 21 17 18
MEANR(SD) 22{18) 18(7) 13(5) 22(12) 1815} 18(6)
MAXR] 38 33 24 32 27 30
MAXRZ 36 24 19 22 16 22

A pefinitions for acronyms are given fn Table 1.
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Table 5. Percentages of individual winter range surveys (N = 61), sets of
3 surveys (N = 30}, and sets of & surveys (N = 15) 1n which lamb:ewe,
ram:ewe, and 1egal ram:ewe ratios fell within FU% of annual values using &
techniques. Percentages were calculated from 61 surveys conducted during
Novembeér-January |982-86 and include only surveys in which >19 sheep were
counted.

Lamb : awe Ram:ewe Legal ram:ewe
Number of sSurveys in set

Tachni que
1 3 ] 1 3 B 1 3 6
CUMR# 59 83 100 67 o0 100 39 ar 9
HMEANR 67 80 100 67 80 100 39 7 3
MAXR] 22 83 93 36 67 100 2l 67 100
MAXRZ 3l 80 93 56 83 100 43 97 100

3 pefinitions for acronyms are given in Table 1.

Ram:ewe ratios (Table 4) varied significantly among techniques (ADY
F = 36.75). CUMR and HMEAMR produced the lowest ratios, MAXRZ
Significantly higher ratios, and MAXR1 the highest ratios. More than 50%
of individual surveys fell within 20% of annual values in all technigques
except MAXR1 (Table 5). A1l randomly selected sets of 6 surveys produced
values within 20% of annual values.

Ratios of legal rams to ewes (Table 4) also varied among techniques
(ADY F = 30.22). MAYR]1 produced estimates 32%f higher than those of the
next highest technigque, MAXR2. There was no significant difference
between MEANR and CUMR. The probabilfty of deriving a ratioc within 20% of
annual values on a single survey was low, but »90% of randomly selected
sets of 6 surveys produced values within 20% of annual values for all
techniques (Table 5).

Correlations here high {r > 0.87) among technigues used to derive
lamb:ewe and ram:ewe ratios. Correlations of legal ram:ewe ratios among
techniques were high (r » 0.80) except for MEANR with MAXR1 (r = 0.74) and
MAXRZ (r = 0.55). S

Time Costs of Classifving Sheep
The survey segment that passed through areas of high sheep density
reguired 30 min to complete if no sheep were counted. In 10 replicates of

this segment in which scanning stops were completed in the same order and
times were noted, 4 to 56 sheep were classified (including aging rams by
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horn annuli counts). Mean time for completion of this segment was 66 min
(range = 30-150 min, S0 = 39), a 122% mean increase over the minfmum time
requirement.

The survey segment that passed through areas with low sheep density
required a minfmum of 15 minutes to compliete. In 10 replficates in which
no sheep were counted, the mean time for completion was 19 min (range =
15-25 min, SO = §). In 13 replicates, 1-21 sheep were classified in a
mean time of 30 min (range = 20 - 55 min, 5D = 10). Replicates in which
sheep were classified required an average of S8% more time than replicates
in which no sheep were counted.

DISCUSSION

The 5 techniques for estimating numbers were generally in agreement
on trends in population size for the CWR sheep herd during 1981-86, but
the magnitudes of changes between years varied among technigues.
Techniques based on maximum counts (MAX, MAX/C1, and MAXC/2) indicated
that year-to-year changes in population size were proportionately greater
than did the MEANC and LINC technigues.

None of the 5 numerical trend technigues we evaluated performed well
when based on a single survey., The percentages of surveys that fell
within 20% of annual values were higher for MEANC and LINC than for MAX,
MAX/Cl, and MAX/C2, but these differences were artifacts of methodology
rather than differences in efficiency. VYalues within 20% of annual wvalues
could occur above or below the annual values for MEANC and LINC but only
below for technigues based on maximum counts.

All techniques gave reasonably consistent results when based on 6
surveys. [f we had beén forced by lTogistical or financial constraints to
conduct & single survey, wé would have Covered a larger proportion of the
winter range in hopes of increasing the proportion of the population seen
and scheduled a series of brief preliminary surveys of the CWR to insure
that the intensive survey was conducted when sheep numbers fn accessible
parts of the winter range were high.

Sexing and aging individuals added >50% to survey time in 2 segments
of the survey route. This additional 1investment fn time increased
population estimates over simple maximum counts <20%. Trends For maximum
counts agreed closely with trends from techniques relying on aging and
sexing individuals.

V¥alues derived from the Lincoln Index (LINC) were consistently
higher than maximum or mean counts, as expected. The high variability 1in
values from single surveys (48-223% of those derived from respective
annual multiple survey calculations) Jindicated that relfance on a
mark-resighting model that requires only a single survey to make a
population estimate would be unwise, at least for our sampling conditions
(5-10% marked animals in a population of <200). Based on the formula
given by Overton and Davis (1969:448) and a probability of resighting
marked animals of 0.45 (Irby, unpubl. data), we would have had to mark 80%
of the population to obtain narrow confidence 1imfts (+10% at the 95%
confidence level), =
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Use of the multiple survey approach yialded better results, but
coefficients of varfability (standard deviation / mean x 100, Steel and
Tarrie 1960:20) were greater than the 20% or less considered acceptable by
White et al. (1982:50). More precise estimates may have been produced by
increasing the number of marked animals (25% of the population should have
been marked given the probabilities of resighting, survey numbers, and
population size associated with the CWR (Rice and Harder 1977)) or
utilizing more sophisticated models for amalysis of data (Otis et al.
1978, Bartmann et al. 1987).

The & techniques used for estimating age/sex ratios produced similar
Tamb:ewe ratfos. Trends in lamb:ewse ratios over time were alsoc similar
(decreases between 1981 and 1983 increases between 1983 and 1985:
decreases between 1985 and 1986).

MAXR1 and MAXRZ generally produced higher ram:ewe and lagal ram:awe
ratios tham CUMR and MEANR. These differences were either related to
differences in the proportion of the wintzr sampling period spent in
accessible areas by ram and ewe bands (most individual collared ewes were
sighted on a higher propartion of surveys than individual collared rams)
or were an artifact of having more subclasses for identifying males than
for identifying females. Year to year changes in ram and legal ram:ewe
ratios were not as consistent among approaches as those indicated for
lamb:ewe ratios.

A single survey would 1i1kely be adequate for obtaining lamb:ewe and
ram:ewe ratfos 1f a large proportifon of the population (»50% of the
estimates obtafned using the LINC method for the CWR) could be classified
during the perifod in which all age/sex classes were concentrated in the
same ared. The cumulative results of a serfes of partial counts would
also give adequate results.

Estimates of the minimum number of legal rams surviving hunting
season obtained by aging rams via horn annuli counts were higher than
those obtained by classification of rams based on 3 horn shape c¢lasses
(G-year mean = 15 vs. 12). This difference is important in the intensiwve
management regime established in the CWR (Irby et al. 1986). Conducting
horn annuli counts in larger, more remote, or less intensively managed
herds may not be cost-effective.

MAMAGEMENT RECOMMENDATIONS

Of the technigues we tested, those judged optimal for the CWR (an
easily accessible, intensively managed herd with individuals habituated to
close human approaches) were:

1) Trend - maximum count (MAXC) from 6 surveys during mid November -
January.  Although fts usefulness 1s Tlimited by lack of a means of
cdlculating variance (Calculation may be feasible, but we were unable to
find a statistician that knew of & suitable formula), MAXC (with & or more
réplicates) produced valués that were relatively stable within a year,
changed between years in directions that wére consistent with changes in
lamb production and herd health, did not require marked animals, and was
not sensitive to errors fn classification by age and sex. A multiple
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survey, mark-resighting approach such as the multiple Lincoln Index
(Bartmann et al. 1987) would give a better population estimate if adeguate
numbers of individually recognizable individuals could be maTntained in
the population. We do not have sufficfent funds to mark a large
proportion of the population, anmd, 1f we did, many of the non=consumptive
users of the Cinnabar herd would be upset at marked animals spoiling their
photographs of "wild® sheep,

2) Lamb:ewe and ram:ewe ratios - mean ratios (MEANR) derived from &
surveys, This technique produced relatively precise resylts, and allowed
us to calculate wariances with which to assess year to year changes
statistically. This technique may undéerestimate the actual proportion of
rams in the population, but the direction of bias is known. Additional
factors that should be consideéred in designing and analyzing sampling
plans for age/sex ratios are given by Bowden et al. (1984).

3) Harvest quota = utilize maximum counts of males 1n individual age
classes from at least 6 wintér range surveys fn which males are aged by
horn annuli counts. The Cinnabar herd 15 utilized for 2 purposes (hunting
and sheep viewing) that could easily conflict. DBecause we can get
detailed information on ram ages, weé believe it is worth the extra ef fort
to determine numbeérs and ages of rams surviving to winter. This enables
MDFWP to set quotas for the néxt year's hunt that will provide the
greatest opportunity to harvest rams consistent with mafntenance of ram
numbers, age structure, and behavior patterns that will allow
non-consumptive users ample opportunity to see and photograph mature
Tams s

Applications of this set of techniques to other herds may be
inappropriate. Sheep occupying a winter range may belong to several bands
with different seasonal range use patterns (Geist 1971, Festa-Bianchet
1986, Irby unpubl. data). Timing of movements on and off the winter
range, movements within the winter range, and extent of movement among
adjacent winter ranges could vary with different bands. If intensive
management 15 a desirable option, winter range complexes should be
obsarved for 3-5 years prior to initiating a routine sampling scheme.
During this period, movement patterns, observability, seasenality of use,
and variability among surveys should be determined. Settling on
techniques without this information is 11kely to yield poor results.
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