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USE OF AGE RATIOS TO PREDICT BIGHORN SHEEP POPULATION DYNAMICS

MARCO FESTA-BIANCHET, Départemant de biologie, Université de
Sherbrooke, Sherbrooke, PO J1K 2R1, Canada

Absiracl: Age ratios are used as an index of the well-being of wild sheep
populations under the assumplion thal high ralios indicate a growing and
healthy population. | tested whether age ratios in June and in January
predicted recruitment {number of yearlings) to the population or changes in
total and nursery herd size: Lambawe ratios In Juna did not predict either
racruitment or population changes. Lamb:ewe ratlos in January were good
predictors of yearling recruitment only il yaarlings ware not classilied as
ewes. Lamb:ewe ralios, however, were nol good predictors of population
changes, regardiess of whether or nol the year ol a pneumonia epizoolic
was included in the apalysis. Lamb survival from June to January,
calculated by the change in lambiewe ratio, was not correlated with change
in population size. Yearling:ewe ratios In January were a poor predictor of
changes in population size. These resulls suggest that age ratios in June
are not useful for predicting population changes, and age ratios in January
have limited usefulness. The inability to distinguish adult ewes from
yearlings of both sexes during aerial surveys lurther limits the usefulness
of age ratios. The results question the ralevance ol yearly variations in
lamb survival with respect to changes In population density.

Wildlife managers are often interested in predicting changes in
population size of wild animals. For bighom sheep (Ovis canadensis),
population size is usually estimated from winter counts. Bighomns inhabil
opan habitat, aré gregarious, very traditional in their use of winter ranges.
and easiar o see than most othar ungulates, paricularly it surveys are
flown after fresh snowlalls. Similar techniques are used lor Dall sheep
(Qvis dalli), except tha summear counts are preferred (Michols 1878),
because a while sheep is easier 10 spol against a brown-green background
than on snow. Thera are few published eslimates of potential errors in
aarial or ground censuses ol bighomn sheep (Irby et al. 1888), and thare is
litle information on potential biases. For example, lambs may not be
distributed randomiy among nursary groups; moreavar, that differences in
snow condilion, weather, sheap distribulion and observer axperience can
blas the probability of finding and correctly classilying sheep.
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Aerial mountain sheep censuses are expensive and can cause
harassment (Bleich at al. 1920). Tharefore, raplicate censuses are raraly
undertaken and managers have to rely on single survays to aestimate
population size and trends in population dynamics. As an alternative to
accurate complete counts, age ratios are often used lo aftempt to predict
changes in population size, or lo assess the "health® of a sheep population
{Leslie and Douglas 1980, Burles and Hoefs 1984, Douglas and Leslie 1986,
Wehausen et al. 1987, Coggins 1988, Jorgenson 1988, Hebert and Harrison
1988)., The use of age ratios relies upon the assumption that high lambewe
or yearling:ewe ratios ara indicative of a healthy, growing sheep population.
Thera have been, however, no allempls 10 aclually compare age ralios 10
changes In recruitment or in population size, nor is there any information
on how any uselulness of these ralios may change according lo the time of
year when censusas are undertaken. For example, Hoets and Bayer (1983)
reporled wide fluctuations in lamb:ewe ratios (0.10 - 0.84) during a 12-
year study of Dall sheap characterized by only 10% wvariation between tha
minimum and the maximum number of ewes obsarved. On the other hand,
Smith (1988) found that a decline in kid:adult ralies in mountain goats
(OQreamnos americanus) accompanied a decline In overall population size

over a wide area in west-central Alberta.

Hera | compare several lypes of age ralios with changas in
recruitment and population size in a marked bighern population menitored
for 11 years. | test the null hypothesis that age ralios are not correlated
with either recruitment {number ol yearlings present the following May) or
changes in population size.
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MNatural History. | thank Bill Wishart and Jon Jorgenson for their halp.

STUDY AREA AND METHODS

The study population in southwestern Alberta overwinters in the
Sheep River Wildlife Sanctuary and areas to the easl (Festa-Bianchat
1986a.0). The study began in March 1981 and since 1982 over B5% (X = 94%)
of the ewes present each year have been individually marked with colored
ear tags. The high proportion of marked ewes and the ease of finding them
in the winter range (an average of 97% were seen during each census in
winter} allowed exacl counts of nursery herds (ewes, lambs, and yearlings
of both sexes). The proportion of rams marked was smaller (51 - 74%, ¥ =
61%). Estimate of ram numbars were made mare difficult by the seasonal
prasance of non-resident rams, and by their use of areas east of the
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Sanctuary in winter, whare they ware difficult to find (Festa-Bianchat
1986h0).

Rams in this population are hunted outside the Wildiife Sanctuary
(Fasta-Bianchet 1986g). Ewe permils are also issued, bul ewe harvest
averages less than 1 ewelyear. A minimum of & rams, 3 ewes and 1 lamb
were poached during the study.

The number of lambs produced each year was eslimated by the number
of ewes thal had extended udders or were seen nursing a lamb. Lamb:ewe
ratios in June were obtained by dividing the total number of lambs saen
(therefore not including those thal presumably died at or soon afler birth)
by the number of ewes alive in Juna. Lamb:ewe ratios in January were
obtained by dividing the number of lambs alive in January by the number of
ewes alive in January. An average of 69% of the lambs were marked by
January. January yearling:ewe ralics were obtained from lotal counts ol
yearlings and ewes. Beginning In 1882, an average of 83% of yearling
females and 65% of yearling males were ear-tagged each year. To
approximate aerial surveys, soma of the lamb:ewe ratios were recalculated
including yearlings of bolh sexes as ‘ewes”.

Lamb survival was calculated in two ways: actual survival (the number
of lambs that survived to May 1 divided by the number bormn the previous
year) and survival calculated dividing the January lamb:ewe ratio by the
June lamb:ewe ratio. The data are complete counts, not astimates based
upon a sample. Although it is likely that some small errors ware involved
{not all sheep weré marked, especially in the first few years of the study).
the data ars more accurate than censuses of unmarked populations.

RESULTS
Population Changes

Table 1 summarizes the changes in population size and in age ratios
during the study, The drop in numbers after 1985 was causad by pneumaonia
(Fesla-Bianchet 1988a). Because of the die-off, the number ol sheep in
March varied considerably during the study, from a low of 99 to a high of
153 (65% difference). The nursery herd varied from 65 to 106 animals, a
difference of 63%. Age ratios also varied during the study; in most cases
the highest ralioc was twice or more the lowesl ratio.
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Relalionships of Age Ralios to Recruitmeant

Most attempts to find correlations belween age ratios and recruitment
failed (Table 2). The only exceplion was the significant comralation
between the January lamb:ews ratio and the number of yearlings recruited
the following May. The Juna lamb:ewe ratio had no relationship to the
number of yearlings recruited the following May, and when yearlings of both
sexes were included as “ewes’ | even obtained a near-significant pegative
correlation.

Table 1. March population size and age ratios for the Sheap River bighom
sheap herd, southwestam Alberla, between 1582 and 1891. Ralios in June
rafer o the same year, while January ratios refer to the following year.
The category “ewe” Includes yearlings ol both sexes.

“ear

82 83 84 85 B6 87 B8 89 080 M

Numnbers

Adull females 49 48 50 53 49 46 44 48 50 54
Yearling females g 18 12 18 8 3 7 5 g &5
Yearling males & M 9 8 7 3 3 B 7 B8
Total Mursery herd 97 103 100 106 71 65 68 B0 88 89
Adult males 43 M4 47 47 38 34 3 28 30 29
Total population 140 144 147 153 107 99 99 109 118 118

Rl os

Lamb:ewe (Jun) 0.88 0.76 0.85 0.81 0.69 0.87 0.80 0.67 0.77 0.68
Lamb:"awa" (Jun) nfa 0.52 0.58 0.59 0.62 0.70 0.62 0.50 D.56 0.50
Lamb:aws (Jan) 0.54 0.64 054 0.31 0.42 0.35 0.41 0.53 0.42
Lamb:"ewe" (Jan) 0.33 0.46 0.35 0.24 0.36 0.208 0.32 0.40 0.35
Yearling:ewe (Jan) nfa 0.47 0.37 0.13 0.21 0.28 0.33 0.34 0.36

Relationships of Age Ratios to Population Changes

Lamb:ewe ratios in either June or January were very poor predictors of
population changes. The January yearling:ewe ratio was correlated with
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change in total herd size only because of the inclusion of data from 1885-
86, a year of vary poar yearling survival followed by a drastic decline in
herd size caused by pneumonia. When 1985-B6 was excluded, the
correlation was no longer signiticant (Fig. 1). A similar situation was
found lor the correlation belween January lamb:ewe or yearling:ewe ratio
and the change in nursery herd size excluding lambs, the most variable
componant of the population (Hoefs and Bayer 1983) (Table 3).

Lamb survival from birth to 1 year was correlated with changes in
population size (Table 3), butl only bacause of the pneumonia die-ofl. The
correlation disappeared when that year was eliminated, suggesting that the

Table 2. Pearson correlation coefficients (r) batween recruitment of
yearlings (number of yearlings the lollowing May) and age ratios or
population characteristics for the Sheep River herd, 1881 to 1881. The
category “ewe’ includes yearlings ol both sexes. P values: NS, not
significant; * <0.05, **=<0.01. For each comparaison, the first line indicataes
the results from all years, the second line indicates the results of the same
analysis excluding 1885, the year ol a pneumonia die-ofl,

Age ratio or population character N I F
Jun lamb:ewa 8 0.03 NS
7 0.18 NS
Jun lamb:"awe"® 8 -0.54 NS
7 -0.65 NS
Jan lamb:ewe B 0.89 L
7 0.85 .
Jan lamb:"awe" 8 0.75 *
s 0.860 NS
% lactation B8 0.64 M
7 0.72 hNS
% lactation, 23y dds 8 0.16 NG
7 0.41 NG

significance was spurious and due moslly to point-cluster correlations like
the one illustrated in Fig. 1. Lamb survival from Juna to January,
calculated by the change in lamb:ewe ratio, was not correlated with
changes in population size (Table 3), particularly il the die-off year was
excluded from the analysis.
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Fig. 1. Correlation between January yeardingewe ratio and percent change
in total herd size for bighorn sheep at Shesp River, Alberta, 1982 - 91.



Table 3. Pearson corralations between age ratios, population
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characteristics and relative change in population size for the Sheep River
herd, 1981 - 91. The category "ewe" includes yearlings of both sexas. The

Jan:Jun lamb:ewe ralio Is the survival of lambs from June to January

according to the change in lamb:ewe ratio. P values: NS, not significant; "
<0.05, **<0.,01. For each comparaison, the flirst line indicates the results
from all years, the second line indicales the resulls of the same analysis
excluding 1988, the year ol a pnaumonia dia-off.

Correlation

between and N I P

Jun lambiawa Jun [amb:"ewa" 9 o.e7 *~
g 0.68 Ng
Jun lambiewe % total change a 0.06 N5
8 0.08 N5
Jun lamb:ewe % nursery hard change g 0.068 KB
8 0.2 N5
Jan lamb:ewe % total change g 0.57 N5
8 0.22 N5
Jan lambiewe % nursery hard change 8 0.40 N3
8 0.16 NS

Jan lamb:ewe % nursery hard change® 9 0.66 *
a8 0.468 NS

Jan yearling.ewe % total change g .77 *
8 0.45 N5
Jan yearling:ewe % nursery herd change g 0.64 Mo
8 0.11 NS
Jan yearling.ewe % nursery herd changad 9 064 *=°*
3 0.68 N5

Lamb survival from % nursery herd change 9 o7 *
birth to 1 year 8 018 N5

Lamb survival from % lotal change 9 .78 °
birth to 1 year a 035 NS
JanwJun lamb:ews % tolal change 9 0.52 N5
8 0.16 N5
Jan:Jun lamb:ewes % nursery herd change ] 0.33 N8
3] 024 N5

4 Mursary herd excluding lambs
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Data from the die-off year strongly aflacted most correlations
belwean age ralios and changes in population (Table 3), butl had little effect
upon the correlations between age ratios and recruitment of yearlings
{Table 2).

DISCUSSION

Age ralios appear lo be poor predictors of either recruitment or
changes In population size in bighorn sheep. Tha only age ratio that may
have some use is the winter yearling:ewe ratio, thal is almost impossible
1o oblain from aernal surveys. By their second wintar, “yearlings® are
almost 2 years old and difficult to distinguish from adull awes. An
experienced observer, however, could classily most yearlings correctly in a
ground count. Owverall, it seams that information on the number of yearlings
is mora uselul than information on the number of lambs.

Lamb:ewe ratios (or, even worse, lamb:"ewe” ratios) in June appear to
be useless to predict either recruitment or population changes. This result
is not surprising In view of the very high fecundity rates of northern
populations of bighorn sheap (Festa-Bianchet 1888b, Jorgenson and Wishart
1986). It appears thal since almost all adult ewes produce lambs, year-lo-
year fluctuations In yearling recruitment or in population size are due
mostly lo varalions in survival, not in production. The number of lambs
produced, sither in absolute terms or in relation lo the number of ewes, is
not by itselt a useful parameter to predict population changes. The survival
ol lambs and oldar sheep is likely o be ol greatar intarest, although my
analysis suggests thal lamb survival calculated simply by the change in
lamb:ewe ratio is not very useful to predict recruitmant or population
changes,

Lamb:ewe ratios in January (when mosl aerial censuses are done) were
a slightly more useful indicator of recruitment than lamb:ewe ratios in
June, bul wera nol a rellable pradictor ol populalion changes. Nevertheless,
the number of yearlings thal may recruil in a bighorn population remains a
parameatar of interas! to managers, especially in populations where awes
ara harvasted. Therafore, It would appear that lamb:awe ratios in January
¢could be used to forecast changes In recruitment, but any such forecast
would likely include a wide margin of arror,

In conclusion, it appears that there is no substitute for complete
counts fo assess changes in bighormn population size. Age ratios cannot
reliably forecast such changes. MNevertheless, drastic changes in age ratios
(Wehausen et al. 1987, Fasta-Blanchet 1988a), could be delected by aarial
counts. These changes would provide clues to the possible occurrence of
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dizsease or lo changes in other factors, such as predation, that may affect
lamb survival {(Wehausen et al. 1987). I remains to be saen, howeavar,
whather changas In lamb survival altect populalion size in bighorn sheeap.
The data presented hera and in other sludies (Hoefs and Bayer 1983,
Jorgenson 1992) suggest thal yearly variations in lamb survival may not
have very strong effects upon bighorn sheep populations. Lamb production
varies little between years, and changes in survival of yearlings and adults
may play a key role in determining population size. That pattern is to be
expected in populations of long-lived animals.

It would be interesting o compare these data with other long-tarm
sludies. In my study, the population sulfered a pneumonia epizootic. It Is
possible that results obtalned from populations not aflected by disease
would be differant. It remains o be seen whether age ralios are a more
reliable predictor of changes in populalion size in populations whose
density changes over a wider range than thal available during my study.
Results from the Ram Mountain study (Jorgenson 1892) suggest that the
usefulness of age ratios may Indeed be universally limited.
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