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Résumé

La Thamnophis sirtalis parietalis, une sous-espèce de la couleuvre

rayée, atteint la limite septentrionale de son aire de distribution dans
la région située entre les lacs Winnipeg, Winnipegosis et Manitoba.

En dépit du climat rigoureux et instable qui sévit dans cette région,

l'espèce y prolifère. Cette étude vise à expliquer, en termes

d'écologie, les raisons de cette abondance.
Les populations de Thamnophis sirtalis habitant cette région du

Manitoba sont importantes, mais elles sont soumises à des
fluctuations considérables. La principale cause de la baisse de popu-
lation est due à une incapacité de l'espèce à se reproduire dans des
conditions climatiques peu favorables, plutôt qu'à l'inégalité des
chances de survie des adultes. Bien que la période de croissance

soit brève, les femelles peuvent probablement atteindre leur maturité

sexuelle à trois ans et parfois, à deux ans. Le potentiel reproductif

est apparemment plus élevé que chez certaines des populations

méridionales, mais le nombre de couleuvreaux par portée est à peu
près le même. Les autres aspects du cycle reproductif des mâles et

des femelles ressemblent fondamentalement à ceux de leurs con-

génères vivant ailleurs. On estime que, sur toute son aire de distribu-

tion, la T. sirtalis se rapproche par ses traits fondamentaux d'une es-

pèce sélectionnée pour sa capacité de reproduction (sélection-r).

Toutefois, le cycle annuel des populations de la région étudiée pré-

sente des caractéristiques inhabituelles; leur sortie au printemps, par

exemple, et leur comportement nuptial sont fort complexes, et leur

dispersion estivale s'effectue dans un très vaste rayon. Tous ces
facteurs ont une influence considérable sur leur survie.



Summary

The red-sided garter snake, Thamnophis sirtalis pahetalis, ap-

proaches the northern limit of its range in the Interlake of Manitoba,

Canada. Although the climate is extreme and variable, the species is

abundant in this region. The overall objective of this study was to ex-

plain this abundance in ecological terms.

Denning populations of T. sirtalis in the Interlake are large, but they

are susceptible to great fluctuation in size. The main cause of popu-
lation declines may be reproductive failure, resulting from poor
weather conditions, rather than variable survivorship of adults. De-
spite the short growing season, juvenile female snakes probably

grow rapidly enough to reproduce for the first time by at least the

third year of life, and sometimes by the second. The number of young
per litter is approximately the same as in more southerly populations,

although Interlake females seem to have the potential to produce
larger litters than observed in this study. Other aspects of the repro-

ductive cycles of both males and females are basically similar to

those known for the species elsewhere. It is suggested that T. sirtalis

resembles an "r-selected" species throughout its range. The annual

cycle of the Interlake populations, however, includes unusual fea-

tures, such as complex spring emergence and mating behaviour and
long-distance summer dispersal, which may be important aspects of

life-history strategy in this environment.
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Figure 1

Map of North America showing distribution of

Thamnophis sirtalis; inset shows study area in Man-
itoba. Broken line indicates range of T. sirtalis, and
shaded area shows range of subspecies parietalis

(after Fitch 1965:504).
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Introduction

The red-sided garter snake, Thamnophis sir-

talis parietalis, approaches the northern limit

of its distribution in the Interlake region of

Manitoba (Figure 1). The short and variable

growing season in this area is apparently

reflected in the annual cycle of these snakes.

They spend six or more months of the year in

hibernation, and are completely absent from
hibernacula for only about three months of

every year (Gregory 1971, 1974; Gregory and
Stewart 1975). Large fluctuations in popula-

tion size seem to occur.

Despite this, T. sirtalis appears to be a very

abundant species in the Interlake. Young
snakes are rarely seen, but the adults are par-

ticularly evident in spring and fall because of

their habit of overwintering in large communal
aggregations, sometimes numbering in the

thousands (Gregory 1971). This impression of

abundance is further reinforced by their mass
migrations to marshes in spring and back to

hibernacula in autumn (Gregory 1971; Greg-
ory and Stewart 1975). Such large overwinter-

ing populations and large-scale movements
are not known for the species at lower lati-

tudes.

These observations suggested that the

Interlake red-sided garter snake popula-

tions might provide a model for the study of

ecological adaptation to a northern and
nearly limiting environment. The relative

wealth of literature (Carpenter 1952b; Fitch

1965) concerning the ecology of the species
farther south provided a suitable basis for

comparison. Also, the presence of large, ap-
parently distinct populations at discrete den-
ning areas (Gregory 1971) afforded a unique
opportunity to investigate in detail the long-

term population dynamics of this species. The
following questions were of particular interest

in this study:

(a) Do population sizes fluctuate as greatly as
appears to be the case? Do any changes in

survivorship, fecundity, and sex or age com-
position accompany such fluctuations, and
what might they caused by?

(b) Are growth, fecundity, and age of first re-

production comparable with those of more
southerly populations, where the growing
season is longer (Carpenter 1952a; Piatt, per-

sonal communication)? Are there any major
differences in life-history strategies of north-

ern and southern populations?

(c) Do individual females reproduce every

year or do they follow a cycle of two or more
years, as is the case for many species of

snakes inhabiting high altitude or latitude

localities (Rahn 1942; Saint Girons 1957;

Prestt1971)?

13
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Figure 2

Photograph of Den One.
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Materials and Methods

The Study Area

This study was carried out in the Interlake re-

gion of Manitoba, in the vicinity of the town of

Inwood, about 71 km northwest of Winnipeg
(Figure 1). This is the same study site de-

scribed in Gregory (1971) and Gregory and
Stewart (1975).

The area consists of a system of alternating

linear ridges and depressions oriented in a

northwest-southeast direction. For the most
part, the depressions consist of marshes, with

small lakes or ponds in the middle of the

larger marshes. These marshes are inhabited

by 7. sirtalis during the summer (Gregory and
Stewart 1975). The ridges are forested and
consist of fissured limestone outcrop, which
often slumps into subterranean caves, form-

ing "sinks" and providing access under-

ground. T. sirtalis uses these sinks as dens or

hibernacula.

Inwood is situated on one of the more
southerly ridges. The area immediately

around the town is dotted with hibernacula,

several of which have apparently been used
for many years. The locations of known dens
are shown in Gregory and Stewart (1975). An
example of a hibernaculum, and the one that

has been studied most intensively, is Den One
(Figure 2). This den is a large oval-shaped
limestone sink about 20 m long by 12 m wide
and 3 m deep, and is located approximately

1.5 km southwest of Inwood. The bottom of

this bowl-like depression is well-fissured and
littered with pieces of rock.

The extreme climate at this latitude in Mani-

toba is indicated by meteorological records
for the city of Winnipeg, which has slightly

milder weather (Weir 1960) than the study
area. From 1969 to 1972 inclusive, the longest

period free of killing frost (that is, air tempera-
ture <-1.4°C) was 137 days; in 1969 this pe-

riod was only 95 days. The longest frost-free

period in those four years was 109 days. Also,

the variation in air temperature within a given

day, and among different days, is very great,

even during the summer (Figure 3). The per-

centage of possible sunshine is high during

the summer, and annual precipitation is gen-
erally low (Figure 3).

Methods

Every spring and fall, from autumn 1969 to

spring 1973 inclusive, samples of snakes
were taken by hand from Den One on an al-

most daily basis. Snakes are active in the vi-

cinity of dens for as long as one and one-half

to two months in these seasons (Gregory

1971). Each previously uncaught snake was
sexed, measured (snout to vent length, here-

after abbreviated as S-V length) to the near-

est 5 mm, and individually marked by remov-

ing subcaudal scutes, after the method of

Blanchard and Finster (1933), using the code
described in Gregory (1971). All recaptured

animals were noted and measured. Similar

data were occasionally collected from other

dens. Analysis of the population structure of

Den One was based on the size-frequency

distributions obtained for each sex; average
lengths were used for individuals that were
measured more than once in a given season.

Separation into age-size groups was at-

tempted by using Cassie's (1954) probability

paper technique.

Two mark-recapture methods were used to

estimate the size of the Den One population

each year. In estimating population sizes, the

sexes were treated separately, so that sample
heterogeneity was minimized. Petersen in-

dexes (Robson and Regier 1968) of the num-
ber of snakes entering the den every fall were
calculated by considering each autumn a
marking period, and the subsequent spring a
recapturing period. This method was applica-

ble because there was no recruitment be-

tween sampling times. The Petersen index

was used for both sexes.

Jolly's (1965) unrestricted multiple-sample

model, which allows both death and recruit-

ment, was also used, since the number of

sampling periods (eight) and the sample sizes

obtainable appeared sufficiently large for

meaningful estimates to be expected, at least

for the males. In addition to estimating both

spring and autumn population sizes, the Jolly

model also estimates probabilities of survivor-

ship between sampling periods and their vari-

ances. Recruitment estimates were not calcu-

lated, since variances of B, in the unrestricted

Jolly model tend to be very large (Carothers

1973), rendering the estimates meaningless.

The possibility of unequal catchability (due to

some animals moving from den to den in dif-

ferent years) was assessed by calculating the

percentage of previously captured snakes
that returned to the same dens one summer
or more after original marking. Unequal
catchability of marked animals at Den One
was also tested using Leslie's (1 958) method.

Increases in S-V lengths of marked snakes
found at dens in two successive overwinter-

ing periods were used to estimate annual

15
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Materials and Methods

growth. The Walford (1946) analysis was em-
ployed because all snakes at the dens under
observation appeared to be in at least their

second year of life and were presumably past

the period of rapid growth that marks early life

(Gregory 1971). Growth rates among years

were compared by analysis of covariance.

Potential fecundity in denning populations

was estimated from samples of female snakes
from the vicinity of Inwood. Estimates for 1972
were based on snakes collected in late April

and May from roads within 3 km of Inwood
and from dens throughout the spring. Repro-
ductive potential for 1973 was assessed from
samples of females from dens in autumn 1972
and spring 1973. No snakes were taken from
Den One. The lengths of all ovarian ova were
measured to the nearest 0.1 mm, and the data

were broken into size groups by probability

paper analysis (Cassie 1954). It was assumed
that the group of largest eggs represented the

mature ova (Cieslak 1945; Bragdon 1952;

Tinkle 1962; Betz 1963b). This was checked
by comparing the sizes of the remaining ova
with those of immature eggs left in the ovaries

of females that had ovulated later in the

spring. Reproductive potentials in the two
years were compared by analysis of covari-

ance.

Females were collected throughout 1972
and their reproductive tracts were examined.
Realized fecundity (fertility) was measured by
counting the number of apparently viable

young in utero in females that were in ad-

vanced stages of gestation. Potential litter

sizes (that is, the number of mature eggs ovu-

lated) were also estimated for these females
by counting the ovulation scars in their ovar-

ies. Additional information on litter sizes was
obtained from gravid females that were kept

in an outdoor enclosure at the University of

Manitoba in the summer of 1972 and that

were allowed to give birth in the laboratory

before being killed. The young snakes were
measured (S-V length to nearest millimetre)

and sexed by dissection.

All dissected females were checked for

copulatory plugs in their cloacae and for

sperm in their oviducts as indicators of recent

mating. Times of ovulation, stages of em-
bryonic development (Zehr 1962), and times
of birth were also estimated from dissections.

Reproductive tracts of obviously postpartum
females (as indicated by uterine and ovulation

scars) were qualitatively examined to deter-

mine if these snakes would be able to breed
again the next year.

Males were also collected throughout 1972.

These were checked for the presence of

sperm in each testis, epididymis, and vas de-

ferens by crushing each organ on a micro-

scope slide and examining the slide under a

binocular microscope. No attempt was made
to estimate abundance of sperm in each sam-
ple. A plot was made of total weight of testes

per millimetres S-V length vs. time, for the en-

tire period, after the method of Fox (1952,

1954).

The rejection level used in all statistical

tests was the conventional a = 0.05.

17
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Results

Growth Population Characteristics

In the case of male snakes, the time intervals

used in the growth analysis were fall-to-fall

and spring-to-spring, the former being cho-
sen when both were available for a given

snake in a particular year. This was done to

minimize variability caused by the growth
spurt that seemed to take place in spring

shortly after emergence from hibernation.

This growth was detected through the re-

peated capture of individual snakes at Den
One in spring; the increase in S-V length was
sometimes as much as 20 mm and appeared
to be the only part of the annual growth oc-

curring at the den sites. In the case of fe-

males, for which many fewer data were ob-

tained, S-V length measurements taken at

any time in two successive denning periods

were used, unless the preferred intervals

were available. In all instances the figures

used were averages of all the times the partic-

ular animal was measured in a given spring or

fall.

A total of 368 growth measurements were
obtained for males: 182 for 1970, 148 for

1971, and 38 for 1972. Only 18 were obtained

for females: 13, 3, and 2 for 1970, 1971, and
1972 respectively. Several individuals were in-

cluded in more than one year through re-

peated annual recaptures. The data were
plotted in the form Ll+1 vs. L, (L= S-V length

in millimetres; t = overwintering period), and
the linear regressions of Lt+1 on L, were calcu-

lated along with the 95% confidence limits

about their means (Figure 4). The confidence
bands are missing for females in 1971 and
1972 since, in the first case, the nearly perfect

linear relationship of the three points resulted

in misleadingly narrow confidence limits and,

in the second case, only two points were
available.

The analysis of covariance was applied

separately to the regressions for each sex.

The 1972 data for the females were not used
in this analysis. In the case of the males, the

assumption of homogeneity of within-group

variances was not satisfied, Bartlett's chi-

square (Snedecor and Cochran 1967:

296-98) being barely significant (p < 0.05).

The differences among the adjusted means of

the three groups were, however, highly sig-

nificant (p < 0.01), suggesting that the lines

were probably different. Bartlett's chi-square

also indicated significant heterogeneity of

within-group variances (p < 0.01) for the fe-

males, invalidating the analysis.

Population Dynamics

Tests of Assumptions
Not all of the assumptions of mark-recapture
methods are testable, but most can be as-

sessed, at least indirectly. Since the den area

is small, it can be assumed that dispersal of

marked animals was complete between sam-
ple times. Recently marked animals were cap-

tured at all parts of the den. The probability of

survival was probably fairly constant within

each sex at any one time, since the popula-

tion was apparently all adult (Gregory 1971),

and differences in survival rates in animal

populations are usually more pronounced be-

tween adults and young than among mature

age-groups. The mark itself should not have
affected the survival rate, since it was incon-

spicuous and did not appear to impair the

snakes in any way (Gregory 1971).

In the Jolly analysis, all animals that leave

the population must do so permanently; ani-

mals that leave the population temporarily are

uncatchable during their absence, and there-

fore bias the estimates. In this study, 610 in-

stances were recorded of male snakes return-

ing to dens in the Inwood area in denning
periods after the one in which they were origi-

nally marked. Of these, 586 (96.1%) repre-

sented returns to the den of origin. In the case
of females, the equivalent figures were 30 and
29 (96.7%). No animals were recorded moving
from one den to another and then moving
back again. A complete test of the validity of

the assumption of equal catchability cannot

be made. Leslie's (1958) test, however, was
used to test for equal catchability of marked
animals. It was not possible to reject the null

hypothesis of equal catchability. Leslie's test

could not be performed on the female data

because there were so few.

Population Size and Survivorship Estimates

The results of the Jolly and Petersen esti-

mates are shown in Table 1 . It was not possi-

ble to apply the Jolly model to the female data

because of the small samples obtained, which
was partly a result of the low probability of

capture of females in spring (Gregory 1971,

1974).

The Den One population apparently dropped
from a high level in 1969-70 to about half that

size for the next two winters. The estimates

for 1972-73 are of little value because of their

very large standard errors. Survivorship of the

19
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Results

males was fairly similar in all years and for the

summer and winter periods within each year.

Again, the final estimate is a poor one.

Figure 5 shows the changes in the male
population. The 95% confidence limits shown
are asymmetrical because they were calcu-

lated on the basis of the estimated standard

error (S?E.) of 1/N, which is more normally

distributed than N (Ricker 1958). Seber (1973:

7-9) outlines a method whereby the estimated

S.E. of 1 /Ni can be calculated; using that me-
thod, S?E. (1/N,) is Vv(N,)/(N

i)
4

- This formula
was used for all Jolly estimates. In the case of

the Petersen estimates, S?E. (1 /N,) was taken

to be Vn^/n^-n.+J/s^n,^ 3 (Ricker 1 958).

The notation used is that of Jolly (1965).

Population Structure

Figures 6 and 7 show the size-frequency dis-

tributions of animals measured at Den One
during the eight sampling periods of this

study. In each case, the animals used were
only those measured in samples taken to esti-

mate population size, and they were grouped
into intervals of 10 mm S-V length.

Overlap of size classes was great, particu-

larly in the highly variable females. Attempted
separation using Cassie's (1954) method was
unsatisfactory. Only the size class of the

smallest animals could be differentiated in

each case, and only in the males was it very

clear. In this group the mean size of the males
was about 440-450 mm S-V length and that

of the females about 520-530 mm. This size

category constituted the dominant group in

each instance, except for the fall of 1970 and
the spring of 1971.

Sex composition of the denning popula-

tions was analysed using the autumn sam-
ples. Spring samples could not be used be-

cause the catchability of females was low in

spring and they were underrepresented in

these samples (Gregory 1971, 1974). In au-

tumn, however, there were no obvious behav-
ioural differences between the two sexes, and
there was no reason to believe that autumn
samples did not constitute simple random
samples from the whole population. On this

basis, the proportions of males in autumn
samples were 0.652 (S?E. = 0.015), 0.529
(S:E. = 0.038), 0.527 (S?E. = 0.024), and
0.51 6 (S?E. = 0.032) for 1 969, 1 970, 1 971 , and
1972 respectively. Standard errors were esti-

mated using the formula S?E. = VPQ/n-1,
where P = proportion of males in sample, Q
= proportion of females, and n = sample size

(Cochran 1963: 51). These calculations were
based on total numbers of individuals caught
in each season, and not on total numbers of

captures.

Reproduction

Females

Potential Fecundity

Potential fecundity for 1972 was estimated

from dissections of 64 female snakes; esti-

mates of reproductive potential for 1973 were
based on 40 specimens from the fall of 1972
and 20 from the spring of 1 973.

In both years, smaller females tended to be
non-reproductive (Table 2). Potentially repro-

ductive females were generally those which
contained ova that were longer than 3 to 4

mm. Agreement was good between separa-

tions of egg-size groups based on frequency
analysis and those based on dissections of fe-

males that had ovulated later in 1972. Very

large females tended to have larger ova in

both immature and mature categories than

did smaller snakes.

Of the 94 potentially reproductive females
collected, 89 were examined completely: 53
from spring 1972, 26 from fall 1972, and 10

from spring 1973. The autumn 1972 and
spring 1973 samples were combined to esti-

mate reproductive potential for 1973. Poten-

tial brood size was plotted against S-V length

of female for both years, and a linear relation-

ship was evident in both cases. The assump-
tions of the analysis of covariance were com-
pletely satisfied, so that the two regressions

could be compared; the difference between
the adjusted means of the two groups was
significant (p < 0.05). The two lines with the

95% confidence bands about their means are

shown in Figure 8.

Of the 64 female snakes In the 1972 spring

sample, 24 were obtained from roads. Pre-

sumably, these females were dispersing from

dens for the summer. Of the 24, 16 showed
evidence of recent mating in the form of live

sperm in one or both oviducts. All 16 were
judged to be potentially reproductive on the

basis of an examination of their ovaries. Of

the other 8, none of which showed any evi-

dence of recent mating, 4 contained appar-

ently mature ova. In addition, 7 more females,

all captured in the presumed summer habitat,

were dissected during the month of May in

1972. Four of these were sexually mature and
had mated, but the others were not yet able to
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Figure 5
Changes in numbers (N) of male snakes at Den One
from fall 1969 to fall 1972. Marked-off areas repre-
sent population changes on a fall-to-fall basis. Verti-

cal lines are 95% confidence limits about estimates.
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Figure 7

Size-frequency distributions of female snakes at

Den One from fall 1969 to spring 1973. Animals are
grouped into intervals of 10 mm S-V length.

N = sample size.
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Results

Table 2

Percentages of reproductive females in different size groups for overwintering seasons of

1971-72 and 1972-73

s-v Spring 1972 Fall 1972 Sp ring 1973 Total

Length (mm) R* NR* %R R NR %R R NR %R R NR %R

-400 1 0.0 2 0.0 3 0.0

401-450 1 2 33.3 3 0.0 3 5 0.0 1 10 9.1

451-500 9 5 64.3 3 4 42.9 1 2 33.3 13 11 54.2

501-550 19 100.0 8 2 80.0 5 1 83.3 32 3 91.4

551-600 11 100.0 6 2 75.0 3 100.0 20 2 90.9

601-650 9 100.0 7 1 87.5 16 1 94.1

651-700 5 100.0 3 100.0 1 100.0 9 100.0

701- 2 100.0 1 100.0 3 100.0

*R = potentially reproductive

*NR = non-reproductive

reproduce and apparently had not mated. The
distributions of sizes of all the animals in the

mated and non-mated categories are shown
in Figure 9.

Development of Young
and Realized Fecundity
In 1972, ovulation was first observed as hav-

ing occurred in a female collected at a den on
May 17 and dissected on May 24. Its occur-
rence was next noted in a female on June 1,

and was commonly noted from June 16 on.

Ovulated eggs were yolky, somewhat spheri-

cal in shape, and much larger than the normal
ovarian eggs, which were white and elliptical.

One snake dissected on 30 June 1972 had
mature ovarian eggs containing yolk but had
not yet ovulated. The appearance of eggs in

oviducts was concurrent with the appearance
of fleshy yellow ovulation scars in the ovaries.

The early stages of embryonic development
were not distinguished in this study, and fe-

males bearing embryos at these stages were
simply noted as having ovulated. Females
with embryos well enough advanced for their

stages of development to be readily identified

began appearing on June 17. All gravid fe-

males were caught in summer areas. The ear-

liest births were on about July 28, when five

broods were produced by females in transit

from the field to the laboratory. Births contin-

ued well into September, but ail of these were
from females that had been kept in laboratory

conditions since the end of July. Postpartum
females began appearing in the summer
areas on August 9.

Figure 10 shows the embryonic develop-

ment of these animals, based on dissections

of 47 females. The stages shown are those of

Zehr (1962), and the dates indicate when the

animals were dissected, except in instances

when the snakes were killed and frozen

shortly after capture. Whenever exact dates

were not known, the midpoint of the time in-

terval over which the event must have oc-

curred was used. Postpartum females are

shown in this figure only if they were captured
away from the denning area.

Realized fecundity was lower than potential

fecundity, particularly in smaller females.

Most gravid females had fewer eggs in their

oviducts than ovulation scars in their ovaries,

and it was apparent that eggs from the right

ovary often entered the left oviduct and vice

versa. In many cases, eggs seemed to fail to de-

velop at all in utero, or small, malformed em-
bryos accompanied normal-looking ones.

The number of apparently normal young
borne by a female was linearly related to the

number of ovulation scars in the ovaries of

that female (Figure 11). These data are from

16 snakes dissected in various stages of ges-

tation in 1972. Snakes that had just given birth

were not used, since there appeared to be
some disintegration of ovulation scars by this

time, and I did not feel that a reliable count of

them could be made.
Twenty-two female snakes used in this

study gave birth in 1972. Five broods were
born together, however, and some young es-

caped from three other broods. In most cas-

es, a number of apparently normal young
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were born dead; this number was quite vari-

able, and some of these young were in poor
condition. Several litters contained up to

three deformed young, all dead. The mean
number of normal young, both live and dead,

of the 14 complete and separate broods was
16.43 (S?E. = 1.54), larger litters tending to

come from larger females (Figure 12A). For

comparative purposes, the dotted line in Fig-

ure 12A represents the theoretical regression

of brood size on size of female for females in

spring 1972. This line is an extrapolation of

data for 1972 presented in Figure 8, based on
the known loss of reproductive potential dur-

ing gestation (Figure 11).

The sex ratio of the five litters born together

was 57 males: 54 females (plus one unsexed).

Table 3 summarizes the sex ratio determina-

tions performed on the 14 intact broods using

the method for estimation of proportions in

cluster sampling (Cochran 1963: 64-67) . All

normal-looking young were used in this analy-

sis except for one unsexed animal.

Ninety-one males and 91 females from the

14 litters were measured. The average S-V
length of the males was 154.88 mm (S?E. =
1.15) and that of the females 154.00 (S?E. =
1 .03). A t-test on the means of the two groups
revealed no significant difference between
them. Larger young tended to come from
larger females (Figure 12B), but the correla-

tion was not high.

Reproductive Cycle
In all months, females were found in what ap-
peared to be virtually all stages of the repro-

ductive cycle, other than pregnancy. Even in

June, apparently mature but unmated females
were found away from dens. It was not known,
however, how long ago these snakes had dis-

persed from their dens and how much growth
had taken place in that time. Quantitative fat

body measurements were not made, but po-
tentially reproductive females generally had
large amounts of fat covering the abdominal
viscera ventrally, whereas immediately postpar-
tum or immature females had little or no fat.

Mating of these snakes was most evident at

dens in spring in the form of mating "balls"

(Aleksiuk and Gregory 1974; Gregory 1971)
and generally covered a period of four to six

weeks. In late summer and fall of 1972, how-
ever, 27 females containing sperm in their ovi-

ducts were caught. In all but one (a postpar-
tum female) the ovaries were in reproductive
condition or nearly so. Fourteen snakes bore
totally non-motile sperm, and about half of the

sperm complement of another snake was
non-motile. In all other cases, and in snakes
in spring, the sperm all seemed to be com-
pletely motile. Two snakes caught in August
of 1971 possessed copulatory plugs, as did

one of the females containing sperm in Au-
gust of 1972.

Fourteen postpartum females were exam-
ined: 13 in late summer and fall of 1972 and
one in spring 1973. In general, there ap-

peared to be a direct relationship between de-

gree of reproductive development of the ovar-

ies and the condition of the fat body. Three of

the postpartum females were apparently able

to reproduce again. Postpartum females ac-

counted for 5 of the 6 non-reproductive fe-

males in the 501- to 650-mm interval shown in

the totals column of Table 2.

Males

A total of 118 male snakes were examined in

1972. Total weight of testes per S-V length of

animal was low in spring, rising to a level al-

most four times that of spring by mid-July

(Figure 13). Thereafter, testis weight declined

gradually until September, when it again

reached the spring level. The abrupt rise in

early summer shown in Figure 13 is due to the

fact that most animals collected in spring

came from a den in which emergence and
subsequent dispersal were particularly late;

the dispersed snakes found at this time prob-

ably came from earlier dens.

In each animal, presence or absence of

sperm was noted for each testis, epididymis,

and vas deferens. For each organ, the aver-

age number containing sperm per animal was
calculated for each sample day (Figure 14).

Most animals had no sperm in their testes dur-

ing spring, but the average number of testes

containing sperm per animal rose gradually

through the second half of June and in July.

Throughout August, most males had sperm in

both testes. This was more or less coincident

with the decline in the ratio of weight of testes

to length of animal. By fall, most males had no
sperm in either testis.

The epididymis was often difficult to locate

precisely, and consequently, the findings that

follow may not be completely reliable. Figure

14 indicates that sperm were most often

found in the epididymis at the same time as

they were found in the testis (that is, in Au-

gust). The snakes tended to have sperm in

their epididymes fairly frequently in spring

and fall and less so in early summer.
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Table 3

Sex ratios of 14 intact broods from summer 1972 and estimated proportion (P) of

males in total sample with estimated standard error (after Cochran 1963: 64-67)

Litter no. No. normal young No. males No. females

1

2

3

4

5

6

7

8

9

10

11

12

13

14

26
20

25
17

18

9

7

13

10

21

18

17

13

15

15 11

11 9

9 16(+ 1 unsexed)

6 11

6 12

3 6

5 2

7 6

6 4

9 12

9 9

8 9

5 8

8 7

229 107 122

P = 2Y./2X,
107

229
= 0.467

s:e. (p) V^Y,2 + P22X,2 - 2PXYX
n(n-1)X2

= 0.028 (where n = 14)

Almost all vasa deferentia examined in

spring and fall contained sperm, but the num-
ber dropped during early summer, rising

again when sperm also began to appear more
frequently in the testes, in August.

Some of the males collected at this time of

year contained non-motile sperm in their re-

productive tracts, as did several females that

had mated in late summer or fall of 1972.
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Discussion

Growth

Previous growth studies of T. sirtalis (Carpen-

ter 1952a; Fitch 1965; Piatt, personal com-
munication) have shown that females grow
faster than males and that great individual

variation exists in growth rates. In both sexes,

the rate of growth decreases with age. My
data agree with this and indicate that females

are more variable than males (Figure 4).

It is difficult to compare the growth of adult

7". sirtalis from the Interlake of Manitoba with

that of adults from other parts of the distribu-

tion range of this snake because of the scar-

city of formal growth analyses in the literature.

Fitch (1965) described the growth of the spe-

cies in Kansas, based to a large extent on rel-

atively short-term recaptures. His description

of populations inhabiting the University of

Kansas Natural History Reservation seems to

suggest annual growth rates similar to those

shown by adult snakes in my study.

Carpenter's (1952a) scatter-plot data for T.

sirtalis in Michigan also agree with my results

in terms of annual growth, but his growth
curves do not seem to agree with his scatter-

plot data, and they indicate a much slower

rate of growth. The reasons for this apparent
conflict in Carpenter's paper are not clear.

Piatt (personal communication) calculated

annual growth rates for T. sirtalis in Kansas
that are higher than any reported elsewhere.

Growth in T. sirtalis appears to be subject to

much variation. In this study, growth rates of

the males, and presumably of the females,

were somewhat different in every year. The
reasons for these different growth rates are

not obvious. Both Fitch (1965) and Piatt (per-

sonal communication) found that growth rates

were greater in years with higher rainfall, pre-

sumably because of the beneficial effects on
the amphibian populations preyed upon by
the snakes. In the Interlake region, rainfall did

not differ notably among the years of the

study.

Fitch (1965) also found a two-fold differ-

ence in growth rates between individuals in

two populations of T. sirtalis in separate local-

ities in Kansas. This difference appeared to

be related to food supply. Obviously, the po-
tential for a great deal of variation exists, and
it is possible that T. sirtalis in Manitoba may
be able to grow as much in the three months
available for major growth as do individuals

in, for example, Michigan, in five months (Car-

penter 1952a). Attempts to compare growth
rates of this species in widely separated geo-

graphical localities are probably futile, unless

detailed information on the factors affecting

growth in the different areas becomes avail-

able.

Growth rates of subadult snakes in the pop-

ulations under study are also difficult to as-

sess because little is known about this stage

of the life cycle. It is not even known how long

an active feeding season they have available

for growth, although it may be longer than

that of the adults (Gregory and Stewart 1975).

Most information on growth of the young is in-

direct. Measurements of red-sided garter

snakes collected by Cook (personal commu-
nication) in the spring of 1961 in Saskatche-
wan, where the climate is similar to that in my
study area, revealed that the smallest animals

were between 200 and 270 mm S-V length.

No animals were present in the 270- to 330-

mm interval, and the remainder of Cook's

size-frequency distributions were similar to

those which I obtained. The smallest snakes
he found were undoubtedly first-year animals

and, unless an age-group is missing, the next

smallest represented the second-year class.

On this basis, I suggest that the size of the

group of smallest males seen at the Interlake

dens also represents second-year snakes. In

the case of females, however, the size class

of smallest animals is less clearly defined, and
it is possible that this group consists of both

second- and third-year individuals. This is

particularly likely when the rather large mean
size of the group and the extreme brevity of

the growing season are considered.

Corroborating evidence comes from scatter-

plots (not shown) of lengths of snakes cap-

tured throughout the year in the Interlake. Al-

though no clear separation of age classes is

evident in these plots, it would seem that after

their first complete summer of life, young
males are able to reach body lengths of 450 to

500 mm, and females of 500 to 550 mm.
These approximate figures are consistent

with the conclusion that the youngest male
snakes in denning populations are in their

second year and that at least some of the

smallest females are also second-year ani-

mals.

The sizes of second-year males found in

this study are similar to those described by

Carpenter (1952a) and Fitch (1965), but lower

than those studied by Piatt (personal commu-
nication). Since the second-year class could

not be precisely defined for females, compari-

son with other studies is difficult. In view of

the above discussion, however, it seems pos-
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sible that second-year females in the Interlake

are smaller than those reported elsewhere.

Population Characteristics

Structure and Numbers

Several authors have expressed reservations

about the usefulness of mark-recapture esti-

mates (Manly 1971; Eisenberg 1972; Roff

1973a, 1973b). On the basis of the sample
sizes obtained and the degree of accuracy at-

tained by Carothers (1973) using the Jolly in-

dex, however, it would seem that the results

of this study are realistic and are certainly in-

dicators of at least relative population sizes.

The good agreement obtained between the

Jolly and the Petersen estimates is not sur-

prising, since the former is simply an exten-

sion of the latter, and high correlation of the

two is to be expected. In any case, single-

species aggregations of denning snakes of

the large sizes cited here have not been re-

ported elsewhere.

Little is known about size structures of den-

ning populations of T. sirtalis. The size-

frequency distributions shown by Fitch (1965)

are similar to mine (Figures 6 and 7), at least

for the males. The degree of overlap of size

groups is so great that it is impossible for me
to determine how many age-groups of each
sex exist. Presumably at least four are pres-

ent, since individuals of both sexes have been
found at dens three years after original mark-
ing. Fitch felt that females in Kansas may
sometimes live for seven years or more.

In contrast to the Interlake situation, large

dens in Riding Mountain National Park in

Manitoba apparently contain juvenile snakes
as well as adults. Smaller dens of T. sirtalis

near Toronto, Ontario, also include the young
(Weller, personal communication). Cook (per-

sonal communication) found juveniles near a

hibernaculum used by adults at Estevan, Sas-
katchewan. In studies of other species of

snakes, Volsoe (1 944) and Prestt (1 971 ) found
young Vipera berus hibernating with adults,

but Parker and Brown (1973) felt that young of

three species in Utah generally denned else-

where in their first few years. Other authors
do not consider this question specifically.

The autumn sex ratios of the adult popula-
tions in this study, assuming that all adults

den at the large communal hibernacula, are

close to 1:1. This is presumably the case in

spring as well. Only in the fall of 1969 was
there any evidence of an uneven sex ratio; in

that year there was a slight surplus of males.

On the basis of population estimates (Table

1), it would appear that there was a large sur-

plus of males every year. The magnitudes of

error in the estimates for each sex are

sufficiently different, however, that they can-

not be compared fairly in this way.

Information on sex ratios in the literature is

conflicting. Piatt (personal communication)
found a surplus of male T. sirtalis in his study,

whereas Fitch (1965) found the opposite to be
the case. Carpenter's (1952b) population esti-

mates also indicate that females may be more
numerous than males. The approximately 1:1

sex ratio at birth obtained for the snakes in my
study is in general agreement with Carpenter

(1952b), Martof (1954), and Fitch (1965), al-

though all found a slight surplus of males.

Piatt (personal communication), however,
found that the sex ratio at birth of the T.

sirtalis populations he studied was heavily bi-

ased in favour of males. The reasons for these

variations are not apparent; possibly they are

caused by differences in sampling methods.
On the basis of my data on sex ratios, there

is little evidence of any difference in survivor-

ship between the two sexes. It might be ex-

pected that older females would be more sus-

ceptible to prédation or to the effects of

severe weather conditions (or both) than

other members of the population since, when
gravid, they bask more than other snakes.

This would explain the higher male to female

ratio at the den in the fall of 1969, since the

summer of that year was particularly cold.

The reversion to a nearly 1:1 sex ratio the fol-

lowing autumn, assuming that an even sex ra-

tio is the norm, can be explained solely on the

basis of age distribution. Older age-groups
comprise a very small proportion of the total

population in any year (Figure 6 and 7). Con-
sequently, it is probable that an unusually

high rate of loss of any group of adult snakes
in one year would not be detectable in the fol-

lowing year because most of those snakes
would probably not have survived anyway.

Population Dynamics

A common characteristic of animals living in

areas of variable or unpredictable climate is

variability in population size (Pianka 1970).

The Interlake populations of T. sirtalis appear

to be no exception. Although good estimates

of population sizes with relatively low vari-

ances were obtained only for males, it seems
that the Den One population dropped drasti-
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cally from a high of about 8,000 snakes in

1969-70 to about half that size the following

year, and that this lower level was maintained

in 1971-72. A swing upward again is indicated

for 1972-73, but these estimates are not very

accurate.

The survivorship figures obtained from the

Jolly analysis represent, strictly speaking, the

probability of survival in the study area. In this

instance, however, these figures are taken as
indicating survival in general, since individual

snakes appear to use the same den from year

to year. These figures (Table 1) are interesting

for two reasons. First, overwinter survivorship

is relatively low, indicating a significant loss of

animals during hibernation. Hawley (personal

communication) found large numbers of dead
snakes below ground, in a den at which he
was working at Narcisse, Manitoba, in the

spring of 1973. Apparently, many of these had
been frozen, but most had their heads
chewed off as though they had been attacked

by small mammals. Snowfall was light in the

winter of 1972-73; this lack of insulation might

have accounted for the snakes freezing un-

derground. Hirth (1966) found similar rates of

overwinter mortality for three species of

snakes in Utah, and Carpenter (1952b) felt

that the young of three species of garter

snakes in Michigan may have experienced
high winter mortality. Carpenter in fact re-

corded one definite instance of winter kill in

T. sirtalis.

The second important point concerning the

survivorship figures is that they are similar for

summer and winter among all years. This sug-

gests that the population decline between
1969-70 and 1970-71 was not due to de-

creased survivorship of adults per se but to

other causes.
The size-frequency data for males (Figure

6) support this idea. Except for fall 1970 and
spring 1971 , the second-year snakes were the

dominant age-group; the den population de-
clined during the 1970-71 overwintering sea-
son. This is less clear in the data for females
(Figure 7) because of the small sizes of the

samples and the difficulty in distinguishing

age-groups. In autumn 1970 and spring 1971,
the second-year males comprised a small part

of the population, suggesting that the popula-
tion decline might have been caused by a re-

productive failure in 1969, when these ani-

mals would have been born. Subsequent low
survival of the young of that year might also

account for the decline. The same argument
presumably applies to females.

Weather, through its effects on populations

of prey animals, can greatly influence the

amount of food that snakes obtain, and con-

sequently the amount of energy that they

have available for reproduction the following

year (Piatt, personal communication; Parker

and Brown 1973). Winnipeg weather records

for 1968 indicate no abnormal amounts of

rainfall or sunshine nor exceptional tempera-
ture deviations. In 1969, however, June was
exceptionally cold: maximum, minimum, and
mean temperatures were all below normal,

and on two days, June 13 and 20, frost was
recorded. In addition, July was cooler than

usual. Rainfall was high in both months, re-

sulting in further cooling effects. These
weather conditions probably had a profound
influence on reproduction that year. By June,

the snakes presumably had left their hiberna-

cula (Gregory 1971), ovulation should have
occurred (Figure 10), and gravid females

should have been incubating their broods.

Since gravid females spend much time bask-

ing in exposed areas, the late June frosts may
have caused the deaths of a number of gravid

females, and hence of unborn young. The
sex-ratio data discussed above are consistent

with this possibility.

More important, however, is that embryonic
development of young was probably affected.

Fitch (1960) found that gestation periods of

Agkistrodon contortrix were extended in sum-
mers characterized by low temperatures and
high cloud cover. Blanchard and Blanchard

(1940), Fox (1948), and Zehr (1962) have
shown that embryonic development in T.

sirtalis is retarded by low temperatures. This

can be critical when the summer is short.

Fox's work further suggests that development
may be arrested completely under very cool

conditions.

The cool summer of 1969 may also explain

the failure of the Den One population to in-

crease again in 1971-72. The second-year
snakes recruited into the population in that

overwintering season were produced by the

breeding of the 1969-70 population. Since the

1969-70 population was large, and the sum-
mer of 1970 was not particularly cold, repro-

duction should have been fairly successful in

1970, resulting in a population increase in the

fall of 1971. The cool conditions existing in

the early summer of 1969, however, might

have inhibited feeding of the snakes so much
that the energy requirements for reproduction

the following year were not completely ful-

filled.
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Piatt (personal communication) feels that

large changes in population sizes of snakes,

including T. sirtalis, in Kansas may be due
mainly to changes in fecundity or survival of

young. This is probably also true in the Inter-

lake. Parker and Brown (1973) arrived at simi-

lar conclusions for Coluber in Utah. They felt

that fecundity and survivorship are influenced

by changes in population levels of prey spe-

cies; Piatt in fact monitored the prey popula-

tions in addition to the snake populations. The
underlying implication of these studies is that

weather is actually the ultimate factor in limit-

ing snake populations because it can reduce
the prey species, thus limiting the food supply

of the snakes. In the Interlake, weather may
act as a more proximate limiting factor by di-

rectly affecting fecundity, and hence snake-
population levels.

A dramatic demonstration of the effect of

weather on populations of T. sirtalis in the In-

terlake has occurred since this study was
completed. The Den One population was
completely exterminated in 1973-74, presum-
ably because of extensive flooding caused by
spring melting of the unusually large snowfall

of that winter (Stewart, personal communica-
tion). Other dens were apparently affected to

varying degrees. Such large-scale extinctions

are probably fairly rare.

In addition to weather, prédation must also

be considered as a significant source of mor-
tality. Carpenter (1952b) and Fitch (1965)

have documented the important predators on
7". sirtalis in their study areas. In the Interlake,

known predators on this species are crows
(Gregory 1971), owls (Weselowski, personal

communication), coyotes (Pastuk, personal

communication), and skunks (Penny, per-

sonal communication). Automobiles also play

a major role in annual mortality. On the basis

of available literature and personal communi-
cations, I find it probable that T. sirtalis is not

a preferred food of any single predator, but an
occasional food of many. Humans, however,
may be major predators, since garter snakes
in the Interlake are collected in large numbers
for commercial purposes.

Reproduction

Potential Fecundity

In most reptiles, reproductive potential varies

directly with the size of the female (Tinkle

1962). My data suggest that this is true for T.

sirtalis'm the Interlake. Fitch (1965) found sim-

ilar results for the same species in Kansas,
but the correlation does not appear to be as
high. Whereas my data show a linear increase

in fecundity with increasing body size, Fitch

found a levelling off at an age of about four

years and perhaps even a decline in very old

snakes. It also seems that the reproductive

potential is higher at any given body size for

Interlake than for Kansas T. sirtalis. Fitch's

data were obtained by palpating gravid fe-

males in summer, and mine by dissecting

unovulated females in spring. Also, my sam-
ples might not have included individuals as

old as Fitch's oldest females. My samples did,

however, include the sizes at which he de-

tected the levelling-off effect. Tinkle, Wilbur,

and Tilley (1970) described a similar situation

in the lizard Uta stansburiana, in which the

correlation between the clutch size and body
size was higher in northern than in southern

populations.

Carpenter (1952b) and Fitch (1965) found
that not all adult female T. sirtalis were gravid

in any given year. Fitch showed that there was
a positive correlation between age-group and
the proportion of gravid females in that age-

group. These data, however, were compiled
from snakes captured in the summer. Piatt

(personal communication) believed that most
adult females in the populations he studied

were gravid in summer, although a smaller

proportion might have reproduced in years

when food was scarce. In general, both Piatt

and Fitch found that the youngest reproduc-

tive females were second-year snakes, al-

though Piatt found that first-year females re-

produced in years when food was abundant.

In the Interlake, all males are probably capa-
ble of reproduction in their second year, but

some females probably do not breed until

their third year. My data (Table 2) from den-
ning populations and dispersing snakes sug-

gest that females less than 400 mm S-V
length in spring are not capable of reproduc-
tion, and that the percentage of reproductive

females increases steadily with size. Above
500 mm, virtually all females are potentially re-

productive. Five of the six females in this size

category that were not reproductive had obvi-

ously borne young the previous year.

Carpenter (1952b) felt that most of the non-

gravid adult females he caught had simply not

mated. My work (Figure 9) indicates that this

may be the case for the smallest potentially

reproductive females. In fact, Hawley and
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Aleksiuk (1976) indicate that the probability of

courtship and mating increases with increas-

ing body size of the female in Interlake T.

sirtalis. If so, the non-reproductive females,

which are almost always small, and the small-

est potentially reproductive females may go
unmated. The status of the unmated but ma-
ture females caught away from dens in the

early summer of 1972 is not clear. Possibly

these snakes were early dispersers and,

though immature at the time of dispersal, had
developed to an apparently reproductive con-

dition by the time I caught them.

The reason for the difference in reproduc-

tive potential between 1972 and 1973 is un-

known. It is possibly related to differences in

food supply or weather conditions that I am
not aware of.

Development of Young

Yolk deposition in mature eggs of T. sirtalis in

the Interlake apparently occurs following

emergence from hibernation and prior to ovu-

lation. This agrees with Bragdon's (1952)
finding that mature ovocytes increase rapidly

in volume in spring, before they ovulate. Piatt

(personal communication) feels that the ab-

dominal fat body is probably not an important

source of nutrients in this development.
Ovulation may occur any time from mid-May

on. Time of ovulation undoubtedly has great

bearing on time of birth, since gestation pre-

sumably begins with ovulation. It has been ob-

served previously (Cieslak 1945; Betz 1963a,

1963b) that ovulated eggs may enter the ovi-

duct on the opposite side of the body. The
frequent discrepancy between the number of

eggs in utero and the number of ovulation

scars in the ovaries, however, is not referred

to in the literature. Betz (1963a, 1963b) found
that yolk masses sometimes undergo resorp-

tion in utero in Natrix. Although this might
have accounted for some of the differences

observed, it is also possible that some eggs
might simply have failed to reach the oviduct

upon ovulation. Other sources of loss during

embryonic development are well-known: ovu-
lated eggs may fail to be fertilized (Fitch 1965)
or otherwise fail to develop (Cieslak 1945);

embryos may develop abnormally and die

(Martof 1954; Betz 1963b) or be aborted (Fitch

1965); apparently normal young may be still-

born (Fitch 1965); or dead young may be re-

tained in the body following parturition (Betz

1963a). Observations similar to the above

were made in this study, but it was my impres-

sion that loss of eggs upon ovulation, abnor-

mal development, and stillbirths were most
important. The significance of this rather high

rate of loss is not known.
Birth in Interlake T. sirtalis may occur any

time from the end of July until the end of Sep-
tember. As previously noted, most births were
observed in captive females. The later births

reported here may be unnatural, since many
authors have expressed the opinion that cap-

tive female snakes may show a retarded ges-

tation. It seems likely, however, that some fe-

male snakes may give birth later in the year

because of the variation in timing of activities

at different dens. Times of emergence from

dens and dispersal to summer habitat may
vary by as much as a month in my study area.

Some dens are not empty until mid- to late

June in some years, and females from such
hibernacula presumably give birth much later

than do others. Date of birth probably de-

pends on several factors, such as date of

spring emergence and dispersal, date of ovu-

lation, and weather (especially air tempera-
ture and incoming radiant energy).

The disintegration of the ovulation scars by

the time of birth, as noted in this study, is in

contrast to the findings of Cieslak (1945) and
Bragdon (1952). These authors felt that these

scars did not regress markedly until after ges-

tation was terminated.

The average litter size obtained in this study

is similar to the findings of Carpenter (1952b),

Zehr (1962), Fitch (1965), and Piatt (personal

communication). Average number of live

young was not calculated because it was not

known to what extent the captive conditions

were responsible for stillbirths. A comparison
of the regression of brood size on female

body size with the regression predicting litter

sizes for spring females (Figure 12A) indi-

cates that the method used for calculating po-

tential fecundity tended to overestimate. That

is, the amount of annual growth predicted

from this figure for females bearing specific

numbers of young is much greater than that

actually obtained from the formal growth anal-

ysis. The variance about the upper line in Fig-

ure 12A has not been calculated, but it is un-

doubtedly very great. Average size of the

newborn young recorded in this study is

somewhat smaller than the figures obtained

by Carpenter (1952b), Fitch (1965), and Piatt

(personal communication), but larger than

those reported by Martof (1954).
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Reproductive Cycles

Biennial reproductive cycles in females have
been reported for several species of snakes.

Tinkle (1962) has reviewed the literature on
reproductive cycles for viperids, as has Prestt

(1971) more recently for Vipera berus. Saint

Girons (1957) concluded that, in Vipera aspis,

longer reproductive cycles occur in colder cli-

mates because of the short amount of time

available for accumulating energy reserves.

Biennial reproductive cycles have not been
reported for T. sirtalis, but they might be ex-

pected in the Interlake populations. Although

some potentially reproductive females may go
unmated each year, most denning females

above 500 mm S-V length are able to repro-

duce. This is in contrast to the findings of

Rahn (1942), Tinkle (1962), and Prestt (1971).

On the basis of presence or absence of ovula-

tion scars, size of ovarian follicles, and size of

fat body, these authors found that denning
populations of their respective species could

be separated into two classes of adult fe-

males: reproductive and non-reproductive.

The ratio was not 1:1 in each case, but it was
clear that a biennial cycle was involved in

each. Prestt (1971) obtained other evidence,

including yearly records of individual females.

In this study, obviously postpartum females
were occasionally found at dens. A majority

(62.5%) were definitely not able to reproduce,

as evidenced by the condition of the fat body
and the sizes of eggs in the ovaries; but the

remainder were. Whether or not females are

capable of breeding in successive years may
depend on how early in the summer they bear

young as well as on the availability of food
after they give birth. Both of these, in turn,

probably depend on weather. The small num-
ber of obviously postpartum females found at

dens may indicate that either most females re-

produce every year and are no longer recog-
nized as postpartum by the time they appear
at the dens or that they do not return to the

dens after giving birth. If the latter is the case,

females that give birth late in summer may
feed for so long that they simply do not have
time to return. Perhaps as a result of this they

die from exposure in the autumn or they find

other hibernating sites, such as those which
might be used by the young-of-year.

The male reproductive cycle is an annual
one. This is not surprising, since males do not

have to invest as much energy in reproduc-
tion as females do. Maximum testis develop-
ment occurs in midsummer, coinciding with

the appearance of mature sperm (Figure 13).

Sperm appear to move rapidly from the testes

and are present in the vas deferens through-

out most of the year. Males are obviously able

to reproduce before they hibernate in the fall.

These results are compatible with those of

Cieslak (1945) and Fox (1952, 1954). They
also account for the occurrence of late-

summer and autumn mating in these snakes,

although the significance of such mating is

not clear (Aleksiuk and Gregory 1974).

The reason for the occurrence of non-
motile sperm in the reproductive tracts of

males and in mated females in the fall of 1972
is also not clear. No reference is made to this

phenomenon in the literature, and it is possi-

ble that these sperm could have been dead.

On the other hand, such sperm might over-

winter in this condition and become active the

following spring. Why some snakes should
have living, motile sperm and others living,

non-motile sperm is not known.

Life-History Strategy

Throughout its range, populations of T. sirtalis

appear to fluctuate considerably in size. Such
fluctuations seem to occur in response to var-

iations in weather, either directly or indirectly.

In the Interlake of Manitoba, where the cli-

mate is extreme and highly variable, popula-

tion fluctuations of T. sirtalis are particularly

great, and drastic declines in population size

have been observed. Despite this, the species

is generally abundant in the Interlake, even
during population lows, and is the most fre-

quently encountered of the four species of

snakes occurring there. Population declines

are possibly minimized because they mainly

involve reduced reproduction or poor survi-

vorship of young (or both) rather than in-

creased adult mortality. Presumably, adult

survivorship can be attributed to physiological

adaptation to the extreme environment (Alek-

siuk 1970; Vincent 1971; Hoskins and Akek-
siuk 1973a, 1973b). More serious population

declines involving high adult mortality do,

however, occur occasionally.

In highly variable environments, popula-

tions must be able to increase rapidly after a

decline or else run a high risk of extinction;

selection in such situations should favour in-

dividuals with "r" characteristics (Pianka

1970). Population increase was not observed
in this study, but denning populations of T.

sirtalis have been well known in the Interlake

for a long time. Presumably, fluctuations in
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both directions are a normal feature of their

life history. Because of differences in environ-

mental stability and severity, and the resultant

population effects, Interlake populations of T.

sirtalis might be expected to have a higher in-

trinsic rate of natural increase, rmax ,
than do

populations farther south.

As Cole (1954) has pointed out, an impor-

tant contribution to the achievement of a high

rmax is made when first reproduction occurs at

an early age. In the Interlake region, male T.

sirtalis are apparently capable of reproduction

by the second year of life, in accordance with

the findings of other authors (Carpenter

1952a; Fitch 1965; Piatt, personal communi-
cation). In terms of contribution to future pop-
ulation increase, however, the age at which
females first reproduce is more significant. In

the Interlake, it appears that some females
may reproduce in their second year, but many
do not until their third year. This is in contrast

to findings for more southerly populations, in

which first reproduction usually takes place in

the second year (Carpenter 1952a; Fitch

1965; Piatt, personal communication) and
sometimes even in the first year (Piatt, per-

sonal communication).
Age of first reproduction in Interlake fe-

males is probably the result of a balance be-

tween two factors, the evolutionary advantage
of early reproduction and a physiological limit

on the annual amount of growth possible for

the individual. This limit to growth is imposed
by the extreme shortness of the growing sea-

son. Adult garter snakes in this area appear to

spend only about three months of every year

actively feeding and growing (Gregory and
Stewart 1975). By comparison, Michigan has
a five-month growing season (Carpenter

1952a). Piatt (personal communication) also

indicates a longer active season for his popu-
lations in Kansas.

Growth of adult females, however, is less

important to population increase than growth
of immature individuals, since adults that have
already reproduced once have made their

major contribution to population increase.

Even if first reproduction does not occur until

the third year of life, the increase in size of In-

terlake females in their first year is obviously

great. First-year males also exhibit considera-
ble growth. How this large amount of growth
is accomplished is puzzling, especially when
one considers that some births may occur
very late in summer. The most likely explana-
tion is that immature snakes extend their

growing period by feeding late in their first au-

tumn and early in their first spring (Gregory

and Stewart 1975). Little is known about this

stage of life, since recently born snakes are

rarely found.

Increased brood size can also be important

in raising the rmax of a population. Results of

this study indicate little difference between
average litter sizes of females from the Inter-

lake and from elsewhere. Potential fecundity,

however, may be higher in snakes from the In-

terlake, particularly in larger females, as is

suggested by comparison with Fitch's (1965)

data for Kansas snakes. Since many of the

gravid females examined in this study had

more ovulation scars in their ovaries than ova
in their oviducts, it is clear that the difference

between potential and realized fecundity is

not simply an artifact of the method used to

estimate reproductive potential. Perhaps in

some years the litter sizes observed here are

exceeded; it is also possible that a high rate of

loss of eggs is normal in the Interlake area.

With respect to age of maturity and litter

size, there are evidently few real differences

between T. sirtalis from the Interlake and T.

sirtalis from elsewhere. Other aspects of life

history, however, may be important in

influencing rates of population increase. For

example, the relatively high potential fecun-

dity shown for Interlake females means noth-

ing unless a large proportion of the mature fe-

males in the population mate and produce
young; this is especially important when one
considers the severely limiting nature of the

Interlake climate. On the other hand, because
of the short summer available to these ani-

mals, it is obvious that individuals cannot
afford to spend much time each year search-

ing for mates. In an earlier paper (Gregory

1974), I suggested that rapid breeding in the

Interlake snakes is probably facilitated by the

combination of communal denning with the

particular way in which these animals emerge
from hibernation in spring. Males emerge in

large numbers early in spring, whereas fe-

males emerge in smaller numbers throughout

the spring season. Immediately upon emer-
gence, these females are sexually attacked by

large numbers of males and are fertilized by

probably one male. The females then disperse

to their summer habitat shortly thereafter. It is

likely that a high proportion of females in

these populations are mated as a result of this

pattern of sexual activity (Figure 9). Males re-

main at the den site for some time, presuma-
bly mating more than once. Gibson and Falls

(1975) regard such mating behaviour as the
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result of intra-sexual selection among males

for access to females, but other interpreta-

tions are possible. One important advantage

of communal denning may be that large num-
bers of mature animals are congregated in

one place during the breeding period, thereby

allowing this mating system to operate. Data

collected in this study (Figure 9) indicate that

most mature females do mate. The unmated,
but apparently mature, females caught in

summer may have been immature at the time

of spring emergence from hibernation. Com-
plex emergence and mating systems such as

described in Gregory (1974) have not been
previously reported. In more southerly areas,

where time is not at such a premium each
year, they may be less likely to evolve.

This pattern of spring activity may be ad-

vantageous in other ways. For example, the

actual producers in the population, the ma-
ture females, spend a minimum of time in an
active, non-feeding state at the den and more
time incubating their broods. Although gravid

females feed significantly only in early sum-
mer (Gregory and Stewart 1975), the time

available to them for growth and other activi-

ties may well be more than three months, at

least for those that emerge early in spring.

The bulk of the population that remains at the

den for any length of time in spring is male
and therefore somewhat more expendable.

The staggering of emergence times of the fe-

male population, despite the apparent advan-
tage of early dispersal, may also result in at

least partial reproductive success in the event

of a severe cold snap early in spring. If all the

females dispersed early, such a cold period

could eliminate reproduction entirely in that

year, but the reserve of female snakes that

emerge later may partially compensate for

such a loss.

Evidently, it is advantageous for all the adult

members of the species to overwinter in large

communal groups. At first glance, however,
communal denning appears to represent a

great cost to the individual. For example, T.

sirtalis from dens in the Inwood area regularly

move from about 4 km to as much as 18 km
when dispersing from dens to their summer
habitat, which consists of large marsh belts

(Gregory and Stewart 1975). Such long-

distance movements have not been recorded
for snakes before and presumably require

considerable expenditure of energy. There
are no obvious sites suitable for use as hiber-

nacula by large numbers of snakes in or near
the summer habitat, although small groups or

individuals could possibly be accommodated
in potential hibernacula, such as abandoned
ant mounds. On the other hand, these long-

distance migrations may explain why juvenile

snakes are not found at the communal hiber-

nacula. For the young-of-year, there is no ob-

vious advantage in hibernating in large num-
bers, and they expend less energy if they

remain in the summer habitat where they

were born, for at least their first winter. Be-

cause they are small, they can use many small

overwintering sites that the adults would
physically be unable to use. In fact, it may be
so difficult for the adults to find hibernacula

near the summer habitat that they are simply

forced to move as far as they do. If so, com-
munal denning and its apparent benefits

might have developed as a result of the move-
ment pattern rather than vice versa. In any
case, there is a developmental change in be-

haviour of the Interlake snakes between the

juvenile and adult stages. Communal dens of

7". sirtalis in other parts of Manitoba include

young-of-year; possibly, summer dispersal

occurs over much shorter distances in these

places.

T. sirtalis appears to be very sensitive to

fluctuations in weather and resembles an "r-

selected" species (Pianka 1970) throughout
its range. In the Interlake of Manitoba, where
the climate is particularly severe and unpre-

dictable, and the growing season short, popu-
lation levels are highly variable, but Interlake

snakes do not breed earlier nor do they have
larger litter sizes than snakes found farther

south. Their annual cycle, however, includes

such characteristic features as communal
denning, complex spring emergence and mat-

ing behaviour, and long-distance dispersal,

the latter two being unusual in snakes. Al-

though the cause-effect relationships of

these features have not been determined,

they may be closely linked to the problem of

maximizing reproduction in the face of severe

environmental adversity.
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