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THE LEMMING CYCLE AT BAKER LAKE,
NORTHWEST TERRITORIES, DURING 1959-62

Charles J. Krebs?

Abstract

A four-year study covering one cycle in numbers of the brown and varying lemmings
has been carried out at Baker Lake, Keewatin, NNW.T. An attempt was made to describe
the events of the cycle in detail by snap-trapping and live-trapping techniques and by
detailed autopsies on about 4,000 animals and from this to determine what explanations would
fit the observations.

Increase began from very low numbers in the summer of 1959 with tremendous popula-
tion growth occurring over the winter of 1959-60. Little further increase occurred in the
peak summer of 1960. A great decline occurred over the winter of 1960-1, and this decline
continued through the summer of 1961 on the Main Study Area. Little change occurred
over the winter of 1961-2 and the phase of increase began again in the summer of 1962.

Two changes in reproduction were associated with this cycle—changes in the length of
the breeding season and in the weight at sexual maturity. Winter breeding occurred in the
period of increase but not in the decline, and a shortened summer breeding season occurred
in the peak and to some degree in the decline. Young male Lemmius matured in the summers
of increase but not in the peak or in the decline; young females matured in the increase and
decline summers but not in the peak.

The major change in mortality was a very high juvenile mortality in the summer of the
decline.

Changes in the quality of the animals were manifested not only by these reproductive
and mortality changes but also by a 20-30 per cent increase in mean body weights of the
adults in the peak summer compared with the increase or decline sumumers.

The role of the extrinsic factors is considered. There was no widespread destruction of
the habitat, or any evidence of quantitative or qualitative food shortage in the animals of the
decline. Neither predators, disease, nor parasites seemed to be the cause of the observed
changes in mortality.

“The role of the intrinsic factors is also considered. Summer adrenal and spleen weights
showed no clear relationship to the cycle. The amount of wounding on skins showed strong
seasonal changes and was not a simple function of density.

It was concluded from these observations that this lemming cycle could not be adequately
explained by the conventional extrinsic factors such as food supply, but rather that it is
essentially a self-regulatory phenomenon. The stress hypothesis proposed by Christian was
also rejected as an adequate explanation of these events. The idea of Chitty that populations
change in quality during changes in density was fully supported by these results. Behaviour-
al changes in the population may constitute the crux of the lemming cycle, and Chitty’s sug-
gestion that these fluctuations may represent a genetic polymorphism involving aggressive
behaviour is not refuted by these data.
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Introduction

All animal populations fluctuate in numbers. These fluctuations may be
small or large, regular or irregular. Some small mammals in particular show
fluctuations which are large in magnitude and relatively regular in occurrence,
and these fluctuations are referred to as “cycles”. We are concerned here with
a well-known example of these fluctuations—the lemming cycle of the tundra.

Two species of lemmings inhabit the Central Canadian Arctic, the brown
lemming (Lemmus trimucronatus) and the varying lemming (Dicrostonyx
groemlandicus). Both are small furry rodents with very short tails and ears,
and usually weigh 60-100 grams when fully grown. The brown lemming
remains brown all year round, but the varying lemming is white in winter and
grey in summer. Both species are active throughout the year, burrowing under
the snow in the winter and occupying burrows dug in the ground during the
summer. Their food consists of green plants in summer and dormant buds and
roots in winter. In summer the varying lemming tends to occupy the drier
habitats and the brown lemming the wetter sites. There is an annual overturn
of population; very few individuals live more than one year. Breeding may
occur at any time of the year and young animals may mature at 3—4 weeks of
age in both species. The gestation period is 19-21 days and the litter size varies
seasonally between three and nine. Thus these species have a tremendous
potential rate of increase.

This research program was planned to study the population dynamics of the
brown lemming and the varying lemming over a full cycle in numbers at Baker
Lake, Keewatin, N\W.T\, in the Canadian Barren Grounds. The first purpose
was to describe the events of the lemming cycle of the Barren Grounds, and this
has been realized for one cycle. The second purpose was to explain these events
in a comprehensive theory; while this is not yet realized, the results suggest
which of the current explanations are inadequate. A hypothesis which is not
inconsistent with the observed events is considered and the information still
needed is noted.

Field work for this study was carried out from 25 May-10 September 1959,
10 May-8 September 1960, 16 May—12 September 1961, and 29 May-21 August
1962.

The plan of this paper is as follows. After a brief description of the study
area, the habitats occupied by the two species of lemmings is described and
population density changes are considered. Then reproduction, mortality, and
movements are assessed in relation to the density changes. Changes in extrinsic
and intrinsic factors which affect the population are next considered. Finally,
a discussion of the entire work is given and an attempt made to integrate these
results with contemporary ideas.
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Fig. 1. Map showing the location of Baker Lake, the Main Study Area, and the peripheral
sampling areas.

AREA AND CLIMATE

The Baker Lake settlement is on the northwest corner of Baker Lake near
the mouth of the Thelon River in the east central Barren Grounds. The whole
area lies in the Canadian Shield. The terrain in general is flat to gently rolling,
mostly covered with glacial drift with few outcrops of bedrock. Lakes dot the
landscape, occupying perhaps 30 per cent of the area. Drainage is poor and
even light summer rains can cause considerable local flooding.
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All intensive work was carried out in the Main Study Area (Fig. 1), occu-
pying about 3 square miles just north of the Baker Lake settlement. Other
outlying areas marked on Fig. 1 were sampled once or twice during each sum-
mer. In addition some sampling was carried out at the Canadian Wildlife
Service camp on Aberdeen Lake (64° 37N., 99° 44W.), about 115 miles west of
Baker Lake.

The weather for Baker Lake is summarized in Table 1 for 1959-62, and the
mean values for ten years’ records are given for comparison.

Summer weather varied considerably between the different years. The
summer of 1959 was cold and very wet, while the summer of 1960 was warm
and rather dry. The summer of 1961 was intermediate, cool and again dry, and
the summer of 1962 was cool and wet.

The spring phenologies of the four years were quite different (Krebs,
1964). Spring 1960 was the earliest. In 1959 the spring events began about
10-20 days behind those of 1960; in 1961, 2-6 days behind; and in 1962, 10-20
days behind. This is reflected in the dates at which Baker Lake was free of ice:
31 July 1959, 12 July 1960, 17 July 1961, and 30 July 1962. There were cor-
responding differences in the time of onset of summer breeding in lemmings.

Events over the autumn freeze-up are also of considerable importance for
lemmings. The 1959 freeze-up was characterized by a lack of freezing rain
and a quick buildup of a protective snow cover, thus minimizing ground icing
and burrow flooding. By contrast the 1960 freeze-up was accompanied by
very wet conditions, oscillating freezing-thawing, and a lack of a good snow
cover until mid-December. The 1961 freeze-up was similar to that of 1959, but
somewhat wetter. The depth of snow on the ground (rough estimates by the
Meteorological Station) was 9 inches on 1 November 1959, but only 2 inches
on 1 November 1960. The depth of snow at the same date in 1961 was 11
inches, and for comparison the ten-year mean snow depth for this date at Baker
Lake is about 3 inches.

VEGETATION AND HABITATS

One of the most striking characteristics of arctic vegetation is its extreme
variability from one small area to the next. This produces a correspondingly
great interspersion of habitats and gives the impression of one great continuum
of vegetation rather than distinct habitats. Nevertheless, there are distinct
habitats which can be recognized even though transitions are very common,
and an attempt was made to divide the vegetation of the Baker Lake area into
habitats which in principle might be applied to the entire Barren Grounds.

The dominating influence seems to be water, and thus we can recognize a
vegetation continuum from dry to wet, the lichens occurring in dry areas, the
heath (Ericaceae) plants in moderately dry areas, and the sedges and mosses in
wet areas. [ have introduced microtopographical relief into the habitat classi-
fication, as it is important for lemmings. This involves hbummmocks (low
rounded mounds, 10-18 inches tall, 1-2 feet in diameter) and tussocks (thick
clumps of Eriophorum, usually about 10 inches tall and less than one foot in
diameter). Both these structures occur in wetter areas.
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The type of habitat at each trappmg station was recorded. This was done
subjectively by Iooklng at the vegetation, drainage, and microtopography, and
included at most stations subjective apprmsal of the two or three dominant
species within a five-foot radius of the trapping station. There was not enough
time to do anything more objective.

The principal eleven habitats are listed in Table 2, which also gives the area
covered by each on the Main Study Area. These figures were obtained from
interpretation of air photographs combined with a foot survey of the area.

The habitats found on the Main Study Area are similar to those at “New
Lake”,! Prince River, and Aberdeen Lake. The dominant plant species in these
habitats are similar on the first three of these four areas, and Table 3 gives these
data. In the Aberdeen Lake area somewhat different species dominate the same
habitats; there is no Cassiope tetragona and extremely little Dryas integrifolia,
but Ledum groenlandicum and Emopborum are more abundant (Table 4).

Again, a slightly different series of habitats, characterized by a dominance
of mosses, occurs on the islands at the west end of Baker Lake and on the sand-
plain along the south bank of the Thelon River mouth (Table 5).

POPULATION DENSITY

The first requirement of all population work must be reasonably accurate
information about changes in density. To determine trends in population
density I have used five methods: live trapping, snap trapping, visual estimates,
trace indices for faeces, and dropping boards. Of these only live trapping
provides a direct census of numbers; the other four merely give an index more
or less proportional to actual density.

Live trapping

A considerable effort was expended in a live-trapping program, but various
difficulties plagued the results. The most serious problem was trap deaths; this
was not solved until 1961 and even then not entirely. The basic technique was
not fixed until 1961 and consequently the data for. 1959 and 1960 are less
complete.

Three quadrats for live trapping were established during the course of this
study (Fig. 2). Their specifications are as follows:

Area Length of Trap spacing No. of traps
_ (acres) one side (feet) (feet) (stakes)
Quadrat 1 1.9 288 18 289
Quadrat 2 113 700 50 225
Quadrat 3 3.5 350 50 64

Quadrat 1 was set up in 1959. Quadrat 2 was established in 1960 when it became
apparent that movements and home ranges were far larger. than could be
measured by Quadrat 1. Quadrat 3 was also set up in 1960 primarily to sample
Dicrostony, since the first two quadrats were mainly Lemmus habitat. Quad-
rat 1 was trapped in all four years, Quadrat 2 only in 1960, and Quadrat 3 in

1Place names not officially adopted by the Permanent Board on Geographical Names are
given in quotes.



12 THE LEMMING CYCLE AT BAKER LAKE DURING 19§9—62
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Fig. 2. Location of the live-trapping quadrats of the Main Study Area.
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1960-2. In 1961 and 1962 additional traps were placed throughout the area
enclosed by the dotted line in Fig. 2, so that this area of 18-19 acres was treated
in effect as one quadrat.

The aim was to make a complete census of all the animals living in the
quadrats; this approach avoids the difficulties inherent in Lincoln Index type of
estimates. Since very few new animals were captured on the third day’s trap-
ping, almost the entire population was presumably marked each time. In most
cases we have no independent evidence (e.g. snap trapping from the same area)
to show that this is the case, and it can only be assumed that the figures given
below represent the total trappable population on the given area at the given
time. A small attempt to test this assumption was carried out in 1962 at the end
of the program. Quadrat 3 was live-trapped on August 10-12 and then
saturated with snap traps on August 15-17. The results were as follows:

Number of Dicrostonyx trapped

Adults First summer litter Second summer litter
Y, young Y, young
Live trapping
Aug. 10-12 5 5 0
Snap trapping
Aug. 15-17 4 4 3

The three Yy young (second summer litter) which were snap trapped were
just out of the nest (10-12 grams) and thus could not have been live trapped the
previous week. Two of the four Y young (25-30 grams) (first summer litter)
were unmarked; one of these was caught on the edge of the quadrat. All the
adults were marked. The results are not conclusive but do suggest that the live
trapping did census the majority of animals on the quadrat at the time.

Each trapping period lasted three days, one trap being used at each stake in
the quadrats. All traps were placed in runways or at burrows if possible.
They were frequently moved to cover all the area around the stakes. Traps
were checked every 2—6 hours. Excess traps were always present, the maximum
percentage of traps occupied at any one check being 35 per cent. No bait was
used in any of the live traps. Night trapping was stopped in August 1960
because of high trap mortality and trapping thereafter was confined to the 9
a.m. to 11 p.m. period. In 1961 and 1962 trapping was carried out every week
from June through August, but in earlier years only every 2—4 weecks. Both
Longworth and Sherman traps were used and seemed to be equally effective.
Extreme heat and cold had to be avoided with both traps to prevent mortality.
Lenmmus were marked with fingerling fish tags in the ear In 1959 and 1960.
Dicrostonyx were marked with both ear tags and leg bands in 1959 and 1960.
Both species were given toe clips as marks in 1961 and 1962 and this technique
proved far superior to other tagging methods.

Animals caught in the live traps were aged according to their weight. The
adult animals present at the beginning of the summer breeding are referred to as
the winter generation. Since summer breeding tends to occur synchronously
throughout the population, summer young appear in waves during the summer.
These summer litters are referred to as follows: Y; summer young = first sum-
mer litter; Y,” summer young = second summer litter; and Y,” summer young
— third summer litter. These groups of young are readily separated by body
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weights until late summer, when growth rates decline. A full discussion of
ageing problems is given in a later section (see Body weights).

Results

Table 6 gives the numbers of Lewmzus on Quadrat 1 (1.9 acres) in 1959-62,
and Table 7 gives the numbers of Dicrostonyx on Quadrat 3 (3.5 acres) in
1959-62.1  While there were few or no Dicrostonyx on Quadrat 1 in any of
the years, Quadrat 3 had a Lemmmus population of about 20 animals in August
1960, but none in 1959, 1961, or 1962.

The first point that emerges from these tables is the great increase in num-
bers from 1959 to 1960 and subsequent decline in 1961. We can estimate these
changes quantitatively. In Lemmuus the increase from August 1959 to June

--1960 is 28-fold, and if we accept the argument from snap trapping given below,
that the population before the 1960 melt-off was approximately. equal to the
August 1960 population, we have an estimated 58-fold increase over the winter
of 1959-60. This must be considered as a crude estimate only of the actual
increase. There was probably a minimal 25-fold increase in Lemzmzus over the
winter of 1959-60 and this increase may have been as much as 50-fold.

The 195960 winter increase of Dicrosionyx cannot be estimated in the
same way, since Quadrat 3 was not set up until 1960. If we assume that the
May 1960 population equalled that in August 1960, and that there were about
3—6 animals on the area in August 1959 (see Table 7), the estimated increase is
5- to 10-fold over the winter of 1959-60. These crude estimates suggest that
Dicrostonyx probably did not increase as much as Lemsmzus over the winter of
1959-60 on the Main Study Area.

The Lemmus population at least doubled its numbers in the summer of 1960.
From the amount of trap mortality involved in this estimate and additional data
from Quadrat 2, a reasonable estimate of this summer increase is 2- to 3-fold
between 15 June and 31 August 1960 in Lemznus. No estimate can be made for
Dicrostonyx from live-trapping data.

Finally, we can estimate the decline over the winter of 1960-1. The
Lemmus population on Quadrat 1 declined from 58 to 5 between August 1960
and June 1961, a 90-95 per cent decrease. The Dicrostonyx population on
Quadrat 3 declined from 38 to 11 over the same period, a 70-80 per cent decrease.
These crude figures allow us to conclude that Dicrostonyx probably did not
decrease as much as Lemmuus over the winter of 19601 on the Main Study Area.

The decline continued in both species through the summer of 1961 on the
live-trapping area. There were very few summer young in the 1961 samples, an
important point which I will discuss later, and there was no recovery of numbers.

There were no Lemmnus on the live-trapping area in 1962. Dicrostonyx
numbers on Quadrat 3 were about the same in the early summer of 1961 and
1962, the difference being that in 1961 they declined through August while in
1962 they maintained their numbers and began to increase by August.

Although it is possible to estimate the number of lemmings per acre, I have
not done so. Actual densities are very much a local phenomenon and do not
help us to understand the cycle. We are interested more in the relative changes
than in the absolute levels of density.

1The 1959 figures refer to live trapping along a line in the region where Quadrat 3 was
set out in 1960.
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Snap trapping

Snap trapping was done both systematically and non-systematically. The
systematic lines were set up as Type B lines of the North American Census of
Small Mammals (Calhoun, 1948), i.e. 20 stations spaced at 50 feet in a straight
line with three traps per station within a five-foot radius of the stake. With a
few exceptions these lines were set up in pairs spaced 100 feet apart (Calhoun,
1948, recommends 400 feet) and parallel. Eight pairs of lines were set out on
the Main Study Areain 1959. No new lines were added there in 1960, but four
additional pairs were set out in 1961. On the outlying areas two pairs of lines
were set out in 1959, two additional pairs in 1960, five and one-half additional
pairs in 1961, and one new pair in 1962. In general on the Main Study Area
each line was trapped twice during the summer (June and August). These
lines are referred to as standard lines because they are retrapped each year.
Each single standard line run for one period (three days) represents 180
standard trap mights and all snap-trapping indices in this paper are expressed in
numbers of lemmings per 100 standard trap nights.

Non-systematic snap trapping was done primarily to obtain specimens for
autopsy. Stations with two traps were placed at irregular intervals wherever
there seemed to be any chance of catching a lemming. The traps were removed
after three days and the same place was never trapped twice. These lines
caught two to three times as many lemmings per trap night as the standard lines.

Museum Special traps with raisins as bait were used throughout this study.
Bait was probably unnecessary, but until the matter could be investigated it was
thought best to continue the use.

Some differences between the two species for standard snap-trap sampling
should be pointed out. Lemmus is found in the wet habitats and uses well-
defined runways in moving about; its occupied holes are difficult to find because
there are so many possible sites. Dicrostonyx, on the other hand, more often
lives in the drier habitats and does not move along well-defined runways; its
occupied holes are often easy to find and are marked by a mound of freshly dug
sand or peat. Thus runway trapping is most effective for catching Lenzmus,
and burrow- or den-trapping is most effective for catching Dicrostomyx. The
different habitats of the two species introduce a further complication. In the
Baker Lake area the wet habitats are reasonably extensive and the distribution
of Lemmrus is fairly uniform over these. But, although the Dicrostonyx habitats
are equally or even more extensive, areas suitable for digging burrows are
restricted and this results in a contagious type of distribution for Dicrostonyz.
This complicates sampling considerably, because standard trap-lines may com-
pletely miss these “colonies”. The result is that Lemznus densities are estimated
with more reliability by standard snap-trapping lines than are Dicrostonyx
densities in the Baker Lake area.

Two questions about the snap-trapping technique should be considered at
this point, First, does snap trapping provide a good index of population den-
sity? The number of animals caught in a trap-line depends not only on popula-
tion density but also on the weather, habitat, amount of activity, home range
size, and proportion of young animals. Trends in density are shown quite
well, but the actual amount of the density change must remain vague. In
particular, statistical confidence limits for these indices are meaningless unless
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the effects of all the secondary variables mentioned above can be neglected or
assumed to cancel out over the census periods. In this study there are indepen-
dent sources of density estimates, such as live trapping, and these can be used
to check the snap-trapping indices.

The second question is whether repeated trapping of the same lines both
within and between years has interfered with the cyclic changes we are attempt-
ing to observe. This question can be answered indirectly, since new standard
lines were set out every year. We can enquire whether any catch differences
occurred between new lines in year x and old lines in the same year, taking into
account habitat differences between lines. Comparing the numbers caught in
new and old lines, I found no differences in catch either in 1960 or in 1961, and
so I conclude that snap trapping the same lines does not affect the cyclic changes
-~ we. are -attempting to observe. Other indirect evidence supports this. The
number of traps set off without a cafch is almost always equal to or greater than
the number of lemmings caught, which suggests that a fair number of lemmings
escape being trapped even in the immediate vicinity of the trap-line. In addi-
tion, if we consider the size of the area over which the trap-lines are spread
and the mobility of the lemmings, it is clear that only a minute fraction of the
population is being removed by trapping.

Results

Tables 8 and 9 give the snap-trapping indices for Lemmsus and Dicrostonyx
and show in a general way the great changes from scarcity in 1959 to abundance
in 1960 and the subsequent decline in 1961. These changes in abundance
occurred in both species and on all the areas trapped.

These data suggest that the Lemsmnus cycle was more pronounced than the
Dicrostonyx cycle. The indices for the Main Study Area changed propor-
tionally as follows:

1959 1960 1961 1962
Lemmus 1 125 7 8
Dicrostonyx 5 50 18 25

However, we must beware of comparing Lemsmus indices with Dicrostonyx
indices because the differences in biology between these species must affect the
absolute value of these indices.

The snap-trapping indices in the summer of 1961 are particularly variable
(e.g., compare Lemmmrus on “Nine Mile Island” at 12.22 with Lemsmus on the
Main Study Area in August at 0.62). This variability is due partly to the fact
that two different types of declines occurred in 1961.  On some areas there was
moderate abundance in spring and a steady decrease through the summer with
no recovery (Main Study Area, Prince River, Lower Thelon River). On other
areas there was moderate abundance in spring with some recovery of numbers
through the summer (Aberdeen Lake, “New Lake”, “Ten Mile Island”, “Nine
Mile Island”, “Long Island”, “Second Island”). The significance of these differ-
ent types of declines (respectively types G and H according to Chitty, 1955a,
p- 59) and their associated characteristics will be discussed later.

One further detail of density changes during the cycle was shown by snap-
trapping results. There was a sharp drop in density in the spring of 1960 in
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Lewmnus just as the snow was melting and summer breeding began. This drop
was registered in the standard trap-line estimates as follows:

equal
linesE,F June 14 > August 14
(melt-off)

% decrease equal

2- to 3-fold increase
six other lines June 4-15 > August 4-15
. (after the
melt-off)

Given this set of relationships, we estimate a 67 per cent decline in density of
Lemmus over the melt-off, but this is probably an overestimate because of
increased movements of animals during the melt-off (thus increasing trap-line
catches). Perhaps a 30 per cent mortality estimate is closer to the truth. This
spring decline occurred in spite of the absence of bird predators and only sparse
populations of mammalian predators. Whether this spring decline also occur-
red in Dicrostonyx could not be determined.

The summer trapping data reflect a change in habitat distribution between
the two species over the cycle. If we divide the habitats into dry, medium, and
wet (as in Tables 8 and 9) and plot the percentage of the total numbers caught
in each type of habitat, we obtain the results shown in Fig. 3. There is an
inverse relationship between Dicrostonyx and Lemmmus such that the species
which is most abundant occupies the greatest range of habitats. Thus Lemmmus
greatly expanded its habitat range in the peak summer of 1960, while Dicros-
tonyx contracted its habitat range although it also increased considerably in
numbers. These changes complicate somewhat the interpretation of density

HABITATS HABITATS
DRY MEDIUM WET DRY MEDIUM WET
_—1 |
LEMMUS DICROSTONYX

1959

1960
1961

1962

100%

Fig. 3. Summer habitat distribution in Lemmus and Dicrostomyx on the Main Study Area.
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changes observed in a single habitat, because a given number of animals spread
over many habitats will obviously be less dense than the same number in one
habitat only. The explanation of these changes in habitat segregation probably
lies in some form of interspecific interference, but we have no direct evidence
that this is the case.

Other census methods

Visual estimates of density changes were obtained by counting the number
of lemmings seen per hour of walking on the tundra. This is obviously a crude
index of density but it does provide valuable supplementary information for
areas where no live trapping was done.

Trace indices of fresh faeces were made in 1959 and 1960 by doing line
10 feet, and recording presence or absence of fresh green droppings. Again
this is a crude index but it has the advantage of being done very quickly.

s2elts
/  Visual estimates were obtained for Lemmrus as follows:

1959 0.43 Lemmus seen per 100 hours walking (based on 465 hours)

1960 85.00 i »oro” ” ? i ” 316 7
1961 051 ? ”? oo ” ” ”? 7393 7
1962 0.81 ” ” »o» ”» ” » » 947 »

These estimates apply only to the summer. During the spring melt-off and
the fall freeze-up lemmings may become much more noticeable.

The extent of the 1960 cyclic high may be indicated from visual reports of
lemming abundance as follows: May—Chesterfield Inlet, Rankin Inlet, Coral
Harbour, Eskimo Point; July—Garry Lake, Beverly Lake; August—Chantrey
Inlet; and September—Repulse Bay, Ferguson Lake. It is apparent from these
reports that the 1960 high occurred over at least an area 500 miles by 400 miles
of the Central Arctic, thus showing that the cycle at Baker Lake was not merely
a Iocal effect.

Data obtained from trace indices and dropping boards will not be given
here because they add nothing new to the observations above.

Finally, dropping boards were used as suggested by Emlen ez al. (1957).
This technique was tried in 1959 and 1960 but discontinued in 1961 because it
involved a considerable amount of work and merely duplicated other census
information.

Summary and conclusions

Figure 4 summarizes the density changes in Lemmius and Dicrostonyx over
1959-62.

1959 Summer: This was a summer of very low numbers of both species,
with Dicrostonyx somewhat more abundant than Lemmmus. It was evident by
September that some increase had occurred but numbers were still very low.

195960 Winter: Tremendous population growth occurred over this
winter in both species, the crude estimates of this increase being 25- to 50-fold
in Lemmus and 5- to 10-fold in Dicrostonyx from September 1959 to May 1960.
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1959 1960 1961 1962
LEMMUS

<l J 28 58 5 I < 27
DICROSTONYX

? 4? 20 38 I 2 6 u

Fig. 4. Generalized density changes, 1959-62.

1960 Summer: 'The spring population of Lemmus declined considerably
when the snow melted and summer breeding began. This mortality was proba-
bly between 67 per cent and 30 per cent and was concentrated in a few days.
By August the Lemmus population had risen 2- to 3-fold from its lowest point in
June and was then slightly above the spring density. The Dicrostonyx popula-
tion also increased during this summer, but it is not known whether it showed
the same drop in numbers at the melt-off. Densities were highest in this cycle
during August 1960.

1960-1 Winter: A severe decrease in population density occurred over
this winter, estimated at 90-95 per cent in Lemmus and 70-80 per cent in Dicros-
tonyx from August 1960 to June 1961. This decrease had already occurred
before the spring melt-off and there was no indication of a melt-off mortality
such as occurred in 1960.

1961 Summmer: There were two patterns found in this summer of decline.
On thé Main Study Area and two outlying areas the decline contiriued in both
species through the summer with no recovery (Type G decline; Chitty, 1955a,
p- 59). On five other outlying areas partial recovery occurred through the
summer (Type H decline). By the end of this summer on the Main Study Area
densities in both species were about equal to those at the start of the study.

1961-2 Winter: Numbers remained low over this winter with probably a
slight increase in Dicrostonyx and perhaps also in Lensmnus. '
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1962 Summer: This was a summer of low numbers in both species, com-
parable to 1959 although densities were somewhat higher than in 1959. By late
summer numbers were building up again and it appeared that a phase of increase
had begun.

Reports were received that lemming numbers were also high within a large
area of the Central Arctic in 1960.

REPRODUCTION

Population density changes because of reproduction, mortality, or migra-
,,%:i,gng In this section we shall deal with the first of these primary population
actors.

Reproductive data can be obtained only from dead animals, and since most
of these were obtained by snap trapping we must hope that snap trapping
samples the population randomly. The difficulties of this assumption are partly
avoided in the analysis which follows by treating separately each generation, the
different summer litters, and the various time periods. For example, to lump old
adult and summer young females together for an analysis would tax the assump-
tion that this group is sampled randomly, whereas if we treat old and young
females separately the assumption that sampling is random within each group
is probably valid.

Complete autopsies were performed on almost all animals trapped; skins and
skulls were saved and the following data were recorded:

All specimens: date, species, sex, weight, total length, hind foot length, fat index, adrenal
weight, spleen weight, lens weight, stomach weight, location and habitat
where caught.

Males only: testes position and weight, epididymis tubules visible or not, size of seminal
vesicles.

Females only: whether lactating or not, vagina perforate or not, size of uterus, number of
placental scars, number, size, and age of embryos, number of corpora
lutea and corpora albicantia in each ovary, combined weight of uterus
and embryos.

Males were judged as fecund or non-fecund by whether or not the epididy-
mis tubules were visible to the naked eye (Jameson, 1950). There was almost
no ambiguity in determining this, but in the few doubtful cases accessory data
on the size of the seminal vesicles and the weight and position of the testes were
used.

Females were classed as mature or immature by the presence or absence of
corpora lutea in the ovaries. This criterion is more refined than the criterion
of perforate or non-perforate vagina (Leslie, Venables, and Venables, 1952).

Females were classed as pregnant if the uterus showed macroscopically
visible swellings. The gestation period of Lemzmmus has been measured in only
a few cases. Thompson (1955 a) gives 20 and 20%; days for two individuals,
and in the present study two pregnancies were timed at 21 and 21% days. Thus
an approximate gestation of 21 days is indicated for Lewmmus. For Dicrostonyx
Manning (1954) gives 19-21 days for two cases, and Quay and Quay (1956)

ive 21 days as a maximum for five observations. Thus an approximate gesta-
tion of 19-21 days is indicated for Dicrostonyx. Assuming that both species of
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lemmings follow, in general, the type of development shown by laboratory rats
and mice, we may estimate that pregnancy becomes macroscopically visible on
the sixth day after impregnation.

Embryos were aged in the following way in order to calculate back to the
date of insemination. Birth weights were determined to average 3.3 grams in
Lemmus (‘Thompson, 1955 a; this study) and about 3.0 grams in Dicrostonyx
(Quay and Quay, 1956). Laboratory mouse embryo growth curves for weight
and crown-rump length (Enzmann, 1935) were converted to the gestation
period and birth weight of each species of lemming, and tables of expected
weight and crown-rump length for each day of gestation were constructed. As
a further check anatomical changes associated with development in the rat
(Henneberg, 1937) were adapted in the same way to the lemmings. The use to
which these ageing data are put is such that accuracy only within + 2 days is
necessary, and thus the assumptions made here are not really critical for the
results which follow.

Placental scars are formed at the implantation sites of embryos and show up
as areas of black pigmentation on the mesometrial side of the uterus (Conaway,
1955). Although these scars were counted, the only use made of these data was
in the classification of females as nulliparous (no embryos or placental scars),
primiparous (embryos or one set of placental scars present), or wmeultiparous
(embryos and placental scars present, or two or more sets of scars). These
scars tend to fade with age, but this causes few problems in animals of short
life-span like lemmings. Corpora albicantia (degenerate corpora lutea) were
also counted; but, as with the placental scars, the only use made of these data
was to classify females as nulliparous, primiparous, or multiparous.

Corpora lutea were counted in the ovaries of pregnant females with the aid
of a binocular dissecting microscope. These structures show up very clearly
in the small ovary of a lemming, particularly in animals freshly dead. In ovaries
preserved in formalin they are much more difficult to count without detailed
histological work. In order to assess ovulation rate we must assume that each
corpus luteum represents one ovulated ovum and thus that there are no poly-
ovular follicles or accessory corpora lutea formed. There is almost no experi-
mental or histological evidence on lemmings for these points. Quay (1960)
found very few (about 0.1 per cent) binuclear and trinuclear primordial folli-
cles in Dicrostonyx, and this suggests that polyovular follicles are not important
in this species. In general, corpora lutea counts agree with embryo counts for
both species; only rarely are there fewer corpora lutea than embryos, and rarely
more than one to three more corpora lutea than embryos. Until further studies
are made, the analysis which follows must rest on the unproven assumption that
corpora lutea counts accurately and consistently measure ovulation rate. There
is no reason yet to doubt this assumption.

Resorbing embryos were recognized because they were smaller than normal
embryos. Obviously these size differences are easier to detect in larger em-
bryos late in pregnancy, and this introduces some uncertainty in assessing one
aspect of prenatal mortality. In calculating litter size only live embryos were
counted. Prenatal mortality is discussed in the section on mortality.

Reproduction is a complex variable which may be broken down into several
components. Figure 5 gives a schematic analysis of these components for
polyoestrous mammals, and an attempt will be made to assess some of these.
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Total yearly reproduction

"\

Total yearly embryo production Number of animals breeding
(per mature female) /
Populatlon Sex ratio Age at
size maturity
Monthly embryo rates Length of breeding season
Litter size Pregnancy rate

Fig. 5. Components of reproduction in polyoestrons mammals.

Length of breeding season

Summer breeding in lemnnngs beglns when the snow melts in spring and
this tends to synchronize breedlng periods for the rest of the summer. Almost
all mature females (the winter generation) are impregnated within a 5- to 10-
day period at the melt-off; 20-21 days later this litter is dropped. Post-partum
breeding is very common in both species, and thus three weeks later a second
litter is dropped. A third litter and a fourth litter may be produced, but by
late summer the original synchrony breaks down. This synchronous breeding
tendency makes it p0551ble to treat summer reproductlon in terms of blologlcal
periods rather than chronological ones. Tables 10 and 11 give the timing of
summer breeding periods in Lewznus and Dicrostonyx.

The length of the summer breeding seasons of 1959-62 in Lemsmnus and
Dicrostonyx on the Main Study Area are given in Table 12. The beginning of
breedmg in every case coincides with the melting of the snow, and it is varia-
tions in the end of the summer breeding season that must be accounted for
here. In 1959 there was no evidence that breeding ceased in the fall in Lernzmnus,
as pregnant specimens were still being obtained in the first half of September
when 1 left. Whether Dicrostonmyx behaved in the same way or not is not
known because only three small young and one lactating adult female were
caught after the end of August. In 1960 summer breeding stopped at the end
of July, no Lemsmnus being impregnated after July 20 or chrostm/zyx after July
25, In 1961 breeding seemed to have stopped by the end of July in Dicrostonyx
and by the first week of August in Lemmus. There were very few mature
females left in either species by Augus.. and no mature males were caught on
the Main Study Area after August 1 in Lewmmus or August 3 in chrostm/zyx
It is thus rather difficult to pinpoint the end of summer breeding in 1961. In
1962 pregnant Lemmus and Dicrostomyx were still being obtained in the last
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week of August and there was no indication that breeding was stopping. Thus
1962 resembled 1959.

At Aberdeen Lake changes in the length of the summer breeding season of
Dicrostomyx seemed even more striking than the changes on the Main Stud
Area. In 1960 widespread evidence was obtained that breeding had stopped by

- July 15, and in 1961 by July 25. The precise end of the breeding season at

Aberdeen Lake cannot be given for either year because of no August data.
Thus breeding seemed to be curtailed in both summers but slightly earlier in
1960 than in 1961. Lemmus at Aberdeen Lake behaved like those on the Main
Study Area.

The extent of winter and spring breeding (i.e. breeding under the snow) in
both species is quite variable. Spring breeding (April, May) apparently occur-
red in 1959 at least in Dicrostonyx; a few young Dicrostonyx were found in
June which must have been born during the spring, but no young Lemzmus.
Both species bred extensively in the winter and spring of 1959-60. Pregnant
Lemmus were obtained in April and May, and breeding males in December,
February, and April. Pregnant Dicrostomyx were obtained on November 18,
January 17, and March 24, and breeding males in November, January, February,
March, April, and May. Since only a few winter specimens were obtained
(57 Dicrostonyx and 21 Lemumus), these data give only a qualitative idea of the
1959%-60 winter breeding. In the winter of 1960-1, on the other hand, there
was no breeding detected in ecither species (based on 65 Dicrostonyx and 245
Lemmmus collected throughout the winter). Spring breeding did occur in 1961,
and pregnant Dicrostonyx were obtained on April 16 and May 3. Although
no pregnant Lemmmus were obtained, females with fresh placental scars and
young animals were caught in late May. In the winter and spring of 1961-2
breeding was detected in Dicrostonyx. Breeding males were obtained in De-
cember, January, March, April, and May, but no breeding females were ob-
tained (based on 13 males and 4 females). No Lemmmus were obtained over
this winter. It was clear from the June weight distributions that a considerable
amount of breeding had occurred under the snow during the spring in both
Lemmmus and Dicrostonyx. Thus spring breeding seems to occur every year
irregardless of the cycle.

In summary, the major changes in the length of the breeding season over the
lemming cycle were: (1) extensive winter breeding in the phase of increase
(1959-60) but not in the decline (1960-1); and (2) shortening of the summer
breeding season both of the peak year (1960) and of the decline (1961). These
effects occurred in both species.

Litter size

Litter size at birth is a function of the ovulation rate and the prenatal
mortality rates. An approximation to litter size is obtained by counting em-
bryos in pregnant females. We need to find out whether there are any changes
in number of corpora lutea or number of embryos per pregnant female over the
lemming cycle.

There are at least eight interrelated variables that may affect litter size:
season, food supply, body weight, age, parity, lactation, population density and
social structure, and physiological and genctic changes in constitution. Thus
to say that litter size differs between year x and year y, or group # and group &,
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is to say very little. It is necessary to correct for as many of these variables as
possible in an assessment of litter size changes and to compare only groups of
similar composition. These facts have not always been appreciated by workers
assessing reproduction and much confusion has thus resulted.

A preliminary analysis of the data indicated that body weight per se (inde-
pendent of parity and season) had no effect on corpora lutea or embryo counts,
and this variable was deleted from the final analysis.

Tables 13 and 14 give the number of corpora lutea of pregnant Lenmus and
Dicrostonyx from the Main Study Area, and from these data we are led to the
following conclusions: (1) ovulation rate in both species changed seasonally,
declining from higher values at the start of the summer to lower values in the
late summer. (2) Primiparous females tended to have lower ovulation rates

_than multiparous females in both species but the differences are slight, as far as
can be generalized from the few samples which contained both groups. (3)
Primiparous summer young had significantly lower ovulation rates than multi-
parous winter generation adults breeding at the same time. (4) Finally, and
most important for our purposes, there were no significant differences in
ovulation rates of either species between the years, when we compare similar
groups of animals.

Tables 15 and 16 give the number of embryos of pregnant Lemmmus and
Dicrostonyx from the Main Study Area. Precisely the same four conclusions
drawn from the corpora lutea data can be applied to these embryo data.

Since all these data pertain only to the Main Study Area, it is reasonable to
enquire whether these results are local or general. Fortunately data are avail-
able from Aberdeen Lake, 115 miles west of Baker Lake, for 1960-2. Table 17
gives the corpora lutea and embryo counts for Lewmzus at Aberdeen Lake, and
Table 18 the same data for Dicrostomyx. These data show the seasonal change
observed above in ovulation rate and litter size. The Lemmzus do not show any
difference between ovulation rate or litter size in summer young and winter
generation adults, contrary to what was observed above. Finally, there are no
significant differences between the years in either variable for either species.

The seasonal trend in litter size carries through into the winter, as far as
our meagre winter records indicate. Litter sizes of the pregnant females
obtained in winter are listed below.

Date. Number of embryos
Lemmus Dicrostonyx

18 November 1959 3
17 January 1960 3
24 March 1960 3
25 April 1960 4

21 May 1960 5?
24 May 1960 3

16 April 1961 3
3 May 1961 4

In conclusion, there seemed to be no significant change over the cycle in
either ovulation rate or litter size in Lemmnus or Dicrostonyx. There was a
seasonal trend in these variables independent of the cycle in numbers.
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Pregmancy rates

Given a summer breeding season of a certain length, we may enquire what
proportion of mature females is pregnant at various times in this breeding
season and whether or not there are differences between the years. The
analysis of pregnancy rates used here follows that of Leslie ez al. (1952).

Tables 19 and 20 give the crude (observed) pregnancy rates for Lewzmmus
and Dicrostonyx respectively from the Main Study Area. Since animals in
very early pregnancy will not be classified as pregnant macroscopically, these
crude rates tend to underestimate the actual pregnancy rates such that a 0.750
crude rate (i.e. 15/20) for Dicrostonyx and a 0.762 crude rate (i.e. 16/21) for
Lemmus will be equivalent to every female in the population being pregnant
all the time. The rates are expressed per female of > 20.5 grams for Lenmmus
and of > 30.5 grams for Dicrostonyx because these are the weights above which
a majority of females can be mature under good conditions. The data were not
converted to standardized pregnancy rate (Leslie er al., 1952) because after
standardization of the data there was hardly any difference between the two
rates.

If we examine these data (Tables 19, 20) we see that there is a general rise
in the pregnancy rate from zero in May to high values by June 15 and a subse-
quent decline in August. We are not interested here in the timing of this rise
and fall because this has been treated under the previous section on the length of
the breeding season. What we are interested in is the period of midsummer
when breeding is neither starting up nor beginning to stop, and we wish to
enquire whether there are significant differences between the years in the rates
during this period.

The tendency to synchrony in breeding may complicate comparisons of
pregnancy rates between different years, particularly if spot samples only are
taken. However in this study sampling was continuous through the summer
on the Main Study Area, and this, coupled with the fact that the breeding
synchrony is not absolute, permits us to compare the different years with
statistical validity.

Pregnancy rates during midsummer (June 15-July 31) were compared for
the Main Study Area in both Lemmuus and Dicrostonyx. Chi-square tests
(Snedecor, 1956, p. 228) showed no significant differences between years for
winter generation animals of both species (P > .10).

Leaving the winter generation adults and looking at the pregnancy rates
for the summer young, we find considerable variation between years. How-
ever, the pertinent factors involved here are changes in the length of the breed-
ing season and related changes in the age at sexual maturity of these young; the
former was treated above, the latter will be dealt with below. Consequently, a
statistical analysis was not done on the data for these summer young.

One aspect of Tables 19 and 20 has not been discussed yet, the figures for
total litter production. These are obtained in the manner described by Leslie
et al. (1952) by applying the observed rates to the length of their particular
time period and summing the results. Unfortunately it is not possible to attach
statistical confidence limits to these numbers because they are sums of weighted
averages. These figures are hypothetical in that they indicate the number of
litters an average mature female would produce if she lived over the entire
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period between June 1 and August 31 for the winter generation, or in the case
of the summer young over the period between reaching a mature weight and
the end of August. Furthermore, these production figures are rather arbitrarily
limited to June 1 to August 31 because most of the sampling was done at this
time.

For Lemmus there is a slight depression of total litter production in the peak
summer of 1960, but this is small in view of the fact that this summer had a
shortened breeding season. For Dicrostonyx, on the other hand, there is an
apparent increase in total litter production in the peak summer, a fact that seems
to clash with the previous observation that this summer was characterized by a
shortened breeding season. This anomaly is explained in part by the fact that
in 1960 summer breeding began earlier than in the other years and in part by
random sampling variations in the observed pregnancy rates.

did not change significantly from year to year in either species of lemming. All
observed changes in pregnancy rates were reflections of changes in the length
of the breeding season or the age at sexual maturity.

Age at reproductive maturity

The age at which reproduction begins is of the utmost importance in
determining the intrinsic rate of increase of a population (Cole, 1954 a). Since
we do not know the age of the specimens obtained in this study, it is necessary
to use body weight as an index of age.

The method of Leslie, Perry, and Watson (1945) was used to determine
the median body weight at maturity for the various groups. In brief this
technique involves converting the weight data into logarithms and percent
mature data into probits, fitting a straight line to this, and then calculating the
50 per cent point and its standard error. When the data were not sufficient to
calculate the median body weight, the upper or lower limits possible for the
median were indicated. Data from the Main Study Area for the whole sum-
mer were grouped in this analysis, but in the actual calculations the winter
generation results are based mainly on the May and June samples and the
summer generation results on July and August information. The results are
summarized in Table 21.

These data show striking changes in the median body weight at maturity
between the different years. In every case in the peak summer of 1960 there
was an increase in the median body weight at maturity. In the 1961 summer
of decline three patterns could be found: (1) in winter generation Dicrostonyx
of both sexes and Lemmeus males median weights remained the same as 1960;
(2) in the winter generation Lemmrus females median weights declined to a
position intermediate between 1959 and 1960 levels; and (3) in the summer
young Lenmnus females median weights declined to the same levels as 1959.
Missing from this classification are the summer young males of both species
because none of these became sexually mature in either the summer of 1960 or
the summer of 1961.

The summers of 1959 and 1962 closely resemble each other and seem to
have had the most rapid rates of maturation found in both species, with the
exception of the 1961 young females. Thus Lemmnus females in 1959 and 1962
were mature at 20-25 grams, and males at 25-35 grams, roughly 3-4 weeks and

‘In conclusion, on the Main Study Area the midsummer pregnancy rates



MORTALITY 27 -

4-5 weeks of age respectively. Dicrostonyx males and females were mature at
about 30-35 grams, roughly 4-5 weeks of age.

To sum up, there are striking changes in the median weight at sexual
maturity over the cycle. In all groups the median weight was higher in the
peak summer and remained high in most groups in the summer of the decline
(except for young females). Young Lemmeus males did not mature in either
the peak summer or the summer of decline, whereas young females did mature
in the decline but not in the peak summer.

MORTALITY

The second major factor which causes changes in population density is
mortality. This factor begins its operation at ovulation and may be convenient-
ly subdivided into pre-natal mortality and post-natal mortality.

Prenatal mortality is assessed by comparing counts made of corpora lutea,
implantation sites, and living embryos. Data on post-natal mortality were
obtained from live trapping.

Prenatal mortality

Prenatal mortality was assessed as far as possible by the methods of Bram-
bell and Mills (1947, 1948). Prenatal mortality may be subdivided as follows:

1. Partial prenatal loss (at least one embryo survives until parturition)
a. pre-implantation
b. post-implantation

2. Total litter loss
4. pre-implantation
b. post-implantation

Partial pre-implantation mortality is estimated from discrepancies between
corpora lutea counts and implantation site counts. From these data the loss of
ova in litters that survive implantation can be estimated. Partial post—implanta—
tion mortality is estimated from discrepancies beween the number of implanta-
tion sites and the number of living embryos in the uterus. From these data we
can estimate the number of implanted embryos which fail to survive, and this
may include whole litters in the process of being lost. This estimate is always
an underestimate because the females counted come from varying stages
between implantation and birth. Ideally counts should be made on females in
the very late stages of pregnancy only, but too few were obtained in this study.

Tables 22 and 23 summarize the data on partial prenatal mortality in Lenms-
mus and Dicrostomyx. All data from each summer were grouped to obtain
these estimates. Differences between the years were tested by chi-square
(Snedecor, 1956, p. 228). In Dicrostonyx there was no significant difference
in the partial prenatal mortality for 1959-62. In Lemmumus there was a signifi-
cant increase in both pre- and post-implantation loss in 1960 compared with the
other three years (.01 <P < .05). However, variation between years was
relatively small; in Lensmzus the total loss of ova amounted to 4-9 per cent and
in Dicrostomyx to 17-26 per cent. Dicrostonyx suffered considerably more
partial prenatal loss than did Lemznus.
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No information on the loss of whole litters before or during implantation is
given by the above analysis. No litters were found undergoing complete
resorption in middle or late pregnancy in this study. However, indirect evi-
dence suggests that under some conditions in Lemmeus complete resorption of
litters just after implantation does occur especially in young animals. In late
July 1960 young Lemememus 25-35 grams in weight with very faint placental scars,
small corpora albicantia, and no active mammary tissue began to appear in the
samples. Since it was quite impossible for these animals to have weaned a litter
already (they were only 4-5 weeks old) and since the scars were so faint, a
reasonable interpretation is that they lost their entire litters just after implanta-
tion. Although some of these animals were probably missed during autopsy
because of the very small size of these scars and corpora, a minimal assessment
of this total litter loss may be made from the snap-trapping samples. No

- Dicrostomyx has yet been seen with these characteristics, and it appears to be
found only in Lemzmus summer young. The following samples from the Main
Study Area could have contained this type of young Lenzwmas:

No. mature No. showing
No. young females (with corpora evidence of
>20.5 grams lutea) total litter loss
1959
August 1-Sept. 10 16 16 0
1960
July 16-August 15 93 31 12
1961
July 16-August 31 15 7 4
1962
August 1-31 22 20 0

If these data are approximately correct, we reach the conclusion that of all the
summer Lemmus young which matured in 1960 and 1961 about 40-60 per cent
lost their entire litters just after implantation. More information is needed to
support this suggestion.

To sum up our assessment of prenatal morta]ity: partial prenatal mortality
in Dicrostonyx showed no relationship to the cyclic density changes, but was
significantly higher in the peak summer of 1960 for Lemmnus. Total litter loss
after implantation did not seem to occur in Dicrostonyx or in adult Lemmzus,
but in Lemzmus summer young it seemed to be high in the peak summer and in
the summer of the decline. Total litter loss before implantation could not be
assessed in this study. These changes in prenatal mortality are not large enough
to account for the changes in numbers described previously.

Post-natal mortality

(a) Adulss

Adult mortality here includes all winter mortality as well as the summer
mortality of winter generation animals. The specific conclusions made here
apply to the live-trapping area in particular and probably sharp (Type G)
declines in general.

Some observations on adult mortality may be made from snap-trapping
records. There is an annual overturn in population. Adults of the winter
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generation, which comprise the entire population at the start of summer
breeding, are gradually replaced through the summer by their own young, and
by late August and September there are very few old adults left.

If we assume that snap-trapping mortality is negligible in comparison with
natural mortality, we can estimate the summer mortality rate of adults by the
decline in catch of adults from June to August on the standard trap-lines
(Ricker, 1958). The results of this calculation are as follows:

Estimated summer survival rate (per 2§ days)

Lemmus Dicrostonyx
1959 0.51°? 042°?
1960 0.58 0.67
1961 0.29 0.49
1962 0.53 0.71

The 1959 estimates are based on very few animals and must be considered un-
reliable. There are a great many assumptions involved in calculations of this
type (Ricker, 1958, p. 45) and some caution must be used in their interpretation,
but the data do suggest an increased summer mortality rate of adults in the
decline.

Additional observations on adult mortality may be made from the live-
trapping data. No mortality estimates were obtained in 1959. Tables 24 and
25 give the minimum survival factors for Lemmuus in 1960 and 1961, and Tables
26-28 for Dicrostonyx in 1960-2. Minimum survival factors are obtained by
marking a cohort of animals at time # and determining the number known to be
alive at time ¢ - w (Chitty, 1952). These factors always underestimate the
true survival factor and consequently care must be exercised in interpreting
them. To facilitate direct comparisons the observed minimum survival fac-
tors were converted to a standard 28-day period, and these data are given in
Tables 29 (Lemzus) and 30 (Dicrostonyx).

Considering only the winter generation, we see first that over-all summer
survival appears to have been better in 1960 than in 1961 for both species. This
supports the conclusion suggested previously from the snap-trapping records.
In 1961 after mid-July survival seems to decrease moderately in Dicrostonyx
and considerably in Lemsmnus, resulting in a complete absence of adults by
early to mid-August. These differences between 1960 and 1961 seem to be
real, although it is impossible to estimate their magnitude from these data.

Overwinter mortality cannot be estimated for 1959-60 or for 1961-2
because breeding was occurring, but we can obtain a block estimate for the
1960-1 winter because no breeding occurred. As was shown above in discuss-
ing density changes, only 5-10 per cent of the Lemmus and 20-30 per cent of
the Dicrostonyx survived the interval from August 1960 to June 1961. There
was no breeding over this period (the few animals born in May are excluded
from these estimates) and no major movements occurred. As an approximation
we may enquire what mean monthly mortality rate would produce the ob-
served declines over this 10-month period with no recruitment or migration.
For Dicrostonyx an 11-15 per cent monthly mortality would produce a 70-80
per cent decline over this period, and for Lemmzus a 20-25 per cent monthly
mortality would produce the observed 90-95 per cent reduction.
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There is some indirect evidence that the winter mortality rate in 1960-1
was not constant in Lerwmzus but may have been so in Dicrostonyx. The local
Eskimos brought in all lemmings they found during the winter, and these were
recorded as “caught alive” or “found dead”. There was a sharp drop in the
number of live Lewmnus found by the Eskimos about December 15-31 and
thereafter almost all specimens were found dead. This same change did not
seem to occur in Dicrostonyx. Figures obtained were as follows:

Proporiion of winter specimens caught alive

Before December 31 After January 1
Lemmnus 30 of 98 3 of 99
Dicrostonyx 9 of 20 8 of 23

—=--—-- ———— -~ —These data suggest a-period-of increased mortality for Lemmrus sometime around

December. We can introduce these data by adding one month with an in-
creased mortality rate of 50 per cent, all other months having a constant rate.
Then a 15-20 per cent monthly mortality with one month increased to 50 per
cent predicts a decline in Lemmus similar to that observed. It is interesting
that this increased mortality rate during one month has very little effect on the
absolute value of the final predicted decline; for example,

20 per cent monthly mortality = 89 per cent decline
20 per cent monthly mortality plus one month at 33 per cent = 91 per cent decline
20 per cent monthly mortality plus one month at 50 per cent == 93 per cent decline

over 10 months. The reasons for this apparent mid-winter sharp decline in
Lemmmus are not known. The above hypothetical results suggest, however,
that unless this increased mortality extended over a considerable length of time
or was exceptionally severe it need have little absolute effect on spring densities
in 1961.

Even though the winter decline in 1960-1 was very great in both species,
the average monthly mortality rates which could produce the observed declines
are reasonable for small mammals (Leslie, Chitty, and Chitty, 1953; Golley,
1961); indeed if anything they seem to be low rather than high.

In summary, mortality of the winter generation appeared somewhat higher
in the summer of 1961 than in the summers of 1960 or 1962. Winter mortality
rates during 1960-1 were moderate to low but produced a great numerical de-
cline because of the lack of breeding over this 9- to 10-month period. Nothing
is known of summer mortality in 1959 or winter mortality in 1959-60 or 1961-2.
The data are not sufficient to assess possible differences in mortality between
the sexes.

(b) Juveniles

Juvenile mortality refers to the mortality of summer young during the
summer of birth, and thus includes birth to weaning mortality and early post-
weaning mortality.

For a general idea of changes in juvenile mortality we may return to Tables
24-30 for the summer generation data. These tables show for Lemmmus that
apparently no young survived on the live-trapping area in 1961, while at least
some survived in 1960 on the same area. For Dicrostonyx the 1960 data are not
very extensive, but in 1961 there was apparently no survival of young until
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after August 1 and even then survival was not very good (first litter young
should have been in the traps by 15 July 1961). These data suggest that
juvenile survival was poor in both species during the summer of the decline.

A more refined estimate of this mortality may be made as follows. Since
we know the mean timing of breeding periods and the mean litter size, as well
as the number of adult females living on the quadrat at the various times, we
may estimate the number of young born on the quadrat for each breeding
period. At a subsequent trapping period (late enough after weaning to ensure
that all the young are trappable) we get a tally of how many of these young are
alive on the quadrat, and by comparing this with the calculated number born
we can estimate the juvenile mortality rate directly. We assume in this analy-
sis (1) that the females breed at the average rates determined previously, (2)
that all females have their litters on or adjacent to the quadrat, (3) that all the
young on the quadrat have been caught, as well as all the females, and (4) that
there is no net immigration or emigration of young. Assumptions (1), (2),
and (3) are probably valid, and assumption (4) could not be evaluated. These
calculations were done for both species in 1960 and 1961 and for Dicrostonyx
in 1962, and the results are presented in Tables 31-5.

These survival estimates are a composite of birth to weaning mortality and
a variable length of early post-weaning mortality, and hence some caution must
be exercised in comparing the survival rates converted to the standard 28-da
base. These data show very low survival rates of summer young in the decline.
There was some further suggestion that the second Dicrostonyx litter (Y/)
survived better than the first litter. This suggestion is confirmed in the snap-
trapping data for 1961 in which the late August samples of both species are
dominated by Y;” young with almost no Y; young and only a few Y;” young
{since the breeding adults are dying out through the summer, one would expect
to get many Y; young, fewer Y’ young, and very few Y,” young). There is
no striking differential mortality between the sexes in these data. Extensive
snap-trapping data support these results obtained from live trapping and render
improbable any suggestion that these differences between years are due to
emigration of young from the live-trapping area.

Birth to weaning mortality could not be separated from early post-weaning
mortality in these estimates. If much loss occurred at birth or shortly there-
after, particularly losses of whole litters, this should show up in a regression of
active mammary tissue in breeding females. However, there was no difference
macroscopically between lactating females in 1960, 1961, and 1962. During
the breeding seasons of these years virtually every female showed active mam-
mary tissue, and there was no evidence that lactation had stopped in any of the
females, such as occurs at the end of the breeding season. This indirect evi-
dence suggests that the loss of whole litters at birth or in early suckling stages
is not the cause of the observed poor survival of juveniles. More direct evi-
dence on this point is needed.

In summary, juvenile mortality between birth and 1-4 weeks after weaning
was very high in the summer of decline on the live-trapping area (Type G
decline). Almost no young of the first litter seemed to survive and only
moderate numbers of the second and third litters. This high mortality was
probably not due to the loss of whole litters at birth or in the early suckling
stages, but probably occurred just shortly before or shortly after weaning.
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The third factor which can cause changes in population density is dispersal.
Dispersal may take the form of small local movements or mass movements
(“migrations”) of the whole population. On small areas dispersal can affect
density through immigration. or emigration. On large areas immigration
usually balances emigration and consequently dispersal affects density only
indirectly by causing changes in reproduction or mortality.

Almost all data on local movements were obtained by live trapping, and
these methods have already been discussed. A few results were obtained by
snap-trapping animals which had previously been live trapped.

Local movements

The live-trapping program used in this study was not designed primarily
to study movements, and consequently the data leave much to be desired. The
many problems of measuring home ranges and movements of small mammals
have been discussed by Chitty (1937), Davis (1953), Godfrey (1954), Stickel
(1954), and Brown (1956). No attempt to estimate actual home-range sizes
will be made because very few animals were recaptured more than two or three
times during any one trapping period of three days; at least 5—7 recaptures are
necessary for home-range estimates. The appropriate method for the lemming
data is to analyse distances between successive captures (Brown, 1956) because
this allows animals captured only twice during a trapping period to be used.
This type of analysis is confined to short-term movements within trapping

eriods.

Table 36 gives the length of every movement recorded within trapping
periods for Lemmus in 1960 and 1961, and Table 37 gives the same information
for Dicrostonyx for 1960-2. Differences between the years were tested by
chi-square (Snedecor, 1956) and both species showed a significantly greater
number of long movements of adults recorded in 1961 than in 1960 (.01 < P <
.05). The suggestion is that the low density of 1961 was accompanied by a
greater mobility of the adults at least, compared with 1960. No data on move-
ments were obtained in 1959. The 1962 Dicrostonyx movements did not differ
significantly from those of 1961.

Although these results are reasonable, there are several reservations which
render their significance somewhat questionable. The primary difficulty is that
the spacing of the traps was not identical in 1960 and 1961-2. In 1961 and 1962
live traps were scattered at irregular intervals outside the quadrat boundaries,
and this increased the probability of detecting longer movements. Further-
more, many of the 1960 data come from Quadrat 2 and this area had so few
lemmings in 1961 and 1962 that it was not trapped.

Observed range lengths (Stickel, 1954, p. 2) could be estimated for only a
few Lemmnus winter generation males with the following results:

286 feet 63 feet (1 SE)
631 feet 170 feet (1 SE)

32

1960 N=4

X=
1961 N=3 X=
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These data conform to the suggestion of greater mobility in the summer of
1961 made above, but again reservations must be made about their significance.
Observed range lengths could not be estimated for other groups because only
animals having five or more recaptures within one trapping period can be used.

Whether lemmings occupy a definite territory or home range is not known.
The general impression I have gathered from live trapping is that the males of
both species are wide ranging and almost continually on the move. Untagged
adult males continually appeared on the live-trapping areas through the sum-
mer. This effect was particularly striking in 1960 on the Lemnus quadrat (see
Table 6) where % to % of the adults were inadvertently killed each trapping
period, and yet the adult population on the quadrat through the summer declined
at a very low rate. Net immigration almost completely offset the artificial
mortality. This same observation applies to a lesser degree to the summer
young males and females. The adult females of both species seem to move
around less than the males, but even so they range over rather large areas. Thus
any completc study of movements under these conditions must involve very
large live-trapping areas, possibly as big as 15-20 acres, in order to be certain of
recording most of an individual’s movements.

Movements of individuals from one week or month to the next during the
summer will not be analysed in detail because the data are too fragmentary. A
few examples will be given to indicate the sort of movements that can occur.

Distance berween capture Dazes of caprure
points (feet)
1960
Lemmus adult male 3700 June 2-July 8
Lemmus Y, female 2600 ~ July 7-28
Lemmmus Y, male 525 July 23-Aungust 4
1960-1 (the following are 1960 summer young recaptured alive as adults in June 1961)
Lemmus female 2400 August 1960-June 1961
Lemmnus female 365 ” ?
Lemmus female 2500 ? »
Dicrostonyx female 165 ? »

The significance of these movements is simply not known. On the one hand,
they may be extremely abnormal samples biased toward long movements; on the
other hand, they may represent the normal sort of movements which go on in
these populations. I am inclined to believe the latter alternative after having
seen movements of 500-800 feet take place in less than 24 hours within a trap-

ping period.
Migrations

Perhaps the one thing most people know about lemmings is that periodically
they all march down to the sea and drown themselves. Obviously if this is true
it must have a profound effect on the population dynamics of the animal.

Local movements of individual animals can be very pronounced at certain
times of the year. At Baker Lake in the spring of 1960 lemmings began to
appear in particular areas as the melt-off proceeded. Individuals and ‘groups’
of Lemmus were reported on the lake ice in front of the settlement on May 26,
and the major activity occurred during the night hours (twilight all night at
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this time of year). From 2 a.m. to 4 a.m. on June 2 I observed 25 lemmings
moving individually on the lake ice in front of the settlement. Fifteen of these
were caught and tagged (1 Dicrostonyx male; 7 Lemmnus males; 7 Lemmus
females), and all were in breeding condition. None of these animals seemed to
do anything on the ice except move in a straight line, usually toward the
nearest land, running at top speed. All were very aggressive when caught. It
was not possible to determine whether the lemmings on the ice came from the
opposite side of the lake (3-5 miles) or whether they had moved out from the
area of the settlement on to the ice and then later moved back again. One of
the Lemmmus males tagged was recovered five weeks later on the live-trapping
area after having moved 3,700 feet (see above). Most of this movement on the
ice was over by June 4, having lasted about 9 days. I never saw any evidence
. of group movements on the ice, and never saw even two lemmings moving
together. An Eskimo brought in a bucketful of 70 Lemwnus which he killed
on the ice during the night of May 26, but whether these represented a real
group or merely a lot of individuals could not be determined. Very few dead
lemmings were found on the ice.

Apparently these spring movements are not common at Baker Lake. Mr.
S. Lunan, who was manager of the Hudson Bay Company post at Baker Lake
for about thirty years (until 1957), told me that only once had he seen lemmings
so abundant that they were common on the ice in the spring.

Many other areas around Baker Lake reported movements of lemmings on
the ice in the spring of 1960: Chesterfield Inlet, Rankin Inlet, Eskimo Point,
Aberdeen Lake, and Schultz Lake. These spring movements are thus quite
common in particular years of higher than average peak densities.

Many of the people living in the north, even the Eskimos, rarely see a live
lemming. Thus when spring movements do occur, there is a tendency to
exaggerate their size. A few tens of lemmings quickly become a few hundreds
in the mind, and to the next person the number is in the thousands.

Another local movement of brown lemmings was reported in late August
1960 by an Eskimo at the east end of Baker Lake. The reliability of the
observations could not be established. There are no other records of fall
movements from the area.

No other “migrations” were observed during either 1959, 1961, or 1962 in
the area.

The general conclusion is that no large-scale migration played any part in
this lemming cycle. Local movements were pronounced in the spring of the
peak year, but these were a relatively minor event in the cycle. The whole
problem of lemming migrations will be treated in detail in the Discussion.

CHANGES IN EXTRINSIC FACTORS

Factors which affect reproduction and mortality may be broadly classified
as intrinsic or extrinsic factors. Extrinsic factors include weather, predators,
disease, parasites, and food. These factors are normally studied as distinct and
independent variables which exert an effect on the populati