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ABSTRACT

Muskrats (Ondatra zibethicus) were studied at O0ld

~ _
Crow flats, Yukon Territory and Tiny Marsh, Ontario
during the summers of 1985-1986. = Comparisons Were& made

of the climate and muskrat 1life-history pé térns

exhibited at each study site.\v_As‘Well, compar?sons*&?f
life-history parameters were made between bdpulatigns
over the muskrats geographic range. "

Climatic comparisons asseSsqd the variability and

predicfability'of precipitation, temperature and snowfall
pattgrns from 1981-1985 at both sites. As well,
variability of growing season length was , analyzed.
Climatic patterng were generally more predictable éna
less variable at the northern study site (0id Crow) than
at the southern site'(T{ny Marsh) .

Muskrats at 0ld Crow flats and Tiny Marsh were
1ivetrapped to\obtaiﬁ.data on patterns of weight change,
growth;, reproductibn, andvsurvival. ’Samples of muskrats

.were'also ogxained by removal methoa§ Eo quantify anqual
reproduction. Litter 'sizé was nof significantly
difference between the two sites; however, - anﬁual
prqduction, was significantly greater at Tiny Marsh where
-'mére’litters were produceJ. Growth rates of juvgpile and
adult muskqats were significantly greateq at }inﬁ’ Marsh,
‘as was adult body'weight. Juvenile body weight, when
exbressed as pkpebcentage of mean fall adult weight, was

~
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significantly Qreater at Tiny Marsh than at 01ld Crow.
Overwinter survival was significaniTy greater and less
variable at 0ld Crow than at Tiny Marsh. ’

Lifefhistory strategiés between populations over the
muskrats geographic range were compared using values
derived from previous published studies in the
literature. Litter size, number of litters, and adult
body weight daia were derived from 42 literature sources.
Data were also colVected on \temperature. brecipitation,
growing segﬁpn length and habitat type for each study,
site. Litter . size and_number of litters produced per
.season w%re highly correl:ted with temperature,
precipitation and growing season length.. Removal "of
autocorrelated climatic parameters indicated that\growing
season length best explained fhe pattern of litter size
and number of litters in muskrat populations. Body
’wéight did not significantly affect reproduction in
muskrats. | , i

The results of this study are discussed within the
framework of ~-the r-K and bet-hedging models of life-
history evolution. vNérthern muskrat poputhions are
relatively K-selected when compared to southern
populations, providing'support for the r-K model of life-

history evolution.
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VARIATION IN MUSKRAT LIFE HISTORY: A COMPARISON

OF NORTHERN *‘AND SOUTHERN POPULATIONS. -

. GENERAL INTRODUCTION
A life history strategy is defined as the response of

an animal to an ecological problem (Stearns 1976). A

useful 1life-history model must predict, a priori, the

type of strategy a species will follow in a given -

environment . Two existing theories of ﬁife-history
. tactics are r-K theory (MacArthur and Wilson 1967), and
bet-hedging theory (C@!’nov and Schaffer 1973). Few

studies of mammals have rigorously tested the predictions
of these two theories. Most studies of mammalian life
histories have been interspecific éomparisdhs focusing

on one prediction of life-history theory, such as litter

4

size variation (Millar 1977, Armitage 1981, Dunham and.

Miles 1985, _HarQey and Clutton-Brock 1985). ‘ Therefore,

the question arises as to whether relationships which are

evident in broad scale interspecific comparisons are also’

presenf at .lower levels of biological organigafion;

3

Comparisons at higher levels of organization may be

confounded by the histbriégl consgpaiqts of species
design (Dobson and Murie 1987). ~ At present, much
ptte'on is - concentrated on making de‘tai-glv’e:d
.intraspecific cohpa}isons of lifé-history st}ategies
within ihe framework of the r-K and bet-hedgfﬁg‘ models,

especially for grqpnd‘dwelling-sciurids along elevational

~




2
)

gradients (Bronson 1979, Zammuto and Millar 1985a, 1985b,
Murie 1985, Dobson and Kjelgaard 1985). To date there
have been no comparable studies of intraspecific life
history variation on a latitudinal scale.

R-K theory was the first model proposed to explain
the evolution of life-history strategies (Cody 1966+«
MacArthur and Wilson 1967, Pianka 1970, Pianka 13976,
Boyce 1984). This theory considers the\ effect of
population density on the fitness of an organism. where a
compromise exists between the rate and efficiency of
bip]ogical production (Smith 18976; Boyce 1984). In
stable predictab]e environments where population density
is high and competition for resources intenge, efficient
use of energy is favoured (K characteristics). On the
other hand, in populations experiencing unpredictable, or
variable fluctuations in environmental resources, and
reduced competition due to density levels below the
environmental carrying capacity, léss efficient high
rates of.resource use are favoured (r characteristics).
Pianka (1970) extended MacArthur and IWilson’s (1967)
t%eory to describe specific biological traiits of r and K
selected species (Table 1). Efficient resource use is
aCcoﬂpaﬁied byrlarge body size, slow growth rates a d
higher investment in competitive ability (K-selecte
spécies), whereas species with smallybody size, rapid
growth and high fecundity are considered to be r-
selected. Piarika.'s interpretation of the r-K model has
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TABLE 1: Biological predictions of r - K theory
(from Krebs, 1985).

.

A Y
r selection K selection

CLIMATE variable, unpredictable stable, predictable

GROWTH rapid s lower
PRODUCTION many, small young fewer, larger young
BODY SIZE small \ ! large

CONSEQUENCE productivity V efficiency



been subborted by studies on plants,; for gxqmpkg
McNaughton's (1975) experiments on cattail (Typha Jsp.)
showed that allocation to somatic and reproductive
tisgues was r-selected in northern popUlations and K-
s;lected in southern populations: Analysis  of
clutch/litter size wvariation with latitude for birds
(Cody 1966) and mammals (Lord 1960, Spencer ahd
Steinhoff 1968) has also supported the predictions of r-K
theory, if northern environments are asshmed to be more
variable and less predictable. ]
Problems with the r-K theory are two-fold. First,
the initial theory (ie. MacArthur and Wilson 1967) does
not preclude an r-strategist from placing resources into
somatic growth instead of reproduction, as long as a high
rate of energy exchange or productivity (eg: high growtﬁ
rates), rather than efficiency is selected. Since an
‘increase in the rate of energy expenditure is associateg
with a concomitant decrease in efficiency (Smith 1976),
high growth rates or high rates of reproduction imply a
loss of efficiency. Hence, small body size need not be
an expected characteristic of r-selected species as
stafed by Pianka (1970). Second, climatic predictébility
and variabiiity need not covary as impiied by Pianka’s
scheme. Zammuto and Millar (1985a) found higher
elevations had more predictable and less variable

temperature and precipitation patterns than lower

altitudes. This is contrary to the predictions of
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Pianka (1976) who assumed higher elevations would have.
less predictable and more variable climatic patterns.
Therefore, quantification of climatic variables is
necessary prior to making comparisons oﬁ) life-history
strategies. Stearqf (1977) found'tﬁat only 18 of 35
studies supported the biological predictions of r-K
{heory. More recently, Zammuto and Millar's (1985a)

study on ground squirrels (§permophilg§ columbianus)

found K-selected characters at higher altitudes, which is
contrary to that usually assumed by r-K theory.

Charnov and Schaeffer (1973) and Stearns (1976)
presented bet-hedging theory as an alternative to r-K
theory. Bet-hedging theory incorporates Fage~specific
survivorship, such that the life-history strafegy adopted
by a populhfion depends upon the variance of juvenile

survival or the ratio of juvenf1e to adult survival.

This, in turn, is determined by enviromsgntal
‘predictability and variability. Bet-hedging theory
predicts that when juvenile survival is less variable
than adult survival or if parental- sur%ival .is less
predictable, ryselection wi}l operate. Alternately, if’
juvenile survival is more‘variablé or uhpredictable, or’
the ratio of juvenile to gdult survival is low, then K-

characteristics will be favoured. An  intraspecific

comparisdn of life-history traits of 13 ,pobulations of

the mussel Anodonta stcihalis showed results consistent
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with the predictions of bet-hedging theory (Haukioja and
Hakala (1978). In a stable environment where the
variation in juvenilé gLrvival was low, the mgssel
populations exhibited ghort lifespans, higﬁ reproductive
effort and rapid growth (r- charpcters). "~ Those results
conflict vwitﬁ the predictions of r-K theory which would
predict that in such an environment the mussels should
display K-type characters. éfudies on other
‘invertebrates have also supported bet-hedging predictions
(Barcla;\gnd Gregory, 1981). However, Zammuto and Millar
(1985b) found that the 1i fe history sirategies adopted by

Columbian ground squirrels (Spermophilus columbianus)” at

different e]evatidns did not follow the pred{ctions of
Bet-hedging theory.

‘Since different latitudes present f environmental
conditions which may differ in their predictability/
variability, patterns of lifg-history may be expected to
vary under the influence of latitudinal seasonality. In
this . study I consider the r-K and bet-hedging models by
examinind patterns of covariation in several life-hi;toryé
traits: body size, litter size, survival, and growth
between a northern and a southern population of the

muskrat Ondatra zibethicus. Questions addressed include:

1) Are northern latitudes more variable /less
predictable than southern latitudes as assumed by Pianka
(1970) and Cody (1966)?; 2) Do muskrat life history

tactics covary between northern and southern poﬁhlations

4



N
as predicted by r-K theory or by bet-hedging?; and 3) Do
differences jn life history tactics observed between the
two populations studied indicate trends that are
consistent over the muskrat’'s geographic range?

The muskrat is a semi-aquatic radent*which is widely
distributed throughout North Amer'l .- The muskrat is
particularly suitable for the study of 1life history

strategies owing to its distribution and variable habitat

requirements. Boyce (1978) nofed* tha{ muskrats in
northern environments produce fewer, larger litters than
muskrats at southern latitudes, but no detailed

compar?sbn‘Bf life-history traits at differént latitudes

has been made. .

1

STUDY AREAS .

Two study areas were selected, Old Crow flats in the
Yukon .Territory at the northern 1imit of the muSkrats’
range, and Tiny Marsh, Ontario (Figure 1). Selection of
these sites was made to ensure that habitats Wiih.
different environmental characteristics were studiqdl

01d Crow Flats (68 05'N, 140 05'W) is a 518,000 ha
lacustrine basin with approximately 389,000 ha of small

thermokarst lakes. Abundant submergént vegetation

dominated by Potomogeton spp. and Mxrigghxllﬁm spp. makes

these lakes suitable = muskrat habitat.  Emergent

~

vegetation is absent.

Tiny Marsh (44 35'N, 79 52'W)., Ontario, is a 600 ha



wetland with controlled waters levels: Cattail (lxgbé
spp.) which dominates the emergent vegetation, and
bulrushes (Scirpus spp.) provide a rich habitat
(Errington 1963) for muskrats. Cattail is used as a food
source as well as construction material for muskrat

lodges.



ﬁ"i

Figure 1.° Geographic location of the two study sites,
01d Crow flats, Yukon Territory(*) and Tiny Marsh,

Optario(+).



10




4 /

CHAPTER V. ENVIRONMENTAL/PREDIGfABILITY AND VARTABILITY,

Introduction

- Many life history theor{es assume that habitats can
be classified as either 'variable or stable  and
predictable or unpredictable (Stearns 1981). atly
temperate environments are relatively variable, and
seasonal fluétuatidns in temperature ar¢ the mqst
noticeable (Fretwell 1972). However., variability need
not imply unpredictability sihce tempefate environments
can be predictable in the periodicity of their seasonal
fluctuations. To date, there has been no concensus as to
how predictablé or variable enyironments ould be
defined. Stearns (1981) advocates deri;ing measures of
predictability/variability independent of the organism
being- studied. This viewpoint is opposed by Dobson and
Murie (1987). Indeed, . differences wilf exist in the
predictabi]ity/variability of habitats used, for e;ample.
by hibernating and nonhibernating mamma 1 during‘ the
winter periods in the same area. fhe climatic variability
of an insulated, subterranean burrow will be quite
different from the variability of an exposed surface
location.  Therefore, any discussfon of 1life history
strategies should be initiated by ideniification of
climatic parameters of relevance to the organism(s) uﬁder
study.

For the muskrat, 1 will classify the predictability

and variability of° _-habitats on the ' basis of

a1 -~
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daily précipitation, presence or absence of snow and ice
cover, . and da;ly temperature. Many studies have
acknowledged the .importance of stable water Jlevels for
muskrat populations (Bellrose and Low 1943, Errington
1937, 1939, McDonnell 1979, Proulx 1981). Proulx {(1981)
found that production of muskrats was closely related to
the water depth associated with the lodge. Errington
(1963) also presents anecdotal evidence of the adverse
effects of drought upon reproduction and survival of
muskrats ‘iﬁ Iowa. Therefore, the .importqnce of
precipitation during thg vegetative growing season, as
the primary factor in water level regdqation, to muskrat
reproduction and survival should be -evident. Another
imgertant vaspect'of precipitation is the amount of snow
faltl. Snow is cr{iical in determininé ‘the Tinsulative
value of pushups and lodges which minimize the energetic

~

costs of thermoregulation in muskrats (MacArthur 1979).
}n ;dditioq, fhe amount of snowfall may affect overwinter
/s;rvival by influencing the degree of freezing whith
occurs in {?e pushup piuhge hole. The imporfance of snow
cover. is not based solely on the p}edictability of snow -
cover, But also upon the amount of snow.

Since growth and.preeding ofAmusKrafs in northern
enviromments are confined to the open wéter season (Perry
1982), the predictability and variability of growing
’seasdn length could be critical to production and

survival of muskrats. Erickson (1963), using 1live-

{
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trapping data, indicated that snow, ice conditions, and
temperature were important factors affecting sprihg
dispersal. Predictability and variability of ice break-
up is a function of a number of factors. First, the
thickness of the ice is a negative function of the amount
of sno&fall and temperature (Jelinski © 1984) .
Temperaturg also Aetermines the rate of ice-melt in the
springr ‘ o - |
Temperatere has also been considered ‘s influence
muskrat reproduction ahd survival. Olsen (1959)
determined that high temperatures combined with light
“rainfall triggered the énset of breeding op Delta Marsh,
Manitoba. Similarly, Danel |l (1978) observed a
relationship between the onset of breeding and éir
temperature in muskrat populations of northern Sweden.
Temperature also influenced spring dispersal of musKkrats
in New York State (Erichkson 1963). Temperature may also
be considered important for survival, especially during
the growing season, when juvenile muskrats are small andk
susceptible to hypothermia (MacArthur 1979). An
environﬁental parameter which is directly related to
muskrat energetic expendi@ure and survival is the numbér‘

\
of days in which the environmental temperature, during

the growing seasdn, lies . outside the muskrats
.thermoneutral zone. For adult 0. zibethicus, the:

. (o] o .
thermoneutral zone is 10 to 32 (McEwan et al. 1974).

§o

-,

N
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The purpose of this chapter is to asségs the
variability and predictability of ‘those environmental
variables that are likely relevant to the survival and
production' of muskrats. The ﬁésu]ts of this analysis
will permit me to predict the life history traits
expected, on the basis of r-K selection and bet-hédging,
in northern and southern populations of muskrats.

 Methods |

Climatic data for a five year period (1981-1985)
were obtained from climatic stations (Monthly
Atmospheric Record, Canadian Climate Normals) at the aid
Crow airport (67 35'N, 139 Sd’W) and at Midland, Ontario
(44 45'N, 79 54'W). The climatic stétions were 60km and
35km- respectively from the 01d Crow and Tiny Marsh study
s%tes. Powell and Maclver (1977) found 3-7 'years of
climatic data was adequate to describe the ﬁormab 30 year
temperaturer and precipitdtion patterns of the forested
areas of the prairie provinces. Daily mean temperature
and precipitation were used to classify the
predictability and variability of the study sites, At
both areas consistent records were _pof maintained on
diurnal variation in temperanPe or precipitaiion - to
allow a finer scale analysis. Study of these vafiables
on a mean monthly basis did not allow the use of powerful

.-

statistical tests due to sample, size problems.
, .

l.

“The mean number of-frost-free days per season at

each site was‘used as an approximation of the vegetative

N
N
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growing season and the iée—free' period. Pfedictabi]ity
and variability of temperature and precipitation at both
sites were analyzed within’ the frost-free period.
Snowfall patterns were compared throughout the winter
season. " | -
Predictability was defined as the degree of
: relptipnship between thewamount and pattern of year to
year values for daily temperature and precipitation.
This was analyzed by doing pair-wise conparisons of the
climatic parameters of successive years using Spearman
Rank Correlation tests of association (Danie1’1978). . The
Spearman Rank Correlation test measures the degree. to =
which two ranked arrays are similarly ordered. .kt each
site, a multiple comparison of conrelation coefficients
test (X2 with k-1 df, Zar 1984) was used to determine if
predictability was significantly different between-yeans.'
If there was no significant différence in the chrelation
.coefficients at a site, a pooled Spearman\ VRank
correlation ceefficient was derived? Pooled Spearman
Rank— correlation coefficients Wene compared to test for
differences in predictability between sites using a Chi-
snuared test (Zar 1984). ) : |
Environmental .variability was defined “ as the
statﬁstical var1ance(;n weather parameters, _from daily

measurements. over: the vegetat1ve grOW1ng season (Zammuto

anq Millar 1985a). D1fferences in the variance between

-~

¢
<2
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‘51‘€s were tested using an fF-max test for equality of

t*\ar:.;\mance (Sokal and .Rohlf 1981).

g&& The mean and variance of the number of days in which
?ly environmental temperature was outside the
fhermoneutral zone (10o to 320;McEwan et al., 1974) were
céﬁbared between the northern and southeﬁn sites for
1981-1985.

) All means are reported +/- one s{agdard deviation
unless otherwise noted. In all statistical tests the 0.05
significance level was used.

Results " -

The. length of the growing season (number of days in
which temperature> OOC) for 1981-1985 was significantly
greater for Tiny Marsh (X=174 +/- 17.9 days) t‘hap 01d
Crow (X=72.6 +/- 5.68days; t=12.063, p<0.001).

Predictability

There was no significant difference between years in
the at1m1ng or relative amount of srowfall at e1ther site
(Tiny'X2=0 0092 O0ild Crow: X2°O 330;p>0. Pooled
Spearman Rank correlat1on coefficients for Tnu?dhrsh and

'01d Crow were 0.734 and 0.472 respect1vely, and were

not gignificantly different (X =0.148; p>0.05).

Speérman Rank Correlat1on coefficients for

precipitation between years (Téble 1.1). were not
- 2

significantly different for &ither 0ld Crow (X = 9.658,

\ 2
0.25> p >0.05; pooled r=0.287), or Tiny Marsh (X =

9.3399, 0.25> p >0.05;)ﬂ&331ed r=0.048). The pooled
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Table 1.1: Spearman Rank Correlation coefficient matrices

of year to year association oNdaily precipitation at 0Old

Crow and Tiny Marsh.

OLD CROW
1981 1982 1983 - 1984
»~ 1982 0.365 - - - - --
1983 0.215 0.237 - - - -
1984 0.479 0.327 0.305 - -
1985 0.271 0.301 0.205 0.127
TINY MARSH
1981 1982 1983 1984
1982 -0.003 - - - - -
1983 0.080 . 0.073 -- - -
L 3 ') »
1984 -0.022 0.025 0.110 --

1985 0.022 -0.131 -0.086 0.011
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correlation coefficients for precipitation were
significantly (X2=4.94 0.05<P<0.025) different between
sites indicating precipitation was more predictable at
01d Crow than at Tiny Marsh.

There was no significant difference in
predictability between years for 0ld Crow temperature
(x2:14.5291. 0.10>P>0.05; pdoled coefficient=0.724; Table
1.2). However, there was a significant difference
be tween years for temperature at Tiny Marsh (*2=
17.5681,0.05>P>0.025. A Tukey-type test (Zar 1984) was
used to make pair-wise comparisons between the Spearman<4
Rank correlation coefficients for Tiny Marsh, as well as
making the comparison with the pooled Spearman
Correlation coefficient for 0ld Crow (Table 1.3{, - 01d
Crow was significantly more predictable than Tiny Marsh
for 8 of the 11 comparisons made.

- To summarize, predictability of precipitation and
temperatuge was greaterNat Old Crow than at Tiny Ma}sh.
There wés no significant difference in the predictability

-

of snowfall patterns between the two sites.

Variability

Variance in length of growing season  was
significantly greater for Tiny Marsh than for 01d ‘Crow
(F=9.938, . p<0.02;). The coefficients of variation for
growing season length were 10.29% and 7.82% for Tiny
Marsh and 01d Crow flats respectively. Significantly



Table 1.2:

-

Spearman

19

Rank Correlation coefficient

matrices of year to year association of daily temperature

at 01d Crow and Tiny Marsh.

OLD CROW

1982

1983

1984

1985

TINY MARSH

1982
1983
1984

1985

1981

0.754

0.783

0.760

0.629

1981

0.508

. 0.663

0.643

0.536

1982

0.769
0.666

0.733

1982

0.522

0.511

0.452

1983 1984

0.781 --

0.723 0.588

1983 1984
0.567

,
0.527 0.448

*
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Table 1.3: Similarities (P>0.05) are indicated with a
solid line, Tiny Marsh correlation coefficients, taken
from Table 1.2, are ranked from smallest to largest.
Coefficient 11 is the pooled correlation coefficient for
Old Crow.

1 2 3 4 5 6 7. é 9 10 11
84/85 82/85 81/82 82/84 82/83 B83/85 82/83 81/85 81/84 81/83 0C

-
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more snow fell on Tiny Marsh (X= 26.4 +/- 4. 4cm) than on
01d Crow flats (X= 8.98 +/- 4.24cm; t= 2.84, p= 0.005).
Variability in snow fall was lower at Tipy Marsh than at
0ld Crow (F= 1.09, p<0.05), as indicated by the
coefficients of wvariation for Tiny Marsh (16.7%) and
01d Crow (47.22%) respectively.

Precipitation and temperature were more variable
for the growing seasén at Tiny Marsh than at 0ld Craw
(Precip.: F=4.341, p< 0.01; Temp.: F= 1.04, p<0.01).
There was no significant difference between sites in the
number of days in which minimu& temperature, duf%ng the
reproductive season, was outside the thermoneutral zone
of muskrats [~ X = 63.2+/-15.1days at Tiny, ; = 55.2+/-
4. 62days at 01d Crow;t=1.01, p<0.17). A test for
equality of variance indicated that Tiny Marsh was more.
"variable (F=10.68, pxg;?S) than 01d Crow in the number of
day's outside the muskrats thermoneutral zone.
ngiiigients of wvariation for 01d Crow and Tiny Marsh
were 8.37% and 23.89% respectively.

Variability was greater at Tiny Marsh when Compared.
to 01d Crow for 3 of 4 environmental parameters. Oid
Crow was less variable in temperature, precipitation and

in the number of days the ambient temperature was outside

the muskrats theérmoneutral zone. Tiny Marsh was less

variable in snowfall pattern than 0O1d Crow.
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Pianka (1970)‘and Cody (1966) assumed that northern
latitudes and higher altitudes were more variable and
less predictable in climatic pattern than southern
latitudes or low altitudes. However, Zammuto and Millar
(1?85a) demonstrated that higher altitudes were more
predictable and less variable in temperature and
precipitation than lower T altitudes. Similarly,
variability of daily precipitation and temperature were
gbeater at the southern site than ét the northern site in
this  study. Predictability of precipitation and
temperature patterns was gfeater at the northern site
than at igé southern site. Predictability of snéwfall was
not significantly different between the two siteaf

Attempts to quantify environmental predictabil}ty
and Variability in 1ifeq history studies have been rare
and there seems to be no agreement on how to' measure
these factors (Stearns 1981). Investigators Have often
relied 'on ‘ahecdotal evidence to make (generalized
statements, which has probably helped perpetuate the
misconception that ‘northern and high aititude
enviroﬁﬁents are more variable and less predictable than
their sauthern or low altitude counterparts. Zammuto and
Millar (1985a) ‘out]iﬁéd a methodology by which *these
aspeC{s of environmental variation couid be measured.
Unfortunately, their approach to’weasuring pnédictability '

-

does little to alleviate the problem. Zammuto and Millar



(1985a) used 18 equations from information theory,
parametric and nonparametric statistics. From a
practical standpoint, it is ‘simpler and eésier to

interpret the _results by using a single estimate of
predictability such as that used in this study until a
general concensus is reached on the "best” method to
measure variation and predictability.

The direct effect of climatic seasonality is té
create femporal variation in resource availability
(Fretwell 1972). ~Most significant to an organism
existing in a seasonal environment is variat{on in the
availability of food and nutrients (Karr 1976).  This
variation may have maTdr impact on productivity if
experienged during the period favourable for breeding and
reproduction, and hence can be iTportant in the formation
" of life history strategies.

Populations are expected to exhibit a set oi\;raits
that are adap{éd to local variation in length of% growing
season and other climatic parameters (Zammuto and Millar
1985a, Dobson and Kjelgaard 1985). Life-history models
allow the predictﬁon of the biologiéal traits based on an
evaluation of climatic variables affecting a population’s .
habitat. According to Pianka (19703. less variable/more
predictable habitats such as Old Crow (less variable in
growing season length, _pQ?cipitation and témperatureg

should exhibit the K-characteristics of larger Ede size,

'. -
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conservative repro?qption, and low growth rates
(Intro:Table 1). T;é combination of these characters
results in efficigncy of resource Utilizat?on as opposed
to productivity. Indivjduals in more variable
environments such as Tiny Marsh are expected to employ '
more productive life history traits such as smaller body
size, higher growth rates and higher reproductive effort
than the 01d Crow population.

Bet-hedging theory predicts the K-characteristics of
conservative 'reproductgon and large body size if the
observed gnvironmenta] variation results in variable
juvenile survival. On the basis of greater variation in
the number of days of energetic stress on mlUskrats at
Tiny Marsh, I would predict greater variation in juvenile
survival. Therefore, ’muskrats at Tiny Marsh, in a more
variable environment, will be expected to be _moré K-
selected than muskrats in more stable environments, eg.
0ld Crow, 1if juvenile survival does in fact vary in the
Prediéted direction in response - to environmental

variation.



CHAPTER 2: COMPARISON OF LIFE HISTORY STRATEGIES BETWEEN
NORTHERN AND SOUTHERN POPULATIONS OF MUSKRATS.

Introduction

Detailed intraspecific comparisons of life-history
strategies between populations of mammals are at present
confined to studies of ground squirref life-history
strategies over elevational gradients (Bronson 1979,
Dobson and Kjelgaard 1985, Murie 1985, ;ammuto amd
Millar 1985a). Zammuto and Millar (1985a) characterized
higher elevatiops as more stable and more predictable
than lower altitudes, contrary to the predictions of
Pianka (1970) and Cody '(1966). They found that 1litter
size was smaller, annual adult survival greater, and age
of reproduction was delayed at higher elevations, when
compared to ower aititudes, supporting the r-K 1i¥e-
history model (Zammuto and Millar 1985a, Dobson and
Kjelgaard 1985) for tratits expected in stable and
predictable environments.

Currently, there is no comparable s?udy of mammalian
life-history strategies on a latitudinal scale. The
pdrpose of this study was to examine the 1ife-histor§
éharacteristics of two geographica]ly distant populations
of muskrats -(see chapter 1). Specifically, I compared
reproductive effort, growth rates, survival, and body

| weighf' between a northern and a southern population of
muskrats. From™ ‘r-K thebry I would e&bectcthe southern .

population to exhibit more r-selected characteristics of

25
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higher reproductive effort and growth rates. According
to bet-hedging theory, if the greatér climatic variation
in the southern population rgsu]ts in lower or more
variable juvenile survival, then we would predict the K-
type chardcteristics of conservative reproduction and

large body size.

Me thods /

Live\rappinq

Nor thern Pppulétion:Old Crow

Four study site& were selected on the 01d Crow flats.
Al areas/ were located' within a 10km radius.  To
enumerate the mqskrat population at each site, each area
was livetrapped using Tomahawk livetraps (18 X 18 X 50cm)
baited with apple. Two areas were trapped simultaneously
at any one time. Trapping was initiated in April and
early May, contipued 'until June 15 of 1985 and 1986,
resumed in Tlate July, and continued until Séptember.
Trapping seésions varied from 5-11 days, and ended when
at least 70% of the animals previously trapped were
recaptured. Traps were then moved to a new site. Each
study site was trapped for at least two sessions duriné
both the spring and fall periods. During the ice-free:
period (Uune-Sept.), traps were p}aced on feeding sites
along the shore of the lakes and in the vicinity of
burrow openings. Dur1ng the perxods of ice cover (Aprll

and May) traps were placed on the feeding sites w1th1n
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pushups (see Siough 1982 for description) and then
covered with snow (Stevens 1953). Traps were checked
every eight hours, and remained set for twenty-fours each
day. The sex of captured animals was determined and each
animal was marked with a numbered ear tag, and weighed
with a spring scale. Age was determined by pelage
charaéteristics; the adult pelage is a characteristic
" brown color with long guard haiﬁs. whereas juveniles have
a gray brown pelt (Schwartz and Schwartz 1959) .
Reproductive condition was assessed in females by the

presence/absence of conspicuous teats, and the condition

of the vagina (perforate/non-perforate), and in males by
the position of the testes (scrotal/abdominal). Animals
were released at the capture site. Carcasses obtained

from native trappers in the spring of each year were used
fto obtain embryo counts to determine litter size. I
removed all trappable female adults in September 1986 oh
all areas to obtain counts of placental scars to

-

determine annual production.

Southern Population: Tiny Marsh

At Tiny Marsh, muskrats were live-trapped in three
separate areas of the marsh using National l%ve-téaps (18
X 18 X 50cm). Traps were placed on-muskrat lodges and

. feeding platforms, baited with apple, and covered wi}h
'veQétation. Traps were set in early eveﬁing and chécked

. .
the following morning. Trapping occurred from April to
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Septembér in 1985 and 1986. Upon capture muskrats were
handled as described above. Muskrat lodges were aiqe
opened duEing May-August to capture unweaned litters in
their nests to determine litter size. Each litter was
toe clipped wfth a unique combination to alloQ future
identification.- In 1985, sixty-four adult females were
removed to obfain counts of placental scars for
determining annual production. Placental scars in
muskrats are known to be visible until commencement of
the next breeding season (Proulx 1984} Parker and Maxwell
1984), and therefore indicate the number of offspring

produced during the year.

Growth and Survival

For both populations, growth rates wefe calculated

assuming a linear model (Case 1978, " Millar 1877), where

gréwth rate was the difference in mass divided by the

number of days between two successive trapping sessions.
Maés at weanihg was approximated as weight of firsi

capture of juveniles jn'gqth populations. )This was used

to calculate two measures of reproductive investment for
\ “wm
LN

Reproductive Index(RIl)= weight of 1 otfspring/weight of
\ , female

each Iitter:._

Reproductive Effort(RE)= mean annual produEtion x RI

Litters, aRd maternal association were defined from the

livetrapping' data, at both sites, by analyzing the

P



29

location and timing of capture. If only one female was
associated at a trap site, and that trap site also had
juveniles emerging for the first time within a three to
four day period, the female was then ausociated with that
litter. The juveniles also had to be of similar weight
(+/-25§) to qualify as members of the same litter. OQOlsen
(1959) found that at weaning, weights of all siblings
‘were within 10g of each other.

Minimum values of overwinter suEvival were
calculated by comparing the proportion of ear _ tagged
individuals captured in 1985 that were retrapped in 1986.
This 1is a minimum estimate since it does not account for
_individuals that may have lost Vtheir» ta983l dispersed
from the site, or escaped further capture. Data were
ahalyzed by age and sex. - Var1ance in overw1nter surv1va1"
was calculated\ at each 51te by Gompar1ng between ,four_
trapping’ gpiag"at 01d Crow and three gr1d§ at Tiny |
Marsh. | ' _" .

Unless etherwiee noted, means are reported +/- one 7
\ etanderdAQevﬁatipn. | | -
Results |

Reproductlon&ﬂ>”

. N
.t ' A

' 'Mean number'of offspr1ng produced per female an @ld

Crow, as 1nd1eated from‘p]acental scars,,was 7 75 - 2.6
o; . )
in both 1985 (n-59) and 1986 (n= 44)(F1guré 2.1) . There

was no s1gan1cant d1fference between xeans “in  the

4

“mean (t=0. 0083 A%0.§QL,‘ vgi;fﬁ the vac1ance (F 1 03,

¢
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FIGURE 2.1: Frequency distribution of the number of
placental scars of female muskrats removed on 0Old Crow

Flats. Data for 1985 and 1986 are combined.

v
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p<0.05). Litter size at 01d Crow, as indicated by embryo
counts collected in 1985, was 7.86 +/- 0.64 (n=8).
Juvenile muskrats were fj:st captured on 11 August 1985
and 7 August 1986 indicating that only one litter per
year was produced in this area. As well, division of the
annual production (placental scars) by litter size (from
embrya counts) indicated females on average produced one
litter per year.

Mean size of complete litters enumerated in their
neg\eJﬁ& Tiny Marsh was 7.15 +/- 1.57 (n=99). The mean
number of placental! scars, counted in 1385 in 68 females,
was 14.3 +/- 4.38 (Figure 2.2). Three peak periods of
reproduction are indicated at Tiny Marsh by the
occurrence of litters in nests (Figure 2.3). However ,
when the annual production (mean‘ number of placental
scars) is divided by the mean litter size, it suggests
1.98 litters are produced on average. There was no
significant. difference in'litter size between the two
populations }t=1.79 p=0.09). However there was a
significant dgfference fn annual production (t=8.98,
P<0.001) when placental scar counts were compared.

The reproductive index associated with juvenile
weight at first capture was 0.308 +/- 0.06 (n=14) and
0.232+/-0.014 (nz21) for 0ld Crqw and Tiny Marsh
respectively. RE values were 2.609 and 4.98 for 01d Crow

and Tiny Marsh respectively.



FIGURE 2.2: Frequency of Placental scars counted in

female muskrats trapped on Tiny Marsh in 1985.
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_ FIGURE 2.3: Frequency of litters censused in nests on Tiny

Marsh from May 12 to August 31, 1985.
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Growth Rates
Calculations were made between trapping sessions,
rather than within sessions, to avoid problems with
weight loss associated with repeated captures over short
time periods. Weight loss of individuals within trapping
sessions varied from 10 to 100g/da§. There was no
significant relationship be tween weight loss within a
trapping session and number of captures within a session
for the 01d Crow population (F=1.24 p=0.14).

Mean growth rates were analyied by sex and age
groups with an analysis of variance. There was no
significant effect of sex on juvenile growth rates for
the O1d Crow population (F=0.28; P=0.596; X=4.04 g/day
and X=3.78 g/day for males (n=33) and females (n=30)
respectively). Similarily, there were no significant
differences between growth rates of male (n=72) and
female (n=105) juveniles at Tiny Marsh( X = 7.10 g/day, X
= 8.84 g/day respectively; .F=2.30, p=0.127). At O0ld
Crow, adult muskrats had a tower growth rate (X=3.98,
n=50) than juveniles (X=4.11) (F=9.54; P=0.003). Growth
rates on 01d Crow and Tiny“MarsH were not significantly
affected by the time of year at which juvenile Br adult
muskrats were captured.

Comparison of growth -rates between 01d Crow and Tiny
Marsh indicated that rate of growth was significantly
greater for juveniles at'Tiny Marsh (%=8.56, 'n=168) than
at Old Crow (X=4.12, h=160; t= 4.82, p<0.01). Adult\

kY
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¢
growth ratgs at Tiny Marsh (X=8.37) were significantly
greater than adult -growth rates at 0ld Crow (X=3.98:
F=7.57, P=0.008). A nested ANOVA (Table 2.1) on juvenile
growth rates, with sex nestea within location indicated
location accounted for a greater proportion (20.5%) of

the variance component than did sex (3.2%).

Body Weight

Adult muskrats on Tiny Marsh were significantly
heavier than 0ld Crow adults in both the spring (Figure
2.4a,b) and fall (Figure 2.5a,b). In the spring of 1985;
the weight difference was due to a significant difference
in ermale weight. ft=4.18, p=0.001). There was no
significant difference in male adult weight (p=0.922).

.Both sexes were significantly heavier in the fall on Tiny
" Marsh (t=11.28, p=0}b01; t=14.127, p=0.001 for 1985 and
1986 respecti&ely).

Male and female juvenile muskrats, caught as free
ranging kits in the fall, ~were significantly heavier on
Tiny Marsh than on 0ld Crow flats (t=12.02 for males,
t=16.836 for females, P<0.0001 Figure 2.6). On 01d Crow
flats, the fall we}ght of juvenile muskrats was less than
50-60 percent of.the fall adult weight (Figure 2.7a,b).}
At Tiny Marsh however, fall captured juveniles weighed

10-110 percent of the mean fall adult weight (Figure



—

Table 2.1: Results of a nested ANOVA on juvenile growth
rates. Location(Old‘Sﬁow and Tiny Marsh) was used as ihe

major grouping, sex was used as a subgrouping.

ANOVA TABLE

LEVEL SS DF MS ' Fs
LOCATION 1326.5657 1 1326.56600 9.6908
| - 0.005>p>0.001
N p>0.
SEX 273.7786 2. 136.88930 3.7672

0.025>p>0.01
TOTAL  9484.0586 261. 36.33739

VARIANCE COMPONENTS

LEVEL VAR .COMP. PERCENT
"LOCATION . 9.75484 20.4786

SEX 1.54204 ©3.2373

TOTAL . 36.33739 76.2841



Figure 2.4: Comparison .of spring body weight between
adult muskrats captured.,at Tiny Marsh (%%9 and 01d Crow

separately and then combined. An asterisk indicates

(:) during 1985 A8 1986 (b). Sexes are presented
g 1985 (afyand, are pr

significant diffcerences at the 0.05 level of

1

significance. Error bars indicate 1 standard error of the

mean.
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Figure 2.5: Comparison of fall body‘weight between adult
muskrats captured Z} Jiny Marsh (gé?) and 0ld Crow {iﬁ

" during 1985 (a) and 1986 (b).[ Sexes are presented
o %
separately and then combined. An asteriskiindicates \\\‘-<tfﬁa\\

significant d1fferencés at the 0.05 level of - S

«

significance. Error bars 1nd1caf//} standard error oﬁ

the mean.
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Figure 2.6: Comparison of fall body weight between male

gnd female juvenile muskrats captured at Tiny Marsh (%ZJ
—"and 0ld Crow () during 1985 and 1986. Sexes are
presented separately. An asterisk indicates significant

differences at the 0.05 level of significance. ¢Error

bars indicate 1 standard error of the mean.



45

Tt

I,

H |5

TN W :
*T//////////////////m

I

---------

LHOIAM



46

2.7a,b).

Survival

Minimim estimates of overwinter survival (Table-2.2)
indicated 'that juvenile survival was greater for the
nor thern (X=35.9%), than for the southern population,
(X=19.1%). Overwinter survival for 01d Crow adults was
21.2%. which was not significantly differeht from that on
Tiny Marsh (12.6%). The ratio of adult to juvenile
survival was 0.59 and 0.66 for 0ld Crow and Tiny Marsh
respectively. Coefficients of variation for juvenile
overwinter survival, calculated using each trapping grid
separately, were 59.4% and 69.1 for 01d Crow and Tiny
Marsh respectively. FoF adult survival the coefficients
were 69.0% and 109% respectively.
A summary of the differences in life-history

parameters studied between Tiny Marsh and Old Crow s

presented in Table 2.3.

Discussion

The bet-hedging model of life-history selection
predicts that in an environment that is relatively more
stable and ﬁ;edictable; and in which juvenile survival a)
is greater or b) less variable or where c) there is a
higher ratio of juvenile/adult survival, a life-history
stpategy of higher production of offspring should be
observed when compared to a p&bulation with opposi}e
fraits (Horn 1978). To test the bet-hedging model, I



>Figure 2.7: Comparison of fall body weight of juvenite

muskrats captured at 01ld Crow and Tiny Marsh .
during 1985 and 1986. Juvenile weight is represented as a

percent of the mean adult weight at each site during the

same time period.
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Table 2.2: Comparison of the proportion of juveniles and

adults surviving overwinter at Tiny Marsh and Old Crow.

SITE
Juveniles 01d Crow

Tiny Marsh

Adults 0ld Crow

Tiny Marsh

#ALIVE
76
104

24 °
20

#DEAD
136
441

89
139

%SURVIVING

35.6
19.1

G(Williams)
G
P < 0.001
™.2
12.6
G(Williams)
G

0.1 <P <O.

22.39
22.48 7

3.558
3.602
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Table 2.3:- Summary of the life-history parameters exhibited

by two wild populations of muskrats.

Values presented

2
are averages calculated with both sexes combined.

-

fall body weight
Spring Body weight
Juvenile survival
Adult survival
Litter size
Number of litters

Growth Rate T

Reproductive effort

-

Reproductive Index

OLD CROW

TINY MARSH

1100g -

3.9g/day <
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compared absolute juveni le overwinter survival,
juvenile/adult survival ratio, and within site variance
in survival beﬁween my sfudy populations. 1 could not
measure between year variance in survival. At Tiny Marsh
juvenile survival was both lower, and more variable than
at 01d Crow. As well, the ratio of juvenile to adult
survival Was lower on Tiny Marsh. Givén these results the
bet-hedging mode 1 would predict higher of fspring
production at Tiny Marsh. This is contrary to my
findings. Therefore 1 rejected bet-hedging as a model to
explain the pattern of life-history strategies in my two
study populations. The observed pattern ;} variation in
growth, reproductive effort, and survival at the northern
and southern study sites, are best explained by the r-K
model of lifechistory variation.’ "

On 01d Crow flats, Jless variation in environmental
pagameters of relevance to muskrats led to predictions,
based on:r-K theory, of slower growth, better survival of
adults and juveniles, fewer largéer young and larger body
size when compared to the population in the more variable.
southegn environmeht at Tiny Marsh (see Chapter 1). The
observed pattern of life-history traits supports all byt
one of these predictions.. Contrary to the predictions of
r-K theory, spring and fall body weight of aaults. and
fall weight of juveniles were greater in the southern
population‘than aE the northern site. W

Boyce - (1979) suggested that large body size in

»
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homeotherms is an adaptation to surviwe extended periods
of resource shor tage which  occur in temperate
environments. Therefored, pbased on Boyces’ seasonality-
selection .hypothesis northern muskrats should exhibit

larger body size than their southern counterparts since

w
the period of resource shortage is extended. However
that 1is contrary to my findings. Downhower (1976),

however, found that climatic variability, which implies
resource variability, was selecting for large body size
in Galapagos finches (Geospiza spp.). The relationship
between climatic and body weight parameters studied here
agree with the latter finding. However, since body
weight is highly iggjuenced by proximate factors such as
resource adundance and quality it may be a trait which

( .
cannot be easily classified as r- or K- selected in

\

intraspecific comparisons.

Errington (1941) observed that muskrat body size was
related to the abuqdance and quality of forage available.
Proulx (1981) found that muskrats in cattail bhabitats
were heavier than muskrats from other vegetation types on
Luther Marsh, Ontario. For muskrats, cattail (Typha sp.)
is considered to be highly nutritious (Stearns and
Goodwin 1941), and is a preferred food (Bel]roee 1950) .
Larger body:' size on Tiny Marsh may therefore be the
result of high densities of cattail stands providing a

nutritious food supply. On 01d Crow flats, the Iless
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nutritious Potomogeton and Myriophyllum spp. presumably
result in a lower quality food resource, and therefore
lower body Qeight.

The observedkpattern of body weight in muskrats is
also contrary to the thermoregulatory tg;ory of Bergmann
(1847, cited in McNéb 1971). Bergmann’'s rule states that
larger races of a species will be found in cooler regions
of the species’ distribution. However, for a species
which 1lives 1in a "closed* environment for over half of
the year, thermoregulatory costs may not be a major
concern. In muskrats, behavioural responses rather .than
larger body size may accomplish the thermal adjustments
necessary .in cold weather. Indged, muskrats undergo
altered behavioural patterns in winter (MacArthur 1981),
éﬁk*tas altering foragiMy time durétion, resulting in the
maintenance of a constant thermal regime. M ‘

Reproduction in. muskrats is considered to be
restricted by the length of growing season and climatic
severity (Boyce 1879). Wilson (1954) reported that
muskrats on tidal marshes of North Carolina -producéd
litters throughout the year, except during unusually cold
winters. Similarly, 0'Neal (1949) and Lay (1945)
obsérved year-round breeding in Louisiana and Texas
"marshes respectively, However , iq norfhern areas, such
. as the Mackenzie Delta, NWT and O1d Crow flats, VYT,
reproduction is limited to June-August (Stevens 1955;

Ruttan 1974). Spencer and Steinhoff (1968) a\gued that
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O
shorter .growing seasons at higher elevations/latitudes
resulted in increased litter size. At lower latitudes,
they argued that females will increase their probability
of survival by producing more smaller litters. This
provides an advantage over those females, at the same
a]titude/lafitude, producing large litters and a
concomitant reduction in their probability of survival.
In- a shorter growing season, females have fewer larger
litters to achieve the same reproductive capacity asﬁlow
latitude females,‘ since\ the probability of exiended
survival is extremely low. Lord (1960) suggested that
greater litter size in northern environments simply
compensates for higher winter mortality. However, 1 did
not observe either greater litter size in the northern
environment or higher overwinter mortality. . In fact the
observed pattern of overwinter survival of muskrats in
this study was higher survival in the northern
environment, which would reject Lord’'s hypothesis.
One major assumption of 1life history theory is thatdf

increased reproductive effort results in Yower female

survival. The effort devoted to reproduction varied
between the two populations. Effort per litter was
greater at 0ld Crow than on Tihy Marsh. Adult survival

was also greater on 0ld Crow flats, thus apparently
rejecting the ‘life history assumption that increased

reproductive effort results in lower -adult survival.

»
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However, although 1litter size is usually used as the
currency of reproductive effort, annual production should
be wused in polyestrous species such as the muskrat.
Annual reproductive effort was greater in the southern
population/ where 2-3 litters a year were produced and
survival was significantly lower, thus supporting the
assumption of a trade off between reproduction and
survival. N

Covariation in the life-history traits found in this
study best supported the r-K model of selection. . Loweg
reproductive effort at the northern site, accompanied
with higher juvenile survival are opposite to the
predictions of the bet-hédging-model of life-history
selection. In the more stable and predictable northern
environment, muskrats exhibited conservative repbpduction
indicating that selection favours an energetically
efficient life-history strategy. In more variable

southern populatfons of muskrats, productivity is

Ve
favoured by selection.

f



CHAPTER 3: GEOGRAPHIC VARIATION IN MUSKRAT REPRODUCTION:
A LITERATURE REVIEW

Introduction

A number of interspecific analyses of mammalian life
histories indicate that body size accounts for most of
the covariation in life-history traits (Millar 1977,
fuomi_1980, Eisenberg 1981, Stearns 1983). For example:
Armitage (1981) found offspring weight at weaning to be
directly related to female weight. Similarly, litter
size in small mammals was positively correlated with body
size (Tuemiﬂt98947mAH§wever, comparisons of this type are
confounded by phy]ogeny and do not account for the
effects of environmental influences. In intraspecific
comparisons of populations, phylogenetic influences are
considered less important (Dobson and Murie 1987) than in‘

interspecific studies. - Dobson and Kjelgaard (4985)

\Eonsidered food resources to be respgnsible for variable“

life histories among conspecific populations of Columbian

ground squirrels (Spermophilus columbianus).

The objective of this chapter is to examine
geographic  trends in muskrat (Ondatra zibethicus)
reproduction using data obtained from the literature.
The analysis is designed to séparate the effects of
different environmental variables in the qoyériatioh of

muskrat life history traits.

N
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Methods

Lifg-history traits for 42 North American populations
of muskrats were obtained from the literature (Appendix
1). European populations were not included since Danell
(1978) observed trends in litter size which are opposité'
to those éuspected in North America. Size and numbqr of
litters, and body wéight, were recorded when available.

Environmental parameters used in the ahalysis were
habitat type (marsh, pond/lake, or river), latitude, n
annual precipitation, and mean July temperature. HagTT:t
types were defined on the basis of the dominant

vegetation and drainage. Marsh habitats are dominated by

emergent vegetation such as cattail (Iypha spp.) and
bulrush (Scirpus spp.), whereas pond/lake habitats are

dominated by submergent vegetation. Precipitation and
temperature "values were derived from climatic maps
(Espenshade and Morrison 1978). These climatic variables
were assigned different class designations based upon the
range presented on the maps (Table 3.1), since preciée‘
values could not be obtained for al] sites. Latitude was
used as an index of growing season length since it is a
heasure of season length (Pianka 1976), indégendent of
other climatic parameters. |

fnterrelationships between different character?sticﬁh
were analyzed by correlation and regression techniques.
Regression residuals were used to remove the effect Qf~
one of/.two interacting parameters on a thir& variable

N -
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4

Table 3.1: Climatic categories assigned for

temperature and ‘ipi tation.
o

Temperature: C

Class 1 -1 to 10
Class 2 10 to 21
P Class 3 21 to 32
Class 4 over 32

Precipitation: cm

: Class 1 under 25 cm
( Class 2 25 to 50 cm
Class 3 50 to 100 cm
Class 4 150 to 200 cm
Class 5 over 200 cm
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(Atchley et al 1996).

L

Results

Latitude was significantly correlated ?with litter
size (Figure 3.1,p=0.012, R =0.15,n=39), and inversely
correlated with number of litters (figure 3.2, p=0.03,
R2=O.17, n=36). A 2nd ordér polynomial regression did
not explain significantly more of the variation about the
regression line in either case (Comparison of correlation
coefficients: Z=1.299 and 2=0.574
respectively:.0.25>P>0.1; er 1984). However, analysis(of
subsets of the data indicated litter size and number of
litters were asymptotic il‘,above 450 latitude (Figure
3.3,3.4). The slope ‘of fhe lines above 450 were not
significantﬁy different from the null hypothesis of b=0
for litter size (t=-1.99,p=0.082) or number of
litters(t=-0.91,p=0.389)! Number  of litters  was
significantly correlated with litter size (Figure 3.5,
p=0.01, R =0.18, n=35). There was - no: significant
correlation between body weight and litter size (Figure
3.6, p=0.364, R2=0.24, n=16) or between body weight and
number of litters (Figure 3.7, p=013$1, R2=0.26, n=16) .

Temperature and precipitatiag/ were significantly
corre?ated with litter size and the number of litters
(Table 3.2). However, both climatic variables were also

correlated with latitude (Table 3.3). when latitude was

held constant, the effects of temperature and



Figure 3.1: Regré§sion of muskrat litter size oh

lati tude (y=3.18 + 0.06x).
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Figure 3.2: Regression of number of litfers per

reproductive season on latitude (y=3.7g>— 0.03x).
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Figure 3.3: Regréssion of muskrat litter size on

o o
latitude. Data has been partitioned at 45 of latitude
to indicate the asyptotic nature of the relationship (A:

y=-3.5140.23x; B: y=9.93-0.06x)

L )
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Figure 3.4: .Regression of number of litters per
repAroductive season on latitude. Data has been
partit‘ioped at 45O of latitude (A: y=6.33-0.10;
B:y=3.0-0.02) *
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Figure 3.5: Regression of litter size on the number of

.

litters per year by muskrat populations over a

latitudinal gradient (y=3.75-0.24x)
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Figure 3.6: Regression of litter size on body weight.
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Table 3.2:

variables with

Correlation coefficients of climatic

litter size and_number of: ]igﬁers in

muskrats.
LITTER SIZE NUMBER OF LITTERS
N r p N r p
TEMPERA%URE 36 -0.32 0.06 36 0.32 0.05
PRECIPITATION 36 -0.50 0.002 36 0.36 0.03
LATITUDE 39 0.40 0.012 36 - 0.32 0.05
\



Table 3.3: Correlation matrix indicating

intercorrelations of glimatic variables ( n= 38).

Lat i tude -Temperature
Temperature -0.901 ---
Precipitation -0.725 * 0.627

75

the

* all correlation coefficients are significant p<0.001.
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precipitation on litter size were no longer significant
(Temp:p>0.25, R2=O.O16; Precip. p>0.25, R =0.24). A one-
way analysis of variance with each habitat type as a
treatment indicated habitét type had no statistically

significant effect upon litter size or number of litters

(F=2.00, P=0.157).

Discussion
The observed trend in litter size and number of
litters over the muskrat'é géovgraphic range support
Spencer and Steinhoff’s (1968) hypothesis of litter size
variation. They é}gued that shorter growing seasons at
highgr latitudes would result in fewer_larger litters in
nor thern environments. fhat relationship however, is not
supported by my findings in Chapter 25‘where, tthEh
. number of litters was Jlower at high Jlatitude as
predicted, litter size was not significantly different
between the northérn and southern populations. As well,
there are indications that litter size\may decrease or
rgach an asymptote at.higﬁ latitudes (above 450).t
Interspecific, studies of mammalian reproduction
indicate that body size is a primary determinang of
reproduct%ve charactéristiés* (Armitagé 1981;  Swihart I’
1984). "-Tuomi (1980) found that litter size and body
Y”‘!é}gﬁ? were positively correlatea in small mammals (less
'than 1kg). However, ' neither litter size, or 'the rumber
$é°f litters produced per year in muskrat population§ were

)
4
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correlated*with body weight in this review. The lack of
a general relationship of reproductive characteristics in

muskrats with body size is consistent ®ith the findings

of  Krohne (1981) in a study of Microtus californicus. b
According to Stearns (1980), intraspecific comparisons
such as this study and Krohnes’, will not detect first- I

order (eg:body size) life-history trends exhibited in
broad scale (mouse to elephant) interspecific studies dqe
to the limited range (+/-300g in this study) in body size
of an intraspecific study. Life-history strategies
exhibited at the intraspecific level of study arise frqm.'
interpopulation _variation and are expected to Héie ag
ecological basié. zDobsoa and;Kjeléaard (1§85) found
that, as weight increased, age at maturity decreased and "‘y
reproductive effort increased in different populations of-
Columbian> ground squirrels. This is opppéite to the
interspecific results found in ground-dwef{ing sqfurids
(Armitage 1981). V '

Litter size increased, and‘ﬁhe number of litters. per
year decreaséd in muskrat popu]ations.as the length of
growing season shortenea. Swiharf (1984) found growing
.season ®ength to be an impoﬁtant second-order factor - in -
- determining reproductivé vcHaracteristics of lagomorph

A}

species. Similarly, Spencer'and‘sfeinhdff (1968) argued

that growing season léhgth was a primary determinant. of ;f}
litter size variation "in Peromyscyg. Howeéver, since the
regression of - v§1ze-and'number of‘litters\ on latitude

. ) - 5 =¥
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explains only 15 and 17 percent of the variation about
the regression line respectively, other féctors such as
resource quality, or environmental
predictability/variability may also inf luence
reproductive output. Lackey (1976) found that in an
unpredictable environment, where adult survival was low,
increased litter size and number of litte were observed
for Peromyscus leucopus. In chapter one, 1 demonstrated
that climatic predictability and variability varied
between’ nortﬁern and southern study areas. Therefore,
Qariation aboyt the litter size-latitude regression may
be explained vby the stabitity/predictability of forage

availability in the habitat in which the muskrats were

el

-~

studied or by the quality and abundance of ' the faofage
(Errington et al. 1963).

Boyce (1979) suggested that the.observed geographic
variation in muskrat litter size andtﬁUmber of litters is
a result’ of the pattern of‘juven%le survivorship and
winter morfﬁ}ity. He assumed that‘ﬁorthern populations'
- aqf muskrats experienced higher over@inter mortality.
Sélect%on fayoured those individuals which allocated
their\~reSOUrc?s _to reproduction and tﬁe product%on of

‘lahge-’}¥tters. However, Boyce (1979) did not test the
i:éssumbtion ofq hjgﬁerl Qintér' martality in northern
muskrats’ , As indicated in chabt_er two of'»thig ‘study,
overﬁ{nter mortalfiy was significanily lowerv in the

+

|
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nor thern population than iq the southern populatioﬁ.
Therefore, Boyce’'s argument can be rejected as an
expianation for the pattern of geographic variation in
muskrat litter size and number.

Interspecific patterns .of allometric scaling of
reproductive characteri;tics were not found in a
geographic comparison of muskrat populations. The
primary factor identified as a determinant of litter size
and number in mugkrats was growing season length, “ as
represented by latitude, @hq; suppor ting the\ hypothesis

of Spencer and Steinhoff (1968) .

-



GENERAL DISCUSSION
Life-history comparisons at the interspecific level
| are confounded by phylogeny and body. siie differences
.between species (Dobson and Murie 1987). Although the
value of interspecific studies cannot be questionned,
caution must be taken when interspecific  patterns afe
"appliea to intraspecific comparisons. Interspecifig
studies of 1life-history strategies, guch as those by

.

Armitage (1981) and Tuomi (1980) indicate that body size
is a primary determin;;t of litter size and reproduction
in mammals. However intraspecific 'studies, which
consider a narrower range of body sizes, find body size
to be a podr predictor of life history patierns (Dobson
and Murje 1987). Life-history strategies observed at the
intraspecific - level may be largely responses to
N environmental  factors (Caswell 1983) such as food
resource abundance (Dobson and Kjelgaard 1985), and
élimatic factors (Spencer and Steinhoff 1968; Swihart
1984; this . study). = In . thersﬁécific ' §tudies,
environmental factors have been'impigcated as affecting

] S
life history patterns (Tuomi 1980), and, may be

A

-

responsible for some of the.variation around the major

factor, bady size. Therefore, _comparisons of life-
history strategies, at both the' intraspecific and
interspecificr; levels, »requireé‘ knowlédge ‘.?T the

environmén{al factors which influence, = directly or

indirect]y,'iifejhisfory traits.

- . B
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Although present life-history models like r-K and
bet-hedging assume that interpopulation differences in
life-history strategies have a genetic basis, the
violatién of this assumption does not detract from the
use “‘of these models as predictors of expected life
history strategies given knowledge of a specifiyic
environment.  Only when an evolutionary argument is made
for the development of a life history strategy is
knowledge of the genetic basis necessary to test- life
history models, In"this study I found the r-K model to
be a good predictor of the lffe h?story patterns observed

between northern and southern populations of muskrats.

4

I Y ‘
The basic concept underlying the r-K model is

selection for,efficiéncy in populations experiencing higﬁ
dengities and ‘resource shortages and selection for
productivity’jﬁ.besoqrce-ébundant environmentsJ(MacArtHur\
and Wilson 1967). “MacAr thur and Wilson (1967) assumed
that in seasonal climéiés, overwinter survivors will

recolonize a resource-abundant environment each year

-—

where density-dependent~effeqts are low, therefore r-

selection' will operate. However, this will occur only
! ¢

when~overwﬁhter'mortality in hOre.seasqﬁal (qg:northﬁrn)
af;as.,is=highgr than‘in §ochern areas. If overwinter
survival 'is greater in a ﬁorthérn location with a stable
or ;redictable climate when »cpmpared to a‘ southern
p6pu1atjon, as in mDsKrat§,-‘seleEtfon shbﬁld fangr
'efficiency * (K-selection) of _resource  conversion.

’ S - : . ‘ :
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Therefore, northern bopulations, should exhibit the K-
characteristics of s low growth and conéervative
reproduction as seen in this study. A similar argument
can be made for Zammuto and Millar's (1985a) altitudinal
s tudy o?. Columbian dround-sqhirrel life-history
stategies. '
In conclusion, life-history patterns in muskrats
were asséciated with thé predictability and variability
of climatic and environmental factors of réﬁevanée to
muskrat populations? Precipitation and growing season
length were correlated with muskrat repﬁoduction over a¥
range of latitudes. Of the life-history models askgssed,

the r-K model best &€xplained the pattern of muskrat life-

history $trategies.

1)
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