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ABSTRACT

Generd {abili { mini iab] fattons th 1
Vancouver Island Marmot (Marmota vancouverensis)
© Andrew A. Bryant, 1990

- Supervisor: Dr. Stephen Herrero
Faculty of Environmental Design, University of Calgary

From 1987 through 1989 I studied four colonies of Vancouver Island marmots
(Marmota vancouverensis) 10 assess genetic variability and population viability in this
species.

Six family groups at two natural colonies remained remarkably stable throughout the
study. Seven family groups at two logging-slash colonies displayed greater turnover of
individuals, and comparatively short-term use of burrows. Females produced average
litters of 3.2 young (n=13) every second year, although one bred in consecutive years.
Litters of four were more common in "slash" colonies. M. vancouverensis appears to be
essentially monogamous, and in other respects exhibits a social structure similar to that
of M. olympus. Reproductive and survivorship rates varied dramatically with year, family
group, and colony. Mamots using established burrow systems in natural habitats did
comparatively well; marmots using new burrow complexes did either very well or very
poorly. Most mortality apparently occurred during winter hibernation.

Sampled M. vancouverensis (n=44) were neither genetically destitute nor highly
inbred. Electrophoresis revealed levels of genetic varability comparable to M.
flaviventris and M. monax (n=22 scorable loci, estimated %polymorphic loci P=0.18,
average expected heterozygosity H=0.073). Small but significant genetic differences

were found between two colonies less than 20 kilometres apart, illustrating the



importance of founder effects and infrequent dispersal. Effective population size N, of

the known population is close to 50 (estimates of 34.6 to 64.4).

M. vancouverensis is well-adapted to a "meta-population” lifestyle, in which a
patchwork of colonies experience periodic extinctions and recolonizations. Small .
colonies of M. vancouverensis are vulnerable to extinction through random demographic
and environmental events. Most knewn colonies are small. The entire population inhabits
a geographically confined area, is insufficient to maintain long-term evolutionary
potential (N,=500), and is very close to the size necessary to prevent short-term loss of

genetic variability through inbreeding and drift (N,=50). The full effects of human-

caused landscape alteration on marmots are not yet understood: I hypothesize that
logging-slash may provide attractive summer habitat but poor conditions for successful
hibernation, and may therefore act as a "sink" for dispersing marmots from higher-
elevation natural colonies.

I conclude that the known population of M. vancouverensis is not "viable" using
existing criteria. Long-term survival of M. vancouverensis requires that additional meta-
populations be found or established, and that adequate gene flow between individual
colonies be maintained. A three-pronged recovery plan is proposed. Objective #1 is to
maintain current numbers and distribution, and to answer basic questions of population
biology. Objective #2 is to establish a second meta-population of approximately 200
animals. At this time the species should be downlisted to "threatened" status. Objective
#3 is to establish a third meta-population (of approximately 200 animals), at which time
the species should be downlisted to "vulnerable" status. Additional research (on
hibernacula, dispersal, and survivorship) and inventory efforts are needed. Discovery of
new meta-populations could dramatically reduce the need for recovery efforts, but is

unlikely.

il.



CONTENTS

Abstract

Contents

List of Figures

List of Tables
Acknowledgements

Introduction

The Vancouver Island marmot
Viable population theory
Study objectives

Methods

Study areas

Search and observation

Trapping and handling

Marking, processing and blood sampling
Electrophoresis

Statistics

Results

Trapping success

Morphology, sex ratio and age structure
Family group structure and persistance
Reproduction

Survivorship

Movement

Hibemnacula

Genetic variability

Effective population size

Discussion
Population structure
Sociality and ecology
Deterministic environmental change
Demographic and environmental stochasticity
Inbreeding depression
Long-term evolutionary potential
Population viability

i,

i,

Vi,

—
.

14.
15.
16.
19.
20.

21.

3.
39.
41.

48,
53.

6.
58.
61.

67.
69.
70.



The Recovery Plan

Note to the reader 19
Establishing objectives 3.
Inventory ' 75.
Research and monitoring | 76.
Habitat acquisition and management 71.
Translocation and reintroduction 78.
Captive breeding 79.
Public education and liaison 79.
Fund-raising and management of disbursements 80.
Timetable and budget 81
Literature Cited 82.
Appendices

I: The Vancouver Island Marmot

- Taxonomy 88.
- History 88.
- Historical distribution and abundance 89.
- Current distribution and abundance 92.

II: Electrophoresis

- Recipes used in electrophoresis 94,

- Scoring pattemns 95.
III: Raw data

- Mark-recapture observations 96.

- Physical measurements 100.

- Raw genetic data : 101.

iv.



LIST OF FIGURES

1) Size and distribution of known marmot colonies. i
2) Population viability analysis. _ -
3) Spatial and topographic relationships between study colonies i A
4) View of the Haley Lake Bowl study area. 9.
5) View of the Green Mountain study area. 10.
6) View of the Haley "slash" study area. 12.
7) View of the Pat Lake "slash" study area. 13.
8) Trapping success #1: captures per trap-day at four study colonies. 22.
9) Trapping success #2: males versus females as a function of date. 23,
10) Trapping success #3: "natural” versus "slash" marmots as a function of date. 24,
11) Forearm length as a function of marmot age. .
12) Weight as a function of marmot age. 28.
13) Sex and age structure of captured marmots. 32.
14) Family groups and reproduction at Green Mountain, 1987-19809. 34,
15) Family groups and reproduction at Haley Lake, 1987-1989. 3s.
16) Family groups and reproduction at Haley "slash", 1987-1989. 36.
17) Family groups and reproduction at Pat Lake, 1988-1989. 37.
18) Reproductive variability and snowpack conditions at two colonies. 42,
19) Hibernacula exit at Green Mountain, June 1987. 47.
20) Distribution of historical records for M. vancouverensis. 90.
LIST OF TABLES
1) Differences in physical measurements of marmots. 26.
2) Regression of physical measurements with sex and age classes. 30.
3) Reproductive rates of M. vancouverensis at "natural” and "slash" colonies. 40.
4) Mark-recapture data for M. vancouverensis, 1987-1989. 43,
5) Expected and observed allele frequencies in marmots from three colonies. 50.
6) Fixation Fy,, F;; and F; coefficients among three marmot sub-populations. Si.



ACKNOWLEDGMENTS

This project was supported by many organizations and individuals. S. Herrero (thesis
supervisor, University of Calgary), and W.T. Munro (B.C. Ministry of Environment)
provided inspiration, ideas and support throughout the project. D.W. Janz and BCMOE
personnel (Nanaimo Region) provided a field station, office privileges, critical data and
hot showers, without which I think it would be impossible to study M. vancouverensis in
the wild.

G.W. "Bud" Smith (BCMOE) showed me my first marmot and freely shared his
copious files on the animal. The Pacific Biological Station (Fisheries and Oceans
Canada) provided long-term storage of blood samples. K. Langelier (Island Veterinary
Hospital) generously donated veterinary materials and advice, and T. Sullivan (Applied
Mammal Research) supplied ear-tags. R. Owen (University of Calgary) introduced me to
the science of electrophoresis, and C. Stevens (Aqua-life Biological Consultants)
conducted most of the lab analyses. Fletcher Challenge Canada and MacMillian Bloedel
Limited allowed access to their properties, as did the operators of Mount Washington
and Whistler Mountain ski hills. The Ecological Reserves Unit (B.C. Parks) permitted
me to trap marmots in the Haley Lake Ecological Reserve.

J. Robin and D. Milne provided extremely competent field assistance in 1987 and
1988 respectively. K. Atkinson, D. Carter, K. Langelier, K. Morrison and D. Nagorsen
all accompanied me in the field for briefer periods and helped to carry heavy traps up
steep hills; M. Bayer, B. McKinnon, K. Morrison, Dr. I. McTaggert-Cowan, W.T.
Munro, D. Nagorsen, G.W. Smith and others provided important observations and ideas.

Project funding was provided by the B.C. Ministry of Environment, World Wildlife
Fund (Canada), Cowichan Valley Naturalists' Society, Canadian Wildlife Service,
Vancouver Island Mammot Liaison Committee, the Ecological Reserves Unit of B.C.
Parks, and the Nanaimo Field Naturalists; I am grateful to them all. While at Calgary I
was supported, in part, by Province of Alberta Graduate Scholarships, a University of
Calgary Thesis Research Grant, and Graduate Assistantships (Research) from the Faculty
of Environmental Design.

I owe special thanks to C. Blumensaat (MacMillan Bloedel Ltd.), N. Dawe
(Canadian Wildlife Service), D.W. Janz (BCMOE), W.T. Munro (BCMOE) and D.
Nagorsen (Royal B.C. Museum), who serve on the Vancouver Island Marmot Recovery
Team. Without the enthusiasm and commitment of these people, the recovery plan
proposed in this document would have remained a purely academic exercise.

vi.



INTRODUCTION

The Vancouver Island Marmot

The Vancouver Island marmot (Marmota vancouverensis: Swarth) is the rarest and
least studied of six Marmota species which inhabit North America. This gregarious and
lively rodent lives only in the mountainous regions of Vancouver Island, British
Columbia, and is one of three mammals that are endemic to Canada (Forsyth 1985).
Marmota vancouverensis is a "good species” on the basis of karotype (Rausch and
Rausch 1971), cranial-morphometric characteristics (Hoffman et al. 1979), and
reproductive isolation from hoary (M. caligata) and Olympic (M. Olympus) marmots on
the North American mainland. Recent surveys suggest a total population of 200 to 300
individuals; most known colonies are confined to a small area west of Nanaimo on

Vancouver Island (Figure 1).

M. vancouverensis was listed as "endangered” by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) in 1979, and the Province of British
Columbia in 1980 (Munro ez al. 1985). Reasons for designation included the late-1970s
population estimate of 50 to 100 animals, lack of data conceming abundance and
distribution, and unknown influence of human activities on marmot colonies. The
taxonomy, history, present and historic distribution of M. vancouverensis is discussed in

Appendix L

Viable population theory

How many marmots are "enough" to ensure their long-term survival? In theory, for
any population there is a threshold above which the risk of extinction falls below an
established level of probability (i.e., becomes an "acceptable" risk: Shaffer 1981). The

problem faced by wildlife managers is to identify what population size and distribution
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Figure 1: Size and distribution of known marmot colonies. Data are from Munro et al.
(1985) and reflect 1984 conditions, the year of most comprehensive
inventory effort. '




provides a reasonable probability of survival despite deterministic or stochastic processes
over time. The "minimum viable population” (MVP) concept was developed to help

wildlife managers address this problem (reviews by Gilpin and Soulé 1986, Soulé 1987).

Early attempts to calculate MVP size were based on single criteria, i.e., the need to
minimize inbreeding (Lacava and Hughes 1984), maintain long-term evolutionary
potential (Franklin 1980) or survive random environmental or demographic events over
time (Shaffer 1983). In each case, the intent was to estimate threshold population sizes,
above which the chance of extinction through any one of these processes became an
"acceptable” risk. However, as Soulé (1987) pointed out, there is no "magic number” or
criteria that is universally valid. Extinction processes are often synergistic; several
processes may act together to reduce the viability of a populatdon. For example,
persecution of prairie dogs (Cynomys spp.) led to reduced populations of black-footed
ferrets (Mustela nigripes); remnant ferret colonies were more vulnerable to stochastic
events such as the 1986 epizootic of canine distemper (Clark 1987). Similarly,
population bottlenecks, and consequent loss of genetic variability through inbreeding, are
thought to have reduced reproductive success and viability of cheetahs (Acinonyx

jubatus) and lions (Panthera leo: O'Brien et al. 1985 and Wildt et al. 1987, respectively).

Gilpin (1989) suggested that MVP estimates based on single genetic, environmental
or demographic criteria will be inadequate. The original concept of a viable population
has evolved in recognition of this idea. Soulé (1987), amongst others, stressed that
various extinction threats must be considered in a systems approach which emphasizes
the interaction of factors. A useful synthesis of these ideas has been made available to
wildlife managers in the form of "population vulnerability analysis" or PVA (Gilpin
1989, 1987). In Gilpin's model, the species in question is described by several population

parameters. External environmental shocks may change these parameters and lead



directly to extinction. In addition, changes in these parameters can set up feedback loops

or "extinction vortices" (Gilpin and Soulé 1986) which may further reduce population

viability (Figure 2).

The primary value of PVA is that each component of the model is amenable to
empirical analysis. Techniques such as electrophoresis can be used to estimate genetic
variability, and permit informed decisions conceming the danger of inbreeding
depression or long-term loss of genetic variability (Wayne et al. 1986). Similarly,
standard ecological techniques can be used to estimate other population parameters, and
computer simulatons can be used with these data to predict the effects of random
environmental or demographic events on population persistance (Burgman et al. 1988).
In essence, the idea is not to arrive at a single "magical” estimate of what constitutes a
minimum viable population, but to give managers a better indication of which extinction
threats are of most concern, and to provide target population objectives which, if

achieved, will minimize such threats.

The PVA model, like all such models, is a tool for thinkers and not a crutch for the
lazy. It is imperfect, particularly when applied to "real-world" examples where
population parameters are estimated instead of known. It is an exercise in risk-
assessment, and like all risk-assessments it is impossible to know whether the proverbial
100-year-flood will come tomorrow or much later. Despite this, PVA provides a coherent
model for the design of management plans for rare or threatened species. Application of

PVA to M. vancouverensis is the subject of this thesis.
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Study objectives
The intent of this study was to.conduct a population viability analysis for Marmota
vancouverensis, and to design a recovery strategy such that the chances of future

extinction are minimized. Specific objectives were to:

1) Determine levels of genetic variability in M. vancouverensis.

2) Evaluate the degree of "relatedness” between subpopulations and determine
levels of inbreeding.

3) Determine reproductive and survivorship rates, and estimate population sizes
necessary to survive random genetic, demographic and environmental
events.

4) Design a recovery plan to attain these population objectives, and so permit
the removal of M. vancouverensis from endangered status.

METHODS

Study areas

Locations of marmot colonies were obtained from the Nanaimo regional office of the
B.C. Ministry of Environment (BCMOE). A subset of colonies was selected for analysis;
selection was based on dispersion of colonies and consequent utility for testing genetic
and ecological hypotheses (Figure 3). Other factors included ease of access and numbers
of marmots. In 1987, 1988 and 1989, trapping was carried out at the Haley Lake
Ecological Reserve (hereafter referred to as Haley Lake), the logging-slash colony below
Haley Lake (hereafter referred to as Haley "slash™), and the colony located near the
summit of Green Mountain. The project was expanded in 1988 and 1989 to include the

Pat Lake "slash"” colony near Mount Whymper.
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Figure 3: Spatial and topographic relationships between study colonies. Shown is the
elevation gradient along a "bent-line" transect running south-southwest from
Green Mountain to Haley Lake, and from there east-southeast to Mount
Whymper. The total distance covered is about 25 kilometres.



No marmmots were found at Mount Washington despite repeated visits in all years of
the study. Additional areas visited included "P" Mountain, Mt. Strata, and Mt. Brooks in
1987, "P" Mountain, Sutton Pass, Mt. Whymper, and Douglas Peak in 1988, and Mount
Todd, Jordan Meadows, Mount Arrowsmith, Marble Meadows, Flower Ridge and
Victoria Peak (by helicopter) in 1989. No signs of recent marmot activity were found at
these sites, with the exception of Mount Washington, where recent burrows were found,
and "P" Mountain, where small numbers of marmots were seen. All known active
marmot colonies are located in sub-alpine environments between 800 and 1500 metres
elevation in the Georgia Depression Ecoregion of Vancouver Island (Demarchi 1987).
Tree species characteristic of this zone include mountain hemlock Tsuga mertensiana,
yellow cedar Chamaecyparis nootkatensis, subalpine fir Abies lasiocarpa and slide alder
Alnus sitchensis (Brooke et al. 1970). Vegetation and terrain vary considerably between

colonies.

The Haley Lake and Green Mountain sites are steep (30° to 45°) south or southwest-
facing meadows kept free of trees by snow-creep and avalanches (1100 and 1420 metres
elevation; Figures 4 and 5 respectively). A variety of forbs and grasses are found at these
sites; common species include Phlox diffusa, Castilleja spp., Erythronium grandiflorum,
Saxifraga ferruginea and S. occidentalis, Anaphalis margaritacea, Aster foliaceus and
Lupinus latifolius. Pteridium fems and dwarf Vaccinium spp. are occasionally dominant.
Both sites have numerous boulders, rock outcrops and scattered krummholz. The lower
portions of the Haley Lake Bowl site are dominated by thickets of Alnus sitchensis. The
Green Mountain colony is adjacent to meadows created by ski-run development. The
ski-hill was closed in the late 1970s, but abandoned buildings and debris remain. Haley
Lake and Green Mountain colonies are about 8 kilometres apart, but connected by a
ridge system which runs north-south. Marmot colonies occur along this ridge system at

Bell Creek and Gemini Peak.



Figure 4: View of the Haley Lake study drea. This site was designated as an ecological
reserve in 1987. The immediate foreground shows the area used by the
"Mom #2" family group, together with early-spring vegetation including
Phlox diffusa (photo taken in early June, 1988).



View of the Green Mountain study area. This photograph portrays natural

Figure 5

conditions; an abandoned ski-hill development is not visible in this view.

The light-coloured rocks in the center of the picture conceal burrows used by

the "Betsy" family group in 1987 and 1988 (photo taken in late July, 1987).
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The Haley "slash" colony is located west of Haley Lake, approximately one
kilometre away and 250 metres lower than the main colony, in an area that was clearcut
between 1974 and 1978. Marmots were first observed here in 1985 (one) and 1986
(young observed: Fry et al. 1986). The topography is steep, with numerous talus slopes,
boulders and eroded areas that are essentially bare of vegetation (Figure 6). Aspect of the
colony is west-southwest, and the site is surrounded by steep hills to the east, north and
west. Two small creeks flow thmugh the site, and there are patches of A. sirchensis and
regenerating conifers. An abandoned, badly eroded logging road (Vaughan road) runs
through the site, and most marmot burrows have been constructed in the soft soil beneath
the road cut. Logs and stumps provide sunning areas, and logging debris is abundant.
Vegetation cover over much of the site consists of regenerating conifers, Vaccinium spp.,
Berberis and Alnus sitchensis. Many wildflower species found at Haley Lake do not
occur in the "slash" area, although Lupinus latifolius and Anaphalis margaritacea are

common.

The Pat Lake site is a steep north-facing bowl surrounding a shallow lake 16
kilometres southeast of Haley Lake Bowl and two kilometres northeast of Mount
Whymper, where marmots are also known to occur (Figure 7). Elevation at Pat Lake is
820 metres. The site was clearcut between 1978 and 1979, and logging activites continue
adjacent to the site. Marmots were first discovered here in 1985 (Smith 1985). As with
the Haley "slash" colony, vegetation at this site is a complex of regenerating conifers,
Alnus thickets, shrubs, grasses and Lupinus and Anaphalis-dominated communities.
Talus slopes, eroded bare soil, boulders and rock outcrops are common. An abandoned
logging road ("K3") surrounds the lake and provides easy access and easy burrowing for

marmots. The Pat Lake/Mount Whymper complex is topographically isolated from the

11



Figure 6:

View of the Haley "slash" study area, looking down from the "Tophat"
burrow complex. The area most used by marmots is adjacent to the
abandoned logging road (Vaughan Road) in the left-center of the
photograph. The area was clearcut between 1974 and 1978; marmots were
first observed here in 1985 (photo taken August, 1987).



Figure 7: View of the Pat Lake study site, looking south from the "Apex" burrow
complex. Most marmot activity is concentrated along the abandoned logging
road ("K3") in the immediate foreground. The colony was discovered in
1985, only four years after logging ceased (photo taken August, 1988).

13



Green Mountain/Haley Lake Bowl ridge system; mature lowland forests between the two

areas have been almost completely removed by clearcutting.

Search and observation

Steep terrain and abbreviated daily activity rythyms make finding marmots difficult.
Search techniques involved scanning slopes and cliffs with binoculars or spotting scope,
listening for marmot whistles and searching for burrows, sc;ats or mud-stains on likely
lookout rocks. Although several weeks were devoted to the purpose, I did not succeed in
finding any colonies not already known to BCMOE. One new "slash" colony near

Mount Service was reported to me by MacMillan Bloedel personnel in 1989.

Marmot colonies were observed with binoculars or spotting scope. Typically, I used
pre-selected vantage points and waited for marmots to emerge from their burrows.
Normally I was "on-site" by 6:30 a.m. for moming sessions and 4:00 p.m. for evening
sessions; this schedule was designed to coincide with the activity patterns identified by
Heard (1977). Depending upon light conditions, ear-tags could sometimes be read at
distances of more than 25 metres with a 60x ocular on a spotting scope. Some
individuals would allow my approach close enough to read tags with binoculars; others
were very shy and had to be trapped to ensure positive identification. At all sites I
recorded numbers of marmots seen; on several occasions I conducted a "focal-animal”

experiment and observed one individual throughout an entire day.

The essential unit of study for this project was family group rather than "colony”. A
family group was defined as one in which marmots were known to be related (nursing
young) or consistently observed using the same set of burrows throughout at least one
field season. Names given to family groups were based on the adult female present. All

marmots observed were classified into one of several categories, as follows:
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- Established families: those which consistently used the same burrow
complexes from year to year, These were characterized by the presence of
several sub-adults and yearlings, and a large number of nearby escape
burrows and runways.

- New families: those formed of "new" or previously-identified marmots
which constructed new burrows and reproduced successfully. These families
were comprised exclusively of adults and young-of-the-year.

- Potential families: at least two adult marmots which consistently used one
burrow complex but were not observed to reproduce.

- Transients: marmots of unknown origin, which resided only temporarily on

site, or which were not observed with other marmots.

Trapping

Trap methods were tested on heary marmots (M. caligata) at Whistler Mountain in
early July of 1987. Havahart (Woodstream Corporation, Littitz, Pennsylvania) raccoon-
sized Model 1079 single-door traps were used exclusively throughout the project; a
double-door model was tested unsuccessfully at Pat Lake in 1988. Trapping of Marmota
vancouverensis began on July 20th in 1987, on May 24th in 1988, and on June 8th in
1989. A variety of baits (including peanut butter, apples, carrots, honey, jam, bananas,
lettuce, beansprouts, rosehips, fresh-cut grass and wildflowers) and trap placements were
tested. In 1988 I used fishing net to fashion a marmot "corral” at Haley Lake but this was
unsuccessful. Soft-catch leg-hold traps were considered but not used due to risk of

possible injury to the animal.

One successful method involved placing the Havahart trap-door directly against a

burrow entrance, and then securing burlap bags around the trap in such a way as to leave

15



the animal no other exit. This only worked, obviously, if the burrow was occupied at the
time. Often the animal would avoid capture by digging under the burlap or by simply
staying in the burrow. Terrain features at several burrows precluded the use of this
method, particularly in "slash" colonies where logging debris was abundant. The method
is also labour-intensive; considerable time is required to confirm which burrows are used
overnight, and traps must be placed and set before sunrise each moming. One advantage
is that particular individuals can be targeted, and re-traps thus avoided. In 1987 and
1988, marmots became somewhat easier to trap after August. The traditional method of
baiting with peanut butter and placing the traps on known runways was used after this
date. Peanut butter proved to be an effective lure during the latter part of the season, and

several animals became "trap-happy" and were re-captured on one or more 0ccasions.

Marking, processing and blood sampling

Once trapped, marmots were transferred to a handling bag. This was a cone-shaped
heavy canvas sock, open at both ends and equipped with a two-way zipper running
lengthwise along its side. The large opening was placed around the Havahart trap and the
door was opened, whereupon the marmot would usually runl into the bag and be
immobilized as the bag narrowed. The zipper could then be unfastened enough to grasp a
hind-leg and administer an immobilizing injection. Occasionally animals would back
into the handling bag, in which case the bag could be squeezed down and unzippered

from the opposite end.

An intramuscular injection of 10% Ketamine/Ketaset (Rogets Pharmaceuticals,
Vancouver) was used to immobilize marmots. Dosage was normally 0.5 ml/kg, which is
somewhat less than that used on housecats by veterinarians (K. Langelier, Island
Veterinary Hospital, Nanéimo. pers. com.). On young-of-the-year I used a slightly
smaller dosage, and on large, highly perturbed males I used slightly more (0.35 ml/kg to

16



0.6 ml/kg respectively). The drug normally took effect within 5 minutes of injection and
the animal could then be removed from the handling sock. A Bacitracin-Neomycin-
Polymyxin opthalmic ointment was used to protect the animal's eyes during handling
(Vatropelycin; Altana Inc., New York).

The following morphological data were recorded at time of capture: sex, weight,
total length including tail, tail length, neck circumference, chest circumference, length of
hindfoot from toe to edge of pad, and length of foreleg from toe to elbow. Weights were
measured to the nearest 100 grams using a spring scale; all external measurements were
made with a flexible plastic metric tape. Sex determination was made by everting the
genitalia, palpating for testes and/or by measuring the distance from anus to genital
opening (Heard 1977). Determining sex of young-of-the-year proved to be difficult and I
do not place much reliance on these data. Pelage characteristics, abundance of parasites,
fat condition and any extemal characteristics, such as scars, which could aid in re-
identification were noted. Marmots were categorized in one of five age classes at time of
capture: young-of-the-year, yearling, sub-adult and adult and very old adult. Criteria

used were:

- Young-of-the-year (0): small size, uniform dark colour with no moult
pattern, observed nursing or initial emergence from burrow, weight less than
3.0 kg in late August.

- Yearling (1): recapture. or very small size with moult pattern, weight less
than 3.0 kg in late August, member of existing family unit.

- Sub-adult (2): moult pattern visible, weight between 3.0 - 5.0 kg, no

evidence of reproduction, member of existing family unit in which adults are
present. |
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- Adult (3+): weight greater than 5.0 kg early in season (non-lactating),
reproductively active and/or well-defined family structure.

- Old Adult (4+): recapture or adult observed one year prior to initial capture.
Extremely large size, grizzled appearance, many scars in early season. This
classification was applied sparingly.

Marmots were equipped with ear-tags in both ears. I used either aluminum "rabbit-
ear" tags or monel self-piercing tags (style #41 and #1005-3 respectively, both numbered
sequentially; National Band and Tag Company, Newport, Kentucky). In 1987, I
modified some rabbit-ear tags by méking a coloured plastic washer from Dymo marking
tape; the idea was to colour-code animals from different colonies. Curiously, the
coloured tags were chewed off (presumably by other marmots) by spring of 1988, while
the Green Mountain animals (with bare metal tags) were still intact. After 1987, all
animals were equipped with monel self-piercing tags. Each tag, prior to installation, was
coated with permanent black ink and sanded smooth such that embossed numerals were
highlighted against the bare metal; this increased the distance at which the tag number
could be read. Ear-tag loss was a problem throughout the study. After 1987, marmots
were tattoed on their left ears using a "pliers” type tattoo kit with green ink (Ketchum
Manufacturing Sales Ltd., Ottawa). Tattoos were given as a two character alphanumeric

set such as "A1" or "B6".

A five to ten cubic centimetre blood sample was taken from the femoral vein using
Monoject syringes with 20 gauge needles (Sherwood Medical, St. Louis, Mo.). Needle
and syringe were coated with EDTA anticoagulant by "drawing and shooting” a tiny
quantity; this prevents haemolysis of the blood sample. An elastic tourniquet made veins
more visible. Hindlegs were sterilized with 80% isopropyl alcohol; pressure applied with

a sterile cotton ball stopped bleeding. Blood was transferred from the syringe to a
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"purple-top" EDTA-treated Vacutainer (Becton-Dickonson Ltd., Vancouver). While in
the field, samples were stored either in a portable cooler chilled with freezer packs or,

more usually, in the nearest snowpack.

After processing, animals were returned to the Havahart trap to recover from the
immobilizing agent. Marmots behave quite normally within 30 minutes of injection, but
this is deceptive and prematurely-released animals could injure themselves as their motor
coordination is still impaired. My policy was not to release any animal until at least an
hour had passed. Particularly difficult animals (i.e., large adult males) were protected
from injuring themselves by padding the interior of the Havahart trap with burlap bags or

extra clothing.

Upon return to base camp, blood samples were centrifuged to separate plasma from
red blood cells (RBCs). RBCs were washed with surgical 0.4 Molar saline solution and
centrifuged three additional times. Samples were then frozen and transported to the
Pacific Biological Station in Nanaimo, where they were stored at -80 C° until
electrophoresis was performed. Glass vacutainers stored at this temperature sometimes
cracked; after 1987 only plastic "cryogenic" sample tubes were used. Some 1987 and
1989 samples were transported whole and centrifuged at the Pacific Biological Station in
Nanaimo. The maximum time that whole blood samples went unfrozen was 34 hours; in

the majority of cases blood was spun and frozen within eight hours.

Electrophoresis
Experiments with 12 samples were carried out at the University of Calgary during
the winter of 1987-1988; the purpose was to identify active systems and create a list of

recipes for later analyses. Final electrophoretic analyses were performed under my
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supervision by Aqua-Life Biological Consultants (3217 Hammond Bay Road, Nanaimo),

Choice of enzyme systems surveyed was based upon two criteria:

- enzymes found to be polymorphic in yellow-bellied marmots M. flaviventris
by Schwartz and Ammitage (1980) or M. monax by Wright et al. (1987).

- enzymes commonly polymorphic in a wide variety of mammalian species
(Wayne er al. 1986).

Gel, buffer and stain recipes were taken from the literature; Harris and Hopkinson
(1976), Selander et al. (1971) and Shaw and Prasad (1970) were particularly useful. R.
Owen (U of Calgary, pers. com.) provided a recipe for Leucine aminopeptidase (LAP).

A list of electrophoretic recipes is included as Appendix II.

Statistics

Calculation of average genetic heterozygosity H and fixation coefficients Fy, F;; and
F, were made using the formulae of _ergm (1965). Significance of F, values was tested
with the procedure of Workman and Niswander (1970). Effective population size N, was
estimated using the formulae of Reed et al. (1986). Reproductive, survivorship and mark-
recapture statistics were calculated as per standard practice (eg., Begon and Mortimer

1986). Descriptive statistics, regression analyses, Student T tests, Mann-Whitney U tests,
- chi-squared X2 tests and N, calculations were made using QUATTRO (Borland

International 1987) or EXPLORE (Doane 1988) with an IBM-compatible personal

computer. Significance was evaluated at the 95% confidence level unless otherwise

noted.



RESULTS
Trapping success
A total of 48 individual marmots were captured during the study, including eight
young-of-the-year, four yearlings and 36 adults or sub-adults. Nine animals were
captured more than once, but recaptured animals were normally released without being
tranquilized or measured in order to minimize handling stress. The reader is reminded
that 48 marmots represent approximately 20% of the known population of this species

(Munro et al. 1985).

Trapping success varied among study colonies (Figure 8). Ratio of captures/trap-day
was 0.16 (56 trap-days) at Green Mountain, 0.15 (160 trap-days) at Haley Lake, 0.01
(130 trap-days) at Haley "slash", and 0.35 (78 trap-days) at Pat Lake. A trap-day is one
trap used for one day; my definition differs from the norm in that traps were sometimes
moved among several burrows during a single trapping day. Captures include animals
caught more than once. Differences in captures/trap-day were significant (X2=47.0, 3 df,

p<0.01), although arguably my trap methods were not strictly "random".

Trapping success also varied with time of year; most captures were in June or
August. This is partially the result of trapping effort; I was absent from the field in July
of 1989. Figures 9 and 10 illustrate trapping success for male and female marmots, and
"natural” and logging-slash colonies, plotted against number of days after emergence
from hibemation (arbitrarily defined as May 1st). There was no obvious bias towards
male or female marmots, or "natural” versus "slash" colonies, as a function of date-of-
capture. I conclude that tests of differences between sexes or colonies are not biased by

differences in capture date.
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56 trap-days
L 160 trapdays
130 trap-days
Green M. Haley Lake Haley slash Pat Lake
COLONY

Trapping success #1: captures per trap-day at four study colonies. A trap-day
is one trap used for one day; captures include recaptured animals.
Differences in trapping success among colonies were highly significant.
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Figure 9: Trapping success #2: males versus females as a function of date. The x-axis

refers to number of days after spring emergence (arbitrarily defined as May

1st). There was no correlation between sex and date-of-capture.
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Figure 10: Trapping success #3: "natural” versus "slash” marmots as a function of date.
The x-axis is as in Figure 9. Haley Lake samples are pooled with those from
Green Mountain, and Haley slash with those from Pat Lake. I attempted to
spread by trap efforts evenly between "natural" and "slash" colonies in order
to facilitate inter-group comparison.
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Morphology, sex ratio and age structure
Physical measurements were compared to determine whether M. vancouverensis is
sexually dimorphic. Results of one-tailed Mann-Whitney U tests indicate that measured

variables are not a reliable indication of sex (Table 1).

Among two-year-old marmots, forearm length was significantly longer in females

(Ug =43, p<0.01). In older animals this relationship was reversed. Males had longer
forearms when data for older animals were pooled (U;4 ;5=151, p<0.01), when data for
three-year-olds alone were used (Ujq 13=108, p<0.01), and when three-year-olds were
analysed without lactating females (Uy 13=46, p<0.05). Three other variables (hindfoot
length, total length and weight) were significantly different (Table 2) when age three and
older animals were pooled; however, these differences disappeared when four-year-old
marmots were removed from the data. Samples of young-of-the-year, yearlings and four-
year-old marmots were too small to be tested. While forearm length might be used to sex
bones (eg., museum specimens), I conclude that more direct methods (i.e., palpation for

testes) are preferable if one has the animal in hand.

Linear regression was used to explore relationships between physical measurements
and age. Because marmots grow rapidly during summer months (Heard 1977), regression
of variables against age measured in years would be misleading. I therefore measured
marmot age as presumed age-class+number-of-days after emergence from hibernation.
Thus, for purposes of regression analysis, a presumed two-year-old marmot captured on
June 28th is 2+(59 days/365)=2.16 years old, while one captured on August 26th is
2+(118/365)=2.32 years old. All variables showed incremental increase when plotted
against age. Analysis of residuals indicate that linear regression is an appropriate
analytical tool. Scattergrams of weight and forearm length are given in Figures 11 and

12; all other variables showed similar trends when plotted. However, regression does not
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Table 1: Differences in physical measurements of marmots. Data are means + s.d.

Measurement males females V. U P-value
Infants
Forearm length 125+ 0.7 125 0.6 6 16 >0.1
Hindfoot length 9.0£0.1 8.6 0.6 6 g >0.1
Neck circumference  18.8 £3.3 180+1.9 8 " >0.1
Chest circumference  26.4 + 2.8 242+29 9 * >0.1
Total length 547+25 529%25 5 " >0.1
Tail length 154 £0.7 149+1.3 9 2 >0.1
Weight 23305 2604 9 T >0.1
n= 4 4
Yearlings
Forearm length - 133+ 1.4 - - -
Hindfoot length - 8.8+0.8 - - -
Neck circumference - 215+3.1 - - -
Chest circumference - 28.5%4.1 - - -
Total length - 58.2+5.9 - - -
Tail length - 16.1 £ 1.6 - - -
Weight - 3.1+£0.6 - - -
n= 0 4
Sub-adults
Forearm length 14.1+£0.6 146+ 0.4 43 40 <0.01
Hindfoot length 94+03 9.2+0.6 225 = >0.1
Neck circumference 243+ 1.3 246£1.5 275 " >0.1
Chest circumference 319+ 1.8 315 £15% 23.5 % >0.1
Total length 64.0+2.6 66.1 £2.8 24.0 " >0.1
Tail length 18.1+£0.9 18.2£1.6 28.0 3 >0.1
Weight 43+05 44%0.6 275 & >0.1
n= 8 6
Adults
Forearm length 16.1£0.9 146 £0.7 151.0 131 <0.0025
Hindfoot length 9.7£05 9204 137.0 " <0.025
Neck circumference  26.9 £ 2.3 25.6 2.7 121.0 " >0.05
Chest circumference  35.5 £ 2.9 344125 106.0 * >0.1
Total length 69.4+4.3 65.6+3.3 95 9% <0.025
Tail length 18325 174£1.8 102.0 131 >0.1
Weight 54x0.7 47+0.9 133.0 i <0.025
n= 12 15
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Figure 11: Forearm length as a function of marmot age. Other variables showed similar
tr;nds when plotted. The x-axis refers to presumed age-class plus number of
days after emergence. Young animals from Pat Lake apparently grow faster,
perhaps due to earlier emergence from hibernation. The two largest adult
males ever taken were also from this colony.
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Figure 12: Weight as a function of marmot age. The x-axis is as in Figure 11. Note the
apparently high cost of reproduction; lactating females were generally
smaller than non-reproductive individuals. Marmot #7475 and #8789
showed large decreases in body weight shortly after breeding.
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indicate that any single variable is an accurate indication of age (range of r2 values=0.20
to 0.68; Table 2). In particular, my data do not support the crisp differentiation of adult

and two-year-old marmots posited by Heard (1977) on the basis of body mass.

There were some interesting differences between animals from "slash" and "natural”
colonies. Seven young marmots from Pat Lake (four young-of-the-year and three
yearlings) appeared to grow faster and larger than five others from "natural” colonies,
although sample sizes were too small to be tested for significance (Figures 11 and 12).
The two largest adult marmots ever captured were also from Pat Lake. Among three-
year-old marmots, "slash” animals were larger than those from "natural" colonies on the
basis of forearm length (Ug 14=104, p<0.01), hindfoot length, (Ug ;4=120, p<0.01), tail
length (Ug 14=95, p<0.05), and total length (Ug, 1¢=66, p<0.05). This may be a function
of earlier emergence from hibemnation at lower-elevation sites, although better nutrition

or food availability in "slash" environments cannot be ruled out.

Also interesting is the apparently high physiological cost of breeding. Two females
first captured as three-year-olds in late July and August (#8789 and #7475 respectively)
were recaptured as lactating four-year-olds in early July one year later. Both had grown
in bone structure (as measured by forearm and hindfoot length), but both also exhibited a
dramatic decline in body weight (Figures 11 and 12). Overall, six lactating females
captured at "natural” colonies during July averaged 4.2 kilograms (s.d.=0.42); two others
from Pat Lake include a 5.5 kg. lactating female captured in late June (#955956) and a
6.0 kg. post-lactating female captured in late August (#919920). The latter can be largely
explained by the two-month post-nursing period in which to recover lost body mass. The
former marmot is anomolous and. was either considerably older, or must lend credence to
the possibility that food resources are more abundant or nutritious in logging-slash

environments.
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Table 2: Regression of physical measurements with sex and age classes. Because
forearm length was found to be different between sexes, this variable was
run for both classes. No single variable is a very reliable indicator of age.

slope y s.e. r2 df F

Forearm length (all animals)  0.98 12.0 0.8 0.64 49 85.7

Forearm length (males) 1.15 11.8 0.9 0.67 21 42.1
Forearm length (females) 0.79 122 0.7 0.63 26 44.0
Hindfoot length 0.25 8.7 0.5 0.20 49 12.4
Neck circumference 2.44 18.3 2.2 0.60 50 75.4
Chest circumference 3.15 245 25 0.68 50 105.4
Total length 434 53.7 4.0 0.60 42 64.2
Tail length 0.83 15.4 1.9 0.20 50 12.5
Weight 0.80 24 0.7 0.64 51 89.4
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Sex ratio of 40 adult, sub-adult and yearling marmots was exactly equal when
animals from all colonies were pooled. Ratio of adult (age 3+) males:females was 4:4 at
Haley Lake and 2:2 at Green Mountain. At Pat Lake the ratio was considerably higher
(8:2). However, observed differences in sex rato between pooled "natural" and "slash"
colonies were not significant for either age three-or-older marmots (X?=2.12, 1 df) or age
two-or-older marmots (X2=4.0, 3 df). Sex ratio of eight young-of-the-year was 4:4,
although these animals were very difficult to sex. Age structure of all captured marmots

is presented as Figure 13.

Family group structure and persistance

Because of overlap in habitat use by individuals, it is difficult to define "colony"
boundaries. The basic unit of understanding is therefore the family group, which is
defined by consistent use of a particular home burrow complex. Observations suggest
that M. vancouverensis conforms to the "egalitarian" model of sociality described by
Michener (1983). Males do not aggressively dominate females, interactions between
females are mostly non-aggressive or even amicable, juveniles from adjacent litters
associate together after weaning, and adult females do not discriminate between young
from different litters. In these respects, M. vancouverensis exhibits a social structure

similar to that of M. olympus (Barash 1973).

Family groups nomally included one adult male for each adult female. In no case
was polygamy documented, although I remain uncertain of the male parentage of several
families. In particular, one adult male (#2522) at Green Mountain could have been
responsible for two litters in 1988. Apart from that possible exception, M.
vancouverensis does not appear to form polygynous harems within a single reproductive

season, as does M. flaviventris (Anderson et al. 1976). In this respect it more closely
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