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Discla imer  

This recovery plan has been prepared for  
subm ission to RENEW by the Vancouver Island 
Marmot  Recovery Team, in consultat ion with 
others, to define recovery act ions that  are deemed 
necessary to protect  and recover the species. I t  
does not  necessarily  represent  the v iews of the 
indiv idual team members or the off icial posit ions of 
the organizat ions with which the indiv idual team  
members are associated. The goals, ob ject ives, and 
recovery act ions ident if ied in the plan are based on 
the best  ex ist ing knowledge and subject  to 
modif icat ions result ing from changed object ives 
and new findings. We recognize that  
implementat ion of the plan will be subject  to 
appropriat ions, prior it ies, and budgetary  
const raints imposed by part icipat ing jur isdict ions 
and organizat ions. 
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Recovery plan summary 

The Vancouver I sland marm ot  Marm ota 
vancouverensis is the only endem ic mammal 
species in Canada that  has been listed as 
"endangered" either by the Commit tee on the 
Status of Endangered Wildlife in Canada 
(COSEWI C)  or by any provincial or terr itor ial 
government    Surveys suggest  one metapopulat ion 
of 200-300 indiv iduals concent rated in the 
Nanaimo-Cowichan Lake region.  Data on historical 
dist r ibut ion and abundance are lim ited, but  
marmot s have apparent ly  disappeared from some 
parts of Vancouver Island.  Causes are unknown. 

In 1938 a Recovery Team was established 
to prepare an act ion plan that , when implemented, 
would result  in populat ions of suff icient  size and 
dist r ibut ion to remove the Vancouver Island 
marmot  from the endangered list .   Populat ion 
object ives are based on the need to prevent 
inbreeding, maintain long- term  genet ic variabilit y , 
and reduce the vulnerabilit y  of marmot  colonies to 
ext inct ion through random environmental events.   
Annual monitor ing of ex ist ing populat ions and a 
complete inventory of habitat  and marmot  
populat ions throughout  Vancouver Island are the 
most  pressing needs. 

The team recom mends a total populat ion 
object ive of 400-600 marmot s dispersed in three 
metapopulat ions on Vancouver I sland. Although the 
exist ing populat ion appears to be genet ically  v iable, 
the recovery team considers that  downlist ing of the 
species from "endangered" to " threatened" should 
not  occur unt il a populat ion of 300-400 animals is 
established in two metapopulat ions. 

Seven st rategies are required to meet  the 
recovery goal and object ives. These are as follows:  

 
 

A.  Monitor known populat ions. 
B.  Determ ine habitat  requirements and 

map habitat . 
C.  Search for undiscovered colonies 

and habitats. 
D.  Invest igate dispersal character ist ics. 

E.  Protect  and manage important  
subalpine and logged habitats.  

F.  Conduct  intensive populat ion 
management  if  warranted. 

G.  Develop public support  through 
educat ion, public part icipat ion, and 
fund- raising act iv it ies. 

 
 

The Wildlife Branch, Brit ish Columbia 
Minist ry  of Environment , Lands and Parks 
(BCMELP) , is the lead agency responsible for  
implement ing the overall plan. Other agencies and 
organizat ions, including B.C. Parks (a branch of  
BCMELP) , the Royal B.C. Museum, the Canadian 
Wildlife Serv ice of Environment  Canada, and 
various nongovernment  organizat ions, including 
universit ies, private indust ry, and outdoor groups, 
will also part icipate in recovery efforts.   

Funding and scheduling requirements for  
the various act iv it ies associated with the st rategies 
are ident if ied.  The projected cost  of implement ing 
this f ive-year plan is about  $530,000.  Act iv it ies 
will be reviewed and adjusted annually  by the 
recovery team, pending results of each year 's 
work.  The plan will be reviewed in detail every 
f ive years. 
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Section I 

Introduction/species' background/status 

evaluation 

1 .  I nt roduct ion 

The Vancouver I sland marm ot  Marm ota 
vancouverensis is the rarest  and among the least  
studied of the six  marmot  species found in North 
America. This gregarious and lively rodent  lives in 
the mountainous regions of Vancouver Island. I ts 
closest  North American relat ives in the squirrel 
fam ily  are the Olympic marmot  M. olympus of the 
Olympic Peninsula, and the more widespread hoary  
marmot  M. caligata.  About  the size of a large house 
cat , an adult  marm ot  is 65-70 cm from nose to t ip 
of bushy tail.  Weights of marmots show 
t remendous seasonal variat ion. Adults average only  
2.5 kg when they emerge from hibernat ion, but  are 
5 kg or more by September. Most  of this gain is 
fat , which sustains them during hibernat ion.  

The most  st r ik ing external feature of the 
Vancouver Island marm ot , and what  dist inguishes 
it  from  its grizzled, light -brown mainland cousins, is 
its dark chocolate-brown coat . Patches of white on 
the nose, chin, forehead, and chest  cont rast  
sharply  with the rest  of the body. White hair on the 
underside can vary from a dist inct  white st reak to a 
diffuse pat tern. As the moult  progresses during 
summer, the marmot s take on a mot t led 
appearance, with patches of old faded and new 
dark fur. Young of the year have a dark, almost  
black, woolly  coat .  

The Vancouver I sland marm ot  was listed as 
"endangered" by the Commit tee on the Status of 
Endangered Wildlife in Canada (COSEWIC)  in1979, 
and in 1980 it  was legally  designated as 
"endangered" by the Province of Brit ish Columbia 
(Munro et  al. 1985) . Reasons for this designat ion 
relate to the late-1970s populat ion est imate of 50-
100 animals, m inimal data concerning historical 
abundance and dist r ibut ion, and the unknown 
influence of human act iv it ies on marm ot  colonies. A 
review of surveys (Munro et  al. 1985)  suggested a 
populat ion within the survey areas of 
approximately200-300 indiv iduals. Most  known 
colonies are confined to the Nanaimo Lakes,  

Nanaimo River and Cowichan Lake watersheds (Fig. 
1) . However, we st ress the lack of a complete 
inventory of all potent ial marmot  habitat  on 
Vancouver Island.  

Before the early  1970s, lit t le was known 
about  the dist r ibut ion or biology of the Vancouver 
Island marmot  (Janz 1982) . Swarth (1911, 1912)  
described it  as locally  abundant  near Douglas Peak 
but  did not  encounter it  elsewhere on Vancouver  
Island. K. Racey collected eight  specimens from the 
Haley Lake Bowl in 1931 (Munro et  al. 1985) . Carl 
(1943)  described a colony from Mount  Washington 
and reported a single animal on Mount  St rata. 
Rausch and Rausch (1971)  collected an adult  
female from Mount  Washington for karyotype 
analysis. Members of the Nanaimo Fish and Game 
Protect ive Associat ion inspired the f irst  at tempt  to 
inventory marm ot  colonies ( Finkelstein and 
Darling1973)  and the establishment  of an unoff icial 
"marm ot  reserve" surrounding Haley Lake and Bell 
Creek (Janz 1982) . Heard (1977)  conducted the 
f irst  f ield invest igat ions of the Vancouver Island 
marmot . His M.Sc. research was designed to test  
hypotheses of a socio-biological nature. However, 
he also compiled signif icant  ecological, behavioural 
and populat ion data that  established the basis for  
future invest igat ions. His work also did much to 
enhance interest  in Vancouver I sland marmot s, and 
the late 1970s saw much effort  directed towards 
defining their status. Carson (1978)  compiled 
records of historical dist r ibut ion, and members of 
various conservat ion groups established a public-
interest  group now known as the Vancouver Island 
Marmot  Public Liaison Com mit tee.  

Beginning in 1979, surveys were conducted 
at  known or suspected marm ot  colonies by either  
aff iliates of the above group or the Brit ish Columbia 
Minist ry  of Environment , Lands and Parks. The 
Canadian Wildlife Serv ice (CWS)  of Environment  
Canada sponsored a survey in 1981(Fry 1981) . 
Init ial surveys suggested a small populat ion (~ 100 
animals)  and confined dist r ibut ion. In 1984, Milko 
(1984)  completed his botanical thesis of the Haley 
Lake Bowl;  he later collaborated with CWS in a  
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Figu re 1  
Dist r ibut ion of known Vancouver Island marmot  colonies, and historic and prehistoric records 
( from Nagorsen, in press) . 
 

 
 
 
study of food habits of the Vancouver Island 
marmot  at  that  site (Martell and Milko 1986) . 

In 1987, a port ion of the Haley Lake Bowl 
was designated as an Ecological Reserve for 
marmot s, and Bryant  (1990)  began his master 's 
research on genet ic variabilit y  and v iable 
populat ion size. In 1991 the Ecological Reserve was 
further expanded to include the Bell Creek colony, 
and a port ion of Green Mountain was legally  
designated a Crit ical Wildlife Management  Area. In 
August  1988, the Wildlife Branch, BCMELP, t ook 
the lead in establishing the Vancouver Island 
Marmot  Recovery Team. The team has been 
charged with designing recovery efforts for the 
Vancouver Island marm ot .  

2 .  Evaluation of the Vancouver  I sland 
m arm ot's current  status  

A.  Factors influencing vulnerabilit y and 
cont ribut ing to status  

1 .  Biologica l conside rat ions  
a.  Populat ion status and current  dist r ibut ion  
ln 1979, BCMELP began sponsor ing systemat ic 
searches for marmot s. Early  surveys were 
conducted by the Vancouver Island Marm ot  
Preservat ion Commit tee, init iated by the Federat ion 
of Brit ish Columbia Naturalist s (Rout ledge and 
Merilees 1980;  Rout ledge 1981, 1982) . Surveys 
from 1982 to 1986 were done by B.C. Environment  
(Sm ith 1982, 1983, 1985;  Sm ith et  al. 1984;  Fry et  
al. 1986) . One survey was car r ied out  by CWS [ Fry 
1981) . A synopsis of the result s is included as 
Table 1;  survey object ives and methods varied, 
and data are not  st r ict ly  comparable from year to 
year.  
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Surveys in 1982 and 1983 were designed to 
inventory habitats used by marmots and not  to 
count  indiv iduals (Munro et  al. 1985) . Because 
colonies were somet imes surveyed before the 
emergence of young-of- the-year, reproduct ive 
rates are not  comparable between colon ies. In 
1984 and 1986, surveys were more intensive and 
involved repeated v isits to colonies;  they provide a 
bet ter est imate of total numbers. The 1984 effort  
resulted in a m inimum count  of 234 indiv iduals, 
including 68 young, at  42 colonies or potent ial 
colonies (Munro et  al. 1985) . Fry et  al. (1986)  
found 188 marmot s including 40 young in 1986, 
but  several areas surveyed in 1984 were not  
included in this survey. No methodical surveys 
were conducted from 1987 to 1992, although 
Bryant  (1990)  monitored numbers at  Haley Lake 
and Green Mountain, and searched unsuccessfully  
for marmot s at  histor ical sites such as Douglas 
Peak, Mount  St rata, and Mount  Jut land. BCMELP 
periodically  monitored a number of other sites 
during the course of other dut ies.  

Surveys indicate a metapopulat ion of 200-
300 indiv iduals concent rated in the Nanaimo-
Cowichan Lake area, with a total populat ion 
est imate of fewer than 500 animals.  

 
 

b.  Past  dist r ibut ion  

Our knowledge of the past  status of the Vancouver 
Island Marmot  is incomplete. Figure 1 shows the 
dist r ibut ion of all records.  

Swarth (1912)  discovered Vancouver Island 
marmot s in 1910 in the basins, meadows, and 
r idges around Douglas Peak and Mount  McQuillan, 
where he described them as " fair ly  abundant " and 
"v igilant  and unapproachable."  That  his party could 
collect  11 adult s over the course of two weeks 
suggests a sizable populat ion in the region ( indeed, 
he ment ions others that  escaped into their burrows 
" in every instance" after being shot  with hard-point  
bullets) . Swarth's work is also int r iguing for what  
he did not  f ind;  for he ascended Mount  Arrowsm ith 
and explored the mountains north of Great  Cent ral 
Lake without  f inding addit ional marm ots. A. Peake 
collected an adult  female from Mount  But t le in 
1929. K. Racey collected eight  adult  specimens 
from the Haley Lake Bowl in 1931 (Nagorsen 
1988) . In 1938, l.M. Cowan reported burrows and 
marmot s on the northeast  face of Mount  
Arrowsm ith (Munro et  al. 1985) . A small colony on 
Mount  Washington and a single animal on Mount  
St rata were reported in 1942 by Carl (1943) . Other 
reports from St rathcona Park include marmot  
jawbones of indeterm inate age from Dr inkwater 
Creek in 1940 and the Golden Hinde in 1976 and  

fresh burrows and scat s near the summ it  of Mount  
Jut land in 1983 and 1988. Two old burrows and a 
" t r ial burrow" were found just  west  of the sout h 
end of But t le Lake by Wildlife Branch personnel in 
1982, but  no fresh evidence of use was observed in 
a brief inventory (Heinsalu and Sm ith 1982) . A 
survey in 1992 by B.C. Parks found two old 
burrows on Greig Ridge, f ive old burrows near Big 
Den Mountain, and one old burrow on Adrian Peak.  

Carl (1944)  described marmot s from the 
head of Shaw Creek and Jordan Meadows, which is 
the most  sout hern record for this species. A 1930 
specimen in the Royal Brit ish Columbia Museum 
(RBCM), which was labelled "Jordan River" , may in 
fact  be from Jordan Meadows. In 1982, W. 
Hazeldine donated a skull to the RBCM that  was 
found on Mount  Joan, in the Beaufort  Range, on or 
about  1970 (Nagorsen 1988) . Prehist oric marmot  
bones (700-2500 years before present )  have been 
found at  three sites (Fig. 1) :  Shoemaker Bay 
(Calvert  and Crockford 1983) , Sut ton Pass 
(Nagorsen 1989) , and Mariner Mountain in 1992. 
Liv ing marmots are not  known from any of these 
sites, although marmot  whist les were reported near 
the Sut ton Pass site in 1988 ( on Nahmint  
Mountain;  G.W. Sm ith, pers. commun.) .  

On the st rength of museum specimens, 
sight  records and interv iews, Carson (1978)  
suggested a historical dist r ibut ion of some 25 
colonies throughout  Vancouver Island. Some of the 
records are uncertain and may have been based on 
solitary (dispersing)  indiv iduals. Carson's work, and 
the prehistoric f indings, suggest  a more widespread 
historical dist r ibut ion of the Vancouver Island 
marmot , however, there is no evidence that  this 
marmot  was ever "abundant " on Vancouver I sland. 

 
 

c. I ncidence of disease or pests  

Ectoparasites ident if ied from the Vancouver Island 
marmot  include the f lea Thrassis spenceri spenceri 
and an unident if ied t ick ( I xodes spp.) . 
Endoparasites include the nematode Bayliascaris 
laevis and cestodes Diandrya composita and D. 
vancouverensis,  the lat ter recorded only from 
Vancouver Island marm ots (Nagorsen 1987) .  

 
 

d.  Commercial or subsistence use  

The presence of tool mark ings on marmot s' bones 
found at  archaeological sites indicate nat ive 
peoples once used the Vancouver Island marmot  
for food and sk ins (Nagorsen 1989) . Many reports 
of early  explorers on Vancouver island also refer to 
the use of marmot  sk ins by nat ive people. 
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2 .  Habitat  considerat ions 
a.  Overv iew of habitat  requirements 

The best  Vancouver I sland marm ot  habitats, like 
those in the Green Mountain -  Haley Lake area 
west  of Nanaimo (Heard 1977;  Milko 1984) , are on 
steep slopes (35-90 percent )  in subalpine areas, 
between the 1000-  and 1460-m elevat ions. These 
hardy animals prefer sites where lush herbaceous 
growth provides abundant  summer food, and t ree 
cover doesn't  hinder their abilit y  to see one another 
or detect  predators. The best  habitats face 
southeast  to west  (Bryant  1991a) , which prom otes 
early  spring snowmelt ;  have pockets of deep soil 
suitable for hibernacula and burrows;  contain 
scat tered boulders or rock ledges used for loafing 
and lookouts;  and are situated below steep, rock  
bluffs that  shed snow. Snow avalanches and snow 
creep are believed to be the major processes that  
maintain these meadow habitat s, which are of quite 
lim ited extent  on Vancouver Island. Occasional 
wildfires may also create some subalpine openings 
used by marmots.  

Marmots are highly dependent  upon the 
Anaphalis-Aster  wildflower comm unity, which 
provides a diversity  of food sources and soil 
condit ions suitable for burrows. Grasses are 
important  in the diet  in spring and although the 
availabilit y  of grass increases over the sum mer, the 
marmot s swit ch to forbs. Preferred forbs in 
summer are lupines, peavine, paintbrush, 
meadowrue, cow parsnip, and woolly  sunflower . 
Milko (1984)  speculated that  encroachment  by 
Pteridium ferns and t rees lim it  marmot  habitat . and 
that  natural successional processes are the most  
likely  explanat ion for the scarcity  of this marm ot . 

Nonetheless, the Vancouver Island marmot  
can surv ive in many habitat  types. The Mount  
Washington colony, which has existed since at  least  
the early  1940s, occupies an environment  quite 
different  from  that  of the Haley Lake Bowl (Fry et  
al. 1986) . The dom inant  vegetat ion consists of 
scat tered alpine f ir  Abies lasiocarpa and mountain 
hem lock Tsuga mertensiana interspersed with 
juniper Juniperus communis and blueberries 
(Vaccinium  spp.) . Marmot s on the northwest  r idge 
of "P" Mountain live on steep clif fs and talus slides 
interspersed with thick forest ;  colonies on Mount  
Heather and in Westerholm  basin live am idst  willow 
(Salix  spp.) . and alder Alnus spp. thickets and rock 
slides.  

Marmots have been observed in a variety of 
disturbed habitats. Heinsalu and Sm ith (1982)  f irst  
recorded marmot s in logged-over habitat , and 
Sm ith et  al. (1984)  documented successful 
reproduct ion in that  environment . By 1984 at  least  
56 marmots had been found in logging-slash  

environments at  f ive discrete locat ions. Marmots 
also occur in openings created by sk i- run 
developments (on Mt . Washington and Green 
Mountain)  and in m ine tailings on the nor th slopes 
of Mount  Washington. Sight ings of marm ots at  low 
elevat ions (< 50! )  m ) , such as a vegetable garden 
at  Coombs, on the beach at  Union Bay, near the 
airport  at  Cassidy, under a horse stable at  Cedar, 
and in a backyard at Franklin River, likely  represent  
dispersing animals. Both the Coombs and Cassidy 
marmot s hibernated successfully  at  these low 
elevat ions.  

The broad range of habitat  types used by 
Vancouver Island marm ots precludes a simple 
est imate of the total habitat  available for the 
species and makes inventory diff icult . 

 
 

b.  Status of cr it ical habitat   

Milko (1984)  suggested that  natural reduct ion in 
marmot  habitat  since the Pleistocene is the most  
likely  explanat ion for the current  rarity  of 
Vancouver Island marm ot ;  he cites Franklin et  al. 
(1971)  and Kuramoto and Bliss (1970)  in support  
of his interpretat ion that  historical declines in the 
species were concurrent  with a period of 
pronounced clim at ic change and forest  succession. 
Milko's hypothesis is probably correct . Subalpine 
meadows such as those above Haley Lake are 
much less numerous on Vancouver I sland than 
they were immediately following the Fraser 
Glaciat ion, but  that  does not  sat isfactorily  explain 
the apparent  recent  loss of colonies from Douglas 
Peak or the St rathcona Park region. What  appears 
to be suitable habitat  remains at  those sites, 
considering the variable nature of the habitats used 
by the species elsewhere (Sm ith et  al. 1984;  
Bryant  1990) , but  it  is unclear what  const itutes 
crit ical habitat  for this species.  
 
 

B.  The Vancouver Island marm ot 's role in 
the ecosystem  and interact ions with 
humans  

1 .  Ecological considera t ions  
a.  Ecological role  

The Vancouver I sland marm ot  is a herbivorous 
rodent  of rocky subalpine meadows on Vancouver 
Island. Although it  is a known prey item  for Golden 
Eagle Aquila chrysaetas,  cougar Felis concolor 
vancouverensis,  and gray wolf Canis lupus,  it  is 
only available seasonally  for f ive months, and its 
numbers are probably not  large enough to sustain 
any predator populat ion. 
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b.  Taxonomic posit ion 

The Vancouver I sland marm ot  was described in 
1911 based on 11 specimens shot  in 1910 near 
Douglas Peak in west -cent ral Vancouver Island 
(Swarth 1911, 1912) . The species is endem ic to 
Vancouver Island and is the only species of the 
genus Marmota that  occurs there. The Vancouver 
Island marmot  differs from the closely- related 
hoary marmot  and Olympic marm ot  in morphologic 
(Hoffman et  al. 1979;  Nagorsen'1987) , karyotypic 
(Rausch and Rausch 1971) , and behavioural (Heard 
1977)  t rait s. I t  is a "good species" in the sense that  
it  is reproduct ively isolated from all other marmot  
species, although no one has tested interbreeding 
with mainland populat ions of M. caligata or other 
species. 
 
2 .  Socio- polit ical conside rat ions 
a.  Public appeal or ex istence value 

Unt il the 1970s, lit t le was known about  Vancouver 
Island marmots. Interest  in the species had 
increased dramat ically , and a public- interest  group 
known as the Vancouver Island Marmot  Public 
Liaison Com mit tee was formed in 1978. Public 
interest  in endangered species is high.  
 

b.  Ut ilitar ian value  

Although the Vancouver Island marmot  has no 
present  consumpt ive value, it  is very valuable in 
nonconsumpt ive uses such as photography and 
v iewing and in the context  of environmental 
educat ion. Marm ots are readily  observable at  
known colony sites and one of the easiest  
endangered species to photograph in the wild.   
 

c.  Legal considerat ions  

The Vancouver I sland marm ot  has been designated 
an endangered species in Brit ish Columbia, and is 
protected from harassment  and disturbance under 
the Brit ish Columbia Wildlife Act .  
 

d.  Proport ion of breeding populat ion in Canada  

The ent ire populat ion of this species is endem ic to 
Canada, as Vancouver I sland marm ots are found 
only on Vancouver Island. 
 

C.  Recovery potent ial of the Vancouver 
Island marmot  

1 .  Revie w  of  m a jor causes of threa t  and 
like lihood of  cont inued threa t  

a.  Human harassment  

Logging, m ining, and sk i-hill development  could 
create problems associated with human v isitat ion 
and harassment , m ost ly  by providing easy access 
to marmot  colonies. Possible deleterious effects 
include t rampling of vegetat ion, snow compact ion, 
disturbance by wildlife photographers, shoot ing,  
all- terrain vehicles, and vandalism  (Dearden 1983) .  
Munro et  al. (1985)  cited two cases of marmots 
being shot  and recommended that  dogs be used to 
determ ine presence of animals only, not  
reproduct ive success, due to possible harassment . 
Most  colonies are protected by inaccessibil it y  and 
through a lack of specif ic informat ion as to their  
locat ion. In addit ion, the South Nanaimo River 
watershed is closed to the public during all but  
three weeks of the period when marmots are 
act ive. 
There is no evidence that  these human harassment  
factors have had a signif icant  effect  on any marmot  
colony. Marm ot  research is not  thought  to have a 
negat ive impact  on the populat ion. Bryant  (1990, 
1992)  has handled over 159 marm ots and has only 
one capture- related mortality . Observat ions by 
various indiv iduals suggest  that  the Vancouver 
Island marmot  is very tolerant  of human presence 
(Heard 1977;  Munro et  al. 1985;  Bryant  1990) . 
Heinsalu and Sm ith (1983)  described marmot s 
liv ing am idst  the noise and dust  of log-yarding 
act iv it ies. Indeed, the tolerance of Vancouver 
Island marmots to humans has resulted in it  being 
one of the most  photographed endangered species 
in Canada. 
 

b.  Habitat  changes 

During the 1970s and early  1980: , there was 
considerable public concern that  populat ions of 
Vancouver Island marm ots suffered from habitat  
changes associated with logging or the 
development  of alpine sk i operat ions (Dearden 
1983;  Munro et  al. 1985) . There is no evidence to 
substant iate such content ions;  indeed, marm ots 
apparent ly  have benefit ted by the creat ion of more 
foraging habitat , at  least  in the short  term  (Munro 
et  al. 1985;  Bryant  1992) . However, other effects 
of logging, part icularly  on marmot  dispersal, are 
unknown. D. Heard and I . McTaggart -Cowan (cited 
in Munro et  al. 1985)  speculated that  rem oval of  
forest  cover would enhance dispersal and 
recolonizat ion of mountain sites. Bryant  (1990)  
suggests that  the reverse is t rue:  i.e., that  the 
creat ion of new logged habitats at  the base of  
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colony at  a distant  mountain. Surv ivorship data for  
ear- tagged marmots (Bryant , unpubl.)  also 
indicates that  overwinter surv ival in these lower 
elevat ion hibernacula in logged areas may be 
lower. Unfortunately, insuff icient  data are current ly  
available to determ ine the long- term  impact  of 
logging on Vancouver Island marmot  populat ions.  
 
 
2 .  Current  ha bit at  prote ct ion e fforts 
B.C. Environment  (a branch of BCMELP)  has 
entered into several successful landowner 
agreements with forest  companies owning marmot  
sites. One of these agreements evolved into a 93-
ha Haley Lake Ecological Reserve, established in 
1987 on private land donated by MacMillan-Bloedel. 
This reserve was further expanded by 27 ha of 
private land donated by Fletcher-Challenge in 
1991. In addit ion, a 300-ha Crit ical Wildlife 
Management  Area was established on Crown land 
on Green Mountain in 1991. 
 
 
3 .  Degree of  habitat  m anage m ent  

required 
There is no evidence of short - term  negat ive impact  
by logging, sk i-hill development , or human 
harassment . However, because long- term  effects 
are not  clear, the management  of these impacts, 
and other potent ial impacts, such as m in ing, is a 
high prior ity  through ongoing habitat  protect ion 
and management  act iv it ies of B.C. Environment . 
Research is required on the influence of land-use 
changes on marm ot  populat ions to bet ter guide 
land-use decisions and habitat  management  
init iat ives. 
 

 
4 .  Biologica l conside rat ions a ffect ing 

recovery 
a.  Recruitment  rate 

Female Vancouver I sland marm ots may produce 
young at  three years of-age, but  most  do not  unt il 
four years-of-age (Bryant , unpubl.) . There are few 
data available on the frequency of breeding in 
indiv iduals. The interval between lit ters may be 
one, two, or three years;  other marmot  species 
comm only produce lit ters every two years. Hoary  
and Olympic marm ots f irst  breed in their third year 
and typically  produce young in alternate years 
(Barash 1974;  Holmes 1979;  Wasser and Barash 
1983) , although indiv iduals may sk ip one or more 
consecut ive years (Holmes 1984) . Heard (1977)  
speculated that  Vancouver I sland marm ot :  should 
sim ilar ly  breed in alternate years. On occasion, 
Vancouver Island marm ots have produced lit ters in  

consecut ive years, both in capt iv ity  (Dyer 1982)  
and in the wild (Bryant  1990) , but  some females 
have not  reproduced even after two or three years 
(Bryant , unpubl.) . Average lit ter size between 1987 
and 1992 was 3.16 (Bryant . unpubl., n=  19) . A 
lit ter of 3 is by far the most  common, with one 
lit ter of 5, two lit ters of 4, and one lit ter of 2 also 
observed. 
 

b.  Populat ion v iabilit y  analysis 

What  is the m inimum populat ion required to ensure 
the long- term  surv ival of Vancouver I sland 
marmot s? In theory, for every populat ion there is a 
threshold size above which the r isk of ext inct ion 
falls below an established level of probabilit y  ( i.e., 
it  becomes an "acceptable" r isk:  Shaffer 1981) . The 
problem is to ident ify  what  populat ion size and 
dist r ibut ion would provide a st rong probabilit y  of  
surv ival despite random demographic, genet ic, or  
environmental events over t ime. Fortunately, there 
are a few scient if ic guidelines on how to do this. 

Exist ing methods are based on the need to 
m inim ize inbreeding (Reed et  al. 1986) , maintain 
long- term  genet ic adaptabilit y  (Franklin 1980) , and 
account  for random environmental or demographic 
events (Burgman et  al. 1988) . General rules-of-
thumb have been suggested, such as the need to 
maintain an effect ive populat ion size (Ne)  of 50 to 
prevent  inbreeding depression and an Ne;  of 500 to 
prevent  the long- term  erosion of genet ic variability  
and adaptabilit y  (Frankel and Soulé 1981) . 
"Effect ive" populat ion size is the "size of an 
idealized populat ion that  would have the same 
amount  of inbreeding or random genet ic drift  as 
the populat ion under considerat ion" (Kimura and 
Crow 1963;  see Appendix 1) . The number of  
animals required to maintain a given Ne is 
generally  much higher than that  value, depending 
upon the biology of the species in quest ion (Reed 
et  al. 1986) . Calculat ion of "m in imum viable 
populat ion" (MVP)  size on genet ic grounds alone is 
at t ract ive. However, the mult iplicity  of factors 
involved in most  ext inct ions suggests that  an MVP 
calculated to counter a single threat  (e.g., 
inbreeding)  will be inadequate. 
A useful tool for wildlife managers is populat ion 
v iabilit y  analysis (PVA) . The idea is to combine 
various ext inct ion threats into a single model (Fig. 
2) . Managers can then ident ify  primary  threats to a 
populat ion as well as feedback loops that  can 
further reduce v iabilit y . In Gilpin's model, the 
species in quest ion is described as the sum of 
various populat ion parameters. External "shocks" 
have the effect  of changing these populat ion 
stat ist ics and may lead direct ly  to ext inct ion. In 
addit ion, changes in these parameters can set  up 
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Figu re 2  
Model for populat ion v iabilit y  analysis. In th is model, the species is described as the 
sum of populat ion parameters ( int r insic growth rate r, habitat  carry ing capacity  K,  
populat ion size N,  genet ic effect ive populat ion size Ne,  dist r ibut ion or fragmentat ion 
index D,  inbreeding coeff icient  I ,  and measure of genet ic adaptabilit y  A) . 
Environmental shocks may influence these parameters and fragment  or reduce the 
size of populat ions. This may lead direct ly  to ext inct ion or establish feedback loops 
that  further reduce populat ion v iabilit y . Adapted from Gilpin (1987) .  
 

 
 
 
 
feedback loops or "ext inct ion vort ices" that  can 
further influence the status of the animal (Gilpin 
and Soulé 1986) . For example, persecut ion of the 
black- footed ferret  Mustela nigripes and its prey led 
to reduced ferret  populat ion size and created a 
situat ion where the species became much m ore 
vulnerable to a single natural event , such as 
disease (Clark 1987) . 

The primary value of the PVA model is that  
each feedback loop is amenable to empir ical 
analysis. Techniques such as elect rophoresis can be 
used to est imate levels of genet ic variabilit y , and 
comparison with other taxa can lead to informed 
decisions concerning the danger of inbreeding 
depression or long- term  loss of adaptabilit y  (Wayne 
et  al. 1986) . Standard populat ion techniques can 

be used to est imate other parameters, and 
computer simulat ions can be used with those data 
to predict  the effects of random env ironmental or 
demographic events (Burgman et  al. 1988) . Note 
that  PVA analyses are complicated by species that  
have subpopulat ions separated in space 
( "metapopulat ions":  Gilpin 1987) . For 
metapopulat ions that  are genet ically  isolated from  
one another, a separate PVA may be required for  
each (as in the case of the Yellowst one populat ion 
of grizzly  bears Ursus arctos) .  

The PVA model, like all such models, is 
designed as a tool for thinkers and not  as a crutch 
for the lazy. I t  is imperfect , part icular ly  when 
applied to "real-world" examples where often 
populat ion parameters are est imated instead of   
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precisely known. I t  is an exercise in r isk 
assessment  and, like all r isk assessments, it  is 
impossible to know whether the proverbial 100-
year f lood will come tomorrow or 87 years hence. 
Despite this, PVA provides a coherent  model for the 
design of recovery plans. 
 
 
c.  Stochast ic causes of ext inct ion 

Random demographic or environmental effects 
have likely influenced the number and dist r ibut ion 
of the Vancouver Island m armot , part icularly  given 
the small and disjunct  nature of many colonies. 
Data from Bryant  (1990) , Milko (1984) , and Heard 
(1977)  illust rate the variable reproduct ive success 
at  the Haley Lake Colony. Sm ith (1982)  reported a 
dramat ic increase in populat ion size at  the Green 
Mountain colony from the 1950s to the early  
1980s, and Bryant  (1990)  describes a sim ilar 
change at  Pat  Lake. Mount  Hooper North (Heinsalu 
and Sm ith 1983) , Mount  Washington, and "P" 
Mountain colonies may have declined within the 
past  few years (Bryant  1990) . 

Populat ion f luctuat ions may be related to 
yearly  weather pat terns, although no researcher 
has demonst rated a stat ist ical associat ion. Sm ith 
(1982)  at t r ibuted increased marm ot  numbers and 
dist r ibut ion during the late 1970s to a per iod of 
m ild winters. Annual differences in reproduct ive 
success have been at t r ibuted to variat ion in winter 
snow depth and t im ing of spring snowmelt  (Milko 
1984) . Sim ilar t rends exist  in other marmots (e.g., 
M. flaviventris;  Arm itage and Downhower 1974)  
and certainly  the subalpine regions of Vancouver 
Island exhibit  highly variable weather condit ions. 
Page (1987)  posits an 18-year cycle in Vancouver 
Island snowfall pat terns, with decades of 
comparat ively m ild winters followed by periods of 
more ext reme winters. Such a pat tern could have 
enormous implicat ions for the surv ival of m arm ot  
colonies, part icular ly  small colonies at  sites with 
marginal hibernacula or food resources. Bryant  
(1993b)  at tempted to simulate stochast ic fact ors 
with computer models of Vancouver I sland marmot  
colonies. Although his populat ion data are 
incomplete, results f it  the general rule that  small 
colonies are m ore vulnerable to stochast ic 
ext inct ion than larger ones. 

Because random demographic or 
environmental processes cannot  be cont rolled by 
wildlife managers, the only recourse is to t ry  to 
maintain populat ions suff icient ly  large to withstand 
those effects, and close enough together to 
promote recolonizat ion if local ext inct ions occur. In 
effect , the object ive must  not  be to protect  every 
small colony of marmot s from random effects;   

rather. it  must  be to manage larger populat ions 
that  are resilient  to such processes. 
 
 
d.  I nbreeding depression 

Inbreeding leads to the loss of genet ic var iabilit y  
and the expression of deleterious recessive alleles,  
a phenomenon known as inbreeding depression.  
Inbreeding depression has occurred in a wide range 
of mammal species (Wayne et  al. 1986)  and may 
involve reduced reproduct ive success (Wildt  et  al.  
1987) , increased juvenile mortality  (Ralls et  al. 
1988) , or suscept ibilit y  to disease (O'Brien et  al. 
1985) . Alternately, inbreeding can "purge" 
populat ions of deleterious genet ic t rait s, and some 
highly inbred capt ive populat ions have surv ived for  
many generat ions (white lab rats being the classic 
example) . In most  natural populat ions, st rong 
behavioural t raits such as dispersal of juveniles 
tend to prevent  close inbreeding (Rails et  al. 1986) .  
Inbreeding depression is therefore most  common in 
zoo populat ions, where such behavioural t raits 
cannot  operate (Wayne et  al. 1986) .   

Recent  studies suggest  that  inbreeding may 
be a major problem in wild populat ions that  are 
small or increasingly fragmented by the effects of 
human act iv ity  (e.g., Shaffer 1981;  Gilpin and 
Soulé 1986) . For example, Chesser (1983)  found 
that  inbreeding and genet ic drift  created genet ic 
differences between colonies of black- tailed prair ie 
dogs Cynornys ludovicianus that  were ext reme 
given the short  geographic distances between 
colonies. He suggested that  poisoning and habitat  
changes altered normal dispersal pat terns to the 
point  where inbreeding could be aggravated. In 
cont rast , close inbreeding is unknown in yellow-
bellied marmots M. flav ivent r is (Schwartz and 
Arm itage 1980) . Evident ly , rates of dispersal 
between marmot  colonies, together wit h 
behavioural t raits, prevent  inbreeding depression in 
that  species. 
There is current ly  no evidence for inbreeding 
depression in Vancouver I sland marmots. Bryant  
(1990)  found levels of genet ic variabilit y  in 
Vancouver Island marm ots comparable to those 
found in yellow-bellied marmots and woodchucks. 
He did f ind genet ic differences between colonies in 
the Nanaimo Lakes -  Nanaimo River watersheds. 
Whether this indicates inbreeding or recent  colony  
isolat ion is not  yet  clear:  samples from addit ional 
colonies are needed. In part icular, Bryant  (1990)  
was unable to f ind or sample any animals from  
Mount  Washington. Theory dictates that  a small 
isolated colony of marmots, such as that  thought  to 
have existed on Mount  Washington since the 
1940s, must  be inbred by definit ion. That  colony 
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could provide important  data concern ing "normal"  
levels of genet ic variabilit y  and inbreeding in the 
species. 

Several formulae are available to est imate 
the effect ive genet ic size (Ne)  of a populat ion (e.g., 
Lande and Barraclough 1987;  Reed et  al. 1986;  
LaCava and Hughes 1984;  Lemkuhl 1984;  Ryman 
et  al. 1981;  and Hill 1972) . These formulae were 
applied to the Vancouver Island marm ot  using 
demographic data derived from -either fieldwork  or 
from  a populat ion simulat ion model (Bryant  1993b, 
1990, and unpublished data) . The purpose was to 
est imate the effect ive populat ion size (Ne)  of the 
known populat ion, and to determ ine what  total 
populat ion size (N)  would be necessary to keep 
inbreeding rates below 1%  (which t ranslates to an 
effect ive populat ion size of 50) . Assum ing that  the 
known populat ion is neither increasing nor 
decreasing, that  no polygamy occurs, that  all 
marmot  colonies are connected by dispersal of 
successful imm igrants, and using f ield-data or 
simulat ion-derived demographic parameters, the 
formulae produced Ne est imates in the range of 
20-30 animals for the known populat ion (Appendix 
ll.  Est imated Ne/ N rat ios were in the range of 0.08 
to 0.11, suggest ing that  470- 574 animals are 
required to maintain an effect ive populat ion of 50. 
This is m ore than twice the known populat ion. I f 
the populat ion f luctuates in size, if  dispersal rates 
are not  uniform  among colonies, or if  relat ively few 
males breed with many females, Ne size will be 
reduced st ill further (Lande and Barraclough 1987) . 
Conversely, if  our inventory data underest imated 
the actual number of breeding indiv iduals, or if  
adult  surv ival rates are higher than est imated from 
mark- recapture data, Ne size would be increased. 
Because empir ical data suggest  that  Vancouver 
Island marmots can disperse long distances, and 
genet ic data show surprisingly high levels of 
variabilit y , and because the evolut ionary history of 
Vancouver Island marm ots may have purged 
deleterious genes through a succession of genet ic 
bot t lenecks, we reason that  inbreeding depression 
is not  of immediate concern, and the known 
populat ion is at  least  in the order of magnitude 
necessary to prevent  drast ic loss of genet ic 
informat ion. 

Populat ion object ive # 1 (see Sect ion I I )  is 
based on this assumpt ion. However, environmental 
stochast icity , long- term  loss of adaptabilit y  and 
populat ion fragmentat ion are also important  factors 
to consider in the design of the recovery plan.   
 

 

e.  Long- term  adaptabilit y   

Whereas inbreeding depression has 
measurable effects upon reproduct ive success or 
other populat ion parameters, the long- term  loss of 
genet ic variabilit y  may confer evolut ionary  
disadvantages that  do not  become apparent  for  
generat ions (Frankel and Soulé 1981) . Few 
empir ical data exist  that  suggest  how much genet ic 
variabilit y  is enough. That  places wildlife managers 
in a diff icult  situat ion, part icularly  if  no informat ion 
is available concerning "normal"  levels of genet ic 
variabilit y  in a part icular species. Franklin (1980)  
argued that  an effect ive populat ion Ne of 500 
would balance the conflict ing forces of mutat ion 
and genet ic drift  and would be suff icient  to 
preserve genet ic variabilit y  over the long term . 
Subst itut ion into the est imated Ne/ N rat io suggests 
that  this would necessitate the maintenance of 
4500-5740 marm ots. This is not  a valid recovery 
object ive. First , it  is unlikely that  ex ist ing natural 
habitats on Vancouver Island could ever support  
such a large populat ion. Second, the Ne =  500 
rule-of- thumb assumes a single effect ive 
populat ion and does not  consider the complex  
relat ionships between genet ic st ructure and 
metapopulat ion st ructure (Gilpin 1991) . Finally ,  
Franklin assumed a polit ical policy of "benign 
neglect " , with surv ival of wildlife populat ions and 
natural environment s exclusively dependent  upon 
natural processes. This ignores the possibilit y  that  
wildlife managers m ight  undertake act iv it ies such 
as t ranslocat ion to ensure adequate genet ic 
"m ix ing."  Bryant 's (1990)  data suggest  that  the 
Vancouver Island marm ot  is in no im mediate 
danger of becom ing genet ically  monotypic or less 
evolut ionarily  f it  than other mam mal species. The 
establishment  of three metapopulat ions, each large 
enough to avoid inbreeding depression or  
ext inct ion through random demographic or 
environmental events, is judged to be a reasonable 
way of maintaining long- term  adaptabilit y , as it  will 
perm it  genet ic m ix ing among them, if  and when 
that  is found to be necessary.  
 

 

f .   Fragmentat ion and metapopulat ion theory   

Vancouver Island m arm ot  ecology appears to be a 
classic example of metapopulat ion theory, with the 
ent ire populat ion consist ing of small colonies in 
geographically  isolated patches of habitat  that  are 
periodically  ext irpated and recolonized (Gilpin 
1987) . With the possible except ion of the Mount  
Washington colony, no known small subpopulat ion 
of Vancouver Island marmot  apparent ly  surv ived 
for any length of t ime without  being connected       
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( through dispersal)  to other colonies. Indeed, there 
is no theoret ical basis for assum ing that  such a 
colony could surv ive for long, given what  is known 
about  stochast ic environmental and genet ic effects.   

Given that  v iew, the scanty historical 
ev idence suggests that  during the early - to-m id 
1900s there may have been three metapopulat ions 
on Vancouver lsland:  one cent red around the 
Douglas Peak type locality , one in the Nanaimo and 
Cowichan watersheds, and another in the 
St rathcona Park/ Forbidden Plateau region. Current  
inventory data, although adm it tedly incomplete, 
suggest  that  the Douglas Peak and Forbidden 
Plateau metapopulat ions are great ly  reduced and 
may be near ext inct ion. The Nanaimo -  Cowichan 
Lake metapopulat ion is relat ively stable.  

No data are available to relate colony 
dynam ics with land-use changes. I f future 
expansion of logging-slash marm ot  colonies occurs 
at  the expense of more peripheral colonies, wildlife 
managers will be faced with a growing "eggs in one 
basket "  scenario. Even if that  does not  occur , the 
recovery team is concerned about  the present  
geographical dist r ibut ion of marmot  colonies. Given 
the small total known populat ion of the Vancouver 
Island marmot , prudent  management  should 
include the dispersal of r isk through re-
establishment  of metapopulat ions in addit ional 
regions.  

Finally , every effort  must  be made to ensure 
that  colonies within a metapopulat ion are 
connected through natural dispersal or 
t ranslocat ions. Fragmentat ion of the exist ing 
populat ion would increase the probabilit y  of 
ext inct ion through random genet ic or 
environmental events. 
 
 
5 .  Com pet ing species/ preda tors  
The only conceivable compet it ors would be other 
herbivores such as black- tailed deer Odocoileus 
hem ionus columbianus,  Roosevelt  elk  Cervus 
elaphus roosevelt i,  and voles (Microtus spp.) , 
although signif icant  interact ion w ith these species 
is considered unlikely.  

There is a long list  of potent ial predators of 
the Vancouver Island marmot , including cougar,  
wolverine Gulo gulo vancouverensis,  gray wolf, 
black bear Ursus americanus vancouveri,  Golden 
Eagle, Bald Eagle Haliaeetus leucocephalus,  Red-
tailed Hawk Buteo jamaicensis,  Northern Goshawk 
Accipiter gent ilis langi and humans. Heard (1977)  
described one instance of probable predat ion by 
cougar. He and others report  at tacks or at tempted 
at tacks by Golden Eagles (Heard 1977;  Fry et  al. 
1986) . There is speculat ion that  an increase in  

numbers of hawks and Golden Eagles due to 
increased prey availabilit y , notably the int roduced 
eastern cot tontail rabbit  Sylv ilagus floridanus,  
could result  in increased predat ion pressure on 
marmot s (Merilees 1980) . Nagorsen (pers. 
comm un.)  reports f inding marmot  fur in a wolf 
scat . Munro et  al. (1985)  reported two cases where 
marmot s were shot  by vandals. The presence of 
marmot  bones in a 1500-year-old archaeological 
site at  Port  Albem i (Calvert  and Crockford 1983) , 
2500-year-old tool-marked bones in a cave at  
Sut ton Pass (Nagorsen 1989) , and 680-1060-year-
old tool-marked bones in a cave on Mariner 
Mountain is ev idence that  nat ive peoples hunted 
marmot s for food or robes or both.  

Circumstant ial ev idence suggests that  
predat ion is a factor with potent ially  important  
ram ificat ions upon small isolated colonies. The 
presence of 13 part ial skeletons in the Sut ton Pass 
cave, and 70-80 part ial skeletons in the Mariner 
Mountain cave suggest  human predat ion may have 
been a major factor explaining the lack of known 
colonies in these two areas. Sim ilarly , few marmot s 
have been found at  Douglas Peak since Swarth's 
scient if ic collect ing in 1910. Halpin (1987)  found 
that  shoot ing of several adult  males in a colony of 
black- tailed prair ie dogs was followed by profound 
populat ion effects. Young animals cont inued to 
disperse and did not  replace the lost  adults;  the 
populat ion was thus left  with a dearth of breeding 
males and declined. 
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Section II 

Recovery 

 

1 .  Recovery goal and objectives 

The goal of the recovery plan is to remove the 
Vancouver Island marm ot  from the endangered 
species list s. Populat ion object ives are designed to 
ensure the long- term  surv ival of the species 
despite natural catast rophes, inbreeding, and 
habitat  changes. The Vancouver Island Marmot  
Recovery Team and appropriate jur isdict ional 
authorit ies (primarily  BCMELP)  are responsible for 
implement ing the plan. The recovery team and the 
recovery plan are integral components of the 
Recovery of Nat ionally  Endangered Wildlife in 
Canada (RENEW) init iat ive. 
 
 
Obje ct ive  # 1 :  Maintain the exist ing Nanaimo -  
Cowichan Lake metapopulat ion at  not  fewer than 
200 animals w ithin the current ly  known dist r ibut ion 
of the species. Species status remains 
"endangered."  
 
 
Obje ct ive  # 2 :  When a second stable or increasing 
metapopulat ion of between 100 and 200 animals is 
discovered or established by t ranslocat ion, ask  
COSEWI C to consider downlist ing the Vancouver 
Island marmot  from "endangered" to " threatened."  
Total populat ion of marmot s would be 300-400. 

 
 

Obje ct ive  # 3 :  When a third stable or increasing 
metapopulat ion of between 100 and 200 animals is 
discovered or established by t ranslocat ion, ask  
COSEWI C to consider downlist ing the Vancouver 
Island marmot  from "threatened" to "vulnerable. "  
Total populat ion of marm ot s would be 400-600. 

 
The feasibilit y  of achieving object ives # 2 

and# 3 will be determ ined within the t imeframe of 
this 5-year plan, depending on the results of 
animal and habitat  inventory. 

Metapopulat ions are defined as a set  of local 
colonies or subpopulat ions (Gilpin 1987) . 

Metapopulat ions should be large enough to prevent  
inbreeding depression and maintain genet ic 
variabilit y  over t ime, and large enough to buffer 
the effects of demographic or environmental 
stochast icity . A metapopulat ion should consist  of 
approximately 100-200 marmot s (young-of-year 
excluded) , depending on the degree of natural or  
human- induced genet ic interchange. Each 
metapopulat ion should consist  of at  least  six  
subpopulat ions or colonies, among which natural 
dispersal and recolonizat ion will occur. 

 
 

2 .  St rategies 

General st rategies required to achieve the recovery  
goal and object ives include:  

A.  Monitor known populat ions. 
B.  Determ ine habitat  requirements and 

map habitat . 
C.  Inventory for undiscovered colonies 

and habitats. 
D.  Invest igate dispersal character ist ics. 
E.  Protect  and manage important  

subalpine and logged habitats.  
F.  Conduct  intensive populat ion 

management  if  warranted. 
G.  Develop public support  through 

educat ion, part icipat ion, and fund-
raising act iv it ies. 

 
 

3 .  Stepdow n out line 

A. Monitor known populat ions. 
1.  Determ ine populat ion t rends. 

a.  Establish procedures for standardized 
surveys. 

b.  Conduct  standardized surveys. 
c.  Monitor reproduct ive status. 

2.  Determ ine surv ival of marked animals. 
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3. Model populat ion dynam ics to est imate 
m inimum viable populat ion size. 

 
B. Determ ine habitat  requirements and 

m ap habitat .  
1. Determ ine hibernacula characterist ics. 

2. Conduct  biophysical habitat  mapping. 

 
C.  I nventory- for undiscovered colonies 

and habitats. 
1. Survey historic sites and unconfirmed 

sight ings. 

2. Survey high capabilit y  habitats for presence 
of marmots. 

 
D. I nvest igate dispersal characterist ics. 
1. Determ ine dispersal rates of marked 

animals. 

2. Determ ine age and sex classes of dispersing 
marmot s. 

3. Determ ine effects of dispersal on colony 
establishment  and persistence. 

4. Determ ine influence of land-use act iv it ies on 
dispersal characterist ics. 

 
E. Protect  and m anage important  

subalpine and logged habitats. 
1. Maintain protect ion of habitat  through the 

exist ing referral system. 

2. Incorporate important  habitats int o 
integrated management  processes. 

3. Ident ify  important  habitat s for long- term  
protect ion. 

4. Evaluate effect iveness of habitat  
management  act iv it ies. 

 
F Conduct  intensive populat ion 

m anagem ent  if warranted. 
1. Develop t ranslocat ion plan. 

a.  Map candidate sites. 
b.  Develop protocol and procedures for  

t ranslocat ion. 
2. Carry out  pilot  t ranslocat ion. 

3. Carry out  operat ional t ranslocat ions if  
necessary. 

 
G. Develop public support  through 

educat ion, part icipat ion, and fund-
raising act ivit ies. 

1. Maintain the public liaison com mit tee. 

2.  Promote report s of m armot s. 

3.  Increase public awareness and part icipat ion. 

4.  Support  fund- raising act iv it ies with 
promot ional materials. 

 

4 . Narrat ive 

A.  Monitor known populat ions. 
A.1 .  Dete rm ine  popula t ion t rends. 
Standard surveys are required to provide an early  
warning of declining populat ions. Populat ions of the 
Vancouver Island marm ot  have increased in the 
Nanaimo Lakes -  Nanaimo River watersheds since 
the early  1970s (Munro et  al. 1985) . Much of this 
increase has occurred in logging-slash 
environments near Haley Lake, Pat  Lake, and 
But ler Peak. Reproduct ive rates suggest  healthy  
populat ions at  these sites. However, this is not  the 
case at  some hist orical colon ies. The Mount  
Washington colony surv ives at  a very low 
populat ion level, and no colonies are known from  
the Forbidden Plateau/ St rathcona Park region. The 
"P" Mountain colony appears to be at  a low ebb, 
and few recent  records of marmot s exist  for  the 
region surrounding the type locality  at  Douglas 
Peak (Bryant  1990) . 
 

A.1.a.  Establish procedures for standardized 
surveys. 

I t  is diff icult  to compare informat ion from historic 
inventory counts from known colon ies because of 
different  methodologies used over the years.  
Previous methodologies will be reviewed and 
evaluated to determ ine a standard set  of 
procedures for conduct ing marm ot  surveys. These 
procedures can then be used by both government  
and nongovemment  personnel conduct ing m arm ot  
surveys to create a database of populat ion 
est imates that  is comparable over t ime to 
determ ine t rends. 
 

A.1.b.  Conduct  standardized surveys. 

The exist ing animal inventory database on the 
Haley Lake, Green Mountain, But ler Peak, Mt .  
Whymper, and associated "slash" colonies wil l be 
maintained and expanded consistent  with the 
procedures for conduct ing marmot  surveys. This is 
a very high prior ity  task, because it  will provide the 
f irst  indicat ion of any downward populat ion t rend 
that  threatens the existence of the known 
populat ion of marmot s. 
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A.1.c.  Monitor reproduct ive status. 

Newborn marmots f irst  emerge from their burrows 
in late June or early  July (Heard 1977) . Nagorsen 
(1987)  est imated a gestat ion period of 28-33 days, 
but  that  is speculat ive as there are no data 
concerning mat ing behaviour or durat ion of  
nursing. Lit ter sizes and reproduct ive rates are 
highly variable, as shown by data from the Haley  
Lake Bowl colony. Heard (1977)  reported a mean 
lit ter size of 3.0 (n =  2)  in 1973 but  observed no 
reproduct ion what soever in 1974. Milko (1934)  
reported 11 young-of- the-year and calculated a 
mean lit ter size of 2.7 in 1982. Bryant  (1992)  
observed mean lit ter sizes of 3.16 (n =  19) .  

Historic informat ion on reproduct ive rates 
are not  comparable among known colonies because 
of different  methodologies used over the years. Use 
of standard procedures for conduct ing marmot  
surveys will allow comparison of average lit ter size 
and breeding intervals among known colonies.  
 
A.2 .  Dete rm ine  survival of  m a rke d anim als.  
This task involves searching for previously marked 
animals and marking addit ional animals with ear-
tags. I t  is a cr it ical component  of monitoring 
surv ivorship and reproduct ive status of ex ist ing 
populat ions. 
 

A.3 .  Model populat ion dynam ics to est im ate  
m inim um  viable popu lat ion size. 

Modelling will be used to ident ify  components of  
marmot  populat ion dynam ics that  have important  
ram ificat ions on species surv ival. Modelling will 
allow confirmat ion and calibrat ion of v ital rates 
used in est imates of effect ive populat ion size. 
Populat ion sensit iv ity  to random environmental 
f luctuat ions will also be modelled. based on 
empir ical informat ion gathered in f ield surveys. 
Init ial modelling at tempt s have been 
conducted (Bryant  1993b) . 
 

B.  Determ ine habitat  requirements and 
m ap habitat  

The broad range of habitat  types used by the 
Vancouver Island marm ot  precludes a simple 
est imate of the total habitat  available for the 
species, making inventory diff icult .  Although there 
is apparent ly  considerable natural habitat  available 
for the Vancouver Island marmot  on Vancouver 
Island, there has been no systemat ic invest igat ion 
of hibernacula requirements and the associated 
biophysical features that  const itute good 
overwintering habitat . Neither has there been 
extensive mapping of ex ist ing and potent ial 

marmot  habitat  throughout  it s prehistoric, hist oric 
and current  range. 

 
B. 1 . Dete rm ine  hibe rnacula characte rist ics. 
Vancouver Island marm ots hibernate from early  
October to May (Nagorsen 1987) . The physiological 
toll exacted by hibernat ion is likely  a signif icant  
cause of mortality , part icularly  for young marm ots. 
Adults lose over half their body weight  by the t ime 
they emerge from hibernat ion. 

Data for M. flav ivent r is reveal that  young-
of- the-year surv ivorship averages about  50%  but  
varies dramat ically  wit h site and year;  rates as low 
as 7%  or as high as 80%  have been recorded 
(Arm itage and Downhower 1974) . Sim ilar mortality  
rates occur in populat ions of hoary and Olympic 
marmot s (Barash 1973;  Holmes 1979) . On 
Vancouver Island, Bryant  (1990)  found in one case 
that  only one of f ive infants surv ived their f irst  
winter. More recent  data from ear- tagged 
indiv iduals (Bryant  unpubl.)  indicate that  50%  (9 of 
18)  surv ived their f irst  winter. The availabilit y  of 
suitable hibernacula is likely  the most  important  
determ inant  of overwintering mor tality , although 
snow depth and consequent  food availabilit y  are 
also crit ical (Arm itage and Downhower 1974) .  

Surv ival of radio-marked animals in known 
hibernacula (see task D.1]  will help to determ ine 
the importance of hibernacula characterist ics on 
overwinter surv ival. Temperature-sensit ive radio-
t ransm it ters and temperature probes will be used 
to determ ine me thermal dynam ics of both 
overwintering marmots and the hibernacula they 
are using. Biophysical characterist ics of all known 
hibernacula will be determ ined as part  of the 
biophysical habitat  mapping program. 
 

B.2 .  Conduct  bioph ysical habit at  m apping. 
Biophysical habitat  mapping of current  and 
potent ial marm ot  habitat  will be used to direct  
search efforts for undiscovered colonies, plan 
habitat  protect ion act iv it ies, and plan possible 
t ranslocat ion programs. The mapping task will 
involve compiling all ex ist ing informat ion on habitat  
requirements of the Vancouver I sland marm ot  and 
related species, biophysical sampling of the habitat  
at  known colonies and representat ive sites 
throughout  the potent ial range of marmots, and 
air-photo and satellite imagery interpretat ion to 
derive the f inal map polygons.  

A detailed 150,000 scale biophysical map of 
all ex ist ing and potent ial marmot  habitat  on 
Vancouver Island (above 700 m  elevat ion)  will be 
produced. 
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C.  lnventory for undiscovered colonies and 
habitats.  

Caut ion must  be used in interpret ing the historical 
and current  inform at ion on dist r ibut ion and 
abundance of m armots. Large port ions of 
Vancouver Island have never been searched for 
marmot s, and other sites have been only cursorily  
surveyed. That , together with the wide variety of 
habitats used and the reclusive nature of the 
species, makes it  likely  that  other colon ies remain 
to be discovered. Discovery of new colonies could 
modify  die nature of recovery efforts, notably 
concerning the need for t ranslocat ions.  

 

C. 1 .   Survey histor ic sites and unconfirm ed 
sight ings.  

Addit ional surveys are required to determ ine 
present  marmot  populat ion status throughout  
Vancouver Island. Unconfirmed sight ings that  ex ist  
for areas in northern and western Vancouver Island 
(G.W. Sm ith. pers. com mun.)  wil l be invest igated. 
Part icular at tent ion will be given to historical sites 
in the Douglas Peak and Forbidden Plateau regions  

 
C.2 .  Survey high ca pability  habit ats for the 

presence  of m anners. 
Biogeoclimat ic and ecoregion mapping is available 
for Vancouver Island at  1: 250 000 scale. These 
maps will be used to plan searches for 
undiscovered colonies. Biophysical habitat  mapping 
of potent ial marmot  habitat  will also be used to 
direct  search efforts as inform at ion becomes 
available (see task B.2) .  

 
D. I nvest igate dispersal characterist ics.  
The nature and frequency of dispersal in young 
Vancouver Island marm ots is not  understood, and 
data for other marmot s are conflict ing. According 
to Barash (1973) , M. olympus normally  disperses 
at  2 years of age, and the probabilit y  of dispersal is 
greater in large colonies. Holmes (1979)  
determ ined that  2-year-old M. caligata in Alaska 
dispersed only if  their fam ily  group produced a new 
lit ter. In M. flav ivent r is,  Brody and Arm itage (1985)  
documented dispersal of yearlings, especially  
males, regardless of populat ion status. Dispersal 
occurred even when adult  males and females or 
both had been experimentally  removed from the 
colony, suggest ing that  adult -yearling interact ions 
were not  the proximate factors in causing 
dispersal.  

Populat ion simulat ion results indicate that  
the number of immigrants entering a colony has a 
major influence on populat ion t rends (Bryant   

1993b) . Colonies that  do not  receive immigrants 
will likely  become ext inct  relat ively quick ly .  

 
D.1 .   Dete rm ine  dispersal rates of  m a rked 

anim als.   
This task involves a 3-year Ph.D. program to 
surgically  implant  radio t ransm it ters in 
approximately 40 m armot s of various sex and age 
classes. This technique was chosen for a number of 
reasons. Radio- marking was considered essent ial to 
answer the conflict ing hypotheses on the impact  of 
clearcut  logging, because of the need to document  
the movements and surv ival of known indiv iduals 
among the populat ion of dispersing marm ots. 
Other radio-marking techniques (e.g., collars or 
ear- tags)  were considered but  were found to be 
unfeasible due to burrowing behaviour, the physical 
nature of the marmot , or unreliable t ransm it ter 
technology.  

The use of surgically - implanted t ransm it ters 
has proven to be both safe and effect ive in 
extensive applicat ion on yellow-bellied marmot s in 
Colorado. Of 300 surgeries on 183 animals, there 
was only one post -surgical mor tality  that  may have 
been related to the surgery (Van Vuren 1989) . The 
animal care protocol developed in the Colorado 
studies was witnessed on site, by both the primary  
researcher on this project  and the veterinarian in 
charge of all Vancouver I sland marmot  surgeries. 
The animal care protocol used on this project ,  
although based on the Colorado work, has been 
extensively modif ied to ensure the utmost  in safe 
and humane animal care. Colorado researchers 
found that  t ransm it ters generally  lasted fewer than 
15 months ( D. Van Vuren, pers. com mun.) .  
Therefore, researchers in B.C. will replace 
implanted t ransm it ters annually  and will rem ove 
them at  the end of the study ( in year 4) .   

Radio-marked animals w ill be intensively  
located at  least  weekly, and often daily , to 
determ ine the onset  of dispersal act iv ity  and the 
surv ival and behaviour of dispersing marmots in 
different  habitats. Telemet ry is the only way in 
which causes of mortality  (e.g., predat ion, 
overwintering mortality)  can be ascertained. The 
team also believes that  use of radio- telemet ry will 
m inim ize any possible observer- impact , because 
animals can be located from distances of up to 1 
km . Heard (1977)  and Bryant  (1990)  concluded 
that  daily  v isits to study colonies did not  influence 
marmot  behaviour, surv ival, or reproduct ive 
success. Animals quick ly  habituated to the 
observer 's presence. Apart  from  the impact  of 
surgeries, use of telemet ry will presumably be less 
int rusive than intensive mark- recapture 
observat ions. The possibilit y  of establishing 
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computerized remote monitoring stat ions was 
considered and rejected by the team. Apart  from  
the expense, marmot  t ransm it ters have a relat ively 
weak signal st rength and a narrow direct ional 
beam which preclude use of f ixed receiv ing 
stat ions. This is a fundamental lim itat ion imposed 
by the physics of an encased antenna and the need 
to keep t ransm it ter packages as small as possible 
(35 g) . Finally , addit ion of a human observer will 
facilitate correlat ion of telemet ry data with 
empir ical observat ions of marm ot  behaviour and 
body temperature. Prelim inary work in 1992 and 
1993 resulted in 19 animals with implanted 
t ransm it ters. Surv ival of implanted marm ots has 
been 100%  to date. One mortality  occurred in 1992 
that  was due to overheat ing during t ransport  prior 
to surgery. All future surgeries will be performed at  
the capture site rather than moving the animals to 
a f ixed surgical site. Results to date indicate that  
body temperatures in M. vancouverensis may vary 
by up to 4° C in the course of an hour, that  body 
temperature changes are correlated with 
behaviour, and that  thermal characterist ics may 
explain some observed pat terns of habitat  select ion 
(A. Bryant . pers. commun.) .  

 
D.2 .   Dete rm ine  age  and se x classes of 

dispersing m arm ots.   
This task wil l be accomplished by locat ing radio-
marked animals and observ ing and ident ify ing ear-
tagged animals (see tasks A.2 and D.1) .  

 
D.3 .   Dete rm ine  effe cts of dispe rsal on 

colony establishm ent  and pe rsistence.  
Prelim inary informat ion from the populat ion 
modelling exercise (Appendix 1)  indicates that  
periodic immigrat ion has to occur for colonies to 
persist . The magnit ude of immigrat ion and 
em igrat ion that  occurs w ithin indiv idual colonies is 
unknown. Locat ions of radio-marked indiv iduals 
and opportunist ic sight ings of ear- tagged 
indiv iduals will be used to refine input  to populat ion 
models.  

 
D.4 .   Dete rm ine  influence of land- use 

act ivit ies on dispe rsal cha ra cte rist ics.  
The conflict ing hypotheses of Cowan and Heard 
(Munro et  al. 1985)  and Bryant  (1990)  require 
test ing, as dispersal is cent ral to understanding 
why, when, and how marm ot s establish new 
colonies or augment  ex ist ing ones. Monit oring the 
surv ival of radio-marked marmot s in logged and 
unlogged habitats will determ ine whether habitats  

created by logging have a posit ive or negat ive 
impact  on populat ions of marmot s. I f logged 
habitats prove to be valuable to maintaining 
marmot  populat ions, then plans to maintain early  
seral stages through silv iculture techniques may be 
required. In addit ion to monitoring surv ival of 
marked animals, the use of t ransm it ters will also 
provide the opportunity  to determ ine causes of 
mortality  (e.g., predat ion, overwinter k ill.)   
 

E.  Protect  and m anage important  
subalpine and logged habitats.  

Many marmot  colonies occur on private forest  land;  
however, most  sites are not  likely  to be threatened 
by t imber ext ract ion due to diff icult  access and 
poor t imber quality . Tourism , recreat ion 
development , and m ining may cause conflict  at  
some exist ing or potent ial marmot  colonies.  

 
E. 1 .  Mainta in prote ct ion of ha bit at  th rough 

the exist ing refe rra l system .  
The BCMELP referral system was init iated in the 
early  1970s. Any development  proposal on Crown 
land is referred to the Habitat  Protect ion Sect ion of 
BCMELP for evaluat ion and recom mendat ions t o 
m inim ize and m it igate adverse impacts on f ish and 
wildlife resources. The requirement s of Vancouver 
Island marmots are considered when development  
proposals are received that  occur in marm ot  
habitat . This is an on-going rout ine act iv ity  of the 
m inist ry .  

 
E.2 .  I ncorporate  im portant  habitats into 

land- use planning in it ia t ives.  
A number of integrated management  processes 
that  involve potent ial protect ion and management  
of marmot  habitat  are cur rent ly  underway. The 
Protected Areas St rategy, Coastal Biodiversity  
Guidelines, and the Forest  Pract ices Code are 
examples of init iat ive that  offer opportunit ies to 
incorporate the habitat  requirement s of Vancouver 
Island marmots into the overall land-use planning 
framework. Endangered species, including the 
Vancouver Island marm ot , will receive special 
emphasis in these program s.  

 
E.3 .  I dent ify im por tant  ha bita ts for  long-

tem  prote ct ion.  
Long- term  protect ion of marmot  habitat  can be 
achieved by acquisit ion of private land, 
adm inist rat ive t ransfer of Crown land, and through 
landowner agreements. Given the history of 
successful landowner agreements w ith companies  
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owning marm ot  sites and the high cost  of land, the 
out r ight  purchase of marmot  habitat  is feasible 
only on an opportunist ic basis, and is not  a high 
prior ity  for ex ist ing land acquisit ion programs. 
Securing tenure on important  Crown lands by 
adm inist rat ive t ransfer is a higher prior ity . The 
highest  prior ity  for protect ion of marmot  habitat  is 
through long- term  landowner agreements, 
especially  on potent ial t ranslocat ion sites on private 
land. High prior ity  sites for long- term  protect ion 
will be ident if ied by biophysical habitat  inventory 
and animal inventory.  

 
E.4 .  Evaluate  the effect iveness of habitat  

m anagem ent  a ct ivit ies.  
The effect iveness of the various habitat  protect ion 
and management  systems and init iat ives w ill be 
determ ined by monitoring and audit ing referral 
recom mendat ions and the degree to which marmot  
requirements are incorporated into land-use plans. 
This wil l be the responsibilit y  of Wildlife and Habitat  
Management  staff of B.C. Environment .  Priorit ies 
for habitat  securement  may increase if  these other 
habitat  management  efforts are determ ined to be 
less than fully  effect ive.  

 
F.  Conduct  intensive populat ion 

m anagem ent  if warranted.  
Potent ial intensive populat ion management  
act iv it ies include capt ive breeding and t ranslocat ion 
of indiv iduals to establish new colon ies in vacant  
habitat . There are insuff icient  grounds to support  
the establishment  of a capt ive breeding colony. The 
f inancial costs of capt ive breeding are high, and 
although a capt ive colony could prov ide benefits 
with regard to public educat ion and research, the 
money would be more profitably spent  on other 
component s of the plan. Translocat ion may be the 
most  effect ive means of achieving recovery  
object ives and downlist ing the species, if  surveys 
for undiscovered colonies do not  f ind signif icant  
numbers of marmots.  

 
F.1 .   Develop t ranslocat ion plan.  
Downlist ing the Vancouver Island marmot  involves 
f inding or establishing second and third populat ions 
of marmots that  are geographically  isolated from 
the cent re of dist r ibut ion of the exist ing populat ion. 
I f inventory of potent ial colonies reveals the 
presence of suitable unfilled habitat , then the f irst  
step in a successful t ranslocat ion program is to 
refine techniques for safely and effect ively 
t ranslocat ing marmots to new areas.  

The t ranslocat ion plan wil l be used to determ ine 
the need for, implementat ion of, and evaluat ion of 
any t ranslocat ion act iv it ies. if  surveys for 
undiscovered colonies do not  meet  object ive # 2 
within two years, then the t ranslocat ion plan will be 
implemented.  
 

F.1.a.  Map candidate sites.  

Translocat ion sites wil l be developed based on 
habitat  and hibernacula character ist ics of ex ist ing 
colonies, and the presence of vacant  high capability  
habitats based on biophysical mapping.  
 

F.1.b.  Develop protocol and procedures for  
t ranslocat ion.  

Because many t ranslocat ion programs are 
unsuccessful, this task is of part icular importance 
to ensure a reasonable probabilit y  of success. 
Informat ion on ot her t ransplant  programs in sim ilar 
habitats or with sim ilar species will be gathered 
from published and unpublished sources. The best  
t ime of year, the required number of indiv iduals 
and their sex and age, and the degree of  
preparat ion required at  reint roduct ion sites to re-
establish marmot  colonies are cur rent ly  unknown. 
For these reasons, the t im ing, scale, and methods 
involved in re- int roduct ion are impor tant  
component s of the t ranslocat ion plan. The 
t ranslocat ion plan will include animal care prot ocols 
to ensure that  marm ots are not  unduly  st ressed.  

 
F.2 .  Ca rry out  pilot  t ranslocat ion.  
A prototype reint roduct ion, involv ing the 
t ranslocat ion of one or two fam ilies to one site, wil l 
provide much needed informat ion regarding 
specif ic techniques. One or two marmots would be 
radio-marked in order to monit or movement  and 
surv ival of t ranslocated animals. Informat ion 
gathered from monitoring the pilot  t ranslocat ion 
would be used to modify  the t ranslocat ion plan.  

 
F.3 .   Carry out  ope rat iona l t ranslocat ions if 

necessary.  
Depending on the results of searches for other  
colonies, biophysical habitat  mapping, and the pilot  
t ranslocat ion program, an operat ional t ranslocat ion 
program may be required to reach the total 
populat ion object ive of 400-600 animals. This task 
is designed to establish two dist inct  
metapopulat ions genet ically  isolated from the 
exist ing colonies in the core area to meet  object ive 
# 2. Each metapopulat ion of approximately 100-
200 marm ots would consist  of at  least  six   
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subpopulat ions or colonies, dist r ibuted in such a 
way that  natural dispersal and recolonizat ion can 
occur. One or t wo marmots from each t ranslocated 
colony would be radio-marked in order to monit or 
movement  and surv ival of t ranslocated animals.   

 
G.  Develop public support  through 

educat ion, part icipat ion, and fund-
raising act ivit ies. 

Recovery efforts are best  supported by an informed 
and support ive public. Support  for marmot  
conservat ion efforts is high among the informed 
public, but  more of the general public should be 
made aware of the existence and plight  of this 
endangered species.  

 
G. 1 .   Mainta in the public lia ison com m it t ee.  
The Vancouver I sland Marmot  Public Liaison 
Commit tee, comprising members of government , 
nongovernment  organizat ions, and the general 
public, is an effect ive forum through which many 
issues are addressed. The liaison commit tee wil l be 
used to channel volunteer labour and funds from  
nongovernment  organizat ions in to recovery efforts.  
The liaison comm it tee recent ly  established a small 
work ing group to develop a communicat ion 
st rategy that  is to include fund- raising act iv it ies.  

 
G.2 .  Prom ote  re ports of  m a rm ots.  
Report ing of marmot  sight ings by members of the 
public can be encouraged by post ing signs and 
posters;  signs are already in place on the access 
roads to the Nanaimo Lakes and River watersheds, 
and a poster for general dist r ibut ion has been 
produced (Appendix 2) . Addit ional signs are needed 
near Forbidden Plateau in St rathcona Provincial 
Park, at  the ent rance to Mount  Arrowsm ith 
Regional Park, on the Port  Alberni/ Bamfield road 
just  out side the Port  Alberni city  lim its, and on the 
Island Highway near Woss. Posters request ing 
marmot  informat ion will be placed in government  
off ices on Vancouver I sland.  

 
G.3 .  I ncre ase public a w a reness and 

part icipat ion.  
B.C. Environment  wil l cont inue exist ing efforts to 
promote public awareness and appreciat ion of  
marmot s. Marm ot  " fact -sheets" wil l be updated. 
Media representat ives will be supplied with 
accurate informat ion to promote marmots and 
marmot  recovery efforts.  

Reid et  al. (1988)  determ ined that  84%  of 
Brit ish Columbians are interested in endangered 
species. Possible development  of one marmot  
colony for public v iewing will have two beneficial 
results. First , a public able to see marmot s would 
be more prone to support  the costs of recovery 
efforts. Second, by planning ahead, managers can 
cont rol and confine impacts to one site.  

 
G.4 .  Suppor t  fund- raising a ct ivit ies w ith 

prom ot iona l m ater ia ls.   
Funding required to implement  this plan should 
come from a variety of sources:  government , 
indust ry, academ ic, and private. To encourage 
cont r ibut ions, The Nature Trust  of B.C. has 
established an interest -bearing Vancouver Island 
Marmot  Recovery Account . All donat ions w ill be 
acknowledged with tax receipts, and money 
collected will go direct ly  to work on marmot s. 
Disbursements from this fund and all work done as 
a result  will be under the direct ion of the 
Vancouver Island Marmot  Recovery Team. 
Donat ions may be made to The Nature Trust  of  
Brit ish Columbia, 808-100 Park Royal South, West  
Vancouver, B.C. WT 1A2, and should be ident if ied 
as being for the "marmot  account ."  
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Section III 

Implementation schedule 

 
 
The implementat ion schedule (Table 2)  lists 
recovery act ions out lined in the recovery plan and 
ident if ies their pr ior it ies, t ime frame, costs, and the 
agencies responsible for carry ing them out . 
Priorit ies for these act ions are defined as follows:   

 
Pr ior it y 1 :  An act ion that  must  be taken to 

prevent  ext inct ion or prevent  the species from 
declining irreversibly  in the foreseeable future.  

 
Pr ior it y 2 :  An act ion that  must  be taken to 

prevent  a signif icant  decline in species populat ion 
or habitat  quality , or some other signif icant  
negat ive impact  short  of ext inct ion.  

 
Pr ior it y 3 :  All other act ions necessary to 

provide for full recovery (or status improvement )  of 
the species. 
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Appendix 1 

Estimating effective population size Ne 

(from Bryant 1993b) 

 

The concept  of effect ive populat ion size (Ne)  is 
important  to understanding populat ion genet ics.  
The term  has been defined as " the size of an 
idealized populat ion that  would have the same 
amount  of inbreeding or random gene frequency  
drift  as the populat ion under considerat ion" 
(Kimura and Crow 1963) . The concept  is 
important  because genet ic variat ion is lost  
through genet ic drift  and inbreeding at  a rate 
proport ional to Ne and not  the census populat ion 
size N (Hart l 1981) . This occurs because most  
populat ions fail to meet  the genet ic ideals of 
random mat ing, m onogamy, equal surv ivorship 
of sexes, uniform  reproduct ion by all indiv iduals, 
and non-overlapping generat ions. For this reason 
Ne is generally  a fract ion of the total census 
populat ion N.   

Effect ive populat ion size of the known 
Vancouver Island marm ot  metapopulat ion was 
calculated using seven published methods (Reed 
et  al. 1986;  Reed et  al. 1986 with the adjustment  
contained in Harris and Allendorf 1989;  Hill 1972;  
LaCava and Hughes 1984:  Lande and 
Barraclough 1987;  Lemkuhl 1984;  and Ryman et  
al. 1981) . Our est imates of Ne assume a stable 
populat ion size, panm ict ic breeding among all 
animals, and monogamy.  

Populat ion and demographic parameters 
used in the calculat ions were as follows:   
 
 

Ne 
Ne/ N 
rat io 

     N to  
   achieve  
   Ne= 50 

Hill (1972)  22.04 0.0942 530.78 
Ryman et  al (1981)  20.49 0.0876 570.63 
Lande and Barraclough 
(1987)  

21.37 0.0913 547.64 

Reed et  al. (1986 modified)  26.01 0.1111 450.05 
Reed et  al. (1986)*  52.65 0.2250 222.22 
Lemkuhl (1984)*  3.72 0.0159 3144.65 
LaCava and Hughes (1984)  233.79 0.9991 50.04 

* The Lemkuhl and LaCava and Hughes (1984) formulae have been 
discredited by Harris and Allendorf (1989) and are no longer in general 
use. The same authors found that the unadjusted Reed el. al. (1986) 
formula typically overestimated Ne by up to 60%; however, when the 
formula is adjusted for variation in production of young, the formula 
produces  reasonably accurate values. 

 

1.  Number of males and females that  breed 
annually  is equal (no polygamy)  and invariant  
(no populat ion f luctuat ions) . Assum ing that  68 
infants are produced annually  (Munro et  al. 
1985) , div ision by lit ter size (3.16;  n= 19, Bryant  
unpublished)  y ields F= 22 reproduct ive females 
and M= 22 reproduct ive males annually .  

2.  Average age of parents was generated 
from simulat ion results and male and female 
parents were assumed to have equal average 
ages (L= 6.8) .  

3.  Mean number of male progeny from 
breeding males, males from females, females 
from males, and females from females. These 
rates were calculated by creat ing a simulated 
cohort  of 100 3-year-old animals, apply ing 
observed surv ivorship rates to a maximum age of 
15 years, and apply ing observed sex rat io and 
fecundity  rates to surv iv ing animals. Variance in 
reproduct ive rates were calculated direct ly  from 
these data (mm= 0.26, mf= 0.33, fm= 0.26, 
f f= 0.33) . Hill's m odel also requires an est imate of 
covariance term s;  these were also generated 
from the art if icial 100-animal cohort  
(Covmm ,mf= 0.2525, Covfm , f f= 0.2525) .  

4.  Annual recruitment  of breeding-age 
females was assumed to be equal to the average 
number of young (68)  div ided by sex- rat io (1: 1)  
mult iplied by the surv ival rate to reproduct ive 
age (0.146) . N= 4.9 females annually .  

5.  Heritabilit y  of fert ilit y . No empir ical data 
are available. I  assumed there was a very weak 
correlat ion between lit ter size and the probabilit y  
of progeny themselves producing large lit ters 
(h= 0.01) . In Ryman et  al. 's (1981)  m odel, st rong 
heritabilit y  of fert ilit y  has a dramat ic influence on 
Ne,  as reproduct ive success is " fam ily-biased" 
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and the actual number of animals cont r ibut ing to 
the next  generat ion comes from only a few 
lineages. This variable is not  used in other 
formula.  

6.  Mean and variance of indiv idual lifet ime 
product ion of young. These rates were calculated 
by creat ing a simulated cohort  of 100 
reproduct ive-age (3-year-old animals) , apply ing 
observed surv ivorship rates to a maximum age of 
15 years, and apply ing observed sex rat io and 
fecundity  rates to surv iv ing animals. Mean and 
variance in lifet ime reproduct ive rates were 
calculated direct ly  from these data ( for males, 
k= 2.72, 0-10.27, and for females, k= 2.72, 
v= 10.27) .  

7.  Mean and variance of indiv idual lifet ime 
product ion of offspring who themselves surv ive 
to reproduct ive age and produce young. Although 
sim ilar t o # 7, Ka and Va parameters are based 
only on that  fract ion of progeny that  themselves 
surv ive long enough to reproduce. Mean and 
variance in lifet ime reproduct ive rates were 
calculated direct ly  from the 100-animal art if icial 
cohort  (Ka= 0.19, Va= 0.26) .  

8.  Probabilit ies of males and females 
surv iv ing to reproduct ive age were taken from 
simulat ion result s ( for males, lm= 0.222, and for 
females, lf= 0.146) . 

9.  Total populat ion size N= 234. This value 
was taken from the 1984 survey, the year of 
most  intensive inventory effort  (Munro et  al. 
1985) . I t  likely  underest imates the total 
populat ion size.  

10.  Rat io of adult  males/ total adult  populat ion 
size was based on f ield data (m / N= 0.48) . 11. 
Mean generat ion length was generated from 
simulat ion result s (L= 6.29) . 
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Appendix 2 

Public information poster 

 

HELP! 

We need help to protect the endangered 

Vancouver Island Marmot.  

Vancouver Island Marmots live only on 

Vancouver Island. The known population 

numbers fewer than 300 individuals, making 

it one of the world's rarest mammals.  

Marmots are most abundant in sub-alpine 

meadows that provide good soil for 

burrowing, plentiful grasses and flowers to 

eat, and suitable rocks for lookout spots. 

They also inhabit steep cliffs, rock slides, 

logged areas and other man-made habitats.  

We need your help to find marmot colonies!  

Undiscovered colonies almost certainly exist near Strathcona Provincial Park; we 

are particularly interested in all marmot sightings made in areas north or west of 

Port Alberni.  

If you see marmots in this area, please write or telephone: 

Vancouve r I sland Ma rm ot  Recove ry Team  
Wildlife Management  Sect ion 
Minist ry  of Environment , Lands and Parks 
2569 Kenworth Road 
Nanaimo, B.C. V9T 4P7 

 Telephone 751-3100



 

Previous publications 

Canadian Whooping Crane Recovery Plan December 1987 
Anatum Peregrine Falcon Recovery Plan October 1988 
RENEW Report  No. 3 Nat ional Recovery Plan for the Baird's Sparrow April 1993 
RENEW Report  No. 4 Nat ional Recovery Plan for the Roseate Tern June 1993 
RENEW Report  No. 5 Nat ional Recovery Plan for the Greater Prair ie-Chicken October 1993 
RENEW Report  No. 6 Nat ional Recovery Plan for the Whooping Crane January 1994 
RENEW Report  No. 7 Nat ional Recovery Plan for the Loggerhead Shrike March 1994 
RENEW Report  No. 8 Nat ional Recovery Plan for the Marbled Murrelet  May 1994 
RENEW Report  No. 9 Nat ional Recovery Plan for the Gaspésie caribou November 1994 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Recovery of Nationally Endangered Wildlife 

 
In 1988, the Wildlife Ministers’ Council of Canada endorsed a new st rategy to rescue wildlife species 
at  r isk of ext inct ion and to prevent  other species from becom ing at  r isk. Called RENEW ( the acronym  
for Recovery of Nat ionally -Endangered Wildlife) , the st rategy brings together all agencies,  
organizat ions, and interested indiv iduals to work as a team for the recovery of wildlife at  r isk .  
RENEW focuses on those species or populat ions of ter rest r ial mam mals,  birds,  rept iles,  and  
amphibians that  have been designated as ext irpated, endangered, or threatened by the Com mit tee 
on the Status of  Endangered Wildlife in Canada (COSEWI C) .  The RENEW st rategy is implemented by  
a com mit tee of the same name composed of the directors of provincial, terr it or ial. and federal  
government  wildlife agencies plus the heads of the three major nat ional wildlife organizat ions 
(Canadian Nature Federat ion, Canadian Wildlife Federat ion and World Wildlife Fund [ Canada] ) . The 
RENEW com mit tee establishes a " recovery team”  of experts for each species to produce a recovery  
plan which then becomes the basis for a recovery program carr ied out  by the responsible 
governments in cooperat ion with universit ies, businesses, and private cit izens.   
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pr int ing and dist r ibut ing it  and creat ing the cover  
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Environment  Canada and the Canadian Wildlife 
Federat ion is a nat ional nonprofit  conservat ion 
organizat ion. 
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