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TRENDSBY HOUSECOUNTS
ESTIMATING
MUSKRATPOPULATION
GILBERTPROULX,Departmentof Zoology, Universityof
Guelph,Guelph,OntarioN1G 2W1, Canada; and FREDERICKF. GILBERT,
WildlifeBiology,WashingtonState University, Pullman,WA99164-4220.

Muskrat (Ondatra zibethicus) population trends must be known in order to establish proper levels of exploitation (Perry
1982). The primary methods used are aerial censuses in fall to count "active
J. Wildl. Manage. 48(3):1984

houses" (Dozier 1948) and surveys from
snowmobiles (A. W. LaFrance, pers. commun.). Both methods require that observers distinguish houses from other muskrat
installations and differentiate between unoccupied and occupied houses (Dozier
1948). Historically, the size of a house has
been used to differentiate dwellings from
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other structures. Dwellings were considered to be >40 cm high (Dozier 1948) and
>60 cm high (A. W. LaFrance, pers. commun.). Some studies have shown that
muskrats use burrows in summer and
houses in fall (Dilworth 1966, MacArthur
and Aleksiuk 1979, Phillips 1979). However, other studies have shown that muskrats also use houses in summer (Mizelle
1936, Wragg 1953, Olsen 1959). At Luther Marsh, Ontario, Proulx and Gilbert
(1983) found that muskrats only used burrows as an alternative to houses in summer
when heavy vegetation, such as cattail
(Typha spp.), was absent and/or when
water depths were <15 cm. Furthermore,
houses built in summer may be abandoned if water levels decline (Coulter
1948, Danell 1977). Therefore, aerial surveys in fall and snowmobile surveys in
winter may lead to overestimations of
muskrat populations.
Dozier (1948:373) stated that "on any
particular marsh, an increase or decrease
in the number of houses signifies the relative change in the number of muskrats
from year to year." This implies that the
ratio of the index used to estimate the actual population is the same for all populations being compared (Davis and Winstead 1980). That the number of houses
used by a family group remains constant
from year to year has not been tested.
Furthermore, the mean number of occupants per house has varied from 2.8 (Lay
1945), to 3.5 (Parker and Maxwell 1980),
to 5.0 (Dozier 1948). The objectives of our
study were to (1) test the reliability of fall
and winter counts of muskrat houses to
determine muskrat abundance in a marsh
subjected to seasonal changes in water
levels where muskrats use houses all yearround, and (2) determine when and how
counts of muskrat houses should be conducted to provide wildlife managers with
the most reliable population information.

STUDYAREAAND METHODS
The study was conducted at Luther
Marsh, 65 km north of Guelph, Ont. The
study area was an 11.2-ha bay, covered
by dense stands of common cattail (Typha
latifolia) and reed canarygrass (Phalaris
arundinacea). The site, floristic composition, open water areas of the bay, and
characteristics of muskrat populations have
been described by Proulx and Gilbert

(1983).
Livetrapping occurred from 25 May to
23 September 1979 and from 16 May to
25 September 1980. Two National traps
(17.8 x 17.8 x 50.8 cm) (Tomahawk
Livetrap Co., Tomahawk, Wis.), baited
with carrots, were set at suitable trapping
sites close to each active house. Use of
houses by family groups during the livetrapping period was determined from
captures and feces, feeding platforms, and
trails (connected to the water pool of a
dwelling). The average number of occupants per house prior to fall was estimated
from capture data. The study area was
free of any trapping pressure during fall
1979-spring 1980.
During the summers of 1979 and 1980,
115 and 143 muskrats, respectively, were
captured in the study area. In 1979, six
families had two litters each and four had
one litter each. An average of 6.3 young/
litter, combined with summer mortality
rates of 33.6% for juveniles and 10% for
adults, was used to estimate the 1979 fall
population at 84 animals. In 1980, one
family had three litters, seven had two litters each, and three had one litter each.
The fall population was estimated at 104
animals.

RESULTSAND DISCUSSION
Data on 26 active and 22 inactive houses
were recorded during June 1979 and 1980.
The average water level at active houses
J. Wildl. Manage. 48(3):1984
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Fig. 1. Relativefrequencies(%)of numberof active houses
per muskratfamilyat LutherMarshin earlyand late summer
1979 (includesone burrowin Jun-Jul).

(54 ? 19 cm, k +? SE) did not differ from
that at inactive houses (56 ? 16 cm; t =
0.348, P > 0.05). The average surface area
covered by active houses (2.3 ? 1.0 m2)
did not differ from that of inactive houses
(2.0 ? 1.2 m2; t = 0.807, P > 0.05). However, the average height of a house above
the water surface was greater (15 ? 5 cm;
t = 15.850, P < 0.005) for active (52 ? 11
cm) than inactive houses. In June 1979,
the water level was abnormally low. In
June 1980, it was abnormally high and
maximal (Proulx 1981). The minimum
height above water at inhabited houses was
determined from measurements during
the time of maximum water level. At a
confidence level of 95%, the minimum
height above water for an active house at
Luther Marsh was 30 cm. Therefore, in
early summer, any house >30 cm above
water was probably inhabited.
In 1979, 47 houses and one burrow were
found during the last week of May but 5
houses were in a deteriorating state. Only
23 houses and one burrow actually were
active in May. In June and July, trapping
and field observations showed that 14
houses and one burrow were used by the
members of 10 families, or 1.5 (?0.7, SE)
J. Wildl. Manage. 48(3):1984
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Fig. 2. Relativefrequencies(%)of numberof active houses
per muskratfamilyat LutherMarshin earlyand late summer
1980 (includesone burrowin each of Jun-Juland Aug-Sep).

dwellings/family in early summer (Fig.
1). Intensive building activity began in late
July and abandonment and deterioration
of several early summer houses also occurred. As a result, there were 55 emergent structures in August and September
1979. Trapping activities and field investigations indicated that only 39 of these
were used by the members of the families
or 3.9 (?1.7) active houses/family (Fig.
1). There were 2.15 muskrats/active house
or 84 animals in fall 1979 (Proulx and Gilbert 1983). In August 1979, trapping was
successful at 24 houses and 50 different
animals were captured. At this time, there
were 2.1
different animals/active
the muskrat population was
house. If (?_1.6)
equally distributed among the 39 active
houses, there were 82 animals present. In
September, trapping was successful at 17
houses with an average of 1.9 (?1.5) animals/active house. This average was not
statistically different from that of August
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Table1. Populationestimates of muskratsfromhouse counts in falland summer1979-80 at LutherMarsh,Ontario.
1979
Summer

N houses
Active
Inactive
Total
Population size
2.8 muskrats/house
(Lay 1945)
Families
Muskrats
5 muskrats/house
(Dozier 1948)
Families
Muskrats
3.5 muskrats/house
(Parker and Maxwell 1980)
Families
Muskrats
1.3 houses/family
(Jul survey)
Families
Muskrats
Proulx and Gilbert (1983)
Families
Muskrats

15
27
42

1980
Fall

39
16
55

Summer

13
6
19

23
2
25

154

70

275

125

192

87

11

10
112

10

(t = 0.472, P > 0.05). For 39 houses, the
September population was estimated at 74
animals.
In 1980, 24 houses were found during
the last week of May but 5 were in an
advanced state of deterioration. Only 12
houses and one burrow were used by the
members of 11 families in June and July,
i.e., 1.2 (?0.6) dwellings/family (Fig. 2).
The average number of active houses per
family in June-July 1979 was not different (t = 1.057, P > 0.05) from June-July
1980. However, there were fewer (t =
2.943, P < 0.005) houses per family in late
summer 1980 than in 1979. In August and
September 1980, there were 25 emergent
structures and one burrow. Trapping data
and field observations indicated that 22
houses (1 was shared by the members of
two families) and one burrow were used
by the members of 11 families, i.e., 2.2

Fall

102
11

84

104

(?0.7) dwellings/family (Fig. 2). Considering a fall population estimate of 104 animals, there were 4.5 animals/active
dwelling. Trapping was successful at 14
houses in August, and there was an average of 3.8 (?4.3) different animals/active
house (fall population estimate of 87
muskrats). In September, captures occurred at 21 houses; the average of 4.2
(?3.1) different animals/active house (fall
population estimate of 97) did not differ
(t = 0.330, P > 0.05) from the August value.
Aerial counts in fall would have overestimated the muskrat population by at
least 70 animals in 1979 if all emergent
structures were recorded as active houses
(Table 1). In 1980, an underestimation between 32 and 15 animals would have been
obtained with Lay's (1945) and Parker and
Maxwell's (1980) conversion factors, and
J. Wildl. Manage. 48(3):1984
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an overestimation of 23 animals would
have resulted from Dozier's (1948) conversion factor (Table 1).
House counts in summer are an alternative to fall surveys. The average number of June-July houses per family over
the 2-year study was 1.3/family. The
maximum summer juvenile populations
were estimated at 139 animals in 1979 and
126 in 1980 (Proulx and Gilbert 1983).
Based on the summer survival rates reported by Proulx and Gilbert (1983), the
fall muskrat population would have been
112 (2.9 muskrats/house) in 1979 and 104
(4.5 muskrats/house) animals in 1980.
Thus, the fall muskrat population would
have been overestimated by 28 animals in
1979 and underestimated by 2 animals in
1980 (Proulx and Gilbert 1983, Table 1).
This represents a considerable improvement over the estimates from aerial counts
of houses in fall.
House counts in fall and winter might
be reliable in areas where muskrats use
mostly burrows in summer. These animals
would build houses in the fall in areas with
adequate water levels (Bellrose 1950) and
these houses would remain active
throughout the fall season unless drastic
changes in environmental conditions occurred (Friend et al. 1964). At Luther
Marsh, however, house counts in fall would
not have been reliable in 1979 and 1980.
Proulx and Gilbert (1983) have shown that
muskrats at Luther Marsh depend upon
an interspersion of open water and vegetation with neither covering <25% of
home ranges. In late summer 1979, with
low water levels, an expansion and/or relocation of home ranges involved more
house building activity and more house
abandonment to re-establish this balance
of water and vegetation. At Luther Marsh,
the number of fall houses did not signify
a relative change in the number of muskrats from year to year. Instead it indicated
J. Wildl. Manage. 48(3):1984
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how building activity varied with water
level conditions and with the amount of
accessible vegetation.
To estimate muskrat abundance, a perennially reliable index is needed. In this
study, the number of houses per family in
June-July was the only index that did not
change significantly from 1 year to the
next. In June-July, breeding pairs concentrate their activities around the dwelling
containing the newborn of the first litter
(Proulx and Gilbert 1983). However, in
late summer, juveniles establish themselves by the parental house, and the number of new houses depends on the size of
the litters and the harshness of the environmental conditions (LeBouleng6 1972,
Proulx and Gilbert 1983).
In summer, muskrats do not use semipermanent retreats and push-ups, and it
is possible to restrict the house count to
true dwellings. Because abandonment of
houses may occur from May to July, male
bachelors may inhabit the breeding
grounds in May and June (Proulx 1981),
and new building activity may begin in
late July. Thus, house counts in summer
should be conducted during the first 2
weeks of July. Although Proulx et al. (unpubl. rep., Ont. Minist. Nat. Resour., 1983)
reported that aerial surveys were not reliable for house counts in summer, surface
surveys can provide good counts using
transects in marsh areas and canoes along
the shores. The surveyor should record all
dwellings >30 cm above the water with
fresh muskrat sign. Knowledge of the average productivity per female and the
survival rate of the animals, when coupled
with house counts in summer, would provide wildlife managers with more reliable
fall population estimates. This census approach should be tested in other areas
where muskrats inhabit houses all year
and, if necessary, checked by live-trapping programs.
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FOODSOF ADULTMAINECOYOTESAND THEIRKNOWN-AGED
PUPS
DANIELJ. HARRISONand JOYCEA. HARRISON,Maine
CooperativeWildlifeResearch Unit,240 NuttingHall,Orono,
ME04469.

assessthe reproductive statusof adult coyotes preying on white-tailed deer (OdoInformation about food habits of adult coileus virginianus). This was part of a
coyotes (Canis latrans) and their known- long-term study of furbearerecology conaged pups provides insight into foraging ducted by the Maine Cooperative Wildstrategies of adult coyotes during pup- life ResearchUnit, in cooperationwith the
rearing. In this paper, we compare the Maine Departmentof Inland Fisheriesand
food habits of pup and adult coyotes dur- Wildlife (Fed. Aid in Wildl. Restoration
ing severalstagesof pup development,and Proj. W-69-R).
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