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SEtU-AQUATIC MAMMALS: . ANNOTATED BIBLIOGRAPHY
DESCRIPTIVE SUMMARY
BACKGROUND AND PERSPECTIVE
This project was cOmiTlissioned on behalf of the Alberta
Oil Sands Environmental Research Program through the former
Terrestrial Fauna Technical Research Committee (now a part of the
Land System). The annotated bibliography was prepared as a part of
the semi-aquatic mammal (beaver, muskrat, mink, and river otter)
project to aid in determining the role and significance of the
mammals in the boreal ecosystem, of the AOSERP study area. Knowledge
gained will be used to predist the potential impact of oil sands
development and to recommend reclamation and management strategies
which will enhance these populations in the post-development period.
Other information on the species will be reported on under
AOSERP projects TF 3.1 and LS 23.2.
ASSESSMENT
The Alberta Oil Sands Environmental Research Program has
reviewed and accepted the report on "Semi-Aquatic Mammals: Annotated
Bibliographyll which was prepared by F.F. Gilber-t, S.A. Brown, and
M.E. Stoll, University of Guelph.
The report contains a large amount of information on the
life history, mortality factors, physiology, environmental quality
and management of muskrat, beaver, mink, and otter, and should be
useful as a source of background information to researchers and
managers;n the AOSERP study area.
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The content of this report does not necessarily reflect
the views of Alberta Environment, Environment Canada, or the Alberta
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names for commercial products does not constitute an endorsement
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ABSTRACT
This annotated bibliography contains 776 entries grouped
under the species: muskrat, beaver, mink, and otter. For each
species, categories are compiled under: (1) life history; (2)
mortality factors; (3) physiology; (4) environmental quality; and
(5) management. Also included are entries not directly related to
the species listed but of relevance. These are listed in
"Pertinent Ancillary Studies".
In addition to perusal of abstracts (e.g. Bioabstracts,
Zoological Review, Wildlife Review) and journals (e.g. J. Wild.
Manage., Can. J. Zool., J. Mammal.) held in the University of
Guelph's McLaughlin Library, references were acquired through the
~iological Information Service, and the Journal of Mammalogy's
,
citation retrieval system for the four species. Most annotations
were composed by the authors of the bibliography.
No general trends, conclusions,or recommendations are
presented based on the annotated bibliography.
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INTRODUCTION
This annotated bibliography of selected references of
pertinence to the semi-aquatic mammal study was compiled in conjunction with the TF 3.1 Final Report (Semi-aquatic mammal studies,
1977-1978, by Dr. F.F. Gilbert). Literature of no relevance to the
AOSERP study area was not incl uded.
In addition to perusal of abstracts (e.g. Bioabstracts,
Zoological Review, Wildlife Review) and journals (e.g. J. Wildl.
Manage., Can. J. Zool., J. Mammal.) held in the University of
Guelph's McLaughlin Library, references were acquired through the
Biological Information Service, the Fish and Wildlife Reference
Service, and the Journal of Mammalogy's citation retrieval system
for the four species: muskrat, beaver, mink, and otter.
Categories utilized in compilation for each species were:
life history, mortality factors, physiology, environmental quality,
and management. In addi tion, a few references not directly on the
species in question but of relevance were listed under "Pertinent
Ancillary Studies" (Section 6).
1.

2

2.

MUSKRAT

2.1

LIFE HISTORY

Akkermann, R. 1972. Fresh water mussels as additional animal food
for the muskrat, Ondatra zibethicu8. Bonn. Zool. Beitr.
23:61-65.
Although the supply of Unio pictorwn is equally as large
in Germany, only Anodonta cygnea is eaten throughout the year in
addition to plant food, becau.se the former's shell is too thick.
The most frequently used opening method is partially biting through
a shell valve. In some areas, U. pictorwn is eaten in the spring,
being levered open.
Akkermann, R. 1975a.Studies on the ecology and population dynamics
of the muskrat (Ondatra zibethicu8 L.) in a northwest German
Lake. Part 1. [In German, German and English summaries].
Z. angew. Zool. 62:39-82.
Construction and function of muskrat lodges in northwest
Germany are described. Muskrats used all plants and waste in their
surroundings which they were able to transport for building materials,
but never used mud and rarely used water lilies, as they decay easily.
Building was not carried out in summer. A number of birds used the
lodges for breeding and the European water shrew shared it as a home.
Akkermann, R. 1975b. Studies on the ecology and population dynamics
of the muskrat (Ondatra zibethicu8 L.). Part II. Food and
feeding. [In German, German and English summaries]. Z.
angew. Zool. 62:173-218.
Of the main plant foods in northwest Germany, Phragmite8~
Typha~ Scirpu8~ and GZyceria rootstocks were eaten more than green
shoots, even in summer. The proportion of plant food consumed to that
not consumed was irregular; from 1:1 (Typha) to 1:6 (GZyceria). Poisonous tubers are eaten occasionally, and an endangered bivalve is eaten
regularly by some. Muskrats search for food along paths which they
exploit vertically, resulting in many islands which float, sink, and
contribute to the sedimentation.
Akkermann, R. 1975c. Studies on the ecology and population dynamics
of the muskrat (Ondatrq zibethicu8 L.) around a northwest
German marsh lake. III. Behaviour and population dynamics.
[In German, German and English summaries]. Z. angew. Zool.
62:281-338.

The stock size and its fluctuations were analyzed by
counting the lodges on aerial photos and by comparing the numbers of
lodges with the population in a continually controlled creek. Muskrats spread out only when there was a population density or a lack
of food that could not be tolerated anymore. Territories up to 5500
m2 were built up by male and female before mating during the spring
movement. These were defended by both sexes. Mating, care, and development of young, home range size, and feeding are also described.
Alexander, M.M., and M. Radway. 1951. The distribution and production of muskrats on the Montezuma National Wildlife Refuge.
J. Wildl. Manage. 15:360-367.
A repetition and extension of Dozier (1950: J . Wildl. Manage.
14 :403) to include 9 years, the last 3 years of which showed an "increas~ in males over females, as was evidenced by the first 3 years.
The average weight dropped from 3.4 to 2.8 lbs (1.54 to 1.27 kg) over
4 years.
Anderson, J.M. 1947. Sex ratio and weights of southwestern Lake Erie
muskrats. J . Mammal. 28:391-395.
Winter sex ratio was 124 males to 100 females with an average weight for males of 2.4 lbs (1.09 kg) and for females, 2.26 lbs
(1.03 kg). The sex ratio of muskrats weighing less than 2 lbs (0.91
kg) was 87 males to 100 females; of animals 2 lbs to 2.75 lbs (0.91 to
1.25 kg), 136 males to 100 females; and of animals over 2.75 lbs
(1.25 kg), 200 males to 100 females.
Artimo, A.

1960.

The di spersa 1 and accl imati zati on of the muskrat,
Papers Game Res. .
(Helsinki) 21 :1-101.
Contains information on muskrat biology in Finland, where
climate is similar to the Great Lakes Region of North America - hence
the successful introduction of the muskrat. Research was conducted
into the occurrence of muskrats in watercourses of different types,
food, relationships with other species, reproduction, and population
trends.
Ondatra zibethicus (L.) in Finland.

Bailey, V.

1937. The Maryland muskrat marshes. J. Mammal. 18:350354.
Brief discussion of Maryland muskrat economics and notes on
the need for humane trapping, muskrat behaviour, house construction,
and feeding habits.
i
Bednarik, K.A. 1953. An ecological and food habits study of the muskrat in the Lake Erie marshes. M.Sc. Thesis. Ohio State
Univ., Columbus. 123 pp.
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The plants most utilized for food by muskrat on a study
unit in the Lake Erie marshes, the construction of muskrat dwellings,
. data on the reproductive cycle and the effects of predation and disease on this muskrat population were all determined. Using this information, marsh management practices in the area were examined and
recommendations for future marsh management in the area were then
made.
Bednarik, K.A. 1956. The muskrat in Ohio Lake Erie marshes. Ohio
Div. of Wildlife, Columbus, Ohio. 67 pp.
The plants most utilized for food by muskrat on a study unit
in the Lake Erie marshes, the construction of muskrat dwellings, data
on the reproductive cycle and the effects of predation and disease on
this muskrat population were all determined. Using this information,
marsh management practices in the area were examined and recommendations
for future marsh management in the area were then made.
Beer, J.R.

1950. Sex and age ratios in Wisconsin muskrats. J. Wildl.
Manage. 14: 323-331.
The sex ratio of muskrats is even at birth, shifts to about
140 males per 100 females within 3 weeks, then evens out again the following breeding season. The average number of young produced per adult
female is 15.5 per season. Age ratio in the fall was 359 young per 100
adults. The percent of yowng is inversely related to the density of the
breeding population; the best utilization of Wisconsin marsh habitat was
when the population had an age ratio of 400-500 young/100 adults in the
fall.
Bellrose, F.C. 1950. The relationship of muskrat populations to various
marsh and aquatic plants. J. Wildl. Manage. 14: 299-315.
The proportion of plant food material found in the "feeding"
house in mid-winter was compared with the late-summer availability of
plants within the feeding radius of the houses. Food preferences are
listed, with cattail being most important overall. Water depth affected
muskrat house density, and fluctuating levels adversely affected populations. Feeding houses were randomly distributed among the dwelling
houses.
Boikova, F.r. 1970. [Morphological and physiological heterogeneity of
young muskrats). Ekologiya 1:81-83.
An analysis of the morphological and physiological heterogeneity of young muskrats showed that there is a very clear-cut correlation
between the growth rate of the animals and the growth character of individual organs. The constitution of the animals can thus serve as an
indirect indicator of their growth rate.
Buss, 1.0.

1941.

Sex ratios and weights of muskrats (Ondatra zibethicus
J. Mammal. 22:403-406.

zibethicus) from Wisconsin.
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Fall and early winter sex ratios were 69% males or 2.2
males to 1.0 female, and the males averaged 42 g less than the
females. Fall-trapped female muskrats having the vaginal opening
sealed may easily be mistaken for males.
Butler, L.

1940. A quantitative study of muskrat food. Can. FieldNat. 53:37-40.
Using feeding trials, and six penned muskrats, a determination was made of the average daily consumption of each of seven different muskrat food species. These seven species, in order of importance,were: stovepipe reed, sedge, thatch grass, sweet flag, bulrush,
buckbean, and cat-tail. An attempt is then made, using this data, to
assess the food possibilities or carrying capacity of a marsh area.
Butler, L.

1962. Periodicities in the annual muskrat population figures for the province of Saskatchewan. Can. J. Zool. 40:
1277-1286.
The yearly production of muskrat pelts in Saskatchewan for
the period 1915-60 exhibits a 6 year periodicity instead of the expected 10 year cycle. To check the synchrony of these periodicities the
province is divided into thirds. In the southern prairie section there
are two main peaks but the remainder of the peaks, at 6 year intervals,
vary greatly in magnitude. The middle aspen grove section has peaks
of equal magnitude which are 10 years apart.
Chang, C., C. Yien. and P. Hsu. 1974. Age investigations of muskrat
populations. [In Chinese, Chinese and English summaries].
Acta Zool. Sinica 20:89~104.
Age determinations and age distribution of muskrat populations
are discussed. Six age groups were devised, based on dentition, skull
measurements, body length and weight, and reproductive characteristics.
There was an obvious seasonal difference in age distribution and the
sex ratio was 57% male in the Chinese muskrats studied. There were
usually 2-3 litters/yr. from April-July, with an average litter size
of 8.5.
Christian, J.J. 1964. Selective feeding on dandelion roots by muskrats. J. Mammal. 45:147.
Pennsylvania muskrats were observed feeding on dandelion
roots to the exclusion of other plants present including those known
to be 'preferred muskrat foods such as Typha and they were doing so at
a considerable expenditure of energy.
Chu, C., and C.T. Yen.

1965.

Foods and food bases of the muskrat,
[In Chinese, English summary].
Acta Zool. Sinica 17:352-362.
In an ecological study of the muskrat in China, emphasis
was placed on food bases and their probable influence as a limiting
factor on muskrats. Direct observations and feeding experiments were used.
Ondatra zibethicus Linnaeus.
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Coulter, M.W. 1948. A study of movements and habitat preferences
of muskrats in Maine. M.S. Thesis. Univ. of Maine,
Orono. 114 pp.
A number of muskrats were tagged and the amount of wandering they did computed by measuring the distances that tagged
individuals travelled between known trap stations. Seasonal habitat preferences were determined by checking the location of the tagged animals every two weeks for a year and then recording the data
in relation to the habitat types. It was found that 53 percent of
the muskrats recaptured had moved over 200 ft (61 m) from their original stations; shifts of up to 1.6 miles (2.5 km) were recorded.
Breeding animals preferred areas in dense, shrubby cover
but areas containing emergent vegetation near water 18 to 30 in
(46-76 cm) deep were preferred during fall and winter.
.
T.C. 1965. Biology and ecology of the muskrats in a
central Adirondack area. M.S. Thesis. Syracuse Univ.,
Syracuse. 140 pp.
The factors limiting the small muskrat population on the
Adirondack study area of approximately 45 acres (18 ha) were studied~
The 3 most important factors appeared to be: 1) inferior
quality, quantity and distribution of food; 2) pronounced w_a tgr
level_ flu_ctu~; and 3) a short breeding season.
.--- -.
--The study also concluded that muskrat maintained larger
home ranges in marginal habitats than in more favourable habitats.
Dauphin~,

Dilworth, T.G. 1966. The life history and ecology of the muskrat
under severe water level fluctuations. M.Sc. Thesis.
Univ. British Columbia, Vancouver. 125 pp.
Thesis not seen.
Dozier, H.L. 1944. Color, sex ratios, and weights of t~aryland muskrats .. II. J. Wildl. Manage. 8:165-169.
Repeat of 1941 investigation (Dozier and Allen 1942) with
similar results.
Dozier, H.L. 1945. Sex ratio and weights of muskrats from the
Montezuma National Wildlife Refuge. J. Wildl. Manaqe.
9:232-237.
The sex ratio favoured males (122:100) and males were
heavier than females - both diffelrences were highly significant.
Muskrats taken from a refuge with p~rer food and water cQ.uditi Q!ls
than Montezuma had much less fat. Favourite winter foods were cattail and burreed roots.
Dozier, H.L.

1948.

Color mutations in the muskrat (Ondatra z.
J. Mammal. 29:393-405.
A description and genetic explanation for the brown,
black-and-tan, black, fawn, albino white, and Maryland white colour phases of the Virginia muskrat.
macrodon) and their inheritance.

·7

Dozier, H.L., and R.W. Allen. 1942. Color, sex ratios, and weights
of Maryland muskrats. I. J. Wildl. Manage. 6:294-299.
Of 9,895 muskrats caught on the Blackwater National Wildlife
Refuge, 53 . 6% were of the black color phase and 46.4% were brown. Sex
ratio of adults was 56:44 males to females and of young, 45.8:54.2.
Males were heavier than females, and blacks slightly heavier than browns.
Dozier, H.L., M.H. Markley, and L.M. Llewellyn. 1948. Muskrats investigations on the Blackwater National Wildlife Refuge, Maryland,
1941-1945. J. Wildl. Manage. 12:177-190.
Sex ratio was 133:100 males to females; 52% were black and
tan colour phase. Males were an average of 2.4 oz. (70 g) heavier
than females. Weights increased from Jan. 1 to Feb. 15, followed by
a rapid decline. January was most productive month, the end of February
the least productive, although prime condition was reached then. A
brief discussion of pertinent management principles is given.
Earhart, C.M. 1969. The influence of soil texture on the structure,
durability, and occupancy of muskrat burrows in farm ponds.
Calif. Fish Game 55:179-196.
In California, breeding burrows are extensive and relatively
permanent systems constructed in soils high in clay and low in sand,
and occupied by large strong animals. Winter burrows are small temporarystructures situated in sandy soil, and occupied by small individuals.
Feeding burrows are shelters constructed near food supplies and are
used only for feeding.
Elm, R.

1970-71. The migration of the muskrat (Ondatra zibethicus)
into the Rhineland. [In German]. Decheniana 123:223-233.
Includes discussion of factors which promote distribution:
high reproductive capacity (about 15 young/pair/year) and high migratory capacity (destruction of natural enemies) and which inhibit population growth (natural enemies, freezing weather, and droughts).
Flooding either promotes migration as animals move upstream tofind
more suitable living areas, or inhibits population growth when the animals drown. Muskrats appear to be unaffected by water pollution.
Present control measures which involve hunting are questionable.
Elton, E.E., and M. Nicholson. 1942. Fluctuations in numbers of the
muskrat (Ondatra zibethicus) in Canada. J. Anim. Ecol.
11 :92-125.
Analysis of fur sales artd fur returns of the muskrat in the
nineteenth and twentieth centuries, together with a questionnaire
enquiry to fur posts in Canada, shows that since about 1850 there has
been a strongly marked cycle in numbers of muskrats/ with an average
peri od of recurrence of about 10 years. The presence of para 11 e1 ten
year cycles right across Canada in muskrat, snowshoe hare, other furbearers and game birds, affords strong evidence for the existence of
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some climatic factor withstanding these population rhythms.
Erickson, H.R. 1959. Muskrat reproduction, growth and movement in
small water areas of central New York. Ph.D. Thesis.
Cornell Univ., Ithaca. 112 pp.
Muskrats were live-trapped and marked over 3 breeding seasons,
and data co11.ected on onset of breeding activity, length of gestation
period, size of litters, number of litters per year, and sex ratios
in various age groups. A comparison was made of growth rates of wild
and captive litters. Movements were studied and homing data obtained
during the spring, summer, and fall periods, the first being the most
active. Home ranges averaged approx. 200 ft (61 m) in diameter.
:
Erickson, H.R. 1963. Reproduction, growth, and movements of muskrats
inhabiting small water areas in New York State. N.Y. Fish
Game J. 10: 90-117.
A summary of Erickson's Ph.D. thesis work.
Errington, P.L. 1937a. The breeding season of the muskrat in northwest Iowa. J. Mammal. 18: 333-337.
The main breeding season occurred during May, June, and July.
Two litters seemed to be the usual number per female, although they may
have as many as 4. The chances of young muskrats breeding in the year
of their birth is negligible. The period of gestation may vary from
an atypical minimum of near 19 days, to a more usual minimum of 22 or
23 days, with the ordinary period being approximately 30 days.
Errington, P.L. 1937b. Habitat requirements of stream dwelling muskrats. Trans. N.Am. Wildl. eonf. 2:411-416.
The suitability of differen~ watercourses, ranging from brooks
and small drainage ditches to a fairly large river, for muskrat habitation was examined in this project. It was found that the availability
of food near the watercourse is important for muskrat production but
in order to maintain muskrat populations over a number of years, the
most important factor was the availability of some comparatively stable
habitats. The stability of the exceptionally choice habitats seemed to
be correlated with their topographical location and with the consistency
of the soil, as they provide well protected dens, feeding and resting
places for the muskrats, even in times of drought, flood or freeze-up.
Errington, P.L. 1939a. Observations on young muskrats in Iowa. J.
Mammal. 20:465-478.
Number of young per litter averaged 6.5, with a sex ratio of
54.4% males. This increased slightly to 54.9% by fall. Eyes opened
between the 14th and 16th days, weaning took place in the 4th week; the
"kit" stage was reached at between 70 and 90 days; and at 3~ mo. many were
similar in size and appearance to adults. Weights and lengths for these
ages are given. The larger males approached sexual maturity at nine
months.

9

Errington, P.L. 1939b. Reactions of muskrat populations to drought.
Ecology 20:168-186.
~
The study of muskrat populations during drought seasons
has shown that although the animals may show considerable tolerance
to habitat changes and may modify their living routines accordingly,
their behaviour remains basically rather stereotyped.
A large proportion of muskrats resident in drying out habitats tends to stay in familiar home ranges, and, while they may suffer heavy mortality, they are more fortunate than the animals that
attempt to go elsewhere. As the drought continues, intraspecific
·strife and vulnerability to predation (notably by mink) increases, as
well as random wandering, and, in winter, losses from hunger and cold
predominate.
P.L. 1940. Natural restocking of muskrat-vacant habitats.
J. Wildl. Manage. 4:173-185.
A.general account of muskrat movements including spring dispersal, establishment and distribution of breeding territories, and
dispersal in late summer and fall. Management recommendations are
stated for a muskrat fur crop on a sustained yield basis.
Erri~gton,

Errington, P.L. 1941. Versatility in feeding and population maintenance of the muskrat. J. Wildl. Manage. 5:68-69.
The muskrat may be selective or highly indiscriminate in its
feeding, depending upon opportunities and necessity, individual tastes
and habits, and what may perhaps be termed local custom. Many foods
are listed. Due to this versatility, although shortage of food and
bad weather may result in decimation, the check that food deficiencies
impose upon muskrat populations appe~rs to be mainly indirect and, to
at least some extent, psychological.
Errington, P.L. 1951. Concerning fluctuations in populations of the
prolific and widely distributed muskrat. Am. Nat. 85:273-292.
This article represents a summary of the trends revealed, in
extensive data collected by the author, especially in so far as they
may illustrate differences between the fundamental and the incidental
in population dynamics. Physical environment and muskrat densities
and the "cyclic" phases in muskrat populations are discussed in detail
and a system of biological checks and balances in muskrat populations
summarizes the article.
.
Errington, P.L. 1954. On the ha!zards of overemphasizing numerical
fluctuations in studies of"cyclic" phenomena in muskrat
populations. J. Wildl. Manage. 18:66-90.
Data are presented on muskrat population fluctuations and
discussed with respect to breeding season and synchronies in muskrat
reproduction, behaviour, and disease syndromes, in an attempt to relate it to present concepts of "cyclic" phenomena.

~~-

~-~

~-
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Errington, P.L. 1963. Muskrat populations. Iowa State University
Press, Ames. 665 pp.
This book contains information on general muskrat biology,
biogeography population dynamics, and case histories from Iowa,
gathered from a number of scientific studies.
Fuller, W.A. 1951. Natural history and economic importance of the
muskrat in the Athabaska Peace Delta, Wood Buffalo Park.
Can. Wi1d1. Servo Wi1d1. Manage. Bull., Ser. I, No.2. 82 pp.
Live-trapping and tagging obtained data on sex and age composition of the population, food habits, shelter, movements, and reproduction. Population limiting factors are discussed. Local trapper
management is suggested.
Gashwi1er, J.S. 1948. Maine muskrat investigations. Bull. Maine,
Dept. Inland Fish and Game, Augusta, Maine. 38 pp.
This study investigated the muskrat breeding season in Maine,
the number of litters, number of young per litter, and other related
facts pertaining to the annual productivity. Other environmental
studies of Maine muskrats were undertaken to be used as a basis for
developing sound management practices.
Gashwi1er, J.S. 1950. Sex ratios and age-classes of Maine muskrats.
J. Wi1d1. Manage. 14: 384-389 .
Spring and summer ratio of young was 146:100 males to females; by fall the subadu1ts had a ratio of 144:100 and the adults
had a ratio of 125:100; the spring ratio was 124:100. This suggests
a disproporti onate mortality of males during the winter and ' spring
periods. Fall age ratio was 71.6% subadu1ts, and there were an average of 5.7 young per female .
,

Gersdorf, L, and R. Rose. 1972. On activity and behavior of the
muskrat underwater . [In German, English summary]. Z.
Angew. Zool . 59:241 -259.
Building materials used in agricultural hydraulic construction were tested for their resistance against muskrat damage. Muskrats temded to return to their former burrow, so may destroy material
left untouched before . However, due to orientation difficulties underwater, material may remain unaffected if the animal does not produce
damage in its first attack before returning to the surface to breathe.
Glass, B.P . 1952 . Factors affecting the survival of the plains
muskrat, Ondatra zibethica cinnamomina, in Oklahoma. J.
Wi1d1. Manage. 16:484-491.
The suitability of ponds for muskrats depends opon availabi li ty of food plants, which in turn depends upon lack of turbidity
of the water and reasonably small fluctuations in water level. Bank
burrows were used almost entirely in place of houses .

L

.
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Harris, L

1939. Plants constituting the food of the muskrat on
the New Jersey coastal and inland marshes and the comparative importance of each. N.J. Mosq. Ext. Assoc. 26:221-228.
The most important muskrat food plants in New Jersey are
Spar tina cynosuroides and S. alterniflora~ Scirpus olneyi and S.
americanus~ and Typha latifolia and T. angustifolia.
A description
of how the plants are utilized by muskrat is given.
Hatfield, P.M. 1939. Notes on sex ratio in Minnesota muskrats. J.
Mammal. 20:258.
Muskrats trapped in March were 57.23% male and 42.77% female. Of 207 females, two contained embryos and three showed signs
of implantation. Seven males and two females were juveniles.
Heit, W.S.

1949. Muskrat weights and sex ratio in the Riverbend
marshes of Wayne County, New York. J. Mammal. 30:122-124.
Average winter weight of males was 43.8 oz (1240 g); for
females 42.4 oz (1202 g). A 4 lb~ 8 oz (2041 g) male and a 3 lb,
12 oz (1701 g) female were recovered. Information on sex ratio showeda large percentage (72%) of males in the take, indicating that the
study of trapping techniques might prove useful to marsh management.
Hensley, A.L., and H. Twining. 1946. Some early summer observations
on muskrats in a northeastern California marsh. Calif.
Fish Game 32:171-181.
A total of 118 muskrats were marked in one summer's study,
of which 110 were young captured by hand, due to the inability to
develop a satisfactory live trapping technique. Muskrat houses were
found to have from two to five entrances under water and houses
usually contained one to four nests with the average being two nests
per house. The size of the muskrat litters ranged from two to eight,
the average being 4.67. Muskrat houses were used by waterfowl and
shore birds as nesting sites, as well as being occupied by mink.
Banding and tagging of muskrats was found to be of no value, unless
diligently followed up by well-trained investigators, since commercial
trappers are prone to withold information concerning their catch of
marked animals.
Hibbard, L, and A. Adams. 1957. Furbearer investigations on the
Coteau (Cleveland Area). N. Dakota State Game and Fish
Dept., Project W-38-R. Job No.9. 14 pp.
An intensive study of mink and muskrat populations was
undertaken on a small area of Coteau pothole country north of Cleveland,
North Dakota. Study procedures included opening of muskrat houses
to fi nd 1itters of muskrats, searchi ng for bank dens and burrows and
live trapping and ear tagging of muskrat and mink. Three mink were
live trapped on the study area and one of these was recaptured after
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moving 20 miles (32 km) in three and one half months. In 1955 the
average litter size of muskrats was 7.5; in 1956, 5.2.
Hollister, N. 1911. Systematic synopsis of the muskrats. N. Am.
Fauna No. 32. 47 pp.
Shows the North American distribution of various sub-species
of muskrat. Discusses the history, economic relations, biological
characteristics and type localities and specimens of the species.
Huenecke, H.S., A.B. Erickson, and W.H. Marshall. 1958. Marsh gases
in muskrat houses in winter. J. Wildl. Manage. 22:240-245.
Samples of gaseous contents of 153 muskrat houses in Minnesota
peat marshes were analysed for C02, 02, CH3' and hydrogen su1fige. Only
carbon dioxide accumulated, building up in early February to a 5-7% concentration that would have no effect on muskrats.
Johansen, K.1962 . Buoyancy and insulation in the muskrat. J. Mammal.
43:64-68.
21.5% of the average total dry volume of a muskrat is the
amount of air normally trapped in its fur, giving it an average specific weight of 0:79. The importance of the air layer in the fur for
buoyancy and insulation is discussed.
Johnson, C.E. 1925. The muskrat in New York: its natural history and
economics. Roosevelt Wild1. Bull. 3:205-320.
Includes discussions on principal muskrat habitats; general
characteristics; breeding habits; food and feeding habits; houses, dens,
burrows, tunnels, and canals; spacing of individuals or families; swimming habits; agencies destructive to muskrats; relationships with birds
and reptil es; damage caused by muskrats; and economi c consi derati ons.
Kellogg, C.E. 1946. Variation in pattern of primeness of muskrat
skins. J. Wild1. Manage. 10:38-42.
The various designs of pigment distribution seen on the flesh
side of raw muskrat skins were classed into 12 general types.
Kelsall, J.P. 1970. Interaction between barren-ground caribou and
muskrats. Can. J. Zool. 48:605.
Caribou have been observed to systematically expose, trample,
and eat the pushups of frozen, but green, vegetation constructed on ice
in winter by muskrats for feeding. The muskrats may be inconvenienced
or frozen out by this behaviour.
Korsakova, I.B. 1969. The age and sex structure of the muskrat population of the Primorskii Raion of the Amu-Dar'ya River delta.
(trans1. from Russian). Ref. Zh. Biol. 1969 . No. 61572.
Ab. Tr. Vses Nauch-Issled Inst. Zhirotn Syrlya Pushniny 22:
33- 46.
'
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Fertility of females depended on their age and environmental
conditions. Land deterioration resulted in a reduced proportion of
young, lower weights in the young, and reduced relative number of
adult males in the fall.
Krear, H.R. 1953. An ecological study of the muskrat in the Laramie
area. M.Sc. Thesis. Univ. of Wyoming, Laramie. 172 pp.
Plants used as food and building materials are listed. Fish,
small crustaceans, and dead ducks were also eaten. Muskrat densities
ranged from 4.5 to 27.5 per acre (1.8 to ll.l/ha). Nine of 22 recovered muskrats and 68 tagged were recaptured less than 200 yds (183 m)
from the spot at which they had been tagged six months earlier. One
yearling female made an overland movement in the early spring of
approx. 3000 yds (2743 m). Breeding activity of males was determined
by testes weights and of females by fetal and placental scar counts.
Sex ratios; body weights and measurements were determined for adults
and juveniles in the fall and spring of two years. Some data concerning growth rates, mortality, parasitism, and pelt primeness was also
collected. Economic importance and management of the muskrat in Wyoming
is discussed.
Larin, B.A. 1972. Concept of animal population and the applied ecology of mammals. [In Russian, English summary]. Byull.
Mosk O-Va Ispyt. Prir Otd. Biol. 77(6):20-26.
A critical review is given of the meaning of the term population in its application to the muskrat and to the needs of the game
industry.
Lavrov, N.P. 1960. Acclimatization of muskrats in the U.S.S.R.
(Transl. from Russian). Pages 60-69. In Translations of
Russian Game Reports, Vol. 7, Canada Dept. of Northern Affairs
and National Resources.
Studies of the diet of muskrats in the U.S.S.R. were made
by analysis of stomach contents of 432 muskrats; determination of
the volume relationships of different species of plants was done
visually under the microscope.
It was determined that the muskrat used almost all species
of the larger plants growing in its individual habitat as food. The
relative importance in the muskrat diet of several species of plants
and of their various parts often fluctuates according to the season
of the year. The muskrat shows less seasonal variation in the composition of its diet than do several ,other herbivorous mammals. The daily
intake of food by the muskrat was found to be approximately one-third
of the body weight.
Lay, D.W.

1945. Muskrat investigations in Texas. J. Wildl. Manage.
9:56-76.
Data includes population estimates, seasonal changes in pelt
grades and trapping results, age ratios (by pelt measurement), breeding,
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sex ratius, adult weights, predation, dispersal, and marsh and trapping management.
Le Boulenge, E. 1972. The state of knowledge about the ecology of
the muskrat, Ondatpa zibethiauB L. [In French, English
summary]. Terre Vie 26:3-37.
A summary of the feeding habits, habitat, reproduction, sex
ratios, movements, predators and other aspects of population dynamics
is given.
Leighton, A.H. · 1933. Notes on the relations of beavers to one another
and to the muskrat. J. Mammal. 14:27-35.
From observations made on wild muskrats and on one that was
kept with three beavers, it was decided that muskrats probably iive
in the beaver lodge and are commensal with the beaver to the extent
of taking some of the larger animals' poplar leaves and bark.
Marcstrom, V. 1964. The muskrat Ondatpa zibethiaus L. in northern
Sweden. Viltrevy 2:329-384.
This paper covers the complete biology of the Swedish muskrat,
comparing it to those from other countries with respect to dispersal,
habitat, behaviour and spring activity, food, influence upon vegetation,
sex and age ratios, reproduction, body weight, quality of pelts, limiting factors of diseases, parasites, predators, and winter climate, and
the pros and cons of the animal's value.
Marshall, W.H. 1937. Muskrat sex-ratios in Utah. J . Mammal. 18:518519.
Intensive trapping in the fall resulted in a sex-ratio of
48 males to 52 females compared to spring values of 60.5 males to
39.5 females. One can raise the percentage of males through light
trapping because the first few nights of a set usually yield males
rather than females. The pregnancies were found after Oct. 15; some
were discovered at the end of March. Sex ratios remained constant over
two years.
McCann, L.J. 1944. Notes of growth, sex and age ratios, and suggested
management of Minnesota muskrats. J. Mammal. 25:59-63.
Winter sex ratio was 1 female to 1.2 males; the fall ratio
was the reverse. A majority of males in the young of the year compensates for the natural losses a~ong adult males in spring and summer.
Breeding in Minnesota begins in late March and females average two
litters a year containing about six kits each. The size and quantity
of muskrats varies with the conditions under which they develop. Decimation by trapping in December of not more than 50% of the total population is close to the safe limit for maintaining the population over
a period of years.
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Mizelle, J.D.

1935.

Swimming of the muskrat.

J. Mammal. 16:22-25.

In view of the controversy as to the use of the feet and
tail of the muskrat when swimming, a study was undertaken to determine
their use. Surface swimming is characterized by alternate vertical
strokes of the hind feet and no movement of the tail, whereas underwater locomotion takes place with nearly horizontal thrusts of the
hind feet and lateral tail movements. The front feet are tucked under
the chin at all times while swimming.
Mohr, E.

1933. The muskrat, Ondatra zibethicus (Linnaeus) in Europe.
J. Mammal. 14:58-63.
An account of the muskrat's spread across Europe since its
introduction in 1905, and of some damage done by it.

Mordvinov, V.E. 1974. The character of boundary layer in the process
of swimming in the muskrat (Ondatra zibethicus) and mink
(Mustelalutreola). [In Russian, Russian and English summaries]. Zool . Zh. 53:430-435 .
Experiments based on observations of water flow around the
body of the muskrat and mink have revealed the character of the boundary layer.
Munyer, E.A. 1964. Growth of the appendicular skeleton of the muskrat,
Ondatra zibethicus zibethicus L. Trans. 111. State Acad.
Sci. 57:243-252.
Fusion and growth patterns of the long bones of the muskrat
are described. Means of the dimensions for each of 9 age groups
(separated by skull development and f ,i rst upper molar extrusion) were
used to estimate relative growth rates. The use of the proximal elements of the limbs in age determination is indicated.
Neal, T.J.

1968. A comparison of two muskrat populations. Iowa State
J. Sci. 43:193-210.
A decreasing population was associated with less dense vegetation, lighter average weight, shorter breeding season, fewer and
smaller litters, and larger home range size compared with an increasing population . Besides trapping, there were no apparent differences
in mortality. There was a significantly larger percentage of young
males in the decreasing population and a significantly larger percentage
of males in April litters compared with litters born in May, June, and
July.
Nicholson, W.R., and D.E. Davis . 1957 . The duration of life of mUskrat houses. Ecology 38:161-163.
The duration of existence of muskrat houses was determined
in the marshes of Maryland by following the history of marked houses

16
in a small area. An analysis of 263 houses showed that the number
built per month increased greatly in February and then virtually
stopped until June when a normal number of houses per month were
built. The life expectancy of the houses averaged 5.14 months although the houses built in February lasted only 3.5 months on the
average. Whether the houses are continually occupied by the same
animals was not determined.
Olsen, P.F. 1959b. Muskrat breeding biology at Delta, Manitoba.
J. Wildl. Manage. 23:40-53.
Average litter size were found to vary with increasing age
of the litters and with progression of the breeding season. A progressive unbalancing of the sex ratio toward an excess of males was
observed to be correlated with increasing age of the 1itters. A mWis krat growth curve was constructed from recapture data. A correlation
was found between temperature and the initiation of breeding. Extended periods of litter production and greater individual productivity
were explained as compensation for severe mortality of early-born
young one year and as a psychological response to an uncrowded habitat the next.
Pelikan, J . , J. Sroboda, and J. Kret. 1970. On some relations between the production of Typha ZatifoUa and a muskrat population. Zool. Listy 19:303-320.
In southern Moraria marshes, 2/3 of the muskrat houses were
in beds of T. ZatifoZia and 2/3 were situated on borders between
stands of this species and those of Phragmites corronunis (each of
which occupied 50% of the marshes). Number of muskrat houses was
16.0/ha. The plant material deposited in the houses amounted to
3.8% of green biomass net production of cat-tail/ha/year. Muskrats
destroyed 20.2% of the net production of cat-tails around one house
and 5-10% of that of the reed mace. The density of the muskrat population was 28-55 individuals/ha, the standing crop was 14-27 kg
fresh weight biomass/ha, and the calculated annual 20 net production
was 16-31 kg biomass/ha.
Specific growth features of young muskrats
[English summary].
Zool. Zh. 48:1419-1420.
In the course of adaptation to severe climate conditions,
northern muskrat populations evolved a series of unique adaptations;
in particular, accelerated rate of growth and development of young
which was twice that of young animals from southern populations.
Petrov, V. I.

1969.

(Ondatra zibethicus) in the North.

Rahm, U. and G. Stocker. 1975. Notes on the muskrat (Ondatra zibethicus)
in Alsace. [In French]. Terre vie 29:458-464.
The food of a muskrat colony studied in France was rushes,
bivalves, and crabs. A home territory was between 16-19 ha and was
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crossed by trails and canals of the muskrat group. The same area
was inhabited all year round, but winter seemed to produce a state
of torpor. Hibernation may actually have occurred during Dec.Feb. Activity increased during March and April and decreased during
Oct. and Nov. Social behaviour was usually amicable, unless territorial rights were violated by individuals.
and R.M. Williams. 1956. Reproduction, size, and mortality in the Rocky Mountain muskrat. J. Mammal. 37:494500.
Contains data on breeding season dates, average litter size,
no. of litters per season, sex ratio, age ratio, subadult mortalities
from time of birth to fall, and relative size compared to other U.S.
muskrats.
Reeves,

H.M~

Reichholf, J.

1975.

On the feeding ecology of the muskrat (Ondatra
[In German, German and
English summaries]. Faunockol. Mitt. 5:1-9.
In the study area in West Germany, the muskrat feeds mainly
on submerged plants during summer and autumn, but in winter and spring
it feeds on mussels. Muskrats selectively take those mussels with
shell lengths between 7.1 and 7.3 cm and prefer Anodonta cygnea to
the more abundant Unio pictorum. The change in feeding behaviour is
necessary because waterfowl overgraze the standing crop of submerged
flora during autumn.
zibethicus) on the lower River Inn.

Revin, Y.V. 1975. Adaptation of Ondatra zibethicus to thermal conditions of north-eastern Yakutia. [In Russian, English
summary]. Zool. Zh. 54:763-767.
The character of adaptation~ of muskrat to low temperatures
was studied. During the period of freeze-up which lasts 8-8.5 months,
the muskrat used widely spaced temporary resting places on the ice
surface - "feeding lodges". The favourable thermal regimen in these,
as well as in the bank burrows is kept by controlling the frequency
and length of visits by colony members. The muskrat spends an average of 1-1.5 hr per day in the water without great heat losses. At
the same time, the high level of mortality at low temperatures suggesting the imperfection of individual thermoregulatory mechanism is
noted. The muskrat's existence in the sub-arctic proved to be possible
due to ecologo-ethological peculiarities which insure the group thermoregu1ation.
Romic, S.

1974. Growth capacities and fertility of muskrat. [In
Serbo-Croat., Serbo-Croat and English summaries]. Poljopr
Znan. Amotra 33:26-36.
Muskrats average the greatest body size and best fur quality
between the 15th and 18th of February in Yugoslavia. Lowest fertility was found in the lightest females, highest in the heaviest.
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The greatest number of pregnant females of the heaviest group
occurred during the 5th mo; of the medium-weight group in the 6th
mo; and of the lightest group in the 9th mo of the year.
1952. Carnivorous behaviour in the muskrat. J. Mammal.
33:114.
An incident is related where several muskrats were observed, eating fish in the wild.
Rustad, A.

Sather, J.H. 1958. Biology of the great plains muskrat in Nebraska.
Wildl. Monogr. 2. 35 pp.
In this investigation, data were compiled on muskrat reproduction, weights and measurements, sex ratios, house constructi.on,
food habits, movements, predation, and disease. Sexing, aging, and
census methods are discussed and management proposals for a sustained
harvest in Nebraska suggested.
Schmitke, R.G. 1971. Some aspects of muskrat ecology at Big Island
Lake, Alberta. M.Sc. Thesis. Utah State Univ., Logan.
54 pp.
This study involved live-trapping to determine population
density sex and age ratios and movements of muskrats in Big Island
Lake. Reproduction was examined and mortality due to mink predation
was estimated from mink scat analysis. Sedges, cat-tails and manna
grass were most frequently used as food. The largest movement recorded was 670 yards (613 m) but 90% of the distances moved between capture and re-capture sites were less than 200 yards (183 m).
Shanks, C.L 1947. Population, proquctivity, movements,and food
habits of Missouri muskrats. M.A. Thesis. Univ. of Missouri.
123 pp.
.
Life history factors of Missouri muskrats were studied by
means of live-trapping and tagging, dead trapping external and internal examination of dead animals, and field observations. Six types
of "sign" were used to determine the presence of muskrats in an area:
houses, bank dens, tracks, trails, feeding stations and defecating
posts. After studying 1,550 animals, it was determined that the pattern of pelt primeness was a reliable criterion of age in Missouri.
The age ratio varied from 73 percent to 86 percent subadult. Average
weight of all animals varied from 1,030 to 1,124 grams. Sex ratios
varied from 38.5 to 58.4 percent males but the lower figure was not
considered an accurate representation of the actual population as the
area concerned was intensively trapped. Movements were tabulated and
a cursory study completed of the principal foods of the muskrat of
the study area.
Shanks, C.E., and G.C. Arthur. 1952. Muskrat movements and population
dynamics in Missouri farm ponds and streams. J. Wildl.
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Manage. 16:138-148.
Muskrats on farm ponds of less than 1 acre in surface
area did not produce more than one litter, were more likely to migrate than those in larger ponds, achieved their maximum population
in June and July, and never had young after June 15; adult males
rarely associated with adult females and young; and no correlation
was found between pond vegetation and its use by muskrats. Two
migratory peaks occur in the fall and spring, pond populations moving only to another pond. Stream-dwelling muskrats appear to be
territorial.
Smith, R.L. 1954. Ecology of the muskrat on Spring Creek, Centre
County, Pennsylvania. M.S. Thesis. pennsylvania State
Univ., College Station. 92 pp.
The muskrats in the study area lived in bank dens with
several underwater entrances and usually a plunge hole on the bank.
The principal food of the muskrats on the study area was found to
be pondweed (Potamogeton crispus), followed by bluegrass (Poa
pratensis), duckweed (Lerrma minor) and canary grass (PhaZaris
arundinacea). In late summer crayfish are an important food source.
The muskrats do not appear tq be selective in their food habits.
The spring dispersal of the wintering population was found to occur
in late March or April with the main breeding season being May and
June and an average of two litters a year.
Sixty-nine muskrats were aged, sexed and weighed. Harvest and management of muskrat in Pennsylvania is discussed briefly.
1~46. Muskrats of Jule
W~ldl. Manage. 10:68-70.

Sooter, C.A.

Lake Refuge,

Californi~.

J.

Sex and age ratios, weights, upper incisor widths, placen.tal scar counts and sizes of testes are given.
Stearns, L.A., and M.W. Goodwin. 1941. Notes on the winter feeding
of the muskrat in Delaware. J. Wildl. Manage. 5:1-12.
Stomach volumes varied from 2 to 130 cc for muskrats cap.tured Dec.-March with an average of 22.6 cc. Average dry weight was
1.52 g and stomach contents averaged 2.36 g. Ten plant species were
analyzed for % moisture, ether extract, crude protein, crude fiber,
ash, and nitrogen-free extract. Animal matter in an appreciable but
undetermined amount was being consumed.
Stearns, L.A., D. MacCreary, and iF.C. Daigh. 1939. Water and plant
requirements of the muskrat on a Delaware tidewater marsh;
N.J. Mosquito Extermination Association 26:212 ... 221.
·Water and plant requirements are presented from a study .
which included experimental ditching. The conclusion reached was that
effective ditching of a marsh for mosquito control is injurious to
muskrats because. the water table is lowered, resulting in a change in
vegetative cOver.
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Steiniger, B. 1976. Factors affecting the behaviour and sociology of
the muskrat (Ondatra zibethicus L.). (In German, Germany and
English summaries). Z. tierpsychol. 41:55-79.
Observations made on muskrat behaviour in open-air pens and
during the rearing of young animals in direct contact with man are
. described.
Stevens, W.E. 1953. The northwestern muskrat of the Mackenzie Delta,
Northwest Territories, 1947~1948. Can. Wildl. Servo Wildl.
Nat. Sere I. No.8. 40 pp.
Winter and summer trapping and tagging produced information
on movements and population pressures in both seasons. Age could not
be determined by weight or size. Sex ratios favoured males. Breeding
season peaked in mid-June with females having one or two litters per
year.
Stevens, W.E.

1955.

Adjustments of the northwestern muskrat (Ondatra
Ph.D.
Thesis. University of Bri,tish Columbia, Vancouver. 196 pp.
The muskrats in the Mackenzie Delta live in burrows rather
than lodges and rely on IIpushupsll for survival in the winter. Normal
movement is an average distance of 300 yd (274 m) in summer and 100 yd
(91 m) in winter. The relatively short period of open water in this
latitude so shortens the breeding season that primiparous females
probably produce only one litter in their first breeding season. The
delay in breeding induced by the late breakup of ice is significant
in reducing the rate of population increase. This is compensated by
larger litters (8.3 young) with a good survival rate. Densities per
unit area are low, sizes of individua,l animals are small, and natural
mortality early (second year).
zibethicus spatuZatus) to a northern environment.

Stewart, R.E.A., J.R. Stephen, and R.J. Brooks. 1975. Occurence of
muskrat, Ondatra zibethicus aZbus~ in the district of
Keewatin, Northwest Territories. J. Mammal. 56:507.
Four instances of muskrat caught at least 129 km beyond the
treeline are presented, this being the first record of muskrats on the
tundra.
Stewart, R.W., and J.R. Bider. 1974. Reproduction and survival of
ditch-dwelling muskrats in southern Quebec. Can. Field-Nat.
88:429-436.
The first peak of litte~ production occurred from mid-to
late May. Mean litter size ranged from 6.3 to 6.6 and females produced an average of 2 litters per year. High juvenile muskrat
mortality occurred in animals under 6 wk of age and during the winter
following their birth. Muskrat survival expressed as the number of
live young per breeding female in the population declined from 5.0
in the fall to 2.8 during the spring trapping season .
I
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Stewart, R.W., and J.R. Bider. 1977. Summer activity of muskrats in
relation to weather. J. Wildl. Manage. 41:487-499.
Amount of rainfall, nocturnal light intensity, and me.an
daily temperature were positively correlated with muskrat activity.
Daily activity was higher on days with diurnal rain. The diet .
rhythm of muskrats was bimodal with peaks occurring in late afternoon and following sunset. On days without rain only 20% of all
recorded muskrat movements extended over 120 mwhile on rainy days 42%
of the movements were greater than this distance. There was a positive
association between the distance moved and the amount of rainfall.
Storer, T.1. 1937. The muskrat as native and alien. J. Mammal. 18:
443-460.
A discussion is presented on the muskrat's native distribution
in North America, its transplantation to new localities, its spread
across Europe, current status in Europe, and the success of transplants
in B.C. and California.
Svihla, A., and R.D. Svihla. 1931. The Louisiana muskrat. J. Mammal.
12:12-28.
A general account of the life history and habits of Ondatra
riva Zi cia , including habitat, food, social behaviour, vocalization,
houses and runways, reproduction, growth, parasites and trapping.
Takos, M.J. 1942. An ecological study of a muskrat habitat in Central
Maine. M.Sc~ Thesis Univ. of Maine, Orono. 86 pp.
A field study was made of some of the interrelationships of
a muskrat population and its plant environment. An index, called the
forage ratio, was derived which expressed the relationship of the kinds
and amounts of plants available in the marsh to the kinds and quantities
eaten by muskrats. Data on the food habits of the muskrat was obtained
from observations of scraps left at feeding platforms. Muskrat food
habits were found to be governed by many complex factors, among them:
palatability, availability, water levels, phenological phenomena, home
range of the animals and overhead cover. A total of thirty-three plant
items was recorded as being consumed by muskrats. Those of the greatest
importance were: cat-tail (pYpha lati!olia) , sweetflag (Acorus calamus),
wildrice (Zizania aquatica) , sedge (Carex lacustris) and the arrowleafs
(Sagittaria lati!olia and S. cuneata). Most of the plants eaten by the
muskrats were not important foods of waterfowl, and muskrat damage to
the stands of marsh plants was slight and has a tendency to repair itself.
i

Takos, M.J. 1944. Summer movements of banded muskrats. J. Wildl.
Manage. 8:307-311.
About 50% of the recaptures were within a 25 ft (7.6 m) radius
of original banding site and less than 30% beyond a 100 ft (30.5 m)
radius. All immatures were within 100 ft (30.5 m). Most animals remained
within a limited home range, but a few tended to occupy more extensive
territory.
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Takos, M.J.

1947. A semi-quantitative study of muskrat food habits.
J. Wildl. Manage. 11:331-339.
The quantities and kinds of foods eaten by muskrats in
Maine were related to those available in the environment. The
animals tended to eat the most available plants, especially when
they grow in dense stands.

Tarasov, M.P. 1964. Muskrat (Ondatra zibethicus) grounds in the
northern Irkutsk oblast (basin of the Lower Tungus
River). (Transl. from Russian). Sb. Nauch-Tekh.
Infonn. Uses Nauch-Issled Inst. Zhirotn. Sys'ya Pushiny.
10:3-9. Ref. Zh. Bio1., 1965, No. II236.
Muskrat grounds (ri vers, 1akes, and bogs) are charac'terized briefly: the terrain, special features of the rivers, nature
of foods, food supply, nesting conditions, the number of animals and
trapping information.
Teodoreanu, M.

1975. The winter life of the muskrat, Ondatra
zibethicus (Linnaeus 1766), on the Transylvanian plateau.

(In German, German and English summaries). Saeugetierkd.
Mi tt. 23: 234-236. '
These muskrats remain active and do not hibernate in
w'inter. Food, obtained periodically from under the water, consisted
chiefly of stems and roots of aquatic vegetation and was eaten inside
the nest. No food was stored. Defecation occurred under water.
Teodoreanu, M.

1976. The behaviour of the muskrat, Ondatra
zibethicus (Linnaeus 1766), under the changing condi-

tions of ponds in the plains of Transylvania (Romania).
(In German, German and English summaries.Saeugetierkd.
Mitt. 24:238-240.
With rising water levels and inundation of the ground
chambers, muskrats build new and more elevated chambers if the lakesho,re was not entirely overflooded. In low banks, the animal left
the ground burrows and moved into waterchambers, which were built
higher if inundated. When the water level fell, new lower chambers
were built. When plants were removed from the pond, the muskrats
left.
Van Horn, S.D.

1975.

Activity and feeding rhythms in the muskrat
Ph.D. Thesis. Univ. Wisconsin,
Madison. 110 pp.
A muskrat population, in its natural habitat, exhibited
a bimodal daily run and feeding activity program, with most of the
activity at night. When the lake was open, the dominant peak in
activity occurred an hour or two before sunrise. After the lake had
frozen over, there was an increase in the proportion of daylight
activity with the dominant peak in the activity pattern shortly after
sunset. In 1aboratory experiments, when 1ight intensi ty was increased,
(Ondatra zibethicus).
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the ratio of activity time to rest time, and the total amount of
activity decreased, as would be expected for a predominantly
nocturnal animal according to the circadian rule.
Van Troostwijk, W.J.D. 1976. The muskrat (Ondatra zibethieus L.)
in the Netherlands, its ecological aspects and their
consequences for man. Verhrijksinst. Natuurbeheer.
7:1-129.
Data on reproduction show that more males than females
are born, but young females have a higher mortality. Females
infected with Taenia taeniafor-mis start reproduction later and have
fewer young than non-infected females. Without control, the digging
activities of the muskrat can assume such dimensions that the consequent damage is many times larger than the costs of control.
Vincent, ·J.P., and J.P. Qu~re. 1977. Some data on reproduction
and population dynamics of muskrat (Ondatra zibethicus)
in northern France. (In French, French and English
summaries). Ann. Zool. Ecol. Anim. 4:39.5-415.
Gestation period, average litter size, no. litters/year,
and age of reproduction were calculated, and developmental cycle of
the male genital organs described. A standard age curve is given
based on eye lens weight. The sex ratio favoured males, expecially
among young of current year. Muskrats born at the end of the season
grow fas ter than those born at the begi nni ng of the year, thus
making the growth rates similar.
Vses. Nauch-Issled Inst. Zhirotn. Syrlya Pushniny. 1969. Problems
of the ecology of commercially hunted animals. (Transl.
from Russi an). Moscow Sb,. Tr. Vses Nauch-Issl ed Inst.
Zhirotn. Syrlya Pushniny. 22:1-326. Ref. Zh. Biol.,
1969 . No. 71597 . Includes a paper on the supply of
protein food and the population structure of the muskrat.
Westworth, D.A.

1973. Ecology of the muskrat (Ondatra zibethicus
spatulatus) on the Peace-Athabasca Delta, Wood Buffalo

National Park. M.S. Thesis. Univ. of Alberta, Edmonton.
147 pp.
A livetrap, tag and recapture program, in which 610
muskrats were marked ,provi ded informati on on .popul ati on si ze, survival, movements and social relationships.
Sedge (Carex vesicaria) was the most abundant emergent
species and the most extensively eaten food plant followed by sweetflag (Acarus calamus) and burreed (Sparganium eurycarpum). Muskrats
were monogamous and territorial with family groups occupying mutually
exclusive home ranges with an average length of 130 m. Breeding was
correlated with the appearance of open water and adult females produced an average of 2.4 1itters wi th an average si ze of 7.5. Di sappearance during the first year of life amounted to 87%, and
during the second year of life 89%. Fur trapping was the principal
mortality facto r accounting for about 50% of the annual production
in areas trapped .
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Wilder, N., H. Cofer, and R. Beck. 1951. The marsh raccoon as
a competitor of the muskrat. Delaware Bd. Game & Fish
Comm. Final Rep. P-R Project 9-R. 5 pp.
The information obtained from field studies, interviews
with trappers and investigations elsewhere shows that the marsh
raccoon is not a serious competitor of the muskrat for either food
or shelter. The muskrat feeds principally on marsh plants while
the raccoon is a fish, meat, fruit and grain eater.
Willner, G.R., J.A. Chapman, and J.R. Goldsberry. 1975. A study
and review of muskrat food habits with special reference
to Maryland. Md. Wildl. Admin., Pub. in Wildl. Ecol.
No.1. 25 pp.
Techniques employed in muskrat food habits' research are
reviewed, as well as the literature from U.S., Canada, and Europe.
In a study conducted in Maryland, nearly 100 stomach contents were
examined and plants consumed identified - over 30 vascular plants,
primarily green algae, in freshwater muskrats, and 9 plants, mainly
cat~tail, in saltwater muskrats.
Wilson, K.A. 1956. Color, sex ratios, and weights of North Carolina
muskrats. North Carolina Wildl. Res. Comm., Fed. Aid,
Wildl. Rest. Proj. W-G-R.
Data on 13,142 muskrats showed 60 percent were brown and
40 percent were of the black and melanistic color phases. Males
outnumbered females in all age and weight groups. A differential
in sex ratio data for the various age groups indicates a higher rate
of mortality among adult females. Kits comprised 6.6 percent of
all the trapped animals examined. W~ights of subadults and adult
averaged 2.38 lb (1.08 kg) (females 2.32 1b (1.05 kg) and males
2.43 1b (1. 10 kg)).
Wragg, L.E. 1953. Notes on the life history of the muskrat in
southern Ontario. Can. Field-Nat. 67:174-177.
Although muskrats may breed all year round in southern
latitudes they do not generally breed before ice goes out in spring
in southern Ontario. The gestation period averages 28-30 days and
the litter size averages six. Muskrat houses are built in fal l and
are inhabited until the young are 4-6 weeks, at which time they are
abandoned. At such time as a second or third litter is born a new
house will be built; otherwise the muskrat will use open nests in
the summer.
Wragg, L.E. 1955. Notes on movements of banded muskrat. Can. FieldNat. 69:9-11.
Thirty of 90 tagged muskrats were recovered a total of 41
times within l~ years after banding . These data from the study area
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suggest that during the year, half the animals remain in a restricted
locality and a third to a half move to new feeding grounds. The
young apparently distribute themselves away from the home "cabin"
and movement of young and adult alike tends to be along water courses
and does not appear to be stimulated, necessarily, by population
pressure or lack of food.
Yarranton, G.A.

1977. Ecology of the muskrat (Ondatra zibethicus
spatulatus) on the Peace-Athabasca Delta, Wood Buffalo

National Park . M.Sc. Thesis. Univ. Alberta, Edmonton.
147 pp.
Preference for sweetflag (Acarus calamus) and burreed
(Sparganium eurycarpum) in the diet was shown. A correlation was
detected between observed preference and nutri ent content of fO'od
plants. In winter, submerged aquatics and rootstocks of emergents,
with houses serving as food stores were the main dietary sources.
Muskrats were monogamous and territorial with family groups
occupying mutually exclusive home ranges. Minimum length of family
home ranges averaged 130 m. Adult females produced an average 2.4
litters with an average litter size of about 7.5.
Fur trapping was the principal mortality factor accounting
for about 50% of the annual production. Dec1inin~water levels reduced the ,amount of available habitat and predis'p-osedmu-skra ts in
shallow areas to increased mortality. Behavioral adjustments during
periods of low water were thought to be important in assuring .winter
survival.
Zejda, J.

1976. On the interaction between the water vole (Arvicala
terrestris) and the muskrat (Ondatra zibethicus) in habitat

selection. Zool. Listy 25:,229-238.
During the growing season, both species showed almost
identical habitat requirements . A negative correlation was found
between the occurrence of the muskrat and the water vole in a habitat. Since the trophic requirements of the two species are known
to be similar, it is probable that afer being introduced into Europe,
the muskrat occupied a niche very similar to that of the water vole.
2.2

PHYSIOLOGY

A1eksiuk, M., and A. Froh1inger. 1971. Seasonal metabolic organization in the muskrat (Ondatra zibethicus). I. Changes in
growth, thyroid activitY, brown adipose tissue, and organ
weights in nature. Can. J. Zool. 49:1134-1154.
Complete examination of 10 muskrats disclosed that during
the winter growth is absent, thyroid activity and weight is low, the
mass of brown adipose tissue and the weights of water, and lipid and
protein therein are increasing. Liver and kidneys decrease in weight,
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while heart and lung weights, hematocrit, and blood hemoglobin increase. Adrenal weishts increase slightly in winter and greatly
during spring and summer. DNA synthesis occurs during summer.
Thyroid activity and mass of brown adipose tissue are inversely correlated from August to April.
Becker, K.

1970. Population studies on muskrat (Ondatra zibethicus
L.). III. Reproductive cycle of the male. [In German,
English summary]. Z. Angew. Zool. 57:211-227.
Curves depicting testes volumes in the course of the year
and the length of the daytime show a considerable parallelism within
an interval of 1-2 mo. Sudden drops of temperature will result in
an inhibition of spermatogenesis while ambient temperatures above
the average in winter and early spring will lead to an acceleration
of testes development in susceptible animals.
Becker, K.

1973. Population studies of muskrats (Ondatra zibethicus
L.). II. Reproductive biology of the female. [In German,
English summary] . Z. Angew. Zool. 60:343-363.
Females were ready to reproduce 2-4 weeks before the males.
The highest average number of embryos (6.7) was found in females having had their 1st reproductive period at the age of 1 yr. In precocious females, the average number of embryos was 5.2, and in females
in their 2nd period of reproduction, 5.5. Taking into account their
natural mortality, 1000 females past nestling age will produce about
5000 young during their life span. Most of the offspring will be
from the first reproductive period and only 5 and 6% from the second.
About 60% of the offspring produced will die as nestlings.
Beer, J.R.

1950. The reproductive cycle of the muskrat in Wisconsin.
J. Wildl. Manage. 14:151-156.
The breeding season is from about the first week in April
to the middle of June. The estrous cycle averaged 28.7 days. The
vaginal orifice opens in March, and about one-third of the adults
have a partial reclosure about the last of October.
Beer, J.R., and R.K. Meyer. 1951. Seasonal changes in the endocrine
organs and behavior patterns of the muskrat. J. Mammal.
32:173-191.
Seasonal changes are given in gonadotropic activity of the
pituitary and weights of male and female reproductive organs, thyroids,
and adrenals. Most of the organs have a relatively high weight in
relation to body weight at birth, which drops to a minimum weight
until sexual maturity. Females are more tolerant of their own sex
than are males; both sexes are tolerant of each other. Movements are
probably caused by normal physiological cycles and -forceouts caused
by emergency environmental conditions.
Dozier, H.L . 1947 . Resorption of embryos in the muskrat.
28 :298-299 .

J. Mammal.
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Handling and disturbing female muskrats during the breeding period and after copulation was found to be detrimental to conception and reproduction. One case of embryo resorption is cited.
Forbes, T.R., and R.K. Enders. 1950. Observations on corpora 1utea
in the ovaries of Maryland muskrats collected during the
winter months. J. Wi1d1. Manage. 14:169-172.
During the years 1938 and 1939, the first ovulatory cycle
of the annual breeding period occurred between the early part of
February and the middle of March and a second ovulatory cycle promptly ensued.
Ga1antsev, V.P. 1965. Ecological-morphological and physiological
adaptation of the muskrat and water vole (rat) to a semiaquatic mode of life. [In Russian]. Zap Leningr. Selskokhoz. Inst. 95:157-177. · Ref. Zh. Biol. 1966. No. 31561.
The population density of the muskrat in Siberia fluctuates
from 100 to 700 individuals/100 ha, reaching 2000 individuals/100 ha
with periodic desiccation of waterways. In lakes with a wide vegetation belt (60-200 m), reed mowing and construction of radial canals
are effective in increasing muskrat numbers and facilitating trapping.
Galantsev, V.P., and S.M. Popov. 1969. The specific features of the
content of Ondatra and guinea pig milk. [In Russian, English
summary]. Vest. Lenigr . gos. Univ. 15:99-102.
Muskrat milk is 11% fat, 16.9% protein, and 6.37% lactose.
The length of gestation and lactation are correlated.
Gashwiler, J.S. 1950. A study of the reproductive capacity of Maine
muskrats. J. Mammal. 30:180-185.
There was an average of 14.8 placental scars per female on
fall-trapped adults. Pregnant females taken in early spring had an
average 7.1 embryos each. Average size of litters was 5.4 young.
The average number of litters per female per year was found to be two,
with possibly a few instances of three.
MacArthur, R.A. 1977. Behavioral and physiological aspects of temperature regulation in the muskrat (Ondatra zibethicus)
Ph.D. Thesis. Univ. of Manitoba, Winnipeg. n.p.
Avoidance of macroclimatic stress in the muskrat was attributed primarily to the construction and selective use of multiple
shelters. The range of mean temperatures (3 to 25 0 C) recorded from
within occupied lodges and burrows approximated the thermoneutral
zone of this species.
Pronounced variability in daily activity ensured continuous,
or nearly so, occupation of winter lodges by a variable number of
muskrats, and hence facilitated microc1imatic stability. Muskrats
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appear to avoid hypothermia in winter by elevating body temperature before entering water, by rewarming in lodges and push~ups
and by the use of brown adipose tissue and non-shivering thermogenesis.
McLeod, J.A., and G.F. Bondar. 1952. Studies on the biology of
the muskrat in Manitoba. Part I. Oestrous cycle and
breeding season. Can. J. Zool. 30:243-253.
Examination by vaginal smears of 2 muskrats indicated an
oestrous cycle length of about 30 days. Later data indicated variation between individuals and in the same individual from time to
time, minimum and maximum being 2 and 22 days. On the basis of 136
complete oestrous cycles studied, the modal time was found to be
approximately 4 days and the mean time 6.1 days, the longer times
found earlier interpreted as representing pseudopregnancies and
not oest~ous cycles. Failure of muskrats to mate during the latter
part of the summer is attributed to sexual inactivity of the males
and not the females.
Miller, K.L. 1967. Caudal nerve function as related to temperature
in some Alaskan mammals. Compo Biochem. iYhysiol. 21 :679686.
Caudal nerves that are accustomed to cold have lower action
potential extinction temperatures (to -6 0 C) and generally better
low-temperature operating characteristics than nerves from warm,
well-insulated tails (fox, coyote). Nerve function is maintained
in poorly insulated peripheral tissues at low temperatures as a result of the special operating characteristics of the nerves supplying such regions.
Miller, L.K., and L. Irving. 1967. Temperature-related nerve function in warm- and cold-climate muskrats. Am. J. Physio1.
213: 1295-1298.
Functional characteristics in relation to temperatur~ were
studied in excised caudal nerves of muskrats from Alaska to Louisiana.
At temperatures above 50 C conduction velocity was higher in nerves of
animals from the warmer climate. At l5 0 C or below, the sensitivity
of Louisiana muskrat caudal nerves to stimuli of short duration was
significantly less than in nerves accustomed to cold.
Wika, M., and A. Pasche. 1976. The tail as thermoregulatory organ
in resting muskrat (Onaptra zibethicus L.) in both warm and
cold environments. Norw. J. Zool. 24:291-293.
In a warm environment, the muskrat tail never attained
surface temperatures that would allow heat dissipation to any high
degree of importance for the animal. The tail had relatively high
surface temperatures in the cold exposed animal. The conclusion is
that the temperature gradient between surface of tail and surroundings,

-----------------~-~-- --~~-~
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the potential for heat loss via the tail, is highest in a cold
than a warm environment.
2.3

MORTALITY FACTORS

Abram, J.B., Jr. 1968. Ecological factors influencing gastrointestinal helminths of the Maryland muskrat, Ondatra
zibethicus Linnaeus. Ph.D. Thesis. Oklahoma State Univ.,
Stillwater. Abstr. Int. 30B:1403.
Helminths of the gastrointestinal tract and liver of 154
m'u skrats were examined and compared with the physical condition of
the environment and the biology of the muskrats. Females and adults
were more frequently parasitized than males and subadu1ts as were
muskrats in poorly managed areas. Salinity appeared to be the most
~ignificant factor in the physical environment which influenced the
. presence or absence of certain helminths because of its effects on
their intermediate hosts.
Abram, J.B.

1969.

Some gastrointestinal helminths of Ondatra
Proc.
He1minthol. Soc. Wash. 36:93-95.
Sixty-one percent of 154 Maryland muskrats harbored he1minthp~rasites; differences were noted between animals from ecologically dissimilar areas. Some biological and physical factors of
the. environment were taken into account, salinity appearing to be
the limiting factor for parasite distribution. ~
zibethicus Linnaeus, the muskrat in Maryland.

Akkermann, R.

1974.

Deformations, of the incisors in the muskrat,
[In German, Eng1 ish
summary]. Saeugetierkd.Mitt. 22:132-135.
Measures and types of malocclusions of 2 muskrats are described. The incisor anomalies are attributed to kill-trap damage,
genetic influences, or tooth breakage.
Ondatra zibethicus (L i nnaeu5, 1766).

Anderson, D.R., and R.L. Beaudoin. 1966. Host habitat and age as
factors in the prevalence of intestinal parasites of the
mu~krat.
Wild1. Dis. Assoc. Bull. 2:70-77.
'Transmission rates for Wardius zibethicus, Quinqueserialis
quinqueseriaZis, Echinostomum revoZutum, and the strobi10cercus stage
of Hydatigera taeniaeformis were constructed for stream muskrats.
Parasite burdens and the occurre~ce of multiple infections increased
with host age. Differences in pr~va1ence among habitats (river,
marsh, stream) were observed.
Anonymous.

1973. Trapping Guide. Commercial Fish & Fur Branch,
Div. of Fish &Wildlife, Ministry of Natural Resources.

n.p.
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A number of traps are illustrated for muskrats. No text.
More information on biology and management will be available in a
future edition.
Anon.

1977. Alberta Trapping Guide. [In Enqlish and Cree]. Alberta
Recreation, Parks, and Wildlife, Fish &Wildlife Division.
55 pp.
Diagrams and sample instructions for proven humane traps
for furbearers.

Armstrong, W.H. 1942. Occurrence of Salmonella typhimurium infection in muskrats. Cornell Vet. 32:87-89.
An epizootic infection of Salmonella typhimurium in penraised muskrats is reported. Gross pathology consisted of septicemic
lesions, especially hemorrhagic lungs and less often ecchymoses in
the liver, intestinal mucosa and subcutis. It is thought that the
muskrats' food became contaminated with disease organisms from mouse
faeces. Although no epizootics of S. typhimurium infection have been
reported in wild muskrats in their natural habitat it is thought that
in all probability they do occur.
Banfield, A.W.F. 1954. Tularemia in beavers and muskrats, Waterton
Lakes National Park, Alberta, 1952-53. Can. J. Zool. 32:
139-143.
A tularemia epizootic occurred in aquatic mammals in Waterton
Lakes National Park, Alberta in the winter of 1952-53 and Pasteurella
tularense was isolated from tissues of beaver, muskrat and from two
water samples.
Beckett, J.V . , and V. Ga11icchio. 1967. A survey of helminth of the
muskrat, Ondatra z. zibethicus Miller, 1912, in Portage
County, Ohio. J. Parasito1. 53:1169-1172.
From 130 muskrats, 10 spp. of trematodes, 2 spp. of cestodes,
5 spp. of nematodes, and 1 genus of acanthocephalans were identified.
A table summarizing the published literature (1951-66) in helminths
from North American muskrats ;s included.
Bellrose, F. C., and L.G. Brown. 1941. The effect of fluctuating
water levels on the muskrat population of the Illinois
River Valley. J. Wildl. Manage. 5:206-212.
The importance of cat-tail, river bulrush, marsh smartweed, wild rice, coontai1, and American lotus as food and/or construction material is discussed. Vegetation upon which the muskrat
depends for food and shelter is limited chiefly by seasonal changes
in water level. More houses were on unstable ponds due to emergent
vegetation there.
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Bellrose, F.C., Jr., and J.B. Low. 1943. The influence of flood
and low water levels on the survival of muskrats. J.
Mammal. 24:173-188.
A rise of 5 to 7 ft {1.5 to 2.1 m} of water disrupted
and reduced muskrat populations in certain areas of Illinois. The
animals attempted to repair and build their lodges higher. Intraspecific strife occurred among the most exposed muskrats and
predation was doubtless great. A temporary management measure
would be the provision of logs or board rafts, anchored to the
lake bottom. Low water conditions during the summer are also
detrimental.
Brown, J.H. 1944. The susceptiblity of fur-bearing animals and
game birds to tularemia. Can. Field-Nat. 58:55-60.
It is shown that tularemia infection is well-established
in Alberta; the infection is widespread and man, animals, birds and
arthropods have been affected.
Infected spotted fever ticks {De~acentor andersoni} and
infected rabbit ticks {HaemaphysaZis Zeporis-paZustris} have both
been reported in Alberta. Tularemia is suspected in coyotes, muskrat, mink and certain birds also.
Cromer, J.I. 1968. Helminths of the muskrat in the lower peninsula
of Michigan. M.Sc. Thesis. Univ. of Mich., Ann Arbor.
36 pp.
Thesis not seen .
Chalmers, G.A., and A.C . .MacNeill. 1977. Tyzzer's Disease in wildtrapped muskrats in British Columbia. J. Wildl. Dis. 13:
114-116.
'
An outbreak of Tyzzer's disease {BaciZZus piZifo~es infection} in wild muskrats was associated with their recent capture
and housing, and the use of sulfaquinoxaline-medicated feed.
1968. Yellow fat disease in muskrats. N.Y. Fish Game
J. 15: 119-120
This disease is caused by unsaturated fatty acids in the
diet that become rancid and toxic and destroy primary vitamine E.
Debbie, J.G.

Dozier, H.L. 1943. Occurrence of ringworm disease and lumpy jaw in
the muskrat in Maryland. J. Am. Vet. Med. Assoc. 102:451453.
This report deals with the occurrence of the ringworm disease, caused by the ringworm fungus Trichophyton mentagraphytes, in
two 'females and one group of kits in a marsh breeding enclosure.
One of the females had been shipped in from Vermont two months before
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and is thought to have brought the infection with her. A total
of 16,625 muskrats in a National Wildlife Refuge in Maryland were
examined and none of these animals showed symptoms of ringworm
disease. Two cases of "lumpy jaw" or actinomycosis were reported
in pen raised muskrats. They were characterized by large abcesses
on the jaws and severe malocclusion. These records are the first
reported cases of the occurrence of lumpy jaw in the muskrat.
Dozier, H.L. 1950. Muskrat trapping on the Montezuma National Wildlife Refuge,New York. J. Wildl. Manage. 14:403-412.
Results of a 6 year study are presented. An unusually
even sex ratio of muskrats was reported. Ideal food and water conditions resulted in exceptional weights one year, although actual
"eatouts" occurred in another. Most muskrats were trapped in January,
whereas ideal fur condition occurred in February. A brief discussion
is given of trapping and harvesting methods used.
Dubinina, E.V. 1972. Nomenclature of the fur mites (Sarcoptiformes,
Listrophoroidea) of the muskrat. [In Russian, English
summary]. Parazitologiya 6:192.
Listrophorous grandior H. Dub. is a synonym for L. validus
Banks. The new name L. faini is introduced for the species, earlier
described by H. Dubinina, 1967 as L. validus.
Edwards, R.L. 1949. Internal parasites of central New York muskrats.
J. Parasito1. 35:547-548.
During two consecutive winters muskrat carcasses were collected from trappers of Madison County, New York and examined for internal parasites. The class Trematoqa was represented by six species,
three of which, Notocotylus quinqueserialis~ Echinostoma revolutum~
and Plagiorchis proximus were found in numbers in 25% or more of the
muskrats examined. The class Cestoda was represented by four forms,
of which only two could be identified with accuracy. The tapeworm
Hymenolepis evaginata was found in 11 percent of the muskrats and 6
percent of the muskrats each had a single cysticercoid of the tapeworm Taenia taeniaeformis.
Errington, P.L. 1937. Drowning as a cause of mortality in muskrats.
J. Mammal. 18:497-500.
Cases are cited of muskrats drowning as a result of ri~ing
water levels and bad weather, and suckling young being inadvertently
pulled into the water by their mothers, who are lax to retrieve them.
Mortality rates from drowning appear to rise under natural conditions
as population densities rise, with a corresponding increase in intraspecific friction and occupancy of less favourable habitats.
~rrington,

P.L. 1943. An analysis of mink predation upon muskrats
in north-central United States. Iowa Agric. Expt. Sta.
Res. Bull. 320:797-924.
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It was determined, by nine years of intensive year-toyear field researches, that strangeness of the environment, intraspecific intolerance, and drought were especially important in predisposing muskrats to predation, as by minks; and that the kinds
and numbers of wild predators, with a, few apparent exceptions, had
little bearing on the net mortality suffered by _. the muskrats. Even
when locally nearly annihi1ative, predation r"ifre1y functioned as a
true population depressant, insofar as it usually took the place of
some other mortality factor, i.e. in its absence, some other factor,
particularly intraspecific strife, tended to compensate for decreased
predator pressure. Seasonal and special aspects of mink predation
upon mature muskrats during spring dispersal, on young; breeding;
late summer and early fall; and wintering muskrat populations are all
analyzed in detail in this report.
Errington, P.L. 1945. Reduction in productivity of muskrat pelts on
an Iowa Marsh through depredations of red foxes. J. Agric.
Res. 71 :137~148.
A study was made of an exceptionally drastic predation by
red foxes upon the drought-exposed muskrat population of a marsh in
Iowa. The study concludes that the severity of the crises confronting the muskrats doubtless would have resulted in heavy losses in
the absence of the foxes, but the specialized and effective hunting
techniques used by the latter resulted in a reduction in muskrat
numbers that seemed to a considerable extent noncompensatory. A
possible net decrease through the fox depredations of about 25 percent
of the trappers income from the marsh is indicated by the data obtained.
. Errington, P.L. 1948. Environmenta1 control for increasing muskrat
production. Trans . . N. Am. Wild1. Conf. 13:596-609.
Maintenance of water levels with an insurance against
both too much water and too little water is important to increasing
muskrat production as well as managing marsh vegetation. This might
include deliberate planting, and manipulation of water and soil.
To retard succession i.e. to maintain a subc1imax state will increase
muskrat production- as well. However, when confronted by an outbreak
of disease, it may be best to decrease muskrat populations by managing against them, at least for a short time.
Errington, P.L. 1954. The special responsiveness of minks to epizootics in muskrat populations. Eco1. Monogr. 24:377-393.
i
Of a total of 13,176 mink scats collected from central
areas in Iowa, 2,415 of these contained muskrat remains. Of these,
1600-1700, or 65-70% were attributed to mink exploitation of diseased muskrats i.e. weak, dying or dead. (Disease in this case means
hemorrhagic disease of muskrats). The author lists seven categories
of actual mink predation and this only accounts for 674 or 28% of the
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2,415 scats containing muskrat remains. This 28% is made up mostly
of remains of muskrats that were affected either by intraspecific
strife, drought or freeze-out, or were young muskrats caught at a
physical disadvantage. · The conclusion is that although occasionally
there might have been selection pressures exerted by mink upon muskrat populations, the mink predation in actuality was centered upon
muskrats that were unlucky rather than lacking in inherent ability
to avoid the mink.
Evidokimova, O.A., ~nd Z.S. Shishkina. 197]. Role of the muskrat in
a natural focus of leptospiroses in the U1yanov district.
[In Russian, English summary]. Zool. Zh. 50:1116-1119.
An intense epizootic was recorded for the muskrat in a
natural focus of leptospiroses (L. bataviae) in Russia. With si.milarhabitats, Arvicola terrestris and Microtus oeconomus enable the
exchange of infection.
Gal1anti, W.W. 1956. Fibrosarcoma associated with the cysticerus
of Taenia taeniaeformis in the liver of a muskrat. Ohio
J. Sci. 56:71-75.
A fibrosarcoma in the liver of a muskrat was found
associated with the cysticercus of Taenia taeniaeformis. Three
cysticerci were embedded in the neoplastic connective tissue that
largely replaced the normal liver structure.
Gash, S.L., and W.L. Hanna. 1972. Occurrence of some helminth parasites in the muskrats, Ondatra zibethicus, from Crawford
County, Kansas. Trans. Kans. Acad. Sci. 75:251-254.
The helminth parasites of 18 muskrats were surveyed.
Echinostoma revolutum was the most frequently encountered (45%),
with Echinoparyphium contiguum next at 28%. Records of previous
studies on the parasitology of the muskrat are discussed.
Gashwiler, J . S. 1949. The effect of spring muskrat trapping on
waterfowl in Maine. J. Wildl. Manage. 13:183-188.
Waterfowl mortality in muskrat traps is of serious concern
in Maine where close to 2000 were so killed in 1946 - one per 14.7
muskrats trapped.
Gibson, G.G.

1972. Dracunculus insignis (Leidy, 1858) and larval
Eustrongylides sp. in muskrat from Ontario, Canada. Can.

J. Zool. 50:897-901.
A muskrat harboring D. insignis was the fifth report of
Dracunculus sp. in muskrat and the first record of this species'
males in this host. The occurrence of Eustrongylides sp. larvae is
the first reported natural infection of a mammal by nematodes of
thi s genus.
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Grundmann, A.W., and V.H. Tsai~ 1967. ,Some parasites of the muskrat,
Ondatra zibethicus osoyoosensis (Lord,1863) Miller, 1912
from the Salt Lake Valley, Utah. Am. Microscopit Soc.
Trans. 86: 139-144.
Two intestinal protozoa, 7 trematode, 2 cestode, 3 nematode,
and 4 mite species of parasites ,were identified in Utah muskrats.
Gwynn, J.V. 1956. A study of muskrat parasites in the upper peninsula
of Michigan~ M.Sc. Thesis. Univ. of Michigan, Ann Arbor.
n.p.
Thesis not seen.
Harley, J.P. 1972a. Asurvey of the helminths of the muskrat, O.
zibethicu$ zibethicus Miller , 1912, in Madi son County,
Kentucky. Trans. Kentucky Acad. Sci. 33: 13-15.
Three species ofces todes, s i xspedes of nematodes, and
8 species of trematodes were identified from 100 muskrats .
Harley" J.P. 19]2b. Par,agonimus keZZicotti in Kentucky. Am. Midl.
Nat. 88:474-475.
The North ,' Am'e rican lqng fluke, P. keZZicotti is reported in
snails and crayfish, and the adults in the lungs of muskrats.
Hockett, R.N. 1968. Bacteria of themuskrat,Ondatra zibethicus.
M.ScThesis.Univ. of Michigan, AllnArbor. 62 pp.
Thesis not seen.
Iversen, J.O., J. ( Spalatin, C.E.O. Fr~ser, R~P. , Hanson, and D.T.
Berman. , 1970. The susgep~jbi 1i tyof, muskrats and snowshoe hares to experimental infection with chlamydial
agent. Can. J. Comp.Med. 34:80-88.
Muskrats "and snowshoe hares were exposed experimentally by
various routes . to a chlamydia 1 agent ori gi na llyiso 1atedduring a
die-off of muskrats and snowshoe hares in Saskatchewan in 1961.
Both species were susceptible to experimental infection. The
degree of su's ceptibility of muskrats to induced infections was influenced by the presence or absence of specific antibodies at the
time of exposure. Specific antibodies were found in 11.8% of 127
sera of muskrats trapped from U,e wi 1d in Saskatchewan, the Canadi an
Arctic and Wisconsin. The infection is probably enzootic in muskrats and epizootic in snowshoe hares but whenever the host parasite
balance is disturbed, viz., starvation, crowding, intraspecific
strife, and/or droughts, widespread epizootic mortality in muskrats
may occur. Widespread disseminated local necrosis in th.e liver was
the most consistent pathological finding in the muskrats that died
of the infection
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Jellison, W.L., G.M. Kohls, and C.B. Philips. 1951. Tularemiamuskrats as a source of human infection in Utah. Rocky
Mountain Med. J. Aug. n.p.
An epizootic that occurred in muskrats in Utah in 1950 is
described, with human infections cited.
Jenson, W.I., C.R. Owen, and N.L. .J ellison. 1969. Yersinia philomiragia sp.n., a new member of the Pasteurella group of
bacteria, naturally pathogenic for the muskrat (Ondatra
zibethicus). J. Bacteriol. 100:1237-1241.
The characteristics of this organism, isolated from a
Utah muskrat are described.
Karstad, L., P. Lutis, and D. Wright. 1971. Tyzzer's disease in
muskrats. J. Wildl. Dis. 7:96-99.
A description of this disease in wild-caught muskrats is
given. Bacilli typical of B. piliformis in liver and intestinal
lesions were described.
Kellogg, C.E. 1947. Muskrat pelts: sectional and seasonal effects
on grades. J. Wild1- Manage. 11:153-161.
A general discussion of pelt quality and amount of damage
in relation to season and place of capture is given.
Knight, lola Musfeldt. 1951a. Diseases and parasites of the muskrat (Ondatra zibethicus osoyoosenis) in British Columbia.
Can. Ent. 83:279-280.
Five species of mites were found as the result of the
examination of twelve muskrats from Burnaby Lake, British Columbia.
These speci es were LaelapsmuUispinosus, Dermacerus validus,
Listrophorus americanus, Eutrombicula harperi, and a species of
Radfordia closely resembling leminia. There was a noticeable absence of other mites previously reported as parasites of muskrats,
especially Tetragonyssus spiniger which is prevalent in the
eastern United States.
Korsh, P.V., O.V. Ravdonicas, and N.B. Dunaev. 1975. Spreading
of epizootiae of Tularemia and Omsk hemorrhagic fever in
populations of Ondatra zibethicus in western Siberia.
[In Russian, English summary]. Zool. Zh. 54:1697-1702.
Material has been analy~ed which characterizes the distribution of epizootiae of tularemia and Omsk hemorrhagic fever
in the muskrat populations of the Western Siberia. The relationship was noted between the number of muskrat skins for sale and
the level of epizootic activity in the natural foci of these infections. The origin and spreading mechanism of epizootiae in
the territory populated by muskrat was revealed. Also discussed
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was the role of a tick, Ixodes apronophorus in the preservation
and transmission of tularemia and Omsk hemorrhagic fever, and that
of the water vole as the main carrier of the agent from the
elementary focus to the muskrat populations.
Langford, E. V. 1954. An outbreak of tularemia in beaver and
muskrat in Waterton Lakes National Park., Alberta.
Can. J. Compo Med. 18:28-30.
A disease killing beaver and muskrats in Waterton Lakes
National Park during the winter of 1952-53 was found to be tularemia.
Two out of ten water samples submitted from streams in the Park
were found to contain Pasteurella tularensis.
Langford, E.V. 1972. Pasteurella pseudotuberculosis infections
. in western Canada. Can. Vet. J. 13:85-87.
One occurrence of this infection was reported in both
a muskrat and beaver in western Alberta and British Columbia over
14 years.
Lavrov, N.P. 1960. Acclimatization of muskrats in the USSR. (Transl.
from Russian). Pages 69-83. In: Transl. of
Russi an Game Reports. Vol. 7.-Canada Dept. of Northern
Affairs and National Resources.
Since the muskrat is an introduced species in Russia it
was felt that a complete study of the diseases and parasites of
the muskrat in the USSR was warranted. The outbreaks of tularemia
in muskrats in the USSR are reviewed including protozoan endoparasites, helminths, as well as ectoparasites. This includes
parasites common to muskrats in their, indigenous habitat and also
parasites newly acquired in Russia and not common to muskrats in
other parts of their range.
Law, R.G., and A.H. Kennedy. 1932. Parasites of fur-bearing
animals. Onto Dept. of Game and Fisheries, Bull. No.
4. Toronto . 30 pp.
This bulletin contains descriptions and drawings made
from internal parasites which have been found chiefly in mink and
muskrat, although parasites of fox, lynx, wolf, raccoon and beaver
are also included.
Lord, G.H., A.C. Todd, and C. Kabat. 1956. Studies on Errington's
disease in muskrats. I J Pathological Changes. Am. J.
Vet. Res. 17:303-306.
Necropsies were performed on 66 muskrats which had died
of Errington's disease. The gross pathological changes were characterized by an acute hemorrhagic reaction in · one or more portions of
the intestinal tract, focal necrosis of the liver and atrophy of the
spleen. Histopathological changes are presented in this report as
well.
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Lord, G.H., A.C. Todd, C. Kabat, and H. Mathiak. 1956. Studies on
Errington's disease in muskrats. II. Etiology. Am. J.
Vet. Res. 17:307-310.
Lack of information concerning the etiological agent of
Errington's disease in muskrat prompted investigations that might
lead to the solution of the problem. A gram-positive, spore-forming
bacterium identified as a CZostridium sp. was found to be common to
cultures and smears prepared from cases of the disease. The disease
was successfully reproduced in healthy muskrats by the use of pure
cultures of the CZostridium and also by the use of various inocu1ums
suspected of containing the organism or possible products of its
metabolism. Length of time between exposure and death varied from
three to fourteen days in experimental animals. Body excretions of
affected animals appear to play an important role in the trans-·
mission of Errington's disease.
Marakov, S.V. 1968. A1veococcosis in populations of the Balkhash
muskrat. (Transl.from Russian). Sb. Nauch-Tekh. Inform.
Vses. Nauch-Issled. Inst. Zhirotn. Syr'ya Pushniny 23:90-99.
Ref. Zh. Bio1., 1969. No. 8K182.
From 10 to 60% of muskrats examined were infected, due to
a large population of dogs and foxes which are carriers of the adult
form of the helminth and also to extreme climatic conditions
(drought or excessive precipitation).
Meyer, M.C., and J.R. Reilly. 1950. Parasites of muskrats in
Maine. Am. Midl. Nat. 44:467-477.
During an examination of 127 muskrats from Maine, seven
species of trematodes, two species of, cestodes, two species of
nematodes, and one species of arthropod were recovered. The species
of Trematoda found and their respective percentages of incidence
were: QuinqueseriaZis quinqueseriaZis (78), NotocotyZus fiZamentis (35),
NudacotyZe novicia (6), Pseudodiscus zibethicus (45), Echinoparyphium
recurvatum (18), Echinostoma revoZutum (21), PZagiorchis proximus (6).
The Cestoda recovered were HymenoZepis evaginata (41), Cysticercus sp.
(1); the Nematoda were CapiUaria hepa. tica (17), and Gonr/yZonema sp.
(3); and a species of Acarina, LaeZaps muZtispinosus (98).
Musfe1dt, I.W. 1947. The significance of diseases and parasites of
the muskrat (Ondatra zibethicus) in British Columbia. M.A.
Thesis. Univ. of British Columbia, Vancouver. 108 pp.
This paper presents a cQmp1ete historical review of the
parasites of the muskrat. Seventy-four per cent of carcasses examined
were parasitized by one or more of 5 species of trematodes, 2 of
adult cestodes, 2 of nematodes, 1 of Acanthocephala, and two of
larval cestodes. There was no age difference with respect to extent
of parasitism, but there was a regional difference. The parasitism
in B.C. is normal and mortality as a result of it, negligible.
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Otcenasek, M., B. Rosicky, K. Krivanec, J. Dvorak, and K. Rasin.
1974. The muskrat as reservoir in natural foci of adiaspiromycosis. Folia parasitol. (Prague) 21 :55-57.
A natural infection of 8 muskrats in Czechoslovakia with
the fungus Emmonsia crescens is described and a detailed description
of the isolated cultures from the lungs is given.
Parker, R.R., E.A. Steinhaus, G.M. Kohls, and W.L. Jellison. 1951.
Contamination of natural waters and mud with PasteureZZa
tuZarensis and tularemia in beavers and muskrats in the
Northwestern United States. National Institutes of Health
Bulletin No. 193, Rocky Mt. Lab., Hamilton, Montana.
61 pp. (also 1943, J. Bacteriol. 45:56-57).
Results and data gained from field observations and laboratory experiments indi cate that water and mud contamination, and
the occurrence of tularemia in muskrats and beavers are widespread
phenomena in the N.W. States. Present information suggests that
the factors governing persistence are present not in land-frequenting animals, but in the mud and/or water. It is suggested that the
organism multiplies in the water-mud medium.
Paul, J.R., L.E. Hanson, P.R.

Schnurrenberge~,and

R.J. Martin.

1972. Leptospira interrogans Serotypes baZZum and
grippotyphosa isolated from the muskrat. J. Wildl. Dis.

8:54-56.
Leptospira interrogans serotypes baZZum and grippotyphosa
were isolated from muskrats taken in central Illinois. This represents
the first reported isolation of baUum and the first United States
record of grippotyphosa from this species.

Penner, L.R. 1940. Morphological and biological studies on certain
helminths of the muskrat. Ph.D. Thesis. Univ. of
Minnesota, St. Paul. 275 pp.
.
The literature on all the parasitic worms that have been
recorded from the muskrat has been assembled, and fifty helminths
discussed. The following were given for each species: description,
known hosts, habitat, distribution, life history, and a discussion
which included previous and present records, taxonomic notes,
economic status, and other points of interest. Keys to all known
trematode, cestode, and nematode worms of the muskrat are included.
Poddubnyi, V.A., N.P. Nikityuk, and I.M. Barantser. 1969. Incidence
ofnon-ictericleptospirdsis due to water contamination by
muskrats. [English summary]. Vrach. Delo. 4:123-124.
The possible role of muskrats as a source of human outbreaks of non-icteric leptospirosis is discussed.
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Price, E.W. 1931. Four new species of trematode worms from the
muskrat, Ondatra zibethiaus with a key to the trematode
parasites of the muskrat. Proc. U.S. Natl. Mus.
79:1-13. (No. 2870).
Psilostomum ondatrae, n.sp., Eahinoahasmus sahwartzi, n.sp.,
Urotrema shillingeri, n.sp., and Paramonostomium pseudalreatum, n.sp.
are di s cussed.,
Rabdonikas, O.V., and L.S. Egorova. 1965. Epizootic of tularemia
in muskrat (OndatraJ populations and its significance in
the preservation of the tularemia pathogen during winter
in the bodies of water of Omsk Oblast. [In Russian,
English summary]. Zool. Zh. 44:948-951.
Under the conditions of Omsk region, tularemia agent is
preserved in the water of internal tunnels of the feeding huts
during winter and spring. Thus a reinfection from a winter epizootic may begin a new one in the spring as a result of dispersing
muskrats entering these houses.
Rausch, R.L. 1946.
10:70.

Parasites of Ohio muskrats.

J. Wildl. Manage.

Eahinostomum aoalitum, Notoaotylus quinqueserialis,
Wardius zibethiaus, Plagiorahis proximus (trematodes), Capillaria
ransomia, Triahuris opaaa (nematodes), the cysticerci of Taenia
taeniaformis, and a number of adult cestodes were discovered in

muskrats.

Reilly, J.R., and D.A. Boroff. 1967. Botulism in a tidal estuary
in New Jersey. Bull. Wi1dl. Dis. Assoc. 3:26-29.
Muskrats were one of 12 species affected by an outbreak
of botulism. The role of the food web in the epizootiology of
botulinus intoxication is discussed .
Rice, E.W., and O.B. Heck. 1975. A survey of the gastrointestinal
helminths of the muskrat, Ondatra zibethiaus, collected
from two localities in Ohio. Ohio J. Sci. 75:263-264.
Three trematodes, Eahinostoma revolutum, Quinqueserialis
quinqueserialis, Wardius zibethiaus and one nematode, Triahuris
opaaa were recovered from muskrats collected in a marsh habitat
and a farm pond habitat. Prevalence of the individual helminth
species were compared by host habitat, and significant differences
were observed between the two hos~ habitats for two of the trematode
species and the nematode species.
Savetskii, B.P., N.P. Mishaeva, and E.G. Samusenko. 1967. Ecotparasites of the muskrat and its contacts with inhabitants
of coastal biocoenosis in Byelorussia. [English summary].
Parazitologiya 1:502-506.
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Ten species of arthropods were found on muskrats, LaeZaps
muZtispinosis being most abundant (87.6% of all mites found).
Schwartz, H. 1929. Tularemia from muskrat. J. Am. Med. Assoc.
92: 1180-1181 .
A report of cases of human infection from muskrats.
Shannon, J., andM. Novak. 1972. Survey of trapping techniques and
trap efficiency. Onto Min. Nat. Resour. mimeo. 3 pp.
A review of the public1s reaction to ~rapping, actual
statistics; alternatives open to government, and action taken.
Shillinger, J.E. 1938. Coccidiosis in muskrats influenced by
water levels. J. Wildl. Manage. 2:233-234.
Coccidiosis seldom becomes serious in muskrats under
normal conditions, but in partially dried marshes where the droppings
are not washed away, heavy infestations take place.
Snead, I.E. 1950. A family type live trap, handling cage, and
associated techniques for muskrats. J. Wild1. Manage.
14:67-79.
A general description of successes achieved with a family
live trap and handling cage; their use, limitation, and sources of
failure.
Sweatman, G.K. 1952. Endoparasites of muskrats in the vicinity of
Hamilton, Ontario. J. Mammal. 33:248-250.
Nine species of trematodes, ,2 of cestodes, and 1 of
nematode were found in 53 muskrats from the Dundas Marsh. The
effect of the parasites on the health of the muskrats appeared
minimal, even though heavy infections were often encountered.
Vanatka, F. 1969. Endoparasites in muskrats (Ondatra zibethicus L.).
[Czechoslovakian and Russian summaries]. Acta Vet.
38: 381- 389.
Four species of trematodes, 3 species of cestodes and 4
species of nematodes were found in Czechoslovakian muskrats. Zoogeographical and ecological factors, especially concerning nutrition,
age, and season, influence the extent of invasion of several parasites.
I

Veselov, V.V., and V.V. Kuk1in. 1966. Susceptibility of the muskrat
to the virus of tick-borne encephalitis. [In Russian].
Lab. De10. 1:35-36.
Muskrats proved to be highly susceptible to tick encephalitis, sensitive to any mode of infection; intracranial, intraabdominal, and subcutaneous.
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Walker, W.J., and C.A. Moore. 1971. Tularemia: experience in the
Hamilton area. Can. Med. Assoc. J. 105:390-393.
Three cases of tularemia, acquired from infected muskrats,
are presented and treatment suggested.
Wilson, K.A. 1953. Raccoon predation on muskrats near Currituck,
North Carolina. J. Wildl. Manage. 17:113-119.
Incriminating evidence against raccoons was that where
their numbers were high, muskrat numbers were low and vice versa;
muskrat houses were damaged by raccoons during the summer only,
indicating a search for young; where muskrats lived in burrows,
their numbers remained normal; age studies indicated an abnormal
preponderance of adults over young whi le pl acenta 1 examinati on and
presence of litters proved they were breeding normally; and there
was no evi dence of an epi zooti c.
Wilson, K.A. 1954. The role of mink and otter as muskrat predators
in north-eastern North Carolina. J. Wildl. Manage. 18:
199-207.
A four year collection of mink and otter digestive tracts
and a two year collection of seals showed that muskrat was a very
minor fall-winter food of mink and otter. A list of food items
found and their frequency of occurrence is given.
Woo tton, D. M., an d K. D. Mu rre 11. 1967. Ptya lineo Za ondatrae gen.
et sp.n. (Trematoda: Brachylaimidae), a fluke inhabiting
the salivary glands of muskrats. J. Parasitol. 53:739-742.
A description and taxonomic justification is given for this
new parasite.
Young, L.S., D.S . .Bicknell, B.G. Archer, J.M. Clinton, L.J. Leavens,
J.C. Feeley, and P.S. Brachman. 1969. Tularemia epidemic:
Vermont, 1968. New Engl. J. Med. 280:1253-1260.
Forty-seven cases of tularemia were diagnosed in persons
who had trapped or handled muskrats within a 4-week period, (this
was North America's largest outbreak linked to human contact with
aquatic mammals). Symptoms are described.
.
Zimmerman, W.J., and E.O. Hubbard. 1969. Trichiniasis in wildlife
in Iowa. Am. J. Epidemiol. 90:84-92.
Prevalences of less than · 5.0% were found in muskrat.
Possible sources of infection for wildlife and the possible role of
wildlife reservoir species in the overall trichiniasis problem in
th~ U.S. are discussed.
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2.4

ENV IRONMENTAL QUALITY

Arata, A.A. 1957. Ecology of muskrats in strip-mine ponds in
southern Illinois. M.Sc. Thesis. Southern Illinois
Univ., Carbondale. n.p.
Research determined the density, age and sex ratios,
reproductive potential, parasites, predators, food habits and movements of muskrats OVer 1 1/2 years on a large area of strip land.
Recommendations are given for improved yield from strip-mine ponds,
incl udi ng successful experimental p1anti ngs. However, intens i ve
management for muskrats on the strip lands studied is notrecommended because of economic infeasibility.
Arata, A.A. 1959. Ecology of muskrats in strip-mine ponds in .
southern Illinois. J. Wildl. .Manage. 23:177-186 (also
M.Sc. Thesis, S. Ill. Univ. 1957).
Research determined the densi ty, age and sex rati os,
reproductive potential, parasites, predators, food habits and movements of muskrats over 1 1/2 years on a large area of strip land.
Recommendations are given for improved yield from strip-mine ponds,
including successful experimental plantings. However, intensive
management for muskrats on the strip lands studied is not recommended because of economic infeasibility.
Chashchukhin, V.A. 1975. Effect of muskrats on aquatic vegetation.
[In Russian, English summary]. Byull. Mosk. O-Va. Ispyt.
Prir. Otd. Biol. 80: 21-29.
The introduction of muskrats into Eurasian .bodies of
water distu~bed the existing biocenotic relationships in many localities. The removal of reeds and other plant species, a reduction
of aquati c macrophyte thtckets and the resulting decrease in muskrat
abundance were observed in the USSR and W. Europe.
Chu, C., and C.T. Yien. 1964. Habitats and densities of the muskrat, Ondatra zibethicUB Linnaeus [In Chinese]. Acta Zool.
Sinica 16:354-371. Sci. Abstr. China, Biol. Sci. No.
817. 1965.
The most significant environmental factors of habitats
are discussed - relief, water, and vegetation. It is not the kind
of plants, but their relative abundance, which appears to constitute
a 1imiting factor. One of the bases for estimating the carrying
capacity of any suitable water body would be the proportion between
the length of fit shoreline and the extent of water surface. A
suitable and preservable location, and dispersal region all seem as
essential substructures within a habitat that determine muskrat
densities and that need to be considered when transplanting muskrats.
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Donohoe, R.W. 1961. Muskrat reproduction in areas of controlled and
uncontrolled water-level units. M.Sc. Thesis. Ohio State
Univ., Columbus. 280 pp.
Samples from trapping contained a preponderance of males,
and most animals weighed 1.13-1.36 kg. In the controlled water-level
habitats there was a significantly higher proportion of juvenile
muskrats that weighed more, an insignificantly higher embryo count
and mean placental scar count, but no difference in testis size or
mean number corpora lutea or Graafian follicles, when compared with
muskrats from an uncontrolled water-level habitat. Ovari~s were
sectioned and findings discussed: length, number and sizes of
Graafian follicles, frequency of fertilization, a negative correlation
between embryo size and number of follicles 600-1000 ~ dia. The
higher muskrat populations within marsh enclosures created by spoil
bank construction is probably caused by higher juvenile survival,
rather than reproductive physiology. Dominant plants on spoil
banks are discussed, with a view to checking erosion.

X Donohoe, R.W. 1966. Muskrat reproduction in areas of controlled

and uncontrolled water-level units. J. Wildl. Manage.
30:320-326.
Diked units increased population densities through a reduction of mortality, but had little influence on reproductive physiology.
Corpora lutea were present from January to August, although sexual
~
activity is reduced from April to August. This breeding period is
long enough for one female to produce 3 litters if gestation is
'\,30 days.
Errington, P.L., R.J. Siglin, and R.C. Clark. 1963. The decline of
a muskrat population. J. Wildl. Manage. 27:1-8.
A high muskrat population responded to a deteriorating
/
habitat in an Iowa marsh by indi fferent breeding performance from / V
spring to midsummer (1/3 the proportion of early-season litters of
an earlier long-term Iowa study, followed by a late-breeding spurt
in August and September when ear corn in fields adjacent to the
marsh was used extensively (over 4 times the proportion of late-born
litters of the earlier study).
Ferrigno, F. 1967. First in fur value/muskrats and their management.
Part II: Research, management, and influence. N.J.
Outdoors 17:13-19.
Effects on muskrats of habitat destruction, predation, and
pesticides are described.
Friend, M., G.E. Cummings, and J.S. Morse. 1964. Effect of changes
in winter water levels on muskrat weights and harvest at
the Montezuma National Wildlife Refuge. N.Y. Fish Game
J. 11:125-131.
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In areas where the water level had been lowered by drainage,
subfreezing temperatures resulted in ice formation reaching the bottom,
freezing of the feed beds, and heavy weight losses in muskrats.
Lesser weight losses occurred in an area where normal water levels
were maintained. Reflooding of the drained areas resulted in most
of the lost weight being regained. Evidence of disease and parasitic
infection was heaviest in muskrats from areas of low water. The
possible control of muskrat populations in northern marsh areas
through winter drainage is suggested.
G.K. 1969. The effect of the drying up of the lake on
the quality of the aquatic game lands in the forest-steppe
of Western Siberia and Northern Kazakhstan. (Transl. from
Russian). Sb. Tr. Vses.Nauch Issled Inst. Zhivotn.
Syrlya Pushniny 22:47-74. Ref. Zh. Biol. 1969. No. 61573.
Muskrats have no noticeable effect on the condition of the
cane thickets or the quality of the land, provided the water does not
begin to dry up. Lakes with a cane barrier or narrow borders, when
they dry up, become unsuitable for muskrats; when lakes with wide
borders or floodlands become drier, they are still used by muskrats.

~Korsakov,

Labutin, V.V., and M.V~ Popov. 1973. Role of the envi~onment in
the formation of density dynamics of the muskrat of Vakutsk.
[In Russian]. Ekologiya 4:70-76.
The most important environmental factors determining the
density dynamics of the muskrat in the USSR are the weather conditions,
hydrologic regimen of the waters, and trapping. The most significant
of the abiotic factors is freezing of the waters, since the subglacial
mode of life of the muskrat here lasts ~8 mo. Rigorous winters with
little snow lead to freezing of the shallow feeding areas of the
waters and cause a drop in the numbers of muskrats. High floods and
drought have the same effect.
McEwan, E.H., N. Aitchison, and P.E. Whitehead. 1974. Energy metabolis~ of oiled muskrats.
Can. J. Zool. 52:1057-1062.
/
The heat production of muskrats, oiled with varying quan- / /
tities of crude oil, was measured and compared at three ambient
temperatures, -5,5, and lOoC on days 0,1, and 3 after oiling.
Thermal conductance increased with amount of oil applied and decreased
with time after the application at all temperatures. Dry matter intake was increased to compensate for loss of insulation.
Pachinger, K. 1972. On the ecol~gy of muskrat (Ondatra zibethicus
L. 1766) living in the neighbourhood of the Podvihorlat
water basin. [In Czechoslovakian, English summary].
Biologia (Bratisl.) 27:163-169.

;/'
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During 1966-1970, the number of muskrats and their reaction
to man's interference in their living space by the building of a dam
were studied. Muskrats occurred in only 6 localities in the neighbourhood of the water basin, and most had migrated from another overpopulated area.
Reimov, R.

1964. Features of muskrat reproduction caused by a
change in the hydrological regime in the Amu-Dar'ya
Delta. Pages 176-183, in Stocks of fish of the Aral sea
and their efficient use. Nauka: Tashkent. Ref. Zh. Biol.,
1965, No. 51216.
Data are given on number of embryos, number of litters,
and average litter size of a muskrat population after a cessation
of stream flow. The density of the population in freshwater are'as
was 1.0-1.5 families/ha and 9 young/adult reproducing female; in
brackish areas, 0.5-0.6 families/ha with 5.7 young/adult reproducing
female.
Stearns, L.A., D. MacCreary, and F.C. Daigh. 1940. Effect of ditching for mosquito control on the muskrat population of a
Delaware Tidewater Marsh. Del. Agric. Exp. Sta. Bull. 225.
55 pp.
The recorded data show that when a muskrat marsh is
effectively ditched for mosquito control, there is a rapid lowering
of the water table, which within a short time is sufficient to
effect a radical change in the existing vegetation. The plants upon
which the muskrats feed and which are utilized by them in house
construction are soon replaced by others worthless for such purposes.
Verts, B.J. 1956. An evaluation of wildlife and recreational
values of a strip-mined area. M.Sc. Thesis. Southern
Illinois Univ., Carbondale. 61 pp.
A definite correlation was noted between the quantity of
muskrat sign and the character of the soil of the pond banks. The
higher the "rock and shale to clay ratio", the less muskrat activity
was noted. The amount of shoreline supporting emergent vegetation
and depth of water are also factors affecting muskrat populations.
Construction of a low dam was recommended to increase the value of
the striplands for aquatic animals. Mink and beaver were also
observed, but the latter were limited by insufficient food.
Wragg, L.E. 1954. The effect of :ODT and
Field-Nat. 68:11-13.
This study determined that fuel
cumulative wetting effect on muskrats and
is sprayed on marshes is likely to have a
the muskrats than the DDT.

oil on muskrats.

Can.

oil has a persistent and
that the oil in which DDT
more deleterious effect on

"
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MANAGEMENT

JlJlnrens, T.G. 1921 • . Muskrats in central Europe. J. Mammal.
2 :236-237.
A brief account of some damage done by the muskrat since
its introduction to Europe.
Akkermann, R.

1973.

Possibilities for marking muskrats (Ondatra
I. Metal and plastic tags for the fur,
legs, and ears. [In German, English summary]. Z. Angew.
Zool. 60:479-493.
Aluminum tags or plastic buttons threaded through loose
skin on the back are unfit because of the danger of infection. Toe
clipping is painful and is not permanent. Banding hind leg by
brass rings above the ankle joint was followed by stoppage of blood
flow with swe 11 i ng of the shank and toes in 50% of the cases and
some deaths . . A ring forced through the skin and flesh just in front
of the Achilles tendon on one hind leg was more successful. The
"Mini-Rototag" ear tag is quickly fixed, shows no physical damage,
and dOes not disturb the muskrat's normal behaviour.
. Zibethicus L.).

Aldous, S.E. 1946. Live trapping and tagging muskrats. J. Wildl.
Manage. 10:42-44.
A successful ear tag and holding cone for muskrats is described. As well, tagging and trapping methodology is discussed.
The National live trap proved more successful than the Gibbs or
Han cock mode 1s.
Aldous, S.E. 1947. Muskrat trapping ,on Sand Lake National Wildlife
Refuge, South Dakota. J. Wildl. Manage. 11:77-90 .
. . Comparison is made of fall, spring and winter trapping,
with spring and winter house trapping being the most efficient.
Reasons are given for this conclusion and methods for each season.
Sex ratios was 64.2% males in winter, 53%· adults and 60.7% immatures
in summer. 54.4% of recaptures showed no movement and only 15.2%
moved more than 156 m.
Alexander, M.M. 1951. The aging of muskrats on the Montezuma
National Wildlife Refuge. J. Wildl. Manage. 15:175-186.
Size and appearance of external genitalia were good characteristics for aging in January but became poorer as the breeding
season approached; size and appearance of internal reproductive
organs were good in January for males and year round for females.
Weight and body length are of little use due to individual variation.
The zygomatic breadth separates subadu1ts from adults with a reasonable
degree of accuracy; likewise, the extrusion of the first lower molar
can be used. Average litter size was 5.6, with 14.6 being produced

-
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in a season.
harvest.

There was a 62% mortality from birth to the time of the

Alexander, M.A. 1955. Variations in winter muskrat habitats and
harvests. Am. Midl. Nat. 53:61-70.
The muskrat habitats of the Montezuma National Wildlife
Refuge are described under five basic trapping units. The development of these units is explained and correlations are made between
the muskrat weights and measurements and the habitats. It was found
that the older or more advanced the ecological development of the
habitat toward optimum muskrat condition, the heavier and larger the
muskrats produced. The older habitats produced a greater percentage
of adults.
Alexander, M.M. 1960a. Dentition as an aid in understanding age
composition of muskrat populations. J. Mammal. 41 :336-342.
Characteristics of the first lower molar were found to be
helpful in determining the dividing point between ages. This pOint
shifts with variations in the size of muskrats from different habitats
when zygomatic breadth measurements are used for aging purposes.
Alexander, M.M. 1960b. Shrinkage of muskrat skulls in relation to
aging. J. Wildl. Manage. 24:326-329.
A guide is developed to correct for shrinkage of the zygomatic breadth, according to relative humidity at storage and the season
of cleaning.
Allan, D.J. 1942. Marsh management for fur production. Trans.
N. Am. Wildl. Conf. 7:263-269.
Equipment and techniques of marsh management for muskrats
in Manitoba are discussed including water level maintenance and
production, c~nsusing, predator control and harvesting.
Anderson, W. L. 1948. Level di tching to improve muskrat marshes.
J. Wildl. Manage. 12:172-176.
On peat and muck marshes of low water levels in Wisconsin,
level ditching on less than 75% of the area resulted in a 192% increase in number of muskrats caught/acre/yr. This is translated
into various economic benefits.
Applegate, V.C., and H.E. Predmore, Jr. 1947. Age classes and
patterns of primeness in a fall collection of muskrat
pelts. J. Wildl. Manage. 11:324-330.
Data are given on sex and age composition and weights of
64 muskrats. Different classifications of primeness are made and
described for adults, subadults, and kits. It appears that in the
fall primeness increased from kits to adults.
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Arata, A.A. 1959. A quick method for gross analysis of muskrat
stomach contents. J. Wildl. Manage. 23:116-117.
A technique for studying stomach contents based on the
differential sedimentation of food particles of varying sizes and
weights is described.
Babushkin, G.M. 1968. Use of a noctovisor when studying behavior
of the Russian desman (Desmana moschata L.) and muskrat
(Ondatra zibethicus L.). [English summary]. Zool. Zh.
47:418-422.
These animal1s choice of activity centers such as feeding
places, March routes of migration, and utilization of resting places
were investigated; Noctovision (IR detection) is regarded as a .
valuable method promoting intensification of ecological observations.
Baumgartner, L.L., and F.C. Bellrose, Jr. 1943. Determination of
sex and age in muskrats. J. Wildl. Manage. 7:77-81.
This article discusses methods of sexing and aging
muskrats, and gives some age ratios and weights.
Brohn, A., and C.L Shanks. 1948. Incisor width as an age criterion
in muskrats. J. Wildl. Manage. 12:436-439.
Although the upper incisors of adult muskrats average 1.09
mm wider than those of subadults, the range of incisor widths in the
2 age groups shows so high a degree of overlap that this method
cannot be used to separate the age classes of Missouri muskrats.
1957. Age cri teri a an d kit growth of cen tra 1 New York
muskrats. Ph.D. Thesis. State Univ. of N. Y., Syracuse.
79 pp.
The magnitude of the sub-adult/adult separation point with
the zygoma ti c breadth as the age cri teri on was s tudi ed on 4 di fferent
marshes in New York and Maine. The spacing of age-group separation
points were approximately constant (40.2-41.5 mm) regardless of
time or area. Thirty-one litters were handled on a marsh of poor
quality and measurements made of total length, tail, body and hind
foot lengths, weight, and zygomatic breadth. Linear equations were
made for various combinations of pairs of these variables. Tail
length, weight, and hind foot length, in that order, are recommended
for field use in aging kits. There was no significant difference
in weight increment between the s~udy area kits and those from better
quality habitats.
Dean, F; C.

Dennington, M.C., B.E. Johnson, and H.A. Stelfox. 1973. Atlas of
beaver and muskrat habitat maps. In: Wildlife Habitat
Inventory of the McKenzie Valley and the northern Yukon.
Can. Wildl. Serv., Envkronment-Social Comm., northern '
pipelines.
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The ultimate goal of this project was the production of
a series of maps defining relative importance of landscape or
habitat units. Besides detailed maps and photos, this atlas
contains notes on habitat classification methodology and a discussion
of specific habitat requirements.
Dorney, R.S., and A.J. Rusch. 1953. Muskrat growth and litter production. Wisc. Conserve Dept. Tech. Bull. 8. 32 pp.
Muskrat kit growth, production and mortality were studied
on a portion of Horicon Marsh, Wisconsin. The toe clipping method
used on kits proved to be useful especially as it makes it possible
to study the mortality and movements of nestling kits too small to
ear tag. Criteria for aging kits up to five days old were based
mainly on the condition of the umbilicus, body weight and tail length.
The litter production data for the study area indicated that May was
the month of highest production with a secondary peak in June and the
last litters were born in September.
Dozier, H.L. 1942. Identification of sex in live muskrats. J.
Wildl. Manage. 6:292-293.
A description, with photographs and live drawings, of
sexing by palpation (adults) or detElrmining the relative length and
hairiness of the perineum (young). 'I
Dozier, H.L. 1948. Estimating muskrat populations by house counts.
Trans. N.Am. Wildl. Conf. 13:372-389.
The relative frequency of muskrat houses from year to year
on an area, together with proper consideration given to the number
of bank muskrats, offers a valid and practical index for estimating
muskrat populations. Means of distinguishing between lllive ll and
IIdead houses are given with descriptions of structures and photographs. The various methods employed in making an annual census and
their relative merits are presented and normal range, movements and
forced migration considered. Use of the average litter size of the
race involved, in place of the more arbitrary figure of 5, is proposed
for converting the number of 1I1ive dwelling or nesting houses into
population estimates.
li

li

Dozier, H.L. 1953. Muskrat production and management. U.S. Dept.
Int. Circ. 18. 42 pp.
A general booklet whose contents include distribution and
habits, management practices, metKods of harvesting and handling a
muskrat crop, farming, and means of live trapping.
Elder, W.H., and C.E. Shanks. 1962. Age changes in tooth wear and
morphology of the baculum in muskrats. J. Mammal. 45:144-150.
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Calcification in the baculum of young muskrats is described as a method of aging that is more accurate than baculum shaft
width and length or dentition.
Enders, R.K. 1931. Muskrat propagation in Ohio. Bull. Ohio Dept.
Agric. 19. 17 pp.
This study includes sections on homes, enemies, foods,
trapping and pelting of the muskrat for farmers and others who are
interested in maintaining an area for trapping muskrat.
Enders, R. K. 1931. The corpus 1uteum as an indi cator of the breeding of muskrats. Trans. N. Am. Wild1. Conf. 4:631-634.
A brief review is given of ovarian conditions during the
'reproductive cycle. By examining the ovaries, the beginning of
breed; ng and time of ovu1 atory cycl es was determined for Mary1 and
II1US k ra ts .
Eri ckson, H. R. 1966. Muskrat 'burrow; ng damage and cont ro 1 procedures
in New York, Pennsylvania, and Maryland. N.Y. Fish Game
J. 13: 176-187.
'
The extent and seriousness of pond damage was highly correlated with pond age and the length of time a muskrat population
has been , present. Need for control and type of control procedure
to be used depends on the location and structural nature of the
pond~nd On the size of the muskrat population. Riprapping (expen~
sive, but most permanent), live trapping, steel trapping, mUltiplecatch trapping, poisoning (cheapest), shooting, gassing, and mani- ,
pulation of water levels may be used successfully.
Errington, P.L. ' 1944. Additional studies on tagged young muskrats.
J. Wildl. 'Manage. 8:300,306.
Data from more back-tagged muskrats, as well as some toeclipped ones, led to the conclusion that the former method, under
natural Iowa conditions, is effective when used exclusively fOr the
marking of muskrats in th,e second to fourth weeks of life~ (Takos
did it on mixed age classes in polluted waters).
Errington, P.L., and C.S. Errington. 1937. Experimental tagging
of young muskrats for purposes of study. J. Wildl.
Manage. 1:49-61.
,
A tagging technique whereby an aluminum tag is inserted
under the skin between the shoulder blades is described, and considerable data are given on various recaptures.
FuHer, R.W. 1961. Furbearerresponse to managed impoundments.
Utah Fish. Game Dept. W-027-R-04. 7 pp.
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Muskrat house counts indicated a greater production of
muskrats on impoundments managed primarily for waterfowl than on unmanaged marshes in the area. Bi-annual trapping to keep muskrat
numbers below the carrying capacity of the marsh produced biological
and economic evidence w~ich favoured fall trapping over spring
trapping.
Gould, H.N., and F.B. Kreeger. 1948. The skull of the Louisiana
muskrat (Ondatra zibethicus rivaZicia Bangs). I. The skull
in advanced age. J. Mammal. 29:138-149.
The range, mean, standard deviation and coefficient of
variation are given for body length and skull dimensions, which are
also divided by sex and regions. No criterion was found by which
the sex of an individual could be diagnosed from the skull. There
was so much variation in absolute body and skull size of animals in
the same age-range that fairly large collections would be desirable
where mean dimensions are used for taxonomic purposes. Skull proportions were found to change with increasing total skull length.
Highby, P.R. 1941. A management program for Minnesota muskrat.
Proc. Minn. Acad. Sci. 9:30-34.
It is proposed to establish a muskrat trapping season in
early winter in order to decrease winter kill by freezing, food shortage, or disease, and losses by migration, mink predation, mink
trapping, and damage to pelts; and because December pelts are of
better quality in Minnesota than spring pelts. It is further proposed
to tryout experimentally a system of inviolate muskrat grounds in
certain regions of the state as breeding areas, to undergo projects
that will determine more information on muskrat populations, and to
educate trappers on techniques.
Krummes, W.T. 1940. The muskrat: a factor in waterfowl habitat
management. Trans. N.A. Wildl. Conf. 5:395-398.
In new waterfowl impoundments, muskrat control may be
necessary to prevent dike damage and loss of food plants necessary for
the maintenance of a satisfactory waterfowl population. After
desirable vegetation has become established the muskrat population
should be managed not only for economic reasons, but for the very
important ecological benefit it has in keeping the marsh open and
attractive to waterfowl, as well as increasing the number of desirable
nest foundations for the waterfowl.
Larin, B.A., and N.G. Mokhov. 1969. A comparative evaluation of
methods for determining the age of muskrats. (Trans1. from
Russian). Tr. Kirov. Sel'-Skokhoz Inst. 21:106-118. Ref.
Zh. Biol., 1970, No. 71542.
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Age determinations by the ratio of the size of the crown
and root of the teeth is possible if a single individual does it.
Determinati on of the age by measuri ng the hei ght of the crown of the
first molar gives more objective results even without previous training. Tables should be constructed by determining the reproductive
peaks of the sample according to data from a graphic representation
of the size of the teeth of the groups being analyzed.
Lay, D.W., and T. OINeill. 1942. Muskrats on the Texas coast. J.
Wildl. Manage. 6:301-311.
Different quality marshes were studied for muskrat use.
Management consists of burning to increase desirable food, ditching
to provide levees for muskrat travel lanes and rest during high water,
and dam construction to impound water.
Lynch, J.J., T. OINeill, and D.W. Lay. 1947. Management significance
of damage by geese and muskrats to Gulf Coast Marshes. J.
Wildl. Manage. 11:50-76.
When muskrats are allowed to overpopulate their habitat
through cessation ot or improper trapping, a type of marsh damage
known as "eatout" occurs. / These often produce worthless cl imax
marsh and are inimical to profitable fur management, and therefore
should not be encouraged.
Mallach, N. 1971a. Attempts at marking for the analysis of the
area of activity and movements of the muskrat (Ondatra
zibethicus L.). [In German, French summary]. Anz.
Schaedlingskd. Pflanzenschutz 44:129-136.
The farthest distance from marking to recapture area was
30 km. Most of the animals were found within 100 m of the marking
area, which indicates the stationary tendencies of these animals.
An area of 250 m from the marking area is considered as the home
range. Movements of the muskrat are not considered to be genuine
animal migration, but are normal movements of distribution.
Mallach, N. 1971b. Observations on the behaviour of the muskrat
in response to baits. [In German]. Anz. Schaedlingsk
Pflanzenschutz 44:109-111.
As baits for trapping muskrats, apple slices were 77.4%
effective, parsnip roots 22.5%, celery tubers 19.3%, and carrots only
6.4% in a field test near a Bavarian stream. Yet when the test was
repeated elsewhere, or even at a qifferent location on the same
stream, the muskrats I preferences changed entirely, and at times
they avidly selected carrot slices. When the bait in the traps was
hidden by twigs and debris, the muskrats accepted it as building
material, not as food.
Ma 11 ach, N.

1972.

Trans location tes ts with muskrats (Ondatra
[In German, French summary]. Anz.
Schaedlingskd. Pflanzenschutz. 45:40-44.
zibethicus L.).
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About 50-57% of the muskrats moved 500-2000 m from their
living area returned. Only 31% returned from distances of 3000 m
and 15% returned from 4000 m. Obstacles such as mills or power
plants on the return trip did not stop them. From these results,
the area of activity of the muskrat is estimated to be 2000-4000 m.
The use of landmarks as orientation aids is indicated.
Mathiak, H.A. 1953. Experimental level ditching for muskrat
management. Wisc. Cons. Dept. Tech. Wildl. Bull. 5.
35 pp.
Results of an experiment to determine optimum ditch spacings
and dredging vs. dynamiting as a means of marsh management were inconclusive. Spacings of 50-440 ft (l5-122m) are the most economical
based on the number of muskrats taken per acre per year. Dynami-ting
is more than twice as expensive as dredging and the shallower ditch
without spoilbanks which was obtained by blasting did little to improve wintering conditions for muskrats. Live-trapping and marking
established that 98% of the movements were under 1000 ft (305 m).
Mathiak, H.A. 1966. Muskrat population studies at Horicon Marsh,
Wisconsin. Wisc. Conserve Dept. Tech. Bull. 36. 56 pp.
Eighteen years of research on muskrat populations was conducted to gather biological data which would form a scientific and
practical basis for muskrat management. More than 6,000 kits were
ear-tagged and studied. Mean date of litter production was May 10
and the mean size of litters was 7.3. Age ratios obtained over five
years varied widely between areas and between years. In 460 litters
examined there was an average of 58% males. Only 5 per cent of the
tagged muskrats were considered to have made a significant movement
and this 5 per cent is believed to represent the part of a muskrat
population re~ponsible for repopulating isolated and unoccupied
habitats. A mortality of 87 per cent from all causes occurred during
the first year of life. Underharvesting was found to be more of a
problem than overharvesting.
Mathiak, H.A., and A.F. Linde. 1954. Role of refuges in muskrat
management. Wisc. Conserve Dept., Tech. Wildl. Bull.
10. 16 pp.
A 95 acre (38.4 ha) trapping unit with excellent food and
water conditions, centrally located in Horicon Marsh, Wisconsin,
was closed to trapping for two years. Ear-tagging and recovery
records showed that even with spring dispersal, total movements out
of the refuge were so few that res!tocking values could hardly begin
to compensate fof the direct loss sustained by failure to harvest
the two crops within the refuge. Comparison of the harvest history
of the refuge with four surrounding trapping units showed that
cessation of trapping failed to build up the muskrat population in
the refuge.
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Mathieu, N. 1969. Present possibilities for muskrat control by
means of poisoned bait. [In French). Phytoma 211: 44-45.
POisoning supplements present control methods for muskrats,
but tests should be made over a wide area to find t~e best baiting
techniques. Better understanding of muskrat biology is also essential for the success of control attempts.
McLeod, J.A., G.F. Bondar, and A. Diduch. 1951. An interim report
ona biological investigation , of the muskrat in Manitoba 1950 and 1951. Man. Dept. of Renewable Resour. and Transportation Servo p Winnipeg. 65 pp.
This study concentrated on four .aspects of muskrat biology,
namely: 1) a continued study of the reactions of marsh vegetati.on
to varying water levels, 2) a continued study of the breeding habits
of the muskrat and the growth and survival rates of immature muskrats,
3) a continued study of the factors whi ch contribute to mortal i ty in
muskrats and 4) a study of pelt quality of muskrats of different
ages and at different seasons.
Moens, R.

1971. Control of muskrats by chlorophacihone baits: .
experiments conducted in the "Eau Blanche" basin. [In
French, Engl ish summary]. Meded. Fac. Landbouwwet
Ryksuniv. Gent 36:1088-1097.
Carrot slices containing 0.8 ml of an oil formulation with
0.25% active ingredient were put on newly-made muskrat tracks,
resulting in a strong population decrease after 2 applications in a
2-4 week period.
Nagel, W.O. 1945. Controlling muskrat damage in ponds. Mo. Cons.
6: 10'-11. .
Specification~ of dam construction an d planting are given
to help prevent damage by muskrats.
Olsen, P.F. 1959a. Dental patterns as age indicators in m~skrats.
J. Wildl. Manage. 2j:228-231.
.
This paper describes a technique for obtaining age-ratio
d~ta on muskrats trapped during March and April~ by correlating age
with the relat.i ve position of the fluting to the bone line on the
molar teeth. .
OINeill, T. 1949. The muskrat in the Louisiana coastal marshes. A
study of the ecological, geological, biological, tidal, and
c1 imati c factors governing the producti on and management
of the muskrat industry in Louisiana. New Orleans, Louisiana
Dept. of Wi1d1. Fish. 152 pp.
Reference not seen.
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Pashkevich, V.Y. 1964. Significance of bioengineering measures in
muskrat lands in the flood-plain of the Obi River. (Transl.
from Russian). Sb. Nauch-Tekh Inform. Vses. Nauch.-Issled.
Inst. Zirotn. Syrlya Pushniny 10:24-34. Ref. Zh. Biol.
1965, No. 11233.
Experimental measures were introduced to improve protective, nesting, and food conditions for muskrats. Willow trees,
aquati c pl ants, and temporary nesting areas were successful in
improving the habitats.
Perkins, C.J. 1968. Controlled burning in the management of muskrats
and waterfowl in Louisiana coastal marshes. Proc. Annu.
Tall Timbers Fire Ecol. Conf. 8:269-280.
Three-cornered grass makes up 90 per cent of the muskratls
food supply so, wherever feasible, in the Louisiana coastal marshes,
marsh management is essentially Scir,pus olneyi management. Fire is
a very valuable management tool as the basic food plant, being a
sub-climax species, depends for its existence on the removal of the
climax species by fire or other means.
Petrides, G.A. 1950. The determination of sex and age ratio on fur
animals. Am. ~1idl. Nat. 43:355-382.
Methods for determining age and sex ratios for mink,
raccoon, red fox, gray fox, striped skunk and badger were developed
in this study. Previously described sex and age determination
methods are discussed for the muskrat and long-tailed weasel.
Most of the methods discussed involve determination of age (juvenile
or adult) or sex by using pelts or at least carcasses and not live
animals in the field.
Sather, J.H. 1954. The dentition method of aging muskrats.
Chicago Acad. Sci. Nat. Hist. Misc. No. 130:1-3.
In adult muskrats, the end of the first fluting of the
first upper molar is visible, whereas it is hidden in the alveolar
socket in subadults.
Sather, H.

1956. Dimensions of the great plains muskrat, Ondatra
zibethicus cinnamominus. J. Mammal. 37:501-505.

The mean dimensions of both young and old muskrats are
slightly larger for males than for females. The least variable
dimension of adult males is the cranial width; of adult females the
zygomatic width; of subadult males, the cranial width and condyloalveolar length; and of subadult females, the total skull length
and zygomatic width. The greatest difference in skull dimensions
of muskrats of the same age taken during their first winter was
6.8 mm.
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Schofield, R.D. 1955. Analysis of muskrat age determination methods
and their application in Michigan. J.Wi ldl. Manage.
19 :463-466.
Eight methods were tested. The pelt primeness pattern
provided accurate data and has great utility in that large numbers
of catches can be examined at fur houses. If it was desirable to
age before skinning, external sex characteristics proved most reliable.
Although internal examination is accurate, it is time consuming and
the carcass must be examined soon after skinning.
Takos, M.J. 1943. Trapping and banding muskrat. J. Wildl. Manage.
7: 400-407 .
Errington's and Cook's tagging methods and leg-ringing are
tested, compared, and evaluated. Cook's method gave the best
results.
Teodoreanu, M. 1973. The age of the muskrat (Ondatra zibethicus L.,
Rodentia Microtida) in Romania. [In Romanian, Russian and
French summaries]. Stud. Univ . Babes-Bolyaiser Biol.
18: 113- 117 .

Age determinations were made by measuring the height of
the crown of the first molar Ml. Muskrats rarely reached the age of
3.5 yrs and after 17 mo thei r numbers decreased sharply, due to
incomplete acclimatization to Romania and hunting pressure.
Vampiloff, V.N. 1957. Increase of food production and improvement
of nesting and shelter conditions in muskrat habitat in
the Selenga Delta. (Transl. from Russian). Pages 5-23 in
Translations of Russian Game Reports, Vol. 2 (Muskrat, -1951-55). Canada Department of Northern Affairs &
National Resources.
Work was done for two years at a Russian promkhoz ("coll ective") in an attempt to improve food production and nesting and
shelter conditions for muskrats. Cuttings of aquatic plants were
used for propagation in order to provide winter food for muskrats
and this was found to be successful. Seed propagation of three
principal food plants (Nuphar Zuteum~ Nymphaea candida and
Menyanthes trifaZiata) was successful and the technique involved
is discussed. Fair results were obtained in improving nesting and
shelter conditions in muskrat houses by moving rafts of vegetation
and building artificial muskrat houses .
Vincent, J. P. 1971. The uti 1i zati on of a traffi c counter at the
mouth of burrows of the muskrat Ondatra zibethicus (L.).
[In French). Ann. Zool.-Ecol. Anim. 3:269-273.
Installation of part of a device inside a muskrat burrow
near the entrance allowed transmission of signals back to the counter
when an animal enters or leaves . Tests showed that population
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variations cannot be followed with this method but the counter has
possibilities in studies following the progressive occupation or
abandonment of a given burrow.
Vincent, J.P., and J.P. Quere. 1972. Study of a muskrat (Ondatra
zibethicus) population by mark and recapture. [In French,
English summary]. Mammalia 36:8-21.
The movements and home range of muskrats were studied by
marking and recapturing them. Several zones of activity apparently
separated some from others and seemed to correspond to the home
ranges of groups which were distinguished. The fact that over 60%
of animals marked in summer were recaptured in January indicates
lack of autumn displacement. The successive recapture of young
individuals enabled a growth curve to be established.
Vincent, J.P., and J.P. Quere. 1973. Destruction trials of the
muskrat (Ondatra zibethica) in ponds using poisoning
rafts. [In French, English summary]. Ann. Zool.-Ecol.
Anim. 5 :119-127.
Two muskrat destruction trials were carried out using
poisoning rafts, with carrots cut in rounds and coated with a 0.25%
oily solution of chlorophacinone at a dose of 20 cm 3 per kg of bait,
or 0.005% active matter. This method seems to offer complete
guarantee that secondary poisoning of game does not occur. Estimated efficiency is more than 90%.
Watson, G.H., W.H. Prescott,E.A. de Bock, J.W. Nolan, M.C.
Dennington, H.J. Poston, and I.G. Stirling. 1973. An
inventory of wi 1dl i fe habitat of the Mackenzie Va 11 ey
and the Northern Yukon. Environmental-Social Comm.,
Northern Pipelines, Task Force on Northern Oil Development,
Rept. No. 73-77.
One part of a series of investigations assessing habitat
adjacent to proposed gas and oil pipeline corridors in Canada's
western Arctic, covering moose, caribou, Dall sheep, grizzly bear,
arctic fox, beaver and muskrat, waterfowl, polar bear, and raptors.
For muskrat and beaver, field surveys consisted primarily of observations of animal activity (lodges, food caches, dams) by aeroplane.
General ecology is described and specific cause-effect relationships
outlined between pipeline construction activities and these aquatic
furbearers.
Westworth, D.A. 1977. Impact of seismic activity on muskrat
populations on the Mackenzie Delta. Can. Dept. Indian
Affairs and Northern Development Envir. Studies No.1.
70 pp.
Seismic activities were not found to be lnJurious to
muskrat populations. However, significant differences were found

59

in the proportion of active pushups at various distances from
seismic lines with the majority occurring >180 m from the lines
(P < 0.0l).
Wilson, K.A. 1951. Muskrat management and water level control.
Wildl. in N. Carolina 14:8-10,14-15
The principle limiting factors in muskrat production are
believed to be extreme and irregular fluctuations in water from wind
tides and the lack of stable water levels and food availabilities.
Management methods tested are: various types of dykes; burning
marshes, mowing neddlegrass-cordgrass-sawgrass vegetation, and "
spraying 1iqui d form of sodi um arseni te on the vegetati on.
Wilson, K.A. 1960. Controlling muskrats in farm ponds. Wildl.
in N. Carolina 24:16-17~
This article outlines practical remedies for controlling
muskrat damage: constructing a berm (level shelf at water level)
into the face of the dam, 1ayi ng poul try wi re, coarse grave 1 or
vertica] barriers within the dike, removal of cattails and other
foods, chemical control, and trapping.

.......
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3.

BEAVER

3.1
LIFE HISTORY
Adams, A.K. 1954. Some physico-chemical effects of beaver dams
upon Michigan trout streams in the Watersmeet area.
Ph.D. Thesis. Univ. Michigan, Ann Arbor. 316 pp.
Thermal and chemical changes of greatest concern to trout
management in beaver ponds were diurnal. Ground water affluents
into the ponds provided trout with localized cool retreats; surface
water of impoundments became heated in varying amounts. Whereas
the temperature usually did not improve for trout in going over
the dams, oxygen content of the water usually rose. C02 and pH
analyses and methyl orange alkalinity tests, although indicating
several significant differences from the associated native flowing
streams in summer, disclosed little of major significance in trout
management. Discouragement or removal of beaver on marginal trout
waters may be warranted when stream survey procedures include an
appraisal of beaver-trout relationships.
Aldous, S.E. 1938. Beaver food utilization studies. J. Wildl.
Manage. 2:215-222.
Conclusions drawn were that aspen was the most important
food species of Minnesota beavers, with birch, alder and willow
next, that 36% aspen was used and 64% wasted, that the greatest
complete wastage occurs in trees between 4 and 6" diameter, and that
beavers consume 22-33 oz (680-936 g) of aspen bark and twigs daily.
Aleksiuk, M. 1968. Scent-mound communication, territoriality, and
population regulation in beaver (Castor canadensis Kuhl).
J. Mammal. 49:759-762.
From personal observation and past data, the author
hypothesis that the scent\-lmound system functions as a means of communication among beaver from adjacent colonies and between established colonies and the floating population of 2-year olds, thus delineating occupied territory and preventing further colonization of an
area already being utilized. The system appears to be a mechanism
of self-regulation that limits the population before food becomes a
major limiting factor.
Aleksiuk, M. 1970. The seasonal food regime of Arctic beavers.
Ecology 51:264-270.
Seasonal variation in food of the beaver (Castor canadensis
Kuhl) was examined on the Mackenzie Delta, Northwest Territories.
Leaves and growing tips of willow (Salix spp.) were the main foods
during July and August; during the remaining 10 months food consisted
of the bark of willow (76%), poplar (Populusbalsamifera) (14%), and
alder (Alnus crispa) (10%). Protein: calorie ratios in the diet
were approximately 40 and 8 mg/cal during those two periods. The
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northern beaver has adapted to low energy availability characteristic of winter by storing food in autumn and spring and by intrinsically lowering food intake during the winter. It has adapted
to seasonal variation in protein availability by utilizing high
protein willow leaves almost exclusively when they are available.
Arner, D.H. 1963. Production of duck food in beaver ponds. J.
Wildl. Manage. 27:76-81.
Drained beaver ponds produced high yields of Japanese
millet in central Alabama, where an abundance of beaver swamps
and scarcity of choice duck food make this a practical development.
Arner, D.H., J. Baker, D. Wesley, and B. Herring. 1969. An inventory and study of beaver impounded water in Mississippi.
Proc. Annu. Conf. S.E. Assoc. Game Fish Comm. 23:110-128.
A state-wide inventory revealed 956 beaver impoundments.
Of these 71% were located on intermittent streams. Over ~ of total
water impounded was in shallows of 2.5 ft (0.76 cm) or less in
depth. The majority of the beaver impoundments had a greater
build-up of phosphate, potash and organic matter in the bottom soil
of the beaver ponds than in feeder stream bottoms. In general,
beaver ponds sampled produced greater amounts of and better quality
invertebrates and fish (game and otherwise). Beaver ponds in
Mississippi provide excellent habitat for certain species of fish
and wateffow1. Silvicu1tura1 practices might be modified to significantly reduce economic loss caused by beaver damage.
Atwood, E.L. Jr. 1938. Some observations on adaptability of Michigan
beavers released in Missouri. J. Wildl. Manage. 2:165-166.
Beavers showed adaptability in adopting the bank tunnel as
their style of abode when water was too deep for houses, and altering
their food to what was available.
Ba i 1ey, V.

1926.

How beavers bui 1d thei r houses.

J. Mammal. 7:

41-44.

A description, with photographs, of the construction of a
beaver lodge.
Bailey, V.

1927. Beaver habits and experiments in beaver culture.
U.S. Dept. Agric. Tech~ Bull. 21. 39 pp.
A description of the habits of the beaver is given along
with problems of beaver damage and control. Beaver culture or
"farming" is discussed at length along with techniques for trapping
and transporting beaver. A description and plans for construction
of the Biological survey (or Bailey) live beaver trap are given.
Bailey, R.W . , and R.F. Stephens. 1951 . Effects of beavers on fish.
W. Va. Conserv. Sept. 1951. pp. 11 - 16 & 26.
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Beaver dams affect game fish by increasing temperature
due to slowed stream flow, removal of bank shade, and spreading
of water over shallow areas; and by creating conditions favourable
to competitive species. They also are favourable to muskrat, mink,
ducks, raccoon, woodcock, deer, turkeys and grouse. They also
stabilize stream flow, retard erosion, and maintain the water table.
Ballou, R.M. 1950. Wildlife activity on beaver ponds in Jackson
Hole. M.Sc. Thesis. Univ. of Michigan, Ann Arbor. n.p.
(Thesis not available)
Beer, J.

1942. Notes on the winter food of beavers in the Palouse
Prairies, Washington. J. Mammal. 23:444-445.
During the winter, 50% of beavers' diet was aspen, 15%
willow, 25% cat-tail, and the remainder hawthorn, grasses, and miscellaneous plants. Each beaver cut about 50 cords of aspen and 12
cords of willow.
1955. Movements of tagged beaver. J. Wildl. Manage.
10:492-493.
Forty-four b~aver were live-trapped and tagged in order
to add to the knowledge of their movements. The data suggest that
yearling beaver do a great deal of travelling and may establish
themselves in new areas, and that little immigration occurs in
adults. The female is the important individual in establishing
and maintaining the colony. The general tendency for beaver to
move indicates that seed stock refuges may be important on areas
where beaver are desirable and where they may be trapped heavily.
Beer, J.R.

Benson, S.B. 1936. Notes on the sex' ratio and breeding of the
beaver in Michigan. Univ. Mich. Mus. Zool., Occas. Pap.
335. 6 pp.
Approximately equal numbers of males and females were
present in 137 beaver trapped in March and April in Michigan and
sexed in the laboratory. The commonly held idea that more males
than females are trapped appears to be false. The belief probably
resulted from misidentification of the castors and oil glands as
testicles.
Berghuffer, C.B. 1961 . Movement of beaver. Proc. Annu. Conf.
Western Assoc. State Game Fish Comm. 41 :181-184.
Between 1945 and 1960, 397 beaver were ear tagged and released in new habitat in New ~lexico. Twenty-seven of these were subsequently retrapped with the greatest distance travelled being 32
miles (51.5 km). The average distances travelled overland and downstream were 14 and 6 miles (22.5 km and 9.7 km) respectively. Adult
beaver were more inclined to travel in search of new habitat than
were the young and males generally travelled further than females.
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Berry, 5.5. 1923. Observations on a Montana beaver canal. J.
Mammal. 4:92-103.
Description of events taking place and changes in a
beaver canal over six years.
Boyce, M.S. 1974. Beaver population ecology in interior Alaska.
M.Sc. Thesis. Univ. of Alaska, Fairbanks. 161 pp.
The ecology of beaver populations along two streams in
Alaska was studied; the two study areas were similar in most respects except for the history of human trapping intensity. The
heavily trapped popul ati on di ffered from the essenti ally unexploited
population as follows: 1) higher mortality among adult age
classes; 2) higher survivorship of the prereproductives; 3) a sex
ratio with a preponderance of females; 4) decreased age at first
breeding and consequently; and 5) a smaller average size at maturity.
Population regulating mechanisms are discussed and the distribution
and abundance of beaver colonies are related to habitat types and
characteristics of the physical environment with the aid of multiple
linear regression analysis.
Bradt, G.W. 1938. A study of beaver colonies in Michigan. J.
Mammal. 19:139-162.
A complete ecological study of the beaver including trapping, marking, and sexing methodology, colony composition, young
per litter, sex ratios, food habits, immigration, and carrying capacity of poplar lands (1 acre (0.4 ha) supporting an average colony
1 to 2.5 years).
Bradt, G.W. 1939. Breeding habits of beaver. J. Mammal. 20:486489.
Presents an account of beaver copulating, a graph illustrating growth rates of beaver kits, and an average weight at birth
of 15.4 oz (436.6 g).
Bradt, G.W. 1940. Note on breeding of beavers. J. Mammal. 21 :220 ...
22l.
It is suggested, that, the upright clinging position of
beavers in water is actually a form of wrestling and not mating, as
.
previously stated.
Brenner, F.J.

1960.

Life history and general ecology of the beaver

(Castor aanadensis) in Crawford County, Pennsylvania.

M.Sc. Thesis. Pennsylvania State Univ., College Station.
102 pp.
Age and sex ratios, average, litter size, growth rate, and
pelt size increase with age were studied. Species preference, degree
of util ization, daily food consumption, and daily waste were determined. It was calculated that one acre (0.4 ha) of aspen would support
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13 beavers for 1 year if a high degree of waste did not occur and
if herbaceous material was used in spring and summer. Tail slapping
and scent mound establishment may be territorial defenses. Home
range size varies with food and water availability and inter-colony
tolerance not by population density alone.
Brenner, F.J. 1962. Foods consumed by beavers in Crawford County,
Pennsylvania. J. Wildl. Manage. 26:104-107.
Beavers used 34.2% of the aspen and 18.2% of the red maple
available, feeding primarily on herbaceous material in spring and
summer. An individual's daily food consumption was calculated to
be 23.4 oz (663g) of woody vegetation and waste amounted to 1.03 oz
(29.2 g) of food. According to these data, 1 acre (0.4 ha) of aspen
could support 10 beavers for 1 year.
Brenner, F.J. 1967. Spatial and energy requirements of beavers.
Ohio J. Sci. 67:242-246.
A 26 lb (11.7 kg) yearling beaver requires 850 kcal of
digestible energy, or 1.5 lb (0.7 kg) of fresh aspen per day, to
maintain its daily metabolic processes with no additional growth.
To attain maximum growth, it must eat 2,040 kcal or 3.6 lb (1.6
kg) of fresh aspen per day. An acre (0.4 ha) of aspen would support
10 beavers for 442 days if no growth occurred.
Call, M.Y.

1966. Beaver pond ecology and beaver-trout relationships
in south eastern Wyoming. Wyo. Game Fish Comm. FW-14-R-03.
305 pp.
The future of the brook trout fishery on the study area
depends upon the management of the beaver and their food supply
for if th2 beaver food supply disappears, so will the beaver and
eventually the beaver dams and with them the suitable brook trout
habitat. Suggestions are given for management to keep both the
beaver and trout populations at optimum levels. The beaver on the
study area utilize aspen at an average rate of 7.9 aspen per beaver
per month for the usual five month cutting period (May - September),
or about four aspen per beaver per month on an annual basis. Oxygen
content of beaver pond waters was found to be the only factor which
might affect the survival of trout. pH, alkalinity or temperature
conditions were found that would have been detrimental to trout
survival and reproduction. The largest trout will be found in the
older beaver ponds since, as spawning sites become silt-covered recruitment becomes practically nil and food competition is reduced
due to fewer numbers of fish.
Chabreck, R.H. 1958. Beaver-forest relationships in St. Tammany
Parish, Louisiana. J. Wildl. Manage. 22:179-183.
Sweetgum, sweetbay, spruce pine, and loblolly pine received heaviest utilization and were believed to be of greatest value
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to beaver in Louisiana. Timber damage was due to increased vulnerability to insects and increased hazard of fire to barked pines,
susceptibility to decay in barked hardwood, and death due to water
impoundments.
Cook, A.H.

Some measurements from a 3~ year old beaver
J. Mammal. 35:452.
Complete external and internal organ measurements are given.
1954.

(Castor canadensis).

Cook,O.B.

1940. Beaver-trout relations. J. Mammal. 21:397-401.
The effects of beavers on trout etology are discussed:
the raising of water temperature, decrease of oxygen content of
the water and increase of dissolved humic acid through leaching,
deposition of silt on pond bottoms smothering trout food, dams obstructing passage to spawning grounds, and freezing ponds killing
trout eggs. The positive values of beaver ponds to other forms of
wildlife are also noted.

Cook, O.B.

1943. History of a -b-eaver colony. J. Mammal. 24:12-18.
An account of dam and lodge construction, tree cutting and
population of a colony originating from a reintroduction (in Rensselaer County, . New York). Ouri ng ei ght years, 17 young were produced
and four dams and five lodges built and 2 acres (0.8 ha) of ponded
area, from 9 acres (3.6 ha) of second-growth hardwood land.

Cottle, W.H. 1951. A study of the ecology of beaver in central
British Columbia. M.A. Thesis. Univ. British Columbia,
Vancouver. 58 pp.
The i mportan ~_~i wa te rand th~....rggJJl91illiLgf t~~J ___~L_~~~yer
dams on wate~~l were stualea,-ntne glaciated areas ·of the intermountaln-plateau of B.C. Food habit investigations showed that
beaver cut all sizes of aspen without preference and that the mean
weight of bark and twigs made available by cutting was 3700 lb
(1678 kg) per colony. Populations on lakes tended to be stable as
there was sufficient reproduction in the large stands available for
maintenance whereas populations on creeks ate out their food supply
and were forced to migrate. The re]atiQJLJ>i beavers to muskrat,
waterfowl, and fish and the occurrence of parasites are briefly
discussed.
Courtney, T.J. 1947. Baby beavers. J. Mammal. 28:228-230.
Young beavers were hidden in a bundle of grass tucked in
a nook of the lodge. At five days of age, they weighed only 3-4 oz
(85-113 g) each and measured 3~ in (89 mm) with l~ in (38 mm) of
round tail.
I

Crawford, H.S., R.G. Hooper, and R.F. Harlow.

1976.

Woody plants
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selected by beavers in the Appalachian Ridge and Valley
Province. USDA Forest Service Research Paper NG-346.
Availability of woody plants and their selection by beavers
along mountain streams was studied in 4 areas of the Appalachian
Ridge and Valley Province in Virginia. Steepness of slope and size
of trees were considered.
Drolet, C.A.

1965.

Contribution a 1 letude du castor (Castor
~ 1a Ba i e James.
[In French]. M. Sc.
Thesis. Laval Univ., Quebec. 136 pp.
The habitat around James Bay was inventoried for beaver
and from nutritive analysis, carrying capacity was determined. A
history of diseases, parasites and trapping in the area is given.
Live-trapping gave productivity data.
canadensis Kuh1)

Dlyakov, Y. · 1965. The river beaver. (Trans1. from Russian).
Okhota Okhotnich1e Khoz. 10:20-22. Ref. Zh. Bio1. 1966.
No. 31529.
An essay on the life history of the beaver: external appearance, dimensions, weight, character of seasonal and diurnal
activity, building activity, microclimate of homes and dens, intraspecific relationships, enemies, competitors, parasites, diseases,
food habits, and reproduction.
Fomichera, N.I. 1958. Food of the river beaver in spring and summer.
(Trans1. from Russian). Tr. Vses. Nauch. Dss1ed. lnst.
Zhivotrogo Syrlya i Pushniny. 17:117-122. Ref. Zh. Bio1.,
1959. No. 76181.
Stomach and feces analysis showed a high volume of willow,
and herbaceous plants in summer. The largest volume of herbaceous
food was recorded in pregnant and suckling females.
Fowle, C.D., R.O. Stanfield, and A. Fyvie. 1954. The beaver in
Ontario. Fed.-Prov. Wi1d1. Conf. 18:27-34.
Levelling-off signs of an increasing beaver population in
Ontario in 1953 were reports of reduced production and house-counts,
expansion of distribution, occupation of marginal habitat, reduction
in food supply, and at least one epizootic. Lack of space and social
intolerances possibly limited populations.
Gard, R.

1958. The effects of beaver dams on trout in Sagehen Creek,
California. Ph.D. Thesis. Univ. of California. 110 pp.
The physical environment of the trout was altered measurably following the construction of beaver dams as the substrate
changed from gravel and rubble to silt, water velocities decreased,
aquatic and riparian vegetations were changed and winter ice conditions
became less severe. Water temperature extremes lessened, but water
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chemistry was little affected. These changes in the physical
environment brought about changes in the bottom fauna. The higher productivity of bottom fauna and the unique physical environment in the ponds were reflected in greater trout populations. No
evidence was discovered that the barrier influence of beaver dams
depresses the level of adult trout populations as most adult trout
could cross the dams to spawn.
Georgievskaya, Z.I. 19'75. Data on the ecology of beavers in the
Kondo-Sosrinsk Natural Reserve. [In Russian, English
summary]. Byu1l. Mosk a-va Ispy Prir Otd. Biol. 80:
69-77 .
Data are presented on the abundance, habitats, homes,
breeding, and competitors of beavers in the USSR, based on observations during 1937-1945.
Gibson, G.G. 1957. A study of beaver colonies in southern Algonquin
Park, Ontario, with particular reference to the available
food. M.A. Thesis. Univ. of Toronto, Toronto. n.p.
Live-trapping.data led to a number of conclusions concerning beaver: most palatable food (aspen, willow, white birch);
%wasted (44% available, 25% utilized); amount of food used by a
colony in a year; direct relationship of body fat to weight per
unit single ~urface area of beaver tails; average litter size (4);
larger size and more fatty composition of beavers existing on aspen
over other food. The 'dissolution of a colony may be caused by a
combination of ext~nsive cuttihg of the most palatable tree species
by the beaver, and the increasing dominance of less palatable species
due to forest succession.
Gill,

1972. The evolution of a discrete beaver habitat in the
MacKenzie River Delta, Northwest Territories. Can. FieldNat. 86:233-239.
The sequence of physi£al and biological events that create
a distinct type of beaver habitat is traced. A cyclical pattern of
use dependent on beaver occupation may be established on point bars
(poplar to alder/willow and back to poplar).
D~

Gingras, J . . 1967. Etude de l'~co10gie du castor dans la region du
Lac Monroe, Parc du Mont Tremblant, P. Que. [In French].
M.S. Thesis. Univ. de Montreal, Montreal. 96 pp.
The topography and the vegetation were the important factors governing the establishment of colonies in the study area.
Beaver established colonies on the lakes in the region, on quiet
sections of streams in the area and in these areas where disturbance
by man was minimal. A study of the vegetation utilized by the beaver
to determine preferred size and species was also conducted.

68

Grater, R.K. 1936. An unusual beaver habitat. J. Mammal. 17:
66.
Evidence is presented of a beaver inhabiting a rapid,
muddy, stream in Colorado, using rocks as shelter and salt cedar
and arrow-weed as food.
Green, H.U. 1936. The beaver of the Riding Mountain, Manitoba:
An ecological study and commentary. Can. Field-Nat.
50:1-8,21-23,36-50,61-67,85-92.
A full description of the ecology of the beaver in Riding
Mountain National Park is given and includes a history, description
of pelage and teeth, locomotion, communication, times of activity,
feeding habits, construction abilities, reproduction, tracks and
signs, parasites and disease, and enemies.
Haas, P.

1943. A study of beaver populations of some Utah streams.
M.Sc. Thesis. Utah State Agric. Coll., Logan. n.p.
Data were gathered on beaver census, distribution, and
carrying capacity. Average length .of a colony (measured by dams
with concentrations of activity, separated by undammed portions
or stretches of less activity) was 314.5 ft (95.9 m), each one having,
on the average, 3.96 active dams, 0.67 lodges, and 5.2 beavers. The
number of structures and dam area per colony increased as the number
of beavers per colony mounted. There appeared to be an inverse ratio
between the volume and velocity of streams that will permit colony
establishment. The average percentage utilization of beaver foods
by colonies in willow types was less than half the utilization of
foods by colonies in aspen types. There were estimated to be 8.5
beavers and 1.63 colonies per suitable mile (1.6 km) of stream.
1960. Willow and aspen in the ecology of beaver on
Sagehen Creek, California. Ecology 41 :484-494.
Aspen and willow were sampled at 3 beaver colonies. The
rate at which beaver cut aspen was found to be correlated directly
with the supply, whereas rate of willow use showed no correlation
with willow supply but was related inversely to aspen supply. A
slight but significant preference for aspens of the 2-in (51 mm)
diameter class was demonstrated, thought to be due primarily to
superiority of 2-in (51 mm) trees as a building material rather
than a food source.
Hall, J.G.

1966. Influence of beaver on some trout streams along
the Minnesota North Shore of Lake Superior. Minn. Fish
Invest. 4:5-29.
Fish populations, angling success for trout, standing crop
of bottom fauna, and other conditions were studied. It was concluded
that the effect of beaver on the North Shore streams is similar to
Hall, J.G.

69
that reported for streams in the mountainous areas, in that some
beaver on the streams are beneficial but a large population may be
detrimental.
Hammond, M.C. 1943. Beaver on the Lower Souris Refuge. J. Wi1d1.
Manage. 7:316-321.
Trapping collected data on weights and measurements, sex
ratio, colony composition and size according to quantity of stored
food, pregnancy rate. Winter food in N.D. consisted principally
of red osier dogwood, green ash, and willow.
Haseltine, F.T.1950. A study of beaver colony composition and
woody plant utilization on two streams in Penobscot
County, Maine. M.S. Thesis. Univ. of Maine, Orono.
65 pp.
The rate at which woody plants were utilized during a
three year period was determined on two beaver colonies in Maine.
These and other colonies were live-trapped and the animals weighed,
measured, sexed and ear-tagged in order to determine colony composition and movements of transplanted beaver. With one exception,
beaver colonies active at least three years contained three age
classes i.e. kits, year-old beaver and adult beaver. There was no
observed increase in the rate of woody plant utilization as the co1ohy population increased beyond the original pair. Alder was cut
the most often, being used largely for lodge and dam construction,
while aspen and red maple were cut less often but were cut in the
order of accessibility.
Haugen, A.O. 1955. Beaver longevity. Ala. Conserv. Mar-Apr. 16 pp.
Record of transplanted beavers surviving 7 1/4 and 11 1/3
years, having moved 17 and 1 mi (27.4 and 1.6 km) from the transp1 ant site.
Hay, K.G.

1954. Observations on beaver activities and behaviour
in North Park, Colorado. Colo. Coop. Wi1d1. Res. Unit
Quart. 8: 13-16.
Beaver activity was slow during the summer months, only
necessary maintenance tasks being carried out during the night.
Dams and lodges were improved in the fall and aspen was eaten more
and stored. Above- and under-ground canals and skid-roads along
steep slopes were used to transport logs. Interspecific relationships are discussed; muskrats were observed living without conflict
in the same lodge. Beavers variable tolerance to man and territorial behaviour are also mentioned.
I

Hay, K.G.

1957. Record beaver litter for Colorado.
38:268-269.

J. Mammal.

10
A trapped female contained eight well developed fetuses
and one undeveloped ovum.
Hediger, H.

1970.

The breeding behaviour of the Canadian beaver
[In German, English and
French summaries]. Forma Functio. 4:336-351.
Describes copulation, parental behaviour and early kit
development. Gestation periods of 104 (twice) and 111 days were
noted. X-rays were used for sex determination.
(Castor fiber canadensis).

Henry, D.B. 1967. Age structure, productivity, and habitat characteristics of the beaver in northeastern Ohio. M.S.
Thesis. Ohio State Univ., Columbus. 68 pp.
(Thesis not available)
Henry, D.B. and T.B. Bookhout. 1969. Productivity of beavers in
northeastern Ohio. J. Wi1d1. Manage. 33:927-932.
A total of 219 beavers were trapped and aged (by molars)
to determine mean ovulation rate, conception rate, prenatal mortality, estimated natural mortality, and rate of annual population
increase. It was calculated that a harvest rate of 32% would maintain a stable beaver population.
Hibbard, E. 1954. Reservoir developments and beaver populations.
N.D. State Game Fish Dept. W-36-R-02. 4 pp.
All reservoirs probably have the same general effect upon
beaver populations. As water begins to back up, beaver are progressively flooded out of their homes. Beaver suffer the greatest
hardship of any animal affected by the reservoir as, in addition to
the flooding out of most colonies, the drawing down of lake levels
in fall and winter leaves numerous beaver dams and food caches high
and dry, exposing the beaver to predators and the elements.
Hibbard, E.A. 1958. Movements of beaver transplanted in North
Dakota. J. Wi1d1. Manage. 22:209-211.
In this study, the average direct air-line distance moved
was 5.9 mi (9.5 km) and the average stream distance 9.1 mi (14.1 km).
The rather short movements of most of the animals indicate why transplanting beaver is an effective means of establishing the species in
unoccupied habitats.
Hiner, L.E. 1938. Observations on the foraging habits of beavers.
J. Mammal. 19:317-319.
Distances beavers will travel on land to obtain aspen for
food were measured. The mean distance travelled ,was 267 ft (81 m);
the maximum was 453 ft (138 m). The longer hauls of aspen by beavers
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on the land were always accompanied by an incline greater than
39.5 ft (12 m)~ the average elevation of the entire group of obs~rvations. the beavers which selected sites for their lodges
where 'aspen trees grew 'on a definite incl ine were able to continue
living in the lodge longer than those which located their lodges
on land that rose only slightly above the shore1i~e.
Hodgdon, H.E. and J.S. Larson. 1973. Some sexual differences in
behavior within a colony of marked beavers (CastoX'
, canademJis). Anim. Behav.; 21:147-152.
Social and construction b~havi6rs were noted and compared between male and femaie beaver in central Massachusetts.
The adult female ta i l-s 1apped and vocal i zed mbre and 1ed the family in lodge and dam rna i ntenance and food cache buil di ng. The male
performed close dam ,inspection tWice as often as the female.
Hunter, C. , 1955. Muskrat and beaver development. Ark. Game Fish
Comm. ' W-O$7-D-02. 30 pp.
The beaver was, at one time, extinct in Arkansa~ and the
o,ri.gi na 1 range of the muskrat covered only the northern thi rd of
the State. Th~ po'~sibi ,' ity of management of these species so as
to add to the State's fur resourceS was recognized years ago when '
a number ·of plantings of each animal was made. A food study indicates
sweetgum, Willows and cottonwoods as the preferred foods of the
beaver in the stat~. · The average number of beavers per colony was
fOUnd to be five. '
Jahoda, W.J. 1946a. A contribution to the ecology of beaver, flowages. M.S. Thesis. ' Univ. New Hampshire, Durham. 33 pp.
It was found that the beaver flowage modified the water
to such an extent as to make it lethal to trout by increasing the
water temperature and decreasi.ng the dissolved oxygen. The flowage
was beneficial to waterfowl and certain mammal species including
mi nk; skunk, raccoon" fox and deer.
Jaho~a,

W.J. 1946b'. Use of oaks by beavers in New Hampshire. J.
Wild1. ~anage. 101:366.
White and red oak up to 10" (254 rran) diameter had been
felled; trees up to 4" (102 mm) diameter at the cut had been removed but whether they were used as food as well as for building
and damming material could not be , determined. Beavers girdled 15"
(381 mm) and 21" trees (533 mm), although not felling them.
S.H. 1975~ ,Food selection by beavers. A multidimensional
contingency, table analysis. Oecologia. 21:157-173.
This statistical tool is explained and applied to a study
of selectivity in tree-cutting by 2 colonies of beavers in central
Jenkins~
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Massachusetts. At one, selection depended on genus, all available
birch being cut, and diameter, small maples, pines, and oaks being
cut. At the second colony, discrete sites of concentrated cutting
activity differ in genera and diameter of trees selected, all diameters being cut (close to water) and only small trees further from
water. Two explanations put forth are: 1) tree species differ in
nutritional value between sites; and 2) beavers sample trees in order
to assess the value of a site as a foraging area.
Johnson, C. E. 1921. Beaver IIforms II. J . MammaL 2: 171-172.
The resting places of beaver are described and some suggestions made as to their use.
Johnson, C.E. 1927. The beaver in the Adirondacks: its economics
and natural history. Roosevelt Wi1d1. Bull. 4:499-641.
This report includes an account of beaver damage in 1921
and 1924 in the Adirondacks, the relations of beaver to trout and
deer, estimated numbers, evolution of a beaver flow and usefulness
of the pond, and distribution of the beaver. The natural history
section includes breeding habits, age attained, senses, voice, intelligence, food habits, and construction activities.
Jonas, R.J.

1955.

A population and ecological study of the beaver
M.S.
Thesis. Idaho Univ., Moscow. 193 .pp.
The study used three factors, namely, 1) beaver cuttings,
2) beaver trails and 3) beaver canals as indicators of population
dynamics. Analysis of the data assembled indicated that the beaver
in Yellowstone had decreased in number, especially in the thirty
to forty years before the study. Lack of food, poor water condittoJlsand the silting in some of the beaver ponds were clted-- as--Tfie three
most important factors determining thebeaver's status in Yellowstone
at that time. A definite positive correlation was found to exist
between the early runoff, and hence poor eating conditions for beaver;
and the increased silting in the ponds and the overpopulation of elk
in the park.
(Castor oanadensis) of Yellowstone National Park.

Kleiber, H. and B. Nieverge1t. 1973. Gnawing marks left by beaver
in the forest on the shores of the Nussbaumer Lakes
(Thurgau.). [In German, English and French summaries].
Rev. Suisse Zool. 80:719-725.
Trees gnawed by beaver in Switzerland were 50% aspen and
32% willow. The majority of marks were found within 100-200 m of
the burrow,few marks were at a distance of more than 400 m. One
third of the gnawed trees and suckers were as close as 1 m to the
lake bank, 2/3 as close as 2.5 m. Those trees fallen near the bank
were better utilized than those fallen further away.
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Larson, J.S. 1967. Age structure and sexual maturity within a
western Maryland beaver (Castor canadensis) population.
J.. Mamma 1 • 48: 408-413 .
Age, as determined by dental development, of 143 beaver
trapped from a western Maryland population suggests a survivorship
curve of the form Y=aX- b . Males and females attain sexual maturity
as early as l~ to 2 years. A 20~ to 21-year-old beaver is reported.
Lawrence, W.H. 1952. Evidence of the age of beaver ponds. J. Wildl.
Manage. 16:69-79.
Sources of evidence useful in aging beaver ponds are of 2
types: evidence obtained from the analysis of annual growth rings
of woody vegetation and supplemental evidence obtainable from historical records and interviews. Certain techniques were developed
for this purpose and presented here.
Lawrence, W.H. 1964. Michigan beaver populations as influenced by
fire and logging. Ph.D. Thesis. Univ. of Michigan, Ann
Arbor. 232 pp.
The ecological requirements of the beaver in Michigan were
investigated and the factors controlling local distribution and abundance determined. Beavers were studied as a part of a forest community contrasting to previous investigations of individual colonies.
It is suggested that beaver management be integrated into a forest
management program similar in pattern to environmental change which
occurs naturally in the aspen-conifer cycle.
Lawrie, J.A. 1921. Beaver vs.t~out - more testimony. Fins,
Feathers, and Fur. 27:5.
A short letter stating th~t in Minnesota the fall rains
before spawning time raise the water sufficiently over the dam to
allow upward passage of ttout~ and that the trout are the same size
above as below the ponds.
Leege, T.A. 1964. Beaver productivity and movements in south-eastern
Idaho. M.Sc. Thesis. Univ. Idaho, Moscow. 52 pp.
,
Sex ratios changed with age groups: 113:100 males to females for the total sample, 171:100 for kits, 142:100 for yearlings"
and 88:100 for adults, indicating a heavier mortality rate for
males. The study area beavers were 24% kits, 25% yearlings, and 51%
adults but this varied for different populations. Parturition occurred from mid-April to late May'. Average litter sizes were 3.5
and 2.9 for two years. Of 52 tagged returns, only 10 beavers showed
Significant movements, the shortest being 2 mi (3.2 km) and the
longest, 14 mi (22.5 ,km). Half of these were natural migrations of
2 year olds and half brought about by food shortage or colony disturbance.
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Leege, T.A. 1968. Natural movements of beavers in southeastern
Idaho. J. Wildl. Manage. 32:973-976.
Data from 87 retrapped beavers showed that 19 had moved
at least 1 mi (1.6 km) in 7-28 month periods and the 19 moves averaged 5.3 airline miles (8.5 km). Yearling age-class and males
of all ages showed greatest migration tendencies. Evidence indicated that beavers have an innate tendency to leave their home
colony when about 2 years old, rather than being driven off by
their parents.
Leighton, A.H. 1932. Notes on the beaverls individuality and mental characteristics. J. Mammal. 117-126.
A kit, yearling, and adult were observed. Their individuality, curiosity, and tendency to imitate were similar to other
higher rodents. They were indifferent to many things, but were
afraid of small noises and sound of footsteps, drooling and castor
excretion accompanying the state of fear or excitement. It is suggested that tail slapping may have value as a means of startling an
approaching enemy. Temper was slow to develop, but violent and confused when aroused. They had a delayed response, often bluffed bv
pretending to bite, and were persistent.
Leighton, A.H. 1933. Notes on the relations of beavers to one another and to the muskrat. J. Mammal. 14:27-35.
A beaver kit showed interest in other beaver, whereas an
adult and yearl ing ~ppeared indifferent. Although tolerant of the
kit, the yearling sometimes cuffed and snapped at him; the kit was
bold and greedy. Seven different kinds of beaver sounds are described; the adult could summon the others at once. The beavers seemed to dislike but endured a muskrat.
Leighton, A.H. 1935. Notes on the behaviour of Norwegian beaver.
J. Mammal. 16:189-191.
The Norwegian and American beavers differ very little,
except on minor points: a terrestrial door to the lodge, no lodges
of the island type, no lily-pads eaten, peculiar mutual face scratching, scuffle between two adult male beavers, young not seen to
ride on older animal IS back, and fewer voice sounds heard.
Libby, W.L. 1957. Observations on beaver movements in Alaska. J.
Mammal. 38:269.
A 2-year old male travelled at least 150 miles (242 km)
and probably in excess of 200 miles (322 km), ~ 55 miles (84 km)
of which was against a 10-knot current. Of 122 tagged, 87 were recaptured at same pond, 16 moved less than 1 mile (1.6 km); and 18
moved more than 1 mile (1.6 km), 2 of which moved 6 miles (9.7 km).
Lovett, J.W. 1972. A study of age structure and sex ratios in
beaver colonies in Green County, Georgia. Abstract.
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Proc. Annu. Conf. S.E. Assoc. Game Fish Comm. 26:217.
There was no significant sex ratio differences in kit
and yearling classes. The sex ratio for 2 years old and adult
classes was 13 males to 10 females. The 4 study colonies averaged
6 beavers per colony.
Mills, E.A. 1913. In Beaver World. McCe11and and Goodchild Pub1.,
Toronto. 228 pp.
A general book on the beaver and its habits, based on 27
years of study and observation.
Nash, J.B.

1951. An investigation of some problems of ecology, of
the beaver Castor' canade,r tsis canadensis Kuhl, in northern
Manitoba. ' Prov. Man:, Dept . Mines Nat. Res., Game and
Fish Branch. , 64 pp.
'
Beaver in northern Manitoba ere survlvlng in areas ~f
aspen within spruce habitat, the result of fires~ , and threaten to
reduce tlJeir own habitat 4hrough destruction of this food source :
Parasites and disease do n.o t affect populations, which have been
accelerated through controlled trapping. Bear and wolf are the
main predators, taking about 50% of ' each year's increase. Two
methods of determining carrying capacity of the habitat are, suggested,determination of the number of unoccupied potential sites
and consideration of the pattern of popu1atiorl growth. Several population growth curves are ta1cu1ated.
Neff, D.J.19S4. Notes on role of beavers and fire on forest succession, Nutras-Cha~ez Creek study area. ,Colo. Coop.
,Wi1d1. Res. Unit Quart. 81:7-9.
This is an account of beavers ignoring young aspens to
harvest older,larger on~s at a greater distance from water. Fir~
"was responsible fOr the aspen groves supporting the beaver.
Beavers were probably highly instrumental in speeding the disappearance of the aspen and the return of the climax coniferous forest at
Charez Creek, so it is questioned if felling 1a~ge trees at Nutras
Creek will have any marked effect in prolonging the aspen sub-climax
type.
Neff, D.J.

1955. Relationships of fire and forest succession to
beaver environment on Roaring Fork Creek, Estes Park,
Colorado. Colo. Coop. Wi1d1. Res. Unit Quart. 81:6-22.
,
Evidence from past publications and dendrochronological
analysis of residual trees and stumps indicates that aspen occurrence and regeneration ,is dues in part, to fires which serve to
prepare suitable soil conditions, and reduce competition from coni~ ,
fers, and also to moisture, ~s determined by slope and soil type.
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Neff, D.J.

1957. Ecological effects of beaver habitat abandonment
in the Colorado Rockies. J. Wildl. Manage. 21:81-84.
The particular area studied suffered little erosion damage with abandonment by beavers. Abandoned ponds produced more
grasses and sedges, whereas willow was more prevalent on the occupied ponds. Abandonment means the loss of the aquatic habitat
that is necessary for the survival of trout fishery and the successful breeding of waterfowl .
1959. A seventy-year history of a Colorado beaver colony. J,. Mammal. 40:381-387.
The history of a Colorado colony showed at least two periods of abandonment alternating with periods of reoccupation.
Beaver scars on trees indicated constant occupation for the past
30 years, with four prominent peaks of activity. The ponds suffered no major erosion for other damage for periods up to 60 years.
The colony was deserted in the winter at the time of the study,
because of a shortage of aspen and willow for winter food.
Neff, D.J.

Nixon, C.M. and J . Ely. 1969. Foods eaten by a beaver colony in
Southeast Ohio. Ohio J. Sci. 69:313-319.
Beavers of two colonies cut or barked an average of 245
to 295 stems per beaver for ten months. Preferred species, which
varied between sites, were alder, soft maple, and red elm. Stems
less than 2.0 (5.1 cm) d.b.h. were the most cut and less than 1%
were wasted. Conflicts with humans and fluctuating water levels
limit colony establishment.
11

Northcott, T.H. 1963. An investigation of the factors affecting
carrying capacity of selected areas in Newfoundland for
the beaver, Castor canadensis caeca tor Bangs, 1913. M.S.
Thesis. Memorial Univ., St. John's. 144 pp.
Thesis not seen.
Northcott, T.H. 1971. Feeding habits of beaver in Newfoundland.
Oikos. 22:407-410.
Where aspen occurs, always in small amounts, it is utilized completely. Alders are the most important plants, being the
chief winter food and the major building material. Aquatic vegetation, particularly water lilies, is the major constituent of the
summer diet.
Northcott, T. 1972. Water lilies as beaver food. Oikos 23:408-409.
Water lily roots as potential food supply for beavers were
investigated in central Newfoundland. The geology and topography of
the pond bottom often makes the roots inaccessible to beavers. An
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abundance of lilies does not necessarily imply an abundance of root
food for the beaver.
Novak, M.

1972. The beaver in Ontario. Onto Min. Nat. Resour.
21 pp.
General ecology of the beaver, including its relationship
to man, economic status and management in Ontario.
Novakowski, N.S . . 1969. The influence of vocalization on the behaviour of beaver, Castor canadensis Kuh1. Am. Midl.
Nat. 81:198-204.
In testing the use of vocalization as a means of social
interaction it appeared that sound production had no survival value
to such a secretive animal and that when sound was used it was
initiatedbya visual physical act more associated with their financial and colonial behaviour rather than as a means of social
contro.1. It was found that there was a decrease in frequencies
used with advancing age and age classes could be separated on this
basis.
.
Novakowski, N.S. 1965. Population dynamics of a beaver population
in northern latitudes. Ph.D. Thesis. Univ. of Saskatchewan,
Saskatoon. 154 pp.
Examination of Qeaver populations in the MacKenzie District
of the N.W.T. indicated that climatic and edaphic factors did not
directly influence beaver densities. The beaver populations grew in
sigmoid fashion to saturation density. The presence af a twa year
ald graup in the average ca1any was likely anadaptatian to. high den. sity and the need far larger size, sexual maturity, and langer learning periad priar to. emigratian and calanizatian in narthern latitudes.
Regulated trapping and emigratian maintained the popu1atian in a relatively steady state. Some calanies existed in the winter at belaw
basal level without detriment. An abundance af available faad was nat
reflected in the amount stared.
Novakowski,N.S. 1967. The winter bioenergetics af a beaver papulation in northern latitudes. Can. J. Zaa1. 45:1107-1118.
Foad caches of a beaver papulatian in Waod Buffalo National
Park were analyzed. Despite an unlimited supply afdeciduaus trees,
the caches were nat sufficient far the energy requirements af the
ca10nies, and calculated fram the number and weight af animals in each
ca1any. This indicates that enell'gy deficits are a praduct of the
winter behaviour of the animals and that methods of energy conservation,
such as reduced activity, periods of darmancy, huddling, insulation
from ambient temperatures by lodge construction, and an increase in
fur insulation and fat deposition provide the necessary mechanisms far
survival. Kits and yearlings increased their weight during the winter,
while alder animals did not.

78
OIBrien, F. 1938. A qualitative and quantitative food habit study
of beaver in Maine. M.Sc. Thesis. Univ. of Maine, Orono.
n.p.
Bark peeling and weighing studies indicated that beaver
rarely peel aspen with a diameter greater than 4.5 11 (11.4 cm), that
waste from larger trees amounts to at least 40%, and that a 411
(10.2 cm) diameter tree averages about 18.8 1b (8.5 kg) of food.
It is estimated that two acres (0.8 ha) of poplar would support two
beavers for one year. Feeding studies with captive animals showed
seasonal changes in daily aspen consumption, acceptable foods, and
weight changes on various foods.
Osborn, P.J. 1953. Age classes, reproduction, and sex ratios of
Wyoming beaver. J. Mammal. 34:27-44.
Criteria for age determination were judged by their usefulness. Coefficients of variation were calculated for measurements
and weights of all age classes. Weights, volumes, and size of male
reproductive organs, and position of testes were studied. Data are
also given on the percentage of reproducing females in each age
class, average litter size, number of embryonic resorptions, and
fetal development. Sex ratios were even for all age classes, whereas the fetal ratio was 129 males to 100 females.
Osborn, J.W.

1969.

Dentine hardness and incisor wear in the beaver
Acta Anat. 72:123-132.
In contrast to the lower incisors, the abraded ends of
beaver1s upper incisors have a two-stepped profile owing to soft
and harder dentine layers. The anterior step acts as an anvil
against which the lower incisor bites; the posterior step deflects
food away from the palatal gingiva.
(Castor fiber).

Packard, F.M. 1947. A survey of the beaver population of Rocky
Mountain National Park, Colorado. J. Mammal. 28:219-227.
Besides the beaver survey, this report includes accounts
of beaver dependent on willow rather than aspen and the competitive
effect of deer and elk.
Parrish, W.F., Jr. 1960. Status of the beaver (Castor canadensis)
in Georgia, 1959. M.Sc. Thesis. Univ. of Georgia, Athens.
62 pp.
Absence of clayey soils and steep topography were limiting
factors for beaver populations. The Georgia beaver has a longer
breeding season than other beavers and prefers sweetgum, blue beech,
and loblolly pine. The practicality of steel trapping, dam destruction, and shooting as methods of removal, and methods of live trapping, transporting and releasing beavers were studied.
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Patterson, D. 1950. Beaver-trout relationships. Wisc. Cons.
Bull. 15:9-11.
The purpose of this article was to analyze the result
of the increased beaver populations in Wisconsin on the trout
streams. The author comes to the conclusion that no all-inclusive statements can be made concerning the effects of beaver
ponds on trout water as some may be beneficial, some harmful,
depending on a combination of factors including the number of
dams and the type of stream.
Pearson, A.M. 19.58. A study of the growth and reproduction of
the beaver (Castor canadensis Kuhl.) correl ated wi th
the quality and quantity of some habitat factors.
M.Sc. Thesis. Univ. of British Columbia, Vancouver .
n.p.
The bioenergetics of the beaver are calculated and
the results, combined with qualitative and quantitative measures
of the habitats on the study areas, are used to elucidate the
energy relations of the natural colonies of beaver under study.
These indicated that the condition of a beaver, whether measured
by growth rate, relative growth or reproductive rate accurately
designates the value of its habitat.
Phares, J.H. 1950. A study of beaver i n Amite County, Mississippi.
M.Sc. Thesis . . Louisiana State Univ., Baton Rouge. 98 pp.
Ten beaver colonies were examined and data collected
on width and depth of the streams where colonies were located on
food, the proximity to open fields, the number and size of dams
and lodges, and the number and species of plants utilized. Dams
were found only on small, shallow streams and the average number
of beaver per colony was 1.7. Burrows were the most common form
of habitation constructed by the beaver in the study.
Pilleri, G., M. Gihr, C. Kraus , and O. Bernath. 1975. Vocalization and behaviour of the young beaver Castor canadensis
(Rodentia, castoridae). [In German, English summary].
Rev. Suisse Zool . 82(1):13-26.
The sounds emitted under varying environmental and
situational conditions by a four month old beaver which was imprinted on humans were investigated and analysed. Certain sounds
were significant for specific sit~ations and different sounds
were distinguishable with respecV to duration, frequency, and
FM of different ranges.
Rawley, E.

1954. Additiona1 evidence provided on beaver longevity.
Utah Fish Game Bull. Jan.-Feb.:2-5.
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Evidence is given, by tagging records, of a female
approximately 15 years of age, and a male beaver approximately
fourteen years old.
Roth, A.R.

1938. Mating of beavers. J. Mammal. 19:108.
The act of copulation is briefly described.

Schorger, A.W. 1953. Large Wisconsin beaver. J. Mammal. 34:
260-261.
Reports an 80 lb (36.3 kg) female, an 85 lb (38.6 kg)
male and an 87 lb (39.5 kg) male.
Schramm, D.L. 1968. A field study of beaver behaviour in East
Barnard, Vermont, M.Sc. Thesis. Dartmouth Coll.,
Dartmouth. 83 pp.
This study describes feeding, tree cutting, scent
mound building, tail slapping, mutual grooming, food conflicts,
and play among the beavers of a colony observed 15 months. An
active avoidance by the beavers of each other when outside the
lodge or burrows may have been responsible for their total lack
of cooperation. The nature of their habitat, dependence of
young on adults, mutual grooming, play, vocalizations, olfactory
stimuli and huddling appear to be the factors involved in keeping
them together. Survival groups are given, and a scheme is proposed for the evolution of the beaver'ssocial system.
Schults,

v.

1959. Status of the beaver and otter in Tennessee.
J. Tenn. Acad. Sci. 34:73-81.
The local distribution of beaver and otter in Tennessee
is given with reference to verified sightings of these animals.

Shadle, A.R. 1930. An unusual case of parturition in a beaver.
J. Mammal. 11 :483-485.
A beaver dropped six kits over a period of 68-72 hours.
Shadle, A.R. 1954. Size of wood cuttings handled by beavers.
Am. Midl. Nat. 52:510-512.
This study was concerned with obtaining a representative
sample of the larger diameters and the longer lengths of the cuttings handled by beavers in their dam and lodge construction. Of
140 beaver cuttings 74 per cent fell within the 2.25 in (5.7 cm)
to 3.75 in (9.5 cm) diameters and the average length for these
diameters ranged from 84.4 in (214 . 4 cm) to 68.0 (172.7 cm) long.
The study showed that with an increase in diameter the pieces cut
by the beaver show a corresponding decrease in length.
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Shadle, A.R., and T.S. Austin. 1939. Fifteen months of beaver
work at Alleghany State Park, N.Y. J. Mammal. 20:
299-303.
In one year, 2 adult beavers cut 116 trees, built 2
dams a total of 705 ft (215 m) long, and constructed a house
with a volume of 472 cu ft (13.4 m3). In 8 months, 2 adults
and 2 kits cut an additional 150 trees, built 150 more feet
(45.7m) of dam and raised a long dam 6 in (15 cm), increased the
house volume to 940 cu ft (26.6 m3) and collected and stored
a winter's supply of branches 30' x 8' X 3' (9.1 m x 2.4 m x
0.9 m). Of the trees cut 71% were poplar and 9% ironwood, the
order of preference being poplarJwillow, shadbush, ironwood,
and pincherry. Loss of trees from improper felling was 2.3%.
Shadle, A.R., A.M. Nauth, E.C. Gese, and T.S. Austin. 1943.
Comparison of tree cuttings of six beaver colonies
in Allegany State Park, New York. J. Mammal. 24:
32-39.
Six beaver colonies cut 5,424 trees in 15 years and
2 months, a total of 17 genera. Populus and Carpinus furnished
56;9% of total cuttings. As the depletion of the preferred
g.enera progressed, the gradual sh ift to the 1ess des i rab 1e
genera was evident. Tsuga was a food source. Approximately
one and a half per cent of felled trees were wasted. About
three quarters of the trees cut were under 3 in (7.6 em) in dia~
meter, while only 7. 6% were 6 in (5.2 cm) or more in diameter.
Shelton, P.C. 1966. Ecological studies of beavers, wolves and
moose . in Isle RoyalN.a tional Park, Michigan. Ph.D.
Thesis. Purdue Univ., Lafayette. 33 pp.
Aerial and ground reconnaisanee revealed 140 active
beaver colonies, and live-trapping at 31 of these showed the
average number of beaver per colony to be 6.4, therefore indicating a total population of approximately 900 animals. Kits
comprised 40% of the summer population and juvenile mortality
was low until the beavers' third year. The animals feeding on
white birch were slightly smaller and grew more slowly than
those eating aspen or aquatic plants. As available aspen decreased, through moose browsing and competition with conifer,
efficiency of its use increased. Approximately 15% of wolf
scats contained beaver remains. As aspen is cut further from
water, increased loss of beavers to wolf predation may more than
balance their productivity.
Solov'er, V.A.

1964.

Notes on the biology of the beaver (Castor
(Transl. from Russian). Uch
Zap Kaliniskii Gos Pedagog Inst. 31 :123-135. Ref. Zh.
Biol., 1965, No. 71253.

fiber) in Kal inin 'Oblast.
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Evidence is presented of beaver eating large numbers
of birch despite the availability of willow and aspen, and with
no apparent reproductive loss. The settlement of regions with
insignificant reserves of the trees and shrubs eaten by beavers
most likely proceeds according to the degree of population growth
and utilization of those regions rich in trees and shrubs.
Soper, J.D. 1937. Notes on the beavers of Wood Buffalo Park,
Alberta. J. Mammal. 18:1-13.
Describes where beaver can be found in this park, their
lodge construction and feeding behaviour, and Indian trapping
techniques. An estimate was made at 1500 beavers for the park
and opportunities for population expansion still existed.
Stegeman, L.C. 1954. The production of aspen and its utilization
by beaver in the Huntington Forest. J. Wildl. Manage.
18:348-358.
Calculations include average annual rate of growth and
amount of utilizable beaver food per acre. Degree of utilization
of aspen by beaver decreases from 97.8% for the 111 (2.5 cm) diameter class to 64.4% in 8" (20.3 cm) and larger diameter classes
Management procedures and costs for aspen production for beaver
are given.
Stephenson, A.B. 1969. Temperatures within a beaver lodge in
wi nter. J. r~amma 1. 50: 134-136.
Despite low and fluctuating external temperatures,
beavers can maintain a relatively stable environmental temperature
within their lodge. Small temperature changes occur when there is
insufficient snow cover to insulate the lodge during extended
cold periods and as a result of diurnal activity patterns.
Symington, D.F., and R.A. Ruttan. 1976. Beaver in Saskatchewan.
Sask. Dept. Nat. Resour. Cons. Bull. 1. 17 pp.
The history of the beaver resource in Saskatchewan is
given, as is a general life history of the beaver and its relationship to the environment, and a discussion of management of beaver
populations in Saskatchewan.
Tevis, L. Jr. 1950. Summer behaviour of a family of beavers in
New York State. J. Mammal. 31 :40-65.
Discussion includes kin~s of dives, vocalizations, times
of various activities, important foods, foraging behaviour, attentions to a man-made dam, relationship with muskrats, reactions to
weather, kit behaviour and social behaviour.
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Thigpen, T.O. 1950. A study of beaver in Louisiana. M.S.
Thesis. Louisiana State Univ., Baton Rouge. 168 pp.
A total of 33 species of trees, shrubs, and vines
were found to be utilized as food by the beaver in the areas
examined. Crop damage was found to be exaggerated and damage
due to inundation was small in relation to the size of the area
investigated.
Townsend, J.E. 1953. Beaver ecology in western Montana with
special reference to movement. J. Mammal. 34:459-479.
Beavers were live-trapped, marked, sexed and aged, and
their activities recorded according to structures, plant cut~
tings, and seats. Yearling movement was indicated, adult males
were found to make considerable summer movements, and breeding
females showed relatively little movement. The numerical population, and sex and age composition of colonies were subject to
both seasonal and yearly changes, the potentially ultimate or
.maximum colony consisting of a successful female, kits, yearlings,
and possibly an adult male in late summer, fall, and winter.
Vses Nauch-Iss1ed Inst. Zhivotn. Syrlya Pushniny. 1969. Problems of the ecology of commercially hunted animals.
(Transl. from Russian) . Moscow. Sb. Tr. Vses. NauchIss1ed Inst. Zhivotn Syrlzya Pushniny 22:1-326. Ref.
Zh. Biol. 1969 No. 71597.
This collection contains a paper on the interrelation
between the mink and the beaver.
Vses

Inst. Zhirotri Syrlya Pushniny. 1969. Hunting
furs; and wild game. (Trans1. from Russian). Sb.
Nauch. Tekh wnform Vses Nauch- Iss1ed Inst. Zhirotn
Syrlya Pushniny 25:1-96. Ref. Zh. Bio1. 1970, No.
71739.
Includes a paper on the reproduction and population size
of beavers.
Na~ch-Issled

Warren, E.R. 1926. A study of the beaver in the Yancey Region
of Yellowstone National Park. Roosevelt Wild. Ann.
1 : 13-191 .
/
Observations are made on the relations of beaver topography and stream flow; their eng;i neering work; behaviour; relations to other animals; feeding habits; size, age and growth of
food trees; and numbers of beaver in relation to food supply.
Warren, E.R. 1927. The beaver, its work, and its ways.
Williams and Wilkins Co., Baltimore. 177 pp.

The
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General text including description, ancestry, construction, food habits, intelligence, breeding, beaver meadows, locomotion, predation, disease, parasites, communication and economics.
Warren, E.R. 1932. The abandonment and reoccupation of pond
sites by beavers. J. Mammal. 13:343-346.
A description of events taking place over 13 years
along a stream as observed periodically, showing that beavers
may occupy, abandon, and reoccupy a site at varying intervals.
Warren, E.R. 1940. A beaver's food requirements. J. Mammal.
21 :93.
A ton (0.9 tonne) of aspen was required for one beaver.
supposedly for food alone.
Wilkinson, P.M. 1962. A life history study of the beaver in
east-central Alabama. M.Sc. Thesis. Auburn Univ .•
Auburn. 76 pp.
Sex ratios were 180:100 male to female for total
specimens , 132:100 for kits and yearlings combined. and 87:
100 for 2 year-olds and adults all together. Age composition
was 16% kits, 18% yearlings. 24% 2-year olds, and 42 % adults.
Wilsson , L. 1971. Observations and experiments on the ethology
of the European beaver (Castor fiber L.): A study in
the development of phylogenetically adapted behaviour
in a highly specialized mammal. Viltrevy 8:117-260.
This study is a wide, preliminary survey of the behaviour of the beaver and an attempt to illustrate the extent
to which the development of the different items of behaviour
is stable under changed environmental conditions. The behaviour
of wild beavers was observed in enclosures and terraria as well
as in the wild while young beavers were captured and reared in
isolation from older beavers and from different kinds of environmental factors. Experiments were made comparing behaviour
in the wild and isolated beaver. Grooming, feeding behaviour,
lodge and dam building, territorial behaviour, communication and
maternal behaviour are all discussed in depth. The roles of
phylogenetical co-ordination and learning in the phylogenetically
adapted behaviour of the beaver are discussed. A hypothesis is
developed for the phylogeny of building behaviour.
Zharkov, V., and V.E. Sokolov. 1967. The European beaver (Castor
fiber Linnaeus, 1758) in the U.S.S.R. [In Russian,
English and Polish summaries]. Acta Theriol 12:27-45.
Data are given on the beavers habitat, feedinq behaviour, reproduction, annual increase, enemies, and parasites in the
U.S.S.R.
I
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3.2

PHYSIOLOGY

Aleksiuk, M.

1968.

The metabolic adaptation of the beaver

(Castor canadensis Kuhl) to the Arctic energy regime.

Ph.D. Thesis. Univ. British Columbia, Vancouver.
123 pp.
It was concluded from data on summer and winter growth,
weights of thyroid gland, and fat deposition, maintenance, and
mobilization that metabolic energy expenditure for the beaver is
high during the summer and low during the winter . It was shown
that this annual pattern is an inherent property of the beaver
at northern latitudes, through comparison to a California beaver.
Light intensity appeared to be the controlling environmental
factor.
Aleksiuk, M., and 1. Mcr. Cowan. 1969a. Aspects of seasonal
energy expenditure in the beaver (Castor canadensis
Kuhl)at the northern limit of its distribution. Can.
J. Zool. 47:471-481.
In the Mackenzie Delta, growth of beavers was found to
be rapid in summer .but absent in winter. A winter weight loss
characterized immature animals. Fat which was deposited in the
autumn was usually mobilized in the spring not the winter.
Thyroid gland weights were higher in the summer than winter. It
was concluded that northern beaver have a pattern of energy expenditure which is high in summer and low in winter on adaptation
to environmental energy availability.
Aleksiuk, M., and 1. McT. Cowan. 1969b. The winter metabolic
depression in Arctic beavers (Castor canadensis Kuhl)
with comparisons to California beavers. Can. J. Zool.
47:965-979.
Arcti c beavers showed an inherent growth ce's sati on, a
40% reduction in food intake, and a depression in the 131PBI
conversion ratio during winter, apparently induced by decreasing
light intensity in the autumn. The metabolic depression, reversed by exposure to light, is characterized by an absence of
growth, low thyroid activity, iow food intake, a normal body
temperature, and possibly a peripheral control of activity.
California beavers under Vancouver climatic conditions showed no
major seasonal changes.
Aleksiuk, M. 1970.· The function of the tail as a fat storage
depot in the beaver (Castor canadensis). J. Mammal .
s1 :145-148.
Analysis of the fat content and volume of the tails of
beavers collected over 3 seasons determined that both percentage
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fat and volume fluctuate with the seasons - low and small in
spring, increasing over summer and autumn and high and large in
early winter. It is suggested that the tail increases in volume
only after the fat content of the tissue has reached approximately
50%, a point near its maximum, and thus the tail swells to accommodate fat reserves after the tissue is saturated.
Bovet, J., and E.F. Oertli. 1974. Free-running circadian activity rhythms in free-living beaver (Castor canadensis).
J. Compo Physiol. 92:1-10.
The members of a beaver family studied under natural
conditions in southwest Alberta displayed a free-running circadian rhythm of activity with a period length of about 27 hours
in winter, at ~ time when they were living under ice and had no
access to land. In summer the period length of their activity
rhythm was close to 24 hours.
Brenner, F.J. 1964. Reproduction of the beaver in Crawford
County, Pennsylvania. J. Wildl. Manage. 28:743-747.
Data were collected on ~eight, pelt size, and reproductive tracts of beavers to determine sexual maturity (2 years),
average number of embryos per pregnant female (5.5), potential
litter size before resorption (5.04), percentage of the females
in which resorption took place (16.7), and length of breeding
season (January - February).
Clausen, G., and A. Ersland. 1968. The respiratory properties of
the blood of two diving rodents, the beaver and the
water vole. Resp. Physiol. 5:350-359.
Haemoglobin 02 and C02 dissociation curves were constructed, and buffering capacity measured. The respiratory properties of the blood in these species do not reflect any significant adaptation to the hyoxia and hypercapnia associated with
diving.
Coutu, D.J. 1961. A study of the reproductive rate of beaver in
Maine. M.S. Thesis. Univ. of Maine, Orono. 61 pp.
A comparison of the number of placental scars in female
beaver in Maine in 1959-1960 to the numbers in 1947-50 showed
that the reproductive rate in Maine beaver had not changed statistical1~~n that decade.
Barre~ uteri constituted 39.2 per cent
of the total sample and it was hypothesized that this could be
due to either the difficulty of separating sub-adult females from
non-breeding adult females or due to the scarcity of breeding
males because of heavy trapping.
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Currier, A.A. 1958. A preliminary study of cellulose digestion
in the beaver (Castor canadensis). M.Sc. Thesis.
Univ. British Columbia, Vancouver. n.p.
Cellulose digestion takes plac@ on the surface of the
food particles as demonstrated by the erosion of the surface of
cellulose paper in artificial ceca. It varies from 0 to 43%,
as influenced by diet and health of the beaver. Although the
digestible energy from cellulose appears insignificant, this compound unquestionably contributes to the energy available from
food material ingested. Cellulolytic bacteria could not be cultured from the beaver caecum.
deRoos, R.M. 1958 . . The reproductive cycle of the beaver. M.S.
Thesis. Utah State Univ., Logan. 61 pp.
Thii workel~cidates some of the major features of the
reproductive cycle of the beaver (including age of sexual matur..;,
ity, time and number of ovulations and the effects of heavy trapping) based on a study of 247 beaver trapped in Coche County, Utah.
Doboszynska, T. 1976. A method for collecting and staining vaginal smears from th~ beaver. Acta Therio1~ 21:299-306.
A description is given of a technique for efficient
co11ection ·of vaginal secretions adapted to the anatomical structure of the terminal part of the genital system in the female
beaver, and of a method for fixing and selective staining of vagina1 smears.
Doboszynska.T., and W. Zurowski. 1977. Vaginal smears during a
sexual cycle of the beaver. Acta Theriol. 22:153-155.
Stained smears were used to determine proestrus, estrus,
and metaestrus. A pregnancy diagnosis on the basis of smears is
possible in the second half of the pregnancy but may not be completely valid.
.
Hodgdon, K.W. 1949. Productivity data from placental
beavers. J. Wildl. Manage. 13:412-414.
An average of 3.95 placental scars was found
pregnant females. In 3 litter and 8 embryo counts the
number of young was 3.55. Placental scars persist for
year.
Hoover, W.H., and S.D. Clarke. ' .1972. Fiber digestion
beaver. J. Nutr. 102:9-15.
Average cell ul ose di gest ion was estimated at
protein at 44%. Total volatile fatty acid levels were
in the cecum and upper colon, proportions in the cecum
66% acetic, 12% propionic, and 20% butyric acid.
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Leege, T.A., and R.M. Williams. 1967. Beaver productivity in
Idaho. J. Wildl. Manage. 31 :326-332.
Data on the productivity of beavers, including sex and
age ratios, litter size, and rate of pregnancy, were gathered
from live trapping and fur-trapping operations over two periods
of time. The percentage of reproducing females dropped in the
interval, possibly due to increased disturbance of colonies
from accelerated trapping. Males out-numbered females when young,
the reverse was true among adults. The belief that beavers
leave their home colony when 2 yr old is supported.
McKean, T., and C. Carl ton. 1977 . Oxygen storage in beavers.
J. Appl. Physiol. 42:545-547.
Total lung capacity of 10 beavers was 60.5±4.8 mg/kg,
Hb count was 12.4±1.5 g/lOO ml, blood volume was 6.5±0.8% body
mass, and myoglobin count was 1.. 2±0.3 g/lOO mg. Even though
the beaver is a good diver (15 min submersion time), its 02
stores are not large and are about 1/3 the stores of a good
marine diver, the harbour seal.
Messelt, E.B., and A.S . Blix. 1976. The LDH of the frequently
asphyxiated beaver (Castor fiber). Compo Biochem.
Physiol. B. Compo Biochem. 53:77-80.
The LDH enzyme from brain, heart, and skeletal muscle
of the European beaver was characterized by total activity,
isoenzyme pattern and compared to results obtained from domestic
sheep. The results document the existence of biochemical adaptations which may assist the physiological defense mechanisms
against hypoxia during prolonged dives.
Nasset, LS.

1953.

Gastric secretion in the beaver (Castor
J. Mammal. 34:204-209.
Gastric contents contained HCl and pepsin, and no reducing substance from cellulose substrates. The "cardiac gland"
on the lesser curvature of the stomach contains secreting tubules partially lined with parietal cells. The ceca examined
contained many roundworms and it is hypothesized that these may
digest the cellulose.
canadensis).

Potvin, C.L., and J. Bovet. 1975. Annual cycle of patterns of
activity rhythms in beaver colonies (Castor canadensis).
J. Compo Physiol. 98:243-256.
Beaver colonies studied near Quebec City had a freerunning circadian rhythm of period length 26~ to 28 hr in winter
depending on available light intensity according to ice and snow
cover conditions, and a "normal" 24 hr rhythm in summer. Transitions between these two patterns suggest that annual variation in
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the beaver's physiological state affect their reaction towards
the presence or absence of Zeitgeber.
Provost, E.E. 1962. Morphological characteristics of the beaver
ovary. J. Wildl. Manage. 26:272-278.
The discrepancy between numbers of corporalutea and
fetuses requires establishment of a factor, here called IIparturition frequencyll, for estimating population increments from
ovarian structures. This statistic is defined as the number of
viable young per 100 corpora lutea in the population sampled,
and is measured 'by fetal counts made close to term.
Simon, J.R., and R.C. Brown. 1948. Castors and castoreum.
Wyoming Wi 1dl. 12: 14-16.
Description of the castors of beavers, with a photograph
of a dissection showing their location and the use of castoreum.
Stephenson, A.B. 1954. Preliminary studies on growth, nutrition,
and blood chemistry of beavers. M.S. Thesis. Univ.
British Columbia, Vancouver. n.p.
Growth rates, relative rates of gain for different
body components, caloric requirements necessary for maintenance,
the digestibility and time of food passage of the ration and
IInormalll values for 25 different blood constituents were determined. These studies indicated that the beaver has a relatively
fast growth rate and has the ability to efficiently utilize foods
high in fiber content. Minor physiological adaptations to its
semi -aquat 'lc type of life were also indicated .
Thomas, G.M. 1943. Delayed parturition in beaver. Wyo. Wildl.
8:17-18.
Normal period of parturition in beaver is from the end
of April until June; this is an account of kits born at the beginning of November.
Zurowski, W., and T. Doboszynska. 1975. Super-foetation in
European beaver. Acta Theriol. 20:97-104.
Histological analyses of ovaries and of the reproductive
tract of 6 beaver, as well as vaginal smears, revealed a high
activity of ovaries during pregnancy. Kits differing in size and
the degree of hairiness have been observed in 2 abnormal litters
of 2 females, one of whose ovaries contained corpora lutea at different stages of development.
Zurowski, W., J. Kisza, A. Kruk, and A. Roskosz. 1974. Lactation
and chemical composition of milk of the European beaver
(Castor fiber L.). J. Mammal. 55:847-850.
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Suckling behaviour of kits is described and the chemical composition of the milk given for different days in the 90day lactation period. Dry matter, fat, and protein contents are
unusually high in the beaver.
3.3

MORTALITY FACTORS

Addison, E.M. 1973. Life cycle of DipetaLonema sprenti Anderson
(Nematoda: Filarioidea) of beaver (Castor canadensis).
Can. J. Zool. 51 :403-416.
The lire cycle of this parasite, which is transmitted
by mosquitos within beaver lodges or dens, is traced. Adults
occur mainly in the peritoneal cavity.
1973. Trapping Guide. Commercial Fish & Fur Branch,
Division of Fish &Wildlife, Onto Min. Nat. Resour.
A preliminary publication preceding a more complete
trapping manual. Strictly diagrams, indicating trap set-ups,
no details as to acquisitions of materials, costs, etc. Future
manual will i nc l ude pelt preparation, biology and management.
Anonymous.

Anonymous.

1977 . Alberta Trapping Guide. [In English and Cree].
Alberta Recreation, Parks and Wildl., Fish and Wildl.
Div . 55 pp.
Diagrams and simple instructions for proven humane
traps for furbearers.

Borodina, M. N. 1966. Experience in the use of morphometric
parameters to estimate the composition of the Mokshi
River beaver population. (Trans1. from Russian). Tr.
Mord. Gos. Zaporednika. 3:39-54. Ref. Zh. Bio1. 1968,
No. 101541.
A difference in weight of beavers is explained by differences in the rate of exploitation of the populations. The
females from underhunted populations were heavier than the males
by 0.81 kg . Data are given on the size of the beavers which is
related to their weight and the extent to which the populations
has become assimilated .
Brakhage, G.K. 1952. Rabies in beaver. J. Wildl. Manage. 16:
226.
The first reported case of an incidence of rabies infection in a male beaver.
I

Brenner, F.J. 1970. Observations of the helminth parasites in
beavers. J . Mammal . 51 :171-173 .
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Correlations were determined among the age of the
beaver, size and weight of the parasite population, and number
of eggs in the feces of the beaver for Stichorchis suhtriquetrus,
Travassosius americanus, and Castor- strongyZus castoris.
Cook, A. H.

1940 . Screwworms infest beaver in Texas. J. Mammal.
21 :93 .
Screwworm infestations were found where there was a
high concentration of beavers; the fighting thus stimulated left
wounds in which the fly could deposit its eggs. Apparently the
beavers did not submerge the infected parts long enough to drown
the larvae.
deVos, A.,A.T. Cringan, J.K . Reynolds, and H.G. Lumsden. 1959.
Biological investigations of traplines in northern
Ontario, 1951-56. Tech ; Bull., Ontario Dept. Lands
For., Wi1d1. Ser. 8. · 62 DO .
Among conclusions drawn for other fur-bearers was
that a discontinuation of trapping operations for 3 years results
in a repopulation by be.avers approaching conditions existing before trapping operations began .
Erickson, A.B. 1944 . Parasites of beaver. Am. Midl. Nat. 31:
625.;630.
A review of the literature of animal parasites of the
beaver is given, and the forms known to infect the beaver listed.
Percentages of infection of 140 Minnesota-trapped beavers by four
.
species of helminths are given.
Erickson, A.B. 1949. Hie fungus (HapZosporangiwn 1?arvwn) in
the lungs of the beaver (Castor canadensis). J. Wild1.
Manage . 1~ : 419-420 .
A descriptibn of this fungus is made, with photographs.
Ernst, J.V., W.L. Cooper, and M.J. Frydendall. 1970 . Eimeria
sprehni Yakimoff, 1934, and E. causeyi sp.n. (Protozoa:
Eimeriidae) from the Canadian beaver, Castor canadensis .
J . Parasito1 . 56:30-31.
Oocysts and sporocysts of these parasites are described.
Hop1a, C.E. 1974. The eco1ogy of tularemia in Advances in Veterinary Science and Comparative MedTCine. 18:25-53 .
U.S. Academic Press, New York.
This article covers all the information known about
tularemia including its history, classification, distribution and
reservoirs in nature.
1
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Jellison, W.L., G.M. Kohls, W.J. Butler, and J.A. Weaver. 1942.
Epizootic tularemia in the beaver, Castor canadensis
and the contamination of stream water with Pasteurella
tularensis. Am. J. Hyg. 36:168-182.
Field and laboratory studies are reported of an epizootic in beavers that affected numerous Montana streams over a
7 month peri od. Pasteurella tulal'ensis was recovered from the
tissues of dead beavers from 7 of the 8 'areas involved. The
facts that in the region concerned beavers are not known to harbour ticks, fleas or other blood sucking arthropods and that
most of the deaths occurred at the season of the year when blood
sucking diptera were inactive suggested the improbability of
arthropod transmission. The tissues of 6 dead field mice
(Microtus pennsylvanicus) proved to be infected with tularemia
and all of these animals lived in close proximity to the infected
streams.
Johnson, D.R., and D.H. Chance. 1974. Presettlement overharvest
of upper Columbia River beaver populations. Can. J.
Zool. 52:1519-1521.
The population of juveniles increased in harvests from
exploited populations because of changes in age structure, reduced trappability of the older age groups, or both of these factors.
Joyner, R.L. 1970. The helminth fauna of the beaver in western
Maryland. M.S. Thesis. Va. Poly tech. Instit., Blacksburg.
59 pp.
Thesis not seen.
Knudsen, G.J. 1953a. Beavier die-off. Wisc. Conserv. Bull.
18:20-23.
In the winter of 1951-52, it was estimated that as many
beaver were lost to a tularemia-like disease as were trapped
during that season - 10,000 to 15,000 beaver. The failure to
isolate tularemia organism may mean that it did not cause the
deaths or that the organism was killed by the bacteria of decomposition. The symptoms of tularemia in animals and man, and the
success of treatments are discussed.
Knudsen, G.J. 1953b. Beaver disease studies. State of Wisconsin,
Project No. 15-R. Job. i No. V-A.
A brief summary of known beaver diseases is given and speculation made as to secondary hosts for a tularemia-like disease
that occurred in Wisconsin.
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Kofoid, C.A., and J.T. Park. 1937. A new trematode, Paramphistomum
cas tori sp. nov., from Castor canadensis baileyi nelson,
from Mary's River, Nevada. Univ. of Calif. Publ. in
Zool. 41 :419-422.
A new trematode from the caecum and large intestine
of the American beaver in Mary's River, Nevada is described.
Kok, N.J.J., F.S. Lukoschus, and F.V. Clulow. 1970. Psorobia
castoris spec. nov. (Acarina: Psorergatidae), a new
itch mite from the beaver, Castor canadensis. Can. J.
Zool. 48:1419-1423.
P. castoris parasite in the epithelium of the external
ear of the beaver is described and figured in detail. Marks
distinctive to other species of the genus are tabulated.
Langford, E.V. 1954. An outbreak of tularemia in beaver and
muskrat in Waterton Lakes National Park, Alberta.
Can~ J. Compo Med. 18:28-30.
A disease killing beaver and muskrats in Waterton Lakes
National Park during the winter of 1952-53 was found to be tularemia. Pasteurella tularensis was found in 2 of 10 stream water
samples.
Labzoffsky, N.A., andJ.A.F. Sprent. 1952. Tularemia among
beaver and muskrat in Ontario. Can.J. Med. Sci. 30:
250-255.
During a 1949-51 epizootic of unknown etiology in
northern Ontario, 6 beavers, 4 beaver livers and 1 muskrat were
examined. Pasteurella tularensis was isolated from five beavers
and the muskrat. Tularemia is apparently geographically widespread in Ontario among these species as the positive specimens
were obtained from widely separate areas of northern Ontario.
Lawrence, W.H., L.D. Fay, and S.A. Graham. 1956. A report on
the beaver die-off in Michigan. J. Wildl. Manage. 20:
184-187.
A description of a tularemia epizootic from Michigan's
Upper Peninsula. Field evidence is suggestive that the tick
Ixodes banksi may be involved in the transmission of tularemia.
Meszaros, J., and F. Kemenes.

1973.

Hepatitis induced by

Capillaria hepatica in ~ beaver (Castor fiber).

[In
German, English summary]. Parasitol. Hung. 6:33-40.
In association with tissue destruction and infiltration
by inflammatory cells of hepatic parenchyma, larvae and adults as
well as fibrously encapsulated masses of eggs of the nematode
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C. hepatica were demonstrated in the liver of a 2 yr old

beaver.

Murray, D.F. 1961. Some factors affecting the production and
harvest of beaver in the upper Tanana River, Alaska.
M.Sc. Thesis. Univ. of Alaska, Fairbanks. 103 pp.
This project was initiated to determine the factors
affecting the production and harvest of beaver in the upper
Tanana River Valley. The beaver harvest was found to be governed by trapping interest and this is depressed by catch limits
and poor fur prices and stimulated by large limits with good
prices. Analysis of the aerial counts showed that the distribution Of the beaver is dependent upon the quality of thehabitat, and that the concentrated trapping around the villages
has not had detrimental effects upon the beaver population .
Parker, R.R., E.A. Steinhaus, G.M. Kohls~ and W.L . Jellison.
1951 . Conta.mination of natural waters and mud with
PasteureUa tularensis and tuTaremia in beavers and
muskrats in the Northwestern United States. National
Inst. Health. Bull. No. 193. Rocky Mtn. Lab.,
Hamilton, Montana. 61 pp. (also 1943 J. Bacteriol.
45: 56-57).
Results and data gained from field observations and
laboratory experiments indicate that water and mud contamination,
and the occurrence of tularemia in muskrats and beavers are
widespread phenomena in the N.W. States. Present information
suggests that the factors ,governing persistence are present not
in land-frequenting animals, but in the mud and/or water. It is
suggested that the organism multiplies in the water-mud medium.
Parsons, G.R. 1975. Effect of a 4-year closure of the trapping
season for beaver in eastern Warren County, New York.
N.Y. Fish Game J. 22:57-61.
Data were gathered from this study chiefly by aerial
censuses of beaver colonies during the fall. The results demonstrated that the beaver population increased during the four years
it was afforded protection from trapping. On the other hand,
it decreased significantly after only one seasci~ of open trapping.
.
Romashov, V.A·. 1973. Discovery of Cysticercus tenuicoUis in
the European beaver. [In Russian, English summary].
Parazitologiya 7:294-295.
A description of the larva of Taenia hydatigena
found on the mesentery of an adult beaver is given.
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Rutherford, W. H. 1953. Effects of a summer f1 ash flood upon
a beaver population. J. Mammal. 34:261-262.
A 12-hr summer flood with a 10,000 cu ft/sec (283
m3/sec) flow destroyed seven dams, two lodges, and five freshcutting areas. The following spring, beavers were rebuilding.
Safanov, V.G. 1964. Results from experimental trapping of
beavers for t~eir pelts. (Transl. from Russian).
Sb. Nauch-Tekh. Inform. Vses Nauch-Iss1ed. Inst.
Zirotn. Syrlya Pushniny 10:42-51. Ref. Zh. Biol.;
1965, No. 11252.
Tests proved successful for uncamouflaged traps,
baited with aspen sunk in a solid paling of pointed sticks
near the banks under the ice. Openings in the paling for
setting traps were left in places where it was most likely
beaver would pass through. The length of the paling did not
exceed 200 cm and traps were set at a depth of 30-40 cm.
Safanov, V.G. 1969. EXperience from a fixed-station study of
the effect of taking beavers on the condition of the
colony. (Trans1. from Russian). Tr. Kirov. Se1
skokhoz. Inst. 21:16-28. Ref. Zh. Biol., 1970,
No. 71748.
Hunting the sarna small tract even for 2-3 seasons
in a row and taking an average of 12% of the animals annually
did not lead to colony decomposition or reduced beaver populations, provided there was an influx of individuals from adjoining areas more heavily populated with beavers. However, it
'displaced breeding animals, decreased the number of large
beavers, and increased the number of small ones. Intensive
hunting resulted in a sharp decrease in population size. A
year of taking 40-60% of the beavers, followed by a 2-4 year
ban on hunting, is suggested.
1-

Scott, J.W. 1940. Winter kill in beaver. J. Mammal. 21:
462.
It was concluded that six beavers, discovered in May
had died under the ice from suffocation the previous winter.
There was no evidence of disease. A shallow pond with high
elevation and little runoff, a winter with little snowfall,
and the fact that there were no survivors indicates that the
pond froze solid.
Shannon, J., and M. Novak. 1972. Survey of trapping techniques
and trap efficiency. Onto Min. Nat. Resour. 3 pp.
A review of the Ontario governments reaction to
trapping with actual statistics, alternatives available and
action taken.
1
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Sileo, L., and N.C. Palmer. 1973. Probable cutaneous protothecosis in a beaver. J. Wildl. Dis. 9:320-322.
Lesions in the pelt of a beaver contained organisms
which were probably members of the genus Prototheca.
Smith, H.J., and R.M. Archibald. 1967. On the incidence of gastrointestinal parasites in Nova Scotia beaver. Can.
J. Zool. 45:659-661.
The nematode Travassosius americanus~ and the trematodes Stichorchis subtriquetrus~ Stephanoproraoides Zawi~ and
Echinostomum armigerum were the only parasites recovered from
132 g.i. tracts of beaver in U.S., the first 2 having a high
prevalence.
Stenlund, M.H. 1953. Report of Minnesota beaver die-off, 19511952. J. Wildl. Manage. 17:376-377.
What appeared to be tularemia killed a great number of
beaver in Minnesota and Ontario in the early 150 s but the organism was never isolated.
l

Zimmerman, W.J., and LO. Hubbard. 1969. Trichiniasis in wild·l ife in Iowa. Am. J. Epidemiol. 90:84-92.
Prevalences of less than 5.0% were found in beaver
among 15 species of native Iowa wildlife. Possible sources of
infection for wildlife and the possible role of wildlife as
reservoir species in the overall trichiniasis problem in the
U.S. are discussed.
3.4

ENVIRONMENTAL QUALITY

Bates, J.W. 1973. Effects of beaver on stream flow and water
qual ity. M.Sc. Thesis. Utah State Univ., Logan.
87 pp.
Analysis of stream flow data indicated that beaver do
not significantly affect the consumptive use of water by plants
through building dams, changing the vegetative type or through
altering their micro-habitat. The beaver through their activities added turbidity to the water but the turbidity never exceeded 10 ppm. The chemical analyses of the water did not indicate any appreciable influence on water quality as a result
of beaver activity. Beaver exert an influence on the composition of native vegetation by altering the micro-habitat, changing
the physiographic characteristics of the area, and changing soil
moisture conditions.
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Hill, E.P., and J.W. Lovett. 1975. Pesticide residues in beaver
and ri ver otter from Alabama. Proc. Annu. Conf. S. E.
Assoc. Game Fish Comm. 29: 365-369.
Tissue samples from beaver and river otter taken by
trappers mostly from southeastern Alabama during January-March
1973 and 1974 were subjected to pesticide residue analysis.
Residues found were Mirex, p.p' DDT, p,p' DOE, p,p' DOD,
Heptachlor epoxide, Endrin, Dieldrin, Toxaphene and PCB as Aroc1or
1260. Composite samples of beaver from the Chattahoochee River
contained 31 times more total residues than composite samples
from other areas.
Hodkinson, 1.0. 1975a. Energy flow and organic matter decomposition· in an abandoned beaver pond ecosystem.
Oeco1ogia (Ber1.) 21: 131-139.
Input-output parameters were measured for a spring
feed pond in Alberta. The yearly energy budget indicated that
allochthonous energy inputs were much greater than autochthonous
inputs, but the former was highly refractive and rapidly became
locked up i·n the sediments. Of the total yearly energy input,
"18% was exported, 26% respired (low compared to others), and 56%
accumulated in the sediments. The annual mean sediment respirationrate was 8.4 m1/m2/hr (normal) and the photosynthesisrespiration ratio was 0.81 (high). The beaver pond is a highly
accretive heterotrophic ecosystem.
Hodkinson, 1.0. 1975b. Community analysis of the benthic insect
fauna of an abandoned beaver pond. J. Anim. Ecol . 44:
533-549.
The insect fauna of beaver ponds differs markedly from
that of streams, lakes and rivers. Larvae of the Diptera,
especially Tipulidae, are the major faunal components while the
Chironomidae are poorly represented.
Ives, R.l.

1942. The beaver-meadow complex. J. Geomorph. 5:
191-203.
Interrelations of beaver work, sedimentation, and plant
growth are described, and the apparent relations of the beavermeadow complex to other valley features are briefly discussed.
Keiper, R.R.1966. The distribution and faunal succession of the
macroscopic bottom fauna in three different aged beaver
ponds. M.Sc. Thesis. Hniv. Massachusetts, Amherst.
96 pp.
As a pond aged, it became more hospitable to a greater
variety of animals. Communities of invertebrate organisms became
more complex with a greater diversity of species, although a decrease occurred in the total number of individuals collected.
Although changes occurred in both physical and chemical elements,
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it appeared that the distribution and abundance of the four dominant animals (Tendipens Chaoborus LimnodriZus and HyaZeUa)
were chiefly determined by the type and concentration of aquatic
vegetation .
3

3

3

Krenzler, J.M. 1971. Woody plant utilization by beaver in
naturally acid and acid mine water . M.Sc. Thesis,
W. Virginia Univ., Morgantown . 87 pp.
Woody plant preferences and importance in addition to
water quality were studied at two sites in West Virginia, Water
quality apparently did not affect selection of habitat by beaver.
Beaver showed a preference for certain woody plants and diameter
classes, as influenced by availability e.g. white and red pine
in the spring. A preferred species is of little importance if
it is of 1imi ted avail abil ity .
Moore,J.A., and J . S. Larson. 1970 . Beaver in acid mine drainage.
Chesapeake Sci. 11:63-64.
The nitrogen, iron, phosphate, calcium, total acid, and
pH of acid mine drainage supporting an active beaver colony are
given.
Palmer, M.A. 1976. Comparison of the macro-invertebrate fauna
of beaver ponds of different ages . Essay for Biology
400. Brock Univ., St. Catharines. 17 pp . (unpubl . ).
A decline of ' high protein foods for waterfowl occurs as
a beaver pond ages. Drainage of the pond after about 5 years is
suggested to maximize waterfowl production, since thebeaver
colony abandons the pond at that time in search of a better food
supply.
Panov, G.M. 1974. The European beaver in densely populated region
of the Ukranian SSR . [In Russian, English summary].
Vestn . Zool. 5:83-84.
Population growth and active settlement of these animals in areas densely populated by humans is attributed to their
ecological plasticity and ability to adapt to disturbance. Damage
caused to agricultural crops and trees, the effects of their burrows on roads and railways and the blockage of waterways due to
their dams are discussed. Trapping the animals for fur or resettling them are proposed solutions.
Rabe, F.W.

1970. Brook trout populations in Colorado beaver
ponds. Hydrobiologia 35 :431-448.
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Stunted and non-stunted fish populations and the environmental conditions under which they occurred were compared.
High standing crops of small fish were usually present in ponds
with favorable spawning areas, which were not steep ponds with
few gravel or sandy areas.
Rasmussen, D.1. 1940. Beaver-trout relationship in the Rocky
Mountain region. Trans. N.Am. Wildl. Conf. 5:256-263.
Chemical analyses were conducted on streams occupied
by beaver and trout. As well, invertebrate and aquatic inhabitants were inventoried and other factors that result from beaver
activity considered. It was found that beaver do not harm trout
in Utah, except for the fact that dams obstruct fish movement.
Reid, K.A.

1952. Effects of beaver on trout water. Maryland
Conservationist. 29:21-23.
From personal observations, it is concluded that beaver
are detrimental t9/ tfout due to increased water temperature of
impoundments, increased acidity and decreased oxygen content of
water from decomposition of flooded land vegetation, and competition from IItrashli fish that thrive in this new environment.
In mountains, beaver benefit trout by warming the water to a
temperature the fish will tolerate.
Retzer, J.H. 1955. Physical environmental effects on beavers
in the Colorado Rockies. Western Assoc. State Game
Fish Comm. 35:279-287.
A study was made on 61 streams at high elevati~ns to
determine the effect of the physical environment on beavers and,
in turn, how beavers affected the physical environment. From
this information a site suitability classification was developed
as a guide for beaver management practices. Four suitability
classes are defined.
Rudersdorf, W.J. 1952. The coactions of beaver and moose on a
joint food supply in the Buffalo River meadows and
surrounding area in Jackson Hole, Wyoming. M.Sc.
Thesis. Utah State Agric. Coll., Logan. 67 pp.
Moose,when concentrated in winter, do a great deal
of damage to the beaver food supply. The browsing done by a
light moose population moving freely on the summer range, is
generally favourable for the beaver because of the numerous
coppice shoots produced by moose browsing resulting in an increase in the beaver food supply. The beaver, because of their
large individual colonies and their requirement for willow and
aspen in close proximity to water, have damaged their own food
supply more than have moose.
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Rupp, R.S.

1955. Beaver-trout relationship in the headwaters
of Sunkhaze Stream, Maine. Trans. Am. Fish. Soc. 84:
75-85.
Beaver dams were a serious obstacle in trout movements
but nota complete barrier. Estimated unit-area production of
bottom organisms was poor in the beaver ponds, but the beaver
had so increased the bottom area that total production was more
than doubled. Forage fishes were more abundant in beaver ponds
and constituted a high percentage of the food of 6-10 11 (15-25 cm)
trout. Some water quality reduction occurred in and below the
ponds.
Smith, A.E. 1950. Effects of water run-off and gradient on
beaver in mountain streams. M.Sc. Thesis. Univ.
Mi~higan, Ann Arbor.
34 pp.
O~the study area in the Gore Range, Colorado, of the
dams present during the high waters in spring 93 percent were
washed out. The gradient of these dams ranged from 0.8 to 4.5
percent. Repairing of washed-out dams started when the volume
flow fell to 45 second-feet and fell below 18 second-feet before any dams were considered rebuilt. The areas that appear
most suitable for lengthy beaver habitation are those where the
general gradient is about two percent or lower with a maximum
of three percent.
Tufts, P.O. 1967. A comparative study of some environmental
factors affecting beaver colony site locations. M.Sc.
Thesis. Acadia Univ., Wolfville. 174 pp.
In order to determine habitat carrying capacity for
beaver a knowledge of the potential sites for colonies is important and of the environmental factors affecting these colony
site locations. In this study 21 factors of either an aquatic,
physical, vegetative or territorial nature were determined.
Wilde, S.A., C.T. Youngberg, and J.H. Hovind. 1950. Changes in
composition of ground water, soil fertility, and forest
growth produced by the construction and removal of
beaver dams. J. Wildl. Manage. 14:123-128.
Discussion of plant succession of drained flowages,
chemical characteristics of surface and ground water, effect
of impounded water on soil fertility, survival of mycorrhizal
fungi on submerged lands, and rat~ of forest growth following
flooding and subsequent drainage. The conclusion drawn is that it
is more advisable to prevent beaver settlement rather than remove
established dams, which could have negative effects on forest and
wildlife.
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3.5

MANAGEMENT

Aldous, S.E. 1940. A method of marking beavers. J. Wildl.
Manage. 4:145-148.
A system is outlined involving hole puhches in the
web of the hind feet ofjbeaverthat correspond to a code. It
is easy to apply, harmless to animals, and permanent.
Arrier, D.H. 1964. Research and a practical approach needed in
management of beaver and beaver habitat in the southeastern United States. Trans. N. Am. Wildl. Nat.
Resour. Coof. 29:150-158.
Future beaver research should determine how to protett timb~r-landowner~ from excessive damage and how to preserve and utilize the extensive acreage of shallow water beaver
impoundments for waterfowl producti on .
Atwater, M.M. 1940. South Fork (Montana) beaver survey 1939.
J. W.ild1. Manage; 4:100-103.
Beavers.were censused along streams, using 5 as the
average number per active colony ,and the. waterways classed
according to suitability as a beaver location. Carrying capacity was calculated on a per..;mile basis.
Beard, E.B. 1953. The importance of beClverin waterfowl management at the Seney National Wildlife Refuge. J. Wildl.
Manage. 17:398-436.
The physical characteristics of 4 study areas were analyzed to determine the factors responsible for their attraction
to waterfowl, and several management measures suggested to establishand maintain. such beaver ponds.
Bond~

CF.

1956. Correlations between reproductive condition
and skull characteristics of beaver.J. Mammal. 37:
506-512.
Sex ratio was 108 males per 100 females, but in animals
. over 30 lb (11.6 kg} it was 84 males per 100 females. The onset of
spermatogenic activity was correlated with baculum size. No
embryos were found in females under 24 lb (10.9 kg). Correlation
coefficients and lines of regression were calculated based on
zygomatic breadth. Agreement was obtained in the comparisons
between skull dimensions and bacul'um length, indicating that the
most probable condition of the skull a~d reproductive tract of
an animal may be predicted when. the zygomatic breadth is known.
The use of the frequency distribution plot of zygomatic breadth
as a means of keeping track of changes in the composition of a
large population is suggested.
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Borodina, M.N. 1966. Information for a study of the dynamics
of the Mokshi River beaver population. (Transl. from
Russian). Tr. Mord. Gos. Zapovednika 3:5-38. Ref. Zh.
Biol. 1968, No. 101540.
Data are presented on reproduction (period, percent reproducing females, average fertility, average litter size), causes
of mortality, potential population increase, reasons for losses
(natural migration, poachers, reduced reproduction rate, decreased
family productivity due to loss of reproducing adults), and age
composition.
Bradt, G.W. 1947. Michigan beaver management. Mich. Dept. Conserv.,
Game Div. 56 pp.
Includes concise, scientific information on methods of
live-trapping, tagging, branding, and sex determination; the usefulness .of the lodge or dam in population estimation; colony
composition and work distribution; emigration, sex ratios; and
food habits. One acre (0.4 hal of aspen should support an average
beaver colony (5 beavers) from 1 to 2.5 years, depending on circumstances. Management, farming, and effects on trout are also
discussed.
Buckley, J.L.

1950.

The ecology and economics of the beaver

(Castor canadensis Kuh1) with a plan for its manage-

ment on the Huntington Wildlife Forest Station. Ph.D.
Thesis. State Univ. New York, Syracuse. 251 pp.
Li fe hi story 1iterature throughout the beaver s range
was reviewed~ The study on the Huntington Forest accumulated
data on reproduction, sex ratios, age ratios, weights, colony
life, movements, and feeding habits, including availability, per
cent utilization, and requirements per year. Habitat requirements, forest management to favour the beaver, methods of census,
harvest, and control, and the beneficial vs. detrimental values
of the beaver are discussed. Management recommendations for the
study area are to harvest the two-year old beaver selectively
and increase the carrying capacity through specified cultural
operations.
I

Buckley, J.L., and W.L. Libby. 11955. Growth rates and age determination in Alaskan beaver. N. Am. Wi1d1. Conf.
20:495-505.
Beaver in Alaska follow a step-like pattern of growth,
with rapid growth during the relatively short five-month openwater period and almost no growth during the rest of the year.
The same pattern occurs in beaver in New York. This growth
pattern, together with the close correlation that exists between
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weight and pelt size, permits the determination of ages from
pelt measurements. Information on trapper success plus information from pelt measurements is used to evaluate the condition
of the beaver population. A method of age determination, using
changes in the proximity of the temporal ridges of the skulls,
is described.
Cook, A.H., and E.R. Maunton. 1954. A study of criteria for
estimating the age of beavers. N.Y. Fish Game J.
1 :27-46.
By recording changes in the developing skulls of knownage beavers on x-ray plates constant changes were noted, particularly associated with the teeth which can be correlated with
age in beaver up to 1 year old. Tail width, weight and ossification of the tips of the long boneS were of no value in defining
age.
Day, E.M., Jr. 1976. A tail tag for marking beaver. N.Y. Fish
Game J. 23:190-191.
A new, permanent, inexpensive and effective method for
marking live beaver with the use of a brass bolt tail tag is
described.
Denney, R.N. 1950. Program for beaver administration and management in Colorado. M.Sc. Thesis. Colorado A&M College,
Fort Collins. 125 pp.
This investigation was initiated to obtain the information required for biologically sound management and more
effective administration of the beaver resource in Colorado.
Information on reproduction, food habits, mortality factors,
damages and benefits of beaver, population determinations, livetrapping and transplanting, beaver harvesting and law enforcement
problems, was drawn from literature and from the findings of wildlife agencies in the U.S. and Canada.
Denney, R.N. 1952. A summary of North American beaver management, 1946-1948. Colo. Game Fish. Dept. Curro Rep.
28. Denver, Colorado. 58 pp.
This report represents !a summary of much of the data
contained in a M.Sc. thesis by R.N. Denney as well as several
recent developments in Colorado beaver management. The history
of beaver as well as ecological effects of beaver and the use of
beaver farms, beaver refuges and trapping seasons are discussed.
Dennington, M.C., B.E. Johnson, and H.A. Stelfox. 1973. Atlas
of beaver and muskrat habitat maps. In Wildlife
Habitat Inventory of the McKenzie Valley and the
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Northern Yukon. Can. Wildl. Servo EnvironmentSocial Comm .• Northern pipelines.
Contains a series of maps defining the relative
importance of landscape or habitat units. Also contains notes
on habitat classification methodology and a discussion of
species habitat requirements.
Dennington, M. and B.E. Johnson. 1974. Studies of beaver
habitat in the Mackenzie Valley and Northern Yukon.
Environmental-Social Comm. Northern pipelines.
Task Force on Northern Oil Development Report No.
74-39. 172 pp.
A description is given of beaver activity in aquatic
environments along the proposed pipeline route in the Mackenzie
Valley. Field work consisted primarily of aerial observation;
a number of food caches were examined for species composition,
and the physical and vegetational characteristics of the sites
were recorded.
Dickinson, N.R. 1971. Aerial photographs as an aid in beaver
management. N.Y. Fish Game J. 18:57-61.
The use of aerial photographs for recognition of
potential colony sites is discussed in this paper. Also, suggestions are made for the use of such photographs with respect
to other aspects of beaver management including relations with
other species of wildlife. The use of aerial photographs is
proposed not as a census technique but for its value for assessing the degree of current occupation and for detecting population trends.
Fleming, S.T. 1975. Aerial beaver surveys in the Temagami
District: Techniques used to carry them out and
their value. Onto Min. Nat. Resour. Fish Wildl. Branch,
Temagami. 9 pp.
A relatively simple aerial mapping method was accurate and successful as a basis for setting beaver quotas.
Fomicheva, N.!. 1955. Experimental planting of willows in
beaver habitat in the Tchetschersk District. (Transl.
from Russian). Pages 106-109 in Translations of
Russian Game Reports Vol. 1 (Beaver, 1951-1955).
Canada Department of Nqrthern Affairs and National
Resources.
Experimental planting of willows, as a method for
creating a stable food source in areas where beaver food supply
has been exhausted, is evaluated. Willows were chosen for the
planting since they are widely distributed, possess high food
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value, grow quickly and form additional roots which facilitates
propagation by cutting. The methods for planting are described
as well as how to obtain the best growth results.
Friley, C.E., Jr. 1949. Use of the baculum in age determinations
of Michigan beaver. J. Mammal. 30:261-267.
In a series of summer-trapped beaver, on a basis of
skull and bacu1ar measurements, age classes of kits, yearlings,
2 and 3 yr olds, and 4 yr oTds and over should be found. The
skull measurements that provide good aging data are the basilar
length of Hensel, zygomatic width, greatest length of mandible,
and height from the ventral surface of the mandible to the upper
limit of the coronoid process. Important bacu1ar measurements
are length, weight, height of the proximal end, and head/tail
length ratio.
Fuller, W.A. 1953. Aerial surveys for beaver in the Mackenzie
district, Northwest Territories . N. Am. Wi1d1. Conf.
18:329-336.
A technique of aerial surveying is described where all
beaver "signsll are noted and used, but greatest reliance is
placed on locating the winter feed beds which are taken ascertain evidence of the presence of beavers.
The results obtained from aerial surveys in 1949, 1951
and 1952 have been used to map three grades of beaver habitat.
Gese, E.C., and A.R. Shadle. 1943. Reforestation of aspen
after complete cutting by beavers. J. Wi1d1. Manage.
7:223-228.
The rate of growth of aspen was studied as a prerequisite to reforestation in beaver management. Approximately
20 yr are required to produce trees at the optimum age and size
for complete utilization by beavers, and approximately 35 yr
for trees having the greatest amount of available food. Whether
the available food of the aspens is completely utilized depends
upon the varying degrees of wastefulness in the feeding habits
of individual beavers.
Hacker, R.G. 1953. The character and significance of beaver
damage in the vicinity of Fort Collins, Colorado.
M.Sc. Thesis. Colorado A and M College, Fort Collins.
125 pp.
Key phases of the study consisted of the determination
of the extent and seriousness of beaver damage in the Fort
Collins area, an appraisal of the damage in monetary terms, an
analysis of the attitudes of land owners, tenants, and land
managers toward the beaver problem, and the formulation of suggestions for a new approach to legislated control of the species.
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Hanson, W.O., and R.S. Campbell. 1963. The effects of pool
size and beaver activity on distribution and abundance
of warm-water fishes in a north Missouri stream. Am.
Midl. Nat. 69:136-149.
The presence of beaver pools in the headwater section
affected fish habitat through: (1) a greatly increased volume of
water; (2) providing deep pools in times of intermittent stream
flow; (3) increasing variety of fish habitat. The effect of
beaver pools on the fish population was an increased variety and
abundance of species and a greatly increased standing crop.
The standing crop of plankton in beaver pools was about
five times than in the stream proper.
Harris, D., and S.E. Aldous. 1946. Beaver management in the
Black Hills of South Dakota. ,J. Wildl. Manage. 10:
348-353.
This article gives a history of beaver management in
South Dakota and movement data as revealed by recaptures of tagged animals.
Hartman, A.M. 1975. Analysis of conditions leading to the regulation of water flow by a beaver. Psychol. Rec. 25:
427-432.
Records were kept by a beaver's behaviour in and out
of an experimental pond. Rates and timing of activities were
examined against variation in water levels, temperature flow,
time of day, and ambient as well as water-specific sounds.
While the beaver failed to respond systematically to variations
in water levels, he went to great lengths to avoid the flow of
water. When water flow and the accompanying sounds were untied
experimentally, the beaver avoided variation in the quality and
quantity of sound in general and the sounds associated with
flowing water specifically.
Hay, K.G.

1958. Beaver census methods in the Rocky Mt. region.
J. Wildl. Manage. 22:395-402.
Ten different census procedures are evaluated on
various beaver colonies in Colorado over two summer and fall
periods. Live-trapping was found to be unreliable; deadtrapping was used in determining the average number of beavers
per wintering colony. Observations, pond-draining, dislodging
with smoke, dams, scent mounds, size of the main lodge, and
the number of lodges proved to be invalid as population indices.
Aerial coverage of drainages, using the food cache as an index,
was found to be accurate and practical.
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Hensley, A.L., and B.C. Fox. 1948. Experiments on the management of Colorado River beaver. Calif. Fish Game 34:
115-131 .
Describes the methodologies used to develop a management plan for beaver. Population surveys, harvesting surveys
and biological assessment of individual beaver were conducted
during the period 1943-47.
Heter, E.W. 1950. Transplanting beavers by airplane and parachute. J. Wildl. Manage. 14:143-147.
Dropping beavers from planes is faster, cheaper, and
safer than using horses or mules in country with no roads. The
dropping box, parachute, and technique are desCribed.
Hibbard, E. 1954. 1954 Aerial Beaver Survey. North Dakota
State Game Fish Dept. P-R Division Project W-36-R-2.
7 pp.
An aerial survey of colonies using cache counts as a
colony indication was conducted in November of the year, in
order to ascertain trends in beaver populations resulting from
open seasons on beaver and to observe population changes in
areas recently inundated by reservoir waters. Beaver populations
remained the same as in the years before the open season and only
6 out of 59 colonies remained in an area inundated by reservoir
water.
Hoover, R. L. 1952a. Some effects of beavers upon big game forage production. Colo. Coop. Wildl. Res. Unit. Quart.
5(3):58-68.
Report not seen.
Hoover, R.L. 1952b. Beaver relationships to muskrats and waterfowl, Estes Park region, Colorado. Colo. Coop Wildl.
Res. Unit. Quart. 5(4):12-16.
Report not seen.
Hoover, R.L. 1953. Beaver-wildlife relatjonships on a small
watershed in the Estes Park region. Colo. Coop. Wildl.
Res . Unit Quart 6(1):15-22.
Report not seen.
Hovind, J.

1948. Beaver trouble. Wisc. Cons. Bull. 13:15-18.
Damage done by beaver is discussed, including timber
losses, loss of winter deer yards, damage to property, loss of
shade along streams, damage to farm lands and crop and damage to
highways and trails.
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Jackson, A.W. 1953. Development of a method of beaver range
evaluation. Ariz. Game Fish. Dept. W-69-R-01. 11 pp.
A study was initiated to evaluate existing beaver range
in Arizona, with emphasis placed on the utilization of various
beaver plant foods, along with response of these fOod species
to various forms of land use. The great majority of beaver range.
was found to be presently overused. Elimination of aspen seedlings by deer, elk and livestock makes it improbable that ranges
can recover if such heavy use is continued. A total of 24 different plant species were noted to be utilized by beavers and
of these, aspen, cottonwood, and willow seem to be the most preferred and in that order. Trees one to five inches (2.5 to
12.7 cm) in diameter showed the most utilization.
Karns, P.O. 1965. Beaver management survey. Minn. Div. Game
Fish. W-011-R-26. 8 pp.
Beaver trappers working in the wilderness areas of
northeastern Minnesota take the same number of beaver per license
as those trapping in the accessible areas. Sectioning of the Ml
provides the best method for aging of beaver. Average age of
the beaver in the trappers catch is 3 to 4 years. Pregnancy
occurs in beaver 2 years old and older and pregnancy varies by
age class from 33% in the two year olds to 78% for those 6 years
old or older. Average in utero litter size is 3.9 kits and this
average does not vary significantly by age class. Beaver were
found to attain their maximum weight at the age of five years
and three year old beaver may be more susceptible to trapping
than the other groups.
Kirby, R.E. 1973. Utilization of beaver flowages by waterfowl
on the Chippewa National Forest, Minnesota. M.A.
Thesis. Southern Illinois Univ., Carbondale. 263 pp.
The primary objectives of this study were: i) to inventory the beaver flowages on the forest; ii) to determine to
what extent beaver flowages are utilized by waterfowl throughout
the entire open water season; iii) to determine to what extent
waterfowl utilization and production are related to measurable
physical, chemical, and biological characteristics of the beaver
flowages; iv) and in this way to establish a baseline for comparison of man-made impoundments with natural wetlands; v) to
develop criteria by which one might experimentally determine the
worth of present and proposed imp10undments to waterfowl and
other wildlife; and vi) to place in perspective the role of
beaver flowages in the total available waterfowl habitat and
evaluate them as they now exist.
Kirby, R.E.1976. Mapping wetlands on beaver flowages with
35 mm photography. Can. Field-Nat. 90:423-431.

The 35 mm high speed ektachrome transparencies obtained from aerial photographs were used to map the cover-type
associations of beaver flowages and associated wetlands in
north-central Minnesota. Final map scales ranging from 1:260
to 1:571 permitted identification and mapping of 26 associations
on 10 flowages. This economical technique substitutes for detailed ground surveys and has application to other areas of
wildlife management and ecological investigation.
Knudsen, G.J. 1954. General beaver damage summary 1952-53.
State of Wisconsin Proj. No. W-15-R-7-Phase B. No.
III - D. Wis . Wildl. Res. 13:117-131 .
Beaver damage complaints were analyzed and compared
to those from 1946-51. Main damage types were agricultural,
timber, lakeshore, fish, roads, and railroads, with over 60
miscellaneous categories.
Knudsen, G.J. 1962. Relationship of beaver to forests, trout
and wildlife in Wisconsin . Wisc. Conserv. Dept. Tech.
Bull. 25. 52 pp.
Over an eight year period 353 ponds were studied using
a standard procedure in order to collect information on beavertrout-forestry relationships. The typical sequence of habitat
alterations resulting from beaver impoundment involving four
stages of floodplain change are described . Destruction of timber
by beaver is described and it was conc'luded that by cutting pioneertrees beaver perform a valuable selective-cutting type management. ' Beaver ponds were found to be excellent producers of ducks
and muskrat. Many other wildlife species , i ncluding mink and
otter, were found to use beaver ponds much more readily and in
greater densities than they used the floodpla in either above or
below the pond.
Laramie, H.A. 1963. A device for control of problem beavers.
J. Wildl. Manage. 27:471-476.
Beaver dam-induced flooding in New Hampshire is controlled by use of beaver pipes, of fiber or wood and with multiple
small openings along the length of the bottom portion. Installation of wire-mesh guards across the mouths of culverts tends to
discourage rebuilding in culverts after the existing dam has been
removed.
Larson, J.S. 1967. Beaver research in Appalachian Maryland.
Atlantic Nat. 22:5-12.
The history of the beaver in Appalachian Maryland as
well as a description of its distribution in 1967 are included.
Included also is a description of those techniques used for estimating the size of beaver populations, and of the difficulty
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of finding any accurate method for sexing or aging beaver in the
field.
Larson, J.S., and S.J. Knapp. 1971. Sexual dimorphism in
beaver neutrophils. J. Mammal. 52:212-215.
The discovery of an appendage, or drumstick on neutrophils in the blood of the female beaver suggests a means for
conclusive identification of sex. Although this technique does
not meet the need for quick identification of beaver sex in the
field, for intensive studies it offers the advantage that smears
can be easily obtained and fixed in the field and later brought
to an experienced laboratory technician for examination.
Larson, J.S., and F.C. Van Nostrand. 1968. An evaluation of
beaver aging techniques. J. Wildl. Manage. 32:99-105.
A combination of pelt size and weight, skull measurements
and several external morphological measurements permit separation
of the young-of-theyear but cannot be used on beavers over 12 mo
old. Revisions of the recent and more reliable dental aging technique are presented as are data on estimating whole weights from
skinned beaver carcasses.
Libby, W.L. 1954. A basis for beaver management in Alaska. M.Sc.
Thesis. Univ. of Alaska, Fairbanks. 80 pp.
This investigation was directed toward development of
management techniques on a biological basis. Live trapping was
carried on to obtain information on life history. A total of
123 beaver were live-trapped and from this it was determined that
the average colony size was 4.0, the average number of kits per
litter' wasapproximat!ly 2 and about one half of the colonies contained kits. Growth was found to follow a step-like pattern,
being rapid in the summer and slow during the long winter period.
Weight limits for beaver taken during trapping season were established for each age class: kits 12 to 21 lb (5.5 to 9.5 kg),
yearlings 22 to 31 lb (10.0 to 14.1 kg), two year olds 32 to 41 lb
(14.5 to 18.6 kg), and adult 42 lb (19.1 kg) and over. On the
basis of aerial surveys and trapping records the trapping regulations were set.
Longley, W.H., and J.B. Moyle. 1963. A beaver (Castor canadensis)
in Minnesota. Minn. Dept. Conserv. Tech. Bull. 6:5-63.
A discussion of beaver management principles, providing
proper habitat and controlling population size through regulation
of the harvest.
MacDonald, D. 1956. Beaver carrying capacity of certain mountain streams in North Park, Colorado. M.Sc. Thesis.
Colorado A and M College, Fort Collins. 136 pp.
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Steps taken in determining beaver carrying capacity
were determinations of physical factors (acreages of cover types,
stream gradients and flows), stand composition (calculation of
a beaver food unit and average number of units per acre of aspen
and wtllow), number of beavers present, food availabil ity (according to distance from water and per cent slope), competition with
live-stock and big game, beaver food utilization (types of trees,
size of trees, per cent waste), and growth and reproduction of
beaver food species. It was determined that 4 acres (1.6 hal
of aspen, 12 acres {4.8 hal of willow, or combinations of lesser
amounts of the two, would support an average colony of six animals on a sustained-yield basis. The basis for carrying-capacity
determinations is considered to consist of habitable sections
of stream rather than indi~idual colony sites. Management applications of this study are given.
Miller, D.R. 1964. Colored plastic ear markers for beavers. J.
Wildl. Manage. 28:859-861.
Color combinations and various styles of plastic
markers can be employed to tag large numbers of beavers without
duplication. These have been successful for two winters.
Neff, D.J.

1956. E,cologi cal effects of habitat abandonment by
beavers on a high mountain valley in Colorado. M.Sc.
Thesis. Colorado A and MCollege, Fort Collins.
128 pp.
Analysis of wildlife activity data indicated that significantly greater nl,lmbers of beavers, ducks and muskrats oc~ur~ed on a beaver oc~upied stream as opposed to beaver-abandoned
areas. Vegetation studies suggested that occupied beaver colonies offer better range for browsing animals, while abandoned
areas returning to meadow are more favourable for grazing animals.
Implications to be drawn from this study are that abandonment of
a colony site by beavers means a complete loss of all fish and
semi-aquatic species of wildlife and the development of a beavermeadow type of vegetation.

Nevers, H.P. 1968. Waterfowl utilization of beaver impoundments
in southeastern New Hampshire. M.Sc. Thesis. Univ.
of New Hampshire, Durham. 87 pp.
,
Utilization of beaver flowages by waterfowl was studied
on nine selected impoundments including three active, new flowages,
three active old flowages and three abandoned flowages. ~~ater
fowl utilization was measured by continuous observations during
two-hour periods and by instantaneous counts of duck present.
Primary usage was by wood ducks (46 per cent of the total usage)
and black ducks (42 per cent of the total usage) but other species
observed i ncl uded rna 11 ards ,b 1ue-wi nged teaL green-wi nged teal
and hooded mergansers. Distinctly different patterns of usage
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by black ducks and wood ducks were observed. Black. duck numbers
were highest in May, June and July while wood ducks reached maximum levels in August and September. Newly flooded impoundments
were most heavily used by black ducks, wood ducks and by broods
of both species while old abandoned impoundments were used by
black ducks during the breeding season but seldom by wood ducks
in any part of the year.
Newby, F.E. 1956. Techniques used in management of Montana fur
animals. Proc. Annu. Conf. W. Assoc. State Game Fish
Comm. 36:161-172.
Methods used to determine the annual fur take are mail
survey, inspection for fur buyer's records, analysis of shipping
permit records, and beaver and marten pelt tagging records.
Investigations to support recommendations for annual beaver
seasons consist of aerial colony counts, collection of age and
sex ratio data, and comprehensive analysis of harvest records.
Noble, R.E. 1958. The survival, adaptation, distribution and
ecology of transplanted beaver (Castor canadensis) in
Louisiana. M.Sc.Thesis. Louisiana State Univ.,
Baton Rouge. 214 pp.
The research in this study consisted of the investigation of beaver releases in Louisiana and a survey of beaver
colonies in the Florida parishes of the state. The population
of beaver in Louisiana west of the Mississippi River was estimated at 500; east of the river the animals number approximately
5000. It was found that the most heavily used and important
species to beaver in Louisia~a are loblolly pine, silverbell,
sweetgum, ironwood and sweetbay.
Novak, M.

1977. Determining the average size and composition of
beaver families. J. Wildl. Manage. 41 :751-754.
A formula for determining the number of beavers, by
age groups, in an average family is discussed. The formula is
based on the assumptions that a colony has a dominant breeding
pair, 1.5 years or older, as its basic unit and that the observed age distribution is a true representation of the actual
population. Records on numbers of colonies trapped are not required.
Osborn, D.T. 1955. Techniques of sexing beaver, Castor canadensis.
J. Mammal. 36:141-142.
.
Cloacal examinations, internal and external palpation
for the os penis, external palpation for .the testes andbehavioural differences between the sexes are described.
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Patric, E.F. 1952. A beaver management program for the
Huntington Forest. M.Sc. Thesis. Syracuse Univ.,
Syracuse. 117 pp.
There are five general "site types" where beaver
colonies are found in the study area and these are described
and a correlation between these site types, the plant associations they contain and the number of beaver colonies there
given. The study concluded that food is the limiting factor
of the area's beaver population and management techniques are
suggested to maintain an optimum beaver population.
Patric, E.F., and W.L. Webb. 1953. A preliminary report on
intensive beaver management. Trans. N. Am. Wildl.
Conf. 18:533-537.
This paper examines the importance of using intensive
beaver management to maintain beaver populations at high levels
in forested areas. This involves maintaining individual colony
areas in the early stages of forest succession. Several site
types are recognized, and the colony sites in each of these
categories require a different form of management. The importance of harvesting all surplus animals from improved sites,
in order to maintain a balance between the beavers, and th~ir
food supply, is emphasized.
Patric, E.F., and W.L. Webb. 1960. An evaluation of three age
determination criteria in live beavers. J. Wildl.
Manage.24:37-44~

Data on weight and tail dimensions, although easiest
to obtain, vary with the season according to diet, activity,
etc. and become unreliable for aging old beavers. The zygomatic
breadth measurements is difficult to obtain, but the season in
which measurements are made is of less importance and no evidence suggests unreliability for old beavers. Additional research is needed to establish the full value of this criterion.
Payne, N.F. 1975. Trapline management and population biology
of Newfoundland beaver. Ph.D. Thesis. Utah State
Univ., Logan. 192 pp.
Beaver density, productivity, and mortality were
examined within each of Newfoundland's 12 administrative management areas. Beaver densities differed significantly by area
ranging from .05 to .46 colonies per km 2. Linear regression
equations were used to adjust ' aerial colony counts to those of
reliable trappers. Observers in super cubs and helicopters
missed 32.4 and 27.3 per cent, respectively, of the colonies
counted on the ground. Adults appeared more susceptible than
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kits or yearlings to winter trapping. Annual adult mortality
averaged 31.9 per cent for all years and did not differ significantly between areas. Harvest and natural mortality for kits,
yearlings and adults and an analysis of the population structure
are given.
Provost, E.E. 1958. Studies on reproduction and population
dynamics in beaver. Ph.D. Thesis. Washington State
Univ., Pullman. 78 pp.
This investigation represents an attempt to -elucidate
some basic properties relative to breeding habits and reproductive potential in beaver. Focus is directed to the ovarian
cycle with the view of elaborating techniques applicable to
management in this species; observations were also made on the
breeding cycle in males. Data were accumulated on sex and age
composition of various populations and the minimum breeding age
and litter size; a description is given of the gross morphology
of the female urogenital system; and a tentative fetal ~rowth
curve based on weight and hind foot length is elaborated.
Pullen, T.M., Jr.

1971. Some effects of beaver (Castor
canadensis) and beaver pond management on the ecology

and utilization of fish populations along warm water
streams in Georgia and South Carolina. Ph.D. Thesis.
Univ. of Georgia, Athens. 94 pp.
Presence of beavers and beaver ponds along streams
generally caused a shift in fish population structure from one
dominated by the Cyprinidae in the stream situation to one
dominated by the Centrarchidae in the pond situation. Population
diversity and standing crop of fish present were both increased
in areas affected by beaver. Beaver ponds were found to contain
more fish of a size large enough to be of interest to sport
anglers than did feeder streams. Fish most frequently caught
were bluegill (Lepomis macrochirus),redbreast sunfish (Lepomis
auritus), and the spotted sunfish (Lepomis punctatus).
Renouf, R.N. 1972. Waterfowl utilization of beaver ponds in
New Brunswick. J. Wildl. Manage. 36:740-744.
Active ponds contained .75 brood per acre (.30/ha)
and inactive ponds .11 brood per acre (.04/ha) due to a smaller
seasonal drop of water level maintaining more brood cover on
the active ponds.
Retzer, J.L., H.M. Swape, J.D. Remington, and W.H. Rutherford.
1956. Suitability of physical factors for beaver
management in the Rocky Mts. of Colorado. Fed. Aid
Proj. W-83-R-Col0. Dept. Game Fish Tech. Bull. 2.
33 pp.
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Valley grade, valley width, and rock type were found
to be important for beaver habitat. Streams whose grades exceed
15%, narrow valleys, and watersheds made up of shale rocks
(resulting in more erosion than glacial till, schist, or granite)
are unfavourable sites. A classification system is based on
these criteria.
Reynolds, R.E. 1976. Evaluating beaver guards on restricted
flow risers of Soil Conservation Service flood control
impoundments in Oklahoma. M.Sc. Thesis. Oklahoma
State Univ., Stillwater. 46 pp.
Eight types of guards, designed to prevent plugging
of restr i cted flow ri sers by beaver, were tested on Soil Conservation Service flood control impoundments over a 12 month period.
Four guard types were successful in preventing plugging of
risers by beaver. Habitat of flood control impoundments containing beaver-plugged restricted flow risers was compared with
impoundments with risers not plugged by beaver. There was no
difference in the amount and location of woody vegetation along
the shoreline of these two categories of impoundments. It was
concluded from a study of the distribution of beaver in Oklahoma,
that Soil Conservation Service impoundments did not provide enough
habitat to influence the statewide distribution of beaver.
Robertson, R.A., and A.R.Shadle. 1954. Osteological criteria
of age in beavers. J. Mammal . 35:197-203.
Molariform tooth characteristics and cranial measurements, characteristics, and conditions are useful in age determination of beavers, as are growth curves. The sacrum, os
innominatum, tibia, and scapula are believed to be useful due to
high positive correlations between skeletal characteristics and
dimensions. Epiphyseal consolidation appears to be completed
during the beaver's fourth year.
Ruhl, H. D., and P.S . Lovejoy. 1930. Beaver plantings in Michigan.
Pap. Mich. Acad. Sci. Arts Letters 11 :465-469.
The results of beaver transplants are described.
Whether satisfactory pairing can be secured from unselected
animals planted in small numbers was uncertain; the number
necessary for efficient colonization was not determined.
Rutherfo rd , W.H. 1954. Inter-relationships of beavers and other
wildlife on a high altitude stream in Colorado. M.Sc.
Thesis. Colorado A and M College, Fort Collins.
134 pp.
The study area included, for purposes of comparison,
a beaver-occupied stream and another not occupied. Transects,
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sample-plots and other quantitative measurements were used.
Analysis of the data showed that significantly greater numbers
of beavers, ducks and muskrats occurred on beaver-influenced
plots whereas non-game bird and deer occurrence showed no
significant difference. Gross examination of winter track
counts indicated that mink preferred beaver-influenced areas.
Beaver occupancy of streams at high altitudes may result in
increased muskrat production, but the absence of air space
between ice and water during winter is so limiting that the
increase is hardly significant.
Rutherford, W.H. 1964. The beaver in Colorado - its biology,
ecology, management and economics. Colo. Game,
Fish, Parks Dept. Tech. Bull. 17. 49 pp.
Contains information on adaptations to habitat,
family and colony organization, social work cycle, movements
and dispersal, reproduction, productivity, age and sex ratios,
mortality factors, effects of the physical environment on
beavers and vice versa, influence on plant growth and succession,
interrelationships with other wildlife, effect of abandonment,
damage control, habitat suitability classification, management
plan, transplanting, and economics.
Safanov, V.G. 1966. Specific morphological features and
structure of beaver populations. [In Russian, English
summary]. Byull. Mosk . Obschchest. Ipyt. Prir. Otd.
Bio1. 71:5-19.
An analysis of the size, weight, and skull parameters
of beavers obtained during hunting revealed significant differences in morphological characters of animals that belonged to
different populations, making it impossible to use uniform
criteria when determining the age of beavers by their size and
weight. Following a partial catch, the family composition was
recruited by young individuals, males of 2-3 years old in the
main.
Salyer, J.C . 1946 . The Carolina beaver: a vanishing species?
J. Mammal. 27:331-335.
An historical account of the status of this species.
Stocking efforts indicate that it is still a virile species and
can be saved from extinction.
Scheffer, V. B. 1941. Management studies of transplanted
beavers in the Pacific Northwest. Trans. N. Am.
Wildl. Conf. 6:320-325.
Summary of studies states principle reasons for the
failure of colonies to settle upon liberation, the duration of
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permanence of plantings according to habitat type, types of
trees cut, and the rate of activity in cutting and lodge and
dam construction.
Slough, B.G. 1976. A land capability classification system
for beaver. M.Sc. Thesis. Simon Fraser Univ.,
Burnaby. n.p.
Beaver habitat characteristics are described and
biophysical variables representing the habitat requirements
are measured. The importance of various plant communities to
the beaver is discussed. Beaver colony site density is shown
to be a practical measure of the intensity of beaver land use.
A beaver land capability classification system is devised, and
the use of models as an aid in beaver inventory and management
techniques which can be applied to increased beaver land capability are discussed.
Slough, B.G., and R.M.F.S. Sad1eir. 1977. A land capability
classification system for beaver (Castor canadensis
Kuhl). Can. J. Zool. 55:1324-1335.
.
Beaver habitat factors, in the northern interior of
B.C. are quantified and related to beaver colony site density
by multiple regression analysis. In addition to a land capability classification system for beaver based on separate
analysis of lakes and streams, this study provides a model of
the relationship of beavers to their habitat, a means of beaver
inventory, a basis for beaver management, and a land capability
methodology which may be applied to other wildlife species or
resources.
Jr. 1957. Waterfowl-beaver relations study.
Maine Dept. Inland Fish. Game P-R Report. Proj.
P-R W-37-R-5 and 6. 7 pp.
Over a three year period, 64 beaver flowages distributed throughout Maine were investigated to determine an index to the role of such impoundments in waterfowl production.
Reviewing the ecological situations of the study areas led to
their classification according to beaver occupancy and date of
construction.
"New" flowages were those occupied by beaver
and in their first year of existence for nesting waterfowl.
"Old" flowages were those occupied by beaver and in existence
more than one breeding season. A significantly larger per cent
of "old" flowages was found to produce some broods and the
number of broods per flowage was significantly greater on the old
flowages. It was found that 47 per cent of the areas produced
some broods and five species of waterfowl were found nesting on
the study areas.
Spencer,

H.E~,
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Standfield, R.O. 1956. An aerial census method for measuring
changes in the densities of beaver populations. Pages
54-58. in 1956 Dorset Fur Advisory Committee Onto
Dept. Lands & Forests Report.
Densities of active colonies are determined in relation
to forest type and potential habitat, and can be compared one
year to the next.
Stanton, P.B. 1965. An evaluation of waterfowl utilization on
three age classes of beaver impoundments with emphasis
on the black duck (Anas rubripes). M.Sc. Thesis.
Univ. of Mass., Amherst. 112 pp.
, Waterfowl production and activity, especially of the
black duck were studied on nine beaver ponds of three different
age classes. Vegetative analysis of the study areas suggested
that food was not limiting waterfowl productivity. Waterfowl
utilization and production were greatly influenced by cover and
the age of the ponds influenced the amount of aVailable cover
i.e. as the ponds increased in age the cover decreased. Most
waterfowl activity was on impoundments providing the densest
cover. During the breeding season ponds with dense cover provided enough territory for more than one pair and this reduced
competition for territory. Pairs of black ducks did not occupy
open, regularly shaped ponds simultaneously; in some cases one
territorial drake succeeded another.
Swank, W.G. 1949. Beaver ecology and management in West
Virginia. Conserv. Comm. W.Va., Div. Game Manage.
Bull. No.1. 65 pp.
This pamphlet contains information on the historical
background and population levels of beaver in West Virginia as
well as details on their life history and their effect on the
plants and other animals in an area. Management of the beaver
is included as well as all the different aspects of the beaver
fur trade .
Swank, W.G., and F. A. Glover. 1948. Beaver censusing by
airplane. J. Wildl. Manage. 12:214.
Airplanes provide a quick, inexpensive and reliable
method of censusing beaver in spring or fail after limited
live-trapping determines the average number of animals per
colony. Sources of error, (also iencountered by censusing on
foot, but to a lesser degree) are difficulty in determining
the number of colonies on a stream with many dams and failure
to determine the number of bank beaver.
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Traversy, N. 1974. Methode experimentale de classement potential
de 1 'habitat pour le castor de la Baie James. [In
French]. Que. Minist. Tourisme. Chasse Peche.
A classification system for beaver is developed using
colony distribution, terrestrial and aquatic ecological maps,
and a general beaver habitat survey.
Nostrand, F.C., and A.B. Stephenson. 1964. Age determination
for beavers by tooth development. J. Wildl. Manage.
28:430-434.
Age classes of beaver are defined through eruption,
the degree of closure of pasal openings, and annual cementum
layers visible at the bases of mandibular molars when sectioned
longitudinally.
Vato1in, B.A. 1970. Evaluation of a method of aerial tabulation
. of the beaver colonies in the Bryansk Ob1ast. (Transl.
from Russian). Sb. Nauchnotekh Inf. Vses. NauchnoIssled. Inst. Okhot-Nogo. Khoz. Zverovod. 31 :37-38.
Ref. Zh. Biol. 1971, No. 71532.
In 16 flighthr2270 kmwere studied. For 40 bodies
of water overgrown with osier beds and alders 277 beaver settlements were observed visually by terrestrial methods and only 25
by aerial methods, so aviation should be used only for reconnaissance.
Vesall, D.B., R.W. Nyman, and R.H. Gensch. 1947. The relation
of beaver to swamp timber management in Koochiching
County, Minnesota. Proc. Soc. Am. For. 1947:195-200.
An average of 29 acres, or 358 cords of beaver-damaged
timber was observed per mile of ditch. A beaver population of
3.2 beavers per mile or one active colony per 1.3 miles, was
found on the same ditches. Beaver and timber production are
incompatible, at least during wet years, on coniferous swamp type
timber land which is interspersed with drainage ditches~
Watson, G.H., W.H. Prescott, E.A. de Bock, J.W. · No1an,M.C.
Dennington, H.J. Poston, and J.G. Stirling. 1973.
An inventory of wildlife habitat of the Mackenzie Valley
and the northern Yukon. Env. Social Comm., Northern
Pipelines, Task force on northern oil development.
Rep. No. 73-27.
One part of a series of investigations assessing
habitat adjacent to proposed gas and oil pipeline corridors in
Canada's western Arctic, covering moose, caribou, Dall sheep,
grizzly bear, arctic fox, beaver and muskrat, waterfowl, polar
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bear, and raptors. For muskrat and beaver, field surveys consisted
primarily of observations of animal activity (lodges, food caches,
dams) by aeroplane. General ecology is described and specific
cause-effect relationships outlined between pipeline construction
activities and these aquatic furbearers.
West, N., and D.I. Rasmussen. 1947. Utah beaver study. Utah
Fish Game Comm. 37 pp.
A general review of the important factors that should
be considered in Utah's beaver trapping and transplanting program,
records of previous transplanting and present status of beaver
and transplanting needs of the state's nine national forests.
Whitelaw, C.J. and E.T. Pengelley. 1954. A method for handling
live beaver. J. Wildl. Manage. 18:533-534.
A canvas sack with drawstrings to hold beaver for sexing, aging and marking is described. Information is given on
colony composition, reproduction, feeding habits and parasitism.
Williams, R.M. 1965. Beaver habitat and management.
Wildl. Rev. 17:3-7.
Article not seen.

Idaho

Will i amson, V. H. H. 1959. Di reet ions to determi ne the ages of
beaver by changes occurring in the mandibular molars.
Ontario Dept. of Lands & Forests, Div. of Research.
Wildl. Sec. Rep. No. 24. Unpublished.
Describes a method for estimating the ages of beavers
on the basis of changes in the cheek teeth of the lower jaws,
with photos.
Wire, F.B., and A.B. Hatch. 1943. Administration of beaver in
the western United States. J. Wildl. Manage. 7:81-92.
A discussion of beaver laws, current trapping practices
and economic aspects of beaver activities.
and R.R. Hill. 1954. Beaver management problems
on western public lands. N. Am. Wil dl. Conf. 19: 462479.
The beavers IInet worth", ecologically as well as economically, is examined as a basis for promotion of beaver management programs. The research indicated that beaver is beneficial
to trout and water-frequenting game and fur animals only when
numbers are kept within the range carrying capacity.
Yeager,

L.E.~
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Yeager, LE., and W.H .. Rutherford. '· 1957. An ecological basis
for beaver management in the Rocky Mountain region.
Trans. N. Am. Wildl. Conf. 22:269-300.
Management of beaver populations in the Rocky Mountains
is discussed. · This study considers the basic land unit in
management to be the named stream and its' unnamed tributaries
since multiple stream valleys are seldom of uniform status.
Either ground or aerial surveys should result in delineation of
management unit boundaries, food types and area, and suitable
or unsuitable portions of streams; a late fall census counting
ponds containing food caches allows calculation of the population
size, as well. Determination of carrying capacity by management
units required the following steps: 1) determination of pop~la
tion and 2) area occupied by each food type, 3) appraisal of
food quantity by species, 4) degree of competition, 5) calculation of capacity as determined by the factors.
Young, F.W. 1936. The identification of the sex of beavers.
Mich. Agric. Exp. Station, Mich. State College. Spec.
Bull. 279. 8 pp.
A description is given of two methods for determining
the sex of live beavers; one involving palpation of the internal
genitalia by introducing a finger directly into the urinogenital
passage. The second method is by visual observation of the
number and position of th~ openings into the urinogenital vestibule. A method for restraining the beaver to allow examination
is also shown.
Zaniewski, L.

Sex determination in the European beaver,
Acta Theriol. 10:297-301.
To determine sex differences in the European beaver,
use was made of the anticipated effect of the action of combelen
(a tranquilizer); that is, the lapse of the penis in males into
the cloaca, which was visually confirmed.
1965.

Castor' fiber' Linnaeus, 1758.

Zharkov, I.V. 1970. On the classification of beaver areas in
the U.S.S.R. [In Russian, English summary]. Inter.
Congo Game Biol. 8:337-341.
The most suitable beaver habitats are reservoirs with
little seasonal and annual changes in water level, abundant
bank forest vegetation consisting of aspen or different species
of willow and only slightly exploited by man. The beaver areas
in the U.S.S.R. are classified according to quality, the highest
productivity being a density of 2.0-3.3 beavers per km and the
lowest .2-.5 beavers per km.
Zurowski, W. 1970.
520-523.

Marking beavers.

Acta Theriologica 15:
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Marking was carried out with cast iron riumbering
stamps cooled in liquid nitrogen (-195.8 0 C) and applied to the
beaver's tail. Depigmentation of the frostbitten sites in
the form of legible numbers was obtained 3-9 weeks after
marking. The way in which marking was carried out and the animal's age affected the rate of depigmentation.
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4.

MINK

4.1

LIFE HISTORY

Akan.de, M.

1972. The food of feral mink MusteZa vison in
Scotland. J. Zool. (Lond.) 167:475-479.
From stomach and scat analysis, it was determined
that fish, mostly Sa1monidae, formed the main prey of mink
in Scr.-t1and (49% occurrence). Birds and mammals accounted for
28% and 23% respectively. Mink may compete with otter for
food, but the smaller prey taken by the mink and its greater
uSe of land separates it from the otter.
Brown, J.C., and G.!. Twigg. 1960. Hip dislocation in feral
mink (MusteZa vison). J. Zool. 155:244-246.
Several instances of hip dislocations in feral mink
are described.
Burns, J.J. 1964. The utilization of pingos by mink in the
Yukon-Kuskokwim Delta, Alaska. Proc. Alaska Sci.
Conf. 14:64-65.
Active natal dens of mink were found only on pingos
of the mixed-vegetation type, as opposed to the grass and tundratypes, presumably because soil under the thick stands of
Spiraea (itself affording protection from aerial predation)
was more stable and dry than that under grass, and the depth of
thaw of the active layer was greater than on the tundra type
pingos.
Cowan, W.F., and J.R. Reilly. 1973. Summer and fall foods of
mink on the J. Clark Salyer National Wildlife Refuge.
Prairie Nat. 5:20-24.
A study was undertaken to assess mink predation on
waterfowl and muskrat in North Dakota and to investigate the
interspecific factors involved in the food web that may lead
to more efficient management of these species. The objectives
were: to determine the summer and fa 11 foods of mink, to study
the relationships between foods taken and population levels of
muskrat and waterfowl, and to assess the importance of botu1isminfected waterfowl in the diet of mink.
Day, M.G.

1972. Notes on the food of feral mink MusteZa vison
in England and Wales. J~ Zool. (Lond.) 167:463-473.
The alimentary canals of 1165 trapped mink provided
a general picture of this animal·s diet, including seasonal
variations. Comparisons were made with similar work in other
countries, and with the diets of other British carnivores.
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Dearborn, N. 1932. Foods of some predatory fur-bearing animals
in Michigan. Univ. Mich., Ann Arbor. School For.
Conserv. Bull. 1.
From faeces collected, it was determined that the bulk
of the mink's summer food consists of craw-fish, the most important mammal being Microtus; whereas the muskrat is the preferred
(most accessible) food item in winter.
Doty, B.

1967. Learning - set formation by mink, ferrets, skunks,
and cats. Science 155:1579-1580.
Ability of mink and ferrets to learn to discriminate
between objects was similar to that reported for primates.

Everhardt, R.T. 1973. Some aspects of mink-waterfowl relationships on prairie wetlands. Prairie Nat. 5:17-19.
The number and species composition of prey represented
in food remains at mink dens in North Dakota wetlands were determined. All mink dens examined appeared to be abandoned or seldom
used burrows of muskrats. The mink preyed on all segments of the
waterfowl population, including the unhatched, with coots appearing to , beparticularly vulnerable.
Eichel, H.

1967. Studies on the activity of motion of minks.
[In Russian, English summary]. Arch. Exp. Veterinarmed
21:1113-1115 .
The greatest overall distance covered by caged mink
was 72.8 km/seven days for females and 34.7 km/seven days for
males.

Erlinge, S. 1969. Food habits of the otter, Lutra Zutra L.,
and the mink MusteZa vison Schreber in a trout water
in southern Sweden. Oikos 20:1-7.
The food of these 2 predators greatly overlapped as
they both exploited easily available prey. It was found that
90.8% of the otter's prey was fish. The mink also preyed on
waterfowl (24.4%) and mammals (9.5%). The corresponding figures
for the otter were 5.5% and 0.2%. The non-salmonid fishes were
94.3% of all fish taken by otter and 92.3% of those caught by
mink. About 30% of the fish taken by otter exceeded the maximum
size generally taken by mink. Differences in food habits were
primarily due to different adaptations but also to interference otter and mink compete for food in winter.
Erlinge, S.

1972.

Interspecific relations between otter, Lutra
Oikos 23:

Zutra, and mink, MusteZa vison in Sweden.

327-335.
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Using frequency of scats, an inverse correlation was
found between the density of otter and that of mink due to habitat preference and food competition.
Gerel1, R.

1967a. Food selection in relation to habitat in
mink (Mustela vison Schreber) in Sweden. Oikos 18:
233-246.
Crayfish occurred most frequently in the summer food
of mink, due to their higher activity in the warm months. Fish
was tonsumed preferentially in winter and spring, when low water
temperature made them more vulnerable. Frogs were secondary
food and occurred most frequently in the diet at seasons when
the mink changed its food habits (late spring and autumn).
Birds occurred most frequently in the diet during their migration
and breeding seasons . . The availability of rodents influenced
the food habits conspicuously. Differences between habitats
with regard to food habits were most marked in summer.
Gerell, R.

1967b.

Dispersal and acclimatization of the mink
Vi .l trevy 5:1-38.
Mink dispersed throughout all Sweden, except the
northern mountainous regions, in 35 years and itis postulated
that they have not yet reached maximum densities. Food and
habitat choice is similar to that of the mink in North America,
but without any competito~s or significant predation.
(Mustela vison Schreber) in Sweden.

Gerell, R.

1968. Food habits of the mink, Mustela vison
Schreber, in Sweden. Viltrevy 5:119-211.
Scat andstoinach content analysis determined relative
proportions of food items consumed over three years in nine
areas in southern and central Sweden. Food habits varied according to habitat and seasonal availability of prey .
.Gerell, R.

1969. Activity patterns of the mink, Mustela vison
Schreber, in southern Sweden. Oikos20:451-460.
Through radio-tracking,diel activity patterns of 6
mink were determined and related to availability of prey,
. reproduction cycle, and certain environmental factors.
Gerell, R.

1970.

Home ranges and movements of the mink, Mustela
Oikos 20:451-460.
Radio-tracking nine mink in southern Sweden determined
home range boundaries and quantitative descriptions of the distribution of use-intensity. Information on seasonal movements
were obtained by trapping and marking.
vison Schreber, in southern Sweden.
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Gerell, R.

1971. Population studies on mink, Mustela vison
Schreber, in southern Sweden. Viltrevy 8:83~114.
Live-trapping studies on mink obtained data on seasonal changes of the populations, their size and structure, and
on seasonal changes in individual weight.

Grigor1ev, N.D., and Y.E. Egorov. 1969. The biocoenotic connections of the mink with the common otter in the
Bashkirian SSR. (Transl. from Russian). Sb. Tr.
Issled. Inst. Zhirotn. Syrlya Pushniny 22:26-32.
Ref. Zh. Biol., 1969 No. 61493.
Studies were made of nutrition according to droppings
and behaviour according to tracks. Mink diet was 54.7% rodents,
37.5% frogs, 16.4% fish, and 5.7% birds; for 'the otter the
figures were fish and frogs 63.1%, and mink residues O.~%. The
competition for food is not accute, but is manifested more clearly in winter. The density of the mink population was~ to 7
times that of the otter. At such a ratio, the otters have no
material effect on the size of the mink population.
Hamilton, W.J. 1936. Food habits of the mink in New York.
J. Mammal. 17:169.
In order of importance, mink were found, through
visceral analysis, to have eaten mice, fish, crayfish, muskrat,
rabbits, insects, frogs, moles, and grasses.
Hamilton, W.J., Jr. 19,~0. The summer food of minks and
raccoons oi the Montezuma Marsh, New York. J. Wildl.
Manage. 4:80-84.
Muskrats were the most important item in mink1s summer
diet; fishes (golden shiners) and aquatic beetles were next in
importance, these 3 items totaling 79.05% of the bulk. In
addition, birds, frogs, small mammals and reptiles were represented.
Hamilton, W.J., Jr. 1959. Foods of mink in New York. N.Y.
Fish Game J. 6:77-85.
The combined analyses of summer, fall and winter
samples of stomach and intestinal analysis of 1,191 mink provided t he f ollowing percentage frequenci'es: mammals, 38.3; fish, 33. 3; amphibians, 20.5; insects, 17.4; crayfish, 13.4;
birds , 5.8; reptiles, 2.7; earthworms, 1.3; molluscs, 1.2;
and vegetation, 0.2.
Hatler, D.F. 1976. The coastal mink on Vancouver Island, British
Columbia. Ph.D. Thesis. Univ. of British Columbia,
Vancouver. n.p.
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The mink which frequent the coastal Pacific shores
of Vancouver Island forage primarily in the marine intertidal
zone, feeding on small crustaceans and fish. Males regularly
outnumbered females in all areas studied, and the proportion of
juveniles in study populations was lower than expected, averaging
less than two young per adult female. Population densities
ranged from about 1.5 to more than 3 animals/km of shoreline.
Turnover was rapid with losses of 50 percent or more between
successive (four month) seasons. There was little evidence of
emi grati on and most losses are bel i eved to have been due to
mortality. Most individuals were relatively sedentary, ranging
over small areas even during the breeding season. Males had
larger ranges (mean = 0.72 km of shoreline) than females (0.41
km). There is evidence that range size was inversely related
to quality of 1oca 1 hunti ng habitat. Indi vi dua 1s ma i nta i ned
territories and avoidance rather than confrontation appeared to
be the primary method by which the animals keep separate. Adult
males are dominant and females suffer increased mortality and
decreased productivity when the population is high and/or when
the sex ratio is high to males.
Hewson, R.

1971.

Some aspects of the biology of feral mink,
MusteZa vison Schreber, in Banffshire. Glasgow Nat.
18:539-546.
Distribution, habitat, weight, measurement, molts,
and breeding of feral mink in Scotland are discussed. ~
Hoglund, N.H.

1966. On the food of the Swedish wild mink (MusteZa
[In Swedish, English summary]. Zool. Revy.
28:91-96.
The volume of food taken averaged 8.1 ml per specimen.
Main prey was mammals, with rodents and shrews dominating, then
fish. Only a relatively small amount of material was analyzed
(50 stomachs).
vison).

Korschgen, L.J. 1958. December food habits of mink in Missouri.
J. Mammal. 39:521-527.
Principle foods, by volume percentages, were frogs,
24.9; mice and rats, 23.9; fish, 19.9; rabbit, 10.2; crayfish,
9.3; birds, 5.6; fox squirrel, 2.2; muskrat, 1.3; and undetermined mean and blood, 1.0 percent. The data indicate that
mink predation is not seriously detrimental to other managed
species of wildlife during winter. Good mink habitat would seem
to include land adjacent to water from which vegetation is not
overgrazed, burned, or cut.
Marshall, W.J. 1936. A study of the winter activities of the
mink. J. Mammal. 17:382-392.
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This study showed that tracking in snow might give
valuable data for population estimates of mink. The sex may
be determined by the length of the tracks of the hind feet
measured in fresh snow in late winter. Tentative conclusions
drawn included: the winter territory of female mink tends to
be restricted to an area of approximately 20 acres (5 hal,
whereas that of the male is more extensive; mink display promiscuous behaviour; late in winter, movements largely are in
the hydrophytic cover types; mink tend to be inactive during
cold periods following precipitation. A preliminary census
method is proposed.
McCabe, R.A. 1949. Notes on live-trapping mink. J. Mammal.
30:416-423.
A variation of the treadle-type rabbit trap with a wooden
door with a metal "cupboard" lock worked best of several traps.
A single toe clipped and a diagram of the belly pattern worked
well as marking methods. Males weighed an average 1055 g
and females 574 g. The range of a male mink was larger than
1100 acres, (446 hal, while the females moved very little.
It appeared that weasels replaced mink in this Wisconsin Marsh
habitat when the mink population was low.
Mitchell, J.L. 1961. Mink movements and populations on a
Montana river.J. Wildl. Manage. 25:48-54.
Live-trapping data indicated an almost complete population turnover in 3 years. The movements of any male did not
exceed 3 mi (4.8 km), and home ranges of 2 females were deter~
mined at 19.3 and 50.4 acres (7.7 and 20.2 hal. Populations
and weights were calculated, and notes made on reproduction.
Northcott, T.H., N.F. Payne, and E. Mercer. 1974. Dispersal
of mink in insular Newfoundland. J. Mammal. 55:
243-248.
Rate of dispersal of mink in Newfoundland, influenced
by local environmental conditions, has ranged from 1 to 6 mi
(1.6 to 9.6 km) per year. The wild mink is a hybrid, having
originated from 3 or more subspecies. Despite its adaptability,
its distribution on this island probably will not increase
beyond the present level due to unfavourable habitat.
Platt, A.P. 1968. Selective predation by a mink on woodland
jumping mice confined in live traps. Am. Midl.
Nat. 79:539-540.
During 6 days of a small mammal live trapping study,
a mink killed and ate at least 9 woodland jumping mice confined
in live traps; 22 individuals of 4 other species were left

129
undisturbed in traps in the same restricted area.
Sargeant, A.B., G.A. Swanson, and H.A. Doty. 1973. Selective
predation by mink, MusteZa vison, on waterfowl. Am.
Midl. Nat. 89:208-214.
Predation by mink on three types of ducks (captive,
pen-reared-released and wild) was documented in two studies
in North Dakota. In the first study, 36 of 60 flightless
adult and juvenile ducks held on eight 0.1 acre (0.04 hal ponds
disappeared in just over three weeks in mid-summer. Available
evidence indicated that all were killed by a large adult mink
and that the mink selected ducklings, incubating females and
adults and juveniles on a marginal food supply.
, In the second study of 76 wood duck duckl ings released
into the marsh when 28-31 days old, the remains of 21 (28%)
were identified in food remains found at16 mink dens.
Schladweiler,J.L andG.L. Storm. 1969. Den-use by mink.
J. Wildl. Manage. 33:1025-1026.
Data obtained from radio-tracking a juvenile female
mink for 29 days indicated that 2-3 month old juvenile mink
are not restricted to certain dens for extended periods of
their 1st summer. Similarities, such as tunnel size and depth
and location of dens relative to a sedge mat were noted among
20 different den sites within a 77-acre (30.8 hal area used
by one family of mink.
Schnell, T.H. 1964. A mink exterminates an insular cotton rat
population. J. Mammal. 45:305-306.
A mink was probably responsible for the 100% mortality
of 40 cotton rats in 42 days on ~ Georgia island. An outline
of the animal's den, where 14 rats , were stored in 3 rooms, is
given. This storing must ,have occurred over 25 days or less.
Apparently, a 1.7 acre (0.7, hal, old field ecosystem is too
small to support both cotton rats and mink. The mechanics of
the mink predation wa~ not density~dependent; the cotton rats
were unable to survive the hunting methods of the mink even
though the habitat Was excellent.
Sealander, J.A.

1942.

Studies on trapped mink (MusteZa vison
M.Sc. Thesis. Michigan
State Coll., East Lansing. 94 pp.
Mammals constituted over half the contents of both
stomachs and intesti~es of winter mink, with muskrat being the
most important individual prey item. Frogs and small mammals
seemed to act as buffers against predation by the mink upon the
mink) in southern Michigan.
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muskrat . Males took a significantly greater number of muskrats
than did females while females took a significantly greater number of small food items. A number of parasites, but little evidence of disease, was found. An unbalanced sex ratio of trapped
mink occurred during December, possibly accounted for by the
differential activity of the two sexes at this time. No evidence
of breeding was found in the winter. Marshall's census technique
based on track measurements was found to be invalid, and baculum
measurements offered the best criterion of age.
Sealander, J.A. 1943. Winter food habits of mink in southern
Michigan. J. Wild1. Manage. 7:411-417.
Mammals constituted over 50% of the winter food by bulk
and frequency - muskrat, cottontail, meadow mouse in order of
importance. The remainder of the diet consisted of birds, snake,
frogs, fish, crayfish and insects. Males took significantly more
muskrats than did females.
Sinclair, W., N. Dunstone, and T.B. Poole. 1974. Aerial and
underwater visual activity in the mink, MusteZa vison
Shcreber. Anim. Behav. 22:965-974.
The minimum resolvable angle for ranch mink to discriminate, at 200 m range, between pairs of simultaneously presented
acuity gratings of vertically ruled, illuminated bars was 15 min
in air and 31 min underwater. The mink oriented to the stimuli
most frequently when the discrimination was near threshold. Mink
may not have perfected the adaptations of the eye necessary for
underwater vision.
Stollberg, B.P., and R.L. Hine. 1952. Food habit studies of ruffed
grouse, pheasant, quail and mink in Wisconsin. Wisc.
Conserv. Dep. Tech. Wi1d1. Bull. 4. 22 pp.
From an examination of 57 mink stomachs it was determined that muskrat predation by mink was related to muskrat density.
Muskrat, field mice and shrews made up the bulk of the mink diet
when the muskrat population was high and field mice, fish, frogs
and birds occurred in greatest amounts in the stomach of mink when
muskrat density was low.
Svihla, A.

1931.

Habits of the Louisiana mink (MusteZa vison
J. Mammal. 12:366-368.
An account of the feeding and growth of mink born after
a 75-day gestation period, including eating habits, cleanliness,
vocalization, and rubbing of glands.
vuZgivagus).

Thompson, H.V. 1971. British wild mink - a challenge to naturalists. Agriculture. Oct. 1971.
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The mink's spread, natural history, food habits,
and impact on native fauna in England is .
briefly described.

activities~breeding,

Vses Nauch-Issled Inst. Zhivotn Syrlya Pushniny. 1969. Problems
of the ecology of commercially hunted animals. (Transl.
from Russian). Moscow. Ab. Tr. Vses Nauch-Issled. Inst.
Zhivotn. Syrlya Pushniny. 22:1-326. Ref. Zh. Biol.,
1969, No. 71597.
This collection includes a paper on the interrelation
between the mink and th~ beaver.
Waller, D.W. 1962. Feeding behaviour of minks at some Iowa
marshes. M.Sc. Thesis. Iowa State Univ., Ames. 90 pp.
A total of 4,066 mink scats collected over a 4 year
period were examined. Remains of mammals and birds were visually
most frequent in the scats although the occurrence of bird remains showed more seasonal variation, being very high in spring.
Remains of cold blooded prey were less frequent than mammalian
or avian remains and were utilized mostly during the warmer
months.
.
Feeding of minks on a prey was limited by the relative
degree of avai 1abil ity and vul nerabil ity of members of a prey
popul a ti on.
I

Wilson, K.A. 1954. The role of mink and otter as muskrat predators in northeastern North Carolina. J. Wildl. Manage.
18:199-207.
A4-yr collection of mink and otter digestive tracts
and 2-yr collection of scats showed muskrat to be a minor fallwinter food of mink. Lists of foods found and frequency of
occurrence are given.
Yeager, L.E. 1943. Storing of muskrats and other food by minks.
J. Mammal. 24:100-101.
This is a compilation of species found stored in a
mink den at Rice Lake, Illinois in January 1936. Found were 13
freshly killed musk~ats, 2 mallard ducks, and 1 coot. Article
also contains a literature review of animals stored in dens by
mi nk.
4.2

PHYSIOLOGY

Aulerich, R.J., and D.R. Swindler. 1968. The dentition of the
mink (MusteZa vison). J. Mammal. 49:488-494.
Deciduous teeth (3/3, 1/1, 3/3 = 28) erupt between the
16th and 49th day after birth. Calcification of permanent teeth
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commences at time of birth and eruption occurs from 44 to 71
days. The paracone is the first maxillary cusp to form and
the protoconid is the first to develop in the mandible.
Bowman, A.L. 1967. The vitamiri B6 requirement of the mink.
Ph.D. Thesis. Cornell Univ., Ithaca. 184 pp.
Three experiments were conducted to evaluate the vitamin B6 requirement of the mink, and to obtain some information
regarding the metabolism of tryptophan in this species. The
conclusion was drawn that the minimum requirement of vitamin
B6 to support life, promote growth, and prevent the abnorm~l
metabolism of trytophan is 1.6 mg (as pyridoxine hydrochloride)
per kg of diet.
Danilov, P.I. and I.L. Tumanov. 1975. The reproductive cycle
of some mustelidae species. [In Russian, English
summary]. Byull. mosk. O-Va. Ispyt. Otd. Bi 01.
80 (5) :35-47.
American minks reach sexual maturity in the U.S.S.R.
in the 1st year of life, and mating time is late February March.
Derby, R.T., and H.F. Travis. 1972. Photoperiodic control of
fur growth and reproduction in the mink (MusteZa
vison). J. Exp~ Zool. 182:217-226.
Decreasing photoperiod accelerated development of
winter pelage and gradually increasing photoperiod hastened
the onset of the breeding season. An abrupt change in photoperiod inhibited gonadal development and delayed development
of summer pelage for 10-12 wk. Changes leading to the development of the summer pelage occurred concomitant with, or
slightly after the initiation of testicular regression, while
gonadal recrudescence occurred after completion of the winter
furring cycle.
Enders, R.K. 1952. Reproduction in the mink (MusteZa vison).
Proc. Am. Phil. Soc. 96:691-755.
Farm mink and some wild animals were used to describe
reproductive anatomy and behaviour, length of gestation, relation of size of litter to date of mating, effect of age of
female on litter size, and the rple of the male in litter size.
A complete source.
Farrell, D.J., and A.J. Wood. 1968a. The nutrition of the
female mink (MusteZa vison): I - The metabolic rate
of the mink. Can. J. Zool. 46:41-45.
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The resting heat production of 2 female mink, subjected to different ambient temperatures, was minimal at
25±20C. These animals, when exposed to temperatures above
29 0C and to a high relative humidity, became restless, but
showed no such discomfort at temperatures close toOoC. The
basal heat production (76.5 kcal/w O. 73 ) of 3 sleeping female
mink was within the range that would be predicted from work
with other species.
Farrell, D.J., and A.J. Wood. 1968b. The nutrition of the
female mink (MusteZa vison): II - The energy requirement for maintenance. Can. J. Zool. 46:47-52.
The energy intake data are described by the equation,
intake = 0.266 weight + 14, under conditions of body weight
stasis· with the animals housed in ranch-type cages. Cage size
infl uenced energy requirement. The mink appears to have a
higher maintenance requirement than would be predictable from
work with other species.
Farrell, D.J., and A.J. Wood. 1968c. The nutrition of the
female mink (MusteZa vison): III - The water requirement for maintenance. Can. J. Zool. 46:53-56.
A total of 2.8 g total water/g of dry feed or 0.63
g/kcal of digestible energy intake was consumed. This agrees
with other species.
Foss, I., and G. Flottorp. 1974. A comparative study of the
development of hearing and vision in various species
commonly used in experiments. Acta Oto-Laryngol.
77:202-214.
Hearing was found to occur at an average Of 29 days
and the opening of eyelids at 33 days in mink, taking much
longer than the cat, dog and rabbit.
Hansen, N:G., and G. Jorgensen. 1973. Determination of the
metabolic faecal nitrogen and the endogenous urinary
nitrogen of mink. Acta Agric. Scand. 23:34-38.
Multiple regression analyses showed thatN-intake,
body weight, weight increment, age, and dry matter intake all
significantly influence the metabolic-N and endogenous-No
Hegreberg, G.A., S.L. Norton, and J.R. Gorham. 1976. Muscular
distrophy. Am. J. Pathol. 85:233-236.
An amyotonic form of muscular distrophy of mink was
recently identified, transmitted as an autosomal recessive trait.
Microscopic and enzymatic changes were found in skeletal muscle
and serum .
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Pearson, O.P., and R.K. Enders. 1944. Duration of pregnancy
in certain mustelids. J. Exp. Zool. 95:21-35. '
There is a period of delayed implantation ;n mink
which results in an extremely long gestation period~ Unimplanted
b1astocysts were found 20 days after mating in mink while the
duration of embryonic attachment is probably less than 31 days.
It is suggested delayed implantation in mink, and some otter
mustelids, is caused, under natural conditions, by the increased
day length in the spring.
Ramsden, R.O., P.F. Coppin, and D.H. Johnston. 1976. Clinical
observations on the use of ketamine hydrochloride in
wild carnivores. J. Wi1d1. Dis. 12:221-225.
The mink was one of 5 carnivorous species to which
ketamine hydrochloride was administered in doses which resulted
in a range of effects from simple immobilization to a surgical
plane of anesthesia during which minor operations were conducted.
The drug had a wide margin of safety, was easily administered
by syringe and took effect rapidly. Undesirable side effects
of excessive salivation and maintenance of muscle tone were
readily controlled by combining this drug with others.
Segal, A.N., and V.V. Ignatov. 1975. Heat preservation and
emission from the body surface in the mink {MusteZa
vison}. [In Russian, English summary]. Zool. Zh.
54:1687-1696.
The body temperature and heat-properties of fur cover
were determined and the heat emission by convection and conduction from the body surface was calculated for minks kept in
captivity in different climatic zones. There was no seasonal,
sex, or genotypic differences in rectal and skin temperatures.
There are no genotypic differences in the heat and
wind resistance of fur but the skin of males is characterized
by better heat~protective properties than that of females.
Increase of wind speed up to 5 m/s diminishes heat
resistance by 15-20%, to 11 m/s by 25-30%, so that within the
range of 5-11 m/s the fur is more wind-resistant than in the
range of 1-5 m/s.
Seier, L., R.J. Kirk, and D.B. Bragg. 1971. Effect of the ,
mink's furring process on feed consumption and nitrogen
retention. Can. J. Ani~. Sci. 51 :757-760.
Feeding consumption increased {P < 0.05} a total of
97% during the furring process. Two peaks were observed for
nitrogen retention, one occurring Aug. 18-19 and the second
one on Oct. 1-2, the latter coinciding with the initiation of
hair growth. No change was noted in dry matter or protei,n
digestibility over the test period (July - Oct.).
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4.3

MORTALITY FACTORS

Anonymous.

1977. Alberta Trapping Guide. [In English and
Cree]. Alberta Recreation, Parks and Wildlife,
Fish &Wildlife Division. 55 pp.
Diagrams and simple instructions for proven humane
traps for furbearers.
Barber, D.L., and L.C. Lockard. 1973. Some helminths from mink
in southwestern Montana, with a checklist of their internal parasites. Great Basin Nat. 33:53-60.
Thirty-four of 100 mink examined revealed the presence
of Perostrongylus pridhami Anderson, 1962 (Anderson, 1963) in
the lungs, its first report in the U.S.A. Thirteen were inflicted
with Taenia mustelae Gmelin 1790, its first report in the area .
A checklist of internal parasites is included.
Beckett, J.V., and V. Gallicchio. 1966. Occurrence of the lung
fluke, Paragonimus kellicotti Ward, 1908, in Ohio
mink. J. Parasitol. 52:511.
Data from two trapping seasons show Paragonimus
kelZicotti occurring in wild mink ranging from 35-48 percent
to 43.5 percent infection with a slightly higher infection rate
in males.
Crichton, V.F.J. 1972. The biology of Dracunculus spp.
(Dracunculoidea: Dracunculidae) in wildlife from
Ontario. Ph.D. Thesis. University of Guelph, Guelph.
88 pp.
Carcasses of 1,147 mammals were examined for guinea
worm and it was recovered from raccoon, .mi nk, otter, fi sher,
short-tailed weasel, muskrat, opossum and badger. A redescription
of Dracunculus insignis from raccoon and mink is given and D.
lutrae n.sp. from otter is distinguished from otter species. D.
ins ignis was found to be a common parasite (prevalence 75%) of
raccoon and mink in southern Ontario. Experimental studies revealedthat mink are partially refractory to infection with D.
insignis and this species may have evolved in raccoon and mink,
and subsequently became involved in the life cycle. D. lutrae
n.sp. is a common parasite (prevalence >75% in most districts)
of otter throughout Ontario.
,
Rana pipiens and R. clamitans were suitable paratenic
hosts for D. insignis but fish were not. Since none of the otter
from northern Ontario had worms in their eggs while those from
souther~ Ontario did, it is suggested that this may be due to
the absence of a paratenic host in the life cycle of D. lutrae
n.sp. in the north (probably the bullhead, Ameriurus nebulosus).
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Guinea worm is apparently not highly pathogenic in itself but
lesions aggravated by scratching and rubbing are often invaded '
by bacteria.
Dorney, R.S., and L.H. Lauerman, Jr. 1969. A helminthological
survey of wild mink in Wisconsin. Bull. Wildl. Dis.
Assoc. 5:35-36.
This article contains data on the helminths found in
47 wild trapped mink from Horicon Marsh, Wisconsin. AZaria
musteZae~ SkrjabingyZus nasicoZa~ CapiZZaria sp. and FiZaroides
martis were the most prevalent (87,85, 74 and 43 percent, respectively) of the seven parasites found.
Gallicchio, V., and P. Leach. 1970. Paragonimus keZZicotti
Ward, 1908 in feral Ohio mink. Ohio J. Sci. 70:319.
Of 45 feral mink lungs examined (from 17 counties
in Ohio), 8 (17.77%) were positive for P. keZZicotti.
Hansen, K.B. 1933. Parasites of minks and their control.
Am. Fur Breeder 5:5-7.
The external and internal parasites of ranch and wild
mink are discussed. Those included are fleas, lice, mange,
coccidia, ascarids, intestinal capillarids, lungworms, sinus
worms, kidney worms, trichinae, spiny-headed worms, tapeworms,
fl ukes, and m.aggots.
Kinsey, C., and W.H. Longley. 1963. Incidence of SkrjabingyZus
in Minnesota mink. J. Mammal. 44:261.
Eighty-five percent of female mink skulls and 59-95%
(depending on region of ' l~innesota) of male mink skulls contained
discolorations, swellings or lesions of the frontal bone which
were indicative of infection by SkrjabingyZus. The nematode
was identified as S. nasicoZa.
Ko, R.C., and R.C. Anderson. 1972. Tissue migration; growth,
and morphogenesis of FiZaroides martis (Nematoda:
Metastrongyloidea) in mink (MusteZa vison). Can. J.
Zool. 50:1637-1649.
The morphogenesis of F. martis and its movements
from its third molt 3-4 days after infection until it reaches
the bronchi or trachea by day 35 :are described.
Law, R.G., and A.H. Kennedy. 1932. Parasites of fur-bearing
animals. Onto Dept. Game Fish. Bull. 4. 30 pp.
This bulletin contains descriptions and drawings made
from internal parasites of mink.
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Mace, T.F.

1976a. Lesions in mink (MUstela vison) infected with
glant kidney worms (Dioctophyma renale). J. Wildl.
Dis .12 :88-92.
Lesions in kidney parenchyma infected with D. renale
are described. The nematodes in the lumen were bathed in an
albuminous fluid containing red blood cells, epithelial cells
and P. renale eggs. The uninfected left kidney was 60% larger
than that of normal mink.
Mansi, N.

1964. Post mortem examination in mink. Pages 135136. In: Advances in small animal practice. ,Vol. 5.
Proc. Br. Sma 11 Mammal Vet. Assoc. 26-28 April, 1963.
Pergamon Press, London, New York,and Edinburgh,
Scotland.
An outline is presented of the proc~dure to be followed
,
when performing a post-mortem examination to establish the cause
of death in mink.
Phaneuf, J.B., Fredette,
at a mink farm
13:75.;.77 .
An outbreak of
Clostridiwn botulinwn in

and G. Vinet. 1972. Botulism poisoning
in Quebec . [In French]. Can. Vet. J.
botulism related to type C toxin of
mi nk ki 11 ed 9,200 anima] s.

Presidente, P.J.A., and L.H. Karstad. 1975. Hepatozoon sp.
infection in mink from southwestern Ontario. J. Wildl.
Dis. 11 :479-481.
Schizonts of Hepatozoon sp. were found in the lungs of
10 of 18 (56%) mink, located in microgranulomas within the pulmonary parenchyma, occasionally in peribronchiolar or perivascular
sites.
'
Presidente, P.J.A., and R.D. Ramsden. 1975. Paragonimus kellicotti
infection in wild carnivores in southwestern Ontario.
11. Hi stopathologi c features. J. Wi 1d1. Di s. 11 ,:
364-375.
Pulmonary lesions associated with naturally acquired
Paragonimus kellicotti infection were studied in mink and other
wild carnivores. In mink a fibrous capsule was formed around
mature flukes in dilated bronchioles or bronchi, and there was
mild focal interstitial pneumonitis adjacent to fluke eggs in
alveoli and migrating parasites.
Skulberg, A., and M.Va11and.

1969.

Susceptibility of mink to
Acta Vet. Scand.

Clostridiwn botulinum type E toxin.

10: 137 -145.
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Mink are substantially less susceptible to type E
than to type C toxin when the toxins are administered orally.
Swartz, L.G. 1968. A new natural definitive host, and morphometry of Soboliphyme baturini Petrow, 1930 in
interior Alaska. Can. J. Zool. 46:691-693.
Nine mink from near Fairbanks, Alaska contained 98
Soboliphyme baturini (eight were infected). The mink is a
new, natural, definitive host for this parasite.
Starzyk, J., B. Pawlik, and Z. Pawlik. 1973. Studies on the
frequency of occurrence of Toxoplasma gonaii in furbearing animals. Acta. Biol. Cracov. Ser. Zool. 16:
229-233.
Almost 25% of minks examined in Poland contained toxoplasma antibodies but showed no clinical signs of disease.
They maybe a reservoir of Toxoplasma gonaii in nature.
P.H.G. 1970. The development route of migration,
and pathogenesis of Perostrongylus pridhami in mink.
J. Parasitol. 56:559-566.
The life cycle of this parasite is traced from larvae
in stomach to the visceral pleura of the lungs 24 hr later, and
to adult 7 days after infection.
Stockdal~,

Stockdale, P.H.G. 1976. Pulmonary pathology associated with
metastrongyloid infections. Br. Vet. J. 132:595-608.
The gross and microscopic changes in the lungs of the
mink (among 10 mammals studied) elicited by metastrongyles and
pulmonary trichostrongyles are described, and the effects of in'fections on the pulmonary connective and lymphoid tissues mentioned.
Stockdale, P.H.G., and R.C. Anderson. 1970. The development,
route of migration, and pathogenesis of Filaroides
martis in mink. J. Parasitol. 56:550-558.
Life of the worm is traced from third stage larva in
gastric glands of mink to adults in lung parenchyma 15 days
later and the deposition of first stage larvae 40 days after
infection.
Williams, D.R. and R. Bellhouse. ' 1974. The prevalence of salmonellas in mink. J. Hyg. 72:71-78.
Eight species of Salmonella were isolated from ranch
mink. The epidemiological aspects are discussed.
Zimmerman, W.J., and E.D. Hubbard. 1969. Trichiniasis in wildlife in Iowa. Am. J. Epidemiol. 90:84-92.
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Prevalences of greater than 5.0% were found in mink,
among 15 species of native Iowa wildlife. Possible sources of
infection for wildlife and the possible role of wildlife as
reservoir species in the overall trichiniasis problem in the
U.S.A. are discussed.
4.4

ENVIRONMENTAL QUALITY

Aulerich, R.J., R.K. Ringer, H.L. Seagran, and W.G. Youatt.
1971. Effects of feeding coho salmon and other Great
Lakes fish on mink reproduction. Can. J. Zool. 49:
611-616.
Mink fed a number of kinds of fish from Lake Michigan
showed reduced reproductive performance, and/or excessive kit
mortality. No correlation .was found between the degree of oxidative rancidity or Hg contamination of the fish and the reproductive performance of the mink. The levels of pesticide
residues in the fish appeared related to the effects in the
mink.
.
Aulerich,R.J., R.K. Ringer, and S. Iwamoto. 1974. Effects of
dietary mercury on mink. Arch. Environ. Contam. Toxicol. 2:43-51.
Five parts per· million of dietary methylmercury was
lethal to adult mink in about one month. Ten parts per million
of mercuric chloride in the diet for five months did not produce adverse effects. Clinical signs of methyl mercurialism
were anorexia, loss of weight~ incoordination, tremors and
paroxysmal convulsions. The latency period was about 24 days;
survival time averaged 33 days . . Pathological changes were evident in the tissues of the· mink that died ot mercury poisoning .
. Tissue mercury residue analyses .showed the highest concentration
of mercury in tissues from mink fed methylmercury.
Gilbert, F.F. 1969. · Physiological effects of natural DDTresidues and metabblites on ranch ~ink. J. Wildl. Manage.
33:933-943.
Ranch mink fed a diet of fish from New Brunswick
developed higher levels of DOE in liver and adipose tissue than
did mink on a control ration. Effects on males vs. females,
blood counts, re~roduction, and litter sex ratio are reported.
Jernelov, A., A.H. Johansson, L. Sorensen, and A. Svenson. 1976.
Methyl mercury degradation in mink. Toxicology 6:
315-321 .
Of the total amount of mercury detected in tissues and

140

faeces of minks fed methyl mercury-contaminated fish, only 73%
was found as methyl mercury, and 46 and 55% respectively in
liver and kidney. The conditions in mink are compared to
earlier studies on cats and marine mammals.
P1atonow, N.S., and L.H. Karstad. 1973. Dietary effects of
polychlorinated biphenyls on mink. Can. J. Compo Med.
37:391-400.
Poisoning occurred in 32 mink fed diets containing
meat from cows which had been fed a polychlorinated biphenyl
(PCB), Arc10r 1254. No live kits were produced and all mink,
died during a 105 day period of feeding a ration containing
3.57 ppm of PCB. Clinical signs were limited to weight loss
and passage of black, tarry feces. The gross lesions seen were
yellowish discoloration of the liver and hemorrhage into the
abdominal cavity or gastrointestinal tract. At a level of 0.64
ppm of PCB in ration one of 12 mink produced three kits, all of
which died during the first day after birth. It is concluded
that mink are highly sensitive to small quantities of PCB fed
for an extended period of time.
Sherburne, J.A., and J.B. Dimond. 1969. DDT persistence in
wild hares and mink. J. Wild1. Manage. 33:9.44-948.
Residues of from 0.5 to 2.6 ppm DDT and its metabolites
are shown to persist in mink up to nine years after a single
application of 1 1b/acre (1.1 kg/ha).
Travis, H.F., G.V. Richardson, J.R. Menear, and J. Bond. 1968.
The effects of simulated sonic booms on reproduction
and behaviour of farm-raised mink~ U.S.D.A. Agric.
Res. Servo 17 pp.
Kit production per female was higher for those recelvlng sonic booms, due to a higher percentage of females
whelping. These females had slightly smaller litters (not significant) at 10 days. No abnormal behaviour was observed.
Wobeser, G. 1976. Mercury and mink: 11- Experimental methyl
mercury intoxication. Can. J. Compo Med. 40:34-45.
Adult female mink were fed rations containing 1.1,
1.8,4.8,8.3 and 15.0 pp Hg as methyl mercury chloride over
a 93 day period. All showed histopathological evidence of injury and all but the ones fed the lightest dose developed
clinical intoxication, the rapidity of which was directly related to the Hg concentration , of the ration.
Wobeser, G., N.O. Nielson, and S.B. Schiefer. 1976. Mercury
and mink: I - The use of mercury contaminated fish
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as a food for ranch mink. Can. J. Compo Med. 40:
30-33.
Adult female and juvenile ranch mink were fed rations
~ontaining 50 and 75% fish with 0.44 ppm total Hg over a 145
day period. There was no clinical or pathological evidence of
intoxication, and Hg concentrations in tissue appeared to be at
a level below that associated with toxicity.
Wobeser, G., and M. Surft. 1976. Mercury poisoning in a wild
mink. J. Wi1d1. Dis. 12:335-340.
.
Believed to be the first documented case of mercury
intoxication of a wild animal in North America, a wild mink
was diagnosed on the basis of clinical signs, histopathologic
lesions, and tissue mercury concentrations. The probable source
was fish from the South Saskatchewan River;
4.5

MANAGEMENT

Balser, D.S. 1959. Mink production and harvest survey. ~1inn.
Div. Game Fish. W-11-R-19. 7 pp.
Information from the mink carcass collection showed
that trappers ~aught 56 percent males and 43 percent females.
The ratio of males to females was highest the first two weeks
of the Season. The age ratio of 2.84 young per adult obtained
in this study appears to be high and may be due to greater
vulnerability of young mink. This figure does not necessarily .
indicate an overharvest since the age ratio is believed to be
higher than actually exists.
Birney, E.C., and E.D. Fleharty.· 1966. Age and sex comparisons
of wild mink. Trans. Kans. Acad. Sci. 69:139-145.
Sex and age comparisons of 126 wild trapped mink in~
dicate their condyle-premaxillae length appears to be a val id
criterion todistingl.llsh sex by skull alone for those animals
. eighteen months of age or nlder. In spite of evident sexual
di.morphism, there is some size overlap between male and female
mink in some skeletal characteristics . . Width of the least
interorbital constriction grows narrower with age for at least
eight months after birth. A significant size and weight difference exists between juveniles and adults, at least through the
first trapping season after birt~ with males exhibiting this
difference to' a greater degree than do females.
Birney,E.C., and E.D. Fleharty. 1968. ' Comparative success
in the application of ag1ng techniques to a population
of winter-trapped mink. S.W. Nat. 13:275-282.
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Skinned carcasses of 126 winter-trapped mink were
classified as juveniles and adult by means of a combination of
reported aging methods. The percentage of the sample that could
have been aged accurately by using each method of age determination was determined. Methods involving the baculum, skull
sutures, region of the epiphyseal closure of the femur, and
posterior edge of the ischium were found to be the most ~seful .
for aging mink.
'
Burns, J.J. 1964. The ecology, economics and management of. ,
mink in the Yukon~Kuskokwin Delta, Alaska. M.Sc.
Thesis. Univ. of Alaska, Fairbanks. 114 pp.
The most important food items of mink in this a~ea
are small mammals taken during the summer and blackfish taken
during the fall and early winter. Mink of this region mate ,
during the second and third weeks of April, and have their young ,
during the middle of June. Natal dens were always found in
'
areas of deep annual thaws under a cover of Spiraea beauverdiana
or Salix spp. Suitable conditions occur most commonly on the
banks of small streams, or on pingos. The sex composition varied
from 59.3 percent males to 67.2 males, in different hunting ,
seasons. The difference was significant, and was attributed to
differences in trapping conditions and population levels. Trapping methods, procedures and effects are considered, and it is
concluded that the IItaluyak (a wire underwater trap) is the
most satisfactory trap for taking mink. The most important
factor responsible for population levels during any trapping
season is the 'survival success of young mink bornduri ngthe
preceding summer. Evidence indicates that ' the major factors
affecting survival i~ccess are climatic breeding seasons during
which warm, dry weather prevailed, and vice versa.
li

Croxton, L.W. 1960. A southeastern Alaska mink management '
study. M.Sc. Thesis. Univ. of Alaska, Fairbanks.
74 pp.
Mink management in coastal southeastern Alaska was
studied over a 10 month period. Mink summer along rivers and
streams and in upland muskegs, but they winter in a narrow
beach zone. Present trapping removes more than the harvestable
surplus with trapping on a yearly basis but not if it is re~
tricted to alternate years. Optimum harvest can be sustained
on a yearly basis if only the surplus is taken. Illegal trapping is widespread. Live trap mortality of the mink in the
study was nearly eliminated with an all-wood protective trap.
deVos, A., A.T. Cringan, J.K. Keynolas, and H.G. Lumsden.
1959. Biological investigations of traplines in
northern Ontario) 1951-56. Tech. Bull., Ontario
Dept. Lands For. Wildl. Ser. 8. 62 pp.
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Conclusions pertaining to mink were: perforated
sardine tans are effective bait, no artificial scent required;
there is no correlation between population fluctuations and
catch, and a close correlation between track incidence and
catch; increase in catch in March was attributed to greater
influx of animals; periphera l trapsites produced higher
catches than interior trapsites; more travelling took place
on cloudy, warm days.
Ender, W.H. 1951. The baculum as an age criterion in mink.
J. Mammal. 32:43-50.
The shape of the mink baculum is described. Length
and weight increase with sexual maturity and weight continues
to increase with each succeeding year. Statistical analysis
of weights of the bacula of juvenile mink as compared with
adult mink was made, so that bones of unknown age can be classified with 85-90% accuracy and those outs i de the region of
overlap (196-226 mg) with 98% accuracy. By providing a sensi tive measure of adult-young ratios in the harvest, this age
criterion supplies a means for determining year to year changes
in productivity of mink populations.
Franson, J.e., P.A . Dahm, and L.D. Wing. 1975. A method for
preparing and sectioning mink (Mus t e Za vison) mandibles for age determination. Am . ~·1idl . Nat. 93 :
507-508.
Data from 3 animals indicated that age in years
equals the number of annuli. Ages of 31 wild mink ranged from
age class 1 to age class 4.
Greer, K. R. 1956. Mink age and sex ratios. Mont. Fi sh Game
Dept. Wildl. Res . Div. Annu . Rep. Pages 34-54.
Approximately 2,600 carcasses from two year's mink
harvest indicated nearly identical sex ratios over the 1953
and 1954 samples (i.e. 58:42 percent male:female). The same
number of specimens were aged as juvenile or adult by presence
or absence of zygomatic suture and femoral tubercle. The
results of this indicated a decided increase in the 1954 harvest of juveniles in both sexes and this was positively
correlated with reduced spring muskrat trapping activities.
Greer, K.R. 1957. Some osteological characters of known-age
ranch minks. J. Mammal. 38:319-330.
Almost all the male specimens were correctly classified by baculum conformation. The presence or absence of the
supra-sesamoid tubercle of the femur separated 92.8% of the
specimens into juvenile or adult. The presence or absence of
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a jugal suture of the skull separated 93.4% within their respective categories. Combining the two, the incidence for correct
identification was 95.5%. Data indicate importance for analyzing
paired values of criterion for accurate age identification.
Hibbard, E.A. 1957. Age ratios in wild mink populations. J.
Mammal. 38:412-413.
Using the baculum as the age criterion, male mink were
easily separated into adult and juvenile classes . Over 3 years,
and from 4 areas in North Dakota, ratios ranged from 3.58 young
per adult to 5.55 young per adult.
.
Lechleitner, R.R. 1951. An analysis of some age criteria in a
domestic and a wild population of mink (MusteZa vison).
M.A. Thesis. Montana State Univ., Bozeman. 54 pp.
This study determined that, in both ranch mink and
wild mink, baculum morphology is the most reliable character
for distinguishing sexually mature males from sexually immature
males. The mo~pho1ogy of the femur gives a separation of the
age classes for both female ranch and wild mink.
Lech1eitner, R.R. 1954. Age criteria in mink, Mustela vison.
J. Mammal. 35:496-503.
Of skinned carcass weight, total length, baculum weight
and morphology, femur length and morphology, skull measurements,
and . general skull morphology, only baculum morphology is reliable
in all cases for determining age classes of males, with femur
conformation being; thebest method .for females. Using these
methods, there were 28.5 adult males for every 100 young males,
and 32.8 adult females for every 100 young females in the Montana
study area.
Mitchell, J.L. 1958. Fur resources surveys and investigations:
Mink age and sex ratios. Mont. Fish ' Game Dept.
W-049-R-08. 8 pp.
A 57 percent male to 43 percent female ratio was calculated from the 1,601 specimens collected in one year. A juvenile to adult female ratio of 374:100 was found, and it was
felt that this indicated a healthy vigorous population.
Newby, F.E. 1956. Techniques used in management of Montana
fur animals. Proc. Annu. Conf. W. Assoc. State
Game Fish Comm. 36:161-172.
Methods used to determine the annual mink take are
mail survey, inspection of fur buyer's records and analysis of
shipping permit records.
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Paul, J.R.

1968. Baculum development in mink. Trans. Ill.
State Acad. Sci. 61:308-309.
Data are presented on baculum growth in mink and
difficulties associated with determining age of baculum morphology indicated.
Ritcey, R.W., and R.Y. Edwards. 1955. Live trapping mink
in British Columbia. J. Mammal. 37:114-116.
Mapping of ventral pelage pattern and ear clipping
was used as a less-than-satisfactory marking method. Sparse
recapture data seemed to indicate movements of up to two
miles (3.2 km) airline, juveniles being more restricted in
travelling than adult males and females being most sedentary.
A high proportion of juveniles in the data suggests a rather
high rate of population turnover.
Sampson, F.W. 1956. Population rends of furbearers - mink.
Mo. Cons. Comm. W-13-R-10. 12 pp.
There were 39.2 percent females in a statewide sample
of 1,203 mink pelts. There were 53.1 percent juveniles in a
statewide sample of 243 mink baculi. The statewide harvest
index (pelts per 100 square mil~s) decreased 29 percent from
an index of 22.41 to 15.97 over a one year period. The trapping pressure decreased 32 percent in the same time. The
statewide catch success (mink catch per permit) increased from
2.69 to 2.84 over a one year period and this was accompanied
by increased proportion of juveniles and decreased proportions
of females.
Sealander, J.A. 1943. A criticism of Marshall's method for
censusing mink. J. Mammal. 25:84-86.
This is a statistical analysis of the margin of error
in determining sex of mink from measurement of track of hind
foot.
Snyder, D.H. 1962. Variables affecting the reliability of
age determination in mink bv examination of the
baculum. M.A. Thesis. Missouri Univ., Columbia.
n.p.
Thesis not seen.
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5.

OTTER

5.1

LIFE HISTORY

Danilov, P.J., and I.L. Tumanov. 1975. The reproductive cycles of
some mustelidae species. [In Russian, English summary].
Byull. Mosk. O-Va. Ispyt. Otd. Biol. 80:35-47.
The female sexual cycles of nine species of Mustelidae
were investigated supplemented by direct observation on captive and
wild animals in the U.S.S.R. Lutra Zutra reaches sexual maturity in
the third year of life and mating time is Feb.-June.
Erlinge, S. 1967a. Home range of the otter Lutra Zutra L. in
Southern Sweden. Oikos 18:186-209.
The mother-and-young family groups extend their home ranges
in the course of a year, exploiting an area of 7 km diameter.
Topography and access to open water in winter primari ly determine the
home range's, size and location, while food supply and population
density have a secondary influence. Adult dog otters generally cover
home ranges with a width of about 15 km, varying with topography,
individual qualities, and occurrence of other otters. The distance
travelled by family groups is extended as the cubs grow up (3-4 km is
a common length in winter). Dog otters travel large distances all
year round, with a variable mean of 9-10 km per night. Most time is
spent in the centre of the home range. Travels often follow a certain
pattern of regular occurrences at dens, rolling places, slides,
feeding places, sprainting spots, sign heaps and runways. Spring and
autumn are seasons .pf"high activit:y, and great movement, covering
home ranges completely, whereas activity is restricted in summer and
winter, in 92% of the 517 scats. Invertebrates were seen in 56%,
vegetable matter (mostly blueberries) in 13%, mammals in 3% and
birds in 1%. Percentages of fish species are listed. Fishing methods
and construction of beds were described. Population estimates were
determined by tracks in snow, an aerial flight and a simultaneous
coverage of the shoreline. Four parasites were recorded.
Erlinge, S. 1967b. Food habits of the fish-otter, Lutra Zutra L.,
in south Swedish habitats. Viltrevy 4:372-443.
The feeding habits of the otter were studied in some fresh
waters of southern Sweden by analysis of scats. The habitats were
visited continuously throughout the year and all new excrements from
otters were collected. The present report is based on analysis of
14,615 scats. The prey populations were studied at the same time by
electrofishing, by capture-recapture, by direct observations, and
by interviewing the fishermen in the area. The results indicate that
the feeding habits of the otter show local variations and the food
environment most distinctly influences the choice of prey. Well
marked seasonal changes were found to be a very characteristic feature
of the feeding habits and these seasonal changes are caused mainly

147
by varying occurrence and/or behaviour of the prey populations. In
most cases different prey populations are subject to otter predation
in relation to their vulnerability. Otter predation may work toward
some sort of balance between the prey populations, however, the
final effect is difficult to ascertain.
Erlinge, S. 1968a. Territoriality of the otter Lutra Zutra L.
Oi kos 19: 81-98.
Winter populations of otter in Sweden consisted of 30-40%
resident territory holders, about the same proportion of temporary
residents or transients and 25-38% young of the year. The density
of otters was 1/0.7-1.0 km 2 area of water or 1 per 2-3 km length of
lake shore and 1 per 5 km length of stream. Territorial behaviour
is shown by signal activity, dispersion pattern and movements.
Females with cubs exploit territories situated within dog otters'
territories, the size and location of which depend on the qualities
of the dogs. Territorial conflicts are rare, except along the overlapping boundaries. Territorial behaviour has pronounced individual
character based on individual status in a hierarchical system.
Avoidance and threats playa larger part than pursuits. The territories
of family groups are feeding areas, whereas those of dog otters
primarily have sexual significance.
Erlinge, S. 1968b. Food studies on captive otters Lutra Zutra L.
Oikos 19:259-270.
Hun ti ng otte rs preferred fi sh (mot il e prey) more than frogs
and crayfish (less motile prey). There was no selective hunting of
fish; they were caught in inverse relation to their ability to escape.
Fishes of intermediate size (15-17 cm) were taken before smaller
specimens due to preference and greater vulnerability. Replete otters
rejected certain prey more frequently than others . The integument
of prey animals might be decisive and their f requency appreciably
affected the sequence of catching. Using frequency calculations,
analyzing scats was shown to give a reasonably true picture of the
relative importance of different prey categories.
Erlinge, S. 1969. Food habits of the otter Lutra Zutra L. and the
mink MUsteZa vison Schreber in a trout water in southern
Sweden. Oikos 20:1-7.
The food of these 2 predators greatly overlapped as they
both exploited easily available prey. It was found that 90.8% of
the otter's prey was fish. The mink also preyed on waterfowl (24.4%)
and mammals (9.5%). The corresponsing figures for the otter were
5.5% and 0.2%. The non-sa1monid fishes were 94.3% of all fish taken
by otter and 92.3% of those caught by mink. About 30% of the fish
taken by otter exceeded the maximum size generally taken by mink.
Differences in food habits were primarily due to different adaptations
but also to interference - otter and mink compete for food in winter.

148

Erlinge, S.

1972.

Intraspecific relations between otter, Lutra
Oikos 23:237-335.
Using frequency of scats, an inverse correlation was
found between the density of otter and that of mink due to habitat
preference and food competition.
Zutra and mink, MusteZa vison in Sweden.

Eveland, T.E., and L.M. Rymon. 1977. Preliminary analysis of the
population, distribution, and habitat preferences of
otters in Pennsylvania. Penn. Game Comm. 11 pp.
This paper discusses and maps the population and distribution of otters throughout the state, and suggests what habitats
may be preferred and what areas of the state may have suitable
habitat for future reestablishment.
Field, R.J. 1970. Winter habits of the river otter (Lutra canadensis)
in Michigan. Mich. Acad. 3:49-58.
Otters are mobile in winter, even in fresh deep snow.
Swimming under ice or in open water is preferred to ~Jalking. When
travelling overland, they use deer trails, snowshoe hare runs, or
other otter tracks. Otters living in a wooded stream area travelled
more frequently and for greater distances hunting for food than did
those in an open marsh area. They also occasionally hunted in pairs
or small groups, while marsh otters tended to hunt and travel alone.
Greer, K.R. 1953. Yearly food habits of the river otter in the
Thompson Lakes Region, Northwestern Montana, as indicated
by scat analysis. M.Sc. Thesis. Montana State Coll.,
Bozeman. 30 pp.
A food habits study by scat analysis was conducted to help
evaluate the economic status of the river otter. Ninety-six otter
latrines supplied 1,374 scats. Material was gathered from two
separate areas and analyzed data were compared. For the entire year
and for both areas fish remains were identified most frequently,
appearing in 93.2% of the scats. Invertebrates were recorded for
41.2%, amphibians 18.4%, mammals 15.4%, birds 5.2%, and reptiles .4%.
Each of the groups retained the same position in relative importance
throughout all seasons except fall when mammals replaced amphibians
for third. The data suggest availability of prey to be important in
determing the food habits of the otter.
Greer, K.R. 1955. Yearly food habits of the river otter in the
Thompson Lakes Region, Northwestern Montana, as indicated
by scat analysis. Am. Mid]'. Nat. 54:299-313.
Reports data from thesis study.
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Grenfell, W.E., Jr. 1874. Food habits of the river otter in Suisin
Marsh, Central California. M.Sc. Thesis. California
State Univ., Sacramento. 43 pp.
One hundred and twenty river otter scats were analyzed by
frequency of occurrence of food items for a one year period, and
seasonal feeding patterns were determined. Major foods, in their
order of importance, were crayfish, waterfowl, and fish. Crayfish
consumption was high and constant throughout the year, but the take
of fish and waterfowl varied according to season. Waterfowl consumpti on was proporti ona 1 to waterfowl dens ity. Some intake of plants
was also noted.
Grigor1ev, N.D., and Y.E. Egorov. 1969. The biocoenotic connections
of the mink with the common otter in the Bashkirian SSR.
(Transl. from Russian). Sb~ Tr. Vses. Nauch-Issled. Inst.
Zirotn. Syrlya Pushniny. 22:26-32. Ref. Zh. Bio1., 1969.
No. G1493.
Studies were made of nutrition according to dropping and
behaviour according to tracks~ Mink diet was 54.7% rodents, 37.5%
frogs, 16.4% fish, and 5.7% birds; for the otter the figures were fish
and frogs 63.1%, and mink residues 0.9%. The competition for food
is not acute, but 'is manifested more clearly in winter. The density
of the mink population was 6 to 7 times that of the otter. At such
a ratio, the otters have no material effect on the size of the mink
population.
Hamilton, W.J., Jr. 1961. Late fall, winter and early spring foods
of 141 otters from New York. N.Y. Fish Game J. 8:106-109.
The contents of 'stomach and intestines of 141 otters taken
from 'late fall to early spring, revealed fish in 90% of the specimens
(minnows 35.5%; sunfish, blackbass, 12.1%; perch, 9.3%; suckers, 6.4%;
trout, 5%; catfish, 2.1%; sculpins, 2.1%; mudmi nnows, 1.4%; pickerel,
~7%).
Crayfish, frogs and tadpoles, aquatic insects, mammals and
one bird were also found.
Harris, C.J. 1968. A study of the recent Lutrinae. Weiaenfeld
and Nicolson, London. 397 pp.
Contains information on natural history of the otters
(breeding and reproduction, food) and a detailed systematic account
of the otters of the world, well referenced.
Hodl.-Rohn, O. 1974a. On the occurrence and behaviour of the Eurasian
otter, LutraZutra (Linne, 1758), in the vicinity of the
Bavarian forest. [In GermanJ. Saeugetierkd. Mitt. 22:1-17.
Po 11 uti on and the decrease in the 'abundance of prey in the
Danube region have driven the otter to more densely settled areas '
which still support its chief prey, the muskrat. Ecology, behaviour,
biotopical conditions, analysis of fecal matter to determine
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nutritive intake, stalking, reproduction, and measures for the protection and proliferation of otter populations in Europe are also
discussed.
Hodl-Rohn, I.

1974b.

Behavioural studies of three tame

otters~

Lutra lutrogaZe perspici Uata (I. Geoffrey, 1826).

[In

German]. Saeudetierkd. Mitt. 22:17-28.
Types of motion, hygiene, metabolically determined activities, social behaviour, play, and sounds produced are discussed.
Some sounds were composed largely of high frequencies. Reactions
to an ultrasonic whistle could be elicited.
Knudsen, G.J. 1957. Preliminary otter investigations. Wisc. Cons.
Sept. W-079- R-02 . 19 pp.
The frequency of occurrence of fish in the otter stomachs
analyzed was about 90 per cent while that of crayfish was 50 per cent.
Approximately 90% of the fish taken were rough fish not game fish.
The families Centrarchidae, Cyprinidae, Umbridae and Astacidae were
found to be most important families for food in terms of frequency.
The importance of using both volume and frequency analyses in food
analysis is stressed.
A series of remarks by trappers concerning otter feeding
habits is included. A vast majority of trappers (93 per cent) used
a non-bait scent for otter with most of these sets being blind sets
and not scent sets. The lack of mammals and birds in the otters'
diet is noted and attributed to the severe winter weather restricting
these animals' movements.
Knudsen, G.J., and J.B. Hale. 1968. Food habits of otters in the
Great Lakes Region. J. Wildl. Manage. 32:89-93.
Food items were identified in digestive tracts and scats
from Wisconsin, Michigan, and Minnesota otters over 6 years old.
Non-game fish were the main game species, game fish occurring infrequently, followed by crayfish, frogs, and aquatic insects.
Lagler, K.F., and B.T. Ostenson. 1942 . Early spring food of the
otter in Michigan. J. Wildl. Manage. 6:244-254.
Food of otters from trout waters is compared to that from
non-trout waters. Forage fishes apparently constitute effective
buffers against otter predatfon for game and pan species in trout
waters, because they are eaten frequently in good numbers, and in
significant bulk. Crayfish and amphibians are the other important
foods.
Lang, H.

1924. Position of limbs in the sliding otter. J. Mammal.
5:216.
A suggestion is made as to how an otter slides.
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Liers, E.D. 1951. Notes on the river otter (Lutra canadensis). J.
Mammal. 32:1-9.
Feeding habits, range, dens, breeding and family life are
discussed from personal experience of the author with otters.
McDaniel, J. 1963. Investigation of non-game species. Fla. Game
. Freshwater Fish Comm. W-041-R-10. 5 pp.
The Florida otter ranges from north Florida as far south
as the Everglades. Fluctuation in water levels has the greatest
effect on the number of otters harvested. The sex ratio calculated
from the 72 otters collected was 1.32 males:l .00 females. Rough
fish made up most of the otter diet consisting of 54.3% suckers, Amia
and catfish. Crayfish were found occurring more often than game fish.
Meyerriecks, A.J. · 1963. Florida otter preys on common gallinule.
J. Mammal. 44:425-426.
A brief description of a river otter's habit of killing
and eating a gallinule is given.
Moffat, C.B. 1927. The otter. Ir. Nat. J. 1 :209-212.
This is a non-scientific account of the Eurasian otter's
feeding habits and behaviour.
Morejohn, G.V. 1969. Evi~ence of river otter feeding on freshwater
mussels and range extension. Calif. Fish Game 55:83-85.
Evidence of river otter in California was determined by
tracks and signs and the discovery of tooth marks on the shell of
Anodonta californiensis. It was assumed that the otters travelled
overland some 45 mi (72 km) to, reach this site.
1971. The world of the otter. J . B. Lippincott C~, N.Y.
159 pp.
This is a simple explanation of the seasonal changes in
an otter's life.
Park, E.

Peter1e, T.J. 1954; An observation on otter feeding. J. Wildl.
Manage. 18:141-142.
Article is a brief account of otter behaviour while eating
fish.
Ryder, R.A.

1954.

Further investigations of fish predation by otter,
M.Sc. Thesis. Univ. of
Michigan, Ann Arbor . . 16 pp.
The author concluded that, on any but the smallest of
streams or trout ponds, the depredation of game fish by the otter
seems to be insignificant even when a lTIaximum population density of
otter is attained. This is due to the fact that since otter takes
Lutra c. canadensis, in Michigan.
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fishes somewhat in proportion to their abundance the more numerous
forage fish bear the brunt of the attack. Also fish are probably
captured by the otter in inverse relation to their swimming ability
and therefore the slower swimming mudminnows and sticklebacks are
captured more frequently than the faster swimming trout.
Ryder, R.A. 1955. Fish predation by the otter in Michigan. J. Wildl.
Manage. 19:497-498.
Fisheries, crayfish, and amphibians are the three primary
spring foods of the otter in Michigan. Otter capture fish in proportion to the fish abundance and in inverse proportion to their
swimming ability . . Trout may actually benefit by this action, as
the less desirable competitive fish are removed. Depredation by the
otter on trout seems to be insignificant.
Scheffer, V.B. 1953. Otters diving to a depth of 60 feet. J.Mammal.
34:255.
Otters dove to a depth of 60 ft (18 cm) in Alaska, to raid
the clams from crab pots.
Scheffer, V.B. 1958. Long life of a river otter. J. Mammal. 39:591.
An otter lived 14 1/2 years in captivity.
Schults, V. 1959. Status of the beaver and otter in Tennessee. J.
Tenn. Acad. Sci . 34:73-81.
The local distribution of beaver and otter in Tennessee is
given, with reference to verified sightings of these animals.
Scott, W.E. 1939. Swimming power of the Canadian otter. J. Mammal.
20:371.
In Wisconsin, in winter, an otter was found on a fisherman's
line that was 42 ft (12.6 cm) under water and 500 (150 m) from shore
making this an unusual record for depth and distance travelled under
ice.
Severinghaus, C.W., and J.E. Tranck. 1948. Speed and gait of an
. otter. J. Mammal. 29: 71.
This is an account of an otter travel 1ing over ice and snow at a
constant speed of 15-18 mi/hr (24-29 km/hr) for 10 min. Its pattern of
locomotion was 3 jumps followed by a glide of 20-25 ft (6. 1 - 7.6 m)
over ice and less over snow with no loss of momentum. The motion
of feet and body is described.
Sheldon, W.G., and W.G. Toll. 1964. Feeding habits of the river
otter in a reservoir in central Massachusetts. J. Mammal.
45:439-445
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In order of frequency of occurrence, vari ous centrarchi ds
were found in 54% of the scats, followed by yellow perch, white
suckers and golden shiners. In spite of high populations of salmonids
(lake, brown, 'and rainbow trout) there was no evidence of predation
on these species. Otters were found to feed frequently on blueberries
in late summer. Crayfish were consumed at all seasons and occurred
in 56% of the scats.
Shepheard, S. 1937. The otters of Norfolk: with notes on otter
cubs by Miss E.O. Townshend. Trans. Norfolk Norwich Nat.
Soc. 14:138-142.
Includes comments on reproduction, habitat requirements,
value to humans, movement and cub behaviour of otters.
Smith, L.H. 1939. Notes on an otter fishing. J. Mammal. 20:370-37l.
Reports a case of an Idaho otter eatingsquawfish, the
earliest available fish in the river.
Sokolov, A.S., and N.!. Sokolov. 1970. Some specific features of the
locomotor organs of river and sea otters associated with
theirmode of life. [In Russian, English summary]. Byull.
Mosk. Obshchest. Ispyt. Prin. Otd. Biol. 75:5-17.
The muscles of the hand and foot of the river otter are
more developed as compared with terrestrial mustelidae, in order to
regulate the tension of swirrming webs. .The structure and proportions
of the postcranial skeleton do not differ from terrestrial mustelidae.
Di fferences compared to the sea otter are noted.
Stophlet,J.J. 1947. Florida otters eat large terrapin. J. Mammal.
28:183.
, An observation of 4 otters sharing the meat of one reptile
is described.
Swenk, M.H. 1918. On a new subspecies of otter from Nebraska.
Univ.Studies 18:1-7.
It is proposed, in this paper, that the Nebraska , otter be
regarded as a new subspecies Lutra ~anadensis interior subsp. nov.
as its characteristics are intermediate between those of L. c. sonora
and L. c. canadensis.
Tabor, J.E. 1974. Productivity, survival, and population status of
river otter in western Oregon. M.Sc. Thesis. Oregon State
Un1v., Corvallis. 62 pp.
Rates of productivity and s,urvival for river otter in
western Oregon were estimated from 254 river otter carcasses taken by
tr~ppers in the 1970-71 and 1971-72 seasons.
It was found that
fema 1es breed every year and that, the percentage of females bred is
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near maximum. Corpora lutea, blastocysts and implanted embryos per
female averaged 3.05, 2.79 and 2.75 respectively and ranged from 2-4.
The number of pups per adult (?3 yrs. old) female at the beginning
of the trapping season was estimated to be 2.28. Annual survival
rates for female otter calculated by the time-specific life table
using life based data were: Age class 0 - 68%, 1 - 46%, and 2-11 73%; for death based data: 0 - 64%, 1 - 61%, 2-11 - 69%. Recruitment and survival rates indicated a population is constant in size.
Tarasoff, F.J., A. Bisaillon, J. Pierard, and A.P. Whitt. 1972.
Locomotory patterns and external morphology of the river
otter, sea otter, and harp seal (Mammalia). Can. J.
Zool~ 50:915-929.
Terrestrial and aquatic locomotion is described for these
3 species and analyzed in relation to external characteristics.
Only Lutra has to actively maintain itself at the surface of the
water, and this species has the least specialized feet and largest
tail of the 3.
Toll, W.G.

1961. The ecology of the river otter (Lutra canadensis)
in .the Quabbin Reservation of central Massachusetts. M.Sc.
Thesis. Univ. Mass, Amherst. 44 pp.
Scat analysis was the major research conducted. Fish
remains were found most frequently, occurring in 92% of the 517 scats.
Invertebrates were seen in 56%, vegetable matter (mostly blueberries)
in 13% mammals in 3% and birds . in 1%. Percentages of fish species
are listed. Fishing methods and construction of beds were described.
Population estimates were determined by tracks in snow, an aerial
flight and a simultaneous coverage of the shoreline. Four parasites
were recorded.
Toweill, D.E. 1974. Winter food habits of river otters in western
Oregon. J. Wildl. Manage. 38:107-111.
Fish were the main staple of the diet, occurring in 80% of
the 75 digestive tracts examined. Major families represented were .
Cottidae (31%), Salmonidae (24%), and Cyprinidae (24%). Crustaceans,
amphibians, and birds were other important food items occurring in 33,
12, and 8%, respectively, of tracts examined.
Trautman, M.B. 1936. Analysis of a collection of otter scats from
the inlet of Pickeral Lake, Dickinson County, Michigan.
Inst. Fish. Res. Rep. 367. Type-written. 2 pp.
Otter scats were comprised 65.8% of minnows and suckers,
27.5% of crayfishes, and 6.7% of plants, large aquatic beetles and
a snail.
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Veen, J.

1975. Data on the occurrence and behaviour of the otter,
Lutra lutra (L.), the province of Nord-Holland, the Netherlands. [In Dutch, English summary]. Lutra 17:21-37.
One or more otters usually occupi ed a territory of 10 km 2 ,
which does not imply that the area was defended against other otters
or other animals. Data on prey animals, general ecology and behaviour
in the territory i sgi ven . Popu 1ati on density was usually low due to
the absence of sufficient cover; an increase of suitable cover may
result in an increase in otters.
Wilson, K.A. 1954. The role of mink and otter as muskrat predators
in northeastern North Carolina. J. Wild1. Manage. 18:199-207.
A 4-year collection of mink andctterdigestive tracts and
a 2-year collecticn of scats disclosed that muskrat is a very minor
fall-winter food of mink and otter. List of foods found and frequency
of occurrence are given.
Wilson, K.A. 1959. The otter in North Carolina.
S.E. Assoc. Game Fish Comm. 13:267-277.

Proc. Annu. Conf.

The fall-winter food of otters living along the coast is
largely fish i.e. carp, catfish, suckers, and sunfish; At other
times of the year the otter's diet includes b1uecrab and crayfish as
well as small amounts of shrimp, clam, water beetles, muskrat, rails
and waterfowl. Breeding is mostly during January.
Yeager, L.E. 1938. Otters of the delta hardwood region of Mississippi.
J. Mammal. 19:195-201.
A historical account, including descriptions of otter dens .
in cypress trees, general habitats, and effect of floods. The otter
is not subject to intensive management and is perhaps the least
stationary Ameri.can aquatic fu 'r -bearers. Full protection-conservation,
education and stream and lake bank protection and restoration are
suggested for the rehabilitation of this species.
5.2
Fisher,

PHYSIOLOGY
E.t~.

1942. The osteology and myology of the California river
otter. Stanford University Press, Stanford Univ., Calif.
66 pp.

This study presents a detailed, yet brief and concise study
of the skeletal elements and muscles of Lutra canadensis brevipilosus.
H~mi1ton,

W.J., Jr~, and W.R. Eadie. 1964. Reproduction in the otter,
Lutra candensis . . J. Mammal. 45:242-252.
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Evidence from reproductive tracts indicated that females
breed for the first time in March or April when 2 years old, and
that male.s produce mature sperm cells at that age. Adult females
mate not long after parturition; implantation is delayed for 8 or
more months; total gestation period is approximately 12 months;
2-3 young are produced. Descriptions of corpora lutea and a fetus
at term are given, as well as sex ratios.
Tarasoff, F.J. 1973a. Observations on the anatomy of the respiratory system of the river otter, sea otter, and harp
seal. II. The trachea and bronchial tree. Can. J.
Zool.51:171-177.
The trachea and bronchial branching patterns are similar
in the two kinds ~f otters, with the pennate-like branching of
the lobar bronchi corresponding to the lobes of the lungs. The
numbers of subsegmental branchioles increase from the river otter
to sea otter to harp seal.
Tarasoff, F.J. 1973b. Anatomical observations on the river otter,
sea otter, and harp seal with reference to thermal regulation and diving. Ph.D. Thesis. McGill University,
Montreal. 201 pp.
Heat retention mechanisms take the form of variations
in body insulation (pelage and subcutaneous fat), in size of body
regions with high surfac~ area-to-volume ratio, in regional differences and specializations in the vascular, and in behavioural
patterns. The feet appear to be the primary regions of heat release. Diving adaptations studied were terrestrial and aquatic
locomotory patterns and limb anatomy, and the anatomy of the
caval sphincter and vascular reservoirs.
Tarasoff, F.J., and G.L. Koorpman. 1973. Observations on the
anatomy of the respiratory system of the river otters
sea otter, and harp seal. I. The topography, weight,
and measurements of the lungs. Can. J. Zool. 51: )
163-170.
Otters' lungs are triangular, the right one housing
four lobes (compared with two in the left) and being larger
and heavier. The ratio of total lung weight per 100 gm body
weight is 1.39 in the river otter. Seal lungs are compared to
otter lungs also.
Tiers, E.E. 1958. Early breeding in the river otter. J. Mammal.
39:438-439.
A case is reported of a yearling otter mating and giving birth to 4 cubs as a 2-yr old, when usually an otter doesn't
breed until 3 yr old.
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5. 3

MORT ALI TY FACT ORS

Anonymous.

1973. Trapping Guide. Commercial Fish & Fur Branch,
Division of Fish & Wndlife, Min. Nat. Resour. March 1973.
Otter is an alternate species capable of being caught in
beaver traps, described through diagrams only. A future manual will
contain information on biology and management.

Anonymous.

1977. Alberta Trapping Guide. [In English and Cree].
Alberta Recreation, Parks and Wildlife, Fish and Wildlife
Division. 55 pp.
Diagrams and simple instructions for proven humane traps
for furbearers.

Baylis, H.A; 1923. A new ascarid from an otter. Annu. Mag. Nat.
Hist. Ser. 9. Vol. 11. 459-463.
A descri pti on is given of C'loeoascarois spinicoUis, gen.
et sp.n., which is parasitic in the alimentary canal of semiaql,latic:
carn i vo ro usl an d-marrma 1s .
Crichton,V.F.J., and M. Beverley-Burton. 1973. DroacuncuZus Zutroae
· n.sp.(Nematoda: Dracunculoidea) from the otter, Lutroa
canadensis, in Ontario,Canada.
Can. J. Zool. 51 :521-529.
D. Zutroaen.sp.is ' distinguished from other species of
Droacu.ncuZus which parasitize mammals by the greater length of males,
greater length of spicules and gubernacul urn, presence of 3 pai rs of
preana 1 papillae, and the arrangement in two transverse rows of
papillae immediately posterior to the anus;
Hewer, H.R. 1974. The otter in Brita;n - a second report . . Oryx12:
429.:.435.
This second report on the status of otters (Lutroa ZutraJ in
Britain is based on figures supplied by otter hunts in England and
southern Scotland. The ,figures show that in some counties, in . the ,
years 1968-1971, otters have held their own or increased slightly but
in other areas the otter can be described asa locally endangered
species.
.
Hill, E.P., and J.W. Lovett. 1975. Pesticide residues in beaver and
river otter from Alabama. Proc. Annu. Conf. S.E. Assoc.
Game Fish Comm. 29:365-369.
Tissue samples from river otter taken by trappers , mostly
from southeastern , Alabama ; ,' durfng January-March 1973-1974 were subjectedto pesticide residue analysis. ' Residues found were Mirex,
p,pl DDT, p,pl DOE, p,pl DOD, Heptachlor epoxide, Endrin, Dieldrin,
Toxaphene, and PCB as Aroc10r 1260. The Mirex found i.n 14 of 19
otter taken in 1974 may have resulted from aerial Mirex application
for fi re ant control.
'
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Karyakarte, P.P. 1968. On a species of Euparyphiwn (Trematoda:
Echinostomatidae} recorded for the first time from the
otter, Lutra lutra in India. Riv. Parasitol. 29:227228.
A description is given of this nematode, also reported
in North American mink.
Lankester, M.N., and V.F. Crichton. 1972. Skrjabingylus lutrae
n.sp. (Nematoda: Metastrongylidae) from otter (Lutra
canadensis). Can. J. Zool. 50:337-340.
S. lutrae n.sp. from otter in Ontario is distinguished
from other members of the genus by its short spi cul es withgl obe..,.
shaped tips, and a small buccal capsule.
Miller, G.C., andR. Hark~ma. 1965. Helminths of some wild
mammals of the southeastern United States. Proc.
Helminthol.Soc. Wash. 35:119-125.
Twenty otters from North Carolina contained 2 trematode
species and 3 nematode species.
5.4

ENVIRONMENTAL QUALITY

Cumbie, P.M. 1975. Mercury levels in Georgia otter, mink and
fresh-water fish. Bull. Environ. Contam. Tox. 14:
193 ... 196.
The data collected indicate that the presence of mer..,.
cury in fish of relatively unpolluted Lower Coastal Plain
streams results in accumulation of mercury by otter and mink
which feed on these fish. Otter exhibit hair mercury levels
which approach those at which symptoms of neurological disorders
have been reported in humaris suffering from mercurial poisoning.
Subtle effects on behaviour resulting from sublethal mercurialism could affect the reproduction and survival of certain populations of ottef or mink.
Myrberget, S., and O. Froil and. 1972. The otter, Lutra lutra,
in Norway about 1970. [In Norwegian, English
summary]. Fauna (Oslo) 25:149-159. .
The present population decrease is discussed . Local
pollution, over-exploitation of fish populations, building of
dams, man's changing of the landscape, and tourism may adversely
affect the otter.
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5.5

MANAGEMENT

Friley, C.E., Jr. 1949. Age determination by use of the baculum, in
the river otter, Lutra c. canadensis Schreber. J. Mammal.
30: 102 - 11 0 .
Male river otter of a series may be placed into one of four
age-groups: very young, immature, younger adult, and adult on the
basis of length, weight, volume, and general conformation of the
baculum. Transformation from the immature to the adult type baculum
is rapid; it consists of enlargement of the head and the proximal
end of the body followed by increased wei ght and volume. Linear
growth is most rapid within the immature group.
Hooper, E.T., and B.T. Ostenson. 1949. Age groups in Michigan
otter. Occas. Pap. Mus. Zool. Univ. Mich. Press. No. 518.
22 pp.
Grouped according to four age levels, the central tendencies
of five measurements of the skull were studied. Males are slightly
more variable and significantly larger than females for most of the
measurements and at most age levels. The interorbital breadth of the
skull and the length of the baculum vary considerably from individual
to individual and are less reliable than the condylobasa1 length,
mandibular length, mastoi d breadth, and especi a lly zygomati c breadth,
for use in a comparison of populations from 2 areas or for indicating
relative age. The amount of wear of teeth, which are relatively free
from decay, is of limited use as an index of age.
Hysing-Dahl, C. 1959. The Norwegian otter Lutra "lutra (L.), a
craniometric investigation. Univ. i Bergen Nat. Rekke
5: 5-44.
Results of a craniometric investigation of the recent otter
and subfossi1 remnants are given in tables and treated statistically,
comparing salt and freshwater otters, males and females, Norway and
Denmark otters. It was found that the skull of Lutra canadensis
(Schreber) changes with age even after the animals are fully grown.
Knudsen, G.J. 1956. Preliminary otter investigations. Wisc. Cons.
Dept. W-079-R-01. 17 pp.
The peak of whelping of female otter was found to occur
after April 10 in Wisconsin. The sex ratio in trapped otter (2 males:
1 female) indicates that more malts are taken than females. A
survey of conservation wardens and trappers indicated that a considerable number of otter are taken each year, accidentally, in beaver
traps. This investigation was undertaken in order to establish what
phases of otter management need future study.
Northcott, T.J., and D. Slade. 1976. A live-trapping technique for
river otters. J. Wildl. Manage. 40:163-164.
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No. 2 double-spring steel traps with padded jaws and
Bailey beaver traps were unsuccessful in capturing live otters,
whereas Hancock live traps were very successful. Two modifica- .
tions were necessary: leaving a passable opening with rope and
adding a spiral coil spring behind the lock clamps, to lock the
edges of the trap together more securely. No bait was used and
care was taken to eliminate human odour. Traps were set on
otter slides and could not be used in winter.
Stephens, M. 1954. Otter research. Oryx. 2:320-324.
A summary of 2 years of otter investigations in England,
dealing with techniques used in research rather than findings.
Stephenson, A.B. 1977. Age determination and morphological variation of Ontario otters. Can. J. Zool. 55:1577-1583.
Annular layering of cementum was evident in hematoxy1instained sections of canine teeth from river otters collected
throughout the year. A wide cementum layer was formed during
the first summer and narrower layers were formed in subsequent
summers. The winter deposition formed a darkly stained line.
The number of annuli in known age specimens over 1 year old showed complete agreement with age. Ages were assigned to 99% of
otters examined for cementum annuli. Males were larger than
females as indicated by body weights and body and skull measurements. Juvenile otters could be distinguished by the size of
the body, skull and baculum and morphology of the skull. The
cementum layering technique was the only valid age criterion
for animals older than one year.
Tabor, J.E., and H.M. Wight. 1977. Population status of river
otter in western Oregon. J. Wi1d1. Manage. 41 :692699.
Population status of the river otter in western Oregon
was evaluated by using structural population modeling. Survival
and recruitment rates for the female segment of the population
were estimated from the age structure of a sample of 113 female
otters obtained from trappers during the 1970-71 and 1971-72
trapping seasons. Age was determined from cementum annuli in
canine teeth. Annual survival rates were estimated to be 68,
46, and 73 per cent for age c1a?ses 0, 1 and 2-11 respectively.
Recruitment was 114 female pups per adult female at the beginni ng of trappi ng season. Compari json of estjmated survi va 1 and
recruitment rates, by the mode 11 ing qpproach, reveal eo that
the population was stationary.
Van Bree, P.J.H., B. Jensen, and L.J.K. K1eijn. 1966. Skull
dimensions and the length/weight relation of the
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baculum as age indicators in the common otter (Lutra
Zutra). Dan. Rev. Game Biol. 4:97-104.
Full coverage is given of the basis for the aging
techniques using skull dimensions (condylobasal lengths and
the size of the postorbital constriction) and the relationship
between length and weight of the baculum in male otter.
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6.

PERTINENT ANCILLARY STUDIES

Davis, B.N.K. 1976. Wildlife, urbanization and industry. Biol.
Conserv. 10:249-291.
This paper reviews the impact of urbanization, industrial
growth and mineral exploitation on the countryside and on wildlife.
It considers ways in which wildlife can adapt to their changed
environment and the loss of species adapted to existing natural
habitats. Even in highly disturbed areas recolonization by plants
and animals takes place and the efforts that are being made to foster
this wildlife are discussed.
Hollard, F.R. 1973. Wildlife benefits from strip-mine reclamation.
Pages 377-388, in R.J. Hutnik, and G. Davis, eds. Ecology
and reclamation13f devastated land. Vol. 1. Gordon and
Breach Sci. Publ., New York.
Ecological succession on reclaimed strip-mined areas was
estimated to be 10 years advanced over adjacent untreated spoils the
third year after test plantings, and had 43% more insects per unit
area. Herbaceous and woody plants increased in density, number,
basal area, canopy area, and leaders per unit area. vJildlife cover
and food were also evaluated.
Kays, C.E.

1967. Strip mined lands as fish and wildlife habitat.
Ky. Dep. Nat. Resour. Strip Mining Symp., Frankfurt. 5 pp.
A short description is given of the species of native and
exotic game food and cover plants as well as the game species that
first colonize strip mined lands. Strip mine lakes as fish habitat
are discussed briefly.
McCart, P., P. Tsui, W. Grant, and R. Green. 1977. Baseline studies
of Aquatic Environments in Athabasca River near Lease 17.
Environ. Res. Monogr. 1977-2, Syncrude Canada Ltd.,
Edmonton. 205 pp.
A general reconnaissance early in the study period included
a survey of fish species, benthic invertebrates, periphyton and water
quality and on the basis of this preliminary survey permanent sampling
stations were identified and particular environmental parameters
selected for further study. Detailed studies of these selected
environmental parameters are included as well as a survey of the
scientiric literature relevant to various aspects of the study.
Peace-Athabasca Delta Project Group. 1972. The Peace-Athabasca Delta:
A Canadian resource (Summary report, 1972). Peace-Athabasca
Delta Project Group. 144 pp.
A report on low water levels in Lake Athabasca and their
effects on the Peace-Athabasca delta.
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Penner, D.F. 1976. ' Preliminary investigations of furbearing
and ungulate mammals using Lease No. 17 Environ.
Res. Monogr. 1976-3, Syncrude Canada Lrd., Edmonton.
181 pp.
The relative abundance and spatial distribution of
moose, deer and 13 species of furbearers were investigated by
systematic aerial surveys and winter track counts along 215
km of established transect lines in the vicinity of Syncrude
Lease No. 17. The relationships between the distribution of
animals and the major environmental features including vegetation
terrain and disturbances were examined. These baseline data
will allow comparison with data in following years for an evaluation of the impact of the Syncrude development.
Riley, C.V. 1954. The ,u tilization of reclaimed coalstriplands
for the production of wildlife. N.Am. Wildl. Conf.
19:324-337.
Reclamation of the coal striplands in Ohio generally
follows a multiple use plan, including forestry, grazing, wildlife and horticulture. Extremes in pH range from 3;5 to 8.0
with the usual range being 4.5 to 6.5. Data resulting from the
research revealed 12 game species inhabiting the reclaimed coal
stripland, TO on the forest and 6 each on the cropland and abandoned farmland. Roughly similar results were found for songbird species. Furbearers including muskrat and beaver, were
present in Ohio strip mine lakes.
Soper, J.D. 1942. Mammals of Wood Buffalo Park, Northern Alberta,
and District of Mackenzie. J. Mammal. 23:119-145.
Annotated list of the mammals occurring in Wood Buffalo
Park - including all 4 species under question - all abundant
except otter.
Syncrude Canada Ltd. 1974. Revegetation: species selection
an initial 'report. Environ. Res. Monogt. 1974-3,
Edmonton. 47 pp.
This monograph reports the selection of native and
naturalized species suitable for use in revegetation of disturbed
sites in the Athabasca Tar Sands Area. The criteria used for
selection of species to be studied included adaptability, disease resistance and competiti ve abil ity. Growth chamber tests,
us i ng twenty-fi ve speci es of gras's es .and 1egumes on fi ve di fferent soil types were used and these tests showed the importance
in selection of ecotypic differences within a species.
Syncrude Canada Ltd. 1975. Baseline studies of Ruth Lake and
Poplar Creek. Environ. Res. Monogr. 1975-3, Edmonton.
120 pp.
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Part of the Syncrude oil sands development, north of
Fort McMurray, Alberta will be a diversion of Beaver Creek into
Ruth Lake via a canal and the overflow from the lake will pass,
via a second canal, into Poplar Creek. Therefore it was deemed
important to assess "baseline" ecological conditions in order to
compare the ecological conditions after the diversions. In this
report factors involved in the ecology of Ruth Lake and Poplar
Creek, such as flora and fauna of the two bodies of water,
chemical composition of the water and substrate, are discussed.
Takyi, S.K., and M.H. Rowell, W.B. McGill, and M. Nyborg. 1977.
Rec1am~tion and vegetation of surface mined areas in
the Athabasca Tar Sands. Environ. Res. Monogr. 1977-1,
Syncrude Canada Ltd., Edmonton. 170 pp.
Investigations carried out over a one-year period
examined some of the techniques available for solving some of
the existing known problems in revegetating the mine wastes.
A number of plant species, both cultivated and native were grown
in growth chambers on the waste materials to determine the performance of the species under different salinity soil reaction,
fertility, soil mix and oil conditions.
Yeager, L.E. 1940. ·Wi1d1ife management on coal stripped land.
Trans.N. Am. Wildl. Conf. 5:348-353.
Muskrats and mink are two of many forms of wildl He
that will oCCupy stripped mine habitat. The problems of management on mine lands appear to be the acceleration of plant successions so as to produce suitable habitats in a shorter time
than nature could do it alone, and to maintain such areas in a
productive state. Reforestation, the provision of dens or
nests, and levelling and recovery of the topsoil are discussed.
For wildlife, the shortage of water is probably the major shortcoming of the mine habitat.
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