
AN ABSTRACT OF THE THESIS OF

BILL PERTL LOVEJOY for the DOCTOR OF PHILOSOPHY
(Name of Student) (Degree)

in Zoology presented on
(Major)

Title: THE CAPTURE-RECAPTURE ANALYSIS OF A MOUNTAIN

BEAVER POPULATION IN WESTERN OREGON

Abstract approved: Redacted for privacy
Dr. Robert M. Storm

This report summarizes the results of a field study of a popula-

tion of the Pacific mountain beaver, Aplodontia rufa pacifica, from

August 1965 through August 1967. The study site consisted of a 13. 5-

acre grid on a logged over area in the Coast Range Mountains of

Benton County, Oregon. The report also includes new data on the

postnatal development, growth, and behavior of two litters of

mountain beavers born and raised in captivity.

The field study involved the mark-release-and-recapture

method using a rotational system of live-trapping on a weekly basis.

A total of 5, 144 trap-nights yielded 872 captures of 181 individuals.

Of this total, 109 were adult animals and 72 were juveniles Males

outnumbered females 61.9 percent to 38. 2 percent.

Population estimates were determined by direct enumeration

and, ranged from a low of 41 in mid-winter to a high of 54 in July.



Densities varied from 2.60 to 3.43 animals per acre. Transients

made up a considerable portion of the catch. Longevity records of

5 to 6 years were estimated for wild mountain beavers.

Adult males had an average home range size of 0.80 acres,

adult females 0.42 acres. The home range of juveniles averaged

0.31 acres. Males made longer forays during the summer months

when activity was also at a peak. Overlapping of home ranges was

common.

Male Aplodontia were in breeding condition throughout January,

February, and March. Estrus females were available by about mid-

February. Lactating females were observed from 8 April through

27 May. Young Aplodontia are weaned at 6-8 weeks of age and

emerge from their burrows the following 2 weeks. The earliest date

of capture of a young in the field was 3 June.

The growth curve of the young was characterized by a rapid

increase during the first 8 weeks, followed by a gradual decline,

and eventually reached a plateau in 4 months at 69 percent of the

adult weight.

Animals were classed as juveniles, yearlings, or adults based

on their body weights, character of pelage, and breeding condition.

Aging of mountain beavers on the basis of weight alone was con-

sidered impossible due to the wide range of size within each age

class. The average yearling weighed about 710 g, or 88 percent of



the adult mean weight of 806 g. Adult males were consistently

heavier than females. The largest male weighed 1130 g; the largest

female weighed 1070 g. The body weights of adult Aplodontia were at

a seasonal low during their reproductive period in the spring and at

a high in mid-summer when food was most abundant.

Attempts to breed Aplodontia in captivity were unsuccessful

due primarily to the hostile behavior of the females.
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A CAPTURE-RECAPTURE ANALYSIS OF A
MOUNTAIN BEAVER POPULATION

IN WESTERN OREGON

IN TR OD UC TION

Aplodontia rufa is "universally conceded to be the most primi-

tive of living rodents" (McGrew, 1941, p. 26). Its present distribu-

tion is restricted to the moist Pacific Northwest from southern

British Columbia to central California (Figure 1). However, its

ancestors have been traced back to the late Eocene with fossils occur-

ring in several other western states as well as in Asia (Shotwell,

1958).

The mountain beaver can bestbe described as resembling a

tail-less muskrat. It has a stocky, well-muscled body with a short

neck and a triangular- shaped head with small, rounded ears and tiny

black eyes. Its short tail is all but invisible. In its habits, this

unique rodent is semi-fossorial, chiefly nocturnal, and occasionally

arboreal.

Skins of the mountain beaver were first collected by Lewis and

Clark (1814) from the Chinook Indians at Fort Clatsop (now Astoria,

Oregon) in 1805. Clark misinterpreted the Chinook name "sewellel",

which referred to the robe made from the skins, as the name of the

animal. The Chinook name for the animal was "ogwoollal'°; the
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Nisqually Indians called it "showtil!!. The name mountain beaver was

first applied by the Sierra Nevada miners of California (Merriam,

1886).

Literature Review

Although relatively unknown to the general public, the mountain

beaver has received considerable attention from the scientific com-

munity. Godin (1964) summarized the available knowledge on

Aplodontia and listed some 260 literature references.

Early workers were concerned primarily with the taxonomy of

the animal (Richardson, 1829; Merriam, 1886; Taylor, 1918;

Ellerman, 1940; Finley, 1941; Dalquest and Scheffer, 1945). The

habits of the mountain beaver have been discussed by Anthony (1916)

in Oregon and by Camp (1918) in California. Scheffer (1929) gave an

excellent early account of its life history, including recommendations

for its control.

Subsequent studies of this unique animal have been limited in

scope. Pfeiffer (1956; 1958) was concerned with the reproductive

anatomy and physiology of males and females, respectively. Ingles

(1959, 1960, 1961), Wandeler and Pilleri (1965), and Fisler (1965)

made fragmental observations on the activity and behavior of captive

animals.

Animal damage to Douglas fir regeneration continues to be a
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major problem confronting reforestation efforts in the Pacific North-

west (Figure 6). The role that the mountain beaver plays has been

well documented by Staebler, Lauterback, and Moore (1954), King

(1958), and Lawrence, Kverno, and Hartwell (1961).

The phylogenetic relationships of the family Aplodontidae are

still a matter of speculation, but most authorities believe the

aplodontids to be related to the group Sciuromorpha (Ellerman, 1940;

Simpson, 1945; Wilson, 1949). From his study of the reproductive

anatomy and physiology of Aplodontia, Pfeiffer (1956; 1958) concluded

that it closely resembles certain sciurids, particularly Sciurus

carolinensis.

In his revision of the genus Aplodontia, Taylor (1918) recog-

nized nine subspecies of the single living species, A. rufa. These

were later reduced to seven races by Dalquest and Scheffer (1945),

with their present distribution as outlined in Figure 1.

The most recent contributions to the literature on Aplodontia

include the monographic food habits study by Voth (1968) and the

study of its environmental physiology by Johnson (1971).

Despite the attention that the mountain beaver has received thus

far, very little is known of the population dynamics, movements, or

growth and development of the animal. This report summarizes a

25-month field study of a mountain beaver population in the Coast

Range Mountains of western Oregon, The primary objectives of the
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study, which began 31 July 1965 and ended 25 August 1967, were

threefold; (1) to analyze the growth and development of the young

within the population; (2) to determine the composition and size of

the population; and (3) to determine home ranges and movement

patterns of individuals. In addition, a secondary objective involved

the sampling of various environmental factors in order to ascertain

what influence they might have on the population.



STUDY AREA

Location

The area chosen for this field study is located in the southeast

quarter of Section 8, Township 12 South, Range -7 West in Benton

County, Oregon. The site is on land owned by the Thompson Timber

Company of Corvallis and was selected because of its relative free-

dom from human disturbance (logged over 25 years ago), its year-

round accessibility, and its sizeable mountain beaver population.

Access to the area is by way of Highway 20 west from Corvallis

to the town of Blodgett. An unpaved road leaves the highway at

Blodgett School, one mile west of the town limits, and leads to the

Thompson Tree Farm about three miles to the southwest. The plot

itself is bordered on the east by this main access road and on the

north by a secondary logging road leading west to Shotpouch Creek

(Figure 7).

Environment

The topography is characteristic of the low, rugged foothills

of the Coast Range Mountains. Marys Peak, at 4, 097 feet (1, 249 m),

the highest peak in the Oregon Coast Range, lies immediately to the

south. The area is drained by a tributary of Bark Creek and by



Shotpouch Creek and Mulkey Creek, all of which flow north into the

Tumtum River, which in turn empties into the Marys River. The

elevation at the study site is between 1,600 and 1,700 feet (about

500 m).

Climate

The climate of western Oregon is under the moderating

influence of the prevailing westerly winds blowing off the Pacific

Ocean. This maritime influence results in mild, wet winters and

warm, dry summers. The maximum temperature recorded at the

Thompson Tree Farm Study Area over the two-year period was 98 F,

in August 1967. The minimum temperature was 18 F in December

1965. The mean annual temperature for 1966 was 49.2 F. Maxi-

mum temperatures generally occurred from June through September,

minimum temperatures in December or January (Table 1).

A total of 74.7 inches of precipitation was measured on the site

during 1966. This was 8.61 inches above the normal annual average

recorded at the nearest U. S. Weather Bureau Station located 6

miles to the north at Summit, Oregon.

Snow covered the ground on seven different occasions during

the winter of 1965-66, varying in depth from 1 to 14 inches. The

snow cover never persisted longer than 2 weeks and was generally

washed away by the rains in 2 or 3 days.
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Table 1. Temperature and precipitation at the study site from
August 1965 to August 1967.

Month

Maximum
Monthly

Temperature
(Degrees F)

Maximum
Monthly

Temperature
(Degrees F)

Mean
Monthly

Temperature
(Degrees F)

Precipi-
tation

(Inches)

August 1965 80 39 55.9 . 92
rgeptember 81 29 54.0 . 28
October 74 29 51,7 3.45
November 60 27 43.4 11.99
December 51 18 34.8 13.83

January 1966 49 22 37.1 14.10
February 51 26 36.9 8.58
March 65 24 38.7 15.60
April 69 28 46.6 2.51
May 79 26 51.0 1.42
June 90 30 55.2 1.27
July 84 39 60.6 .87
August 91 40 62.1 . 27
September 93 42 61.2 1.85
October 81 34 52.1 3.06
November 68 31 46.8 10.92
December 58 30 42.4 14.21

January 1967 54 31 45.4 15.85
February 53 32 43.7 4.98
March 58 32 43.5 11.48
April 62 31 45.3 4.68
May 86 33 55.8 2.88
June 91 40 67.0 ,49
July 97 49 66.1 , 00
August 98 48 71.4 .00

Annual, 1966 93 22 49.2 74.66
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No great fluctuations in relative humidity occurred during the

winter, but during the dry summer season fluctuations from less

than 10 percent during the day to over 90 percent at night were com-

mon. There was considerable daily and seasonal variation in mini-

mum relative humidity but maximum humidity rarely fell below 90

percent at night (Table 2).

Table 2. Relative humidity recorded at the study site from
October 1966 to August 1967.

Month
Mean Monthly Mean Monthly Mean Monthly

Maximum Minimum Humidity

October, 1966

November

December

94. 5

93.7

95.4

49. 6

66. 0

75. 3

January, 1967 94.7 75.4

February 94. 3 62. 8

March 95.0 61.9

April 95. 1 52. 6

May 93.2 36. 8

June 92.8 39. 3

July 92.4 36.0

August 88. 5 25. 2

72. 0

79.9

85, 4

85.0

78. 5

78. 5

73. 8

65. 0

66. 1

64. 2

56.9
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Vegetation

The area was logged and the slash burned in the 1940's.

Despite the burning, slash was still heavy over much of the study

site and served as a protective cover for many of the mountain beaver

runways (Figure 3). The vegetation, consisted of the typical seral

plant growth that follows logging and/or burning in the Coast Range

Mountains (Figure 4). This successional vegetation has been studied

by a number of workers (McArdle and Isaac, 1933; Merkle, 1951;

Corliss and Dyrness, 1961; Bailey, 1966; Voth, 1968), and will not

be dealt with in any great detail here.

The successional dominants on the site were young Douglas fir

(PseudotsUga menziesii), western hemlock (Ts uga heterophylla), >and

red alder (Alnus rubra). Douglas fir was dispersed throughout, but

the larger western hemlock occurred in rather dense stands, parti-

cularly in Blocks 6, 8, 9, and 10.

The shrub layer was irregular in its distribution and not well

developed, except along the tributary stream in the extreme southeast

corner and on the moist north slope. Included in the shrubby under-

story were red huckleberry (Vaccinium parvifolium), oceanspray

(Holodiscus discolor), salmonberry (Rubus spectabilis), trailing

blackberry (Rubus vitifolius), thimbleberry (Rubus parviflorus), and

vine maple (Ater circinatum). Also present, but to a lesser degree,
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Figure 3. View of the north-facing slope showing the large amount of
slash still present over much of the area. Photograph
taken in May 1966.
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Figure 4. View of the area showing various stages of Douglas fir
regeneration. Photograph taken in October 1965.
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were red-flowering currant (Ribes sanguineum), little wild rose

(Rosa gymnocarpa), and salal (Gaultheria shallon).

The typical successional pattern was also reflected in the

herbaceous vegetation. During the summers, nearly the entire area

was covered by a lush growth of western brake-fern or bracken fern

(Pteridium aquilinum). In many places this fern reached heights

greater than 10 feet and provided an unlimited food supply for the

mountain beavers during much of the year. Western sword-fern

(Polystichum munitum) was available the year-round, but was used

primarily as a food item during the winter months. Other common

plants representing the herbaceous layer were the smooth woodland

violet (Viola glabella ), fragrant bedstraw (Galium triflorum), Oregon

oxalis (Oxalis oregana), western spring beauty (Montia sibirica),

rigid hedge nettle (Stachys rigida), foxglove (Digitalis purpurea), and

broad-leaved starflower (Trientalis latifolia). Several grasses

formed ground cover in much of the open areas.

I made no attempt to quantitatively sample the vegetation, other

than to determine the occurrence of the herbs and shrubs by sampling

24 mil-acre plots located at each of the 24 corner stakes on the grid

(Table 3). A complete list of plant species collected on the study

site is included in the Appendix. The botanical names follow Peck

(1961).
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Table 3. Frequency of occurrence of 25 of the most common
herbaceous plants and shrubs on 24 mil-acre plots on
the study area in July 1967.

Percent
Species Occurrence

Rubus vitifolius, Western dewberry (Trailing 83. 3

79. 2
70. 8
66.7

blackberry)
Viola glabella, Smooth woodland violet
Galium aparine, Cleavers
Pteridium aquilinum, Western brake-fern (Braien

fern)
Polystichum munitum, Western sword-fern 58. 3
Oxalis oregana, Oregon oxalis 58. 3
Montia sibirica, Western spring beauty (Candy flower) 45. 8
Holcus lanatus, Velvet grass 41.7
Stachys rigida, Rigid hedge nettle 33. 3
Digitalis purpurea, Foxglove 29. 2
Trientalis latifolia, Broad-leaved star-flower 29. 2
Festuca subulata, Nodding fescue 29. 2
Smilacina sessilifolia, Few-flowered false Solomon's 25.0

25.0
seal

Ranunclus occidentalis, Western buttercup
Rumex acetosella, Red sorrel 20. 8
Vaccinium parvifolium, Red huckleberry 20. 8
Hypericum perforatum, Common St. John's-wort 20. 8
Vancouveria hexandra, Inside-out flower 20. 8
Linnaea borealis var. americana, American 20. 8

twinflower
Elymus glaucus, Western rye-grass 16.7
Trillium ovatum, Western trillium 16.7
Fragaria bracteata, Western wood strawberry 16. 7
Campanula scouleri, Scouler's campanula (Pale 16.7

bluebell)
Maianthemum bifolium, False lily-of-the-valley 16.7
Thalictrum occidentale, Western meadow-rue 16. 7

Nomenclature follows that of Peck (1961); locally used common
names are in parentheses.
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Marked seasonal changes in precipitation were reflected in the

vegetation at the study area. During the rainy season, from Novem-

ber through March, the soil was saturated. As the rains diminished

in April, the soil became increasingly drier. By late April, western

spring beauty, smooth woodland violet, and western trillium were in

bloom, fiddleheads of bracken fern began to appear, and Douglas fir

buds began to burst. Towards the end of May bud burst was nearly

complete, bracken fronds were opening, and the deciduous canopy

was closing fast.

A luxuriant growth covered the site by mid-June; bracken fern

had attained a height of 6 feet or more. In mid-July foxglove was at

its peak and bracken measured 9-10 feet tall. A few of the grasses

were in seed. The vegetation showed increased signs of drying in

late July. Foxglove and most grasses had gone to seed. Huckle-

berries and blackberries were ripening. The drying continued

through August, with little or no precipitation since June. By late

September, bracken began to show evidence of drying and Douglas

fir cones were turning brown. The first frost of 1966 occurred on

21 October, and within a week the bracken had become brown and

recumbent. The mountain beavers now turned to sword-fern as a

primary food source (Figure 5).
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Figure 5. A food cache of freshly clipped sword-fern outside a
burrow entrance. Sword-fern was the mountain beaver's
principal winter food item and began appearing in these
neatly stacked piles in November.
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Figure 6. A Douglas fir seedling clipped by a mountain beaver.
Western hemlock on the study site was also utilized
occasionally as a food item.
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Soils

The soils in this area of the Coast Range have been classified

in the Klickitat series"/
. The soils in this series occur on ridges

and steep smooth or dissected slopes with gradients from 25 to 85

percent. They are well drained, with moderately rapid permeability

in the B horizon, and runoff is slow to medium.

The A and B horizons consist of dark reddish brown, very

gravelly clay loam with a fine granular to subangular blocky structure.

Pebbles and cobbles are abundant throughout. The C horizons are

lighter colored with an increasing amount of cobbles and stones.

These soils have strongly to very strongly acid profiles, ranging

from a pH of 5.2 in the A horizons to 4.8 in the C horizons.

In surrounding areas of the Coast Range the coarse fragments

in these Regosols are basalt from the underlying bedrock. At the

study site, however, the fragments are predominantly gabbro-diorite,

probably from the sill capping Marys Peak.

The alternately wet and dry seasons are reflected in a corres-

ponding annual cycle of soil moisture. The soils that are saturated

from the winter rains become so hard and dry in summer that cracks

two inches wide and over a foot deep form on the surface.

1/ Data obtained from an unpublished series description of the
National Cooperative Soil Survey, U. S. Conservation Service,
March 1966.
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Vertebrate Fauna

Other mammals taken in traps set for mountain beavers

included 52 individuals of eight different species (Table 4). All

except the snowshoe hare, California ground squirrel, and raccoon

were previously reported caught in mountain beaver burrows by

Pfeiffer (1953).

Spotted skunks were the most common burrow associate of the

mountain beaver. They were taken the year-round but most often

during the fall and winter months. The eight long-tailed weasels

were all caught during the summer months from. June through

September. Their presence in the runways at this time of the year

suggests they may be an important predator on young mountain

beavers that have recently vacated their nest chambers.

I have little direct evidence of predation on mountain beavers.

Coyote scat found on the old logging road bordering the north end of

the grid contained hairs of Aplodontia. Tracks of coyotes were

frequently seen in the snow near burrow entrances, and they were

heard howling in the vicinity of the grid on several occasions.

Other potential enemies of Aplodontia seen at the study site

were the Great-horned owl, Red-tailed hawk, and Cooper's hawk.

Again, the young mountain beavers would be particularly susceptible

to these avian predators.
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Table 4. Vertebrate animals captured, observed, or identified by
their sign on or near the study area.

Scientific Name Common Name

MAMMA LIA

Lepus americanus
Sylvilagus bachmani

Tamiasciurus douglasi
Citellus beecheyi (2)

Eutamias townsendi
Castor canadensis

Peromyscus maniculatus
Neotoma cinerea
Zapus trinotatus

Canis latrans
Procyon lotor (1)

Mustela frenata (8)

Spilogale gracilis (16)

Cervus canadensis

Odocoileus hemionus columbianus
AVES

Buteo jamaicensis

Accipiter cooperi
Bubo virginianus

Numerous non-predatory birds

(2)

Snowshoe hare

Brush rabbit
Douglas squirrel
California ground squirrel
Townsend chipmunk

Beaver

Deer mouse

Bushy-tailed woodrat

Jumping mouse

Coyote

Raccoon

Long - tailed weasel

Spotted skunk

Roosevelt elk

Black-tailed deer

Red-tailed hawk

Cooper's hawk

Great-horned owl

Numbers in parentheses indicate the number of individuals of that
species captured in traps set for mountain beavers.
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During the 2-year trapping period, only two dead mountain

beavers were found on the grid (other than those that died in the traps).

Their cause of death was unknown but one of the animals had been

instrumented with a small radio transmitter which could have

effected its demise. Both carcasses had been partially consumed.
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METHODS AND MATERIALS

Field Methods

...at the present time the development and critical evalua-
tion of new field techniques may be as important in deter-
mining the nature of the movements and population densities
of small rodents as refinements in the treatment of data
gathered by existing techniques (Brant, 1962, p. 109).

The development of techniques for measurement of the size of

mammalian populations is considered by Allen (1949, p. 21) "... a

proper end in itself. "

It is with this advice in mind that I present in considerable

detail the methods used in this study.

The techniques I have used followed the classic approach to

small mammal studies--the mark-release-and-recapture method.

However, there are variations that others may find useful in conduct-

ing similar studies.

The Field Plot

A rectangular grid, 15 chains (990 feet) by 9 chains (594 feet)

and enclosing 13.50 acres (5.46 ha), was established on the area in

the spring of 1965.

The grid was subdivided into 15 equal blocks, each 3 chains

(198 feet) square. Short stakes were placed at, one-chain intervals
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along each block boundary with a taller stake marking the corner of

every block. These corner stakes were numbered from 1 to 24 with

metal tags, beginning in the southeast corner. This system allowed

for the accurate location of trapping stations within the blocks.

Within each block, four "centers of activity, " as indicated by

active burrowing, were located and marked with 5 foot stakes num-

bered from one to four. These trapping stations were then located

on the grid map by determining distance and direction from the near-

est boundaries (Figure 7).

The main topographic features on the plot were moderately

steep north and south-facing slopes and a moderate east-facing slope.

A small tributary stream running diagonally across the southeast

corner of Block 1 was the only permanent water source on the grid.

Trapping Procedure

The traps used throughout the study were the heavy wire mesh

type obtained from the National Live Trap Company of Tomahawk,

Wisconsin. The size that I found most efficient measured 6 X 6 X 24

inches with a fold-down treadle-released door at each end.

Two types of sets were used to capture mountain beavers. The

burrow set was prepared by leveling the gound in front of a burrow

entrance with a shovel. The trap was then placed with the open end

as near as possible to the mouth of the burrow, so that the animal
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could not exit without entering the trap or enlarging the burrow.

Care was taken to see that the floor of the trap was level so as not to

wobble under the weight of the animal. This was accomplished by

depressing the trap very slightly into the soft soil. The second type

of set, used less frequently, was the runway set. This involved

enlarging a portion of a shallow runway that had fallen in from above,

to receive the entire trap. The trap was then opened at both ends

and could receive an animal using the runway from either direction

(Figure 8).

Bait, consisting of an apple, was suspended from a wire hook at

the far end of the trap, or in the middle in the case of a runway set.

Bait was provided not only as an inducement for the animal to enter

the trap, but also to serve as nourishment to sustain the animal

during its night of confinement. The skin of the apple was first

broken against a sharp object in order to increase the aroma of the

bait.

During the winter, traps were covered with a piece of black

plastic to protect the animals from exposure. In the summer, they

were shaded from the sun with vegetation or a piece of tree bark.

The trapping procedure followed was a modification of the

method used by Chitty (1937) and Evans (1942) and recommended by

Brant (1962). Groups of four traps in each block were moved each

week according to a regular pattern that returned them to their
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Figure 8. A runway set with trap open at both ends to receive an
animal from either direction. The traps were covered
with strips of black plastic during the winter to protect
the animals from rain or snow.



28

Figure 9. A mound of soil pushed from a recently excavated tunnel.
Fresh mounds such as this are a sign the animals are
enlarging or renovating their burrow system.
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original station every fifth trapping period. The advantages of such

a rotational system are threefold: (1) measurement of longer move-

ments, (2) minimizing trap interference with normal movement

patterns by not having traps continuously at the animal's "home site

and (3) elimination of, or at least minimizing, the tendency of some

animals to repeatedly enter certain traps.

Except for 4 weeks in August 1965, regular trapping was con-

ducted on a 1 night per week basis. During this first month of

trapping, traps were set 2 nights at each station. This proved to

be unnecessary and undesirable since some animals succumbed to

being confined in the traps for two consecutive nights. The weekly

trapping schedule was temporarily curtailed during the months of

January through May 1967. The schedule was resumed in June and

continued until termination of the study on 25 August 1967. A sum-

mary of trapping effort and trapping results appears in Table 6.

Because of insufficient animal activity, Blocks 9 and 10 were

not trapped as part of the regular program. Thus, the regular trap-

ping schedule called for setting four traps at station one in each of

13 blocks (a total of 52 traps) for 1 night each week, moving them to

station two for the next week, and so on, until on the fifth week they

were returned to station one again.
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Handling

The capture-recapture method has been subjected to criticism

centered, generally, around the effect that repeated trapping and

handling has on the animal's normal movements and behavior patterns.

Despite such criticism, I believe this method also has definite

advantages. It is only through repeated handling of the animals that

certain information can be obtained.

When an animal was captured in the field, it was transferred
/immediately from the trap to a handling cage-2 designed specifically

for mountain beavers (Figure 11). While in the cage, the animal

was tagged with numbered monel fingerling ear-tags, one tag in each

ear. The use of ear-tags proved quite satisfactory, with only one

instance of the loss of both tags occurring simultaneously over the

2-year study period.

The following information was recorded for each individual:

date, identification number, location of capture, age, sex, and con-

dition of the pelage. The sexual condition was also noted. For males

this included the position of the testes, either abdominal or semi-

scrotal. Data for females included vaginal sign, appearance of the

urinary papilla, and condition of the nipples..

2/ Designed by Drs. Hugh C. Black and Edward F. Hooven, Forest
Research Laboratory, Oregon State University.
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Figure 11. The handling cage shown here was designed to restrain a
mountain beaver during the ear-tagging, measuring, and
weighing procedures. The animal in the cage for this
photograph is a Douglas squirrel.
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The animal was weighed at each capture, while still in the

handling cage. The only measurements taken were length of the left

hind foot and length of the ear (from the notch). Ectoparasites were

collected and preserved for later identification. The type of set used

and the kind of bait were also recorded.

Generally, three age classes (juveniles, yearlings, and adults)

were recognizable based on size and weight, color and texture of the

fur, and the breeding status of the animals. However, due to the

difficulty in distinguishing late yearlings from mature animals, only

known juveniles from the previous year were included in the yearling

class.

Shock Treatment

The mountain beaver was found to be particularly susceptible

to "trap sickness" or "shock disease" as a result of confinement in

the traps. Several mortalities occurred before a method of treat-

ment of such traumatized animals could be found that was simple

enough to be administered on the spot in the field. The method used

was the one proposed by Dodge and Campbell (1965). It consisted of

administering a 50 percent dextrose-water solution, either orally or

rectally, to the afflicted animal with a 2.5 cc syringe, with the

needle removed. I found that a simple medicine dropper was equally

as effective and easier to use for oral administration. Some rather
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amazing recoveries resulted from this simple dextrose treatment,

and trap mortalities were significantly reduced.

Weather Record

A weather station was maintained in Block 5 throughout the

study. It included a maximum - minimum thermometer, placed 6

inches above ground level and sheltered from direct sun and rain,

and a rain gauge. From October 1966 through completion of the study,

a 7-day hygrothermograph housed in a standard USDA instrument

shelter was added to the station to give continuous recordings of

temperature and relative humidity. During each visit to the area,

temperature and precipitation were recorded and notes made of cur-

rent weather conditions.

Field Notes

Field records were kept, in pencil, in waterproof notebooks.

The system used required that each new animal captured be entered

in numerical order on a separate page of the notebook. Upon recap-

ture, the new data could be immediately added to the animal's history.

With the animal still in hand, I could tell at a glance when and where

the animal had been captured previously and could note and correct

any irregularities in the record.
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Growth Study

Data for the early growth and development studies were
/obtained from captive young.-- Supplemental data for animals beyond

9 weeks of age were acquired from young animals captured repeatedly

in the field.

In the spring of 1966, two female Aplodontia rufa pacifica gave

birth to litters of two and four young each, while being held in cap-

tivity at the Forest Research Laboratory at Oregon State University.

The animals were housed in individual outdoor cages, 36 X 24 X 24

inches in size, each containing a divided nest box with a hinged top.

Grass, alfalfa hay, and fern were provided for nest material. The

adults were kept healthy on a mixed diet of apples, lettuce, cabbage

leaves, ferns, and other natural food items. Water was available at

all times.

The first litter of four was born on or about 31 March 1966.

This litter was observed periodically, but was not handled for fear of

rejection by the female. This proved to be an unnecessary precaution,

since both females were quite tolerant of any disturbance. The

second litter, consisting of two, was born on 3 April 1966. They

were weighed weekly on a Mettler balance and observed daily to

/ The young used in these studies were the progeny of two pregnant
females captured by Dr. Sheldon R. Johnson.
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determine events in their physical and behavioral development.

In calculating the mean monthly weights, only the average

weight for animals weighed more than once is used. The monthly

values are an aggregation of data from three consecutive years.

Thus, the monthly samples include animals captured repeatedly

throughout that time. Standard errors were calculated for each mean.

When two means were compared, differences were considered to be

significant at the 95 percent level, if two standard errors on each

side of a mean did not overlap.
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RESULTS AND DISCUSSION

Trapping Results

From 31 July 1965, to 25 August 1967, a total of 4,784 trap-

nights yielded 817 captures of 150 animals, during the regular weekly

trapping program confined to the grid proper, In addition, 360 trap-

nights during the supernumerary trapping period in August 1966

resulted in the capture of 31 animals, eight of which were caught on

the grid, the remainder being taken from the areas immediately out-

side the grid boundaries (Figure 19). Thus, a grand total of 5, 144

trap-nights produced 872 captures of 181 individuals, or an average

capture rate of 17.0 animals per 100 trap-nights. Of this total, 109

were adults and 72 were juveniles. The overall trapping effort and

results are summarized in Table 6. The annual record of new

animals is presented below in Table 5.

Table 5. Summary of new mountain beavers captured on the grid
from August 1965 to August 1967.

sj
TotalsMales Females Males Females

1965 48 18 7 6 79
1966 12 10 16* 14* 52
1967 6 2 8 11 27

Totals 66 30 31 31 158

,,
Three juveniles, two males and one female, included in these figures
were caught in early 1966 but were born during the previous breed-
ing season.

Cr) ao,
/ /
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Table 6. Distribution of trapping effort and trapping results on the
study area from August 1965 to August 1967.

Trap- First Total No. of Captures per
Month Nights nights Captures Captures 100 Trap-nights

J.
August *1965 9 468 62(13) 99 21.2
September 4 208 8 35 16.8
October 5 260 4 36 13.8
November 4 208 5 43 20.7
December 4 208 0 32 15.4

January 1966 4 208 5( 1) 32 15.4
February 4 208 3( 1) 31 14.9
March 4 208 1 17 8.2
April 5 260 1( 1) 30 11.5
May 4 208 1 37 17.8
June 4 208 13(10) 47 22..6
July 5 260 12(10) 61 23.5
August 4 208 4( 1) 45 21.6
September 4 208 4( 2) 44 21.2
October 5 260 0 26 10.0
November 4 208 0 29 13.9
December 5 260 0 28 10.8

January 1967 _

February 1 52 0 3 5.8
March 1 52 0 0 0

April 1 52 0 5 9.6
May - - -
June 3 156 11( 7) 31 19.9
July 4 208 12( 9) 55 26.4
August 4 208 4( 3) 51 24.5

Subtotals 92 4,784 150 817 17.1

Supernumerary
trapping`* 8 360 31(14) 55 15.5

Totals 100 5,144 181 872 17.0

* Includes 1 night of trapping on 31 July 1965 and 4 extra nights in
August 1965.

**Consists of 8 nights of intensive trapping in August 1966, of the
area adjacent to the grid boundaries.
Numbers in parentheses indicate juveniles included in the first
capture.
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Figure 12 shows the proportion of new adult and juvenile

animals contained in the monthly capture record. These data also

suggest seasonal changes in trap-revealed activity. During the first

month of trapping in August 1965, a total of 62 animals, including

13 juveniles, was captured on the grid. Activity above ground

decreased during the winter with less total captures and fewer new

animals taken. Three more offspring from the previous breeding

season were captured in early 1966. Activity increased sharply with

the emergence of young animals in June and July.

From October 1966 to June 1967, no new mountain beavers

were captured. This could be partially attributable to the reduction

in trapping effort from January through May. It is, I believe, good

evidence that an unusually large portion of the entire population had

been captured.

Of the 158 animals taken on the grid, 26 were captured at least

10 times, and 10 of the 26 were captured 20 or more times. Forty-

four or 27.8 percent of the animals tagged and released on the grid

were never seen again. While it is probable that some of these 44

single captures died or were killed by predators, the majority were

assumed to have been transients or emigrants. A. few could have

avoided capture, but I believe the number of those was exceedingly

few in view of the length of the study and the intensity of the trapping

effort.
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Trap Mortalities

Trap mortalities, though not considered excessive, were

significant in that a number of those animals that died had lengthy or

interesting recapture records abruptly terminated, Of the grand

total of 181 animals captured, 18, or nearly 10 percent, died in the

traps. Nearly all of these exhibited symptoms of "shock", presum-

ably brought on by hypoglycemia. Only a few deaths could have been

the result of exposure to the elements. Ten of the trap-deaths

occurred during summer months. Juveniles appeared to be more

susceptible than adult animals. Two animals were found dead on the

grid and one adult male was killed by a female when both were caught

in the same trap. Seven animals died while being held in captivity

for experimental purposes.

Movement Patterns and Home Range Sizes

Home Range Concepts

Ever since Seton (1909, p. 26) observed that "No animal

roams at random over the country; each has a home-region, even if

it has not an actual home, " the concept of home range has been the

object of considerable controversy. The generally accepted defini-

tion of home range is one provided by Burt (1940, p. 25): "that area
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about its established home which is traversed by the animal in its

normal activities of food-gathering, mating, and caring for young. "

Blair (1953) defines it simply as the area covered in an animal's

normal daily activities.

In the opinion of Dice and Clark (1953, p. 2): "If an animal has

no fixed limits to its wanderings, the attempt to ascertain home range

boundaries or home range areas is futile. " In his review of the study

of mammal movements, Sanderson (1966, p. 219) commented: "The

size and shape of an animal's home range probably have little or no

significance in themselves. " He goes on to suggest that "...investi-

gators should concentrate on ecological studies and place less

emphasis on movements or points of observation. "

Verts (1967, p. 46) considered these assumptions necessary

in using trap-revealed movements to calculate home ranges:

that the home range is fixed in time and space, that
trapping does not greatly influence subsequent move-
ments of individual animals, that individual animals
caught sufficient numbers of times to apply methods
of calculating area are truly representative of the
species being investigated, and that the periodic
presence of the investigator does not interfere with
normal activities of the animals.

Seldom, if ever, are all of these assumptions validly met. In

Sanderson's (1966) opinion, the most serious objection to the live-

trapping method is that it restricts further movements until the

animals are released. On the other hand, Tanaka (1963, p. 10)
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stated that "the disturbance of activities by traps is not so much

important as imagined."

Despite its limitations, the live-trapping method continues to

receive widespread acceptance by workers interested in analyzing

movements of small mammals (Ambrose, 1969; Broadbooks, 1970;

Shure, 1970; Fleming, 1971; Taylor, et al., 1971).

Home Range Methods

Because of the objection pointed out by Sanderson above,

Brant (1962) favored the rotational method of moving traps in combina-

tion with shorter trap spacing to avoid limiting an animal's move-

ments. It is for the same reason that I have adopted the rotational

system in this study.

I have relied on two methods to determine the movement pat-

terns and home range sizes of mountain beavers. Movement patterns

were characterized by the use of two measurements: D, the average

distance between captures, and M, the maximum distance between

two capture sites (Davis, 1953; Brant, 1962; Fleming, 1971). These

two statistics were then averaged and compared as to sex and age

classes.

In calculating the size of home ranges, I felt the minimum area

method would underestimate the actual range, particularly if the

ranges tended to be linear. The boundary strip method was also
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considered inappropriate, since the traps were not equally spaced.

Consequently, I chose to calculate home range areas using the range

length, the greatest distance between any two captures, times the

range width, the greatest distance between any two captures at

approximately right angles to the length (Ambrose, 1969). This

would tend to reveal home ranges as rectangular rather than circular

a factor Sanderson (1966) considered desireable. Only animals

captured seven or more times and involved in at least five movements

were used in determining movements and home range areas.

Home Range Results

Movements and home range areas of 14 adult males captured

an average of 15. 2 times and seven adult females captured an aver-

age of 15. 7 times are summarized in Table 7. As with most small

mammals, male mountain beavers ranged more widely than females,

and home ranges of adults were greater than those of juveniles. The

differences between adult males and females were significant only

for average D and average M (p< O. 05). Trap-revealed home ranges

of males averaged 0. 80 ± 0. 13 acres. The largest was 1. 72 acres,

the smallest 0. 21. The average D for males was 144 feet, the

average M was 258 feet.

The home ranges of females ranged from 0. 12 to 1. 00 acres

and averaged 0.42 ± 0.12 acres. The average D for females was
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Table 7. Movement patterns and home range sizes of male and
female adult Aplodontia rufa, pacifica.

Number Home Range Size
and Average Maximum (length X width)
Sex N Distance Distance Ft2 Acres

70' 7 109 145 17,688 0.41
31d 12 160 444 63,512 1.46
34d 18 110 207 15,525 0.36
37d 6 205 392 29,400 0.67
40d 10 111 176 48,076 1.10
43d 13 118 216 25,960 0.60
82d 21 153 268 75,116 1.72

130d 5 186 295 32,016 0.73
151e 15 128 207 10,640 0.24
169d 7 123 176 9,328 0.21
196e 11 96 198 15,252 0.35
198d 6 206 392 51,744 1.19
204d 7 179 317 60,610 1.40
323d 6 131 172 30,316 0.70

9? 6 104 106 7,700 0.18
709 12 102 119 12,540 0.29
80? 13 88 136 8,432 0.19
909 6 139 216 31,320 0.72
95? 5 97 110 5,280 0.12

1559 12 116 216 43,560 1.00
1609 7 91 136 17,952 0.41

Average 9.8 131 ± 221 t 29,141 t 0.67
8.0 21.0 4,496.1 0.10

Average & 1 0 . 3 144 ± 258 ± 34,656 ± 0.80 t
10.0 25.6 5,738.4 0.13

Average 99 8.7 105 ± 148 ± 18,112 ± 0.42 ±
6.6 17.9 5,389.4 0.12

N refers to the number of movements recorded for each animal,
The number of captures ranged from 7 to 27.
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105 feet, the average M was 148 feet. The longer movements of

males did not result from any tendency for them to re-enter traps

more readily than females, since no significant difference was found

between the frequency of recapture of the sexes (Table 9).

The average M and home range size of adult Aplodontia were

significantly greater than those of juveniles, but while the average D

of adults was longer, the difference was not significant (p< O. 05).

Movement data for seven juveniles captured an average of 11.9 times

are presented in Table 8.

Table 8. Movement patterns and home range sizes of male and
female juvenile Aplodontia rufa pacifica.

Number
and
Sex N

Average
Distance

Maximum
Distance

Home Range Size
(lenjth X width)
Ft Acres

55 d 11 92 216 10,912 O. 25
143 o' 21 107 132 20, 564 0.47
250 e 6 103 106 4, 356 0.10
114 9 5 125 163 16, 748 0.38
222 ? 8 123 158 26, 208 O. 60
266 ? 7 102 110 8, 250 0.19
365 ? 5 98 132 8,712 O. 20

Average 9 107 ± 145 ± 13,679 ± 0.31 ±
4. 7 14.3 2, 937. 9 0. 07

Avera.ge ot? 12.7 101 151 11,944 0. 27

Average ?? 6. 3 112 141 14,980 O. 34

N refers to the number of movements recorded for each animal.
The number of captures ranged from 7 to 21.
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Table 9. Frequency of recapture of all marked mountain beavers
captured both on and off the grid.

Number of Times
Captured

Number of Individuals
Adults Juveniles

Males Females Males Females

1 32 7 16 14

2 5 7 6 9

3 5 4 2 3

4 3 1 4 1

5 5 2 1 2

6 3 2 1 0

7 5 2 1 2

8 0 1 2 0

9 6 0 0 1

10 2 1 0 3

11 1 0 0 0

12 1 1 1 1

13 0 0 0 0

14 2 0 0 0

15 0 1 0 0

16 0 1 0 0

17 0 1 0 0

18 0 0 0 0

19 0 0 0 0

20 0 1 0 0

21 0 1 1 0

22 3 0 0 0

23 1 0 0 0

27 2 0 0 0

33 0 0 1* 0

Total individuals: 76 33 36 36

Total captures: 415 192 117 120

Average captures
per individual: 5.46 5.82 3.34 3.33

This individual was not included in calculating the average
captures for juvenile males.
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The size of juvenile home ranges varied from 0,10 to 0.60

acres and averaged 0.31 t 0.07 acres. There was no significant

difference between the movements of female adult mountain beavers

and the movements of juveniles. In fact, the average D for juveniles

was slightly longer than it was for adult females.

Most longer movements of males occurred during the summer

months when food was plentiful. It would seem that an animal which

relies heavily on a single plant species (sword-fern) for its winter

food, would necessarily have to travel longer distances in order to

obtain it. However, the shorter winter movements may reflect the

mountain beaver's reluctance to expose itself at that time of the year.

During the summer, the dense vegetation cover provides adequate

protection for long forays above-ground.

Another factor which could have influenced the recording of

longer movements during the summer is that trapping success

tended to be greater at that time of the year. Consequently, longer

movements would stand a greater chance of being recorded.

The trap-revealed movement patterns diagrammed in Figures

13 to 17 indicate that home ranges tended to be in the shape of

elongate triangles. It is clear from examining the recapture records

that each individual had one or two "centers of activity" where it

occurred most frequently, and was caught progressively less fre-

quently at increasing distances from these centers. A similar
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Figure 13. Trap-revealed movements of three adult male Aplodontia rufa pacifica. The solid circles

represent capture sites, the numbers indicate the number of captures at each site. An
arrow indicates where the animal was captured last.
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Figure 14. Trap-revealed movements of three adult male Aplodontia rufa pacifica. Symbolism as in

Figure 13.
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Figure 15. Trap-revealed movements of five adult male Aplodontia rufa pacifica showing the limited

range of animal No. 25 and the relatively wide range of No. 198. Animal No. 102
and No. 116 are examples of apparent home range shifts. Symbolism as in Figure 13. (J1
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Trap-revealed movements of four adult female Aplodontia rufa pacifica showing the more
restricted movement patterns of females. Symbolism as in Figure 13. UI
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Trap-revealed movements of two juvenile male and three juvenile female Aplodontia
rufa pacifica. Animal No. 128 is an example of an apparent dispersal movement.
Symbolism as in Figure 13.
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recapture pattern was reported by Taylor et al. (1971) in their study

of the movements of grey squirrels. It seems reasonable to conclude,

as they did, that the "home site" of each animal was somewhere near

the traps where it was caught most of the time. These nest sites

were verified in several instances by means of radio-location of

instrumented animals. Voth (1968) used the same technique to locate

active feeding chambers and nest sites.

A comparison of the movement patterns revealed extensive

overlapping of home ranges. Although each individual animal

appeared to have its own nest or home site, all seemed to share in

the use of the interconnecting runway system.

Dispersal Movements

Examples of dispersal movements by young animals and shift-

ing of home ranges by adults are presented below in Table 10.

Table 10. Apparent dispersal movements and home range shifts
revealed during the study.

No. Sex Age

Date of
Last Capture

Prior to Move

Date of
First Capture

After Move

Elapsed
Time
(days)

Distance
Moved
(feet)

34 d Adult 17 June 1966 22 Jul. 1966 35 312

102 d Adult 20 Aug. 1965 27 Aug. 1965 7 484

116 d Adult 2 Oct. 1965 23 Sept. 1966 356 638

128 Juv. 15 Jan. 1966 27 May 1966 132 691

134 c? Juv. 5 May 1966 27 May 1966 22 365
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The dispersal of young animals was difficult to detect by means

of grid live-trapping, since movements of this type would be long

enough to take the animal completely off the grid and out of the range

of traps. The best example of a dispersal type movement was animal

No. 128 (Figure 17). This juvenile female resided at Station 4 in

Block 4 from August 1965 until January 1966. In May, it was cap-

tured in the extreme northwest corner of Block 15, a distance of

nearly 700 feet from its original point of capture. It was recaptured

eight times from May through December at this new location, indicat-

ing it had established a permanent new home.

Animal No. 34 shifted its home range in July 1966. This adult

male was caught 12 times at two locations in Block 6 over a period of

10 months. It then moved to Stations 3 and 4 in Block 7 where it was

captured 13 times during the next 5 months. Two other adult

males, No. 102 and No. 116, exhibited a shift of home ranges that

covered distances of 484 feet and 638 feet respectively (Figure 15).

Population Sizes and Densities

The problems involved in using recapture data to estimate

population sizes and densities are very real. Dunnet's (1964, p.

677) concern for some of these problems has prompted him to

remark:
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the use of capture-recapture procedures, which require that
each individual in the population is equally likely to be caught,
must be very suspect. it cannot be over-emphasized that
detailed studies have usually revealed such marked variation
in capture probability between and within individual animals.
Simple or complex statistical manipulation of such trap data
in no way eliminates or compensates for those errors which
stem from a fundamental element of the animals' behaviour.

Having pointed out these problems, Dunnet (p. 677) concludes

that "... it may still be possible to understand the organization of a

mammal population by the subjective interpretation of trapping results

such as these. "

Most methods for estimating population size and density of

small mammals require that the population is being randomly sam-

pled, that all animals have an equal chance of being caught, and that

the population is not significantly altered by recruitment or emigra-

tion throughout the length of the study. Although the frequency of

recapture data in Table 9 shows no appreciable difference in trap

response between the sexes, the other basic assumptions cannot be

verified. It was possible that marked animals entered traps more

readily than unmarked animals, or that individuals with more trap

experience were caught at a faster rate than those with less experi-

ence (Fleming, 1971). A few individuals were captured often enough

to suggest some degree of "trap-proneness", but I felt that the

rotational system of moving the traps on a weekly basis helped to

alleviate this tendency.
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Fleming (1971, p. 21) considered that "Perhaps the most

serious violation of the assumptions involved in population estimates

is the nonrandom sampling.. " He found that his marked animals

(tropical rodents) were caught at a faster rate than unmarked

animals. In order to avoid using conventional methods based on

assumptions known to be violated, Fleming (p. 22) relied on what

he called "direct enumeration" to determine monthly population sizes.

Dunnet (1964) used a similar technique in his study of the brush-

tailed possum in Australia.

There are, of course, inherent weaknesses in this method, as

with all others. It assumes, for example, that occasionally caught

animals were present continuously between captures. In other, words,

it makes it difficult to distinguish between resident and transient

animals. Also, the possibility exists that some individuals may

never be captured.

Since I was dealing with a population in which a large percent-

age was marked (Table 6 and Figure 12), the use of this technique

in handling recapture data seemed likely to produce reliable esti-

mates.

Population Estimates

Table 11 shows how the estimated monthly population size was

determined. Column A lists the number of animals captured each
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Table 11. Estimates of population sizes and densities.

Month

Monthly
Captures

A

Skipped*
Captures

Population
Size

Density,
per Acre

September 1965 32 21 53 3.36

October 26 23 49 3.11

November 36 14 50 3.17

December 26 25 51 3.24

January 1966 24 29 53 3.36

February 25 28 53 3.36

March 15 34 49 3.11

April 20 27 47 2,98

May 29 16 45 2.86

June 39 12 51 3.24

July 44 10 54 3.43

August 36 16 52 3.29

September 34 16 50 3.17

October 18 25 43 2.73

November 25 16 41 2.60

December 21 20 41 2.60

June 1967 25 17 42 2.66

July 39 6 45 2.86

Average 28.55 19.72 48.27 3.06
* Captures of tagged animals made subsequent to that particular

month.
,:c* Densities based on an estimated effectively trapped area of 15.76

acres.
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month that the grid was trapped on a regular basis. The first and

last month of the study were omitted for reasons that will become

obvious. Column B includes animals captured before and after, but

not during that particular month. These animals were assumed to

have been a part of the population during the intervening period. The

estimated monthly population size, column C, consists of the sum of

columns. A and 13.

Monthly changes in population size are illustrated in Figure 18.

Population numbers on the grid varied from a low of 41 during

November and December 1966 to a high of 54 in July of the same

year. A gradual decline during the spring of 1966 bottomed out in

May and was followed by a sharp upswing in June and July due to the

recruitment of young animals into the population. I have no logical

explanation for the high population estimates for January and

February of 1966.

The general population level showed a rather marked decrease

toward the end of the study. The average monthly population esti-

mate for the first 13 months of trapping was 50 animals; the average

for the last 5 months was 42.4 animals. This general decline could

reflect the influence that trapping was having on the population.

The highest number of monthly captures (44, column A) also

occurred during July. The lowest number of captures (15, of which

only four were females) occurred in March. This could have been
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the result of inactivity among females as parturition time approached.

Densities

Density estimates depend, of course, on knowing the number of

animals in a population and the size of the area occupied by the

animals. Accurate estimates of both of these unknowns are difficult

to obtain. Brant (1962, p. 141) has pointed out that "...wherever the

habitat is relatively continuous, density estimates must take into

account the distances that animals have come to traps. "

In determining the effectively trapped area, some workers have

added to the grid size a boundary strip equal to half the average dis-

tance of movement (Stinson, 1964), or half the width of the average

home range (Blair, 1941; Jones and Barber, 1957). Others have

used a strip equal in width to the average distance between successive

captures (Brant, 1962; Lidicker, 1966; Fleming, 1971).

In calculating population densities, I added to the basic grid of

13.5 acres a boundary strip 60 feet wide. This gave an estimated

effectively trapped area of 15.76 acres. The reason for using a 60

foot strip instead of the average D was that no tagged animal from

the grid was ever captured further than 60 feet beyond the grid

boundary. And, conversely, no animal taken further than 60 feet

from the boundary during the supernumerary trapping of the peri-

pheral area in August 1966 was ever recaptured on the grid during
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the remaining 12 months of the study. For this reason, and the fact

that the grid was bounded on two sides by roads which no tagged

animals were known to have crossed, I felt the use of the narrower

boundary strip was justified.

The density estimates ranged from a minimum of 2.60 animals

per acre to a maximum of 3.43. Since these densities are calculated

on the basis of the entire grid area plus the boundary strip, they are

somewhat misleading. Nearly all of Blocks 9 and 10 and large areas

of Blocks 8 and 11 contained few or no active burrow systems through-

out the time of this study. Thus, the density of occupied areas was

considerably greater than the estimates for the entire grid would

indicate (Figure 19).

As a comparison, I applied the conventional Lincoln Index to

estimate the population at the beginning of the study. Using the num-

ber of animals originally tagged and released in August (57), the

total number captured in September (32), and the number of recap-

tures in this second sample (24), the following equation results:

Mn
= or (57)(32)
m 24

The population (N) equals 76 ± 7.76 or 4.82 animals per acre.

This suggests that the direct enumeration method may be under-

estimating the population. However, at the 95 percent confidence

level the population lies between 60.5 and 91.5 animals. This lower
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limit is not far above the monthly estimates in Table 11.

During the first month of trapping, a total of 62 new animals

were captured on the grid. Fourteen of these were single captures,

animals that were never seen again. If only half of those 14 were

considered to be transients, that indicates a population of 55 animals.

During the first 4 months of trapping, 79 different animals

were captured. For 5 consecutive weeks following the capture of

the last new animal, no new animals were taken. If the 20 single

captures and the seven trap mortalities which occurred during this

4-month period are deducted from the cumulative total, the result

is a population of 52 animals for the month of January. This com-

pares very favorably with the January population estimate of 53 in

Table 11.

Throughout the study period the biomass (wet weight) o

Aplodontia varied from 1, 820 to 2, 400 g per acre.

Very few data exist on population estimates of mountain

beavers. Camp (1918) reported trapping 11 specimens from an area

500 by 100 feet on which he counted 100 burrow entrances. This

figures out to about 10 animals per acre.

Voth (1968) removed 21 animals from a 2 hectare site near

my study area during the spring, summer, and fall of 1964. He

estimated this to be only 25 percent of the actual population, which

would amount to 17 animals per acre. Using the same technique, he
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found density to be at a low of 9 animals per acre in March. Voth

also estimated density on the site by counting active burrow systems

and assumed each system contained one animal. By this method he

arrived at an estimate of 16 animals per acre. Voth (p. 112)

regarded his own estimates as "probably high" and I am inclined to

agree. The length of his removal trapping period permitted replace-

ment animals to enter the area, and his technique made no allowance

for distinguishing transients or immigrants from residents.

There are no published data on the movements of Aplodontia

with which to compare my results.

Survival and Longevity

It is difficult to determine survival of animals that may be

involved in emigration or shifting of home ranges. Of the 45 animals

tagged and released in August 1965 and recaptured at a later date, at

least 29 were known to be alive a year later. This is a survival rate

of 64 percent. Eleven of those 45 animals or 24 percent were still

alive 2 years later.

Some of the animals captured in 1965 that were sexually mature

(2 years old or older), were at least 4 1/2 years old when last taken

in 1967. It would not be an unreasonable assumption, based on the

preceding information, that life spans of 5 to 6 years are not uncom-

mon for the mountain beaver.
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Sex Ratios

Few data pertaining to sex and age ratios of mountain beavers

have been recorded. Hubbard (1922) reported that 75 percent of the

animals he trapped on the University of Washington campus were

males. Voth (1968) was unable to distinguish between the sexes of

immature animals, but among the 22 adult animals trapped, he

reported 63.6 percent were males. This is in close agreement with

the results of this study.

Of the overall total of 181 animals trapped both on and off the

grid, males outnumbered females 112 to 69. This was a ratio of

1.62:1 or 61.9 percent males. Considering only the 158 animals

trapped on the grid, the ratio was 1. 59:1 or 61.4 percent males.

Although the sex ratio among wild juveniles varied from year to year,

the ratio of 72 young Aplodontia from three successive breeding

seasons was exactly 1:1.

The numbers and sex ratios of juvenile and adult animals

captured on the grid are summarized in Table 12.

Deviant sex ratios in favor of males among natural populations

as revealed through trapping, is generally attributed to the "wander-

ing" tendency of the wider-ranging males, which increases their

probability of capture over the females. This explanation may apply

to the mountain beaver as well.
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Table 12. Numbers and sex ratios of juvenile and adult mountain
beavers caught on the grid each year from 1965-67.

Year

Juveniles Adults
Ji

Males Females Total Males Males Females Total Males

1965 9 7 16 56.3 48 18 66 72.7

1966 14 13 27 51.9 48 27 75 64.0

1967 8 11 19 42.1 22 11 33 66.7

Totals 31 31 62 50.0 118 56 174 67.8
J.

Adult figures for 1966 and 1967 include yearling animals.

Agee Structure

Pfeiffer (1958) recognized four classes based on the degree of

closure of the epiphyseal femoral suture, supplemented by observa-

tions of tooth wear. Voth (1968) erected eight age classes including

five for adults based solely on minor differences in weight. This

would appear inadvisable considering the great variation possible

within individuals and the extent of overlap in the weights of juveniles

with adults. Some juveniles at 5 months weighed more than some

small adults ever weighed (Tables 15, 16, 17).

Although I was generally able to recognize three age groups

(juvenile, yearling, and adult) based on external characteristics,

some late yearlings could not be distinguished from adult animals.

The age composition of the grid population for the calendar
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year 1966 is shown below in Table 13.

Table 13. Age composition of the grid population during 1966.

Sex Juveniles Yearlings ' Adults Totals

Males

Females

Totals

14

13

27

4

2

6

44

25

69

62

40

102

Yearling class consists of known juveniles from the previous year.

Of the 181 total captures, 72 were juveniles and 109 were

adults (yearlings included). This is a ratio of 1:1.51 or 60.2 per-

cent adult.

Reproduction

Breeding Habits

Pfeiffer (1958) reported the breeding season of Aplodontia as

relatively short and fairly well-defined. He determined that "estrus

occurs within a short period of from 5-7 weeks in mid- or late

winter," that all females in a population ovulate about the same time

each year, and that they usually do not bear young before their

second season. Pfeiffer's female specimens of A. r. rufa from

western Washington had early embryos during the last half of

February and were post-partum by about the middle of March. He
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estimated the date of parturition for two specimens from Lane

County, Oregon to be about 23 March. This date agrees with that

reported by Cramblet and Ridenhour (1956) for animals from Hum-

boldt County, California, but is 7 to 11 days earlier than the birth

of the two litters reported here.

During the breeding season of 1966 and 1967, I made several

unsuccessful attempts to mate captive animals. When access was

provided between outdoor hutches containing male and female animals,

they either ignored each other or the female roamed freely from

hutch to hutch while the male remained at home. In one instance, a

large mature female killed another female the first night that they

were placed in adjoining hutches. On one occasion when two

animals were caught simultaneously in the same trap, the female

killed the male. Pfeiffer (1953) reported a similar problem, but with

confined males killing the females. Such behavior may preclude any

successful mating attempts of confined mountain beavers.

Females. Pfeiffer (1958) described an estrus female mountain

beaver as having hypertrophied nipples and a greatly swollen vulva.

A circle of black "mammary hairs" around the nipples, best

developed in pregnant and lactating females, has been correlated with

estrogen production (Pfeiffer, 1955). Similar hairs have also been

reported in procupines (Struthers, 1928). Taylor (1918) made the

first reference to these dark circular areas on the female mountain
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beaver (Figure 20).

Hubbard (1922) reported taking a pregnant female near Seattle

as early as 26 February. Scheffer (1929) observed early stages of

pregnancy on 20 March. By 5 April, he found 11 out of 26 females

examined were pregnant. The earliest sign of estrus that I observed

in the field was on 12 February 1966. The urinary papillae of two

mature females captured on that date appeared red and swollen.

Males. The testes of male mountain beavers are abdominal

except during the breeding season, when they become semiscrotal.

Pfeiffer (1956) found the testes reached maximum size at mid-winter

(January-February). In the Seattle area, Hubbard (1922) noted that

the testes began to enlarge about 15 December, but the time varied

with climatic conditions and with the age of the individual. The

testes of his animals attained full size by about 15 January, began to

decline early in April, and regained normal size by mid-April. I

first observed wild male Aplodontia with semiscrotal testes on 23

December 1966. At about this same time, both males and females

began discharging a cloudy "yellowish-milky" urine while confined

to the handling cage. It is not known what significance, if any, this

may have in regard to the breeding condition of the animals. By

mid-January most mature males had descended testes. They

remained semiscrotal until near the end of March when they again

became abdominal,
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Figure 20. A sexually mature female mountain beaver showing the
circles of dark hair surrounding each of the six
mammae. These mammary hairs are visible only
during the spring and summer months. This female
was photographed in August.
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In summary, the testes of males descend in late December or

early January. Regression occurs by parturition time in late March

or early April. Thus, males are in breeding condition throughout

the months of January, February, and March. Estrus females

become available in the population by about mid-February and con-

ception presumably occurs during the following 2 weeks.

Gestation and Litter Size

The gestation period for Aplodontia has been estimated through

indirect evidence by Pfeiffer (1958) at 28-30 days. A similar period

was suggested by Scheffer (1929). My observations support these

estimates.

Seton (1929) stated that the litter size for Aplodontia was

usually two, but may be three or four. From records of 16 pregnant

females, Scheffer (1929) reported seven with litters of two young and

nine with litters of three. Dalquest (1948) reported the litter size of

mountain beavers from Washington to be two to three and, rarely,

four. The only reports of litter sizes greater than four are those of

four to six by Lord (1866) and three to five by Lum (1878). Twelve

pregnant females examined by Pfeiffer (1958) had a average of 2.4

embryos. From these reports, and my own observations, I would

consider a litter size of two to three to be average, with an

occasional female giving birth to four.
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Weaning and Emergence of Young

Exact time of weaning in wild Aplodontia can only be inferred

from estimates of parturition dates and the initial appearance of

young in the traps. Weaning presumably occurs prior to time of

emergence of young above ground. The earliest date for the capture

of a young mountain beaver was 3 June 1966. No other young animals

were captured until 2 weeks later when six were taken in one trap-

night. The first young the following year was taken on 15 June.

Assuming a parturition date of about 1 April, these young would be

10 weeks old by mid-June, and were probably weaned.

Pfeiffer (1958) believes that lactation in female Aplodontia

probably does not continue beyond 2 months. Hubbard (1922) reported

taking lactating females in May. Voth (1968) reported lactation in

females from 24 April until as late as 28 June. My field records

show females lactating from 8 April through 27 May. The captive

parous female was still lactating at the end of May.

On 27 May 1966, I observed the captive female display aggres

sive behavior toward her young when they were returned to their

cage following weighing. They were nearly 8 weeks of age at the

time and had been eating solid food for 2 weeks. The female was

still allowing them to nurse, however, on 29 May.

Young Aplodontia in the wild probably are weaned at about 6-8
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weeks of age and emerge from their burrows soon thereafter.

Growth and Development

As pointed out by Rudd (1965), very little is available on growth

and weight of small non-game species of wild mammals, and this is

particularly true of Aplodontia.

A search of the literature revealed few references to the young

of this animal. Cramblet and Ridenhour (1956) observed the birth of

three young to a captive female and reported briefly on early develop-

ment of the young until their death on the sixth day. Hipsley (1924)

and Scheffer (1929) each reported excavating nests containing three

young mountain beavers.

In this portion of the study I have presented new data on the

growth, development, and behavior of the Pacific mountain beaver.

Information was derived from daily observations of a litter raised in

captivity and from periodic recaptures of young animals in the field.

With data from these two sources, it was possible to trace the

development of the Pacific mountain beaver from birth to maturity.

The first captive litter of four was born on or about 31 March

1966. This litter was observed periodically but was not handled for

fear of rejection by the female. This proved to be an unnecessary

precaution since both females were quite tolerant of any disturbance.

The second litter, consisting of two, was born on 3 April 1966. They
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were weighed at approximately weekly intervals on a Mettler preci-

sion balance and observed daily to determine events in their physical

and behavioral development. These events are summarized in

Table 14.

Physical Development and Behavior

Birth was not witnessed for either of the two litters born in

captivity. The young were not disturbed their first day for fear of

rejection by their mother.

Newborn Aplodontia had an embryonic or premature appear-

ance. The skin was pink, slightly wrinkled, and naked except for

the presence of vibrissae. Eyes and auricular openings were tightly

sealed, the eyes being recognizable only as dark spots beneath the

skin. The front toes were well developed and already equipped with

long claws. The hind toes were less developed and the tail was a

mere stub. Sex could be determined by examination of the genitalia.

The young were unable to crawl and could right themselves only with

difficulty, when placed on their backs (Figure 21).

At 2 days of age the mean weight of 2 young was 19.8 g and the

average body length was 66 mm. These animals were somewhat

smaller than those reported by Cramblet and Ridenhour (1956).

Their litter of three averaged 87 mm in length and had a mean weight

of 27 g when only a day old.
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Table 14. Sequence of events in the early growth and development
of Aplodontia rufa Pacifica.

Event Time of Occurrence

Hairless, except for vibrissae

Vocalization

Skin pigmentation appeared

Eye slits formed

Body covered with hair

Ear pinnae erected

Crawled, with front legs only

Ears opened

Lower incisors erupted

Scratch reflex

Upper incisors erupted

Crawled, with aid of hind legs

Groomed face

Ate solid food

Eyes opened

Weaning began

Reingested fecal pellet

Birth

3 days

5-8 days

10 days

14 days

14 days

17 days

21-28 days

27 days

28 days

32 days

35 days

35 days

38 days

45-53 days

42-56 days

68 days
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Figure 21. Two-day old Aplodontia rufa pacifica, born to a captive
female on 3 April 1966. The young at this age
are naked, pink, and quite helpless.
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At 3 days a squeaking sound was heard for the first time. By

the fifth day dark pigmentation began appearing on their backs and

the tops of their heads.

The mean body weight at 1 week of age was 27.9 g. Black

pigmentation appeared over most of the dorsal surface and the skin

became increasingly wrinkled and baggy over the hind quarters. A

sparse growth of fine hairs covered most of the body at 9 days. The

ear pinnae unfolded and became erect by 10 days but the openings

remained closed.

At 2 weeks of age the hair on the dorsal surface was dark and

sleek, that on the underside was white. Between 2 and 3 weeks of

age, the first crawling movements were observed. Crawling was

accomplished entirely with the more developed front legs, the hind

legs being held to the rear (Figure 22). Their mean body weight at

3 weeks was 73.8 g; total length was 125 mm. Their external

auditory meatus was now opened. Hair on the dorsal surface became

darker and more glossy; a brownish color appeared on the neck and

shoulders and along both flanks.

At 4 weeks the lower incisors erupted, followed in 5 days by

the upper incisors. At this time, one of the young was observed

scratching its lower jaw with the right hind foot.

Their coordination improved considerably during the fifth

week. They could now hold their heads up and crawl with the aid of
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Figure 22. Young female Aplodontia rufa pacifica at 26 days. At this
age, the young are fully covered with hair and are able
to crawl with the use of the more developed front legs.
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Figure 23. Captive female mountain beaver in the nest with three
young at 5 weeks of age. Females made no attempt to
protect their young throughout the 9 weeks of observation.
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the hind legs. However, their balance was poor and they still had

some difficulty in righting themselves. Investigative behavior was

exhibited through sniffing, licking, and biting of themselves and the

fingers of the handler. The first face-washing attempts were also

noticed. On the 38th day the first solid food, rolled oats, was eaten.

On the 45th day, the eyes of the larger young were opened.

The mean body weight at this event was 153.4 g, the length was 210

mm. By now they could easily surmount a 25 cm barrier and roam

freely about their cage. When both were placed on a table, the young

with its eyes open avoided falling off the edge, but the one whose

eyes were still closed did not. The young engaged in play with each

other, biting and pushing with their fore paws. When presented with

water, they did not drink but proceeded to groom, the water from

their face. Succulent food in the form of lettuce was eaten for the

first time.

By the seventh week, the young readily accepted such natural

food items as red huckleberry, western sword-fern, and Douglas fir.

Both, however, were still nursing.

Until the opening of the eyes of one young at 6 weeks, the weight

difference between the two never varied more than 6 grams. The

advantage of sight was reflected in the increase in body weight

following this event, the difference amounted to as much as 38 grams.

On the 53rd day, the smaller young had one eye opened. The



82

other eye did not open until 4 days later.

The first signs of aggression by the female toward her young

were noticed during the 7th week. Upon returning the young to their

enclosure after weighing, she greeted them with jumping movements

and pushed them away with her head. She further showed her dis-

content by snapping at them when they persisted in their advances

toward her. This aggressive behavior on her part could be inter-

preted as an attempt at weaning.

At 8 weeks of age both young were still nursing. Their mean

body weight now was 347 g, a gain of 110 g over the past week. The

young were observed in play in the form of biting, pushing, and

tumbling about. They also engaged their mother in playful biting and

nuzzling of her legs and face, which she patiently tolerated.

On their 60th day, a maximum mean weight of 364.5 g was

attained. From this point on, the young gradually lost weight until

their death on 10 June 1966, at 68 days of age. Earlier that same

day, I saw one of the young reingest a fresh fecal pellet.

Necropsies performed by the Veterinary Diagnostic Clinic at

Oregon State University revealed both young with intestinal ulcers

and a bacterial infection of Pasteurella spp. Death was attributed to

the latter.

I believe the chances of the young surviving for a longer period

would have been improved had they been forcibly weaned and
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separated from their mother at about 8 weeks of age. Young in the

wild are probably weaned by this age.

Growth Rates

Growth rates reported here are based on the weights of two

young raised in captivity from birth to 9 weeks of age, and on the

weights of live-trapped animals captured repeatedly over a 2-year

period. The growth curve presented in Figure 24 combines data

from these two sources. Al]. animals less than 12 months old were

classed as juveniles.

Juveniles. Captive young Aplodontia experienced their most

rapid weight gain during their 7th and 8th weeks. During this 2-week

period, their weight increased 126 percent over what they weighed at

the end of 6 weeks. By 8 weeks of age, they had attained 43 percent

of the adult mean weight. (Adult mean weight = 806 g, average of

the mean weights for all adult males and females). The rate of

weight gain decreased noticeably during June and July, and continued

at a reduced rate until a plateau was reached in August. This period

of retarded growth was maintained at 69 percent of the adult mean

weight. Pfeiffer (1958) reported retarded growth in the length of

femur bones of young Aplodontia and believed this reflects a period

of low pituitary function during their first year of life.

Sexual dimorphism in body weight was evident among wild
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juveniles, but was not consistent with either sex (Table 15). It was

statistically significant only during the month of June, when females

were heavier (p< O. 05). Male juveniles outweighed females during

the fall months, but by the end of the first year females had regained

their initial weight advantage.

The smallest mountain beaver taken during 2 years of trapping

was a young male weighing 280 g, captured 3 June 1966. (Captive

young attained this weight at 7-8 weeks of age). This was also the

earliest date of emergence of young above ground, as revealed by

trapping. Generally, young of the year were not taken in traps until

mid-June or later.

Maximum weights for individual juveniles were 660 g for males

and 770 g for females. Both sexes reached their maximum weights

during August of their first year.

The growth rate of some young animals was impressive. One

male gained 490 g between June 1966 and June 1967. Another young

male weighed 450 g when first captured in August 1966, and 910 g

12 months later as a yearling. Growth rates of wild-trapped young

being held in captivity were even more phenomenal. One captive

female gained 330 g in 2 months, another 430 g in 4 months.

Yearlings. Animals classed as yearlings (12-24 months old),

included only marked juveniles still present in the population from

the previous year, This was done because of the difficulty in



Table 15. Mean monthly weights, in grams, of 35 male and 34 female young Aplodontia rufa pacifica
from Benton County, Oregon. The average weights for yearling and adult animals are
included for comparative purposes.

Month
Males Females

N Mean ± SE Range N Mean ± SE Range

April* 0 - 2 107.50 - (106- 109)

May 0 2 351.50 - (340- 363)

June 9 357. 44 ± 19, 69 (280- 440) 8 473. 13 ± 35. 62 (330- 590)

July 11 493. 03 ± 26.30 (370- 640) 15 530. 17 ± 17.91 (390- 675)
August 24 548. 84 + 13.72 (365- 660) 21 570.44 + 20. 19 (390- 770)
September 4 572. 50 ± 26. 65 (505- 630) 7 515.71 ± 27.93 (420- 640)

October 5 584.33 + 16. 24 (557- 645) 5 517.00 ± 28. 18 (435 590)

November 4 567. 50 + 18.31 (540- 620) 5 550.00 ± 27.75 (450- 620)

December 4 556. 67 + 23. 33 (500- 606) 3 545. 00 * 48. 05 (450- 605)
January 3 525. 00 ± 39. 69 (450- 585) 2 572. 50 +117. 50 (455- 690)
February 2 512. 50 ± 62. 50 (450- 575) 2 630.00 ± 10.00 (620- 640)
Yearling 36 704.38 ± 13. 01 (580- 910) 17 721.47 ± 11..43 (650- 820)
Adult 301 837.72 ± 6.02 -(580-1130) 154 774.41 ± 8.47 (570-1070)

Data from two young born in captivity.
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distinguishing yearlings from adults. Although early yearlings may

still retain some of the fine, gray fur typical of juveniles, most of

them have taken on the coarse, reddish-brown pelage of the adult.

Body weights of 10 male and 5 female yearlings were combined

in calculating the mean monthly weights presented in Table 16. The

mean weight of female yearlings was slightly greater than the mean

of males, but the difference was not significant (Table 15). The

average yearling weighed about 710 g or 88 percent of the adult mean

weight. The maximum weight for an individual female yearling was

820 g, for a male 910 g. These maximums were attained in July

and August, respectively.

Table 16. Mean monthly weights, in grams, of 15 yearling
Aplodontia rufa pacifica from Benton County, Oregon.
Data for males and females were combined because
of small sample sizes.

Both Sexes
Month Mean ± SE Range

April 3 630.00 ± 16.07 (605-660)

May 5 653.00 ± 16.55 (590-680)

June 7 741.42 ± 26.67 (670-850)

July 9 733.14 ± 23.67 (600-820)

August 11 748.18 ± 26.06 (580-910)

September 5 682.00 ± 17.43 (640-720)

October 3 656.66 ± 31.79 (620-720)

November 5 710.00 ± 17.0Z (660-760)

December 5 704.00 ± 17.77 (670-760)

Totals 53 709.86 ± 9.75 (580-910)
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Adults. All animals over 2 years old were classed as adults.

Mean monthly weights of 109 adult male and female mountain beavers

are presented in Table 17. The mean weight of males was signifi

cantly greater than the average weight of females (p<0. 05). Adult

males,were heavier than females during every month of the year,

but the monthly differences were significant only during August and

November (p< O. 05).

Mean weights of both males and females were at a minimum in

the spring, immediately after the breeding season, and at a maximum

in July. Seasonal fluctuations in the mean monthly weights of adult

males and females are shown in Figure 25. The rapid increase in

weight during May and June coincided with the annual appearance of

many herbaceous plants on the study site.

The largest mountain beaver taken in the wild was a male

weighing 1130 g, captured in September 1966. The largest female,

captured in August of the same year, weighed 1070 g.



Table 17. Mean monthly weights, in grams, of 75 male and 34 female adult Aplodontia rufa pacifica
from Benton County, Oregon.

Month
Males Females

Mean ± SE Range N Mean ± SE Range

January 15 819.16 ± 24.24 (620- 980) 3 745.00 ± 31.22 (700- 805)

February 12 791.66 ± 25.73 (670-1020) 10 754.00 ± 36.36 (590- 960)

March 9 736.38 ± 23.47 (650- 870) 4 702.50 ± 55.88 (590- 850)

April 12 735.55 ± 27.96 (580- 890) 8 718.12 ± 36.22 (570- 850)

May 16 800.00 ± 14.95 (690- 890) 8 716.25 ± 33.27 (580- 860)

June 25 848.86 ± 19.11 (630-1050) 17 810.00 ± 22.84 '(670 -1020)

July 34 872.84 ± 18.95 (630-1070) 17 819.70 ± 22.58 (680-1040)

August 74 868.67 ± 12.54 (605-1100) 35 796.07 ± 18.65 (590-1070)

September 31 858.54 ± 21.16 (620-1130) 16 802.50 ± 26.35 (590-1000)

October 22 828.86 ± 18.02 (680-1000) 7 771.90 ± 49.95 (620-1010)

November 30 814.61 ± 14.09 (670-1000) 17 736.12 ± 19.89 {610- 870)

December 21 840.00 ± 23.77 (700-1100) 12 739.58 ± 29.59 {610- 930)

Totals 301 837.72 ± 6.02 (580-1130) 154 774.41 ± 8.47 (570-1070)
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SUMMARY AND CONCLUSIONS

This paper presents the results of a 25-month field study of a

mountain beaver population in the Coast Range Mountains of western

Oregon. It also includes new data on the postnatal development,

growth, and behavior of two litters of the Pacific mountain beaver

born and raised in captivity.

Field methods involved the classical mark-release-and-

recapture approach using a rotational system of live-trapping on a

weekly basis. During 5,144 trap-nights a total of 181 individuals

were captured 872 times. Results indicated a substantial portion of

the population on a 13,5 acre grid was tagged during the first month

of trapping. Subsequent captures consisted primarily of new animals

that entered the grid area either as transients or immigrants and of

the annual recruitment of young. Activity reached a peak during

June and July when a lush growth of vegetation covered the area and

when young mountain beavers emerged from their burrows. Activity

was at a minimum during the winter months when very few new

animals were caught.

Movements of mountain beavers were analyzed in terms of

average distance between captures, maximum distance between two

capture sites, and home range sizes. The average home range of

adult males (0. 80 acres) was nearly twice as large as that of adult
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females (0.42 acres). The home range of juveniles averaged 0.31

acres. Males covered longer distances more frequently during the

summer. These longer forays may be related to the presence of

adequate cover at that time of the year.

Although a number of individuals occupied permanent areas

throughout the 2-year study, many underwent shifts of home ranges

that carried them off the grid for long periods of time. Overlapping

of home ranges was common, both within and between the sexes.

Population estimates, as determined by direct enumeration

(Fleming, 1971), fluctuated from a low of 41 (2.60 per acre) in mid-

winter to a high of 54 (3.43 per acre) in July, Estimates suggested a

relatively stable population with emigration being balanced by the

arrival of new animals. Transients made up a considerable portion

of the catch. A decline in the population level during the last few

months could have been due to the effects of trapping. Of the 45

animals tagged and released during the first month of trapping, 24

percent were still alive 2 years later. Life spans of 5 to 6 years for

wild mountain beavers are probably not uncommon. Of the 181 total

captures, 62 percent were males, Adults composed 60 percent of

the total captures.

The reproductive pattern and certain events in early develop-

ment of Aplodontia can be compared with some sciurids, particularly

Citellus beecheyi, Cynomys ludovicianus, and Citellus lateralis.
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Male Aplodontia were in breeding condition throughout the

months of January, February and March. Estrus females were

available by about mid-February and conception presumably occurred

during the following 2 weeks. Lactating females were observed from

8 April through 27 May.

Young Aplodontia are weaned at 6-8 weeks of age and emerge

from their burrows the following 2 weeks. This presumably means

they feed for a time on plants carried into the burrows by their

mothers.

The growth curve of the young was characterized by a rapid

increase during the first 8 weeks, followed by a gradual decline,

eventually reaching a plateau in 4 months at 69 percent of the adult

weight,

Three age classes were recognized--juveniles, yearlings, and

adults--based on body weights, character of pelage, and breeding

condition. The considerable overlap in the weights of individuals

from all three age classes should preclude any attempt to age moun-

tain beavers on the basis of body weights alone (Voth, 1968, p. 41;

Johnson, 1971, p. 86).

Sexual dimorphism in size was pronounced only among adults,

with males consistently heavier than females. Seasonal fluctuations

in body weights of adults corresponded with reproductive activity in

the spring (low) and abundant food supply during mid-summer (high).
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The largest mountain beaver captured was a male weighing 1130 g;

the largest female weighed 1070 g.

Breeding of Aplodontia in captivity was prevented by the hostile

behavior of females toward the males.



95

BIBLIOGRAPHY

Allen, D. L. 1949. The purposes of mammal population studies.
Journal of Mamma logy 30:18-21.

Ambrose, H. W., III. 1969. A comparison of Microtus pennsyl-
vanicus home ranges as determined by isotope and live trap
methods. American Midland Naturalist 81:535-555.

Anthony, H. E. 1916. Habits of Aplodontia. Bulletin American
Museum of Natural History 35:53-61.

Bailey, A. W. 1966. Forest associations and secondary plant
succession in the southern Oregon Coast Range. Unpublished
Ph. D. dissertation, Oregon State University, 166 pp.

Blair, W. F. 1941. Techniques for the study of mammal popula-
tions. Journal of Mamma logy 22:148-157.

1953. Population dynamics of rodents and other
small mammals. Advances in Genetics 5:1-41.

Brant, D. H. 1962. Measures of the movements and population
densities of small rodents. University of California
Publications in Zoology 62:105-184.

Broadbooks, H. E. 1970. Home ranges and territorial behavior of
the yellow-pine chipmunk, Eutamias amoenus. Journal of
Mamma logy 51:310-326.

Burt, W. H. 1940. Territorial behavior and populations of some
small mammals in southern Michigan. University of Michigan,
Museum of Zoology Miscellaneous Publication 45:1-58.

Camp, C. L. 1918. Excavations of burrows of the rodent Aplodontia,
with observations on the habits of the animal. University of
California Publications in Zoology 17:517-536.

Chitty, D. 1937. A ringing technique for small mammals. Journal
of Animal Ecology 6:36-53.



96

Corliss, J. F. and C. T. Dyrness. 1961. A.lsea basin area soil
and vegetation survey general and technical information for
use in the final review. Department of Soils, Oregon State
University. Unumb. ( Mimeo. )

Cramblet, H. M. and R. L. Ridenhour. 1956. Parturition in
Aplodontia. Journal of Mammalogy 37:87-90.

Dalquest, W. W. 1948. Mammals of Washington. University of
Kansas Museum of Natural History 2:1-444.

Dalquest, W. W. and V. B. Scheffer. 1945. The systematic status
of the races of the mountain beaver Aplodontia rufa in
Washington. Murrelet 25:34-37.

Davis, D. E. 1953, Analysis of home range from recapture data.
Journal of Mammalogy 34:352-358.

Dice, L. R. and P. J. Clark. 1953. The statistical concept of
home range as applied to the recapture radius of the deer-
mouse (Peromyscus). Contributions from the Laboratory of
Vertebrate Biology, University of Michigan 62:1-15.

Dodge, W. E. and D. L. Campbell. 1965. Two techniques to reduce
capture mortality. Journal of Mammalogy 46:707.

Dunnet, G. M. 1964. A field study of local populations of the brush-
tailed possum (Trichosurus vulpecula in eastern Australia.
Proceedings of the Zoological Society of London 142:665-695.

Ellerman, J. R. 1940. The families and genera of living rodents.
Vol. 1. Rodents other than Muridae. British Museum of
Natural History 689 pp.

Evans, F. C. 1942. Studies of small mammal populations on Bagley
Wood, Berkshire. Journal of Animal Ecology 11:182-197.

Finley, R. B., Jr. 1941. Geographic variation in the rodent
Aplodontia rufa. Murrelet 22:45-51.

Fisler, G. F. 1965. A captive mountain beaver. Journal of
Mammalogy 46:707-709.



97

Fleming, T. H. 1971. Population ecology of three species of
neotropical rodents. University of Michigan, Miscellaneous
Publications of the Museum of Zoology 143:1-77.

Godin, A. J. 1964. A review of the literature on the mountain
beaver. U. S. Department of the Interior, Bureau of Sport
Fisheries and Wildlife, Special Scientific Report, Wildlife
No. 78. 52 pp.

Hips ley, W. B. 1924. Notes on the young of the Aplodontia.
Murrelet 5:4-5.

Hubbard, C. A. 1922. Some data upon the rodent Aplodontia.
Murrelet 3:14-18.

Ingles, L. G. 1959. A quantitative study of mountain beaver
activity. American Midland Naturalist 61:419-423.

1960. Tree climbing by mountain beavers.
Journal of Mamma logy 41 :120 -121.

1961. Reingestion in the mountain beaver.
Journal of Mammalogy 42;411-412.

Johnson, S. R. 1971. The thermal regulation, microclimate, and
distribution of the mountain beaver, Aplodontia rufa pacifica
Merriam. Unpublished Ph. D. dissertation, Oregon State
University, 164 pp.

Jones, J. K., Jr., and A. A. Barber. 1957. Home ranges and
populations of small mammals in central Korea. Journal of
Mammalogy 38 :377 -392.

King, J. E. 1958. Development of a stand of coniferous reproduc-
tion and interplanted Douglas-fir. Northwest Science 32:1-8.

Lawrence, W. H., N. B. Kverno, and H. D. Hartwell, 1961,
Guide to wildlife feeding injuries on conifers in the Pacific
Northwest. Western Forestry and Conservation Association,
Portland, Oregon 44 pp.

Lewis, M. and W. Clark. 1814. History of the Lewis and Clark
expedition. (Paul Allen edition). Bradford, Philadelphia.
Vol. 2, ix + 522 pp.



98

Lidicker, W. Z. , Jr., 1966. Ecological observations on a feral
house mouse population declining to extinction. Ecological
Monographs 36:27-50.

Lord, J. K. 1866. The naturalist in Vancouver Island and British
Columbia. 2 vols. Bentley, London. 358 pp.

Lum, S. K. 1878. The sewellel or showtl. American Naturalist
12:10-13.

McArdle, R. E. and L. A. Isaac. 1933. The ecological aspects of
natural regeneration of Douglas fir in the Pacific Northwest.
In: Proceedings of the Fifth Pacif:c Science Congress,
Victoria. p. 4009-4015.

McGrew, P. 0. 1941. The aplodontoidea. Field Museum of
Natural History, Geological Series 9:1-30.

Merkle, J. 1951. An analysis of the plant communities of Mary's
Peak, western Oregon. Ecology 32:618-640.

Merriam, C. H. 1886. Description of a new species of Aplodontia
(Aplodontia major, sp. nov. ) from California. Annals of the
New York Academy of Science 3:312-328.

Peck, M. E. 1961. A. manual of the higher plants of Oregon. 2d ed.
Portland, Binfords and Mort. 936 pp.

Pfeiffer, E. W. 1953. Animals trapped in mountain beaver
(Aplodontia rufa) runways, and the mountain beaver in captivity.
Journal of Mammalogy 34:396.

1955. Hormonal induced "mammary hairs" of a
primitive rodent Aplodontia rufa. Anatomical Record
122:241-256.

1956. The male reproductive tract of a primitive
rodent, Aplodontia rufa. Anatomical Record 124:629-635.

1958. The reproductive cycle of the female
mountain beaver. Journal of Mammalogy 39:223-235.



99

Richardson, J. 1829. On Aplodontia, a new genus of the order
Rodentia, constituted for the reception of the sewellel, a
burrowing animal which inhabits the north western coast of
America. Zoological Journal 4:333-337.

Rudd, R. L. 1965. Weight and growth in Malaysian rain forest
mammals. Journal of Mamma logy 46:588-594.

Sanderson, G. C. 1966. The study of mammal movements-a review.
Journal of Wildlife Management 30:215-235.

Scheffer, Theo. H. 1929. Mountain beavers in the Pacific North-
west; their habits, economic status and control. U. S.
Department of Agriculture, Farmer& Bulletin No. 1598. 18 pp.

Seton, E. T. 1909. Life-histories of northern animals. Charles
Scribner's Sons, New York. 1:xxx + 673 pp-

1929. Lives of game animals. Vol. 4, Part II.
p. 525-555. Doubleday, Doran and Company, Garden City.
441-949 pp.

Shotwell, J. A. 19 58. Evolution and biogeography of the aplodontid
and mylagaulid rodents. Evolution 12:451-484.

Shure, D. J. 1970. Ecological relationships of small mammals in
a New Jersey barrier beach habitat. Journal of Mammalogy
51:267-278.

Simpson, G. G. 1945. The principles of classification and a
classification of mammals. Bulletin of the American Museum
of Natural History 85:1-350.

Staebler, G. R., P. Lauterback and A. W. Moore, 1954. Effect
of animal damage on a young coniferous plantation in southwest
Washington. Journal of Forestry 52:730-733.

Stinson, R. H. 1964. Vole populations in southwestern Ontario.
Canadian Field-Naturalist 78:98-107.

Struthers, P. H. 1928. Breeding habits of the Canadian porcupine
(Erethizon dorsatum). Journal of Mammalogy 9:301-308,

Tanaka, R, 1963. Truthfulness of the delimited-area concept of
home range in small mammals. Kochi Women's University
Bulletin, Natural Science Series 11:6-11.



100

Taylor, K. D. et al. 1971. Movements of the grey squirrel as
revealed by trapping. Journal of Applied Ecology 8:123-146.

Taylor, W. P. 1918. Revision of the rodent genus Aplodontia.
University of California Publications in Zoology 17:435 -504.

Verts, B. J. 1967. The biology of the striped skunk. University
of Illinois Press, Urbana. vii + 218 pp.

Voth, E. H. 1968. Food habits of the Pacific mountain beaver,
Aplodontia rufa pacifica Merriam. Unpublished Ph. D.
dissertation, Oregon State University, 263 pp.

Wandeler, I. and G. Pilleri. 1965. Weitere Beobachtungen zum
Verhalten von Aplodontia rufa Rafinesque (Rodentia,
Aplodontoidea) in Gefangenschaft. Zeitschrift fur
Tierpsychologie 22:570-583.

Wilson, R. W. 1949. Early Tertiary rodents of North America.
Contribution to Paleontology, Carnegie Institute, Publication
No. 584. p. 67-164.



APPENDICES



101

APPENDIX I

Plant species collected on the Thompson Tree Farm study area,
Section 8, T12S, R7W, in Benton County, Oregon. Nomenclature
follows that of Peck (1961).

Scientific Name Common Name

TREES

1. Abies procera
2. Ace r circinatum
3. Alnus oregana
4. Castanopsis chrysophylla
5. Pseudotsuga menziesii
6. Sambucus callicarpa
7. Sambucus glauca
8. Tsuga heterophylla

SHRUBS

9. Berberis nervosa
10. Gaultheria shallon
11. Holodiscus discolor
12. R ibes sanguine um
13. Rosa gymnocarpa
14. Rubus parviflorus
15. Rubus spectabilis
16. Rubus vitifolius

Noble fir
Vine maple
Red alder
Chinquapin
Douglas fir
Red elderberry
Blue elderberry
Western hemlock

Long-leaved Oregon grape
Salal
Ocean-spray
Red-flowering currant
Little wild rose
Thimble berry
Salmon berry
Western dewberry (Trailing

blackberry)
17. Vaccinium parvifolium Red huckleberry

FORBS

18. Achillea millefolium
19. Achlys triphylla
20. Actaea arguta
21. Anaphalis margaritacea
22. Anemone deltoidea
23. Cardamine oligosperma
24. Campanula scouleri
25. Chrysanthemum
26. Circaea alpina
27. Cirsium brevistylum
28. Cirsium vulgare
29. Clintonia uniflora

Yarrow
Vanilla-leaf
Baneberry
Pearly everlasting
Western white anemone
Little western bitter cress
Scouler' s campanula

leucanthemum Ox- eyed daisy
Smaller enchanter's nightshade
Indian thistle
Common thistle
Queen' s cup
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Scientific Name Common Name

30. Collomia heterophylla Varied leaved collomia
31. Crepis capillaris Smooth hawk's beard
32. Dentaria tenella Slender dentaria
33. Dicentra formosa Western bleeding heart
34. Digitalis purpurea Foxglove
35. Disporum hookeri var. Hooker's fairy bell

trachyandrum
36. Epilobium adenocaulon Common western willow-herb
37. Fragaria bracteata Western wood strawberry
38. Fragaria vesca Coast strawberry
39. Galium aparine Cleavers
40. Geum macrophyllum Large-leaved avens
41. Glechoma hederacea Ground ivy
42. Hypericum perforatum Common St. John's wart
43. Iris tenax Oregon iris
44. Linnaea borealis American twin flower
45. Lysichitum americanurn Yellow skunk-cabbage
46. Maianthemum bifolium var. False lily-of-the-valley

kamtschaticurn
47. Mimulus dentatus Coast monkey flower
48. Montia sibirica Western spring beauty (Candy

flower)
49. Oenanthe sarmentosa Water parsley
50. Osmorhiza chilensis Western sweet cicely
51. Oxalis oregana Oregon oxalis
52. Plantago major Common plantain
53. Prune lla vulgaris Heal-all
54. Psilocarphus elatior Taller woolly-heads
55. Ranunculus occidentalis Western buttercup
56. Ranunculus uncinatus Little buttercup
57. Rumex acetosella Red sorrel
58. Rumex occidentalis Western dock
59. Scrophularia californica California figwort
60. Senecio jacobaea Tansy ragwort
61. Senecio sylvaticus Wood groundsel
62. Smilacina sessilifolia Few-flowered false Solomon's

seal
63. Solanum nigrum Common nightshade
64. Stachys mexicana Hedge nettle
65. Stachys rigida Rigid hedge nettle
66. Stellaria borealis Northern star wort
67. Stellaria longifolia Long-leaved star wort
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68. Stellaria media Common chickweed
69. Thalictrum occidentale Western meadow- rue
70. Tiarella trifoliata Three-leaved cool wort
71. Tolmiea menziesii Youth-on-age
72. Trientalis latifolia Broad-leaved starflower
73. Trillium ovatum Western trillium
74. Urtica lyallii Northwest nettle
75. Vancouveria hexandra Inside-out flower
76. Vicia angustifolia Smaller common vetch
77. Viola glabella Smooth woodland violet
78. Viola sempervirens Evergreen violet

GRASSES

79. Agrostis exarata Western bent-grass
80. Agrostis orezonensis Oregon bent -grass
81. Aira praecox Little hair-grass
82. Bromus carinatus California brome-grass
83. Dactylis glomerata Orchard-grass
84. Elymus glaucus Western rye-grass
85. Festuca subulata Nodding fescue
86. Glyceria borealis Northern manna-grass
87. Ho lcus lanatus Velvet grass
88. Poa pratensis Kentucky blue-grass

SEDGES

89. Carex hendersonii
RUSHES

Henderson' s sedge

90,

FERNS

Luzula parviflora Small-flowered wood-rush

AND THEIR ALLIES

91. Athyrium filix-femina Lady-fern
92. Dryopteris dilatata Spreading wood-fern
93. Equisetum maximum Giant horsetail
94. Polystichum lonchitis Holly-fern
95. Polystichum munitum We stern sword-fern
96. Polypodium vulgare var. Licorice fern

occidentale
97. Pteridium aquilinum var. Western brake-fern

fern)
Bracken

pube s c ens
98. Struthiopteris spicant Deer-fern



APPENDIX II

List of ectoparasites collected from mountain beavers during the

2-year field study.

Insects

Mite s

Order Siphonaptera (fleas)

Family Dolichopsyllidae

Trichopsylloides hubbardi Ewing, 1938

Trichopsylloides oregonensis Ewing, 1938

Family Hystrichopsyllidae

Hystrichopsylla mammoth Chapin, 1921

Order Mallophaga (lice)

Family Menoponidae

Order Diptera (flies)

Family Helomyzidae

Suillia sp.

Order Coleoptera (beetles)

Family Leptinidae

Leptinillus aplodontiae Ferris

Suborder Me so stigmata

Family Laelapidae
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Ticks

Alphalaelaps aplodontiae (Jellison) 1945

Family Dermanyssidae

Patrinyssus hubbardi (Jameson) 1949

Suborder Prostigmata

Family Trornbiculidae

Trombicula aplodontiae Brennan, 1946

Suborder Metastigmata

Family Ixodidae

Ixodes angustus

Ixodes sp.
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