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Abstract approved:

Rates of productivity and survival for river otter in western

Oregon were estimated by analysis of data obtained from carcasses of

254 river otter harvested by trappers during the 1970-7 1 and 1971-72

trapping seasons. The age of each otter in the sample was determined

by counting cementum annuli in canine teeth. Survival and recruit-

ment rates were calculated from the resulting age structure and

compared using a modeling approach to evaluate population status.

Number of corpora Lutea, blastocysts, and implanted embryos per

female were determined from examination of ovaries and uteri.

Ovaries of all females of reproductive age (at least years old)

contained corpora lutea except for one individual 7 years old, indicat-

ing that females breed every year and that the percentage of females

that breed is near maximum, Corpora lutea, blastocysts, and

implanted embryos per female averaged 3,05, 2. 79, and 2.75,
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respectively and ranged from 2-4. The number of pups per adult (at

least 3 years old) female present at the beginning of trapping season

(recruitment rate) was estimated to be 2.28.

Estimates of annual survival rates for fernLale otter calculated by

the time-specific life table method using life-based () entry of data

were 68 percent for age-class 0, 46 percent for age-class 1, and

73 percent for age-classes 2-11. Using death-based (d) entry of

data, estimates of annual survival rates for females were 64 percent,

61 percent, and 69 percent for age-class 0, age-class 1, and age-

classes 2-11.

Recruitment and survival rates estimated for the female seg-

ment of the otter population in westeru Oregon appeared to be

essentially balanced during the years of this study, indicating that

the population is constant in size.
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PRODUCTIVITY, SURVIVAL, AND POPULATION STATUS
OF RIVER OTTER IN WESTERN OREGON

I. INTRODUCTION

This studywas designed to evaluate the current population

status of river otter (Lutra canadensis) in western Oregon. While

determination of population increase, stability, or decrease in

numbers is theoretically possible through annual or periodic estimates

of population density, the only index to otter density currently avail-

able in Oregon is the number of otter harvested and reported by

trappers at the close of the annual trapping seasons.

The reported otter harvest in Oregon declined 39 percent in the

3-year period immediately prior to the initiation of this study (fall

of 1970), (Figure 1). If the decline in harvest represented an actual

decline in otter numbers, a reduction of harvest through modification

of trapping regulations might have been desirable. However, the

decline in harvest may not have been representative of population

change because factors other than population density may significantly

influence the size of the otter catch, Preliminary investigation of

the relationship between fur prices and number of otter harvested in

Oregon showed a positive correlation. Also, trappers state that

adverse weather conditions during the trapping seasons (primarily
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Figure 1. Number of otter harvested in Oregon during the 1965-66 through the 1971-72
trapping seasons (Oregon State Game Commission 1966 -71 and Oregon State Game
Commission, Unpublished reports). Solid dots indicate harvest levels during five
trapping seasons prior to the initiation of this study. Open circles indicate harvest
levels during the years of this study.
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flooding and ice) influencetrapping effort, trapping success, and

the number of otter trapped.

It became obvious that an alternative method of evaluating the

population status of river otter was needed. A recently developed

method for estimating population trends by evaluating the balance

between population recruitment and survival rates through the use of

a structural population model (Henny et al. 1970) was employed in

this study.

Survival and recruitment rates have not been previously esti-

mated for an otter population. Therefore estimation of these para-

meters received major emphasis during this study. Age structure of

a sample of otter carcasses obtained from trappers during the trap-

ping seasons of 1970-71 and 197 1-72 provided the basis for the

estimates.

Specific objectives of the study were to:

1. Determine the sex and age composition of a sample of

otter taken by trappers.

2. Estimate annual survival rates for the population.

3. Estimate annual productivity of the population.

4. Evaluate the status of otter in western Oregon bycompar-

ing population survival and recruitment rates.



II. MATERIALS AND METHODS

Carcass Collection

Carcasses of 254 otter harvested in Oregon during the 1970-7 1

and 1971-72 trapping seasons provided material for study (Table 1).

All otter included in the sample were harvested in thewestern half of

the state (Figure 2).

Table 1. Otter harvest in Oregon, and carcasses collected during the
1970-71 and 1971-72 trapping seasons.

Trapping Season Reported Harvest Carcasses Percent of Harvest

1970-71 198' 83 42

1971-72 265b 171 65

Total 463 254 55

aOregon State Game Commission (1971).

boregon State Game Commission (Unpublished reports)

Names and addresses of 90 trappers who reported takiag otter

during the 1969-70 trapping season and 91 who reported taking otter

during the 1970-7 1 season (included 32 trappers who also reported

taking otter in 1969-70) were obtai,ned from the Oregon State Game

Commission prior to the beginning of the 1970 -71 and the 197 1-72

trapping seasons. Trappers were contacted by mail, telephone, and



Figure 2. Place of capture of 254 otter taken by trappers during the 1970-71 and
1971-72 trapping seasons.



in some cases personal visit and asked to supply carcasses for the

study. Thirty-seven trappers supplied carcasses during the first

year of collection and 41 during the second year.

Trappers were paid $2. 50 for each carcass supplied. Most

carcasses were frozen and stored by trappers. Those not frozen were

obtained as soon as possible after the otter was killed,

Determination of Ag

Hooper and Osteñson (1949) used skull characteristics (suture

closure, prominence of ridges, rugosity of brain case, and density of

bone) to recognize four age-groups in otter from Michigan. Assign-

ment of age-values to the four age-groups was based on the skulls of

fourknown-age otter raised in captivity. The known-age material

consisted of a male about 9 months old, a male 24 months old, a male

40 months old, and a female 7 years and 14 weeks o1d Otter in

Group 1 were estimated to be only a few months old, those in Group 2

approximately 10-15 months old, those in Group 3, 2-3 years old

and those in Group 4 at least 4 years old.

Friley (1949) placed 83 male otter from Michigan into four

relative age-groups (very young, immatures, younger adults, and

older adults) on the basis of length, weight, volume, and general shape

of bacula.
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'These groups are differentiated on the basis of an index
secured by taking the sum of the products of length by
weight and length by volume. The indices used to delimit the
four groups are: above 845, older adults; 845-650, younger
adults; 649-225, immatures; below 225, very young [length
(mm), weight (g), and volume (cc)]. In addition, all adult
bones possess the characteristic adult conformation; a flaring
of the proximal portion of the body, and a rough, tapering
head." (Friley 1949:103, 105)

Hamilton and Eadie (1964:244, Table 2) used a combination of

the methods of Hooper and Otenson, Friley, and additional criteria

to assign 167 otter caught by trappers in New York into five age-

groups. Age in months was assigned to each age-group on the basis

of estimated parturition time and time of harvest; no known-age

material was used,

The above methods for estimating age of river otter based on

skeletal development are probably reliable only for identifying relative

age because of the lack of adequate known-age otter for comparison

and the possibility of individual variation in the skeletal development

rates. Life table methods for estimating annual survival rates require

identification of age in years; methods useful only for determining

relative age of individuals in a sample are not suitable for life table

analysis.

Cemeritum deposition inteeth has proven to be a reliable method

for determining age in many species of mammals and provides data

appropriate for life table analysis. This technique has not been used'

previously to determine age of river otter but as been used



Table 2. Skeletal critera used in assessing five age-groups in
otters.. Corresponding age-groups of Hooper and
Ostenson (1949) are given in parentheses [From
Hamilton and Eadie(1964)J,

No. of Spec. Age-group Characters

23 8- 9 mo. Basisphenoid-basioccipital, masomaxil-
(2) lary, and jugal-maxillary sutures

evident. Lambdoidal suture prominent,
the crest developed only slightly dorsally.
Ischiopubic junction separated by a
prominent cartilage band. Skull bones
granular and chalky in appearance.
Baculum slender, the proximal end not
differentiated from the shaft and only
slightly greater in diameter.

27 11-12 mo. Masomaxillary suture faint.
(2) Basisphenoid-basioccipital suture pres-

ent or absent, maxillary-palatine suture
faint or absent; jugal-maxillary suture
evident; lambdoidal suture not well
marked or absent, the lambdoidal crest
low dorsally and not joining with slight
ridge of the mastoid process. Ischio-
pubic suture prominent. Baculum
slightly pitted and enlarged proximally.

18 20-21 mo. Basisphenoid-basioccipital and naso-
(3) maxillary suture absent; larnboidal crest

interrupted between mastoid process and
dorsolateral ridge, ischiopubic suture
present. Baculum assuming shape of
adult, the proximal end separated from
the shaft by a slight lateral ridge.

24 31-32 mo. All skull sutures closed; ischiopublic
(3) suture persisting. Baculum massive,

characterized by appearance of the adult
bone. Lambdoidal crest very nearly
continuous to mastoids.

53 35-36 mo. Ischiopubic suture not evident. Lamb-
or older doidal crest continuous; a slight sagittal
(3 or 4) crest evident in the largest skulls.



successfully for other members of the Mustelidae. Agreement has

been observed in the number of cementum bands and known age of

wolverines (Gulo gulo) (Myhre 1968, cited by Rausch and Pearson

1972), striped skunks (pj mephitis) (Rakowski 1972), and sea

otter (Enhydra Lutris) (Vania et al. 1969). It may be inferred, although

not specifically stated, from Klevezal'and Kleinenberg (1967) that

the number of bands and known age of mink (Mustela vison) and sable

(Martes zibellina) also agreed.

Each otter in the sample was assigned estimates of relative age

based on the method of Hooper and Ostenson (1949), Friley (1949), and

Hamilton and Eadie (1964). In addition, the technique of estimating

age from cementum layers in teeth was employed.

Upper canine teeth were extracted from cleaned skulls that had

been boiled in water until the teeth were loosened sufficiently for easy

removal. Canines were sawed transversely at the gum line and the

crown portions discarded. The root portions of canines were decal-

clued in either a buffered formic acid solution (Luna 1960) or a

5 percent nitric acid solution. Time required for decalcification was

1.0-15 days using formic acid and 24 hours using nitric acid. After

removal from the acid solution, the decalcified canines were washed

in running tap water for at least 5 minutes. Longitudinal sections

25 in thickness were taken from the central portion of the tooth root

using a cryostat. Sections were affixed to a glass slide with egg



1

10

albumen, air dried for at least 15 minutes, stained for 5-JO minutes

in Papanicolaou Hemotoxylin Stain Solution (Fisher Scientific Company),

blued in two changes of tap water for approximately 10 minutes, air

dried, and mounted in Permount,

Sections were examined under a microscope at 80X and 320X.

Thin, dark-stained bands were seen in the cementum and could be

counted in most cases at 80X but 320X was often required for an

accurate count in teeth having more than four or five bands,

In Table 3, four age-categories of otter examined in this study

are defined in terms of annual age-class, verbal description, age in

months, and reproductive status of females,

Table 3, Definition of age-categories of river otter harvested during
the period 15 November - 15 February in Oregon,a

Age-Class Verbal Description Age in Reproductive Status
(yars) of Ag Months of Females

0 Pup 7-10 Nulliparous

1 Yearling 19-22 Nulliparous, but approach-
ing first estrus

2 Young-adult 3 1-34 Primiparous (pregnant for
first time)

3+ Adult 43+ Multiparous

aBirthwas assumed to occur in April,
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Examination of Reproductive Tracts

Uteri and ovaries of 112 female and testes and epididymides of

133 male otter were examined,

Ovaries

Ovaries were fixed in AFA (Mosby et aL 1969) at least 2 weeks;

washed in running tap water for 5 minutes; infiltrated with a solution

of 36 parts gum acacia, 18 parts sugar, and 40 parts water for a

minimum of 7 days; and sectioned at a thickness of 20 .j, using a

cryostat. Every fifth section was affixed to a glass slide with egg

albumen, The serial sections were stained in Papanicoloau Hemo-

toxylin Stain Solution (Fisher Scientific Company) for 5-8 minutes,

washed (blued) in tap water for 5 minutes, air dried, and mounted in

Permount, Sections were examined in an effort to identify follicles,

corpora lutea, and corpora albicantia, Follicles and corpora lutea

were readily distinguished but corpora albicantia were not identified

in the material examined. Maximal diameters of corpora lutea and

follicles were taken using an ocular micrometer,

Uteri

Horns of uteri with visible swellings were opened, the embryos

removed, and a crown-to-rump measurement of each embryo obtained,
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The horns of uteri without visible swellings were flushed in an effort

to recover and count blastocysts (Hamilton and Cook 1955), Embryos

and blastocysts were fixed in AFA.

Uteri were examined while in the fresh statewith the aid of

strong Light both before and after being opened in an attempt to

identify placental scars, Uteri of females collected in the 1970-71

season were fixed in AFA and later bleached in hydrogen peroxide,

dehydrated in ethyl alcohol, and cleared in methyl salicylate (Wright

and Rausch 1955). Uteri of females collected in 1971-72 were

examined for placental scars according to the staining technique

described by Larson (1967), Placental scars were not observed using

any of the methods.
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IlL RESULTS AND DISCUSSION

EvaLuation of the Cementum Method
of Age Determination

Comparison of the number of dark bands seen in the cementum

of canines to estimated age based on (1) skeletal characteristics and

(2) reproductive status was used to evaluate the cementum method of

determining age of river otter in this study. Otter of known age were

not available for use in verifying the method.

Comparison of the number of dark-stained cementum bands in

otter canines and estimated age based on the skeletal development

characters of Hooper and Ostenson (1949), Friley (1949) and

Hamilton and Eadje (1964) indicated that the number of bands increased

with relative age (TabLes 4, 5, and 6). No otter placed in the first

(youngest) age-class using any of the three methods had dark-stained

bands in the cementum, The second age-class of each of the methods

was composed of either large percentages (90-97) of individuals with

no bands and small percentages (3-10) with one band or 100 percent

of individuals with no bands. With each successive age-class, the

percentage of individuals with few bands decreased, and the percentage

with a larger number of bands increased,

It was necessary to know when the first band is formed and if

the bands are formed annually before the number of bands could be
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Table 4. Comparison of age estimates based on the method of
Hooper and Ostenson (1949) and the number of cementum
bands in 248 otter harvested in Oregon.

Age- groups Percent of Otter in Each Age-group/Number of Bands
of Hooper
and Ostenson 0 1 2 3 4 5+

1 (youngest) 100 0 0 0 0 0

2 97 3 0 0 0 0
3 3 44 22 15 7 9
4 (oldest) 0 10 14 14 14 48

Table 5. Comparison of age estimates based on the method of
Friley (1949) and the number of cementum bands in 134
male otter harvested in Oregon.

Percent of Otter in EachAge-class/Number of Bands
Age-classes
ofFriley 0 1 2 3 4 5+

Very Young 100 0 0 0 0 0
Immatures 90 10 0 0 0 0
Younger Adults 0 73 24 0 0 3

Older Adults 0 27 24 21 10 18

Table 6. Comparison of age estimates based on the method of
Hamilton and Eadie (1964) and the number of cementum
bands in 248 otter harvested in Oregon.

A ge - c la s s e s
of Hamilton Percent of Otter in Each Age- class/Number of Bands
and Eadie
(Months) 0 1 2 3 4 5+

8-9 100 0 0 0 0 0

11-12 100 0 0 0 0 0

20-21 90 10 0 0 0 0

31-32 35 46 16 0 0 3

35-36 0 10 19 23 17 31
or older
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used to assign age in years, The skeletalbased methods were not

adequate for making the above determinations since they could be

relied upon to identify only relative age. The age at which female

otter breed for the first time is known, and reproductive status as

determined from reproductive tracts was useful in determining when

the first band is formed and if bands are formed annually.

Female otter in captivity usually become sexually mature and

breed for the first time when approximately 24 months old (Liers

1958). In only one instance did Liers observe breeding of a female

younger than 2 years; she bred when 15 months old, Hamilton and

Eadie (1964) examined carcasses of 74 wild female otter caught in

New York and concluded on the basis of evidence from reproductive

tracts and estimates of relative age that wild females in New York

breed when 2 years old,

Reproductive status as determined from condition of ovaries was

as sumed in the absence of knownage specimens, to provide a

reliable basis for evaluating the cementum method of determining age

of river otter, Corpora lutea and large, mature, or maturing follicles

would be absent in female pups (7-lO months old during trapping

season) since sexual maturity is reached at 24 months of age.

Ovaries of yearling females (l9-22 months) would also contain no

corpora lutea but follicular development would be present because

these females would be approaching their first estrus (24 months).
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Ovaries of young-adu1t (3134 months) and adult females (43+ months)

would exhibit corpora lutea and large follicles,

Reproductive tracts of 107 females were grouped by categories

described above, Females with ovaries containing no corpora lutea

were divided into two groups on the basis of maximal diameter of

follicles: (1) follicles 0. Z5mm or less, and (Z) follicles 0. 35mm or

greater; there were no females with follicles 26-34mm in diameter,

Females with ovaries containing both corpora lutea and follicles

0. 35mm or greater constituted the third group.

Comparison of the number of cementum bands per female with

reproductive status as determined from examination of ovaries

revealed that 97 percent of the females with ovaries containing no

corpora lutea and having follicles of 0. Z5mm or less in diameter had

no cementum bands, 96 percent with ovaries containing no corpora

lutea but having follicles 0. 35mm or greater in diameter had one band,

and 100 percent with ovaries containing corpora lutea had two or more

bands (Table 7).

The above comparisons indicate that the first dark-stained band

in the cementum is formed during an otter's second year of life prior

to 15 November and that one band is formed annually thereafter, In

this study, otter with no bands were considered to be less than 1 year

old, probably between 7 and 10 months; those with one band were

considered to be 1 year old; and number of bands was equated directly

to age in years for those exhibiting more than one band (Figure 3).
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(a)

(c)

(b)

pr.

Figure 3. Sections of roots of canine teeth of river otter, estimated
to be (a) less than 1 year old (no dark bands), (b) 1 year
old (one dark band), and (c) 8 years old (eight dark bands).
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Table 7. Comparison of condition of ovaries and number of cementum
bands in 107 female otter,

Condition of
Ovaries

Number of
Females

Number of Bands
0 1 2+

No corpora lutea and
follicles 0. 25mm in
diameter 39 38 1 0

No corpora lutea and
follicles ? 0. 35mm in
diameter 25 0 24 1

Corpora lutea present
and follicles 0. 35mm
in diameter 43

a
0 0 43

alncluded one female, with 10 cementum bands, whose ovaries
contained rio follicles,

Reproduction

Liers (1951, 1958) maintained captive otter and observed that

females normally bred for the first time when approximately 24 months

old. The observed gestation period, as measured from copulation to

birth of young, was 288-375 days in seven pregnancies. The estrou.s

period of females began immediately after parturition and lasted 42-

46 days unless mating took place. Females were most receptive at

intervals of 6 days. Hamilton and Eadie (1964) examined reproductive

tracts of female otter trapped in New York, They verified Liers'

observations of age at first breeding, length of gestation, and post-

partum estrus for otter living under natural conditions.
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The long gestation period reported for river otter is a result of

delayed implantation of blastocysts (Hamilton and Eadie 1964). This

is a common phenomenon in mustelids, Exact duration of the implanted

or active stage of pregnancy is not known, Kenyon (1969) estimated

the period of implanted pregnancy to be approximately 50 days using a

method developed by Hugget and Widdas (1951) involving growth rate

of embryos. Hamilton and Eadie (1964) estimated that implantationof

embryos occurred in late January or early February in New York,

They observed females with fetuses near full term and females that

had recently given birth in late March and early April, indicating an

implanted or active stage of pregnancy of approximately Z months,

Time of Parturition

McDaniel (1963) and Wilson (1959) presented data on sizes of

embryos from females of known dates of capture that indicated

parturition to occur in January and February in Florida and February

and March in North Carolina, Hamilton and Eadie (1964) working with

a collection of near fullterm and recently parturient females

estimated a MarchApri1 birth date for otter in New York,

Four females examined in this study with recently implanted

embryos of 5, 1Z, 2, and 13mm crown-to-rump lengths were killed

on 3, 5, 8, and 12 February, respectively. No females killed

earlier than 3 February contained implanted embryos. These data
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suggest implantation of embryos occurred no earlier than approxi-

mately 1 February during 1971 and 1972 in western Oregon.

Three females killed on 8, 11, and 15 February had unimplanted

blastocysts, indicating that the duration of the period in which implan-

tation occurred was at least 15 days, or from 1 February to 15

February. Because no females were collected after 15 February, the

last day of trapping season, the duration of time in which implantation

took place could not be determined,

Assuming the time from implantation of blastocysts to birth of

young to be approximately 2 months (Kenyon 1969, Hamilton and Eadie

1964), parturitiori began about 1 April and continued at least through

15 April. The available data did not allow an estimate of the complete

duration nor the peak of the period in which parturition occurred in

western Oregon,

P roducy

Estimates of productivity for the otter population sampled in

this study included the number of corpora lutea, blastocysts,

implanted embryos (Table 8) and recruits to the population at the time

of trapping season, An estimate of the number of recruits (pups) per

adult female (age-classes 3-11) present during thetrapping season is

presented in a later section.

Corpora Lutea p!a1. There was no significant difference



Table 8. Number of corpora lutea per female having corpora lutea present, number of blasto-
cysts per female having blastocysts present, and number of implanted embryos per
female having implanted embryos in a sample of female otter taken in Oregon.

Corpora Lutea Blastocysts Implanted Embryos

Age-class Number of Mean ± Number of Mean ± Number of Mean ±
(Years) Females 95%CI Range Females 95%CI Range Females 95%CI Range

2 14 2,9±0.4 (2-4) 11 2.7±0.6 (2-4) 2 2.5 (2-3)

3 11 3. 1±0.2 (3-4) 10 2.8±0.4 (2-4) 1 3.0

4-11 18 3. 1±0.3 (2-4) 14 2.8±0.5 (2-4) 1 3.0

Total 43 3.05±0. 18(2-4) 35 2,79±0. 24(2-4) 4 2.75±0.8 (2-3)

t'J
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in the mean number of corpora lutea per female between years (t0. 65,

P>0. 5, 42 d, C ); therefore, data from females collected in the 1970-71

and 197 172 seasons were combined,

The mean number of corpora lutea per female having corpora

lutea present in age-classes 2, 3, and 4-11 was 2, 9±0. 4, 3, 1±0.2,

and 3. 1±0, 3, respectively (Table 8). There was no significant differ-

ence between the mean number of corpora lutea between the above age-

classes (F=0. 2, P>0, 25; 2,40 d. f, ), All females of reproductive age

(age-classes 2.11) had corpora lutea present except for one individual

in age-class 7, indicating that females probably breed every year and

that the percentage of females ovulating is near maximum, No

indication of senility was apparent in the sample.

Bias tocysts per Female, The mean number of blastocysts

recovered from uteri of females having blastocysts was 2, 79±0, 24

(Table 8), No blastocysts were recovered from uteri of five females

of reproductive age; one of these was a female in age-class 7 that had

no corpora lutea. Moderate to advanced autolysis had occurred in the

uteri of the four remaining females possibly destroying blastocysts.

The mean number of blastocysts recovered per female may

underrepresent the number of blastocysts contained per uteri, Some

blastocysts may have been lost or destroyed as a result of the flushing

procedure used to recover blastocysts from uteri. Eight females had

one Less and one female had two less blastocysts than corpora lutea,
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It was not possible to determine if the reduction of blastocysts was

due to natural mortality because of the possibility that some blasto-

cysts were not recovered,

Implanted Embryos pje. Inadequate sample size pre-

cluded use of the number of implanted embryos per female as a

reliable estimate of productivity. Only 4 of 43 pregnant females

examined had implanted embryos; three females had three embryos

each and one female had two embryos for a mean of 2, 75±0 80

embryos per female (Table 8). Each female had the same number of

corpora lutea as embryos.

An estimate of intrauterine mortality based on the difference

between number of corpora lutea and number of implanted embryos was

not possible because of the inadequate sample of females with

implanted embryos. There was however an indication that the rate

of intra-uterine mortality was not large. Seven family groups of

otter, each containing an adult and pups, were observed in western

Oregon during the period 9 July-9 October, 1970 and 1971. Three

groups contained four pups each, two had three pups each, and two

had two pups each for an average of 3. 1±0, 8 pups per family group.

The number of corpora lutea per female may represent a reasonably

reliable estimate of litter size,
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Sex Ratios

The overall male:female ratio of l25 100 observed for 254 otter

examined (Table 9) did not differ significantly from a 1: 1 ratio
2

(x = 3. 0, P>0. 05, 1 d. 1, ). This ratio was similar to ratios of

126:100 for 167 otter trapped during October-April in New York

(Hamilton and Eadie 1964), 120: 100 for 273 otter trapped and shot in

November-March in North Carolina and Virginia (Wilson 1959), and

132:100 for 72 otter taken during December-March in Florida

(McDaniel 1963),

Sex ratios by age-class showed an almost equal number of

males and females in age-class 0, a larger number of males than

females in age classes 1, 2, 3, and combined age-classes 4-7, and

a ratio favoring females in combined age-classes 8-11 (Table 9)

Noneof the age-specific ratios were significantly different (P>0, 05)

from a 1:1 ratio (x2's = 0, 0-2, 78, 1 d. f, ). Even though the age-

specific sex ratios were not significantly different from a 1: 1 ratio,

the pattern was similar to that observed by Bausch and Pearson (1972)

in the sex ratios of wolverines trapped in Alaska.

Rausch and Pearson postulated that the high male:female ratios

observed in age-classe.s 1-3 of wolverines resulted from a higher

relative vulnerability of males to trapping; the higher vulnerability of

males due to the tendency of males to travel over larger areas than
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Table 9. Sex and age composition of 254 river otter harvested
in Oregon during the 1970-71 and 1971-72 trapping
seasons.

1970-71 1971-72 Total Sex Ratios
Age-Class

(Years) M F M F M F M:F

0 18 17 26 24 44

1 13 5 26 23 39

2 9 4 14 9 23

3 5 3 10 7 15

4 1 1 6 6 7

5 2 1 2 2 4

6 0 0 2 2 2

7 2 0 2 3 4

8 0 1 2 1 2

9 0 0 0 2 0

10 1 0 0 1 1

11 0 0 0 1 0

41 107:100

28 140:100

13 177: 100

10 150:100

7

3

113:100
2

3

2

2

50:100

:1
Total 51 32 90 81 141 113 125:100
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females. Equalizationof sex ratios in the older age classes of

wolverines resulted, despite the higher vulnerability of males,

because the number of males had been reduced by trapping. Males

and females in age-class 0 were represented equally because neither

sex had established territories and thus probably traveled areas of

approximately the same size,

Relatively greater vulnerability of males to trapping, except

those in age-class 0, as a result of increased travel could account for

the pattern observed in the age-specific sex ratios of otter in this

study. Male and female pups should have equal vulnerability if

differential vulnerability is related to differential distance of travel

because pups remain with their mother in a family group through the

trapping season, Although little information concerning movements of

North American river otter is available, such information is available

for the European river otter (Lutra lutra). Erlinge (1967) found that

male otter in Sweden, other than pups in family groups, traveled

longer distances than females during all seasotis.

Sex ratios presented in this study may not be an accurate

representation of sex ratios in the population if differential vulnera-

bility due to sex is present.

Age Composition

The age structure of a sample of a population may be treated in
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two ways when used in life table analysis: (1) as a representation of the age

structure of the living population, or (2) as frequencies of ages at

death (Caughley 1966). It was not immediately apparent which of the

methods of treatment was most appropriate for this study.

Treating the age structure of the sample ag a representation of

the age structire of the living population required either that the

sampling procedure (fur harvest) was unbiased and thus represented

all sexes and ages in proportion to their occurrence in the population

or that adequate information be available for adjusting the data if bias

were present. There was an indication of bias in the sample as seen

in the age-specific sex ratios. The magnitude of the bias, if present,

was not known. There is also a general lack of inforniation pertaining

to the behavior of river otter that would be necessary to identify and

correct for possible sources of bias in the sampling procedure

employed in this study.

Using the data as a sample of age at death for members of the

population were representative of mortality resutiug &om fur harvest.

Whether or not the data were representative of total mortality resulting

from all causes is not known.

The age data obtained in this study was treated both as a

sample of the living and a sample of deaths because the most appro-

priate way to treat it was not clearly defined. Each method of treating

the data was used to estimate population survival rates. Recruitment



could be estimated only by using the age structure of females as a

sample of the living.

Samle of the Living

The age distribution in the sample (Table 9) was assumed to

represent the age distribution in the living population sampled. The

reliability of the survival and recruitment estimates made using the

sample age structure in this manner depends on how well this assump-

tion is met, An indirect method of examining this assumption is to

determine if the number of female pups per adult female in the sample

is possible based on the measured reproductive capability of females

(corpora 1.utea per pregnant female). Examination of the age structure

of females collected in the 1970 -71 season (Table 9) revealed that

adult females were underrepresented in the sample. The number of

female pups per adult female was 2, 8, or considering an equal sex

ratio of pups, 5. 6 pups of both sex alive at the beginning of the trapping

season, Since the greatest number of corpora lutea observed per

pregnant female examined was only four (Table 8), the age structure

of females collected in 1970-71 obviously underrepresented the adult

female segment of the otter population. This bias was not evident in

the 1971-72 sample of females; the number of female pups per adult

female was approximately one.

The underrepresentation of adult females in the 1970 -71 sample



may easily have occurred by chance since the sample size was small,

but may have occurred as a result of a sampling bias present only in

the first season of collection.

Adjusting the 1970-71 Femal e Structure. The age structure

of females collected in the 1970 -71 season was adjusted by adding

enough adult females to the sample to produce a reasonable female

pup:adult female ratio based on the observed reproductive parameters

of females examined in this study. The addition of five adult females

to the sample produced a ratio of 1. 54 female pups per adult female.

Assuming an equal sex ratio of pups, the correction of data resulted

in 3. 08 total young per adult female, a realistic although rather high

level considering that it was very near the maximum possible accord-

ing to the observed mean number of corpora lutea (3. 05 ±0. 18) per

pregnant female (Table 8). Possible mortality of ova and embryos

from ovulation to birth and mortality of pups from birth to the trapping

season was not used in the adjustment because of inadequate data.

The five adult females were added as a group to the adult female

segment of thesample without regard to apportionment in specific

age-classes since young-adult and adult females were grouped for

calculation of an average annual survival rate for females in age-

classes 2-11.
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Sample of thepy

The representativeness of the sample age structure a.s a sample

of age at death for members of the population depends on whether

frequencies of ages at death resulting from fur harvest are the same

as frequencies of ages at death due to all factors of mortality. Other

known causes of death for otter in western Oregon are illegal kill by

sport-fishermen and waterfowl hunters, damage control at fish

hatcheries, and automobiles. Deaths caused by disease and starvation

have not been reported in Oregon. It is suspected that fur harvest

constitutes the bulk of mortality occurring in the otter population

studied, but inadequate data cQncerning the presence and magnitude

of all causes of mortality prevent testing this hypothesis.

Survival Rates

Age-specific annual survival rates for otter in age-class 0 and

age-class 1 and an average annual survival rate for otter of breeding

age (at least 2 years old) were estimated using time-specific life

table procedure. An estimate of average annual survival rate for

females in age-classes 2-11 and males in 2 -10 was made assuming

that survival was at a constant rate for all breeding-age otter, The

method described by Chapman and Robson (1960) was used to deter-

mine if age-class 2 of both males and females should be included in
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the grouped survival estimate. Results indicated that including age-

class 2 was compatible with the assumption of a constant survival

rate in age-classes 2 and older.

The age structure used in the life tables was the combined data

from both sample seasons. Since the objective o the population

analysis was to identify a general population trend, combining the two

year's age data was desirable because of its averaging effect on

population parameters. Combining the age data from the two samples

was also desirable jn that it increased the sample size thereby

reducing variability due to chance in calculation of survival rates.

Survival rates calculated in this study apply to the time period

15 November through 14 November the following year since sampling

was done during annual trapping seasons that begin on 15 November.

The annual survival rate of otter in age-class 0 represents the

rate of survival from the beginning of trapping season in their first

year of life to the beginning of trapping season the next year. Survival

from birth to trapping season (15 November) is not included in the

estimate of s0,

Because the age structure of the sample could represent either

the age structure of the living population or the frequency distribution

of ages at death for the population, estimates of population survival

rates were calculated using two separate methbds.
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Me th odl

The age structure of the sample was considered to represent

the age structure of the living population from which the sample was

taken; therefore, the age data were entered into the life table as an
x

series (Tables 10 and 1 1), Age-specific survival rates were calculated

using the formula

x+l

x

where age-specific annual survival rate,

number of otter of age x in sample,

£x+l number of otter of age x+l in sample.

Average annual survival for otter in age-classes 2-11 was

calculated using the formula

- 3-ll
2-l1

where average annual survival rate of otter in age-classes
2-11,

= number of otter in age-classes 3-11 in sample,

La ii = number of otter in age-classes 2-11 in sample.

Estimates of annual survival rates for females were 68 percent

for age-class 0, 46 percent for age-class 1, and 73 percent for age-

classes 2-11 (Table 10), Estimated annual survival rates for males were

89 percent for age-class 0, 60 percent for age-class 1, and 60 percent
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Table 10. Estimates of annual survival rates for female otter
calculated by the time-specific life table method using
life-based (Lx) entry of data.

Age-Class (Years) Frequency in Sample Survival Rate
(x) ( ) (_x x

0 41 0.68w
1 28 0.46

2 13 073
3+

alncluded five adult females added to the 1970-7 1 sample.

Table 11. Estimates of annual survival rates for male otter
calculated by the time-specific life table method using
life based () entry of data.

Age-Class (Years) Frequency in Sample Survival Rate
(x) ( ) (x x

0 44 0.890
1 39 0.60
2 23 0,6O

3+ 35
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for age-classes 2-10 (Table 11), The estimated survival rate for

males in age-class 0 is probably inflated as a result of an over-

representation of males in age-class 1, The overrepresentation could

have occurred because of jncreaged vulnerability of this age-class.

The age structure of the sample was considered to represent

frequencies of ages at death for the population; therefore, the age data

were entered into the life table as a d series (Tables 12 and 13).x

Age-specific survival rates were calculated using the formula

dx
S ()-ix x

where 1 = age-specific annual survival rate,

d = number of otter of age x in sample,

= number of otter of age x estimated to be alive at the
beginning of the sampling period.

Average annual survival for otter in age-classes 2-11 was calculated

using the formula

d211
5 =

2-11

where = average annual survival rate of otter in age-classes
2-11,

d211 = number of otter of ages 2-11 in sample,

= number of otter of ages 2-11 estimated to be alive
at the beginning of the sampling period.
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Table 12. Estimates of annual survival rates for female otter
calculated by the time-specific life table method using
death-based (dy) entry of data.

Age-Class Frequency in Sample Survival Rate
(Years) (d ) ( ) (x x

0 41 113 064O
1 28 72 06l
2 13 44

3 10 31

4 7 21

5 3 14

6 2 11 069
44 143

7 3 9

8 2 6

9 2 4

10 1 2

11 1 1

113
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Table 13. Estimates of annual survival rates for male otter calculated
by the time-specific life table method using death-based
(d) entry of data,

Age-Class Frequency in Sample Survival Rate
(Years) (d ) (1 ) (i )x x x

0 44

1 39

3 15

4 7

5 4

6 2

7 4

8 2

9 0

10 1

141 0. 69

97 06O

58

35

20

13 0.6i
58 147

9

7

3

1

1
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Using this method of calculation, estimates of annual survival

rates for females were 64 percent, 61 percent, and 69 percent for

age-class 0, age-class 1, and age-classes 2-11 (Table 12). Esti-

mates for males were 69 percent for age-class 0, 60 percent for

age-class 1, and 61 percent for age-classes 2-10 (Table 13).

Recruitment Rate

Recruitment is defined as the number of pups per adult female

(age-classes 3-li) at the beginning of trapping season.

An average annual recruitment rate of 1. 14 female pup.s per

adult female was estimated from the combined female age structures

of the first and second seasons of collection (Table 10) by dividing

the number of pups (41) by the adjusted number of adults (36) in the

sample. Assuming an equal sex ratio of pups, the estimate was

2. 28 pups per adult female at the beginning of the trapping period.

This method of calculation required that the age structure of the

sample be used as a representation of the age structure of the living

population.

The recruitment rate was calculated as an average rate for all

adult females instead of age-specific rates because there was no

significant difference in the number of corpora lutea, blactocysts, or

implanted embryos per female according to age.



The estimate of recruitment rate may be inflated slightly as a

result of the rather large female pup per adult female ratio in the

first yearTs sample.

The method used to estimate recruitment rate was based on two

assumptions: that the age structure of the sample was an accurate

representation of the age structure of the living population sampled,

and that all females producing pups that survived to trapping season

also survived to this period. The first assumption has been previously

discussed and must be accepted for the purpose of estimating recruit-

rnent in this study. The second assumption warrants evaluation.

Liers (1960, cited by Harris 1968) stated that pups are weaned

at approximately 5 months of age. If birth occurs in April in western

Oregon, pup.s would not be weaned until September, only 45 -75 days

before the beginning of trapping period. Assuming also that pups

would be unable to survive without care and feeding by their mother

before weaning and for at least a short time afterward, it would be

unlikely that any large number of pups born to females that died before

trapping season would themselves be present in the population during

the trapping period. Thus the second assumption relating to the

reliability of the recruitment estimate appeared to be valid,

P9pulation Status

Structural population modeling as described by Henny et al.
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(1970) was used to estimate the status of the otter population examined

in this study. The modeling, or life-equation, approach is a method

of evaluating the balance between population recruitment and mortality;

an exact balance producing a population that is constant in size, and an

imbalance resulting in either population increase or decrease in size

depending on whether recruitment is greater or less than enough to

balance mortality.

The following equation, formula (2) of the general population

model for an increasing or decreasing population (Henny et al, 1970:

691), was the basic population model used to estimate population

status:

1 = m s0 (1+p.)1 + m2 s s1 (1+p.)2

+ m3 s1 s (l+p.)3 + .

where m = age-specific recruitment rate of female pups per
adult female per year,

= age-specific female survival rate,

p. annual rate of change in population size.

The above formula reduced to the following when adapted to the

otter population in this study:

s
S1 5 m

1=
2

(1+p.) (l+p.-s)

where s = age-specific female survival rate,

s = average annual survival rate of females in age-classes
2-11,



m = average annual recruitment rate of female pups per
adult female,

= annual rate of change in population size.

The above equation, formula (2) in its reduced form, was used to

estimate and thus evaluate the status of the otter population. The

estimate of i. for the population was obtained by a method of trial and

error, that is by assuming various values for until one was found

that balanced the equation. Calculation of directly from the equation

by entering only survival and recruitment rates and solving for p. was

not appropriate because the survival estimates made using the time-

specific life table method could not be adjusted to correct for popula-

tion change in size using this method. Survival estimates calculated

by the time-specific life table method can only be considered valid

when the population sampled is stationary, that is neither increasing

nor decreasing in numbers. If a population is actually increasing,

survival estimates made using this method will be underestimated,

or if the population is decreasing, the survival estimates will be

overestimated. The assumption of a stationary otter population, and

thus taking the calculated survival estimates at face value, could not

be made in this study since the primary objective of the population

analysis was to evaluate population status, It was not necessary

however to assume that the population was stationary because using

the trial and error method, it was possible to adjust the survival
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estimates made from the life table for possible increase or decrease

in population size, Survival estimates, using the trial and error

method, were modified by each assumed value of i by the following

formulas (W. S. Overton, Personal communication):

S
x

(1) 5' =
x (1-ji)

(2) S' =
(i-p.)

where s' = adjusted, age-specific, annual, female survival rate
used in the population model,

s' = adjusted, average, annual, female survival rate for
females in age-classes 2 -11 used in the population
model,

1 = age-specific, annual, female survival rate as calcu-
lated by the life table procedure,

= average, annual survival rate of females in age--
classes 2-11 as calculated by the life table procedure,

= assumed annual rate of change in population size,

The following estimated population parameters were entered into the

equation and the balance evaluated for each assumed value of II:

(1) an assumed value ofi, (2) the survival rates modified by the

as sumed value of jI (s, s , and s'), and (3) the average recruitment

rate (m).

Two estimates of population status were made. One estimate

of p.' (the estimated annual rate of change in population size) was

made using survival rates calculated from the female age structure
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treated as £ data. The other estimate was made using survival rates

calculated from the age structure treated as d data.x

Using the survival rates calculated from £ treatment of data,

a value of -0. 02 for i'balanced the population equation, indicating a

2 percent annual decline in the otter population. Using the survival

estimates, calculated by treating the age data as frequencies of ages

at death, the value of p.' that balanced the population equation was

-0. 01.

Considering the very small values of ii.' and the rather rough

estimates of survival and recruitment rates calculated from the small

sample, the estimated values of p.' were interpreted as indicating a

population essentially stable in size, neither increasing nor decreas-

ing in numbers.
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IV. CONCLUSIONS

The method of determining age by annual layering in tooth

cementum was evaluated and found applicable for river otter. Evalu-

ation of the method was made by comparing the number of dark-

staining bands in the cementum of canines to estimated age based on

skeletal characteristics and reproductive status; known-age otter

were not available. The number of dark-staining bands was equated

directly to age in years for otter killed in the period 15 November -

15 February. The first dark band is formed during an otters second

year of life prior to 15 November, and one band is formed annually

thereafter. Otter collected during the trapping season (15 November-

15 February) having no dark bands were less than 1 year old.

The presence and magnitude of sampling bias and the source of

mortality in otter other than that resulting from fur harvest could not

be determined. This prevented a decision on whether the sample age

structure was most representative of the age structure of the living

population or frequencies of ages at death in the population. As a

result, the sample age structure was viewed in both ways in this

analysis.

Using the viewpoint that the sample represented the age compos-

ition of the living otter in the population (I entry of data in life table),

survival estimates for females were 68 percent for age-class 0,
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46 percent for age-class 1, and 73 percent for age-classes 2-11.

Estimated annual survival rates for maLes were 89 percent for age-

class 0, 60 percent for age-class 1, and 60 percent for age-classes

2-10. The estimate for males in age-class 0 is probably inflated as

a result of an overrepresentation of males in age-class 1. The over-

representation could have occurred because of increased vulnerability

of this age-class.

Using the age structure as a representation of frequencies of ages

at death in the population (d entry of data), estimates of annual sur-

vival rates for females were 64 percent, 61 percent, and 69 percent

forage-class 0, age-class 1, andage-classes 2-11. Estimates for

males were 69 percent for age-class 0, 60 percent for age-class 1,

and 61 percent for age-classes 2-10

Productivity of the population was estimated on the basis of num-

ber of corpora lutea (3. 05), blastocysts (2. 79), implanted embryos

(2. 75) per female of reproductive age (at least 2 years old) and

recruits (2. 28) to the population at the beginning of trapping season

per female old enough to have given birth (at least 3 years old). The

most reliable estimates were nun-her of corpora lutea and recruits;

the number of blastocysts per female may be underestimated and the

number of implanted embryos may not be reliable because of

inadequate sample size.

All females of reproductive age had corpora lutea present

except for one individual 7 years old, indicating that females
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normally breed every year and that the percentage of females con-

c e iving is near maximum.

Estimates of population productivity and survival rates were

compared using a population modeling approach to evaluate the status

of the otter population sampled. Comparison of estimates of annual

female survival rates calculated using the two methods and the

estimated annual recruitment rate of female pups per adult female

showed that the population was essentially constant in size, no

increase or decrease in number of animals.

The observed decline in the number of otter harvested during

the years immediately prior to the initiation of this study(Figure 1)

was probably not a result of a decline in otter numbers, but instead

a reflection of decreased trapping effort and/or success resulting

from factors such as fur prices and weather conditions during

trapping season.

If the balance between mortality and recruitment observed

during the years of this study is maintained, the number of otter in

western Oregon can be expected to remain relatively constant. The

level of harvest the population 1as sustained under the existing

harvest regulations has not, according to this analysis, resulted in

over-harvest. Harvest rates during the two trapping seasons sam-

pled appear to be near optimum for maximum utilization of the fur

resource and maintenance of the otter population.
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Future monitoring of the population would be desirable, how-

ever. Changing conditions could destroy the observed balance

between population recruitment and mortality. Population analyses

similar to that done in this study made at periodic intervals would

provide a sound basis for estimating population trends. The only

materials necessary for this method of population analysis would be

canine teeth from a sample of the female segment of the harvest. The

age structure obtained from counts of cementum annuli would provide

data for estimating the two variables, survival schedule and recruit-

ment rate, necessary for estimating population status using the

modeling approach employed in this study.
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Introduction to Appendix

Some data obtained in this study did not apply directly to the

objectives of the research but were of ample importance to be pre-

sented. Included here is information concerning characteristics of

the otter harvest in Oregon, the appearance and measurements of

reproductive tracts, and weights and measurements of carcasses.

Characteristics of Otter Harvest

Trappers were asked to record date of capture, place of cap-

ture, and type of trap-set used to capture each otter supplied to the

study sample. Some trappers failed to fill out the tags provided for

recording these data, but in such cases the information was obtained

from the trapper when carcasses were obtained.

Information pertaining to the harvest of otter in Oregon could

form a basis for modifying existing harvest regulations if deemed

necessary by future conditions.

Distribution of Harvest in Oregon

All otter represented in the sample were captured in the

western half of the state (Figure 2). During the years 1962- 1971,

only 1-6 percent of the reported harvest was from counties in the

eastern half of the state (Oregon State Game Commission 1962-1971),
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The places of capture of otter in the sample were not representative

of the distribution of the otter harvest statewide because no otter

taken from the eastern counties were included in the sample, but

were representative of the distribution of harvest in the western half

of the state where most of the harvest occurs.

Several areas where harvest was concentrated were apparent

(Figure 2). The coastal portion of the state was the principal area

of harvest; 67 percent of the otter in the sample were taken in the

coastal counties. Specific areas where the harvest seemed to be

concentrated were western Douglas and Lane Counties, especially

from the lower portions of the Umpqua and Smith Rivers, Tenmile

Lake, Tahkenitch Lake, and Siltcoos Lake; western Tillamook

County in the lower Tillamook, Trask, Wilson, and Nehalem Rivers

and their tributaries; and southern Klamath County in Klamath Lake

and Klamath River.

Approximately 59 percent of all otter in the sample were taken

from major rivers, 28 percent from small tributary streams and

creeks, and 13 percent from lakes. Thirty percent of the otter were

harvestedfrom waters influenced by tides.

Number of Otter Taken per Trapper

The percentage of the reported harvest in the 19 69-70 and

1970-7 1 trapping seasons made by trappers who caught 1, 2, 3, 4,
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and 5 or more otter per season was 21, 20, 18, 8, and 33 percent,

re spectively (Ore gon State Game Commission, Unpublished reports).

Trappers taking from 1 to 4 otter per season accounted for 67 per-

cent of the total harvest. The largest nuniber of otter taken per

trapper during either the 1969-70 or the 1970-71 trapping seasons

was 12. In the 197 1-72 season, I obtained carcasses of 17 otter

caught by one trapper, 15 caught by another, and 13 caught by a third

trapper.

Distribution of Harvest by Time

Sixty-six percent of the otter in the sample were taken during

the first half of trapping season, 15 November - 31 December

(TableA).

Table A. Month of capture of 254 otter taken by trappers in
Oregon during the 1970-71 and 1971-72 trapping
seasons.

Percent of Sample

Month 1970-71 1971-72 Combined

November 23 15 18

December 47 48 48

January 15 27 23

February 15 10 11
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Methods of Harvest

The method of harvest of 209 of 254 otter in the sample was

known (Table B). Trapping was the principal means of harvest.

Only 1. 4 percent of the otter in the sample was harvested by a method

other than trapping. Seventy-nine percent of the otter were caught

in traps reportedly intended specifically for otter, 15. 8 percentwere

caught in traps intended for beaver (Castor canadensis), and 2. 8 per-

cent in traps set in hopes of catching either beaver or otter.

Table B. Method of harvest of 209 otter taken by trappers in
Oregon during the 1970-7 1 and 197 1-72 trapping season.

Percent of Sample

Method of Harvest 1970-71 1971-72 Combined

Trapping 96.9 99.3 98.6
Trap Intended for
Otter 84.4 76.6 79.0

Trap Intended for
Beaver 9.3 18,6 15.8

Trap Intended for
Beaver or Otter 1. 6 3. 4 2. 8

Trap Intended for
Other Furbearers 1.6 0.7 1.0

Shooting 3. 1 0.7 1.4

100.0 100.0 100.0
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Even though only a relatively small percentage of otter were

caught in traps intended for beaver, a close relationship between

beaver and otter harvest in western Oregon seems to exist, Many

trappers indicated in conversation with me that they set traps for

otter incidentally to beaver trapping; that is, they operated their

traplines primarily for taking beaver but set traps specifically for

otter if suitable locations were encountered while setting or tending

traps for beaver.

Effects of Trapping Intensiypn the Sex and Age Composition
of the Harvest

The two trapping seasons sampled in this study differed in

intensity of harvest. In 1971-72, trapping intensity for otter was

greater than in 1970-7 1, as reflected in the number of otter har-

vested (Table C). Trapping intensity was positively correlated with

fur prices. In 1970-71, fur prices, as seen in the average price

received for beaver and otter pelts, were lower than in 1971-72.

Also, in 1970-71, fur prices declined as the season progressed,

influencing many trappers to discontinue trapping before the season

ended. In 1971-72 prices increased as the season progressed and

provided a stimulus for trappers to operate during the entire

trapping season.

In the 1970-71 season (low trapping intensity), the pup:adult
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ratios were high for both males and females and the adult male:

adult female ratio favored males heavily (Table C). In the 197 1-72

season (increased trapping intensity), the pup:adult ratios were almost

equal and the adult male:adult female ratio favored females slightly.

The above data indicate that when trapping intensity is reduced,

the harvest is composed of a high percentage of pups and adult males

and that these two portions of the population are relatively more

vulnerable than other sex and age-groups. Adult females appear to

be the least vulnerable segment of the population and are harvested

at a lower rate under reduced trapping pressure. With increased

pressure, however, the frequency of harvest of this segment

increases sharply.

TableC. Information pertaining to otter harvest in Oregon
during the 1970-71 and 197 1-72 frapping seasons.

Trapping Season

1970-71 1971-72

Reported Otter Harvesta 198 265aAverage Price of Otter Pelts $23. 60 $31. 84
Average Price of Beaver Peltsa

$ 9. 50 $13.90

Age and Sex Ratios in Harvestb
Female Pup:Adult Female 2&3:l00 96:100
Male Pup:Adult Male 164: 100 108: 100
Adult Male:Adult Female 183:100 96:100

alnformation obtained from Oregon State Game Commission (1971)
and Oregon State Game Commission (Unpublished reports).

blnformation obtained from sex and age composition of a sample
of otter harvested in Oregon.



56

Description of Reproductive Tracts

A description of reproductive tracts examined in this study

is presented because of its possible use in the rough estimation of

age. Tracts were examined before being fixed.

Uteri. Uteri of females in age-class 0 were characteristically

small in size, uterine horns 1. 5-5. 0mm in diameter; non-vascular;

translucent; and light in color. Females in age-class 1 had uterine

horns 3. 5-7. 0mm in diameter that were slightly vascular, opaque,

and dark in color. Uteri of females in age-classes 2-11 were large,

horns were 6.0-11.5mm in diameter in females with free blastocysts;

very vascular; opaque; and dark in color. Diameters of uterine horns

were similar to those reported by Hamilton and Eadie(1964).

Ovaries. Ovaries were removed from the ovarian bursa,

measured (greatest length x greatest width) blotted dry, and weighed

to the nearest mg (Table D). The mean weight of ovaries of females

in age-class 0 was significantly less (P< 0. 001) than the mean weight

of ovaries of females in age-class 1 (t = 8. 5, 58 d. f. ) and age-

classes 2-11 (t = 12. 58, 77 d, f. ). There was no significant differ-

ence in the mean weights of ovaries of females in age-classes 1 and

2-11 (t = 1. 16, p > 0.2, 67 d. f. ).

Ovaries of females in age-class 0 contained numerous follicles

less than 0. 25mm in greatest diameter (Table 7). Follicles of
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0.35-1. 10mm in greatest diameter were observed in ovaries of all

females in age-classes 1-11, except for a female in age-class 10 hay-

ing no follicles.

Hamilton and Eadie (1964) observed that corpora lutea of a

female with implanted embryos were larger than corpora lutea of

females with unimplanted blastocysts. Mean diameter of the largest

corpora lutea of each of the four females with implanted embryos

examined in this study was 4. 0±0. 5mm. The mean diameter was

2. 2±0. 2mm for 35 females with free blastocysts.

Table D. Mean length by width dimensions and weights (with
95 percent confidence intervals) of ovaries for female
otter taken in Oregon during November-February.

Age-Class Sample Dimensions of Ovaries Weights of Ovaries
(Years) Size (mm) (mg)

0 39 8.3 ± 0.4X4.5 ± 0.2 8.9 ± 0.8

1 26 11.8 ± 0.8 X 6.7 ± 0.4 21.6 2.8

2-11 44 12.7 ± 0.5X7.,5 ± 0.3 25.4 ± 2.3

Testes and Epididymides. Testes and attached epididymides

were measured (greatest length X greatest width), blotted dry, and

weighed to the nearest mg(Table E). There was no overlap in the range of

weights of testes with attached epididymides of males in age-class 0

(1.0-3. Zg) and males in age-class 1(3. 5-18. 2g) ormales in age-

classes 2-10 (6. 0-20. Og).



Table E. Mean length by width dimensions of testes and means and ranges of weights of testes
with attached epididymides for male otter taken in Oregon during November-February.

Age-Class Sample
(Years) Size Dimensions of Testes (mm)

0 42 19. 1 ± 0.7 X 9.5 ±0.4

1 38 31. 1 ± LB X 21. 1 ± 1.2

2-10 53 37.8 ± 1.4 X 24.4 ± 0.8

Weights of Testes and
Epididymides (g)

Mean

1.8 ± 0.2

10. 1 ± 1.3

12.5 ± 1.0

Range

1.0- 3.2

3. 5 - 18. 2

6. 0 - 20. 0
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The tail of one epididyrnis of each otter was clipped, a drop of

fluid extruded on a glass slide, and the drop examined for sperma-

tozoa under a microscope at 320 X. Spermatozoa were not observed

in epididymides of males in age-class 0 but were observedi,n 32 per-

cent of males in age-class 1 and 55 percent of males in age-classes

2-10. This agreed with Liers (1951) who reported that males are

not capable of breeding until approximately 2 years old.

Body: Weights and Measurements

Body Weights

Carcasses were weighed to the nearest ounce on a Chatillon

spring scale. The mean weight of skinned carcasses of male otter

was greaterthan females (Table F). Carcasses of males in age-

classes 1-10 averaged 2.9 pounds more thanfemales in age-classes

1-11. Males in age-class 0 were 1.8 pounds heavier than females

of the same age.

Otter collected in Klamath County were heavier than otter from

other areas of the state. The meanweight of 16 males in age-

classes 1- 10 from Klamath County was 2. 8 pounds greater than the

mean weight of males from other areas of the state; 5 males in

age-class 0 from Klamath County averaged 2. 1 pounds heavier than

males of the same age from other areas; and 5 females in age-class



Table F, Weights of 253 skinned otter killed during winter in
Oregon.

Weight (lb)

Sex, Age, and Area Number Mean Range

MALE

Age-Classl-10 96 17.7 11.6-25.5

Kiamath County 16 20.0 15.8-24.1

Coastal Counties 55 17.8 13. 7-25. 5

Other Counties 24 16.1 11.6-21.6

Age-Class 0 44 13. 2 8.9-18. 1

KlamathCounty 5 15.2 126-17.1

Coastal Counties 31 13.0 8.9-18.1

Other Counties 9 13.4 9.0-18.0

FEMALE

Age-Class 1-iC 73 14.8 10. 6-20. 1

Klamath County 2 16.9 14.4-19.7

Coastal Counties 42 14. 8 10. 6-20. 1

Other Counties 17 15. 1 10.6-18.9

Age-Class 0 40 11.4 7.9-15.5

Klamath County 5 13.5 12.3-15.5

CoastalCounties 34 11.2 L9-15.3

Other Counties 6 11.6 9.4-14.0
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0 averaged 2. 2 pounds more than other females of the same age

(Table F). Since there were onlytwo females in age-classes 1-il from

Klamath County in the sample, no comparison of their mean weight

with other females was made.

Total body weight before skinning was estimated to be approxi-

mately 120 percent of the carcass weight on the basis of 3 otter

weighed before skinning and again after being skinned and stored in

a freezer. The largest carcass obtained, a 25. 5 pound male, was

estimated to have weighed 30. 6 pounds (25. 5 lb. X 1. 2) before it

was skinned. The smallest carcass, a 7.9 pound female, had an

estimated total weight before skinning of approximately 9. 5 pounds.

Body Measurements

The total length (nose to tip of distal tail vertebra), tail length

(tip of distal tail vertebra to proximal tail vertebra), hind foot length

(heal to end of longest toenail) were measured (Table G). The mean

total length, tail length, and hind foot length for all age-classes was

greater for males than females and was greater in all sex and age-

classes for otter collected in Kiamath County than for otter collected

in other areas.



Table G. Measurements of 247 skinned otter kil1dduririg winter inOregon.

Total Length (cm) Tail Length (cm) HindFoot Length (cm)Sex Age and Area
Number Mean Range Number Mean Range Number Mean Range

MALE

Age-classi-lO 93 115.8 (104-132) 93 45.8 (33-53) 79 12.8 (11.0-14.0)

KlamathCounty 16 123.3 (116-132) 16 48.9 (45-53) 15 13.3 (12.0-14.0)
Coastal Counties 58 114.9 (104-125) 58 45.2 (33-52) 46 12.9 (12.0-14.0)
Other Counties 19 112,9 (107-118) 19 44.1 (40-47) 18 12.3 (11.0-13.0)

Age-classO 41 108.2
(

96-118) 41 42.7 (35-48) 38 12.7 (11.5_13.5)

KlamathCounty 5 113.8 (108-118) 5 44.6 (43-46) 4 13.1 (13.0-13.5)
Coastal Counties 28 107.7

(
96-118) 28 42.2 (35-48) 26 12.5 (11.5-13.5)

OtherCounties 8 106.9 (100-113) 8 43.3 (40-47) 8 12.6 (11.5-13.0)

FEMALE

Age-class 1-11 72 111.1
(

98-127) 72 43.4 (36-51) 58 12.1 (11.0-13. 5)

KlamathCounty 3 118.0 (112-127) 3 46.8 (44-51) 3 12.5 (12.0-13.5)
CoastalCounties 53 111.0

(
98-123) 51 43.2 (36-50) 42 12.1 (11.0-13.0)

OtherCounties 16 110.2 (103-118) 18 43.4 (39-46) 15 12.2 (11.5-12.5)

Age-classO 41 104.0 ( 88-116) 40 41.0 (34.46) 33 11.9 (10.5-13.0)

KlamathCounty 5 112.9 (109-116) 5 44.5 (43-46) 4 12.4 (12.0-12.5)
Coastal Counties 31 102.6

(
88-115) 30 40.3 (34-45) 24 11.9 (10. 5-13. 0)

OtherCounties 5 104.1
(

93-107) 5 42.2 (36-45) 5 12.0 (11.5-12.5)

a-'




