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INTRODUCTION

The northern right whale dolphin Lissodelphis borealis
(Peal), and the Pacific white-sided dolphin, Lagenorhynchus
obliguidens (Gill), are abundant in tE!lnperate waters of the North
Pacific Ocean.
Little biological information is available on Lissodelphis
borealis.

Leatherwood and Walker (1979) summarized reproductive

data on 20 animals (10 males, 10 females) from coastal waters of
the eastern North Pacific Ocean collected from 1966 to 1974.
Since this account, reproductive ~ata on only one additional male
have been published (Sullivan and Houck 1979), and in a workshop
report, Iwasaki (1991) presented preliminary analyses of age (67
males and 79 females) and reproductive parameters (25 males and
40 females) from ~nimals taken in Japanese high seas squid
driftnets from 1988 to 1990.

In the western North Pacific, off

the coast of Japan, most published accounts discuss only
morphology, distribution and seasonal movements (Ogawa 1937;
Okada and Hanaoka 1940; Kasuya 1971; Ohsumi 1972).
Biological information on Lagenorhynchus obliguidens in the
eastern North Pacific is summarized in Walker, Goodrich,
Leatherwood, and Stroud (1984), and Walker, Leatherwood,
Goodrich, Perrin and Stroud (1986).

While these accounts

summarize age and reproductive data on 142 animals, conclusions
were limited due to stock differences in overall body length in
the study area off California.

In the western North Pacific,

little biological information has been published on
Lagenorhynchus obliguidens.

Reproductive data on a small number
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of animals taken off northern Japan have been reported (Wilke,
Tanawake and Kuroda 1953).

Iwasaki (1991) presented preliminary

analyses of age (75 males and 73 females) and reproductive
parameters (25 males and 40 females) collected from the Japanese
high seas squid driftnet fishery.

No ageing studies have been

published on Lagenorhynchus obliguidens from the coastal waters
off Japan.
Biological sampling and data collection by North American
scientific observers onboard Japanese high seas squid driftnet
vessels, under international agreements, provided an opportunity
to further examine Lissodelphis borealis and Lagenorhynchus
obliguidens age structure, growth and reproduction.

This paper

presents preliminary results from samples collected during the
1990 field season.

METHODS

Specimen Collection
A total of 105 Lissodelphis borealis

(40 males and 65

females) and 80 Lagenorhynchus obliguidens (38 males and 42
females) taken incidentally in Japanese squid driftnets, were
included in the sample collected by North American scientific
observers in the central North Pacific Ocean (38°N - 46°N and
171°E - 151°W) during June - November, 1990 (see Fig. 1 for
sampling locations).

Within two hours after arrival on deck,

each animal was sexed, measured (total length to nearest cm),
photographed twice (left lateral and ventral) and identified with
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a discrete specimen number.

Left lower jaws were removed from

all animals, tagged and frozen intact.

As time permitted,

additional animals were measured, sexed and examined for
lactation, but not dissected.
Right testes and epididymis were collected whole, tagged and
preserved in 10% formalin.

Females were checked for lactation by

longitudinal incision through the left mammary.

Ovaries and

uteri were collected intact and preserved in 10% formalin, unless
the animal was pregnant with a large fetus or recently postpartum in which case ovaries and a cross-section of the left
uterine horn were collected.

Fetuses were sexed, weighed (to the

nearest 1.0 g) and measured (total length to the nearest 1.0 cm).
Specimens were shipped to the National Marine Mammal Laboratory,
Alaska Fisheries Science Center, Seattle, Washington, for
analyses.

Age Determination
Three teeth were extracted from the center of the left lower
jaw.

Teeth were immersed in a water-filled double boiler for

about eight minutes, cleaned, then dried.

One tooth from each

animal was decalcified, sectioned longitudinally
(24 microns) and stained following the procedures developed for
Stenella (Myrick, Hohn, Sloan, Kimura and Stanley 1983).
Staining times were increased, however, to up to 40 minutes in
some cases to improve readability of dentinal layers.

Six to

eight sections from the center of each tooth were mounted on a
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glass slide and examined under a compound microscope at 40x and
lOOx magnification with transmitted light.

Ages were determined

by counting dentinal growth layer groups (GLGs).

Identification

of GLGs for Lissodelphis borealis followed guidelines for
Stenella presented in Myrick et al.

(1983), while Lagenorhynchus

obliguidens GLGs were based upon descriptions in Walker et al.
(1986).

One GLG was assumed to represent one year.

Each tooth was read independently by three readers.

Ages

were recorded to the nearest 0.5 layer when the reader determined
that the innermost layer was incomplete. The median age was
identified and the differences between it and the other reader's
ages were determined(+/- x GLGs}.

These differences between

readings were compared to a table, listing allowable variation
among readers at different age intervals, adapted from Walker et
al.

(1984)

(Table 1).

If the readings were within the allowable

range, the average of the three was accepted.

If any variation

was greater than the allowed range, the tooth was reread by all
three readers.

If readings still did not fall within the

allowable range, then the tooth was examined and discussed by all
three readers resulting either in agreement or the decision to
cut a new tooth and repeat the reading process.

If no agreement

was reached after reading the second tooth, the specimen was
dropped from the sample.
All Lagenorhynchus obliguidens were aged successfully.
could not be determined for 11 Lissodelphis borealis.

Ages

Based upon

the degree of pulp cavity closure observed, these teeth equally
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represented both young and older animals.

We feel that failure

to include these specimens .in the sample resulted in little bias.

Reproductive Organs
Males
Right testes with epididymis were weighed to the nearest
0.01 g and measured (total length to nearest 1.0 mm).

A 1-cm

block of testes and epididymis, was removed at mid-length, and
prepared histologically.

Paraffin-embedded tissues were

sectioned at 6 microns, stained with hematoxylin eosin and
mounted on glass slides.

Testes and epididymis were examined for

evidence of spermqtogenesis using a compound microscope at l00x
with transmitted light.

Males were classified as sexually mature

if sperm were found in the epididymis or seminiferous tubules.
Females
Ovaries were weighed to the nearest 0.01 g.

Maximum

diameter of the left uterine horn was measured to the nearest
0.1 cm.

Each ovary was sliced transversely into <1 mm serial

sections with a scalpel and examined for presence of corpora
lutea and corpora albicantia following methods described in
Perrin, Coe and Zweifel (1976).

Two measurements of corpus

diameter, taken at right angles, were recorded for each corpus
albicans; three diameters were recorded for all corpora lutea.
Total corpora counts include both corpora albicantia and corpora
lutea.

Females were classified as sexually mature if at least

6

one corpus was present on either ovary.

RESULTS
Lissodelphis borealis

Lengths of males ranged from 105 cm to 280 cm; approximately
67% were between 160 cm and 220 cm (Fig. 2).

Females ranged from

97 cm to 224 cm; more than 50% were between 200 cm and 210 cm.
There were no animals between 120 cm and 159 cm in the sample.
Male ages ranged from o and 22.5 years (Fig. 3).

Younger

age classes (<11 yr) represented 80% of the sample with the
<2 yr old category accounting for 35%.
to 41.6 yr (Fig. 3).

Female ages ranged from o

Animals age 18 or less comprised over 90%

of the female sample.

Reproductive Data

Males
There were 7 sexually mature and 33 immature males in the
sample.

The smallest sexually mature male was 214 cm (testes

weight 330 g); the largest immature was 223 cm (testes weight
15.9 g)

(Fig. 4).

The youngest mature male was 10.3 yr (testes

weight 930 g); the oldest immature was 9.0 yr (testes weight
53.lg)

(Fig. 5).

Females
A total of 39 mature and 26 immature females were examined.
The smallest sexually mature female measured 179 cm, had two
corpora and was lactating (Fig. 6).

The largest immature female
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was 221 cm.

The youngest sexually mature female (one corpus) had

6.7 GLGs, while the youngest pregnant female (with a 94 cm fetus)
had 8.0 GLGs (Fig. 7).

The oldest immature female had 9.0 GLGs.

Based upon the length of the smallest animal with one corpus
and the largest animal with no corpus, sexual maturity probably
occurs within the range of about 180 to 220 cm (Fig. 6).
Excluding the smallest sexually mature female, however, the range
is 195 to 220 cm.

Based upon the age of the youngest animal with

one corpus and the oldest ~nimal with no corpus, sexual maturity
appears to occur between ages 6 and 8 (Fig. 7).

Age and Length Relationships

Although there are few older males (>15 yr) in the sample
compared to females, males attain a much greater overall length
(Fig. 8 and 9).

The largest male was 280 cm and 15.3 yr while

the largest female of this age was only 221 cm.

None of the five

oldest females in the sample (>20 yr) were larger than 225 cm; 5
males ranged from 225 to 280 cm.
Seven animals (2 males and 5 females) did not have evidence
of postnatal dentine and were considered recent births.

Lengths

of these animals ranged from 98 cm to 112 cm, and averaged 107 cm
(both males were 112 cm, females averaged 106 cm).
probably approximates average length at birth.

This size

The length of

the largest animal with less than one full GLG (0.5 yr) was 115
cm; therefore, animals less than 115 cm were classified as
newborns.

8

There were no animals in the sample between 120 cm and
160 cm, however, there was not a similar gap in the age classes.
Based on age - length plots (Figs. 8 and 9), this size range
corresponded to the Oto 1 age classes for both males and
females.

Reproductive Patterns

There appeared to be a seasonal reproductive pattern in
Lissodelphis borealis.

Lactating females were observed during

all months from June to October, but with a higher frequency in
August (Fig. 10}.

Pregnant females with near or full term

fetuses (90 - 104 cm} were only taken from mid-July to mid-August
(Table 2).

Similarly, females that .were pregnant and lactating

were only taken during this period.

Additional females examined

but not dissected, also had a peak in lactation in August
(Fig. 10, Insert).

Newborns, ranging in size from 97 cm - 115 cm

were collected from June to September, but >90% were taken from
early August to late September.

We interpret these observations

as evidence of a summer calving season, peaking in July and
August.

Lagenorhynchus obliquidens

Lengths of males ranged from 91 cm to 189 cm; approximately
19% were between 175 and 179 cm (Fig. 11).

Females ranged from

91 to 180 cm; approximately 38% occurred between 170 and 179 cm.
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Male ages ranged from Oto 38.5 yr (Fig. 12).
(<4 yr) comprised 80% of the sample.
29 yr (Fig. 13).

Young animals

Females ranged from Oto

Again, younger animals were strongly

represented, 57% were less than 3 years old, and 83% were less
than 8.

Reproductive Data

Males
There were 4 mature and 34 immature males.

The smallest

sexually mature male was 176 cm; its testes weight (580 g),
however, was the largest observed (Fig. 13).

The largest

sexually immature male was 178 cm; its testes weight (50.1 g) was
the largest among the immature group.

The youngest sexually

mature male was 19.5 yr (330 g testes weight)

(Fig. 14).

The

oldest immature male was 10.5 yr (34.6 g testes weight).

Females
A total of 6 sexually mature and 36 sexually immature
females were examined.
(one corpus)

(Fig. 15).

The smallest mature female was 173 cm
The largest immature animal was 180 cm.

The youngest sexually mature animal, 11 years (Fig. 16}, was also
the smallest lactating female.
age 10.

The oldest immature female was

No pregnant females were sampled; 6 were lactating.

Age and Length Relationships

A total of 13 animals (4 males and 9 females) did not have
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evidence of postnatal layering and were considered recent births.
The lengths of these animals ranged from 91 cm to 106 cm, and
averaged 98 cm (99 cm for males and 98 cm for females).

This

size probably approximates the average length at birth.

The

length of the largest animal with less than one full GLG was 120
cm (0.8 GLG); therefore, animals less than 120 cm were classified
as newborns.

Reproductive Patterns
Only two near term fetuses were observed, one in July and
another in August (dissections were not completed on the two
pregnant females and they are not included in the analyzed
sample).

Six lactating females were examined, three in July, two

in August and one in September (Fig. 19).

However, newborns were

frequently taken during June and July, and less often in August
and September (Fig. 19).

The high incidence of newborns and low

number of pregnant females taken in early summer suggest a
calving season prior to the sampling period.

DISCUSSION

These data provide preliminary information on age/sex at
sexual maturity, growth, and age structure of the sample,
however, the sample is small, and only one year of sampling has
been completed.

Until more samples are obtained, we can not

determine how well the 1990 data represent the life histories of
these species.

Our sample was collected from the same fishery
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during the same time of year as the 1990 season data reported in
Iwasaki (1991) and although that sample was also small, some
comparisons between the two studies are possible.
Lissodelphis borealis
Iwasaki's (1991) sample and ours were well represented by
younger animals (<6 yr).

However, our sample contained older

animals than his.
In our sample, we estimated length at birth was 107 cm based
upon the average length of all animals aged at 0.0 yr.

This is

slightly larger than the Iwasaki (1991) estimate of "about 100
cm".

Our estimate may be high if slight accumulations of

postnatal dentine were not detected and older (larger) animals
were included in the average.
Age at sexual maturity for males could not be determined
with certainty using techniques discussed ·in DeMaster (1984) due
to the low sample size, but the ages of the youngest mature (9
yr) and oldest immature (10 yr) are within the range of 9 - 13
years in Iwasaki {1991).

Similarly, average length at sexual

maturity could not be determined with certainty, but the length
of the smallest mature (214 cm) and largest immature (223 cm)
animals are similar to the Iwasaki (1991) range of (210 cm 230 cm).

Age at sexual maturity for females, based on the presence of
one corpora was 6 - 8 yrs in our sample.
maturity was 200 cm - 210 cm.
estimates in Iwasaki (1991).

Length at sexual

Both these ranges overlap
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Lagenorhynchus obliguidens
Young age classes dominated in both the Iwasaki (1991) and
our samples; we are unable to explain why at this time.

Iwasaki

estimated the maximum age of Lagenorhynchus obliguidens to be
30 - 35 years.

The oldest animal in our sample was 38 yr.

Length at birth in our sample is 98 cm, close to that of 100
cm in Iwasaki (1991).
Age at sexual maturity for males could not be determined due
to a lack of mature males in the sample.

The youngest mature

(19.5 yr) and the oldest immature (10.5 yr) represent a very wide
range, different from the Iwasaki (1991) estimate of 7 - 9 years.
Length at sexual maturity for males was not calculated, but
the smallest mature (176 cm) and largest immature (178 cm)
specimen are within the range expressed in Iwasaki (1991).
Age and length at sexual maturity for females were not
calculated, but based upon the presence of corpora the ranges
probably include 10 - 11 yr and 173 cm - 180 cm respectively.
While the length range is within that reported in Iwasaki (1991),
our age range differs from his estimate of 7 - 9 years.
sample sizes probably contribute to the differences.

Low
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Allowable discrepancy in growth layer group (GLG)
counts when ageing Lissodelphis borealis and Lagenorhynchus
obliguidens using three independent readers, based on standards
in Walker et al. (1984).

Table 1.

Allowable Discrepancy (+/-)

GLGs
0.0 5.1 10.1 15.1 20.1 25.1 30.1 35.1+

0.5
1.0
2.0
4.0
5.0
6.0
7.0
8.0

05
10
15
20
25
30
35

Table 2. Date caught, total length and sex of Lissodelphis
borealis fetuses sampled by North American observers during July
and August, 1990 in the Japanese high seas squid driftnet
fishery.
Date Caught
7/16/90
7/18/90
7/22/90
7/24/90
7/26/90
8/08/90
8/10/90
8/20/90

Total Length (cm)
90
104
95
97
93
100
94

Sex
F
M
F
F
F
F
M
M
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Fig. 9. Scatterplot of age (GLG) and total length (cm) for 65
Lissodelphis borealis females caught in Japanese high seas squid
driftnets, June - November, 1990.
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Fig. 10. Frequency distributions of pregnant, lactating, pregnant
and lactating female and newborn Lissodelphis borealis by month,
caught in Japanese high seas squid driftnets, June - November,
1990.
The newborn sample includes animals examined but not
dissected, The insert shows the frequency distribution of
additional lactating Lissodelphis borealis that were examined,
but not dissected.
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Fig. 11. Length frequency distribution of 38 male and 42 female
La9enorhynchus obliguidens caught in Japanese high seas squid
dr1ftnets, June - November, 1990.
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Fig. 12. Age frequency distribution of 38 male and 42 female
La9enorhynchus obliguidens caught in Japanese high seas squid
dr1ftnets, June - November, 1990.
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Fig. 13. Scatterplot of total length (cm) and testes weight (g)
for 38 Lagenorhynchus obliguidens males caught in Japanese high
seas squid driftnets, June - November, 1990. Sexually mature
individuals, based upon evidence of sperm in the testes or
epididymis, are indicated by a circle around the data point.
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Fig. 14. Scatterplot of testes weight (g) and age (GLG) for 38
Lagenorhynchus obiiguidens males caught in Japanese high seas
squid driftnets, June - November, 1990.
Sexually mature
individuals, based upon evidence of sperm in the testes or
epididymis, are indicated by a circle around the data poin t.

LAGENORHYNCHUS OBLIOUIDENS:

TOTAL LENGTH VS. TOTAL CORPORA COUN T

h•----------------------------------.

8

;::

;:)

.,

z
0

u

10

-.
i

•
4

- ·100

- . - ..

. .. . . . ..
l 10

150

TOTAL LENGTH (CM)
Fig. 15. Sca~terplot of total length (cm) and total corpora count
for 42 Laqertorhynchus obliguidens females caught in Japanese high
seas squid dr1ftnets, June - November, 1990.
Lactating females
are indicated by a triangle around the data point.
No pregnant
females were dissected.
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Fig. 16. Scatterplot of total corpora count and age (GLG} for 42
Lagenorhynchus obliguidens females caught in Japanese high seas
squid driftnets, June - November, 1990.
Lactating females are
indicated by a triangle around the data point.
No pregnant
females were dissected.
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Fig. 17. Sca:tterplot of age (GLG) and total length (cm) for 38
Lagenorhynchus obliguidens males caught in Japanese high seas
squid driftnets., June - November, 1990.
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Fig. 18. Scatterplot of age (GLG} and total length (cm) for 42
Laqenorhynch~s obliguidens females caught in Japanese high seas
squid driftnets, June - November, 1990.
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Fig. 19 . Frequency distributions of pregnant and lactating female
and newborn Lagenorhynchus obliguidens caught in Japanese high
seas squid driftnets, June - November, 1990.
The two pregnancies
were obser v ed in animals that were not fully dissected and were
not included in the analyzed sample.
The newborn sample includes
both dissected and non-dissected specimens.

