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REPRODUCTION OF DUSKY DOLPHINS,
LAGENORHYNCHUS OBSCURUS, FROM COASTAL PERU

KOEN VAN WAEREBEEK AND ANDREW J. READ

Centro Peruano de Estudios Cetologicos,
Asociacion de Ecologia y Conservacion, casilla 1536, Lima 18, Peru (KVW)
Woods Hole Oceanographic Institution, Woods Hole, MA 02543 (AJR)

We examined the reproductive biology of 522 female and 330 male dusky dolphins, Lage-
norhynchus obscurus, killed in Peruvian coastal fisheries between 1985 and 1990. Most
births occurred in late winter (August, September, and October), although a few newborns
were collected as late as February. Growth rate of fetuses was 0.261 cm/day; young were
born at a mean length of 91 cm and mass of 9.6 kg. Gestation lasted for 12.9 months,
followed by 12.0 months of lactation and a resting period of 3.7 months. The size of adult
testes increased, reaching a maximum in September and October, in synchrony with the
peak period of conception. The largest single-testis mass (with epididymis) was 5,120 g,
and the maximum ratio of testis : body mass in mature males was 0.085, among the highest
of any mammal. The large testes, relative sexual monomorphism, and apparent lack of
aggressive behavior between males suggests a promiscuous mating system and sperm com-

petition in this species.

Key words:

The reproductive biology of most dol-
phins and porpoises is poorly understood
because of the difficulty of studying these
animals at sea and problems in obtaining
representative samples of carcasses (Perrin
and Reilly, 1984). The genus Lagenorhyn-
chus is especially poorly known, with reli-
able data available only for the Pacific
white-sided dolphin, L. obliquidens (Walker
et al., 1986), and a few scattered observa-
tions from other species (Harrison et al.,
1972; Sergeant et al., 1980). Observations
of the life history of the dusky dolphin, L.
obscurus, have been limited to a prelimi-
nary description of age, growth, and repro-
duction from specimens from New Zealand
(Cipriano, 1992; Webber, 1987) and a de-
tailed study of the behavior of this species
in Argentina (Wiirsig and Wiirsig, 1980).

In this paper, we describe aspects of re-
production in the dusky dolphin, based on
observations of a large series of animals
killed in Peruvian coastal fisheries. Several
species of small cetaceans are captured both
incidentally and directly in these fisheries,
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but the species most frequently taken is the
dusky dolphin, with annual catches num-
bering into the thousands (Read et al., 1988;
Van Waerebeek and Reyes, 1990). The im-
pact of this mortality is unknown, but
concern has been expressed over the popu-
lation’s ability to sustain such large remov-
als (International Whaling Commission,
1991). Our intent in presenting these results
is to improve the potential for management
and conservation of the southeastern Pacific
population of dusky dolphins (sensu Van
Waerebeek, in press) by better understand-
ing its basic life history.

We also were interested in examining the
reproductive biology of this species because
it inhabits an extremely unpredictable en-
vironment, the Peruvian coastal upwelling
ecosystem, that is profoundly disturbed at
irregular intervals by El Nifio events. Our
samples were collected in the years follow-
ing the severe El Nifio event during 1982—
1983 (Barber and Chavez, 1983).

The present paper is limited to descrip-
tions of seasonality and size at birth, esti-
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mation of the duration of the reproductive
cycle of females, and observations of sea-
sonal changes in reproductive status of
males. Preliminary description of mean size
and age at maturity may be found in Van
Waerebeek (1992); a more detailed analysis
of age-related, reproductive parameters is
currently in preparation.

MATERIALS AND METHODS

We determined the reproductive status of 852
(522 females and 330 males) postnatal dusky
dolphins. Most specimens were captured in
coastal drift gillnets and landed at the central
Peruvian ports of Pucusana (12°30’'S), Cerro
Azul (13°30'S), and Anc6n (11°47'S) between
January 1985 and April 1990. We examined dol-
phin carcasses at the fish markets in these coast-
al villages where they were eviscerated before
being shipped to Lima (Read et al., 1988).

We recorded standard body length (taken
from the tip of the upper jaw to the base of the
fluke notch) and body mass from intact carcass-
es and obtained samples of reproductive tissues
(ovaries and uterus from females, testes and ep-
ididymides from males) as the carcasses were
eviscerated. We assessed lactation by exerting
pressure on the mammary glands to express
milk. Uteri were dissected in the field and care-
fully inspected for the presence of a fetus. Testes
were weighed in the field with the epididymis
still attached; we also recorded the linear di-
mensions (length, width, and height) of each tes-
tis. Final determination of reproductive status
was made after considering the results of field
necropsies and macroscopic examination of pre-
served tissues.

Females were considered sexually mature if
at least one corpus luteum or corpus albicans
was present on an ovary, or if the female was
pregnant or lactating (Marsh and Kasuya, 1984;
Perrin and Reilly, 1984). Females were consid-
ered pregnant only if we found a fetus in field
dissections; early, pre-implantation pregnancies
were not detected. We measured the mass and
crown-rump length of fetuses during field ex-
aminations. Mature females neither pregnant nor
lactating were classified as resting, a category
that may include females with small, pre-im-
plantation embryos as well as individuals truly
between cycles (Perrin and Reilly, 1984).

We estimated the duration of gestation using
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the method of Hugget and Widdas (1951) as
modified by Read (1990). The lengths of lacta-
tion (T,) and resting periods (Ty) were estimated
by assuming that the proportion of mature fe-
males in each reproductive condition was di-
rectly proportional to the relative length of time
an individual spent in that condition (Perrin and
Reilly, 1984). Thus, with an estimate of gesta-
tion period (Tg), it is possible to estimate the
duration of lactation and resting periods:

T, = Tg X L/P and
Ty = Tg X R/P

where L represents the proportion of mature fe-
males lactating, P is the proportion pregnant,
and R is the proportion resting. The annual preg-
nancy rate was defined as P/T;, with Tg ex-
pressed in years (Perrin et al., 1976). We esti-
mated mean size at birth from a sample of
near-term fetuses and neonates using the 50%
interpolation method, first with linear regression
(Perrin and Reilly, 1984; Sergeant, 1962), and
also using a second-order polynomial function
with smoothed data.

The assessment of sexual maturity in males is
complex, and several criteria have been used in
previous research (Perrin and Henderson, 1984,
Perrin et al., 1977a, 1977b; Sergeant, 1962).
Due to the limitations imposed by field condi-
tions, we used the method described by Sergeant
(1962) and assessed functional maturity by the
presence of seminal fluid in a gross field ex-
amination of the epididymis. This stage of ma-
turity occurs somewhat later in ontogeny than
that at which spermatogenesis can be detected
histologically (Sergeant, 1962).

Several specimens with pathological repro-
ductive organs were deleted from the dataset, as
were a few females of dubious maturity status.
Considerable variation exists in the sample sizes
of specimens assessed for each reproductive
condition because working conditions required
us to collect incomplete data from many speci-
mens.

RESULTS

Gestation and birth.—Reproduction was
highly seasonal, resulting in synchrony of
conception, fetal growth, and parturition.
Seasonal growth in fetal length (Fig. 1) was
described by a linear regression model (F
=247, P < 0.0001, # = 0.72, n = 96; y
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Fic. 1.—Temporal distribution of the size of
96 fetuses of dusky dolphins from Peru. The line
representing the regression of fetal size on
month is indicated with 95% CL

= 11.59 + 7.92x), where y is standard
length (cm) and x represents the median
day of each month (January = 1, February
= 2, and so on for year of parturition; No-
vember = —1 and December = O for the
first months after conception). Fetal growth
rate, thus, was estimated at 7.92 cm/month
(SE = 0.50) or 0.261 cm/day. The length
of neonates (animals <140 cm) also was
significantly correlated with month (F =
71.6, P < 0.0001, r? = 046, n = 87,y =
67.83 + 4.02x; Fig. 2), where y is standard
length (cm) and x represents the median
day of each month (August = 8, September
= 9 in the year of birth, to June = 18 in
the second year). The low correlation co-
efficient of this relationship, compared with
that of the fetal-growth equation, represents
the additive effects of variation in birth
date, birth size, and postnatal-growth rates.

We encountered most neonates (n = 87)
and near-term fetuses (n = 96) in August,
September, and October (Figs. 1 and 2),
which appears to be the peak birth period
of dusky dolphins in Peru during normal
(i.e., non-El Nifio) years. Our observations
suggest that the onset of parturition is sud-
den, as we did not find neonates prior to
August. The termination of the birth season
is much less sharply defined, as we found
a few near-term fetuses and neonates in De-
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Fig. 2.—Temporal distribution of the size of
87 neonates of dusky dolphins from Peru. The
line representing the regression of neonatal size
on month is indicated with 95% CI.

cember; single neonates were collected as
late as February.

Mean length at birth was estimated from
96 fetuses and 87 neonates as 92.1 cm using
the linear technique (Table 1) and as 90.7
cm using the smoothed polynomial (Fig. 3).
We consider the arithmetic means of both
values, 91.4 cm, as the best estimate of
length at birth. Mean body mass at birth
was estimated as 9.6 kg by substituting
mean length at birth into a length-mass re-
gression equation (¥ = 12,630, P < 0.0001,
r* = 0.99) derived from 83 fetuses and ne-
onates <105 cm in length (Fig. 4).

Mammalian fetal growth in length is cur-
vilinear for the period immediately after
conception and linear thereafter (Hugget

TABLE 1.—Frequency distributions of the
length of fetal and neonatal Peruvian dusky dol-
phins used to estimate mean length at birth.

Num- Propor-
Num- ber tion
Total ber of of

Class range Mid- sam- of fe- neo- neo-

(cm) point ple tuses nates nates
80.5-84.5 82 12 12 0 0.00
84.5-88.5 86 7 5 2 029
88.5-92.5 920 11 8 3027
92.5-96.5 94 16 5 11 0.69
96.5-100.5 98 15 2 13 0.87
100.5-104.5 102 13 0 13 1.00
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FiG. 3.—Proportion of neonatal dusky dol-
phins by standard length classes. The proportion
of neonates refers to the number of neonates di-
vided by the combined number of fetuses and
neonates in each length class. Class sample sizes
are denoted in brackets. Data (closed symbols)
were smoothed by a second-order polynomial.

and Widdas, 1951). The total period of ges-
tation (T;) thus constitutes the initial cur-
vilinear growth phase (t;) and the later pe-
riod of linear growth. The duration of t,
may be derived from the allometric equa-
tion provided by Calder (1982):

ty = 7.25MP°1°

where M is mass at birth (g). Substituting
the estimate of 9,600 g for mass at birth
yields an estimate of 41.4 days, or 1.36
months, for t,. We estimated the duration of
linear fetal growth by substituting length
values corresponding to the start of this
phase (when fetal length is assumed to be
0.0) and to the mean birth length (91.4 cm)
into the equation describing fetal growth.
This yields an estimate of 11.53 months for
the duration of linear fetal growth. Total
gestation, therefore, lasts for 11.53 + 1.36
or 12.9 months (392 days). This computa-
tion also provided estimates of mean birth
date (2 October) and mean conception date
(5 September). This mean conception date
is in agreement with the seasonal maximum
in testis size, which is reached in Septem-
ber.

We did not encounter multiplets in any
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FIG. 4.—Relationship between body mass and
standard length for fetal and neonatal (<105 cm)
dusky dolphins from Peru. The dashed lines
closest to the regression line represent 95% CI
for the least-squares regression; the outer pair of
dashed lines represent 95% estimation intervals
for individual values.

pregnancy (n = 96). Following Kasuya and
Marsh (1984), we determined the gender of
fetuses >9 cm in crown-rump length. The
fetal sex ratio was 1:1.33 (n = 84) in favor
of females (95% CI 0.87—2.09). The neo-
natal sex ratio was 1:1.32 (n = 86) in favor
of females (95% CI 0.87—2.08). The com-
bined fetal and neonatal samples had a sex
ratio of 1:1.32 (n = 170), which was not
statistically different from 1:1 (¢ = 3.39,
df =1, P = 0.066).

Reproduction by females.—Of the 175
mature females checked for lactation, 87
were producing milk (L = 0.497). A fetus
was found in 88 of 165 mature females (P
= 0.533). Fifteen of 153 mature animals
were simultaneously pregnant and lactating,
and 22 of 144 were classified as resting (R
= 0.153). The annual pregnancy rate (P/T;)
was, therefore, 0.555.

With a lactating-to-pregnant ratio of
0.497:0.533 and a gestation period of 12.9
months, we estimate that the average lac-
tation period (T.) lasted 12.0 months. The
average time females spent in a resting pe-
riod (Tg) was 3.7 months (12.9 months X
0.153/0.533). Thus, the mean length of the
reproductive cycle (T; + T, + Tg) was ca.
28.6 months. The estimated duration of the
resting period (Ty) was probably positively
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FIG. 5.—Frequency histogram of mass of tes-
tis and epididymis combined relative to body
mass in 48 mature, male dusky dolphins from
Peru. Data were pooled over all seasons.

biased because females experiencing pre-
implantation pregnancy were grouped in
this category. It is likely that the true resting
period was extremely short and that the av-
erage reproductive cycle lasted for ca. 2
years, divided roughly equally between ges-
tation and lactation. Other bias in these es-
timates is possible if females of different
reproductive condition experienced differ-
ential probabilities of capture.

Reproduction by males.—In dusky dol-
phins from Peru, the mass and length of
mature testes (with epididymides attached)
ranged as follows: left testis 535,120 g (X
= 1,464 g; n = 125) and 12.3-58.5 cm (n
= 132); right testis 53—4,930 g (X = 1,486
g; n = 125) and 13.5-58.0 cm (n = 133).
The maximum mass of testis and epididy-
mis combined was 9,730 g. The heaviest
pair of left and right immature testes (n =
38) weighed and measured 300 and 310 g
and 23.0 and 24.0 cm, respectively. No dif-
ference was detected between the mean
mass of left and right mature testes (f =
—0.128, P = 0.90, d.f. = 123). The corre-
lation between mass (y) and length (x) of
left testis was highly significant (F = 3,581,
P < 0.0001, 2 = 0.96) and is expressed by
log y = —10.86 + 3.02 log x.

The ratio of mass of the testis and epi-
didymis combined:body mass in mature

Vol. 75, No. 4
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FiG. 6.—Seasonal variation in mass of testis
and epididymis combined of sexually mature,
male dusky dolphins from Peru; 95% CI based

on pooled standard errors are shown. Monthly
sample sizes are in brackets.

males, pooled over all seasons and years,
ranged from 0.003 to 0.094 (X = 0.035, SD
= 0.027, n = 48; Fig. 5). The mass of the
testis proper accounted for 90.6% (SD =
49, n = 18) of the mass of the testis and
epididymis combined in adult males so that
the maximum testis : body mass ratio (sensu
Kenagy and Trombulak, 1986) in dusky
dolphins from Peru was 0.085.

The mass of the testis of adult males in-
creased in August, reached a maximum in
September and October, and then decreased
again in November (Fig. 6) in synchrony
with the timing of ovulation and concep-
tion. The majority (20 of 24) of mature
males ‘that we examined in September and
October had copious seminal fluid in their
epididymides. An analysis of covariance
demonstrated that the mass of the testis and
epididymis combined of 51 mature males
varied significantly among months, with
body mass as covariate (F = 2.18, df =
9,40, P < 0.05). Mass of testes combined
was significantly correlated (F = 43.9, d.f.
= 1,40, P < 0.0001) with total body mass.
A second analysis of covariance with mass
of the left testis as the response variable and
body length as covariate employed a con-
siderably greater sample (n = 134), result-
ing in statistically more significant seasonal
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variation (F = 7.07, df =
0.0001).

With few exceptions, males of adult size
examined in all months of the year had
some seminal fluid in their epididymides.
This suggests that a complete cessation of
testicular activity is rare, even outside the
breeding season.

1,10, P <

DiscussioN

Reproduction in dusky dolphins from
Peru is highly seasonal. Births are synchro-
nized, with most occurring in September
and October. After a gestation of almost 13
months, young of dusky dolphins are born
at a mean length of ca. 91 cm and mass of
9.6 kg. After parturition, female dolphins
nurse their young for ca. 1 year before mat-
ing again. During August and September, in
the peak breeding season, male dolphins
possess extremely large testes, which re-
gress considerably during other periods of
the year.

We are confident that our estimates of the
timing and size at birth are accurate reflec-
tions of reproduction in this population of
dusky dolphins. Likewise, our estimate of
the duration of gestation seems well found-
ed on empirical observation of fetal-growth
rates. However, our estimates of the dura-
tion of lactation and resting periods depend
on the proportion of females in our sample
in each of these reproductive categories.
These proportions are subject to bias if fe-
males of different reproductive status ex-
perience different probabilities of capture.
For example, female dolphins with new-
borns might be more (or less) susceptible
to capture than resting individuals unac-
companied by dependent offspring. Unfor-
tunately, we have no information on differ-
ential capture susceptibility in the coastal,
drift-net fishery that took the majority of
our sample. In Argentina, female dusky
dolphins of different reproductive status ex-
hibit segregation, including the formation
of nursery groups composed primarily of
lactating females and their dependent off-
spring (Wiirsig and Wiirsig, 1980). Such
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segregation could increase the potential bias
in our estimates of the duration of lactation
and the resting period. Resolution of these
potential problems must await a more de-
tailed examination of the age and reproduc-
tive history of individual females in our
sample.

If our estimates of the duration of the lac-
tation and resting periods are accurate,
dusky dolphins in Peru exhibit a shorter re-
productive cycle and a higher fecundity
than other dolphins of similar size (Perrin
and Reilly, 1984). It is possible that this is
a population response to large removals by
the fishery or perhaps a reproductive strat-
egy evolved in response to the extreme un-
predictability of the Peruvian upwelling
system. El Nifio events severely disrupt the
oceanography of the Peruvian coastal eco-
system at irregular intervals (Bohle-Carbo-
nell, 1989; Brink et al., 1983), severely
reducing food availability to upper-trophic-
level predators (Barber and Chavez, 1983;
Gunther, 1936; Muck et al., 1989). In par-
ticular, El Nifios deplete the population of
anchoveta, FEngraulis ringens, the main
prey of dusky dolphins (McKinnon, 1988).
Records of the severe El Nifio during 1982—
1983 are present in the dentine of adult, fe-
male dusky dolphins from Peru, presum-
ably reflecting the nutritional stress
experienced by these animals (Manzanilla,
1989). Pinnipeds and seabirds experience
widespread mortality and reproductive fail-
ure during severe events (Barber and Cha-
vez, 1983; Trillmich and Limberger, 1985;
Trillmich et al., 1986), and it is likely that
dusky dolphins suffer a similar fate.

The timing of reproduction was fairly
consistent over the study period (1985-
1990), although some of the spread in av-
erage fetal and neonatal growth trajectories
(Figs. 1 and 2) probably is due to slight
interannual variation in the timing of repro-
duction. Our preliminary observations from
the 1991-1992 season (not included here)
indicate that the breeding season shifted,
with most births occurring in late spring
and early summer (J. C. Reyes, pers.
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comm.), and small fetuses appearing in
May. This shift in reproductive timing was
likely related to the appearance of a medi-
um-strength El Nifio event in Peruvian
coastal waters.

In Argentina, most births of dusky dol-
phins occur during the austral summer,
based on observations of small young from
November to February (Wiirsig and Wiir-
sig, 1980). Thus, the widely separated pop-
ulations of dusky dolphins in the south-
eastern Pacific and southwestern Atlantic
appear to exhibit reproductive segregation.
Observations of dusky dolphins in New
Zealand indicate that parturition there also
occurs during summer, between November
and January, the season when dolphins are
found closest to shore (Cipriano, 1992).
The movements of dusky dolphins in Peru
have not been studied, but the directed dol-
phin fishery is highly seasonal in nature,
with the largest number of animals landed
during the period of parturition (Read et al.,
1988), suggesting that dolphins may be
more vulnerable to capture during this sea-
son.

Little quantitative information exists on
size at birth in other populations of dusky
dolphins. The three smallest young exam-
ined by Cipriano (1992), including two ne-
onates, ranged from 97 to 102 cm. Another
newborn male from New Zealand measured
83 cm in length with a body mass of 9.1
kg (specimen ZMA 14.764, Zoological Mu-
seum of Amsterdam; P. J. H. van Bree, pers.
comm.). Adult dusky dolphins from New
Zealand are smaller than their Peruvian
counterparts (Cipriano, 1992; Van Waere-
beek, 1992), but it is not known whether
this difference is accompanied by a smaller
mean size at birth.

The mass of testes of male dusky dol-
phins from Peru, 8.5% of body mass, is
among the highest of all mammals (com-
pare with data from Kenagy and Trombu-
lak, 1986). Similar observations of the rel-
ative size and seasonal regression of testes
of dusky dolphins have been made from
New Zealand (Cipriano, 1992). The largest

Vol. 75, No. 4

relative size of testes reported from other
odontocetes, that of the harbor porpoise
Phocoena phocoena, comprises “‘only” 4%
of body mass (Harrison, 1969; Read, 1990).
In many mammals, a functional relationship
exists between the relative size of testes and
the mating system (Kenagy and Trombulak,
1986). Testes typically are small in single-
male breeding systems (monogamy or ex-
treme polygyny) and large in multi-male
systems, where several males may mate
with a single female in estrus. In these latter
cases, the evolution of large testes may be
attributed to the competition of sperm from
different males for fertilization of the same
female that requires a high copulation fre-
quency and high levels of sperm production
(Harcourt et al., 1981; Kenagy and Trom-
bulak, 1986). A high degree of sexual di-
morphism in size and striking secondary
sexual characteristics have been correlated
with a polygynous mating system and rel-
atively small testes in mammals (Jefferson,
1990; Kenagy and Trombulak, 1986; Ralls,
1977; Ralls et al., 1980). In contrast, the
low level of sexual dimorphism (Van Wae-
rebeek, 1992) the enormous testes, and the
low degree of scarring on males that might
reflect agonistic behavior (Van Waerebeek,
1992) point to a promiscuous mating sys-
tem in L. obscurus, as also suggested by
Cipriano (1992). This type of mating sys-
tem would function well in a gregarious
species like the dusky dolphin, which ex-
hibits a high degree of reproductive syn-
chrony and, thus, many opportunities for
mating in a relatively short period.
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