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Abstract

When otariid females leave the colony to forage at
sea, pups stay in the rookery and gather in groups
in which they rest and play. The major selective
benefits of these groups are to develop social skills
and physical abilities, as well as to reduce the risk
of aggression by adults. The aim of this research
was to study the aggregation behaviour in South
American sea lion (Otaria flavescens) pups at Isla
de Lobos, Uruguay, during the first 2 mo of life.
During the breeding season of 2007 (January to
March), from 0800 to 1800 h, instantaneous scan-
samples were conducted every 2 h to record the
number of groups in the area, number of pups per
group, behavioral state, and location (land or sea).
The number of groups increased during the first
month, being positively correlated with the total
number of pups in the area. A group size of two
pups was most frequent (60.2%), followed by
three pups (20.1%). Rest was the most frequent
activity during most of the study period, and pup
group activity did not vary over the weeks. The
type of activity varied according to the time of day,
with pups most active early in the morning, and
also according to group size (the larger the group
size, the higher the proportion of individuals rest-
ing in the group). The proportion of groups at sea
increased with pup age, and interactions in a large
group were more frequent at sea than on land. This
research represents one of the first detailed analy-
ses about aggregation behaviour in otariid pups.
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Introduction

Otariids (fur seals and sea lions) are gregarious
mammals with highly seasonal breeding in the
majority of species (Riedman, 1990). Females
give birth to one pup per breeding season, and they
are the sole providers of nutrition. Pups are highly

precocious and, given that maternal behaviour is
selective in most cases, the premature locomotory
capabilities enable them to keep in close contact
with their mothers and so diminish the probability
of being injured by other females (Bowen, 1991;
Harcourt, 1992). Mothers alternate foraging trips
at sea with nursing periods ashore (Boness &
Bowen, 1996). When mothers leave the colony,
pups stay in the rookery and gather in groups (also
known as “pup pods”; Bowen, 1991). In these
groups, pups rest and play; and in some species,
group formation serves as a thermoregulatory
mechanism (e.g., Northern fur seals [Callorhinus
ursinus|; Ohata & Miller, 1977).

Social play between two or more individuals is
very conspicuous in otariid pups, serves to develop
social skills and physical abilities, and changes in
frequency with ontogeny (see Bartholomew, 1959;
Gentry, 1974; Arnold & Trillmich, 1984; Harcourt,
1991a). In males, for example, development of
social skills is important for the establishment
and defense of a territory as an adult. Moreover,
swimming play enables the pups to acquire com-
petitive foraging as well as predator avoidance
skills (Harcourt, 1991a, 1991b). Nevertheless,
social play is also costly since it might be one
of the most energetically demanding activities of
pups (Coelho, 1974). In addition, when mothers
are ashore, social play increases the probability
of separation and so the risk of injury by adults
and of predation (Arnold & Trillmich, 1984;
Harcourt, 1991a, 1991b). Therefore, the regular
lack of maternal attention together with the preco-
cious nature of otariid pups makes the study of the
behavioural ontogeny particularly interesting since
it will be crucial for the integration of complex
social systems as adults (Bartholomew, 1959).

The South American sea lion (Otaria flave-
scens) (Shaw, 1800) is an otariid that is distrib-
uted along the Atlantic coast from Rio de Janeiro
(ca 23° S), Brazil, to the southern limit of South
America, and from there, along the Pacific coast
to Zorritos (ca 4° S), Peru (Vaz-Ferreira, 1981).
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This sexually dimorphic and polygynous spe-
cies breeds during the austral summer, with most
parturitions occurring in January. After a perinatal
period of about a week, mothers begin to alter-
nate foraging trips at sea (ca 3 d), with nursing
bouts ashore (2 d). Pups may be nursed for 1 y or
longer (Campagna & Le Boeuf, 1988) and form
groups during maternal absences (Vaz-Ferreira,
1981; Campagna et al., 1992). The main causes of
pup death are infanticide by conspecific males and
starvation following mother-pup separation and
failure to reunite (Vaz-Ferreira, 1965; Vaz-Ferreira
& Achaval, 1979; Campagna et al., 1988a, 1988b,
1992; Vila & Cassini, 1990).

Since Bowen (1991) suggested that pup group
formation may serve to reduce the risk of aggres-
sion by adults, and due to the importance of study-
ing the behavioural ontogeny in otariids, the aim of
this research was to study aggregation behaviour
in O. flavescens pups at Isla de Lobos, Uruguay,
one of the breeding areas along the Atlantic coast
of South America. Specifically, the study focused
on the number and size of the pup groups as well
as on the type of activity (rest, interaction on
land, interaction at sea), including the ontogenetic
changes that occur during the first 2 mo of life.

Materials and Methods

Study Area and Study Period

Fieldwork was conducted at Isla de Lobos
(35°01' S; 54° 52' W) during the breeding season
of 2007, between 19 January and 22 March, cor-
responding to a pup age of a few days to about
2 mo. About 800 adult females and 350 adult
males of O. flavescens can be found on this island
in summer (Enrique Pédez, pers. comm.). The
42-ha granite island is located 6 nmi from the city
of Punta del Este in the Atlantic Ocean. Its longest
axis is ca 1,230 m, oriented from south to north,
and its maximum width is ca 690 m from west to
east. Most of the central area is a plateau covered
with grass, calaguala ferns, and cactus.

The study area was the zone “La Cachimba-
El Mero,” where approximately 80 pups are born
each summer, representing 20 to 25% of the
total pups at Isla de Lobos (Enrique Paez, pers.
comm.). This area, which was 75 m long and 25 m
wide, was located at the north-northwestern sec-
tion of the island and consisted of a flat rocky area
with a slope of no more than 10°. Near the north-
ern edge of the colony, there was a small beach
of sand and gravel. The South American fur seal
(Arctocephalus australis) also breeds in this zone.
Since fur seals are much more abundant, O. flave-
scens breeding groups are surrounded by them.

Data Recording
A pup group was defined as two or more pups
in physical contact. The behavioral states of
individuals were defined as (1) rest, including
sleep, or (2) interact (i.e., bite, sniff, move, or
swim), and activities occurring in the same group
were mixed (minimum size in mixed groups is
three: two pups interacting and one resting).
Instantaneous scan-samples (Altmann, 1974)
were conducted on land at the edge of the colony
with binoculars 10 x 50 mm every 2 h from 0800 to
1800 h over the 9-wk study period, and the number
of pup groups in the area, number of pups per group,
behavioral state of individual pups, and location
(land or sea) were recorded. The total number of
pups in the area was counted at 0700, 1200, and
1700 h. All observations were made by MR.

Data Analysis

A Spearman’s coefficient correlation was used to
analyse the daily number of pup groups per scan
(total number of groups/total number of scans) and
the maximum number of pups (maximum value
of the three daily counts). Temporal variation in
group size was tested using r x ¢ contingency table
analysis considering the pup group size categories
of 2, 3, and 4+ pups by week, excluding the last
week because few groups were observed. The
pup group size category of 4+ pups was pooled
because the frequency was less than 10%.

The number of pup groups in each activity
(rest, interaction—including land and sea, and
mixed) was examined by week, time of day, and
pup group size. Furthermore, in the case of inter-
action pup groups, the number of pup groups at
sea was examined by week and pup group size.
For these analyses, r x ¢ contingency table anal-
ysis was used. Correlation analysis was done in
Statistica 6.0, while r x ¢ contingency tables were
performed online (www.physics.csbsju.edu/stats).
Significance level was set at o = 0.05.

Results

From 19 January to 22 March, 1,501 pup groups
were observed. The number of pup groups varied
over time—increasing during the first month and
declining after 20 February. The number of pup
groups (see Figure 1) was correlated with the number
of pups in the study area (r = 0.8144, p < 0.001).

Pup group size of 2 was most frequent (60.2%),
followed by groups of 3 (20.1%) and 4+ (19.7%)
pups. Group size (see Figure 2) varied signifi-
cantly over the weeks of the study period (X?1.474.14
=33.6, p = 0.002 for categories 2, 3, and 4+ pups/
group and 1 to 8 wks).

The predominant activity was rest (57.4%),
followed by interaction (40.3%). Mixed activity
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Figure 1. Temporal variation over the study period in the number of pup groups of South American sea lions per scan (black)
and in the total number of pups in the study area (gray) at Isla de Lobos
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Figure 2. Percentage of pup groups (n = 1,501) of South American sea lions in each group size category (2, 3, and 4+ pups)
by each week of the study period

constituted only 2.3%. Rest was the most frequent (Xuers = 64, p < 0.001 for categories rest and
activity during almost all of the weeks. Activity interaction and 8 to 18 h). Resting pup groups
in pup groups did not vary over the 9-wk study increased throughout the day, while interaction
period (X?ues = 12.9, p = 0.115). However, it pup groups decreased (see Figure 3a).

varied significantly according to the time of day
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Figure 3. (a) Percentage of pup groups (n = 1,501) in rest and interaction of South American sea lions at different times
throughout the day; (b) Percentage of pup groups (n = 1,501) in each activity by group size (from 2 to 7+ pups).

Activity varied in pup groups according to
group size (X?ues = 78.4, p < 0.001 for categories
rest and interaction and 2 to 7+ pups/group, and
X075 = 35.1, p < 0.001 for categories rest, inter-
action, and mixed and 3 to 7+ pups/group). The
larger the group size, the higher the proportion of
resting groups (Figure 3b).

Twenty-two percent of pup groups were
recorded at sea. The proportion of pup groups
at sea (see Figure 4) increased significantly over
the weeks of the study period (X*is0s =43.9, p <
0.001). The number of interaction groups at sea
varied significantly according to group size (XZuoss
= 29.2, p < 0.001 for categories 2 to 5+ pups/
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Figure 4. Percentage of pup groups (n = 328) of South American sea lions at sea by weeks of the study period

group); large groups in interaction were more fre-
quent at sea than on land.

Discussion

The results of this study suggest that pup aggregation
is frequent during ontogeny in South American sea
lions at Isla de Lobos. This finding supports anec-
dotal reports for other otariids. Previous authors have
suggested that the selective benefits of pup aggrega-
tion would include the development of social skills
and physical abilities, and the reduction of risk of
adult aggression (Bowen, 1991). Campagna et al.
(1992) found that pup mortality in O. flavescens in
Argentina was much less in rookeries of hundreds
of individuals compared to solitary mating pairs for
which the main causes of mortality were infanticide
by conspecific young males and starvation follow-
ing mother-pup separation and failure to reunite.
As pups’ aggregation behaviour was typical in the
colonial context (Campagna et al., 1992), we could
suggest that it contributed to pup survival. However,
pup group size was not studied in those rookeries
nor its relationship with male attacks.

The increase in the number of groups of O. fla-
vescens pups over time until mid-February could
be explained by the increase in the number of new-
born pups due to parturitions, while the decrease
observed since that date could be associated with
the decreasing number of pups in the area due to
their movement to other beaches with their moth-
ers (Trimble, pers. obs.). The low number of pup
groups formed during the first week is likely
due to the close contact that pups maintain with

mothers during the perinatal period as well as to
the lower degree of pup mobility.

Results also showed that O. flavescens pups at
Isla de Lobos usually form small groups of two
or three pups. This could be mainly explained by
the low density of pups in the area. However, the
great number of individuals of the sympatric spe-
cies A. australis may also prevent O. flavescens
pups from getting closer with each other to form
bigger groups. During this study, we observed
some interspecific groups of pups, but we did not
record their presence.

Even though pup group size varied over the
study period, we did not find an obvious trend since
groups of two pups were the most represented in
all weeks. We would have expected an increase in
pup group size with age due to greater mobility as
pups grew. This was found in C. ursinus, although
on a larger scale: groups consisted of several
dozens of pups at the beginning of the breeding
season and after some time they consisted of sev-
eral hundreds individuals (Bartholomew, 1959).

The finding of rest being the predominant activ-
ity in pup groups (57.4%) could mean that pups
may need to save energy during maternal absences,
and in this way, weight gain would be maximized.
On the other side, interaction groups (40.3%)
could be linked to the development of physical
and social skills as previously mentioned. The
very low frequency of groups with mixed activity
may be partially explained by the predominance of
group size of two pups in which rest and interac-
tion cannot occur at the same time. Additionally, it
can be a consequence of the low rate of sampling
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(instantaneous scan sampling), which minimizes
the likelihood of encountering brief activities.

Although the activity of pup groups did not
vary significantly over the study period, we
would have expected an increase in interaction
with age since the physical and social abilities
are greater as pups grow as has been found in C.
ursinus (Bartholomew, 1959) and Arctocephalus
galapagoensis (Galapagos fur seal) (Arnold &
Trillmich, 1984). However, this trend might be
counteracted if females’ feeding trips were longer
as pups grew since pups would need to fast for a
longer period.

Variation in pup group activity during the day
indicates that pups are most active early in the
morning and rest more in the afternoon. Time vari-
ation in pup group activity has not been reported
in other otariids.

The highest proportion of rest in larger pup
groups could be explained by the dilution effect.
Since pups in resting groups would be less aware
of adult behaviour than when they are interacting,
they would benefit from spending less time on
vigilance (Krebs & Davies, 1993). Alternatively,
interaction enhances the development of behav-
iours necessary for successful adult interactions.
Resting in large groups might serve as a thermo-
regulatory mechanism.

The increase in the proportion of pup groups
at sea over the weeks might be expected due to
the development of locomotory abilities with
age. In other otariids, it has been found that pups
spend more time at sea as they grow (C. ursinus,
Bartholomew, 1959; A. galapagoensis, Arnold &
Trillmich, 1984; A. forsteri & A. gazella, Bowen,
1991; A. australis, Harcourt, 1991a). Interacting
at sea may enhance swimming skills that eventu-
ally lead to predator avoidance and foraging skills
after weaning. Larger group size at sea may reduce
attacks by both conspecific males and other preda-
tors such as sharks.

To sum up, this research represents one of the
first detailed analyses about aggregation behav-
iour in otariid pups. It would be very interesting
to conduct similar studies in other rookeries along
the distribution of O. flavescens so as to inves-
tigate the influence of different factors such as
population density, adults’ behaviour, and beach
topography.

Acknowledgments

We are grateful to “Bocha” Olivera, ‘“Mulato”
Veiga, and “Palito” Casella for their help in mark-
ing the animals and for giving us permanent
advice during our stay in the island. We also thank
Gabriela Arévalo, Maria José Benitez, Edurné
Cawen, Valentina Franco, Matsumi Ihara, Cecilia

Jaureguy, Soledad Noya, and Ménica Quevedo for
their assistance in the field. DINARA (National
Direction of Aquatic Resources) provided us
with permits (No. 705/2006) and logistical sup-
port. We thank Enrique Pdez for discussing details
about data recording as well as for helping us with
the data analysis. We thank V. Franco, Bettina
Tassino, and Valeria Zamisch for their useful
comments and suggestions to early versions of
this manuscript. Two anonymous referees and the
editor also made valuable comments.

Literature Cited

Altmann, J. (1974). Observational study of behaviour:
Sampling methods. Behaviour, 49(3/4), 227-265.

Armold, W., & Trillmich, F. (1984). Time budget in
Galapagos fur seal pups: The influence of the mother’s
presence and absence on pup activity and play.
Behaviour, 92, 302-320.

Bartholomew, G. A. (1959). Mother-young relations and
the maturation of pup behaviour in the Alaska fur seal.
Animal Behaviour, 7, 163-171.

Boness, D. J., & Bowen, W. D. (1996). The evolution of
maternal care in pinnipeds. Bioscience, 46, 645-654.
Bowen, W. D. (1991). Behavioural ecology of pinniped
neonates. In D. Renouf (Ed.), Behaviour of pinnipeds

(pp. 66-127). London: Chapman and Hall. 410 pp.

Campagna, C., & Le Boeuf, B. J. (1988). Reproductive
behaviour of southern sea lions. Behaviour, 104, 233-
261.

Campagna, C., Le Boeuf, B. J., & Cappozzo, H. L. (1988a).
Group raids in southern sea lions. Behaviour, 105, 224-
249.

Campagna, C., Le Boeuf, B. J., & Cappozzo, H. L. (1988b).
Pup abduction and infanticide in southern sea lions.
Behaviour, 107, 44-60.

Campagna, C., Bisioli, C., Quintana, F., Perez, F., & Vila,
A. (1992). Group breeding in sea lions: Pups survive
better in colonies. Animal Behaviour, 43, 541-548.

Coelho, A. M. (1974). Socio-bioenergetics and sexual
dimorphism in primates. Primates, 15, 263-269.

Gentry, R. L. (1974). The development of social behavior
through play in the Steller sea lion. American Zoologist,
14, 391-403.

Harcourt, R. (1991a). The development of play in the South
American fur seal. Ethology, 88, 191-202.

Harcourt, R. (1991b). Survivorship costs of play in the
South American fur seal. Animal Behaviour, 42, 509-
511.

Harcourt, R. (1992). Maternal aggression in the South
American fur seal in Peru. Canadian Journal of Zoology,
70, 320-325.

Krebs, J. R., & Davies, N. B. (1993). An introduction to
behavioural ecology. Oxford, UK: Blackwell Scientific
Publications. 420 pp.



Aggregation Behavior in South American Sea Lion Pups

Ohata, C. A., & Miller, L. K. (1977). Some temperature
responses of Northern fur seal (Callorhinus ursinus)
pups. Journal of Mammalogy, 58(3), 438-440.

Riedman, M. (1990). The pinnipeds: Seals, sea lions, and
walruses. Berkeley: University of California Press.

Vaz-Ferreira, R. (1965). Comportamiento antisocial en
machos sub-adultos de Otaria byronia (de Blainville),
(lobo marino de un pelo) [Antisocial behavior in sub-
adult males Otaria byronia (de Blainville), (southern sea
lion)]. Revista Facultad de Humanidades y Ciencias,
Montevideo, Uruguay, 22, 203-207.

Vaz-Ferreira, R. (1981). South American sea lion Otaria
flavescens (Shaw, 1800). In S. H. Ridgway & R. J.
Harrison (Eds.), Handbook of marine mammals (2nd
ed.). Vol. 1: The walrus, sea lions, fur seals and sea otter
(pp- 39-65). London: Academic Press.

Vaz-Ferreira, R., & Achaval, F. (1979). Relacién y recono-
cimiento materno-filial en Otaria flavescens (Shaw)
“lobo de un pelo,” y reacciones de los machos subadul-
tos ante los cachorros [Relationship and mother-pup
recognition in Otaria flavescens (Shaw) “Southern sea
lion,” and the reactions of subadult males to the pups].
Acta Zoologica Lilloana, 35, 295-302.

Vila, B. L., & Cassini, M. H. (1990). Agresividad entre hem-
bras y separacién madre-cria en el lobo marino del sur,
en Chubut, Argentina [Female aggression and mother-
pup separation in the southern sea lion, in Chubut,
Argentina]. Revista Chilena de Historia Natural, 63,
169-176.

61



