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Abstract

Since 1989, interactions between marine mammals and fisheries have been monitored
along the Atlantic Patagonian coast. The Argentinian national fishing fleet in the area is
composed of approximately 208 vessels (75% trawlers; 16% jiggins; 9% longliners). The
fleet operates the year-round from eight harbours between Escondida Island and San Jorge
Gulf (80 000 naut. miles2). The important target species are: hake (Merluccius hubbsi),
shortfin squid (IIlex argentinus) and shrimp (Pleoticus muelleri), while several tons of
other fish are discarded. The dusky dolphin (Lagenorhynchus obscurus), the Commerson's
dolphin (Cephalorhynchus commersonii) and the southern sea lion (Otaria flavescens) are
incidentally caught. The dolphins become entangled mainly in mid-water trawls at night,
while the sea lions become entangled in any kind of trawl. Annual mortality rates ob-
tained are 170-480 sea lions (mostly males; figure estimated to be 1–2% of the population
size in the area), 70–200 dusky dolphins (70% females) and 25–170 Commerson's dol-
phins. Feeding habits of top predators, fish catch and bycatch of the fishery were also
studied. Dusky dolphins in the area prey mainly on anchovy and squid, while hake was the
most important food item for Commerson's dolphins and male southern sea lions. Squid is
also important prey for sea lions and overlaps in size with the fish taken by the commer-
cial fishery. Fishing areas for squid taken by jigging vessels overlap in part with those of
foraging sea lions. Even though the commercial size for hake is 30 cm or larger, smaller
hakes are largely discarded by the fishery. A combination of operational and specific in-
teractions have been detected. At present, mortality rates seem to be low and there is
insufficient evidence of competition for prey species. However, there is concern about the
large amounts of fish (particularly hake) discarded by the fishery.
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Introduction

Since 1974, the interactions between marine
mammals and fisheries along the southwestern
Atlantic Ocean off the coast of Uruguay have been
studied (Brownell and Praderi, MS 1974; Crespo
et al., 1986; Kasuya and Brownell, 1979; Praderi,
MS 1976, MS 1979, MS 1982, MS 1983 and Praderi
et al., 1989). The franciscana dolphin, Pontoporia
blainvillei, was the species most often affected by

incidental mortality in these small-scale fisheries.
The same situation was observed involving the
franciscana dolphin along the southern coast of
Brazil by Pinedo (1985, 1986) and Praderi et al.
(1989).

Preliminary surveys along the coast of Argen-
tina were carried out between 1984 and 1986 by
Pérez Macri and Crespo (1989) and by Crespo and
Corcuera in 1990 (Crespo et al., 1994a, b, c), with
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the aim of studying the interactions between fish-
eries and franciscana dolphins and other cetacean
species (main ly bot t lenose dolphin Tursiops
truncatus and dusky dolphin Lagenorhynchus
obscurus). Mortality rates were only roughly esti-
mated for P. blainvillei (Pérez Macri and Crespo,
1989). Fishery mortality of long-finned pilot whales
Globicephala melas was also studied by Bastida and
Lichtschein (1986). Southern Santa Cruz Province
and Tierra del Fuego Island were surveyed by
Goodall et al. (1994). Preliminary estimations of
marine mammal mortality rates off Argentina were
not very accurate nor complete, although detailed
records of information were kept in several areas
such as the Necochea-Claromecó area since 1988
and the coasts of Patagonia since 1989 (Monzón and
Corcuera, 1990; Corcuera et al., 1994; Crespo et
al., 1994a, b, c).

The biology of several marine mammal species
in Argentina was studied mainly from specimens
recovered from fisheries. The studies were directed
towards specific interactions, particularly concern-
ing predator-prey relationships, competition for
common resources and transmission of parasites.
The following studies were developed after the
study of operational interactions: age and reproduc-
tion of franciscana dolphin, dusky dolphin, south-
ern sea lion (Otaria flavescens), Burmeister's por-
poise (Phocoena spinipinnis) and Commerson's
dolphin (Cephalornynchus commersonii) (Corcuera
and Monzón, 1990; Crespo et al., 1994d; Dans et
al., 1993a,b; 1997; Monzón and Corcuera, 1990),
physical maturity (Corcuera et al., 1994), feeding
habits (Crespo et al., 1994c; Koen Alonso et al.,
1993 a,b; 1998; Pérez Macri, 1986), parasites (Raga
et al., 1990; Reyes et al., 1992, 1993) and chlori-
nated hydrocarbons (Borrel et al., 1990).

Materials and Methods

Interv iews wi th  government  o f f icers  and
fishermen

Information was recorded during interviews
with fishermen from 88 vessels, mainly from the
industrial f ishery operating at Puerto Madryn,
Comodoro Rivadavia, Puerto Deseado and Ushuaia.
Information was also gathered, with less intensive
effort ,  f rom the smaller harbours at Rawson,
Camarones, Caleta Córdoba and southern coast of
Santa Cruz Province. Additional information was
obtained by reviewing files and by interviewing
officers from the Fisheries Agencies at Chubut and
Santa Cruz Provinces, and the National Coast
Guard.

Monitoring of fishing vessels

The main characteristics of the fishing opera-
tions were recorded by direct observation at the
harbours between the fishing trips, by monitoring
a total of 20 vessels between 1992 and 1994. The
duration of the fishing trips, the fishing area, type
of gear, target species, fishing operations and ma-
rine mammal catches were recorded.

Research trips and sampling on fishing vessels

A total of 150 days were expended on board of
fishing vessels by members of the research team in
order to evaluate directly, cetacean sightings, inci-
dental mortality and other by catch information.

By-catch information of the shrimp (Pleoticus
muelleri) and the hake (Merluccius hubbsi) fisher-
ies were also collected on board the vessels, with
the objective of evaluating the species discarded
and their relative abundance. For that purpose, 90–
100 kg of f ish and other species caught were
sampled from each tow. Tows were sampled during
morning, afternoon and evening operations. Each
tow was sampled at the begining, in the middle and
at the end of fish processing in order to avoid dif-
ferences in fish catch composition within the net.

Classification of the fishing types in the trawl-
ing fishery

In order to assess correctly the impact of the
fishery on the marine mammal populations, the fish-
ing fleet was classified into homogeneous compo-
nents. Those fishing types were defined according
to trawl type (bottom or mid-water trawl), gear
(mesh size, size of the mouth of net), target species
(hake and shrimp) and time of operation (diurnal
or nocturnal activity). Preliminary estimates were
made of nominal fishing effort for each fishing type.
This was converted to the total number of fishing
days per year by a summation of the individual days
per vessel.

Calculation of marine mammal by-catch

The catch rates were calculated in three differ-
ent ways:

1. Total catch rate (TCR):

   

TCR =

m iΣ
i = 1

n

t iΣ
where  m i  is the number of animals caught
by the vessel i  during the survey, t i

is fish-
ing days of the vessel i  during the survey,
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and n is the total number of vessels.

2. Average catch rate (ACR):

   

ACR =

m i

t i
Σ

i = 1

n

n

where ACR is the mean value of catch rate
for individual vessels.

3. Maximum catch rate (MCR): when MCR
considers a uniform catch rate which is
equal to the maximum individual vessel
rate within a fishing type. It is calculated
for a fishing type on the basis of the vessel
with the highest catch rate, and applied to
the remaining vessels of that type.

The number of animals caught annually was
estimated by multiplying the catch rate by the nomi-
nal fishing effort for each type.

Age and reproductive condition of the mammals
caught by the fishery

In order to know age and sex composition of
the catches, age and reproductive status were de-
termined for 25 dusky dolphins, 9 Commerson's
dolphins and 7 southern sea lions incidentally
caught in trawling nets in northern Patagonia. The
specimens collected were usually frozen on board
at -20°C.

Standard length was measured following Norris
(1961). Several teeth were collected from each in-
dividual. After decalcifying them in 5% formic or
nitric acid, haematoxylin-stained sections 16–18µ
thick were obtained (Crespo et al., 1994d; Hohn,
1980; Perrin and Myrick, 1980). Growth layer
groups in dentine and cementum were counted, as-
suming annual deposition.

During dissection, mammary glands were ex-
amined for presence of milk production and uter-
ine horns were examined for the presence of foet-
uses. Ovaries were fixed in 10% formalin solution
or Bouin's solution. The number of corpora lutea
and corpora albicantia were counted by slicing the
cortex at 2–3 mm intervals.

Each female was classified into the following
categories according to Perrin and Donovan (1984):
Immature: the female did not present corpora lutea

or corpora albicantia; Mature: at least one corpus
luteum or one corpus albicans was present; the lat-
ter category was further classified into resting, lac-
tating, pregnant or pregnant and lactating females.

Testes were fixed in 10% formalin or Bouin's
solution. After removal of the epididymides, each
testis was weighed and measured by means of a
caliper. An epididymal smear was taken in order to
determine the stake of spermatozoa. By means of
histological analysis and the prescence of sperm
production, each male was classified into the fol-
lowing categories according to Hohn et al. (1985):
immature, pubescent and mature.

Stomach contents and relative importance of
prey analysis

The study of feeding habits was performed by
examination of food remains in the stomachs of 20
dusky and 9 Commerson's dolphins and 24 south-
ern sea lions. Dolphins were all caught by fishing
vessels at San Jorge Gulf between 1989 and 1994,
while most of them (73%) were caught between
1992 and 1994. The sample of sea lions (11 males
and 13 females) were both from fishing vessels and
dead individuals collected in beaches and rooker-
ies between 41°S and 47°S. More than 70% were
collected between 1991and 1995.

Prey species were identi f ied by means of
otoliths and bones in the case of fish, lower beaks
of squid and exoskeletons of crustaceans. The im-
portance of prey was studied by means of the In-
dex of Relative Importance (IRI) (Pinkas et al.,
1971), replacing the volume term by the percent-
age of the estimated weight (Castley et al., 1991).

Wet weight (W) of the prey was estimated from
size based on regressions between measured W and
size (total length, TL, for fish or dorsal mantle
length, DML, for squid) and between size and mea-
sures of otoliths or beaks (otolith length, OL, lower
rostral length, LRL, or lower hood length, LHL)
(Clarke, 1986; George-Nascimento et al., 1985;
Pinedo, MS 1982).

The study of overlap in the use of resources was
carried out by means of the Adjusted General Over-
lap Index (GOa) (Ludwig and Reynolds, 1988;
Petraitis, 1979). The null hypothesis of the com-
plete overlap was tested by using the V statistic
(Ludwig and Reynolds, 1988). The overlap analy-
sis between marine mammals and fisheries was
restricted to the important prey items in the diet of
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the mammals. In order to analyze the use of com-
mon resources, prey species were categorized in
size-classes as follows:

1) The hake (M. hubbsi) was divided into three
categories: a) primary juveniles less than
12 cm TL; b) secondary juveniles between
12 and 30 cm; c) preadults and adults more
than 30 cm (Angelescu and Prenski, 1987).

2) The shortfin squid (I. argentinus) was di-
vided into two categories: a) less than
20 cm DML; b) more than 20 cm DML
(commercial size).

3) The patagonian squid (Loligo gahi) was in-
cluded in only one category because almost
all sizes can be marketed and even small
individuals are caught by the trawling fish-
ery (personal observations).

4) The southern anchovy (Engraulis anchoita)
was divided into two categories: a) juve-
niles less than 10 cm TL; and b) preadults
and adults more than 10 cm TL (Angelescu,
1982) (commercial size).

Results

Description of the highseas fisheries

Fisheries along the coast of Patagonia involve
five ports at Chubut Province (Puerto Madryn,
Puerto Rawson, Camarones, Caleta Córdoba and
Comodoro Rivadavia), two at Santa Cruz Province
(Puerto Deseado and Punta Quilla) and one at Tierra
del Fuego Province (Ushuaia). Most of the larger
vessels operated from Puerto Madryn and Puerto
Deseado (Table 1). It should be mentioned that an
unknown number of fishing vessels operated from
northern harbours (e.g. Mar del Plata in Buenos
Aires Province) and foreign vessels that fished on
the border of the Exclusive Economic Zone (EEZ).

The Argentinian Government agencies classify
fishing vessels into four categories, which are:
Close Coastal (CC), Distant Coastal (DC), Freez-
ing (FZ) and Factory (F) vessels, which differ one
from another by vessel length, engine power, fish
processing and freezing hold capacity. The most
common fishing gear in the north and central
Patagonia was the trawl, which was used by around
80% of all fishing vessels. Two other fishing gear,
jigging and longlining, were used by a small num-
ber of freezing vessels (19 and 34 from a total of

208 for 1995, respectively) (Table 1). It should be
noted that in the last two years the number of
foreing jigging vessels increased over this figure.

The trawling fishery

The trawling fishery up to 1995 included, 155
vessels of which 149 operated in northern and cen-
tral Patagonia (Table 2) from all fishing harbours
with the exception of Ushuaia, from which the re-
maining six vessels operated.

The most important target species for the trawl-
ing fleet in the northern and central region included:
shrimp and hake. Other associated species of com-
mercial importance were shortfin squid, patagonian
squid,  Braz i l ian sandperch (Pseudoperc is
semifasciata), pink cusk-eel (Genypterus blacodes),
grouper (Acanthistius brasilianus), sole (Para-
lichthys sp.), southern anchovy, parona leatherjack
(Parona s ignata)  and b lackbel ly  rosef ish
(Helicolenus lahillei).

The most important fishing grounds for this
fleet were located in the following areas: Escondida
Island (43°30'–44°S; 64°–65°18'W), Bajo de los
Huesos (43°–43°30'S; 64°–65°W), North of San
Jorge Gulf and Camarones Bay (44°–46°S; 65°–
67°W), South of San Jorge Gulf (46°–47°S; 65°–
66°W) and Puerto Deseado (46°–48°S; 62°–65°W).

The vessels showed a different spatial and tem-
poral distribution depending on the target species;
those fishing for hake operated farther from the
coast and moved northward during summer (Fig.
1), while those fishing for shrimp operated closer
to the coast and remained in the same area the whole
year (Fig. 2)

Additionaly, six large factory vessels operated
from Ushuaia fishing for Patagonian grenadier
(Macruronus magellanicus) and southern blue whit-
ing (Micromesistius australis) for "surimi" (mid-
water and bottom trawlers). Fishing areas were lo-
cated between Burwood Bank and the shelf between
Malvinas island and Tierra del Fuego.

The trawling fleet used two different types of
net: a) one conventional net operated from the stern
(66% of the trawlers); b) two smaller nets operated
from the sides of the vessel by means of a two-rig
system (34% of the trawlers). The latter was used
exclusively to catch shrimp. The mesh sizes of the
bag (stretched) were 12 cm and 6 cm for hake and
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shrimp trawl nets, respectively. The nets were made
of nylon multifi lament. Small vessels carry on
board only one net. Vessels over 30 m length carry
more than one net which are ready to be changed
when sailing. The larger vessels (FZ and F) carry
an echosounder and all, except of CC, have detec-
tion equipment.

Fishing types and nominal fishing effort for the
trawling fishery

Nine types were defined as follows for the
t rawl ing f leet  s tud ied (nor thern and centra l
Patagonian coast):

Type 1. Used during diurnal bottom trawling by
CC vessels. The mouth of the net is 1.5
m high and 8 m wide, and the target spe-
cies are hake and shrimp.

Type 2. Used during diurnal bottom trawling by
DC vessels. The mouth of the net is 3 m
high and 25 m wide, and the target spe-
cies is hake.

Type 3. Used during diurnal bottom trawling by
FZ and F vessels. The mouth of the net is
3 m high and 42 m wide, and the target
species is shrimp.

Type 4. Used during diurnal bottom trawling by
F vessels. The mouth of the net is 3.5 m
high and 49 m wide, and the target spe-
cies are hake, grouper, Brazilian sand-
perch, pink cusk-eel and squid.

Type 5. Used during diurnal bottom trawling by
two-rig system FZ vessels. Each net has
a mouth 0.8 to 1.5 m high and 28 m wide,
and the target species is shrimp.

TABLE 1. Composition of the fishing fleet operating from mayor harbours in Patagonia up to 1995, according
to vessel type (CC: close coastal, DC: distant coastal, FZ: freezing, F: factory) and fishing gear
(TRW: trawling, LL: longline, JG: jigging).

Type of Vessel: CC DC FZ F
Fishing Gear: TRW TRW TRW LL JG TRW Total

Harbour:

Puerto Madryn – 5 25 4 14 13 61
Comodoro Rivadavia 2 15 3 – – – 20
Rawson 21 13 – – – – 34
Caleta Córdova 6 – – – – – 6
Puerto Deseado – – 39 7 20 7 73
Ushuaia – – – 8 – 6 14

Total 29 33 67 19 34 26 208

TABLE 2. Characteristics of the trawling vessels operating from Patagonian harbours up to 1995. Standard
deviations are presented in parenthesis below the value.

Main Values
Type of Length DSP Main engine Hold Year of Trip duration
Vessel (m) (ton) (HP) (m3) construction (days)

Close coastal 16 28 186 28 1 955 0.5
   n = 29 (2) (14) (89) (16) (21)

Distant coastal 27 158 532 154 1 977 4.5
   n = 33 (7) (143) (277) (103) (12) (1.7)

Freezing 36 310 1 041 293 1 979 33.9
   n = 67 (8) (180) (427) (178) (9) (5.5)

Factories 74 1 592 2 918 1 663 1 971 48.1
   n = 20 (10) (828) (1 061) (1 004) (5) (11.3)
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Fig. 1. Fishing areas of the Patagonian trawling fleet operating for hake (Merluccius hubbsi)
during summer (September–February) and winter (March–August) between 1992
and 1995.

Type 6. Used during diurnal bottom trawling by
F vessels. The mouth of the net is 5 m
high and 42 m wide, and the target spe-
cies are hake, grouper, Brazilian sand-
perch, pink cusk-eel and squid.

Type 7. Used during diurnal bottom trawling by
factory vessels. The mouth of the net is
7 m high and 52 m wide, and the target
species is shrimp.

Type 8. Used during nocturnal mid-water trawl-
ing by factory vessels. The mouth of the
net is 20 m high and 40 m wide, and the
target species is shrimp.

Type 9. Used during nocturnal mid-water trawl-
ing by factory vessels. The mouth of the
net is 42 m high and 42 m wide, and the
target species is hake.

The total number of effective fishing days per
year of the Patagonian trawling fishery was 39 213
days/year for a total of 149 fishing vessels. Fish-
ing Type 5 accounted for almost half of the total
fishing effort (40%), followed in importance by
Type 2 (26%), Type 4 (13%) and Type 1 (7%)
(Fig. 3).

The national and foreign fleet for squid

The fleet for squid jigging consisted of at least
110 vessels in 1995. Part of this fleet consisted of
34 national vessels operating from Patagonian
harbours (Table 1) and 50 or more foreign vessels
operating from these and other harbours. All these
vessels fished inside the EEZ of Argentina. Out-
side the EEZ, an international fleet mainly com-
posed of jigging vessels operated on the continen-
tal shelf. An estimated number of vessels operating
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Fig. 2. Fishing areas of the Patagonian trawling fleet operating for shrimp (Pleoticus
muelleri) during summer (September–February) and winter (March–August) between
1992 and 1995.

in this area were no less than 150 (Anonymous,
1994).

The target species were shortfin squid and black
squid (Martialia hyadesi), which are found alone
or in mixed groups, and the Patagonian squid was
also caught. Areas for squid jigging ranged from
Mar del Plata (38°S) to San Sebastián Bay (53°S),
from the 100 m isobath in the continental shelf to
the continental slope. The fishing vessels operated
in the south during summer and moved farther north
during the course of the year (Fig. 4).

Recently, records of interactions between the
jigging fishery and marine mammals have been re-
corded, but not quantified. Southern sea lions and
Commerson's dolphins are reported to entangle lines
of jigging machines, prey on squid, and scatter the
schools.

The longline fishery

The longline fleet was composed in 1995 of at
least 19 vessels operating in two separate fishing
areas from Puerto Madryn, Puerto Deseado and
Ushuaia (Fig. 5).

The target  spec ies inc luded Patagonian
toothfish (Dissostichus eleginoides), pink cusk-eel
and hake. The bait used for longlines was mainly
squid. Fishing areas for Patagonian toothfish were
mainly at Burwood Bank, neighbouring areas off
Tierra del Fuego, Staten Island and South Georgias
Islands, and the continental slope up to 47°S. Fish-
ing area for pink cusk-eel and the hake was from
Rawson (43°S) to Puerto Deseado (47°S) and from
64°W to the continental slope.

The number of vessels fishing for Patagonian
toothfish increased because of high commercial
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Fig. 3. Distribution of the annual fishing effort deployed by the
Patagonian trawling fleet (Fishing Types 1 to 9) operating in
northern and central  region  during 1992 to 1994 (n = 149).

demand. Associated species included Patagonian
hake (Merluccius australis), dogfish (Squalus sp.),
Patagonian smoothhound (Mustelus schmitti), Bra-
zilian sandperch, grouper, Patagonian cod (Salilota
australis), blackbelly rosefish and rays.

Close to Tierra del  Fuego,  k i l ler  whales
(Orcinus orca) and sperm whales (Physeter macro-
cephalus) have been reported to steal bait and
catches from longlines. These operational interac-
tions have not yet been quantified.

Estimation of marine mammals caught in the
trawling fishery

Out of the 149 fishing vessels operating in the
northern and central Patagonian coast, 20 trawlers
(Types 2–8) were monitored continuously; the ves-
sels were selected on the basis of the credibility of
fishing officers. From March 1992 to June 1994,
an estimated total of 97 marine mammals were in-
cidentally caught, during a total of 5 761 fishing
days for the monitored fishing vessels.

Southern sea lion catches were recorded in the
seven fishing Types. Dusky dolphins were caught
by three different fishing types while Commerson's
dolphins were caught by only two fishing types
(Table 3). The estimated number of specimens
caught by the fishery varied depending on the dif-
ferent calculations carried out. The specimens
caught ranged from 175 to 601 southern sea lions,
69 to 215 dusky dolphins, and 25 to 171 Commer-
son's dolphins.

Analysis of the age and reproductive condition
of the animals caught by the trawling fishery

Southern sea lion. For southern sea lions, a
catch bias existed towards young males. The age-
classes in the sample ranged from young males (1
year old) to adult males (8 or more years old), with
an average age of 3.1 ± 2.9 years. Two adult fe-
males were recovered. One of them was 14 years
old, probably pregnant due to the presence of a cor-
pus luteum. The other female recovered was 18
years old and lactating.

Dusky dolphin.  The ages in the sample of in-
cidentally caught dolphins ranged from 0 to 11
years. The sample was biased toward females (70%
of the catch). Among the eighty females, eight were
mature (44%) of which four were pregnant (50%).
The average age of the females was 5.9 ± 2.1 years.
There were seven males in the sample, two of which
were determined as  immature animals including
one newborn calf. Of the other five males in the
sample, four were determined as mature, judged by
testicular weights and sperm production. All of
these males were 8 years old or more. The average
age of the males was 7.2 ± 3.2 years.

Commerson's dolphin.  Even though the
sample was small (9), a high percentage of the in-
dividuals were females (7), indicating a bias in the
catch. Among the four mature females three were
in the resting stage and one was lactating. There
were no pregnant females in the sample. The aver-
age age was 8.7 ± 4.1 years (range 3–14). Only two
males were found, age 7.5 and 10 years.
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Fig. 4. Fishing areas for jigging vessels operating off Patagonia between 1992–95.

Analysis of marine mammals feeding habits

Twenty seven prey species were found in the
stomachs contents of three marine mammal species
studied, and  fish accounted for 17 species. The
most important prey items included hake, shortfin
squid ,  southern anchovy and Patagonian
squid (Fig. 6).

Twenty one prey species were found in male
sea lions and 18 were found in females. The spec-
trum of important prey items was more restricted
for males than for females. The most important prey
items for males included hake, and shortfin and
Patagonian squids. Four important prey species
appeared to be dominant in females: shortfin squid,
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Fig. 5. Fishing areas for longline vessels operating off Patagonia between 1992–95.

hake,  " raneya" (Raneya f lumnensis)  and red
octopuss (Enteroctopus megalocyathus) (Fig. 6).

With respect to the delphinid species, the prey
collection was more restricted than that of the
southern sea lion (8 species for the dusky dolphin
and 9 for Commerson's dolphin). Most important
prey species for dusky dolphin included anchovy,

shortfin and Patagonian squid and hake in decreas-
ing order. In the Commerson's dolphins, hake
seemed to be a preferred species followed by the
shortfin squid, while dusky dolphins had a more
evenly distributed food selection (Fig. 6).

The results obtained suggested that hake is the
most important prey for the marine mammals stud-
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TABLE 3. Estimated catch rates (TCR: total catch rate, ACR: Average catch rate (standard deviations in parenthe-
sis), MCR: Maximum catch rate) and total number of southern sea lions, dusky dolphins and Commerson’s
dolphins annually caught in trawls off Patagonia during 1992–94.

Annual effort
Fishing type (days) TCR Total per year ACR Total per year MCR Total per year

Sea lion

2 10 297 0.01014 104 0.0108 111 0.03810 392
(0.01350)

3 743 0.00775 6 0.00775 6 0.00775 6
4 5 270 0.00250 13 0.0036 19 0.01100 58

(0.00630)
5 16 068 0.00196 31 0.00188 30 0.00625 100

(0.00250)
6 2 135 0.00492 11 0.0063 13 0.01660 35

(0.00880)
7 610 0.00548 3 0.0055 3 0.00548 3
8 366 0.01813 7 0.0181 7 0.01813 7

Total 175 189 601
--------------------------------------------------------------------------------------------------------------------------------------------

Dusky dolphin

2 10 297 0.00068 7 0.00095 10 0.00952 98
(0.00301)

5 16 068 0.00049 8 0.00039 6 0.00390 63
(0.00120)

8 366 0.14804 54 0.14804 54 0.14804 54

Total 69 70 215
--------------------------------------------------------------------------------------------------------------------------------------------

Commerson's dolphin

2 10 297 0.00135 14 0.00155 16 0.01550 160
(0.0049)

8 366 0.03021 11 0.03021 11 0.03021 11

Total 25 27 171

ied followed by the shortfin squid, the Patagonian
squid and the southern anchovy.

Analysis of the use of common resources

The preliminary information gathered on hake
sizes caught by the  hake  fishery (one shipment
carried out in winter; intermediate continental shelf,
mesh size 12 cm) suggested that the fishery caught
sizes above 20 cm of TL with a mode in 30 cm TL
and range 20–50 cm (Fig. 7). Hake was also caught
as by-catch in the shrimp fishery. In this case the
fish ranged from 10 to 50 cm of TL (two shipments
during winter, mesh size 6 cm). The analysis of hake
sizes sampled revealed smaller hakes in coastal ar-
eas (northern San Jorge Gulf) than caught at the
intermediate continental shelf (eastern Mazarredo).

In the former case a mode was found around 20 cm
of TL, while a bimodal distribution at 20 and 35
cm, respectively, was found in the latter (Fig. 7).

Most of the hake consumed by the sea lions
belonged to sizes caught by the fishery, even though
only a part of it consisted of commercial sizes (Fig.
7). Dusky dolphins consumed hake of similar sizes,
overlapping in part with both male and female sea
lions. The Commerson's dolphin consumed smaller
sizes of hake than taken by the fishery (Fig. 7).

With respect to the shortfin squid, both dolphin
species fed on non-commercial sizes, while the sea
lions fed on larger sizes (commercial and non-com-
mercial) (Fig. 8).
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Fig. 7. Size frequency distribution of hake caught by top predators (sea
lion male and female, dusky dolphin, Commerson's dolphin,
offshore hake fishery, offshore shrimp fishery and coastal shrimp
fishery) off Patagonia.

Fig. 6. Cumulative index of relative importance (IRI) of southern sea lion, dusky and Commerson's dolphins' preys
off Patagonia.

Other important prey for marine mammals were
the Patagonian squid and the southern anchovy.
Both species are caught as by-catch in the shrimp

fishery in the northern San Jorge Gulf, with sizes
ranging from 4 to 20 cm of DML and above 10 cm
of TL (Fig. 9).
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Fig. 8. Size frequency distribution of shortfin squid caught by top
predators (sea l ion male and female, dusky dolphin and
Commerson's dolphin) off Patagonia.

Fig. 9. Size frequency distribution of patagonian squid caught by top
predators (sea lion male, Commerson's dolphin, dusky dolphin,
coastal shrimp fishery) off Patagonia.

Considering  both sexes of the sea lion, dusky
dolphin, Commerson's dolphin and coastal and off-
shore samples taken from the shrimp fishery as dif-
ferent predators, a preliminary common resources
utilization curve with the most important prey for
marine mammals was constructed (Fig. 10), and
GOa was calculated using these data. The general
overlap between all predators together was low
(GOa = 0.221) and significantly different with re-

spect to the complete overlap (V = 13848.1 df = 30
p<0.05). The overlaps between marine mammals
and samples from the shrimp fishery taken by pairs,
was different with respect to the complete overlap
(Table 4). The extreme points were the high over-
lap between sea lion males and coastal samples
(GOa = 0.913) on the one hand and the low overlap
between Commerson's dolphin and the offshore
sample (GOa = 0.042) on the other (Table 5).
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Fig. 10. Common Utilization Curve of Resources constructed considering hake (3 categories), shortfin squid (2 cat-
egories), patagonian squid (1 category) and southern anchovy (1 category).

Discussion

The historical evidence about the development
of fisheries on the  Patagonian shelf, and the ef-
fects on marine mammal populations and the envi-
ronment in general, began in the early-1970s. Fish-
ing for hake and shrimp by means of trawling led
to the introduction of larger freezing and factory
vessels, the use of which expanded continuously
throughout the fishing areas. Changes have occured
in the fleet during the last 25 years, increasing the
probability of entanglement of marine mammals.
The fishing effort continued to increase at the be-
ginning of the 1990s with the incorporation of jig-
ging and longline vessels in fishing areas not pre-
viously exploited (Crespo et al., 1994a, b).

The hake fishery (conventional trawlers) take
place between Península  Valdés and Puer to
Deseado, between 15 and 120 naut. miles from the
coast (Fig. 1). The shrimp fishery (two-rig system
trawlers) is more coastal (within 80 naut. miles)
fishing between Escondida Island and San Jorge
Gulf (Fig. 2). Fishing for Patagonian grenadier

(Macruronus magellanicus) and southern blue whit-
ing (Micromesistius australis) for "surimi" (mid-
water and bottom trawlers) takes place between
Burwood Bank and the shelf between the Falkland
(Malvinas) Islands and Tierra del Fuego. Squid fish-
ery is carried out in the shelf mainly between 100
m and 200 m isobaths (Fig. 4). The longline fish-
ery, which targets species including the Patagonian
toothfish and the pink cusk-eel, were expanded to
new areas close to the slope (surroundings of Tierra
del Fuego) and shelf in front of Santa Cruz Prov-
ince and operate in sea bottoms avoided by trawl-
ers (Fig. 5).

Incidental mortalities affect at least the south-
ern sea lions and the dusky and Commerson's dol-
phins. Sea lions are caught in all fishing types while
the delphinid species are mostly affected by the
mid-water trawling for shrimp. The latter was
widely used during the 1980s and seems now to be
less used by the national fleet within the waters of
the EEZ (Dans et al., 1998). However, mid-water
trawling is still practised with unknown effects in
the Patagonian grenadier and southern blue whiting
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fishery. Other operational interactions like damage
to the catch or gear do not seem to be important in
those fisheries.

With respect to trawling vessels, incidental
mortalities differs in sea lions and dolphins, when
the type of fishing vessels, catch rates and sex and
age-classes caught are analysed. Sea lions seem to
rank number one in bycaught marine mammals
(Table 3). The number of animals caught range be-
tween 1–2% of the total population size of 30 000
individuals estimated for the area (Reyes et al.,
1996; Szapkievich and Crespo, 1992). Both species
of dolphins seem to have smaller population size
although based only on preliminary figures from
pilot surveys (Schiavini et al., 1996).

Another fact to be considered when assessing
the effects of by-catches on the marine mammal
populations is which component of the population
is mainly affected. The age structure of the sea lion
catch in this study was biased towards subadult and
probably adult males (which are thrown back to
sea). In the case of dusky dolphins, the age struc-
ture of the catch was biased towards females of high
reproductive value (Dans et al., 1993a, b, 1997).
Half of the female sample were mature females and
half of them are pregnant. The effects of such varia-
tions in mortalities between species can only be
assessed by modelling excercises that are beyond
the scope of this paper.

The sea lions overlap to a larger extent with
the fishery as compared to the dolphins (Table 4)
even though the species has a wider spectrum of
food preferences. The hake, the most important tar-
get of the fishery, with higher levels of discard in
the shrimp fishery, is preferred by sea lion males
(Fig. 6, 7 and 10). Therefore, the hake and the
shrimp fishery would be interacting more with sea
lion males than with females. Females feed on a
wider spectrum of preys than do males, some of
which (like "raneya") are not of commercial values
and are not discarded by the fishery.

Regarding the interaction between the squid
fishery and sea lion females, it must be considered
that females are more coastal than males (Crespo,
1988) and that the fishing area of the jigging ves-
sels is between 100 and 200 m isobaths (Fig. 4).
Therefore, competitive effects would only be tested
under overfishing  conditions of squid populations.

It  should be noted that new catch regulations were
established in 1994. The opportunistic feeding pat-
tern of the species and particularly of the female
section of the population tends to protect the sea
lion of overfishing effects. However, incidental
mortality and competitive effects together, would
have limited for some time the recovery of the sea
lion population since the development of the fish-
eries in the early-1970s after the depletion that
occured between 1930s and 1950s (Crespo and
Pedraza, 1991). In present days the population is
showing signals of recovery with a rate of increase
close to 3% (Dans et al., 1996).

Situations of fast development of fisheries have
been recorded previously in other parts of the world
like the North Pacific after the Second World War.
The intensive fishing in the area is considered to
be a cause of decrease in population levels of Steller
sea lions (Eumetopias jubatus) and northern fur seal
(Callorhynus ursinus), both due to incidental mor-
talities and reduction of stocks of preys (Fowler,
1982; Loughlin and Nelson, 1986; Alverson, 1992).

The hake is the most important prey for the
Commerson's dolphin eating small sizes neither
captured nor discarded by the fishery (Fig. 6, 7 and
10). The same situation is observed in dusky dol-
phins which feed mainly on anchovies (Fig. 6 and
10). The second most important prey for both spe-
cies of dolphins is the shortfin squid, smaller size
than commercial value (Fig. 7, 8 and 10).

Therefore, dolphins seem to be less affected
than sea lions in the use of food resources, while
they seem to be more susceptible to competitive
effects. Dolphins have more restricted food prefer-
ences which suggest prey selection. It must be noted
that most dolphins were collected during shrimp
fishing operations although no shrimp was found
in their stomach and that anchovy is a shrimp-as-
sociated species. Anchovy is usually not collected
in the shrimp nets, leading to the conclusion that
the fishing for shrimp has beneficial effects on the
anchovy and indirectly on the dolphins and other
species which feed on them.

It must be mentioned that other feeding studies
carried out in Commerson's dolphins at the extreme
south of South America were completely different,
in which crustaceans, sardines and silversides were
the most important food items (Bastida et al., 1988).
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TABLE 4. Adjusted general overlaps (GOa) between marine mammals and the samples from the shrimp fishery,
V statistics and their statistical significations.

Sea lion Male Sea lion Female Dusky dolphin Commerson's  dolphin

Coastal Sample

GOa 0.913 0.504 0.614 0.151
V 40.63 254.23 603.66 1470.58
df 6 6 6 6
p <0.05 <0.05 <0.05 <0.05

Offshore Sample

GOa 0.480 0.389 0.126 0.042
V 559.87 648.31 4060.94 4850.64
df 6 6 6 6
p <0.05 <0.05 <0.05 <0.05

Regarding ecological interactions, particularly
the use of common resources, even though an over-
lap between the marine mammals analysed and the
fisheries exists, such overlap is not considered to
generate strong competitive effects between them.
However, a retrospective analysis of such interac-
tions is impracticable today due to a lack of data
and requires sophisticated modelling work.
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