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ABUNDANCE OF DUSKY DOLPHINS (LAGENORHYNCHUS
OBSCURUS) OFF NORTH AND CENTRAL PATAGONIA,
ARGENTINA, IN SPRING AND A COMPARISON WITH

INCIDENTAL CATCH IN FISHERIES

The dusky dolphin (Lagenorbynchus obscurus) inhabits the temperate waters
of the continental shelf and slope off Peru, Chile, Argentina, New Zealand,
southwestern Africa, and several offshore island groups (Van Waerebeek 1992).
The biology and ecology of this species in Argentine waters has been described
by Wiirsig and Wiirsig (1980), Dans e /. (1993, 19974), and Crespo et al.
(19974).

The South Atlantic Ocean off Argentina covers about 4,000 km of coastline
from the Province of Buenos Aires to Tierra del Fuego (Cape Horn). Offshore
fishing is expanding in these waters. Several previous reports have expressed
concern about the potential effect of the fisheries on top predators such as
dolphins (Goodall ez @/. 1994; Crespo et al. 1994a,6, 19974).

From 1993 to 1996 the Patagonian Coastal Zone Management Plan (a GEF/
UNDP project)! gathered information on the distribution and abundance of
several delphinids inhabiting the southwestern South Atlantic. This paper
presents the first reliable estimation of abundance for dusky dolphins in this
area, based on several surveys, as well as a comparison of the abundance esti-
mation with incidental mortality levels due to offshore fisheries over the Pa-
tagonian shelf (Crespo & /. 1997a).

Our study area covered the waters off the Patagonian coast from San An-
tonio Oeste (40°44’S) to Cabo Guardidn, south of Puerto Deseado (48°10'S).
This large area was selected because the objective of the surveys was to assess
abundance for three species: short-beaked common dolphin (Delphinus delphis),
dusky dolphin, and Commerson’s dolphin (Cephalorbynchus commersonii). An-
other objective of the program was to assess interactions between fisheries and
marine mammals, since this area is under relatively intense coastal and offshore
fishing activity. The waters from Peninsula Valdés to Isla Rasa (Fig. 1) were
particularly important because they include large concentrations of anchovies
(Engraulis anchoita) (Cousseau et @/. 1981), a significant food item of the dusky
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dolphin (Dans ez 2/. 1993, Koen Alonso et /. 1998). The continental-shelf
area between Peninsula Valdés and Golfo San Jorge supports important fish-
eries for hake (Merluccius hubbsi) and shrimp (Pleoticus muelleri) (Crespo et al.
19942,6, 19974).

Our surveys followed line transect methods (Burnham et /. 1980, Buckland
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et al. 1993). We planned them on the basis of previous sightings for the three
species (Goodall ez #/. 1988, Crespo et @l 19974, our own data), as well as
information on their prey species (Cousseau e @/. 1981, Otero et al. 1982,
Dans et 4l. 1993, Crespo et al. 19974, Koen Alonso et @/, 1998).

The survey lines followed a systematic saw-tooth pattern, with the location
of the first line chosen at random. One survey was flown using a boxlike
design; the original idea was to explore the possibility of a differential djstri-
bution of sightings in relation to distance from the coast, using an alternative
to the saw-tooth design, but this flight pattern was difficult for the pilots to
follow. Therefore, we combined all data in the final analysis.

We used a high-wing twin-engine CASA-212 airplane operated by the
Prefectura Naval Argentina. This plane is normally deployed in extensive fish-
ing patrol activities and is rather fast for cetacean surveys, but it was the only
high-wing twin-engine plane available in Patagonia for extended offshore
flights. One flight was at 600 ft; the others at 500 ft. Speed was kept at the
aircraft’s lower limit, 120 kn. Cut-points for the transects were entered in the
GPS system of the plane before the flight, so the flight was essentially auto-
matic. However, it was necessary to correct the transects actually flown from
the survey notes.

One observer covered each of the two bubble windows of the aircraft, al-
lowing direct sight of the line. A third person was located between and slight-
ly behind the pilots, to give the side observers advance warning of the presence
of animals. This observer recorded all cetacean observations on forms and on
audiotape. Two additional persons helped the primary observers and took pho-
tographs. To reduce fatigue, the positions were rotated approximately every
30 min during searching effort.

The basic data recorded for each sighting were GPS position, angle of dec-
lination, group size, identification to the lowest possible taxonomic level,
Beaufort sea state, and sun position relative to the aircraft (for each leg). In
cases of difficult species identification, the plane left the line and circled the
group to allow identification and photographs.

The data were analyzed using the program DISTANCE 2.2 (Laake et al.
1996), which estimates £0), the probability density-function evaluated at dis-
tance equal to zero. Three detection models were compared in the analysis:
Half Normal with Hermite Polynomials Expansion Seties, Fourier Series, and
Hazard Rate, models frequently used in cetacean surveys (Buckland 1985,
Leatherwood et 2/. 1988, Hiby and Hammond 1989, Forney et 2/. 1995). The
final selection of the model was based on Akaike’s Information Criterion (AIC)
(Buckland et /. 1993), the fit of the model to the data (Chi-square test), the
coefficient of variation of the pooled estimated density, and the percentage
contribution of the detection probability to the overall variance.

We did not explore the uncertainty related to model selection by bootstrap
analysis. Executing bootstrap over small units such as the transects lown over
one day (each flight) may violate the assumption of independence between
samples from which the resampling is done. In addition, the large number of
transects with few or no sightings caused problems with the resampling, lead-
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Table 1 7Flight surveys carried out in southwestern South Atlantic,

No. of
Flight Date Area surveyed (nmi?) Effort (nmi) sightings
Comodoro Rivadavia to Puerto 137
, ) Deseado : )
2 27 Nov Cabo Raso to Comodoro Riva- 460 —

) ) davia . —
3 09 May Golfo San Matias 411 4
4 31 Aug Golfo San Matfas 411 2
5 08 Nov Punta Ninfas to Isla Rasa 486.5 38
6 27 Nov off Golfo San Jorge - 615 20
7 12 Dec Cabo Blanco to Puerto Deseado 405 —_

‘ing to collapse of DISTANCE during running. Therefore, the confidence in-
tervals we present correspond to the output of DISTANCE, which follows the
formula in Buckland ez 2/. (1993:88-89), where the interval takes the shape

of (fD/C; fD.C), with
var ﬁ
Z‘,Jln + (1 Bz )]

We made seven flights, from San Antonio Oeste to Cabo Guardidn, south
of Puerto Deseado (Fig. 1, Table 1). Only flights 3—6 yielded sightings of
dusky dolphins; we pooled all the observations to estimate f{0). Environmental
conditions such as sea state and sun position have been shown to influence
sighting rates. Due to the low number of observations recorded in this study,
it was not possible to evaluate these influences quantitatively. Flights were
made during Beaufort conditions 0-2, but during the first three transects of
Flight 3 Beaufort conditions rose to 3. During flight 4 the primary observers
had to remain in their positions during the four hours of the flight. The other
participants were untrained or were too airsick to observe from the windows.
The fatigue of the primary observers may have affected the quality of the data
acquired during this flight. Therefore, we excluded flights 3 and 4 for sub-
sequent analysis.

For the density estimation, we analyzed only two areas with enough sight-
ings to allow a reliable estimation. We based our decision on the extended
latitudinal range covered by the surveys and our interest in the evaluation of
the geographical variability in density. The two areas defined were (A) an area
of 3,630 nm?, from Punta Ninfas to Isla Rasa and (B) an area of 9,408 nm?
off Golfo San Jorge (Fig. 1), for a global coverage of 13,038 nm? Each of the
two areas included all the transects of flights 5 and G, as well as transects (or
part of transects) flown in flights 1,2, or 7 and falling into these areas (Fig.
1). While transiting to the survey areas, the plane had to travel at increased
speed and altitude in order to save fuel. For that reason, these transects and
their sightings were excluded for the analysis. Areas A and B were surveyed
with an overall effort of 560.3 nm and 865.4 nm, respectively, totaling 1,425.7

C = exp
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Figure 2. Frequency distribution of perpendicular distance raw data to sightings
for dusky dolphin surveys. Cut-points every 10 m.

nm. We estimated encounter rate, expected cluster size, and density for each
stratum (area). The overall density estimate was weighted by the area of each
stratum.

During the exploratory analysis of the distance data, the distance frequency
distribution histogram with cut-points every 10 m revealed a noticeable peak
of sightings at about 80-100 m from the centerline, and a minor peak at
about 160-180 m (Fig. 2). The frequency distribution of angles recorded for
each flight was analyzed (regardless of the heights flown). This revealed a high
relative frequency of readings every 10°. To correct heaping due to angle
rounding, the cutpoints selected corresponded to distances related to clinom-
eter readings of 0, 15, 25, 35, 45, and 55 degrees, averaging the distance
determined for the two heights flown (500 and 600 ft). These cut-points were
0, 16, 44, 77, 116, 165 and 263 m. The interval from 0 to 44 m was pooled
to avoid a “valley” in the frequency distribution. The right truncation at 263
m excluded two observations at 410 m.

Even with the analysis using four unequal intervals, there was a noticeable
peak in the interval 77-116 m. The fit of a monotonically decreasing function
would result in an underestimate of density due to a substantial portion of
animals missed close to the centerline. For that reason we explored left trun-
cation and rescaling of the data (with the left truncation point treated as zero
distance; see details in Buckland ez 2/ 1993). This procedure replaced the
asumption of g(0) = 1 with g(left) = 1. The left truncation points selected
are presented in Table 2.

From the different grouping and truncation options presented in Table 2
we concluded that the fit for the four options is good, although the fit for the
80-m option is better. The truncation at 60 m yields larger density estimates
than the others, suggesting a possible overestimation of density. The 60-m
and 80-m options provide the density estimates with the lowest contribution
to the overall variance due to the detection probability (Fourier Series). When
comparing models for each grouping option, the Hazard Rate model yields
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Figure 3. Frequency distribution of perpendicular distances to sightings for dusky
dolphin surveys. Data rescaled to left-truncation point of 80 m. Continuous curve
represents probability detection function based on fit of Fourier Series to perpendiculat-
distance data.

the largest CV. The AIC criterion would force the selection of the Half Normal
model only for the 77-m option. For these reasons, we chose the left truncation
option of 80 m, with a right limit of 200 m and five equal intervals, adjusting
a Fourier Series (Fig. 3).

The peaks in our distance frequency histogram violate one of the assump-
tions of line transect methods, which is the need for the presence of a shoulder
departing from the line for some distance and that the frequency of sightings
should fall monotonically from the survey line. These peaks may be caused
by: (1) movement of the animals in response to the airplane, (2) rounding
error in the record of angles, or (3) searching methods, e.g., observers spending
more time searching in a comfortable position (viewing angle), causing them
to focus attention on the line. The flight speed precludes further consideration
of the first cause. The fact that there are no peaks close to the line (at zero
distance, for example), suggests that rounding could not be a main factor
affecting the distribution of the data. The peaks away from zero distance
suggest that searching methods were a main factor in the observed distribu-
tion. The left truncation and rescaling of the data diminished this problem.
However, the histogram could reflect chance variation due to the fairly small
sample.

When comparing our results with those of other surveys for small cetaceans
(Leatherwood ez 2/. 1978, 1988; Gunnlaugsson and Sigurjénsson 1988; Forney
et al. 1995; Polacheck 1995), the frequency distribution of dusky dolphin
sightings falls more abruptly with distance. The steep histogram may be ex-
plained by the high flight speed in relation to the flight alticude, which may
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have reduced the effective searching range. However, narrow strip widths have
been reported from some ship surveys of harbor porpoises (Bjgrge and @ien
1995, Palka 1995).

The estimated cluster size averaged from 1.69 to 3.42 individuals (Table
3). Most of the groups (95%) were of 10 individuals or fewer, with the ex-
ception of three herds (two of 15 and one of more than 50 animals). The latter
were not considered in the analysis because they were recorded off the survey
effort. The mean cluster size was different for areas A and B (Mann-Whitney
test, P = 0.01). Our group-size estimation may be low due to missing sub-
metged animals because of high speed and searching methods. Larger groups
were recorded off survey, when the plane circled these groups. Crespo e /.
(19974) reviewed the available information on distribution and group size
(including this survey) and concluded that our group-size estimation is con-
siderably lower than previously published (615 individuals).

The encounter rate was not significantly different between areas A and B
(Mann-Whitney test, P = 0.16). The estimated density was not corrected for
submerged animals in view of the lack of data on surfacing rates. The density
estimated for the two areas was different (Table 3); the 95% confidence inter-
vals for estimated density do not overlap. The spatial distribution of sightings
was very uneven, especially in the area from Punta Ninfas to Isla Rasa. This
variation is reflected in the large proportion of the variance of density explained
by the encounter rate for the two areas: 63.4% for Area A and 56.3% for Area
B (the detection probability contributed 6.2% of the variance for Area A and
6.6% for Area B, and cluster size contributed 30.4% for Area A and 37. 0%
for Area B).

The low cluster size and encounter rate (Table 3) and the steep distribution
of distance suggest that our abundance estimation should be taken as a lower
limit of density, probably due to high flight speed, searching methods, and
overlooking submerged animals.

It is noteworthy that three flights (1, 2, and 7) with no sightings of dusky
dolphins and flights 5 and 6 (with 58 sightings) covered the same region and
time of the year, with one year’s difference. This suggests that the spatial
distribution of animals could be highly variable in time, or that our survey
design was inefficient in surveying the spatial distribution of animals.

Forney et al. (1995) presented density estimations for Pacific white-sided
dolphins (L.obliguidens) in California waters. The density of individuals esti-
mated for dusky dolphins for both of our areas (1.259 ind/nm? and 0.219 ind/
nm?) are comparable with densities estimated for the Pacific white-sided dol-
phin (0.21-2.74 ind/nm?; data recalculated from Forney et 2/. 1995). Given
the extended effort deployed for the Pacific white-sided dolphin when com-
pared with the effort deployed in this survey (5,035 nm #s. 1,425.7 nm), the
results achieved in our surveys seem plausible.

Kasamatsu and Joyce (1995) gave abundance estimations for hourglass dol-
phins (L.cruciger) in antarctic waters from ship-based surveys. Although they
did not present density estimates, the ranges of encounter rates (0.001-0.016
sightings/nm), their coefficient of variation (33%—-97%) and the coefficient of
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variation of the uncorrected abundance estimation (37%-109%) are equivalent
or higher than those we estimated for dusky dolphins.

Although the abundance estimation for dusky dolphins is preliminary and
can be considered as a lower limit, it can be compared to the available mor-
tality rates associated with offshore fisheries. Dans ez #/.(19974) presented in-
cidental mortality values for dusky dolphins associated with fishing for hake
and shrimp in central Patagonian waters. These values were obtained in an
area that includes our Areas A and B (from 42°S to 46°S and to the 100-m
isobath). They estimated catch at 70-215 dusky dolphins in 1994. The lowest
mortality estimate compared with the upper limit of the 95% CI pooled
abundance (70 u5. 10,877 animals estimated), and the upper limit of the
mortality estimate with the lower limit of the 95% CI pooled abundance (215
animals »s. 4,039 animals estimated), implies a crude mortality rate of between
0.6% and 5.3%.

However, the spatial range for which the mortality rate was estimated in-
volves a larger area than the one surveyed here. Consequently, the actual mor-
tality rate would be reduced. It was noted that dusky dolphins are affected
differentially by different fishing types, such as mid-water trawling for shrimp,
bottom trawling, ezc. (Crespo ez 2l. 19974). As fishing type and effort change
dramatically year to year, the mortality rate may change accordingly.

The present surveys covered only part of the habitat of the dusky dolphin
in the southwestern South Atlantic. A recent review of the distribution of
dusky dolphins (Crespo e @l 19975) revealed that they inhabit the entire
Patagonian shelf, from the coast to 200 nm offshore. Our surveys were carried
out where dusky dolphins are most common in these waters (38°—47°S) but
due to logistic constraints were mostly coastal.

Further attention should be paid to the spatial distribution of the animals;
they seem to be highly concentrated in some areas, as was revealed by the
difference in the number of sightings between flights 1,2,7 and flights 5 and
6. The high relative encounter rate in area A may be explained by the presence
of important prey items such as anchovies and juvenile hake (Angelescu and
Anganuzzi 1981, Cousseau ¢t 2/. 1981, Koen Alonso ez z/. 1998).

The high levels of mortality for this species show the need for more pre-
cision in abundance estimates. Further steps to increase the precision of the
estimates includes improving searching methods and stratification of the sut-
veys.
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