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4. El Nino and the Surface Fishery for Tunas in the Eastern Pacific

James JOSEPH and Forrest R. MILLER (Inter-American Tropical Tuna Commission)

Tunas, being pelagic during all stages of their
lives, are profoundly influenced by their environ-
ment. In order to carry out its mandate with
respect to the management of tunas in the east-
ern Pacific, the Inter- American Tropical Tuna
Commission maintains a continuing program of

investigation of the various ocean phenomena

that may affect the distribution, catchability, and
abundance of tunas.

A major recurrent oceanic and atmospheric
phenomenon that manifests itself in the eastern
Pacific at irregular intervals is the anomalous
warming condition known as ‘“‘El Nifio’’. This
feature, which is associated with changing atmos-
pheric pressures, sea levels, and current patterns,
has an apparent effect on the distribution and
abundance of tunas in the eastern Pacific Ocean.

It has generally been hypothesized, and demon-
strated statistically, that one of the factors contri-
buting to the great success of purse-seine fishing
for tunas in the eastern tropical Pacific (ETP)
is the shallow thermocline. The thermocline
seems to act as a thermal barrier to the schools
of smaller tunas, and where it is shallow and
the temperature gradient is sharp, the fishery
is usually more successful.

However, when the thermocline is deep, as
is the case during an El Nifio, tunas seem to
be less vulnerable to capture. During an El
‘Nifio the level of the sea in the ETP rises, and
internal ocean waves, which are generated by
surface winds in the central Pacific, move east-

ward in the equatorial region and depress the
thermocline. As a result, upwelling of the cooler,
nutrient-rich subsurface water is usually suppress-
ed. Consequently, there is a marked reduction
in food production during a prolonged El Nifio.
During the 1982/1983 El Nifio fishing success
by seiners was quite poor, and it is hypothesized
that much of this poor fishing was due to the
effects of the very extended El Nifio.

In Fig. 1A, the depth of the thermocline along
the equator in 1982 and 1983 is compared with
the average depth of the thermocline in the last
several decades. Whereas the average thermo-
cline depth in this equatorial region of the east-
ern Pacific is about 25 meters, it dropped to
nearly three times that depth at the height of
the El Nifio. This deepening of the thermocline
was associated with a decrease in fishing success.
As shown in Fig. 2, the relative index of
catch rate of yellowfin and skipjack combined
was at its lowest level during this period. With
a return to normal thermocline topography in
late 1983 and 1984, fishing success improved.
It is interesting to note that the opposite situ-
ation occurred in the western Pacific. There
the thermocline is generally quite deep, averaging
about 100 meters along the equator (Fig. 1B),
and this is often considered one of the contri-
butory factors to the poor success of purse-seine
fishing in that region. During the 1982/1983
El Nifio, however, the thermocline in the western
Pacific shoaled significantly, and simultaneously
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Fig. 1.

Depths to the top of the thermocline along the equator between 100°W and 105°W (A),

and between 160°W and 165°W (B), during 1981-1983, compared with the long-term means.

the fishing success there increased. This is clearly
seen by examining the relative index of fishing
success in Fig. 2. As conditions returned to
“"normal in the western Pacific, and the thermo-
cline deepened, fishing success diminished, as
shown in Fig. 2.

o
o

0801 .WESTERN TROPICAL PACIFIC (135°E-160°H, 12°-17°5)

RELATIVE INDEX OF CATCH RATE
%
o
Y

°
o
°

18‘30 19‘5‘ 19t82 (9‘83 ‘9’54
YEAR
"’Fig. 2. Indices of abundance of the combined
catch of yellowfin and skipjack tuna in the
eastern and western Pacific during 1980-1984.
Indices are based on data for U.S. purse seiners
of carrying capacities greater than 1,000 tons.

In addition to the thermocline deepening and
sea level rising, the upper mixed layer above
the thermocline becomes abnormally warm in
the ETP during an El Nifio. The greatest sea-
surface temperature (SST) anomalies, which are
departures from long-term mean SSTs, occur
where upwelling is greatly reduced. Abnormal
warming of the sea surface in the ETP along
the equator and off the coasts of Ecuador and
Peru is often the first indication that an El Nifio
condition is developing. For example, the Tuna
Commission’s SST analyses, carried out every
month since 1970, indicated that in June 1982
organized patterns of warming were taking place
along the equator east of 140°W and offshore
from Peru between 80°W and 95°W. This
warming was seen as the beginning of an El
Nifio event in the ETP before any significant
rise in sea level or deepening of the thermocline
shown in Fig. 1A was observed. By October
1982 a strong El Nifio had developed, with
SSTs rising to more than 3°C above normal
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Fig. 3. Departures of SSTs from long-term normals (anomalies) for June 1982, based on

data from commercial ships and fishing vessels.

The areas with SSTs 1° to 4°C above

normal are hatched, and those with SSTs more than 4°C above normal are shaded.

along the equator and the coastal areas of Peru
(Fig. 3). By December 1982 the positive anoma-
lies of SSTs along the equator and the coastal
areas of Ecuador and Peru had more than
doubled, reaching values 6° to 8°C above normal,
some of the greatest anomalies ever recorded.
The areas with the greatest positive anomalies,
shown in Fig. 3, were those where upwelling
'was most drastically curtailed.

A second interesting phenomenon that has
been observed for the yellowfin tuna population
in the eastern Pacific is the relationship between
estimates of recruitment and the El Nifio con-
dition. Since 1968 Commission scientists have
estimated the recruitment of yellowfin to the
fishery by means of cohort analyses, and in Fig.
4 anomalies from the average are plotted. In
this figure, the vertical lines represent the El
Nifio years—1969, 1972, 1976 and 1982/1983.
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Fig. 4. Anomalies in recruitment of yellowfin
tuna within the CYRA. Vertical lines denote
El Nifio events.
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It is quite clear that following each El Nifio, a
positive anomaly in recruitment occurs. This
relationship was first noted in 1982, and was
used to predict a good recruitment following thg
1982/1983 El Nifio. The fact that recruitment
in 1984 and 1985 produced two very strong
cohorts is encouraging.

If this relationship persists, it will be useful for
the assessment and management of the fishery.
The reasons for the relationship are not under-
stood, but we can speculate on a number of
possibilities. These are: (1) during an El Nifio
eastward-flowing surface currents increase in
strength, and may transport tuna larvaes and
juveniles into the area, thereby contributing to
local recruitment; (2) during non-El Nifio years
westward-flowing surface currents are strong,
and may transport larvae and juveniles from the
area, thereby decreasing apparent recruitment;
(3) a combination of these two; (4) surface
winds decrease during an El Nifio, and theoreti-
cally micro-stratification should therefore increase.
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This may, as in the Lasker] hypothesis for an-
chovies in the eastern Pacific, increase food
availability to larval tuna, thereby increasing
It is emphasized that
these analyses, along with the various hypotheses
presented, are still preliminary, and will be sub-
ject to much more intensive investigation.

survival and recruitment.

& 1. LASHER, R. (1975), U.S. Nat. Mar. Fish. Serv.,
Fish. Bull. 73, (3): 453-462.
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