


PREFACE

The Internal Report serieﬁ is produced primarily for the
convenience of staff members of the Inter-American Tropical Tuna
Commission. It contains reports of various types. Some will
eventually be modified and published in the Commission's Bulletin

.series or. in outside journals. Others are methodological reports

of limited interest or reports of research which yielded negative
or inconclusive results. , o

These reports are not to be considered as publications} Because
they are in some cases preliminary, and because they are subjected
to less intensive editorial scrutiny than contributions to the Com-
mission's Bulletin series, it is requested that they not be cited
without permission from the Inter-American Tropical Tuna Commission.

PREFACTIO

Se ha producido una serie de Informes Internos con el fin
de que sean G(tiles a los miembros del personal de la Comisibn
Interamericana del Atin Tropical. Esta serie incluye varias
clases de informes. Algunos serdn modificados eventualmente
y publicados en la serie de Boletines de 1a Comisién o en revis-
tas exteriores de prensa. Otros son informes metodolbgicos de
un interés limitado o informes de investigacifn que han dado
resul tados negativos o inconclusos. ' '

- Estos informes no deben considerarse como publicaciones,
debido a due en algunos casos son datos preliminares, y porque
estdn sometidos a un escrutinio editorial menos intenso que
las contribuciones hechas en 1a serie de Boletines de la Co- |
misién; por lo tanto, se ruega que no sean citados sin per-
miso de la Comisién Interamericana del Atan Tropiéal.
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Introduction

"In the eastern Pacific ocean yellowfin tuna {Thunnus
albacares) often associate with some species of dolphins
(principally Stenella and Delphinusg species). The reason
for +the association is8 not understood but fishermen have
taken advantage of it by using dolphins as a cue to find
yellowfin tuna, and to assist in capturing them. When tunas
were caught primarily by baitboats using the pole and 1line
method dolphins were not often involved and only
occasionally injured. However, following the increasing use
of purse seining in the ' late 1950's 1large numbers of
dolphins were entangled in the nets and drowned in . the
process of catching tuna. In this paper I shall discuss the
impact of the fishery on dolphin populations and the current
managemeht of tunas and dolphins.,

In general quantities of tuna are measured by weight
and those of dolphin by number. Unless otherwise noted this
practice is followed in the paper.
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The Fishery

The purse seine fishery for yellowfin and other +tunas
covers a large area of the eastern Pacific Ocean shown in
Figure 1. Fishermen are able to catch tuna ©because they
aggregate 1in g8chools which can be seen at the surface, or
else in association with floating objects, commonly called
logs, or in the case of yellowfin tuna, with schools of
dolphins. In general, wunassociated schools and schools
‘associated with logs contain smaller yellowfin (Figure 2)
and tend to be found closer to the shore than those which
are associated with dolphin schools (Figure 3). Although
the amount of each type of fishing varies from year to year,
on average about one half of the total catch of yellowfin
:?na is taken from schools associated with dolphins (Table
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TABLE 1. Estimated purse-seine catch (thousands of tons)
' of yellowfin, eastern Pacific east of 1500V,

Year % of catch Total yellowfin
on dolphins catch
1966 59 82
1967 44 80
1968 46 103
1969 80 132
1970 ' 68 161
1971 66 126
1972 79 186
1973 69 220
1974 54 220
1975 62 215
1976 56 256
1977 55 217
1978 35 191
1979 45 203
1980 48% 174%

* 1980 figures are provisional

Aggregations of yellowfin tuna and dolphins are often
accompanied by birds and it is normally either the activity
of birds or splashes made by the dolphins which attract the
‘attention of the fishermen. As well as providing a cue for
the fishermen to locate a school of tuna the dolphins serve
as a target for +the seiner to c¢hase, round up, and
eventually encircle with the net. During this activity the
tuna remain very close to the dolphins and are also
captured. Once the fish are securely encircled by the net
the fishermen attempt +to release the dolphins by carrying
out a maneuver called "backdown”. This involves retrieving
about two-thirds of the net from the water, then moving the
seiner slowly astern. The net is forced into a long channel
and when the seiner reaches a certain speed the water
flowing through the seine webbing causes the end section of
the net to sink, allowing the dolphins to escape over the
‘top. In effect the net is pulled out from wunderneath the
:achool, During +this maneuver it is usual for some of the
‘crew to assist the dolphins to escape by disentangling
animals which get caught in the webbing, and to help others
‘over the corkline. For this operation one man may be in a
small inflatable raft inside the net, and one or two others
iin speedboats which are tied to the net. Despite the
efforts at ensuring that dolphins are released unharmed
there are, on average, a few killed for each set made on



tuna associated with dolphin schools.
Dolphin species involved in the fishery

The three species most commonly involved in the fishery
are spotted dolphin (Stenella attenuata), spinner dolphin
(stenella longirostris), and common dolphin (Delphinus
delphis). In addition several other species including
striped dolphin (S. coeruleoalba), bottlenosed dolphin
(Tursiops truncatdET, and others are occasionally involved .
in the fishery. The three major species are widely
distributed in the tropical waters (Rice, 1977) which are
also inhabited by yellowfin tuna (Cole, 1981), but only in
the eastern Pacific 'is there a large scale fishery based on
the association of yellowfin tuna and dolphins.

In the eastern tropical Pacific several geographical
forms of each of +the +three major species have Dbeen
recognised (Perrin 197%, Perrin et al 1979, Evans 1975).
Based on these forms the National Marine Fisheries Service
(NMFS) has established management units for dolphins. The
current boundaries of these management units for the three
major species (Smith, 1979) are shown together with the
distribution of sightings made by technicians aboard purse
seiners from 1977-1979 in Figures 4-6. In some cases, for
example eastern and whitebelly spinners, the geographical
forms are sufficiently distinect and well known to make
identification in the field possible., In this case the
distributions of the stocks overlap. In other cases, either
the forms cannot readily be identified in the field, or
insufficient data are available to show ranges of the forms.
In these cases management units are based on geographical
areas within which a particular form appears to be most
common. . '

Estimates of mortality

The Inter-American Tropical Tuna Commission (IATTC),
the NMFS, and the Instituto Nacional de Pesca of Mexico have
programs involving the placement of biologists on a sample

of the seiners which fish for tuna associated with dolphins.
These biologists collect data which are wused to estimate

abundance and incidental mortality of dolphins, and
biological samples which are used for life history studies.

Estimates of total mortality have been made using ‘data
giving the numbers of dolphins killed during sampled trips
and the total number of s@ts made on dolphin schools from
IATTC 1logbook information. The estimates are made using
"ratio estimators and are subject to two sources of error.
First, +there are sampling errors in estimating average kill
rate, and second, there are errors in the estimates of +the
total number of sets made on dolphins. From 1959 to 1972
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spinner dolphin stomachs but were not frequent in the
stomachs of either yellowfin +tunma or spotted dolphins.
Crustacea were a frequent item in yellowfin stomachs but
were not found in +the dolphin stomachs. Among the fish
species frequently found in the stomachs of spinner dolphins
but rarely in spotted dolphins by both Perrin et al (1973)
and Fitch and Brownell (1968), was a mesopelagic
gonostomatid, Vinciguerria sp. which was also at times
common in yellowfin stomachs sampled in 1970 and 1971 (R.J.
Olson, unpublished data) Yellowfin are taken by longliners
in the eastern Pacific at depths of 100 m (Suzuki et al.
.1968) and thus there is the potential for an overlap in
consumption of mesopelagic fauna by spinner dolphins . and
yellowfin. The relative proportion of empty stomachs among
the three species taken in the same set indicated that
spinner dolphins did not feed at the same time as spotted
dolphins and yellowfin tuna., This is consistent with the
observation by Norris and Dohl (1980) that spinner dolphins
feed at night, and by Schaefer et al. (1963) that yellowfin
tuna feed during the day. However, apparent night time
feeding behavior in spotted dolphins in the eastern Pacific
(Leatherwood and Ljunblad, 1979) and off Hawaii (Shomura and
Hida, 1965; Scott and Wussow, MS) has been reported.

There have been reports of dolphins eating yellowfin
tuna in the Atlantic Ocean. (Le Guen, unpublished data;
Savini, unpublished manuscript). This is not known for the
species involved in the fishery in the eastern Pacific.

In summary there is some overlap in the diets of
yellowfin <tuna and both spotted and spinner dolphins,
However, because yellowfin and dolphins are opportunistic
feeders the dietary overlap could be “a result of their
association rather than a cause. The feeding association
alone does not provide decisive evidence for either
competition or facilitation among +the species. Feeding
competition would only be important if food were a limiting
resource for one or more of the species. Furthermore, if
local abundance of prey were critical competition might Dbe
avoided by using different feeding strategies, for example
feeding on different asized prey as noted by Perrin et al.
(1973). Sharp and Francis (1976) speculated that large
yellowfin +tuna (>40 cm) are not food limited based on the
iresults of energetic modelling of yellowfin tunas and the
‘observed density of potential prey organisms.

An alternative view of the relation betweén yellowfin
tuna and dolphins is that it is similar to the relatiom that
exists between yellowfin tuna and floating objects.
Floating objects such ag trees, dead whales, buoys and small
pieces of rope at times have schools of yellowfin and other
fishes associated with them, and in fact this association is
important for a substantial part of the catch of both
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yellowfin and skipjack tunas, Again the reasons for the
association are unknown, but in this <case the potential
interactions clearly would not include competition.

If there are strong ecological interactions Dbetween
yellowfin +tuna and dolphins these should be considered in
setting and implementing management goals for future changes
in population sizes. Figure 9 shows the recent history of
offshore spotted dolphin and yellowfin tuna population sizes
as estimated by Smith (1979) and Anonymous (1981).

The yellowfin fishery was confined to within a few
hundred miles of the coast prior to 1966, and subsequently
expanded offshore reaching the edge of the CYRA in 1969,
Thus estimates of +the abundance of stocks which are
currently exploited based on catch rates or cohort analysis
cannot be made for the early years of the purse seine
fishery. The estimates in Figure 9 were made wusing cohort
analysis and show biomass both of large yellowfin which form
the bulk of the fish associated with dolphins, and all
yellowfin. Both estimates show much the same changes which
reflect fluctuations in year class strength and removals Dby
the fishery. In particular, the 1974 year class was large
and was followed by poor recruitment in 1976 and 1977.
Overall the estimates show a decline in stock size caused Dby
the increased catches during the period.

The population estimates for offshore spotted dolphin
are inferred from estimates of 1979 population sizes and the
history of mortality. In making the estimates shown here it
was assumed that there was only one stock. However, very

high mortalities in the early years only involved animals
close to the coast, and consequently the pattern of decline

was probably more severe in inshore water than offshore. To
quantify this difference it would be necessary to estimate
the rate of mixing of dolphins from different areas.

The present management goals are to maintain dolphin
populations at  or above the levels which allow maximum net
reproduction (NMFS) and for the yellowfin population to grow
only slightly from the current size (IATTC). If the dolphin
apecies and yellowfin are in competition the growth of
dolphin populations would be detrimental to the yellowfin
stocks—whereas if dolphins assisted yellowfin to locate food
the ' growth of dolphin populations may be beneficial for
yellowfin. Similar arguments relate the effect of yellowfin
management wupon the achievement of the goals of dolphin
management, ' '

What does our /present knowledge about +the relation
between yellowfin 'tuna and dolphins contribute to the
management of the yellowfin-dolphin complex? The question
of the relation between the yield per recruit of yellowfin
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and  fishing yellowfin either associated with, or not
associated with dolphins is simply a matter of how societies
value protecting dolphins compared to catching tuna as an
industry. Roughly one dolphin is killed for each three tons
of yellowfin taken on dolphins. Purse seining on yellowfin
not - associated with dolphins at most produces 84% of the
yield per recruit that could be taken from fishing yellowfin
associated with dolphins. This latter comparison of course
ignores the question of whether the fisheries are
interchangeable and the contribution of skipjack to the
fishery.

The question of the effect of ecological interaction on
management mnmust, because of lack of knowledge, remain open.
In the absence of information about the effect of any
species wupon another in the complex, there seems to be no
go0d reason to modify existing management plans to +try +to
take account of interactions. However this should be done
recognizing our ignorance, rather than by assuming that such
interactions are unimportant. Research directed towards
answering questions about possible effects of interactions
should be actively pursued with the goal of producing more
certain management.
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Fighre captions

Catches of yellowfin tuna in the eastern Pacific
Ocean in 1980 by 1 degree squares for all trips
for which usable logbook data were obtained.

Length frequencies of yellowfin tuna from sets
made in association with dolphins and sets not in
association with dolphins, 1976-1980,

Areas of the eastern Pacific Ocean where fishing
has been primarily for yelowfin associated with
dolphin (hatchet) and yellowfin not associated
with dolphins striped, 1976-1980.

" The distribution of sightings of spotted dolphins

by technicians on purse seines, 1977-1979.

The distribution of sightings of spotted dolphins
by technicians on purse seiners, 1977-1979,

The distribution of sightings of ¢ommon dolphins

by technicians on purse seiners, 1977-1979.

Estimates of dolphin mortality incidental to purse
seining, 1973-1980.

Yield per recruit of yellowfin for +two age
specific: catchability vectors ( ) typical of
fishing in association with dolphins,
typical of fishing schools not associated with
dolphins.

- Estimated changes in population size of spotted

dolphins and yellowfin tuna over +the perid
1959-~1980.
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