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SUMMARY

The hypothesis of the comfortable stipulation of tuna association with fioating objects
wes tested in the purse seine fishery off Sao Tomé. High stomach filling is chosen as a physi-
" ological correlative of comfortableness. Skipjack, young and adult yellowfin tuna, and yellow-
tail from by-catch, found at floating objects, had stomachs highly filled with fish not associat-
ed with floating cbjects. In the stomachs of other by-catch species, such sharks and dorado,
small tunas were the main items. The available data confirm the hypothesis of comfortable
pattern of tuna association with floating objects and feeding pattern of sharks and dorado
association.

RESUME

L’hypothese de I'état de confort des thonidés associés avec des objets flottants a été
testée sur la pécherie de senneurs au large de Sao Tomé. L'estomac trés plein est choisi
comme un corrélatif physiologique de confort. Le listac, Palbacore juvénile et adulte et
le sériole de prises accessoires, renconirés avec des objets fiottants, avaient des estomacs
trés pleins, remplis de poissons non associés avec les objets flottants, Dans les estomacs
d’autres especes de prises accessoires, telles que les requins et la dorade, les petits thonidés
¢talent la principale espéce. Les données disponibles confirment 'hypothése d’un schéma
de confort des thonidés associés avec des objets flottants et le schéma alimentaire de
Passociation de requins et de dorades.
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RESUMEN

Se ensay6 la hip6tesis de Ja condicién de confortabilidad en la asociacién de tanidos
con abjetos flotantes en la pesquerfa de cerco frente a Sao Tomé. Se eligié un alto
contenido estomacal como correlacién fisiolégica de confortabilidad. Listados, rabiles
juveniles y adultos, y serviolas procedentes de capturas fortuitas, encontrados en los objetos
flotantes, tenfan en los estdmagos un contenido muy alto de peces no asaciados a objetos
flotantes. En los estémagos de otras especies procedentes de capturas fortuitas, tales como
tiburones y dorados, €l principal componente eran los pequefios tdnidos. Los datos
disponibles confirman la hip6tesis de un esquema de confortabilidad en las asociaciones
de tanidos con objetos flotantes, y un esquema de nutricién en las asociaciones de tiburones
y dorados.



Introduction

The effect of tuna schools association with natural and
artificial floatings have been utilized in purse fishery for a
long time. However the mechanism of this phenomenon is still un-
known. The available biological (see reviews by Magnusson, 1963;
Sund, Blackburn, Williams, 1981; Fedoryako, 1982) and oceanolo-
gical hypothesis (Fedoryako, 1982) applied to funas, are ques-
tionable (Gooding, Magnusson, 1967; Holland, Brill, Chang, 1990).
We consider the hypothesis of comfortability stipulation, describ-
ed below, to be noteworthy. _

The hypothesis of comfortabity pattern of tune association
with floatings appeared as s result of the sauthor's own visual
observations of little tunny (Buthynnus alleteratus) schools over
Angolien shelf in September-October 1978/79. Tunas approached
the drifting veasels, served as & kind of floating object, and

became available for observation for a long period.

Schools approach at definite time of day (7.00-8.00 &.me),
gwimming at one knot speed from vessel bows to stern and back-
ward within one and a half - two hours, dense school structure

. with between-specimen space equal to 1-2 fish length, ignoring
natural end artificial bait, frequent defecation and occasional
display of "slip to a side" pose, the lack of signsg of external
stipulation for approaching the vessel, permit to jdentify this
form of activity as a comfortability stipulated one.{Batalyants,
1986). .

According to the known definition of comfortability stipu-
lated activity as patterms of behaviour, related with physio-
logical comfortability creation (Baskin, 1976), it is essential
to reveal the physiological correlastes for this state. As a
possible correlate we take the state of "satiation", stipulated
by a high degree of stomech filling. To check this assumption
we analysed stomach filling of large pelagic.tunas, including
those caught by purse net at floatings and in "boiling schools”
of f Sab~- Tome. '

The results of analysis are_presented below.
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Materials

Observations were carried out in August-October, 1988.
During the period of our residence on board the middle purse sein-
er it have been carried out 23 effective hauls, including 10
hauls (447%) oriented upon "birds" and "birds with splash", 9
hauls (39%) -~ upon natural and artificial fleoatings (tree trunks,
coconut-tree leaves, wooden boxes, floats with buoys), and 4
hauls (17%) - upon “boiling schools"™. Table 1 shows gpecies and
gize composition in effective hauls. Two tunsa gpecies - yellow~
fin and skipjack - dominated in catches. Little tunny and Auxi-

.dae constituted insignificant part of catch (less than 1%)

Skipjeck was observed in homotypicsl and heterotypic schools along
with young yellowfin tuna. During the period of our observations
young yellowfin association with skipjack was of pnermanent cha-
racter. No homotypical yellowfin schools were observed. The ratio
of skipjack and other component abundance of heterotypic schools
wag 2:1. In this case skipjack appeared to become a "patron'-
gpecies. '

Large yellowfin tuna was observed in homotypical scheols,
produced ineffective hauls. Hauls at floatings and "boiling
scheols", characterized by homotypical and heterotypic (with
young yellowfin) aggregations of large yellowfin and skipjack
tuna schools, were effective. Ploatings and gignificant amount
of food items near surface, where appeared "boiling schools", are
considered as external aggregating factors.

By-cateh fish species and amount of fish analysed for hauls
at floatings and in "boiling schools"” are presented in - Table 2.

Tune and by-catch fish stomach filling was recorded using
traditional 4-score scale. Stomach filling study for tuna from
purse catches has some peculiarities, described below.

Actual data and discussion

The check of relation between stomach filling and residence
at floating was started with by-catch species {Table 2).

The results of biological analyses of various shark species
and dorado confirmed the supposed relation. However those species,



which had stomachs filled with food items associated (small tu-~
nas) and non-associated with floatings may be classified as hav-
ing a feeding pattern of relation with floatings (feeding on tu-
nas ). Although there are direct evidence of shark feeding on tu-
nas, gtick in the netting (netting pieces observed in shark sto-
machs ), another evidence shows that digestion of ftunas have be~
gun long before shark catching with a sein., i. e. tunas were
grasped before a haul, )

The analysis of yellowtail stomachs provided more convinc—
ing data to confirm a comfortable patitern of this species resi-
dence at fleoatings. Yellowtail, as well as tunas, sis observed in
hauls in free-swimming schools and at floatings, i. e. its agso-
ciation with floating is of temporal pattern. High degree of
yellowtail gtomach filling in hauls from "boiling schools™ and
at floatings supposes the following rhythmics - departure from
floating to hunt end return to floastings with stomach filled. As
in tunas, its food items consist of fishes non-associated with
flomtings (Table 3). Thus, the comfortable patterm of yellowtail
agsociation with floatings is evideént. In 1990 in the central
ares of the Gulf of Guinea we often observed significent yellow-
tail schools near the board tuna-base with apparent signs of
comfortable state. As a rule they followed whitefin sharks, keep=
ing usually somewhat déeper, but close to the latter. The ana—
lysis of stomach filling appeared imposaible due to ignoring the
biat by yellowtail.

To record stomach filling of "purse-caught" tuns was much
more difficult than for by-catch species. Tunas, caught shortly
after active feeding, ejected food out of a stomach. This process
is stimulated by small stomach volume relative body size as com-
pared with other species,from one hand, and by extremely high
sweeming activity in the disturbed state, from the other hand.

We often observed food ejection by little tunny, caught with
fishing rod and line from "popper" schools over the Angolian shelf.
The stomach of knocking against the deck tuna became actually
empty in 1-2 minutes. The same observed during skipjack and
yellowfin tuna unloading from purse geine. Some food is ejected

by tuna while being in sein during ringing the net, and is pick-
ed up by birds, The residual food is ejected directly on the

deck. In such & case the deck is covered with a layer of the
whole and partly digested small fish and invertebrates. Fisher-
men reporied, that during ringing the tanks, where tunas caught
were stored in brine, they observed a lot of small fishes,
ejected out of tuna stomachs.

The ability to eject food at catching explains the fact that
food is not always recorded in gtomachs of tunas, even when the
later have been caught in Yboiling schools”, In this context we
suppoge reasonable to relate tuna association with floatings
and the satiation state, revealed by the availability‘of fresh
and slightly digested food in some tuna stomachs gnd of small
fishes from the food mass on the deck. '

Ameng the hypothesis available to explain tuna association
with floatings (Sund et al.,1984), the most convineing one con-
siders fleating objects as a food items concentrating agent. At
the same time we support Holland's assumption (Holland et ads,
1990), that food items concentrastion at floatings could not
satisafly food requirements even of middle-size tuna school. How-
ever the latter hypothesis may appear valid for sharks and large
dorado with small tunag contained in stomachs. Those tunas may
be actually captured by predators near floatings. Taking in
account the lack of external stipulation of tuna association with
floatings, we assume at least two versions for physiological
gtipulation of the procesgs. The first one is the association with
object floating near surface as one of the behavioural thermo-
regulation means (Sharp, Dizon, 1979), following the prolong
food searching at great depth and relatively low temperature.
This can explain the association with floatings of adult yellow-
fin tuna, searching food within the lower limits of the mixed
water layer.

The gecond version is association with floatings as a mean
of regenerating the energy, exposed for successful (or unsuccess—
ful) food search (comfortatle state). This version explains
the association of skipjack, young and adult yellowfin and other

tuna species with floatings.

Our hypotheses can be identified as a special case of the
second version, i. e. association with floating of “"satiated”
tuna, although we do not exclude the Association with floatings



of "hungry" tuna regquired strength recovery after unsuccessful
food search.

Comfortable activity as an inevitable element of the daily
activity, must be realized within definite period of day.
Temporal determination of tuna aggregations at floatings was
checked by time of effective hauls at floats, carried out from
two purse geiners off Sao-Tome during fishing season of 1988.

Relation of effective hauls at floatings with morning
hours and hours just after noon is presented in Table 4. Two
peaks of catches at floatings, specifically for skipjack, are
considered to be the phenomenon of the same patterh as two feed-
ing peaks for this species (Magnusson, 1963). The following re-
lation is supposed — night feeding mctivity - comforteble state
at early morning hours, nodn feeding activity - comfortable
state after noon.Further study of food mass composition is requir-
ed to temporal aspects of specific food items availability for
tunas. In our maeterial stomachs of large yellowfin tuna from
moraing hauls at floatings contained beaks of small squid, re-
pregented night food items. Stomachs of tunas from day-time
catches conteined mainly flying fishes, hunting for which was
often obgerved visually. Thus, temporal analysis'of effective
hauls at floatings confirms the comfortability stipulation of this
phenomenon.

Associetion with floatings is not considered as the unique
means of comfortable activity realization. Based on aircrailt
observations, (Petit, Stretta, 1989), the surface tuna schools
of significent biomass are often recorded as dense dark patches.
In such a case, fish made slow spiral movements, related,as we
suppose, with comfortable activity. Samples from such schools
can be also utilized to study physiologicel stipulation of
comfortability.
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Conclusion

The traditional assumption on continuous tuna movements
for significant distances practically puts the problem of com-
fortability'activity out of discussion. However the importance
of comfortable element of diurnal activity rythmics seenms pari-
cularly apparent, taking in account the great energy costs and
specific ecology of tunas. Tuna associstion with floatings
indicates one poggible version of comfortsble state realization.
The relation of tuna and other by-catch fishes stomach filling
with floatings was analysed based on assumption of gomfortable
state as a "satiation" function. The relation seems quite valid.
Temporal determination of effective hauls st floatings iz con-
sidered as an additional factor to confirm comforteble pattern
of tuna agsociation with floatings. Purther development of this
hypotheses required analysis of temporal availability of some
food items for tunas and peculiarities of comfortable state
realization depending on feeding time. '
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Table 1 (continued)

1o 2 3 4 ¢ 5 6 57 :+ 8 1 9 : 10 @ 1t 12: 13 14
39 floatings - - - - 40 38-58 43,833 4.537 78 39-5T7 43.179 2.168
40 floatings 14 84-111 98.285 8.870 14 41-52 44.000 2.051 50 39-48 42.880 1.936
4 floatings - - - - 10 40-58 47.401 5.680 23 35-53 43.000 5.551
53  "boiling school® 23 117-148 126,304  8.120 50 39-57 46.560 3.470 52 37-57 456.980 4.704
54 "hoiling school! 138 85-181 130.036 21.623 25 38-60 48.080 5.460 119 37-61 48,605 4.510
58 "boiling school" 34 100-167 126.730 19.422 - - e - 70  40-60 48.628 - 3.457
59 floatings - - - - 30 39-58 44.766 5.695 58 38-54 46.100 3.323
50  birds - - - - - - - - 41 42-56 47.463 3,025
65  birds - - - - 30 39-57 46.933 5.457 64 42-57 46.296 3.430

Note: No little tunny and fregate mackerel, cccasionally occured
in catches (less than 1%), were included into the Table.
§§
Table 2

Fish species clodged in meshes of purse seines for some
heuls, carried out of Sad-Tome in August~October, 1983

{identified by Kukuyev B, A.)

Pamily Species ¢ Sige : Occurence
: (mm) : in stomachs
1. Trachipteridae Zu cristatus T0
2. Holocentridae Holocentrus sp. 20
3. Priacanthidae Priacenthus :
cruinthatus 30-40 thnas, sharks
4. Carangidae Vomer setapinnis 25-45 tunaes
© Carangidar Trachurus sp. 30-40 tunas, sharks
5. Gempylidas Diplospinus
multiiatus 50-60 tunes
6. Nomeidae Psenes 3p. 25
7. Cephalacanthidae Dactylopterus
volitans 30-35 {unas
8. Monacanthidae Cantherinus sp. 5550 tunas,
) yellowtail
9. Ostracionidae Ostracion sp. 14
10.Diodonthidae Diodon holocenthrus 15-20




Table 3
Major by-catch species in purse hauls at floabings
and from freely swimming tuna schools off Sao-Tome

No. : Species,

FPamily

:Haul : Number
: No. of spe-:

:Size :Stomach

tAdssociation

:£illing :

cimen :(scores):
1. Carcharinus longimanus 49 % 300(AC) 4 floatings
{Carcharinidae) 65 1 136(AC) 4 tipple
2. Carcharinus fulciformis 1 210(AC) tuna splash-
(Carcharinidae) es, birds
3. Carcharinus lencas 3 2 146, 4
146(AC)
(Carcharinidae) 41 1 110 4 "boiling
schools™
50 1 216 4 birds
4. Sphyrna lewini 24 1 240(AC) 4 floatings
(Sphyrnidae) ‘
5. Sphyraena genia 21 2 70, 76 floatings
(Sphyraenidae) 49 2 92,103 4 floatings
6. Seriola lslandi 21 50 4 floatings
(Carangidae) 24 17 4777 4 floatings
35 1 63 4 floatings
37 2 4 "hoiling
schools”
39 20 67-88 floatings
40 11 floatings
41 7 45-57 3.4 - floatings
49 4 61-89 3.4 floatings
53 5 71=75 3.4 Dbirds
65 11 T72-86 tipple
7. Coryphaena hippurus 21 3 floatings
(Coryphaenidae) 24 2 65, 64
26 25 48-102 3.4  floatings
27 6 4 floatings
39 4 54-67 floatings
59 4 136 floatings
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Table 4

Time of purse hauls at natural and artificial
floatings off Saa~Tome, 1988

A. August-September, 3ST "Pterig"

No. Hﬁg% Date Eggi giart Catch (%)

Te 21 20.08 7.00 34.3

2. 23 21.08 6.40 emergency

3. 24 22.08 6.30 ;6.0

4. 25 22.08 14.40 8.0

Se 26 23.08 6.35 5.0

6. 27 24.08 6.50 specimen

7. 35 02.09 6.35 0

8. 39 07.09 6.50 14.0

9. 40 06.09 17.27 2.0

10. 41 07,09 16.30 0.5

11, 49 16.09 7.50 0.3
12, 59 26.09 8.20 7.0

B. June-September, SST "Marginella®

Tl pave i Hmeof |0 caten ()

Te 1 23.06 19.25 5.0

2e 14 31.07 6,40 ¢}

3. 19 04.08 6.50 2.0

4. 21 06.08 14.30 81.0

5 22 07.08 14.10 79.0

6. 29 22.08 6.40 10.0

Ta 30 25.08 9.40 10.0

8. 39 02.09 8.30 36.0

9. 40 02.09 14.05 4.0

10. 41 03.09 7.00 5.0

11. 42 03.09 11.40 2.0

12. 45 10.09 7.30 1.0

13. 60 29.09 T.00 30.0

14 61 29.09 14.55 50.0




