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RESUMEN

El documento analiza los cambios espaciales observados en las diferentes actividades de pesca

de los cerqueros tropicales en el Atldntico, de 1991 a 1995. Si bien el esfuerzo nominal de pesca .

global permanecié estable, el porcentaje del esfuerzo ejercido en la zona de Liberia descendié y se
traslad6 a la zona de alta mar de Ghana-Cbte d’Ivoire. Por ello, la proporcién en la captura de tinidos
de mds de 30 kg se multiplic6 por cinco en esta zona, lo que representaba el 50% del total en esta
categorfa de talla. El marcado descenso observado en la proporcidn del esfuerzo de pesca ejercido en
el norte de la zona de Liberia, no produjo un importante descenso en la pesca de tinidos inferiores
2 10 kg (se sigue capturando un 25% de peces de esta talla, debido tal vez a la pesca con objetos
flotantes). El porcentaje estimado de lances con objetos equipados con radio, mostraba un aumento
del 12 al 34% en cinco afios. Dado que el porcentaje de lances efectuados con todo tipo de objetos
s6lo aument$ en un 5%, es probable que los objetos sin transmisores fueron siendo equipados
progresjvamente durante esos afios. La distribucion espacial de la captura de peces pequefios estaba
muy relacionada con la distribucién espacial del esfuerzo de pesca, pero no mostraba una relacién
clara con la de los objetos equipados con radio. El estrato espacio-temporal escogido por los
armadores de cerqueros europeos para la veda de las operaciones con objeto, corresponde a la
principal zona y a la principal temporada (noviembre a enero) de esa actividad. Este estrato
representaba aproximadamente el 36% de todos los lances con objeto realizados por los cerqueros en
el Atldntico y del 25 al 30% de Ja captura total de peces de menos de 10 kg en dicho océano.
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INTRODUCTION

The management of the tropical tuna mixed-species fishery involves different objectives,
such as (a) the optimization of the fishing mortality rates on the target species, (b) the less
damaging use of the epipelagic ecosystem (i.e., by limiting and controlling unnecessary incidental
catches), and (c) the economical sustainability of the exploitation.

The main target species for the tropical tuna purse-seiner fishery in the Atlantic Ocean are
the yellowfin (Thunnus albacares), and the skipjack (Katsuwonnus pelamis). In contrast, the
bigeye tuna (Thunnus obesus) can be considered as a by-catch for this. fishery. The recent
development of the fishing operations on logs equipped with a transmitter (namely, radio range
beacons) was incited by the necessity to exploit a new fraction of the stocks, previously
unavailable (especially for exploiting the skipjack tuna). The resulting increase of the amount of
sets made on logs can be justified in order to make the best use of a given species of tuna, but a
nor-controlled use of this fishing mode could lead to a wasteful exploitation of the other species.

As a general rule, optimizing the best use of the ressource can be seen such as maximizing
yield per recruit (i.e., preventing growth overfishing), or as maximizing the surplus production
(Le., preventing recruitment overfishing). There is evidence that catches of yellowfin and bigeye
tuna made under logs are composed in majority by small fishes. Consequently, an increase in the
mortality rates of the juveniles of both species could lead to a growth overfishing. Depending
upon the rates of exploitation of the different stocks of tropical tunas in the Atlantic Ocean, this
negative impact could be combined with a recruitment overfishing. Such a situation could be
found in the case of bigeye tuna because the total catch of this species increased by forty percent
since the early 1990s (large bigeye tunas are targeted by the long-line fishery, as well as by some
european baitboat fisheries).

The aim of this paper is to analyse the possible influence of the changes in the purse-
seiners' activities in the recent increase in catches of juveniles.

MATERIALS AND METHODS
The Data

The data base was obtained from logbooks of the purse-seiners (mainly the F.I.S. and the
Spanish fleets) operating in the Eastern Atlantic Ocean from 1991 to 1995. The reasons for
limiting the scope of the study to these recent years is mainly due to the fact that the majority of

vessels did not report the fishing mode associated with the set (e.g., non-associated schools, log
schools, etc.,) before 1990.

The major results of the European research program about the sampling of the tropical



tunas ("Tropical tunas sampling scheme analysis") will be used to rebuild the ICCAT's catch/effort
surface data base (task IT) as soon as possible. Keeping in mind that the species composition
within each commercial size category probably will be modified, we preferred to use the size
category of the fish rather than the species of tuna reported in logbooks. Moreover, we assumed
that the purse-seiner fishermen's strategies (i.e., the spatial-temporal allocation of the fishing
effort) were more related to the search of the schools composed by large fishes than to the search
of a given species of tuna. This assumption was made because the price differential was bigger
between size categories than between tuna species (at least for the surface fishery). In addition,
it was evidenced that it was more appropriate to consider the association of tunas with the fishing
modes on the basis of fish size than on tuna species. The size categories were chosen based on
the classification used commercially: small < 10 kg, medium >= 10 to < 30 kg, large >= 30 kg.

Tuna fishermen know that swimming-surface tuna schools tend to concentrate under
floating objects or under marine animals. In this part of the Atlantic Ocean, tuna schools are found
with different types of associations (Stretta and Slepoukha 1986, Cayré et al. 1988). These
associations were broken down into six main fishing modes:

- Sets associated with logs not equipped with radio range beacons,

- Sets associated with Fish Aggregating Devices, or with natural logs, equipped with transmitters,
- Non-associated schools (i.e., school sets),

- Sets associated with whales,

- Sets associated with whale-shark (Rhiniodon typus),

- Sets made on non-surface schools (i.e., schools detected by the sonar).

The sets reported with an unknown association were not retained in the analysis of the distribution
of the fishing modes. Although that logs were classified as natural objects or as artificial ones in
a previous study (Ariz et al. 1992), we preferred to classify them with respect to the
presence/absence of a radio range beacons (because that has a direct influence on the searching
time). Consequently, unclassified logs were redistributed in log sets equipped with a transmitter
and log sets without this device, according to their respective proportions observed within each
area.

.Considering the possibility that any temporal change in the purse-seiners' activities could
interact with a spatial effect, the overall fishing ground was divided into seven areas as follows

(Fig. 1):

1) Cap Lopez 5°N.-10°S./ 5°E - 15°E,

2) Ivory Coast-Ghana coastal 5° N - 0° N/ 10°W. - 5° E,
3) Ivory Coast-Ghana offshore 0° S - 7° S/ 10°W - 5° E
4) North Liberia 5° N -0°N/30°W - 10° W,

5) South Liberia 0° N - 7° §/ 30° W - 10° W,

6) Guinée 10° N - 5°N/30°W - 10° W,

7) Senegal 20° N - 10° N /25° W - 15° W

Method
For detecting heterogenity in the percentage distribution of a given variable, during the

period analysed, we used the Krumbein and Tukey analysis of variance (Krumbein and Tukey
1956, in Saila 1983). The aim of this method is to compare two periods of time and to determine

whether there have been significant differences in the variable proportions between them. For
instance to compare the proportions of each fishing modes among the areas between two periods,
let

Kin = 1+ A+ Sy + Ty + AT, + STy,
where,

Xixm = percentage observed at period i, fishing mode k and area m,

u = mean of all percentages,

A; = effect of the i th period thought to influence X;, ,

Si = effect of the k th fishing mode in period i thought to influence X,

T,, = effect of the m th area thought to influence X,

AT;, = first order interaction term between periods and areas,

STim = first order interaction term between fishing modes from each period and area within
fishing mode.

In this type of analysis, only the interaction mean squares between areas and fishing modes
(i-e., the sampling levels described by Saila 1983) are of interest. The F ratio of periods x areas
to the fishing modes within periods x areas interaction is used to test the hypothesis that variability
in area proportions between periods is not significantly greater than that within fishing modes at
each periods.
Using the Saila's notation, let;

[SS4/(I-1)(M-1) ]

[ SS5/T(K-1) (M-1)]

with I =number of periods, M = number of areas, K = number of fishing modes.

554 = [T X;Qm) JIRM]+ [ ( Ex i) /K] - 121 (F r Xi)” /KM]
2k Xign)” / IK]

SS5 = [Z(mem> TEM] + [Ty Xigm > 1 - [ (F s Xgo)® / M]
[ (ke Xig)” /

In order to detect whether a change occurs in a given year, four sets of two periods were
successively created as follow: 1991 vs 1992-1995; 1991-1992 vs 1993-1995, 1991-1993 vs
1994-1995, and 1991-1994 vs 1995. Con51dermg that 4 comparative tests are made
simultaneously, each individual F value is checked at the Bonferroni corrected o', where o' = a/4.
The statistical procedure results in a decision to either reject the null hypothesis (HO) or not reject
it. The statistical power of a test (1- ﬁ) is the probability of correctly detecting a specified effect,
if that effect exists. This parameter is a function of a (the probability for makmg a type I error,
Le., to reject Ho when it is true), the effect size and the sample s1ze/sample variance. The easier
way for controling B (the type I error, i.e., to not reject Ho when it is false) consists in accepting
an increase in o, thus, an overall type I error of 0.10 was chosen.

RESULTS



Changes in the purse-seiners' activities throughout the years.

The results provided by the Krumbein and Tukey analysis of variance did not show
significant changes in the spatial distribution of the fishing modes or in the spatial distribution of
the catches of the commercial categories (Tab. 1). This type of analysis would not be powerful
enough to detect gradual changes between years (i.e., the great variability observed between areas
could mask these changes). The only significant temporal change (at a 0.1 level) was found in the
distribution of commercial category catches between 1991 and 1995 (especially for the size
categories 2 and 3, Tab. 2). The percentage in catch of medium fishes decreased in the coastal
Ivory Coast-Ghanean area (from 21% to 13 %), but increased in the Guinean area (from 4 % to
22%). For the large fishes, the percentage in catch realized in the offshore Ivory Coast-Ghanean
area was approximately multiplied by five (11% to 51 %). In other words, in 1995 half of the
catches of large tunas were made in this area. In contrast, there was no apparent change in the
spatial distribution in catch for the juveniles.

In spite of this apparent stability, gradual changes in some activities can be observed
throughout those five years (Tab. 3 and 4). Although the overall nominal fishing effort developped
by the purse-seiners in the Atlantic Ocean stayed stationary at 200,000 fishing days per year, its
spatial distribution varied over the years (Tab. 3). The fishing effort was partially relocated from
the Liberian areas (areas 4 and 5) to the Ivory Coast-Ghanean offshore area (area 3).
Consequently, the sharp increase in catch of large fishes observed in this last area may be
explained by (a) a related increase in fishing effort, and (b) by the fact that 40% of the non-
associated school sets (the main fishing mode associated with large tunas) were made in this area
(Tab. 4).

By contrast, the relocation of the nominal fishing effort did not produce significant changes in the
spatial catch distribution of the small size category. Likewise, around 20% to 25% of fishes lower
than ten kilograms continued to be caught by the purse-seiners in the Northern Liberian area, in
spite of the reduction of the fishing effort (approximately, from 25 % to 13 %). This could be
partialy explained by the relative importance of log sets made in this area (Tab. 4). The other
major area for the production of small tunas was the coastal Ivory Coast-Ghanean area (Tab. 3).

Considering now the main fishing modes, it appeared that (Tab. 4),
- sets associated with logs not equipped with a transmitter were made in majority in the area 1
(Cap Lopez) and, in the recent years, in the area 2 (Ivory Coast-Ghanean coastal area),
- sets associated with logs equipped with radio range beacons were located in the area 2, in the
area 4 (Northern Liberia) and, more recently, in the area 3 (Ivory Coast-Ghanean offshore area).
This recent importance of the area 3 can likely be attributed more to an increase of the fishing
effort in this area (Tab. 3) rather than in a change in the harvesting practices within this area.
- the greater percentage of school sets were made in the area 7 (Senegal), in the area 4 (until
1993), and in the area 3 (after 1993).
- sets associated with whales were made mainly in the areas 1, 2 and 3 (from Cap Lopez to Ivory
Coast-Ghana),
- Ninety percent of sets associated with whale-shark were concentrated in the Cap Lopez area.

The use of log sets in the Atlantic Ocean concerned the introduction of radio range
beacons to locate the logs as well as the extension of the fishing ground to the western offshore
area (Ariz et al. 1992). Among the sets in which the fishing mode was clearly reported in the
logbook, the use of logs equipped with a transmitter showed a strong seasonality (Fig. 2). This
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fishing mode was dominant during the months of November, December and January. The seasonal
pattern of the use of logs not equipped was not so marked and its maximum was observed in late
summer or at the beginning of fall.

During the recent years, the proportion of sets made under logs equipped with a
transmitter has increased by 22 %, whereas the proportion of sets associated with all types of logs
increased only by 5% (Tab. 5). This suggests that natural or artificial logs were progressively
substitued by logs equipped with radio range beacons (amother possibility could be an
improvement of the report of this device in the logbooks). In spite of the increase in proportion
of sets made under logs equipped with a trasmitter, there was no evidence of a correlated increase
in catches of the small size category.

To compare the yearly spatial distributions of the catch size categories and the yearly
spatial distributions of the different activities (e.g., between the subtable "Size category 1", in
table 3, and the subtable "Logs with transmitter”, in table 4), we used the Krumbein and Tukey'
F statistic. Only the test between the distribution of the nominal fishing effort and the distribution
of the catch of the first size category was not significant at a 0.05 level (Tab. 6). This suggests
the existence of a strong proportionality between the catch of small tunas and the fishing effort
exerted in a given area. At first glance this result is obvious, but it can be argued that it was not
the case for the size categories 2 and 3. This does not mean that the spatial distribution in catches
of these two categories were independent of the spatial distribution of the effort, but that they
were also related to other factors.

To assess the proximity between each size category's subtable and the different activities'
subtables, we used the absolute value of the F's statistic. The salient result concerned the apparent
lack of relationship between the spatial distribution in catch of the small tunas and the spatial
distribution of the sets equipped with radio range beacons (Fig, 3). The only direct relationship
between the use of logs equipped with radio range beacons and the catch of small tunas was
maybe observed in the Northern Liberian area. As mentioned, in this area the reduction of the
fishing effort was not followed by a decrease in catch of juveniles, Iikely because around 30 % of
the sets continued to be made made on logs equipped with a transmitter (Tab. 4). Another
important point to keep in mind is the fact that in some areas small tuna schools were also found
in school sets (e.g., the skipjack schools in the Senegalese area). On the other hand, the
discrepency observed between the spatial catch distribution of the different size categories and
the repartition of sets not equipped with a transmitter appeared coberent. The occurrence of those
sets (likely, made under natural logs) depend on the relative proximity of the great westermn
Afiican rivers (for instance, the Zaire river in the case of the Cap Lopez area, etc,). The similitud
observed in the spatial proportion of the catches of large tunas and the spatial proportion of sets
made under logs, equipped with a transmitter, highlights the difficulty to manage this mixed-
species fishery.

The development of the utilization of the sonar has been assumed to be as one of the
causes that could explain the recent increase in bigeye catches. Although it was not easy to check
this assumption from data collected in logbooks, it appeared, however, that only one percent of
the tuna schools were detected with the aid of this fishing equipment. In the same way, the
usefulness of the sonar during the setting operation can not be correctly assessed from logbook
information,

The stratum chosen to the closure of the log fishery.
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Table 1. Results of the Krumbein and Tukey analysis of variance used to assess change in the

spatial distribution of the variables of interest between two periods of time. The F values for the Area 91 92 93 94 95
simultaneous tests were checked at the Bonferoni corrected level (o' = 0.025). The individual
F for_the. comparison between 1991 and 1995 was checked for @ = 0.10. NS = non significant; | Cap Lopez 959 830 7.3 699 797
* = significant at the 0.10 level. | IC-Ghana coastal ~ 23.66 26.97 29.03 2078 2191
: Nominal IC-Ghana offshore  8.29 12.05 10.56 19.68 2188
. . . ! effort North Liberia 2372 28.69 2025 11.78 13.59
Spatial changein ~ Periods  F observed ; South Liberia 1181 1006 695 807 479
| Guinea 5.31 3.38 3.85 7.76 9.91
91/92-95 0314 NS : Senegal 17.63  10.54 2222 2496 20.00
91-92 /93-95 0.647 NS
Fishing modes 91-93 / 94-95 0.673 NS : Cap Lopez i 978 7.44 8.72 6.73 6.93
91-94/95 0468 NS f IC-Ghana coastal  21.05 29.10 2404 2462 21.13
Size -IC-Ghana offshore 640 822 805 1133 1498
91-95 0.875 NS category 1 North Liberia 2633 2957 2434 2008 23.56
<10 kg South Liberia 12.44 1123 10.42 8.43 5.86
. . 91/92-95 ., 0981 NS Guinea 404 357 455 890 954
Size categories  91-92/93-95 1373 NS Senegal 19.96 1088 19.88 19.90 18.00
catch 91-93 / 94-95 1.696 NS -
91-94/95 1337 NS Cap Lopez 1776 2280 1692 1577 14.61
IC-Ghana coastal  20.53 19.58 2426 2276 12.97
91-95 2.180 % Size IC-Ghana offshore  8.57  8.59 1515 1332 12.14
category 2 North Liberia 1511 2724 1786 1290 13.15
‘ 10-30kg South Liberia 15.35  10.50 9.43 13.20 9.93
. e . . ! Guinea 445 421 384 1196 21.95
Table 2. Comparison of the percentage spatial dxstrl.butxon of the three commercial size categories | Senegal 18.22 707 1255 1009 1525
of tunas caught by the purse-seiners in 1991 and in 1995. i
! Cap Lopez 3.34 4.49 6.89 4.27 427
| ' IC-Ghana coastal  18.01 24.86 3656 11.54 17.61 .
Year Area Catl Cat2 Cat3 Size IC-Ghana offshore  10.79 2054 18.86 43.47 51.20
| category 3 North Liberia 29.61 3237 2588 6.07 779
Cap Lopez 9.78 17.76 334 : ; >=30kg  South Liberia 3220 1412 898 2000 3.7
IC-Ghana coastal 21.05 20.53 18.01 Guinea 4.48 1.09 0.86 1099 13.11
IC-Ghana offshore 6.40 8.57 10.79 i Senegal 1.57 255 1.95 366 229
91 North Liberia 2633 1511 2961 !
South Liberia 12.44 1535 3220 |
Guinea 4.04 4.45 4.48 [
Senegal 1996 18.22 1.57 |
\
Cap Lopez 6.93 14.61 4.27 |

IC-Ghana coastal 2113 1297 1761
IC-Ghana offshore 1498 12.14 51.20

95 North Liberia 23.56 13.15 7.79
South Liberia 5.86 993 3.71
Guinea 954 2195 13.11
Senegal 18,00 15,25 2,29
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Table 5. Yearly changes in the proportion of log sets with respect to the total sets ( reported with

Table 4. Changes in the percentage spatial distribution of the main fishing modes for the purse- an association) in logbooks.

seiner fishery in the Atlantic Ocean from 1991 to 1995.

Atlantic Ocean Stratum X
area 91 92 93 94 95 Logs ~ Total  Logs  Total
with tr. logs with tr. logs
Cap Lopez 56.74 4696 37774 4764 3633
IC-Ghana coastal 1975 1547 1997 2930 27.54 o e ORI s
Logs IC-Ghana offshore  3.13 884 6.13 1380 1230 9 13'72 38.98 27'58 64.91
not equipped North Liberia 1097 1519 2134 378 762 ’ . . ‘
. 94 2573 4048 4244  56.02
South Liberia 345 608 613 208 1.56 05 3425 43580 56.02
Guinea 329 110 676, 095  8.40 : : 6.92 6541
Senegal 266 635 1.73 246  6.25
Cap Lopez 3.04 256 229 230 167 Table 6. Results of the Krumbein and Tukey analysis of variance used to compare the percentage

IC-Ghana coastal  21.89 27.94 2696 2724 30.60 \ spatial catch distributions of the commercial categories and different purse-seiner's distribution
. - . : : : | ctivities. For a F (6,48): NS = non significant; * = significant at the 0.10 level: ** = sipnificant
IC-Gh Fsh 8.20 37 1029 1570 '18.88 : a > R > > g
Logs with C-Ghana offshore 7 ; at the 0.05 level, *** = significant at the 0.01 level.

a transmitter North Liberia 3484 4247 3386 2713 2905 i
South Liberi 16.18 1345 1520 14.06 7.99 | o ..
G(l);ilnea tbena 1298 384 703 0.68 874 : Catch distribution Activity  F observed
3.56 2.36 437 3. 3.07
Senegal v o1 Effort 1208 NS
Cap Lopez 13.87 1086 10.63 943  9.29 | Logsnoneq. 25855 *xx

IC-Ghana coastal  13.70 2048 1986 7.7 13.79 § Size category 1 Logswithtr. 14163 **x

School sets  IC-Ghana offshore ~ 8.67 12.86  9.02 29.94 39.80 | School sets ~ 2.495  **
North Liberia 21.09 3025 2478 606 686 !
South Liberia 1653 1071 456 1078 234 i A Effort 3.052 %
Guinea 568 233 116 443 0.66 | Size category 2 Logsnoneg. 10.068
) ' ' ’ ’ ! Logs withtr.  14.163  **#
Senegal 3.46 1252 2999 32.08 1827 ‘
enega 2 ! % | Schoolsets ~ 2.200 *
Cap Lopez 25.94 5032 3071 33.16 38.43
IC-Ghana coastal  29.93 2516 34.65 842 24.25 Size caterory 3 oo e
Whales ~ IC-Ghana offshore 274 1338 1890 3421 2239 | , CwecHesenyd essnoned 1170 7
North Liberia 1172 828 472 684 634 | o W 20
South Liberia 150 064 118 105 149 Jf choolsets 3.843
Guinea 2.74 2.23 0.00 6.32 2.61 : . . . .
Senegal 25.44 0.00 084 1000 448 ; Table 7 Yearly changes in proportion of sets made in the stratum X with respect to the total
) ' ’ ' [ Atlantic QOcean.
8.75 8981 8519 96.08 95.07 ‘
Cap Lopez 8 89 1 8 ’ Year All sets Logs Logs Al Catch  Catch Catch Effort

IC-Ghana coastal 1.25 2.78 0.00 0.00 0.60

Whale-sharks IC-Ghana offshore  1.25 648 278  2.94  2.09 known noteq. withtra Logs Cat.1 Cat.2 Cat.3

iberi . . . 00 045

North Liberia 5000000000 000 0 91 1816 601 40.98 33.80 3069 1665 822 2031
South Liberia 0.00 0.00 0.00 0.00 0.00

: 92 2210 2389 3199 3198 2604 13.84 1912 2099
Guinea 000 000 000 000 149

Senegal 375 093 1204 098 030 93 2199 2200 4421 3662 2643 2064 1320 2166

: : - : 94 2576 1022 4248 3564 2477 1738 2205 2097

95 2682 1261 4458 4006 31.04 1648 2187 21.75




Figure 1. Map showing the different areas used in this study.

1) Cap Lopez

2) Ivory Coast-Ghana coastal
3) Ivory Coast-Ghana offshore
4) North Liberia

5) South Liberia

6) Guinée

7) Senegal
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Figure 2. Monthly evolution of the number of sets made under logs (logs not equipped
range beacons and logs equipped) for the purse-seiner fishery from 1991 to 1995
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Figure 3. Schematic representation of the proximity between the spatial distribution of the catches
of the commercial categories and some purse-seiners' distribution activities (based on the absolute
value of the Krumbein and Tukey's F statistic in Table 6).



