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SUMMARY

The present work 1s an attempt to 1dent1fy the areas of
hlghest probablllty for the occurrence of surface skipjack
schools (Katsuwonus pelfamis, Linnaeus, 1758), off the south-
eastern coast of Brazil. The average quarterly values of the
depths of the 18°C isotherm gnd the dissolved oxygen content
below 3.5 ml/l, within 1° ia;itude,by 1°'iongi£ude squares were
determined by means of & comﬁuter. Quarteérly charts of the
spatial distribution of these two parameters were developed
from these data. Special emphasis was given to the 50, 100
and 150 m isobaths. The areas favorable for the occurrence of
surface skipjack schools were generally distributed along and
parallel to the coast of the stﬁdy region, in the four quarters.
A preliminary comparison between the mapped areas and skipjack
catch data availéble for the same areas, for the third quarter,
suggests good agreehent between the two. The largest area
fqvopable for the occurrence of surface ;kiquck sché&ls was
in the first quarter (austral swmmer), with 54,800 km? and the
smallest one was in the fourth quarter (aﬁstrgl spring), with

49,400 km2.
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RESUME

Le présent document tente d' 1dent1flep les zohes ol il est
le plus probable de trouver des bancs de listao (Katsuwonus pela-
mis, Linnaeus, 1758) en surface, au large des cOtes sud-est du
Brésil. Les valeurs trimestrielles moyenne de profondeur de
1'isotherme 180C et du contenu d'oxygéne dissous de moins de

3,5 ml/1, dans des carrés de 1o de longitude par lg dé latitude,

ont -6té déterminédes au moyen d'un ordinateur. Des tableaux tri-

mestriels de la distribution dans 1'espace de ces deux param2tres
ont été élaborés & partir de ces donnédes. Une attention particu-
lisre a été prétée aux isobathes 50, 100 et 150. Les zones pro-
pices & la présence de bancs de listao en surface sont en“général
réparfies parallélement le long des cdtes de la région sous gtude,
et ce pendant les quatre trimestres. Une premiére comparaison des
zones reportées sur les cartes et des données de capture de listao
dispénibles pour ces mémes zones, pour le troisigme trimestre,
fa£§ég”énfrevoir une bonneAéﬁngoﬁdﬁnce s, pihs“;mpie zane prob;ce
a ié pfésence de bancs.de listac en surface ecouvrait, pendant le
premier trimestre (&té austral), 54.800 ka; la plus ﬁetite cou-
vrait, pendant le quatridme trimestre (printemps austral),

49,500 km”,



RESUMEN

E1l presente trabajo trata de identificar las areas con
mayor posibilidad de aparicidn de cardlmenes de listado
(Katsuwonus relamis, Linnaeus, 1758) en la superficie, fren-
te a'las costas sudorientales de Brasil. El promedio de los
valores por trimestre de la profundidad de la isoterma de
1800? y el contenido en oxigeno di;uelto por débajo de
3,5 ml/1, comprendidos en &reas de 1o latitud x 12 longitud,
fueron calculados mediante.ordenador. Los diagramas, por tri-
mestre; de la distribucidn espacial de estos dos parimetros,
se desarrollaron a partir de estos datos. Se hizo particular
hincaﬁié en las isobatas de 50, 100 y 150 m. Las &reas propi-

cias a la aparicidn superficial de cardimenes de listado,; se
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encontraban generalmente distribuidas a lo largo y paralela-
mente a la costa de la regidn estudiada, durante los cuatro
trimestres. Una comparacidn preliminar entre las dreas repre-
sentadas y los datos ‘de captura de listado disponiﬁles, mues-
tra una buena coincidencia entre ambos. La zona.de mayor exten-
8idn, favorable a la aparicidn de- cardiimenes de iistado en -la
superficie, cqmprendia 54.800km2durante el primer trimestre.
(verano austral), y la menor, durante el cuarto trimestre,

(primavera austral), alcanzaba los 49.400 km2.



INTRODUCTION
With the aim of obtaining a Letter knowledge of the areas
favorable Tor the occurrence of skipjack (Eggggggggs pelamis, Linnaeus,
1758), various studies have been made in the Pacitic and Atlantic Oceans,
mainly during the last decade. Those studies have shown the feasib111ty'of
predicting those areas favorable for the occurrence of skipjack, through an
analysis of the horizontal and vertical structure of temperature and
dissolved oxygen of the sea water (Blackburn, 1965; Nakamura, 1969;
Williams, 1970; Neill et al., 1976; Dizon et al., 1977 and 1978; Ingham et
al., 1977).

From previous Taboratory studies and field measurements, it
has been concluded that 18°C is the minimum temperature tolerated by
skipjack and that its minimum oxygen content requirement is 3,5 ml/1. Below
those two 1imits, the species suffers a large "stress" and cannot survive a
Tong time.

By utilizing average values of temperature and dissolved
oxygen from their physiological studies, Barkley et al. (1978) mapped the
habitat of the skipjack, for the region of the Fastern Pacific. Evans et
al. (1980) mapped the depth of the skipjack habitat for the Atlantic Ocean
between 40°N and 40°S. OFff the Brazilian coast, Evans et al. (1980) found
that the skipjack habitat is between the south of Bahia State and Santa
Catarina Island.

Based on the studies of the above mentioned authors, the
Instituto de Pesquisas Espaciais - INPE (Institute for Space Research) in
Sio JosE dos Campos, Sao Paulo, Brazil and the Instituto Oceanografico da
Universidade de S3o Paulo - I0USP (Institute of Oceanography of the
University of Sao Paulo) also from Sdo Paulo, Brazil, have been working to
determine the areas of the largest probability for the occurrence of surface
skipjack schools in the southeastern Brazilian waters. These studies are
being developed through the analysis of the temperature and oxygen content
of the waters.

The present work represents the preliminary results of those
studies. Such results will be used in the development of methodologies for
the application of satellite data in the elaboraticn of fishing chart models
(Maluf, 1979 and 1980; Maluf et al., 1983; Abdon, 1983; Castro, 1983). Those
models are intended to improve the methods used to identify the most
favorable areas for the exploratory fishing of species of commercial value.
That is, by introducing an economy in time and operation costs.
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METHODOLOGY

Historical temperature and dissolved oxygen content data were
obtained from the Banco Nacional de Dados Oceanograficos - BNDO (Brazilian
Oceanographic Data Center), of the Diretoria de Hidrografia e Navegacdo -
DHN (Brazilian Navy.Hidrographic Service) which belong to the Brazilian
Navy Ministry. Based on those data, a program was developed for INPE's
BURROUGHS-6800 computer. With this program, the average quarterly values
corresponding to the depths of the 189C isotherm and the 3,5 ml/1 dissolved
oxygen content were computed for 10 Latitude by 1° Longitude squares.

The region of this study (shown in Figure 1) is in MARSDEN
Square 376 (20° to 3005 and 40° to 50%) and includes approximately
672,400 km?. The region was divided in eight subregions in order to
facilitate the identification of the areas favorable to skipjack {Figure2).

Due to the lack of temperature and dissolved oxygen data in
some months, it was decided to use a quarterly basis for those parameters.
The months constituting the quarters were approximately the months
corresponding to the four seasons of the year.
The quarterly averaged values obtained from the computer
program were plotted in the 1° by 19 squares, according to the individual
averaged positions for each square. Than, the values were interpolated by
depth and the isobath 1ines were drawn. Special attention was paid to the
quarterly isobath lines of 50, 100 and 150m for each parameter. With those
Tines as a basis, the quarterly maps of the areas of largest probability of

skipjack schooil concentration were drawn and they are shown in Figures 3,

4, 5 and 6. These areas were determined by graphically integrating the data,
corresponding to the depths of the 18°C isotherm and 3,5 ml/1 oxygen
content, greater than 50 meters. The method of contouring the two
parameters was utilized where both of them were superimposed. The
temperature lines were considered to be the limiting factor. The 50, 100
and 200m isobaths, extracted from the Fishing Charts (NO 23 700, 23 900
and 24 000) of DHN, were also included as a reference. These charts use a
Mercator Projection with a scale of 1:1 000 000,

Table 1 contains the total number of average values
corresponding to the depths of the 180C isotherm and the dissolved oxygen
values below 3,5 m1/1. Data are recorded in 1° geographic squares for each
quarter of the calendar. Statistits, such as minimum and maximum (range)
depths of each parameter, and the total number of sampled stations, are
given,



RESULTS

Distribution of Areas Favorable for the Concentration

of Surface Skipjack Schools

First quarter

Figure 3 shows the three areas most favorable for the
occurrence of skipjack in the surface water (shaded areas) for the first
quarter. It was observed that the largest region is distributed along the
coast. The largest of these areas extends southwest from Cabo Frio to the
southern part of the study region (subregions 3, 4,5, 6, 7, and part of
8. See Figure 2), with a total approximate area of 52,200 km?. This area is
almost entirely above the 100 m isobath. There are also two small areas,
oﬁe northeast of Cabo Frio (subregion 2), with an area of about 1,600 km?
and extending for a distance of 50 km east of the coast, and the other
located at 26030°'S and 41°00'W, with an area of about 1,000 kmz. Overall,
the most favorable area for concentration of skipjack in the surface water,
for the first quarter, has an total area of about 54,800 km?.

Second quarter

The two areas most favorable for the occurrence of skipjack
in the surface water, for the second quarter, are seen in Figure 4 (shaded
areas). [t was observed that all of the shaded areas are distributed along
the coast. The largest zone extends from subregion 3 southward to Santa
Marta Cape, in subregion 8 (Figure 2), with an area of about 49;600 km?,

In subregion 4, the area favorable to skipjack reaches the 200 m isobath
and extends 140 km off the coast. The smeller second area is located to the
northeast of Cabo Frio (subregion 2) and possesses an area of 1,000 km?.
For the second quarter, the area most favorable for the concentration of
surface skipjack schools has a total area of about 50,600 km?.

Third quarter

For the third quarter, there are three areas favorable for
the occurrence of surface skipjack schools (Figure 5). The large area
was again distributed along the coast. The largest area extends
continuously from between Sao Tomé Cape and Cabo Frio, southward to
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Santa Marta Cape (subregions 2, 3, 4, 5, 6 and 7, Figure 2), with a total
area of about 45,000 km?. In subregion 3, the area reaches the 200 m
isobath and extends 90 km from the coast. There are two other smaller
areas, one of them in subregion 8, with an area of about 4,400 km?
extending 90 km east of the coast; the other area is located near 29°30'S,
44910'W and has an area of about 4,000 km?. The total area favorable for
the concentration of skipjack schoals, during the third quarter, is
estimated at 53,400 km?.

Fourth guarter

The area most favorable for the concentration of skipjack in
the surface (shaded area), for the fourth quarter, is seen in Figure 6. The
area extends along the coast, between Sdo Tome Cape and Cabo Frio
(subregions 2 and 3) southward to the 1imit of the subregions 4, 5, 6, 7
and 8. In subregions 3 and 7, the area extends deeper than the 100 m
iscbath. The total area favorable for the occurrence of surface skipjack
schools, relative to the fourth quarter, is estimated at about 49,400 km?,

Figure 7 presents a comparison of the size of the areas
favorable for the concentration of surface skipjack schools, for the four
quarters. From this graph, it is observed that the Targest area favorable
for the occurrence of surface skipjack schools occurs in the first quarter
(austral summer), with 54,800 km? and the smallest area occurs in the
fourth quarter (austral spring), with 49,400 km?. .

Table 2 summarizes the catch data from the fishery research
vessel, "N/Pq MALACOSTRACA" of the PESAGRO - RIO (Agriculture Researcﬁ
Enterprise), from a cruise madé between 06 and 18 of September 198Z.

Buring the cruise, skipjacks were fished with "live bait" along the coast,
between Cabo Frio (RJ) and the southern end of Sao Paulo State, an area
greater than 44, 637 km? (PESAGRO - RIO, 1982). Cétch data from the table
were compared with the mapped areas presented in this work, relative to the
third quarter (Figure 5). It was found that the areas where the skipjack
was caught were located between the 50 m and 150 m isobaths, that is to say,
within the potential areas for the occurrence of surface skipjack schools.



DISCUSSION

The present work is a first attempt to define the areas most
favorable for the occurrence of surface skipjack  schools. From the
results obtained, it is possible to observe that the areas determined for
the depths of 100 and 150 meters, are all in the study region and
consequently are considered as potential areas for the presence of
skipjack. The areas considered most favorable for the occurrence of
skipjack, are those found between the 50 m isobath and the corresponding
combined isobath of the two parameters. Those occur along and paraliel to
the coast.

In the first and second quarter, in subregion 3, the areas
favorable for the presence of skipjack were interrupted. This Toss of
areal continuity may have occurred because, for the two quarters, the
average quarterly depth of the 18°C isotherm was larger than 50 m (58 m in
the first quarter and 84 m in the second quarter). The average quarterly
value of the depth of the oxygen content lower than 3,5 ml/1 was also
large, being 134 m in the first quarter and 149 m in the second quarter.

In the third quarter, the same separation was observed; in
this case, close to Santa Marta Cape and to the south, where the average
value of the depth of the 18°C isotherm was 58 m and 65 m for the depth of
the oxygen content lower than 3,5 mi/1.

The most favorable aresas for the surface skipjack schools
in the more oceanic part of the study, as determined from the available
data, may be subject to some Vimitations:

- For the first quarter, in the area close to 26230'S, 41°00'W, the
depths related to temperature and oxygen content were less than or
equal to 50 m (40m and 50m respectively), but those values refer
only to the one station available.

- In the third quarter, only the depth related to temperature,
presented values less than 50 m {13 m}, for the single station
available, but the area located at 29930'S, 44910'W was mapped only
for temperature.

For these seasons, the results may not be meaningful. The above mentioned
areas were mapped, however, because the values of the field data were
within the range proposed at the begining of this work.

A preliminary comparison made among the areas mapped by the
methodology given in this work, with observed catches of skipjack, for
some of the same areas, showed a good agreement between the two. It should

be noted, however, that the data sets are based on different time scales
(quarterly for temperature and oxygen content values and daily for catch
data) and are limited to only a few catch observations. In spite of these
limitations, this agreement is encouraging. Future work utilizing a greater
quantity of skipjack catch information and a more compatible time scale,
might provide a stronger confirmation of the method used in the location

of areas favorable for surface skipjack schools (developed within this
work) and actual fish catch in those same areas.

CONCLUSIONS

From the results obtained with the present method, the
following conclusions were reached regarding the identification of areas
favorable for the occurrence of surface skipjack schools:

- The areas considered favorable for the occurrence of surface
skipjack schoaols, are distributed along and parallel to the coast in
all four quarters.

- The secondary areas, corresponding to depths of 100 and 150 m, are
located in more oceanic part of the study region (starting with the
isobath 200 m) and they are considered potential areas for the
occurrence of skipjack.

- Some of the mapped areas for the third quarter, coincided with
areas containing skipjack catches.

- The areas favorable for the occurrence of skipjack in the surface
water, as determined in this work, amounted to about 8% of the
averall area for every quarter.

- The largest area favorable for the occurrence of skipjack in the
surface water, occurred during the first quarter (austral summer,
with 54,800 km?) and the smaliest area was during the fourth quarter
(austral spring, with 49,400 km2).
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PERIOD ngggg;GSF MAXIMUM | MINIMUM TOTAL
paRMMETERS | (mibirey | VaLus DEPTH DEPTH SAMPLED
oSTTED (m) (m) STATIONS
1° 55 225 12 499
DEPTH OF .
THE 1890 2 52 243 1 1334
ISOTHERM 3° 51 254 0 959
4° 57 254 20 634
0 5
SEPTH OF THE 1 55 1700 4 499
g;?éﬁ;VED 2° 52 2380 3 1334
EggEEN¥HAN 3° 51 1695 14 959
[:i:S ML/L 4° 57 2458 3 634

Table 1 - General information, per quarter, of the depths of the 18°C

temperature and oxygen content’ Tower than 3,5 mi/1.
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WATER
OPERATION DURATION
OPERATION CATCH | SURFACE
NUMBER FISHING STATIONS | DAY (kg) | TEMp.
BEGINNING END (°c)
1 24%10" 44%50° | 131 17:00 17:121 35,0 21.5
2 25°58" 45924 | 15 | 09:56 10:00 | 70.0 | 21.5
3 25%50" 45%2' | 15 | 15:24 15:36 | 78.2 | 23.0
4 26°07" 45%21" | 15 | 16:15 16:25 | 600 22.0
5 South of Ilha Grande 16 1 07:26 07:40 16.5 -
TOTAL REAL- GATCH 1.486-
TOTAL ESTIMATED CATCH 799,7

Table 2 - General observations of Cruise 08/82 (N/Pq "MALACOSTRACA", 06

to 18 September, 1982), according to PESAGRO-RIO, 198Z.
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4 - Map of the areas favorable for the occurrence of surface skipjack

(Katsuwonus pelamis) schools, for the second gquarter. The numbered
contour lines are isobaths (in meters) and correspond to the joint

occurrence of temperature and dissolved oxygen as specified in the text.
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