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Abstract....JI'he spawning seasonality of albacore, ThunnuB alalunga, in
the South Pacific was studied by examining ovaries and testes collected from
longline vessels operating in the waters
off New Caledonia (21°-23°S. 164°166°E) and Tonga (16°-29°S, 171°_
177°W), January 1990 to February
1992. The monthly change in GSI values and mean oocyte diameters indicated that albacore are annual spawners, with most spawning limited to the
austral summer months from November to February. Asymmetry in weight
of, but not in the reproductive development of, the left and right gonad pairs
was apparent in samples from the two
collection sites; most right ovaries and
testes were heavier and larger than
those on the left side.
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Albacore, Thunnus alalunga, are
distributed throughout the Pacific
in temperate and tropical waters.
The North and South Pacific populations are considered to be separate stocks because 1) catch rates
for these two populations are extremely low in the equatorial region, 2) the two populations have
nonoverlapping spawning areas
and different spawning seasons,
and 3) there is no evidence that albacore tagged in the North Pacific
move to the South Pacific (Lewis l ).
In the South Pacific, albacore are
found from the Equator to 500 S latitude and from the surface to depths
of 300 m (Yoneta and Saito, 1973).
South Pacific albacore generally are
considered to reach sexual maturity
in the size range of 85 to 90 cm fork
length [FL] (Ueyanagi, 1957; Otsu
and Hansen, 1962), when they are
usually between 6 and 8 years old
(Labelle et aI., 1993).
Two major fisheries target albacore in the South Pacific: a longline
fishery concentrating on adult fish
(80-110 cm) in tropical and subtropical waters (10°-300 S) throughout the year and a surface troll fishery targeting subadults (50-80 cm)
in temperate waters (30°-4ooS) during the austral summer (Lewis l ;
Rensink2 ). An area ofresearch that

was recognized by the second South
Pacific Albacore Research (SPAR)
workshop as needing further work
was delineation of the spawning
seasonality ofalbacore in the South
Pacific. A sampling and histological
project was organized by the Tuna
and BillfishAssessment Programme
(TBAP) ofthe South Pacific Commission (SPC) and the Southwest Fisheries Science Center (SWFSC) to
provide a better understanding of
albacore reproduction in the South
Pacific. Because adult albacore at
various stages of reproductive development were needed, sampling
was limited to the longline fishery.
The purpose of our study is to report on the spawning seasonality of
albacore in the South Pacific Ocean
by using oocyte development and
gonadosomatic indices as indicators
of spawning activity.

* Deceased.
Lewis. A. D. 1990. South Pacific albacore stock structure: a review of available
information. Third South Pacific albacore
research workshop; Noumea, New Caledonia, 9-12 October 1990, Working Paper
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D5, Noumea Cedex, New Caledonia.
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1991. Summary of the
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National Marine Fisheries Service, P.O.
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Materials and methods

week, May 1990 to February 1992, whereas sampling
near Thnga occurred on every second set of the
longline during January 1990 to February 1992.
In New Caledonia and aboard Lora, gonads were
removed from the gut cavity of albacore and identified as male or female. Each pair was separated into
a left and right section and weighed fresh to the nearest 1 g in New Caledonia and to the nearest 5 g on
Lora for size comparison. Weights of fresh gonads
included the weight of the associated fatbody.
A total of 1,105 albacore were examined and measured (300 females, 799 males, 6 undetermined); of
this number, 246 pairs of ovaries and 444 pairs of
testes were weighed fresh (Table 1). A subset of 150
ovaries were collected from female albacore in varieus stages of development for l'..istology. 1\ greater
percentage of the ovaries collected came from New
Caledonia because ovary collections from waters near
'lbnga were limited to ovaries from albacore in the 8089 em FL size range. In the laboratory, the ovary was
removed from a formalin fixative, patted dry, and
weighed to the nearest 0.1 g. The associated fatbody
was then removed and the ovary reweighed without
the fatbody; these values were then used to calculate
the gonadosomatic index (GSI>. Male albacore testes
were not collected for histological study from either site.
Histological processing was done by staff at the
Maas Diagnostic Laboratories who followed the

Albacore were sampled from the catches of two
longline vessels: a Japanese-New Caledonia jointventure with longliners fishing in New Caledonia
waters (21°-23°8, 164D-166°E) and unloading in
Noumea, and 2) the Tonga government-owned
longliner, MV Lora, operating in Tonga waters (16°29°8, 1710-177°W) (Fig.1). These sampling arrangements were selected because these vessels fished
throughout the year in known spawning areas. Fishing operations took place during daylight and standard commerciallongline gear was used.
Sampling was designed to cause minimum disturbance to commercial operations while providing adequate samples and data. For both sampling opera..
tions, sex, fork length (to the nearest centimeter),
and gonad weight (to the nearest g, New Caledonia
[females]; or to the nearest 5 g, Tonga [females and
males]) were measured. In waters near New
Caledonia, ovaries from each 10-cm size class (7079 cm, 80-89 cm, 90-99 cm, and 100-no cm) were
collected each collection day, but actual quantities
were dependent on the landings from the commercial operation. However, in waters near Thnga, ovaries were collected only from albacore in the 80-89
cm size class because of sampling limitations. Sampling in waters near New Caledonia was done once a
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Figure 1
Sampling areas for albacore, ThunnuB alalunga, in the South Pacific Ocean
near New Caledonia and Thnga from 1990 to 1992.
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Table 1
Summary of albacore gonads sampled in the South Pacific, January 199O-February 1992. Undeter. = undetermined.
Sampling
period

Site

Sex

Number of
albacore
examined

Number of
gonads
weighed

Number of
ovaries
collected

New Caledonia

May 199O-February 1992

Female
Male
Undeter.

108
239
6

104
0
0

105
0
0

Tonga

January 199O-February 1992

Female
Male

192
560

142
444

45
0

rate the oocytes from the ovarian connective tissue
(Hunter et aI., 1986). The separated oocytes were then
measured to 0.01 mm to determine the average size
of the most developed stage of oocytes in each ovary;
this was done by measuring the diameter of 20 00cytes in the sample as described by Schaefer (1987).
The mean diameter of the most advanced stage of
oocytes was plotted against months to examine the
seasonal trend of maturity (Fig. 2). Oocyte diameter
and developmental stage of the ovaries were examined to see if differences in weight between the right
and left sides of the ovary were associated with differences in the reproductive state.
The histological condition of the samples did not
provide the resolution necessary to distinguish

methods described in Hunter et al. (1986). A cross
section of the ovary was taken from the middle region of the ovary, dehydrated, embedded in paraffin,
sectioned at 7 IJ.m, and stained with Harris's hematoxylin followed by eosin counterstain. The slides
were examined with a compound microscope to determine the stage of ovarian development (as characterized by the presence or absence of yolk, lipid
vesicles, hydrated oocytes, and postovulatory follicles) and were classified as early developing
(unyolked), late developing (partially yolked), or advanced (fully yolked) (Schaefer, 1987). A second cross
section of ovarian tissue was taken from the outer
edge of the ovary to the lumen. This sample was
placed in 33% glycerol for 10 to 20 minutes to sepa-
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Monthly variation in mean diameter of the most advanced stage of oocytes
for albacore, Thunnus alalunga. sampled from New Caledonia and Tonga,
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postovulatory follicles from preservation artifacts.
Because of the time between capture and preservation, significant amounts of atresia occurred. The atresia limited the usefulness of the ovary sections because
postovuIatory follicles could not be distinguished from
atretic conditions and histological materials.
Gonadosomatic indices (GSI) were calculated from
the ovarian samples collected from New Caledonia
and Thnga by using the formula of Kume and Joseph
(1969):

Length-frequency distributions of sampled
albacore
Length and sex data were collected on 1,105 albacore in the South Pacific. Size frequencies differed
between males and females in both the New
Caledonia and Thnga sites (Fig. 4, A and B). Male
albacore had two size modes, 8-91 cm FL and 100102 cm FL (Fig. 4, A and B). The relative strength of
the modes differed at each sampling site. Female albacore from New Caledonia had a single mode, 8692 em FL (Fig. 4A), whereas females from Thnga possibly displayed two size modes, 87-89 em FL and 9296 em FL (F1.g. 4B). Few females over 100 cm FL were
collected in either the New Caledonia or Thnga
samples.
Male albacore were encountered more often than
female albacore (Fig. 4, A and B). Male albacore accounted for 68.9% ofthe samples from New Caledonia
and for 74.5% of the samples from Thnga (Table 1).

where W = total gonad weight in grams minus fatbody
and L = fork length in centimeters. The GSI was calculated only for those iemaies whose ovaries were
collected and processed in the laboratory. The critical GSI value was determined to be 1. 7 according to
the definition of maturity by Cayre and Farrugio
(unpubl. data),3 the value for which 100% of the females display an advanced mode of oocyte development (>0.3 mm) (Fig. 3).
3

Oocyte development

Cayre, P., and H. Farrugio. 1983. Biologie de la reproduction
du listao Katsuwonus pelamis de 1'0cean Atlantique. Doc. SKJ.
Conf./83/12, presente a la reunion de cl6ture du Programme
International de Recherches sue Ie listro Atlantique, TeneritTe
(Espagne), juin 1983, 62 p.

The most advanced stage of oocytes collected during
the austral winter months was the unyolked oocytes
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with a mean diameter near 0.1 mm (Fig. 2). Between
September and December, the number of albacore
with partially yolked or fully yolked oocytes increased
rapidly, and mean monthly oocyte diameters progressed from 0.12 mm to 0.57 mm (Fig. 2). Albacore
with fully yolked oocytes were found from the summer months through March. No hydrated ovaries

were observed in either the New Caledonia or the
Tonga samples. By April, the most advanced-stage
oocytes were resting-state oocytes with a mean diameter of 0.1 mm for all samples (Fig. 2).
A correlation exists between the most advanced
stage of oocytes and GSI, as indicated by the positive coefficient of determination, ,,:J. = 0.829 (Fig. 3).
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Figure 5
Gonadosomatic index values for female albacore, Thunnus alalunga. versus fork
length, sampled from New Caledonia and Thnga from 1990 to 1992.

Gonadosomatic index
Because albacore gonads often have a fatbody attached, only those samples processed at the Southwest Fisheries Science Center (SWFSC), with the
fatbody removed, were used in calculating GSI. The
weight of the fatbody was found to compose an average of 4.4% of ovarian weight, from 0.0% to 31.6% in
the samples sent to the SWFSC for processing. Because of the large variability in the weight of the
fatbody, we decided not to attempt any corrections
for fatbody presence but to use only the weight of
ovaries measured in the laboratory. The relationship
between GSI and fork length of sampled female albacore is shown in Figure 5.
In this study, a GSI of 1.7 was used as the critical
GSI value, delimiting the point at which 100% ofthe
females in our sample displayed an advanced stage
of oocyte development (>0.3 mm)(Fig. 3). GSI values
of 1.6 (Kikawa, 1959, 1966), 2.0 (Shung, 1973; Koido
and Suzuki, 1989), and 2.1 (Kikawa, 1962) have been
used to indicate group maturity of different species
of female tunas. Female albacore appear to be capable of achieving this level of ovarian maturity and
therefore of spawning once they reach 82 cm FL (Fig.
5). Evidence of spawning, as indicated by the presence of residual hyaline oocytes, was found in an 85cm-FL albacore with a GSI of 2.8 and a mean maxi-

mum oocyte diameter of 0.57 mm. The largest GSI
measured was 5.2 for a 89-cm female captured in
Thnga in November. The weight ofits ovary was 368.3
g, and the mean oocyte diameter ofits most advanced
oocytes was 0.60 mm.
The mean monthly GSI's offemales show that peak
reproductive development (GSI>1.7) occurs in the
austral summer months, November-February (Fig. 6).
The fIrst indication of maturation was observed in October, when three of 15 albacore sampled were found
to have GSI's greater than 1. 7. These three had partially and fully yolked oocytes in the 0.35--0.54 mm size
range. The fIrst large increase in mean monthly GSI
value occurred in November, when the mean GSI increased to 3.2 (Fig. 6). The largest monthly GSI, a mean
of3.3, occurred. in February (Fig. 6). In March, the mean
GSI declined to 1.2, although a small number of females still exhibited some spawning activity as indicated by females with high GSI values and late developed ovaries with oocyte diameters greater than 0.3
mm. The mean GSI then dropped to a resting level,
close to 0.5, for the austral autumn and winter months.

Gonadal asymmetry
The right gonad was found to be heavier than the
left in 80.0% of the females examined, and in 98.6%
of the males (Table 2). In terms of collection sites,
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the difference in females was less pronounced in New
Caledonia (55.8%) than in Tonga (95.1%).
The left and right ovaries showed no significant
difference in oocyte diameters between the left and
right ovaries in the paired t-test (TO.0512l,83=1.902).
Only one of the 150 ovary pairs examined revealed a
difference in maturity stages, with the left and
smaller ovary being classified as developing and the
right and larger as late developing.

Discussion
Our data indicate that albacore caught near New
Caledonia and Tonga are seasonal spawners, spawning mainly during the austral summer months, November-February. This supports the work on albacore
reproduction in the South Pacific by Otsu and Hansen
(1962). Nishikawa et al. (1985) and Ueyanagi (1969)
analyzed larval data and determined that spawning
was greatest in spring and early summer (OctoberDecember). Few larval surveys, however, were undertaken later in the season, January-March in the spawning area (see Fig. 37 in Nishikawa et al., 1985). It should
be noted that albacore larvae are reported to occur south
of 100 S in the South Pacific for all months except JulySeptember (Nishikawa et al., 1985), indicating that
spawning may be protracted. Leis et aI. (1991) found
high concentrations ofalbacore larvae near the islands
ofFrench Polynesia (14°-17°S) in January and Febru-

Table 2
Asymmetry in gonad weight of albacore sampled from New
Caledonia and Tonga, 1990--92.
Gonad
weight (gl

New Caledonia
female

Tonga
female

Tonga
male
98.60%

Right> Left

55.77%

95.10%

Right = Left

17.31%

4.90%

1.10%

Right < Left

26.92

0.00%
142

0.20%

n

x
SD
Range

104
9.5
41.6
-130,+160

19.3
13.7
0-100

444
12.9
12.8
-30,+105

ary, corresponding to the period of peak reproduction
period observed in this study.
From the distribution of larval and juvenile albacore, various authors have shown that the spawning
area of South Pacific albacore lies between 10° and
25°S (Otsu and Hansen, 1962; Nishikawa et aI.. 1985;
Ishii and Inoue, 1956; Ueyanagi, 1969). In this study,
most maturing albacore (i.e. with GSI's above 1.7)
were taken between 20° and 23°S.
Both the New Caledonia and the Tonga aSI data
support the view that female albacore reach maturity at a minimum length of around 82 cm (Fig. 5).
Although, GSI values alone may not present a full
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picture of gonadal activity, the similarity in trends
ofmonthly values ofGSl's and oocyte diameters (Figs.
2 and 6) suggests that either method can be used to
determine spawning season for the samples as a group.
The length frequencies ofmale and female samples
from New Caledonia and 'Ibnga indicate sexually
dimorphic size differences. Such dimorphism had
previously been reported by Otsu and Sumida (1968).
In yellowfin tuna, sexually dimorphic growth has
been age verified, and males were found to represent the largest mode in fork lengths (Wild, 1986).
Gonadal asymmetry has been recorded in several
fish species (Ovchinnikov, 1971; Sanwal and Khana,
1972) and was documented previously in albacore
by Otsu a.nd Uchida (1959) and Ueyanagi (1955). The
former compared oocyte diameters frum different
areas of one pair of ovaries and found that differences existed between anterior and posterior regions
of a single ovary but not between the sides. In contrast, Ratty et a1. (1990) found that the smaller left
testis of males from the temperate troll fishery was
consistently more active than the larger right testis.
We found no significant difference in the diameters
of oocytes in left and right ovaries.
The absence of advanced and fully ripe ovaries in
our samples is similar to the state of reproductive
development of ovaries in other studies of albacore
reproduction in the Pacific that have relied on longline fisheries as the main source of samples (Otsu
and Uchida, 1959; Otsu and Hansen, 1962). As these
authors have noted, albacore in, or close to, spawning condition are generally unavailable to the fishery, either because they have stopped feeding and
will not take hooks or because they have moved beyond the range of gear. In order to capture the latter
category of fish, both the New Caledonia longliners
and the MV Lora crew set and hauled their gear during daylight hours; it is possible, however, that albacore, like some other tunas, spawn at night (Hunter
et aI., 1986; Schaefer, 1996). In addition, albacore
may pass rapidly through the mature and spawned
stages of the cycle, as Hunter et al. (1986) found with
skipjack tuna, and McPherson with yellowfin tuna
(1991). Thus, there remain a number of key aspects
of the reproduction of South Pacific albacore, such
as spawning frequency, batch fecundity and length
at 50% maturity, that require further investigation.
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