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ABSTRACT

Ovaries were examined from 537 fish collected in the eastern tropical Atlantic,

western tropical Atlantic, and off New York. The reported incidence of larval and
juvenile K.. pelamis was also reviewed. The minimum fork length of skipjack tuna at

maturity was 435 mm. in the eastern tropical Atlantic, and 410 mm. in the western
tropical Atlantic. All ovaries collected off New York were in an early stage of de-
velopment. The percentage of skipjack tuna near spawning or recently spawned was
greater in the western tropical Atlantic than in the eastern tropical Atlantic. Skip,

jack tuna spawn throughout the year in the areas studied in the tropical Atlantic. The
number of eggs per spawning for fish 465 mm. to 809 mm. long was 262,000 to

1,331,000.
Nematodes identified as Philometra sp. and Spiruroidea infested the ovaries of

about 90 percent of the mature skipjack tuna. Both taxa were found in the ovaries of

tuna collected in all three areas.

INTRODUCTION

Until recently skipjack tuna (Katsuwonus
pelamis) have not been of great importance
to the Atlantic tuna fishery. Although the
northwest Atlantic purse -seine fishery in-

creased its catch of skipjack tuna from 12
percent of the total in 1962 (Wilson, 1965) to

55 percent in 1964 (Shomura, 1966), the fishery
has not contributed much to the total Atlantic
catch. Most of the catch is taken by longline,
a type of fishing that is selective against
smaller scombroids such as skipjack tuna,
which made up less than 2 percent of the total

Atlantic tuna catch in 1964. The surface
fishery in the eastern Atlantic is concen-
trated on yellowfin tuna, but skipjack tuna are
becoming more important. In 1967, skipjack

tuna formed 12 percent of the total catch of 21

live -bait boats and 18 purse -seiners that fished
along the West African coast in and south of

the Gulf of Guinea (LeGuen, Poinsard, and
Gayde, 1968). About 40 percent of the tuna
caught in the same general area by American
purse-seiners in 1967 were skipjack.

Gonad development and the distribution of

identifiable larvae and juveniles have been
used as evidence for spawning of skipjack tuna
(Rothschild, 1965). Klawe (1963) said: "Knowl-
edge of spawning habits is useful in the eluci-
dation of the life history, ecology, and popu-
lation structure of tropical tunas and is

essential to the sound management of these

resources."
I report here the results of examination of

ovaries from 537 skipjack tuna, present de-
terminations of fecundity, and review the oc-
currences of larvae and juveniles. Nematode
infestation of the ovaries is also dis-
cussed.

Previous work on the biology of skipjack
tuna in the Atlantic Ocean is limited. Howell

-

Rivero and Juarez F. (1954), Postel (1955),
Frade and Postel (1955), and Gorbunova and
Salabarria (1967) examined gonads of skip-
jack tuna; Klawe and Shimada (1959), Klawe
(I960; 1961), Marchal (1963), Gorbunova and
Salabarrai (1967), and Richards (in press) re-
ported on the occurrences of larvae and juve-
niles.
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Figure 1.—Localities of collection of skipjack tuna ovaries in the eastern tropical Atlantic.

COLLECTION AND CLASSIFICATION OF
SKIPJACK TUNA OVARIES

Skipjack tuna ovaries were collected from
the eastern tropical Atlantic (fig. 1), western
tropical Atlantic (fig. 2), and near 40°00' N.,
72°00' W. (about 100 km. off New York). The
tuna were captured on 9 cruises of three re-
search vessels, and 12 cruises of nine com-
mercial fishing vessels, from February 1964
through June 1967.

In the eastern tropical Atlantic, ovaries
were collected from skipjack tuna from 47
fishing sites. The tuna were collected on three
cruises of the BCF (Bureau of Commercial
Fisheries) research vessel Geronimo-- Feb-
ruary to April and August to October 1964,
and February to March 1965. The procedure
was to catch 25 tunas from each school en-
countered, then record the fork length, weight,
and sex of each fish. Stomachs and ovaries
were removed and frozen (Sund and Richards,
1967). Skipjack tuna were also captured by the
commercial fishing vessels Kuroshio Maru 71,
72, 73, 75, and 76 from September 1965 to

January 1966. These fish were sampled in
Tema, Ghana; the lengths were recorded, and
the stomachs and gonads were removed, pre-

served in Formalin,1 and shipped to the BCF
Tropical Atlantic Biological Laboratory,
Miami, Fla.

In the western tropical Atlantic, ovaries
from 170 tunas at 30 fishing sites were col-
lected in 1965-67 on two cruises of the

Geronimo , three cruises of the Undaunted ,

and one cruise of the Oregon . Fishing loca-
tions of the Oregon are not shown in figure 2

because exact catch positions were not avail-
able; they are combined as one fishing site

that extends along the island banks from the
U.S. Virgin Islands to the northern banks of
Montserrat, British West Indies. Periods dur-
ing which ovaries were collected by the dif-

ferent vessels were: Geronimo --August to

October 1965 and February to April 1966;
Undaunted - -February to April 1966, Novem-
ber 1966, and February to March 1967; and
Oregon-- June 1967. Sampling procedures
aboard the Geronimo and Undaunted were the
same as those used during the Geronimo
cruises in the eastern tropical Atlantic. The
Oregon's procedures differed--skipjack tunas
collected were frozen and shipped intact to

References to trade names in this publication do not

imply endorsement of commercial products.
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Figure 2.—Localities of collection of skipjack tuna ovaries in the western tropical Atlantic.
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the BCF Tropical Atlantic Biological Labo-
ratory, where the fork length and weight of

each fish were recorded, and stomachs and
gonads were preserved in Formalin.

Off New York, specimens were collected in

August 1965 and 1966 by the commercial fish-
ing vessels Puritan , Lexington , City of Tacoma ,

and Chicken of the Sea ; they were landed (and
sampled) in Puerto Rico. After the lengths of
these fish were recorded, the stomachs and
gonads were removed, preserved in Formalin,
and shipped to me. Ovaries from 90 fish were
obtained from these ships (table 1).

The ovaries were divided into the five de-
velopmental stages shown below. Stages 1 to 3

were modified from Yoshida (1965) and stages
4 and 5 were modified from Schaefer and
Orange (1956).

1. Early developing stage --Ova appear in
all ovaries as simple transparent cells; the
large ova contain a relatively large nucleus.

2. Developing stage--Ova are completely

opaque because of the deposition of yolk
granules.

3. Advanced stage --Ovaries range in de-
velopment from those with ova still relatively

opaque, containing a cluster of small oil

droplets, to those with semitransparent ova
containing a well-developed, bright yellow oil

globule.
4. Ripe stage--Ova are translucent and

loose in the lumen of the ovary; they may be
extruded from the fish by external pressure
on the abdomen. (No ripe specimens were
found in the present study.)

5. Spawned stage- -Remnants of ripe ova
remain in the lumen or among the folds of the
ovary, and are discovered only through micro-
scopic examination. Ovaries in this stage are
frequently enlarged, hollow, and flaccid. Ex-
cept for the remnants of mature ova, the ovaries
may be identical with those in stages 1, 2, or 3.

I assumed that skipjack tuna in the develop-
ing stage were nearing spawning condition and



Table 1. --Collection data on skipjack tuna ovaries collected in the tropical Atlantic Ocean, 1964-67

Ship Cruise Station Position
Lat. N. Long.

Fork length
range

Fish in each
developmental stage12 3 5

Total fish

Mm. No. No. No. No.

Geronimo



Table 1 .--Collection data on skipjack tuna ovaries collected in the tropical Atlantic Ocean, 1964-67--Continued.

Ship Position
Lat. N. Long.

Fork length
range

Fish in each
developmental stage12 3 5

Total fish

Do



a peak from April to July, near Cuba (Howell-
Rivero and Juarez F., 1954); at a peak May-

through July in Cuban waters (Gorbunova and
Salabarria, 1967).

Tuna ovaries in advanced and spawned
stages were collected in the eastern tropical
Atlantic in January through April, September,
and December (fig. 3). Marchal (1963) found
95 juvenile skipjack tuna in the same area

during February, March, and May. Richards
(in press) found 427 larvae throughout the
tropical Atlantic from February through April,
and August through October, but the sizes of

the larvae he examined differed widely between
individual stations, and no size pattern emerged
that could be related to growth.

Tuna ovaries in advanced and spawned stages
were collected in the western tropical Atlantic
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Figure 3.—Monthly percentage distribution of developmental stages of the ovaries of mature skipjack tuna from the

eastern tropical Atlantic. No ovaries were collected in May through July.



in February through April, June, August, Oc-
tober, and November (fig. 4).

Collections of larval and juvenile skipjack

tuna in the western tropical Atlantic have in-

cluded: 6 juveniles in the Gulf of Mexico in

August (Klawe and Shimada, 1959); 1 1 larvae
in the Florida Current- -4 in April, 1 in May,
3 in July, 2 in August, and 1 in October (Klawe,
1960); 20 juveniles between Cape Hatteras and
the Bahama Islands in December (Klawe,

1961); 16 larvae in Cuban waters in May, Au-
gust, and September (Gorbunova and Sala-

barria, 1967); 26 larvae off Bimini, the Ba-
hamas, in June (William J. Richards, personal
communication); and 18 juveniles from the
stomachs of tunas captured off St. Vincent
Island, British West Indies, in April, 1 juve-
nile off Cape Hatteras, N.C., in April, and 22
juveniles regurgitated by (chiefly) sooty terns
(Sterna fuscata) on Bush Key, Dry Tortugas,
Fla., in May through July (Thomas C. Potthoff,

personal communication). A summary of the
larval and juvenile collection data is shown in

table 2.
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Figure 4.—Monthly percentage distribution of developmental stages of the ovaries of mature skipjack tuna from the

western tropical Atlantic. No ovaries were collected in January, May, July, and December.



Table 2. --Distribution of larval and juvenile skipjack in the Atlantic Ocean as
reported by various observers, 1959-67

Observer



Table 2. --Distribution of larval and juvenile skipjack in the Atlantic Ocean as
reported by various observers, 1959-67--Continued

Observer Position
Lat. Long.

Date Size range Total fish

Mn. No.

Do
Do
Do
Do
Do

Do
Do
Do
Do
Do

Do
Do
Do
Do
Do

Do
Do
Do
Do
Do

Do

Do
Do
Do
Do

Do

Do
Do
Do
Do

Do
Do

Do
Do

Do

Do
Do
Do

Do

Do

02°24



Table 2. --Distribution of larval and juvenile skipjack in the Atlantic Ocean as
reported by various observers, 1959- 67- -Continued

Observer Position
Lat„ Long.

Date Size range Total fish

Mm. No.

Do



Table 2. --Distribution of larval and juvenile skipjack in the Atlantic Ocean as
reported by various observers, 1959- 67--Continued

Observer Position
La to Long.

Date Size range Total fish

Mm. No,

Do



Table 2. --Distribution of larval and juvenile skipjack in the Atlantic Ocean as
reported by various observers, 1959-67--Continued

Observer



freed from the connective tissue with dissecting
needles.
Egg diameters were ascertained by using an

eye-piece micrometer to measure the axis of
the egg as it lay parallel to the micrometer
(Clark, 1925). Diameter frequencies were
taken for each sample until the lower limit
of the most advanced mode was defined. The
total number of eggs in this mode was then
counted. Fecundity was determined by multi-
plying the number of eggs in the most ad-

vanced mode of the sample by the weight of
the two ovaries, and dividing the product by
the weight of the sample. I assumed that the
number of eggs maturing for the next spawn-
ing (fecundity) would be the same as the num-
ber of eggs in the most advanced modal group.
Frequency distribution of egg diameters, as
used for determining the most advanced mode
for the first fish in table 3, is shown in figure
5. For this fish, only eggs larger than 0.4 mm.
in diameter were counted.

Table 3. --Estimated number of eggs in the largest modal group in ovaries of

13 skipjack tuna collected in the western tropical Atlantic, March 26 to

April 7, 1966

Ship,
cruise

,

station

Date Fork length Eggs in the
largest modal group

Geronlmo
Cruise 7

133

Do

Do

Undaunted
Cruise 2

129

103

Do

Do

Do

Do

Do

Do

133

Do

4/7/66

do

do

3/31/66

3/26/66

do

do

do

do

do

do

4/1/66

do

Mm.

465

540

540

580

587

594

604

612

616

631

659

774

809

No.

275,000

472,000

587,000

482,000

465,000

262,000

877,000

389,000

689,000

653,000

857,000

1,331,000

1,264,000

13
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Figure 5.—Frequency distribution of egg diameters, used for defining the most advanced mode in the ovaries of a

540- mm. skipjack tuna.

Fork lengths and fecundities of 13 skipjack
tunas are shown in table 3. A straight line was
fitted to fork length versus fecundity by the
method of least squares. The equation de-
scribing the regression line is Y = -1333.541
+ 3.238 X, where Y is the number of ova in

the most advanced mode in thousands and X
is the fork length of the fish in mm. The coef-
fient of correlation is 0.873 (P ^ 0.01, lld.f.).

The line and scatter diagram are shown in
figure 6, together with the data of Yabe (1954)
and Yoshida (1966), and the regression lines

of Raju (1964) and Joseph (1963). All data ap-
proximate my regression line except those
of Joseph, probably because of the small size
range of fish used in his determination. Al-
though I used a straight line in the figure to

facilitate comparison of my data with those
of the other workers, I obtained a slightly
better fit by using cube of the length versus

fecundity (coefficient of correlation is 0.886,
11 d.f.)--as should be expected according to

MacGregor (1957). The few data do not war-
rant reporting a detailed analysis.

NEMATODE INFESTATION OF
THE OVARIES

The ovaries of about 90 percent of the mature
skipjack tuna examined in the present inves-
tigation were infested with nematodes, but
none were found in immature fish. The lumina
of a pair of ovaries had contained up to about
75 nematodes, but they did not cause noticeable
damage to the eggs.

Yuen and June (1957) found nematodes in

the ovaries of yellowfin tuna from the Pacific,
but the parasites were too poorly preserved to

identify.

14
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Figure 6.—Fork length -fecundity relation for skipjack tuna. Present data and regression line are shown, together with

the data of Yabe (1954) and Yoshida (1966) and the regression lines of Raju (1964) and Joseph (1963).

Raju (I960) described an ovary of a skipjack
tuna (collected in the Indian Ocean) that was
infested with 68,200 larval nematodes; all the
ova in the left ovary had been destroyed ex-
cept the small transparent ones along the
periphery.

Maybelle Chitwood (personnal communica-
tion) identified two taxa of nematodes from
the ovaries of skipjack tuna caught in the
eastern tropical Atlantic, western tropical
Atlantic, and off New York. One was Philo-
metra sp. (suborder Camallanata), and the
other was a species of the superfamily
Spiruroidea (suborder Spirurata). She re-
ported that members of the Camallanata use
a copepod or other marine invertebrate as an
intermediate host; it is possible that marine

spirurids use the same intermediate host as
Philometra . Chitwood also stated that mature
fertilized female nematodes are probably pre-
sent in the ovaries. The embryos presumably
are released when the fish spawns.
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