TABLE 1.—Number of zooplankton samples for each cruise from
which both carbon and nitrogen were measured. The general loca-
tion of the stations for these samples are given in Wiebe et al.
(1975).

No. of Diameter
measure- of net

Cruise or area Date ments (mesh size)
Buzzards Bay Jan.~June 16 70 cm (240 pum)

1972
Slope Water June-Aug. 12 100 cm (333 um)
(RV Gosnold) 1972
Atlantis Il 48 Nov. 1968 19 70 cm (240 um)
(Gulf of Mexico)
Gosnold 166 June 1970 33 70 cm (240 um)

(New York Bight)

Atlantis Il 71
(Sargasso Sea)

Sept. 1972 39 100 cm (333 um)

Nitrogen (mg/m®) = -0.0247
+ 0.2324 carbon (mg/m®)

Essentially the carbon/nitrogen ratio of the bulk zoo-
plankton we collected is a constant (4.30) over a
broad range of values and oceanographic habitats.
As an atomic ratio, 5.02, this value is lower than that
predicted by the Redfield ratio, 6.63 (Redfield et al.
1963), an indication that zooplankton are nitrogen
rich relative to their phytoplankton counterparts.
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ELECTROPHORETIC IDENTIFICATION OF
EARLY JUVENILE YELLOWFIN TUNA,
THUNNUS ALBACARES

Early juveniles, 13 mm standard length (SL) or
larger, of yellowfin tuna, Thunnus albacares, and
bigeye tuna, T obesus, cannot be distinguished on
the basis of meristic, morphological, or pigmenta-
tion characters (Matsumoto et al. 1972). Collette et
al. (1984) reported that most species of the genus
Thunnus can be distinguished at the larval stage by
melanophore patterns. Matsumoto et al. (1972) and
Nishikawa and Rimmer (1987) suggested that T.
albacares and T. obesus larvae can be separated by
the respective absence or presence of postanal ven-
tral melanophores. Confirmation of the identifi-
cation of T. albacares larvae has been obtained
through laboratory rearing studies (Harada et al.
1971; Mori et al. 1971). However, the use of post-
anal ventral pigmentation patterns as reliable char-
acters to distinguish yellowfin and bigeye tuna
larvae has been questioned by Richards and Pothoff
(1974). Nishikawa and Rimmer (1987) stated that
it is virtually impossible to identify to species the
early juvenile stages, 15 to 60 mm SL, of Thunnus
because larval pigmentation patterns become
obscured and are no longer diagnostie. Further-
more, Pothoff (1974) was unable to separate T.
albacares and T. obesus as early juveniles, 8 to 100
mm SL, on the basis of osteological characters.
Electrophoresis of water soluble proteins has been
used to distinguish morphologically similar larval
and early juvenile marine fishes (Morgan 1975;
Smith and Crossland 1977; Sidell et al. 1978; Smith
and Benson 1980). Sharp and Pirages (1978)
presented starch gel electrophoretic patterns for
several loci of adults of many scombrid species, in-
cluding most members of the genus Thunnus. Al-
though electrophoretically very similar, adults of
yellowfin and bigeye tuna can be unambiguously
distinguished by the electrophoretic pattern of the
muscle isozyme of glycerol-3-phosphate dehydrog-
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enase (alpha glycerol phosphate). This locus has been
used to identify adults of the genus Thunnus in the
absence of complete morphological data (Dotson and
Graves 1984). This paper describes an application
of the above techniques, modified for work with
small tissue samples, to the identification of an op-
portunistic collection of early juvenile tuna, in ex-
cellent morphological condition, which were frozen
shortly after capture. The early juveniles in this col-
lection encompassed the pigmentation patterns
reported for both T. albacares and T. obesus.

Specimens were collected aboard the MV Royal
Polaris, a San Diego-based sportfishing boat, about
1 km off Clipperton Island in the eastern Pacific (lat.
10°23'N, long. 109°15'W), 8 May 1986, from hours
of 2100 to 2400. The early juveniles were caught
underneath floodlights at a depth of about 1 in with
a fine (1 mm) mesh, long-handled dip net. They were
not present at the surface. After each pass, the dip
net contents were sorted for scombrid larvae. Ap-
proximately 100 specimens were collected, most of
which were quickly frozen in seawater.

Adult specimens of 7. albacares and T. obesus
were collected by hook and line off the Pacific coast
of southern and northern Baja California, Mexico,
respectively. White muscle tissue samples were
removed from freshly caught specimens and quick-
ly frozen.

The early juveniles collected off Clipperton Island
were thawed in the laboratory and examined under
a dissecting microscope. Those juveniles positively
identified to the morphologically indistinguishable
T. albacares/T. obesus complex were measured for
total length (TL) to the nearest millimeter and ex-
amined for postanal ventral pigmentation pattern.
Heads were removed and placed in 95% ethanol for
otolith studies. The remaining trunk and tail mus-
culature was placed in a small (1.0 mL) microfuge
tube, and 60 uL of cold grinding buffer (0.1 M Tris,
pH 7.5) was quickly added. Tissues were homog-
enized with a cold ground-glass rod contoured to fit
snugly within the microfuge tube. Approximately
10 seconds of rod rotation were required to com-
pletely disrupt the tissues. The homogenate was cen-
trifuged for 2 minutes in a microfuge and stored on
ice until electrophoresis.

Two grams of adult tissue were disrupted for ap-
proximately 20 seconds in 4 volumes of cold grind-
ing buffer in a motor-driven, ground-glass tissue
homogenizer. The homogenate was centrifuged at
5,000 g, 4°C, for 10 minutes. The supernatant was
removed, diluted 10:1 with cold grinding buffer, and
stored on ice until electrophoresis.
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Horizontal starch gel electrophoresis was per-
formed on 12% (W/V) gels run in the Tris/Citrate
IT system of Selander et al. (1971). Gels were run
at 45 to 50 mA for 3.5 hours. Glycerol-3-phosphate
dehydrogenase was stained using the protocol of
Shaw and Prasad (1970). Three sets of standards
composed of the supernatants of muscle tissue
homogenates of adult yellowfin and bigeye tuna
were placed in each gel to score the early juveniles.

A total of 77 early juveniles, ranging in length
from 10 to 21 mm TL, were processed. Glycerol-3-
phosphate dehydrogenase activity was scored for 68
individuals. All early juveniles displayed a muscle-
type glycerol-3-phosphate dehydrogenase band of
low anodal mobility, identical to that of the yellow-
fin tuna adults (Fig. 1). No individuals with the
faster migrating T. obesus glycerol-3-phosphate
dehydrogenase band were detected.

The lack of bigeye tuna juveniles in this study
could be the result of two possibilities: either the
early juveniles were all yellowfin tuna or both
yellowfin and bigeye tuna early juveniles share a
muscle-type glycerol-3-phosphate dehydrogenase
isozyme of similar electrophoretic mobility. How-
ever, differential ontogenetic expression of electro-
phoretically distinet isozymes has not been reported
for fishes in studies that have used adult allozymes
to identify larvae or early juveniles (Morgan 1975;
Smith and Crossland 1977; Sidell et al. 1978; Smith
and Benson 1980) or in investigations of ontogene-
tic expression of electrophoretic loci (Shaklee et
al. 1974; Siebenaller 1984). Thus, the electropho-
retic similarity of the glyceraldehyde-3-phosphate
alleles of the early juveniles investigated in this
study most likely indicates that they were all yellow-
fin tuna.

On the same trip during which the early juveniles
were collected at Clipperton Island, about 300 adult
yellowfin tuna were caught on hook and line but no
bigeye tuna were taken. Histological examination
of ovarian tissue from several of the adult yellow-
fin tuna revealed postovulatory follicles, indicating
that spawning was taking place (Anonymous 1987).
On the basis of this information, it is not unexpected
that all the early juveniles identified electrophoret-
ically in this study proved to be T. albacares.

A wide range of postanal ventral pigmentation
patterns (red and black) was displayed by the early
juveniles. Since these specimens were collected at
night, the pigment cells, when present, were distinct
and brightly colored as reported by Matsumoto et
al. (1972). While some individuals had no melano-
phores in this region, others had from one to eight.
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FIGURE 1.—Photograph (A) 2nd line drawing (B) of a gel demonstrating electrophoretic mobilities of muscle-type glycerol-3-phosphate
dehydrogenase alleles of yellowfin and bigeye tuna. Bigeye tuna display an allele with a greater anodal mobility. The gel includes
adult bigeye (lanes 1 and 13) and yellowfin (lanes 2 and 14) tuna standards and 7 early juveniles, all identified as yellowfin tuna.

Note that three individuals (lanes 4, 9, and 11) did not have sufficient activity to stain.

According to Matsumoto et al. (1972) and Nishikawa
and Rimmer (1987), yellowfin larvae less than about
12 mm SL have no black pigment spots in the ven-
tral tail region. However, Mori et al. (1971) reported
and illustrated that there is black pigmentation on
the ventral edges of the tail in laboratory-reared
yellowfin larvae at 7.8 mm TL. Twenty-one in-
dividuals in the 10 to 12 mm TL size range were elec-
trophoretically typed as yellowfin tuna in this study.
Six of these early juveniles had black postanal ven-
tral pigmentation (characteristic of bigeye tuna),
while 15 had no black postanal ventral pigmenta-
tion (characteristic of yellowfin tuna).

Variability in larval and early juvenile pigmenta-
tion within species, including large changes in pig-
mentation over small size ranges, is found within

many marine fishes (Powles and Markle 1984).
Richards and Pothoff (1974) have suggested that the
variability of postanal ventral pigmentation is not
consistent with specific differentiation within the 7.
albacares/T. obesus complex. This study supports
their claim.

Early life history studies are necessary for an
understanding of recruitment within each species
of tuna. Due to the morphological similarity of
yellowfin and bigeye tuna larvae and early juveniles,
specific separation has not been possible. This study
provides a simple method for identifying yellowfin
and bigeye tuna larvae and early juveniles. With this
technique and additional material, it may be possi-
ble to find a morphological character that will allow
rapid identification of these two species.
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A COMPARISON OF DEMERSAL ZOOPLANKTON
COLLECTED AT ALLIGATOR REEF, FLORIDA,
USING EMERGENCE AND REENTRY TRAPS

Demersal zooplankton have been shown to be im-
portant components of a number of marine com-
munities, including coral reefs (Porter and Porter
1977; Alldredge and King 1977), kelp beds (Ham-
mer 1981), and other habitats (Thomas and Jelley
1972). They probably play an important role in the
flux of particulate material through benthic com-
munities (Porter and Porter 1977). Demersal zoo-
plankton can also be important prey for fish and
other consumers (Alldredge and King 1977, 1980).

Demersal zooplankton are usually sampled by
techniques that take advantage of their migration
into or out of the plankton. Studies by Alldredge and
King (1980, 1985) and Youngbluth (1982) suggest
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