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Distribution and abundance of Syacium ovale larvae
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Abstract: The spawning season of the tonguefish Syacium ovale (Günter 1864) was determined by an analysis
of the distribution of preflexion stage larvae in the Gulf of California. The larvae were collected during eight
oceanographic surveys between 1984 and 1987. The spawning of this species starts in early summer and ends at
the beginning of fall, with the highest reproductive activity in mid summer. The central and southern regions of
the Gulf are the most important reproductive area. Spawning is associated with high sea surface temperatures
and low plankton biomass, both of which are characteristics of the tropical current that invades the study area
during summer.
Keywords: Syacium ovale, ichthyoplankton, spawning areas and periods, Gulf of California.

Paralichthyidae is one of the families of
pleuronectiform fishes captured with high frequency in both commercial fisheries and
exploratory trawls of demersal fish (Van der
Heiden 1985, Coronado and Amezcua 1988),
and in plankton trawls in the Eastern Tropical
Pacific (Ahlstrom 1972).
Syacium is the most abundant paralichthyidae genus (Coronado and Amezcua 1988); however, although it is considered one of the most
significant potential demersal fishery resources
on the continental shelf of the Gulf of California
(Amezcua 1985, Van der Heiden 1985), because
of its small size (25 cm maximum) its commercial use is currently limited to local consumption by artisanal or subsistence fisheries
(Hensley 1995).
Among the four Syacium species in the
Eastern Tropical Pacific, only S. latifrons and S.
ovale are found in the Gulf of California, the
last inhabiting soft bottom between 9 m and
40 m depth (Hensley 1995). The planktonic
eggs and larvae are found primary in the upper

few meters of the water column (Moser and
Sumida 1996), and are among the most abundant
ichthyoplankton taxa collected during pelagic
fish larvae trawls in the Gulf of California
(Ahlstrom 1972). The highest adult abundance of
S. ovale in the Pacific coast of southwest of
México is in spring (Amezcua 1985), but larvae
are most abundant in summer (Ahlstrom 1972).
The remaining biology of this species is almost
unknown. In this work we analyzed the distribution and abundance of the larvae in the Gulf of
California to obtain indirect data about reproductive periods and areas, and the role of temperature in this part of the S. ovale life cycle.

MATERIALS AND METHODS
The Gulf of California is located between
23° and 32° N latitude, and has been split into
several regions defined by hydrographic and
topographic differences that can have an
influence on distribution patterns of marine
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organisms. Gilbert and Allen (1943) and
Round (1967) identified four latitudinal zones
in the Gulf of California on the basis of
oceanographic elements and phytoplankton
communities. Smith et al. (1976) split the Gulf
into eight regions according to sardine larval
concentrations. In this work, we combined
both schemes and defined six regions for the
analysis of our data (Fig. 1A).
We divided the Gulf into three latitudinal
regions: 1) the northern region, the head of the
Gulf south to Islas Tiburón and Angel de la
Guarda, characterized by shallow depths (average 200 m) compared to the central and south-

ern regions, and a fauna primarily of temperate affinity (Brinton et al. 1986); 2) the central
region, extending south to an imaginary line
between north of Topolobampo and north of
Isla San José; and 3) the southern region,
extending south to an imaginary line between
Punta San Miguel and Cabo San Lucas. Both
central and southern regions have predominantly tropical fauna. A convergence zone and
an eddy-like circulation pattern (Emilson and
Alatorre 1980) at the common border between
central and southern regions produce significant differences in phytoplankton communities (Round 1967, Brinton et al. 1986).

Fig. 1. A) Study area and sampling regions of the Gulf of California. B) Collect stations during 1984. C) Collect stations
during 1985 and 1987. D) Collect stations during 1986.
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Each of these regions is divided into two
zones, one on the eastern side characterized by
having a broad continental shelf and principally sandy beaches, and the other on the western
side characterized by a narrow continental
shelf and rocky beaches. There are upwellings
on the eastern side, principally in the central
region of the Gulf during the winter months,
whereas summer upwelling is present on the
western coast, but of minor intensity.
Biological material was obtained from
eight oceanographic surveys with variable
coverage in the Gulf of California between
1984 and 1987 (Fig. 1B-D). The March-April,
July-August 1984, and June 1986 surveys
(Golca-8404, -8407, and -8606) extended over
the whole area from the head to the southern
limit with 88, 78, and 70 sampling stations
respectively. The September 1987 survey
(Golca-8709) extended partially into the northern and southern region, and covered the entire
central region with 69 sampling stations. The
November- December 1984 and August 1986
surveys (Golca-8412 and -8608) extended
from the north throughout the central region
and partially into the southern region with 40
and 38 sampling stations respectively. The
March-April 1985 and November 1986 surveys (Golca-8504 and -8611) covered only the
northern and central regions with 49 and 19
sampling stations, respectively.
The zooplankton samples were taken
using Bongo nets, with 333 µm and 505 µm
mesh and flowmeters at the mouth to estimate
the filtered water volume. Kramer et al. (1972)
and Smith and Richardson (1979) described
the sampling method in detail. Sea surface
temperature (sst) was measured with a bucket
frame thermometer, and plankton biomass was
estimated in the laboratory using the displacement volume method (Beers 1976).
Fish larvae were separated from the zooplankton samples collected with the 505 µm
mesh net. Syacium ovale larvae were identified
according to Ahlstrom et al. (1984) and Moser
and Sumida (1996), classified as preflexion,
flexion, or postflexion developmental stage,
counted, and their abundance standardized to
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numbers under 10 m2 of sea surface (Smith
and Richardson 1979).
To identify the time of reproduction and
the spawning areas of S. ovale in the Gulf of
California, we could not count eggs, because
the eggs are unknown. Instead, we used preflexion stage larvae. We assumed that preflexion stage larvae would be a good indicator of
reproductive activity because another Paralichtydae species have a short incubation period of 72 h to 75 h at 17.5ºC in Paralichthys
dentatus (Smith and Fahay 1970) and S. ovale
has a short life cycle (aprox. 1 year) (BarbaTorres 1990).
For the comparative analysis of larval abundance, we calculated the larval index (IL) proposed by Smith and Richardson (1979) for the
six regions. This index is given by the formula
IL= (sum Ci/NLi) * (NLi/Nti) * (U.A.)

Where:
Ci = total number of larvae in region i.
NLi = number of positive stations in region i.
Nti = total number of stations in region i.
U.A.= Number of 10 m2 areas in each region
sampled.
The perimeter of each station was considered as the intermediate point between the
neighboring stations, which means that if the
distance between stations is 20 nm, each station represents 400 nm2 or 137*E6 U.A. The
unit areas of the regions sampled for each
cruise are shown in the Table 1.

RESULTS
Larvae of Syacium ovale were present
only in the southern portion of the Gulf during
the cold periods of spring and fall (Golca-8404
and -8412); none was collected on cruises
Golca-8504 and -8611 because these cruises
we did not reach the southern Gulf (Fig. 2). At
the beginning of summer (Golca-8606), larvae
began to appear in the central region in low
abundance and during the summer (Golca-
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TABLE 1
Unit areas (in billions) for each sampling region in the Gulf of California

Survey
Golca 8404
Golca 8407
Golca 8412
Golca 8504
Golca 8606
Golca 8608
Golca 8709
Golca 8611

I

II

III

IV

V

VI

2.14
2.14
1.84
2.42
2.14
0.61
0.56
0.83

1.89
1.89
1.87
2.42
1.89
0.61
0.56
0.84

3.38
3.38
3.38
2.10
3.38
3.38
3.38
1.71

2.56
2.56
2.56
1.61
2.56
2.56
2.56
1.37

3.12
3.12
0.29
--2.58
--1.39
---

4.11
4.11
0.54
--3.29
5.37
0.31
---

Fig. 2. Distribution and abundance of larvae during: A) April 1984, B) July-August 1984, C) December 1984, D) June 1986,
E) August 1986 and September 1987.

8407, -8608 and -8709) they were found
throughout the Gulf with higher abundance.
The highest concentrations of larvae were
found from the great islands to the south, especially off Santa Rosalía, Isla Carmen, Isla Sta.
Catalina, and Topolobampo.
The larval index calculated for all the
cruises are found in Table 2. The highest values corresponded to July-August 1984 (Golca8407), September 1987 (Golca-8709), and

August 1986 (Golca-8608). The proportion of
larvae in each of the three developmental
stages (Table 2) showed a high percentage of
preflexion larvae in June 1986 (Golca-8606),
July-August 1984 (Golca-8407), and
September 1987 (Golca-8709), decreasing
during August 1986 (Golca-8608). In April
and December 1984 (Golca-8404 and -8412)
we found the lowest larval indexes and the few
specimens were in the postflexion stage.
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TABLE 2
Larval index and abundance by larval stages for each oceanographic survey between 1984-1987

Golca

Number
of
larvae

8404
8407
8412
8504
8606
8608
8611
8709

5
2 335
15
0
38
914
0
1 587

Relative abundance by
development stage (%)
Preflexion
Flexion
Postflexion
0
73
0
0
100
30
0
64

0
12
0
0
0
24
0
7

100
15
100
0
0
46
0
29

Number
of
stations

Positive
stations

Larval
index
(IL)

88
78
40
49
70
38
19
69

1
55
2
0
6
30
0
49

9.77E 8
4.68E11
4.13E 9
0
8.60E 9
1.85E10
0
2.00E11

TABLE 3
Larval index and abundance by larval stage for each sampling region on the oceanographic survey Golca 8407

Region
I
II
III
IV
V
VI

Number
of
larvae
52
31
930
362
259
490

Relative abundance by
development stage (%)
Preflexion
Flexion
Postflexion
100
60
82
47
65
68

0
20
1
6
6
7

We calculated the larval index for each
region from the survey with the highest overall
larval abundance (Golca-8407). The highest
values were found in regions III to VI, but the
central area of the Gulf (especially region III)
was the most important (Table 3), at the head
of the Gulf the highest values were found in
the western section (region I). Although abundance was reduced at the head of the Gulf,
region I had the highest proportion of preflexion larvae (Table 3).
A wide distribution and high abundance of
preflexion larvae were found in July and
September (Fig. 3), but flexion and postflexion
larvae were largely restricted to the southern
region and were found in low numbers. During
August 1986 (Fig. 3D-F), postflexion larvae
had a higher abundance than preflexion and
flexion larvae.
A direct relation between the larval index
and surface seawater temperature was

0
20
17
47
29
25

Number
of
stations

Positive
stations

Larval
index
(IL)

10
10
12
15
15
16

5
4
12
9
9
12

9.82E 9
6.63E 9
1.98E11
8.16E10
7.10E10
9.56E10

observed, with low temperatures associated
with low larval index values (Fig. 4). The
abundance of S. ovale larvae plotted against sst
shows that though S. ovale larvae were captured between 23°C and 32°C, 73% of the
specimens were found between 29°C and 30°C
(Fig. 5A). The lowest planktonic biomass corresponded in general to periods of higher
abundance of S. ovale, with about 70% of the
larvae found between biomass values of 50 250 mL/1 000 m3 (Fig. 5B).

DISCUSSION
Syacium ovale is a species of tropical
affinity widely distributed along the coast of
the Panamic province (Castro-Aguirre 1978),
from the Gulf of California to the south of Perú
(Castro-Aguirre et al. 1999). There is no
detailed information about its reproductive
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Fig. 3. Distribution and abundance of: A) Preflexion larvae, B) Flexion larvae, C) Postflexion larvae during July-August
1984. E) Preflexion larvae, F) Flexion larvae, G) Postflexion larvae during August 1986, H) Preflexion larvae, I) Flexion
larvae, J) Postflexion larvae during September 1987.
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Fig. 4. Sea surface temperature average vs larval index for
S. ovale in the Gulf of California during 1984-1987.

Fig. 5. Cumulative fish larvae abundance by: A) Sea surface temperature and B) Plankton Biomass range.
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cycle, but Amezcua (1985) recorded the presence of a high proportion of mature females in
the Nayarit-Guerrero corridor, with highest
abundance along the coast of Guerrero during
the beginning of spring. Moser et al. (1994)
and Moser and Sumida (1996) affirmed the
presence of larval of S. ovale along the southern outer coast of the Baja California
Peninsula during June-January, with the highest abundance between July and September.
Ahlstrom (1972) and Moser et al. (1994) mentioned that during the summer of 1967 the larvae were abundant in the Eastern Tropical
Pacific between Manzanillo, México and
Ecuador, and although they were present during winter, their abundance was low.
The results in this work showed that in the
Gulf of California larval S. ovale can be present during spring, but it is at the beginning of
summer when an increase of abundance is
observed. Larvae are most abundant from midto late summer, and abundance decreases during fall. This suggests that in the study area the
adults that have matured during the spring start
to spawn at the beginning of summer, have
their highest reproductive activity during July
-August, and finish at the end of summer or
beginning of fall with isolated spawnings. This
is consistent with the larval development
stages: 100% of the specimens were in preflexion stage during June, 73% in July, 64% in
September, and only 30% in August. A similar
pattern was observed in S. gunteri in the Gulf
of México, a species that has its principal
reproductive activity from June to September
(García-Abad et al. 1992).
During the spawning peak the greatest
abundance of larvae is from the great islands to
the south, and the proportion of preflexion larvae decreases from north to south in this area,
suggesting that spawning occurs in a southnorth direction as a consequence of the progressive warming of the water during spring
and summer (Rosas-Cota 1977). This does not
happen at the head of the Gulf, which has more
temperate characteristics.
There was a tendency for preflexion larvae to occur in high abundance in the region
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surrounding Bahía Concepción, which could
be a preferred spawning area, two other areas
of larval concentration, one south of Isla
Carmen and one in the mouth of the Gulf, separated by low abundance areas, suggest the
presence of physical processes that result in
retention and concentration of larvae.
One mechanism that could be related to
those nuclei of retention and concentration is
the development during summer of cyclonic
circulation cells which form eddies that cause
convergence zones in the central and southern
region of the Gulf (Emilson and Alatorre 1980).
Owen (1980, 1981), Hewitt (1981) and Fiedler
(1986) have shown that similar eddies along the
coasts of California and Baja California can act
as mechanisms of transport and concentration
of larvae and play an important role in recruitment to adult populations that spawn when
these eddies are formed. Syacium ovale is a
shallow water species that has not been recorded in > 70 m depth, which means that the larvae
are transported from shallow spawning areas to
deep areas (especially in the mouth of the Gulf
of California); this should be a critical period in
the life cycle. García-Abad et al. (1992) found
that in the Gulf of México juvenile S. gunteri,
which are benthonic, were found principally in
deeper areas during March and June, suggesting that recruitment occurred there. If this happens with S. ovale, then we can speculate that
adults spawn in shallow water, eggs and larvae
are transported to deeper waters, maybe as a
strategy to avoid the high predation in the
coastal zone, and juveniles return later to the
shallow water areas.
Temperature appears to play an important
role in the distribution and abundance of larvae
because they were captured in narrow sst intervals of temperature; almost 90% of the specimens occurred between 28 - 31°C, and 70%
between 29 - 30 °C. The concentration of plankton biomass vs. larval abundance also indicates
the preference of this species for spawns in
environments with tropical characteristics,
because the larvae were collected exclusively in
areas with low plankton biomass.

We conclude that in the Gulf of
California, the maximum reproductive activity
of S. ovale is in the summer, primarily in water
of tropical affinity as suggested by the highest
larval abundance in warm waters with low
plankton biomass.
We believe that the initiation of spawning
progresses in a south to north direction is in
response to the warm water invasion of the
tropical current that flows into the study area.
Accordingly, we propose that the high concentration of larvae observed in the central region
of the Gulf of California is attributable to the
northward shift of the reproductive activity
from the southern to central region of the Gulf
as the environmental conditions suitable for
spawning are established, and that the highest
concentrations at the center and south of the
Gulf are related to a coupling between the
reproductive cycle and the mechanisms of
transport from the coast to deeper waters and
retention processes such as the cyclonic eddies
recorded in the Gulf of California during this
season.
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