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SUMMARY: Distribution and abundance of tonguefish larvae (Symphurus williamsi) were analyzed from collections made
during ten oceanographic surveys in the Gulf of California between 1984 and 1988. Larvae were found mainly during the
summer months and the highest abundances were located in the warmer southern and central regions of the Gulf, but they
were scarce in the northern portion. High abundance of preflexion larvae occurred in areas where the sea surface tempera-
ture was between 29 and 32°C. Distribution patterns according to developmental stage suggest spatial ontogenic segregation
with the early larvae in the ocean area of the central and southern regions of the Gulf. Based on abundance of preflexion lar-
vae as well as on signs of a short egg period of this species, spawns may occur between early and mid summer.
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RESUMEN: DISTRIBUCION Y ABUNDANCIA POR ESTADIOS DE DESARROLLO LARVAL DE SYMPHURUS WILLIAMSI (CYNOGLOSSIDAE :
PLEURONECTIFORMES) EN EL GOLFO DE CALIFORNIA. — La distribucion y abundancia de las larvas del pez lengua (Symphurus
williamsi) fue analizada a partir de muestras recolectadas en diez cruceros oceanograficos en el Golfo de California entre
1984 y 1988. Las larvas se encuentran principalmente durante los meses de verano con sus mayores abundancias en las regio-
nes mas calidas del sur y centro del Golfo, pero son muy escasas en la porcion norte. La mayor abundancia de larvas en pre-
flexion ocurre en areas donde la temperatura superficial del mar oscila entre 29 y 32°C. Asimismo, los patrones de distribu-
cion por estadios de desarrollo larval sugieren una segregacion ontogénica espacial con las larvas mas pequenas en la zona
ocednica de las regiones centro y sur del Golfo. Basados en la abundancia de larvas preflexionadas y en indicios de un esta-
dio de huevo corto de esta especie, suponemos que los desoves deben ocurrir entre principios y mediados del verano.

Palabras clave: Symphurus williamsi, Golfo de California, larvas de peces.

INTRODUCTION

The tonguefish genus Symphurus contains 71
species in temperate and tropical seas, with 17
species found in the Eastern Pacific and 13 in the
Gulf of California (Munroe, 1992). Despite the high
abundance of these species in demersal fishery
catches in tropical seas (Van der Heiden, 1985) their

biology is scarcely understood, as the taxonomy of
the eastern Pacific species remained unclear until
Munroe (1992) and Munroe et al. (1995) provided
sufficient information for identifying adults.

As in all Cynoglossids, Symphurus species have
planktonic eggs and initially symmetrically-shaped
larvae, which later metamorphose into asymmetri-
cally-shaped juveniles. Behavioural changes of
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asymmetric juveniles coincide with migration from
the planktonic to benthonic environments (Charter
and Moser, 1996). Knowledge about the ecology of
Symphurus larvae in the Eastern Pacific is scarce
since only six out of 17 species of this genus
(Symphurus atricaudus, S. elongatus, S. williamsi,
S. callopterus, S. chabanaudi and S. prolatinaris)
have been described in their early life history stages
(Evseenko, 1990; Charter and Moser, 1996; Aceves-
Medina et al., 1999; Evseenko and Shtaut, 2000).
General knowledge on the distribution and abun-
dance of Symphurus spp. larvae shows that they are
found in the Gulf of California and Eastern Tropical
Pacific throughout the year with the greatest abun-
dance during the summer (Ahlstrom, 1972; Aceves-
Medina et al., 1999); they are found from shallow to
deep waters, as with Symphurus civitatus in the Gulf
of México (Flores-Coto et al., 1992) and S. cal-
lopterus in the central waters of the Eastern Pacific
(Evseenko, 1990). There is little available informa-
tion about S. williamsi (Castro-Aguirre et al., 1999);
adults have been recorded in shallow waters with
sandy bottoms from the Gulf of California to
Panama (Munroe et al., 1995). Larvae of this
species are one of the most common in ichthy-
oplankton collections of the Gulf of California
(Aceves-Medina et al., 2003a), but no analyses on
larval distribution and abundance of this species
have been published. This study was performed to
contribute to knowledge of the spatial and temporal
variations of the larval distribution and abundance
of S. williamsi in the Gulf of California.
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The Gulf of California is a region of high envi-
ronmental contrasts that affect the distribution of
fish fauna. The northern region is shallow (200 m on
average), but south of Isla Tiburon and Angel de la
Guarda there are a series of deep basins (Fig. 1). In
the northern region, the sea surface temperature
(SST) ranges on a seasonal basis from 9°C in winter
to 38°C in summer, while in the southern region,
SST ranges from 22°C to 31°C respectively (Soto-
Mardones et al., 1999). The hydrographic regime
includes local upwellings on the east coast during
winter and on the west coast during summer. The
Gulf water, warm with high salinity, flows towards
the south along the Baja California Peninsula’s east
coast, and the tropical Pacific warm water with
lower salinity flows northward along the west coast
of the mainland (Alvarez-Borrego, 1983).

MATERIAL AND METHODS

Ichthyoplankton was extracted from zooplankton
samples obtained in ten oceanographic surveys in
the Gulf of California during April, July and
November-December 1984, April 1985, June,
August and November 1986, September and
November 1987, and February 1988 (Fig. 2).

Zooplankton samples were collected with
oblique Bongo tows at a maximum depth of 210 m,
with 333-ym and 505-pym mesh nets equipped with
flow meters to estimate the volume of filtered water.
Smith and Richardson (1979) described the sam-
pling method in detail. All fish larvae collected with
the 505-pm mesh net were picked from the samples,
and Symphurus williamsi larvae were identified
according to Aceves-Medina et al. (1999), catego-
rized by developmental stage (preflexion, flexion
and postflexion), and counted. Abundance was stan-
dardized to number of larvae per 10 m? of sea sur-
face (Smith and Richardson, 1979).

It was not possible to use egg abundance to iden-
tify time of reproduction and spawning areas of S.
williamsi in the Gulf of California because eggs of
the Symphurus species are not described and infor-
mation about the duration of the egg stage is still
unknown in all Cynoglossidae species. Instead, the
occurrence of larvae in the preflexion stage, the ear-
liest identifiable stage of this species and that clos-
est to the egg stage, was used as an estimate of a
spawn event close to the collection date of these
samples.
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FI1G. 2. — Sampling station pattern for surveys in the Gulf of California.

Sea surface temperature (SST) was measured
throughout all the surveys with a bucket frame ther-
mometer before each bongo tow. Temperature meas-
urements at 5 m intervals from surface to 50 m depth
are available only for surveys done in July 1984,
August 1986 and September 1987; all temperature
records were obtained with reversible thermometers.
Vertical profiles of temperature from the surface to
50 m were performed in three transects of these
summer surveys along the east and west coasts and
in the middle of the Gulf (Fig. 2); they were com-
pared with larval distribution and abundance along
the same transects.

To estimate the probability of finding S. william-
si larvae by SST range, we used the SST records
from 1984 (207 records), 1985 (53 records), 1986
(131 records), 1987 (91 records) and 1988 (51

records), as well as the larval abundance data set in
the equation:

Pi = (ni/Ni)100

where Pi is the proportion of stations with preflexion
larvae found at i temperature, ni is the number of sta-
tions during all the study period with preflexion lar-
vae at i temperature, and Ni is the total number of sta-
tions between 1984 to 1988 at i temperature. This
index was used together with the percentage of the
abundance of preflexion larvae, according to a range
of one degree of temperature, to estimate the SST
range in which S. williamsi larvae are distributed. The
same procedure was performed with the 168 temper-
ature records from 50 m, which is the greatest depth
at which adults are found (Munroe et al., 1995).
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TABLE 1. — General statistics of larval catches of Symphurus williamsi in the Gulf of California. PF = preflexion stage, FL = flexion stage,
and PO = postflexion stage. Abundance units are in organisms per 10 m>.

Survey Abundance Mean abundance Highest abundance Larval occurrence by survey (%)
per survey per sample per sample PF FL PO
April 1984 0 0 0 0 0 0
July 1984 1383 34 195 75 16 9
Nov/Dec 1984 8 4 4 0 100 0
April 1985 0 0 0 0 0 0
June 1986 241 17 100 53 22 25
Aug. 1986 322 16 45 37 26 37
Nov. 1986 0 0 0 0 0 0
Sept. 1987 1175 37 185 68 12 20
Nov. 1987 0 0 0 0 0 0
Feb. 1988 0 0 0 0 0 0
TOTAL 3129
RESULTS between Isla Tiburon and Bahia de La Paz, with the

The total abundance of Symphurus williamsi lar-
vae between 1984 and 1988 was 3,129 specimens
but they were mainly confined to the summer sur-
veys (Table 1). While during April 1984 no S.
williamsi larvae were found, July had a mean abun-
dance of 34 organisms per sample, with a high catch
of 159 organisms per sample and a high proportion
of organisms in the preflexion stage (75%). Mean
abundance decreased during November and
December 1984 to 4 specimens per sample with a
total of 8 organisms (all of them in the flexion
stage). No larvae were found in April 1985.

During 1986 S. williamsi larvae were collected
only during the June and August surveys and they
did not appear in November (Table 1). Mean abun-
dance per sample was similar in both summer sur-
veys (17 and 16 larvae per 10 m?respectively), but
during June 53% of the organisms correspond to
preflexion larvae compared with 37% in August.
During the next summer (September 1987) a high
larval abundance was found again; the mean abun-
dance was 37 organisms per 10 m? per sample, the
highest catch per sample was 185 organisms per 10
m? and 68% of the fish larvae were in the preflexion
stage. Larvae were absent during November 1987
and February 1988.

The highest abundance of larvae occurred south
of 28°N, but larvae were found throughout the study
area in patches of high density alternating with areas
of low density or absence of larvae (Fig. 3). Larval
distribution according to developmental stages
shows high concentrations of preflexion larvae
along the central axis of the Gulf. During July 1984,
preflexion larvae had a continuous distribution
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highest density in the deep regions between Santa
Rosalia and Guaymas, in front of Isla del Carmen
and in the mouth of the Gulf (Fig. 3a). Distribution
of flexion stage larvae during this survey shows
three areas of high concentration: between Isla
Tiburdon and Bahia Concepcion; between Bahia
Concepcidon and Bahia La Paz; and south of
Agiabampo (Fig. 3b). Postflexion larvae were dis-
tributed mainly on the west side of the Gulf but they
were more abundant near the Bahia Concepcion
coast and in the mouth of the Gulf (Fig. 3¢c). During
November/December 1984, only flexion larvae
were collected in front of Bahfa La Paz and south of
Guaymas (Fig. 3e).

In June 1986 preflexion larvae were distributed
in three main patches: in the southern region of Isla
Tibur6n; in front of Agiabampo; and in the central
region of the mouth of the Gulf (Fig. 3d). Few flex-
ion larvae were found in the region of big islands
and postflexion larvae were located in the southeast
area of the Gulf (Fig. 3e and f). In August 1986 a
continuous distribution of preflexion larvae was
observed between Bahfa Concepcion and
Agiabampo, with the highest abundance of larvae
located in the deepest area of this region (Fig. 3g).
Flexion larvae were distributed in two main patches
of high abundance: in front of Guaymas and Bahfa
Concepcion, and between Agiabampo and Bahia La
Paz (Fig. 3h). The areas with highest abundance of
postflexion larvae were located along the coast
south of Bahfa Concepcion and in front of
Agiabampo (Fig. 3i). Distribution of preflexion and
flexion larvae during September 1987 was similar to
that observed during July 1984. Three patches of
high larval density were found: south of Isla
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FIG. 3. — Distribution of S. williamsi larvae according to developmental stage. Abundance scale is in organisms per 10 m? of sea surface.
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Tiburdn, in front of Bahia Concepcidn, and south of
Agiabampo, but postflexion larvae were abundant
mainly between Bahia La Paz and Topolobampo
(Fig. 3j-D).
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Higher abundances of S. williamsi larvae were
observed when the Gulf’s SST average was above
26°C (Fig. 4). Mean SST increased from 19°C in
April 1984 (with no S. williamsi larvae) to almost
30°C in July 1984 (with 99% of the larvae of that
year). Abundance decreased again during November
/December to the lowest values of the year at the
same time that the mean SST decreased to 20°C. The
same relationship between abundance and SST was
observed from summer to autumn 1986, as well as
from summer 1987 to winter 1988 (Fig. 4).

Spatially during July 1984, three areas of warm
water were found at the surface and at 50 m depth
(Fig. 5a and 6a): between Bahia Concepcion and
Guaymas; between Isla del Carmen and Agiabampo;
and the eastern region of the Gulf’s mouth, where the
temperature was between 29 and 31°C at the surface
and 22.5 and 27°C at 50 m. The highest abundances
of preflexion and flexion larvae were in these warm
areas (Fig. 3a and b). Flexion larvae in November
and December 1984 (Fig. 3e) were also found in the
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FiG. 5. — Sea surface temperature (°C) during the surveys with S. williamsi larvae.

SCI. MAR., 70(2), June 2006, 291-302. ISSN: 0214-8358



DISTRIBUTION OF S. WILLIAMSI IN THE GULF OF CALIFORNIA e 297

114}W 112|W 11(|)W 1OE|3W

32N

July 1984

30 N+

28 N

26 N+

24 N+

August 1986

September 1987

FiG. 6. — Temperature (°C) at 50 m during the summer surveys.

warmer region south of the Gulf (Fig. 5b). The same
spatial relationship with warm regions at the surface
and at 50 m depth can be observed by comparing the
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temperature maps of June and August 1987 and
September 1987 (Figs. 5-6) with that of the preflex-
ion larvae distribution (Fig. 3).

Considering the 535 SST records between
spring 1984 and winter 1988, although larvae were
found in stations where SST ranged from 18 to
32°C , almost 90% of preflexion larvae were in
areas where SST was from 29 to 32°C (Fig. 7a).
The proportion of positive stations with preflexion
larvae (P7) was higher than 30% in this temperature
range. In contrast, at depths of 50 m, stations with
preflexion larvae were found over a wider temper-
ature range with 90% found from 21 to 28°C, and
Pi was over 30% when temperatures were between
19 to 29°C, with two peaks of abundance at 24°C
and 28°C (Fig. 7b).

Vertical profiles of temperature in transects 1, 2
and 3 of the July 1984 survey (Fig. 8a) show a rise
in the isotherms south of Isla Tiburdn (lines O to 5),
between Bahia Concepcion and Los Tanques (lines
20 to 25), and south of Bahia La Paz to
Topolobampo (lines 40 to 65). Intercalated with
these areas of colder water, wide columns of warm
water, at least 40 to 50 m deep, coincide with greater
larval density. Along the west (1) and central (2)
transects, two peaks of maximum abundance of pre-
flexion larvae were found over the Guaymas basin
(line 15), and the Carmen basin (line 30) (Fig. 1)
coinciding with the 30°C isotherm (Fig. 8a). In the
east transect (3) two peaks of maximum abundance
were also found in a deeper thermocline (Fig. 8a);
the first in front of Carmen basin (line 30), and the
second in Pescadero basin (lines 50 and 55).

During September 1987 (Fig. 8b), a column of
warm water was present as in July 1984 between

SCI. MAR., 70(2), June 2006, 291-302. ISSN: 0214-8358
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lines 5 and 20 in the west (1) and central (2) tran-
sects and there was a rise in the isotherms south-
ward. The length of the transect was shorter during
this survey, but peaks of high abundance were also
found in areas of 30 to 31°C.

DISCUSSION

Although adult Symphurus species are benthic
organisms (Munroe et al., 1995), the eggs and larvae
are pelagic, like almost all pleuronectiforms. Since
early stages of these flatfishes are frequently col-
lected in ichthyoplankton surveys (Ahlstrom et al.,
1984; Charter and Moser, 1996), their seasonal
occurrences allow us to make indirect assumptions
concerning spawning periods and locations.

Using the preflexion stage to identify spawning
areas and time of reproduction of particular species
may be biased if the developmental period of eggs
and preflexion stages are long. However, available
data on Symphurus genus larvae suggest a short egg
development phase. For example, according to Moser
(1984), small hatching size means a short egg period.
S. williamsi probably has a hatching size less than 2.2
mm body length (Aceves-Medina et al., 1999), simi-
lar to that recorded for S. atricauda, which is unusu-
ally less than 1.9 mm (Charter and Moser, 1996). The
shortest body length at eclosion known in pleuronec-
tiformes is 1.3 mm in Achirus mazatlanus, which has
a short egg stage of 4 days (Ortiz-Galindo et al.,
1990). A similar hatching size to that recorded for the
Symphurus genus is found in Paralichthys californi-
cus and Paralichthys dentatus, which ranges between
1.8 and 2.3 mm, and they have an egg stage of 4 to 5
days (Conklin et al., 2004; Watanabe and Feeley,
2004). In addition, the body length of preflexion lar-
vae in this study ranged from 2.2 to 4.8 mm (Aceves-
Medina et al., 1999). Age estimations for the same
range of sizes for Symphurus civitatus in the south of
the Gulf of Mexico suggest an age of between 13 to
24 days (Flores-Coto, et al., 1992). The above infor-
mation suggests that S. williamsi probably has a short
egg period.

Abundance data of preflexion larvae show that
the spawning season of S. williamsi in the Gulf of
California probably starts in early summer, with
maximum spawns occurring from July to
September. Eight flexion larvae were found in the
November-December 1984 survey at two stations
facing Bahia de La Paz, perhaps as isolated spawns

occurring during late October or early November
marking the end of the reproductive period.

Oblique bongo tows were integrative of the
entire water column (0-200 m), so it is not possible
to determine the depth or the temperature where the
larvae were found. Studies made by Jiménez-
Rosenberg et al. (unpublished data) in Bahia de La
Paz, found larvae mainly between 0 and 50 m depth,
with a low occurrence between 50 and 100 m.
Limitations in the knowledge about larval vertical
distribution makes the optimum temperature range
where they are found unclear. However, temperature
appears to play an important role in their distribution
and abundance because although a wide temperature
range was found throughout the study period, larvae
were only captured in a narrow range: 90% of pre-
flexion specimens occurred between 29 to 32°C SST
and the maximum value of Pi (50 to 60%) was found
between 30 to 31°C. Moreover, the tropical affinity
of this species, suggests a strong dependence of the
spawn on the tropical warm water that, according to
Rosas-Cota (1977), comes to the south of the Gulf
during the summer months, which is the period
when S. williamsi larvae were found.

The reproduction period of S. williamsi in the Gulf
of California is short in contrast with the warmer east-
ern Pacific waters off the coast of the Jalisco and
Colima area, where larvae are found practically all
year, but in lower abundance (Flores-Vargas, 2000).
Like other tropical species (Acal and Corro-Espinosa,
1994), S. williamsi, exhibits latitudinal differences in
spawning seasonality as a consequence of environ-
mental differences, in which temperature seems to
play the most important role. The Gulf of California
has a cold period with a mean SST in winter and
spring between 16 and 18 °C, while the Jalisco and
Colima area has a winter SST closer to 22°C (Flores-
Vargas, 2000). These are similar to temperatures
observed during the November-December 1984 sur-
vey in the southernmost area of the Gulf, where S.
williamsi larvae were found. A more stable and warm
environment supports continuous reproduction to the
south, but spawning in the Gulf of California is limit-
ed by the more extreme changes in SST between the
summer and winter seasons.

Distribution maps based on surveys show that
the major reproductive activity occurs in the central
and southern regions of the Gulf, which is the area
with less environmental changes on a seasonal basis
compared with the region north of the big islands
that is considered to be a physical barrier for the dis-
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tribution of tropical species (Brinton et al., 1986).
Based on increases in abundance of flexion and
postflexion larvae from north to south, spawning
activity occurs progressively in the direction that
warm water from the tropical Pacific enters the Gulf
(Rosas-Cota, 1977). This pattern seems to be com-
mon in other tropical Pleuronectiformes in the Gulf,
such as Bothus leopardinus and Syacium ovale,
whose preflexion larvae increase in abundance from
south to north during the summer months (Aceves-
Medina et al., 2003b).

Two important characteristics found in the dis-
tribution pattern of S. williamsi larvae are: 1) the
tendency to appear in patches separated by areas of
low concentration or absence of larvae, and 2) pre-
flexion larvae appear in high densities along the
longitudinal axis of the Gulf over deeper areas than
those where adults are recorded. Since adults occur
from 0 to 50 m but mainly at depths less than 30 m
(Munroe et al., 1995), the presence of high densi-
ties of preflexion larvae over the Guaymas Basin
(between Bahia Concepcion and Guaymas, nearly
1900 m deep) or over the Carmen Basin (in front of
Isla del Carmen, nearly 2500 m deep), can be
explained by offshore transport during the egg
stage, which is mainly epipelagic (Ahlstrom et al.,
1984; Charter and Moser, 1996). Offshore trans-
port of eggs and early larvae has been described for
other Pleuronectiformes, such as Pleuronectes fle-
sus in the English Channel (Grioche et al., 1997) or
Syacium ovale in the Gulf of California (Aceves-
Medina et al., 2003b). Although behaviour plays
an important role in the horizontal and vertical
movements of fish larvae (Grioche et al., 2000),
larval distribution patterns of many Pleuro-
nectiformes can be explained by passive larval
drift (Frank et al., 1992).

Two main transport mechanisms for fish larvae
have been described for the Gulf of California.
Hamman er al. (1988) suggested that winter and
spring upwellings generated by winds are responsi-
ble for the transport of Sardinops sagax larvae from
the continental coast to the peninsular coast.
However, Aceves-Medina et al. (2003b) suggested
that oceanic gyres during summer could be respon-
sible for the transport of Syacium ovale larvae to the
central axis of the Gulf. Semi-permanent cyclonic
and anticyclonic gyres have been described as an
important feature in the circulation of the Gulf
(Emilsson and Alatorre, 1997) that split the area
south of the big islands into three regions (Gilbert
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and Allen, 1943; Round, 1967; Brinton et al., 1986)
which coincide with the areas of concentrations of S.
williamsi larvae.

Similarities in larval distribution of Symphurus
williamsi, with those of Syacium ovale, Albula sp.
and other larvae of shallow demersal species at the
same time and areas of the Gulf (Aceves-Medina,
2003; Aceves-Medina et al., 2003b, 2004), suggest a
common reproductive strategy that implies segrega-
tion of ontogenetic stages, starting with adults of S.
williamsi spawning in shallow waters during sum-
mer. Preflexion larvae drift offshore towards the
central axis of the Gulf of California, where they are
found in higher densities. Finally, older larvae return
to settlement areas in coastal waters or die in the
middle of the Gulf.

The principal reproductive strategies reported
in pleuronectiforms are: 1) species that spawn in or
near suitable nursery habitats where retention of
eggs and larvae is favourable for recruitment, and
2) species that spawn far from their nursery habi-
tats (Van der Veer et al., 1998; Van der Veer and
White, 1999; Bailey and Piquelle, 2002). Most flat-
fish are the latter type (Minami and Tanaka, 1992),
as seen in the Gulf of California for S. ovale
(Aceves-Medina et al., 2003b) and S. williamsi.
This behaviour, common in larvae of other species,
has been related to a strategy for finding or remain-
ing in appropriate habitats (Dickey-Collas et al.,
1996; Helfman et al., 1997). In some Pleuro-
nectiformes (Pleuronectes flesus and Solea solea),
offshore or inshore displacements are coupled with
vertical migrations of fish larvae, that help them
drift in currents towards different directions
(Grioche et al., 2000).

The distribution pattern during 1984 and 1987
suggests that offshore transport of early larvae in the
Gulf is frequent. If this is true, then successful
recruitment depends on late larval stages being
transported to the settlement areas. This is an impor-
tant conclusion because studies of other demersal
species show the same pattern (Aceves-Medina,
2003b). However, more data are needed to prove
this hypothesis, especially information related to
physical variables of the gyres and vertical distribu-
tion of fish larvae.

The positive relationship between preflexion lar-
val abundance and SST temperature, and the spawn-
ing period being restricted to the summer season in
contrast with year-round spawning in warmer areas,
suggest that temperature plays an important role in
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the reproduction of this species in the Gulf of
California.
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