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Because the endemic Sciaenidae species (commonly known as drum or croakers) are important to the fishing indus-
try in the Upper Gulf of California, their larval distribution and connectivity was analyzed in relation to hydro-
graphic conditions during spawning periods (March, June and September). Totoaba macdonaldi, Micropogonias megalops,

Menticirrhus nasus and Cynoscion othonopterus larvae were morphologically and genetically identified. Genetic analysis
reveals for the first time the presence of Isopisthus remifer, which had not previously been morphologically identified.
The most relevant hydrographic structure in the region was the permanent stratification front (Φ = 10 J/m3) origi-
nated by the convergence of mixed water of the Northern Gulf (~20 m depth) and stratified water coming from the
adjacent oceanic water (~200 m). Whereas T. macdonaldi larvae were only collected in the shallowest area in March,
the other species were found mostly along the front in June and September. Connectivity matrixes showed high par-
ticle retention along the front (>80%) coinciding with the larval distribution. Results indicate that the stratification
front might favor larval survival and prevent their advection toward the ocean. This type of retention likely
enhances endemism, not only of these species but also of others coastal demersal species.
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INTRODUCTION

Management and conservation of marine reserves is a
complex task, since it involves defining and coupling
physical and biological interactions at multiple spatial
and temporal scales, as well as anthropogenic factors
(Cudney-Bueno et al., 2009; Pollnac et al., 2010). Manage-
ment actions are often established using a cautionary
approach, without in-depth knowledge of relevant factors,
such as the spawning strategies (areas, periods and inten-
sity) and relationships with physical environmental condi-
tions of focal species (Borguez et al., 2009; Cudney-Bueno
et al., 2009), that may affect management efficacy.
For example, the Upper Gulf of California (UGC),

located in the north of the Gulf of California (Fig. 1),
was declared a Biosphere Reserve in 1993 (DOF, 1993).
This was due in large extent to the presence of endemic
fish species, mostly of the Sciaenidae family, such as
Totoaba macdonaldi, Micropogonias megalops, Cynoscion otho-

nopterus and the endemic and critically endangered por-
poise, the Vaquita Phocoena sinus (Rojas-Bracho et al.,
2006). In addition, it is an area of breeding and devel-
opment of many species of commercial and ecological
importance, such as shrimp (Litopenaeus stylirostris) (Hastings
et al., 2010; Rodríguez-Quiroz et al., 2010). However,
there are national and international controversies about
fishery management of some fishes and shrimps and the
Vaquita conservation, and there is a critical need for
information on the life cycle of species of ecological and
commercial importance to have informed management
(Cisneros-Mata et al., 1995; All, 2006; Rodríguez-Pérez
et al., 2018).
The UGC has a shallow shelf (<30 m depth) with

irregular bathymetry where depth increases to the
Wagner Basin (Lavín et al., 1998). It is a highly seasonal
and macro-tidal inverse estuary, with temperature ran-
ging from ~14°C in winter to 32°C in summer (Lavín
et al., 1998). The seasonal circulation is cyclonic most of
the year, with maximum speed (~0.20m/s) in June,
while in the winter months, there is no well-defined pat-
tern of circulation and the currents are weak (~0.03m/s)
(Montes et al., 2015). The UGC is vertically well mixed
throughout the year (Lavín et al., 1998). The strong mix-
ture caused by the tidal current generates a stratification
front that delimits the well-mixed shallow areas of the
UGC from the deep and stratified areas of the northern
Gulf of California (Argote et al., 1995). This stratification
front (with temperature, salinity, chlorophyll a and dis-
solved oxygen concentration gradients) is a permanent
feature and is located on the southern edge of the UGC,
with seasonal variations in its position. During the sum-
mer, this front is close to the 30m depth contour and in

winter it is positioned over the 60m depth contour
(Argote et al., 1995; Lavín et al., 1998). The influence of
this front on the species that inhabit the UGC has not
been described to date.

It is assumed that T. macdonaldi spawns from February
to April with a peak in March (Cisneros-Mata et al.,
1995), and that C. othonopterus, Menticirrhus nasus and
M. megalops spawning occurs from February to September
with maximum intensity in summer (Erisman et al., 2012;
Sadovy and Erisman, 2012). Given that the T. macdonaldi
species is classified as an endangered species (NOM-059-
SEMARNAT-2010), commercial fishing has been
restricted. However there is a great black market for swim
bladder of this species in China (Anonymous, 2016b), and
it has been difficult for governmental institutions to curtail
the illegal exploitation. Further M. megalops and C. othonop-

terus support important fisheries in the UGC, although
there is little clarity in their fishery managements due to
the lack of solid information on their biology (Valenzuela-
Quiñonez et al., 2014); and even less is known of their
planktonic stages (Sánchez-Velasco et al., 2012).

Previous studies in the UGC reported six larval mor-
photypes in the Sciaenidae family located mainly in the
shallowest and saltiest zone in the north of the UGC
(Sánchez-Velasco et al., 2012). The molecular identifica-
tions of Sciaenidae larvae in this region started with the
Díaz-Viloria et al. (2013) and Camacho-Gastélum et al.

(2016) studies, through mitochondrial DNA (mtDNA)
markers. These authors identified the young larvae of
T. macdonaldi, C. othonopterus, Cynoscion reticulatus, Me. nasus

and M. megalops. These kinds of studies opened the possi-
bility to understand the aspects of the life cycle of these
Sciaenidae species in the UGC. Although, to date, there
is no certainty about basic but fundamental issues such
as where these species spawn, which oceanographic con-
ditions could favor larval survival and the factors that
have contributed to their endemism.

We expected to find high larval abundance around
the stratification front, possibly associated with retention
processes. The stratification front might also prevent lar-
val dispersion outside the UGC. The objective of this
study was to describe larval distribution and connectivity
of endemic Sciaenidae species (T. macdonaldi, C. othonop-
terus, Me. nasus and M. megalops) in relation to the stratifi-
cation front in the UGC during early spring (March
2011) and early and late summer (June 2013 and
September 2012), which are the main spawning periods
of these species. This information will increase our
understanding of possible mechanisms contributing to
endemism of both these and others coastal demersal
species that inhabit this region.
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MATERIALS AND METHODS

Sampling methods and data analysis

Physical data and zooplankton samples were obtained
from three oceanographic cruises carried out aboard the
R/V Francisco de Ulloa in the UGC, during early
spring (March 2011), and early and late summer (June
2013 and September 2012) (Fig. 1). Vertical profiles
were obtained at each station using a SeaBird 911plus
CTD probe equipped with dissolved oxygen and fluor-
escence sensors. Conservative temperature (Θ; °C) and
absolute salinity (SA; g/kg) were calculated from in situ

temperature and practical salinity was calculated with
TEOS-10 software (www.TEOS-10.org; IOC et al.,
2010).

A measure of the stratification intensity in the water
column, the Φ stratification parameter was calculated
with the equation proposed by Simpson (1981), which
considers the profile of potential density, the average
density of the water column, the maximum depth of the
integration and the gravitational acceleration. The Φ

parameter represents the amount of energy (J/m3)
needed to mix a water column a completely to a given
depth. For total mixing of the water column Φ = cero,
and for a frontal zone, Φ is ~10 J/m3 according to
Argote et al. (1995).

Oblique zooplankton trawls were carried out at each
station using opening–closing conical nets (60 cm mouth
diameter, 250 cm net length, 0.505 mm mesh), at three
different depths (from 15 to 10 m, from 10 to 5 m and
from 5m to the surface). The volume of filtered water
was calculated using calibrated flow meters placed at
the mouth of each net. The nets were towed in a circu-
lar path at 2.5 knots for 5 minutes, during the day or
night (Smith and Richardson, 1979). Two samples were
obtained at each station, the first was preserved in 5%
formalin and the second preserved in 80% ethanol. The
first sample was used for larval morphological identifica-
tion and to determine the larval abundance of species,
while the second was employed for genetic corrobor-
ation of Sciaenidae species.

Morphological fish larvae identification

Prior to identification, larvae of each species were
divided into three developmental stages: preflexion, flex-
ion and postflexion based on the degree of flexion of the
terminal section of the notochord during formation of
the caudal fin (Kendall et al., 1984). Larvae were classi-
fied to the family levels by their morphological charac-
teristics (mainly meristic and pigmentation). Sciaenidae

Fig. 1. Map of the UGC with bathymetry (in meters) and the locations of sampling stations.
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larvae have 25–26 myomeres (5 pre-anal and 20 posta-
nal myomeres), somewhat bulbous heads, coiled guts
and relatively slender, tapering tails (Moser, 1996).
Larvae of C. othonopterus, M. megalops, Me. nasus and
T. macdonaldi were identified to the species level through
diagnostics of their pigmentations (Díaz-Viloria et al.,
2013; Camacho-Gastélum et al., 2016).
After larval identification, counts were standardized

to the number of larvae per 10 m2 of sea surface,
according to the procedures established by Smith and
Richardson (1979).

Molecular identification of larvae

Nine adult specimens of Sciaenidae: T. macdonaldi (n = 1),
Cy. reticulatus (n = 2), Isopisthus remifer (n = 3) and M. megalops

(n = 3) were collected from the eastern part of the UGC
(31° 07′ N, 114° 29′W), on 26 January 2016 (Fig. 1).
Adults were identified to the species level (Chao, 1995).
Genomic DNA extractions from adults and larvae

were conducted using the salt precipitation technique
proposed by Aljanabi and Martinez (1997). Two mtDNA
fractions were amplified: the cytochrome c oxidase, sub-
unit I (COI) of ~700 bp. The COI fraction was amplified
with the primers: VF1 (5′-TTCTCAACCAACCACAAA
GACATTGG-3′) (Ivanova et al., 2007) and FishR1 (5′-T
AGACTTCTGGGTGGCCAATCA-3′) (Ward et al.,
2005). DNA amplifications were done in a PCR thermal
cycler (Techne, Staffordshire, UK), following the thermal
conditions described in Camacho-Gastélum et al. (2016).
PCR products (20 mL, 100 ng/μL) were sequenced in
both directions in an automatic sequencer (ABI Prism
3730XL, Applied Biosystems, Carlsbad, CA, USA) by
Macrogen (Seoul, Korea). Twelve COI sequences from
six species of Sciaenidae from GenBank were used as
references (Table I). Sequences were trimmed to 486 bp
to ensure the sequence equality of all individuals. Genetic
distances were obtained according to the Kimura
2-parameter model (Kimura, 1980). Adult and larvae
sequences were used to display phylogenetic relationships

by neighbor-joining (NJ) tree (5000 bootstraps) with
MEGA version 6.0 software (Tamura et al., 2013).

Simulations of larval dispersal

The Delft3D hydrodynamic numerical model (flow
module) was used to estimate the speed and direction of
the current in the study area. The model that solves the
Navier–Stokes equations on a curvilinear mesh, has a
grid size of 1 km in the horizontal and 12 levels in the
vertical. The physical forces at the open borders
included the main components of tide, average climato-
logical data of the North American Regional Reanalysis
(Mesinger et al., 2006) and physical data (sea level, tem-
perature, salinity) of Simple Ocean Data Assimilation
(Carton and Giese, 2008). We estimated particle trajec-
tories following the advection/diffusion scheme described
in Proehl et al. (2005) and Visser (2008).

Five zones were delineated in the UGC according to
the larval abundance distributions and hydrographic
characteristics (bathymetry, circulation patterns and pos-
ition of the stratification front) (Fig. 2). These sites
include the Colorado River Delta zone (AG1), the
strong vertical mixing zone (AG2 and AG3) and the
frontal zone (AG4 and AG5). Passive particles 6500
were launched in each zone, were integrated for the five
sites, and the results were expressed as total export
values. We conducted simulations for three launch dates
(March 2011, June 2013 and September 2012), which
coincide with the spawning season of most Sciaenidae
species in the UGC. In each particle release, the simula-
tion time was 7 days, to represent the preflexion larval
stage of the Sciaenidae family.

Connectivity matrices were generated using the pro-
portion of particles that were established in each loca-
tion in relation to the total number of particles released
at each site. The probability of local retention (diagonal
in the connectivity matrix) was calculated as the propor-
tion of locally produced particles that remained within
the spatial unit at the end of the simulation.

RESULTS

Distribution of environmental conditions
and stratification front

During March 2011, the conservative temperature
(Fig. 3a) showed a range from 16 to 20°C with min-
imum values (<17°C) in the central part of the UGC
and maximum values in the southern part (>18°C). The
absolute salinity (Fig. 3b) fluctuated between 35.6 and
36.4 g/kg, decreasing from north to south. The

Table I: Reference sequences with the
GenBank accession number

Species

COI

n Access number

Totoaba macdonaldi 1 KC208684

Cynoscion othonopterus 3 KR632704, KR632705, KC208685

Menticirrhus nasus 3 KR632722, KR632725, KR632727

Micropogonias megalops 3 KR632710, KR632719, KC208691

Cynoscion reticulatus 1 KC208680

Cynoscion parvipinnis 1 GU440301
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northwest part of the UGC, i.e. north to San Felipe,
was the saltiest zone (>36 g/kg). Dissolved oxygen
(Fig. 3c), ranged from 220 to 300 μmol/kg, showed a
gradient from south of the study area (300 μmol/kg) to
north of San Felipe (220 μmol/kg). Chl a concentration
(Fig. 3d) did not show a clear pattern, but the highest
values were observed to the south of San Felipe
(>3 mg/m3).

During June 2013 sampling, surface temperatures
(Fig. 4a) had a wider range (25–30°C) than in March,
with minimum values (25°C) in the central and southern
part of the UGC and the maximum values (30°C) in the
northwest shallow zone. Absolute salinity (Fig. 4b) fluc-
tuated between 35.6 and 36.8 g/kg, with values increas-
ing from south to north, where highest values were in
the shallow areas of the UGC (>36 g/kg). Dissolved
oxygen (Fig. 4c) ranged from 180 to 250 μmol/kg and
an inverse gradient in comparison to the previous vari-
able, with lowest concentrations (180 μmol/kg) in shal-
low areas to the northern and highest (250 μmol/kg) to
the south of Punta Borrascoso. As with salinity, Chl a
concentrations (Fig. 4d), showed a gradient from south
to north with highest values (~1 mg/m3) observed in the
shallow area to the northern of the UGC.

During September 2011, the highest temperature
values were observed (Fig. 5a), fluctuating between 31

and 32°C. The minimum values were in the central and
southern part of the UGC and the maximum in north-
west part of the study area. Absolute salinity (Fig. 5b)
fluctuated between 35.8 and 37 g/kg, with lowest values
in the south of the UGC (35.8 g/kg), increasing toward
the north of San Felipe (37 g/kg). Dissolved oxygen
(Fig. 5c), with a range from 180 to 220 μmol/kg, tended
to be homogeneously distributed. Chl a concentration
(Fig. 5d) had the highest values to the north and south-
east part of the UGC (~2 mg/m3).
In March, the stratification front (Φ = 10) was located

between San Felipe and Puerto Peñasco (Fig. 2, white
line), in the southern part of the UGC at average depth
of 50 m, indicating that there were vertical mixing con-
ditions throughout the UGC. In June, the front (Fig. 2,
black line) was located more to the north than in March
with an average depth of 30 m. In September (Fig. 2,
red line), the front had a position similar to March,
located between San Felipe and Puerto Peñasco.

Morphological fish larvae identification and
genetic corroboration

Nineteen sequences of COI (486 bp) were obtained
from adults and larvae and submitted to GenBank. The
mean intraspecific genetic divergences within the four

Fig. 2. The solid line (white, black and red) shows the spatial distribution of stratification fronts (parameter Φ = 10 J/m3) in the UGC. The
squares show the five areas where the particles were sowed to determine the connectivity matrixes.
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species (2–4 adult and 10–12 larvae), were <1%
(0.1–0.9%). The mean interspecific genetic divergences
among the four species were higher than 2%
(15.6–23.3%). The NJ tree showed that six larvae identi-
fied as Me. nasus, six of M. megalops, and three of C. otho-
nopterus, were grouped to reference sequences of those
species, such groups showed bootstrap support of 100%.
Based on genetic divergences and NJ tree COI, the lar-
vae were corroborated to species level.
However, three larvae (two in preflexion and one in

flexion), misidentified as C. othonopterus, were grouped
with sequences of Isophistus remifer (Fig. 6). Taking into
account the possible misidentification of I. remifer larvae
like C. othonopterus, hereafter the larvae of both species
were grouped as C. othonopterus-I. remifer complex.

Abundance and distribution of fish larvae

A total of 3115 larvae were identified from the formalin
samples (Table II), where most of the larvae (~85%)
were collected in the surface strata (0–5 m depths) in
preflexion stage (>80%). The highest values of larval
abundance was found in June (58%) and September
(39%), while the lowest in March (1.6%) (Table II).

Totoaba macdonaldi larvae were only recorded in
March in two sampling stations located in the north of
the UGC (Fig. 3a), with relativity low larval abundance
(Table II). Its presence was associated with the salty and
cold water.

In June, larvae of C. othonopterus-I. remifer complex, M.

megalops and Me. nasus were identified (Table II). The
highest larval abundances were located throughout the

Fig. 3. Surface hydrography for March: (a) temperature (°C), (b) absolute salinity (g/kg), (c) dissolved oxygen (μmol/kg) and (d) chlorophyll a
(mg/m3). The red contour line indicates the position of the stratification front. The size of the white circle represents the larvae abundance.
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stratification front, with major concentrations on its east-
ern side (Fig. 4a–c).

In September, the larval abundance of C. othonopterus-
I. remifer complex and Me. nasus increased, while the larval
abundance of M. megalops decreased (Table II). The lar-
vae of C. othonopterus-I. remifer complex and Me. nasus

showed a wide distribution around and to the north of
the stratification front. The M. megalops larvae had the
same distribution, but with the lowest abundance
(Fig. 5a–c).

Fish larval connectivity

The connectivity matrices (Fig. 7) of the five zones
defined here for the UGC (Fig. 2) showed the highest
particle retention along the quadrants that covered the
stratification front (AG4 and AG5). In March (Fig. 7a),

the greatest particles’ retention associated with the
frontal zone was observed, with values near to 90% of
retention. While the 10% of the remaining particles
were transported to the mixed zone (AG2 and AG3).
The delta zone (AG1) showed relativity high retention
(~60%) and transport of remaining particles towards the
mixed zone (40%). The lowest particle retention was
observed in the mixed zone, with values near 40%,
while the rest of the particles (60%) were transported
towards the front zone.
Particles retention decreased slightly in June and

September (Fig. 7b, c) with respect to March, but the
connectivity pattern was similar to March. The front
zone showed the highest retention of particles (70% in
June and 80% in September) with transport towards the
mixed zone (30 and 20%). The delta zone displayed a
particle retention near 60% in both periods and the rest

Fig. 4. Surface hydrography for June: (a) temperature (°C), (b) absolute salinity (g/kg), (c) dissolved oxygen (μmol/kg) and (d) chlorophyll a
(mg/m3). The red contour line indicates the position of the stratification front. The size of the white circle represents the larvae abundance.



JOURNAL OF PLANKTON RESEARCH j VOLUME  j NUMBER  j PAGES – j 
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
la

n
k
t/a

rtic
le

/4
0
/5

/6
0
6
/5

0
8
5
2
5
0
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



of the particles (40%) were transported to the mixed
zone, as was observed in March. In the mixed zone,
minor particle retention (60 and 50%) was observed and
the remaining particles moved toward to the frontal
zone (40 and 50%).

DISCUSSION

The taxonomic contribution of this study is the larval
identification of endemic Sciaenidae species in the
UGC, a Biosphere Reserve with strong fishery and
social controversies (Lercari and Chávez, 2007; Erisman
et al., 2010; Bobadilla et al., 2011, Valenzuela-Quiñonez
et al., 2014.). The presence of T. macdonaldi, M. megalops,

Me. nasus and C. othonopterus larvae in the region was

corroborated by DNA sequences. In addition, it is the
first time that the presence of larvae of the species I.

remifer is revealed through genetic identification in the
UGC. However, because the larvae of the Sciaenidae
family are very similar morphologically and the species
I. remifer, was not previously identified in morphologic-
ally analyses, some DNA sequences of C. othonopterus

were assigned to Isopisthus remifer, this was defined as C.
othonopterus-I. remiffer complex. The definition of a “larval
complex” highlights the need to continue with larval
identification studies, both morphological and genetic,
that allow us to identify other species that inhabit the
region.

Our work elaborated on the role of the stratification
front (Φ = 10 J/m3) on the spawning areas of most of
the species analyzed here. Even though the front had

Fig. 5. Surface hydrography for September: (a) temperature (°C), (b) absolute salinity (g/kg), (c) dissolved oxygen (μmol/kg) and (d) chlorophyll
a (mg/m3). The red contour line indicates the position of the stratification front. The size of the white circle represents the larvae abundance.



Y. GARCÉS-RODRÍGUEZ ET AL. j LARVAL CONNECTIVITY OF SCIAENIDAE SPECIES IN THE UPPER GULF OF CALIFORNIA
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
la

n
k
t/a

rtic
le

/4
0
/5

/6
0
6
/5

0
8
5
2
5
0
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



Fig. 6. Nearest neighbor tree based on the variation of the COI gene sequences (486 bp) of mtDNA. The values of the branches indicate the
support of the groupings based on 5000 re-sampling replicas. The scale of the bar (0.02) indicates the distance of Kimura’s parameter-2.
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already been described by authors such as Argote et al.

(1995) and Lavín et al. (1998), its ecological role in the
endemism that characterizes the region (Erisman et al.,
2012; Valenzuela-Quiñonez et al., 2014) had not been
described to date. The stratification front that is located
on the southern edge of the UGC, with seasonal varia-
tions of its position, is the result of the convergence of
high salinity mixed water (37.4 g/kg) from the shallowest
northern part (~20 m depth) with less salty stratified
water (35.4 g/kg) coming from the adjacent oceanic
water (>200 m depth). The hydrographic data analyzed
here showed that in June 2013 the front was located fur-
ther north (~30 m depth) than in March 2011 and
September 2011 (~50 m depth). In addition, Argote
et al. (1995) found that during the summer (September
1986), it was close to ~30 m depth and in winter
(December 1986) positioned over ~60m depth. Although
the precise mechanisms that determine the front position
are still unknown, it is evident that the seasonality and
inter-annual events affect its location.
Even though T. macdonaldi larvae were only collected

in the northwest area in March, the larval distribution
of M. megalops, Me. nasus and C. othonopterus- I. remifer

complex was associated with both the front position and
season. In June, these larvae were at the front, mainly in
the northeastern side of the Gulf; and in September,
Me. nasus and C. othonopterus-I. remifer complex larvae
extended their distribution to the north. Independent of
the variations among the species spawning periods, sci-
aenid larvae were not present to the south of the frontal
zone, indicating that the stratification front might be
functioning like a barrier that prevents the larval advec-
tion of coastal demersal species towards the oceanic
zone.
The idea that the front constrains dispersal was

echoed by the connectivity matrixes. High particle
retention was observed in the quadrants that covered
the frontal zone, with the highest retention (~>80%) in
the eastern side of the UGC. The rest of the particles
(~20%) were transported mostly from the eastern to the
western side along the frontal zone, which was asso-
ciated with the pattern of cyclonic circulation during

summer in the UGC (Montes et al., 2015). These results
correspond with previous studies focused on other zoo-
plankton groups. Soria et al. (2012) reported transport of
planktonic phases of bivalve mollusc and shrimp from
the Sonora coast to the central region of the UGC. It
was thus hypothesized that retention processes occurring
in the stratification front have a greater influence on the
zooplankton organisms than transport by currents.
Therefore, the front might be an important nursery
area of demersal coastal fish species, and other mero-
plankton organisms.

The fact that the T. macdonaldi larvae were only found
in the northwestern side of the UGC, in the shallowest
and saltiest region, suggests that the stratification front
has no relationship with the distribution of larvae in this
species. The spawning area of this species could be asso-
ciated with other hydrographic factors and the adult
habitat. Little is known about this, but their collection in
this study corresponded with the spawning season
reported by Cisneros-Mata et al. (1995), which occurs
between February and May, with the highest reproduct-
ive activity between March and April. It is clear there is
a need to carry out intensive monitoring of the spawning
area of the T. macdonaldi to understand the spawning
response to hydrographic conditions and generate ele-
ments that support fisheries management.

The overall results of this study indicate that the
stratification front could retain planktonic phases of the
Sciaenidae species analyzed here, as well as of other
meroplanktonic organisms, preventing their advection
outside the UGC. In the case of coastal demersal spe-
cies, the adults are characterized by their sedentary
habits and low mobility, and the front may retain their
planktonic stages; this could imply over time, a gradual
isolation of the species.

Previous studies of endemism in the Gulf of
California reported the presence of more than 90
endemic fish species (Brusca et al., 2005). They specu-
lated that the high endemism might be due to the differ-
ent ecosystems that occur along of the Gulf and to
barriers resulting from permanent oceanographic pro-
cesses (SEMARNAT, 2004). The hydrographical data

Table II: Larval abundance (larvae/10 m2) of Sciaenidae species in the UGC

Species

Larval fish abundance

March June September Total

Totoaba macdonaldi 111 [83] 111 [83]

Cynoscion othonopterus-Isopisthus remifer complex 1684 [348] 2451 [1881] 4135 [2229]

Menticirrhus nasus 253 [51] 322 [245] 575 [296]

Micropogonias megalops 2242 [463] 55 [44] 2297 [507]

Total 111 [83] 4179 [862] 2828 [2170] 7118 [3115]

The numbers in brackets correspond to the sum of the gross value of larvae identified per species.
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in this study show that at least in the UGC, a perman-
ent hydrographical structure, the stratification front,
might be a factor that is contributing to the process of
endemism in the region. The isolation of populations has
been described in ecosystems worldwide in relationship to

oceanic fronts that influence processes of geographical
isolation and, therefore, lead to genetic isolation (Gilg
and Hilbish, 2003, Galarza et al., 2009, Schunter et al.,
2011). Therefore, it is important to increase these kinds
of studies around permanent hydrographic structures to
contribute to the understanding of the changes in the dis-
tribution of marine species.

CONCLUSIONS

Genetically based larvae identification of T. macdonaldi,
M. megalops and Me. nasus and the definition of the
C. othonopterus-I. remifer complex allowed definition of
their distribution and spawning season. Considering that
the T. macdonaldi is currently threatened with extinction
and the M. megalops and C. othonopterus support a high
fishing effort, the information obtained in this study
could be a support to improve the management and
conservation of these endemic species in the UGC.
Independent of the variations among the spawning

periods of the Sciaenidae species studied here, larvae
were not present south of the stratification front, indicat-
ing that the front might function as a barrier that pre-
vents the larval advection towards the oceanic zone.
Considering that the adults of these species coastal
demersal are characterized by sedentary habits and low
mobility and larval dispersal seems to be limited, it is
probable that genetic isolation resulted in the evolution
of endemic species in the UGC.
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Fig. 7. The connectivity matrices for the months of March (a), June
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ticles in the rows add to 100%. The diagonal lines are visual aids to
locate the different elements of the matrices.
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