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Population structure and reproductive behavior of Sinaloa cichlid

Cichlasoma beani (Jordan, 1889) in a tropical reservoir

Melgen A. Garcia-Lizarraga', Francisco Enrique Soto-Franco', Javier Marcial de Jesus
Ruiz Velazco-Arce?, José Ivan Velazquez-Abunader®, Jorge Satl Ramirez-Pérez'-* and
Emilio Pefia-Messina?

The population structure and reproductive condition of the Sinaloa cichlid Cichlasoma beani from samples obtained from
June 2000 to July 2001 were determined. Samples in the first week each month from the largest trader of tilapia in the Aguamilpa
Reservoir in Mexico and were caught in gillnets (9.6 and 11.4 cm stretch-mesh size). Of 596 specimens, there were 427 males
and 169 females; monthly sex ratio, frequency of lengths by the multinomial distribution, timing of reproduction, condition
index, and size at first maturity was determined. Differences in the sex ratio and monthly totals were significant, favoring males,
except for September 2000 and March 2001. From one (August 2000) to three modal groups (July 2000 and June 2001) were
identified by size. There were no significant differences in standard length weight relationships by sex, which indicated that
a shared model for both genders is appropriate, and isometric growth was detected. Based on the proportion of mature and
partially matures fish, the main reproductive period was April through June; size at first maturity was 18.9 cm. Water temperature
was not significantly related to the percentage of mature and partially matures Sinaloa cichlids or spawning. These findings
provide information for regulating the Cichlasoma beani fishery in this region such minimum legal size and non-fishing
period.

Se determino la estructura poblacional y condicion reproductiva del ciclido de Sinaloa Cichlasoma beani desde junio de 2000 a
julio de 2001. Las muestras se obtuvieron de la captura comercial de tilapia en el embalse de Aguamilpa, México durante la primera
semana de cada mes. Los especimenes se capturaron con redes de enmalle (9,6 y 11,4 cm de tamafio de malla). De los 596
organismos recolectados, 427 fueron machos y 169 hembras. Se determiné la proporcion de sexos mensual, grupos modales de
tallas a través de una distribucion multinomial, época reproductiva, indice de condicion y talla de primera madurez. Se encontraron
diferencias significativas en la proporcion de sexos total y mensual favoreciendo a los machos, excepto en septiembre de 2000 y
marzo de 2001. Se identificaron desde uno (agosto de 2000) hasta tres grupos modales de tallas (julio de 2000 y junio de 2001). No
se encontraron diferencias significativas en la relacion longitud patron — peso total por sexo, lo que sugiere que el uso de un solo
modelo para ambos sexos es adecuado, presentando crecimiento de tipo isométrico. Con base en la proporcion de organismos
parcialmente maduros y maduros, el pico principal de reproduccion fue desde abril hasta junio; la talla de primera madurez fue de
18,9 cm. No se encontr6 una correlacion significativa entre la temperatura del agua y el porcentaje de individuos parcialmente
maduros, maduros o desovados. La informacion generada es 1til para la regulacion de la pesca de Cichlasoma beani en esta
region, sugiriendo una talla minima legal de captura y un periodo de veda adecuado para la especie.
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Introduction

Native cichlids comprise ~50% of the fish in freshwater
lakes and reservoirs in Central America; about 60% belong
to the genus Cichlasoma (Miller, 1966) and life cycle studies
of this species have serious restrictions mainly because they
have high value for the local fisheries and have been
introduced to many water bodies (Luna-Figueroa & Figueroa-
Torres, 1999).

Aguamilpa Reservoir on the rio Santiago (10,000 ha)
was built in the late 1980s to generate electricity and to
provide irrigation and flood control in the central part of
the state of Nayarit (Orbe-Mendoza et al., 2002).
Commercial fishing in the reservoir started in the 1990s,
benefiting 5,400 inhabitants in local communities, mostly
indigenous people living in villages near the reservoir
(SAGARPA, 2006). Capture statistics indicate a sharp
increase in fish production from 1995 to 2000, reaching
~5,000 t, making it the most productive reservoir in Mexico
(SAGARPA, 2006). Since 2007, commercial fishing has been
prohibited from March through May (DOF, 2007) because
the managers believe that the majority of fish species that
inhabit Aguamilpa Reservoir spawn during this time.
However, establishment of this non-fishing period
apparently did not favor recovery of the population of C.
beani, based on observations of fishermen that there is a
decline of this species in commercial catches. There are no
records of abundance estimates of C. beani in Aguamilpa
Reservoir because they are neither officially recorded
harvest data of commercial catches or for the Sinaloa
cichlid.

Pérez-Velazquez et al. (2005) states that the target species
in the reservoir’s fishery is the blue tilapia Oreochromis
aureus, but production also includes bass (Micropterus
salmoides), carp (Cyprinus carpio), catfish (Ictalurus
punctatus), chihuil (Ictalurus sp.), and Sinaloa cichlid
(Cichlasoma beani). Despite their economic importance,
knowledge of their biology and ecology of some of these
species is minimal, as is the case of the small Sinaloa cichlid,
which is mainly sold and consumed locally. To date, there
are no specific measures to regulate this resource.

For different species of the family Cichlidae, there have
been studies of reproductive traits (Duponchelle ez al., 1999;
Gomez-Marquez et al., 2003; Komolafe & Arawomo, 2007),
growth (Getabu, 1992; Booth & Merron, 1996; Admassu &
Casselman, 2000; Caskey et al.,2007; Bwanika et al., 2007;
Gomez-Marquez et al., 2008), and aspects of the fishery
(Balirwa, 1992; Jiménez-Badillo, 2004). There is no study of
population structure and reproductive maturity by C. beani.

Here, we determined important biological parameters for
understanding the Cichlasoma beani fishery, such as size
structure, reproductive behavior, and its relationship to water
temperature. We intend to use this knowledge to establish
regulations for harvesting.

Population structure and reproductive behavior of Cichlasoma beani

Material and Methods

Collection of specimens

We obtained random samples in the first week of each
month from local fishermen of their catches from July 2000
through June 2001 at landing sites around Aguamilpa
Reservoir (21°53” 21°23°N, 104°46° 104°25°W; Fig. 1). In this
twelve months, we examined 596 Sinaloa cichlids that were
caught in gillnets (9.6 and 11.4 cm stretch-mesh size), which
are placed at sunset and collected at dawn. Monthly sample
sizes varied according to the volume of the landed catch.
Standard length (SL £ 0.1 cm) and total weight (TW 0.1 g)
were measured and the gender of each specimen was
recorded. Surface water temperature in the reservoir was
obtained with a bucket thermometer (+0.1 °C). Voucher
specimens were deposited in the fish collection of Escuela
Nacional de Ingenieria Pesquera, Universidad Autonoma de
Nayarit, Mexico (ENIP-CI-41).

Population features

From monthly and total sex ratios, %2 analysis tested the
null hypothesis that males and females were equally common.
Monthly size frequency was grouped into 1 cm SL class
intervals. Size structure between males and females was
assessed with the Kolmogorov-Smirnov test for two
independent samples.

A modal progression analysis was determined for trends
in the monthly size frequencies using a multinomial distribution
(Haddon, 2001) described by Aguirre-Villasefior ez al. (2006),
given by the following probability density function:
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where x is the number of times that a i-type event occurs in n
samples and p, are the separate probabilities of each one of
the possible k-type events. Estimation of model parameters
was performed by transforming the above equation and
minimizing it:
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An important assumption of this technique is that the
size distribution and average length can be treated, based on
a normal distribution and each mode can be interpreted as a
cohort (Fournier et al., 1990; Aguirre-Villaseior et al., 2006).
Accordingly, we assume that p follows a normal distribution
in each cohort so the estimates of the expected relative
proportions of each modal group were described, based on
the following probability density function:
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where u and o are the mean and standard deviation of standard
length for each cohort. To estimate expected frequencies
and estimate the model parameters, we compared the
observed and estimated values by the logarithmic function
of the multinomial distribution with the following equation
(Haddon, 2001):
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This function was minimized by the Newton algorithm.

Relationship between standard length and total weight

The standard length (SL) to total weight (TW)
relationship was determined for females, males, and total
number by the power model TW = aSL? (Ricker, 1975). The
parameters were obtained by transforming the linear
regression equation log 7TW=1log a + (log SL) b, where a is a
constant and b is the slope. The value of parameter b was
compared with » =3 (isometry) by Student’s #-test (Sokal &
Rohlf, 1979). To compare sex models, slopes and elevations
were determined using covariant analysis (ANCOVA; Zar,
2010).

Analysis of reproductive conditions

We assigned maturity status according to criteria of
Nikolsky (1963) and Rojas-Carrillo (2006) to all females,
based mainly on six phases defined by size, color, and
texture of the gonads: I (immature), II (repose), III
(development), IV (partially mature), V (mature), and VI
(Spawning). To determine is there is a correlation between
water temperature and percentage of Stage IV and Stage V,
a nonparametric rank correlation of the Spearman analysis
(r) was used with arcsine transformation of percentages.
To determine physical condition over time, we calculated
the monthly relative condition factor (K ) described in Le
Cren (1951):

where WT is the total weight of each fish and WT, is the total
weight calculated by the power model of standard length to
total weight (SL-TW). The average monthly value of K, with
the monthly frequency of Stages IV and V were analyzed.
The size at first maturity was considered the length when
50% of females at Stages IV and V from the cumulative relative
frequency of females at these stages were fitted to the logistic
model in Sparre & Venema (1997) according to:

B 1
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where P is the proportion of mature fish defined by length
interval and a and b are model parameters. Once fitted, the
size at first maturity (the length at which 50% of the fish are
reproducing, L, 50%) was calculated as L 50% =a/ b.
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Fig. 1. Aguamilpa Reservoir, Nayarit, Mexico. Black dots
indicate landing sites and sampling areas.

Results

Population features

During the survery, we examined 596 specimens (427 males
and 169 females). The total sex ratio was significantly different
from 1:1 (1 female:2.56 males; % p<0.0001). Monthly sex ratios
were dominated by males except September 2000 and March
2001, when the proportion was close to 1:1 (%% p > 0.05; Fig.
2a). Most females were 18 to 20 cm SL and most males were 20
to 22 cm SL; significant differences in size of females and males
were detected (K-S, p <0.05; Fig. 2b). The SL range in males
was 10-30 cm with a mean of 18.89 cm (SD=3.46 cm). The SL
range in females was 10.5-30 cm with a mean of 18.85 cm (SD =
3.44 cm). The smallest fish were captured in February (11.5 cm),
May (11 cm), and June 2001 (10.5 cm) and the largest in July (30
cm) and August 2000 (29.9 cm). Table 1 shows that in most
months there were two modal groups except June 2001, when
three modal groups occurred, and in August 2000 and April
2001 with there was one modal group (Fig. 3).

Relationship between standard length and total weight

No significant differences between males and females were
found in the power models constructed from the SL-TW
relationship (ANCOVA, p> 0.05); therefore, a shared model was
constructed. The slope of the above power model (h=2.87) was
not statistically different from the hypothetical value of 3
(Student’s #-test, p > 0.05) to detect isometric growth (Fig. 4).

Reproductive features

Although percentage of reproductively active individuals
was always <25%, there were two peaks: the months of winter
and summer (Fig. 5). The correlation between percent of ripe
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Fig. 2. (a) Monthy sex ratio; (b) Length-frequency distribution
by gender for Sinaloa cichlid Cichlasoma beani in the
Aguamilpa Reservoir in Mexico. Asterisks indicate significant
differences.

individuals and water temperature was not significant (r =
0.021, p>0.05) and there was no detected correlation between
spawning individuals and temperature (r=-0.27, p> 0.05).

Relative condition was highest during December 2000
January 2001, which coincide when there were more
percentage of females at Stages IV and V and the average
water temperature was < 26 °C (Fig. 6a). Relative condition
was the lowest during March when the proportion of sexually
mature individuals was increasing and water temperature
began to increase in the early spring (Fig. 6b).

Size at first maturity (L, 50%) was 18.6 cm SL, based on
the logistic model (Fig.7); the smallest fish showing
reproductive activity was 10.5 cm SL.

Discussion

In the Aguamilpa Reservoir, dominance of males over
females in most months probably results from spatial
segregation. Similar results in African lakes were reported by
Fryer (1972), concluding that this is common in populations
of cichlids and there was no risk in the fishery. Some authors
suggest clear differences in the sex ratio are common among
the Cichlidae, for example, Ramos-Cruz (1995) found that male
Oreochromis aureus in the Benito Juarez Reservoir accounted
for 72.2% of the population and Biotecs (1990) reports that

Population structure and reproductive behavior of Cichlasoma beani

Table 1. Mean + SD of the standard length of modal group
estimates by month for the Sinaloa cichlid Cichlasoma beani
in the Aguamilpa Reservoir.

Month Modal groups (cm)
July 2000 13.0+£1.0 19.0£1.1 27.0+49
August 199+1.1
September 18.3+£0.9 26.7+0.1
October 202+1.8 28.4+0.1
November 183+1.2 21.1+£0.8
December 188+ 1.4 22.6+0.2
January 2001 164+1.0 19.9+1.1
February 12.0+£0.6 205+1.5
March 14.5+£0.3 203+ 1.1
April 15012 20.9+2.0
May 16.1 1.7
June 11.0+1.0 140+1.0 18.0+1.0
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Fig. 3. Monthly frequency distribution of size and modal
groups of Sinaloa cichlid Cichlasoma beani in the Aguamilpa
Reservoir in Nayarit, Mexico.
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Fig. 4. Relationship between standard length and total weight
(SL-TW) of the Sinaloa cichlid Cichlasoma beani in the
Aguamilpa Reservoir in Nayarit, Mexico.

males of that species accounted for 67% of the population in
the Temazcal Reservoir. According to other authors, in lakes
and reservoirs of Mexico and Nigeria, male of O. niloticus
represent ~50% of the populations (Gomez-Marquez et al.,
2003; Komolafe & Arawomo, 2007). In the Aguamilpa
Reservoir, temperature is largely dependent on water depth
and quantity of water withdrawn for domestic and agricultural
purposes. In the time to our survey, lower water volumes
were reported (<4000 m?), which decreased the depth of the
reservoir (Rangel-Peraza et al., 2009). These changes in the
reservoir could affect the growth and period of reproduction
(Wantzen et al., 2008).

Obtaining accurate values for the relationship between
length and weight is important because estimates of biomass
made with analytical models, such as a virtual population,
requires average weight of individuals (Frota et al., 2004),
which is easily obtained if one has the @ and b values of this
relationship. The SL-TW relationship indicated that the
Sinaloa cichlid has isometric growth because the value of b
(2.87) did not differ statistically from the theoretical value (b=
3) and differs from allometric growth for cichlid species found
in other reservoirs and lakes (Ramos-Cruz, 1995; Fonticiella,
2000; Khallaf et al., 2003; Gomez-Marquez et al., 2008). The
above differences in species of the Cichlidae are attributed to
eating problems, density of fish, and environmental conditions
(Murphy et al., 1991). Ibanez (2004) suggests that variations
in allometry of tilapias O. aureus and O. niloticus result from
seasonal environmental changes and is also affected by
maturity of the gonads. The reproductive process increases
body weight without necessarily reflecting suitable physical
condition; therefore, an index may be necessary to assess
the condition of the fish and the condition index of Le Cren
(1951) is useful to evaluate the condition in Sinaloa cichlid.

The dominance of individuals of 18-22 c¢cm SL in the
catches could be influenced by selectivity of the fishing gear,
although few of smaller sizes were caught. The gillnets that
are used are not built to the specifications listed in the
government regulations (NOM-026-PESC-1999; DOF, 2000)

597

100

90

70
60 o
50 o

40 4

Relative frequency (%)

30 1

20 1

Jul  Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

2000 2001
DOPhase I DOPhase I DPhase [l @Phase [V BPhase V. @ Phase VI
n=12 26 39 16 37 16

Fig. 5. Reproductive cycle of the Sinaloa cichlid Cichlasoma
beani in the Aguamilpa Reservoir in Nayarit, Mexico.

for the exploitation of fisheries resources in the Aguamilpa
Reservoir. Multinomial distribution, an extension of a binomial
distribution, is applicable in situations where there are more
than two possible outcomes from an observation. In this case,
the model predicts the relative abundance of each age group
(cohort) and these can be combined to produce data on catch
at age by the splitting of the size frequency distributions into
modal groups (Haddon, 2001; Aguirre-Villasefior ez al., 2006).
Based on this modeling, we detected three age groups of
Sinaloa cichlids; however, validating these modal groups in
future studies by direct methods (otoliths and scales) are
necessary before they can be considered as age groups.
Using direct methods, Faunce et al. (2002) detected up to
seven age groups for C. urophthalmus, Booth & Merron
(1996) detected eleven age groups for O. macrochir and ten
for O. aureus in the Infiernillo Reservoir, using indirect
methods, and Ibafiez (2004) identified two modal groups in
the Lago Metztitlan for O. aureus and O. niloticus. Therefore,
it is common to find multiple cohorts in cichlid species in
different water bodies.

The proportion of females was low, with ripe females,
<25% of'the total sample. The two peak periods of spawning
occurred during the open catch season in the reservoir, which
is regulated by the federal government (DOF, 2007). In our
survey, there was no significant correlation between water
temperature and percentage of ripe females, but this may be
masked by the low proportion of females at this stage. In
the Aguamilpa Reservoir, Pefia-Messina et al. (2010) report
a significant correlation between temperature and
reproductive event of tilapia O. aureus, finding the peak of
reproductive activity when temperatures were 25-28.3 °C;
however, the impact of temperature on reproductive
condition in C. beani was not clear. Apparently, this
environmental variable does not determine reproduction this
species in the study zone, but the high percentages of
individuals in Stages IV and V collected from November
through June coincided with periods of higher average
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concentration of dissolved oxygen (Rangel-Peraza et al.,
2009), while the rainy season (August through October) is
not apparently conducive to spawning in C. beani. Future
studies to address the relationship between these
environmental variables and reproductive events of this
species are necessary. Among the females, 36% were smaller
than the size at first maturity. This has a negative impact in
the Sinaloa cichlid because, if this is the case, it would not
allow satisfactory recovery of population levels.

1 ”‘
0,9 A = 142251 195L)
0.8 1 R*=0.99

07 N=33
5061
g 05
)

£ 04 1

Lm=18.9 cm SL

0,3 -
0,2
0,1 1

0 5 10 15 20 25 30 35
Standard length (cm)

Fig. 7. Size at first maturity of the Sinaloa cichlid Cichlasoma
beani in the Aguamilpa Reservoir in Nayarit, Mexico.

Population structure and reproductive behavior of Cichlasoma beani

Our study initiates the groundwork for understanding
the population structure and reproductive behavior of the
Sinaloa cichlid. According to the reproductive information
now available for C. beani and the other species of
commercial importance in the reservoir, authorities and
managers need to implement a management plan that
protects the population, including a minimum legal size and
a period prohibiting fishing. Additionally, it is important to
inspect the construction of fishing gear used in the reservoir.
We find evidence that the official prohibited fishing period
established in for the Aguamilpa Reservoir (March to May)
does not guarantee protection for C. beani population as a
sustainable resource, because the size at first maturity should
be considered in fisheries regulations.
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