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Abstract
Samples of Shortnose Mojarra Diapterus brevi-
rostris were obtained from the commercial catch 
from April 2010 to July 2012, morphometric 
data of 394 individuals were registered. The 
growth study entailed two methods: length fre-
quency analysis and study of sagittae and as-
terisci otoliths. Both methods identified six age 
groups. Growth parameters of von Bertalanffy’s 
equation were determined by Ford-Walford and 
Gulland methods and by ELEFAN routine ad-
justment. Both methods gave the same results: 
L∞= 48.61 cm, K= 0.135, to= -0.696. Mean 
size for each age was: age 1= 9.97 cm, age 2= 
14.86 cm, age 3= 19.13 cm, age 4= 22.87 
cm, age 5= 26.12 cm and age 6= 28.97 cm. 
The allometric index from the weight-length 
relationship was isometric and b= 2.977, the 
longevity was of 21.5 years. The growth ring is

Resumen
Se obtuvieron muestras y datos morfométricos 
de 394 individuos de la malacapa Diapterus 
brevirostris, de la captura comercial entre abril 
de 2010 y julio de 2012. El estudio del creci-
miento se realizó por dos métodos: análisis de 
frecuencia de longitud y el estudio de los otoli-
tos sagittae y asteriscus. Ambos métodos iden-
tificaron seis grupos de edad. Los parámetros 
de crecimiento de la ecuación de von Berta-
lanffy se determinaron con el método de Ford-
Walford y Gulland y por rutina ELEFAN. 
Ambos métodos dieron los mismos resultados: 
L∞= 48.61 cm, K= 0.135, to= -0.696. La 
longitud media para cada edad fue: edad 1= 
9.97 cm; edad 2= 14.86 cm; edad 3= 19.13 
cm; edad 4= 22.87 cm; edad 5= 26.12 cm 
y edad 6= 28.97 cm. El índice alométrico de 
la relación longitud-peso fue isométrico y b= 



28 • AvAnces en InvestIgAcIón AgropecuArIA

Growth of the Shortnose Mojarra Diapterus brevirostris...

Gallardo-Cabello et al. AIA. 2014. 18(2): 27-40
Issn 0188789-0

Introduction

Shortnose Mojarra Diapterus brevirostris (Sauvage, 1879) used to be named Peruvian 
Mojarra D. peruvianus (Cuvier, 1830) (González-Acosta et al., 2007). Its common 
name, Peruvian Mojarra has also been changed for Shortnose Mojarra (pers. com. 

Héctor Espinosa-Pérez). It is distributed in the Eastern Pacific from southern part of the 
Gulf of California to Peru. Its habitat is near shore on sandy bottoms. Juveniles penetrate 
brackish coastal lagoons. The species is mainly carnivorous; it consumes small benthonic 
invertebrates and fish, also small amounts of algae matter (Castro-Aguirre, 1978; Allen 
and Robertson, 1994; Bussing, 1995; Castro-Aguirre et al., 1999). 

This species is an important fishery resource, caught by gill nets and cast nets by arti-
sanal fishers, although it is not the target species. During 2011 the production in México 
of this resource was 62 thousand tons; the fishery in the Pacific coast contributes with 62% 
of the total catch, and Colima registered 345 t (1% of the Pacific production according to 
SAGARPA, 2011). The price at the market is of $30.00 Mexican pesos ($2.30 US 
dollar, exchange rate in 2012).

Although the Shortnose Mojarra is a commercially important species, studies on its 
biology and population dynamics are limited; growth patterns were analyzed by geometric 
morphometrics by Vergara-Solana et al. (2013), weight-length relationships were reported 
by González-Acosta et al. (2004) and de la Cruz-Agüero et al. (2011). Age and growth 
studies of this species were only carried out by Cabrera-Peña et al. (1996) in Costa Rica 
coasts. Therefore, this investigation provides data on age and growth of D. brevirostris in 
Mexico, analyzing length-frequency data and otoliths (for the first time). Also, the otolith 
asterisci analysis has never been done on this species. These results are important in terms 
of the fish community, ecology, and biology; also they can be used in fishery models and 
capture quotas that will help assess and manage the fishery resource (Espino-Barr et al., 
1998, 2013; Cabral-Solís et al., 2010).

The aim of this paper was: 1) to analyze Diapterus brevirostris length frequency histo-
grams, 2) to determine time of growth ring formation in sagittae and asterisci, and analyze 
minima and maxima growth, 3) to calculate von Bertalanffy’s growth constants parameters 

marked because of the metabolic changes in the 
fish together with its response to environmental 
factors. The use of the growth parameters ob-
tained by different methods is a robust result in 
the use of fishery models.

Keywords
Otoliths, length frequency distribution, von 
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 2.977; la longevidad fue de 21.5 años. El anillo 
de crecimiento se marca por cambios en el me-
tabolismo del pez, junto con su respuesta a los 
cambios ambientales. El uso de los parámetros 
de crecimiento obtenidos por diferentes méto-
dos es un resultado robusto para la aplicación 
de modelos de pesquerías.

Palabras clave
Otolitos, distribución de frecuencia de longi-
tud, von Bertalanffy, ecuación de crecimiento, 
crecimiento en peso, longevidad.
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by length frequency analysis data and ring identification in otoliths sagittae and asterisci, 
4) to obtain the weight–length relationships (total and eviscerated weight), and asymptotic 
values of weight, 5) to estimate the longevity of D. brevirostris, and 6) to compare results 
obtained in the present study with those obtained by other authors in other places. 

Materials and methods
From April 2010 to July 2012, individuals of D. brevirostris were obtained monthly from 
the commercial captures from Cuyutlán lagoon in Colima, México (19°00’ to 19°02’N 
and 104°10’ to 104°21’W) and in Tomatlán, Jalisco, Mexico (19°58’ to 20°04’N and 
105°26’ to 105°32’W). Samples were identified using identification keys for the family 
(Castro-Aguirre, 1978; Bussing, 1995; Castro-Aguirre et al., 1999; González-Acosta 
et al., 2007). Total length (TL, cm) and weight (TW, g) of 1,886 individuals were mea-
sured. Of these, 394 were transported to the fish laboratory of the Instituto Nacional de 
Pesca, where total (TL, cm), standard length (SL, cm), height or body depth (D, cm) 
measured at the base of the dorsal fin were taken, total (TW, g) and eviscerated weight 
(EW, g) were registered and sex was observed macroscopically for each specimen. These 
individuals were captured with gillnets of different sizes (2.5-3.5 inch), which resulted in 
the capture of a diversity of different length sizes and age groups. 

To compare the relation and morphometric differences between males and females, a 
one way variance analysis (ANOVA) was carried out (Zar, 1996).

The length frequency distribution was analyzed with the ELEFAN program of the 
FISAT package (Gayanilo et al., 1994; Sparre and Venema, 1995) to obtain the aver-
age length of corresponding to each age group. This method uses a goodness of fit index 
called Rn on a response surface, where the maximum value indicates the best combination 
of growth parameters.

The time of the growth ring formation was determined, observing whether the borders 
had slow or fast growth rings. In every case, otoliths were observed by transparency with 
transmitted light (Gallardo-Cabello et al., in press); the hyaline (translucent) zone corre-
sponds to the slow growth band and the opaque zone to the fast growth band, which is in 
contrast with reflected light (Blacker, 1974).

The average length of each growth ring determined by the analysis of the sagittae and 
asterisci otoliths by Gallardo-Cabello et al. (in press) was used to obtain the parameters of 
von Bertalanffy´s (1938) growth equation. These observed values, translated to fish length 
were: for age 1 = 10.00 cm, age 2 = 15.00 cm, age 3 = 19.00cm, age 4 = 23.00 cm, 
age 5 = 26.00 cm and age 6 = 29.00 cm. 

Von Bertalanffy’s equation (1938) in the form of L = L∞ [1-e –K(t-to)], was used, 
where L = length, L∞ = asymptotic length, K = growth factor and to = theoretic length 
at age 0. The parameters L∞, K and to of von Bertalanffy´s (1938) equation were ob-
tained with Ford´s (1933), Walford´s (1946) and Gulland´s method (1964) and were 
adjusted by convergent iterations with Newton´s algorithm in the solver program of Excel 
software (Microsoft, 1992). The lowest value of a sum of the squared error determined 
the best adjustment.
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The function W = a·L b was used, where W = weight, L = length, to obtain the 
weight-length relationship, and a t- student test indicated allometry (Zar, 1996). The 
same function was also used to describe TL vs SL and D relationships, where the regres-
sion coefficient or slope b tends to 1, describing an isometric growth with those variables. 

Growth data for length- and weight-length relationships were used to obtain the weight 
at each age. Weight growth was obtained by substituting TL and L∞ by TW and W∞, 
in the von Bertalanffy´s equation (1938). Taylor´s equation (1958, 1960) was used 
to calculate the age limit or longevity (95% of the L∞): A0.95 = ln (1-0.95) / K + to.

To compare the growth parameters of von Bertalanffy’s equation obtained in this study 
with those from other authors, growth performance index or phi prima test was estimated 
(Pauly, 1979): (phi’) ϕ’ = log K + 2·log L∞.

Results
Sample. From April 2010 to July 2012, 394 organisms of Shortnose Mojarra Diapterus 
brevirostris were sampled in the Cuyutlán Lagoon, Manzanillo, Colima (México). Most 
of these organisms were young individuals and their sex was undetermined (284 individ-
uals); of the samples that could be sexed, 64 were females and 46 were males.

Biometric relationships. The maximum value of TL was 28.6 cm and the minimum 
was 9.1 cm, with a difference of 19.5 cm (Table 1). Total weight varied from 19.9. g to 
362.6 g. Mode was higher than average, in the length cases, that is, in total (TL), stan-
dard (SL) and height (D) lengths of the body, implying a data distribution with positive 
asymmetric trend, also with more values higher than the mode. In the case of weight, the 
modes are lower than the averages.

Age validation. The sampled organisms were used to calculate values of each age 
(Gallardo-Cabello et al., in press): for age 1 = 10.00 cm, age 2 = 15.00 cm, age 3 = 
19.00cm, age 4 = 23.00 cm, age 5 = 26.00 cm and age 6 = 29.00 cm. These results 
are further analyzed in this study.

Table 1
Summary of size values of the measured variables from Diapterus brevirostris.

TL (cm) SL (cm) D (cm) TW (g) EW (g)

Average 14.8 10.6 5.5 46.1 42.0

Maximum 28.6 21.0 10.6 362.6 310.4

Minimum 9.1 4.7 3.8 19.9 18.5

Mode 15.0 11.0 6.0 34.6 32.7

SD 1.9 1.4 0.8 26.0 22.9

n 394

TL = total length, SL=standard length, D=height or body depth, TW=total weight and 
EW=eviscerated weight.
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Data of the relationships between length, maximum height and weight were highly 
significant, with r2 > 0.85 (P < 0.05) (Table 2). There were no statistical differ-
ence between sexes with size data (P < 0.05), that is, between females and males  
(F’ 0.05 (2, 109 = 3.929) = 1.269). The slopes of the relationships between lengths (TL and 
SL) were not statistically different to one, but the slopes of the relationships between Lt 
and maximum height (He) were statistically different to one, positive allometric. Those 
between TL and TW and EW were isometric, not different to three.

Table 2
Morphometric relationships of the variables from Diapterus brevirostris.

Species Females Males

TL vs SL

a 0.701 0.667 0.687

b 1.009 1.029 1.019

r2 0.932 0.973 0.984

F 5,337.0 2,275.9 2,791.8

TL vs D

a 0.265 0.290 0.182

b 1.125 1.081 1.256

r2 0.892 0.948 0.961

F 3,230.1 1,132.2 1,071.5

TL vs TW

a 0.014 0.010 0.012

b 2.977 3.104 3.060

r2 0.931 0.977 0.951

F 5,291.4 2,614.7 852.2

TL vs EW

a 0.014 0.011 0.010

b 2.962 3.037 3.063

r2 0.925 0.958 0.952

F 4,811.0 1,407.1 869.5

n 394 64 46

TL = total length, SL=standard length, D=height, TW=total weight and EW=eviscerated weight, a = 
Y intercept, b = regression coefficient or slope, r2 = coefficient of determination, F = statistic test.

Figure 1 shows the scatter diagram of the relation weight-length, adjusted by the potential 
model, where the adjustments of data from females and males can’t be differentiated.
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Figure 1
Observed data and weight-length relationship  

by potential model with data of Diapterus brevirostris.
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Note: for the species calc all = all the organisms, calc f = females and calc m = males.

Time of growth rings formation of the slow and fast growth bands. Diapterus brevirostris 
showed that a higher percentage of sagittae and asterisci otoliths with fast growth borders 
occur from September to February, while the highest percentage with slow growth bands 
otoliths in the borders were observed from March to August (n = 180) (Fig. 2).

Figure 2
Monthly frequency of growth borders in Diapterus brevirostris sagittae.
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Analysis of length frequency. Observed values of TL ranged from 9.1 cm to 32.0 
cm; May, June and December have the smallest individuals and June the largest (Fig. 
3). The results of length at each age are shown in Table 3; these values are similar to 
those obtained by otoliths rings growth analysis. Observed TL for each age obtained with 
ELEFAN’s method showed lower values from ages one to three, and higher values for 
ages four to six. Growth parameters for TL were: L∞ = 49.45 cm, K = 0.140 years-1 
and to = -0.492 (Rn = 307). The sum of square errors (SSE) between observed values 
from otoliths and data obtained by ELEFAN was SSE = 9.41.

Figure 3
Length frequency and growth curve of Diapterus brevirostris by ELEFAN method.
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Analysis of otoliths. Analysis of the sagittae and asterisci otoliths allowed the identifi-
cation of 6 age groups. Growth parameters obtained by Ford-Walford-Gulland method for 
TL were: L∞= 48.61 cm, K= 0.135 years-1, to = -0.696. Growth parameters obtained 
by solver iterative process did not give a better fit of the calculated equation obtained from 
the otoliths readings; the values of the constants of von Bertalanffy growth equation were 
the same as those obtained from the Ford-Walford-Gulland methods. 

Growth from one age to the next was 9.97 cm from age 0 to age 1, 4.89 cm from 
age 1 to age 2, 4.27 cm from ages 2 to 3, 3.73 cm from ages 3 to 4, 3.26 cm from ages 
4 to 5, and 2.85 cm from ages 5 to 6. Figure 4 shows the growth curve of D. brevirostris 
according to von Bertalanffy’s method. 
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Figure 4
Von Bertalanffy’s growth curve in length for Diapterus brevirostris  

by Ford-Walford-Gulland (F-W-G) with otolith readings  
and by length frequency with ELEFAN methods.
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The sum of square errors (SSE) between observed and calculated data by Ford-Wal-
ford and Gulland was SSE = 6.321.

Growth in weight. The growth index value of the weight-length equation was isometric: 
b= 2.997 with total weight data and b = 2.962 with eviscerated specimens (Table 2). 

Theoretical growth in weight. Values of calculated TW and EW have a slow growth 
during the first years of age, starting at 13 g and 12 g (Table 3, Fig. 5). After age 3 there 
is an important increment in the growth rate. The calculated asymptotic total weight was 
Wt∞ = 1,507.9 g and the eviscerated asymptotic weight We∞ = 1,348.5 g. 

Longevity (Age A0.95). D. brevirostris reached 95% of its infinite length L∞ in 21.5 
years.
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Table 3
Observed and calculated values of total length (cm) and total (TW)  

and eviscerated (EW) weight (g) for each age group (years)  
of Diapterus brevirostris.

ELEFAN F-W Solver 

L∞ 49.45 48.61 48.61

K 0.140 0.135 0.135

to -0.492 -0.696 -0.696

Age  
(years)

Observed 
(c`m, sd)

ELEFAN 
(cm)

F-W 
(cm)

Solver  
(cm)

TW 
(g)

EW 
(g)

1 10.00 (± 1.172) 9.32 9.97 9.97 13 12

2 15.00 (± 1.119) 14.56 14.86 14.86 44 40

3 19.00 (± 0.813) 19.12 19.13 19.13 94 85

4 23.00 (± 0.873) 23.08 22.87 22.87 160 144

5 26.00 26.53 26.12 26.12 237 214

6 29.00 29.52 28.97 28.97 323 291

7 32.12 31.46 31.46 413 372

8 34.39 33.63 33.63 503 453

9 36.36 35.52 35.52 593 533
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Figure 5
Von Bertalanffy’s growth curve in total  

and eviscerated weight for Diapterus brevirostris.
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Discussion
Using commercial catch individuals for the growth study of this species can have been 
biased due to the different fishing gears used to fish. Nevertheless the sample had a large 
distribution of lengths and ages.

The relationship between standard and total length showed an isometric growth. Data 
of the relationships between total length and height (Table 2) show a higher tendency to 
positive allometry. This tendency is even higher in males than females (and with all the 
individuals it was average, Table 2). In the case of the relationships between total weight 
and total length, an isometric growth is observed, for the species and for both sexes, that 
is, the organisms grow in the same proportion in weight than in length throughout their 
life cycle (Table 2). González-Acosta et al. (2004) report for this species a value of the 
alometric index of the weight-length relationship of b = 3.21 in the Gulf of California, 
México. Similarly, de la Cruz-Agüero et al. (2011) found a value of b = 3.21 (95% 
Confidence Interval from 3.18 to 3.24).

Each year a band of fast and slow growth are deposited on the otoliths sagittae and 
asterisci, allowing the use of this structure to estimate age of D. brevirostris and its growth. 
This has also been found in other tropical species, where scales are not present (Gallar-
do-Cabello et al., 2006; 2007; 2011; Espino-Barr et al., 2006; 2008), allowing a good 
assessment of ageing, not always possible with scales.
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The values obtained with the length frequency analysis were similar to those found by 
the identification of growth rings in the sagittae and asterisci, which render age determination 
of D. brevirostris valid with both methods, and validating each other (Joseph, 1962). The 
differences emerged are because of the methods used: a direct and an indirect approach. 

Related to the growth parameters calculations done by other authors, Cabrera-Peña et 
al. (1996) studied D. brevirostris in estuarine waters of two rivers: Damas and Palo Seco 
in Costa Rica and found a higher value of the index K = 0.26 (using Allen’s method) 
and K = 0.293 (applying Tomlinson and Abramson’s method) and therefore a low as-
ymptotic length L∞ = 31.9 cm and L∞ = 32.3, respectively. Because of these K values, 
the species would reach L∞ faster and would have a maximum longevity of 11.1 years and 
10.2 years, respectively. 

The differences found in the parameter values by Cabrera-Peña et al. (1996) for this 
species in Costa Rica (Table 4), are related with what Taylor (1958, 1960) considers, that 
is, the same species living in lower latitudes and higher temperatures will present higher 
values of the catabolic index K and will achieve smaller lengths of L∞, and therefore lower 
longevities.

Table 4
Growth parameters of the von Bertalanffy equation for Diapterus brevirostris 
obtained by different authors (longevity and f’ values were calculated by us).

This paper Cabrera-Peña et al. Cabrera-Peña et al.

Year 2011 1996 1996

Area Colima, México Costa Rica Costa Rica

Method otoliths Allen Tomlinson & Abramson

L∞ (cm) 48.61 31.9 32.3

K 0.135 0.268 0.293

to -0.696 0.046 0.042

Longevity (years) 21.5 11.1 10.2

f’ 2.504 2.436 2.485

Besides, in the Atlantic ocean, in the Lagoon of Términos, Campeche, México, Aya-
la-Pérez et al. (2001) found values for Diapterus rhombeus of L. von Bertalanffy K = 
0.74, L∞ = 20.4 cm and t0 = -4.207. The value of K is very high, therefore this organism 
will reach L∞ very fast, presenting longevity of four years. Ayala-Pérez et al. (2001) found 
in their study that 69.9% of individuals are juveniles therefore this analysis corresponds to 
the first part of the curve of von Bertalanffy and the catabolic index is higher than the real. 
Had these authors used organisms of a higher age, they would have found lower values 
of K and higher L∞.
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Other studies show also a fast growth in the Gerreidae family during the first 3 years 
of age: K can range between K = 0.425 and 0.452 in females and males of Gerres equu-
lus (Iqbal et al., 2006), K = 0.80 and 0.82 in females and males of Gerres sp. (Kanak 
and Tachihara, 2006), to K = 1.0 in Gerres oblongus (Shutharshan and Sivashanthini, 
2011). In Gerres cinereus, it has been calculated a K = 0.34 (Álvarez-Hernández, 
1999), K = 0.65 (Claro and García-Arteaga, 2001).

Differences found in the values of the growth parameters of the von Bertalanffy 
equation are determined by the environmental conditions such as latitude, temperature, 
salinity, among other (Taylor, 1958; 1960). The pressure of the fishing activity has also 
an influence: if there is overfishing, the older age groups will disappear (Espino-Barr et 
al., 2010; Gallardo-Cabello et al., 2011).

Conclusions
This study shows the age and sex composition, growth index and longevity of the Short-
nose Mojarra Diapterus brevirostris in the Mexican Central Pacific. This information, 
together with studies of reproduction will allow the management of the fishery by sug-
gesting fishing gears such as size of the mesh opening, closed seasons to the fishing, catch 
quotas, which will avoid the overexploitation of the natural resources. 

The growth ring marked during the months of spring, and the calculated birthday, 
also calculated in this season are due to metabolic factor, as a result of the changes in the 
currents near the coast line of the central Mexican Pacific. 

The analysis of growth of the Shortnose Mojarra Diapterus brevirostris by several 
methods strengthens the calculated parameters, and assures the use of these results in the 
fisheries research.
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