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Aspects of Scomberomorus sierra fishery from 
the coast of Colima, México

Elaine Espino-Barr*, Rubí Anadely Nava-Ortega**, Manuel Gallardo-Cabello***, 
Esther Guadalupe Cabral-Solís*, Marcos Puente-Gómez* & Arturo García-Boa*

During 2003 data and samples on the fishery and the biology of Scomberomorus sierra (Perciformes: Scom-
bridae) were collected. This fishery has two periods of maximum catch in the coast of Colima: from Janu-
ary to April and from November to December. Monthly captures are from 2 kg (45 kg average ±63 std.d.) 
to 1 340 kg (190 kg average ±219 std.d.). Catch per unit of effort is between one and 14 kg per trip dur-
ing autumn and winter, plus other 37 commercial species that were captured incidentally. First length 
of capture of S. sierra was l50 = 48 cm, which corresponds to an age of three years. Total mortality was 
z = 0.7660, natural mortality was m = 0.1997 and fishing mortality f = 0.5663. Survival rate was 
s = 0.4649; exploitation rate was e = 0.739, which is a high value for a healthy fishery. Yield per recruit was 
y/r = 0.694 grams. Increasing the age of first capture to 5.5 years could allow an increment of effort four 
times, which would result in a higher capture without negative consequences to the stock.
Key words: Mortality, exploitation rate, yield per recruit, Scomberomorus sierra.

Aspectos de la pesquería de Scomberomorus sierra de la costa de Colima, México

Durante 2003 se recabaron datos de la pesquería y muestras biológicas de Scomberomorus sierra (Perci-
formes: Scombridae). La pesquería presenta dos periodos de máximas capturas en las costas de Colima: 
de enero a abril y de noviembre a diciembre. Los valores mensuales de captura van de 2 kg (en promedio 
45 kg±63 d.e.) a 1 340 kg (en promedio 190 kg±219 d.e.). La captura por unidad de esfuerzo es de entre 
uno y 14 kg por viaje durante otoño e invierno, además de otras 37 especies comerciales que se capturan 
incidentalmente. La talla de primera captura fue de l50 = 48 cm que corresponde a una edad de tres años. 
La mortalidad total fue z = 0.7660, la natural m = 0.1997 y la mortalidad por pesca fue f = 0.5663. La tasa 
de sobrevivencia fue s = 0.4649; la tasa de explotación e = 0.739, elevado para una pesquería saludable. El 
análisis de rendimiento por recluta fue de y/r = 0.694 gramos. Si se incrementa la edad de primera captura 
a 5.5 años, se podría incrementar el esfuerzo hasta cuatro veces, que resultaría en mayores capturas sin 
consecuencias negativas para el stock.
Palabras clave: Mortalidad, tasa de explotación, rendimiento por recluta, Scomberomorus sierra.
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Introduction

Scomberomorus sierra Jordan & Starks, 1895 
(Fig. 1) is an epipelagic neritic species. It is dis-
tributed from South California to Perú, includ-
ing the Galápagos Islands. It forms schools and 
feeds on anchovies and sardines, and it is known 
to spawn near the continental shelf. Its major 

capture occurs in México, and is fished by sport 
and commercial fishers (Fischer et al., 1995). 

Analysis of catch statistics can show trends 
and fluctuations, and help describe character-
istics of a fishery. Catch per unit effort (cpue) 
helps analyze these tendencies and explains di-
verse behaviors of the fishery. The third variable 
in fisheries is fishing effort referred to as the 
only variable that can be managed and which has 
been shown to have a linear relationship with the 
catch rate (in certain ranges of effort) (Sparre & 
Venema, 1995). 

The unit of effort described by González-
Becerril et al. (2000) for artisanal fisheries off 
the coast of Colima is: a trip on a boat, in a 
span of one day (eight to 12 hours), with one to 
four anglers or one gill net; S. sierra fishery uses 
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both: trolling or gillnets. Therefore, cpue is the 
amount obtained in kilograms per trip. This av-
erage value represents an abundance index and 
resource distribution, which can be analyzed 
regularly, monthly, seasonally or yearly and com-
pared between capture sites.

The total mortality study, considering its 
two components of natural and fishing mortal-
ity, helps understand the subtraction process of 
organisms of the population, that depend on its 
addition (growth and recruitment). The balance 
between these factors (addition and subtraction) 
allows stocks to continue in time and space (Stein 
et al., 1975; Gobert, 1994; Gray, 2002; Albaret 
& Laë, 2003; Gray et al., 2005; Clavero et al., 
2006; Gallardo-Cabello et al., 2007; Espino-Barr 
et al., 2008). A large increase in fishing mortal-
ity, for example, can endanger the fishing stock 
or even endanger the species to extinction. The 
maximum catch that can be achieved by main-
taining the balance of the population, without 
breaking the recruitment product of reproduc-
tion is what is known as maximum sustainable 
yield (Beverton & Holt, 1957). It is therefore of 
great importance to assess the natural and fish-
ing mortality in order to calculate exploitation 
rates, that can be applied to obtain the optimum 
yield per recruit and a rational fisheries manage-
ment (Hernández-Montaño & Meléndez-Gali-
cia, 20031; Espino-Barr et al., 2006; Hernández-
Montaño et al., 2006; Cabral-Solís et al., 2007).

The present study analyses catch, effort and 
catch per unit effort data; also total mortality 

1. hernández-montaño D & C Meléndez-Galicia. 2003. 
Análisis de la pesquería de sierra Scomberomorus sierra de la 
costa de Michoacán, México. Memorias del II Foro Científico de 
Pesca Ribereña. Colima, Col. del 20 al 22 de octubre de 2003. 
pp: 20-21.

with its natural and fishing mortalities, exploita-
tion rate and yield per recruit analysis, to estab-
lish a better basis for managing the fishery of the 
Pacific sierra S. sierra in Colima, México.

Materials and methods

The study zone is the coast of Colima, between 
18°40’-19°10’ n and 103°50’-104°40’ w (Fig. 2), 
where coastal fishers profit from the marine re-
sources they catch.

Several information sources were used for 
the catch analysis: 
a) Statistical yearbook: official catch values of 

the sierra were obtained from 1980 to 2008 in 
Colima and other states; they were plotted to 
observe the trend or periodicity (sagarpa, 
2003).

b) Notice of arrival (aviso de arribo): official 
statistical information provided by fishers 
with species name and capture quantities 
(kg) (data from the Fisheries Bureau, Oficina 
de Pesca). 

c) Catch per unit effort (cpue): a series of data 
from sierra’s catch per fishing trip (2001 
to 2005) was obtained from the fishery-
biological sampling made by the crip-
Manzanillo. This value is the amount of catch 
obtained per trip and its value serves as an 
abundance index, because it is independent 
of the total catch and effort or fishing trips 
(González-Becerril et al., 2000).

d) From January 2003 to March 2004, organisms 
of S. sierra were monthly obtained from the 
commercial captures of the coastal fishery in 
Colima, México (in total 464), and taken to 
the lab, where total (tl) and standard length 
(sl), height (He), total (tw) and eviscerated 
weight (ew) and sex were registered for each 

Fig. 1. Pacific sierra Scomberomorus sierra. 
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organism. Total length and weight from 972 
organisms were taken directly throughout 
the year at the collection area (where fishers 
arrive with their product). Individuals were 
captured with hand lines, troll and gillnet 
in order to obtain different lengths and age 
groups. 

Age determination was carried out by length 
frequency analysis and study of sagittae. Both 
methods presented five age groups. The length 
frequency distribution was analyzed with the ele-
fan program of the fisat package (Gayanilo et 
al., 1993) to obtain the average length of the poli-
modal curves corresponding to each age group.

Average length of growth rings determined 
by otoliths sagittae and asterisci analysis by 
Gallardo-Cabello et al. (2011) were used to ob-
tain the constants of von Bertalanffy’s (1938) 
growth equation. Observed values were: for age 

one = 19.20 cm; age two = 35.14 cm; age 
three = 45.80 cm; age four = 56.20 cm and age 
five = 64.51 cm. The time of the growth ring for-
mation was determined, observing whether the 
borders had slow or fast growth rings. In every 
case otoliths were observed by transparency with 
transmitted light; the hyaline zone corresponds 
to the slow growth band and the opaque zone to 
the fast growth band, which is in contrast with re-
flected light (Blacker, 1974). There were no dif-
ferences in growth between males and females 
(Gallardo-Cabello et al., 2011).

Growth constants of von Bertalanffy’s equa-
tion were determined by Ford-Walford and Gul-
land methods and an iteration adjustment with 
the “solver” application; both techniques pre-
sented a high adjustment between observed and 
calculated data (sum of square error), but the 
second one was better; the results obtained were: 

Fig. 2. Study area: coast of Colima, México (taken from inegi, 1997). 
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l∞ = 99.54 cm, k = 0.205, to = -0.060. Mean size 
for each age are: age zero = 1.22 cm, age one = 
19.47 cm, age two = 34.33, age three = 46.43, 
age four = 56.29 and age five = 64.32 cm. The 
allometric index from the weight-length relation-
ship was isometric, b = 3.031. Longevity was ob-
tained by Taylor’s method (1958, 1960) a 0.95 = 15 
years (Nava-Ortega et al., 2011, in press).

Linearized catch curve method was used to 
estimate the total mortality coefficient (z) by 
plotting age groups versus natural logarithm of 
the relative abundance of each group (Sparre & 
Venema, 1995), where x corresponds to groups 
of age and y to natural logarithm of relative 
abundance for each age group.

Survival rate was obtained by the equation: 
s = e-Z (Ricker, 1948; Ehrhardt, 1981; Sparre 
& Venema, 1995). Natural mortality (m) was 
estimated by using Taylor’s method (1960): 
m = -ln(1-0.95)/a 0.95, where a0.95 is longevity 
based on the von Bertalanffy growth parameters 
(1938). 

Exploitation rate was determined as e = f ∙ z-1 
(Sparre & Venema, 1995) and the yield per re-
cruit (Beverton & Holt, 1957) with the equation:

where: y = catch or yield; r = recruit; f = fish-
ing mortality; m = natural mortality; r’ = tR – t0, 
time between recruitment and the hypothetic t0; 

w∞ = corresponding weight to asymptotic length 
l∞; z = total mortality; k = growth coefficient.

Results 

Official data of annual catch for years 1956 to 
2008, in Colima, the Pacific coast and nation-
wide show that the captures of S. sierra in Colima 
varied widely during this period (Fig. 3), being 
more abundant during 1956, 1962, 1990 and 2004 
when it reached 200 tons. Maximum catch was in 
1980, when 400 tons were caught. In recent years 
2005-2007, the trend is downward. Pacific values 
have a positive trend with fluctuations similar to 
the capture in Colima.

A comparative of captures by coastal states 
during 2003 shows that S. sierra was 2% of the 
total catch in the Mexican Pacific coast (Fig. 
4), higher catches were in Sonora and Sinaloa, 
although national fisheries statistics do not dis-
tinguish species, and Sonora’s catch records in-
clude also Scomberomorus concolor (Lockington, 
1879), up to 90% in some years (Montemayor-
López & Cisneros-Mata, 2000).

Daily individual catches in Colima du-
ring 2003 are from minimum two to 1 340 kg. 
Monthly averages go from 45 kg (±63 std.d.) 
to 190 kg (±219 std.d.), maximum captures are 
from January to April and from November to 
December; minimum in September and October 
(Fig. 5). 

Fig. 3. Total catch of Scomberomorus sierra, comparative in both coasts of México, Pacific coast 
and Colima, from 1956 to 2008.
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Figure 6 shows that cpue of S. sierra varied from 
one to 14 kg per trip during autumn and winter, 
it means that between 2% and 75% of the total 
catch per trip is of S. sierra; in those trips between 
one and 32 kg are of other commercial species. 
Other commercial species caught with “sierra” 
are listed in table 1.

Sierra’s range of sizes was from 25 to 97 cm 
tl. Average size = 50.5 cm (±10.4 std.d) and 
mode = 46 cm. Size at first capture (ltc) was 
l50 = 48 cm corresponding to fishes of three 
years old (Fig. 7).

An ascendant slope from zero to three years 
of age is shown in the catch curve of S. sierra (Fig. 
8). The right descending side corresponds to ages 
whose recruitment to fishing gears was com-
plete. Total mortality rate value for age groups 
3.2 to eight years was obtained by interpolation. 
The regression equation calculated to obtain the 
slope is: y = 6.135 - 0.766 x, r2 = 0.8456; n = 16. 
Total mortality value for S. sierra for ages be-
tween 3.2 and eight years was z = 0.766 and the 
survival rate was s = 0.4649 (Table 2).

Natural mortality rate of S. sierra was 
m = 0.1997, therefore fishing mortality was 
f = 0.5663, more than two times higher than the 
first. Value of the calculated exploitation rate 
was e = 0.739, higher than e = 0.5 suggested by 
Gulland (1964) to be a healthy fishery.

Table 3 shows the parameter values used in 
the model of yield per recruit (y/r). The calcu-
lated value was y/r = 694 g, with the value of 
current fishing mortality f = 0.5663. The highest 

Fig. 6. Monthly total and sierra’s catch per unit effort and its proportion during 2003 in Colima, México.

Fig. 4. Proportional catch of Pacific sierra Scomberomorus sierra 
per state on the Mexican Pacific coast during 2003.

Fig. 5. Pacific sierra’s monthly catch in Colima, México dur-
ing 2003.
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Table 1
Commercial species captured incidentally with Pacific sierra Scomberomorus sierra

No. Common name
(in English)

Common name
(in Spanish)

Scientific name Family %

1 Pacific sierra Sierra Scomberomorus sierra Scombridae 100.00
2 Pacific crevalle jack Jurel Caranx caninus Carangidae 22.25
3 Pacific red snapper Huachinango Lutjanus peru Lutjanidae 16.45
4 California needlefish Agujón Strongylura exilis Belonidae 10.90
5 Spotted rose snapper Pargo lunarejo Lutjanus guttatus Lutjanidae 10.11
6 Panamic grunt Burro Pomadasys panamensis Haemulidae 7.84
7 spottail grunt Rasposa Haemulon maculicauda Haemulidae 6.66
8 Mexican barracuda Buzo Sphyraena ensis Sphyraenidae 6.15
9 Green jack Cocinero Caranx caballus Carangidae 6.04
10 Panamic flounder Lenguado Cyclopsetta panamensis Paralichthyidae 5.80
11 Black skipjack Barrilete Euthynnus lineatus Scombridae 4.39
12 Giant hawkfish Tigre Cirrhitus rivulatus Cirrhitidae 4.31
13 Flag cabrilla Cabrilla Epinephelus labriformis Serranidae 4.23
14 Milkfish Sábalo Chanos chanos Chanidae 3.14
15 Surf croaker Curvina Umbrina xanti Sciaenidae 1.96
16 California butterfly ray Raya mariposa Gymnura marmorata Gymnuridae 1.88
17 Peruvian mojarra Malacapa Diapterus peruvianus Gerreidae 1.57
18 Whipper snapper Pargo colmillón Lutjanus jordani Lutjanidae 1.57
19 Rainbow runner Albacora Elagatis bipinnulata Carangidae 1.10
20 Blackblotch pompano Pámpano Trachinotus kennedyi Carangidae 1.02
21 Finescale triggerfish Puerco Balistes polylepis Balistidae 0.94
22 African pompano Pámpano caballo Alectis ciliaris Carangidae 0.94
23 Golden trevally Chocho Gnathanodon speciosus Carangidae 0.94
24 Almaco jack Medregal Seriola rivoliana Carangidae 0.86
25 Gafftopsail pompano Palmilla Trachinotus rhodopus Carangidae 0.78
26 Dolphinfish Dorado Coryphaena hippurus Coryphaenidae 0.78
27 Machete Chile Elops affinis Elopidae 0.78
28 Bigeye trevally Ojo de perra Caranx sexfasciatus Carangidae 0.71
29 Bullseye puffer Botete Sphoeroides annulatus Tetraodontidae 0.71
30 Black snook Robalo Centropomus nigrescens Centropomidae 0.63
31 Cortez grunt Ronco chano Haemulon flaviguttatum Haemulidae 0.47
32 Pacific dog snapper Pargo mulato Lutjanus novemfasciatus Lutjanidae 0.20
33 Gulf coney Baqueta Epinephelus acanthistius Serranidae 0.16
34 Pacific mutton hamlet Cabrilla rosada Alphestes immaculatus Serranidae 0.16
35 Spotted cabrilla Pintillo Epinephelus analogus Serranidae 0.16
36 Pacific creolefish Viejita Paranthias colonus Serranidae 0.16
37 Yellowfin surgeonfish Cirujano Acanthurus xanthopterus Acanthuridae 0.08
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Fig. 7. Length distribution and size of first capture l50.

Fig. 8. Length-converted catch curve.Table 2
Summary of parameters of Scomberomorus sierra 

in Colima, México

Parameter Value
l∞ 99.54
k 0.205
t0 -0.060
z 0.7660
m 0.1997
f 0.5663
s 0.4649
Longevity 14.553
Survival % 46.30
Total mortality % 53.70
If z = 100
Die by fishing 74.06
Die naturally 25.94
e = f/z 0.739

Table 3
Initial parameters for the yield per recruit model of Beverton 

and Holt (1957)

Parameter Value
k (years-1) 0.205
m (years-1) 0.1997
tc (years) 3.5
tr (years) 1.4
wmax (g) 5 687.2

Fig. 9. Yield per recruit of Scomberomorus sierra in the central coast 
of Mexican Pacific.

value that can be obtained without chang-
ing the fishing method is by reducing the fish-
ing mortality to f = 0.42 (Fig. 9), and that is 
y/r = 700 grams.

A simulation of y/r changing values of age 
at first capture (tc) and different values of fish-
ing mortality (f) shows that the actual value of 
tc = 3.5 years corresponds to y/r = 694 g. On the 
other hand, if this age is increased to tc = 5.5 
years of age, y/r quotient increases conveniently 
to 787 g (Fig. 10). 
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Discussion

Despite its low proportion in the catch, S. sierra 
is an important resource: it can reach a price of 
between $ 40 and $ 60.00 Mexican pesos (Nava-
Ortega, 2008) and can be fished up to 40 kg per 
day, which gives a good income to the fisher in 
the high seasons.

Monthly catches of S. sierra in Colima dur-
ing 2003 reached their maximum values during 
autumn and winter. Chávez (1986) and Hernán-
dez-Montaño & Meléndez-Galicia (20031) found 
similar periods of maximum capture: February-
March and September-November in the coast of 
Colima and Michoacán. Likewise, in the coast of 
Sinaloa, Márquez-Millán (1972) found two peri-
ods of maximum catch that relate to migratory 
movements of the population: north during the 
summer and south in winter (probably to repro-
duce, feed or get away from cold water). Espi-
no-Barr et al. (1990) found the period of highest 
catch of Pacific sierra between March and May.

cpue makes a fishery important, popular or 
abandoned. Sierra’s fishery is traditionally popu-
lar, even though it doesn’t produce a high income 
throughout the year. What makes it important is 
that during its season it captures sierra in high 
quantities, plus other species, that are incidental, 
but are also commercialized, rising the economic 
value of the capture.

Effort in this and other coastal fisheries can-
not be considered constant; it is subject to many 
variables (environmental, social, political and eco-

nomic, in addition to fishing) and depending on 
the years and seasons (Espino-Barr et al., 2008). 

The size at first capture reported by Espino-
Barr et al. (1990) was 32.7 cm, which is lower than 
the one found in this study, due perhaps to chang-
es in the fishing gears, which could not be verified. 
Other data were not found for this species.

Espino-Barr (2000) analyzed the average 
length of different species because the theory 
that their decline is an indicator of fishing pres-
sure (which is related to fishing gear). Maximum 
lengths found in Colima’s Pacific sierra were 
66.50 cm by Espino-Barr et al. (1990), 71.0 cm 
by Espino-Barr & García-Boa (19992) and in this 
paper, 82.30 cm. Although the length frequency 
distribution for this population shows a wide 
range of sizes, that could indicate nowadays a 
healthy stock or at least at no risk, it also suggests 
that the organisms captured are sexually imma-
ture subadults (Nava-Ortega, 2008).

Natural mortality rate m and growth param-
eters of other species of the Scomberomorus 
genera are shown in table 4. Maximum values of 
m are from S. plurilineatus Fourmanoir, 1966 in 
South Africa: m = 0.722 (Chale-Matsau et al., 
1999), and S. maculatus (Mitchill, 1815) in Ve-
racruz, Gulf of México, m = 0.609 (Mendizábal 
y Oriza, 1987). On the other hand, smaller 
values were from S. cavalla (Cuvier, 1829) in 

2. espino-barr E & A García-Boa. 1999. La pesca artesanal de la 
sierra Scomberomorus sierra en la costa de Colima. Informe de 
Investigación (Documento interno). inp, crip-Manzanillo, 29p.

Fig. 10. Yield per recruit simulation, varying the age of first capture for Scomberomorus sierra.
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Veracruz, Gulf of México, m = 0.119 (González-
Ramos, 1993) and Scomberomorus commerson 
(Lacépède, 1800) in the Gulf of Aden, Yemen, 
m = 0.120 (Edwards et al., 1985). 

Values of mortality rate (z and m) for S. sierra 
in Colima at ages between 3.2 and 8 years were 

z = 0.766 and m = 0.1997, lower than z =1.908 
and m = 0.361, obtained by Espino-Barr et 
al. (1990) more than ten years ago, but higher 
than those calculated by Aguirre-Villaseñor et 
al. (2006) in Mazatlán, Sinaloa, México. This 
means that in Colima, in one year 53.70% die 

Table 4
Natural mortality rate and growth parameters of other species of the Scomberomorus genera

Author Country Zone Species Method l∞ k longevity m fi t (°c)

Devaraj (1981) India Palk Bay & Gulf 
of Mannar

S. guttatus tl 128.00 0.180 16 0.185 3.470 13

Devaraj (1981) India Palk Bay & Gulf 
of Mannar

S. commerson tl 208.00 0.183 16 0.185 3.899

Edwards et al. 
(1985)

Yemen Gulf of Aden S. commerson fl 230.00 0.120 25 0.120 3.803 29

Chale-Matsau et 
al. (1999)

South 
Africa

KwaZulu-Natal S. plurilineatus fl 93.50 0.583 4 0.722 3.707 25

de León & 
Guardiola (1986)

Cuba Southeast Zone S. regalis fl 66.50 0.220 11 0.268 2.988 27

Sturm (1978) Trinidad 
& Tobago 

Caribean S. maculatus fl 73.00 0.290 10 0.306 3.189 27

Mendizábal y 
Oriza (1987)

Gulf of 
México

Veracruz, 
México

S. maculatus Direct 58.28 0.648 5 0.609 3.343

Carneiro-
Ximenes et al. 
(1978)

Brasil Ceará State S. cavalla fl 125.00 0.180 15 0.202 3.449

González-Ramos 
(1993)

Veracruz, 
México 

Gulf of México S. cavalla Direct and 
indirect

166.73 0.120 25 0.119 3.523

Valle et al. (1997) Cuba Gulf of México S. cavalla fl 101.00 0.190 13 0.225 3.287

Aguilar-Salazar 
et al. (1991)

Yucatán, 
México 

Yucalpetén S. cavalla Indirect 
(elefan)

117.00 0.230 13 0.235 3.498

Aguilar-Salazar 
et al. (1991)

Quintana 
Roo, 
México 

Holbox S. cavalla Indirect 
(elefan)

155.00 0.250 12 0.256 3.779

Montemayor-
López & 
Cisneros-Mata 
(2000)

México Gulf of 
California

S. concolor lf 71.60 0.360 8 0.361 3.266 22

Valdovinos-
Jacobo et al. 
(2006*)

México Gulf of 
California

S. concolor otoliths 67.70 0.230 13 0.235 3.023

Espino-Barr et al. 
(1990)

México Colima S. sierra tl 80.70 0.360 8 0.361 3.370 27

Aguirre-
Villaseñor et al. 
(2006)

México Gulf of 
California, 
Mazatlán

S. sierra lf 108.30 0.150 20 0.150 3.245

This paper México Central Mexican 
Pacific

S. sierra tl 99.54 0.205 15 0.197 3.308 27

* valdovinos-Jacobo LA, C Quiñónez-Velázquez & G Montemayor-López. 2006. Edad y crecimiento de la sierra del Golfo Scomberomorus 
concolor (Lackington, 1879) en el Golfo de California. Memoria del II Foro Científico de Pesca Ribereña, pp: 39-40.
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and 46.30% survive. From these values, 74.06% 
die by fishing and 25.94% naturally, therefore 
S. sierra could be considered as an overfished re-
source. However, z value could be reduced by 
decreasing the fishing intensity, thereby protect-
ing the population from overexploitation and 
subsequently increasing the fishery yield, since 
growth and recruitment will raise abundance and 
biomass (sizes and weights) of the population, in 
each age group.

Besides, differences between mortality val-
ues are related to the k index (growth index). It 
was observed that m is directly proportional to k 
index and inversely proportional to l∞ and lon-
gevity.

According to Gulland (1964) the exploitation 
rate e = 0.5 means that 50% of the biomass is 
being fished, then optimum exploitation value is 
when f = m. Therefore, if the value of the exploi-
tation rate e = 0.739 is considered high, it means 
that a great number of fish in reproductive age is 
being extracted, which are the recruitment pro-
viders of the organisms of the subsequent years, 
and are being fished as sub adults that have not 
reached their first reproduction. 

Fishing mortality f = 0.5663 was lower than 
f = 1.7 reported by Espino-Barr et al. (1990). 
This result indicates that after years of constant 
fishing, the stock still maintains as a commer-
cially important resource, and that variations are 
due to other factors that are not controlled by 
the increase or decrease of fishing rates.

Fishing gears used in the artisanal fishery 
of sierra are variable; fishers build them like 
handcrafts according to their experience. They 
test them throughout the fishing years, applying 
small improvements, adjustments, but maintain 
more or less the same principal characteristics. 
Yield per recruit showed that if S. sierra is fished 
at the same size successively as nowadays, bio-
mass and catch could diminish; y/r could dimin-
ish if fishing mortality increases by fishing effort. 
On the other hand, fishing effort could increase 
and obtain higher values of y/r, if the age of first 
capture is modified higher than tc = 5.5 years 
and f = 2, then y/r could augment to 810 grams. 
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