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ABSTRACT  
 

Aims: To determine the fish population structure of the Tepetitlan reservoir in the state of Mexico, 
Mexico, identifying the present species, distribution, age, length and weight. 
Study Design:  Convenience sampling. 
Place and Duration of Study:  Tepetitlan reservoir in the state of Mexico, Mexico, from April to 
September 2011. 
Methodology:  Each month, at least 200 fish were used for morphological measurements (weight, 
total length, standard length, max height and perimeter) and reproductive traits such as sex and 
gonadal maturity stage. Descriptive statistics were used to characterize the population structure, 
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age and size of first capture. Growth parameters, natural mortality, instantaneous fishing mortality 
rate, exploitation rate, yield per recruit potential growth model were all calculated by empirical 
equations and formulas. Differences between height and weight by sex were explored by one-way 
analysis of variance defining weight as a covariate. 
Results:  The Tepetitlan reservoir has a small population of shortfin silverside (Chirostoma 
humboldtianum) with average catch sizes of 11 cm, and rare presence of axolotls (Ambystoma 
mexicanum) and marbled crayfish (Procambarus sp). The fishing effort of 0.53 and exploitation 
rate of 0.44 indicate that the reservoir is used within its tolerance limits. The compressed size of 
the populations, potential problems of inbreeding and reduced physical space for the species 
pushes the habitat to a fragile situation for their permanence. 
Conclusion:  Tepetitlan reservoir has a dramatically small population of shortfin silverside 
(Chirostoma humboldtianum), and an extremely small population of axolotls (Ambystoma 
mexicanum) and marbled crayfish (Procambarus sp). 
 

 
Keywords: Shortfin silverside; axolots; marbled crayfish; fishing effort; reservoir; exploitation rate. 
 
1. INTRODUCTION 
 
Dams and reservoirs serve several purposes 
such as to supply drinking water, to generate 
hydroelectric power, provide a water supply for 
irrigation, offer recreational opportunities, and 
flood control [1]. Dams and reservoirs also 
provide a proper habitat for diverse fish species, 
but habitat destruction and degradation are great 
threats to survival of most fish populations. In 
addition, poverty in many world regions results in 
over-exploitation of natural resources by local 
residents, especially by uncontrolled fishing [2]. 
Exploitation of the resource might influence 
maintaining the resource itself. Thus, the 
appropriate management of fisheries requires, 
among many other things, monitoring the fish 
population structure in dams and reservoirs 
[3,4,5]. [6] define a fish population as a group of 
individuals of the same species or subspecies 
that are spatially, genetically, or demographically 
separated from other groups. Size-selective 
fishing will affect species in different ways. In any 
habitat, fish communities’ composition is 
expected to change in age and size structure, 
abundances of fish populations, fecundity and 
spawning potentials, and sex ratios, among   
other variables [7]. Therefore, the current   study 
aims to determine population structure, age and 
size at sexual maturity as well as length-weight 
relationship of fishes caught at the Tepetitlan 
reservoir in the state of Mexico, Mexico. 
 

2. MATERIALS AND METHODS  
 

2.1 Location 
 
The Tepetitlán reservoir is located across the 
municipalities of San Felipe del Progreso, 
Ixtlahuaca and Jocotitlán, in the state of Mexico 
in Mexico (Fig. 1). It is placed in the Western part 

of the state at a height of 2600 meters above sea 
level. The reservoir lies between latitudes 19°38' 
and 19°66'N orth and longitudes 99°58' 
and100°17' West. Originally, the reservoir had a 
capacity of 28 million m³, but in 2009 after 
several repairs of water leaks in the subsoil, 
where a percentage of the stored liquid was lost, 
it was agreed not to fill the reservoir to its 
maximum capacity, so currently it is only filled 
with 18 million m³. The reservoir is mainly 
supplied by rainwater and has been classified by 
the National Institute of Ecology as a Forest 
Protective Zone. Over 7000 users are estimated 
to benefit from its presence. 
 
2.2 Research Design 
 
Local fishermen do fishing using small metallic 
boats of 5 m in length driven by oars, using 
gillnet of 60 m in length and 4 m of height, made 
of no. 30 monofilament thread and a mesh size 
of 76 mm. 
 
During previous sampling campaigns, it was 
observed that the capture of common carp 
(Ciprinus carpio) was practically null, since less 
than one specimen/net/day was caught and 
those captured had weights lesser than 200 g. 
Inhabitants of the place informed that this 
situation has been observed for some years and 
therefore they practically abandoned the fishing 
activities. Looking for the reason of this resource 
shortage, it was noted that the reservoir was 
completely invaded by a rooted submerged 
hydrophilic plant (Potamogeton crispus). This 
plant grows from the bottom of the reservoir until 
its surface extending to more than 12 m in length 
which gives rise to the presence of giant aquatic 
vegetation practically in the whole extension of 
the reservoir. 
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Fig. 1. Location of the Tepetitlán Reservoir in the  state of Mexico, Mexico 
 
According to [8], aquatic nuisance plants species 
possess a number of adaptations, including an 
ability to rapidly propagate vegetatively, an 
opportunistic nature for obtaining nutrients, a life 
cycle that favors cool weather, and a number of 
mechanisms which enhance photosynthetic 
efficiency, which allow them to proliferate. Since 
the plant prevents a proper functioning of the 
gillnet by becoming entangled and stuck in it, it 
was proposed to use fish traps (Fig. 2), under the 
assumption that a devise for fishing exists and 
that the fault rather lies in the way of fishing. The 
trap coating material was a 25.4 mm mesh 
polyamide cloth on a 6.34 mm steel rod base. 
Local fish caught in the same place was used as 
bait. 
 
Sampling sites were considered to cover the 
different areas of the reservoir from the floodgate 
to its most extreme part, which was where the 
largest fishing took place, according to native 
inhabitants fishing daily. Fifteen traps were 

distributed among several fishermen in the 
community which were trained in their 
construction and operation. A sample of 
organisms was caught with the help of the local 
fishermen at different points in the reservoir. Six 
monthly samples were taken. Morphometric 
variables of a minimum of 200 fish caught by the 
fishermen and selected for their study were 
recorded in each sample. From each organism 
data were taken of weight, total length, standard 
length, height at the beginning of the dorsal fin 
and maximum perimeter, as well as reproductive 
characteristics such as sex and gonadal maturity 
phase. 
 

2.3 Study Parameters 
 
To calculate the size of first capture and 
recruitment size, size distribution was adjusted to 
a normal cumulative distribution, thus selecting 
L50 and L25 values. Empirical equation was used 
to calculate age t0 [9]. 

 

 
 

Fig. 2.  Schematic of folding traps used for the research in  the Tepetitlán Reservoir, state of 
Mexico, Mexico  
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In order to estimate infinite or asymptotic length 
growth parameters ( ∞L ) and growth coefficient 
(K), the ELEFAN I (Electronic Length Frequency 
Analysis) method, contained in the FISAT 
program [10] was used to adjust by the classic 
von Bertalanffy growth formula. Estimated growth 
data were used to calculate different mortality 
rates, namely: the instantaneous total mortality 
rate (Z), which results from the sum of the natural 
mortality plus the fishing mortality, so Z = M + F. 
This was estimated by the relative age catch 
curve, included in the FISAT package [10]. 
Natural mortality (M) was estimated by the 
empirical equation of [9]. 
 
Other parameters, such as the instantaneous 
fishing mortality rate (F) and the exploitation rate 
(E) per year were calculated using the formulas: 
F = Z M and E = F/Z, respectively. The first 
estimates the number of survivors who die from 
fishing and the second relates the number of 
individuals captured and the number of 
individuals who die within a certain period 
[11,12]. The yield per recruit (grams provided 
annually by the fishery) was estimated by the 
performance/recruitment model or Y/R model 
[13]. The potential growth model W ∞  was 
estimated by the formula: W = aLpb. Finally, to 
determine differences between height and weight 
by sex, one-way analysis of variance was used 
defining weight as a covariate. 
 

2.4 Analysis of Data 
 
All field data was input into Microsoft Excel 
spreadsheets. Population structure was 
characterized by descriptive statistics, i.e. mean, 
median, minimum value, maximum value, 
quartiles and standard deviation.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Species Found 
 
During April, several individuals of shortfin 
silverside (Chirostoma humboldtianum) with 
average catch sizes of 11 cm, axolotls 
(Ambystoma mexicanum) and marbled crayfish 
(Procambarus sp) were captured; however, in 
the following five months only a small number of 
axolotls - with the help of traps and trawls-, and 
marbled crayfish were captured. The Chirostoma 
“humboldtianum” group includes seven silverside 
species of great economical and cultural interest 
for local human populations [14]. 
 
The fishing activities in the Tepetitlán reservoir 
are carried out exclusively by local farmers of the 

Mazahua ethnic group. This indigenous people 
are the most numerous in the state of Mexico 
and they have historically occupied an area 
integrated by mountains, hills and valleys in 
which a cold climate prevails. The community 
that surrounds the reservoir is made up of 
approximately 54 families. Peasants fish 
sporadically due to the reduced fish production in 
the reservoir and to the fact that they are not 
professional fishermen. 
 
3.2  Descriptive Statistics of Silverside 

Fish 
 
Most sampling places in the reservoir resulted 
negative. The setting locally known as Agüita at 
the community of Estotempa was the most 
efficient for capturing axolotls. This place is 
shallow (less than 2 m depth from April to 
September) and the fishermen there uses 
hammocks type fishing nets with 30 m wings per 
side and a 6 m length bag in the middle, mesh 
size of 8 to 4 mm (mosquito net), and rustic 
weights and floats (i.e. stones and plastic 
bottles). Attention has been drawn to the 
alarming decline of Ambyostoma mexicanum 
population observed in Central Mexico as a 
result of habitat loss due to urban growth and 
strong competition with other species [15,16,17].   
For that purpose, the presence of A. mexicanum 
has been promoted at Lake Xochimilco, Mexico, 
as a flagship species for conservation [18,19]. 
 
Table 1 shows a slight gender dominance in the 
population of Mexican axolotl, with a proportion 
of 0.73 males per female. A total of 1593 
organisms were analyzed showing the following 
average morphometric characteristics. There is 
also a difference in size and weight in favor of 
females. Length and weight in current study were 
greater than those found in the San Miguel Arco 
reservoir, located at the Northern part of the state 
of Mexico [20]. 
 
Analysis of variance with weight as covariate did 
not find significant statistical difference in weight 
and average size for both sexes (F = 1.169 P = 
0.68). Since no difference was found by sex, 
weight and size of the organisms, regression 
analysis was performed by mixing females and 
males and adjusting to a potential model. Fishes 
of indeterminate sex were excluded from the 
length vs. weight analysis. Although the slope 
parameter (b) is slightly lesser than 3, the 
occurrence of an isometric growth similar for both 
sexes could be considered (Fig. 3). 
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Table1. Descriptive statistics for shortfin silvers ide (Chirostoma humboldtianum ) in the Tepetitlán Reservoir, State of Mexico, Mex ico  
 

 n Average  Median (L 50) Minimum  Maximum  First quartile  
(L25) 

Third quartile  
(L75) 

Interquartile 
range 

Standard 
deviation  

Total male length (cm) 620 11.31 11.40 7.20 19.00 10.30 12.40 2.10 1.76 
Male weight (g) 619 10.78 10.60 0.50 41.00 7.70 13.00 5.30 4.50 
Female total length (cm) 846 11.69 11.50 6.50 23.50 10.60 12.50 1.90 1.77 
Female weight (g) 843 12.08 10.90 0.50 86.60 8.90 13.80 4.90 6.01 
Undetermined total length (cm) 127 6.03 5.50 2.40 16.00 4.30 6.90 2.60 2.31 
Undetermined weight (g) 125 2.30 1.10 0.20 24.50 0.60 2.10 1.50 3.63 

 

 
 

Fig 3 . Distribution of frequencies for the size structure in  Tepetitlán Reservoir, state of Mexico, Mexico 

observed 

normalized 



 
 
 
 

Aguilar-Ramírez et al.; ARRB, 21(4): 1-9, 2017; Article no.ARRB.37307 
 
 

 
6 
 

3.3 Silverside Fish Sizes Structure 
 
The structure of sizes for the population and its 
adjustment to a normal distribution is presented 
in Fig. 3. Over 70% of organisms had a total 
length between 10 and 14 cm. A better 
approximation of the catch selection can be 
observed by the accumulated frequency 
distribution, in which the value of L50 was 11.1 
cm, likewise, L25 value was 9.5 cm and 
corresponded to first mature organisms in the 
sample. Therefore, the total length of 8.5 cm can 
be considered as the size at first maturity, the 
size of 9.5 cm as recruitment size and the length 
of 11.1 cm as the average capture size. This 
finding is in contrast with that of [21] who 
detected genetic and morphometric variation in 
samples of Chirostoma grandocule populations 
from Lake Patzcuaro, Mexico and attributed them 
to differences in physio-geographical and intra-
lacustrine conditions. It is noteworthy that the 
extreme genetic divergence of Chirostoma 
humboldtianum has been described by [22]. 
 
3.4 Silverside Fish Instantaneous Total 

Mortality Rate 
 
The growth curve by age and size of shortfin 
silverside (C. humboldtianum) is showed in Fig. 
4. 
 
3.5 Silverside Fish Parameters 
 
Six clearly defined age groups were observed in 
which the growth after 14 cm in length became 
very slow. A coefficient of 0.27 was estimated as 
the annual growth rate for the analyzed data, and 

the asymptotic growth point for infinite total 
length was 21 cm. The estimation was carried 
out using relative ages from 1.5 to 6 months (r2 = 
0.877, P = .05), so sizes from 10 to 19 cm are 
supporting the fishery. The parameters of natural 
and fishing mortality, as well as the degree of 
exploitation of the resource indicate an adequate 
use: instantaneous mortality rate = 1.21; natural 
mortality rate = 0.68 (at 17.8°C); fishing mortalit y 
rate = 0.53, and exploitation rate = 0.44. 
 
3.6 Performance/Recruitment Analysis 
 
According to population dynamics results, the 
performance/recruitment analysis was performed 
at different capture ages. For the current level of 
exploitation, if one-month-old organisms (8.23 
cm) are caught, the yield would drop by half a 
unit. In addition, some organisms that did not 
reproduce yet would be affected. At the current 
level and utilization of 1.92 g/annual recruit, it 
could be inferred that a threefold increase in 
fishing effort may increase yield up to 0.36 units, 
but in detriment of available biomass. However, if 
two-month organisms (11.65 cm in total length) 
are caught at the same fishing intensity, the yield 
would be 0.5 units, greater than quadrupling 
fishing effort. 
 
3.7 Silverside Fish Reproductive Status 
 
Silverside fish reproductive status during the 
study period was analyzed, and reproductive 
pulses were observed mainly in July and August. 
A study of Chirostoma humboldtianum in San 
Felipe Tiacaque dam in the state of Mexico, 
Mexico determined the following growth 

 

 
Fig. 4. Growth curve by age and size of shortfin si lverside ( Chirostoma humboldtianum ) in  

Tepetitlán Reservoir, State of Mexico, Mexico 
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rates: spring 0.1778, summer 0.3364, fall 0.2032 
and winter 0.2869. Spring was the time of the 
highest condition factor and food abundance (the 
sliverside is planktivorous) but also of lowest 
growth because resources are allocated to 
reproduction. In contrast, growth is concentrated 
in the summer [23]. 
 
3.8 Fishing Effort and Exploitation Index 
 
Results indicate an acceptable fishing effort and 
exploitation index. However, during the sampling 
it was observed an almost null applied effort. In 
fact, local fishermen only worked on sampling 
days to assist in the collection, but this is not a 
regular activity for them because marbled 
crayfish is not of their liking. This simple fact has 
been determinant so prevent that the small 
population collapses. The performance/ 
recruitment analysis considered that the current 
harvest level is 23.8% of the initial biomass 
percentage. On the other hand, a dozen 
individuals with scoliosis and lordosis 
(deformities of the spine) problems were 
recorded. 
 
Silverside fish maximum size observed as well 
as the estimation of the infinite length 
corresponds to the largest organisms reported in 
the literature for C. humboldtianum. This piece of 
information together with the isolation of this 
ecosystem suggest that this species is endemic. 
A species is considered endemic when a taxon is 
unique and its distribution is confined to a sub-
basin or river watershed, meaning that its 
distribution is restricted to a given area [24]. 
 
According to the performance/recruitment 
analysis, it is considered that the utilization of 
reservoir resources is at an adequate level; 
however, an increase in the effort level would not 
reflect a better utilization but an increase in the 
exploited biomass. When this yield is compared 
to what could be achieved by capturing 
organisms of an average size of 11.65 (at a 
relative age of 2 months) at the current effort 
level, it is possible to appreciate a substantial 
increase in yield and to remain below the BV50 % 

extracted biomass. 
 
3.9 Marbled Crayfish ( Procambarus  sp) 

and Axolotls ( Ambystoma 
mexicanum ) 

 
Regarding the presence of marbled crayfish 
(Procambarus sp), [25] pointed out that Mexico is 
one of the most crayfish-diverse countries 

worldwide, with over 50 described species. It is 
also noted that poverty in many regions of 
México results in over-exploitation of natural 
resources by local residents, especially by 
uncontrolled crayfishing and that fishermen sell 
their produce at local markets at very low prices. 
In a long-term study on the abundance and 
habitat distribution of P. rocambarus clarkii at 
Lake Naivasha, Kenya, it was found that its 
growth and morphometrics were similar to other 
locations in the world and that adults and 
juveniles forage on the lake bed at night [26]. In a 
study on the population dynamics of the red 
swamp crayfish (P. clarkii Girard, 1852) done in 
two marshes in Portugal, [27] identified faster 
growth and larger maximum sizes at the site with 
the more stressed environment and lowest 
relative crayfish densities pointing to the 
relevance of consider hydroperiod management 
and maximum crayfish densities. [28] reported 
that Procambarus clarkii catch per unit effort 
harvested from the Atchafalaya River Basin, 
Louisiana increased nearly 600% between two 
consecutive years despite similar hydrologic 
regimes, physicochemical conditions, and littoral 
macrophyte densities, even though reduced size 
in the latter year indicated density-dependent 
growth. In fact, P. clarkii exhibited trends of lower 
CPUE and reduced carapace length in habitats 
subject to chronic sub-optimal water quality. 
However, other than annual flooding influences, 
it is difficult to elucidate inter-annual harvest 
differences and intra-annual population variability 
among habitats. A cannibalism behavior was 
also observed finding up to five small fish in the 
mouth and stomach of a bigger fish. This is 
probably a result of limited food availability in the 
ecosystem   [29]. 
 
Since few axolots specimens were caught during 
the study, it was not possible to make inferences 
about their population dynamics. Some 
fishermen with a certain economic power have 
planted carps on the reservoir vicinity with 
moderately satisfactory results. 
 
4. CONCLUSION 
 
Tepetitlan reservoir has a small population of 
shortfin silverside (Chirostoma humboldtianum), 
and a very low presence of axolotls (Ambystoma 
mexicanum) and marbled crayfish (Procambarus 
sp). 
 
As part of the reservoir precautionary 
management, it is recommended not to increase 
the current fishing effort, as well as to promote 
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and support rearing of carp species in floating 
cages inside the reservoir, and supply 
complementary foods to encourage a short-term 
alternative source of fish [30]. 
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