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ABSTRACT 

During 15 months the white shrimp (Lito- 
penaeus schmitti) fishing zone was character- 
ized ecologically through the obtaining, compi- 
lation and analysis of environmental and phys- 
icochemical variables, and modeled the distri- 
bution of the relative abundance (CPUE) ob- 
tained in 21 fishing sites according to the envi- 
ronmental structure defined by the studied 
variables. A two-way factorial ANOVA with in- 
teraction was used to examine the spatial (fish- 
ing sites) and temporal (months) dynamics of 
CPUE, and a principal component analysis 
(PCA) was used to discern the environmental 
structure of the study area. To determine if the 
environmental structure modeled the distribu- 
tion of white shrimp, the CPUE values were su- 
perimposed on maps of the study area showing 
strata of the most important physicochemical 
variables identified by PCA. ANOVA confirmed 
that the CPUE differed significantly among 
months (F = 15.6; GL = 11; P < 0.0001) but not 
between fishing sites (F = 1.52; GL = 17; P = 
0.1979); the interaction term was also not sig- 
nificant (F = 0.52; GL = 10; P = 0.8561). The su- 
perimposing of the CPUE on temperature and 
depth strata confirmed that white shrimp showed 
greater preference for intermediate tempera- 
tures and depths. Petróleos de Venezuela, S.A 
(PDVSA) contemplates the construction of a 
multiuse pipeline traversing the study area, by 
which the current environmental structure of the 
study area is prone to disturbance. Given the 
precedent effects represented by an aqueduct 

construction, it seems PDVSA should anticipate 
measures to minimize its impact on the fisheries 
of the zone, particularly on the white shrimp 
fishery.  
 
Keywords: Distribution; CPUE; Litopenaeus 
schmitti; Gulf of Venezuela 

1. INTRODUCTION 

Within recent years there has been growing emphasis 
on the need to assess and manage fisheries through an 
ecological perspective [1-3]. This perspective, called by 
some Ecosystem Based Fisheries Management (EBFM) 
and by others Ecosystem Approach to Fisheries (EAF), 
has been proposed as a more effective and holistic ap- 
proach to the management of world fisheries [4-7]. The 
objective of this approach is to maintain healthy marine 
ecosystems and the fisheries they support, addressing 
some of the unintended consequences of fishing, such as 
habitat destruction, incidental mortality of nontarget spe- 
cies and changes in the structure and function of ecosys- 
tems [6]. 

However, the application of this perspective requires 
that fishery managers consider all interactions that stocks 
of a target species have with their predators, competitors 
and prey species: the effects of climate on fisheries boil- 
ogy and ecology, the complex interactions between fish 
and their habitats and the effects of the fishing activity on 
fish stocks and their habitats [8]. An initial step for the 
implementation of an EBFM would be to determine how 
the capture of a species could affect other species, or 
how the target species responds to the ecological refer- 
ence framework of the habitat. Fisheries management 
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decisions taken at this level can prevent significantly and 
potentially irreversible changes in marine ecosystems, 
caused by fishing or other anthropogenic activity [8]. 

The management of fisheries based on the ecosystem 
can be an important complement to existing management 
strategies. When fishery managers understand the com- 
plex ecological and socio-economic environments in 
which fish and fisheries exist, they can anticipate the 
effects that fisheries management will have on the eco- 
system and the effects that changes in the ecosystem will 
have on fisheries. However, the ecosystem management 
itself cannot solve all the problems underlying the exist- 
ing fisheries management regime. In the absence of po- 
litical will to stop overfishing, protect habitat and support 
programs of research and monitoring, an ecosystem ap- 
proach is not effective.  

In the marine coastal zone of the Gulf of Venezuela, 
particularly in the area of the community of Río Seco, 
Falcón State, there is a very important artisanal fishery 
for white shrimp (Litopenaeus schmitti). The area of ex- 
ploitation of this fishery was described by Zeigler [9] as 
a bay, with depths no greater than 50 m, and averages in 
the West area not exceeding 20 m. Likewise, due to the 
direct contact with the Caribbean Sea (ocean waters, up 
to 37 UPS), Golfete de Coro (very saline, up to 45 UPS  

waters) and waters of Lake Maracaibo (estuarine waters, 
up to ~3 UPS), it has peculiar physicochemical features 
[10]. Due to these characteristics, this fishing area offers 
a suitable environment to evaluate the effect that the en- 
vironmental matrix has on the abundance and distribu- 
tion of the white shrimp. 

Therefore, the main objectives of this study are, firstly, 
to characterize ecologically the fishing area of the white 
shrimp (L. schmitti), whose base port is the community 
of Río Seco, Falcon State, through obtaining, gathering 
and analysis of some environmental parameters and 
physicochemical variables; and secondly, to determine if 
the environmental structure given by these variables 
models the distribution and abundance of the white 
shrimp. This information could serve as a fundamental 
ecological basis for the implementation of programs of 
management of the fishery of this species based on the 
perspective EBFM. 

2. MATERIALS AND METHODS 

The study area was restricted to the fishing zone of the 
Rio Seco community, Falcon State, located in the marine 
coastal zone of the Gulf of Venezuela (Figure 1). For 
characterizing ecologically the study area and assess the  

 

 

Figure 1. Study area and its relative position on the Venezuelan coast. 
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abundance and distribution of the resource, 21 sites of 
fishing were georeferenced with a GPS Map 76CSx 
GARMIN, aboard of artisanal fishing boats following a 
haphazard experimental sampling design between Sep- 
tember 2008-November 2009. The total area covered by 
the surveys was ~43 km2. In each sampling, the number 
of captured individuals was recorded and a sample was 
selected for taxonomic identification according to the 
Perez-Farfante [11], Fisher [12] and Rodriguez [13] keys. 

In each fishing site the following physicochemical 
variables were recorded: salinity (S; UPS), water tem- 
perature (T, ˚C), dissolved oxygen (OD; mg/l), oxygen 
percent saturation (PSO; %), depth (D, m) and transpar- 
ency (TR; m). To obtain the variables S, T, OD and PSO 
at the surface and bottom, a multiparametric probe YSI 
55 (YSI Incorporated, USA) was used; to obtain the 
depth it was used a rope numbered with a heavy object 
attached to it, and a Secchi disk was used to obtain 
transparency. Environmental parameters collected and 
analyzed were rainfall and winds; these were gathered 
from the database of the weather station located in the 
city of Coro, Falcon State, administered by the Depart- 
ment of Climatology of the Meteorological Service of 
the Bolivarian Military Aviation of Venezuela.  

The relative abundance (catch per unit effort; CPUE in 
number of individuals per minute of fishing; ind/min) 
independently for each site and month of sampling was 
determined, and the temporal (month) and spatial (fish- 
ing site) dynamics were examined with a two-way facto- 
rial ANOVA with interactions, where month and fishing 
site were the main effects and month × fishing site was 
the interaction term. The level for statistical significance 
was set at 0.05; homogeneity of variances for the CPUE 
averages for month and fishing site was corroborated 
with a one-way ANOVA and applying the Levene’s test 
to the residuals [14]. The Tukey’s test was used as post- 
hoc test to determine how average CPUE values differed. 
The ANOVA was performed with PROC GLM [15].   

To discern the environmental structure of the study 
area, a principal component analysis (PCA) was used. To 
run the PCA, a matrix of correlations with all fishing 
sites as dependent variables and all physicochemical and 
environmental variables studied as independent variables 
was constructed. The broken-stick eigenvalue model [16] 
was used to assess the relative interpretability of the or- 
dination results. The PCA was performed in PC-ORD 
V.3.15 [17]. To determine if the environmental structure 
modeled the distribution of the white shrimp abundance, 
the CPUE values were superimposed on maps of the 
sampling area showing strata of the two most important 
physicochemical variables identified by PCA.   

3. RESULTS 

The study area was very shallow, with depths not ex- 

ceeding 5 m (range: 2 - 5 m). The averages and ranges of 
the physicochemical variables studied were the following: 
TR: 46.3 cm, range: 25.2 - 56.7 cm; T: 26˚C, range: 
23.7˚C - 29.0˚C; S: 34.5 UPS, range: 30.3 - 37.5 UPS; 
DO: 5.63 mg/l, range: 4.28 - 6.88 mg/l and POS: 80%, 
range: 59.2% - 89.6%. Rainfall accumulated during the 
study period was 359.5 mm, with a peak of greater inten- 
sity between February-March 2009, and another of minor 
intensity between May-July 2009. According to the scale 
of Beaufort, the winds measured in the area (average = 
5.35 m/s; range: 4.8 - 63 m/s) were classified as of 
grades 3 and 4 (breeze mild to moderate with waves be- 
tween 21 - 100 cm). 

The PCA identified three components (PC1, PC2, and 
PC3) with eigenvalues greater than the eigenvalues of 
the broken-stick model and accounted for 57.5% of the 
standardized variability of the data matrix. The PC1, 
which accounted for 22.1% of the variability, was repre- 
sented by the variables T and D; the PC2, which ac- 
counted for 18.5% of the variability, was represented by 
rainfall, whereas the PC3 was represented by POS and 
explained 16.9% of the variability (Table 1). 

Although the ordination of the fishing sites using 
PCA1 vs. PCA2 (Figure 2) revealed some overlap be- 
tween some of them along the components, it can be seen 
as the majority of the fishing sites were grouped along 
the PCA1, characterized by a temperature-depth gradient, 
indicating that the physicochemical-environmental struc- 
ture of the fishing area responded more to the physico- 
chemical variables than to the environmental variables 
studied. This indicates that the physicochemical structure 
of the studied area was little affected by rainfall; i.e. the 
study area maintained its physicochemical structure un- 
 
Table 1. Loadings of individual variables on axes 1, 2, and 3 for 
the principal component analysis on physicochemical and en- 
vironmental variables recorded at fishing sites (N = 56) in the 
fishing zone of the Rio Seco community, Falcon State, Venezuela, 
September 2008-Novembre 2009. Underlined values represent 
variables characterizing the axes. 

Variable PC1 PC2 PC3 

Temperature (˚C) −0.5480 −0.3833 0.0781

Salinity (UPS) −0.0649 0.4783 0.4785

Dissolved oxygen (mg/l) −0.3890 0.3094 −0.0764

Oxygen percent saturation (%) −0.3890 0.0265 −0.5857

Depth (m) 0.5480 −0.3582 0.1132

Transparency (m) 0.3548 0.0790 −0.0397

Rainfall (mm) 0.2286 0.5047 −0.5088

Wind (m/s) −0.2430 0.3723 0.3779

Percent of variance explained (%) 22.1 18.5 16.9 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



Á. A. D. Lugo et al. / Agricultural Sciences 4 (2013) 83-90 86 

 

-4

-3

-2

-1

0

1

2

3

4

-3 -2 -1 0 1 2 3 4

Low temperatures
High depths

High temperatures
Low depths

Low rainfall

High rainfall PC2

PC1

 

Figure 2. Ordination of the study area according to the first two significant components of principal components 
analysis for the physicochemical and environmental variables recorded at fishing sites (N = 56) in the fishing zone of 
the Rio Seco community, Falcon State, Venezuela, September 2008-Novembre 2009. The temperature gradient increases 
from right to the left, the depth gradient increases from left to the right and the rainfall gradient increases from bottom to the 
top. Most sites are aligned along the temperature-depth gradient (horizontal axis). Each dot represents a fishing site; due to 
the overlapping of some dots, not all 56 fishing sites are seen. 

 
altered in the face of environmental phenomena (in this 
case, rainfall), which finally allows to establish that it is 
the gradient temperature-depth the primary responsible 
for modeling the physicochemical structure of the study 
area.  

There were 56 samples taken in the 21 fishing sites in 
which 2135 individuals were collected. The range of the 
fishing effort was 53 - 173 min (average = 114 min). 
CPUE was highly variable (range: 0.13 - 6.23 ind/min), 
with two well-defined peaks, one in December 2008 (av- 
erage = 6.23 ind/min) and the other one in June 2009 
(average = 3.42 ind/min). 

The ANOVA confirmed that the CPUE differed sig- 
nificantly among months (F = 15.6; DF = 11; P < 0.0001) 
but not among fishing areas (F = 1.52; DF = 17; P = 
0.1979); the interaction term was also not significant (F 
= 0.52; DF = 10; P = 0.8561). The Tukey’s post hoc test 
determined that there were three groups where the aver- 
age CPUE differed temporarily (Table 2). 

The superimposing of the CPUE on the temperature 
and depth strata (Figures 3 and 4) confirmed that the 
CPUE followed a pattern along these gradients. For ex-  

Table 2. Results of the Tukey’s post hoc test on average CPUE 
obtained for all sampling months in the fishing zone of the Rio 
Seco community, Falcon State, Venezuela, September 2008- 
November 2009. Months with the same letter are not signifi- 
cantly different. 

Letter Mean N Month 

A 6.23 5 December 

B 3.53 6 January 

B 3.42 5 June 

C 1.48 5 March 

C 0.86 8 November 

C 0.57 5 October 

C 0.39 2 May 

C 0.32 4 February 

C 0.29 4 April 

C 0.26 4 July 

C 0.21 5 August 

C 0.13 3 September 
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Figure 3. Superimposing of the CPUE on temperature strata identified in the fishing zones of the fishing community of Rio Seco, 
Falcon State, Venezuela, September 2008-November 2009. Three strata of CPUE and six strata of temperature are delineated. 

 
ample, the highest values of CPUE were observed in the 
2.2 - 3.3 m depth stratum and in the 24.4˚C - 26.9˚C 
temperature stratum. This indicated that the white shrimp 
showed greater preference by intermediate depths and 
temperatures. 

4. DISCUSSION 

The effects of environmental parameters on the distri- 
bution patterns of aquatic organisms have been fre- 
quently studied in fisheries science [18-24]. Most of  
these studies were based on extensive time series (sev- 

eral years), in contrast to our study which only analyzed 
a database of 15 months. However, our results revealed a 
strong relation between catches and the physicochemical 
variables studied. 

The superimposing of the CPUE on the strata of tem- 
perature and depth clearly indicated that the distribution 
of white shrimp in the study area responded to the direct 
effect of these physicochemical variables. This behavior 
has been reported by other researchers for the white 
shrimp; for example, Santos et al. [25], pointed out that 
the water temperature of an estuary in the State of Sao 
Paulo, Brazil, was decisive in variations of the abun- 
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Figure 4. Superimposing of the CPUE on depth strata identified in the fishing zones of the fishing community of Rio Seco, Falcon 
State, Venezuela, September 2008-November 2009. Three strata of CPUE and five strata of depth are delineated. 
 
dance of this species, being greatest during the summer, 
when water temperatures were higher. On the other hand, 
these same investigators indicated that the abundance of 
white shrimp was constant along the gradient of depth of 
the estuary, although samples taken in open sea (more 
than 15 m depth) indicated that the abundance of this 
species decreased with depth. 

It is evident that the CPUE-temperature-depth relations 
could be related to other variables not evaluated in this 
work; e.g., the type of bottom (texture and organic con- 
tent), which is fundamental for shrimps when they are 

buried [26]. Another important element not evaluated was 
marine currents, responsible for the sedimentary deposits 
and transportation, distribution and concentration of nu- 
trients, and the distribution and displacement of organ- 
isms. According to Santos et al. [25], variations in the 
characteristics of the seabed are associated with depth; 
shrimps select shallower muddy zones as feeding and 
shelter areas, whereas select zones of greater depth (bot- 
toms of sand and silt), as reproduction areas. 

In addition, in general terms, the behavior of the 
CPUE during the study could reflect the effect of the 
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empirical knowledge of fishers, who work in areas where 
their experience indicates they have high yields, thus 
overestimating the CPUE. However, and despite the na- 
ture of the experimental design applied in the study hap- 
hazardly, there was not a prevailing trend of high CPUE 
in specific sites, a situation confirmed by the ANOVA 
applied to the CPUE by fishing sites, which reduced the 
possibility of overestimation or underestimation of the 
CPUE for the study area.  

Management Implications 

With the increasing fishing pressure globally, under- 
standing the influence of the environment on the survival 
and abundance of fishery resources is of vital importance, 
both for the fisheries management and to the environ- 
ment itself. Environmental factors and natural phenom- 
ena lead to fluctuations in the capture from year to year, 
or in periods of longer duration, and in a nonpredictable 
manner, increasing the exposure of the fishery and re-
sources to the dangers of overexploitation and eventual 
collapse [27].   

Our data identified a close relationship between CPUE 
and the physicochemical structure of the study area. It is 
clear that these results respond to a specific physico- 
chemical and fishing structure; i.e., we measured and 
analyzed relevant information during the 15 months our 
study lasted, therefore we cannot ensure that this is the 
average reality of the fishery. It goes without saying that 
a temporarily broader study is necessary to clarify this 
situation. However, our results suggest that the modifica- 
tion of the physicochemical structure of the study area 
could lead to significant, probably negative, effects on 
the fishery. The EBFM perspective calls for an ecologi- 
cally functional ecosystem that can support fisheries, and 
the only way to keep functionally active ecosystems is 
avoiding its indiscriminate intervention.   

In 2009 an aqueduct crossing part of the study area 
was constructed, which involved significant environ- 
mental effects. There are some evidences, provided 
through local ecological knowledge, pointing to negative 
effects of the construction of the aqueduct on some fish- 
eries. For example, the crevalle jack (Caranx hippos) 
performs a mid-year annual migration through the coasts 
of the Gulf of Venezuela in direction northwestsouth- 
westsoutheastnortheast, entering into the Golfete de 
Coro. This migration route of the crevalle jack is a re- 
cruitment to the area allowing the fishing communities of 
the Gulf of Venezuela and Golfete de Coro its exploita- 
tion. The fishers of the zone ensured that in 2009 the 
crevalle jack did not enter the Golfete de Coro, scared 
away by the noise of the machinery (shovels, drills, 
barges, among others) used in the construction of the 
aqueduct, despite having done its normal migration 

through the Gulf of Venezuela and based in references of 
catches of the species during that period by the commu- 
nities that are outside of the Golfete [28]. 

On the other hand, the extremely shallow condition of 
the study area exposes it to extreme variations of salinity 
and turbidity as a consequence of the Mitare River dis- 
charge [29,30]. This very shallow condition could lead to 
loss of depth due to the installation of oil equipments 
projected for the near future and the possible intervention 
of the Mitare River. For example, the so called project 
Suministro Falcon-Zulia (SUFAZ) of Petroleos de Vene- 
zuela, S.A. (PDVSA) contemplates the construction of a 
multiuse pipeline of 24 inches in diameter for the trans- 
port of petroleum products whose submarine route is 
expected to traverse the study area. If the SUFAZ project 
is implemented as planned, and given the precedent of 
the construction of the aqueduct, PDVSA should take 
measures to minimize or mitigate its impact on the fish- 
eries of the zone, particularly on the white shrimp fish- 
ery.   
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