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Abstract – Description of habitat preferences in marine fishes is important in order to understand their spatial dis-
tribution and ecology, and are one of the first steps towards conservation. In this paper, we evaluate the influence
of environmental conditions (temperature, salinity), location (latitude-longitude, depth), time (year) and availability
of preferred habitat on the relative biomass of the narrownose smooth-hound shark (Mustelus schmitti) in El Rincón
(∼38◦–41◦S < 50 m), Argentina. We used an extensive database of bottom trawl surveys conducted yearly during south-
ern spring (November–December) between 1994 and 2012, containing 502 sampling stations where relative biomass,
environmental variables and location are registered. Relative biomass was modeled using Generalized Additive Models
(GAM) in which zeros observations were incorporated using a Tweedie distribution, and model selection was carried
out using generalized cross validation values (CGV) and Akaike information criterion (AIC). The best models selected
indicate that a combination of location (nearshore areas), depth (<30 m) and salinity (�33.5) was significant in explain-
ing relative biomass across time. In addition, the percentage of preferred habitat by M. schmitti, was also a significant
predictor for relative biomass and was correlated to the main freshwater discharge previous to the fisheries survey.
Discussion focused on understanding the spatial ecology of this species. We highlighted how environmental variables
become a key issue to understand biomass indices derived from fishery-independent surveys.

Keywords: Habitat preferences /Mustelus schmitti / spatial and temporal distribution / environmental influence /
small shark / Southwest Atlantic Coastal System

1 Introduction

The narrownose smooth-hound shark (Mustelus schmitti)
is the most important elasmobranch species fished in the
Southwest Atlantic Coastal System (SWACS) in terms of
total catch and economic importance, and is harvested by
both, commercial and recreational fisheries (Massa et al.
2004; Oddone et al. 2005). This small shark (maximum
total length = 105 cm; Menni 1985) inhabits the South-
west Atlantic, from Río de Janeiro in Brazil (23◦S; Vooren
and Klippel 2005) to Puerto Deseado in Argentina (47◦S;
Chiaramonte and Petovello 2000) and has been reported in
depths up to 200 m (Menni et al. 2010). High densities have
been reported in shallow waters (<50 m) of SWACS, and
also in the coastal estuarine ecosystem of Río de la Plata
(34◦–37◦S) and El Rincón (39◦–41◦S) (Massa et al. 2004;

a Corresponding author: ajj@inidep.edu.ar

Jaureguizar et al. 2006a; Cortés et al. 2011a). This species in-
habits estuarine ecosystems where environmental conditions
provide suitable feeding, mating and breeding areas espe-
cially during the developmental stages from juvenile to adult
(Cousseau 1986; Massa 1998; Cortés et al. 2011a).

Geographic and hydrographic characteristics of estuarine
environments greatly determine the ecological functioning of
their inhabiting species (Whitfield and Elliott 2002). Estuaries
are known to be stressful environments for organisms due to
the high degree of variability in their physicochemical char-
acteristics. In particular, most of the environmental variables
such as temperature, salinity, dissolved oxygen (DO), turbidity
and bed sediment have high variations across time and space
(Elliott and Whitfield 2011; Borja et al. 2012). These particu-
lar characteristics of estuarine ecosystems determine the spa-
tial distribution at different biological levels of organization
within the SWACS, from fish assemblages (Jaureguizar et al.
2003a, 2004, 2006a; Barletta et al. 2010; Garcia et al. 2010)
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and populations (Jaureguizar et al. 2007; Cortés et al. 2011b)
to individual life history traits (Jaureguizar et al. 2003b, 2006b,
2008; Cortés et al. 2011a). Changes in the environmental con-
ditions such as freshwater discharge and wind patterns have
high influence in shaping the dynamic of the estuarine ecosys-
tems. The intra and inter-annual variations in Río de la Plata
freshwater inputs influence the spatial extension of estuarine
conditions (along-shore salinity gradient) changing the dis-
tribution and abundance of marine and estuarine fish species
and their ontogenetic stages (Jaureguizar et al. 2003a, 2006a;
Juareguizar and Guerrero 2009). Thus, environmental factors
modify the extension of preferred habitats of species such as
M. schmitti, across time. Inter-annual variations on the pre-
ferred habitats will challenge the way surveys need to be de-
signed in order to produce unbiased and comparable time se-
ries of abundance estimates.

M. schmitti inhabits the El Rincón area and shows high
seasonal variability of the area-specific density (Massa 1998;
Massa et al. 2004; Colautti et al. 2010) which has been associ-
ated with reproductive movements to shallower waters, mating
and breeding areas, during southern spring (end of November;
Cortés et al. 2011a). The largest aggregations of adults asso-
ciated with the reproductive event are observe at water tem-
peratures above 16.5 ◦C, occurring mainly at depths shallower
than 15 m (Elisio et al. 2016).Thus, during early develop-
mental stages such neonates and juveniles are usually found
in coastal waters whose conditions enable them to increase
their individual growth rate (Massa 1998; Colautti et al. 2010;
Cortés et al. 2011a). Juveniles remain in shallow waters (0.8–
12 m) with relatively low salinities (<33.5) during the first
years of life (Cortés et al. 2011a). In addition, adults during
non-reproductive season are usually found in deeper waters
(50–130 m; Pereyra et al. 2008).

Since 1993, bottom trawl surveys have been conducted
in the El Rincón system collecting data to produce estimates
of relative biomass using the swept area method for sev-
eral species, including M. schmitti. Swept area method esti-
mates biomass indices, which are relative to the population
biomass. Time series of relative biomass of M. schmitti have
high variation between years (Cortés 2012). Variations of rel-
ative biomass are deemed to be produced by other causes
than the survey design, which has relatively maintained op-
erational and sampling locations across years until 2008, af-
ter then it was changed to line transect. In addition, life his-
tory traits of M. schmitti, including slow individual growth
rate, late maturity and low fecundity (Cortés 2012) introduce
small variations in between-years recruitments, and thus life
history traits do not explain the high variation observed in the
relative biomass. Therefore, changes in relative biomass need
to be studied from a different standpoint. M. schmitti distri-
butions vary in response to environmental conditions (Cortés
et al. 2011a; Cortés 2012), hence, estimates of biomass from
survey-based estimators whose spatial domain is fixed across
time may introduce bias in the stock assessment (Perry and
Smith 1994; Shepherd et al. 2002; Stoner 2004), and preclude
the interpretation of time series of survey-design densities of
fish as an index of biomass. The use of bottom trawl surveys
as an index of biomass relies on the assumption that variations
in species-specific location density can be explained by true
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Fig. 1. Map of the study area. Divisions inside the map refer to strata
used for abundance estimation. It is indicates the study area (black)
and the Mustelus schmitti distribution range (grey, www.fishbase.se).

variation in population biomass. Disentangling the effects of
fishing exploitation, availability, variation in recruitment and
responses on the distribution to the environment are key issues
in understanding survey design density as a relative biomass
index. Thus, knowledge about the extent environmental con-
ditions are influencing the density from survey design data in
M. schmitti became important when using such data as relative
abundance index. Therefore, the main aim of this study is to
estimate how the salinity, temperature, depth and freshwater
river discharge determine the survey density. To achieve this
objective, we use the extensive database available from bottom
trawls surveys (swept area method) in the El Rincón system.

2 Material and methods

2.1 Study area

The coastal area (<50 m) between 39◦S and 41◦S is delim-
ited to the east by low salinity waters of the El Rincón (ER)
estuarine system (Fig. 1). The ER estuarine waters (<30.0–
33.3) extend from the mouth of the Río Negro to Bahía Blanca
at 39◦S, along the Anegada bay. Sea surface temperature dis-
plays a pronounced seasonal cycle typical of temperate ar-
eas, with a dominant maximum around 18 ◦C in the sum-
mer and a minimum of 8.2 ◦C in the winter (Lucas et al.
2005). The combined discharge of Río Negro (average an-
nual discharge of 945 m3 s−1) and Río Colorado (average an-
nual discharge 99 m3 s−1) form the El Rincón estuarine sys-
tem (Guerrero and Piola 1997; Guerrero 1998; Lucas et al.
2005). The small vertical gradients in salinity indicated a ver-
tically homogenous or totally mixed estuarine system (Lucas
et al. 2005) mainly as result of tidal strength and winds (Acha
et al. 2004). Río Negro discharge accounted for almost 90%
of the fresh water input to the El Rincón system, with high
inter-annual variations. The southern autumn-winter estuar-
ine signal extended along the coast for around 300 km be-
tween Río Negro and Bahía Blanca, while during spring-
summer the ER signal extended 400 km along the coast, first
north to Bahía Blanca and then to the east, along the coast
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(Lucas et al. 2005). The El Rincón estuarine regime area varied
between 10 000 km2 (autumn-winter period) and 15 000 km2

(spring-summer period). In the springs of 1996 and 1998
(La Niña years) the estuarine area was reduced to less than
5000 km2 (Lucas et al. 2005).

2.2 Material and data analysis

Data regarding fish density and environmental variables
(salinity, temperature and depth) were obtained during south-
ern spring (November–December) from bottom trawls surveys
conducted by the Instituto Nacional de Investigación y Desar-
rollo Pesquero (INIDEP). Data corresponded to a total of 502
bottom trawls over the span of eight years (78 in 1994, 47 in
1998, 48 in 1999, 63 in 2003, 78 in 2005, 74 in 2008, 58 in
2011, and 56 in 2012). Operational and sampling characteris-
tics of these trawls were homogeneous during this timeframe.
Further operational details of these surveys can be found in
Jaureguizar et al. (2006a). In each sampled station, bottom
temperature and salinity were measured using a Conductivity-
Temperature-Depth (CTD) profiler with a sampling rate of two
scans per second and operated with a speed of 0.5 m s−1, corre-
sponding to a resolution of one vertical meter, with a precision
of ±0.03 ◦C for temperature and ±0.05 for salinity.

Average density in ton per square nautical miles (t * nm−2)
was used as an index of biomass. Estimation of biomass con-
siders a separation of the area into five pre-defined strata
(Fig. 1). This density was calculated scaling up the average
density over all fishing hauls in each stratum to the total sur-
face area of the stratum. In order to deal with extreme val-
ues in density, only the 3rd quartile (75 percentile) * 1.5 in-
terquartile range of the density distribution by survey was used
as upper limit of the maximum observed density. Data points
falling outside the upper limit wereset to that upper limit for
further analysis. In order to improve statistical performance of
the density estimator, five strata were considered in the bottom
trawl surveys, as suggested by Ruarte (2003).

Differences of temperature and salinity across years were
evaluated using one-way analysis of variance (ANOVA) Al-
though some transformations were applied, variance was not
homogeneous (Bartlett test) and, thus, a significance level (α)
of 0.01 was used in order to control Type I error. When the
null hypothesis was rejected in the ANOVA, the Scheffe test
was computed to corroborate these results.

The average density was modeled using a Generalized Ad-
ditive Model (GAM; Hastie and Tibshirani 1990) considering
environmental variables (depth, temperature and salinity) and
geographic location (latitude and longitude) and suitable habi-
tat as covariates. GAM is a statistical method that enables the
user to model non-linear responses to covariates and permits
the implementation of several statistical distributions. We de-
fined as “suitable habitat” the percentage of the ER survey area
covered with environmental conditions with positive anoma-
lies over the average density. The most important environmen-
tal covariate to explain density was interpolated to generate
a grid of (0.1◦ lat × 0.1◦ long), and then the percentage of
grid with the suitable environmental variable was calculated.
Interpolation was only applied to calculate percentage of suit-
able habitat. Given the nature of the data, which includes a

significant amount of zero values, the compound Poisson dis-
tribution was used to model the response variable. Compound
Poisson belongs to the Tweedie family distribution, which in-
cluded those models with exponential dispersion where there
is a power relationship between the median and the variance
(Shono 2008; San Martín et al. 2013). Specific probability dis-
tributions belonging to the Tweedie family are conditioned on
the particular values that the parameter p can take, e.g. when
parameter p takes values of 1, 2 or 3, this corresponds to
Poisson, Gamma and inverse Gaussian distributions, respec-
tively. We are interested here in modeling values of p between
1 and 2 which defined a compound Poisson and allow us to
model positive and zero observations at once. The p parame-
ter was previously estimated by maximum likelihood (Shono
2008). The response variable was the average density of M.
schmitti (t * nm−2) by sampling station. To avoid collinearity,
a correlation matrix of environmental variables was computed
and only those not significantly correlated variables were in-
cluded for further analysis, following Zuur et al. (2010). Pre-
dictive variables with variance inflation factors (VIF) greater
than 3 were not considered. In addition, when two correlated
environmental variables had a correlation greater than 0.7,
only the one that presented better explained variance by it-
self on modeling density was retained. All statistical analy-
ses were carried out in R programming language (Ihaka and
Gentleman 1996; http://www.r-project.org)using mgcv (Wood
2006), MASS (Venables and Ripley 2002) and Tweedie pack-
ages (Dunn 2009). Model selection was conducted using gen-
eralized cross validation values (GCV) and Akaike informa-
tion criterion (AIC; Wood 2006).

In order to generate maps of suitable habitats for M.
schmitti, we analyzed the environmental variables with the
highest explained deviance on the retained models (tempera-
ture and salinity), and then we defined the lower and upper
bounds for positive influence over the response variable as lim-
its for suitable habitats. Thus defined a sort of “environmental
window” where response variable (biomass) is maximum. We
then mapped these characteristics of suitable habitats across
time by interpolating these limits for environmental variables
using a 0.1◦ lat × 0.1◦ long grid using the inverse distance to
square.

Pearson correlations between the percentage of the ER
survey area covered (H) with environmental conditions with
positive influence over the average density of M. schmitti
(obtained from GAM-tweedie model) and the mean monthly
freshwater discharge (Río Negro and Colorado), previous to
assessment cruises, were estimated. The values of average
monthly flow (m3 s−1) of the Río Colorado (at Pichi Mahuida
station: 38◦49’17.90”S–64◦58’53.20”W) and Río Negro (at
Primera Angostura station 40◦27’S–63◦47W) were obtained
from section de Recursos Hídricos de la Nación (http://www.
hidricosargentina.gov.ar/).

3 Results

3.1 Environmental conditions

Salinity and temperature time series had large inter-annual
variations. Salinity fluctuated significantly between most years

http://www.r-project.org
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Fig. 2. Boxplot of salinity and temperature from abundance surveys
in the El Rincón area during spring.

(p < 0.05, Tab. 1), and the mean annual salinity ranged from
33.3 (1994) to 34.0 (2011) (Fig. 2). Temperature had stronger
inter-annual variability than salinity and differed significantly
between most years (p < 0001, Tab. 1), as the mean an-
nual value ranged from 13.1 in 1994 to 16.3 recorded in 2003
(Fig. 2).

The average monthly flow of the Río Colorado (mean
109.43 m3 s−1) represented ∼16% of the flow of the Río Ne-
gro (mean 695.47 m3 s−1) (Fig. 3). The discharge pattern
had higher intra-annual variation in the Río Negro than the
Río Colorado that usually presented a minimum flow between
April and July. On the other hand, Río Negro discharge had
a different intra-annual pattern with a maximum usually in
southern winter between June and September (Fig. 3). In addi-
tion, both rivers had important inter-annual variations in the
monthly flow, particularly in the months before the survey
took place (November–December). 1994 and 2005 flows were
higher than average across time, other years had minor flow
(1999, 2008, 2011), or exhibited a downward trend toward the
end of the year (1998, 2003, 2012) (Fig. 3).

3.2 Biological conditions

M. schmitti was on average caught in 29% of total sam-
pling stations (n = 502), and the proportion of sampled sta-
tions with zero catch varied across years, with the lowest value
registered during 2012 (10.7%) and the highest during 2008
and 1998 (45.9 and 46.8% respectively). The relative biomass
had a downward trend across years in the total area of ER.
Although, a decrease of 76% was calculated between 1994 Ta
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Table 2. Percentage of explained deviance, the generalized 1 cross validation value (GCV) and Akaike’s information criterion (AIC) of the main
models applied. f0 represents the intercept in each model and f is the smoothing based on thin plate regression spline. Explanatory variables
are years as factor (Y), latitude and longitude (Lat, Long), temperature (T ), salinity (S ), depth (Z) and suitable habitat, the percentage of the
El Rincón survey area covered with salinity conditions with positive influence over the average density, (H). E[A], is the predicted expected
biomass All models considers Tweedie family distribution for modeling error.

Model D. explained GCV AIC
1 E[A] = f0 + f (Z) 0.193 3.360 2409.84
2 E[A] = f0 + f (S ) 0.159 3.526 2441.82
3 E[A] = f0 + f (T ) 0.046 4.045 2527.27
4 E[A] = f0 + f (Lat,Long) 0.346 2.9216 2313.29
5 E[A] = f0 + Y 0.191 3.4452 2423.02
6 E[A] = f0 + H 0.194 3.4261 2423.02
7 E[A] = f0 + f (S ) + f (Z) + f (Lat,Long) 0.409 2.6985 2267.31
8 E[A] = f0 + f (S ) + f (Z) + f (Lat,Long) + H 0.519 2.2523 2160.93
9 E[A] = f0 + f (S ) + f (Z) + f (Lat,Long) + Y 0.519 2.2523 2160.93

10 E[A] = f0 + f (S ) + f (Z) + f (Lat,Long) + Y + H 0.519 2.2523 2160.93
11 E[A] = f0 + f (S ) + f (T ) + f (Lat,Long) 0.419 2.6606 2261.09
12 E[A] = f0 + f (S ) + f (T ) + f (Lat,Long) + H 0.522 2.2537 2160.41
13 E[A] = f0 + f (S ) + f (T ) + f (Lat,Long) + Y 0.522 2.2537 2160.41
14 E[A] = f0 + f (S ) + f (T ) + f (Lat,Long) + Y + H 0.522 2.2537 2160.41
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Fig. 3. Average monthly flow (m3 seg−1) of Río Colorado and Río
Negro in the El Rincón Area

(72 165 t) and 2012 (16 674 t), low values appear in 1998 and
2012, with the lowest in 2008 and the highest in 2005 (Fig. 4).

The analysis of variance inflation factors (VIF) of predic-
tive variables had values lower than 3, and the correlation anal-
ysis only presented a high negative correlation between tem-
perature and depth (–0.7). This result indicates a decrease in
temperature with depth. To avoid collinearity, this combina-
tion of predictors was excluded when modeling the relative
biomass.
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Fig. 4. Relative biomass (t) of Mustelus schmitti in the El Rincón area
registered during Southern Spring surveys

Considering different combinations of predictors, a total of
22 models for all years combined were evaluated. For sake of
brevity, Table 2 only showed the main models implemented.
The smoothness of location (Latitude-Longitude, Model 4),
depth (Model 1) and salinity (Model 2) were the most im-
portant predictive variables to modeling M. schmitti relative
biomass (Tab. 2). The models indicated that M. schmitti had
higher preference for coastal and shallow waters (<30 m) with
salinity lower than 33.5, while temperature (Model 3) was less
important (Fig. 5). Taking into account the high importance
of salinity, a model considering the surface of area covered
by salinity between 32 and 33.5, suitable habitat (Model 6,
Fig. 5), for all years combined was also evaluated and had a
higher deviance explained than the model considering time as
predictor (Model 5). The models considering depth instead of
temperature, exhibited a lower percentage of the total deviance
(Tab. 2).

Models 12, 13 and 14 had higher explained deviance, lower
GCV and the lowest AIC (Tab. 2, Fig. 6). These models pre-
sented a satisfactory goodness-of-fit meaning that the error dis-
tribution chosen was adequate to describe the relative biomass
in this species. Model 12 considered the combined smoother



6 A.J. Jaureguizar et al.: Aquat. Living Resour. 29, 305 (2016)

0 10 20 30 40 50 60

-4
-3

-2
-1

0
1

2

Depth (m)

D
e
p
th

 e
ff
e
c
ts

10 12 14 16 18 20

-3
-2

-1
0

Temperature

T
e

m
p

e
ra

tu
re

e
ff
e

c
ts

-3
-2

-1
0

Year

Y
e
a
r

p
a
rt

ia
l 
e
ff
e
c
ts

1994 1999 2003 2008 2012

-63 -62 -61 -60 -59

-4
1

.0
-4

0
.0

-3
9

.0

Longitude

L
a

ti
tu

d
e

-1se +1se

-2
-1

0
1

2

H

H
p

a
rt

ia
l 
e

ff
e

c
ts

1.14 14.23 77.04

31.0 32.0 33.0 34.0

-3
-2

-1
0

1
2

Model 2

S
a
lin

it
y

e
ff
e
c
ts

Model 1

Salinity

Model 4

2

Model 3

Model 5 Model 6

Location effects

Fig. 5. Response variable (relative biomass) according to the predic-
tive variables used in the univariate models (1, 2, 3, 4, 5, 6).

for salinity, temperature, location and percentage of ER area
covered with preferred salinities (H), while Model 13 consid-
ered time (year) instead of coverage of preferred habitat (H),
and Model 14 operates with both predictor variables (Tab. 2).
These three models were satisfactory and presented similar
parsimony. Thus, these models were comparable in the statisti-
cal performance, thus in order to choose the best model to de-
scribe our data we used a biological criterion. First, model 14
had one extra parameter and thus it was discard for further
analysis. Thus competing models were 12 and 13, which the
only difference is either using habitat preference (model 12),
or year (model 13) as factors. We chose model 12 as the best
model, because habitat preference is a more meaningful pre-
dictor that time alone. Habitat preference implicitly included
time because it was constructed on a yearly basis and it also
integrated areas with preferred salinities. In addition, model
13 did not have predictive power as each year had its own off-
set and it cannot be predicted, however, habitat preference in
model 12 can be calculated allowing a prediction of its offset.

Bottom salinity had important inter-annual variation in
the spatial distribution producing prevalent changes in loca-
tion and extension of preferred habitat by M. schmitti (<33.6,

Table 3. Pearson correlation between the mean monthly flow of Rıio
Colorado and Negro, with the total flow in the months prior to the
survey cruises and the percentage of area covered with salinities lower
than 33.6. The p indicates the probability and r2 the coefficient of
determination.

Month Colorado Negro Total
June p 0.2447 0.34952 0.30417

r2 0.2204584 0.1487105 0.1738056
July p 0.052485 0.15231 0.11282

r2 0.4921303 0.3092806 0.3647798
August p 0.0013609 0.010967 0.0072561

r2 0.8401556 0.6871084 0.7256143
September p 0.060377 0.024263 0.024643

r2 0.4704314 0.5986891 0.5967563
October p 0.14657 0.27892 0.22984

r2 0.3165413 0.191004 0.2294027
November p 0.12754 0.11781 0.11429

r2 0.3430093 0.3569824 0.3624401

Fig. 7). In some years, the preferred habitat covered more than
65% of the total area of ER (1994), in others ∼30% (1998,
2003, 2005), 15–10% (2012, 2008) or as little as 5% (1999,
2011).

The area covered with salinities preferred by M. schmitti
(<33.6) presented a positive correlation with freshwater dis-
charge during previous months of the survey. A significant cor-
relation between salinity and average freshwater discharge was
found during August and September (Tab. 3). In addition, rel-
ative biomass had a weaker but positive and significant corre-
lation (p = 0.05, r2 = 0.49) with the proportion of ER covered
with salinities preferred by M. schmitti (<33.6) (Fig. 8).

4 Discussion

M. schmitti distribution was highly related to coastal en-
vironmental conditions in the El Rincón (ER) area, and best
combined model (# 12) indicated that the inter-annual varia-
tions on its relative biomass were influenced by changes in the
availability of preferred environmental conditions. Geographic
location (latitude-longitude used as measure of spatial loca-
tion), depth and salinity had significant effects on the biomass
distribution of M. schmitti, with preference for shallow waters
(<30 m) and salinities lower than 33.5. These results agreed
with those reported in Cortés (2012), in which abundance of
this species in ER increased with temperatures higher than 18
◦C and lower salinities (�33.5). In addition, we proposed that
the percentage of ER covered with salinities �33.5 (availabil-
ity of preferred habitat) was highly relevant in explaining the
inter-annual changes in the relative biomass of M. schmitti. Ex-
pansion and contraction of preferred habitat for this species
was highly correlated with the rivers’ discharge in months be-
fore the survey took place (end of November).

Habitat selection by shark in coastal environments is re-
lates with abiotic factors such as temperature and salinity, as
well as ecological factors such as prey availability, predation
risk, and competition (Sims 2003; Simpfendorfer and Heupel
2004; Speed et al. 2010; Simpfendorfer et al. 2011). The
size class spatial-seasonal distribution pattern of M. schmitti,
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is associated with ontogenetic movements from the nursery
areas to deeper waters through development (Cortés et al.
2011a). Neonates and juveniles are predominant in warm and
brackish coastal waters, and larger individuals are associated
with deeper salty coastal waters (during the non-reproductive
season) or nearshore brackish water (during reproductive sea-
son, Cortés et al. 2011a). The preference for shallower and
warmer waters with high food availability for neonates and ju-
veniles during the reproductive season might be related with
maximizing growth rates, rather than predator avoidance. The
ER coastal environment offers little refuges, therefore the
predator avoiding strategy is less probable and the habitat se-
lection driver appear to be related with the food availability
and environmental condition that allow a faster growth (see
Cortés et al. 2011a). In the other hand, adults M. schmitti are
mainly associated with depth and temperature environments
and during the reproductive season, they segregate into pre- or
post-mating stages (Cortés et al. 2011a). Selection for a pre-
ferred salinity range may also minimize energetic costs asso-
ciated with osmoregulation (Heupel and Simpfendorfer 2008)
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or serve as predator avoidance (Simpfendorfer et al. 2011).
However, no work has been done yet to explore these topics
on M. schmitti behavior.

The high influence that the extension of area covered with
low salinities had on the explanation of relative biomass of
M. schmitti allows to hypothesize that inter-annual variation of
relative biomass was highly determined by movement of those
individuals that initially inhabit nearshore areas toward those
where the survey sampling is conducted. Therefore, inter-
annual changes in the relative biomass were highly reliant to
the availability of fishes in the survey area because of changes
in the areas covered with low salinity. Anegada Bay (a shallow
area located in the southwest of ER, Fig. 1) is the main nursery
and mating area of M. schmitti in which the reproductive sea-
son takes place in southern spring (Colautti et al. 2010). Dur-
ing this season, high freshwater discharges produce changes
in the nearshore oceanographic conditions providing less fa-
vorable conditions for mating and breeding (Cortés 2012).
This produces a movement of individuals toward neighboring
deeper areas, increasing also the chances of being available
for or detected by the survey. Considering the size class spa-
tial distribution patterns of M. schmitti (Cortés et al. 2011a;
Cortés 2012), movement of individuals suggested in this study
will affect the population structure in the nearshore area as
too in the fishery survey area. Further studies are required
to understand how the environment changes would affect the
population structure available in both area and its ecological
determinants.

Changes in relative biomass of M. schmitti in the El Rincón
area had smooth variations across time with the habitat avail-
ability. However, there was a high inter-annual variation in the
relative biomass which can be related to between-year variabil-
ity in the suitable habitat sampled. Relative biomass index of
M. schmitti had high inter-annual variations. It is unlikely that
this high variation of the biomass index between years was
due to variations of the real population biomass. In harvested
populations, changes in abundance mainly obey to changes in
the age-specific total mortality and recruitment among years.
Elasmobranch species, such as M. schmitti, are being charac-
terized as long-lived, late maturing and low-resilience species
whose populations conformed to several age classes. These
life history traits also entail a low variability of recruitment
of available ages (Cortés 2012). In addition, fishing mortality
has been relatively stable in this fishery. The landings and catch
rate of M. schmitti in the Argentine-Uruguayan Common Fish-
ing Zone, northern coastal area of ER, are stable since 1992
(Hozbor et al. 2014). Thus, we interpreted these inter-annual
changes in the relative biomass as an artifact of the sampling
survey because of the re-arrangement of the spatial biomass of
M. schmitti with the environmental variables as shown in our
results.

The complex life history, seasonal movements, and a pop-
ulation of M. schmitti dispersed over a relatively large area
challenges the understanding and the potential use of the
data derived from surveys. This is highly relevant when mod-
eling population biomass of this species, because fishery-
independent relative biomass indices are usually the most
important information in stock assessment. Unfavorable en-
vironmental conditions (e.g., high freshwater discharge) may

reduce the availability of a species to the survey and, thus,
create bias in the biomass estimates (Smith and Page 1996;
Shepherd et al. 2002). It is commonly assumed that catcha-
bility and its subcomponents, availability and efficiency, are
time-invariant (Walters and Martell 2004). However, for a
species like M. schmitti whose range shifts seasonally, tim-
ing of sampling and inter-annual variation in environmental
drivers may bias results as presented here. Our analysis re-
vealed higher biomass at salinities lower than 33.5, with inter-
annual variations driven by changes in river discharge that de-
termined salinity and thus the availability of preferred habitat.
The Negro river discharge accounted for almost 90% of the
freshwater inputs to the ER system and it had both seasonal
and inter-annual variations (Pasquini and Depetris 2007). All
major Patagonian rivers (e.g. Negro and Colorado rivers) had
an inter-annual frequency in the range of ∼2 to ∼7-year corre-
sponding with the Southern Oscillation Index (SOI) (Pasquini
and Depetris 2007). This indicated that the occurrence of
events such as the ENSO are clearly discernible in the ER sys-
tem, and they will have profound effect on salinity and spatial
coverage of preferred habitat, and thus the manner we interpret
changes in relative biomass of M. schmitti.

Main results shown in this study confirmed that the M.
schmitti distribution was highly related to coastal environmen-
tal conditions in the ER area, and the inter-annual variations
on its relative biomass were highly influenced by variations in
the availability of preferred environmental conditions through-
out the years. This result is particularly important to under-
stand biomass indices derived from fishery-independent sur-
veys as an unbiased biomass index. In the case of M. schmitti
in El Rincón, survey-based biomass index is biased because
it does not incorporate environmental variability to standard-
ize or correct such indices on an integrated stock assessment
model. High inter-annual variability of the biomass index will
produce high variability on the population biomass estimated
by stock assessment and, thus, results are biased and mislead-
ing, unusable to achieve sustainable exploitation. Following
Wilberg et al. (2010), there are two ways to deal with such
bias in the biomass index when estimating population biomass.
First, carrying out a standardization of the biomass index to in-
corporate environmental variable and, thus, filter out the year
effect, which is usually used as an index of biomass. Second,
modeling catchability to allow inter-annual variations being a
function of environmental variables (Fox 1974; Fréon 1988;
Chen et al. 2008). In this work, we contributed to identify
the main environmental variables that affect the change in the
relative biomass of M. schmitti in El Rincón. These results
contributed to understand the spatial ecology and demogra-
phy of this species, but they also can be used as base analy-
sis to produce unbiased biomass estimates by both, standard-
izing this survey biomass index, or modeling time-variant and
environmental-dependent catchability.
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