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Introduction

The role of environmental factors in modulating the distribution of fish in the ocean still remains as an open question. Despite several decades of research, there are few demonstrable generalizations with respect to the influence of abiotic variables on fish ecology and physiology. 
Temperature and salinity have been mentioned as possible important factors in determining the distribution of elasmobranchs (Snelson and Williams, 1981). However, only recently a strong quantitative approach has been used to evaluate environmental effects on elasmobranchs distribution (e.g. Hopkins and Cech, 2003; Campana and Joyce, 2004).

Angel sharks are demersal elasmobranchs belong to the genus Squatina (Duméril). Squatina guggenheim Marini is a coastal species that is widespread distributed from Espírito Santo (Brazil, 18º S) to northern Patagonia (Argentina, 43º S) (Vooren and Silva, 1991). The influence of environmental factors in determining the distribution of this angel shark in the southwest Atlantic is unknown. 
Here, we determine the influence of depth, bottom temperature, and bottom salinity on the distribution of S. guggenheim population in the Argentine-Uruguayan Common Fishing Zone (AUCFZ).

Materials and Methods

Research area

The research area was located within the AUCFZ (34º00'-39º30' S; 51º10'-59º10' W) covering the continental shelf and part of the continental slope.

Sample collection

Individuals were collected from bottom trawl surveys conducted during five research cruises in spring and fall of 1995, 1997 and 1998 onboard the R/V Aldebaran. The cruise C9512 covered only the coastal area (3.5-60.0 m) whiles the four remaining cruises covered most of the AUCFZ (21.0-312.0 m). The sampling stations were selected based on a random stratified sampling design.

Following each trawl, all angel sharks were identified, counted, and weighed (±0.1 kg). The hydrographic information recorded in each sampling station was surface and bottom temperature (ºC), surface and bottom salinity, and depth (m). Only bottom temperature, bottom salinity, and depth were the abiotic variables considered in the analyses since angel sharks present demersal habits. 

Identification of habitat associations 

Comparison between the distribution of angel shark population and concurrent environmental factors were made using the catch-weighted cumulative distribution function approach developed by Perry and Smith (1994). CPUE corresponded to the weight of the captured angel sharks in 30 minutes of towing (CPUEangshark= kg / 30 min; N=1536). 

The univariate analysis between each of the environmental variables considered and the CPUEangshark was established for each cruise separately. The angel shark’s ranges of environmental preferences and rejection were identified.

Results

Bottom temperature

The distribution of the angel shark inside the AUCFZ presented a significant relationship with bottom temperature both in spring and autumn (Table 1). However, the temperature ranges where the highest angel shark densities were found varied widely among cruises (Table 2). The differences in the preference temperature ranges observed are not only due to seasonality but also to the geographical locations of the cruises, especially in terms of the distance from the shore (e.g. spring cruises C9512 vs C9704; Table 2). The species rejected waters with temperatures lower than 7.0 ºC, demonstrating a preference for bottom temperatures greater than 8.0 ºC in the majority of the cruises. A maximum thermal limit of rejection was not found in any cruise (Table 2).

Table 1. Probability values of the random univariate relationship tests between abiotic variables (bottom temperature, bottom salinity, depth) and the CPUE angshark (kg / 30 min) for Squatina guggenheim population, separated by cruise. *P(0.05, **P(0.01.

Angel shark population

Cruise
Season
Temperature
Salinity
Depth

C9512
Spring
0.02*
0.001**
0.07

C9702
Autumn
0.003**
0.65
0.34

C9704
Spring
0.004**
0.01**
0.55

C9801-02
Autumn
0.05*
0.05*
0.06

C9803
Autumn
0.05*
////
0.65

//// Salinity data is unavailable for the cruise C9803.

Bottom salinity 

The association between the distribution of angel shark population and bottom salinity was statistically significant (P(0.05) with the exception of the autumn cruise C9702 (Table 1). The preferred salinity range and the rejection values were similar among offshore cruises of different seasons and years. However, these ranges were different than those found during the coastal cruise (C9512) (Table 2). 

Table 2. Thermal (ºC) and saline ranges of preference and rejection for Squatina guggenheim population, separated by cruise. Values obtained from the significant relationship tests (P(0.05) between CPUE angshark (kg / 30 min) and each environmental variable.
Angel shark population

Cruise
Season
Principal distribution range
Rejection values



Temperature 
Salinity
Temperature
Salinity

C9512
Spring
17.5-20.5
29.5-33.2
<12.0
<25.0

C9704
Spring
8.0-9.5
33.5-33.6
<7.0
<33.4 

C9702
Autumn
14.0-21.0

<12.0


C9801-02
Autumn
16.0-18.0
33.5-33.6
<7.0
<33.4

C9803
Autumn
12.5-14.5

<7.0


Depth

The distribution of S. guggenheim population was distributed independently of depth in the study area both in spring and autumn (Table 1).

Discussion

The environmental variables affecting the distribution of S. guggenheim population as a whole in the AUCFZ were bottom temperature and bottom salinity. 

The only previous information regarding the relationship between the distribution of S. guggenheim and environmental variables is the contribution of Vooren and Silva (1991). They suggested that the distribution of angel sharks is affected by depth and temperature. Our results, in contrast, show that salinity is an important factor in determining the distribution of the angel shark. In addition, we also demonstrate that depth is not an important factor when the population of S. guggenheim is considered as a whole (i.e. disregarding body size and sex). The disagreement between our results and those of Vooren and Silva (1991) rely in the fact that they did not use a specifically designed methodology to detect quantitatively preference and rejection ranges for environmental factors such as the Perry and Smith (1994)’s method used here.

Finally, the ranges of preference and rejection of the angel shark to bottom temperature and salinity varied among the spring and autumn cruises. This is likely due to different water masses and coast-ocean gradients take place seasonally in the AUCFZ generating different environmental conditions in terms of temperature and salinity in each of the cruises.
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