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SUMMARY: In this paper we compare the elasmobranch composition, depth-related trends of species and community
descriptors (abundance, biomass, mean fish weight, species richness and diversity) of the Balearic Islands Archipelago and
Algeria (north- and southwestern Mediterranean, respectively). The samples used in this study were collected in bottom
trawl surveys between 36 and 779 m depth. Generalized linear models, linear regression, cluster and similarity percentage
analyses, and generalized additive models were used to compare the two areas. Twenty-nine elasmobranch species were
caught, 12 of them common to both areas, 7 appearing only in the Balearic Islands, and 10 only in Algeria. The bathymetric
distributions of species were, in most cases, best fitted to uni-modal response curves. The models for species common to both
areas showed similar bathymetric trends, except for Etmopterus spinax, which in Algeria showed a maximum abundance lo-
cated 154 m shallower than in the Balearic Islands. Four bathymetric assemblages were identified in both areas with similar
depth ranges but with different species composition. The mean values of the community descriptors were higher on the shelf
in the Balearic Islands, whereas higher values were detected on the slope in Algeria. Different between-area bathymetric
trends for all the descriptors were detected, with the exception of mean fish weight. The distinct environmental scenarios and
fishing histories of the areas studied are discussed as underlying traits influencing the elasmobranch populations.

Keywords: community descriptors, bathymetric trends, environmental factors, fishing mortality, threatened species.

RESUMEN: ISLAS BALEARES VS ARGELIA: DOS POBLACIONES CERCANAS DE ELASMOBRANQUIOS EN EL MEDITERRANEO OC-
CIDENTAL CON DISTINTAS CONDICIONES OCEANOGRAFICAS E HISTORIAS PESQUERAS. — Este articulo compara la composicién
especifica de elasmobranquios, su tendencia batimétrica, e indicadores de comunidad (abundancia, biomasa, peso medio
individual, riqueza especifica y diversidad) del archipi€lago de las Islas Baleares y Argelia (Mediterraneo nor- y sur-oc-
cidental, respectivamente). Las muestras utilizadas se recogieron en campaiias de arrastre entre 36-779 m de profundidad.
Para comparar las dos areas se utilizaron modelos lineales generalizados, regresion lineal, andlisis de cluster y de porcentaje
de similitud, y modelos aditivos generalizados. Se capturaron 29 especies de elasmobranquios; 12 fueron comunes a ambas
areas, 7 aparecieron sélo en las Balears, y 10 s6lo en Argelia. En general, la distribucion batimétrica de las especies se ajusto
mejor a una curva de respuesta unimodal. Las especies comunes a ambas areas mostraron tendencias batimétricas similares,
excepto Etmopterus spinax que en Argelia mostré un maximo de abundancia localizado 154 m por encima del registrado
en el Archipiélago. Se identificaron 4 comunidades batimétricas en ambas dreas con rangos de profundidad similares, pero
con distinta composicion especifica. Los valores medios de los indicadores de comunidad fueron mds altos en la plataforma
continental del Archipiélago, mientras que en el talud fueron superiores en Argelia. A excepcién del peso medio individual,
los demas indicadores mostraron distintas tendencias batimétricas dependiendo del area. Las diferencias en condiciones
ambientales e historias pesqueras son discutidas como caracteristicas subyacentes que influyen en las poblaciones de elas-
mobranquios.

Palabras clave: indicadores de comunidad, tendencias batimétricas, factores ambientales, mortalidad por pesca, especies
amenazadas.
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INTRODUCTION

The elasmobranchs are considered especially vul-
nerable to the impact of fishing activities because of
their k-selected life-history strategy, characterized by
slow growth, late attainment of sexual maturity, long
life spans and low fecundity (Stevens et al, 2000).
Although these characteristics make these species very
different from teleosts, it is still difficult to find refer-
ences specifically addressed to the elasmobranch com-
munities in the Mediterranean. With some exceptions
(e.g. Capapé et al., 2000; Relini et al., 2000; Bertrand
et al., 2000; Massuti and Moranta, 2003), most studies
in which they appear are addressed to fish communi-
ties in general, elasmobranchs having low weight in
the analyses and results because of the general over-
whelming higher abundance of teleosts. However,
“traditional” community descriptors such as abun-
dance, biomass, mean fish weight, species richness and
diversity of elasmobranchs could be a useful tool for
detecting fishing impacts on fish communities, because
these species are likely to be the first to decline from
fishing (Stevens et al., 2000) because of their higher
vulnerability (relative to teleosts), even when subjected
to low levels of fishing pressure.

The Balearic Islands Archipelago (northwestern
Mediterranean) and Algeria (southwestern Mediter-
ranean) are separated by around 130 nautical miles.
The Algerian coast is mainly influenced by the inflow
of Atlantic water which enters the Mediterranean and
moves eastward, forming the Algerian current (Ben-
zhora and Millot, 1995; Millot, 1999). The Balearic
Islands can also be influenced by these Atlantic waters
in the south, but in the north it is mainly influenced by
Mediterranean waters on their way back to the Gibral-
tar Strait (Northern and Balearic currents on the penin-
sular and insular coasts; Pinot et al., 2002; Monserrat
et al., 2008).

There are also differences between the types of
sediment on the continental shelf of the two areas. The
absence of rivers in the Balearic Islands reduces the
amount of terrigenous and relatively mobile sediments,
most muddy bottoms being of biogenic origin (Canals
and Ballesteros, 1997). The sediments of the Balearic
shelf are mainly gravels or coarse sands, with a high
percentage of carbonates (Fornds et al., 1988, Acosta
et al., 2002). Within the general oligotrophic environ-
ment of the Mediterranean, the waters around the Bal-
earic Islands, where there is no supply of nutrients from
land runoff, show more pronounced oligotrophy than
the adjacent waters off the Iberian coast and the Gulf of
Lions (Estrada, 1996). This oligotrophy increases the
clarity of waters in the Balearic Islands, which allows
the development of red algae communities down to
90-100 m depth (Ballesteros, 1994). The algal gravel
facies, mainly formed by red algae fragments (60% of
the sediments), is the characteristic type of bottom of
the Balearic shelf from 40 to 90 m depth (Fornés et
al., 1988). On the other hand, the presence of rivers in-

creases the supply of terrigenous sediments in Algeria.
In this area, although algal facies such as Corallinacea
beds also occur, muddy bottoms are widely distributed
on the continental shelf at the shallowest depths, and
even reach the littoral coast (Le Danois et al., 1924,
Maurin, 1968; Bakalem et al., 1981).

In the Balearic Islands, the deep-water fishery
targeting red shrimp (Aristeus antennatus) has a long
history, starting in the late 1940s and showing an in-
creasing fishing effort down to 800 m depth during
the last few decades (Carbonell and Azevedo, 2003).
By contrast, according to the FAO, the most important
fishing activity in Algeria targets small pelagic species.
Moreover, the geo-morphological characteristics of the
Algerian shelf have not facilitated the development of
a demersal trawl fishery (it is estimated that only 1/3 of
the continental shelf is suitable for trawling), which at
the beginning of the last decade was mainly performed
with small boats fishing down to 400 m depth (GFCM,
1980, Nouar, 2001, Mouffok et al., 2008).

The present paper aims to evaluate elasmobranch
assemblages on the circa-littoral soft bottoms exploited
by the bottom trawl fishery off the Balearic Islands and
Algeria, two nearby areas with different oceanographic
scenarios and fishing histories. To this end, depth-
related trends for species-specific densities, traditional
community descriptors (i.e. density, mean fish weight,
species richness and diversity) and assemblage compo-
sition are compared.

MATERIALS AND METHODS
Sampling

The samples used in the present study were collected
in bottom-trawl surveys. The sampling scheme and gear
(GOC-73) were the same in both the Balearic Islands
and Algeria, and followed the protocol generally used
throughout the Mediterranean in bottom-trawl surveys
(MEDITS programme; Bertrand et al., 2002). In the
case of the Balearic Islands, there is a ten-year series of
BALAR-MEDITS annual bottom trawl surveys, begin-
ning in 2001 (2001-2006 and 2007-2010 for BALAR
and MEDITS surveys, respectively) and mainly carried
out in spring and early summer. However, in order to
avoid seasonal differences with the samples carried out
off Algeria, we only used the BALAR 2001 and 2004
surveys, which were carried out in April and April-
early May, respectively. These surveys accounted for
a total of 104 hauls between 45 and 753 m depth (Fig.
1). In the case of Algeria, samples were collected dur-
ing two surveys carried out in 2003 and 2004 in March
and February-early March, respectively. These surveys
accounted for a total of 170 hauls between 45 and 779
m depth (Fig. 1). Table 1 shows the number of hauls
in each of the depth strata considered in the sampling
design in both areas. The scientific crew in charge of
the species identification was the same for all surveys
carried out in both areas.
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FiG. 1. — Map of the areas studied. Black dots represent the location of the samples collected. The 800 m isobath is also shown.

For the two areas surveyed hauls were conducted
during daylight hours, and the mean towing speed was
around 3 knots. The duration of hauls was 30 and 60
minutes for those carried out on the shelf (<200 m
depth) and the slope (>200 m depth), respectively.
Depth was recorded every five minutes, and these
records were used to calculate a mean depth value for
each haul. The arrival and departure of the net to the
bottom, in addition to its horizontal and vertical open-
ings (on average, 16.4 and 2.8 m, respectively), were
measured using a SCANMAR system.

During the surveys, catch was sorted and indi-
viduals of each species were counted, weighed and
measured. The data collected were standardized to one
square kilometre. For both biomass and abundance, a
data matrix was created, containing data of each spe-
cies and the mean depth per haul.

Bathymetric distribution of species

Bathymetric distribution models were carried out
for species appearing in at least 10 hauls in each area.
Since it has been observed that species typically show
uni-modal (bell-shaped) response curves with respect
to environmental variables (i.e. Whittaker, 1956), the
generalized linear model (GLM) and linear regression
were applied to model the species response curves
along the depth gradient. The response type (uni-modal

TABLE 1. — Number of hauls in each of the depth strata considered in
the sampling design in both areas.

Depth strata (m) Number of hauls

Balearic Islands Algeria
45-100 35 19
100-200 30 18
200-500 18 58
500-800 21 46

or linear) of a particular species was chosen on the ba-
sis of the lowest value of the Akaike information crite-
rion as a measure of the parsimony of each regression
model (Ter Braak and Smilauer, 2002).

The GLM used was a log-linear model, in which
the linear predictor is a quadratic polynomial of the
environmental variable. This model is precisely the
“Gaussian” response curve that has been put forward
as an ideal for species responses along an environmen-
tal gradient (Ter Braak, 1986). The data used for this
analysis were the abundance of each species and the
mean depth per haul.

Assemblages and community descriptors

The abundance data were subjected to cluster
analysis in order to characterize the assemblages of
each area. Due to the low frequency of appearance
of most species, samples were pooled every 15 m of
depth. In the resulting data matrix, the value of each
cell corresponded to the average value of abundance of
a particular species in hauls corresponding to the par-
ticular depth interval. In order to avoid the problems
of dealing with an excessive number of zero values,
the species appearing in less than 1% of hauls were
omitted (5 and 6 species in the Balearic Islands and
Algeria respectively; see Table 2). Data were square-
root transformed and the Bray-Curtis index was used
as a between-haul similarity measure. The unweighted
pair-group method with arithmetic mean was applied
to link samples into clusters. Similarity percentage
analysis (SIMPER) was used to assess species contri-
bution to the detected assemblage. Analysis of similar-
ity (ANOSIM) was used to test for differences between
areas and by assemblage.

The following community descriptors were calcu-
lated: total abundance (ind. km™), total biomass (kg
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km2), mean fish weight (MFW; g), species richness (S),
and the Shannon diversity index (H’). As mentioned
above, the values of these community descriptors were
calculated on a sample basis, to be pooled every 15
m by averaging the sample values. Generalized addi-
tive models (GAM) were used to identify bathymetric
trends in these community descriptors. Using GAM
allowed us to avoid the arbitrariness of choosing a par-
ticular type of regression. Mean values of community
descriptors were compared between areas and by as-
semblage identified in the cluster analysis using the ¢
test. Data were square-root or log (x+1) transformed in
order to meet the assumptions of normality and homo-
geneity of variances.

Time series of species abundances

The red shrimp fishery off the Balearic Islands is
located on the middle slope below 500 m depth and has
undergone an increase in the trawl fishing effort during
the last few decades (Hidalgo et al., 2009, Palmer et
al., 2009). In order to determine whether this increase
has started to affect the elasmobranch species inhabit-
ing these bottoms, linear regression was fitted to the re-
lationship between the mean abundance, standardized
to one square kilometre, of the most important elasmo-
branch species and year of the survey. For this analysis,
the whole series of annual bottom trawl surveys in the
Balearic Islands from 2001 to 2010 was used. Mean
standardized abundance was calculated on a year basis
taking into account hauls deeper than 500 m depth.

RESULTS

Taking into account both areas, a total of 29
elasmobranchs were caught (Table 2). Twelve spe-
cies were common to both areas, 7 species appeared
only in the Balearic Islands and 10 appeared only in
Algeria. Eight of the captured species are considered
as threatened in the Mediterranean according to the
IUCN Red List of Threatened Species (Cavanagh and
Gibson, 2007): Centrophorus granulosus, Galeorhi-
nus galeus, Heptranchias perlo, Leucoraja circularis,
Mustelus mustelus, Oxynotus centrina, Rostroraja alba

Balearic Islands

In(@abundance + 1)

]Algeria

In(@abundance + 1)

0 100 200 300 400 500 600 700 800
Depth (m)

F1G. 2. — Bathymetric distribution models for the most frequent

species in each area. Cg, C. granulosus; DI, D. licha; Do, D. ox-

yrinchus; Es, E. spinax; Gm, G. melastomus; Ln, L. naevus; Rc, R.

clavata; Rm, R. miraletus; Rp, R. polystigma; Rr, R. radula; Sc, S.
canicula; Sb, S. blainvillei; Tm, T. marmorata

and Squalus acanthias. Except for M. mustelus, which
appeared in both areas, and L. circularis and R. alba,
which appeared only in the Balearic Islands, the rest of
the threatened species appeared exclusively in Alge-
ria. In the Balearic Islands, a total of 5368 individuals
belonging to 9 families were captured, while the hauls
carried out in Algeria yielded a total of 14956 individu-
als belonging to 11 families.

TABLE 3. — Results of the bathymetric distribution models. Type of the best fitting is indicated. Optimum depth (m) is shown in case of
unimodal response; the R?is shown for linear responses (Opt. R?). Significance level (P) of the regressions is also shown (*** = P<0.001).

Species Balearic Islands Algeria

Response Opt. R Response Opt. R P
C. granulosus linear 0.65 HkE
D. licha unimodal 779 Heck
D. oxyrinchus unimodal 421 HkE unimodal 414 HkE
E. spinax unimodal 704 HokE unimodal 550 HokE
G. melastomus unimodal 566 Hk unimodal 602 Hk
L. naevus unimodal 192 Hkk
R. clavata unimodal 223 Hokk
R. miraletus unimodal 93 Ak unimodal 112 Hkk
R. polystigma unimodal 162 Hokk
R. radula unimodal 63 Hkk
S. canicula unimodal 182 Hkk unimodal 191 Hkok
T. marmorata unimodal 243 o unimodal 221 HE
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FiG. 3. — Cluster analyses showing the assemblages identified in

each area. S, shelf; SB, shelf-break; US, upper slope; MS, middle

slope. Samples are labelled with the shallowest depth limit (m) of
the 15-metre depth intervals considered for these analyses.

Bathymetric distribution of species

Except for Centrophorus granulosus in Algeria,
the bathymetric distributions of species were best
fitted to uni-modal response curves than to linear re-
gressions (Table 3 and Fig. 2). The models for species
common to both areas showed a similar bathymetric
distribution. Etmopterus spinax was the species that
displayed most differences in its optimum value,
which in Algeria was located 154 m shallower than in
the Balearic Islands.

TaBLE 4. — SIMPER results for each elasmobranch assemblage

identified in each area from cluster analysis. Y: mean yields

(kg km2); S;, average similarity; SD, standard deviation; %S;, per-
centage contribution to the similarity.

Balearic Islands

Y S; S/SD %S,  3IS%

Shelf S=73.6

S. canicula 753.1 4423 821 60.11 60.11

R. clavata 59.7  10.09 22 1372 73.83

R. miraletus 39.3 8.67 3.1 11.78 85.61

R. polystigma 18.3 5.65 356 7.68 93.29
Shelf break S;=87.6

S. canicula 34148 6793 18.51 775 717.5

R. clavata _ 203.2 1452 452 16.57 94.07
Upper slope  S;=66.5

G. melastomus 667.8 41.65 3.5 6259 6259

S. canicula _ 120.6 21.24 3775 3193 94.52
Middle slope S;=88.9

G. melastomus 340.3 67.89 11.5 76.39 76.39

E. spinax 340 2099 7.65 23.61 100
Algeria _ _ _ _ _

Y Si S/SD %S,  3S%

Shelf S=57.4

S. canicula 3222 418 2.5 72.8 72.8

T. marmorata 7.4 6.1 1.1 10.6 83.5

R. miraletus 8.4 5.8 0.8 10.0 93.5
Shelf break S=57.6

G. melastomus 87.8 32.0 2.9 55.5 55.5

S. canicula_ 93.6  20.2 1.6 350 905
Upper slope  S;=72.9

E. spinax 876.1 41.7 4.2 57.2 57.2

G. melastomus 259.1 255 4.6 35.0 92.2
Middle slope S;=74.6

G. melastomus 13146 479 5.9 64.2 64.2

E. spinax 2609 209 3.9 28.1 92.3

Assemblages and community descriptors

The cluster analysis identified four bathymetric
assemblages in the Balearic Islands and Algeria, with
similar depth ranges (Fig. 3): (i) continental shelf at 45-
180 and 45-225 m, respectively; (ii) shelf-break at 180-

TABLE 5. — Average values and standard errors of the community descriptors by assemblage and area. Abundance and biomass are given in

individuals and kg km?, respectively. MFW, mean fish weight (g); S, Species richness (number of species); H’, Shannon’s diversity index.

The results of the ¢ test comparing the mean values are also shown. df, degrees of freedom. Significance level: *, P<0.05; **, P<0.01; **%*,
P<0.001; ns, non-significant.

Assemblage Index Balearic Islands Algeria t value df P
Shelf Abundance 925.21%137.07 165.62+41.66 6.2 16 ok
Biomass 191.06+29.31 50.26+8.58 5.6 16 o
MFW 234.17+37.87 398.23+35.77 -3.2 16 o
S 2.91+0.18 1.63+0.28 4.1 16 o
H 0.55+0.06 0.3+0.1 2.4 16 *
Shelf break Abundance 2936.24+883.26 592.12+246.67 3.1 9 o
Biomass 209.96x109.44 61.68+31.45 2.0 9 *
MFW 69.42+22.02 115.16x17.3 -1.9 9 n.s.
S 3.5+0.41 1.88+0.21 4.2 9 o
H 0.41+0.15 0.33+0.12 0.7 9 n.s.
Upper slope Abundance 1175.15+670.1 805.13+270.76 0.4 12 n.s.
Biomass 41.23+18.67 41.06+11.64 -0.3 12 n.s.
MFW 64.97x18.75 53.16+16.88 0.4 12 n.s.
S 2.46+0.44 2.6+0.15 -0.6 12 n.s.
H 0.35+0.1 0.46+0.05 -1.3 12 n.s.
Middle slope Abundance 374.25+39.07 1468.24+231.23 -4.8 28 HAE
Biomass 76.86+13.21 288.93+57.85 -3.6 28 o
MFW 207.71£29.51 214.57+31.62 0.3 28 n.s.
S 1.89+0.14 3.08+0.21 -39 28 o
H 0.3+0.05 0.54+0.04 -3.3 28 o
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TABLE 6. — Summary of GAM’s modelling the relationship of the

community descriptors with depth, by area. Abbreviations, units

and P-values are given as in Table 5. R?, R squared; DE, percentage
of deviance explained.

Indexes Balearic Islands Algeria

R? DE P R? DE P
Abundance 0.244 320 * 0.285 30.1  kEx
Biomass 0.27 32.1 * 0.739  75.6 FF*
MFW 0.535 57.8 kxx 0.779 793 kxx
S 0.501 55.4  wEx 0.331 354 kxx
H 0.154 185 % 0.173 204 *

270 and 225-330 m, respectively; (iii) upper slope at
315-450 and 330-450 m, respectively; and (iv) middle
slope at 545-750 and 450-765 m, respectively. Howev-
er, SIMPER analysis showed that the species composi-
tion of these assemblages differed greatly between are-
as (Table 4). On the continental shelf Scyliorhinus can-
icula was the most important species in terms of with-
in-group similarity contribution, both in the Balearic
Islands and Algeria (60% and 73%, respectively). The
Balearic Islands also showed a high similarity contri-
bution of Rajidae species (Raja clavata, Raja miraletus
and Raja polystigma), whereas in Algeria the rest of
the important contributors were the Torpedinidae spe-
cies Torpedo marmorata and R. miraletus. The most
important species on the shelf break off the Balearic
Islands were S. canicula and R. clavata, whereas in
Algeria this assemblage was mainly dominated by
Galeus melastomus and S. canicula. The species com-
position on the upper slope was also different, with G.
melastomus and S. canicula as main contributors to this
assemblage in the Balearic Islands, and E. spinax and
G. melastomus as main contributors to this assemblage
in Algeria. The middle slope was similar in the two
areas, with G. melastomus and E. spinax being the
main contributors in both areas but with higher mean
abundances for both species in Algeria. ANOSIM
detected significant differences between areas for all
the bathymetric assemblages (Shelf: R=0.724, P<0.01;
Shelf-break: R=0.974, P<0.01; Upper slope: R=0.989,
P<0.01; Middle slope: R=0.69, P<0.01).

The ¢ test comparing, for each assemblage, the mean
values of abundance, biomass and species richness
between areas, showed that for the continental shelf
and shelf break all these indexes were higher in the
Balearic Islands, whereas no differences were detected
on the upper slope and higher values were detected on
the middle slope of Algeria. The MFW only displayed
significant differences when shelf assemblages were
compared, mean values being higher in Algeria. Mean
values of H* were higher on the continental shelf of the
Balearic Islands, whereas no differences were detected
on the shelf break and upper slope, and higher mean
values were detected on the middle slope of Algeria
(Table 5).

The GAM analyses applied to the community de-
scriptors explained a significant percentage of devi-
ance in all cases (Table 6). GAM models showed dif-
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FIG. 4. — GAM results. Solid lines represent the expected trend of

each community descriptor in relation to depth. Dashed lines rep-

resent the 95% confidence envelopes, and points are the residual

values of each sample. Abbreviations and units of descriptors are
as in Table 5.

ferent between-area bathymetric trends for all the de-
scriptors, with the exception of MFW (Fig. 4), which
showed a u-shaped pattern, with its minimum around
400 m depth in both areas. In the Balearic Islands,
the abundance and the species richness displayed a
general pattern of increasing values down to around
300 m depth, with a subsequent pronounced decrease
down to around 600 m, a depth at which these indi-
ces seemed to start to increase again, but with larger
95% confidence envelopes. The biomass showed
a decreasing trend from the shelf down to around
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FiG. 5. — Average abundance (ind. km) of E. spinax and G. melas-

tomus in the red shrimp fishery off the Balearic Islands (samples

deeper than 500 m) in each annual survey. Parameters and level of
significance of the regression are also shown.

600 m, where it also seemed to start to increase again,
whereas the diversity showed a decreasing trend
throughout the whole bathymetric range sampled. In
Algeria, these descriptors showed an increasing trend
along the whole bathymetric range, with the excep-
tion of biomass, which started to increase at around
400 m depth.

Time series of species abundances

Linear regressions were applied to the relationship
between mean standardized abundance and year for
the most important elasmobranch species in the red
shrimp fishery (middle slope) off the Balearic Islands.
According to the SIMPER analysis these species were
E. spinax and G. melastomus (Table 4). Both species
showed a decreasing trend, although it was only sig-
nificant in the case of E. spinax (Fig. 5).

DISCUSSION

According to the published data on the number of
demersal elasmobranch species in the western Mediter-
ranean (see Massuti and Moranta, 2003), the Balearic
Islands and Algeria should be considered among the
areas with highest diversity in this basin. The total
number of species was higher in Algeria than in the
Balearic Islands, 22 and 19, respectively. Overall, there

was a higher number of shark species in Algeria than
in the Balearic Islands (13 and 6, respectively), and a
lower number of batoids (9 and 13, respectively). In
the case of batoids, the differences are clearly due to
the higher number of Rajidae species in the Balearic Is-
lands than in Algeria (10 and 4, respectively), this fam-
ily being the most numerous one in terms of number
of species in both areas. These estimations must be
restricted to the circa-littoral soft bottoms suitable for
bottom trawl fishery, which in Algeria only represent
one third of the continental shelf surface (GFCM,
1980). In fact, 14 of the 16 Rajidae species reported in
the Mediterranean (Serena et al., 2010) have also been
found in Algeria, but only after nine years monitoring
the landings from all commercial fisheries in the area
(Hemida et al.,, 2007). Moreover, the list of Rajidae
species includes species that, according to the authors,
had become rare (Leucoraja circularis, Leucoraja
melitensis and Leucoraja naevus) or even disappeared
(Rostroraja alba) by 2004.

Eight captured species are considered as threatened
elasmobranchs in the Mediterranean. Most of them
were mainly distributed on the slope: the sharks Centro-
phorus granulosus, Galeorhinus galeus, Heptranchias
perlo, Oxynotus centrina and Squalus acanthias (all
of them only appearing in Algeria), and the skate L.
circularis (only appearing in the Balearic Islands),
and also Mustelus mustelus, a species appearing on
the shelf of both areas but more frequently in Algeria,
and R. alba, appearing only on the shelf of the Balearic
Islands. Although human disturbance, habitat loss and
degradation, and recreational fisheries pose a threat to
a number of elasmobranchs in the Mediterranean, com-
mercial fisheries have been considered as the biggest
threat to these species in the area (Cavanagh and Gib-
son, 2007). Thus, the higher presence and abundance of
threatened deep-water sharks in Algeria may be due to
the lower development of the deep water trawl fishery
in this area than in the Balearic Islands (Mouffok ef al.,
2008). Moreover, Etmopterus spinax, a shark consid-
ered as extremely vulnerable to fishing mortality due
to its late maturation, long reproductive cycle and low
fecundity (Coelho and Erzini, 2005, 2008), was present
at shallower depths and showed higher abundances in
Algeria than in the Balearic Islands.

Our analyses detected four elasmobranchs assem-
blages related to depth (shelf, shelf-break, upper slope
and middle slope) in both areas, with almost identical
depth ranges. These bathymetric strata are coincident
with the assemblages of demersal macro-fauna in the
western (Massuti and Refiones, 2005), central (Biagi et
al., 2002; Colloca et al., 2003) and eastern (Kalliani-
otis et al., 2000) Mediterranean.

Though the depth range of the elasmobranch as-
semblages detected in the Balearic Islands and Algeria
were similar, very clear differences were observed in
their species composition. Whereas in the Balearic
Islands the importance of Rajidae in terms of contri-
bution to the assemblages was high down to the shelf
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break, Raja miraletus was the only Rajidae species that
appeared to be relatively important in Algeria, and it
was restricted to the shelf assemblage. These differ-
ences can be explained by the different type of bottoms
in the two areas (see below).

Traditional descriptors applied to compare elas-
mobranch assemblages between areas showed higher
values on the shelf and shelf-break off the Balearic
Islands, except for mean fish weight. The differences
disappeared on the upper slope and appeared again
on the middle slope, but because of higher values in
Algeria. In agreement with these results, the GAM
analyses showed a general depth-decreasing trend in
the Balearic Islands, whereas a depth-increasing trend
appeared in Algeria, with the exception of mean fish
weight, the only descriptor showing the same trend
in both areas. This index appeared to be highly sensi-
tive to the distribution of recruits and juveniles of the
most abundant species and displayed a u-shaped plot
related to depth, with a minimum located on the up-
per slope, where juveniles of Scyliorhinus canicula,
Galeus melastomus and E. spinax have their maximum
abundances throughout the Mediterranean (Tursi et al.,
1993; D’Onghia et al., 1995; Carbonell et al., 2003;
Massuti and Moranta, 2003).

The distinct environmental scenarios and fishing
histories could be the basis for the differences detected
in the total abundance and biomass, species richness
and diversity between the two areas. On the one hand,
the higher values detected on the shelf and shelf-
break off the Balearic Islands than off Algeria could
be explained by the heterogeneity of bottoms, their
sediment type and the widespread presence of sensitive
and essential fish habitats in the former area (e.g. soft
red algae, maérl and crinoids beds; Ordines and Mas-
suti, 2009). The heterogeneity of the seabed has been
considered as an important factor that enhances the
diversity of demersal fish species (Rogers et al., 1999).
Moreover, a recent study by Damalas et al. (2009) has
shown that sediment type has a considerable effect on
the distribution and habitat selection of benthic Raji-
dae in the Mediterranean, stating that the four Rajidae
species studied (Raja clavata, L. naevus, R. miraletus
and Raja montagui) have “an unmistakable preference
for sandy bottoms”. This preference had already been
documented, being partially attributed to the distribu-
tion of their preferred preys (Jardas, 1973; Skjeraasen
and Bergstad, 2000). The biogenic sand and gravel
bottoms of the Balearic shelf (Fornds et al., 1988) can
benefit these species, while their presence is much
lower off Algeria, where terrigenous muddy bottoms
are widespread even on the coastal continental shelf,
and specifically on the trawling grounds (Le Danois et
al., 1924; Maurin, 1968; Bakalem et al., 1981), where
our sampling was carried out. Rajidae almost disappear
on the slope, where muddy bottoms are predominant
in both areas. The presence of widespread muddy
bottoms on the Algerian continental shelf could also
explain the importance of the Torpedinidae family in

that area, where Torpedo marmorata ranked second in
importance on the shelf. In fact 7. marmorata has been
reported to have its maximum abundances on muddy
bottoms with low sand contents and a decreasing trend
as sand proportion and carbonates in the sediments in-
crease (Damalas et al., 2010). Moreover, whereas T.
marmorata was the only Torpedinidae species detected
in the Balearic Islands and was restricted to depths be-
low 100 m, two other species of this family appeared
in Algeria (Torpedo nobiliana and Torpedo torpedo),
with T. marmorata and T. torpedo appearing at the
shallowest depths sampled.

The reduction of the bottom trawl fishing effort on
the shelf bottoms of the Balearic Islands during the last
few decades owing to the displacement of this fishery
towards greater depths (Moranta et al., 2008) and the
reinforcement (or extension) of some areas currently
closed to trawling in the Balearic Islands (e.g. areas
with submarine cables, marine protected areas and fish-
ermen’s agreement to avoid trawling in some areas of
the shelf during summer) should have positively influ-
enced the continental shelf elasmobranch populations,
thus raising the values of the community descriptors.
Similarly, the higher values detected for these descrip-
tors on the middle slope of Algeria could be explained
by favourable environmental conditions and/or the low
fishing pressure historically exerted on these bottoms.
The unusually high primary production of the nearby
Alboran sea (Cartes et al., 2002), along with the influ-
ence of Atlantic currents entering the Mediterranean
through the Strait of Gibraltar, the stable presence of
the Almeria-Oran front, and the existence of numerous
submarine canyons, provide an environmental scenario
that is favourable to the enrichment of the deep wa-
ters on the Algerian slope. Furthermore, according to
Nouar (2001), the deep sea red shrimp fishery (below
400 m depth) remained unexploited at the end of the
last century owing to the lack of deep-water trawling
equipment, though it started to increase steadily at
the beginning of the current century (Mouffok et al.,
2008). However, the fishing pressure seems to have
a greater effect than environmental conditions when
species-specific aspects are taken into account. In both
areas the middle slope bottoms are characterized by the
dominance of G. melastomus and E. spinax. This last
species is considered as extremely vulnerable to fishing
impacts even within the general context of high elas-
mobranch vulnerability (Coelho and Erzini, 2008), and
was much more abundant in the slope assemblages off
Algeria than in those off the Balearic Islands. Although
the bottom trawl survey series in the Balearic Islands
is relatively short (10 years, including late spring-
summer surveys), E. spinax shows a clear decline in
abundance in the red shrimp fishery of that area, in-
dicating that the displacement of the fishing effort to
these bottoms during the last decades (Hidalgo et al.,
2009) could have started to show its effects on the most
vulnerable species. Caution should be taken with these
results, because G. melastomus shows no significant
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trend for the same period. This species should have a
higher resilience than E. spinax because of its shorter
reproductive cycle and higher fecundity (Capapé et al.,
2008). Furthermore, there is no comparable time series
of the abundance of E. spinax in Algerian waters, so its
trend during the same period is unknown.

Rogers et al. (1999) pointed out the difficulties that
arise when one is trying to disentangle environmental
from fishing effects, dealing with community indexes.
These authors suggested that one solution to this prob-
lem could come from the use of “specific aspects of
the assemblage, with emphasis on selected vulnerable
species rather than the community as a whole”. Elas-
mobranchs are especially vulnerable to fishing impacts
(Stevens et al., 2000). The present paper has dealt
with two nearby areas with different fishing histories,
especially for the slope bottoms. However, the coinci-
dence of higher values of the community descriptors,
with lower fishing exploitation levels and apparently
favourable environmental conditions, made it difficult
to discern the effects attributable to each one. Never-
theless, the use of the traditional community descrip-
tors applied to elasmobranch populations, as in the
present study, could be a suitable tool for monitoring
the impact of fishing exploitation in the ecosystems of
the Mediterranean, as the vulnerability of these species
(some of them considered as threatened) could help
to evidence its effects long before they are evident in
more resilient target species.
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