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Abstract.

The knowledge of reproductive parameters is essential to develop effective management and conservation

plans. The present study provides the first information on the reproductive biology of an abundant and important trawl
by-catch skate, Bathyraja magellanica, along its geographic range in the south-western Atlantic (43-55°S). In total,
81 males (205-738 mm total length, TL) and 104 females (157-768 mm TL) were analysed. Length—frequency
distributions were significantly different between sexes, with females being larger than males. However, no sexual
dimorphism was observed in TL—total body weight relationship and liver size. Length at maturity was similar between
males (638 mm TL) and females (653 mm TL), ~85% of maximum observed size. The mean number of vitellogenic
oocytes per skate was 14.37 (£4.43), increasing with female TL. Egg cases of B. magellanica had striated surface, broad
lateral keels, extremely long posterior horns, and its wall consisted of three layers. An important area for the reproduction
of B. magellanica was found between 48°50’S and 50°30’S. The present results indicated that this species has a low
reproductive efficiency, suggesting that the B. magellanica population should be monitored closely to avoid large-scale
changes in skate community structure of the south-western Atlantic.
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Introduction

Chondrichthyans play an important role in the functioning of
marine ecosystems (Stevens et al. 2000). The life-history
characteristics of this group of fishes, such as large adult size,
late sexual maturity and the reduced number of well developed
offspring, make them extremely susceptible to overfishing and
habitat loss (Hoenig and Gruber 1990; Camhi et al. 1998). For
these reasons, effective conservation management of chon-
drichthyans needs to be achieved. The knowledge of repro-
ductive parameters is crucial to assess the status of the
populations and develop effective fisheries management plans
(Walker 2005; Serra-Pereira et al. 2011). Particularly, length at
sexual maturity is widely used as an indicator of minimum
permissible size at capture (Lucifora et al. 1999).

Skates are traditionally caught as by catch in Argentinean
bottom-trawl] fisheries and commercial interest on these fishes
has considerably increased over the past two decades (Cousseau
et al. 2007). Landings reached a peak in 2007, with an increase
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of 131% compared with 1997 (Sanchez et al. 2011). Catches
consist of mixed species; however, skates are not identified to
species level in the catch reports (Massa et al. 2004). This
situation and the lack of biological information on several skate
species on the Argentinean Continental Shelf (South-west
Atlantic Shelf between 35° and 55°S) make it difficult to develop
adequate management and conservation programs for skates.
The Patagonian Shelf (South-west Atlantic Shelf between
41°and 55°S) is among the few places in the world’s oceans with
a high diversity of skates (Arkhipkin et al. 2012). In total,
16 species belonging to six genera inhabit this area (Cousseau
et al. 2007; Diaz de Astarloa et al. 2008). The Magellan skate,
Bathyraja magellanica (Philippi, 1902), is a medium-sized
and wide-ranging species (maximum total length recorded
750 mm) occurring from 47°S in the south-western Atlantic
off Argentina to 42°40’S in the south-eastern Pacific off Chile
(Pequefio and Lamilla 1985; Sanchez and Mabragana 2002;
Cousseau et al. 2007). In the south-western Atlantic, this species
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inhabits depths of 51-554 m within a bottom-temperature range
0f3.5-11°C, and feeds mainly on teleosts (Menni and Stehmann
2000; Barbini et al. 2010). B. magellanica is one of the most
common skate species on the Patagonian Shelf, it is a regular
by-catch in bottom-trawl fisheries for bony fishes, and is
occasionally captured in the multispecies skate fishery of the
Falkland/Malvinas Islands (Agnew et al. 2000; Cousseau et al.
2007; McCormack et al. 2007). Most previous studies on this
species have dealt with taxonomy and distribution (Stehmann
1978; Bellisio et al. 1979; Menni and Gonztonyi 1982; Menni
and Lopez 1984; Pequeno and Lamilla 1993; Menni and
Stehmann 2000; Cousseau et al. 2007, Mabragana et al.
2011), whereas the reproductive features of B. magellanica
remain unknown.

Recently, a National Plan of Action (PAN-Tiburones) was
developed in Argentina for the conservation and management
of chondrichthyans, according to the United Nations Food and
Agriculture Organisation (FAO) guidelines (Consejo Federal
Pesquero 2009). However, biological knowledge of several
species remains fragmentary or unknown, preventing a full
assessment of species conservation status. This is the case of
B. magellanica; its biological data and information on its
distribution and catch trends are scarce to make an assessment
of its risk of extinction, according to the International Union
for Conservation of Nature (IUCN) (McCormack ef al. 2007).
Therefore, in the present paper, we analyse the reproductive
biology of B. magellanica in the south-western Atlantic. We
assess sexual dimorphism, estimate the length at sexual
maturity in each sex, quantify the number of vitellogenic
oocytes, describe egg cases and identify egg-laying areas
of this species. The present work is the first report regarding
the reproductive characteristics of this species and will
provide life-history information needed for effective species
conservation.

Materials and methods
Source of samples and studly site

Individuals of B. magellanica were collected from eight summer
(February and March) scientific trawl surveys carried out on
board the RV ‘Dr Eduardo L. Holmberg’ of the Instituto
Nacional de Investigacion y Desarrollo Pesquero (INIDEP, Mar
del Plata, Argentina) between 2004 and 2007. Sampling was
randomly stratified and designed for assessment of hoki,
Macruronus magellanicus, Argentine squid, Illex argentinus,
and other species of commercial value on the Patagonian Shelf.
The fishing gear used during the cruises was an Engel-type
bottom-trawl net, with a mesh size of 200 mm in the wings and
103 mm in the cod-end. Specimens of B. magellanica were
immediately examined after capture or were frozen on board, for
subsequent examination in the laboratory.

The study area was located in the south-western Atlantic
between 43°S and 55°S and extended from 50-m depth to the
continental shelf slope (Fig. 1). In this region, water masses
are of Subantarctic origin (Guerrero and Piola 1997). They
are produced by mixing of Subantartic waters flowing from
the northern Drake Passage and the Falkland/Malvinas Cur-
rent, which are diluted by small continental discharges and
the low-salinity water outflowing from the Magellan Strait
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Fig. 1. Map of study area, showing the location of trawl stations where
specimens of Bathyraja magellanica were (grey dots) or were not (crosses)
collected in the south-western Atlantic. Black triangles indicate sites where
females with egg cases in uteri were caught. Continuous and dashed lines are
50-m and 200-m isobaths, respectively. The rectangle in the inset represents
the study area in South America.

(Bianchi et al. 1982; Guerrero and Piola 1997; Palma et al.
2008). The gravel is the predominant bottom type (Parker
et al. 1997) and summer bottom temperature ranges from 4°C
to 12°C.

Size composition and morphometric relationships

Total length (TL, mm), disc width (DW, mm), total body weight
(TW, g), liver weight (LW, g) and sex of each individual were
recorded. Total length and DW were measured from the tip of
the snout to the end of the caudal fin and the maximum distance
between the edges of pectoral fins, respectively. The relation-
ship between DW and TL, with TL as the dependent variable,
was estimated for each sex, so as to estimate TL for any skate
with damaged tail. Furthermore, the TL-TW and TL-LW
relationships were calculated for each sex. Residual plots were
used to determine whether the errors follow the assumptions
of normality and homogeneity of variances. The null hypothesis
of no differences between slopes of males and females in
each relationship was evaluated using ANCOVA on log-
transformed data (Crawley 2005). Length—frequency distribu-
tions between males and females were compared with a
two-sample Kolmogorov—Smirnov test (Crawley 2005).
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Table 1.
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Criteria used to determine maturity stages of male and female Bathyraja magellanica (adapted from Stehmann 2002)

Maturity stage Males

Females

Immature

testes; straight and filiform sperm ducts.
Maturing

sperm ducts beginning to coil.
Mature

Flexible non-calcified claspers with length shorter than pelvic fin
length; alar thorn patch not yet developed; small and not lobated

Calcifying claspers as long as or a bit longer than pelvic fins;
developing alar thorn patch; enlarged testes starting to lobate;

Rigid calcified and elongated claspers; developed alar thorn
patch; fully lobated testes; highly coiled sperm ducts.

Small ovaries with undifferentiated oocytes or all uniformly
small; hardly recognisable oviducal glands; narrow and thread-
like uteri.

Enlarged ovaries with differentiated oocytes of several sizes;
oviducal glands in development; uteri caudally enlarging.

Enlarged ovaries with vitellogenic oocytes (yellow); wide, large
and heart-shaped oviducal glands; wide uteri over their entire
length, with and without egg cases.

Table 2. Morphometric (mm) and gravimetric (g) data for males and females of Bathyraja magellanica
DW, disc width; LW, liver weight; TL, total length; TW, total body weight

Morphometric and gravimetric parameter

Males Females

DW range (mean =+ s.d.)

TL range (mean =+ s.d.)

TW range (mean =+ s.d.)

LW range (mean =+ s.d.)

Mean weight of right gonad + s.d.
Mean weight of left gonad + s.d.

138-482 (418.83 £62.35)
205-738 (621.21 £91.76)

112-540 (426.87 £ 84.26)
157-768 (631.95£121.43)

56-3465 (2099 £ 713) 30-4100 (2403 £ 1064)
1.32-309.99 (111 +£61.7) 0.75-303.8 (124 +72.8)
23.09 £5.62 57.04£21.39
22.37£5.21 46.86 +20.84

Reproductive analyses

For males, the clasper length (CL, mm) was measured from the
point of insertion to the distal end sensu Compagno (1984) and
the number of rows in the alar thorn patch was recorded. For
females, maximum uterus width (UW, mm) and maximum
oviducal gland width (OGW, mm) were recorded. Maturity
stage of each individual was determined by visual examination
of reproductive organs. Males and females were classified as
immature, maturing, and mature (Table 1), using the criteria
modified from the maturity scale proposed by Stehmann (2002).
Presence of egg cases in the uteri of mature females was
recorded.

The onset of maturity for males and females was assessed
from changes in reproductive organs (CL, UW and OGW)
relative to TL. For each sex, the proportion of mature individuals
in 20-mm TL intervals was calculated. A logistic model (P =
1/(1 4 exp(o 4+ (B x TL))), where P is the estimated proportion
of mature individuals at a given length class, and o and B are
model parameters) was fitted to binomial maturity data (imma-
ture or maturing, mature) so as to estimate the length at which
50% of individuals (TLs) were sexually mature (Crawley 2007).

The testes and ovaries (with the epigonal organ) were
weighed (Mg, g) in each mature individual to analyse symmetry
of gonads. Furthermore, the number and maximum diameter
(in mm) of the largest vitellogenic oocytes in each ovary were
recorded in females. Data were tested for the assumption of
normality using the one-sample Kolmogorov—Smirnov test.
Differences between mean weight of right and left gonads in
each sex were assessed by paired -test (Crawley 2005). In
females, this statistical procedure was also used to analyse
differences in the number of oocytes and the largest-oocyte
diameter between right and left ovaries. The number of

vitellogenic oocytes in both ovaries was plotted against female
TL. Statistical analyses were performed using the R statistical
software, version 2.13.0 (R Development Core Team 2011).

The presence of females carrying egg cases in uterus was
mapped using Surfer 8 (Golden Software, Inc., CO) to identify
egg-laying areas of B. magellanica. Furthermore, fully formed
egg cases were collected from the uteri of females and described
following Ishiyama and Ishihara (1977). Variables measured
from each egg case (in mm) were as follows: egg-case length
without horns, the longitudinal distance between the anterior
and posterior borders; maximum width, the transversal distance
at its widest part of the case; anterior and posterior horn length,
the distance from the horn base to the tips; and lateral keel width,
the distance from the case keel junction to the keel edge.
Coloration and surface microscopical configuration of the
egg-case wall were recorded. To measure the thickness of the
egg-case wall (in mm), transverse sections of ~0.5 mm were
taken from the surface of egg cases, using a scalpel. The sections
were placed on histological slides, covered with water, and
observed and measured under microscope.

Results
Size composition and morphometric relationships

In total, 185 B. magellanica (81 males and 104 females) were
collected between 43°24’S and 54°24'S and from 50-245-m
depth, with the bulk of them (97.30%) caught between 48°S and
54°24'S and 50-150-m depth (Fig. 1). Morphometric data for
males and females are shown in Table 2. The DW-TL rela-
tionship did not differ significantly between the sexes
(ANCOVA: F=0.008,d.f. =176, P = 0.928). Therefore, males
and females were pooled and a DW-TL relationship was
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Fig.2. Length—frequency distribution for 20-mm size classes of Bathyraja
magellanica males (solid bars) and females (open bars) analysed.
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Fig.3. Relationships between total length and (a) total weight and (b) liver
weight for Bathyraja magellanica males (triangles) and females (circles)
from the south-western Atlantic.

estimated for both sexes combined (TL = 1.438(DW) + 16.736,
* =0.974). Length—frequency distributions were significantly
different between the sexes (Kolmogorov—Smirnov test:
D=0.239, n=185, P=0.011), with females being larger than
males (Mann—Whitney: U=3339.5, n=185, P=0.016)
(Fig. 2). However, there was no sexual dimorphism in either
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TL-TW (ANCOVA: F=0.449, d.f. =179, P=0.504) or
TL-LW relationships (ANCOVA: F=0.069, d.f.=173,
P=0.792) (Fig. 3, Table 2).

Reproductive characteristics

Of the total male sample, 21% were immature, 35% maturing
and 44% mature. All males <550-mm TL (CL < 63 mm) were
immature. Immature males had no alar thorns, except one
individual of 556-mm TL that had one developing row of alar
thorns on each pectoral fin. The smallest mature male measured
615mm in TL (129.2 mm in CL), whereas the largest immature
one was 617mm in TL (106.3mm in CL). Clasper length
increased sharply between 560- and 670-mm TL. Maturing
males had one to five and mature males had three to seven fully
formed rows of alar thorns per fin. The TLs, for males was
estimated at 638.32 mm, representing 86.5% TL of the largest
male sampled (Fig. 4a—c).

Of the total female sample, 27% were immature, 20%
maturing and 55% mature. The relationship between TL-UW
and TL-OGW was exponential during maturation, indicative of
rapid growth in uterus and oviducal gland width during that
period (Fig. 5a, b). All females <570-mm TL (UW < 10 mm,
OGW < 19 mm) were immature. The range between the smal-
lest mature and the largest immature female was from 645-
(13.72-mm UW, 43.52-mm OGW) to 618-mm TL (6.52-mm
UW, 19.4-mm OGW). A rapid increase in the width of oviducal
gland and uterus occurred between 575- and 694-mm TL. The
fitted logistic curve produced an estimated TLs, of 652.88 mm,
which corresponded to 85% TL of the largest female sampled
(Fig. 5¢).

In males and females of B. magellanica, both gonads
were functional. Mature males had symmetric testes (paired
t-test: t=1.574, d.f. =32, P=0.125) (Table 2). However,
significant differences were found between the weights of right
and left ovaries in mature females (r=2.33, d.f.=32,
P =0.026) (Table 2). No differences between right and left
oocyte numbers (mean + s.d. right and left: 6.89 £2.58 and
7.21 £ 3.41, respectively; t=0.665, d.f. =32, P=0.511) and
diameters (mean + s.d. right and left: 29.52 +5.56 mm and
28.95 +5.35 mm, respectively; t=10.584, d.f. =32, P=0.563)
were found. The number of vitellogenic oocytes ranged from
7 to 25 and from 2 to 22 in non-egg-bearing and egg-bearing
mature females, respectively. The mean number of vitellogenic
oocytes was 14.37 (s.d.=4.43, n=233) and the correlation
coefficient of the number of vitellogenic oocytes with female
TL was significantly different from 0 (Pearson’s product—
moment correlation: »=0.610, r=4.217, d.f. =30, P = 0.0002),
with an increasing number of oocytes with increasing TL (Fig. 6).

In total, 18 females with egg cases in different stages of
formation were observed (34% of mature females). All females
contained a single egg case in each uterus and they ranged
between 645- and 760-mm TL. Mature females were found
between 48°50’S and 54°10'S, at 52-139-m depth. However,
females with egg cases were found between 48°50'S and
50°30’S, and at depth range between 94 and 117 m, only one
female was caught at 53°S and 67°30'W, and 66-m depth
(Fig. 1).

In total, 20 fully formed egg cases were collected from the
uteri of female B. magellanica. All egg-case surfaces, including
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Fig. 4. Relationships between total length and (a) clasper length and
(b) number of alar thorn rows in Bathyraja magellanica male specimens
according to maturity stages (immature individuals, open circles; maturing
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mature males in 20-mm total-length intervals, showing the logistic ogive
fitted (solid line) to the observed values (black triangles) and the 95%
confidence intervals (short-dashed lines). Long-dashed lines represent the
size at 50% maturity.

horns, were covered by a layer of sticky yellow fibrils. Colour of
fresh egg cases was light brown, becoming lighter along broad
lateral keels. The dorsal and ventral surfaces were convex in
lateral view and longitudinally striated with microscopic
prickles (Fig. 7), making the texture rough to the touch. The
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wall of the egg case had a mean thickness of 0.77 mm
(s.d.=0.13mm, n =15) and the prickles had a mean height of
2.74mm (s.d.=0.39mm, n=15). The wall of the egg case
consisted of three layers, including a dark outer layer, a laminar
middle layer, lighter than the rest, and a thin dark inner layer
(Fig. 7). Posterior horns were extremely long (~4 or 6 times the
length of the case), curved inward, and becoming thread-like
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Fig.7. (a)Upperview, (b) detail of cases surface (x250) and (c) transverse

section of the egg case (x 100) of Bathyraja magellanica. Ant, anterior end
of egg case; post, posterior end of egg case; Ik, lateral keel; ol, outer layer;
ml, middle layer; il, inner layer; and p, prickles.

Table 3. Measurements (mm) recorded for egg cases (n=20) of
Bathyraja magellanica

Measurement Range Mean =+ s.d.
Egg case length without horns 81.86-94.96 87.55+3.58
Egg case maximum width 49.84-65.22 57.50£3.74
Anterior horn length 35.98-60.72 45.54+5.83
Posterior horn length 362.00-576.16 477.32£70.08
Lateral keel width 5.10-8.84 7.19+1.03
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at their tips (Fig. 7). Measurements are presented in Table 3.
A pair of egg cases was fixed in 4% buffered formaldehyde,
subsequently preserved in 70% ethanol and deposited in the
ichthyological collection of the Instituto Nacional de Investi-
gacion y Desarrollo Pesquero under the Catalogue number
INIDEP822.

Discussion

Our results showed that females of B. magellanica attain a larger
size than males, but no sexual dimorphism was observed in
DW-TL and TL-TW relationships and TLso. Females of
viviparous shark species generally reach a larger size and tend to
mature later than males (Cortés 2000; Capapé et al. 2004;
Graham and Daley 2011). The need of females to attain larger
size to carry pups, thus causing a delayed onset of sexual
maturity, may explain this pattern (Cortés 2000). However,
sexual dimorphism in maturity size appears to be variable
among skate species. It has been reported in several skate spe-
cies that females mature later than males (Ebert 2005; Estalles
etal 2009; Ainsley et al. 2011; Bustamante et al. 2012). In other
skate species, both sexes mature at similar sizes (Mabragafa
et al. 2002; Ebert 2005; Ruocco et al. 2006; Ebert et al. 2008) or
males reach sexual maturity at larger size than do females
(Braccini and Chiaramonte 2002; Mabragafia and Cousseau
2004; San Martin et al. 2005). In oviparous elasmobranch
females, eggs develop outside the body, which implies that body
size of females has little effect on the size of hatchlings. Thus,
selection pressure for a larger size at maturity (and possible
greater maximum size) in females is not as strong among
oviparous as among viviparous elasmobranchs (Klimley 1987;
Lucifora and Garcia 2004).

Specimens of B. magellanica attained sexual maturity at
~85% of the maximum observed TL, suggesting that females
and males seem to undergo a relatively extended immature
phase before full maturity, being a general pattern observed in
elasmobranchs (Cortés 2000; Ebert 2005). The delay in size at
maturity in this group of fishes indicates that they are particu-
larly sensitive to fishing pressure and once they are overfished,
populations would take several decades to recover and long-
term shifts in community structure may also be observed
(Walker and Hislop 1998; Stevens et al. 2000). In Argentina,
skate landings have been increasing considerably because of
international demand. Before 1994, skate captures were less
than 1000 t; since then, skate landings considerably increased,
reaching values higher than 25000t in 2008 (Sanchez et al.
2011). However, not all species are equally sensitive to the
impact of fisheries, with species that attain larger lengths and
have later sexual maturity being more vulnerable to fishing
pressure (Dulvy et al. 2000). Therefore, the abundance of
smaller species increases after fishing removes larger ones,
leading to shifts in community structure (Dulvy et al. 2000;
Ruocco et al. 2012). Among sympatric Bathyraja species that
inhabit between 48°S and 55°S in the south-western Atlantic,
the smallest size at maturity was found for B. macloviana,
followed by B. albomaculata, B. magellanica, B. brachyurops
and B. griseocauda (Henderson et al. 2005; Ruocco et al. 2006;
Arkhipkin ef al. 2008; Paesch and Oddone 2009; Scenna 2011).
So far, a change in species composition over the 10-year course
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of fishery was observed in the skate community around
Falkland/Malvinas Islands. Here, one of the largest skate species
with delayed sexual maturity, B. griseocauda, is being replaced
by smaller skates with earlier sexual maturity, namely
B. albomaculata and B. brachyurops (Agnew et al. 2000). Thus,
knowledge of reproductive parameters of each skate species is
an important step for designing management and conservation
programs attempting to avoid changes in community structure,
as was observed in this skate community of the south-western
Atlantic. In turn, fishery management is mostly geared to the
target species, but fisheries affect several species simulta-
neously. Species caught extensively as by-catch may be even
more vulnerable than are target species taken in fisheries,
because discards and landings are generally poorly monitored
and signs of declining catches and collapsing stocks may thus be
overlooked (Cambhi et al. 1998). Therefore, it is necessary to
assess not just the conservation status of target species but also
the status of the by-catch, as was the case of B. magellanica.
Weight difference between ovaries of mature females of
B. magellanica is not due to differences either in the number or
size of oocytes. Differences in weight between ovaries may be
related to different development of the epigonal organ that
surrounds each ovary. Determining fecundity for oviparous
species is a difficult task. One method may be keeping animals
in captivity (Holden 1975). In the present work, the fecundity
could be estimated only by counting the number of vitellogenic
oocytes in both ovaries, considering vitellogenic oocytes those
that were yellow-coloured. B. magellanica displayed a low
fecundity, with values similar to those found in other Bathyraja
species in the south-western Atlantic (Henderson et al. 2005)
and North Pacific (Ebert 2005), which were calculated using the
same method as in our work. B. magellanica possibly has a
protracted breeding season, with eggs continuing to develop
throughout the year, as was suggested for B. albomaculata,
B. brachyurops and B. griseocauda in the south-western
Atlantic and other oviparous elasmobranchs around the world
(Ruocco et al. 2006; Arkhipkin et al. 2008; Griffiths et al. 2012).
Therefore, our approach may lead to an underestimation of
fecundity. However, it has also been observed that oocyte
maturation size is species-specific in skates. The yolk begins
to deposit in Sympterygia acuta, Atlantoraja castelnaui and
A. cyclophora when oocytes reach 1 mm, 10 mm and 9 mm,
respectively (Oddone and Vooren 2005; Oddone et al. 2008;
Diaz-Andrade et al. 2009). Diaz-Andrade et al. (2009) micro-
scopically determined that, in S. acuta, ~60% of oocytes that
were catalogued as pre-vitelogenic following the macroscopic
criteria, were already committed to its reproductive function.
This is particularly important to avoid misinterpretations of the
reproductive potentialities and species-recovery rates. There-
fore, histological analysis of skate ovaries should be considered
in future studies. Finally, the total number of vitellogenic
oocytes increased with female size in B. magellanica, which
indicates that larger females potentially have higher fecundity.
The occurrence of large vitellogenic oocytes in females
carrying egg cases indicates that the development of oocytes
occurs simultaneously with egg-case development in the uteri of
B. magellanica. In turn, females need to store great amounts of
lipids in their livers to produce vitellogenin, the yolk-precursor
proteins (Hamlett and Koob 1999). Therefore, females often
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have larger livers than do males. However, the TL-LW rela-
tionship did not differ between sexes in B. magellanica, which
is consistent with results described in other skate species
(Bustamante ef al. 2012).

Skate females lay their egg cases on the sea floor where they
attach to marine debris, which includes pieces of dead mollusk
shells, loose algal fronds, sand and gravel (Hamlett and Koob
1999). The egg case protects the embryo during its development
from natural dangers and predators. Thus, egg cases might have
undergone successive changes in their characteristics, to adapt
to their environment (Ishiyama 1958). Microscopically, the egg-
case wall of B. magellanica is thicker than that of Rioraja
agassizi but both have similar layer patterns (Oddone et al.
2006). In turn, egg-case surfaces of B. magellanica have
longitudinal striations, as has also been observed in egg cases
of other Bathyraja species (Ishiyama and Ishihara 1977;
Ishihara and Ishiyama 1985; Stehmann and Merrett 2001; Ebert
and Davis 2007; Mabragana et al. 2011), whereas egg-case
surfaces of R. agassizi are smooth to the touch (Oddone et al.
2006). Ishiyama (1958) determined that there is a close relation-
ship between the structure of egg case and the geographical
distribution of the species. B. magellanica inhabits cold waters
of the south-western Atlantic and is commonly restricted to
depths of 60-130m (Cousseau er al. 2007). In contrast,
R. agassizi prefers shallower waters up to 50m deep in the
south-western Atlantic (Oddone et al. 2006). On one hand, the
presence of striations on external surfaces and a thick wall in
B. magellanica egg cases are likely to serve mechanically or
physiologically, or both, for protection of the embryo through-
out the development from the exposure to colder waters than for
species inhabiting shallower waters with a higher temperature.
On the other hand, egg-case morphology is species-specific and
is commonly used as a taxonomic tool for species identification
(Hubbs and Ishiyama 1968). The egg cases of B. magellanica
have long tendril-like posterior horns, not mentioned in a
previous documented description (Mabragana et al. 2011). This
is a very relevant characteristic because it allows, along with
lateral keel width, to distinguish egg cases of B. magellanica
from those of other species of Bathyraja genus occurring in the
south-western Atlantic (Scenna 2011). The elongation of the
tendril-like posterior horns of B. magellanica would be an
efficient tool for fixing egg case to debris, as was suggested
for S. acuta in the south-western Atlantic (Oddone and Vooren
2002). This would happen mainly in sandy and gravel bottoms,
as is the case of Patagonian Shelf where B. magellanica females
with egg cases were found.

Female skates generally select oviposition sites (Hamlett and
Koob 1999). Our results revealed that the Patagonian Shelf
between 48°50’S and 50°30'S is an important egg-laying area for
B. magellanica. Increased fisheries exploitation during the past
two decades and increasing habitat deterioration threatens skate
population on the Argentinean Continental Shelf. B. magella-
nica is commonly caught as by-catch in bottom-trawl fisheries
for bony fishes in the south-western Atlantic (McCormack et al.
2007). The relative abundance of this species on the continental
shelf between 45°S and 54°S began to decline from 1997,
coinciding with an increased fishing pressure applied on
the hoki, Macruronus magellanicus, in that area since 1998
(Hansen and Wohler 2002; Mari 2005). Thus, a detailed



H Marine and Freshwater Research

monitoring of this zone and appropriate conservation measures
would be necessary because of the continued expansion of the
fisheries.

Skates are a common and important component of demersal
fish community on the south-western Atlantic shelves. Fishery
survey data collected during the past years have revealed a
general decrease in the relative biomass of some skate species in
Argentinean waters (Massa et al. 2004). Knowledge of repro-
ductive processes in elasmobranchs is priority work, providing
an approach to the species exploitation status and the subsequent
implementation of conservation procedures (Quiroz et al. 2009).
The results of the present study will contribute to the knowledge
on the basic biological parameters necessary to build a scenario
of how overexploitation affects the skate community and, so, to
develop effective management of fishery and species conserva-
tion to avoid large-scale changes in ecosystem functioning.
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