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Reproductive biology of the southern thorny skate
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The total lengths (LT) of 193 males (209–556 mm) and 130 females (275–515 mm) of Amblyraja doel-
lojuradoi, a commercial by-catch species on the Argentinean continental shelf, which are increasingly
retained, were analysed. No sexual dimorphism was observed in the LT at which 50% of individuals
were sexually mature; males matured at 448 mm and females at 411 mm, c. 80 and 82% of maximum
LT. The hepato-somatic index was similar among sexes, but significantly different between maturity
stages, being lower in mature than immature specimens. Males had no seasonal difference in the
hepato-somatic index and females had the lowest index in autumn. The gonado-somatic index was
lower in males than in females and significantly higher in mature than immature specimens of both
sexes. Males had the highest index in autumn and females had no seasonal difference. Collectively,
these results would indicate that A. doellojuradoi breeds in autumn.
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INTRODUCTION

Chondrichthyans display a wide range of reproductive strategies (Musick & Ellis,
2005). This diversity is often associated with the environmental conditions inhabited
by the skate (Rajidae) species, with deep-water skates more likely to deposit eggs
year-round (García et al., 2008), whereas shallow-water skates are more likely to have
seasonal reproduction (Braccini & Chiaramonte, 2002; Mabragaña et al., 2002, 2014)
as deeper waters are subject to less environmental variability (Hamlett & Koob, 1999;
Ruocco et al., 2006; Scenna & Díaz de Astarloa, 2014). In the south-west Atlantic
Ocean, reproductive modes and strategies are associated with the zoogeographic
provinces (Colonello, 2009). Thus, in the Argentine Province, oviparous species
such as Sympterygia bonapartii Müller & Henle, 1841 (Mabragaña et al., 2002),
Sympterygia acuta Garman 1877 (Mabragaña et al., 2014), Rioraja agassizii (Müller
& Henle 1841) (Oddone et al., 2007; Colonello, 2009), Psammobatis rudis Günther
1870 and Psammobatis normani McEachran 1983 (Mabragaña & Cousseau, 2004)
have annual reproductive cycles with seasonal peaks. In the Magellanic Province,
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species of the genus Bathyraja Ishiyama 1958 show no peaks of reproductive activity
(Ruocco et al., 2006; Scenna, 2011), a fact that has been linked to the stability in the
physical conditions of their deeper environment (Colonello, 2009).

Skates have a relatively long juvenile stage, concentrating their energy into reproduc-
tive activities and once mature their growth rate decreases. As a result, many species
reach maturity only when they reach between 75 and 90% of their maximum total
length (LT) (Dulvy et al., 2000; Ebert, 2005). Then, they have late maturity, high juve-
nile survivorship, slow body growth and long life span (Winemiller & Rose, 1992;
Camhi et al., 1998; Matta & Gunderson, 2007; Saglam & Ak, 2012); therefore, they
cannot sustain high levels of fishing pressure (McPhie & Campana, 2009). Skates are
captured around the world by commercial and recreational fishing, mainly as by-catch
in fisheries targeting other species (Walker, 1998; Stevens et al., 2000; Tamini et al.,
2006; Enever et al., 2009). As the fisheries expand, secondary species [rays (Mylioba-
tidiformes) and other elasmobranchs] may be gaining greater commercial importance
and may become target species of directed fisheries. In Argentina, the decline of com-
mercial teleost stocks has contributed to the increased landings of skates since 1994
(Lasta et al., 2001), which increased from 1000 t in 1994 to 15 000 t in 2001 (Massa
et al., 2004).

The southern thorny skate Amblyraja doellojuradoi (Pozzi 1935) is a by-catch species
and is increasingly being retained. Studies on the reproductive biology of skates are
therefore essential to assess the population’s status and propose fishery management
strategies. The objective of the present study was to examine the reproduction cycle of
A. doellojuradoi collected on the Argentinean continental shelf.

MATERIALS AND METHODS

S A M P L I N G
The specimens were collected from research cruises carried out by the Instituto Nacional de

Investigación y Desarrollo Pesquero (INIDEP) (n= 210) and from commercial vessels (n= 113)
between 2005 and 2012 in the south-west Atlantic Ocean between 36∘ and 50∘ S, from 75 to
414 m depth (Fig. 1). Available location data for specimens obtained by commercial vessels
were fishing quadrants. Analyses were conducted by season (autumn, n= 170; winter, n= 29;
spring, n= 112; summer, n= 29), since no samples were obtained every month, thus precluding
a monthly assessment of reproductive variables.

During laboratory processing, all animals were sexed, measured from the tip of the snout to
the tip of the tail (LT) and disc width (WD), total mass (M), liver mass (ML) and gonad mass
(MG) were recorded.

In females, the oviducal gland width (WOD), uterus width (WU), follicle mass and diameter
and egg capsule presence were measured and weighed. In females, the freeze and thaw process
compromised follicle integrity, preventing accurate measurements of ovary mass (MO), number
and diameter of the ovarian follicles. This is reflected in the variation in the number of specimens
that are considered for each analysis.

In males, the clasper length (LC, measured from the distal end of the cloaca to the distal end
of the clasper), the number of alar thorns, testes mass (MT) and degree of epididymal coiling
was measured and recorded.

B I O L O G I C A L DATA
The size distributions of both sexes by season were plotted at intervals of 50 mm. The rela-

tionships between LT and M were determined and the null hypothesis of no differences between
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Fig. 1. Map of the study area, showing the position of fishing sets and quadrant ( ) where Amblyraja doelloju-
radoi were captured. , males; , female.

slopes of both sexes was evaluated using ANCOVA (Crawley, 2005). To evaluate differences in
sex ratio, a 𝜒2 test was used (Zar, 1984) for the entire sample.

M AT U R AT I O N

Maturity stages of A. doellojuradoi were determined by macroscopic observation of the repro-
ductive organs (Mabragaña et al., 2002; Colonello et al., 2007a).

For both sexes, the proportion of mature individuals in 20 mm LT intervals was calculated
and a logistic curve was fitted to the data using a maximum-likelihood approach in order to
estimate the size at which 50% of individuals (LT50%) were sexually mature (Roa et al., 1999).
In order to examine if differences between the curves of both sexes exist, a likelihood ratio test
was performed (Aubone & Wohler, 2000).

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 88, 1413–1429
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R E P RO D U C T I V E A NA LY S I S
The relationships between LT and MT, the LC and NAT in males were analysed; and in females

MO, WOD and WU. Differences between ovary mean mass, number and diameter of the ovar-
ian follicles of right and left gonads was assessed by a Wilcoxon test (Crawley, 2005). It was
assessed whether the number and diameter of ovarian follicles correlates with female LT. The
frequency distribution of the maximum diameter of the ovarian follicles of mature females was
plotted.

The hepato-somatic (IH = 100 ML M−1) and gonado-somatic (IG = 100 MG M−1) indices were
calculated and compared between sexes by Mann–Whitney U-tests. These indices were also
calculated for maturity stages and compared using a Kruskal–Wallis test. If any differences
were found, a Tukey’s test was performed to identify which stages were different. In females, the
relationships among maximum oocyte diameter and the IH and IG were analysed by Spearman
correlation coefficient. In males, the relationship between IH and IG was analysed to determine
the seasonality of the reproductive cycle.

In addition, seasonal variations in the reproductive organs of A. doellojuradoi were evalu-
ated to assess the reproductive cycle. The variation of IH, IG, WOD, maximum oocyte diame-
ter and number of oocytes of mature specimens was evaluated in relation to seasons using a
Kruskal–Wallis test.

RESULTS

B I O L O G I C A L DATA

Three hundred and twenty-three samples were collected in this study of which
193 were males and 130 were females. The LT ranges observed were 209–556 mm
for males and 275–515 mm for females. The main difference between seasons was
the higher numbers captured in autumn (n= 170) and the lower number in summer
(n= 12). The largest number of specimens measured between 450 and 499 mm LT
and sizes between 500 and 550 mm were principally males [Fig. 2(a), (b)]. The
relationship between LT and M differs significantly between the sexes (ANCOVA,
F130,190 = 1063⋅58, P< 0⋅001) [Fig. 2(c)].

The male:female sex ratio of 1⋅48:1⋅00 was not significantly different from 1:1
(G= 6⋅14, d.f.= 1, P> 0⋅05). In autumn, the sex ratio was significantly different from
1:1 (males:females; 1⋅86:1⋅00; G= 7⋅53, d.f.= 3, P< 0⋅05). Within mature animals,
mature males were more prominent in the samples than mature females (1⋅51:1;
G= 5⋅64, d.f.= 1, P< 0⋅05) and was due to the significant differences in autumn
(males:females; 2⋅11:1⋅00; G= 8⋅43, d.f.= 3, P< 0⋅05). The number of immature (M1
and M2) and mature males (M3) differed significantly (immature:mature; 1⋅00:4⋅07;
G= 35⋅46, d.f.= 1, P< 0⋅001) and this ratio was maintained during the sampling
period, with more mature than immature males in autumn (immature:mature;
1⋅00:4⋅68; G= 22⋅69, d.f.= 3, P< 0⋅05) and spring (immature:mature; 1⋅00:6⋅75;
G= 17⋅06, d.f.= 3, P< 0⋅05). The number of immature females (F1 and F2) differed
significantly from the number of mature females (F3 and F4) (immature:mature;
1⋅00:3⋅64; G= 21⋅06, d.f.= 1, P< 0⋅001) with a more mature than immature females
in autumn (immature:mature; 1⋅00:2⋅62; G= 5⋅83, d.f.= 3, P< 0⋅05) and spring
(immature:mature; 1⋅00:5⋅25; G= 11⋅56, d.f.= 3, P< 0⋅05).

M AT U R AT I O N

The scale of sexual maturity in males was evaluated in terms of development of the
sperm ducts, testes and the calcification of the clasper; and in females considering the
uterus, ovaries, oviducal glands and the presence of egg capsules (Table I).

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 88, 1413–1429
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Fig. 2. Total length (LT) per cent frequency distribution of (a) male and (b) female Amblyraja doellojuradoi by
seasons; specimens caught in: , autumn; , winter; , spring; , summer. Numbers above bars are sample
sizes. (c) The relation between A. doellojuradoi mass (M) and LT of both sexes: , males; , females. The
curves were fitted by: female y= 47⋅3e0⋅0066x (n= 130, r2;= 0⋅8646) and male y= 36⋅2e0⋅007x (n= 189,
r2;= 0⋅9101).

The logistic curve fitted for males produced an estimated LT50% of 448 mm (80⋅5%
of the observed LTmax) [Fig. 3(a)]. For females, the logistic curve fitted produced an
estimated LT50% of 411 mm (82⋅2% of the observed LTmax) [Fig. 3(b)]. No signifi-
cant differences were observed in the estimated LT50% between sexes (t= 3⋅76, d.f.= 1,
P< 0⋅05).
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Table I. Morphological criteria used to determine the maturity stages of Amblyraja doelloju-
radoi

Sex Maturity stages Macroscopic characteristics

Male Immature (M1) Thin and straight spermatic ducts
Under-developed testes
Non-calcified claspers with length shorter than pelvic fin

Maturing (M2) Spermatic ducts beginning to coil
Enlarged testes starting to lobate
Calcifying claspers as long as or a bit longer than pelvic fins

Mature (M3) Meandering epididymides tightly filled with sperm
Testes with vitelline vesicles
Calcified claspers

Female Immature (F1) Thin uteri
Small ovaries with undifferentiated oocytes
Hardly recognizable oviducal glands

Maturing (F2) Ovaries with transparent ovarian follicles
Oviducal glands are visible, but are not fully developed

Mature (F3) Enlarged uteri
Distended ovaries with differentiated oocytes of several sizes
Oviducal glands fully formed

Mature with egg
capsules (F4)

Fully or partially formed egg capsule
Large oviducal glands
Ovaries with vitellogenic oocytes of several sizes

R E P RO D U C T I V E A NA LY S I S

The MT (0⋅94–20⋅00 g) increased sharply from 430 mm LT [Fig. 4(a)], but
the inflexion point of the MT and LT relationship was estimated at 421 mm
(P< 0⋅001, n= 166). The LC in immature specimens ranged from 11 to 83 mm
(mean± s.d.= 38⋅9± 20⋅5 mm; n= 27). Individuals in maturation had LC ranging
from 9⋅5 to 15⋅4 mm (mean± s.d.= 124⋅18± 26 mm; n= 11) and in mature males
these values varied between 85 and 150 mm (mean± s.d.= 126⋅91± 13⋅18 mm;
n= 155). The inflexion point of the LC and LT relationship was estimated at 408 mm
(P< 0⋅001, n= 193) [Fig. 4(b)]. The NAT rows varied from 0 to 4. Immature and matur-
ing males had NAT 0 to 3 and mature males mostly had NAT 2 to 4 rows [Fig. 4(c)].
Specimens> 460 mm LT and with three rows of alar thorns were all mature.

Immature females had a mean± s.d. MO of 3⋅46± 1⋅44 g (range= 1⋅55–5⋅60 g;
n= 20), maturing females had a mean± s.d. MO of 8⋅70± s.d. 6⋅70 g (range= 3⋅44–
21⋅15 g; n= 9) and mature females, bearing only yellow vitellogenic follicles had a
mean± s.d. MO of 24⋅10± 9⋅36 g (range= 6⋅85–49⋅3 g; n= 57). Vitellogenic follicles
in egg-bearing females occurred with corresponding mean± s.d. MO of 18⋅55± 8⋅67 g
(range= 7⋅95–26⋅09 g; n= 4). The inflexion point of the MO and LT relationship was
estimated at 427 mm (P< 0⋅001, n= 90) [Fig. 5(a)]. The WOD ranged from 2 to 50 mm
and the inflexion point was estimated at 383 mm (P< 0⋅001, n= 122) [Fig. 5(b)].
The WU in mature females without capsules varied between 2 and 65 mm and the
inflexion point was estimated at 400⋅1 mm (P< 0⋅001, n= 118). The majority of
mature females, however, had WU of 10–30 mm; few females were observed with WU

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 88, 1413–1429
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Fig. 3. Proportion of (a) immature (M1= 0), maturing (M2= 0⋅5) and mature (M3= 1⋅0) male and (b) immature
(F1= 0), maturing (F2= 0⋅50) and mature (F3= 0⋅75 and F4= 1⋅00) female Amblyraja doellojuradoi pre-
sented in 20 mm total length (LT) intervals (see Table I for maturity scales). , LT at which 50% of the
specimens are sexually mature.

of 50–65 mm [Fig. 5(c)]. Seven females (432–500 mm; 750–1400 g) had capsules
in their uteri, being captured during autumn (n= 5) and spring (n= 2). No significant
differences between right and left MO (W = 2221⋅5, n= 67, P> 0⋅05), nor in the
number (W = 1830, n= 63, P> 0⋅05) or diameter (t=−0⋅1052, n= 33, P> 0⋅05) of
ovarian follicles were found. No significant correlation between the number of ovarian
follicles, which varied between 1 and 45, and the LT of mature females (Spearman
correlation=−0⋅1844, n= 65, P> 0⋅05) was found [Fig. 5(d)]. The diameter ranged
from 9⋅2 to 35⋅0 mm and the correlation with LT of mature females was not significant
(Spearman correlation= 0⋅2155; n= 36; P> 0⋅05) [Fig. 5(e)]. The frequency distri-
bution of ovarian follicles was composed of three groups: 9–18 mm (11 specimens
with 112 follicles), 19–23 mm (15 specimens with 199 follicles) and 24–35 mm (10
specimens with 177 follicles) [Fig. 5(f)].

No significant differences were found in the IH between sexes (Mann–Whitney
U-test= 11614⋅5, d.f.= 314, P> 0⋅05). On the other hand, significant differences
between maturity stages for males (Kruskal–Wallis, 𝜒2 = 12⋅63, d.f.= 2, P< 0⋅001)
and females were found (Kruskal–Wallis, 𝜒2 = 18⋅83, d.f.= 3, P< 0⋅001). Differences
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Fig. 4. Relation between total length (LT) and (a) testes mass (MT), (b) clasper length (LC) and (c) number of
rows of alar thorns of Amblyraja doellojuradoi. , immature; , maturing; , mature specimens.

between maturity stages in males occurred between immature (M1) and mature (Tukey
test, M1 v. M3, P< 0⋅05) and in females between mature, including females with
ovarian capsules, and immature (Tukey test, H1 v. H3, P< 0⋅001; H1 v. H4, P< 0⋅05).

The IG differed significantly between sexes (Mann–Whitney U-test= 10339⋅5,
d.f.= 319, P< 0⋅001) and also between sexual maturity stages for males (Kruskal–
Wallis, 𝜒2 = 21⋅385, d.f.= 2, P< 0⋅001) and females (Kruskal–Wallis, 𝜒2 = 39⋅69,
d.f.= 3, P< 0⋅001). It differed significantly between immature males and the rest
of the maturity stages (Tukey test, M1 v. M2, P< 0⋅05, M1 v. M3, P< 0⋅001) and
among immature and other female stages (Tukey test, H1 v. H2, P< 0⋅05; H1 v. H3,
P< 0⋅001; H1 v. H4, P< 0⋅05; H2 v. H3, P< 0⋅001).

A significant and negative correlation between the diameter of the ovarian folli-
cles and the IH (Spearman correlation=−0⋅347, n= 33, P< 0⋅05) [Fig. 6(a)] and
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Fig. 5. Relation between total length (LT) and (a) ovary mass (MO), (b) oviducal gland width (WOD), (c) uterus
width (WU), (d) number and (e) diameter of ovarian follicles of Amblyraja doellojuradoi. (f) Frequency
distribution of the diameter of ovarian follicles.

a non-significant correlation among the former and the IG (Spearman correlation=
0⋅0939, n= 24, P> 0⋅05) was found [Fig. 6(b)]. There was a negative and not signif-
icant correlation between the IG and IH for males (Spearman correlation=−0⋅1275,
P> 0⋅05, n= 190) [Fig. 6(c)].

The average IH between seasons was not significantly different for mature males
(Kruskal–Wallis, 𝜒2 = 0⋅7856, d.f.= 3, P> 0⋅05) [Fig. 7(a)], but was for mature
females (Kruskal–Wallis, 𝜒2 = 23⋅953, d.f.= 3, P< 0⋅001) reaching the lowest
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the relationship between IH and IG in males.

value in autumn (Tukey test, autumn v. spring, P< 001; autumn v. winter, P< 0⋅05)
[Fig. 7(b)]. The average IG between seasons was significantly different for mature
males (Kruskal–Wallis, 𝜒2 = 21⋅1675, d.f.= 3; P< 0⋅001) [Fig. 7(c)], with the greatest
value in autumn (Tukey test, autumn v. spring, P< 0⋅001; autumn v. summer, P< 0⋅05).
In the case of mature females, IG was nearly the same for all seasons (Kruskal–Wallis,
𝜒2 = 3⋅55, d.f.= 3, P> 0⋅05) [Fig. 7(d)]. The diameter of the ovarian follicles did
not show significant variation during the four seasons (Kruskal–Wallis, 𝜒2 = 5⋅38,
d.f.= 3, P> 0⋅05) [Fig. 7(e)]. The WOD differed between seasons (Kruskal–Wallis,
𝜒2 = 14⋅19, d.f.= 3, P< 0⋅01) having the highest values in females captured in winter
(Tukey test, winter v. autumn, P< 0⋅05; winter v. summer, P< 0⋅01) [Fig. 7(f)]. The
number of ovarian follicles also varied between seasons (Kruskal–Wallis, 𝜒2 = 22⋅82,
d.f.= 3, P< 0⋅001), with the greatest number in autumn (Tukey test, autumn v. winter,
P< 0⋅001; autumn v. spring, P< 0⋅05; autumn v. summer, P< 0⋅05) [Fig. 7(g)].

DISCUSSION

Dimensions and mass of fishes are often used to characterize the growth, sexual mat-
uration, the maximum size and population structure (Francis, 2006). Marked increases
of the parameters of some sexual characteristics match perfectly with the estimated
average LT at sexual maturity. The MT and LC, and the MO and WOD, are good indica-
tors of sexual maturity. Nevertheless, some characteristics such as alar thorns in males
and WU are not useful for determining sexual maturation. These features have a wide
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range of variation that is not consistent with a given LT. Males use the alar thorns to hold
the females during copulation (McEachran & Konstantinou, 1996); however, although
the number of alar thorn rows increases with LT, they can also be present in juveniles.
The WU can be misinterpreted in specimens that recently released egg capsules, making
this measurement inaccurate.

Generally, female skates attain larger size as a consequence of their reproductive
strategy (Walmsley-Hart et al., 1999). This occurs in the majority of species of the
family Rajidae (Ebert, 2005; Oddone & Vooren, 2005; Oddone et al., 2005, 2008
Colonello et al., 2007b; Scenna, 2011). In the present work, however, it was males
of A. doellojuradoi were larger than females, although LT50% estimation did not sig-
nificantly differ between sexes. One possible explanation for this difference between
sexes could be that at a certain point females stop investing their energy in growth
in favour of reproductive processes. Elasmobranchs generally mature at 75% of their
maximum size (Cortés, 2000). Holden (1974) noted that most elasmobranchs mature
at between 60 and 90% of LTmax, indicating an extensive juvenile stage; followed
by a brief maturing stage and a short period of sexually maturity (Ebert, 2005). The
mean LT at first maturity for males and females of sympatric skate species [Bathyraja
albomaculata (Norman 1937), Bathyraja brachyurops (Fowler 1910), Bathyraja
macloviana (Norman 1937), Bathyraja magellanica (Philippi 1902), Psammobatis
bergi Marini 1932, Psammobatis extenta (Garman 1913) and R. agassizii] compared
to A. doellojuradoi was between 70 and 80% of the maximum LT observed (Braccini
& Chiaramonte, 2002; San Martín et al., 2005; Ruocco et al., 2006; Colonello et al.,
2007b). The same species in different parts of the world can reach LT50% at different
lengths (Templeman, 1987; Colonello et al., 2007b, c). Amblyraja radiata (Donovan
1808) has different maturity estimations in different areas (Templeman, 1987;
Sulikowski et al., 2005a). Templeman (1987) reported a bimodal pattern of maturity
in both sexes for A. radiata on the Scotland Eastern Platform, with some mature
individuals substantially smaller than other sizes. Given the wide depth inhabited by
A. radiata [18–966 m; McEachran & Musick (1975)], differences in LT50% could be
reflecting different patterns of species habitat use (Sulikowski et al., 2005a). In this
regard, specimens of A. doellojuradoi were captured from 75 to 414 m depth, half
the depth range recorded for A. radiata. Therefore, it is likely that the habitat is not
sufficiently heterogeneous to show a change in size at maturity in A. doellojuradoi.

In elasmobranchs it is usual to find sexual dimorphism in liver size, it being generally
larger in females (Rossouw, 1987). The sex differences may be related to increased
energy demand representing ovarian follicle maturation (Lucifora, 2003), since the
liver plays an important role in the female reproductive cycle, storing lipids and partic-
ipating in vitellogenesis by producing vitellogenin, the precursor of the yolk (Koob &
Callard, 1999). In this regard, A. doellojuradoi has no correlation between the IH and
the diameter of ovarian follicles, but it is important to note that it would be necessary
to collect more data to confirm the correlation analysis of the ovarian follicles diam-
eter in relation to different variables. An IH difference between the sexes is reported
for other species inhabiting the Argentinean continental shelf such as S. bonapartii
(Mabragaña et al., 2002), R. agassizii (Estalles et al., 2009), Atlantoraja cyclophora
(Regan 1903) (M. C. Oddone, unpubl. data) and Atlantoraja platana (Günther 1880)
(A. S. Marcal, unpubl. data). Mature females of these skate species have a higher value
than males or immature females. In A. doellojuradoi IH differences were observed dur-
ing ontogeny in both males and females, but no differences between sexes of mature
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individuals were found. This similarity in the IH between sexes is unusual in skates,
but has been described in Raja clavata L. 1758 (Saglam & Ak, 2012) and A. radiata
(Sulikowski et al., 2005a). Moreover, liver size may vary during ontogeny of males and
females (Mabragaña et al., 2002). The greater mass of the liver of adults compared
with immature males is related to the metabolic needs of the formation of gametes
during the breeding season, migration to areas of mating and starvation resistance
(Rossouw, 1987). From the analysis of sex ratio, the hypothesis of migration to mating
areas is strengthened, since a higher proportion of mature males was found in autumn.
It is already known that unequal sex ratios in chondrichthyan populations may be a
consequence of sexual segregation (Springer, 1967). Analysing the distribution of the
specimens by seasons, however, it was observed that there is not spatial segregation,
so the idea of possible migration to a reproductive area must be discarded. Therefore,
supplementary information is required to determine the reason that males are more
frequent in the cold season.

Regarding the variation of IH through the year, no significant differences were
observed between seasons in males, but in females the lowest IH was found in autumn.
The lack of monthly samples makes it difficult to determine whether the variation of
IH in females is due to the seasonal cycles of reproduction or may be caused by deposit
or differential lipid storage. In males, the stable value of IH and no correlation with
the IG indicate that the liver is probably continuously storing and metabolizing lipids
without causing significant changes in its biomass, exerting a metabolic function and
indicating possible reproduction throughout the year (Sulikowski et al., 2005a, b).

The IG is a good indicator of elasmobranch reproduction, since mating is correlated
with the IG (Yamaguchi et al., 1997, 2000; Kyne & Bennett, 2002; Yamaguchi & Kume,
2009). This index was significantly higher in females than males of A. doellojuradoi.
According to Capapé et al. (2007), this feature is related to the continuous production
of vitellogenic oocytes and is indicative of continuous reproductive activity throughout
the year. In females of A. doellojuradoi no significant differences between the IG among
seasons were observed, suggesting that they would be prepared to breed throughout
the year. This observation is supported by the lack of seasonal variation in the diameter
of ovarian follicles. Males showed seasonal variations with the highest IG in autumn.
Other species also show seasonal differences in the values of the IG, e.g. P. bergi (San
Martín et al., 2005), R. clavata (Saglam & Ak, 2012) and Leucoraja naevus (Müller &
Henle 1841) (Du Buit, 1976).

Formation of egg capsules may be seasonal or occur throughout the year (Hamlett
& Koob, 1999). In coastal waters, temperature and light can directly influence repro-
ductive activity (Holden, 1975), generating reproductive seasonal peaks. This has been
suggested for S. bonapartii (Mabragaña et al., 2002), S. acuta (Mabragaña et al., 2014),
P. bergi (San Martín et al., 2005), P. extenta (Braccini & Chiaramonte, 2002) and
R. agassizii (Colonello, 2009). Other rajids, such as Bathyraja spp. (Ruocco et al.,
2006; Scenna, 2011) inhabiting deep waters, lack these peaks in reproductive activity.
The deep-water skate A. radiata has a single annual cycle (Sulikowski et al., 2005a).
The reproductive cycle of A. doellojuradoi is difficult to estimate since no informa-
tion on monthly reproductive activity is available. The information provided by the
ovarian follicles, the IG and IH, however, can be used to determine the periodicity of
egg-capsule production since they are good indicators of the regularity of the repro-
ductive cycle (Jons & Miranda, 1997; Yamaguchi et al., 1997, 2000; Kyne & Bennett,
2002; Yamaguchi & Kume, 2009). Gathering all the information, it could be concluded

© 2016 The Fisheries Society of the British Isles, Journal of Fish Biology 2016, 88, 1413–1429



1426 G . D E L P I A N I

that females had the lowest IH in autumn probably due to investment of lipids in repro-
duction. The higher IG in males in the same season would indicate that have increased
sperm production. The growth of the WOD in winter and the rise in the number of ovar-
ian follicles in the same period reaffirm the existence of a strong reproductive peak
in autumn. Therefore, it might be concluded that A. doellojuradoi is able to repro-
duce throughout the year, with the peak reproductive period in autumn when females
were captured with egg capsules. This is consistent with the hypothesis of continuous
reproductive cycles at depth.

Knowledge of the reproductive biology, the frequency of reproduction, growth
parameters and also the estimated fishing mortality are critical for the development of
management plans for skate populations, since skates are highly susceptible to fishing
pressure (Walker, 1998; Walker & Hislop, 1998; Dulvy & Reynolds, 2002). This group
is caught as by-catch in trawl fisheries and can be discarded at sea or landed as by-catch
(Massa & Hozbor, 2003; Cedrola et al., 2005; Tamini et al., 2006). Survival from dis-
carding is only known for the area of the Falkland (Malvinas) Islands (Laptikhovsky,
2004), but not from the Argentinean continental shelf. Chondrichthyan landings (espe-
cially Mustelus schmitti Springer 1939 and skates) have steadily increased recently
(Massa et al., 2004; Cousseau et al., 2007) and currently the fisheries data show a gen-
eral decrease in relative biomass of skates on the Argentinean continental shelf (Massa
& Hozbor, 2003). To achieve sustainable management of A. doellojuradoi and other
skate species it is necessary to know the details of landings, fishing effort statistics,
a better understanding of the population structure, vital population parameters and
possible latitudinal clines. Principal aspects of the life history of A. doellojuradoi are
still unknown and more complementary studies are necessary to determine adequate
management plans for the species.
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