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Abstract Most skates are adapted to shelf and slope environments experiencing less seasonal variation than coastal ecosystems. Here, we analyze the reproductive ecology of
Sympterygia acuta. We hypothesize that, like its congener
Sympterygia bonapartii, S. acuta has a seasonal reproductive
cycle. To test this hypothesis, we examined multiple lines of
evidence: (1) time of appearance of females carrying egg cases
and wild neonates; (2) seasonal variation in gonadosomatic
index and follicle diameter, as indicators of reproductive activity; and (3) egg-laying season, incubation time, and fecundity in captive individuals. A total of 351 specimens were
examined. Size at 50 % maturity was 475 and 478 mm total
length for males and females, respectively. A marked seasonal
reproductive cycle was observed. Both gonadosomatic index
and follicle diameter of wild adult females increased from
winter to spring and reached their lowest value during summer. Fecundity was, on average, 52 eggs per female per laying
season. Egg laying of captive females peaked between August
and December; eggs hatched after 119–131 days. This schedule predicts the appearance of neonates in the wild by January
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through April. Accordingly, wild neonates and young-of-theyear were observed between January and May. Unlike most
other skates, southwest Atlantic Sympterygia species are
adapted to life in shallow, coastal waters, matching the seasonality of the coastal environment with egg-laying activity in
spring and hatching in summer. These shallow coastal waters,
which are important in the life cycle of Sympterygia spp., are
threatened by human impacts.
Keywords Skate . Rajidae . Southwest Atlantic . Fecundity .
Hatching . Oviparity

Introduction
Due to their life-history characteristics, most skate species are
vulnerable to overfishing (Walker and Hislop 1998). This is
evident by the drastic historic declines in several populations
around the world (e.g., Brander 1981; Graham et al. 2001;
Devine et al. 2006; McPhie and Campana 2009). The southwest Atlantic is not an exception to this situation. Indeed, a
considerable decline in the biomass of several coastal and
shelf skate species has been documented in Argentine waters
(Massa et al. 2004). Nonetheless, the basic life-history parameters of several skate species remain unknown. Biological
parameters are known for less than 50 % of the 32 skate
species reported for the southern sector of the southwest
Atlantic (34° to 55° S) (e.g., Oddone et al. 2005; Arkhipkin
et al. 2008; Mabragaña et al. 2012; and references therein).
Sympterygia, one of the less known genera among South
American skates comprises four species endemic to South
America. Two species, Sympterygia bonapartii and
Sympterygia acuta, are restricted to coastal waters of the
southwestern Atlantic (McEachran 1982). The scant information on the biology and ecology of species of Sympterygia is
largely restricted to S. bonapartii, which is one of the most
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common species of skate in the southwestern Atlantic. The
reproductive ecology of S. bonapartii has been extensively
studied during the last decade (Mabragaña et al. 2002; Oddone
and Velasco 2004; Jañez and Sueiro 2007). Some of the most
interesting aspects of the reproductive ecology of S. bonapartii
are its egg-laying habitat and apparent seasonal egg laying.
Off Argentina and Uruguay, S. bonapartii restricts its egg
laying to coastal waters, and juveniles congregate in shallow
(<20 m) estuarine areas (Mabragaña et al. 2002). This species
appears to limit the egg-laying period to spring and summer
(Mabragaña et al. 2002), although captive specimens may lay
eggs year-round (Jañez and Sueiro 2007). These two characteristics of the reproductive ecology of S. bonapartii are
unusual among skates because—with few exceptions (e.g.,
Hunter et al. 2005; Last and Gledhill 2007)—most skate
species dwell in mid-shelf (70–200 m) or slope (>200 m)
waters year-round and are not commonly associated with
estuaries (Ebert and Stehmann 2013).
The bignose fanskate S. acuta Garman is found in coastal
waters (0–50 m; 23° S–45° 43′ S) from Rio de Janeiro, Brazil
(Monteiro-Neto et al. 2008), to the San Jorge Gulf, Argentina
(Bovcon et al. 2011). It attains a maximum total length (LT) of
435 mm (Cousseau et al. 2007). Although common in Brazilian, Uruguayan, and Argentine coastal waters, most aspects of
its biology are unknown, other than descriptions of the reproductive anatomy (Galíndez and Estecondo 2008; Díaz
Andrade et al. 2009) and egg case (Oddone and Vooren
2002; Mabragaña et al. 2011) and estimation of hatching size
(Oddone and Vooren 2002). Along its range, S. acuta is taken
by shrimp and multispecies trawl fisheries that target coastal
demersal fish assemblages (Van der Molen and Caille 2001;
Massa et al. 2004; Segura et al. 2008; Massa and Hozbor
2011). Between 34° and 41° S, a 49 % decline in the biomass
of S. acuta from 1993 to 2003 was observed (Massa and
Hozbor 2004), although 2005 estimations showed a slight
increase in biomass (Massa and Hozbor 2011). Consequently, S. acuta is categorized as “vulnerable” by the
International Union for Conservation of Nature (Massa
and Hozbor 2004).
Seasonality among oviparous chondrichthyans is less common than among viviparous ones. Two general reproductive
strategies have been observed in oviparous species: reproduction throughout the year with one or two egg-laying peaks and
a well-defined egg-laying season (Hamlett and Koob 1999;
Wyffels 2009). Among skates (Rajiformes: Rajidae), the vast
majority of species studied to date lay eggs throughout the
year (Frisk 2010). In fact, year-round egg laying has been
reported for no less than 15 skate species worldwide (e.g.,
Sulikowski et al. 2007; Ebert et al. 2008; Williams et al.
2011). On the other hand, seasonal egg laying has been
reported for less than five skate species to date (e.g., Rasmussen et al. 1999; Mabragaña et al. 2002; Sulikowski et al.
2004). Sympterygia may be one of the few genera among

skates entirely adapted to coastal ecosystems with high variability. Most skates are adapted to continental shelf, slope, and
deeper waters up to 3000 m depth (McEachran and Miyake
1990; McEachran and Dunn 1998; Ebert and Compagno
2007). These environments, while not completely devoid of
seasonal variability, experience less variation than coastal,
shallow ecosystems. Year-round reproductive activity observed in many skate species may be related to this lack of
seasonal variability (Lucifora and García 2004). Skates that
secondarily adapted to coastal ecosystems would have to cope
with greater environmental variability. One strategy to cope
with this variability is to couple biological cycles with seasonal variation in the environment. The pattern observed in
S. bonapartii—the only species of the genus studied so far—is
consistent with this strategy.
In this paper, we analyze the reproductive ecology of
S. acuta from Uruguayan and north Argentinean waters. We
hypothesize that since S. acuta and S. bonapartii have a
common ancestor (McEachran 1982) and similar niche
(Menni and Stehmann 2000; Cousseau et al. 2007), they will
share a seasonal reproductive cycle. To test this hypothesis,
we examined multiple lines of evidence. Firstly, we examined
the time of appearance of females carrying egg cases and
neonates in the environment. Secondly, we examined seasonal
variation in gonadosomatic index and follicle diameter, as
indicators of reproductive activity. Finally, we kept specimens
in captivity to estimate the egg-laying season, incubation time,
and fecundity. If our hypothesis is true, we predict a match
among the three lines of evidence, with egg laying in spring or
early summer and hatching in summer.

Material and Methods
Sample Collection
Specimens came from different sources: (1) research cruises
carried out by the Instituto Nacional de Investigación y
Desarrollo Pesquero (INIDEP) between 2000 and 2003 in
Uruguayan and north Argentinean coastal waters (33° to 41°
S). These cruises were conducted during March, May, July,
August, October, November, and December. (2) Artisanal
fishing boats from off Mar Chiquita coastal lagoon, Argentina,
operating during March, October, and December 2009,
March 2010, and every month from October 2010 to
August 2012. (3) A research cruise conducted by the
Consejo Nacional de Investigaciones Científicas y
Técnicas (CONICET) on board the OV Puerto Deseado
in Buenos Aires Province coastal waters, during August
2012. During sampling on artisanal boats, water temperature (°C) and salinity (psu) were recorded using a
multiparametric device HORIBA G30.
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Study Area
The study area covered the whole bathymetric range of
S. acuta, from the shoreline up to 50 m depth, in Uruguayan
and north Argentinean coastal waters (33° to 41° S). This
rather extensive area contains two large estuarine regions,
the Río de la Plata estuary and the El Rincón salt-marsh area,
separated by marine waters (Fig. 1; Esteves et al. 2000). This
system corresponds to the Argentine Biogeographic Province,
which extends farther north up to Rio de Janeiro (23° S),
Brazil (Menni et al. 2010). Water temperature is vertically
homogeneous in the coastal zone and displays a pronounced
seasonal cycle typical of temperate areas (Lucas et al. 2005).
Bottom temperature ranges from 13 to 20 °C during late
spring-summer and from 8 to 12 °C during winter (Cousseau
et al. 1979; Guerrero and Piola 1997; Lucas et al. 2005).

Biological Measurements
Specimens of S. acuta were collected and frozen on board for
subsequent examination in the laboratory. Skates were sampled typically within 1–3 days once the vessel returned to port.
Specimens were allowed to thaw overnight and sampled on
the subsequent morning. All measurements were taken on
completely thawed individual. Each specimen was identified,
sexed, and weighed. LT and disc width (DW) to the nearest
millimeter were recorded for every specimen. The relationship
between DW and LT, with LT as the dependent variable, was
used separately for each sex to estimate LT for some skates
with a damaged tail.
Maturity status of the reproductive organs was assessed
visually, following Mabragaña et al. (2002) and Ebert (2005).
In males, clasper length (LC), the degree of calcification of the
claspers, number of rows of thorns in the alar thorn patch
(RAT), and shape of the efferent duct were recorded. Claspers
were measured from the tip of the pelvic fins to the tip of the
claspers. Thus, individuals with claspers shorter than pelvic
fins had negative values of clasper length, and individuals
with claspers longer than pelvic fins had positive clasper
length values. Males were assigned to one of three categories:
immature (short, uncalcified claspers, alar thorn patch not yet
developed, efferent ducts straight), maturing (longer
semicalcified claspers, alar thorn patch developing, efferent
ducts beginning to coil), and mature (long, fully calcified
claspers, alar thorn patch fully developed, efferent ducts greatly coiled). In females, oviducal gland width (WOG), follicle
number, diameter (in mm) of the largest follicle, and dimensions of egg cases in the uteri (total length without horns and
maximum width) were recorded. Females were categorized as
immature (undeveloped thread-like uteri, ovaries with nondistinguishable follicles, and undeveloped oviducal glands)
and mature (wide uteri, distinguishable follicles, and widened

oviducal glands). Total (WT) and gonad (WG) weights to the
nearest 0.1 g were recorded for each specimen.
For both sexes, the proportion of mature individuals in 10mm LT intervals was calculated. A logistical model was fitted
to the data using a maximum likelihood approach in order to
estimate the size at which 50 % of individuals were sexually
mature (LT50; Roa et al. 1999). The logistical model was


T
Pi ¼ α= 1 þ eaþbL
where Pi is proportion mature at size i, α is the asymptote, a
and b are intercept and slope, and LT total length of the
specimen.
Seasonal Changes in Gonadosomatic Index and Follicle Size
Temporal changes in gonadosomatic index (GSI) and maximum diameter of follicles were analyzed to test for seasonality
in the reproductive cycle of S. acuta. GSI was calculated as
GSI=WG/WT and was modelled as a function of season.
Maximum diameter of follicles was modelled as a function
of season and LT, which was included to control for the effect
of body size on the response variable. In each analysis, the
best model was chosen as the one that minimized the Akaike
information criterion (Anderson et al. 2000). Any independent
variable included in the best model was judged to have a
significant effect on the dependent variables (i.e., ovary
weight or maximum diameter of follicles) (Franklin et al.
2001). These analyses were carried out only for the northern
part of the study area because it was the only area with data
from multiple seasons.
Incubation Period and Hatching
Two adult females (580 and 582 mm LT) of S. acuta were
collected in nearshore waters off Mar del Plata, Argentina, in
January 2001, using commercial gill nets, and were
transported to an aquarium located at Museo del Mar, Mar
del Plata. The aquarium contained 20,000 l of natural seawater
in a closed system. Seawater passed through several filters
(mechanic, biological, and ultraviolet); then, it was cooled and
constantly aerated. Water temperature was maintained between 15 to 17 °C and salinity between 33 and 34 psu. The
tank had physicochemical conditions intended to mimic the
natural conditions found in the northern Argentinean coasts.
The two females used in the experiment shared this aquarium
with other fishes but had no contact with any male skate
during their captivity. Each day, egg cases were removed from
the aquarium and placed in other tanks, maintained in aerated
seawater at 17–19 °C, with mechanic and biological filters.
Eggs were monitored daily to record the incubation period and
hatching time and to remove egg cases with embryos that were
not viable.
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Results
A total of 351 specimens of S. acuta (166 females and 185
males) were collected from waters off Uruguay and northern
Argentina (Fig. 1). Skates were caught during all months
sampled from 5 to 40 m depth. Bottom water temperature
off Mar Chiquita coastal lagoon (4 to 12 m depth) ranged from
8.2 °C (winter) to 22.7 °C (summer).
Males ranged from 98 to 560 mm LT (Fig. 2). The smallest
mature male was 422 mm LT (LC =57 mm; RAT=3), and the
largest immature was 485 mm LT (LC =31 mm; RAT=0)
(Fig. 3). Clasper length increased rapidly between 420 and
470 mm LT (Fig. 3) being all individuals with claspers longer
than 40 mm (measured from the tip of the pelvic fin) mature.
All males >473 mm LT, except for two, were mature. Maturity
occurred at 75 % of maximum LT and size at maturity (LT50)
was estimated at 475 mm LT. Parameters of the logistical
model were a=33.8753891 and b=−0.07132748.
Females ranged from 89 to 585 mm LT. The smallest
mature female was 444 mm LT (OG=18 mm) and the largest
immature was 530 LT (OG=8 mm) (Fig. 4). Oviducal gland
width increased between 445 and 540 mm LT (Fig. 4), being
most individuals with OG wider than 15 mm mature. The
exception was a female 465 mm LT with developed OG
(16.5 mm) that was maturing. Except for two individuals, all
females >510 mm LT were mature. Maturity occurred at 76 %
of maximum LT, and LT50 was estimated at 478 mm LT.
Parameters of the logistical model were a=32.3107049 and
b=−0.06756375.
Egg Laying and Occurrence of Neonates in the Environment
Females carrying egg cases were found only in November and
December off Mar Chiquita lagoon at 5 m depth and off
Fig. 1 Map of the study area
showing locations where samples
of bignose fanskates, Sympterygia
acuta, were obtained off Uruguay
and northern Argentina
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Fig. 2 Length frequency distribution of bignose fanskates, Sympterygia
acuta, from off Uruguay and northern Argentina. Females (n=166) are
represented by white bars and males (n=185) by gray bars

southern Buenos Aires Province at depths shallower than
35 m, at temperatures ranging from 15.6 to 18 °C. Neonates
and young-of-the-year (88 to 100 mm LT) were observed in
January, March, and May off Mar Chiquita coastal lagoon at
5 m depth, at temperatures of 20.6, 21.3, and 13.5 °C,
respectively.

Seasonal Changes in Gonadosomatic Index and Follicle Size
Temporal changes in GSI and maximum diameter of follicles
were found. GSI increased from winter to spring and reached
its lowest value during summer (Fig. 5a). The best model
explaining variation in ovary size included season (Table 1).
Parameters of the best model were (season parameters are
given relative to “winter” as a baseline): intercept=0.0164,
season: summer=−0.0092, spring=0.0082.
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Fig. 3 Relationship between clasper length and total length for male
bignose fanskates, Sympterygia acuta, from off Uruguay and northern
Argentina. Empty circles represent immature males, gray squares maturing males, and black triangles mature males. See “Materials and
Methods” for explanation of some clasper length values lower than 0

Coincidently, maximum diameter of follicles also peaked
from winter to spring and was lowest in summer (Fig. 5b). The
best model included season and total length (Table 1). Parameters of the best model were (season parameters are given
relative to winter as a baseline): intercept=17.083, season:
summer=−3.683, spring=3.028.

Observations in Aquarium
Females (n=2) were maintained in the aquarium from the time
of capture in January 2001 to February 2002. A total of 80 egg
cases were laid by these females. Egg cases of S. acuta had
extremely long posterior horns and a thick lateral keel (Fig. 6).
Oviposition took place from 6 August to 21 December 2001,
but only the capsules that had been laid between August and
Oviducal gland width (mm)
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Fig. 5 Seasonal variation in gonadosomatic index (a) and maximum
diameter of follicles (b) in bignose fanskates, Sympterygia acuta, from
off Uruguay and northern Argentina. The central, bold lines of the
boxplots indicate the median; boxes span the interquartile range, whiskers
encompass values less than 1.5 box lengths away from the box, and
circles are outliers more than 1.5 box lengths away from the box

October hatched successfully. Indeed, almost all capsules laid
during August (n=12) hatched successfully, whereas only two
individuals hatched from those laid during September (n=24)
and October (n=14) and none from eggs laid during November and December. Overall, hatching percentage was low
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Table 1 Models explaining variation in gonadosomatic index (GSI) and
maximum diameter of follicles (MOD) of bignose fanskates, Sympterygia
acuta, from off Uruguay and northern Argentina
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w

GSI~season
GSI~k
MOD~season
MOD~k
MOD~season+LT
MOD~LT

−302.8
−281.52
93.27
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95.21
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Fig. 4 Relationship between oviducal gland width and total length of
bignose fanskates, Sympterygia acuta, from off Uruguay and northern
Argentina. Empty circles represent immature females, gray squares maturing females, and black triangles mature females

Akaike information criterion (AIC) and Akaike weight (w) are given for
each model. For each dependent variable, models with the lowest AIC
and the highest w are the best
LT total length, k constant
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Fig. 6 Egg case of the bignose
fanskate, Sympterygia acuta. Left
anterior

(15 %), and dead embryos at different stages of development
were recorded. Oviposition was not a continuous event; typically 1–2 weeks were observed between pulses of oviposition. Within these pulses, oviposition took place every 4 days
on average, but more frequently between August and October.
The first hatching event occurred on 3 December 2001.
The last viable egg cases were laid on 16 October and hatched
on 21 February 2002. Empty egg cases (n=4) and capsules
with double vitellogenic oocytes (n=5) were also recorded,
but none of the latter hatched successfully. The incubation
period at 17–19 °C and 34 psu was between 119 and 131 days.
Neonates (84–92 mm LT at birth) did not present the long
snout typical of adult specimens (Fig. 7).

Discussion
Our results indicate a seasonal reproductive cycle in S. acuta,
similar to other species within the genus. Both gonadosomatic
index of wild females and egg laying of captive females peak
between August and December (Fig. 8). Aquarium observations indicate that hatching occurs after approximately
4 months at 17–19 °C. This schedule predicts the appearance
of neonates by January through April. Our observations confirm this prediction, since neonates and young-of-the-year
were observed between January and May (Fig. 8). These
results support the hypothesis that the genus Sympterygia is
adapted to life in shallow, coastal waters. The reproductive
cycle of Sympterygia species studied so far matches the seasonality of the coastal environment with maximum egg-laying
activity in spring and hatching in summer.
The general trend in most oviparous chondrichthyans is to
lay eggs throughout the year with or without seasonal peaks in

Fig. 7 a Neonate specimen of bignose fanskate, Sympterygia acuta,
84 mm total length, born in captivity at Museo del Mar aquarium (Mar
del Plata, Argentina); b adult female of 541 mm total length. Note the
difference in snout shape and length between a and b

Estuaries and Coasts

Fig. 8 Integrated diagram showing the reproductive cycle of the bignose
fanskate, Sympterygia acuta, from off Uruguay and northern Argentina
over the span of a year. Squares represent mean follicle diameter (mm),
triangles represent gonadosomatic index, and error bars are one standard
deviation. The number beside each square or triangle represents sample

size. The large skate with an associated egg case represents the time of
occurrence of females carrying egg cases in the wild; small skates
represent the time at which neonates were found in the wild. Small
skates and egg cases enclosed in dotted circles indicate captive oviposition and hatching times, respectively

the proportion of females carrying egg cases (Hamlett et al.
2005; Sulikowski et al. 2007; Williams et al. 2011; and
references therein). Cases of oviparous species that exhibit
clear seasonal reproductive cycles are scarce, e.g., the
clearnose skate Raja eglanteria and the epaulette shark
Hemiscyllium ocellatum (Heupel et al. 1999; Rasmussen
et al. 1999). Seasonal egg laying is also uncommon in skates
of the southwest Atlantic and appears to be correlated with the
type of environment. A well-defined egg-laying season has
been observed in only three species off Argentina: Rioraja
agassizii (Colonello et al. 2007; Estalles et al. 2009) and two
species of Sympterygia (Mabragaña et al. 2002; this study).
These three species have in common a shallow, coastal habitat
(<50 m depth) subject to seasonal variability (Menni and
Stehmann 2000; Cousseau et al. 2007). Southwest Atlantic
skates inhabiting deeper, mid-shelf waters have a loosely
defined seasonal (Perier et al. 2011; Mabragaña et al. 2012)
or continuous egg laying (Mabragaña and Cousseau 2004;
Ruocco et al. 2006). Oceanographic conditions are very different in these habitats. In mid-shelf waters (70–200 m depth),
temperature ranges from 6 to 15 °C during summer and from 5
to 11 °C during winter, whereas salinity shows no seasonal
variation (Cousseau et al. 1979). On the contrary, coastal
waters experience more variation seasonally. Temperature
ranges from 13 to 20 °C during summer and 8 to 12 °C during
winter (Cousseau et al. 1979). Salinity fluctuates (20 to
>32 psu) in some areas as a consequence of seasonal changes
in wind patterns and river discharge (Acha et al. 2008). This
general pattern can be observed intraspecifically. Rio skates,
R. agassizii, tend to lay eggs in a well-defined season, during
spring and summer off Argentina (Colonello et al. 2007;
Estalles et al. 2009), whereas egg laying occurs year-round

off southern Brazil (Oddone et al. 2007). This year-round
reproduction off southern Brazil may indicate egg laying in
deep water, since neonates and young-of-the-year are absent
from Brazilian shallow, coastal areas (Vooren et al. 2005). It is
noteworthy that the egg-laying period of some coastal species
is not-so well defined (e.g., Psammobatis bergi, P. extenta,
Atlantoraja castelnaui; Braccini and Chiaramonte 2002;
Martins et al. 2005; San Martín et al. 2005; Colonello et al.
2012), which warrants further research into the causes of
reproductive seasonality (or lack of it) in skates of the
southwest Atlantic.
Even though skates are among the easiest elasmobranchs to
keep in captivity, most reproductive studies on skates fail to
describe the egg-case incubation period, oviposition rate, and
size at hatching (Frisk 2010). In fact, the egg-laying habits of
only nine species of skates have been described from captive
studies (Wyffels 2009). The only southwest Atlantic skate in
which breeding was recorded from females kept in captivity is
S. bonapartii (Jañez and Sueiro 2007, 2009). These authors
estimated an incubation period of 135 ± 10 days for
S. bonapartii. Oddone and Vooren (2002), based on egg cases
collected on Cassino Beach (Brazil) and maintained in the
laboratory under constant conditions (~20 °C), reported the
hatching of seven eggs of S. acuta after 4–5 weeks of incubation from stage at collection. This faster embryo development may have resulted from the fact that, at the start of the
laboratory rearing period, the embryos were already 10–
15 mm LT (e.g., they already presented external branchial
filaments). According to Menni and Stehmann (2000), the
incubation period in captivity for S. acuta from southern
Brazilian waters was 90 days, although no data on incubation
temperature was provided. Our results showed that at 17–
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19 °C and 34 psu, the incubation period of S. acuta in
Argentine waters ranged from 119 to 131 days, similar to its
congener S. bonapartii. A shorter incubation period at lower
latitudes could be indicative of temperature influence, since
skate species living in warm waters tend to have a shorter
incubation period than species from cold waters (Luer and
Gilbert 1985; Palm et al. 2011). For example, clearnose skates
R. eglanteria from the Gulf of Mexico have the shortest
known incubation period—72.9±8.9 days at 20–27 °C (Luer
and Gilbert 1985) and 85±6 days at 20 °C (Luer et al. 2007).
On the other hand, thorny skates Amblyraja radiata from the
Barents Sea have an incubation period of 2–2.5 years at −0.3
to 9.5 °C (Berestovskii 1994), and Alaska skates Bathyraja
parmifera from the Bering Sea possess the longest known
incubation time—3.5 years at 4.4 °C (Hoff 2008).
Both sexes of S. acuta mature at about the same size,
similar to most other oviparous chondrichthyans which do
not show the typical bimaturism observed among viviparous
elasmobranchs. The result is a mosaic of maturity differences
among both sexes, composed of species with (e.g., Ebert
2005; Colonello et al. 2007; Oddone et al. 2008) and without
(e.g., Mabragaña et al. 2002; Chen and Liu 2006; Ruocco
et al. 2006) bimaturism. This pattern is hypothesized to result
from a lack of selective pressure on females to reach a larger
body size, which would increase fecundity. As skates are
oviparous, their body size is no longer a limit to the number
of offspring they can produce (Lucifora and García 2004;
Sims 2005).
Female S. acuta laid (on average) two egg cases every
4 days. Therefore, 14 eggs were laid monthly. If the laying
period in nature extends from August to December/January,
each female could lay approximately 70–84 eggs in a laying
season. But considering captivity dates, both females laid 80
egg cases in 138 days, equivalent to 104 egg cases in 180 days
(52 per female on average). Caution should be taken in
interpreting these fecundity data. Stress in captivity may alter
normal oviposition of skates. The females in our study were
large (580 and 582 mm LT), bigger than the maximum size
observed previously for this species. Smaller mature females
could lay fewer eggs than larger ones, since follicle number
tend to increase with female size (Ebert 2005).
The estimated fecundity is higher than that of viviparous
elasmobranchs of similar size, but when viability is accounted
for, the fertility of S. acuta is substantially lower. The fecundity of viviparous elasmobranchs is limited by the size of the
body cavity; oviparous skates are free of this limitation and
could have a higher fecundity (Lucifora and García 2004).
However, oviparity adds a new life stage, the egg, with its own
rate of mortality which needs to be taken into consideration in
the estimation of fertility. If a mean mortality of 24 % from
predation by gastropods is considered (Lucifora and García
2004), 12 embryos could die from predation out of an average
annual fecundity of 52 eggs; then, annual fertility is reduced to

40 eggs per female. As was previously stated, taking into
consideration that sample size was low (n=2), that individuals
were held in captivity, and that females were large,
caution in the interpretation of these fecundity/fertility
figures must be taken.
Female cartilaginous fishes are able to store sperm for long
periods in their oviducal glands, which ensures a supply of
sperm for progressive fertilization of oocytes over a period of
several weeks or months (Carrier et al. 2004; Hamlett et al.
2005). Information available on sperm storage in oviparous
chondrichthyans is scarce. Oviparous catsharks may store
sperm for a year or more, as observed in Scyliorhinus canicula
and S. retifer (Ellis and Shackley 1997; Carrier et al. 2004;
Griffiths et al. 2011), with a maximum of 843 days of sperm
storage being recorded in the latter species (Castro et al.
1988). Luer et al. (2007) reported viable sperm for at least
6 months in the clearnose skate R. eglanteria. Female S. acuta
seems to have a great capacity of sperm storage in its oviducal
glands since it was capable of laying viable eggs, even after
10 months isolated from males. This is the first inference of
sperm storage in S. acuta. Previous histological work did not
find stored sperm in oviducal glands of S. acuta (Galíndez and
Estecondo 2008); direct observations of sperm storage in this
species are needed.
S. acuta appears to complete its life cycle in impacted,
shallow, coastal waters. All life stages of S. acuta, from eggs
to adults, are found in shallow waters of the southwest Atlantic, from south Brazil to central Patagonian waters, off Argentina. These habitats are also among the most impacted of the
southwest Atlantic, with high levels of fishing resulting in
declining populations of elasmobranchs (Massa et al. 2004;
Barbini et al. 2011; Massa and Hozbor 2011). Given the
dependence of S. acuta on the coastal environment, measures
to alleviate anthropic effects on this habitat (Vooren and
Klippel 2005) and reverse the declining population trend of
S. acuta (Massa and N. Hozbor 2004; Massa and Hozbor
2011) are urgently needed. These measures could include
identifying important areas in the life cycle of S. acuta, regulating fishing effort in these areas, and promoting live release
of this non-commercial, vulnerable species.
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