








Epibionts were found in 78% (N= 188) of the egg capsules 
analyzed. More epibionts were observed in hatched than in 
non-hatched egg capsules (78.2 and 21.8%, respectively), with 
a probability of occurrence of epibiosis on hatched and non-

hatched egg capsules of P = 0.86 (95% CI: 0.80-0.90) and P 
= 0.58 (95% CI: 0.46-0.69), respectively. These probabilities 
were significantly different (GLMs, P < 0.0001). Bryozoans 
were the most common epibionts found on the surface of egg 
capsules, whereas the remaining epibionts corresponded to 
the tunicate Pyura chilensis, the barnacle Balanus laevis, and 
the polychaete Polydora sp. Some epibionts are shown in 
Figures 4 and 5, and their specific frequencies of occurrence 
are summarized in Table 4. Obstruction of the hatching slit 
or respiratory fissures was common among egg capsules with 
epibionts, with a total of 187. Epibionts obstructed at least 
one respiratory fissure on 145 egg capsules, of which 24.1% 
were non-hatched. The information on the egg capsules 
with obstructed respiratory fissures and/or hatching slit due 
to epibiosis is summarized in Table 3. The probability of 
occurrence of epibiosis on non-hatched egg capsules with 
open and closed respiratory fissures was P = 0.80 (95%CI: 
0.64-0.90) and P = 0.36 (95% CI: 0.22-0.53), respectively 
(GLMs, P < 0.001), these probabilities being significantly 
different (GLMs, P < 0.0001). This is consistent with the 
observed frequency of ORF (see Table 3).

Table 3. Frequency of egg capsules (%) with epibiosis classified by 
the number of obstructed respiratory fissures (ORF) by epibionts, or 
by the obstruction of the hatching slit (HS) / Frecuencia de cápsulas (%) 
con epibiosis clasificadas de acuerdo al número de fisuras respiratorias 
obstruidas (ORF) por epibiontes o la obstrucción de la hendidura de 
eclosión (HS)

Figure 4. Epibionts on the egg capsules of the Shorttail fanskate Sympterygia brevicaudata. a) Bryozoan Membranipora sp. b) Colony of the tunicate 
Pyura chilensis. c) Unidentified ascidian and d) Barnacle Balanus laevis (Bl) living in the anterior region of the egg capsule, and a colony of the 
tunicate Pyura chilensis (Pc) in the posterior region. Scale bar: 10 mm / Epibiontes sobre cápsulas de la raya de cola corta Sympterygia brevicaudata. 
a) Briozoo Membranipora sp. b) Colonia del tunicado Pyura chilensis. c) Ascidia no identificada y d) Cirripedio Balanus laevis (Bl) posicionado en la región 
anterior de la cápsula, y una colonia de tunicado Pyura chilensis (Pc) posicionada en la región posterior. Barra de escala: 10 mm

Table 2. Frequency of egg capsules (%) classified by the status of 
the hatching slit / Clasificación de las cápsulas según la frecuencia (%) 
del estado de la hendidura de eclosión
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Discussion 

Egg capsules of the Shorttail fanskate Sympterygia 
brevicaudata are vulnerable to the effects of predation 

and epibiont growth on their surfaces. Ecological interactions 
such as these may influence hatching success and survival 
rates, thus regulating population sizes of S. brevicaudata 
during the embryonic development. Similar findings have 
been reported in other oviparous elasmobranch species with 
similar life-history strategies (Cox & Koob 1993, Smith & 
Griffiths 1997, Lucifora & García 2004). Therefore, the choice 
of a more secure area where females of S. brevicaudata lay 
their egg capsules may increase the chances of survival of the 
embryo relative to more exposed areas where predation risk 
is higher. Hatching success, however, can be counterbalanced 
by the high fecundity rates of some skates (i.e., 40 to 160 eggs 
per year) (Fuentealba & Leible 1990, Ellis & Shackley 1995, 
Lucifora & García 2004, Jañez & Sueiro 2009).

Egg capsules of oviparous elasmobranchs provide 
mechanical protection to the embryo during development, as 
they have a longitudinal striation conformed of cross-linked 
proteins that are primarily composed by collagen (Thomason 
et al. 1994, 1996; Hamlett & Koob 1999). This structure 
makes the capsules more resistant to fractures that may be 

caused by exposure to surge (Feng & Knight 1994). In case 
there is a fracture due to the surge, it is produced parallel to 
the striation (longitudinal cut), as the impact weakens the 
thinnest collagen structure. The fissure continues along with 
the pattern of striation lines, and only in very rare occasions 
these impacts do cross the striation (Feng & Knight 1994, 
Thomason et al. 1994). However, it is important to highlight 
that the cuts observed in the egg capsules examined in this 
study were transversely oriented to the longitudinal striation, 
which suggest they were made by a predator (Fig. 3).

Based on our observations, non-hatched egg capsules had 
a high probability of being preyed upon, and those with open 
respiratory fissures were more likely to be predated than those 
with closed respiratory fissures. This may be because capsules 
with open respiratory fissures have a longer embryonic 
development time and therefore a longer time exposed to 
possible predators. Additionally, during this time developing 
embryos have a highly nutritious yolk and transmit chemical 
signals that attract predators (Lucifora & García 2004). Egg 
capsules that have been recently laid are also softer and easier 
to break compared to older egg capsules including those 
already hatched (Lucifora & García 2004). 

Based on our findings, the shape and size of predation 
marks in egg capsules from S. brevicaudata were different 
from the ones reported in the literature. Most studies have 
identified snails from the family Muricidae and Naticidae as 
the main predators of elasmobranch egg capsules (Cox et al. 
1999, Lucifora & García 2004, Hoff 2009). These gastropod 
species perforate the surface of the capsule with the radula, 
introducing the proboscis into the orifice and devouring the 
embryo (Smith & Griffiths 1997, Cox et al. 1999, Lucifora 
& García 2004, Hoff 2009). For instance, in one study, 
five types of boreholes were identified in seven species of 
elasmobranch from the South African coastline. This study 
revealed that most perforations were attributed to the snail 
Burnupena sp. (Smith & Griffiths 1997). Lucifora & García 
(2004) also reported a snail (Trophon acanthodes) as the most 
common predator of four skate species from the Southwestern 
Atlantic, particularly on egg capsules from B. albomaculata. 
The rest of the boreholes were potentially caused by Fusitriton 
magellanicus and another unknown gastropod species 
(Lucifora & Garcia 2004). Hoff (2009) also identified the 
snail Fusitriton oregonensis as the main predator of egg 
capsules in three species of skates that utilize specific areas as 
nurseries in the North-Eastern Atlantic. However, Smith and 
Griffiths (1997), Lucifora & García (2004) and Hoff (2009) 
described circular perforations as a sign of predation events. 
Our results, by contrast, showed a zigzag pattern of cuts that 
are likely attributed to decapod crustaceans commonly found 
in the subtidal zone of Coquimbo Bay, such as Rhynchocinetes 
typus, Synalpheus spinifrons, Taliepus dentatus, Homalaspis 
plana, Platyxanthus orbignyi or Paraxanthus barbiger 

Figure 5. A large colony of the tunicate Pyura chilensis (Pc) covering 
an egg capsule of Sympterygia brevicaudata / Colonia grande de 
tunicado Pyura chilensis (Pc) cubriendo una cápsula de Sympterygia 
brevicaudata 

Table 4. Frequency of epibionts (%) identified on egg capsules / 
Frecuencia de epibiontes (%) identificados sobre las cápsulas
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(Retamal 1981, Zuñiga 2002). Egg capsules of S. brevicaudata 
may also face attacks by the kelp gull Larus dominicanus 
when stranded on beaches (unpublished data). These gulls 
are commonly found along the tide line of sandy beaches, 
and their diet includes a wide range of food items such 
as invertebrates and wastes from fishing ports along with 
Coquimbo and Changa Beach (Bertellotti & Yorio 2000, 
Bertellotti et al. 2003, Ludynia et al. 2005). Further studies 
are needed to investigate other potential predators that may 
feed directly on egg capsules of S. brevicaudata. Also, long-
term biological surveys along Coquimbo Bay shores could 
help in determining the number of stranded egg capsules, 
quantify natural mortality, and improve our understanding of 
how these causes and others, like predators, may shape these 
species’ populations.

Egg capsules have anti-microbial and anti-encrusting 
properties, which help maintain their surfaces free of 
epiphytes and epibionts during the early stages of embryo 
development (Thomason et al. 1994, 1996; Hoff 2009). 
However, these characteristics were not apparent in some 
non-hatched egg capsules of S. brevicaudata; indeed, capsules 
of all developmental stages observed in our study showed 
the presence of epibionts. Interestingly, 10 egg capsules of 
S. brevicaudata were completely covered by a colony of the 
tunicate Pyura chilensis (Fig. 5). However, the poor condition 
of the egg capsules did not allow for assessment of their state 
(hatched or non-hatched). Growth rates of fouling organisms 
are known to be high in La Herradura and in some areas 
of Coquimbo Bay (e.g., Changa Beach) with low current 
exchange, relatively cold, oxygen-poor, and high availability 
of nutrients in the environment, which may promote blooms of 
fouling organisms (Silva & Konow 1975, Viviani & DiSalvo 
1980, Valle-Levinson et al. 2000, Thiel et al. 2007, Cifuentes 
et al. 2007, 2010). Newly available sources of space for the 
occupation of sessile organisms that colonize hard structures 
have been commonly described in Pyura chilensis (Viviani 
& DiSalvo 1980, Valdivia et al. 2005, Cifuentes et al. 2007, 
2010). Bryozoans and polychaete families also represent one 
of the principal components of fouling communities (Tovar‐
Hernández et al. 2009, Abdelsalam 2016). However, several 
other species such as balanids and possibly other marine 
invertebrates can also settle on the surface of chondrichthyan 
egg capsules. As shown by the results, those capsules that 
have more developed embryos and open respiratory fissures 
are more vulnerable to epibionts due to their longer exposure 
time. Unfortunately, the degree of colonization of epibionts 
may also be a cause of mortality since the obstruction of 
respiratory fissures could cause suffocation and intoxication 
of the embryo due to the lack of circulation of water through 
the capsule, and thus both correct ventilation and excretion. 
Future research is needed to prove this hypothesis.

Through this study, it is suggested that the predation 
and adhesion of epibionts in high quantities to the capsules 
could contribute to mortality in the early stages of embryonic 
development of S. brevicaudata. This suggests that these 
factors can influence the abundance of the population of 
this species, which impacts in fluctuations and level of 
recruitment. These observations might help fill gaps in the 
general understanding of ecological and biological factors 
affecting the embryonic development of S. brevicaudata. 
The dynamic of some demographic variables in a particular 
population is crucial to address the current data deficiency 
surrounding oviparous elasmobranch species and is also 
important for the assessment of the status of their populations 
to contribute to effective management and conservation 
actions.
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