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Predation and epibiosis on egg capsules of the Shorttail
fanskate, Sympterygia brevicaudata
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Resumen.- Después de su deposicion, las capsulas de condrictios se exponen con frecuencia a numerosas amenazas que afectan su supervivencia.
Sin embargo, los factores ecoldgicos que afectan el desarrollo y la supervivencia de los embriones dentro de las capsulas siguen sin estar claros.
El objetivo de este estudio fue cuantificar y describir dos factores ecolégicos que afectan a las capsulas de la raya de cola corta Sympterygia
brevicaudata: la depredacion y la epibiosis. Se recolectaron 241 cépsulas varadas de la zona intermareal de la Bahia de Coquimbo en el norte
de Chile (29°57'S; 71°18'0 y 71°19'0). Luego se examinaron las marcas de depredacion y epibiosis en los diferentes estados de desarrollo de
las capsulas. El 32,8% de las capsulas presentaban evidencia de marcas de depredacion, de las cuales el 48,1% aun no habia eclosionado. La
formay el tamafio de las marcas de depredacion fueron diferentes a las reportadas en la literatura. Por otro lado, el 78% de las capsulas presentd
epibiosis, de las cuales el 21% aln no habia eclosionado. Las capsulas no eclosionadas que se encontraban en un estado de desarrollo mas
avanzado (es decir, que poseian fisuras respiratorias abiertas) presentaron una mayor probabilidad de ser depredadas y presentar epibiosis que
aquellas con un desarrollo méas temprano (fisuras respiratorias cerradas). Las interacciones ecoldgicas, como la depredacién y el asentamiento de
epibiontes, pueden influir en aspectos demogréaficos como el éxito de la eclosion y la tasa de supervivencia, regulando el tamafio de la poblacion
de S. brevicaudata durante la fase embrionaria.
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Abstract.- After deposition, chondrichthyan egg capsules are frequently exposed to numerous threats that affect their survival. However, the
ecological factors affecting the development and survival of embryos inside egg capsules remain unclear. The aims of this study was to quantify
and describe two ecological factors that affect of the Shorttail fanskate Sympterygia brevicaudata egg capsules: predation and epibiosis. The egg
capsules were collected (241) stranded from Coquimbo Bay’s intertidal zone in northern Chile (29°57’S; 71°18'W and 71°19'W), and examined
predation marks and epibiosis of these egg capsules at different stages of development. About 32.8% of the egg capsules presented evidence
of predation marks, of which 48.1% had not yet hatched. Based on our findings, the shape and size of predation marks were different from
those reported in the literature. Additionally, 78% of the egg capsules presented epibiosis, of which 21% had not yet hatched. Non-hatched egg
capsules with more advanced stages of development (i.e., possessing open respiratory fissures) showed a higher probability to be predated and
present epibiosis than those with earlier development (closed respiratory fissures). Ecological interactions, such as predation and the settlement
of epibionts, may influence demographic aspects such as hatching success and survival rate, regulating the population sizes of S. brevicaudata
during the embryonic phase.
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INTRODUCTION number of threatened species (Dulvy et al. 2014). Given
most elasmobranchs have life-history traits which make
them particularly vulnerable to overfishing (e.g., slow growth
rates, late maturity, and late fecundity), understanding key
demographic variables such as survival and mortality rates
is crucial to evaluating the status of their populations and
to effectively manage the impacts on fisheries (Gedamke et
al. 2007).

artilaginous fishes (Chondrichthyes) constitute a highly

diverse group, with more than 1,250 nominal species
reported around the world (Dulvy et al. 2014). About 25%
have been estimated to be threatened and almost 50% are
categorized as data deficient (DD) (Dulvy et al. 2014,
Davidson et al. 2016), thus limiting the ability to reliably
assess their conservation status and to update the actual
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Cartilaginous fishes have internal fecundation and display a
variety of reproductive strategies, including different modes of
embryonic nourishment ranging from lecitotrophic oviparity
to placental viviparity (Hamlett et al. 2005). The former is the
plesiomorphic condition, reported in approximately 40% of
elasmobranchs (Hamlett & Koob 1999, Carrier et al. 2004).
Fertilized eggs of oviparous elasmobranchs are protected by
a leathery, structurally complex, and remarkably resistant egg
capsule made of cross-linked proteins with anti-microbial and
anti-fouling properties (Thomason et al. 1994, 1996; Hoff
2009). These egg capsules provide mechanical protection to
embryos against biological and other environmental stressors
such as bacteria, osmotic changes, desiccation, temperature
shock and wave action (Kormanik 1993, Hamlett & Koob
1999, Lucifora & Garcia 2004).

Developing embryos inside egg capsules are an important
source of energy for predators and have been found in the
stomachs of teleosts, elasmobranchs and marine mammals
(Cox & Koob 1991, Bor & Santos 2003). However, predation
on developing embryos is not limited to vertebrates.
Macroinvertebrates such as echinoderms and gastropods have
also been reported to cause large mortality rates (Cox & Koob
1991, Smith & Griffiths 1997, Cox et al. 1999, Lucifora &
Garcia 2004, Hoff 2009).

In addition, egg capsules of elasmobranchs are suitable
surfaces for the adhesion of certain organisms (Sullivan &
Regan 2011). Epibiosis is defined as the spatial association
between a substrate organism (i.e., basibiont) and a sessile
organism (i.e., epibiont) attached to the former’s outer
surface. Unlike parasites, an epibiont does not depend on
its basibiont to fulfill its trophic needs (Wahl 1989, 2009).
However, epibiosis is not always neutral to the basibiont
and may have a direct impact on survival rates of developing

embryos by hampering the performance of the egg capsules
during critical stages; for instance, by obstructing the normal
ion and oxygen flow of permeable egg capsule walls (Evans
1981, Kormanik 1993, Lombardi & Files 1993, Leonard et
al. 1999, Heiden et al. 2005). Egg capsules may also become
heavier, less buoyant, more rigid and brittle due to epibiosis
(Pretorius 2012).

Predation and epibiosis of the egg capsule may be of
special interest for the Shorttail fanskate, Sympterygia
brevicaudata, a species found in coastal waters from Ecuador
to central Chile and currently this species was categorized by
IUCN as “Near Threatened” (McEachran 1982, Lamilla &
Séez 2003, Last et al. 2016, Dulvy et al. 2020). Unlike other
batoids, egg capsules of Sympterygia have extremely long
posterior tendrils, which allow females to firmly entangle
them in structures such as brown algae or other available
substrata, unlike all other oviparous batoids which lay their
egg capsules on the seabed (Leible 1988, Oddone & Vooren
2002, 2008; Hernandez et al. 2005, Mabragaia et al. 2011,
Concha et al. 2013). The aim of this study is to quantify and
describe both predation and epibiosis on egg capsules of S.
brevicaudata to provide information on how they may affect
survival of embryos during their first developmental stages.

MATERIALS AND METHODS

gg capsules of Sympterygia brevicaudata were found

stranded ashore, after a storm surge, at Pefiuelas
(29°57’S; 71°18’W) and Changa (29°57’S; 71°19°W)
beaches, Coquimbo Bay, central Chile (Fig. 1). Specimens
collected were preserved in ethanol (75%) and subsequently
deposited at the Sala de Colecciones Bioldgicas, Universidad
Catélica del Norte, Coquimbo, Chile (Collection codes
SCBUCN- 5000-5045, 5055-5221, 5152-5280).
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Figure 1. Map of the study area in Coquimbo Bay (Chile). Sampling sites, Changa and Pefiuelas Beach, are represented by yellow circles | Mapa
del &rea de estudio en la Bahia de Coquimbo (Chile). Los sitios de muestreos, playa Changa y Pefiuelas, estan representadas por circulos amarillos
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Based on examination of the hatching slit (Fig. 2), egg
capsules were classified as hatched (open hatching slit)
and not-hatched (closed hatching slit). Additionally, each
specimen was categorized according to the evidence of
predation and epibiosis as indicated in Table 1. Marks on egg
capsules attributed to predation were quantified and identified
according to their shape (straight or zigzag) and orientation
(longitudinal or transversal). To confirm that embryos were
predated only the marks on non-hatched egg capsules were
measured, using the software Image-pro Plus 6.0 (Media
Cybernetics Corporation, USA). Straight cuts corresponded
to lineal marks, whereas zigzag cuts corresponded to a
serrated-like pattern of cut. Both types of predation marks
were classified as transversal or longitudinal depending
upon their orientation to the longitudinal striation of the egg
capsule wall (Fig. 3).

Epibiosis was analyzed by identifying each epibiont
found to the lowest possible taxonomic level. Subsequently,
the frequency of occurrence of each epibiont taxon was
expressed as the percentage of the total number of egg
capsules examined with each epibiont item. The frequency of
egg capsules with either obstructed hatching slit or obstructed
respiratory fissures (ORF) was also recorded as the percentage
of egg capsules with epibionts covering either the hatching slit
or at least one of the four respiratory fissures (Fig. 2). ORFs
were classified as open or closed, with a primary focus on
non-hatched capsules.

Anterior

Respiratory
fissure

Sympterygia brevicaudata

Respiratory
fissure

Posterior

Figure 2. Egg capsules structures observed of the Shorttail fanskate
Sympterygia brevicaudata. Respiratory fissures are the structures
through which ion and oxygen interchange occurs during the last
embryonic stages. Hatching slit is the zone where the neonates
emerge / Estructura de las capsulas de la raya de cola corta Sympterygia
brevicaudata. Las fisuras respiratorias son las estructuras a través de las
cuales se produce el intercambio de iones y oxigeno durante las Ultimas
etapas embrionarias. La hendidura de eclosién es la zona por donde
emergen los neonatos

Table 1. Classification of egg capsules according to the status of the hatching slit (hatched and non-hatched) and the evidence of predation and
epibiosis | Clasificacion de las capsulas segun el estado de la hendidura de eclosién (eclosionada y no eclosionada) y la evidencia de depredacion y epibiosis

Egg capsule
status

Definition

Hatched

Non-hatched

Egg capsule whose hatching slit is clear and completely opened, allowing the embryo to hatch.

Egg capsule whose hatching slit is either still sealed due to the time since egg laying or externally

obstructed by the presence of epibionts. In both cases the embryo is not allowed to hatch.

Intact
Predated (P)
Epibiosis (E)

P+E

Egg capsule with cuts on its surface.

Egg capsule with epibionts on its surface.

Egg capsule lacking predation marks or epibionts on its surface.

Egg capsule showing both predation marks and epibionts.
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Figure 3. Predation marks in egg capsules from the Shorttail fanskate Sympterygia brevicaudata showing the orientation and zigzag shape of
the cuts. Longitudinal (b, c, d, h) and transversals (a, e, f, g, i) cuttings. Scale bar: 10 mm / Marcas de depredacion en capsulas de la raya de cola
corta Sympterygia brevicaudata que muestran la orientacién y forma de zigzag de los cortes. Cortes longitudinales (b, ¢, d, h) y transversales (a, e, f, g, i).

Barra de escala: 10 mm

Several independent generalized linear models (GLMs)
with binomial distribution were used to determine: (1) the
probability that predation marks (response variable: presence
/ absence of predation marks) were present on hatched vs.
non-hatched egg capsules (categorical predictor), (2) the
probability that epibionts (response variable: presence /
absence of epibionts) were present on hatched vs. non-hatched
egg capsules (categorical predictor), (3) the probability that
predation marks (response variable: presence / absence of
predation marks) were present on non-hatched egg capsules
(categorical predictor: more developed / open respiratory
fissures vs. early developed / closed respiratory fissures),
and (4) the probability that epibionts (response variable:
presence / absence of epibionts) were present on non-hatched
egg capsules (categorical predictor: more developed / open
respiratory fissures vs. early developed / closed respiratory
fissures). The output of each independent model was
examined to assess the effect of the predictor using maximum
likelihood tests. Analysis of deviance tables and standard
residuals GLM diagnostic plots were also used to evaluate
the goodness of fit of the resulting models and to check that
assumptions were not violated for each model. The libraries
“pscl”, “MuMIn” and “Imtest” were used to examine model
outputs. GLMs were implemented using R version 3.0.2 (R
Development Core Team 2014).

Seguel et al.

REsuLTS

total of 241 egg capsules were examined, 70.5% of which

were hatched and the remaining 29.5% non-hatched. An
89.2% of egg capsules showed predation marks, epibionts and/
or both. Evidence of predation marks was found in 32.8% (N=
79) of the egg capsules and their frequency of occurrence was
similar in hatched and non-hatched egg capsules, 51.9 and
48.1%, respectively. More information on the classification
of egg capsules is summarized in Table 2. The probability
of finding predation marks on hatched and non-hatched egg
capsules was P = 0.24 (95% CI: 0.18-0.31) and P = 0.54
(95%CI: 0.42-0.65), respectively, these probabilities being
significantly different (GLMs, P < 0.0001). This is consistent
with the observed frequency of ORFs (see Table 3).

The shape and orientation of predation marks on egg
capsules were mostly zigzag and transversal, 86.2 and 65.1%,
respectively (Fig. 3). In total, predation marks were found on
38 non-hatched egg capsules; 21.1 and 78.9% for straight and
zigzag cuts, respectively. Egg capsules with longitudinally and
transversally oriented straight cuts corresponded to 21.1 and
0.0%, respectively, whereas egg capsules with longitudinally
and transversally oriented zigzag cuts corresponded to 55.3
and 23.7%, respectively. The length of predation marks ranged
from 4.92 to 50.95 mm (Mean= 22.33 + 4.20 mm), whereas
their perimeters ranged from 9.12 to 70.10 mm (Mean= 34.73
+ 5.51 mm). There were significant differences between
the probability of finding predation marks in non-hatched
capsules with open and closed respiratory fissures (GLMs, P
<0.0001), with probabilities of P = 0.74 (95% CI= 0.57-0.86)
and P = 0.33 (95% CI= 0.20-0.50), respectively.
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Table 2. Frequency of egg capsules (%) classified by the status of
the hatching slit / Clasificacion de las capsulas segun la frecuencia (%)
del estado de la hendidura de eclosion

Eggcapsule  Totaln Intact Predated Epibiosis P+E

Hatched 170 6.47 7.06 69.41 17.06
Non-hatched 71 21.13 21.13 25.35 3239

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 capsulas (%)
con epibiosis clasificadas de acuerdo al nimero de fisuras respiratorias
obstruidas (ORF) por epibiontes o la obstruccién de la hendidura de
eclosion (HS)

Egg capsule Totaln OORF 1ORF 2ORF 3O0ORF 40RF HS

Hatched 147 252 11.6 17.0 16.3 299 456
Non- hatched 41 14.6 122 17.1 19.5 36.6 85.4

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-

a)

o)

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).

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 capsulas 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 region
anterior de la capsula, y una colonia de tunicado Pyura chilensis (Pc) posicionada en la region posterior. Barra de escala: 10 mm
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Preyed egg
capsules

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 céapsula de Sympterygia
brevicaudata

Table 4. Frequency of epibionts (%) identified on egg capsules /
Frecuencia de epibiontes (%) identificados sobre las capsulas

Pyura Balanus
Egg capsule  Totaln chilensis laevis Bryozoa  Polydora sp.
Hatched 147 6.1 4.1 824 7.4
Non-hatched 41 7.3 73 85,4 0.0

Discussion

gg 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 & Garcia 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 & Garcia 2004, Jafiez & 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

Seguel et al.

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 & Garcia 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 & Garcia 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 & Garcia 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
& Garcia 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 & Garcia
(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 & Garcia (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
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(Retamal 1981, Zuiiga 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-
Hernandez 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.

Seguel et al.

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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