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Abstract

Egg capsules of the multispine skate, Bathyraja multispinis (Norman, 1937), described here for the first time, are larger (180 mm
in length without horns) than those of any Bathyraja species from the South-west Atlantic Ocean (SWA). The capsule’s surface
texture is relatively smooth by the presence of woven-like fibres. However, below the fibres, it is rough to the touch by the
presence of longitudinal ridges and prickles of different shapes and sizes, ending in two or more digitiform projections. An
identification key to all described Bathyraja egg capsules occurring in the SWA from 34° to 55°S is provided.
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Introduction

Skates (order Rajiformes) are oviparous. Females lay their
eggs on the seafloor encapsulated in a tough corneous struc-
ture, where the embryo develops while feeding from the yolk
until hatching (Conrath and Musick 2012). The capsule is the
only protection during the embryonic development period,
which could range from months to a year or longer depending
on the species and environmental conditions (Berestovskii
1994; Jafiez and Sueiro 2007; Mabragafia et al. 2015). The
specificity of egg capsule morphology (Ishiyama 1958; Ebert
and Davis 2007; Concha et al. 2012) makes them a tool for
taxonomical (Ishihara et al. 2012; Fischer et al. 2014), biolog-
ical (Luer et al. 2007; Vazquez et al. 2020), and ecological
studies (Hoff 2010; Hunt et al. 2011; Cordeiro and Oddone
2019). The latter include the identification of egg capsule
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nurseries, critical areas that support sensitive life stages of
oviparous chondrichthyans (Martins et al. 2018).

The genus Bathyraja (Arhynchobatidae) constitutes the
most diverse genus within Rajiformes (Ebert and Compagno
2007; Last et al. 2016; Stehmann et al. 2021). In the sector of
the South-west Atlantic Ocean (SWA) from 34° to 55°8S, it is
represented by thirteen species (Menni and Stehmann 2000;
Figueroa 2019; Weigmann et al. in press). One of the largest
species of this genus reported from the continental shelf of the
SWA is the multispine skate, Bathyraja multispinis (Norman,
1937), which can reach a total length of 1260 mm (Cousseau
et al. 2007; Last et al. 2016). It is distributed around southern
South America, from southern Chile to southern Brazil on the
continental shelf and between 72 and 740 m depth (Lamilla
and Pequeno 1999; Last et al. 2016; Weigmann 2016; Sabadin
et al. 2020). In the SWA, this species is strictly stenothermal
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and stenohaline, occurring mainly in mid-shelf waters and
extending into waters of the outer shelf or slope (Figueroa
et al. 1999; Arkhipkin et al. 2012). Currently, the
International Union for Conservation of Nature (IUCN) cate-
gorizes B. multispinis as Near Threatened (Pollom et al. 2020).

In spite of its wide distribution and conservation status,
little is known about the reproductive biology of
B. multispinis (Scenna 2011; Arkhipkin et al. 2012). In an
attempt to fill this gap, and as a first step to recognize possible
nursery sites in the SWA, here we describe for the first time the
egg capsule of B. multispinis, and compare it with those of
congeners from the SWA whose egg capsules are known:
Bathyraja brachyurops (Fowler, 1910), Bathyraja
magellanica (Philippi, 1902), Bathyraja macloviana
(Norman, 1937), Bathyraja albomaculata (Norman, 1937),
Bathyraja scaphiops (Norman, 1937), and Bathyraja
griseocauda (Norman, 1937) (Paesch and Oddone 2008;
Mabragafia et al. 2011, 2017). Egg capsules of B. multispinis
were also compared with those of Bathyraja eatonii (Giinther,
1876) and Bathyraja maccaini Springer, 1971, two Southern
Ocean species (Last et al. 2016) also recorded north of 55°S in
the SWA, between Malvinas and South Georgia Islands
(Weigmann et al. in press). In these cases, information avail-
able is limited to their size or images (Meissner 1987; Ishihara
et al. 2012; Last et al. 2016; Chagnoux 2022).

Material and methods

An egg-bearing female of B. multispinis (1158 mm total
length) was caught in October 2019 by a commercial vessel
fishing in the SWA between 38° and 41° 56' S, 55°and 58° W,
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Fig. 1 Fishing area (white square) on the Argentine continental shelf
where the commercial bottom-trawl vessel operated; (gray square) prob-
able areas where the adult female Bathyraja multispinis was collected.
Map created in R Core Team (2021); www.R-project.org

@ Springer

at a depth range of 70 to 350 m (Fig. 1). The specimen was
examined during routine sampling of fishery landings at a fish
processing plant in the Mar del Plata harbor, where two egg
capsules were retrieved from its uteri. In the laboratory, egg
capsules were described and measured following Ebert and
Davis (2007), Mabragafia et al. (2011), and Stehmann et al.
(2021). Morphometric measurements were: egg case total
length including horizontal length of bent horns (TLgc), egg
case length without horns (Lgc), maximum egg case width
(Whax), minimum egg case width (W,,;,), anterior border
width (distances between the bases of the anterior horns)
(Wag), posterior border width (distances between the bases
of the posterior horns) (Wpp), central body length (excl.
aprons) (Lcp), central body width (excl. lateral keels) (Wcp),
capsule height (H¢), anterior horn length (LAyy), straight dis-
tance from the anterior horn base to the tips (L), posterior
horn length (Lpy), straight distance from the posterior horn
base to the tips (Lpyo), lateral keel width (Wy k), keel thickness
(TLk), anterior apron (A,), posterior apron (Ap), and straight
distance from anterior apron to apex of anterior horn (La3).
All measurements were taken with a digital caliper (0.1 mm
precision). For characterizing and photographing the capsule
surface, a Leica MC 170 Full High Definition 1080 P camera
under a stereoscopic microscope (Leica M165C) with
reflected light was used. Finally, the egg capsules were fixed
in 4% formalin, preserved in 75% ethanol, cataloged, and de-
posited in the Ichthyological Collection of the Instituto
Nacional de Investigacion y Desarrollo Pesquero (INIDEP,
Mar del Plata, Argentina), as INIDEP 864.

Results

All morphometric measurements are provided in Table 1. Both
egg capsules (Fig. 2a) were 180 mm Lgc, with W, 51-52%
of Lgc. The egg capsule surface was covered with soft woven-
like fibres giving a smooth texture (Fig. 2b). Under these fi-
bres, the surface texture was relatively rough to touch, with
longitudinal ridges and prickles of different shapes and sizes
that ended in two or more digitiform projections (Fig. 2c). All
these ornamentations were embedded in a gelatinous matrix.
Attachment fibres originated in the region of the posterior
horns, close to the end of the posterior apron. Their length
1.6-1.9 times Lgc and 3.2-3.8 times W ... Respiratory fis-
sures were relatively large (78 mm) and were located latero-
ventrally on each horn. Each anterior horn had an internal
transparent flange at its end (Fig. 2a). The Ty x was > 2 mm
and the Wy g was narrow (5% of W ,.x). The posterior apron
was wider (2.55 times) than the anterior apron. Posterior horns
curved inward and were slightly longer (1.4 times) than the
anterior ones. Colour before preservation was uniformly light
greenish (Fig. 2a).
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Table 1 Morphometric
measurements (in mm) of two egg
capsules from a female Bathyraja
multispinis from the northern
Argentine continental shelf,
deposited in the Ichthyological
Collection of Instituto Nacional
de Investigacion y Desarrollo
Pesquero, INIDEP

Fig. 2 a Dorsal view of
Bathyraja multispinis egg capsule
(each block 1 cm); with b
magnified view (20%) of the
capsule surface showing the
woven-like fibres; and ¢ magni-
fied view (20%) of the capsule
surface showing the ornamenta-
tion below the fibres. Portion of
the capsule observed in b and ¢
have the same orientation than
capsule of a

Morphometric measurements

INIDEP 864.1 (left egg capsule)

INIDEP 864.2 (right egg capsule)

TLgc
Lec
Winax
Winin
Wags
Weg
Les
Wes
He
Lan
Lam
Lamns
Lpu
Lpma
Wik
Tix
A
Ap

291
180
91.8
85.1
62
68
126
79,8
38
136
65
49.6
205
92
5.3
34
14.02
39.9

270
180
92.4
84.3
57
67
130
88
45
128
64
523
165
84
4.4
4.7
15.5
344

TL g, egg capsule total length incl. horizontal length of bent horns; Lz, egg capsule length without horns; W,,,.,
maximum egg capsule width; W,,,;,, minimum egg capsule width; W, , posterior border width (distances between
the bases of the posterior horns), Wpp, posterior border width (distances between the bases of the posterior horns);
Lcp, central body length (excl. aprons); Wp, central body width (excl. lateral keels); H, capsule height; Lz,
anterior horn length; L4, straight distance from the anterior horn base to the tips; L 43, straight distance from the
anterior apron to the apex of the anterior horn; Lpy, posterior horn length; Lpy,, straight distance from the
posterior horn base to the tips; W, k, lateral keel width; 7} x, keel thickness; A4, anterior apron; A p, posterior apron
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Discussion

Recognizing and protecting nursery habitats may be one im-
portant step to long-term conservation of oviparous
chondrichthyan populations (Hoft 2016). Different egg nurs-
ery sites of Bathyraja spp. have been identified in several
regions of the world (Hoff 2010; Hunt et al. 2011; Treude
et al. 2011; Amsler et al. 2015), including the SWA
(Vazquez et al. 2016). A requirement for the identification
of these areas is the accurate taxonomic identification of the
egg capsules (Mabragana et al. 2017).

Currently, there is available information for more than 70%
of the 52 valid species of Bathyraja regarding their egg cap-
sules (Ebert 2005; Ebert and Davis 2007; Paesch and Oddone
2008; Ishihara et al. 2012; Last et al. 2016; Mabragaia et al.
2011, 2017; Stehmann and Merrett 2001; Stehmann et al.
2021). The specific description of the egg capsule morpholo-
gy of B. multispinis reported here may allow future studies to
identify egg nurseries for this species in the SWA and South
East Pacific. Morphologically, the egg capsules of this species
have one distinctive feature, their large size: the capsules of
B. multispinis are indeed the largest known from any SWA
Bathyraja (Meissner 1987; Ishihara et al. 2012; Last et al.
2016; Mabragaia et al. 2011, 2017). Even more, it is one of
the largest egg capsules of the world within the genus
Bathyraja, only surpassed by those of B. pallida (Forster,
1967) (Lgc = c¢. 300 mm) and B. richardsoni (Garrick,
1961) (Lgc = ¢. 208 mm) (Stehmann and Merrett 2001). It is

worth mentioning that the size of the capsule of B. pallida was
estimated from an incomplete egg capsule and those of
B. richardsoni were reconstructed from a photograph
(Stehmann and Merrett 2001).

Regarding their congeners from the SWA, the egg capsules
of B. multispinis are similar to those of B. griseocauda.
However, in the latter, the capsule surface texture is relatively
smooth, without prickles, spines, or other ornamentations
(Mabragaiia et al. 2017), whereas in B. multispinis, even
though it seems smooth due to the woven-like fibres, below
these fibres, the surface is rough to the touch with longitudinal
ridges and prickles. In addition, egg capsules of B. multispinis
are larger than those of B. griseocauda (180 vs 140 mm Lgc).
Their large size also allows a clear differentiation from the
other rough-surface egg capsules (e.g., B. albomaculata,
B. macloviana, B. scaphiops, and B. magellanica; Paesch
and Oddone 2008; Mabragaia et al. 2011, 2017). Meissner
(1987) illustrated an egg capsule of B. eatonii. Similarly to
that of B. multispinis, it possesses very large attachment fibres
in the region of the posterior horns, close to the end of
the posterior apron. But, a picture provided by
Chagnoux (2022) also shows the absence of woven-
like fibres in B. eatonii egg capsules, a diagnostic fea-
ture of B. multispinis egg capsules. Finally, in addition
to the above, the egg capsules of B. multispinis are
larger than those of B. maccaini and B. eatonii (180
vs 156 and 120 mm Lgc, respectively) (Meissner
1987; Ishihara et al. 2012; Last et al. 2016).

Key to Bathyraja egg capsules from the SWA (34° to 55° S)

1. Very large egg capsules, length > 110 mm, surface covered (or not) with woven-like fibres in fresh capsules; below the fibres,
surface texture rough to the touch or surface relatively smooth; attachment fibres on posterior horns ........................... 2
- Medium to large egg capsules, length < 100 mm, surface relatively smooth but with denticles under magnification or surface

roughtothetouch ...

2. Surface covered with woven-like fibres in fresh capsules; below the fibres, surface texture rough to the touch with longitudinal

striations and prickles of different sizes visible under magnification; Ly > 170 mm .
Fresh capsules surface without woven-like fibres, Lic < 160 mm; surface texture relatlvely smooth or rough cerereee 3
CLEC S I50 MMttt e
Lgc < 150 mm, surface texture relatively smooth or rough ....
. Surface texture relatively smooth, finely striated, without denticles, prickles or any ornamentation under magnification; Lgc >
........................................................ B. griseocauda
- Surface texture relatively rough, with longitudinal striations, Lgc < 130 mm..

[N VSR

N

.. B. multispinis

. B. eatonii

5. Surface texture relatively smooth, finely striated, with rasp-like denticles under magmﬁcatlon but w1thout prlckles attachment

fibres on posterior horns only ...............coooviiiiiiiin.,

........................................................ B. brachyurops

- Surface texture rough to the touch, with longitudinal striations having prickles; attachment fibres absent or on both anterior and

JoTe I s34 To) 1107 4 4T OO
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6. Lateral keel remarkably lighter in colour than rest of the capsule, > 6 mm; Wy ¢ relatively broad, 12—16% of the W ,,,; surface
of capsule with long, thin prickles of similar size visible under magnification ................coooeoiiiiiiiiiin... B. magellanica

- Lateral keel similar in colour to rest of the capsule, <

6 mm; Wy ¢ relatively narrow (< 11% of W ,,.«); surface of capsule with
other pattern of ornamentation under magnification............

7. Egg capsule length < 85 mm, maximum width < 50 mm, surface texture coarse and rough to touch, covered by papillose

longitudinal ridges; prickles with different sizes and shapes visible under magnification ........................... B. macloviana
- Egg capsule length > 85 mm, maximum width > 50 mm, surface of capsule with other pattern of ornamentation .............. 8
8. Surface of capsule with long and thin prickles of different sizes under magnification, giving a velvety texture to touch;

attachment fibres are absent; Wy i less than 16 times in W . ovvee....

..B. albomaculata

- Surface with prickles of similar size visible under magnification; attachment ﬁbres on both anterior and posterlor horns, Wy ¢

more than 30 times N Wipax v ovvvenniieiiiiie i
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