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Abstract: Chile is a biodiverse region for deep-water skates (Rajiformes), with 36 species documented
in national waters, of which 73% correspond to deep-water species. Among them, the Thickbody
skate (Amblyraja frerichsi) and Whitemouth skate (Bathyraja schroederi) are two poorly documented
species with relatively high abundances. However, the current information is limited to a few
specimens reported over the last 50 years between southern Brazil (SW Atlantic) and central Chile
(SE Pacific). In the Southeast Pacific, both species are bycatch in the Patagonian toothfish (Dissostichus
eleginoides) fishery, which operates along the Chilean coast between 800 and 1600 m of depth. This
study examined aspects of demography and reproductive biology based on data from 190 specimens
(125 A. frerichsi and 65 B. schroederi) obtained from the fishery in northern Chile. The new data
contribute to enhancing our understanding of deep-water skate communities and highlight the
vulnerability and fishing pressure experienced across their geographic distribution.

Keywords: elasmobranch biodiversity; skate; Patagonian toothfish

1. Introduction

Skates (Chondrichthyes: Rajiformes) are considered the largest groups of elasmo-
branch fishes, with over 600 species worldwide [1], with Arhynchobatidae (Fowler, 1934)
and Rajidae (Bonaparte, 1831) having the greatest number of species [2,3]. Skates inhabit
most marine environments, from the sublittoral zone to deep waters [2,4]; however, their
large body size and life history traits, such as slow growth, late sexual maturity, and low
fecundity, make them highly vulnerable to overexploitation [5,6].

Overfishing is a major cause of the population decline and collapse of skate stocks
worldwide [7]. The vulnerability to collapse due to the direct and indirect effects of fishing
has been well documented for several species, including deep-sea rajids [8]. Although
the catch may be incidental, demersal skates are usually retained for trade and human
consumption, and may even become unofficial target species in many fisheries [9].

Chile is characterized by a great diversity of fishery resources with high commercial
demand worldwide [9]. In this context, the Patagonian toothfish fishery (Dissostichus
eleginoides Smitt, 1898) is one of the most representative, profitable, and productive fisheries
in terms of export volume [10]. This fishery operates along the entire Chilean coast through
artisanal (between 19.1◦ S and 47◦ S) and industrial fleets (south of 47◦ S) [11]. A strong
interaction between this fishery and cartilaginous fishes has been reported in central–
southern Chile, where sharks, skates, and chimeras are discarded dead without use or
commercialisation [12]. According to Reyes et al. [13], two of the most common species in
the bycatch of D. eleginoides in southern Chile are the Thickbody skate Amblyraja frerichsi
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(Krefft, 1968) and, in lesser abundance, the Whitemouth skate Bathyraja schroederi (Krefft,
1968). However, both species have been inadequately documented in Chilean waters
because of the low level of reporting catches at the species level by observers or fishers [14].
Interestingly, both species, A. frerichsi and B. schroederi, were described in the same year
from juvenile specimens caught off the Rio de La Plata (Argentina and Uruguay Common
Fishing Zone) between 800 and 1000 m depth during a research cruise [15]. Since then, only
a handful of additional records of mostly immature individuals of these rare deep-water
skates have been reported in the Southwest Atlantic Ocean [16,17]; until Stehmann and
Pompert [18] described a mature male of B. schroederi for the first time in 2014.

In the Southeast Pacific, both skates have been reported in Chile almost 30 years after
their original description from single specimens: B. schroederi off Talcahuano (36.5◦ S) and
A. frerichsi off southern Chile (~42◦ S). However, reference specimens are mentioned as
“material whose study is in progress” [19], and of which nothing has been published to
date. Thus, there were no further details or preserved specimens to confirm this addition to
Chilean biodiversity until Reyes et al. [13], who reported high bycatch rates of A. frerichsi in
the Patagonian toothfish fishery off the Magellan Strait in 2006. Later, Bustamante et al. [20]
reported mature A. frerichsi males and females in southern Chile. These authors also
contributed to supplementing the anatomy and morphology of the species and extended
the distribution range to 36◦ S in the Southeast Pacific. However, unverified records of
single specimens have been reported from Coquimbo (30◦ S) [21], and the Tarapacá region
(23◦ S) [22] may indicate a more extensive northern range than currently accepted. Indeed,
Ñacari et al. [23] included specimens of A. frerichsi off Tocopilla, (22◦ S), and recently,
Zavalaga et al. [24] reported a single specimen off Ilo, Peru (17◦ S). In contrast, the available
data on B. schroederi are much more restricted, being limited to a few specimens caught off
the coast of Valdivia [25].

Considering the scarcity of documented records on these two skates and the uncer-
tainty regarding their geographic distribution, this study aimed to provide additional
data on B. schroederi and A. frerichsi, with an emphasis on demographic information from
specimens caught in northern Chile.

2. Materials and Methods

Between August and December 2021, 190 specimens (125 A. frerichsi and 65 B. schroed-
eri) were obtained as bycatch from the Patagonian toothfish (D. eleginoides) artisanal fishery
operating in northern Chile at depths ranging between 800 and 1000 m. The skates were
caught between Iquique (21◦ S) and Antofagasta (24◦ S) and landed at the Antofagasta
fishing terminal (Figure 1).

During sampling, the total length (LT) of each specimen was measured following a
standardised methodology [26], where the distance between the snout tip and the posterior
apex of the caudal fin was measured. In addition, the sex of each specimen was determined
by the presence of claspers in males and the postcloacal length of the left clasper (LC) was
measured in males. All measurements were made to the nearest centimetre (cm) and are
presented as the mean ± SD. An χ2 goodness-of-fit test [27] was used to assess whether
the male-to-female ratio significantly varied from 1:1. Additionally, the size frequency was
determined individually by sex and potential deviations from normality were evaluated
using the Kolmogórov–Smirnov (W) test.

For both male and female skates, sexual maturity stages were defined according to a
modified scale [28,29], which allowed for the identification of immaturity (stages 1 and 2)
and maturity (stages 3 and 4). The reproductive organs were examined and categorised
according to changes in the ovaries, nidamental gland, and uterus of females and the testes
and clasper glands in males. Additionally, binominal maturity data were determined by
sex at 5 cm intervals (immature 0, mature 1). The median size at maturity in both sexes was
calculated by fitting the following logistic curve (by minimisation of least squares) to the
relationship between the fraction of mature individuals as a function of LT:
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Y = [1 + e−(a+bX)] − 1, (1)

where Y is the fraction of mature individuals in LT X and a and b are model coefficients.
The a:b ratio represents the size at which 50% of individuals are mature [27]. All statistical
analyses were performed using the open-source R language, with the significance set at
p < 0.05.
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Figure 1. The geographical locations of commercial fishing operations targeting the Patagonian
toothfish (D. eleginoides) surveyed in the present study in 2021. The circles represent longline sets
where specimens of B. schroederi and/or A. frerichsi were collected. The solid blue line corresponds to
the 1000 m isobath.

3. Results
3.1. Whitemouth Skate (Figure 2)

A total of 65 specimens were examined (25 males and 40 females). The catch com-
position sex ratio of 1:1.6 showed no significant differences between male and female
proportions in landings (χ2 = 3.465, d.f. = 1, p = 0.06). The body size of the caught females
ranged from 54.5 and 124 cm LT (94.2 ± 18.3 cm), and males ranged from 49.5 and 103 cm
LT (83.4 ± 16.7 cm). The catch size distribution for males (W = 0.8524, p < 0.05) and females
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(W = 0.9231, p < 0.05) did not fit a normal distribution, with two peaks observed at small
(50–60 cm LT) and medium (90–100 cm LT) sizes for both sexes (Figure 3a).
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Figure 2. A Whitemouth skate (Bathyraja schroederi). Dorsal and ventral views of specimens from
Argentina ((a,b), female 128 cm LT) and Chile ((c,d), female 117 cm LT; (e), male 122 cm LT). The
Argentinean specimen corresponded to the holotype (ISH-1531/66) described by Krefft [15], and the
Chilean specimens were obtained in the present study. The image of the holotype is black and white.

Four stages of sexual maturity were identified in the sample by examining the in-
ternal reproductive organs: immature (Stage 1), juvenile (Stage 2), mature (Stage 3), and
active (Stage 4). Stages 1 and 2 represented the immature fraction of the population, and
stages 3 and 4 represented the reproductive adult fraction. According to an internal organ
examination, 36% (n = 9) of the males and 32.5% (n = 13) of the females were immature.
In addition, three males and four females were observed in stage 4, representing 12% and
10%, respectively (10.7% of the total population). Only one female was gravid, with one
egg capsule per uterus. The clasper size (LC) was recorded for only seven individuals, of
which only one was active (stage 4). The maximum recorded clasper size for this mature
male was 25 cm (Figure 3b). The size at which 50% of the males were mature (L50) was
82.9 cm LT (Figure 3c). However, the reproductive information for males should be used
with caution and may not be representative of the population, considering the small sample
size. In the case of females, 67.5% of the specimens in the catch were mature, with the
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largest immature individual measuring 107.3 cm LT, and the smallest mature individual
measuring 73.4 cm LT. This is based on an estimated mean size at maturity of 92.5 cm L50
for females (Figure 3d).
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Figure 3. The size structure and reproductive biology of B. schroederi off northern Chilean waters:
(a) the total length (LT) the absolute frequency distribution of males and females; (b) the relationship
between clasper length (LC) and the total length and fitted logistic model for the proportion of mature
males (c) and females (d) in the population. The dotted line in (a) represents the fit to the normal
distribution. The white and black circles in (b) represent immature (stages 1 and 2) and mature
specimens (stages 3 and 4).

Taxonomic Remarks

In 2022, Ebert et al. [30] described a new Bathyraja species based on two specimens
(male and female) from Peruvian waters. However, under comparative examination, these
specimens may correspond to adults of B. schroederi. The diagnostic features of Bathyraja
chapmani from Ebert, Alfaro-Shigueto, Velez-Zuazo, Pajuelo and Mangel 2022 [30] overlap
with those reported for B. schroederi [16–18] and reflect a morphological similarity that
raises doubts about the validity of the new species. However, upon close examination, the
external morphology of B. chapmani was within the range of the specimens reviewed in
this study, and the diagnosis of both species was superimposed on the following features:
“Broad rhombic disc, wider than long (1.25–1.3 times length). Anterior margin nearly
straight; apices broadly rounded. Snout is moderately short, blunt at the tip, soft, and
flexible vertically due to the very delicate rostral cartilage. Orbits small, slightly elevated
above the head, interorbital space concave. Spiracle suboval, opening oblique, anterior
margin opening extending forward, nearly to posterior margin of eye. Number of tooth
rows in the maxilla 21–32. Tail moderately long and slender, length approximately equal to
disc length. The upper disc is rather smooth and extensive in juveniles but limited to the
anterior margin of the disc in adults. Upper disc without thorns, except for malar thorns in
adult male. Dorsal surface of tail with single, median, continuous row of 19–30 posteriorly
angled thorns. The ventral surface is completely smooth. Pelvic fins deeply notched
between anterior and posterior lobes. Two small dorsal fins near the end of the tail, slightly
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separated without spines in interdorsal space. Epichordal caudal-fin lobe developed, length
short and height low, separated by narrow interspace from second dorsal fin; hypochordal
caudal lobe minute, length less than first-dorsal-fin height. Lateral folds extending almost
the entire tail length. Abdominal vertebrae 28–42; predorsal tail vertebrae 75–87. Colour
dark-plum-brown to greyish brown on dorsal and ventral surfaces, and lighter around
mouth, gill slits, cloaca, and tip of anterior pelvic lobes”.

The irregular spotted pattern on both the dorsal and ventral surfaces, described as a
diagnostic feature of B. chapmani (Figure 4), may correspond to scars and bite marks made
by marine leeches (Hirudinea: Ceratobdella Utevsky and Gordeev, 2015; Figure 4a) which
regularly parasitise B. schroederi (Figure 4b). Although these “spots” may be associated
with or reflect patterns in skin, they cannot be considered as natural markings (despite
being of “natural” origin) within the phylogeny of Bathyraja species and do not support
a comparative argument for the diagnosis of skates. Skin discolouration is not unusual
on deep-water skates [31–33], and this may be the result of healed wounds and scars that
may resemble small “spots” or “spotted patterns”. Therefore, the presence of scars and bite
marks from parasites may lead to misidentification, if mistaken for natural markings.
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Figure 4. Photographs of fresh (a) and preserved (b) specimens of Ceratobdella sp., removed from the
skin of B. schroederi from Chilean waters, with (c) close-up details of healed bite marks that resemble
“spotted” or discoloured markings reported by Ebert et al. [30] to discriminate Bathyraja species in
the SE Pacific. Dorsal (d) and ventral (e) views of the disc of B. schroederi from Chilean specimens
compared (f) with those found in B. chapmani from Ebert et al. [30]. The scale bars in (a,c) represent
1 cm.
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Further molecular taxonomy may help clarify the taxonomic status among Bathyraja
species in the South Pacific basin. However, B. chapmani is likely invalid and should be
considered a junior synonym for B. schroederi.

3.2. Thickbody Skate (Figure 5)

A total of 125 specimens were examined (62 male and 63 female). The catch com-
position sex ratio of 1:1.02 shows no significant differences between male and female
proportions in landings (χ2 = 0.008, d.f. = 1, p = 0.928). The body size of females caught
ranged between 44 and 176 cm LT (85.4 ± 29.1 cm), and males ranged between 40 and
116.4 cm LT (82.8 ± 18.6 cm) (Figure 3b). The catch size distribution for males could be
fitted to a normal distribution (W = 0.9676, p = 0.100), but not for females (W = 0.9345,
p < 0.05), where two peaks occurred at sizes close to 60 cm and 100 cm LT (Figure 6a).

Diversity 2024, 16, x FOR PEER REVIEW  8  of  14 
 

 

In the case of females, 20.6% of the specimens in the catch were mature with the largest 

immature individual being 107.8 cm LT, and the smallest mature individual being 96 cm 

LT. This is based on an estimated mean size at maturity of 105.3 cm L50 for females (Figure 

6d). 

 

Figure 5. A Thickbody skate Amblyraja frerichsi. Dorsal and ventral views of specimens from Argen‐

tina  (a,b,  female 81.7 cm LT) and Chile  (c,d,  female 88 cm LT). The Argentinean specimen corre‐

sponded to the holotype (ISH‐1532/66) described by Krefft [15], and the Chilean specimen was ob‐

tained in the present study. The image of the holotype is black and white. 

Figure 5. A Thickbody skate Amblyraja frerichsi. Dorsal and ventral views of specimens from
Argentina ((a,b), female 81.7 cm LT) and Chile ((c,d), female 88 cm LT). The Argentinean specimen
corresponded to the holotype (ISH-1532/66) described by Krefft [15], and the Chilean specimen was
obtained in the present study. The image of the holotype is black and white.

Within the observed population, four stages of sexual maturity were identified by
examining the internal reproductive organs. Accordingly, 66.1% (n = 41) of the males and
68.3% (n = 43) of the females were immature (stages 1 and 2). A small percentage of both
sexes were reproductively active, representing 6.5% (n = 4) and 6.3% (n = 4) of males and
females, respectively. Egg capsules were not observed in any of the examined females. The
clasper size (LC) of 33 individuals was recorded at four stages of sexual maturity, with
a maximum observed size of 29 cm LC (Figure 6b). The size at which 50% of the males
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were mature (L50) was 98.4 cm LT (Figure 6c), representing 24% of the analysed population.
In the case of females, 20.6% of the specimens in the catch were mature with the largest
immature individual being 107.8 cm LT, and the smallest mature individual being 96 cm LT.
This is based on an estimated mean size at maturity of 105.3 cm L50 for females (Figure 6d).
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Figure 6. The size structure and reproductive biology of A. frerichsi off northern Chilean waters:
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specimens (stages 3 and 4).

4. Discussion

From the new material obtained from northern Chile, it was possible to supplement
the biological and ecological information related to the population structure and sexual
maturity of the two deep-sea skates. Despite being described in the Southwest Atlantic
almost 50 years ago, there are only anecdotal records of A. frerichsi and B. schroederi, es-
pecially because of the limited availability of incidentally caught specimens in fisheries
operating around Patagonian and Circum Antarctic waters [13,34]. Sérét and Andreata [35]
and recently, Stehmann and Pompert [18], confirmed the presence of B. schroederi in the
Southwest Atlantic based on juvenile females and adult males from southern Brazil and
the Falkland/Malvinas Islands, respectively. If the specimen from Talcahuano, Chile [19] is
considered, the number of specimens available in the scientific literature is five. Fortunately,
the material available for A. frerichsi was comparatively more abundant. Krefft [15] in-
cluded observations of 35 specimens from the Southwest Atlantic. However, no additional
information has been obtained from this ocean to date. In the Southeast Pacific, Reyes
et al. [13] reported 155 specimens between 52◦ S and 57◦ S, and Bustamante et al. [20]
examined 65 specimens from central and southern Chilean waters (37◦ S–49◦ S). Except
for the parasitological study of Ñacari et al. [23], there is no information that accounts for
the life history of A. frerichsi or B. schroederi northward of 37◦ S in the Southeast Pacific.
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The information analysed here from specimens obtained in northern Chile represents an
advance in the knowledge of B. schroederi and A. frerichsi.

The scarcity of comparative material from the region may also result in confusion
when reporting on deep-water elasmobranchs. Despite the challenges associated with
limited sample availability and observational capabilities in the deep ocean, it is crucial to
maintain rigorous taxonomic practices when describing new species. Although the novelty
of deep-water samples may raise our expectations, there is an intrinsic responsibility for
taxonomic routines learned over the last century [2] that includes phenotypical adaptations
and ontogenetic variations. The limited information available on B. schroederi plays a major
role in the possible misidentification of the species, as could have been the case in Ebert
et al. [30]. The overall comparison of B. chapmani with B. schroederi has been neglected
despite being documented in the region. The interpretation of skin discolouration on the
dorsal and ventral discs as natural markings may be flawed, as such markings may result
from parasites and, therefore, should not be used to support the identification of new
species. Expanding geographic and depth ranges across biogeographical regions in the
Southeast Pacific would provide an accurate species distribution that aids in identifying
potential endemism or range extensions. Future directions for the description of new
species need to rely on integrative taxonomy to generate comprehensive revisions including
morphological and molecular data.

An important aspect of the skates studied is the expansion of their latitudinal and
bathymetric ranges in the Southeast Pacific. The depth range of A. frerichsi in Chilean
waters is reported to be between 1037 m and 2250 m and between 37◦ S and 57◦ S [20];
however, there is no comparative information for B. schroederi in this same area. Based on
observations of four individuals in the Southwest Atlantic, the depth range inhabited by B.
schroederi may be between 800 m and 2380 m [34]. For the Southeast Pacific, the latitudinal
and bathymetric distribution ranges are updated, and the presence of both species extends
between 21◦20′ S and 57◦ S, and between 800 m and 2250 m deep. Neither of the two
species under study can be considered endemic to Patagonian waters because they are
found in at least three different biogeographical regions: Patagonian waters, the transitional
zone of central Chile, and Peruvian waters [36].

The current geographic distribution of B. schroederi includes Patagonian waters from
southern Chile to southern Brazil, including the Falkland Islands [2]. Based on the speci-
mens documented here, the distribution range may extend northward to the locality Caleta
Chipana (21◦20′ S), extending its distribution range in the Southeast Pacific approximately
2000 km north of the last record. This species is demersal on continental and insular slopes
and in the abyssal plain at depths of 800–2380 m [2]; however, in the Southeast Pacific, it is
found between 800 and 1500 m off Chile and 800 and 2380 m off Uruguay and Brazil in the
Southwest Atlantic [15,17,34]. The species is vulnerable to fishing and is discarded dead
by D. eleginoides longline fisheries (artisanal and industrial), which operate between 800
and 1600 m depth along their entire distribution area [14]. The relatively low contribution
of mature females suggests that the species may have refugia in depth. However, it is not
possible to quantify the impact of bycatch, and the volume of extraction/bycatch requires
close monitoring to assess potential threats at the population level.

Recently, A. frerichsi, was assessed as “Vulnerable” by the IUCN Red List of Threatened
Species [8] due to the levels of bycatch to which it is exposed in its area of distribution and
inferred population reduction from catch records in the Southwest Atlantic. However, the
potential and actual threats to B. schroederi were previously undocumented, and considering
the information analysed here, an update of the conservation assessment is required to
address their vulnerability to the fishery [34]. The fishing mortality of both skates and their
relatively high abundance in the bycatch of the D. eleginoides fishery are factors that were
not available at the time of the assessment of their conservation status.

The structuring forces of marine biogeographic zones tend to have less impact at
depth [37], which generates potential stability in the deep-water ecosystem in front of the
Southeast Pacific region. This situation has been evidenced in other cartilaginous fishes,
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where their presence has been documented in a wide latitudinal range (e.g., 30◦ N to 40◦ S
for Hydrolagus melanophasma), but in a narrow depth band associated with the oceanic
trenches of Mesoamerica and the Atacama in the Central and Southeast Pacific [38]. The
size and sexual maturity structure of the analysed population suggest that A. frerichsi
and B. schroederi may be sympatric in at least one section of their latitudinal distribution
range. However, the adult fractions of both species would not occupy the same habitat
on the bathymetric gradient. At depths between 800 and 1000 m, 70% of the males and
66% of the females of A. frerichsi were immature. However, in this same range, 60% of the
B. schroederi individuals were mature specimens. This apparent lack of spatial overlap of the
reproductively mature fractions of both species could be related to a differentiated trophic
strategy, which allows latitudinal sympatry of congeneric species in different bathymetric
ranges [39]. This phenomenon has not been documented in deep-water skates; however, it
has been reported in skates from shallow waters between 10 m and 40 m deep [40,41] and
inhabiting the continental shelf between 30 m and 366 m deep [42].

The increased demand for fish protein may lead to fishing efforts expanding towards
new latitudes and depths [43]. This is evidenced by the exploration of new fishing grounds
for D. eleginoides in the Southeast Pacific, which has extended into northern Peru and
southern Ecuador over the last two decades [44]. In this “exploratory” fishery, the presence
of elasmobranchs as bycatch has been poorly documented, yet deep-water skates and
chimaeras are found to be a major component of the deep-water ecosystem in the South-
east Pacific [24,44]. For example, Zambrano et al. [45] reported over 6000 specimens of
H. melanophasma from Ecuadorian waters at depths of 1600–1800 m between 2017 and 2021.

The primary focus of batoid research in Chilean waters has been to delineate the
distribution patterns and feeding habits of species inhabiting the continental shelf [14].
Unfortunately, this has resulted in the overlooking of nearly 70% of the species inhabiting
national waters [14], owing to the absence of scientific observations in deeper waters,
rendering them obscure. The data analysed here represent the first step, significantly
overdue, in contributing scientific information to the knowledge of the deep-sea ecosystem
associated with the Humboldt Current System. In addition, the importance of the continu-
ous monitoring of the bycatch of deep-water fisheries is highlighted, as it may become a
source of important data for many poorly documented species and may aid in assessing
the ecosystem impact of fisheries [46,47]. Documenting the total catch, including bycatch
species, is a current challenge for the effective management of the D. eleginoides fishery in
Chile, as the species is an international commodity subject of trade regulations that require
mandatory reporting (and minimising) of the overall ecosystem impacts on non-target
species [48,49].
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