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Summary: Chondrichthyans ate important for understanding the evolution of vertebrates. The small-
spotted catshark is a common shark species in cold water display aquaria in the Northern Hemisphere and
one of the few cartilaginous fish, which have the potential to serve as model organism in scientific studies.
Seyliorhinus canicnla is relatively easy to obtain and to keep, because it is not rare, relatively small and has a
benthic lifestyle. It is only moderately active and easy to feed. As courtship can result in smaller wounds in
females, the number of males should be much lower than that of females in permanent keeping, If females
are harassed too much by males, sexes can be separated. Because females can store sperm, they are able to
produce fertilised eggs still after separation. Seyliorhinus canicula is oviparous, which makes collecting the eggs
and thus obtaining the embryos easy. They need structures in their tank, such as artificial seaweed, to attach
their eggs to. Eggs should be removed from the normal rearing tank from time to time. The developmental
time is quite long with five to eleven months, depending on the water temperature, which allows detailed
studies of development. Once hatched, juveniles ate easy to rear, but growth is very slow, and they need to
reach at least 37 cm body length to become sexually mature.
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Zusammenfassung: Chondrichthyes sind wichtig fiir das Verstindnis der Evolution von Wirbeltieren.
Der Kleingefleckte Katzenhai ist eine hdufige Haiart in Kaltwasseraquarien der nérdlichen Hemisphite
und einer der wenigen Knorpelfische, die in wissenschaftlichen Studien als Modellorganismus dienen
konnen. Seyliorbinus canicula ist relativ leicht zu beschaffen und zu halten, da er nicht selten sowie rela-
tiv klein ist und eine benthische Lebensweise hat. Er ist nur mafBig aktiv und leicht zu fittern. Da das
Paarungsverhalten zu Wunden bei den Weibchen fiihren kann, sollte die Anzahl der Minnchen in der
Dauerhaltung deutlich geringer sein als die der Weibchen. Werden Weibchen zu sehr von den Minnchen
belistigt, konnen die Geschlechter getrennt werden. Da die Weibchen Spermien speichern kénnen, kénnen
sie auch nach der Trennung noch befruchtete Eier produzieren. Seyliorhinus canicula ist ovipar, was das
Einsammeln der Eier und damit der Embryonen erleichtert. Sie brauchen Strukturen in ihrem Becken,
z. B. kiinstlichen Seetang, um ihre Eier anzuheften. Die Eier sollten von Zeit zu Zeit aus dem normalen
Haltungsbecken entnommen werden. Die Entwicklungszeit ist mit fiinf bis elf Monaten recht lang, was
detaillierte Studien der Entwicklung ermdglicht. Finmal geschliipfte Jungtiere lassen sich in der gleichen
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Umgebung wie die Erwachsenen aufziehen, aber das Wachstum ist sehr langsam und die Geschlechtsreife

wird erst mit mindestens 37 cm Linge erreicht.

Schliasselworter: Elasmobranchii, Haie, Modellorganismus, Kleingefleckter Katzenhai

1. Introduction

The small-spotted catshark (Seyliorhinus canicula)
is also known as small-spotted dogfish. Its genus
Seyliorhinus comprises 16 valid species to date. It
has a widespread distribution in the wild (Tab.
1) and is present in many cold-water aquaria
throughout Europe (EBERT & STEHMANN 2013).
This catshark species is primarily a benthic
dweller, meaning it spends most of its time on
or near the seabed. It prefers muddy or sandy
substrates, where it often rests during the day.
At night, the small-spotted catshark becomes
more active, venturing out to feed on a variety
of small benthic invertebrates and small fish.
The small-spotted catshark possesses a slen-
der and elongated body, featuring a characteristic
pattern of small dark spots on a light brown
or greyish background. The colour pattern is
specific for each specimen and can be used as an

identification method for individuals (NAVARRO
et al. 2018; Hooxk et al. 2019a). The body is
covered with dermal denticles, the placoid scales,
which provide protection. In addition to the
pigmentation pattern, another distinguishing
feature from other catshark species is their
laterally protruding flap on the upper lip edge,
which covers the lower labial furrow (SOARES &
CarvarLHo 2019, 2020).

Reproduction of . caniculais oviparous. After
internal fertilization through the insertion of the
clasper of a male, females lay small leathery egg
cases known as mermaid’s purses. These egg
cases are typically attached to submerged vege-
tation like macroalgae, rocky crevices or other
biogenic structures like poriferans, bryozoans
and even hydroids (WHEELER 1978; ELLis &
SHACKLEY 1997). The embryonic development
can last several months (5-11), depending on the
environmental conditions, in particular the water

Tab. 1: General information on the biology of Seyliorbinus canicula.

Tab. 1: Allgemeine Informationen zur Biologie von Seyliorhinus canicula.

valid name

Seyliorhinus canicula (Linnaeus, 1758)

common name

Small-spotted catshark, lesser spotted dogfish

systematics

Chondrichthyes — Selachii — Galeomorphii — Carcharhiniformes - Scyliorhinidae

forms

only wildtype is known; a characteristic pattern of small dark spots on a light
brown or greyish background

similar species

especially Seyliorhinus dubamelii from the Mediterranean, but also small specimens
of S. stellaris

distribution Northeast and Eastern Central Atlantic Ocean (including North Sea) and
Mediterranean Sea, including Black Sea

habitat temperate marine waters, continental shelves and upper slopes, on sandy and
muddy sediments from nearshore to 800 m depth (mostly shallower than 450 m)

water fully marine

size males are usually smaller with around 65 cm and females can grow up to 71 cm,
in rare cases up to 80 cm

adult behaviour adults often congregate in schools separated by sex

adult diet benthic invertebrates (crustaceans, gastropods, cephalopods, worms) and small
fish

references LINNAEUS 1758 (description); EBERT et al. 2013, EBERT & STEHMANN 2013

(biology); SERENA et al. 2015, FINUCCI et al. 2021 (IUCN status)




temperature. In the study of ELLIs & SHACKLEY
(1997) on wild caught small-spotted catsharks,
the egg-laying peak was supposed to be in June
and July and no eggs were found in the females
in August and September. In contrast, KOUSTENI
et al. (2010) assumed that the catshark popula-
tion in the Aegean Sea lays their eggs all year
around with a peak in spring.

In their natural habitat, small-spotted cat-
sharks are subject to predation throughout
different stages of their life cycle. The eggs are
preyed on for example by Oxynotus centrina, the
angular roughshark (BARRULL & MAtE 2001;
GUALLART et al. 2015). After hatching, larger
shark species like Seyliorhinus stellaris are known
predators for S. canicnla juveniles (EBERT &
STEHMANN 2013). Human activities pose a
significant risk throughout all life stages of the
small-spotted catshark. These are mainly envi-
ronmental changes, such as water temperature
rising and hypoxia, which is especially harmful
for embryos, which are sessile in their egg shells.
In the eatly embryonic stages, the egg cases are
closed and have hardly exchange with the envi-
ronment but after about a third of the growing
period, the egg opens allowing exchange with
the surrounding water (Musa et al. 2020; FiLicr
et al. 2023).

Fishing became an additional concern for the
small-spotted catshark. The species is particulat-
ly vulnerable to fishing practices such as bottom
trawling, longline and gillnet fisheries, which
result in both targeted catches especially in the
Northeast Atlantic as well as Mediterranean
Sea, and incidental bycatch (e.g,, SANCHEZ 2000;
REviLL et al. 2005; SERENA et al. 2015; FiNuccr et
al. 2021). BARRAGAN-MENDEZ et al. (2019) stu-
died the survival rates of S. canicula after being
caught during bottom trawling. Remarkably,
these results revealed that the small-spotted
catshark exhibit considerable resilience, with a
survival rate of 95.7% after 24 hours. However,
the findings of Cau etal. (2017) showed that the
nursing grounds of small-spotted catshark, for
example a Leiopathes glaberrima forest in South-
west Sardinia, are highly threatened by fishing
practices like bottom trawling, which leads to
high bycatches of eggs and juveniles.
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As S. canicula has been and still is the subject
of many studies (see 5. Further remarks), the
aim of this paper is to provide a comprehensive
scientific framework to help establish a basis
for keeping and breeding . canicnla in captiv-
ity, based on already successful husbandry.
By providing this baseline of knowledge, this
manuscript aims to strengthen the position of
the small-spotted catshark as a valuable model
organism in scientific studies.

2. Tank and water parameters

The small-spotted catshark is a strictly marine
species. Itis a bottom-dwelling species; therefo-
re, the focus in husbandry conditions should be
on alarge floor area to allow comfortable resting
and to create a natural and conducive environ-
ment. MICHAEL (2003) suggests a water volume
of about 1,000 litres without giving further
details on the tank measurements. MOOSLEITNER
(1999) recommends a tank length of at least
3 m. In general, for a small breeding group with
six individuals, the tank diameter should be not
less than 1.8 m and the height should not be
less than 1 m, which is equivalent to a water
volume of 2.54 m®. The large floor area should
be covered with soft substrate, such as sand, to
mimic their natural habitat. Catsharks also like
to rest in sheltered areas such as caves, rocky
or macroalgae-like structures, so incorporating
such areas into the tank design is beneficial for
their well-being;

Water parameters can be slightly variable and
may depend on the facility system used. Yet,
transferring a specimen to another tank with
differing parameters needs time to allow the
animals accommodation. Where possible, salt
water for the tanks can be supplied directly into
the pool from the sea after being treated against
germs and parasites. Alternatively, the salt water
can be mixed artificially. To ensure a good water
quality a filter system with a high flow rate is
needed, especially because of the sharks” high-
protein diet, the animals release a high amount
of nitrogenous metabolic products into the
water leading to high concentrations of nitrate
and nitrite. Therefore, also a protein skimmer



is required. Water values have to be controlled
regularly, and in closed water circuits frequent
water changes (approx. 50% per month) are
recommended. It may also be necessary to add
specialized buffers to keep water parameters
within preferred values.

In our facility, Ocean Museum Germany lo-
cation Ozeaneum, we have two different ways
to keep the small-spotted catsharks: breed-
ing and display tanks. The breeding tanks are
adapted to the specific requirements for breed-
ing and less adapted to the natural conditions.
The display tank, on the other hand, is imitating
a natural habitat. Breeding tanks are cylindrical
containers, with a diameter of around 2 m and
a height of 1.5 m filled up to 1.2 m with water
resulting in a water volume of 3.77 m®. In our
case it is made from polyethylene in black to
reduce the stress for the sharks by providing
them a dark environment. A small viewing
window has been installed, so that the animals
can casily be observed from the side. The top
of the tank is open, but covered by a net, as
catsharks may jump in stressful situations or
when frightened. It is necessary to have at least
one structure in the breeding tank to allow the
females to lay their eggs.

In the herein described breeding setup we use
a filter system with a flow rate of 1,500 litres
per hour, which is connected to two tanks of
each 3.77 m’. For the total of 7.54 m® we have
a high flow protein skimmer with a volume of
1,200 litres per hour. To counteract excessive
germ contamination our system also includes
an UV unit and an ozone system.

Some of the water parameters for the small-
spotted catshark can depend on the individual
specimen’s preference, but in general the water
temperature should be maintained between
14°C and 20°C (MOOSLEITNER 1999). MICHAEL
(2003) recommends a water temperature be-
low 18°C and we keep sharks in our facility
at constantly 15°C through usage of a remote
cooling system connected to the tanks. For
larger systems or if it is not possible to obtain
remote cooling, we recommend integrating
appropriate cooling units into the system.
The room temperature, in which the tanks are

located, is also kept at approx. 17°C by an air
conditioning system. Due to their area of or-
igin in the Atlantic Ocean and Mediterranean
Sea they need a salinity of at least 30 PSU, yet
35 PSU are recommended. Oxygen saturation
should be kept above 90%. Our groups are
kept in a salinity between 33 to 35 PSU and an
oxygen saturation of 90-105%. The high oxygen
saturation is reached by an additional air supply.
The pH value of the water should be slightly
alkaline and between 7.7 to 8.3. We aim to keep
it between 8.0 and 8.3. Further important water
parameters are related to the shark’s metabolism:
ammonium (NH,) and nitrogen dioxide (NO,)
should be below usual detection limit but are
unproblematic up to 0.5 mg/T.. Nitrate (NO),)
values should not exceed 50 to 150 mg/L.
Nitrate as well as nitrite concentrations need
close monitoring,

3. Feeding and regular care

In captivity small-spotted catsharks can adapt
to a more diurnal husbandry regime, so that
there is no need to feed them during night-time.
They should be fed three times a week with at
least one-day interval in between. Due to their
natural feeding behaviour a combination with
the following items works well in captivity: filet
of marine fish, e.g. from saithe (Po/lachius virens),
common mussel meat (My#ilus sp.), superba krill
(Euphasia superba), shrimps of different size
and squid (MicHAEL 2003; MOOSLEITNER 1999;
own experience). In general, they very much
like large shrimps, however, this diet is very
expensive and not necessary for a balanced diet.
We recommend supplementing commercially
available fisheater tablets. They can be given
with every feeding to ensure that the animals are
adequately supplied with water-soluble vitamins
and vitamin E, as these may be not sufficiently
contained in the frozen food. Especially if the
animals are starting to reproduce, attention must
be paid to a balanced nutrient composition. Per
feeding around 55¢g food per adult is prepared.

Adult catsharks can be socialised with other
fish and invertebrates that do not match their
prey pattern, for example larger specimens of



gurnards (Triglidae), wrasses (Labridae) or sea
urchins (Echinoidea), but can also be held in a
one species tank. Size is decisive, as pelagic fish
may be hunted during night in aquaria. Adding
starfish (Asteroidea) can be helpful to keep the
tank clean of surplus food items or smaller
remnants of the diet.

Monitoring on a daily basis is mandatory
not only to remove food remnants, but also to
control appearance and behaviour. Especially
in mixed groups, aggressive mating behaviour
can lead to injuries, mainly concerning the pec-
toral fins of females. A score sheet to assess
the animal condition and to reveal possible
needed actions is proposed as appendix. The
small-spotted catshark is known for its hardi-
ness in aquaria with only a few known illnesses
and parasites. The studies of Crow (2004) and
GOERTZ (2004) summarized the most common
issues. A goiter, enlargement of the thyroid
gland, is usually present if there is an iodine
deficiency. It can be observed in captive as well
as in wild elasmobranch fish and accordingly in
the small-spotted catshark. It can be treated with
iodine supplements and the supplements can
also be given as a prophylaxis measure (CROW
2004). The most common parasitic infections in
small-spotted catsharks are coccidial infections
with Eimeria lucida and the flagellate Tryponoso-
ma seyli. For both infections are no working
treatments for Seyliorbinus known. A cownose
ray (Rhbinoptera bonasus) infected with Eimeria sp.
was treated with Toltrazuril; after the treatment
it was asymptomatic, but tests showed Eimeria
sp. was still presentin the animal (GOertz 2004).

The sharks were placed in a tonic immobility
for general and brief health examinations by
animal care staff, scientists or veterinarians as
a natural anaesthetic (KesseL & Hussey 2015).
Tonic immobility can be induced by placing
the animal on its back under water (HENNING-
SEN 1994, PAEZ et al. 2023, WILLIAMSON et al.
2018), which also works outside of the water
if necessary. For the small-spotted catshark it is
also reported that it can be induced by hanging
it upside down (KRrempL 1916, ManGoLD 1920),
which we would not recommend because of
the strain on their caudal fin. The onset of im-
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mobility can last from a few seconds to several
minutes. It is a natural anaesthetic that is used
in captivity and in fieldwork to perform quick
procedures on the animal, such as taking small
samples for veterinary purpose, e.g. mucus, gill
swab, blood, skin, or placing a transmitter in or
on the animal (HENNINGSEN 1994, HOLLAND
et al. 1999, KesseL & Hussey 2015, PAEZ et
al. 2023, WiLLIAMSON et al. 2018). If stronger
anaesthesia is needed, MS-222 at a dose of 2.5-
5 mg/L is effective and commonly used (G1L-
BERT & Woob 1957, Ross & Ross 2008). An
overdose of MS-222 could be appropriate, if
cuthanising becomes necessary.

4. Breeding and rearing
4.1. Adults

In an aquarium setting, careful management
of the small-spotted catshark’s reproductive
dynamics is essential to ensure the safety and
well-being especially for the female sharks and
to reduce the risk of infection due to biting
wounds. To achieve this, it is advised to maintain
a sex ratio of one to maximum two males per at
least five females. Limiting male numbers helps
minimize aggressive interactions and territorial
disputes between them, which reduces the likeli-
hood of injury to both males and females. Social
hierarchies within catshark groups are often
underestimated. Unpublished results showed
that offspring is not equally originating from all
available males in a tank, but that there are clearly
dominant specimens and hierarchical structures
(McMurraAy et al. 2018). Special treatments
during reproduction are generally unnecessary,
but understanding these social structures can
improve captive breeding success. Therefore,
for husbandry purposes (without breeding
intentions) it may be favourable to segregate
sexes into separate tanks. This helps to manage
their social dynamics and prevent unintended
breeding and reduce social stress. Notably, it is
essential to be cognizant of the reproductive
behaviour of female catsharks, as they possess
the ability to store spermatozoa (METTEN 1939).
Therefore, female catsharks may continue to lay



fertilized eggs for some time after the males have
been removed from the tank.

Both sexes are easily distinguished because of
the external reproductive organs, the clasper of
the males at the pelvic fin, which are missing in
females (Fig; 1). Sexually maturity of individuals
from the Mediterranean is reached at a body
length of about 37 cm and for Atlantic relatives
of over 50 cm (EBERT 2013).

4.2. Eggs

A critical aspect of catshark reproduction is the
way females lay their eggs. The eggs are wrapped
in distinct egg cases, which serve as protective
structures for the developing embryos. These
egg cases are usually attached to substrates by
four long, coiled cartilaginous filaments, one at

each corner. Therefore a breeding tank has to
contain sufficient structure for the eggs to be
attached, like (artificial) vegetation, suited stones
or simply ropes. In our setting, we use different
kinds of artificial kelp, which are attached to a
stone or other heavy object. The heavy base
helps to fix the structure on the bottom and
allows the upper parts to freely float in the water
column. In aquariums at other facilities we have
observed that also simple ropes with base weight
and buoy are taken for egg deposition. A certain
fixation in place helps the females depositing the
eggs, as usually first two filaments stick out of
the female’s cloaca; these are wrapped around
a structure using tight swimming movements,
so that finally the eggs are pulled out. Further
swimming movements complete the stable
attachment of the egg.

Fig. 1: Aquarium specimens of S¢yliorhinus canicula. A Female. B Pelvic fin of a male with covered clasper

(arrows indicate location of clasper). C Pelvic fin of a male with uncovered clasper (cl). D Female pelvic fin.

Abb. 1: Aquarientiere von Seyliorhinus canicula. A Weibchen. B Bauchflosse eines Midnnchens mit abgedeckten
Klaspern (Pfeile zeigen auf die Klasper). C Bauchflosse eines Minnchens mit sichtbaren Klaspern (cl).

D Bauchflosse eines Weibchens.



If in a breeding group no eggs are laid after
a few weeks, exchanging the males should solve
the issue. In our setting, we have a ratio of five
females to one or two males in one breeding
group. In the period between September 2022
and June 2023 an average of approximately eight
eggs were laid per week within each breeding
group. The weekly egg count ranged from a low
of five to 13 (Fig. 2A). In a month, in average
of 35 fertilized eggs can be achieved from five
females (Fig. 2B). Throughout the observation
period nearly all eggs were fertilized. The num-
ber of juveniles hatched was close to 100%, so
that no further statistics were analysed on this
topic, demonstrating the effectiveness of our
breeding and husbandry conditions.

4.3. Egg handling and embryo care

Especially, when it is intended to breed the
species or to collect developmental stages, eggs
should be collected on a regular base. Although
the developmental time allows for longer collec-
tion intervals, to our experience a weekly routine
is advantageous: it minimizes disruption to the
adults on the one hand and facilitates proper
monitoring of egg deposition and embryo de-
velopment on the other hand. Eggs then should
be transferred into a separate “hatching” tank
with identical water conditions. We use a glass
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aquarium, which is integrated in the circular sys-
tem of the breeding tank. Separate tanks could
profit from lower levels and less fluctuation of
nitrite and nitrate, but may be more difficult to
guarantee optimal other water parameters, like
temperature. To assure proper oxygen levels
of 100% and above in the egg tank, an addi-
tional air supply is recommended. Differently
aged eggs can be mixed up in the same tank,
if proper staging is not needed. Hatchlings will
not negatively impact non-hatched embryos.
If eggs need to be kept separate or even indivi-
dually, there are several possibilities, as the rigid
egg case allows some handling, For example,
eggs of one collection date can be collected in
a mesh bag allowing water and oxygen flow. It
is also possible to use the filaments of the egg
case to attach either the egg to a plastic grid
or to mark eggs individually. In all options it is
advised, to check for rotten eggs in regular in-
tervals to prevent pathogens from spreading. To
estimate the developmental stage of an embryo,
if needed, it is easily possible to screen the eggs
with a strong torch. If eggs are taken out of the
water for this or similar purposes it is mandatory
to check their condition when returned into
the water: young eggs are tightly sealed, but
older eggs allowing for some water exchange
may contain air bubbles after handling outside
the water. It is imperative to remove such air
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Fig. 2: Fertilisation ratio over the course of the year. Scatter plot and bar chart showing fertilised (blue)
and non-fertilised (orange) eggs from September 2022 to June 2023. The bar chart provides an aggregated
view of the total number of fertilised and non-fertilised eggs for each week (A) and as a total per month
(B) over the same period, highlighting the fluctuations.

Abb. 2: Befruchtungsrate im Jahresverlauf. Balkendiagramm mit befruchteten (blau) und nicht befruchte-
ten (orange) Eiern von September 2022 bis Juni 2023. Das Balkendiagramm gibt einen Uberblick tiber die
Gesamtzahl der befruchteten und unbefruchteten Eier fir jede Woche (A) und als Gesamtzahl pro Monat
(B) im gleichen Zeitraum, wodurch die Schwankungen iiber die Zeit deutlich werden.
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Fig. 3: Differently coloured egg cases and yolks of the small-spotted catshark. A Egg cases. B Yolks.
Abb. 3: Verschiedenfarbige Eihiillen und Dotter vom Kleingefleckten Katzenhai. A Eihiillen. B Dotter.

bubbles, usually simply by holding the egg up-
right under water and pressing the top corners
very slightly towards each other.

The egg cases, as well as the yolk sacs, can
have different pigmentations and sizes (Fig
3) as already described by MELLINGER (1983).
The pigmentation of the egg case can range
from light beige to a dark brown colour. The
length and width can also differ, with long and
slender eggs (Fig. 3 dark brown egg) or shorter
and broader ones (Fig. 3 second from left). The
colour of the yolk sac can range from blueish
green to yellow or orange, likely depending on
the diet of the mother. Neither the egg case
nor the yolk sac colour has any effect on the
development of the embryo. Twins are very rare
but may occur. Hoox et al. (2019b) reported the
first twin embryos in oviparous shatks for S.
canicula and Seyliorbinus stellaris as well as for the
oviparous ray species Raja undulata.

4.4. Hatchlings and juveniles

EBERT et al. (2013) and BALLARD et al. (1993)
report five to eleven months of embryonic de-
velopment, with most shark embryos expected
to hatch after eight to nine months. Our own
experience tends to confirm the results of EL-
L1s & SHACKLEY (1995) with a duration of only
five to six months at a water temperature of
around 15 °C. The study of Musa et al. (2020)
showed a slightly reduced survival rate (85.7%) at
20 °C compared to 15 °C (100%). Directly after

hatching the juveniles still have some supply of
yolk and feeding should start around first after
several days (MOOSLEITNER 1999) with, for ex-
ample, chopped common mussel meat (Myzilus
sp.), supetba (Eupbasia superba) or other small
shrimp like organisms. In our setting at 15°C
first feeding starts 25 days after hatching, yet
decisive for food supply is the actual condition
of the hatchling. Food for hatchlings should
always be removed soon if not taken so that the
water quality is not impaired. There is no need
for a specialized diet in comparison to adults, as
long as presented food items fit to the mouth
size of the respective specimens. Additionally
the study from SouTHALL & Smvs (2003) showed
that juvenile sharks use their tails covered with
specialised dermal denticles to hook food pieces
which are too large. They then use rapid head
movements to tear mouth-sized pieces from the
latrge chunk of food. This behaviour is observed
even in freshly hatched catsharks, which suggests
that this behaviour is inherited. This technique
widens the prey range of juveniles. The individual
pigmentation patterns of animals can serve as a
natural identifier, making it easier to distinguish
between individuals by photo documentation
as a non-invasive method (Hook et al., 2019a).
Various free softwate tools available online can
assistin tracking and analysing this data efficiently.

Raising tanks should be kept clean and food
remains should be removed daily. Seyliorbinus
canicula will grow rather slow and we propose
not to unite it with adult groups before the



specimens had reached at least 30 percent of
the size of the tank mates.

5. Further remarks
5.1. Transport

If animals have to be shipped, there are various
options, depending on the life stage of the ani-
mals. Egg cases and newly hatched juveniles can
be transported by using commercially available
transport bags for fish. For a short transport of
eggs, e.g., overnight or a couple of hours, the
bags are filled with tank water without additional
air. This helps to avoid that air may enter egg
cases. For a longer transport time an oxygen
depot should be added, but it is important that
the bags are well secured in the box to avoid
direct contact of eggs with air. The process
for juveniles is similar but even with a short
transport time an additional oxygen depot is
mandatory. To make it more secure the transport
bags should always be at least double bagged
or even triple bagged (SmitH et al. 2004, per-
sonal experience). The bags are then placed
in a styrofoam transport box and if needed a
cooling (in summer) or heating pad (in winter)
is supplemented.

SmrtH et al. (2004) considers this method also
appropriate for small benthic adult sharks like
the small-spotted catshark. But it is advisable to
transport bigger juvenile and adult sharks with
the ‘free-swimming’-method. A cylindrical tank
with smooth walls made of plastic or fiber-
reinforced polyester is used for it. It is equipped
with a pump and filter, as well as oxygen supply
and a lit to prevent jumping, The animals can
swim in it even during the transport (SMITH
et al. 2004, personal experience). Also, more
complicated due to the heavy weight and addi-
tional technique, the ‘free-swimming’ method
should be used for animal welfare reason.
Several specimens can be transported at the
same time in one tank, depending on its size.
If the animals are agitated before or during
transport, eugenol in a low dose (2-5 mg/L)
can be used to calm them down (LEcu et al.
2017). Eugenol is usually used for sedation (35
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mg/L) but in low doses it has a calming effect
on the animals.

5.2. Evolution of vertebrates

The divergence of Osteichthyes and Chond-
richthyes dates back over 420 million ye-
ars, therefore the chondrichthyan phylo-
genetic position makes them perfect to
analyse molecular mechanisms behind
key morphological and physiological de-
velopments found in Gnathostomata in
general. The results of such studies are essen-
tial to understand evolution in the Osteichthyes
(CooLEN et al. 2008; LunDp-RicARD & BouTET
2021). However, the cartilaginous fish have
been disregarded for a long time in lab-based
research, because of their size, long reproduc-
tion time and sometimes highly demanding
husbandry. This made them unsuitable, espe-
cially involving embryonic development (Coo-
LEN et al. 2008; LuND-RicARD & BouteT 2021).

Recent studies with sharks gave new insights
in the evolution of vertebrates. For example,
the results of ZIERMANN et al. (2017) seem to
support the theory that the pectoral extremities
are partly formed by head tissue in the com-
mon ancestor of gnathostomes. In addition,
a study investigated Hox gene clusters in the
small-spotted catshark to compare it to the
four well-known Hox gene clusters of the last
common ancestors of living gnathostomes
(OuLioN et al. 2010). The results from the
sharks show that the high-level complexity of
Hox gene clusters found in mammals is already
an ancestral gnathostome feature (OULION et

al. 2010).

5.3. Shark physiology, behaviour and
climate change

Most shark species are too large and mobile
to keep them under laboratory conditions for
behavioural studies. Catsharks might give insight
in behavioural aspects, likely present also in
other shark species. This includes for example
the use of placoid scales besides drag reduction.
Often dermal denticles provide the sharks also



protection from predation and ectoparasites
as well as minimising mechanical abrasions.
Electroception is one of the many characteris-
tics of elasmobranchs and even embryos, which
are still in egg cases, use electroreception as
predator avoidance (CHRISTENSEN et al. 2023). If
a predator is detected the embryo reacts with a
freezing response, which means it stops all body
movement and ventilation. This response limits
the oxygen supply of the embryo and can only
be done for a short petiod of time (IKEMPSTER et
al. 2013). The study of CHRISTENSEN et al. (2023)
suggest that the embryos are more likely to react
to the change of the electric field instead of a
specific electric signal.

The anthropogenic noise pollution in the
oceans, for example caused by shipping, seis-
mic surveys, military or offshore construction,
is known to affect and even harm marine life
(WiLLiams et al. 2015, ERBE et al. 2019). For the
last couple decades it is recognised that anthro-
pogenic noise interferes with several areas of
life in marine mammals, like communication,
search for food or orientation (e.g., ERBE et
al. 2015). If marine mammals are exposed to
the extreme sound levels there can be a range
of immediate effects, including stress, injuries
and temporary or permanent loss of hearing
(e.g., VAN BREE & KRISTENSEN 1974; MANN et
al. 2010, ERBE et al. 2019). The effects of the
marine noise pollution on elasmobranch spe-
cies are barely known and studied. VINCENZI et
al. (2021) showed in an experiment with wild-
caught small spotted catsharks in an aquaria
environment that anthropogenic noises cause
increased swimming and avoidance of the
noisiest area in the tank.

Rising water temperatures decreases the so-
lubility of oxygen and at the same time causes
an increased metabolic rate of marine ecto-
therms (HARDING et al. 2023). The effects on
elasmobranch fish are barely known, especially
for the species with sessile embryos due to an
embryonic development in an egg case (ELLIS &
SHACKLEY 1995). The study of Musa et al. (2020)
showed that exposure to elevated temperatures
and hypoxia affects the embryonic development
of the small-spotted catshark. Higher tempe-
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rature resulted in a faster embryogenesis which
caused a shorter body length and reduced body
mass. Hypoxia had no impact on body length,
weight or time span of development, however,
the mortality of the embryos increased signifi-
cantly (up to 38%).

5.4. Genetics and comparative development

The small-spotted catshark was used in the
early 1900s to describe the general morphol-
ogy of the male claspers (Huser 1901) and
SoArEs (2020) used the results to compare it
with other scyliorhinid claspers. The results
of Loprez-UNzu et al. (2020) showed that the
early formation of the ventricular myocardi-
um, found in . canicula, is comparable with
the tissue found in mammals and birds. It
can therefore be assumed that it is preserved
within in Sarcopterygii and the change in some
teleost species to a mostly spongy ventricular
myocardium is a new characteristic. In contrast,
GruNow et al. (2016) added that the stem cell
marker PAX7, which is expressed throughout
teleost fish development, is only present in
younger catsharks. Additionally the findings of
WorttoN et al. (2008) indicated a high similarity
in six Fox-genes between Osteichthyes and S.
canicnla, with conservation in the developing
mesoderm of the head and trunk. The diffe-
rent results with the regard of the similarity
of osteichthyans and chondrichthyans collec-
tively underscore the significance of sharks to
understand the mechanisms of the evolution
and that sharks provide an important reference
for understanding the evolution of vertebrates,
including even birds and mammals.

In 1998 the first complete nucleotide se-
quence of the mitochondrial DNA of the
small-spotted catshark was published (DE-
LARBRE et al. 1998), which showed the huge
similarities to Osteichthyes but clearly differs
from the sequences of the cyclostome Pesro-
myzon marinus. The genetic studies also helped
to identify dynamics of different populations
of small-spotted catshark (KousTent et al.
2015, Manuzzr et al. 2019) and can support
conservation projects.



5.5. Reproductive diversity and herm-
aphroditism

In comparison to other shark species there is
already a lot of information about the repro-
duction biology of the small-spotted catshark.
The fecundity of the small-spotted catshark
and other egg-laying shark species is difficult
to determine (CAPAPE et al. 2008) and can be
specified in two different ways. The calculation
of fecundity from HoLDEN et al. (1971) and
HoLpEeN (1975) is an estimation of the average
amount of eggs laid. The calculations are based
on three different ray species as well as a mix
of eggs laid in captivity and egg cases found in
caught females. CAPAPE et al. (2008) reported a
fecundity rate for the small-spotted catshark of
38 to 115 per year, which are realistic numbers
of eggs from our own experience. To use the
average of laid eggs as a reference value for the
fecundity is a non-invasive method but needs
the husbandry facilities to keep sharks.

The ovarian fecundity can only be calculated
by the number of ripe oocytes in the ovaries of
the mature females (IKOUSTENI et al. 2010). The
oocytes are divided in three categories based on
colour and size: ripe, maturing and immature.
Ripe oocytes have a yellow colouration and
range between 9 to 18 mm, immature ones are
white and the immature oocytes are translucent
and ranged between 0.13 to 2.75 mm. In the
study from KoUSTENI et al. (2010) the female
fecundity was estimated with 7.23%3.62 ripe
oocytes. This method of fecundity determina-
tion is difficult because it is very invasive and
only can be done on deceased specimens. Fut-
thermore, Dopb & DucGan (1982) suggested
in a conference abstract that the trawl stress can
induce ovulation and therefore distort the results
to an unknown degree.

Multiple paternity is known in multiple vivi-
parous shark species, e.g., bull shark Carcharinus
lencas (P1ROG et al. 2015), dusky shark Carcharinus
obscurus, scalloped hammerhead Sphyrna lewini
(Rossouw et al. 2016), Mustelus mustelus and
Mustelus punctulatns (MARINO et al. 2015), as well
as in the oviparous small-spotted catsharks
(GrirrITHS et al. 2012). The study from GRir-
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FITHS et al. (2012) showed a high percentage of
multiple paternity in 92% of progeny arrays.
Multiple paternity is probably encouraged by
the possibility of long-term storage of the
sperm and limited breeding season due to sex
segregation during most of the year. The small-
spotted catshark could offer a model system to
study these questions in more detail.
Hermaphroditism in Seyliorhinus canicula is
studied for over 100 years (e.g., MURRAY & Ba-
KER 1924; ARTHUR 1950; CAPAPE & ZAHND 1974;
ErLs & SHACKLEY 1995). Hermaphroditism
refers to the development of both male and
female reproductive structures within a single
individual. This phenomenon is not unique to
the small-spotted catshark and has also been
described for other shark species (e.g., YANO
& TANAKA 1989; JoNEs et al. 2005) as well as
rays (e.g, QUIGNARD & CapaPr 1972; Haas &
EserT 2008). For instance, ELLIS & SHACKLEY
(1997) reported an interesting case of a small-
spotted catshark caught in a commercial gillnet
in Swansea Bay, UK. Despite exhibiting external
characteristics typically associated with males,
such as the large pelvic fins but short claspers
(about 18 mm instead of at least 36 mm for a
male of that certain size), this individual was
found to possess female secondary sexual
characteristics. It had female gonads, although
the ovary was exceptionally small, and the left
oviduct appeared to be functional but reduced in
size. The right oviduct, on the other hand, was
not fully formed. The small-spotted catshark
offers the possibility to study sex in sharks’
determination under laboratory conditions.
A full understanding of sex determination in
sharks may allow conclusions on principals in
vertebrate development and evolution.

5.6. Ethical statement

The keeping of sharks raises important ethical
questions. For sure, there are several large
and/or permanently free-swimming species,
which cannot be kept in captivity without
major impairment of the animal’s behaviour
and health. However, it can be argued that
under optimal conditions it is possible to
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provide certain species with a suitable and
appropriate environment. One of these spe-
cies is, as shown herein, the small-spotted
catshark. With enough expertise, sufficiently
large aquariums, and proper technical equip-
ment the needs of this species can be met. If
the animals stem from responsible breeding
programs rather than being taken from the
wild the impact on natural populations can
be minimized. On the other hand it must be
considered that catsharks are animals with
complex needs and behaviours. These needs
must be fully met. Tanks that are too small,
inappropriate water conditions, improper
diets or too male-biased groups can lead to
stress, illness, injuries or a shortened lifespan
for the animals. In ethical terms, the keeping
of catsharks is only justifiable when it is tru-
ly species-appropriate, relies on sustainable
sources and serves a meaningful purpose.

6. Conclusion

The understanding of shark biology, evo-
lution, physiology and genetic regulation is
important for conclusion on the situation in
the last common ancestor of gnathostomes.
Only in the last couple of years egg-laying
elasmobranchs came into focus of lab-
based research, for example in genetic or
developmental studies (e.g., BIRD et al. 2002;
Musa et al. 2020; GrRuNow et al. 2022). The
small-spotted catshark is perfectly suited for
laboratory-based husbandry because of their
rather short body length of less than 80 ¢cm
and egg laying behaviour throughout the year
(METTEN 1939; KOusTENI et al. 2010).
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Appendix: Score sheet for daily control of health condition in Seyliorhinus canicular.
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