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Breeding, Handling and Reintroduction Protocol for Scyliorhinus stellaris and
Scyliorhinus canicula

Introduction

This protocol establishes the guidelines for the collection, handling, egg incubation and juvenile
management of the oviparous sharks Scyliorhinus stellaris and Scyliorhinus canicula, with the main goal of
contributing to population reinforcement initiatives, conservation, and research within marine restoration
projects, as well as environmental education and awareness actions.

Both species belong to the family Scyliorhinidae, within the order Carcharhiniformes, and are
characterized by being oviparous, benthic, and of small to medium size. Females deposit egg capsules
(mermaid’s purses) that contain an embryo and a yolk sac; these capsules are resistant and attach to hard
substrates or marine vegetation by means of filaments.

Although they are not classified as globally endangered species (S. canicula is listed as “Least Concern”
and S. stellaris as “Near Threatened” according to the IUCN Red List), both have suffered a significant
decline in various areas of the western Mediterranean and other European seas, mainly due to bycatch,
habitat loss, and pollution. Moreover, their slow life cycle (late sexual maturity, low recruitment rates)
makes them vulnerable to overexploitation.

Controlled captive breeding of these species offers a dual opportunity: on the one hand, to recover
individuals from accidental fishing (eggs extracted from captured females or from nets) for reintroduction
into the wild in marine protected areas; and on the other hand, to generate scientific knowledge and
educational material for awareness programs in schools, aquariums, or research environments.

This protocol details each stage of the breeding process, from egg collection to feeding and monitoring of
post-hatching juveniles, ensuring management based on animal welfare standards, scientific rigor, and
conservation efficiency. It also highlights the most relevant differences between the two species regarding
egg size, incubation duration, and environmental parameters, in order to optimize embryonic and juvenile
survival.

Handling Protocol
1. Egg Collection and Handling

1.1) Egg origin

Eggs will be collected from individuals found in fishing nets, from captured females, from aquariums
housing these shark species, or directly from the marine environment. Regarding eggs retained in fishing
nets, these will be provided by fishers—previously informed and instructed—or by observers with the
appropriate permits, onboard fishing vessels.

The following data must be recorded: egg origin, location of collection, fishing gear type, vessel name,
water temperature, ambient temperature, observer’s name, position, details about egg handling and
manipulation, incidents, information about the transport tank, and any other relevant notes.

Eggs of S. stellaris are larger and have thicker walls than those of S. canicula, and possess tendrils that
attach them to the substrate. Personnel in charge of collecting eggs will be provided with an explanatory
leaflet to assist in egg identification.

1.2) Initial handling

Eggs must be handled with extreme care, using clean gloves and avoiding sudden changes in pressure or
temperature. They must not be struck or compressed. If possible, they should remain submerged during
collection.

1.3) Transport: critical point
Eggs will be placed in a resistant, stable, and insulated container to maintain temperature, with clean
seawater at 15 2C (if possible) for transport to the aquarium.



Containers should minimize movement and physical impact to prevent stress or damage. It is
recommended to use dividers or soft nets inside the container to avoid friction between eggs.

Before introducing them into aquariums, the water temperature should be gradually adjusted to match
the target tank temperature, to avoid thermal shock.

Transport duration must be minimized. If it exceeds two hours, portable aeration and temperature-control
systems should be considered.

1.4) Characteristics of the transport tank: critical point

e  Capacity must be between 10 and 40 liters. The container should not be completely full, leaving
margin to avoid spillage.

e  Material should be resistant plastic or polyethylene.
e Dark-colored to reduce light stress.
e Lid with holes to allow aeration.

e Temperature should be kept between 14-15 2C. Cold packs (sealed ice packs) wrapped in cloth
can be used, avoiding direct contact. Temperature should be monitored every 30 minutes to
avoid harmful fluctuations.

e [fthe trip lasts more than 1-2 hours, a portable oxygen diffuser stone or air pump must be
added.

e Eggs should not be left loose; they should rest on soft nets, natural marine sponges, or
perforated dividers to prevent friction.

1.5) Initial health assessment

Eggs showing signs of non-viability—such as deformities, damage, or signs of infection/fungus—will be
discarded.

Upon arrival at the aquarium, eggs will be examined against light.

e Viable eggs: intact structure, transparent or slightly opaque capsule, visible embryo or yolk sac.

e Non-viable eggs: deformities, collapsed capsule, fungal presence (white spots), foul odor,
abnormal coloration.

1.6) Thermal acclimation and transfer to incubation

Before being placed in the incubation tank, eggs will undergo progressive thermal acclimation, adjusting
the transport container temperature (1-2 °C every 10-15 minutes) until it matches that of the incubation
system.

If eggs come from unknown water sources, they may undergo a brief immersion (2—3 minutes) in
dechlorinated freshwater as an antiparasitic measure.

2. Incubation Tank

2.1) Dimensions and capacity
The tanks should have dimensions that provide a capacity of about 200 liters, with an adequate ratio
between surface area and depth to ensure good oxygenation and parameter stability.

2.2) Cleaning and prior disinfection

Tanks must be disinfected before introducing any individuals: bleach solution at a 10% dilution (minimum
30 minutes contact), white vinegar (to neutralize alkaline residues), dechlorinated freshwater, sponges
exclusively for the tanks, soft brushes to clean surfaces, and rubber gloves.



Some aquaculture protocols use short baths in mild antiseptic solutions (e.g., diluted iodine bath for a few
minutes) to remove possible fungi or pathogenic bacteria adhered to the outside of the capsule, without
harming the embryo. This is not a mandatory step, since the mermaid’s purse has natural defense
mechanisms: recent studies show that the inner jelly of S. stellaris eggs slightly inhibits the growth of
some Gram-positive bacteria, creating a relatively sterile environment inside the capsule. However, this
natural protection is limited, and if fungi (such as Saprolegnia) or bacteria proliferate in the aquarium,
they may invade the capsule from outside. Therefore, it is good practice to briefly immerse the eggs in a
0.5-1% povidone-iodine solution or similar upon arrival, rinsing them afterwards with clean seawater
before placing them in the incubation tank.

2.3) Filtration systems
The tanks should be equipped with filtration systems to maintain water quality, ensuring that the flow is
not too strong so as not to damage the eggs.

2.4) Oxygenation
Oxygenation of the tank with air pumps, maintaining a minimum dissolved oxygen level of 90%.

2.5) Lighting
Lighting should be dim, with adequate shielding.

2.6) Location and biosecurity

The tanks must be located in a way that prevents contamination. They should be placed in clean, stable
areas, away from sources of chemical or acoustic contamination. Adequate ambient ventilation must be
ensured.

3. Water Parameters

To ensure healthy embryonic development and prevent physiological stress, the physicochemical
parameters of the water must be kept within the optimal range for each species. These parameters should
be monitored daily and corrected in case of deviations.

e Temperature. Maintained according to the species:
o S stellaris: 10-15 °C.

o S canicula: 12-18 °C.
Temperature directly influences metabolic rate and incubation time. Sudden variations
can cause malformations, embryonic mortality, or premature hatching. It must remain
stable with fluctuations of less than 1 2C/day.

e  Salinity. 3235 ppt (parts per thousand), typical of seawater. Density: 1025.
This range mimics coastal seawater salinity. Variations can affect embryonic osmotic pressure,
with risks of dehydration or overhydration. When using artificial seawater, high-quality marine
salts must be dissolved and conductivity checked with a refractometer.

e pH. Between 7.9 and 8.4.
pH determines the chemical stability of the medium and can affect enzymatic activity of
embryos. Values outside this range can increase the toxicity of compounds such as ammonia.
The use of materials that alter pH (such as uncontrolled limestone rocks) must be avoided.

e Dissolved oxygen. Minimum value >90% saturation.
Developing embryos have an increasing oxygen demand. Low levels can cause hypoxia, growth
arrest, and mortality. Proper oxygenation with air diffusers must be ensured, avoiding biofilm
accumulation.
Scyliorhinus eggs contain a growing embryo that consumes oxygen and produces CO,; especially



at advanced stages, the embryo is large and highly active. The egg capsule has pores that allow
gas exchange, but this requires that surrounding water be well oxygenated. Recent literature
shows that a significant oxygen reduction (hypoxia) has dramatic effects: with only 50% oxygen
saturation, embryo survival drops sharply (see pubmed.ncbi.nim.nih.gov). Therefore, high
oxygenation (ideally >95% saturation) must be maintained throughout incubation.

e  Ammonia/Nitrites/Nitrates. Undetectable or minimal (below 0.25 ppm).
These are byproducts of organic matter decomposition. At high concentrations, they are toxic to
embryos and favor fungal or bacterial infections. A nitrification cycle must be established before
egg introduction, and overfeeding or residue accumulation should be avoided.

e  Other recommendations.
o Turbidity: water must be clear, free of suspended particles.
o  Conductivity: 45-55 mS/cm (consistent with salinity).

o Calcium and magnesium: balanced values to ensure the integrity of egg capsules.

Parameter Recommended Value Importance

Temperature (S.

i 10-15 eC Controls embryonic development rate.
stellaris)
Temperature (S. .
. 12-18 ¢C Controls embryonic development rate.
canicula)
Salinity 32-35 ppt Prevents osmotic problems in embryos.
pH 7.9-8.4 Maintains chemical stability and prevents toxicity.

Dissolved oxygen > 90% saturation Prevents hypoxia and embryonic mortality.

Ammonia <0.25 Toxic to emb talit
. .25 ppm oxic to embryos, may cause mortality.
(NHs/NHg")
Nitrites (NO;") <0.25 ppm Harmful to embryonic health.
Nitrates (NO37) <20 ppm Prevents stress and water quality issues.

Turbidity

Conductivity

Calcium and
magnesium

Low / clear water

45-55 mS/cm

Present in balanced
proportions (especially in

artificial seawater)

Must be very low to prevent infections or
obstructions.

Related to salinity.

Essential for balance and capsule mineralization.



Eggs should be placed on floating structures or nets to keep them off the substrate. They should be
located in an area of the aquarium where the water flow is moderate/gentle.

This is essential to avoid mechanical damage.

They must not be left in direct contact with the substrate or the bottom of the tank.

They should be placed on elevated support structures such as:
e polypropylene or soft nylon nets
e floating or suspended grids
e perforated PVC structures
e natural or synthetic marine sponges

The supports must allow water circulation below and around the egg, facilitating gas exchange and
avoiding dead spots.

Eggs should be arranged so that they do not touch each other, with a minimum separation of 2—-3 cm to
avoid friction and promote ventilation.

Eggs have natural adhesive filaments to attach to the support.

It is recommended to use aquarium forceps with silicone tips to adjust their position if necessary.

5. Egg Incubation

e Duration.
Duration depends on water temperature and species:

o S stellaris: 59 months.
o S.canicula: 611 months.

At lower temperatures, incubation is prolonged, but this may favor more complete development and
greater birth weight.
It is essential to avoid temperature fluctuations >1 C.

The average incubation period observed for S. canicula in natural/captive conditions is about ~178 days
(between 128 and 226 days), inversely correlated with temperature. This represents approximately 4 to
7.5 months for S. canicula, depending on whether the water is warmer or colder. In S. stellaris, which
usually inhabits similar environments, slightly longer incubation periods have been documented: around 7
to 12 months until hatching, partly because the eggs are larger and have thicker walls, and possibly
because egg-laying occurs in warmer months (spring—summer) and the eggs overwinter in colder waters
until hatching the following spring.

e  Monitoring development.
Daily monitoring is required. Visual observation against light should be carried out (using red
light or dim LED). The following should be identified:

o  Presence of embryonic movement.
o  Growth of the yolk sac and embryo.
o Formation of structures such as fins and gills, and movements.

Each individual must have its own record sheet to log key data: condition, visible changes, and incidents.



Handling.
Eggs should not be handled directly, except if there is risk of fungal growth, detachment, or

biofilm accumulation.

Removal of non-viable eggs.

Eggs showing deterioration must be removed to avoid water contamination:

(@]

(@]

(@]

Dark or permanently opaque coloration.
Complete absence of development after 4—6 weeks.

Presence of white fungus.

Additional recommendations.

(@]

(@]

(@]

6. Hatching
This is a critical process, which must be carefully observed, respecting the natural rhythm and not

Maintain natural photoperiod: 12:12 h light:dark.
Do not apply medication except in justified cases under veterinary supervision.

Photograph for monitoring records.

intervening unless strictly necessary.

Signs prior to hatching.
Mature eggs show:

(@]

(@]

O

Fully developed embryo, with active movements and rhythmic breathing.
Almost complete occupation of the capsule: yolk sac greatly reduced.
The capsule may appear more transparent.

Slight vibration of the egg when the embryo moves intensely.

Hatching assistance.

In most cases, embryos will hatch on their own. The juveniles usually emerge from the capsule

using an erect filament located in the cranial region (similar to a hatching denticle in other

species), which they use to pierce the capsule. Intervention should be avoided unless absolutely

necessary, in which case a small incision can be made in the egg with sterile surgical scissors,

avoiding any harm to the individual.

7. Post-hatching Management

Juveniles should be transferred to a separate aquarium to avoid competition and ensure proper feeding,
with the same water parameters, avoiding sudden movements. If conditions allow, they may remain in
the same incubation tank.

It is preferable to keep juveniles in small groups. If aquariums are not available, physical dividers or
natural structures (such as PVC tubes) can be used to create refuge spaces.

The first 24—28 hours are critical to check activity levels, confirm that the yolk sac remains intact and is
being progressively absorbed, and to detect swimming problems, malformations, or respiratory
anomalies.

Scyliorhinus canicula juveniles grow relatively slowly (adults reach ~60 cm, so in the first year they may
grow from ~10 cm to ~20-25 cm). S. stellaris, in contrast, reaches larger sizes (>1 m) and may show
slightly faster growth in juveniles. In fact, data for S. stellaris indicate growth of ~0.5 mm per day in length
during the first months, i.e., about 1.5 cm per month.



8. Feeding of Newborns
The yolk sac is used exclusively for the first 48—72 hours. No food should be introduced until the yolk sac is
visibly reduced or completely absorbed.

Initial diet: small live food (enriched Artemia, mysids, etc.) or small pieces of fresh fish. Food movement
must be ensured to promote detection and capture by the juveniles.

Feeding frequency should be 2—-3 times per day, removing leftovers to avoid contamination. It is better to
offer small, frequent meals rather than overfeeding.

Each feeding session should be monitored to:
e  Ensure that all individuals are eating.
e Detect signs of rejection, passivity, or hyperactivity during feeding.

e |dentify dominant juveniles or those with difficulties accessing food (which may require
separation).

Once juveniles accept live prey, a gradual transition to dead food should begin, with high-quality items
such as:

e  Fresh white fish (minced).
e Food gels enriched with vitamins or omega-3.

e Specialized commercial diets (provided they are formulated for elasmobranchs and contain no
harsh preservatives).

Once juveniles reach a certain size (30 cm in length), they can be considered advanced juveniles or
subadults and transferred to larger tanks or included in release programs.

9. Records
Detailed records must be kept.

9.1. Egg records
For each collected egg:

e |dentification code (unique label visible on the support or container).
e Collection date.

e  Origin (fishery, aquarium, natural environment).

e Initial condition (viable, doubtful, with fungus, etc.).

e Support and position inside the tank.

e Initial transport temperature and salinity.

9.2. Environmental parameter records
Daily or every 12 hours:

e Temperature (°C).
e  Salinity (ppt).

e pH.



e Dissolved oxygen (% saturation).
e Nitrogen compound levels (ammonia, nitrites, nitrates).
e Photoperiod and light hours.

9.3. Embryonic development records

Periodic visual observations (minimum 3 times per week).

Developmental milestones: eye formation, movement, fin development, respiratory activity.

Incidents: fungus, malformations, growth arrest, capsule breakage.

Reference photographs or videos (if possible).
9.4. Hatching records

e Exactdate and time.

e Type of hatching (natural or assisted).

e Duration of the process.

e Environmental conditions during hatching.

e Post-hatching observation: activity, yolk sac integrity, anomalies.
9.5. Juvenile records

e Individual identification code.

e Hatching date.

e Location.

e Daily feeding: type, amount, and feeding behavior.

e Observed incidents: injuries, food rejection, mortality.

e Biometric measurements (if taken): total length, weight, etc.
9.6. Mortality records

e Date.

e Affected individual.

e Suspected or confirmed cause (if known).

e Corrective actions applied.

10. Problem Prevention

Early detection and active prevention of problems are essential to ensure successful incubation and
development. Below are the main risks associated with the process and the recommended preventive
measures.

10.1) Fungal infections
Risk: Especially high in damaged eggs or with poor water quality.



Symptoms: Appearance of white or cottony filaments on the capsule, opacity.
Prevention:

e  Maintain stable, high-quality water parameters (O, = 90%, NHs < 0.25 ppm).
e  Ensure good water circulation around the eggs.

e  Avoid unnecessary handling.

e Apply natural or commercial antifungal treatments when needed:

o Short baths in black tea extract, aloe vera, or mild malachite green or formalin solutions,
only if specifically formulated for elasmobranchs.

e Remove affected eggs immediately to avoid spread.

10.2) Embryonic malformations
Risk: Associated with temperature variations, rough handling, or contamination.
Prevention:

e Avoid temperature changes greater than +1 °C/day.

e  Ensure proper transport and progressive acclimatization of eggs.

e Use only clean and disinfected equipment.

e Control photoperiod (excess light may alter neurosensory development).

10.3) Development arrest

Symptoms: No growth or movement for several days.

Possible causes: Hypoxia, unstable temperature, hidden infection, infertile egg.
Actions:

e Review environmental conditions.
e Discard eggs if no changes occur after 2—3 weeks.

10.4) Post-hatching mortality

Risk: High during the first 48—72 hours.

Common causes: Improper handling, damaged yolk sac, poor water quality.
Prevention:

e Do not handle during hatching unless absolutely necessary.
e Separate into suitable tanks with stable conditions.

e Continuously monitor behavior and feeding.

e  Maintain rigorous hygiene.

10.5) Water contamination
Symptoms: Turbid water, biofilms, presence of nitrates or ammonia.
Prevention:

e Efficient mechanical and biological filtration.

e Regular water changes (10-20% every 3-5 days or according to organic load).



e Controlled feeding and removal of leftovers.
e Avoid overcrowding in tanks.

10.6) Chronic stress or competition
Symptoms: Hyperactive, apathetic, injured juveniles or those with feeding difficulties.
Prevention:

e Separation by size and behavior.
e Basic environmental enrichment (structures, shaded areas).
e  Supervision during feeding to detect dominance or exclusion.
11. Transport and Reintroduction of Juveniles into the Marine Environment (Cap de Creus)

11.1) Reintroduction criteria
Only individuals that meet the following requirements will be released:

e Good health status certified by a collaborating veterinarian.
e Normal behavior and adequate response to stimuli.
e Absence of injuries, deformities, or symptoms of pathology.
e  Minimum length:
o S.canicula: 225 cm.
o S stellaris: 230 cm.
e Recorded rearing history (origin, environmental parameters, feeding).
e  Progressive dietary transition to natural food prior to reintroduction.

11.2) Quarantine and health evaluation

Individuals selected for reintroduction will undergo a minimum 14-day quarantine in a separate system,
under the same environmental conditions as the reintroduction site (salinity, temperature, and
photoperiod).

During this period:

e Veterinary monitoring will be carried out to rule out infections (fungi, bacteria, ectoparasites).
e Natural feeding behavior will be reinforced.

e  Mild deworming may be applied if deemed necessary.

e Animals will be kept in small groups to minimize stress.

11.3) Transport to the reintroduction site

Transport will be carried out from the base port, in resistant containers with oxygenated seawater at
stable temperature (+1 9C of sea temperature).

The following must be ensured:

e Opaque, secure containers.

e  Oxygen supply using pumps or portable systems.



e Minimal agitation and noise.
Maximum transport time: < 2.5 hours.
In hot conditions, pre-frozen cold packs or reusable coolers can be placed inside or around the
transport container, without direct contact.

11.4) Release site and conditions
Release sites will be located within areas previously identified as suitable for the species inside the Natural
Park, with priority given to:

e Structured habitats (rocky bottoms, areas with algae, gorgonians, and cavities).
e 15-40 m depth.

e Absence of extractive activity.

e Connection with past spawning areas.

11.5) Release method

Release will be carried out directly but in a controlled manner, ideally by slowly immersing the container
and opening it underwater (with diving equipment).

On a case-by-case basis, marking individuals before release may be considered.

Initial behavior will be observed for 5-10 minutes (exploration, swimming, escape).

The moment will be documented with video and photographs for follow-up reports.

11.6) Post-reintroduction monitoring
When the project allows, active and participatory monitoring is proposed, using several tools:

e (itizen science: training fishers, recreational divers, and dive centers to identify reintroduced
individuals (photos, external marks).

e Direct observation during periodic dives at release sites.
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