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Summary/Abstract 
 

As part of the project SUMARiS, the National Sea Centre, NAUSICAA carried out a study between 2019 

and 2020 to estimate the fecundity of the Thornback Ray (Raja clavata) and the post-natal survival of 

its eggs in captivity. To do this, data was collected from two breeding groups, one having lived in 

NAUSICAA’s aquariums for several years and the second captured from the natural habitat for the 

SUMARIS project, shortly before the start of the study. The percentage of capsules in which developing 

embryos were observed was found to be 43.5% for the NAUSICAA group and 95.4% for the SUMARIS 

group. At the end of the period of incubation and embryonic development, the survival rate at hatching 

(the number of juveniles hatching/the number of capsules with embryos) was found to be 33.1% for 

the NAUSICAA group and 86.7% for the SUMARiS group. All the individuals hatching alive subsequently 

developed normally. This equates to a productivity over the study period of 1.09 hatchling Rays per Kg 

of mature female biomass for the NAUSICAA group, and of 2.88 for the SUMARIS group. The 

monitoring of rearing conditions during the study provides evidence that supports the hypothesis that 

both temperature and luminosity influence the Thornback Ray’s reproductive cycle. 
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I. Introduction : 

 

The SUMARiS project 

 

More than forty species of Ray live in the English Channel and North Sea. Among these, a number are 

regularly caught and commercialised by fishing businesses in surrounding countries, in Belgium, 

France, the Netherlands and the United Kingdom. 

 

In the European Union, comprehensive regulation has been in place for all species belonging to the 

Genus Raja spp (defining quotas, minimum capture size, etc.) for a number of years. In 2013, Europe 

updated its common fisheries policy (Regulation (EU) No 1380/2013). One of the key changes was an 

obligation to land all catches (the landing obligation). The EU decided that, for species subject to 

quotas, individuals that were previously discarded (under-sized, damaged fish, lack of commercial 

value, etc.) must be landed. This new requirement also applied to Rays. It was in force up to 2019, at 

which time the fishing industry obtained a "survivability exemption" for Rays captured in the Channel 

(Regulation (EU) 2018/2034) and in the North Sea (Regulation (EU) 2019/2238). These exemptions 

allow fishermen to return any living Rays they do not want, to the sea. 

 

To keep this ‘survivability exemption’and continue to improve fisheries stewardship, it has become 

necessary to improve our understanding of Rays. The spatial distribution of their different species and 

the study of fisheries data are important topics for the fishing industry. However, scientific information 

on Ray biology, which can optimize fisheries resource modelling, should not be overlooked. 

 

In this context, the INTERREG 2-Seas SUMARiS project (Sustainable Management of Rays and Skates) 

started in 2017 to run over a three-year period (from July 2017 to October 2020). Its goal is to propose 

a common transnational 2 seas strategy around the English Channel and the North Sea, setting out 

proposals for concrete measures to improve how Rays are fished from a stewardship perspective. One 

of its objectives is to gather all the currently available scientific data on these species in these areas, 

with a view to adding to it. A year-long study was therefore undertaken by NAUSICAÁ – National Sea 

Centre, to shed further light on the fecundity and survival rates of the eggs of Channel and North Sea 

Rays laid in an Aquarium setting.  

Early in the SUMARiS project, the partners opted to study the Thornback Ray (Raja clavata), which is 

the most fished species in the region. 
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Case study: the Thornback Ray (Raja clavata) 

 

The Thornback Ray (Raja clavata) (Figure 1) is one of the most fished species in the Channel and North 

Sea. It belongs to the subclass elasmobranchii and specifically to the Rajidae (Ray) family. This includes 

oviparous species, which fertilize their eggs internally and lay the fertilized eggs inside protective egg 

capsules made of keratin. According to several sources, females reach sexual maturity at the age of 7.5 

years and males at 5.8 years, with females reaching a total length of 784mm and males 676mm (from 

the tip of their snout to the tip of their tail) (Serra-Pereira et al., 2011). In British waters, the literature 

indicates that the egg-laying season begins in February and ends in September, with a peak in June 

(Holden, 1975). Reproduction is through internal fertilization; the male stores its gametes in 

spermatophores, which it deposits in the female’s reproductive tract using its ‘claspers’ and 

which release at the optimum moment to fecundate the female’s ovocytes (Holden, 1975). After 

mating, females exhibit characteristic ‘mating marks’, which can remain for several weeks (Figure 

2). In 1995, Ellis and Shackley determined that female Raja clavata are able to store the male’s sperm 

for 15 weeks. Females can produce between 48 and 150 eggs per year (Ellis and Shackley, 1995; Serra-

Pereira et al., 2011). The ability to use the male gametes stored for a long period post copulation 

enables Rays to lay eggs on a regular basis over these extended periods, without needing to seek a 

male (Quignard and Bruslé, 2018). In the natural habitat, once the capsules have been laid, on the sea 

bed or anchored using the capsule’s horns, the eggs will incubate in them for 4 to 5 months (Ellis and 

Shackley, 1995). According to Chevolot, the eggs in a single laying may have multiple paternities 

(Chevolot, 2006). 

 

 

Figure 1 : Mature Thornback Rays (©NAUSICAA) 
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Figure 2 : Female with mating marks (©NAUSICAA) 

 

While much is already known about the number of eggs laid by the genus Raja, and about the 

incubation periods of their eggs, only a few journal articles have been published on the relationship 

between the number of eggs laid, egg survival and successful hatching. Ellis and Shackley proposed a 

hatching rate of 72.9% in their 1995 article. In a study published in 2005, Koop presented the results 

of their study to monitor the egg-laying of 5 species of Ray, including the Thornback Ray, at the 

Dolfinarium Harderwijk. This study, which ran from 1993 to 2003, found a hatching rate of 3%. The 

large gap between these two Figures suggests it would be useful to investigate this question further. 

In another study by Lécu, Herbert et al. dated 2018, the authors show that in some other species of 

Ray, hatchlings could die shortly after hatching, often due to an inability to feed themselves, and 

sometimes their exterior appearance would be different to that of their parents (Appendix 3). 

 

The main purpose of the present study was therefore to estimate the general proportion, and 

proportion to biomass, of adult females and the proportion of productive eggs in the total quantity of 

eggs laid by Raja clavata. By "productive" we mean eggs that produce juveniles which are able to feed 

themselves and which exhibit a standard phenotype. In parallel, to enable a comparison with previous 

studies and discussion of the results, variations in the physico-chemical parameters of the 

hatching/rearing environment during the study, were monitored. 
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II. Materials and methods  
 

The legal and ethical framework 

 

Under its status as a ‘Centre National de la Mer’, NAUSICAA is fully licensed to accommodate and 

keep marine animals. These authorisations are based on the transposition into French Law of European 

Directives on the environment, and include:  

– A License granted to NAUSICAA’s Director of Aquariums, Stéphane HÉNARD, by the 

Secretary of State for the Environment to the Prime Minister on 20 March, 1989: this License 

certifies the capacity to rear and display a number of species of wild animals, including all 

species of Ray in the genus Raja. (Appendix 1). 

– A Permit to open, granted to NAUSICAA’s Managing Director, Philippe VALLETTE, by the 

Prefect of the Pas de Calais Department on 18 January 2017: this permit authorises NAUSICAA 

to keep animals and sets down the conditions for their care (Appendix 2). 

This legal framework allowed NAUSICAA’s aquarology teams to lead this study. 

 

Timetable 

 

This SUMARIS project was carried out from 1st February 2019 (start of the collection of eggs laid) to 

31 June 2020 (the first intake of food by the final animals to hatch). 

  



10 
 

Step one: the breeding groups 

 

Origins of the breeding groups 

 

The specimens, which were divided into two different groups, were Thornback Rays of the species Raja 

clavata, all captured in areas in the east of the Channel (code FAO VIId) and in the south of the North 

Sea (code FAO Ivc). These groups were made up exclusively of individuals considered to be mature, 

meaning that their total length was greater or equal to 784 mm for females, and 676 mm for males. 

The ‘NAUSICAÁ’ group contained specimens captured from January 2011 to December 2014, in the 

course of research undertaken by IFREMER or during trips on commercial fishing vessels equipped for 

bottom trawling. This group was made up of 6 males and 10 females (Figure 3). 

 

The SUMARIS group was captured between July 2018 and January 2019, either with trammel nets or 

using a bottom trawl during trips on commercial fishing vessels out of Boulogne-sur-Mer. These 

specimens were captured as part of a study on the survival rate of Rays led by ILVO - INSTITUUT VOOR 

LANDBOUW-, VISSERIJ-EN VOEDINGSONDERZOEK for the SUMARiS project. All the females in this 

group exhibited mating marks at their time of capture. This group contained 4 females and three males, 

all considered to be mature (Figure 3). 

 

 

Figure 3 : The NAUSICAA Breeding group (left) and the SUMARIS Breeding group (right) 

(©NAUSICAA) 

 

Water management (LSS): common to all of the aquariums used in the study 

 

The water in all of the tanks used in this study was recycled through a water treatment system (LSS) 

composed of a gravity settling tank, where the water from all the aquariums’ overflows mixes, a 

pressurized sand filter for mechanical filtration down to 50 microns, biological filtration (aerobic 

phases of the nitrogen and phosphorous cycles), a titanium plate heat exchanger to maintain 

temperature, a UV sterilizer providing 20mj/cm² with each pass, and circulation and filtration pumps 

(Figure 4). The filtration system replaced the water at a slow rate of 1 to 3 % per day with ‘new’ 
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water extracted directly from the sea (from the Boulogne-sur-mer beach), which is filtered down to 10 

microns. 

 

The volume of water entering and leaving the LSS in each tank varied between 50 % and 70 % of its 

total volume per hour. In light of this water renewal, and the small quantity of biomass present in both 

the tanks for the entire duration of the study period, we believe that the physiochemical parameters 

of the water were identical in each aquarium throughout the entire duration of the study. 

 

The physiochemical parameters of the water (temperature, dissolved oxygen, pH, ORP, and 

conductivity), were measured daily by NAUSICAA’s laboratory. The levels of dissolved ammonium, 

nitrites, and nitrates were measured weekly. An analysis of the total composition of the sea water in 

the LSS, including micronutrients, pollutants, and the principal elements, was also carried out by an 

external laboratory. 

 

 

Figure 4 : The water treatment system or LSS (© NAUSICAA) 
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The choice of temperature level for the LSS and lighting for the aquariums 

 

According to Holden, two parameters appear to influence Ray reproduction: water temperature and 

luminosity (Holden, 1975).  

 

Our initial intention was to vary the temperature in the aquariums used in the study in order to mirror 

the known variations in the Ray’s natural habitat (Figure 5). Such variations can however disrupt the 

biological filtration of the LSS and lead to variations in the concentrations of dissolved nitrites, which 

could harm the Rays. It was therefore finally decided to maintain the temperature for the breeding 

group tanks, the eggs, and the juveniles at a constant 10°C with a 1°C fluctuation.  

The lighting of the study’s aquariums was systematically provided by natural light 24h/24. It was 

however necessary to provide some additional artificial lighting in order to facilitate aquarium 

maintenance and to ensure good conditions for observing the Rays. This additional lighting was used 

at fixed times during the course of the study. This led to different observed lighting values for the 

different aquariums, as discussed in the following paragraphs. 

 

 

Figure 5 : Annual temperature variations in the Ray’s natural habitat (Source: Météo France) 

 

Characteristics of the breeding group tanks 

 

Throughout the duration of the study, which lasted for more than a year, the two breeding groups 

were kept in two distinct tanks/areas.   
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The touch pool, which is a public exhibit in a NAUSICAA display area, housed the ‘NAUSICAA’ 

breeding group. It contains 35 m³ of water, in dimensions of 1500 X 400 X 110 cm (Figure 6). While the 

touch pool allows contact between the public and the Rays, the Rays were able to retreat at any time 

away from the reach of visitors. The touch pool’s lighting was provided through its transparent and 

unobscured glass, which allows sunlight and moonlight to pass through. In the day, this provided 

between 13 % and 60 % of the light received and followed the seasonal nycthemeral variation of 

latitude 50.71. Supplementary artificial lighting was provided by 6000K LED projectors, which in the 

day provided between 40 % and 87% of the light received, following a regular schedule of 11h30/day, 

from 7h to 18h30. This figure could rise to 100 % in winter, when sunset and sunrise occurred within 

the hours of artificial lighting. From 18h30 to 7h, the light received was 100 % natural lighting (sun and 

moon). The lighting values at the water’s surface varied in the summer between 475 lux (overcast 

conditions) and 672 lux (clear conditions). 

 

The SUMARiS group was housed in a technical area not open to the visiting public, called ‘cold sea 

reserves' (réserves mer froide). This technical area, which is equipped with several dozen aquariums, 

is used for animal reception, quarantine, and the reproduction and rearing of the cold sea-dwelling 

fish and invertebrates displayed at NAUSICAA.  

 

The tank housing the SUMARIS group had a water volume of 5 m³ in dimensions of 300 X 170 X 110 

cm (Figure 6). This tank’s lighting was provided through its transparent and unobscured glass, which 

allows through both sunlight and moonlight, which in the day provided between 40% and 75 % of the 

light received and followed the seasonal nycthemeral variation of latitude 50.71. Supplementary 

artificial lighting was provided by T8 4000K fluorescent tubes, which in the day provided between 25 

% and 60% of the light received, following a regular schedule of 11h30/day, from 7h to 18h30. This 

figure could rise to 100 % in winter, when sunset and sunrise occurred within the hours of artificial 

lighting. From 18h30 to 7h, the light received was 100 % natural lighting (sun and moon). The lighting 

values at the water’s surface varied in the summer at midday between 169 lux (overcast conditions) 

and 480 lux (clear conditions). 

 

 

Figure 6 : The breeding group aquariums, showing group NAUSICAA (on the left) and group 

SUMARiS (on the right) (© NAUSICAA) 
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The Breeding Group Protocol 

 

One of NAUSICAA’s animal carers followed the same protocol on a daily basis for both tanks, that is, 

for both breeder groups:  

– FEEDING: the breeding groups were fed once per day, 6 days per week, with a mixture of 

frozen seafood products (40 % herring, 30 % sprat, 30 % cooked prawns), cut into pieces of 2 

to 4 cm. The quantity of food provided per day was equivalent to 2 to 4 % of the biomass of 

the Rays in the tank. 

– CLEANING – the tanks used for the breeding groups were cleaned once per day, surplus food 

and waste were removed. 

– COLLECTING EGGS – the eggs were collected with a net from each tank once per day, without 

taking them out of the water. 
 

Step two: the eggs and the juveniles 

 

Incubation 

 

The carer transferred the eggs to different aquariums according to the date when they were laid and 

the origin of their breeding group. The aquariums were located in NAUSICAA’s cold sea reserve room 

and had a capacity of 45 litres in dimensions of 50 X 30 X 30 cm. The eggs remained there until they 

hatched (Figure 7). The tanks’ lighting was provided through transparent and unobscured glass walls, 

which allowed both sunlight and moonlight to pass through. In the day, this provided between 75 % 

and 90 % of the light received and followed the seasonal nycthemeral variation of latitude 50.71. 

Supplementary artificial lighting was provided by T8 4000K fluorescent tubes, which in the day 

provided between 10 % and 25 % of the light received, following a regular schedule of 11h30/day, from 

7h to 18h30. This figure could rise to 100 % in winter, when sunset and sunrise occurred within the 

hours of artificial lighting. From 18h30 to 7h, the light received was 100 % natural lighting (sun and 

Figure 7 : Aquariums used to incubate the eggs (left) and close up of the capsules (right) (©NAUSICAA) 
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moon). The lighting values at the water’s surface varied in the summer between 319 lux (overcast 

conditions) and 579 lux (clear conditions). 

  

The eggs were suspended 2-3 cm apart by their horns using plastic cable ties. The concave anterior 

margin visible on the egg where the animal exits the capsule at hatching was placed downward. This 

method of suspension ensured an optimal circulation of water between the capsules. 

 

The Monitoring Protocol 

 

The eggs’ development was checked twice per week using the ‘candeling’ method (mirage in 

French) (Figure 8). Using a light source placed behind the egg, the aquariology technician checked, 

making use of the capsule’s transparency, for the presence or not of the yolk sac and then checked 

the development of the embryo within the capsule. Capsules determined to be unfertilized (i.e. having 

no yolk sac or no embryo movement) were discarded following a final check using a binocular 

magnifier. Perished eggs displaying signs of decomposition were removed daily.  To carry out these 

operations, the eggs were raised out of the water for less than 3 minutes, and any air bubbles trapped 

in the capsule were removed when the capsules were returned to the aquarium. 

 

The newly hatched juveniles were kept in the incubation tank containing the eggs and were offered 

food on a daily basis. Immediately upon taking food for the first time, individuals were transferred to 

aquariums accommodating only the young Rays involved in the present study. These aquariums 

contained 400 litres of water, in dimensions of 200 X 50 X 40 cm and had no sand substrate (Figure 9). 

Tank lighting was provided through transparent and unobscured glass, which allowed both sunlight 

and moonlight to pass through. In the day, this provided between 75 % and 90 % of the light received 

and followed the seasonal nycthemeral variation of latitude 50.71. Supplementary artificial lighting 

was provided by T8 4000K fluorescent tubes, which in the day provided between 10 % and 25 % of the 

light received, following a regular schedule of 11h30 per day, from 7h to 18h30. This figure could rise 

to 100 % in winter, when sunset and sunrise occurred within the hours of artificial lighting. From 18h30 

to 7h, the light received was 100 % natural lighting (sun and moon). The lighting values at the water’

Figure 8 : The candeling procedure (left) and close up (right) (©NAUSICAA) 
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s surface varied in the summer at midday between 319 lux (overcast conditions) and 579 lux (clear 

conditions). The juveniles were individually weighed, measured, and their gender determined.   

 

The young Rays were fed up to three times per day, with a mixture of thawed and chopped fish meat 

(50 % salmon, 50 % sprat), corresponding to between 4 and 6 % of the total biomass of the juvenile 

Rays present in the aquarium per day. The size of the chopped food varied between 2 and 5 mm. The 

food was chopped using a knife, by hand, up to April 2020. After this date, the food was chopped using 

mechanical food chopper. The good health status of the young Rays was checked on a daily basis on 

the occasion of the first feeding session of the day. 

 

 

III. Results and discussion  
 

Physico-chemical monitoring 

 

The analysis of the levels of metals and micronutrients in the sea water sampled from the Life Support 

System (LSS) (Table 3) reveals that all the values were within the limit values set down in the European 

Directives 2006/44/EC and 2006/113/EC. 

 

The basic parameter values of the water in the LSS (see figures 10 and 15) remained stable within the 

limit values set down by the European Directives 2006/44/EC and 2006/113/EC. It should be noted 

that the temperature, which should have remained between 9 and 11°C, peaked at 13°C in March 

and again in July at 12°C (see Figure 10). This was due to a fault in the LSS. These peaks lasted only a 

few hours. The temperature in the sea off Boulogne can vary over the course of a year, between 2°C 

and 21°C, and on average varies between 4.5 and 17°C (see figure 5). Raja clavata congregate 

throughout the year in this region, which indicates that the species has a preference for a thermal 

range of at least 4.5 to 17°C. It is therefore highly unlikely that these two very brief temperature 

 Figure 9: Aquariums accommodating the juvenile Raja Clavata (©NAUSICAA) 
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peaks will have had any significant effect on the experimental conditions. However, a repeat study 

would eliminate any doubt on this question. 

 

 

Figure 10 : Temperature levels in the aquariums 

 

Figure 11 : Dissolved oxygen levels in the aquariums 
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Figure 12 : PH levels in the aquariums 

 

Figure 13 : Conductivity in the aquariums 
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Figure 14 : Nitrogen and phosphorous levels in the aquariums 

 

 

Figure 15 : Vibrios in the aquariums (cultures grown on a TCBS medium) 
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Differences between the breeding groups 

 

The compositions of the two breeding groups differed in certain respects (Table 1). The NAUSICAA 

group was composed of 10 mature females (with total lengths greater than 784 mm) and 6 mature 

males (total length greater than 676 mm). These individuals were kept together for more than two 

years, at a constant temperature of 10°C. It is therefore at this temperature that mating and 

fertilization took place. The SUMARiS group was composed of 4 mature females and 3 mature males 

captured from the wild shortly before the start of the study. These animals had therefore experienced 

seasonal temperature variations. It should be noted that the females in the SUMARiS group all 

exhibited external marks at the time of capture, indicating that mating with possible internal 

fertilization had occurred in the wild.  

 

In both groups, the ratio of males to females was less than the 1:1 ratio found in the wild (Ellis and 

Shackley, 1995): 

– the NAUSICAA breeding group had a sex ratio of 1 male to 1.7 females 

 – the SUMARiS breeding group had a sex ratio of 1 male to 1.4 females. 

It can be hypothesized that this situation reduces the likelihood of multiple paternities, as proposed 

by Chevolot. 

 

The sizes of the females are very similar in the two groups and this was also true for the males. 

 

Results of egg laying and egg development 

 

The egg collection period was from the beginning of February to the end of September. These dates 

were selected on the basis of Holden’s 1975 findings. It was however observed that the females in 

the NAUSICAA group laid eggs all year round, but that fewer eggs were laid from October to January.  

One possible hypothesis for this is that the females’ reproductive cycles were disrupted by the 

artificial lighting, which may have modified their perception of the length of day, but without 

completely suppressing the influence of the natural light. 

 

The eggs were collected from the 1st of February 2019 with the first eggs being laid on the 15 February, 

2019. Between this date and 30 September, 602 eggs were collected at an average of 51.5 eggs per 

female from the NAUSICAA group and 21.7 eggs per female from the SUMARiS group (Table 2). Both 

of these figures are lower than those observed by Koop (117) and Holden (140). Koop’s data on the 

size of the breeders and the sex ratio are insufficient for comparative purposes, however, Holden’s 

data set is complete. In light of these figures, one plausible hypothesis is that the drop in winter 

temperatures is favourable to this species’ reproductive activity, and also that differences in the in-

aquarium breeding protocol, and specifically: disturbance to the diurnal light cycle perceived by the 

animals due to the use of supplementary artificial lighting; a different sex ratio compared to the ratio 
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in the wild; and a non-seasonalized diet, which was possibly different to the diets of the animals 

studied by Koop and Holden (the data provided in their study make any comparison impossible). 

 

In both groups, the graphs showing the number of eggs laid per Kg of adult female biomass (Figure 16) 

follow the same trend, with a peak in March, a second peak in June/July and a declining trend through 

to September. Given that the water temperature remained constant, we could advance the hypothesis 

that the natural light perceived by the animals in the aquariums was influential and appears sufficient 

to have synchronized the egg laying trends of the two groups, which is consistent with Holden’s 

hypotheses (1975). The females in the SUMARiS group stopped laying at the end of August. With the 

exception of March 2019, the number of eggs laid per Kg of female biomass in the NAUSICAA group 

was two to four times higher. It is not possible to compare these data with the studies in the 

bibliography, as their calculation methodologies were different (they were based on the number of 

eggs laid per female, irrespective of biomass). 

 

 

 

Figure 16 : Number of eggs laid / kg female biomass 

The fertility rate (the relationship between the number of eggs laid and the number of eggs producing 

embryos observed to be developing) varied between the groups (Figure 17). The 4 females in the 

SUMARiS group laid 87 capsules containing 95.4% of fertilized eggs. Of the 515 eggs laid by the 10 

females in the NAUSICAA group, only 224, or 43.5%, were found to be fertilized. It should be recalled 

that the SUMARiS females exhibited mating marks at the time of their capture. It seems reasonable to 

assume that they benefited from better conditions for fertilization due to the 1:1 sex ratio observed in 

the wild, as such conditions facilitate mating and favour multiple paternities. We can also hypothesise 

that the absence of fluctuation in water temperature influenced the results of the NAUSICAA group, 

that is, the absence of a winter temperature drop or a summer peak, led to eggs being laid at a more 

even rate over time. In addition, mating occurred at a more constant rate, but at a lower frequency. 
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Figure 17 : Fertility rate 

 

At the constant temperature of 10°C, the observed incubation time was on average 308 days (10 

months) for the NAUSICAA group and 317 days (10.5 months) for the SUMARiS group (Table 4 and 

Figure 18). In contrast, in the wild, with normal seasonal temperature variations, the observed 

incubation period would be 4-5 months (Ellis and Shackley, 1995). However, in 1922, Clarks found that 

the incubation period for elasmobranch eggs varies with temperature. 

 

Clarks observed that, in 1920, when the water temperature was 1°C lower than in 1921, the 

incubation period increased by two months for certain species of elasmobranch. In the present study, 

with the temperature having been kept at 10°C throughout the eggs’ whole incubation period, the 

Figure 18 : Incubation period 
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test groups were deprived of any benefit from the increase of 5°C or more which would occur in the 

natural habitat. This factor could explain the lengthened incubation period, which is in a proportion 

consistent with Clarks’ observations. Koop’s observations (also) support this hypothesis. He 

observed incubation periods of 4.8 to 7 months with a constant average water temperature of 15.5°

C. The calculation of the incubation period expressed as degree-days for the two groups (Figure 19) 

gives directly proportional values, as all the eggs were incubated at the same temperature. 

 

 

Figure 19 : Degree-day incubation periods 

 

Regarding the short delay in hatching of the capsules laid by the females in the SUMARiS group, we 

can hypothesise that the lower sea temperature, compared with the aquariums, at the moment the 

SUMARiS Rays were captured, was influential. Embryo development begins before the eggs are laid, 

meaning that the eggs will have been affected by the temperature of the water. And, as already noted, 

the females in the SUMARiS group all exhibited mating marks at the time of their capture. The first 

eggs to be laid are very likely to have been fertilized before capture. In addition, female Rays have the 

evolved ability of storage and extended maintenance of the male sperm (gametes) received through 

mating, which enables them to use the sperm at any time according to their needs (Quignard, Bruslé, 

2018). 

The proportions of eggs not producing an embryo and of eggs producing viable Rays varied between 

the groups (Figure 20). The females in the NAUSICAA group laid more eggs, but a smaller proportion 

of them ‒ 10 times fewer ‒ hatched. These results can be compared directly, but also: 

- for the SUMARIS group, with the results of Ellis and Shackley (1995) which, using eggs laid by 

freshly captured females, found a proportion of eggs producing young Rays of 73 %, compared 

with 82.3 % for the SUMARIS group, 

- and for the NAUSICAA group, with the results of Koop (2005) which, using eggs laid by females 

having lived for several years in an aquarium, found a proportion of eggs producing young Rays 

of 3 %, compared with 14.4 % for the NAUSICAA group. 

 

The Ellis and Shackley results and those of the SUMARIS group differ only slightly. This difference is 

very likely explained in part by the difference in the make-up of the samples in terms of the individual 
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animals. The conditions of capture from the natural habitat and in incubation conditions are 

insufficiently detailed to allow a comparison, but these conditions very likely differ as aquarological 

techniques have evolved significantly over the last 25 years. 

The difference between Koop’s results and those of the NAUSICAA group is larger. Here, also, 

differences in individuals will have played some role in these differences. Data on the size of the 

females and how long they had lived in an aquarium before the study was carried out by Koop are 

insufficient to base a comparison on. 

 

Figure 20 : Viability of eggs from the NAUSICAA group (inner ring) and the SUMARiS group (outer 

ring) 

In order to compare results from the NAUSICAA and SUMARiS groups, given the differences discussed 

above, we decided to relate the number of eggs that hatch to adult female biomass (see Figure 21). 

The average values of this relationship were 0.41 for the SUMARiS group and 0.14 for the NAUSICAA 

group. To explain this difference (a difference not only previously observed but also found to be of 

greater magnitude when we compare with the studies carried out by Koop and by Ellis and Shackley ), 

we can put forward the hypothesis that the sex-ratio, the seasonal water temperature variations, and 

the duration of daylight, all influence the number of viable individuals produced by each female. In the 

aquarium, where these variations are attenuated, this figure seems to fall and the egg laying peaks 

flatten out. We can also hypothesise that, while the Raja clavata’s current aquarium diet supports its 

rapid growth, it does not necessarily support a fecundity equivalent to that observed in the wild. 
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Figure 21 : Number of eggs hatching / kg of female biomass 

Results: juveniles 

The NAUSICAÁ group produced 74 juveniles and the SUMARiS group produced 72 (Table 4). All the 

individuals that hatched survived and were able to feed without assistance in the days after their 

hatching. This result differs from the findings of Lécu, Herbert et al. for the species Glaucostegus 

cemiculus (see Appendix 3). These differences can be explained by the fact that G. cemiculus is 

ovoviviparous, unlike R. clavata, which is oviparous. Ellis and Shackley observed a sex ratio (number of 

males/number of females) of 1:1 in wild populations. The sex ratio observed among the juveniles 

hatched from the NAUSICAA group was 0.85; it was 1.58 for the SUMARiS group. At this point, it is 

impossible to say if this difference is significant. A longitudinal study over several consecutive years on 

a larger sample would help make this determination. The juveniles from the NAUSICAÁ group had an 

average size of 131.5 mm [114160] and weight of 12.0 gr [9.51-14.68]. The juveniles from the SUMARiS 

group had an average size of 133.7 mm [122-149] and weight of 13 gr [11.1-15.4] (Figure 27). These  

values do not appear to us to be significantly different. We can hypothesise that the living conditions 

in the aquarium did not influence the size of the young Rays when they hatched. 

Figure 22 : Weights and lengths of juveniles 
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IV. Conclusions 
 

The ultimate goal of the SUMARiS project is to propose stewardship measures that are better adapted 

to the prevailing status/conditions of the stocks of the species of Ray present in the Channel and North 

Sea. To do this, it is necessary to understand the status of the resources in question. This includes 

understanding the resource and fishery dynamics, but also the biology of the individual animals that 

constitute these resources. The present study highlights the importance of having access to estimates 

of fecundity rates and post-natal survival rates for oviparous elasmobranchs. This information makes 

it possible, using data on the number of mature females, to estimate the number of viable capsules 

and therefore the recruitment situation. Once incorporated into statistical models, it can generate 

supplementary information that will provide a more concrete understanding of the real status of each 

stock. 

 

For the Thornback Ray, this study, which was undertaken in a protected and partially controlled 

environment, confirmed that even in the absence of natural predation, not all the eggs laid by the 

female Raja clavata will hatch or produce viable young.  Its results are similar to those published in 

1995 by Ellis and Shackney, and suggest that only 70 % to 80 % of the eggs laid by females in the wild 

will hatch and release young Rays able to feed themselves. To have a more accurate idea of 

recruitment, it is also important, in our view, to consider the impact of the environment. It would be 

useful to couple these results with the predation rate, estimated on the basis of counting the number 

of capsules pierced or ripped by predators and found on the coastline. The present study also reveals 

the gaps that remain between the results for reproduction obtained using individuals freshly captured 

from the natural habitat ‒ and having experienced the seasonal cycles and their consequences on the 

quality and availability of food ‒ compared with results obtained using individuals having spent several 

years in the protected environment of an aquarium, where observation is far easier, where growth is 

facilitated, but where the influence of the seasons is still largely suppressed. The results indicate such 

an environment can have a dampening effect  on reproduction. Therefore, improving aquarological 

techniques using new technologies to support animal reproduction and repeating studies like the one 

described here are important and will ultimately make it possible to establish data correction factors 

that would improve the usefulness of data obtained from observation in aquariums, to the benefit of 

research in the field of fisheries resources management (stewardship). 
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VI. Tables 
 

Table 1 : Composition of breeding groups 

 
 

 

 

Table 2 : Egg laying data record 

 

 

 

  

Broodstock structure

Females are considered mature  at TL> 784 mm

Males are considered mature at TL>676 mm

BW (kg) TL (cm) WS (cm) BW (kg) TL (cm) WS (cm) BW (kg) TL (cm) WS (cm) BW (kg) TL (cm) WS (cm)

2,7 69 46 6,5 91 63 3,7 80 55 4,1 90 60

6 85 55 6,3 88 60 3,3 73 47 5,6 90 63

2,6 72 51 6,9 87 62 2,5 73 46 7,8 92 65

2,6 72 46 7,6 91 64 7,5 100 67

2,8 70 47 6,3 88 59

3,9 77 52 7,8 99 64

8,3 101 71

7,4 88 65

3,9 78 53

6,6 88 59

Weight 

interval 

(kg)

♂ Nausicaa ♀ Nausicaa ♂ SUMARIS ♀ SUMARIS

N = Size of 

the group 

(ind.)

6 10 3 4

Mini 2,6 3,6 2,5 4,1

Maxi 6 8,3 3,7 7,8

Average 3,43 6,76 3,17 6,25

♂ Nausicaa ♀ Nausicaa ♂ SUMARIS ♀ SUMARIS

Eggs laid
Non fertilised 

eggs
Fertilised eggs 

Dead during 

hatching
Hatched Fertility rate

Broodstock  

mature ♀ total 

biomass (kg)

Laying rate

Number of 

living 

offspring/kg 

biomass

Feb 2019 16 9 7 2 5 43,8% 67,6 0,24 0,07

Mar 2019 67 48 19 4 15 28,4% 67,6 0,99 0,22

Apr 2019 45 30 15 8 7 33,3% 67,6 0,67 0,10

May 2019 81 41 40 20 20 49,4% 67,6 1,20 0,30

Jun 2019 77 42 35 16 19 45,5% 67,6 1,14 0,28

Jul 2019 92 53 39 33 6 42,4% 67,6 1,36 0,09

Aug 2019 80 30 50 48 2 62,5% 67,6 1,18 0,03

Sep 2019 57 38 19 19 0 33,3% 67,6 0,84 0,00

Total 515 291 224 150 74 43,5% 67,6 0,95 0,14

100,0% 56,5% 43,5% 29,1% 14,4%

Eggs laid
Non fertilised 

eggs
Fertilised eggs 

Dead during 

hatching
Hatched Fertility rate

Broodstock 

mature ♀ total 

biomass (kg)

Laying rate

Number of 

living 

offspring/kg 

biomass

Feb 2019 7 0 7 0 7 100,0% 25,0 0,28 0,28

Mar 2019 29 1 28 0 28 96,6% 25,0 1,16 1,12

Apr 2019 6 0 6 0 6 100,0% 25,0 0,24 0,24

May 2019 8 0 8 2 6 100,0% 25,0 0,32 0,24

Jun 2019 19 1 18 3 15 94,7% 25,0 0,76 0,60

Jul 2019 16 2 14 4 10 87,5% 25,0 0,64 0,40

Aug 2019 2 0 2 2 0 100,0% 25,0 0,08 0,00

Sep 2019 0 0 0 0 0 25,0

Total 87 4 83 11 72 95,4% 25,0 0,50 0,41

100,0% 4,6% 95,4% 12,6% 82,8%

Nausicaa

SUMARIS
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Table 3 : Metals and micronutrient monitoring data 
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Table 4 : Incubation and hatching data 

 

Hatching 

date
sex BW TL PL WS

Month of 

egg-laying

Incubation 

time

degree 

day

Hatching 

date
sex BW TL PL WS

Month of 

egg-laying

Incubation 

time

degree 

day

g mm mm mm days g mm mm mm days

11/19/19 F 02/15/19 277 2804,35 11/19/19 M 02/15/19 277 2804,35

01/05/20 F 02/15/19 324 3547,3 11/19/19 F 02/15/19 277 2804,35

01/05/20 F 03/15/19 296 2993,2 11/29/19 M 02/15/19 287 2901,6

01/05/20 F 03/15/19 296 2993,2 12/04/19 M 02/15/19 292 2948,9

01/27/20 F 03/15/19 318 3201,85 01/05/20 F 03/15/19 296 2993,2

01/27/20 F 03/15/19 318 3201,85 01/05/20 F 03/15/19 296 2993,2

01/27/20 F 03/15/19 318 3201,85 01/05/20 F 03/15/19 296 2993,2

01/27/20 F 03/15/19 318 3201,85 01/27/20 M 02/15/19 346 3463,1

01/27/20 F 03/15/19 318 3201,85 01/27/20 M 03/15/19 318 3201,85

01/27/20 F 03/15/19 318 3201,85 01/27/20 M 03/15/19 318 3201,85

01/27/20 M 03/15/19 318 3201,85 01/27/20 M 03/15/19 318 3201,85

01/27/20 M 03/15/19 318 3201,85 01/27/20 M 03/15/19 318 3201,85

01/27/20 M 03/15/19 318 3201,85 01/27/20 M 03/15/19 318 3201,85

02/11/20 M 06/15/19 241 2391,25 01/27/20 M 03/15/19 318 3201,85

02/11/20 M 06/15/19 241 2391,25 01/27/20 F 03/15/19 318 3201,85

02/11/20 F 06/15/19 241 2391,25 01/27/20 F 03/15/19 318 3201,85

02/11/20 F 06/15/19 241 2391,25 01/27/20 M 02/15/19 346 3463,1

02/14/20 M 14,68 142 72 92 03/15/19 336 3079,45 02/10/20 F 130 70 85 02/15/19 360 3594,2

02/14/20 M 10,49 131 65 80 03/15/19 336 3370,95 02/10/20 M 131 70 90 06/15/19 240 2381,75

02/18/20 M 12,25 131 62 81 04/15/19 309 3079,45 02/10/20 M 134 69 89 06/15/19 240 2381,75

02/18/20 F 11,68 137 64 86 03/15/19 340 3079,45 02/10/20 M 132 68 90 06/15/19 240 2381,75

02/22/20 M 12,3 120 55 75 04/15/19 313 3117,45 02/10/20 M 135 64 89 03/15/19 332 3332,95

02/22/20 M 10,46 115 55 70 04/15/19 313 3117,55 02/10/20 M 125 64 84 03/15/19 332 3332,95

02/22/20 F 12,56 114 58 79 04/15/19 313 3117,55 02/10/20 M 125 63 80 03/15/19 332 3332,95

03/06/20 F 12,67 130 61 83 05/15/19 296 2942,35 02/10/20 F 131 69 88 03/15/19 332 3332,95

03/06/20 M 9,51 130 60 78 05/15/19 296 2942,35 02/10/20 M 125 67 80 03/15/19 332 3332,95

03/06/20 F 10,85 130 62 80 05/15/19 296 2942,35 02/10/20 F 137 68 85 05/15/19 271 2700,55

03/06/20 M 12,4 129 61 75 05/15/19 296 2942,35 02/10/20 F 127 62 77 04/15/19 301 3003,45

03/06/20 F 12,87 128 65 79 05/15/19 296 2942,35 02/10/20 M 139 70 90 04/15/19 301 3003,45

03/06/20 M 11,87 135 70 88 04/15/19 326 3245,25 02/10/20 F 132 60 80 04/15/19 301 3003,45

03/06/20 F 10,45 160 62 77 04/15/19 326 3245,25 02/10/20 M 135 65 80 04/15/19 301 3003,45

03/14/20 M 13 135 70 88 04/15/19 334 3325,85 02/10/20 M 131 65 82 04/15/19 301 3003,45

03/14/20 M 12,87 129 65 80 05/15/19 304 3022,95 02/11/20 M 03/15/19 333 3342,45

03/26/20 M 11,67 140 75 96 05/15/19 316 3143,95 02/11/20 M 03/15/19 333 3342,45

03/26/20 F 12,29 146 75 95 05/15/19 316 3143,95 02/11/20 M 03/15/19 333 3342,45

03/26/20 M 11,45 141 77 93 05/15/19 316 3143,95 02/11/20 M 03/15/19 333 3342,45

03/26/20 F 10,24 135 73 90 05/15/19 316 3143,95 02/11/20 F 03/15/19 333 3342,45

03/26/20 M 12,48 135 78 98 05/15/19 316 3143,95 02/11/20 F 03/15/19 333 3342,45

03/26/20 M 11,85 140 75 93 05/15/19 316 3143,95 02/14/20 M 12,8 129 70 87 07/15/19 214 2119,45

03/26/20 F 13,48 140 79 104 05/15/19 316 3143,95 03/14/20 F 12,7 128 65 79 03/15/19 365 3655,35

03/26/20 F 11,93 142 76 94 05/15/19 316 3143,95 03/14/20 M 11,5 131 66 81 03/15/19 365 3655,35

04/03/20 F 10,25 120 60 77 06/15/19 293 2904,35 03/14/20 F 12 131 66 77 03/15/19 365 3655,35

04/03/20 F 10,98 130 60 78 05/15/19 324 3223,15 03/14/20 M 12,6 128 66 87 03/15/19 365 3655,35

04/03/20 F 12,15 126 65 81 05/15/19 324 3223,15 03/26/20 M 12,2 130 67 81 03/15/19 377 3776,35

04/10/20 M 13,7 135 70 92 05/15/19 331 3294,15 04/03/20 M 12,4 128 67 80 03/15/19 385 3855,55

04/10/20 M 12,08 130 65 85 05/15/19 331 3294,15 04/03/20 M 12,4 130 65 78 04/15/19 354 3526,05

04/10/20 M 10,64 130 65 81 05/15/19 331 3294,15 04/10/20 M 11,5 125 62 84 05/15/19 331 3294,15

04/10/20 F 12,65 120 67 75 05/15/19 331 3294,15 04/13/20 F 11,9 135 65 84 06/15/19 303 3006,35

04/10/20 M 10,94 120 67 75 06/15/19 300 2975,35 04/28/20 F 11,1 124 65 80 06/15/19 318 3159,15

04/13/20 F 12,55 132 65 84 06/15/19 303 3006,35 04/28/20 M 12,2 122 66 85 06/15/19 318 3159,15

04/13/20 M 11,95 130 62 80 06/15/19 303 3006,35 04/28/20 M 13 135 70 85 06/15/19 318 3159,15

04/13/20 F 11,86 133 65 83 06/15/19 303 3006,35 05/14/20 M 14,3 148 80 94 06/15/19 334 3312,75

04/28/20 M 10,51 126 60 75 07/15/19 288 2858,85 05/14/20 F 15,4 145 79 100 06/15/19 334 3312,75

04/28/20 F 12 130 61 85 06/15/19 318 3159,15 05/14/20 F 14,4 146 80 94 06/15/19 334 3312,75

04/28/20 M 10,79 125 64 80 06/15/19 318 3159,15 05/22/20 M 13,6 135 70 88 07/15/19 312 3088,5

04/28/20 F 12,15 125 63 80 06/15/19 318 3159,15 05/22/20 M 13,6 132 70 88 07/15/19 312 3088,5

04/28/20 F 14,18 120 65 81 06/15/19 318 3159,15 05/22/20 F 14,1 135 72 90 07/15/19 312 3088,5

05/06/20 M 10,78 140 93 94 06/15/19 326 3235,35 05/27/20 F 12,7 142 76 98 07/15/19 317 3135,55

05/06/20 F 13,89 135 76 104 06/15/19 326 3235,35 05/27/20 F 14 145 78 98 07/15/19 317 3135,55

05/06/20 F 12,53 132 73 93 07/15/19 296 2935,05 05/27/20 F 13,6 146 78 98 07/15/19 317 3135,55

05/14/20 I 12,24 140 75 95 07/15/19 304 3012,45 06/08/20 M 12,7 149 75 93 07/15/19 329 3244,4

05/15/20 M 12,92 142 76 95 07/15/19 305 2983,95 06/08/20 M 13,7 140 76 95 07/15/19 329 3244,4

05/22/20 F 12,73 130 65 85 08/15/19 281 2762,1 06/08/20 F 15 140 80 98 07/15/19 329 3244,4

05/22/20 M 12,89 126 67 86 08/15/19 281 2762,1

05/22/20 M 13,85 125 66 89 07/15/19 312 3088,5

05/22/20 F 10,79 126 66 83 07/15/19 312 3088,5

Average 308,39 3068,25 317,86 3177,41

Nausicaa SUMARIS
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Appendix 1 : Scientific Paper by Lécu, Herbert et al - 2018
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