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Abstract :

Mass reproduction is widely used in fish farms because it is relatively easy and inexpensive. It also
enables the development of mass selection programmes that provide gains for traits with high heritability.
The main weakness of this approach is that it is currently impossible to know which females participated
in reproductive events, unless by conducting expensive genomic experiments. We tested oviduct-inserted
floating passive integrated transponder tags as a new method to detect (i) the identity of spawners and
(i) the timing of spawning. We first conducted a preliminary experiment using four small tanks (1.5m3)
each containing one male and one female tracked by infrared video cameras to test the experimental
device. We then tested it in “real” aquaculture conditions, using a bigger tank (10 m3) containing 89 adult
fish. Results showed that this tracking system accurately identified the timing of spawning of individual
fish. We confirm that European sea bass preferentially spawn at sunrise or sunset. This proof-of-concept
developed for one commercially important fish species could also be used for novel species of interest
for aquaculture, for example, to determine the exact timing of spawning after hormonal treatment of novel
species.

Highlights

» There is a need to track individual spawning events to improve aquaculture practices. » The oviduct-
inserted floating Pit-tag accurately indicates the timing of spawning and identity of spawner. » Associated
to video-recording, the device allows to provide cues on reproductive behaviour of fishes
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1. Introduction

Natural spontaneous spawning is extensively used by hatcheries to obtain a relatively large
number of eggs with a minimum of constraints (Bromage, 1995). Natural reproduction has also
been found to produce better quality spawn (egg quality and larval survival) than selective
breeding, which requires fish manipulation and hormonal induction (Mylonas et al., 2010).
However, the main drawback of depending on natural spawns is that inbreeding is difficult to
control since many parents are kept in batches (Gjerde et al., 1996). Kinship relationship are
nonetheless possible to obtain as well as parentage contribution, but this require relatively

expensive genomic experiments (Superio et al., 2021). In any case, it remains impossible to



predict the timing of spawning, which precludes advances in the homogenization of larval
development protocols. Eggs are usually collected the morning after spawning (Barnabe, 1980)
so a tracking system able to detect the exact time of spawning would make it easier to collect
the eggs. For all these reasons, a device that can detect spawning events would clearly be an
asset for aquaculture. Oviduct-inserted radio transmitters have been successfully used to track
spawning events and to locate wild fish, the first attempt having been made on northern pike
(Esox lucius) (Pierce, 2004). Since then, similar experiments have been performed on wild
muskellunge (Esox masquinongy) (Pierce et al., 2007), European perch (Perca fluviatilis)
(Skovrind et al., 2013) and lake trout (Salvelinus namaycush) (Binder et al., 2014). However,
the transmitters are quite large (> 1g), which may have prevente. them from successfully
releasing the device on each occasion. The main objective of .his ¢ rticle is to describe the use
of an oviduct-inserted passive integrated transponder (PIT, tag. associated with a detector
device placed on the outflow of the tank to track and mari.:ar spawning events of European sea

bass.
2. MATERIALS AND METHODS

We designed encapsulated PIT-tags such tha* they would float. The PIT-tags (BIOLOG-1D
FDX-B transponder enables radio frectiency, TINY 955 ISO 11784) used in both experiments
were 8 mm long and 1.4 mm wide (Fio.ve 1A) and were placed in a section of 3 mm wide and
14 mm long angle pipelle (in fact a oieve of Cornier pipelle). The assembly was then closed
with silicone at each end to tra; an «ir bubble inside (Figure 1A), thus ensuring the buoyancy of
the device (hereafter named “mcJdified PIT-tag”). Once inserted into the ovarian cavity of
females, it would be exp lleu during spawning and detected by a tag reader (Biolog PRD 640)

positioned close to the ou*flow of the tank.
2.1. Preliminary tests

On the 19" of October 2017, a few randomly selected females from our “advanced” fish stock
(fish intended to reproduce in autumn that are maintained at a temperature of 13 °C with a
corresponding winter photoperiod: sunrise at 8:00 am and sunset at 6:00 pm) were anesthetised
(Benzocaine, 300 ppm), and their eggs analysed to determine their maturation stage according
to (Fauvel and Suquet, 1988). Briefly, 4 main stages have been described: stage A (vitellogenic
oocytes, central germinal vesicle, no lipid-droplet coalescence), stage B (post-vitellogenic
oocytes, hyalinisation of the periphery of the cytoplasm), stage C (central germinal vesicle,

early lipid-droplet coalescence) and stage D (migration of the germinal vesicle, lipid-droplet



coalescence). A Cornier pipelle was inserted into the ovarian cavity of the females to collect
oocytes (Figure 1B). Once collected, the females were kept in the second tank until the egg
maturation stage was analysed with a binocular (Figure 1C). Three females presented eggs at
stage C and one at stage B (Table 1) and were thus chosen for hormonally stimulation by
injection of D-Trp®-Luteinizing hormone releasing hormone (LHRH) at a dose of 10 ug/kg.
Following the injection, the modified PIT-tag was placed in the oviduct (Figure 1D). The four
females were then placed in four individual 1.5 m® tanks. Each tank was filled with fresh
seawater and the temperature was regulated at 13 °C (mean £ sd: 13.3 + 0.3 °C during this first
trial). We also added one male to each tank to stimulate reproduction so we could analyse

spawning behaviour.

An infrared camera (SZ-CV1003 hd-cvi 720P) was installer! chy . each tank to record fish
behaviour night and day (Figure 1E). Another camera w=s n.2talled close to the outflow of each
tank to track eggs collected in the net (Figure 1E, F). rhe P1T-tag reader was also placed close
to the outflow (Figure 1F). The reader was connectec to « computer that recorded the exact
detection time of the modified PIT-tag, and henc= spawning (Figure 1F). In this trial, the aim
was to validate the approach before condu.u. g « second trial in a tank containing more fish in

real conditions.
2.2. Experimental approach in at, 'aculture conditions

To conduct the second experime:.* fisn were sampled in a 10 m® tank containing 89 adults
homozygous albino Europear. <ea hass with a balanced sex ratio (1F/1M). We preferentially
used albinos’ fish to facili*~te ¢ monitoring of the behaviour during the night, thanks to the
infrared cameras. Th..~ 1.2 are the second generation produced from a first artificial cross
made in 2006 using hom~zygous (based on their phenotypes) males and females, artificially
reproduced with heterozygous individuals
(https://wwz.ifremer.fr/mediterranee/aquaculture/Cheptels-experimentaux-de-bar/Selection-
albinos). The fish were already individually marked by PIT-tags (12 mm long and 21 mm wide)
positioned dorsally. The weight and sex of the fish were therefore known (Table 1), enabling us
to easily identify females. Two infrared cameras (SZ-CV1003 hd-cvi 720P) were installed
above the tank. A similar protocol to that used in the 2017 experiment was applied on the 2°
and 23" of March 2021. For technical and phenological reasons, the experiment started
relatively late in the season (March). In the Mediterranean Sea, the ovulation period of the

European sea bass is known to last from the beginning of December until the end of March



(Asturiano et al., 2000). But, due to unusually high temperatures in 2019-2020, in 2020, peak
reproduction occurred in mid-February, explaining why we targeted the same period in 2021.
Females with eggs at a stage B, C, D of maturation or that were starting laying eggs (n=19)
were selected for the experiment and the modified PIT-tag was inserted in their oviduct (Figure
1D). Note that these fish were not hormonally stimulated to spawn. They were then returned to
their original tank containing all the males (n=44) and females at other developmental stages
(n=26). A PIT-tag reader was placed at the outflow and connected to a computer. Temperature
was monitored every day (mean + sd: 14.4 + 0.5 °C between the 2° and 23" of March 2021)
and fish were fed ad libitum by an automatic food dispenser.

2.3. Data analysis

We collected two main variables: first, the exact time ot .nhawning (thanks to the cameras
placed above the tank) and second, the time the modiieu R1T-tag was detected. The difference
between the two times corresponds to the latenc ' ‘n1ime, i.e., the time that elapses between

when the modified PIT-tag is released intc u = 1.7k and the time it is read by the tag reader.
3. Results

In the first experiment, two spawniny 2v:nts took place in the four tanks containing the isolated
pairs. The first modified PIT-tay vas uetected on 20™ of October 2017 at 6:53 pm and the
second on the 21% of October 0.7 at 5:36 am. We then looked at the video recording made a
few minutes before the tar w..~ Jetected, which allowed us -for the first time to our knowledge-
to describe the repror.u~ti= cequence of the European sea bass (Supplementary video 1). The
male (smaller and in this ~ase albino) stimulated the female (bigger and blackish in colour) by
first nuzzling the female’s abdomen. Then the male and the female entered the centre of the
small tank sequentially, first the female, which apparently released the eggs (the water surface
first appeared troubled at 6:53 pm) followed by the male, which likely fertilized them. This first

experiment validated the use of the device.

In the second experiment in March 2021, three spawning events were detected by reading the
modified PIT-tag. Based on analysis of the video and detection of the tag at the water surface,
the first spawning event took place on the 5™ of March 2021 at 6:29 am and the modified PIT-
tag was detected at 6:43 am. The time latency was therefore 14 minutes. The second spawning

event took place on the 10" of March 2021 at 6:01 pm and the modified PIT-tag was read at



6:05 pm, giving a time latency of four minutes. Finally, the third spawning event took place on
the 23" of March 2021 at 5:55 pm. The tag reader detected the modified PIT-tag at 6:44 pm.
The time latency was 49 minutes.

4. Discussion

The aim of this study was to test the possibility of identifying spawning females in aquaculture
tanks. The modified PIT-tag we developed appeared to provide reliable information to identify
each individual and the spawning time, two variables that coulc be extremely useful for
aquaculture. One may wonder why only three females out of th.c 1y females implanted spawned
successfully in the 2021 trial. Due to relatively high temper=*'u .2 1n 2021, most females were
at the regressing stage, which may explain why many ott er [>rnales at stage C and D did not
spawn. In any case, all the females that spawned relez seu the modified PIT-tag, as expected.

In 2017, the two spawning events obtained after ! - HF.H injection occurred respectively at 5h36
am and 6h53 pm. Similar timings were obr.c. 7eu for natural spawning in 2021 (6:29 am, 6:01
pm and 6:44 pm). This strongly suggests .. t hormonal stimulation did not affect the
reproduction rhythms of the fish. In ada.*ion, our results corroborate those of (Villamizar et al.,
2012) indicating that reproductive act’vily of European sea bass is predominantly nocturnal.
We detected the same peak of sn.. vning activity, one hour before sunrise, but did not found the
one 6 hours after sunset desci:heu in (Villamizar et al., 2012). It is known that fish reproductive
activity is adaptively regu'~te. *o ensure the highest fitness of offspring (Oliveira and Sanchez-
Véazquez, 2010). The cfarc. tae specific reproductive timing observed here is likely explained
by the fact that the repredctive strategies of the fish are intended to reduce predation on their
eggs. The fact that the highest egg viability was found for eggs laid just before sunset
(Villamizar et al., 2012) tend to corroborate this fact.

Individual monitoring of spawning activity enabled further insights into the reproductive
behaviour of European sea bass. Here we provide evidence that courtship and stimulation is
similar to that of other fish species (Calado et al., 2017; Hamamoto et al., 1992; Moyer et al.,
1983; Thresher, 1982), starting by the tactile stimulation by the male, nuzzling and touching the
female’s abdomen. However, this behaviour was only observed in one video, and further
recordings are needed to depict this behaviour more thoroughly. Regarding the average time

latency between the release of the modified pit-tag and its detection, the overflow system



placed on the side of the tank in our study should preferably be positioned in the centre of the
tank to ensure a consistent and average latency for all spawners in large tanks. Importantly, the
modified PIT-tag not released by the other females of the study (n = 18) had no impact on the
subsequent health of these fish, as neither injuries nor specific illness were detected in the
months following the experiment. This is important for the wellbeing of the animals used.

To conclude, we foresee different applications and further development of this novel method in
aquaculture, particularly to master reproduction of novel fish species. For instance, it could
help identify the timing of response (i.e. spawning) after hormonal treatment of a novel species,
and thus contribute to the diversification of aquaculture. The device could also be combined
with an alert system, enabling the eggs resulting from a particul. spawning event to be
collected before they start being mixed with eggs from other <naw 1s. We expect that both
professional fish farmers and researchers in aquaculture w !l us2 this novel method in the near

future.
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Figure Legend

Figure 1: The different steps tu ‘nsert and detect the modified PIT-tag. A) The modified PIT-
tag; B) Collection of fem-ucc and sampling of the eggs; C) Assessment of oocytes development
stages; D) Insertion ot « 2 inodified PIT-tag into the oviduct using a Cornier pipelle; E)
Videao-recording of fisl: oehaviour using cameras placed above each tank and F) Eggs released
and the modified PI1T-tag (within the white circle) detected by the PIT-tag reader.

Credit Author Statement

Stephane Lallement: Writing- Original draft, Methodology, Data curation. Allan Bengue :
Investigation. Benjamin Geffroy: Conceptualization, Methodology, Writing- Reviewing and Editing,
Supervision.

Declaration of interests

XThe authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.



Figure 1

A)

Taking eggs sample \
from females Pl ‘
Y B

=M
N
G G

'l?’l\f»f

F)
PIT-tag Reader




References
Asturiano, J.F., Sorbera, L.A., Ramos, J., Kime, D.E., Carrilo, M., Zanuy, S., 2000. Hormonal

regulation of the European sea bass reproductive cycle: an individualized female approach. J.
Fish Biol. 56, 1155-1172. https://doi.org/10.1111/j.1095-8649.2000.th02131.x

Barnabé, G., 1980. Exposé synoptique des données biologiques sur le loup ou bar:
Dicentrarchus labrax (Linné, 1758), Synopsis FAO sur les péches. Org. des Nations Unies
pour I’ Alimentaion et I’ Agriculture, Rome.

Binder, T.R., Holbrook, C.M., Miehls, S.M., Thompson, H.T., Krueger, C.C., 2014. Use of
oviduct-inserted acoustic transmitters and positional telemetry to estimate timing and location
of spawning: a feasibility study in lake trout, Salvelinus namaycush. Anim. Biotelemetry 2,
14. https://doi.org/10.1186/2050-3385-2-14

Bromage, N., 1995. Broodstock management and egg and lar al y 1ality. Broodstock Manag.
Seed Qual.-Gen. Consid. 1-24.

Calado, R., Olivotto, I., Oliver, M.P., Holt, J., 2017. Mai.ne ornamental species aquaculture.
Wiley Online Library.

Fauvel, C., Suquet, M., 1988. La qualité des gam=*=s chez le bar et quelques déterminants en
aquaculture. Piscic. Fr. 134, 5-10.

Gjerde, B., Gjgen, H.M., Villanueva, B., 199. Optimum designs for fish breeding
programmes with constrained inbreeding M.<s selection for a normally distributed trait.
Livest. Prod. Sci. 47, 59-72. https://doi.~rg/10.1016/S0301-6226(96)01000-7

Hamamoto, S., Kumagai, S., Nosaka, <, Manabe, S., Kasuga, A., Iwatsuki, Y., 1992.
Reproductive behavior, eggs ana 'arvae of a lutjanid fish, Lutjanus stellatus, observed in an
aquarium. Jpn. J. Ichthyol. 39, .19-228.

Moyer, J.T., Thresher, R.F C~Yin, P.L., 1983. Courtship, spawning and inferred social
organization of Americai* anc elfishes (Genera Pomacanthus, Holacanthus and Centropyge;
pomacanthidae). Environ. Biol. Fishes 9, 25-39. https://doi.org/10.1007/BF00001056

Mylonas, C.C., Fostier, A., Zanuy, S., 2010. Broodstock management and hormonal
manipulations of fish reproduction. Gen. Comp. Endocrinol., Fish Reproduction 165, 516—
534. https://doi.org/10.1016/j.ygcen.2009.03.007

Oliveira, C., Sanchez-Véazquez, F.J., 2010. Reproduction rhythms in fish. Biol. Clock Fish
185-215.

Pierce, R.B., 2004. Oviduct Insertion of Radio Transmitters as a Means of Locating Northern
Pike Spawning Habitat. North Am. J. Fish. Manag. 24, 244-248.
https://doi.org/10.1577/M02-185

Pierce, R.B., Younk, J.A., Tomcko, C.M., 2007. Expulsion of miniature radio transmitters
along with eggs of muskellunge and northern pike—a new method for locating critical



spawning habitat. Environ. Biol. Fishes 79, 99-109. https://doi.org/10.1007/s10641-006-
9063-y

Skovrind, M., Christensen, E.A.F., Carl, H., Jacobsen, L., Mgller, P.R., 2013. Marine
spawning sites of perch Perca fluviatilis revealed by oviduct-inserted acoustic transmitters.
Aquat. Biol. 19, 201-206. https://doi.org/10.3354/ab00529

Superio, J., Fakriadis, 1., Tsigenopoulos, C.S., Lancerotto, S.A., Rodriguez, A.V., Vervelakis,
E., Mylonas, C.C., 2021. Spawning kinetics and parentage contribution of European sea bass
(Dicentrarchus labrax) broodstocks, and influence of GnRHa-induced spawning. Aquac. Rep.
21, 100766. https://doi.org/10.1016/j.aqrep.2021.100766

Thresher, R.E., 1982. Courtship and spawning in the emperor angelfish Pomacanthus
imperator, with comments on reproduction by other pomacanthiu fishes. Mar. Biol. 70, 149—
156. https://doi.org/10.1007/BF00397679

Villamizar, N., Herlin, M., Lopez, M.D., Sanchez-Vazque. F.. ., 2012. Daily spawning and
locomotor activity rhythms of European sea bass broodsw. <k (Dicentrarchus labrax).
Aquaculture 354-355, 117-120. https://doi.org/10.1C '6/). \quaculture.2012.03.028



Implant dai Weight (Kg]LHRH injectior Oocyte stage Egg-laying Egg-laying time

17/10/2017 5.3 yes C yes 06:53pm
3.5 yes C yes 05:37am
4.3 yes C no
3.8 yes B no
02/03/2021 3.4 no C no
3.2 no C no
2.6 no C no
2.4 no B yes 06:05pm
2.2 no Start of laying  no
2.5 no C no
3.4 no C no
1.7 no C no
3.0 no C yes 0C43am
3.3 no C no
23/03/2021 2.0 no Start of laying yes 55:55pm
1.9 no C no
3.1 no D no
2.0 no B no
2.6 no Start of laying 1.~
2.2 no D no
2.2 no C no
2.4 no Start of ‘aying  no
2.9 no 4 no

Table 1: Summary of the characteristics of fe, ~ 1les implanted with a modified pit-tag in the two trials.
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Highlights

e There is a need to track individual spawning events to improve aquaculture practices

o We provide evidence that an oviduct-inserted floating Pit-tag accurately indicates the timing
of spawning and identity of spawner.

e Associated to video-recording, the device allow to provide cues on reproductive behavior for

species of interest for aquaculture.
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