
IntroductIon: From the InventIon  
oF the aquarIum to aquarIology

Knowledge in biology was first acquired by observ-
ing wild organisms in their habitat. Thus, naturalists first 
focused on the description of terrestrial life. The obser-
vation of aquatic life indeed requires observations made 
under water, which is far from being trivial. However, the 
observation of wild aquatic animals kept in captivity dates 
back to the period of domestication, i.e. around 10,000 BC 
(Huyge 1994). Then, the Romans used fishponds for the 
observation and conservation of aquatic animals, marine 
animals in particular, at the beginning of the urban soci-
ety in 3000 BC (Schmölcke & Nikulina 2008). First tri-
als of pisciculture have been done with freshwater fishes 
in India and China in 1500 BC (Yue & Liang 1995). The 
first “Dorade de la Chine” was imported in Europe during 
17th century and met with great success in France during 
18th century, notably at the Royal court of Louis XIV who 
was a fish lover (Chéruel 1856). At the beginning of the 
19th century, there was no parlour ornament so elegant, 
nor so diverting, as a clear glass globe filled with goldfish 
(Matthews 2016).

The aquarium1, and by this term we refer to a tank 

1 In this paper, Aquarium with a capital “A” refers to the build-
ing and aquarium with a lower-case “a” is the tank.

whose glass walls allow the observation of aquatic organ-
isms, has been developed in 1832 by Jeanne Villepreux-
Power (1794-1871), a French pioneering 19th century sci-
entist in the field of marine biology (Gage 1883). Jeanne 
Villepreux-Power was a self-taught naturalist and con-
ducted research on cephalopods biology. By inventing the 
aquarium, Villepreux-Power was able to conduct research 
experiments by optimizing the observation of organisms 
she studied. By the use of her invention, Villepreux-
Power precisely described the morphology and biology 
of cephalopods, especially of the pelagic greater argonaut 
(Argonauta argo) (Villepreux-Power 1856). Her obser-
vations led to the conclusion that the shell of the female 
argonaut is made by the animal forming a “nacelle” that 
allows itself to stay in the pelagic environment and in 
which she lays its eggs. The question of the acquisition or 
the internal production of that shell by the argonaut was 
still pending and debated (Boletzky & Centelles 1978). 
This remarkable behavior has long been considered like 
the parasitism of another species. Thanks to her observa-
tions in aquarium, Villepreux-Power highlighted, in par-
ticular, that it was the behavior of solely the females. The 
first aquarium was therefore created for scientific needs.

Few years later, in 1850 and 1852 respectively, two 
English scientists, the chemist Robert Warington in fresh-
water (Warington 1850) and the naturalist Philip Henry 
Gosse in sea water (Gosse 1854), created an aquarium 
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Mediterranean diversity, but also a tool for experimentation in controlled environmental condi-
tions made possible by the arrival of electricity in Banyuls in 1888. Nowadays the aquarium is a 
tool still used as a research medium, for experiments addressing hot issues in the context of 
global change and the impact of pollution in the marine environment. Since 2017, by associat-
ing in the same department the Research Aquarium Centre and the public Aquarium of the Bio-
diversarium, the Laboratoire Arago, now known as observatoire océanologique of Banyuls, 
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ecologically stable (Lorenzi 2009). Until then, aquatic 
organisms were presented in large vials of formalin in 
cabinets of curiosities, but from then on, the aquarium 
was no longer just a tool for scientific research and obser-
vation, but it became the medium for the aquatic biodi-
versity to be presented to the general public, through 
exhibitions of living aquatic organisms. The first per-
manent public Aquarium in Europe was built in 1853 to 
Regent’s Park, in London (Brettingham Sowerby 1857). 
During a few years, others public Aquariums successfully 
offered the possibility to discover the aquatic world, then 
unknown to the public at that time. 

henrI de lacaze-duthIers settled 
aquarIology In Banyuls

Henri de Lacaze-Duthiers was an eminent natural-
ist of the second half of the 19th century. Following the 
spirit of his professor, the zoologist Henri Milne-Edwards 
(1800-1885), he was one of the first scientists to carry out 
field work to study alive organisms and their interactions 
with their environment (Jessus 2022). Through his work, 
he promoted an empirical and inductive approach to bio-
logical research, without a priori, allowing the construc-
tion of a theory on the basis of what is observed (Carrau 
2022). During a trip to the Spanish island of Menorca, 
Henri de Lacaze-Duthiers developed a particular inter-
est in marine life, and more particularly in the biology of 
marine invertebrates such as mollusks and the precious 
coral Corallium rubrum (Jessus 2022). During this peri-
od, Henri de Lacaze-Duthiers quickly focused his studies 
on the whole life cycle of marine organisms, whereas at 
that time most studies focused on the adult phase. Henri 
de Lacaze-Duthiers was also convinced of the usefulness 
of an aquarium, in order to describe more precisely the 
organisms he was studying at any stage of their life cycle 
(Fig. 1). 

After having promoted the construction of the marine 
station in Roscoff in 1873 and the Laboratoire Arago in 
Banyuls-sur-Mer in 1882, Henri de Lacaze-Duthiers, now 
Professor at the Sorbonne (University of Paris), initiated 
the project of a public Aquarium in Banyuls-sur-Mer in 
1885, the public Aquarium of the Laboratoire Arago 
(Prouho 1886). The Aquarium was thus created in grati-
tude to the municipality of Banyuls, which offered the 
land where the Laboratoire Arago has been established. 
The Aquarium quickly became a place where scientists, 
naturalists or just curious met, and, above all, where 
everyone could come, discover and appreciate the marine 
Mediterranean biodiversity (Fig. 2). Moreover, thanks 
to the Aquarium attached to the marine station, Pr. H. de 
Lacaze-Duthiers offered the scientific community valu-
able tools to collect, breed, observe and understand the 
Mediterranean marine biodiversity and he also offered the 

general public a medium for the transfer of this scientific 
knowledge. 

an aquarIum to showcase marIne lIFe

The Aquarium of Banyuls quickly became the show-
room of the Laboratoire Arago, as Pr. H. de Lacaze-
Duthiers testified in 1888: “the Aquarium, to which 
foreign visitors have access, is naturally the most ornate 
room of the establishment. this is the reception room 
where laymen can come and learn about Zoological sci-
ence” (Fig. 3) (Boutan 1900; translation of the authors)2. 
Some years later, in April 1892, during a stay in Banyuls, 
a student from the Sorbonne described the Aquarium: 

2 French text: “la salle de l’aquarium, où les visiteurs étran-
gers ont accès, est naturellement la pièce la mieux ornée de 
l’établissement. C’est, en quelque sorte, le salon de récep-
tion, où les profanes peuvent venir s’initier aux curiosités de 
la science zoologique.”

Fig. 1. – Professor Henri de Lacaze-Duthiers observing marine 
life in his laboratory at the Laboratoire Arago around 1896 (© 
Archives Laboratoire Arago/Sorbonne Université). 

Fig. 2. – Lithography of the public Aquarium of the Laboratoire 
Arago in 1886. It shows visitors discovering the marine life 
from the Mediterranean Sea (from Prouho 1886).
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“it is a large room lit, to the left, on the sea side, by four 
windows. Garnet curtains strongly filter the light. to the 
right, and at the back, eight tanks are installed in the wall; 
and lit of outside. six other tanks complete the installa-
tion. the centre is occupied by circular pond {…}” (Per-
vinquière 1892; translation of the authors)3. 

Until the end of the 19th century, an electric arc lamp 
was activated punctually, allowing to observe and discov-
er the behavior of the marine organisms facing the artifi-
cial light. From then and like Jeanne Villepreux-Power, 
sixty years ago, Pr. Henri de Lacaze-Duthiers used the 
aquarium like a tool for his studies and experimentation. 
He presented his first observations during the session of 
the Academy of Sciences on November 5th, 1888: “one 
of the tank, which are 1.60 meter long is richly populat-
ed with a beautiful sea actinia […] which only appears 
at night and remains hidden during the day; one might 
believe that electric light would have the same influence 
on it as the sun; but nothing happened and the animal 
did not show anything in front of the lightning” (Janssen 
1888; translation of the authors)4.

Around 1900, the room of the public Aquarium was 
equipped with a permanent lighting system while some 
ponds received the natural light (Fig. 4). The conditions 
of maintenance, mainly the availability of natural sea-
water and the lighting system, more and more mastered 

3 French text: “C’est une grande salle éclairée, à gauche, du 
côté de la mer, par quatre fenêtres ; d’épais rideaux grenat 
tamisent fortement la lumière. A droite, au fond, sont huit 
bacs installés dans le mur, et éclairés du dehors. six autres 
cuves complètent l’installation. le centre est occupé par un 
bassin circulaire {…}.”

4 French text: “l’un des bacs qui ont 1m60 de longueur est 
richement peuplé d’une belle actinie, l’ilélianthe, qui n’appa-
raît que la nuit et reste cachée le jour ; on pouvait croire que 
la lumière électrique aurait sur elle la même influence que le 
soleil ; mais il n’en a rien été et l’animal n’a rien manifesté 
devant l’éclairement.”

thanks to modernization of the aquarium, allowed to keep 
the organisms under conditions close to those encoun-
tered in the Mediterranean Sea. Above all, these techni-
cal and technological advances made possible to control 
and modify the parameters of organisms’ maintenance, 
to describe and understand their behaviors and biological 
activities.

In the early 50’s, the public Aquarium underwent a 
profound renovation, with the creation of a tour circuit 
of about forty tanks, each presenting a particular marine 
species (Fig. 5). over the years, the visit circuit was trans-
formed and the tanks presented the assembled species rep-
resentative of particular biotopes (e.g., on the continental 
shelf, from coastal to deep habitats, laguna).

In 2017, the renewal of the public Aquarium gave rise 
to the birth of a new scientific and pedagogic Aquarium 
for the observatoire océanologique of Banyuls (ooB), 
named the Biodiversarium (Fig. 6). Continuing the work 

Fig. 3. – The public Aquarium around 1900 (© Archives Labo-
ratoire Arago/Sorbonne Université).

Fig. 4. – The public Aquarium in 1910. It has been equipped 
with permanent lighting system at the beginning of the 20th cen-
tury (© Archives Laboratoire Arago/Sorbonne Université).

Fig. 5. – The public Aquarium in 1998. After the Second World 
War, many parts of the Laboratoire Arago had to be rebuilt. 
Work on the new Aquarium began in 1949. Some improvements 
have been added over time but the structure of the Aquarium 
had remained the same from the 50th to 2016, the date of closure 
of the historic public Aquarium of the Laboratoire Arago (© Jean 
Lecomte – CNRS)
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done for more than 130 years and perpetuating the phi-
losophy of Pr. H. de Lacaze-Duthiers, the new Aquarium 
of the Biodiversarium presents the local marine species 
illustrating the Mediterranean ecosystems, through the 
research conducted at the marine station. The precise 
control of the maintenance parameters (e.g., tempera-
ture, salinity, light intensity or photoperiod) allows to 
improve the animal welfare and survival by mimicking 
coastal ecosystems (Loubet & Romans 2021). The cur-
rent techniques of animal rearing and the progress made 
specifically concerning the materials related to aquari-
ology allow today to recreate optimal conditions for the 
organisms, close to the conditions met at sea. Moreover, 
this new public Aquarium paves the way for new objec-
tives such as the scientific mediation, new pedagogic 
approaches and scientific workshops for visitors, chil-
dren and adults. In addition to the 800 m2 of the public 
Aquarium, a large experimental area of 450 m2 located in 
the backstage, offers researchers remarkable experimen-
tal spaces, in which marine biological models (Mediter-
ranean and tropical species) are reared under controlled 
environmental conditions dedicated to the study of the 
life cycle of many marine organisms, which are also used 
as biological models to test the impact of pollutants or the 
disruption of environmental parameters related to global 
change. The research area can harbor up to 400 aquari-
ums following the needs of scientists. With the increase 
of the surface and the evolution of the demands an Aqua-
riology Department was created, the service mutualisé 
d’Aquariologie (SMA). Among this Department, aqua-
riologists provide their expertise to maintain a variety of 
marine organisms in aquaria with two major objectives. 
one provides researchers with model marine species 
necessary to the scientific experimentation. The other is 
to breed demonstration organisms to show the richness 
of Mediterranean ecosystems to the general public in the 
frame of the public Aquarium. 

In order to limit the impact of sampling at sea for the 
presentation of marine species in the tanks, the whole 
life cycle of some of them can be realized in captivity, 
which requires a strong investment of aquariologists. In 
the process, larviculture can constitute a bottleneck, espe-
cially the feeding of young stages (larvae, juveniles), 
which require high quality live preys. Recently, the tech-
nical teams of the Aquariology Department developed 
the breeding of pelagic copepods based on the work of 
Takayama et al. (2020). This small-sized zooplanktonic 
species offers very interesting perspectives for the rear-
ing of a majority of fish species in the world. Controlling 
the biological cycle of aquatic species represents a major 
interest not only in the frame of aquaculture or recreative 
aquariology, but also in conservation programs. 

An emblematic species presented in the public Aquar-
ium is the deep-sea yellow tree coral, dendrophyllia 
cornigera, some specimens of which have been sampled 
during the campaign MEDSEACAN (2008-2010) explor-
ing the Mediterranean submarine canyons (Fourt & Gou-
jard 2012). Acclimating and maintaining these deep-sea 
species in aquarium is challenging due to the nature of the 
environment from which they have been taken. This has 
been successfully achieved by the experts of the Aquari-
ology Department in Banyuls, so that this species is now 
presented in an aquarium dedicated to the illustration of 
deep Mediterranean ecosystems in the public Aquarium. 
It should also be noted that some individuals, including 
some Mediterranean tube sea anemone, Cerianthus mem-
branaceus, are presented to the public for about 40 years 
thanks to the constant intention of the aquariologists.

From oBservatIon to experImentatIon: 
eFFect oF lIght manIpulatIon on the 
BIology oF marIne organIsms

When Pr. H. de Lacaze-Duthiers introduced the use 
of an arc lamp in the public Aquarium in 1888, he was 
thus capable to manipulate the light regime in the tanks 
and observed subsequent behaviors of the reared speci-
mens, such as the astonishment and curiosity of fishes 
and the disappearance of annelids in their tubes (Janssen 
1888). He also noticed that an actinia (Actinia equina), 
which hides during the day and emerges at night in natu-
ral environment, did not hide when exposed to artificial 
light. This observation by Pr. H. de Lacaze-Duthiers is 
reminiscent of some experiments conducted much earlier, 
on a plant named the sensitive, mimosa pudica, by Jean-
Jacques Dortous de Mairan (1978-1771), a mathematician 
and astronomer, who discovered in 1729 the endogenous 
nature of rhythm in this plant (Klarsfeld 2013). These pio-
neering observations opened up the field of chronobiol-
ogy, i.e. the study of the effect of time on the synchroniza-
tion of biological activities, biological rhythms and inter-
nal biological clocks in living organisms. Chronobiology 

Fig. 6. – The Aquarium of the Biodiversarium opened its doors 
in a new building in 2017. a, B: Aquariums reconstituting typi-
cal Mediterranean ecosystems are showcases for the local biodi-
versity. c, d: Research aquarium rooms can be seen from the 
public Aquarium by visitors.



 H. DE LACAzE-DUTHIERS AND AqUARIoLoGY IN BANYULS-SUR-MER 195

Vie milieu, 2022, 72 (3-4)

is a current research at the ooB, focused on rhythms and 
cycles in the marine environment. The Mediterranean 
mussel, mytilus galloprovincialis, is a biological model 
currently used for understanding if rhythmic environ-
mental variations and/or biological clocks are driving the 
process of periodic formation of increments in their shell 
during biomineralization (Louis et al. 2022). To answer 
this question, the first aim is to identify the putative bio-
logical clock of the Mediterranean mussel. To achieve 
that, experimentations are conducted in aquariums. The 
opening/closing valve activity of the bivalves has been 
reported as driven by biological clocks in some other 
bivalves (Mat et al. 2012, Tran et al. 2016). In the case of 
the Mediterranean mussel, circadian (~24 hours) and cir-
catidal (~12.4 hours) rhythms of valves apertures has been 
previously described in the field (Comeau et al. 2018). 
However, the endogenous nature of the rhythms, meaning 
the presence of a biological clock orchestrating biologi-
cal activities, and the characterization of clock environ-
mental drivers are still open questions (Louis et al. 2022). 
Therefore, the valve behavior of mussels was tracked in 
tanks, in which environmental conditions are manipu-
lated to keep them all (e.g., the temperature, the pH, the 
food quantity), but the light condition, steady. Their valve 
aperture rhythm observed in a photoperiodic condition 
with an alternance of 12 hours of light and 12 hours of 
darkness (LD 12:12), still occurred under constant light 
condition, i.e., continuous darkness (DD) or continu-
ous light (LL) if driven by biological clocks. Similarly, 
the modified photoperiodic condition induced by the arc 
lamp toward the actinia did not change its behavior, as Pr. 
H. de Lacaze-Duthiers reported in 1888, suggesting the 
presence of a biological clock in that species. However, a 
more recent studies (di Milia & Geppetti 1964, Bell et al. 
2006) showed that it is not the case as circadian and cir-
catidal rhythms that are observed in the field do not occur 
under constant controlled environment in aquarium. on 
the contrary, sea anemones expansion-contraction rhythm 
directly followed the photoperiodic cycles to which they 
are submitted in the aquariums (di Milia & Geppetti 1964, 
Bell et al. 2006).

Nowadays, the behavioral activity of marine organisms 
can be recorded via cameras and/or computers linked to 
captors which is an opportunity to observe specimens on 
longer periods and also in larger quantity connected to a 
computer (Fig. 7). In the case of mussel, a hall captor and 
a magnet are glued on the valves of the shell and connect-
ed to a computer. When the valves of the mussel are open, 
the captor is further from the magnet leading to a decrease 
of the difference of potential registered by the computer.

new perspectIves In the scIence  
oF aquarIology 

The “science of aquariology” (McCormick-Ray 1993) 

is now flourishing in various disciplines of marine biol-
ogy. Thus, the aquarium is not only a valuable tool for 
describing the biology of aquatic organisms under con-
trolled rearing condition, it is also a system for charac-
terizing how this biology can be disrupted by degraded 
or adverse environmental conditions. Ecotoxicology, i.e., 
the study of the effect of polluting substances on the biol-
ogy and behavior of organisms, is still emerging in the 
marine environment and is based on the rearing of model 
marine organisms under controlled toxicological condi-
tions in aquariums, corresponding to marine bioassays. 
In the context of global change, where various parame-
ters of the marine environment are changing (increase in 
temperature, decrease in the pH of seawater) and where 
polluting substances are being discharged into the marine 
environment (e.g., pesticides, plastic, medical waste), it is 
crucial to be able to establish the impact of these stressors 
on marine ecosystems in order to be able to subsequently 
protect them and establish rules for their use. At the ooB, 
marine ecotoxicology is a current research topic, in the 
frame of which researchers characterized the effect of 
plastic pollution in coastal marine species, such as bac-
teria, mussel, amphioxus and fishes, as well as in deep-
sea corals since plastic particles have been found even 
in deep-sea canyons (Chapron et al. 2018, Dussud et al. 
2018, Cheng et al. 2023). other disturbances are tracked 
in those model species considering toxic molecules linked 
with local activities impacting marine environment such 
as the effect of pesticides used in viticulture or UV fil-
ters included in sunscreen creams (El Azzi et al. 2013, 
Genevière et al. 2020, Downs et al. 2021). Thus, such an 
aquarium allowing a strict control of the environmental 
conditions of breeding constitutes a tool to establish pro-
jections of the ocean ecosystems of the future. 

Another very important role of marine aquariology is 
to be involved in conservation programs, designed to the 
protection of particularly endangered species and to the 
proposal of conservation measures. In this context, an 

Fig. 7. – Valvometry measurements. a: Device on a mussel. A 
hall captor (left) and a magnet (right) were glued on the valves 
of the mussel. The captor is linked to a computer by a wire. B: 
The difference of potential varies according to the valves move-
ments and is recorded by a computer. The graph shows that 
valves were open (lower voltage) at night (black) and closed 
(higher voltage) during the day (yellow).
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emblematic species reared in the ooB is the red coral, 
Corallium rubrum, which has been extensively studied by 
Pr H. de Lacaze-Duthiers (Lacaze-Duthiers 1864, see in 
this special issue Vielzeuf et al. 2022). For several years 
now, this species is under the focus of the International 
Union for Conservation of Nature (IUCN), and qualified 
as “endangered” by the IUCN Red List of Threatened 
Species in Mediterranean region, regarding the decrease 
in population size by dramatic mortality rates (Garrabou 
et al. 2015). The two main sources of mortality are har-
vesting, and more recently the occurrence of mass mor-
tality events associated to current warming trend. Red 
coral colonies are reared in the Aquariology Department 
of the ooB for numerous years now, allowing studies 
about reproduction and growth in order to better under-
stand its biology and ecology (Martínez-quintana et al. 
2015, Giordano & Bramanti 2021, Giordano et al. 2023). 
Aquarium can also constitute a tool of protection, as 
illustrated in the case of the Mediterranean endemic fan 
mussel, Pinna nobilis, a species referred as “endangered” 
by IUCN (Kersting et al. 2019) and whose stocks in the 
Western Mediterranean Sea drastically collapsed mainly 
due to the emergence of an epizooty, which agent Haplos-
poridium pinnae was identify as an invasive protozoan 
species likely introduced by shipping (Catanese et al. 
2018). A consortium of specialists from the “Centre de 
recherches insulaires et observatoire de l’environnement” 

(CRIoBE, University of Perpignan), the Marine Natu-
ral Reserve of Cerbère-Banyuls, and the Aquariology 
Department of the ooB implemented a program of con-
servation of the fan mussel in aquarium (Frioul & Laudet 
2019) with the aims of protecting individuals from the 
parasitic infection and establishing in vitro reproduction 
for several wild specimens. Similarly, obtaining informa-
tion on the biology (e.g. reproduction, feeding patterns, 
behavior) of invasive species, is crucial for the implemen-
tation of measures to protect and conserve ecosystems. 
Currently, intensive research on these biological traits is 
being achieved in the invasive American blue crab, Cal-
linectes sapidus, which population severely increased in 
2020 impacting local species such as eels. 

Finally, the science of aquariology within a marine sta-
tion such as the ooB also supports the emergence of new 
biological animal models dedicated to research in marine 
biology. For that purpose, it is crucial to be able to estab-
lish the whole life cycle of the chosen species in captivity, 
which is far from trivial. Recent advances in aquariology 
techniques and materials allow to provide the animals 
environmental rearing conditions close to natural ones. 
Thus the list of marine biological models established in 
aquaria for scientific research is growing, as reported in 
Boutet & Schierwater (2022), including invertebrates 
such as jellyfishes, ascidians (sea squirts), deep-sea cor-

Fig. 8. – Rearing structure of 
anemonefish in Banyuls-sur-Mer. 
a: Aquarium room containing 
the breeding pairs, juveniles and 
larvae. B: Amphiprion ocellaris 
breeding pair and a terracotta pot 
used for eggs deposition. c: Lar-
vae in an aquarium. d, e: Exper-
imental set up in small volume 
(© Roux et al. 2020).
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als and amphioxus (lancelets), or vertebrates such as coral 
reef fishes like anemonefish (Fig. 8) (Roux et al. 2020).

the aquarIum: an extraordInary 
medIum For scIentIFIc medIatIon

Since its creation in 1888, to its complete overhaul 
in 2017, the public Aquarium of the Laboratoire Arago 
has been driven by the same philosophy, that of Pr. H. 
de Lacaze-Duthiers, i.e., making the magnificent marine 
diversity of the Mediterranean Sea visible and comprehen-
sible to as many people as possible. It is therefore a ques-
tion of informing, of exhibiting, with the aim of teaching 
knowledge in order to then respect and protect. The cur-
rent public Aquarium is an outstanding medium for sci-
entific communication and since its opening in 2017, has 
attracted a large local audience, from the youngest pri-
mary school children, pupils from the departmental high 
schools, to students from Sorbonne University involved 
in training courses with local research teams (Fig. 9) (Fri-
oul & Laudet 2019). This mediation space relates the his-
tory of the place, from the Laboratoire Arago to the ooB 
and, as such, it receives many visitors, whether they are 
interested in cultural tourism or simply curious (Fig. 10). 
Numerous activities are organized by the team in charge 
of the scientific mediation in dedicated areas of the pub-
lic Aquarium, such as a room mimicking a research labo-
ratory or a classroom that welcomes pupil for practical 
works. The spirit of Lacaze-Duthiers still hovers in this 
place guiding this science of aquariology in the service 
of research, management, education, and conservation of 
Mediterranean marine biodiversity.
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