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ABSTRACT. - The photoperiod entrainment of reproduction in fish is highly divergent with species entraining to signals
that are most relevant to their surrounding environment. Intensive aquaculture is increasingly reliant on artificial photope-
riod manipulation to regulate reproduction. This work thus aimed to better characterise the diversity of circadian organisa-
tions and light sensitivities among teleost species. The demonstration of the use of retinas for non visual light perception in
tilapia and to a lesser extent cod and sea bass has implications for the definition of the neuroendocrine system used to
entrain sexual maturation. These results have significant implications for the design of culture systems to manage repro-
duction during commercial on-growing, requiring species specific lighting systems to be designed.
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Introduction

Continuous lighting regimes are routinely used in the
salmon industry to suppress puberty during on growing.
However, in other species such as cod or sea bass in which
early maturation is also a major bottleneck, the use of photo-
period regimes has not been as successful in large scale com-
mercial on-growing. Recent years have seen considerable
progress in our understanding of the brain-pituitary-gonadal
axis in fish and the seasonality of fish reproductive physiolo-
gy as entrained by photoperiod. This work aimed to better
characterise the diversity of circadian organisations and light
sensitivities among teleost species an area of which little is
known.

Methods

Three sets of experiments were performed on four com-
mercially important teleost species, Atlantic salmon (Salmo
salar), European seabass (Dicentrarchus labrax), Atlantic
cod (Gadus morhua) and Nile tilapia (Oreochromis niloti-
cus). Firstly, a bi-lateral ophthalmectomy was performed and
plasma melatonin was analyzed at mid-day and night over
the following 2 days in comparison with intact fish. Second-
ly, pineal glands were placed in an ex-vivo culture system
and subjected to additional nocturnal illumination of varying
intensities to define light sensitivities through melatonin
analysis. Thirdly, individuals were subjected to a range of
additional nocturnal illumination from complete darkness to
full strength daylight to define in-vivo light sensitivity.

Results and discussion

Ophthalmectomy had no impact on circulating melatonin
production in salmon while in both cod and seabass the cir-
culating melatonin levels were suppressed by ~50% and by

100% in tilapia. Salmonids thus appeared to have a decen-
tralized system in which the pineal gland responds directly
to light independently of the eyes. While tilapia appeared to
present a more centralized system in which the pineal gland
appeared to not be fully light sensitive and required the eyes
for the pineal gland to produce melatonin. Finally, in seabass
and cod both the eyes and the pineal gland are needed to sus-
tain melatonin production. Ex-vivo results confirmed these
findings as the pineal gland responded normally to day-night
rhythms in salmon, seabass and cod whereas only very low
levels were obtained at night in tilapia. Ex-vivo, cod appeared
to be the most sensitive to light. The anticipated in-vivo
thresholds for light perception defined above could not be
reached but results confirmed the higher light sensitivity of
cod as compared to the other species.

Conclusions

These findings have undoubtedly considerable implica-
tions for the design of culture systems to manage reproduc-
tion during commercial on-growing, requiring species spe-
cific lighting systems to be designed. For example, photo-
period regimes used in cod validated from tank based stud-
ies, only delay spawning during commercial culture. This
is despite cod being exposed to brighter artificial light than
salmon and having a higher pineal light sensitivity. This
clearly suggests that ambient lighting signals are still
entraining reproductive physiology in cod, possibly through
the large difference in day to night light intensity ratio,
which they can perceive accurately due to the higher sensi-
tivity.
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