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Aposematic use of bioluminescence in Ophiopsila 
aranea (Ophiuroidea, Echinodermata)

Jones A. & Mallefet J. (Marine Biology laboratory, UCL, Belgium)

Université catholique de Louvain, Marine Biology Laboratory, 

Bâtiment Kellner, Place croix du Sud, 3, Louvain-la-Neuve, 1348, 
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Bioluminescence i.e. the production of light by living organisms 

occurs in many ecosystems all around the world, mostly in the 

marine environment. It concerns at least 13 phyla, from bacteria 

to fi shes, and has three main functions: the defense against pred-

ators, the help for predation, and the intraspecifi c communica-

tion[1]. The abundance of luminous species in the class of 

ophiuroids (66 luminous species known on 175 tested and on a 

total of 2278 species described[2]) suggests that luminescence 

should play an important ecological role for these organisms. In 

this study, we tested if light emission in Ophiopsila aranea, a 

common ophiuroid found in the Mediterranean is used as an 

aposematic display, thus to prevent potential predators that their 

prey is unprofi table. Aposematic function of bioluminescence 

has already been suggested in Ophiopsila riseii[3] but this study 

stirred up controversy because it seemed that conditions for 

maintaining and evolution of aposematic display were not ful-

fi lled[4]. Consequently, we tested the four conditions required[5] 

and it appeared that in O. aranea three out of four are fulfi lled. (i) 

Palatability tests show that the brittle star is unprofi table for two 

crustacean predators (the Shore crab Carcinus maenas and the 

Hairy crab Pilumnus hirtellus). (ii) The brittle star suff ers a lower 

predatory rate than another cryptic brittle star species (Ophiura 

ophiura). Moreover, the bioluminescent species was preyed 

during the day (when bioluminescence was not visible for preda-

tors) as much as the night, while Ophiura ophiura was mostly 

preyed at night, which is the common behaviour of nocturnal 

predators such as crabs (Fig. 1). (iii) Finally, the luminescence 

allows the avoidance learning of the predator. Indeed, the han-

dling time of the brittle star by predators decreased signifi cantly 

during successive putting in touch trials (Fig. 2). On the contrary, 

the handling time remained constant during experiments with 

the non bioluminescent species and with block of agar mixed 

with O. aranea (to test the eff ect of the brittle star’s taste without 

bioluminescence) and a control block of agar mixed with fi sh. 

Our hypothesis is reinforced by behavioural observations indicat-

ing that predatory behaviours occurred signifi cantly more during 

the fi rst trial. Only the fourth condition i.e. predators should show 

an initial reluctance to attack aposematic prey, was not verifi ed 

with O. aranea. It can be easily explained by the fact that O. 

aranea emits light only after disturbance, and remains cryptic the 

rest of the time. Predators cannot therefore see the aposematic 

display before attacking the prey. This kind of facultative apose-

matism could be more advantageous than classic aposematic 

displays because preys do not suff er the costs of a higher prob-

ability of detection, which is a well-know problem in the explana-

tion of the evolution of aposematic signals[6]. Our results clearly 

support the aposematic use of bioluminescence in O. aranea.
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Figure 1. Predation rates for each crab and ophiuroid species during the 72 hours 

long experiment (n = 6). Day and Night periods are indicated in the horizontal bar 

under the chart.

Figure 2. Handling times by crabs during successive putting in touch trials of 30 minutes (n = 6). * p-val < 0.05.



Abstracts

www.interscience.wiley.com/journal/bio Copyright © 2010 John Wiley & Sons, Ltd. Luminescence 2010; 25: 81–216

1
5

6

Various tissues were collected and stored at −80°C before assays 

for luminous compounds.

Free coelenterazine and a specifi c luciferase-like activity have 

been detected in most tissues of the shark. In embryos, coelen-

terazine is present in the yolk sac. During embryogenesis, the 

yolk sac decreases in size and the coelenterazine is progressively 

absorbed by the growing embryo. Nevertheless, no increase of 

the luciferin concentration has been observed in the tissues of 

the embryos. At the end of the development, specifi c luciferase-

like activity was detected in the embryo, indicating that they 

could be able to produce light before birth. This is in concordance 

with Claes & Mallefet (2) who observed a luminous embryo. In 

free-swimming specimens, coelenterazine has been found in all 

tissues tested, with the higher response in the photophores of 

new-borns (10–20 cm total length) (Fig 1). The presence of the 

luciferin in the digestive tract of the shark suggests an alimentary 

acquisition of this compound as it has been suggested for other 

fi shes[4]. Luciferase-like activity has been detected in the diff erent 

tissues with the higher response in the photophores of mature 

sharks (>30 cm TL) (Fig 2). Besides the somatic tissues, tests have 

been carried out on the gonads, for males and females indepen-

dently. While coelenterazine concentration doesn’t change in 

males, mature females show a decrease of luciferin, reaching a 

lower concentration than mature males. This decrease could 

reveal a maternal transfer of coelenterazine to embryo via the 

yolk sac. A similarly hypothesis was already suggested for teleost 

fi shes[5]. Our results provide the fi rst information on the luminous 

system of a shark: the presence of a luciferin/luciferase-like reac-

tion, coelenterazine being the luciferin. Two mechanisms for 

coelenterazine acquisition are suggested (maternal transfer 
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First description of the luminous system of the 
velvet belly lantern shark Etmopterus spinax 
(Chondrichthyes: Etmopteridae)
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Belgium)

Catholic University of Louvain (UCL), 3, Place Croix du Sud, bt 4, 
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In the deep-sea, bioluminescence is more present in bony fi shes 

(70%) than in cartilaginous fi shes (6%)[1]. From literature, it is 

known that among sharks, many deep-sea species are able to 

produce light. Nevertheless, until recently, available data were 

anecdotic or mainly limited to morphological information. 

Recently a multidisciplinary research program (morphological, 

physiological, behavioural) was focused on the velvet belly 

lantern shark, Etmopterus spinax[2,3]. The aim of the present work 

was to document the nature of the luminous reaction involved 

in E. spinax luminescence.

Juveniles, adults and embryos of E. spinax were captured by 

long line lowered on the bottom of a fj ord near Bergen (Norway). 

Figure 1. Coelenterazine concentration in the tissues, for each age classes: new-borns (10–20 cm TL); juveniles (20–30 cm TL) and matures (>30 cm TL).

Figure 2. Luciferase activity in the tissues, for each age classes: new-borns (10–20 cm TL); juveniles (20–30 cm TL) and matures (>30 cm TL).


