Bioluminescence of the Deep-sea Benthos
Summary of the proposed research:  

We propose to explore bioluminescence in the deep-sea benthos.  Unlike the pelagic realm, little is known about bioluminescence on the seafloor, because dredges and benthic trawls kill most of the collected organisms, and submersible and ROV lamps obliterate whatever light may be locally produced. However, unusual data obtained on previous OE-funded expeditions indicates that bioluminescence may play an important role in the visual ecology of benthic organisms, based on some unusual data obtained on previous OE funded expeditions.   Two of the six species of deep-sea benthic crustaceans (Eumunida picta, Gastroptychus spinifer) studied to date possess an ultraviolet (UV) - sensitive visual pigment in addition to the ubiquitous blue-sensitive visual pigment.  For organisms in such a light limited environment, where collecting every photon is essential, sacrificing photoreceptor space for a UV visual pigment suggests that UV sensitivity plays an important role in their ecology.  We suspect that  that this UV sensitivity is present to see as-yet undiscovered short wavelength bioluminescence from a benthic organism  because 1) no UV light remains in the downwelling spectrum at the depths where these animals were collected (500 - 600 m) and 2) unusual UV sensitivity in several deep-sea pelagic species has been linked to bioluminescence.  UV bioluminescence in the benthos may be a new secret channel of communication, much like the very rare red luminescence is in 3 genera of fish that have a red sensitive visual pigment.  In addition, the eyes of the only species of deep-sea isopod that has ever been studied electrophysiologically (work conducted on another OE funded cruise), Booralana tricarinata, have such a long integration time that they can’t track moving prey.  Being detritovores, they may be cueing in on “background” bioluminescence, such as a steady glow produced by bacteria on detritus, which has been hypothesized, but never observed, due to the lack of opportunity and equipment needed to make such observations.  We propose to explore the interaction between vision and bioluminescence in the deep-sea benthic environment, utilizing A) newly designed thermally insulated, light tight Bio-Boxes, designed to bring organisms to the surface alive, in cold water, and still dark-adapted, B) submersible-mounted low-light cameras to observe and photograph stimulated bioluminescence of living organisms in situ as well as background bioluminescence of decaying material or bacterial mats,  C) the Eye-in-the-Sea, to unobtrusively examine non-stimulated bioluminescence, as well as animal reactions to artificial bioluminescent prey,  D) continuing studies on the photosensitivity of deep-sea organisms, E)  spectral measurements of bioluminescence, F)  molecular studies to look for novel photoproteins involved in producing short wavelength bioluminescence.
OE Thematic priorities addressed by proposed exploration:

· Description of poorly-known or discovery and description of unknown communities of organisms displaying novel relationships with their environment using in situ photographs of mobile animals associated with sessile organisms, in situ videography with ISIT camera of stimulated bioluminescence, shipboard studies on live organisms collected in light-tight thermally insulated Bio-Boxes
· Deployment of in situ instrumentation at poorly-known or previously unexplored locations to explore in the time domain, using the Eye-in-the-Sea to monitor background bioluminescence  over 24 hours as well as animal interactions with artificial electronic bioluminescence  
Defined area of proposed operations
1) The Straits of Florida, north of Cay Sal Bank, approximately 24º35’ -  25º38’ N and 79o25’W, 700 – 800 m depth; largely unexplored with Lophelia bioherms and coral thickets with accompanying mobile predators are present (J.Reed, pers. comm.)

2)  West of Little Bahamas Bank, approximately 27o 04’N, 79o24 W, 610 – 675 m depth; relatively unexplored rocky lithoherms up to 50 m tall (Neumann et al 1977, Messing et al 1990) 
Required Platform and Time Constraints:  R/V Seward Johnson with Johnson-Sea-Link submersible 
Collaborators and Expertise:  

· Dr. Tamara Frank, Florida Atlantic University at Harbor Branch Oceanographic Institute – bioluminescence, photosensitivity of deep-sea organisms
· Dr. Edith Widder, Ocean Research and Conservation Association – bioluminescence, low light imaging, in situ imaging and spectrometry
· Dr. Sonke Johnsen, Duke University- bioluminescence, modeling visual perception of deep-sea animals, propagation of images and bioluminescence underwater 

· Dr. Steven Haddock, Monterey Bay Aquarium Research Institute – bioluminescence, molecular studies of luminescent photoproteins

· Dr. Charles Messing, Nova Southeastern Univ. – invertebrate biology, with particular emphasis in crinoids, deep-sea benthic community structure

Anticipated Outputs
· Potential discovery of: 1) previously unknown bioluminescence from benthic organisms,  2) novel UV bioluminescence, 3) unusual luminescent photoproteins, 4) novel relationships between deep-sea crustaceans and specific bioluminescent corals/crinoids/sea pens, 5) behavioral responses of deep-sea organisms to bioluminescence in situ 

· Incredible imagery of animal bioluminescence, both in situ and in the lab

· Data on distribution and spectral emission of bioluminescence from benthic organisms
· Modeling of photosensitivity of benthic crustaceans to in situ light sources – spectral emission and intensity correlated with photosensitivity – can they see the light?
· Education and outreach via: 1)  real-time @sea webpage with descriptions and images of discoveries, 2) educator@sea – science teacher participant on cruise, 3) presentation of results at national meetings, and 4) presentation of results to the general public via public lectures at each collaborator’s institution
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