Bioluminescence 2009:  Living Light on the Deep-sea Floor
July 20 – July 31
Cruise Overview

a) Chief Scientist:  Dr. Tamara Frank, Harbor Branch Oceanographic Institute, 5600 U.S. 1 N, Ft. Pierce, FL  34946; 772 465 2400 x 311;tfrank3@hboi.fau.edu
b) Vessel:  RV Seward Johnson, Harbor Branch Oceanographic Institute at Florida Atlantic University
c) Study Areas:  1st site: 27.03 to 27.04 N and 79.20 to 79.23 W, on the lithoherms west of Little Bahamas Bank. Since this is almost directly out from Ft. Pierce, we'll stop there and do our first dives.  If it looks like this is a good spot, and the currents aren't too bad, we'll stay here.  If it doesn't look like a good spot, we'll transit overnight to the NW Providence Channel site (26.25N and 77.52 W) and do the rest of our dives there.
d) Goals and Objectives:  study the role of bioluminescence in the deep-sea environment 
1)  Examine a broad spectrum of benthic animals for bioluminescence potential from the JSL submersible
2)  Conduct in situ recordings of stimulated benthic bioluminescence using a low light sensitive camera from inside the JSL, as well as video recordings with the Eye-in-the Sea Camera
3)  Determine if detritus emits dim background bioluminescent glow due to colonization by bacteria
4)  Retrieve live benthic bioluminescent animals in specially designed BioBoxes for laboratory studies of emission patterns and spectra
5)  Retrieve live benthic crustaceans for studies of visual adaptations for enhanced sensitivity to bioluminescence  
Description of Operations

a)  Two dives daily with the Johnson-Sea-Link submersible

   - in situ studies of bioluminescence

   - retrieval of live benthic animals for laboratory studies

   - deploy and recover Eye in the Sea

   - deploy and recover benthic traps and bait bag
b)  Blue-water dives from the small boat – daily – when submersible is not in water
c)  Shipboard studies of visual systems, bioluminescence spectra and emission patterns,    identification of species, collection of samples for DNA analysis, analysis of dive tapes
Itinerary
a)  Summary and Details
1)  Loading – Ft. Pierce, Fl, July 19th, 2009

2)  Underway – July 20th, 8 a.m.

3)  Clear customs in Freeport, Bahamas and transit to first dive site

4)  July 21st (assuming customs went smoothly) – July 29th – daily ops


5)  July 30th – pick up inspector in Freeport, Bahamas, 10 a.m. 
            6)  July 30th – drop off inspector in Freeport, Bahamas and clear customs

            7)  Return to Ft. Pierce, FL on 6:30 a.m. high tide, clear customs, disembark
Personnel

1)  Dr. Tamara Frank – HBOI at FAU, chief scientist
2)  Dr. Sönke Johnsen, Duke University, Co PI


3)  Dr. Edith Widder,  OceanRecon, Co PI
4)  Dr. Charles Messing, Nova Southeastern, Co PI 
5)  Dr. Steven Haddock, MBARI, Co PI 
6)  Dr. Erika Raymond – MBARI, post-doc
7)  Dr. Alison Sweeney – MBARI, post-doc
8)  Brian Cousin – HBOI at FAU, media specialist



9)  Gabrielle Barbarite – HBOI at FAU, graduate student 



10) Jamie Baldwin – Duke University, graduate student
11)  Angela Lewis – Marine Oceanographic Academy, educator-at-sea
12) Susan Gottfried – NOAA OER, Web Coordinator
13) Ryan Keith – NOAA OER, Data Manager
Berthing plan - see appendix
Organizational Structure

Tamara Frank – chief scientist

- determine dive sites and daily itinerary 
- coordination of NOAA OER and FAU web teams with scientists, ensuring timely downloading of images and videos, and writing of daily logs

- responsible for traps, BioBoxes, collection of bioluminescent organisms/deep-sea crustaceans, shipboard electrophysiological measurements of photosensitivity, imaging of bioluminescent animals, preparation of photoreceptor tissue for histology


    - assisted by grad student Gabby Barbarite and Educator-at-sea Angie Lewis

Sönke Johnsen – Co-PI

· in charge of blue-water diving operations

· responsible for in situ imaging of bioluminescence, collection of bioluminescent organisms, shipboard studies of propagation and emission spectra

· assisted by grad student Jamie Baldwin
Edith Widder – Co-PI 
-  responsible for Eye in the Sea deployments, downloading of data files, low light imaging of bioluminescent organisms retrieved with submersible; 
- assisted by post-doc Erika Raymond

Charles Messing – Co-PI


     - with work chief scientist to select appropriate dive sites

- responsible for collection of potential bioluminescent organisms and taxonomic identification of organisms

Steven Haddock – Co-PI
 - member of blue water dive team; collection and preparation of tissue for DNA analyses

   - assisted by post-doc Alison Sweeney

Susan Gottfried, Brian Cousin – web management

Ryan Keith – data management

Equipment Lists

Ship – in addition to standard equipment, also require lab van, Johnson-Sea-Link submersible, environmental room, fume hood and small boat 
Provided by science party – electrophysiological rig, low light camera, microscopes, EITS, clam shell, optical channel analyzer 
Disposition of Data:

a)  Data and samples will be kept by individual investigators; images of samples will be available on web page; data will eventually be published in peer-reviewed journals

b)  records and reports will be filed in accordance with OE guidelines; data will eventually be published in peer-reviewed journals and presented at scientific meetings

c)  real time products – images/videos will be available on both the Ocean Exploration web page and the Harbor Branch @sea web site on a daily basis
Emergency Information – available on Emergency Contact form that each participant is required to fill out by Harbor Branch
Communications

   - internet access is available

   -  phone:  772-293-9633 (local no charge) if this does not work, we use the Iridium

1-480-768-2500 (8816-214-31803), this is about $7.00 per minute to the person calling the number.

Miscellaneous

a)  HAZMAT inventory - formalin, ethanol, gluteraldehyde and osmium tetroxide.
- MSDS sheets will be brought along on the cruise; they are not attached here because several are 7 pages long
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Meals – meals are provided by the ship; schedules will be provided on shipboard
Appendices

A) Berthing plan

B) Project Description

C) General operating area map
D) Permits

[image: image8.jpg]DEPARTMENT OF MARINE RESOURCES
Ministry of Agnculture and Marine Resources
P.O.Box N-3028
Nassau, The Bahamas
FAX: (242) 393-0238

MAF/FIS/18
12" May 2009

PERMIT TO CONDUCT SCIENTIFIC RESEARCH CRUISE DURING CY 2009

This serves to certify that Yurbor Branch Oceanographic Institution Inc.
of 5600 U.S. 1 NORTH, Fort Pierce, Florida 34946, USA and Harbor Branch
Oceanographic Institution at Florida Atlantic University have been granted
permission to conduct the following research cnuise in Bahamian territorial waters

during CY 2009:

VESSEL DATES EPURPOSE  SCIENTIST

SEWARD July 20 - Physical Frank, Tamara Cay Sal Bank, Little
JOTINSON July 30 Oceanography Bahama Bank

Permission ta conduct this mearine scientific research is given subject 1o the
following conditions:

1. Al participants in the rescarch cruises to The Bahamas abide by the laws of
the Bahama [slands while in The Bahamas;

¥

There be no commercialization of the equipment or supplies used during the
research criises;

3. The right be reserved by The Bahamas Government Lo appoint an
observer/participant to smy planned marine scientific research cruise:

4. All equipment. etc., which may have been imported daty-free be exported at
the end of the research cruises;

5. Any research vessel used clear into The Bahamas at an official port-of-
entry prior to commencing any research activities, and clearout at a
port-of-exit upon complution of the cruise;

6. A cruise prospectus and a list of those persons participating in the cruise
be submitted to the Depurtment of Marine Resources before
commencement of the cruise;

7. A detailed report on the cruise including a list of specimens collected be
submitted to the Dept. of Marine Resources no later than three (3)
months after leaving The Bahamas;

8. 'Three (3) copies of all published papers, reports and books resulting from
the research canducted he submitted to the Dept. of Marine Resources
when they become available.

This permit expires on 31 ts’?

for/ Divector §f in Rasowiﬁi
cc.  Commodore, Royal Behamas Defence Force
Commissioner of Police
Comptroller of Customs
Director of Immigration
Financial Secretary, Ministy of Finance
Permanen: Secretary, Ministry of Foreign Affairs
Permanent Secretary, Ministry of Agriculture & Marine Resources



[image: image2.jpg]



PROJECT DESCRIPTION

Background
Bioluminescence is a fascinating phenomenon that is relatively rare on land but is common in all the world’s oceans.  At least 12 animal phyla, as well as Eubacteria and Protista, have marine bioluminescent representatives (Herring 2002).  Although bioluminescence has been extensively studied in the pelagic zone (water column), most information on its occurrence in the deep-sea (>200 m) benthos is fragmentary and anecdotal, a result of the difficulty in retrieving intact benthic organisms from trawls and dredges.  Most specimens arrive at the surface dead or moribund, or are not examined for their bioluminescence potential before being preserved.  While the ability to bioluminesce can be inferred from the presence of photophores or weak bioluminesce in moribund organisms, the true potential of bioluminescent systems must be examined on living, undamaged animals.  
Unlike most deep pelagic fish, most deep bottom-associated (benthopelagic) fishes lack elaborate light organ systems such as lures or ventrally directed photophores.  Over half the ~250 slope-dwelling rattails (Macrouridae) and a variety of deep-sea codlings (Moridae) bear a simple mid-ventral or peri-anal light organ (Marshall 1965, 1973; Marshall & Cohen 1973), but their function(s) remains unknown, and the bioluminescence from most of them has never been seen (Herring and Morin, 1978).  Other known sources of deep-sea benthic bioluminescence include octocorals, pennatulids, crustaceans and members of all five echinoderm classes (reviewed in Marshall 1979, Herring 1991).  An example of unique bioluminescence that portends what remains to be discovered on the seafloor is found in the deep-sea Atlantic sea pen, Umbellula huxleyi.  In a freshly caught specimen, the bioluminescence was described as being bright green along most of the stalk, with bright blue light emanating from the distal stalk tip and bases of the polyps (Herring 1983).  Spectral measurements made on a Pacific species (U. magniflora – EA Widder et al. 1983) indicate a similar anatomical difference, with most of the stalk and polyps emitting a blue-green luminescence (490-500 nm), and the distal stalk tip producing a more pure blue (470 nm).  However, even when luminescence can be elicited in the laboratory, it is difficult to determine whether the flash kinetics observed are a result of excision or reflect what occurs in situ (Herring 1991).  Observations of gorgonian bioluminescence are few, and the only in situ account from a deep-sea species, Lepidisis olapa, describes multiple waves of light traveling up and down the colony upon mechanical stimulation (Musik 1978), which Herring (1991) found considerably more dramatic and complex than what he saw in his laboratory studies of other deep-sea species. 

Only recently have there been more attempts to observe bioluminescence in situ in the deep-sea.  Herring et al. (2001) first reported aggregations of luminescent organisms on artificial food falls with an ISIT video camera on a lander.  More recent studies by Gillabrand (2006) and Heger et al. (2007) found “bioluminescent hotspots” in two widely separated sites in the NE Atlantic (Porcupine Seabight and Rockall Bank), suggesting that benthic bioluminescence is more common in the NE temperate Atlantic than previously thought.  In both cases, highly motile ostracods produced the only bioluminescence observed, leading Heger et al. (2007) to suggest that benthic bioluminescence is not present in cold-water corals or their associated fauna.  However, as the lander could not mechanically stimulate any of the slow moving fauna that rarely moved into the camera’s field of view, and because unstimulated bioluminescence remains rarely observed, their conclusion cannot be verified.  In addition, the only camera on their lander sensitive enough to record bioluminescence (ISIT camera) was focused on the bait on the seafloor, not on surrounding corals so it is not surprising that bioluminescence among the corals was not observed.     

Because so little work has been done on deep-sea benthic bioluminescence, there are, in all probability, many unknown sources of benthic bioluminescence yet to be discovered.  For example, in the pennatulids alone, 450 years of published observations have resulted in 80 published accounts of bioluminescence, but these encompass only 19 out of 186 valid species that have been described (Williams 2002).  As luminescence likely serves a defensive purpose in sessile cnidarians (Morin 1974), and the deep-sea taxa live in perpetual darkness, Williams (2002) speculates that the actual number of bioluminescent sea pens may be much higher than is presently documented. 

An intriguing, and as yet, unverified idea is that marine snow and detritus that accumulate on the ocean floor might contain bioluminescent bacteria (Lampitt et al. 2001).  Photobacterium spp. occur throughout the marine environment (Ast and Dunlap 2005), luminous bacteria are known to colonize crustacean and fish carcasses (Wada et al. 1995), and fecal pellets in sediment traps luminesce (Andrews et al. 1984).  Nishida et al (2002) suggested that the resulting background glow may be used as a cue by deep-sea scavengers.  The possibility that this occurs is supported by a recent study on the visual physiology of the isopod Booralana tricarinata, collected at 600 m depth off Little San Salvador, Bahamas.  Their maximum flicker fusion frequency (the highest stimulus rate at which the eye can produce electrical responses that remain in phase with a flickering light) is 4 Hz, the lowest ever measured in the animal kingdom (Frank 2008 and in prep).  The flicker fusion frequency roughly reflects the eye’s integration time, and can be thought of in terms of the shutter on a camera – the lower the flicker fusion frequency, the longer the shutter would remain open.  The integration time of this isopod’s eye is ~250 msec, far greater than the 80 msec measured in a deep-sea benthic crab and 42 msec measured in a deep-sea benthic benthic shrimp (Frank, in prep.).  This extremely long integration time in the isopod eye indicates that this animal probably cannot track moving prey, as moving objects, particularly those emitting luminescent flashes, would be blurred temporally.  As deep-sea isopods are thought to be scavengers (rev. in Barradas-Ortiz et al. 2003), an eye with a very long integration time might be able to visualize dimly glowing detritus, aiding the animal in finding a food target. 
In addition, due to the demonstrated relationship between bioluminescence and an unusual red-sensitive visual pigment in some deep-sea pelagic fish (O’Day and Fernandez 1975, Partridge and Douglas 1995), and an unusual UV-sensitive visual pigment in several deep-sea pelagic crustaceans (Frank and Case 1988; Cronin and Frank 1996), bioluminescence might also be linked to a similar anomaly recently discovered in some deep-sea benthic crabs.  Two of seven species studied to date possess a UV-sensitive visual pigment in addition to a blue-sensitive one.  The isopod Booralana tricarinata, the caridean shrimp Eugonatonotus crassus, the brachyuran crab Bathynectes longipes, and the anomuran galatheid crabs Munidopsis tridentata and M. erinacea all possess a single blue visual pigment, while the anomuran chirostylid crabs Gastroptychus spinifer and Eumunida picta possess a UV visual pigment in addition to the blue visual pigment (Frank 2006, 2008 and in prep).  Sacrificing photoreceptor space for a UV visual pigment suggests that UV sensitivity plays an important role in their visual ecology, and at these depths (400 – 600 m), UV sensitivity has to be related to bioluminescence as solar UV does not penetrate this far.  These species are not bioluminescent, which raises the possibility that the function of UV sensitivity is to see as-yet undiscovered short wavelength bioluminescence from their preferred niche, or perhaps a prey item.  In the Gulf of Mexico, Gastroptychus spinifer was frequently observed associated with a gorgonian (Frank, Widder, Johnsen, pers. obs.), which was not collected, so neither the species nor bioluminescence potential are known.  However, short wavelength luminescence from gorgonians is not unknown, as the spectra emission from Thourella initially peaks in the near UV (405 nm), with a secondary peak in the blue (475 nm) (Herring 1983).   

Using our combined expertise in bioluminescence, taxonomy, visual ecology, imaging and molecular biology, we propose to use the unique capabilities of the Johnson-Sea-Link submersible to explore the deep-sea benthic environment and look for new sources of bioluminescence.  We will use submersible-based low-light cameras to observe and photograph stimulated bioluminescence of living organisms in situ.  In addition, we will attempt to image background bioluminescence of decaying material or bacterial mats.  Utilizing thermally insulated, light-tight BioBoxes, we will be able to collect benthic specimens and bring them to the surface alive, in cold water, and still dark-adapted, enabling us to identify the organisms that produced bioluminescence in situ, conduct spectral measurements of their luminescence, initiate molecular studies to look for novel photoproteins involved in producing short-wavelength bioluminescence, and continue studies of the visual physiology of those specimens with photoreceptors.  The Eye-in-the-Sea camera system will be deployed for 24 hour time intervals, allow us to unobtrusively examine non-stimulated bioluminescence, as well as animal reactions to artificial bioluminescent prey.  

 In situ observations of bioluminescence
There are essentially no images of the deep-sea floor under natural light.  Instead, pictures are taken under full-spectrum floodlights.  Not only do these lights disturb behavior, chase away and even permanently blind some animals, they give us a false view of the environment.   Modeling based on imagery and methods from previous OE-funded cruises shows that the actual visual world of deep-sea animals is quite different from what submersible video shows us (Figure 2). 
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Figure 2: The deep-sea chirostylid anomuran crab Eumunida picta. Left panel shows view under usual submersible lights. Middle panel is corrected for the color of light in the deep-sea. Right panel is corrected for color and also for the typical (relatively poor) visual acuity of a deep-sea crab. Note how well the red and white coloration of the crab disrupts its outline and effectively camouflages it.  

 Models are a poor substitute for actual images, however, particularly for this expedition where constant benthic bioluminescence could dramatically affect how the deep-sea world appears. Unfortunately, because the intensity of this bioluminescence is at the limits of human vision, direct imagery has not been considered. However, we feel that recent developments in camera technology now make this possible.  

We will be using two methods to image benthic bioluminescence.  One uses an extremely sensitive video camera that images only in black and white, while the other is a color camera which we will use to take images under natural light conditions (dim remaining downwelling light/dim bioluminescent bacterial glow/stimulated animal bioluminescence)    

1) Videography:  A Kongsberg Simrad Zoom U/W ISIT video camera will be mounted on HBOI’s camera boom system.  This video camera is an extremely sensitive underwater camera system (5 X 10-6 lux) and is easily able to detect even dim sources of bioluminescence.  The hydraulic boom system allows a wide range of camera positions without moving the entire submersible.  This system consists of a three function hydraulically controlled boom that provides an 8-foot reach, and a horizontally synchronized platform with a camera pan and tilt mechanism.  Possible sources of bioluminescence will be explored by setting the JSL on the bottom, positioning the robotic arm in front of the ISIT and then probing potential sources (e.g. soft corals, sea cucumbers, crinoids etc.) with the lights out.  We will also position the claw between the camera and the bottom and take extended time exposures with the ISIT to see if there is any dim background glow from the seabed.  Post-processing image analysis (Widder et al. 1989) will be carried out on the video data to see if frame averaging reveals the outline of the arm against a background glow.  Specimens identified as bioluminescent will be collected in the BioBoxes for taxonomic identifications as well as laboratory investigations, including imaging and measurements of emission spectra. 

2)   Still Photography:  Low-light photography has always been hampered by something known as reciprocity failure. This characteristic of all film leads to exposures lasting hours for anything much dimmer than twilight.  However, digital cameras do not have this problem and have now advanced to the point where photography at extremely low light levels is possible.  Two cameras in particular, the Nikon D3 and Canon 5D mkII – both introduced in the last year - have film speeds of 25,600. Also, because their CCD sensors are the largest for any commercial camera, images at these speeds are far less noisy than has ever been possible.   Although we haven’t had access to these particular cameras yet, Figure 3 shows what is possible with even the Nikon D200, which is 1/8th as sensitive as the D3 and has a much smaller sensor area (~1/2) than this new camera.   Even under starlight alone, the limit of human vision, the
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Figure 3: Photograph taken outdoors in the dark on a moonless night (light levels equal to that found in rural areas without artificial lights). Despite being at the limits of human vision, the quality is quite high.  Image was taken with a Nikon D200 fitted with a 50 mm f1.8 lens. Exposure was 30 seconds at ISO 3200. Dark frames (photos of pure dark) were taken and subtracted from the images to reduce noise.  (Photo credit: S. Johnsen)

camera produced high quality color images with a relatively short exposure.  Using a relatively insensitive Sony A100 with an f2.8 lens, we were also able to take the first ever images of the extremely dim luminescence from a cookie cutter shark (Isistius 
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brasieliensis – Fig. 4).   Using a D3 or 5D fitted with an f1.4 lens, the images (with even lower noise) could be taken with an exposure of only 2 seconds.

The bioluminescent glow produced by bacteria (which may be present on the deep-sea floor) is on par with the light levels shown in Figures 3 and 4.  In addition, stimulated bioluminescence from some benthic animals is considerably brighter, but of much shorter duration (Widder et al. 1983).  With the sensitivity of the Nikon D3 or the Canon 5D, we are confident that we will be able to photograph both dim bacterial bioluminescence at longer exposures, as well as discrete flashes with a much faster shutter speed.    

Because successful photography at these light levels requires flexibility, we propose to use cameras from within the passenger sphere of the Johnson-Sea-Link.  Images will be taken with a Nikon D3 fitted with a 50 mm f1.4 lens.  While f1.0 lenses do exist, the extra doubling of sensitivity is more than offset by the increase in aberrations and the extremely shallow depth of field, so the f1.4 lens is preferable.  The camera will be mounted to a small tripod, monopod, or snake tripod and the submersible will be parked on the sea floor to minimize vibration during exposures. All lights on and within the submersible will of course be turned off.  Dark frames will be taken and subtracted from images to reduce noise.  Images will also be taken in 14 bit/channel “camera raw” format, so that is that one can brighten a dim image in Photoshop without losing tone gradation (a similar process done on a typical 8 bit/channel jpg image can result in very coarse jumps in tone).

3)  Long-term (24-48 hours) in situ observations:  In situ observations will also be made with the Eye-in-the-Sea camera system.  This unique deep-sea observatory is an autonomous, battery-powered, video-capture and illumination system that uses far red light (680 nm light-emitting diodes with a high-pass filter for 700 nm and above) in combination with a highly sensitive camera that can record bioluminescence and compensate for the attenuation losses associated with using long wavelength illumination (Widder et al. 2005, Widder 2007).  The system can be programmed to record in time-lapse and/or triggered mode.  In triggered mode, a bioluminescent flash, detected by a PMT, activates the system.  Illumination is set such that bioluminescence is clearly recorded, while still providing enough red-light illumination to reveal the organisms.  Deployments will be made using bait and/or an electronic jellyfish lure capable of imitating five different luminescent displays, including highly conspicuous "burglar alarm" displays.  All parameters are fully programmable by the user and EITS can be operated in a variety of modes during each deployment.  EITS will provide video data, in situ measurements of marine activity and sounds, record spontaneous bioluminescence activity, carryout photo-behavior experiments, and, most exciting of all, offer the potential to reveal animals, behaviors and forms of bioluminescence never seen before.  Another great advantage of the system is that it can be left to collect data for days while other mission-related operations are carried out and then collected when the schedule permits.
B) Laboratory studies of bioluminescence

Very little is known about the true bioluminescence potential of benthic organisms, because it is so difficult to collect living healthy specimens.  Dredges and benthic nets are not an option due to 1) the tremendous damage they inflict on the environment and 2) the significant temperature gradients that tropical/subtropical animals are subjected to when the net or trawl is brought to the surface are generally lethal.  Rather, we propose to collect these species utilizing the unique capabilities of the Johnson-Sea-Link submersible.  

1)  Collection of live specimens:  For marine animals without air-filled spaces (i.e. any animal without a swim bladder or air-filled float), pressure changes are generally not lethal if the animals live shallower than 1000 m, so the major parameter than needs to be controlled is temperature.  Therefore, collections will be made into specially designed BioBoxes, constructed of 5/8 to 3/4 inch Plexiglas for temperature insulation.  These BioBoxes can be closed at depth, and O-ring seals around the lids ensure that no exchange with warmer surface water will occur on the trip to the surface.  A pressure relief valve releases excess pressure during the ascent.  A single 36” long BioBox composed of clear Plexiglas will be used for the collection of larger non-motile benthic fauna, such as corals and crinoids.  For animals with photoreceptors that need to be protected from light exposure, collections will be made under dim red light into black light-tight BioBoxes (see below).  Any animals that show a bioluminescent response to light will be collected in a dark BioBox on subsequent dives even if visible photoreceptors are not present (eg, animals like pelagic pyrosomes, which has distinct light-activated bioluminescence, but no apparent photoreceptors) for tests of light-stimulated bioluminescence.
2) Kinetics and flash patterns:  Using an integrating sphere and low-light video recordings, we will measure flash kinetics, patterns, and intensities of bioluminescent light emission from organisms. Even in well-known species, their bioluminescence capabilities are rarely known and by using specimens collected in good condition, there is a high potential for new discoveries (e.g., Haddock and Case, 1995) 
3) Emission spectra:  An OceanOptics QE65000 spectrometer, which uses a cooled back-illuminated CCD, has been shown to be sensitive enough to measure luminescence spectra at sea. Through spectral measurements in particular, we anticipate revealing ecological patterns of expression in organisms living in eternal twilight or darkness.  Luminescent pigments will be extracted in a range of polar solvents and their absorbance and fluorescence spectra measured using NanoDrop instruments.  These properties can improve modeling of the optical environment, and provide a mechanism for predicting luminescence related functions of coloration.

4) Identification of novel bioluminescent photoproteins:  Cross-reactions with peroxides, coelenterazine, and Ca++ ions will be conducted at sea to determine basic photochemical processes and to identify potentially interesting luminescent chemistries. The photophores of specimens of interest will be dissected into RNAlater to preserve their mRNA. Expression screening of subsequent cDNA libraries (Schnitzler, et al. 2008) can be conducted back at shore on these enriched tissues.
Objective:  Discovery of fundamental new knowledge about the visual systems of benthic organisms and their relationship to bioluminescence  

Collections without exposure to light are imperative, as a number of studies, starting with Loew (1976) have demonstrated that even minimal exposure to bright light (1 minute of daylight or 5 minutes of moonlight) or submersible lights (Gaten et al. 1998) can cause irreparable damage to photoreceptors adapted for dim-light.  Therefore, all collections of animals for these studies will be made with all the lights on the JSL turned off, with the exception of the DeepSea Power and Light HMI lights on the front frame.  These lights will be fitted with orange and red cut-off filters (minimum cut-off wavelength 580 nm), as previous work has shown that deep-sea species are very insensitive to wavelengths above 570 nm (Frank and Case, 1988, Frank and Widder, 1999).
1) Animal Collections:  Animals collected with the suction sampler, fitted with a perforated grid at the collection orifice so that animals are gently held against the grid and not suctioned into the tube, will be deposited into one of 3 BioBoxes, constructed of 5/8” black Plexiglas (Fig. 5) installed in the front 

collecting basket of the JSL.  The lids of the BioBoxes are attached to the hydraulically activated lids on the collection basket, so the lids can be closed at depth.  The lids have O-rings seals, ensuring a water- and light-tight seal when the lids are in place.  Pressure relief valves release excess pressure on the trip to the surface.  Once at the surface, the BioBox lids can be disengaged from the collection basket lids without opening the BioBoxes, allowing for their removal for transport to a light tight room, where animals can be sorted and prepared for experiments under dim red light. 

In addition to collections with the suction sampler, small baited traps that can fit into the black BioBoxes will also be deployed.  Pingers attached to the traps will enable the submersible to pinpoint their location, and once the traps are visually sighted, all lights except for the red lights will be extinguished, and the traps recovered into the BioBoxes.  Species associations will be determined during light transects, and the relationship between bioluminescence and photoreceptor sensitivity of organisms associated with bioluminescent fauna will be determined.  

2) Physiological Studies:  electroretinograms (ERGS) will be recorded from photoreceptors on shipboard using techniques used successfully on a number of research expeditions (Frank et al 2008, Frank in prep).   These studies will allow us to determine the spectral sensitivity of the animals, as well as their temporal resolution, which are important indicators of how well these animals can track flashing or glowing prey.  In addition, photoreceptors will be fixed using standard histological techniques for structural/ultrastructural studies of spatial resolution and optical adaptations to dim light environments, as well as quick frozen so that their visual pigment complement can be determined via MSP (Tom Cronin) and opsin sequence analysis (M Porter).  
Collaborators and Expertise:  
· Dr. Tamara Frank, Harbor Branch Oceanographic Institute at Florida Atlantic University – bioluminescence, visual ecology of deep-sea animals, low-light imaging

· Dr. Edith Widder, Ocean Research & Conservation Association – bioluminescence, low light imaging, in situ imaging and spectrometry

· Dr. Sönke Johnsen, Duke University- bioluminescence, spectrometry, modeling visual perception of deep-sea animals, low light imaging 

· Dr. Charles Messing, NOVA Southeastern Univeristy – invertebrate biology, with particular emphasis in crinoids, deep-sea benthos community structure, benthic habitat mapping
· Dr. Steven Haddock, Monterey Bay Aquarium Research Institute – bioluminescence, spectrometry, molecular studies of luminescent photoproteins

Anticipated Outputs/Benefits of Proposed Exploration
1)  Quantification of benthic fauna in unexplored regions of the Bahamas
2)  Discovery of new or rare species inhabiting this region

3)  First ever in situ photos of deep-sea benthic bioluminescence

4)  Discovery of new forms of bioluminescence, including propagation patterns and possible UV output 

5)  Discovery of novel relationships between deep-sea crustaceans and specific bioluminescent organisms 

6)  Modeling of photosensitivity of benthic crustaceans to in situ light sources – spectral emission and intensity correlated with photosensitivity – can they see the light?

In addition to data presented in scientific papers and at scientific meetings, all of our institutions give us the opportunity to present lectures to the general public, which are announced via local newspapers and radio stations.   Bioluminescence is a topic that has tremendous public appeal, and the exotic locale for the proposed research, as well as the inevitable discoveries that will result from the exploration will undoubtedly generate considerable media coverage.  In addition to this commercial media coverage, we have actively participated in webpages that provide near real-time coverage of our oceanographic missions, either as contributors of background information and mission logs on the webpages maintained by NOAA Ocean Exploration when our expeditions have been signature expeditions 

(http://oceanexplorer.noaa.gov/explorations/04deepscope/welcome.html; http://oceanexplorer.noaa.gov/explorations/05deepscope/welcome.html;

http://oceanexplorer.noaa.gov/explorations/05deepcorals/welcome.html)

or by maintaining our own webpages on the @sea webpage at Harbor Branch Oceanographic Institute at FAU ( http://www.at-sea.org/missions/migrationmystery/;  http://www.at-sea.org/missions/migrationmystery2/;  http://at-sea.org/missions/deepscope3/preview.html).  The Monterey Bay Aquarium Research Institute also has public expedition web pages which publicize ongoing work though at-sea blog entries (http://www.mbari.org/expeditions), as well as links to content on Google Earth, whereby browsers of the globe can be linked to online content describing the research and discoveries that are charted on their globe.  These webpages generate tremendous public interest that  will heighten public awareness of the amazing discoveries still to be made. 
General Location – bathymetric charts are available on the Seward Johnson
Permits

























Fig. 15:  Map of mission study sites (modified from Roberts et al. 1999).  A.  Desoto Canyon (29( 15’0” N, 87(2’0” W).  B.  Vioska Knoll (29( 10’51” N, 88( 0’55” W. 








Figure 5:  Black, light-tight,  temperature insulated BioBox, showing construction with O-ring seal on left and position in front collecting chamber of JSL on right, with lids attached to hydraulically activated lids on collection basket  





Figure 4.  Dim ventral luminescence from a cookie cutter shark (Isistius brasieliensis).  Image on left is a grab from a video camera, filmed under room right.  Image on right is very dim bioluminescence emitted from the entire ventral surface with the exception of the dark collar near the head.   The luminescence was at the limit of human sensitivity.  


Image was a 30 sec exposure, taken with a Sony A100, f2.8, ISO 1600, in RAW mode, with contrast and brightness adjusted in Adobe Photoshop.  (Photo Credit: T. Frank) 
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