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NOAA Office of Ocean Exploration Quick Look Report

Expedition Title: _Bioluminescence 2009:  Living Light on the Deep-sea Floor___________________________________

	Results (please check all disciplines in which this cruise collected data)
	Details (please describe any novel discoveries in the discipline, answers such as “possible, awaiting data analysis” and “no apparent discoveries” are acceptable)

	Bathymetric Mapping

 MACROBUTTON CheckIt ( Yes    x No


	(please note total area mapped and technology employed, e.g. multibeam, side scan, etc.)

	New Species Discovered

x Yes     MACROBUTTON CheckIt ( No


	(please note number, type, and significance ,i.e. radically new vs. slight adaptation of known species)

Three new species and probably one new genus of Crinoidea were discovered. One of the new species belongs to the family Phrynocrinidae, previously unknown from the western Atlantic Ocean.

	Bio-prospecting

 MACROBUTTON CheckIt ( Yes    x No


	(please note number, type, and potential use of new compounds discovered)

	Habitat Range Extended

x Yes     MACROBUTTON CheckIt ( No


	(please note species discovered in new habitats and how far from previous range were they found)

New species of stalked crinoids in a genus unknown from the western Atlantic

	Chemical Processes

 MACROBUTTON CheckIt ( Yes    x No


	(please note new or unusual chemical properties such as methane seeps, hypersaline pools, vents, etc. observed)

	Geologic Processes

 MACROBUTTON CheckIt ( Yes    x No


	(please note new or unusual geologic processes that may impact scientific understanding of the region)

	Physical Processes

 MACROBUTTON CheckIt ( Yes    x No


	(please note new or unusual oceanographic processes that may impact scientific understanding of the region)

	Sub/ROV/AUV Dives

x Yes     MACROBUTTON CheckIt ( No


	(please note name, type, and cumulative hours of bottom time for each platform / if available please provide average working time per dive for each platform / please note if new depth records were set)

Johnson-Sea-Link submersible; 3.5 hours per dive x 18 dives

· No depth records were set

	New Technology

x Yes     MACROBUTTON CheckIt ( No


	(please note any new tools developed for or during this cruise, also identify first use of an existing technology in a new application)  Existing technology in a new application – use of Nikon D700 camera with extremely slow lens to image bioluminescence both in the lab and in situ; use of ISIT camera to image in situ bioluminescence from submersible; use of Ocean Optics 6500 Spectrometer to quantify emission spectra of bioluminescent organisms

	Maritime Cultural Heritage

 MACROBUTTON CheckIt ( Yes    x No


	(please note discoveries impacting knowledge of the past, i.e. number and type of shipwrecks)

	Outreach

x Yes     MACROBUTTON CheckIt ( No


	(please describe outreach channels, e.g. Web, port call, etc., used in this project)

www.oceanexplorer.noaa.gov – signature expedition with expedition logs, images, and ask an explorer 
www.at-sea.org – HBOI @sea website with expedition logs and images

Teacher at sea Angela Lewis

	Students Involved

x Yes     MACROBUTTON CheckIt ( No


	(please note the number and level of students on the expedition)

Undergraduate Ryan Keith

Graduate students Gabrielle Barbarite, Jamie Baldwin

	Multidisciplinary

xYes     MACROBUTTON CheckIt ( No


	(please identify the formal disciplines represented in the science party)

Visual ecology, bioluminescence, optics, molecular biology, taxonomy

	Exploration of New Regions

xYes     MACROBUTTON CheckIt ( No


	(please note if the area of operations had been previously studied, if so please check no and approximate as slight, moderate or significant, the level of knowledge before the cruise)

Dive Site 1 - 10 dives:  the lithoherms site had been previously studied in terms of bottom topography and animal distributions, but nothing was known about bioluminescent animals in this region;  

Dive Site 2: - 6 dives -  the northwest providence channel site had been visited  once in 1978, so we knew that there was some hard bottom here, but again, nothing was known about bioluminescent potential of animals here

Dive Site 3  - 1 dive - shallower site slight west of Dive Site 2; nothing was known about this region before the dive

Dive Site 4 – 1 dive - near Long Rocks, N of Gorda Cay – very little was known about this region before the dive


Project Title:  Bioluminescence in the Deep-sea Benthos.  

Expedition Title:  Bioluminescence 2009:  Living Light on the Deep-sea Floor

Principal Investigators/Participating Organizations:

Tamara Frank, Harbor Branch Oceanographic Institute at Florida Atlantic University 

Edith Widder,  Ocean Research & Conservation Association

Sönke Johnsen, Duke University 

Charles Messing, Nova Southeastern University

Steven Haddock, Monterey Bay Aquarium Research Institute 

Expedition title:  Bioluminescence 2009:  Living Light on the Deep-sea Floor

Expedition Dates and Itinerary:

July 19 – load equipment for cruise

July 20 – transit to Bahamas and clear customs

July 21 – 23:  JSL dives at Little Bahamas Bank Lithoherms, near Memory Rock;  27:04.3 N, 79:19.2 W, 2000 – 2300’ depth 

July 24 – 27:  JSL dives at north end of Northwest Providence Channel; 26:25.4N, 77:51.5 W

July 27:  one JSL dive at 26:25.06 N, 77:50.20 W, 1700 – 1000’ depth

July 28:  one dive near Long Rocks, N of Gorda Cay, 26:07.98N, 77:35.
July 29:  two dives back at Little Bahamas Bank Lithoherms, near Memory Rock
Chief Scientist and Institution:
Tamara Frank, HBOI at FAU

Vessel:

RV Seward Johnson

Primary Equipment

Johnson-Sea-Link submersible

Eye-in-the-Sea Camera

Nikon D3 Camera with 50mm f1.4D AF Nikkor lens

Konigsberg Simard Zoom ISIT video camera

OceanOptics QE6500 Spectrometer

BioBoxes

Spectral Products Monochromator

Geographic area of Operations (Fig 1):

Bahamas:  

1 )Little Bahamas Bank Lithoherms 27:04.3 N, 79:19.2 W 

2) North end of Northwest Providence Channel 26:25.4N, 77:51.5 W
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Figure 1:  Georgraphical location of 16 of 18 JSL dives made during expedition
Summary of Expedition Objectives:

1) Survey poorly known regions and sea floor features

2) Discover and describe new species and new communities of organisms

3) Quantification of deep-sea benthic fauna in poorly known areas

4) Discovery of fundamental new information about the bioluminescence potential of benthic organisms

5) Discovery of fundamental new knowledge about the visual systems of benthic organisms and their relationship to bioluminescence

6) Identification of possibly novel bioluminescent photoproteins

Key Findings/Milestones

1)  Biozonation first described for lithoherms off Little Bahama Bank in 1990 was verified. Three new species and probably one new genus of Crinoidea were discovered. One of the new species belongs to the family Phrynocrinidae, previously unknown from the western Atlantic Ocean.

2)  Discovery of bioluminescence in fourteen benthic species out of approximately 100 species tested (Table 1). Species included the zoantharian Gerardia (the large and dominant coral of the lithoherm site), two species of anemone (including one that lives on a hermit crab), three species of sea pen, five species of bamboo coral, one sea cucumber, and the shrimps Parapandalus and Heterocarpus. Surprisingly, no non-bamboo corals and none of the many species of brittle stars we tested produced light.  All the species, bioluminescent or not, have been preserved and will be identified by experts.

	Table 1: Bioluminescent Benthic Fauna                                                                                                     

	Date
	Dive
	Specimen
	Common name
	Photo
	Stimulus*
	I/X**
	Comments

	7-21-09
	3681
	Gerardia sp.
	Golden coral
	+
	M +

KCL +
	I
	Yellow and orange specimens

Persistent glow

	
	3682
	“
	“
	+
	“
	“
	

	
	3682
	Hormathid
	Venus fly trap anemone
	+
	M +

KCL +
	X
	

	7-22-09
	3684
	Hormathid
	Venus fly trap anemone
	+
	M +

KCL +
	X
	

	
	3685
	Hormathid
	Venus fly trap anemone
	+
	M +

KCL +
	X
	

	
	3686
	“
	“
	+
	“
	“
	

	7-24-09
	Blue water
	Aequorea victoria
	Crystal jellyfish
	+
	UV

Pol
	
	Fluorescence



	7-24-09
	3687
	Isididae
	Bamboo coral
	+
	M +

KCL +
	I
	Single strand

Glow

	
	3688
	
	Sea cucumber
	+
	M +

KCL +
	I
	Hi mag pic only

Too mushed up but there’s a good view on video

	7-25-09
	3688?
	
	Lg Venus fly trap
	+
	M +

KCL +

FL +
	X
	Collected yesterday.  Dissected and saw blue and green BL and FL

	
	3689
	Isididae
	Banded bamboo coral
	+
	M +

KCL +
	I
	Brief BL flashes from polyps.  Got some from stalk by scraping with thumb nail

	
	3690
	
	Sea pen
	+
	M +

KCL +
	I
	

	
	3690
	Acanella
	Tree bamboo coral
	+
	M +

KCL +

FL ~
	I
	“roots” anchor in sand

Fast flashes



	7-26-09
	3691
	Chrysogorgea

desbonni
	
	+
	M +

KCL +
	I
	9 western Atlantic species

Brief flashes from individual polyps

	7-26-09
	3692
	Parapandalus
	shrimp
	+
	mechanical
	X
	
First ever simultaneous photo of bioluminescent spew and shrimp

	7-26-09
	3692
	Heterocarpus
	Shrimp
	+
	Mechanical
	X
	Bioluminescent spew

	7-27-09
	3693
	Isididae
	Bamboo coral
	+
	M +

KCL +
	I
	Single strand

Good close up

	
	3694
	Isididae
	Bamboo coral
	+
	M +

KCL +
	I
	Little olive tree form

Poor bl pic

	
	3694
	“
	“
	+
	M +

KCL +
	I
	Flat branching form

No bl pic

	7-28-09
	3695
	Anthozoan
	Sea anemone on shell of hermit crab Parapagurus?
	+
	M +

KCL +
	I
	Long glow

	
	3695
	Pennatulid
	Sea pen
	+
	M +

KCL +
	I
	Symmetrical polyp array

Very dim

No bl pic

	
	3695
	“
	“
	+
	M +

KCL +
	I
	Random poly array 

Yellow-green BL

	7-30-09
	3699
	
	Brittle star
	+ 
	M –

KCL +
	I
	Blue

	
	3699
	
	“
	+
	M –

KCL +
	I
	Blue

	
	3699
	
	Anemone on hermit crab
	+ 
	M –

KCL +
	I
	No shell?


*Stimuli were mechanical or KCL for BL and UV for fluorescence imaging,   **I = intrinsic luminescence, X = extrinsic luminescence

3)  Discovery that benthic bioluminescence is fairly rare compared to planktonic bioluminescence, combined with the realization that much of the bioluminescence seen by benthic organisms may be that of planktonic animals stimulated to glow when they strike tall benthic corals and sea pens. 

4)   Measurements of emission spectra from benthic species (Table 2) resulted in discovery that the range of colors produced by benthic species is wider than seen in open ocean planktonic animals, with several species producing very green, almost yellow, light. (Fig. 1)  The longest peak wavelength (532 nm) came from a sea pen with a highly unusual spectrum that merits further investigation. 

Table 2:  List of Animals from which Emission Spectral were obtained

	Date
	Dive
	Specimen
	Bioluminescence.

Spectra
	Fluorescence
Spectra

	21 July 09
	3682
	Actinoscyphia Flytrap Anemone
	(
	

	
	
	Parazoanthus
	(
	

	
	
	Yellow sponge
	
	(

	24 July 09
	3687
	Isididae - small unbranched Bamboo Coral
	(
	

	
	
	Sea Cucumber
	(
	

	
	
	Banded Bamboo Coral
	(
	

	25 July 09
	3688
	Fly trap anemone acontia
	(
	(

	
	3689
	Acanella – tree bamboo coral
	(
	

	
	3690
	Acanella – tree bamboo coral
	(
	

	
	3690
	Seapen - Long slender- Virgularia-like
	(
	

	26 July 09
	3692
	Parapandalus - shrimp
	(
	

	
	3692
	Sea Cucumber – same as 3687
	(
	

	
	3694
	Bamboo Coral Branched, rooted
	(
	

	28 July 09
	3695
	Sea pen – skinny, white
	(
	

	
	3695
	Burgundy sea pen – 525 nm
	(
	

	
	3695
	Same burgundy sea pen – 525 nm
	(
	

	
	3695
	Large anemone on crab
	(
	

	
	3695
	Small Anemone on same Crab
	(
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Figure 1.  Bioluminescent emission spectra from the spew of a benthopelagic shrimp on left, and a benthic sea pen on the right.  

5)  The creation of a set of high quality color images of bioluminescence (examples shown in Fig. 2-4), and the first ever in situ color images of deep-sea bioluminescence. The commercially available Nikon D700 turned out to perform even better than expected. 
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Figure 2.  Photograph in the lab of the blue-green bioluminescence of the zoantharian Gerardia sp., the dominant species of the lithoherm site we explored.
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Figure 3.  Caridean shrimp Parapandalus sp. enveloped in bioluminescent spew emitted during an escape response.  Image taken in lab.
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Figure 4. In situ image of the bioluminescence of the deep-sea zoanthid Gerardia, along with the bioluminescence of an unknown planktonic animal. 
6)   In situ video, shot from front of sphere during D3698 with I2CCD NITEMATE camera, of bioluminescent spew emitted from Venus fly trap anemone in response to mechanical stimulation, as well as long term observations of Gerardia – unstimulated and stimulated.
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7)  Confirmation of a UV sensitive visual pigment in addition to a blue sensitive visual pigment in the deep-sea chirostylid crab Gastroptychus spinifer ( Fig. 5A), and discovery of a UV sensitive visual pigment in another species, Eumunida picta (Fig. 5B) 
Figure 5:  Deep-sea crabs with UV visual pigments. 

 A)  Gastroptychus spinifer.  B)   Eumunida picta

8)   Discovery that caridean shrimp which spew bioluminescence, Heterocarpus ensifer and Plesionika ensus, possess a single blue sensitive visual pigment.
Additional Observations:  The habitat we saw, both in the water column and bottom, was not what we anticipated based on previous dive reports.   It appears that the whole region south of the Island is becoming like the Mississippi Delta, silted in by dredging and construction.  This was particularly apparently on the wall dive made near Long Rocks, N of Gorda Cay, 26:07.98N, 77:35.  Surprisingly, the wall, rather than being hard bottom with an active invertebrate community, was covered with mud and silt.  Also of note is that we found almost no gelatinous zooplankton or much plankton at all during our blue water dives.  The main jellies that we did find were Dipleurosoma and  Dichotomia, both of which have algal symbionts to help provide nutrition.
Sample log Entries – available with NOAA-OER database manager and web coordinator who participated on this signature expedition.

Summary of Digital Data Collected

1) Lab photos (white light) of ~46 species including Porifera, Scleractinia, Octocorallia, Zoanthidea, Antipatharia, Crustacea, Crinoidea, Ophiuroidea, Asteroidea, Echinoidea and Chordata (fishes).
2)  Approximately 150 in situ photos of invertebrates and habitat taken during 10 submersible dives  – images provided to NOAA-OER web coordinator, Susan Gottfried, who participated on the expedition.  

3)  Digital color images of bioluminescence from approximately 10 species – some images provided for NOAA-OER database.

4)  Digital emission data from the bioluminescent species, which, once processed and analyzed, will be available for archiving. 

Summary of outreach and educational activities
This was a NOAA-OER signature expedition, with daily logs and photos posted by web coordinator  Susan Gottfried.  Each member of the science party contributed one log and approximately 4 images/videos for the web page.  All 5 PIs provided background essays with accompanying images in addition to the daily log.  In addition, Brian Cousin from HBOI@FAU provided daily logs and images for the @sea webpage (http://at-sea.org/missions/biolum09/preview.html) maintained by HBOI@FAU.  The NOAA-OER website had an “ask an explorer” link for viewers to send in questions that were answered by the scientists/educators on the expedition.  St. Lucie County School District science educator Angie Lewis participated on the expedition, collecting data and specimens for use with her classes, as well as working with NOAA-OER on developing a lesson plan from the expedition.  PI Edith Widder did a video vignette on the expedition for an online teacher workshop that is coming in October, titled “Why Do We Explore?”  Two graduate students, Jamie Baldwin and Gaby Barbarite, participated on the expedition, furthering their training on deep-sea benthic ecology as well as shipboard invertebrate vision research.  All members of the science part and NOAA-OER team were given the opportunity to participate on a submersible dive, allowing them to gain hands-on experience on the importance of ocean exploration, experiences which were clearly expressed in their webpage logs.  
Thoughts for the Future

The relative rarity of bioluminescence in benthic species is fascinating and deserves more study. As we noted in our proposal, and confirmed on this expedition, deep-sea benthic animals often have shockingly large eyes, despite being in habitats with nearly no solar light. Bioluminescence must play a key role here, but the seeming rarity of benthic bioluminescence in macrofauna seems puzzling.  However, we observed some bioluminescence that could not be attributed to any of the sessile invertebrates visible when the lights were turned on, suggesting that small infauna, which were not sampled on this expedition, may be a significance source of some of the bioluminescence that we saw.  In addition, in the high current region of the Little Bahama Bank Lithoherms, planktonic animals striking the filter feeders provided another source of “benthic” bioluminescence.  As clearly seen in one of our photographs, and quantified in our spectral measurements, the light from benthic bioluminescent organisms is greener.  Is this because, as is true of coastal water, the water near the bottom transmits green light more easily (due to suspended sediment absorbing the blue light), or are the benthic animals attempting to distinguish themselves from planktonic ones by color?  Is this related to the question of why some species of deep-sea crustaceans possess UV sensitivity, while others do not?  These are exciting questions, and ones we may be able to answer as we explore further.   
RNALater samples were collected from a venus flytrap anemone, a small unbranched bamboo coral and from 3 species of sea pen for molecular analysis of their photoproteins.  The sea pens have the green, almost yellow, bioluminescence, suggesting that a novel photoprotein may be involved in their bioluminescence.  These animals, as well as others that could not be identified to species, will be sent to experts for taxonomic identification.  In addition, crab eyes with UV sensitivity were placed in RNA later for Tom Cronin’s lab, which is working on sequencing near UV visual pigment opsins.  
This cruise provided a brief insight into the biodiversity of a small fraction of the deep-water environments of the Bahamas and documented the fact that a great deal remains to be discovered. The three new species of crinoids (sea lilies and feather stars) alone increased the known crinoid fauna of the western Atlantic Ocean by about 7%, which points out how much very basic work on biodiversity remains to be done. Virtually nothing is known about the basic ecology or biology of the vast majority of organisms encountered. What do they eat and who eats them? How fast do they grow and how often do they reproduce? Who are their competitors? The gold coral Gerardia fans that appear restricted to the higher elevations of the larger lithoherms have been recorded as reaching 1800 ± 300 years old. What limits their distributions (and those of other organisms), and how will their existences be affected by changing climate? Tiny Comatilia iridometriformis is the only feather star that broods its offspring outside high southern latitudes, and only occurs in deep coral habitats from southern Georgia to Florida and the northern Bahamas. How many other organisms in these environments have such limited ranges and specific habitat requirements? And, what does that mean for these habitats should they be affected by fisheries, energy exploitation or changing climate?

Summary of Expedition Operations:  Dive logs/summaries were filled out for each dive and provided to OER database manager Ryan Keith.  
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