
CIRCULATING COPY



LOAN COPY ONLY

OIVING FOR SCIENCE...i989

CtRCUULT!gc COPy

PROCEEDINGS OF THE

AMERICAN ACADEMY OF UNDERWATER SCIENCES
NINTH ANNUAL SCIENTIFIC DIVING SYTvIPOSIUM

September 2S - October 1, 1989
Woods Hole Oceanographic Institution

The Marine Biological Laboratory
Woods Hole, Massachusetts

MICHAEL A. LANG
WALTER C. JAAP

EDITORS

American Academy of Underwater Sciences
947 Newhall Street, Costa Mesa, California 92627 USA

~O~ 4Co>

~o
1Nll

0

OQS

g+OGR~

~ Jl
O
0
0

0



Pit.ecedings of the
American Academy of Undcrwatcr Scicnccs
Ninth Annual Scientific Diving Symposium
"Wv/eg for Science...1989"

Copyright ! 1989 by
AMERICAN ACADEMY OF UNDERWA IKR SCIENCES
947 Ncwhall Street
Costa Mesa, California 92627

A II Rights Reserved

No part of this book may be repmduced in any form by photostat, microfilm, or any other
means, without written pcrrnission from the publishers

Copies of thcsc Proceedings can bc purchased from AAUS at thc above address

The publication of this document was partially sponsored by NOAA National Sea Grant
Collcgc Prograin Office, Department of Commerce, under Grant No. NA86-AA-D-SG090,
Woods Hole Oceanographic Institution Sca Grant Project No. R/E-19-PD. The U.S.
Govcrnrnent is authorized to produce and distribute reprints for governmental purposes
notwithstanding thc copyright notation that appears above.

Opinions presented at the Symposium and in thc Proceedings are those of the contributors,
and do not neoessarily reflect those of the American Academy of Underwater Sciences.

Cover design by Cindy Moore, Howlingbird Studio, Falmouth, MA



INTRODUCTION

This volume contains thirty six of the forty papers presented at DIVING
FOR SCIENCE ..I989, the 9th Annual Scientific Diving Symposium of the
American Academy of Underwater Sciences. It was the goal of the
Academy to bring together diving scientists on a national basis and provide
the opportunity for sharing information on the many advances in
technology, underwater methods and techniques, science and diver safety.

The wealth of information on cold water diving presented at the AAUS
symposium in Seattle in 1987 and the advances in dive computer technology
and diving safety presented at Scripps Institution of Oceanography in 1988
made valuable, useful contributions to our scientific diving knowledge. This
year, we focus on other novel advances in underwater science in the areas
of oceanography and methods and techniques of underwater research. The
AAUS, co-sponsored by DEMA and NOAA, organized the "Biomechanics
of Safe Ascents Workshop" at Woods Hole, September 25 - 27, 1989. The
need for an objective, scientific examination on the mechanics of bubble
growth, variable ascent rates and equipment and training that brings a diver
to the surface was met by a panel of experts and knowledgeable
participants. The workshop proceedings have an anticipated publication date
of January, 1990. A summary of the findings and recommendations on
ascent rates will be presented as part of the "Diving for Scierice...I989"
program. Most of the presentations this year support the notion that
underwater science and scientific diving are alive and well and advancing
steadily. To continue such progress, it is imperative that communications
within the scientific diving community be maintained to provide the open
and free exchange of information and ideas.

This symposium was hosted by the Diving Programs of the Woods Hole
Oceanographic Institution and the Marine Biological Laboratory. Very
special thanks are due Terry Rioux and Maggie Rioux  WHOI! Anne Giblin
 MBL! and Glenn Boden  Northeastern U!. We also thank Ted Maney,
Northeastern University, for his organization of the Symposium
Workshops.

The production and assembly of a document of this size and diversity would
not be possible without the assistance of a number of people. We would like
to extend our personal thanks to the contributing authors, but even more so
to those able to acknowledge deadlines and follow author's instructions. We
greatly appreciate the efforts of Session Chairs Chuck Mitchell, Anne
Giblin, Paul Heinmiller, Walt Jaap, Jim Griffin, Don Harper, Bob
DeGoursey and Steve Blair. In addition to the Chairs, various reviewers
helped tnake these Proceedings a peer-reviewed document and improved its
overall quality. Special thanks are due Bill Morris and Jim Varnell of the
SDSU Life Sciences Computer Center for the transcription of the inyriad of
floppy disks and Peter R. Boyle of the University of Aberdeen for his able
assistance and support with the final layout and assembly of these
proceedings.

Michael A. Lang
Walter C. Jaap

Editors
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OBSERVATIONS OF THE INTERACTIONS OF GELATINOUS
ZOOPLANKTON IN A NEARSHORE ENVIRONMENT

Peter J. Auster
Robert K. DeGoursey

Susan C. LaRosa
NOAA's National Undersea Research Center
The University of Connecticut at Avery Point

Groton, CONNECTICUT 06340 U.S.A.

Aperiodic intrusions of deep shelf, slope, and Gulf Stream water into the
nearshore zone of southern New England transport an assemblage of
gelatinous zooplankton. Observations of interactions of these gelatinous
zooplankton wi'th benthi c predators, which are functionally similar to those
encountered in deeper environments  > 30 m!, revealed that anthozoan,
crustacean and fish predators are capable of capturing and consuming
gelatinous prey. Little is understood of rates and effects of direct inputs of
gelatinous prey to benthic communities, Areas of future investigation are
sug g ested.

INTRODUCTION

The rapid sinking of large organically rich particles  i.e. fecal pellets, mucous
feeding nets, and other mucoid structures related to feeding! produced by midwater fauna
has been shown to make a major energetic contribution to deep water benthic communities
and sediments  Alldredge, 1976; Honjo and Roman, 1978; Wiebe et al., 1979; Madin,
1982; Morris et al., 1988!. Locally abundant aggregations of organisms, such as salps,
occur infrequently and produce a downward flux of particulate organic material of a
magnitude greater than general background fluxes  Morris et al., 1988!. Much more is
known of the fate of fecal material input to benthic systems than of direct input of body
biomass.

Along the coast of southern New England  northeast continental shelf of the USA!,
aperiodic intrusions of deep shelf, slope, and Gulf Stream water occurs. These events are
apparent from satellite imagery but are identified locally by a change in the species
composition of the gelatinous zooplankton assemblage. Two such events, in September
1984 and late June / early July 1987, occurred along the Connecticut and Rhode Island
coasts. During these events, it was possible to observe the interactions of offshore, deep-
water gelatinous zooplankton aggregations with an assemblage of benthic predators that are
functionally similar to those that occur in deepwater faunal assemblages.

MATERIALS AND METHODS

Direct underwater observations of gelatinous zooplankton and benthic predators
were made during 18 SCUBA dives along the eastern Connecticut and Rhode Island coasts
 Figure 1!. Estimates of patch size, density, or number present of gelatinous prey were
estimated visually by di vers. Behavioral aspects of the interactions between predators and
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prey were noted. Voucher specimens and/or photographs were taken for species
identification and to document interactions,

Figure i. Locations of SCUBA al vee. See Tebte 1 for epee itic
information.

OBSERVATIONS

Table I presents a chronological summary of the series of dives, species observed,
and their relative abundances. The species in the table are restricted to the
macrozooplankton. Benthic predators are discussed in the species accounts below.
Salp, Salpa fusiformis

Salps were the most common and abundant component of the macrozooplankton.
Colonies were variable in length, with an approximate maximum length of l m. Many short
chain fragments and individual zooids were also present, probably the result of chain
breakage due to surface turbulence, contact with the bottom, or predation.

Predation on salps was common when they occurred near the sediment-water
interface. The common anemone  Aferridium senile! captured multiple and single zooids
 Figure 2!. When a large chain contacted the tentacles of an anemone only the zooids
closest to, but not necessarily in direct contact with, the tentacles were retained and
ingested. The remainder of the chain separated and continued to propel itself through the
water. There was no discernible pat tern of the number of zooids retained versus the number
in initial contact with the tentacles.

Jonah crab  Cancer borealis!, rock crab  Cancer irrorarus!, and blue crab
 Catlinecres sapid'! were able to capture salps by directing chains and individual zooids
into the mandibles with sweeping motions of their chelae. When a sal
rate of chelae movement declined but did not stop. A captured salp was h died l 1en a s p was captured the

by the mandibles during ingestion  Figure 3!, Chains were fragmented durin ca ture with
subsequent escape of some fragntents. gmen urrng capture with
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Auster et al: Interactions of nearshore gelatinous zooplankton

Table 1. Chronological summary of observations and species
composition of macrozooplankton. Densities are visual estimates by
divers.  P = present  >10/dive!, R = present but rare  c10/dive!, A
abundant but no density estimate  >20/dive!]. Depth is water column
depth to the bottom. Unless indicated, the entire water column was
surveyed by divers.

Figure 2. A common anemone, Afetridium senile, with passively captured
salps in the tentacles  Scale bar equals 10 cm, arrows point to salp
chains!.
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Cunner  Tautogolabrus adspersus!, a common reef fish, attacked chains and
individual zooids as they drifted past the station keeping fish above the reef  Figure 4!. A
fish would not attack a salp greater than approximately 0.75 m above the substrate. Attacks
were not observed to be directed at any specific body part initially but many salp tests with
the viscera absent were found on the bottom. On one occasion  8 July 1987; Latimer Reef!,
a school of juvenile pollock, Pollachius virens,  approximately 20 fish of 16 cm total
length! were observed to bite at chains in the water column. It was not clear what was
ingested.

The common starfish  Asterias forbesi! fed on salp chains and tests which were on
the bottom. Salp tests were concentrated in the troughs of sand waves due to the action of
near bottom currents.

Figure 3. A Jonah crab, Cancer borealis, which has captured a salp. The
zooid material is in the mandibles  arrow!. Note the second chain of
salps caught on the chelae at left  arrow!. A rotating chelae motior is
used to draw salps into the mandibles. The mandibles handle the salp
after capture.  Scale bar equals 10 cm.!

Lions mane jellyfish, Cyanea capillata

Lions mane jellyfish preyed heavily in dense patches of ctenophores, Pleurobrachia
pileus, and salps. Behavior in a large patch of ctenophores entailed active swimming
through the patch towards the surface, then passive drifting with maximum tentacle spread
down through the patch. When downward drift exceeded the lower boundary of the patch
 approximately 2 m above the bottom! active upward swimming commenced. Several
individuals  bell diameter approximately 15 cm! captured more than 20 ctenophores in the
tentacles at one time. When encountering salps, the tentacles would contact part of a chain
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and the zooids actually in contact with the tentacles would be retained and the rest of the
chain would separate.

Figure 4. Canner  arrow!, Tautogolabrus adspersus, swim up to
approximately 0,7S m from the bottom to bite at drifting salps.

Dead lions mane  no tentacles present; no pulsating bell! were fed upon by cunner
in a manner similar to feeding on salps. The bell wouM drift near bottom and cunner would
swim up to take one or two bites from the bell before returning to the shelter of the reef,

Many-ribbed jellyfish, Aquorea aquorea

Like lions mane jellyfish, the many-ribbed jellyfish preyed on ctenophores by
actively swimming up through patches and passively drifting down to maximize the spread
of tentacles.

Hyperiid amphipod, Phronittta sedenfaria

Hyperiid amphipods occupying salp tests were observed on only one set of dives
 Table 1!. Individuals actively propelled the test through the water column. When one
occupied test was captured by a lions mane jellyfish the amphipod abandoned the test. It
was not possible to follow the individual to see if it immediately located another host.

Ctenophore, Pleurobrachia pileus

Ctenophores occurred at densities up to 25 m-3 in discrete patches. Patch size, at a
period of low current velocity, was approximately 40 m x 40 m x 8 m  depth!. During
periods of low current, most individuals were actively feeding, with tentacles extended.
One occurrence of predation by the burrowing anemone, Ceriantheopsis americana, was
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observed as well as another observation of a food bolus being egested which obviously
was a ctenophore  comb rows still obvious!.

DISCUS SION

The interaction of mid-water or epipelagic gelatinous fauna with the benthos is
poorly understood. Investigations have quantified the flux of fecal pellets to the benthos
from aggregations of gelatinous zooplankton  e.g. Morris et al., 1988; Wiebe et al., 1979!
and crustaceans  e.g. Tanoue and Hara, 1986; Honjo and Roman, 1978!. Observations
have also been made of the proximity of live gelatinous fauna to the bottom  e,g. Rogers et
al., 1978; Wiebe et al., 1979! and of the direct deposit of gelatinous material at the
sediment-water interface  e,g, Wiebe et al,, 1979; Cacchione et aL, 1978!. The fate of this
material is unknown,

Although the specific pelagic-benthic interactions we describe are rare in the inshore
environment, they may be more common offshore  continental shelf, slope, deep ocean
basins!. The functional groups we observed here �arge benthic anthozoans, decapod
crustaceans, asteroids, fish! are common in offshore habitats as well, Since the species we
observed are opportunists and are able to capture and consume a wide variety of prey
including gelatinous plankton  e.g. Kashkina, 1986 for fish; Phillips et al., 1969 for
decapod crustaceans!, we propose that the same groups are able to accomplish this in
deeper environments.

One of us  PJA! has observed live gelatinous zooplankton within 1 m of the
sediment-water interface, from 26 manned submersible and remote vehicle dives, at
offshore sites from 50 meters  southern New England shelf! to 600 meters along the
continental slope  Georges Bank submarine canyons!, Megabenthic assemblages in these
areas included; Jonah crab, Cancer borealis; lobster, Homartts americanus; red crab,
Geryon quinqttedens, burrowing anenome, Cerianthus borealis; Venus fly-trap anemone,
Aetinoscyphia saginata; galatheid crab, Munidairis; and several hake species, Urophyeis
spp.  Valentine, et al., 1980, Shepard, et al., 1986!. The deep water fauna is functionally
similar to the species groups we described preying upon gelatinous zooplankton inshore,

It is difficult to determine the importance of gelatinous prey to megabenthic
assemblages, Gelatinous prey is composed mostly of water and is difficult to identify in the
guts of predators. Salps may be potentially valuable prey, however, since they are
approxitnately 80% protein  Madin et al,, 1981!. In fact, the ratio of percent of carbon to
wet weight of salps �.45 for a 4 mm segment of Thalia democratica! is similar to
planktonic arthropods �.07!  Heron et al., 1988!. Ctenophores, however, have much less
nutritional value  Curl, 1961!.

Swimming patterns of predatory gelatinous zooplankton may be important to
feeding efficiency  Mills, 1981; Madin, 1988!. Our observations suggest that there is a
directed search ability by lions mane and many-ribbed jellyfish. Both species ceased
downward drift when contact rates with highly patchy prey  ctenophores! declined- The
ability of direct swimming to remain in patches of high prey density, if determined by
contact rates, is advantageous to maximizing energy inputs.

Although the observations we report are qualitative and were obtained
opportunistically, they add to other natural history infortnation and suggest several avenues
for future investigation. Understanding the role of gelatinous zooplankton as prey to
benthic suspension feeders, crustaceans and finfish, as well as the swimming patterns and
energetics of gelatinous predators and their ability to detect and remain in patches of prey,
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both require small-scale approaches. The ability to collect data on pelagic- benthic
interactions or follow individual midwater predators requires unique applications of optical
systems  Auster er al., 1989; Price et al,, 1988! to collect data at the appropriate scale,
Resolving the effects of patchy "blooms" of gelatinous zooplankton on secondary benthic
productivity requires a community approach, assessing organic material transfer at all levels
 i.e. rneiofauna, macrofauna, epifauna, nekton, etc.!. Finally, although intrusions of
offshore gelatinous zooplankton to nearshore mid-water and benthic faunal assemblages
may be temporally of little significance, these events may greatly affect prey populations
leading to reductions in growth or affect the survivorship of propagules, which would lead
to changes in predator populations.
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BIOLOGICAL MONITORING OF HARD BOTTOM REEF COMMUNITIES
OFF DADE COUNTY FLORIDA: COMMUNITY DESCRIPTION

Stephen M. Blair
Brian S. Flynn

Dade County Department of Environmental Resources Management
Restoration and Enhancement Section

111 N.W. First Street, Suite 1310
Miami, FLORIDA 33128 U.S A.

The benthi c habitats due east of Miami, and north to West Palm Beach, lack
the coral abundance and development commonly associated with "coral
reefs". However, the hard bottom reef areas off Dade, Broward and Palm
Beach Counties are unique, thriving habitats which serve as the northern
extent of numerous hard coral species and as a transition zone between
tropical, subtropical and warm temperate species, The habitats are
characterized by a high density and diversity of soft corals, sponges and
algae. The hard bottom reefs off Dade County are dominated by soft corals,
with a density between 2.93 and 21.2l indi viduals per meter-square  m !.
The region  Palm Beach County to Dade County! shows a high diversity of
hard corals relative to the total number of species found within Florida �3
of the 43 recorded species!, but generally has a low overall hard coral cover
�,28 to 3,78 %!. Algae and sponges are abundant on the r eefs, covering up
to 30% of the bottom. The hard bottom areas of Dade County show a total
biotic bottom cover of between 60 and 75%. Data from the Dade County
Department of Environmental Resources Management's biological
monitoring program is used to describe the hard bottom reef communities.
Thi s information will be contrasted and compared with information available
for other hard bottom regions of southeastern Florida.

INTRODUCTION

The southeast coast of Florida supports the only shallow water tropical coral reef
system on the continental shelf of North America  Jaap, 1984!. The system, known as the
Florida Reef Tract, extends from offshore of Miami, south to the Dry Tortugas. The
offshore region of Dade County represents a transitional zone, and has representatives of
three of the major reef types identified by the South Atlantic Fisheries Management Council
 SAFMC!. The coral reef types are defined as follows  definitions are from SAFMC
[1982]!:

Patch Reef: "Irregularly distributed clusters of corals and associated biota along
the seaward  southeast! coast of the Florida Keys. Occur as dome-type patches on the
leeward side of outer bank reefs  see below! or as linear type patches that parallel bank
reefs in arcuate patterns. The latter support flora and fauna, including elkhorn coral
 Acropora palmata!, which more nearly resembles the bank reefs,"



The Outer Bank Reefs: "Includes aherrnatypic  non-reef forming! and
hermatypic  reef forming! species in a complex assemblage often with greater vertical relief
than patch reefs. Located in the Florida Reef Tract, primarily shoreward of the 18m
isobath, biota always exhibits zonation, with the number and type of zones dependent upon
the height of the coral substrate, the location of the reef and the stresses present,"

Hard Bottom: "Coral communities lacking the density, reef development, and
coral diversity of outer reef banks. Biota usually include a thin veneer of live corals, often
covering an outcrop or relic reef, and associated with benthos  e,g., sponges, tunicates,
holothurians! in an assemblage of low relief."

Although the above terms may have been used elsewhere in the literature with
varied descriptions or applications, for the purpose of this report the terms will be applied
as defined above.

In the coastal waters of Dade County distinct differences can be seen in the reef
types found off the northern versus southern half of the county. South of Miami's
Government Cut, patch reefs and outer bank reefs similar to those found in the Florida
Keys can be found, in addition to hard bottom communities. The northern half of the
county, however, lacks the patch and outer bank reef development, and only hard bottom
reefs exist.

The distribution, ecology and biology of the patch reefs and outer bank reefs found
off southern Dade County and the Florida Keys are summarized by Jaap �984!. Hard
coral communities found on shallow water patch reef in Biscayne National Park  southern
Dade County! are described by Burns �985!. The hard bottom areas off central and
northern Dade County have received little investigation. At present, information regarding
hard bottom communities in Dade County must be inferred from studies conducted in
neighboring counties  i.e., Broward and West Palm Beach!.

The majority of literature presently available regarding benthic community structure
in Dade and Broward County is in the form of reports or survey results from various
consulting firms to government agencies. The reports are often associated with beach
restoration projects and fall into one of two categories. The first consists of pre- and post-
construction surveys  Courtney et aL, 1972, 1975; Continental Shelf Associates, 1980,
1984; Goldberg, 1981, 1989!. The second group is of reef damage reports associated with
beach restoration projects  Marszalek, 1980, 1981; Britt Associates, 1979; Causey, 1988!.
Much of the information contained in these reports is of limited scientific value, as the data
is either subjective and/or qualitative in nature, or is based on a single survey of a limited
sample area. While these observations may aid in establishing a generalized baseline for the
region, it is difficult to attempt comparisons with other areas or even the same area at
different times of the year.

In contrast to the above cited reports, Goldberg �973, 1985!, presents diversity,
frequency and coverage information of various benthic groups  i,e,, algae, sponges, soft
corals, hard tscleractinian] corals, infaunal assemblages! in Palm Beach and Broward
Counties. Wheaton �987! gives frequency and species composition of gorgonians on the
outer reef slope off Palm Beach county. Dodge and Thompson �974!, Dodge and Vaisnys
�977!, Dodge and Fisher �989! and Dodge er a1. �974!, provide information on the
growth rates of scleractinian corals and the effects of sedimentation and turbidity on their
growth rates.

The lack of baseline information has made it difficult, at best, for various agencies
and investigators to adequately assess the impacts of natural and man induced losses to the

10
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hard bottom habitats. Unfortunately, man induced impacts on hard bottom habitats in this
region have been numerous  Blair and Flynn, 1988; Causey, 1988; Courtney et aL, 1980
Marszalek, 1980, 1981; Britt Associates, 1979; Goldberg, 1989!.

The present report will provide information regarding the biological characteristics
of the north Dade County hard bottom reef communities. This information has been
compiled from Dade County Department of Environmental Resources Management's  D.C.
DERM's! biological monitoring program. The 2.5 year program has been designed to
determine what impacts, if any, occur to the hard bottom communities of northern Dade
County in associations with beach restoration projects, This information will be
complemented by, and compared to, information available for surrounding areas  e.g�
Broward and Palm Beach Counties!, with similar habitats.

Figvte i. Location of study area and sampling sites.

METHODS

The density, diversity and percent bottom cover of the major components of the
benthic community were assessed by non-destructive sampling combined with

11
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photogrammetric analyses of permanently established transects. The virtues of this
methodology have been summarized by Littler and Littler �985!. An important factor in
selecting this methodology is that its level of resolution can be modified to best assess the
principal organisms of interest without jeopardizing the validity of the method. In fact,
various modifications or variations of the principle method have been used routinely in a
variety of marine ecological studies  Johnston et al,, 1969; Littler, 1971; Dayton et al.,
1974; Drew, 1977!.

As there is a great degree of variation in the size of the various organisms on a coral
reef, two levels of resolution were used to assess the various components of the benthic
community. For hard corals, soft corals,and specific sponges, a 0.5m2 quadrat was used
with the "Belt Quadrat Method"  Dodge et al., 1982!, as described below. To assess the
small, more cryptic species  i.e., algae, encrusting sponges and invertebrates!, a 0.16m2
quadrat was used as described below,

Study Sites

Eleven sampling sites were established on the three reef tracts that are found off the
northeastern Dade County coast  Figure 1!. The distinct reef tracts are found between 1.75
and 2.5 km off the County's coast, and are characterized by various degrees of relief. A
brief description of the reefs are given below. For detailed information on the geology and
geomorphology of the reefs in this region see Shinn �988!, Lighty �977!, Shinn et al.
�977!, Lighty et al. �978! and Goldberg �973!.

SEC E REEF XOIIEFORE REEF TONE

OUTER
REEF

EEO ~ E
OUTER REEF PEETFOEN

Figure 2. Representative bottom profile offshore of Dade
County showing reef tract location and zones.

12

The reefs are formed of pleistocene reef rock with a "cap"  up to eight feet thick! of
geologically recent  Holocene! coral reef  Vaughan, 1916; Lighty,1977!. Shoreward of the
first  westernmost! reef is a large sand area with scattered hard bottom reefs. The first reef
is a low profile, non-continuous reef believed to be formed by the convergent growth of
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small reef patches  Goldberg, 1973!. The second reef is a relatively narrow reef �25 to
200m wide!, which crests at 11 to 13m. The western edge of the second reef shows a mild
relief, of 1 to 1.5m, rising out of a sand plain at a depth of 14 to 15m. The eastern edge
shows a greater, steeper relief, dropping 1 to 3,5m to a depth of 17m onto a sand plain,
The western edge of the third reef has a relief of 1.5 to 3m, rising from between 18 and
19m to -16.5m. The eastern edge of the third reef forms the outer reef slope, dropping to
+30m  Figure 2!.

The eleven sampling sites are distributed on the reef tracts as follows: Four stations
are on the eastern edge of the first reef  Sta, "A", "C", "D" and "M"!; four stations are on
the eastern edge of the second reef  Sta, "E", "I", "L" and "N"! and three stations are
located on the western edge of the third reef  Sta. "G", "H" and "K"!  Figure 1!.

At each mnpling site a 20m transect was permanently marked on the reef with iron
reinforcement bars and masonry nails. The length of transects was determined by initial
sampling, during which the number of species of hard coral and gorgonians were plotted
against the length of the transect  i.e,, species vs. area curve!. This revealed that a transect
length of 15 to 20m would yield >95% of the species encountered within the sampling
region. Twenty meters was chosen as a conservative measure,

Scleractinian and GorgoniarIs Corals

F~il . Along each transect a 70 X 70 cm �.5m2! quadrat was sequentially photographed
using a Nikonos 28mm camera and an Ikelite-MV underwater strobe. The photographs
were taken with an approximate 5 cm overlap of the previous quadrat so that a continuous
"belt", 0.7m wide, of the bottom would be produced, yielding a 14m~ sampling area. Each
transect was ground-truthed by biologists using SCUBA, with the location, size and
species of all hard corals noted on underwater paper. In addition, the location and species
 or lowest taxonomic rank determinable in the field! of the soft corals, sponges, and other
conspicuous benthic organisms were noted. Breathing media for the scuba dives was either
compressed air or NITROX  NOAA NITROX-I I 68:32; N:~]!

Lab ~~. The photograph  slide! of each quadrat was projected onto a white sheet of
paper. Using the information on the ground-truthing sheet, the species and location of the
hard and soft corals were noted on the paper, as well as the relative scale of the projected
image. All visible hard corals were traced, and their field measurements noted. The area
 cm ! of benthic cover of the hard corals was determined with the use of a Numonic
Corporation's Electronic Graphic Calculator  Model 1224-1! planimeter. Hard corals not
visible in the projected photograph, but noted on the ground-truthing sheet, had their
approximate location marked and their field measurements recorded on the paper. For the
hard corals not visible on the slide., the area was determined by using the field
measurements in conjunction with the formula for the geometric shape most appropriate for
the given coral colony  i.e., circular, triangular, elliptical!. Area values of test coral
colonies calculated using planimetry versus field measures with geometric equations,
compared favorably, being consistently within 5 to 10% of each other.

Algae, Encrusting and Cryptic Organisms

. As the quadrat size used to assess the hard and soft corals was inappropriate to
assess smaller and more cryptic organisms, smaller quadrats were used to determine the
benthic cover of organisms not readily discernable in the larger quadrats. A 40 X 40 cm
�.16rn2! was photographed and ground-truthed at 3m intervals along the length of the

13
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transect using a Nikonos 28rnrn camera and Ikelite MV underwater strobe. This yielded a
sampling area of 1.28m2 per transect for the cryptic organisms,

~ Itt!stag~. The photograph of each quadrat was projected onto a grid that had been
divided into 200 equal units. The major component  most abundant! within each unit was
recorded. The components were generalized into one of the following categories; Erect
algae, encrusting algae, sponge, hard coral, soft coral canopy, soft coral base, encrus ting
soft coral, barren hard bottom, sand. The percent cover was estimated by dividing the
number of units containing a specific organism group by the total number of possible units
 i.e., 200!. Specific groups of organisms  t,e,, soft corals, algae!, may have a layering or
overgrowth of species, which would allow a given area to have greater than 100% cover.
Although siich layering was noted on the grourid-truthing sheets, the method used does not
allow an accurate quantification of this phenomenon. Accordingly, the estimates of the
percent cover of these groups are considered minimal or conservative estimates.

The techniques and sampling areas employed in selected investigations used herein
for comparative purposes are presented in Table l. It can be seen from Table 1 that some
variation of the photogrammetric technique was used in all of the studies.

'rabin t. Sources, technique, su to pie In form at ton and popuiat ton
paranteters presented tn the reports used lo descrIbe and compare South
Florida hard bottom habitats.

laager o< Genera I Areal
r~cnt 2nd neet Stat lors l~hthodo I Station Source

Brottard Photcgratatttr ic II/A Brltt Assoc.
 'I979!

Gold»rg
�973!

Go ld»rg
�985!

O.C, DEN
 pres. report!

2
Grand truthlng 1 hPa la Beach 1-2

2
Photograltetr I cBronard

Photogralaaetr Ic 14n

RESULTS

The density and percent cover of the benthic community components assessed are
presented in Table 2. Considerable variation is seen in the population parameters of the
community components of the first reef stations, Hard corals show densities ranging
between 2.22 and 5,64m2 and benthic cover between 0.81 and 3.78%. Soft corals have a
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The data presented herein are compiled from the initial sampling of eight of the
eleven stations. Thus, the results do not reflect seasonal variations and are considered
preliminary, It is believed that additional data from future samplings will result in corrected
estimations of the some of the benthic community component's population parameters and
provide information on their variability over time. However, sufficient information is
available to allow a generalized description of the community and comparisons of the reef
areas with the surrounding region.
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relatively low density �.93 to 6.00m ! and variable coverage va1ues. The highest benthic
cover �9.85%! is by algae  Table 2!.

'fable 2. Density and percent cover or selected benthic comm ottlty
corn p one et s.

Th}rd ReefSecond Reef
I L ll 5

First Reef
C D MSta.

Hard Cora I Dens I ty
  Indi v./e-sq! 5.64 2.22 2.23 4.23 4,50 3.86 4,71 3,60 0.86 1.50 0.75

Soft Cora I Dens lty
 Indi v.Weq.! 2.93 2.93 B.tn 4.57 5.20 5.10 1.07 21.21 5.60 13.08

Sponge Dens I ty
  Indi v./e-sq, ! 2,21 2.57 5.102,36 1,97 5.61

Ml I lepora Dere lty
 lndlv./a-sq.! 0.29 0,35 0.5D 0. 110. 43 0.17 D. 21 0,21

3 Benthic Cover
by Hard Cora le 0.70 0,41 0,280.81 3,78 2.03 1.54 1.53 1.44 1.45

8 Benthic Cover

by Soft Corale 19.3 � 2.3l15.1 3.72 0.93 5.12 7.21 5.75

'8 Benthic Cover

by sponges 11,25 19.58 6.38 9.08 - 11.59 � 14.68

i Benthic Cover
by algae 29.85 18.28 14,39 29.50

No, Species of
Hard Cora le 'l5 14 10 11 12 11 14 11 5 8 4

8.5- 10.7- 7.6- 7.6- 13.7- 13,7- 14.3- 15.2- 15.8- 17. 1- 16.7-
12, 2 13. 1 13. 4 12,2 17. 1 17. 1 'l5, 8 16. 8 19,8 18.9 18.9

Depth of
Stat lon  e!

The values for the second reef show less variability. Hard coral densities and
coverage are highest on this reef, showing a range of densities between 3.60 and 4.71m2
and coverage values between 1,44 and 1.53%. Soft coral densities are generally higher
than on the first reef, between 1.07 and 5.20 individuals per meter-square. Sponges and
algae cover the greatest amount of the bottom with percent coverage ranging from 6.38 to
19.58% and from 14.39 to 29,50% respectively  Table 2!.

15

The third reef has the lowest hard coral densities and benthic coverage values
showing 0.75 to 1.50 individuals per meter-square and between 0.28 and 0.70% benthic
c»er. Soft corals axe most abundant on the third reef with densities ranging between 5.60
and 21.21m . Sponges and algae however, show the greatest relative benthic cover,
though reduced from the values seen on the second reef  Table 2!.
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Table 3. Summary of the mean density and bentbk coverage for Dade and
tirovrard County reefs  Values in parentheses equal one standard error of
the mean. Mean values without standard errors did not have a sufnelent
number of values available for that reef to calculate standard errors!.

Hard cora le
D~ce I t X cover

Soft cora Is ~ Algae
D~lslt X cover D~celt X cover X cover

Reef depth Nc. species
range  n! Hard Corais

4.85 11.25 29,81st 17
7.6 � 13.4

3,30 11.70
  1.15! <4,03!

3.29 l3.14
�.91!

�.14!

172nd
13.'7 � 16.8

8.473rd
15.8 - 19.8

Hard cora Is Soft cora Is Sponye A Igae
X~I% f't X cover I~Itt X covet' X cover

Reef Depth Ho. spec I as

range  w! Hard Cora le

0.% 6.24
�.42! �.05!

1st 5
3.0 � 5.0

3. 50
�.33!

l5.40
�.41!

1.69 3.28

� 70! �.02!
3 3

4,01 4.00
�,40!

2nd
3.0 � 5.0
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6.1 � 15.2

3rd
15.0-16.0

1.42 12. 10

�,36!  8. 86!
3 3

3.77 5.5-7.0

�. 44!

1 Density expressed on ntwber of Individuals per aeter «gare
2 Data capl led frow Goltt»rg �985! INless otherwise noted
3 Data frow 6rltt Associates �979!

Table 3 presents a suminary of the density and percent cover data given in Table 2
for each reef tract, and summarizes data presented in Goldberg �985! and Britt Associates
 l979! for Broward County reef tracts. Certain trends in diversity and coverage can be
identified on the Dade County reef tracts. Hard coral density is not significantly different on
the first and second reefs, whereas benthic cover by hard corals is significantly greater on
the first reef. Both density and coverage is significantly lower on the third reef when
compared to either the first or the second reef. Soft coral densities are equivalent  i.e.,
sho w no significant differences! on the first and second reef, but are significantly higher on
the third reef, Sponge densities and benthic cover appear relatively consistent between the
reef tracts. Algal cover tends to decrease from its highest benthic coverage on the first reef

l6

3.58 2.04

�,83! �,01!

4.40 1.50

�.22! �,01!

1.04 0,46

�. 23! �.12!

3,95 6.60
�.00! �.04!

4.% 6.02
�.20! �.62!

13.29 10.79

�,50!

3
13 06 14-19

�.IXI!
3

4.22
�.97!

3
13,00 1428
<2.38!

3
7,75

� 47!

3 3
6.30 16-25 8-16

�.57!
3

6.50
�.00!

3
9.17 58.03 14-17

�.96!
3

14,3
�.16!
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to its lowest coverage on the third reef. For Dade County, a concurrent increase in soft
coral density with depth is noted with a decrease in hard coral density and percent cover.

Table 4 shows a comparison of scuba dives conducted on air versus NITROX. A
substantial and significant increase in average bottom time per dive, dives per day and
average bottom time per day is evident with the use of NITROX.

Table 4. Bottom time und daily number of dives with Nitrox-I mnd Air.
 Numbers in parentheses are one standard error of tbe mean!.

X D 1 f fererxxt
Hitrox vs. AirAirHltrox

57Dives in sattiie 97

X Bottom Time/Dive 0:4B.26�.20! 0:37.63�.36! i22.9

X Dives/day 1.73�.09!2.77�.10!

Ave. Bottom Time/Day 2:08

Ra~ of B,T./Day 1:53-2:30 0:51-1:20

DISCUSSION

The hard bottom reefs off Dade County ate characterized by low to moderate relief
�-2.5m! and a well developed benthic community with a high level of benthic cover by
sponges, algae, soft corals and various other invertebrates. The reef areas also support
abundant fish populations. The density and diversity of benthic and endolithic  living
within the rock! organisms have, over time, produced a complex three dimensional array of
reef rock, The numerous holes, ledges, crevasses and depressions of the reef bottom
provide habitat for a variety of fish, invertebrate and algal species. These "cryptic" or
hidden habitats have an important role in providing shelter and food resources for the reef
inhabitants.

Hard corals off Dade County have equivalent densities when cotnpared to nearby
regions  i.e., Broward County! but show much lower benthic cover  Table 3!. Reef areas
off Broward County exhibit mean benthic hard coral cover of 3,20 to 12.00% versus 0.46
to 2.04% for Dade County. It is interesting to note that despite the apparent large difference
in the percent cover values for the 3rd reefs off Dade and Broward Counties  Table 3!, the
large error associated with the mean cover value for Broward, shows the two county's
values are not significantly different statistically. This is a reflection of the variation in
coverage values seen in Broward County  range = 0,88 to 29 58%!.

17

There are possible explanations for such a discrepancy of the hard coral cover
figures. The reefs off northern Dade County are affected by various factors such as, runoff
from upland sources, effluent from northern Biscayne Bay, treated sewage effluent,
commercial and recreational shipping and fishing, sport diving activities, coastal
construction and restoration programs. Each of these activities can have an associated
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impact on the nearshore reefs. These effects would be proportional to the size of the
community contributing to the impacts. Although efforts are inade to minimize such
impacts, it is possible that, over time, the reef areas off Dade County have been impacted
by these activities sufficiently so as to reduce the general benthic cover of the hard coral
species. However, the cover values for Broward County are high relative to other locations
in south Florida, including regions that have much higher water quality than northern Dade
or Broward County. Such areas, which would be expected to have appreciably higher
benthic cover of hard corals, do not show average values as high as those noted for
Broward County reefs, For example, Burns �985! reported hard coral coverage values
between 1.32 and 7,9% for patch reefs � to 18m depth! immediately north of Key Largo,
in Biscayne National Park  South Dade County!. The percent cover of hard corals for
Broward County seen in Table 3, may truly indicate coverage values of hard corals in that
region. However, it is also possible that the high values are an artifact, or consequence, of
the inethod employed and the derived estimation of the benthic cover. The estimate of
percent of hard coral cover, given in Table 3 for Goldberg's study, were derived by the
authors based on "maxiinum dimension" values given in Goldberg �985!. The maximuin
diinensions of the hard coral colonies were ineasured in the field. By assuming regular
shaped  i.e., rounded! colonies, a "maximal" area estimate can be calculated, using the field
measure as the colony's diameter, The area estimates are maximal values, as any deviation
from the regular shape  i.e,, ellipsoid, triangular! would result in decreased surface area
with a given maximal dimension. Deviations in shape commonly occur in nature, thus, the
estimate of "maximal" coverage over estimates the true cover to soine degree, With further
investigation of other areas of the reefs  i e., slightly shallower or deeper regions! in
northern Dade County and additional information from Broward County, the values seen
within the areas should correct to show less variation.

With regard to the number of species of hard corals recorded in the region, Dade
County fits in well with surrounding areas, and follows a general trend of increasing
species diversity  number of species recorded! in a north to south progression. Goldberg
�973! records 2S hard coral species for Palm Beach County  approximately 30 miles north
of Dade County!, Britt Associates �979! and Goldberg �98S! recorded 30 species for
Broward County  immediately north of Dade County!, at present, 33 species of hard corals
have been identified in northern Dade County, and 43 species have been identified from
Monroe County, which lies immediately to the south of Dade County  Jaap er al., 1989!.
The decrease in hard coral diversity  number of species! to the north can be expected. That
is, as one moves north, it would be expected that temperature fluctuations would increase
while general water clarity  and subsequent light penetration! would decrease, due to the
effects of the greater amount of coastal waters and inland runoff. It is noteworthy that three
of the species found in Dade  e.g., Acropora cervi cornis, Colpophyllia natal and Pori res
porires!, but not recorded in the more recent Broward County report  Goldberg 1985!, are
considered iinportant hermatypic  reef building! coral species  Glynn 1973!. Such a high
diversity �3% of the total number of coral species recorded in Florida including the Florida
Keys [Jaap er al., 1989]!, points to the importance of the Dade-Broward County area as a
diverse and unique area, and underscores the need of protecting and maintaining the quality
of these habitats.

A concurrent increase in the frequency of soft corals with a decrease in frequency
and cover of hard corals is noted for Dade County. Such a rela.tionship, between soft and
hard corals, has been noted to occur when the study sites included slightly deeper reef areas
 Goldberg, 1973; Wheaton and Jaap, 1988!,

Macro-algae  coralline, calcareous green and fleshy algae! cover approximately 20
to 30% of bottom  Table 2 and 3!. Although this biotic assemblage does not receive much
attention, the algal population of reef areas provide numerous benefits to the system For
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example, benthic algae are important sources of reef primary productivity which can serve
as a major source of food for herbivorous fish and invertebrates  Odum and Odum, 1955;
Earle, 1971; Mathieson et al,, 1971; Ogden, 1976; Adey, 1987!, and serve as habitat for
numerous animals {Randall and Randall, 1960; Lobel, 1980!. Coralline crustose algae
cement and stabilize various substrates and are important to the development and
maintenance of the reef framework  Cribb, 1973; Dahl, 1973; Littler, 1973; Adey, 1978;
Steneck, 1986!. Specific calcareous algae, particularly of the genus Halimeda  an abundant
component of the benthic algal community off Dade County!, are important in sediment
production, and overall carbonate budgets of the reefs  Stockman-Hoskins er al., 1967;
Chave et al., 1972; Hillis-Colinvaux, 1980; Agegian et al., 1988!. Finally, algae are
important in the nutrient cycles of reef communities  Kinsey and Dornm, 1974!. Included
in this function is the role of cyanophytes {Blue-green algae! as nitrogen fixers which
supply "new" nitrogen to the reef system by fixing free nitrogen gas into ionic nitrogen that
is readily assimilated by other inembers of the reef community. Recent research has pointed
to the important role that areas with high abundance of coralline red and calcareous green
algae play in the reef system, Such areas can have significant contribution to the overall
production of the system and serve to support important commercial fisheries through their
production and the creation of new habitat  Agegian er al., 1988; Blair and Norris, 1988;
Hanisak and Blair, 1988!.

The lack of attention received by algal populations may be attributable to a number
of generalized beliefs. Benthic algae can be inconspicuous and easily overlooked due to
their cryptic habit  t.e., small stature; difficult to see!. However, these "hidden" algae have
been shown to cover as much as 60-70% of available substrate  Hanisak et al., 1989!.
Such is the case for areas off Dade County that are considered "barren" hard bottoin, This
inconspicuous algal community can have significant contributions to the reef system
through their productivity, availability as a food source and sediment stabilizing  holding!
capabilities. A coinrnon impression is that algal cornrnunities show rapid recovery from a
disturbance to their community. Recent investigations of damaged south Florida reef areas
have shown that a number of major differences in algal communities of impacted versus
non-impacted areas, remain 2 years after the disturbance. Further, these dissimilarities
indicate substantial differences in habitat value between the undisturbed and disturbed areas
 Hanisak et al., 1989!.

To summarize, the hard bottom habitats off Dade and Broward Counties show a
high diversity and coverage of benthic organisms including hard corals, soft corals,
sponges, algae, various other invertebrates and commercially important fisheries species.
The reef areas off northern Dade County are dominated by soft corals and algae  based on
the percentage of bottom cover!, With respect to the diversity and frequency of hard corals
and soft corals on the Dade county reefs, the groups are equivalent to other regions of
southeast Florida  l.e., Broward County!. Differences in species composition between the
regions, may indicate more favorable conditions for coral growth off Dade County. This
would be indicated by the presence of important hermatypic species of the coral genera
Acropora, Colpophyllia and Porites off Dade County. The diversity of the hard coral
community is refiected in the fact that the Dade-Broward County region contains 73% of all
hard coral species found off Florida waters, including the species found off the Florida
Keys.

The hard bottom reef areas off Dade, Broward and Palm Beach Counties are
unique, thriving habitats which serve as the northern most extent of numerous hard coral
species, and as a transition zone between tropical, subtropical and warm temperate habitats.
The areas have high density of benthic organisms {r,e., 60-75% bottom cover!, and a
potentially high level of productivity. These areas serve as diverse habitats for a variety of
marine organisms including hard corals, soft corals, sponges, invertebrates, coralline and
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sediment producing algae, and numerous economically important fisheries species. The
offshore hard bottom reefs of this region also serve to protect the coastal beaches  Oduin,
1976!, thus, protecting a resource estimated to yield over $1,5 billion annually in sales
revenue statewide  Bell 4 Leeworthy, 1986!. Further, in Dade County alone, County,
State and Federal governments have invested approximately $97 million in restoration and
renourishment projects to help build and protect the beach resources. The Dade Coiinty reef
areas have a high level of coverage by benthic algal species which serve as producers of
food for organisms inhabiting the reef, production of carbonate sediments which contribute
to sand resources, and help stabilize and create substrate that can be utilized as habitat by
reef dwelling organisms. These factors correspond to a highly productive environment that
serves as an important habitat resource for numerous marine species.

The use of NITROX breathing media during this program greatly increased the
effective sampling time on a daily basis  Table 4!. NITROX was used, as it offers a
number of benetits for research diving. Benefits associated with the use of NITROX that
we considered important to our program were: increased bottom time  within limits! relative
to "square" profile air dives at a given depth, with the greatest benefits being realized in the
< 70 ft. depth range; a modest safety factor incorporated into the tables; greater "credit" for
surface intervals relative to air dives and possible physiological benefits of breathing a
higher partial pressure of oxygen  pp02! in the gas mixture,

The increased bottom tiine comes about from the decreased partial pressure of
Nitrogen  ppN! at a specific depth relative to the ppN when breathing air at the same depth,
For example, the ppN at 60 ft, when breathing a 68:32  N;O2! mixture is 1.97 ATA's. The
equivalent air depth  the depth at which the ppN is the same when breathing air! equals 47
feet. Thus, a 50 ft. schedule can be used for the dive, It is seen that a safety factor, albeit a
small one, is incorporated into the table with this method. With a NlTROX mixture, bottom
time is gained more quickly for a given surface interval, when comparing an air dive of the
same duration, to the same depth. For example, a 60 ft. dive using NITROX for 60
minutes, and a surface interval of lhour 10 minutes, will have an allowable bottom time for
the repet. dive of 53 minutes, compared to 8 minutes if the same dive was done on air. It
should be noted that although the above cited exainples are given using the US Navy
tables, NITROX can be used with any set of tables by using the equivalent air depth of the
mixture and the appropriate corresponding schedule for the set of tables being used,

A drawback of using a NITROX mixture is the relative lack of availability of the
mixture, This is in part due to the special equipment necessary for mixing the gas and the
considerations of handling  at soine stage of the mixing process! pure oxygen gas. An
added consideration for some in determining whether or not NITROX would be beneficial
to their program is reduced benefits  i.e., increased bottom time! at the lower end of the
limits  	00 feet!.
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OFFSHORE OIL PLATFORMS IN THE GULF OF MEXICO
CONVERSION TO ARTIFICIAL REEFS: AN OPPORTUNITY FOR

LONG TERM BIOLOGICAL STUDIES

David Bull
David Bull Photography

40 Normandy Drive
Kenner, LOUISIANA 70065 U.S.A.

There are approximately 3,600 oil and gas platforms in the Gulf Of Mexico.
They have become a focus of attention because an increasing number are
being removed, having served their purpose in tapping sub-sea hydrocarbon
reserves. Louisiana has begun an Artificial Reef Initiative  LARI!.
Platforms are either toppled in place, if they happen to be in a reef zone, or
they are cut loose from the bottom and moved to a desi gnated reef si te. The
opportunities for long term biological studies are excellent. 1t is a truism in
the Gulf Of Mexico, with its flat mud and sand bottom, that if you want to
catch fish on hook and line, photograph Caribbean reef fishes and corals, or
investi gate hard bottom sessile organisms you charter a boat and go "out to
the rigs". The platforms create habitat that never existed off rhe Louisiana
coast, akin to the appearance of a volcanic island that suddenly extends up
through the water column, breaking surface up to 150 miles from existing
coastlines. Opportunistic colonizers need not compete with resident bottom
dwellers. Many traditional intertidal predators are not represented, whereas
sightings of previously undocumented Caribbean species are increasitigly
common.

For the past 15 years I have earned my living working and photographing beneath
platforms in the Gulf Of Mexico. Because much of my work utilized techniques of mixed-
gases and decompression diving, long hours were spent observing marine life, noticing
seasonal changes, getting time-lapse glimpses of the process of' colonization on new
platforms, and puzzling over changes as platform communities aged. One thing became
clear: every available space filled with life. Marine organisms did not treat offshore oil and
gas platforms with the disdain I expected, Caribbean angel and butterfly fish grazed on
hydroids, hard corals proliferated, and successive generations of young fishes raised on the
platforms increased the beauty and complexity of the reef community. Because I have also
swam, walked, and crawled the many long miles of pipelines that approach and leave these
deepwater platforms across the unrelievedly flat Gulf Of Mexico sea bed, I am certain that
the platform communities are not simply drawn from nearby assemblages as is suggested in
the literature. Many species I observed were listed as rare; some were not listed as resident
in the Gulf Of Mexico, but rather were Caribbean or Gulf Stream denizens. Since
platforms, by the terms of offshore leasing, were removed as soon as the oil and gas was
extracted, I was often assigned the melancholic task of removing a flourishing artificial
reef. My first collection of photographs documenting the phenomenon were made available
to publications and interested individuals in 1980. On a happier note, in the fall of 1988 I
participated, both as a working diver and a photographer, in the toppling of a platform in
place to create a permanent artificial reef. This platform is in SCUBA diving depths, so will
be of use to divers and fishermen. In November I participated as photographer during the
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cutting loose and subsequent resetting of another platform that will be used by deep-water
fishermen.

There are at present 3,600 offshore production platforms in the Gulf Of Mexico,
constructed at individual costs of millions of dollars. They are often clustered, occasionally
isolated, but in broad overview they resemble a great crescent shaped archipelago sweeping
northward up the Texas coast and eastward below Louisiana, Mississippi, and Alabama.

This steel archipelago introduced new habitat: acres of hard substrate reaching sun
drenched, crystal clear surface waters. This in turn resulted in the introduction of
previously unrecorded species. The Mississippi River exerts a dominant influence on the
northern Gulf Of Mexico. Anyone familiar with the flat, silt-laden topography of coastal
Louisiana is aware that rocky intertidal life-forms are not well represented. Local school
children do not spend afternoons turning over stones in tide pools. Consider then the
ramifications of blue-water platforms, completely outfitted with steel nooks and crannies,
flat plates and vertical pillars, open to sunlight on the south, east, and west sides, shaded
and blocking currents in its center and providing vertical walls for species with that
requirement. Consider also that predatory species depending on some aspect of the
intertidal region not present that far offshore, may not be represented. In this case genetic
selection can proceed in reverse of the classic moth / industrial soot model since being
conspicuous may no longer be a disadvantage. Geographic isolation may result in a large
population of novel morphs.

It may be helpful at this point to give a generalized description of an offshore
platform because at first glance they resemble a confusing cats-cradle of intersecting lines.
I' ll use for an example an eight-legged structure in 250 feet of water. The legs are massive
steel pipes, 6 feet or more in diameter. Like the legs of a common table, or a tall tower,
they bear the weight and hold an offshore platform at the proper height above the sea. To
carry the table, or tower analogy one step further, if legs are made too long, a table will
lean precariously or collapse. For this reason cross-members are added. As the legs get
extremely long, additional cross-members are added at regular intervals. In the case of an
offshore platform the horizontal network consists of 2 foot diameter steel pipes. Horizontal
levels are generally spaced at 50 foot intervals. It is the regularity of this architecture that
provides convenient and interesting vantage points. The uppermost level is usually situated
20 feet below the sea surface, The next level would be around 70 feet below the surface.
And the next level at 120 feet below the surface, and so on.

It is always possible for a diver to know exactly where he or she is by orienting on
legs, joints, and levels so that areas of interest can be returned to year after year. Diver
slates with location information such as: "6/l2/89, GI 44 AQ, -120', A-2 Leg" can be
temporarily held in place with magnets for inclusion in photographic documentation.

In addition to the legs and horizontal levels, structures generally have a well area.
Many have 16 or more wells, or "conductors" which conduct oil and gas to the surface.
Roughly 36 inches in diameter, standing side-by-side perhaps 6 feet. apart, these conductor
pipes, and the hardware that supports them, provide refuge for large populations of
animals. Conductors are installed during the drilling operation, after the platform is
anchored to the sea floor. They are lowered one at a time, and to keep them aligned and
hold them in position they pass through "bell guides". These funnel shaped objects are
welded in rows to the horizontal supports at each level. The "bell guides" provide excellent
habitat. Grouper rest on the steel plate and lobsters hide beneath the rim. Instruments can
be mounted securely with either bolt.-on or welded clamps. Cables can be passed up to the
surface and monitoring can be carried out on the upper decks out of the weather.
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There is an inadvertent but fortuitous analogy between an offshore petroleum
platform and a man-made artificial island. Inadvertent because proliferation of marine
species has nothing to do with the designed purpose. Fortuitous because the treinendous
expense of constructing and scientifically studying artificial reefs has limited the acquisition
of knowledge. Many divers will recall James Michener's narrative description of the
biological colonization of Hawaii in his book by that name. The emergence of a new island
is not something an ambitious marine scientist can wait around for, but the questions that
could be addressed at such a time are basic to an understanding of biological processes, No
government is likely to fund construction of even a single decent sized island in the open
ocean in hundreds, let alone thousands of feet of sea water. Yet, in model form, this is
exactly what has occurred, spurred not by a thirst for knowledge, but as a by-product of
the immense profitability of petroleum. During the relatively short period an offshore
platform is in place, perhaps two or three decades, scientists can ask and perhaps answer
questions other generations cannot afford to address. This, in my mind, is a window of
opportunity not to be ignored,

An offshore petroleum platform is a combination of many traditional artificial reef
types. Shade is produced by the platform above water, Vertical pipes of many different
diameters serve much like the hanging ropes employed for mussel and oyster mariculture.
The mass of steel sits on the bottom much like a rock pile, and it has the holes of the
conductor guides much like concrete blocks with holes. The massive structure itself
resembles the polyhedral concrete frames that are proving effective in Japan.

The ability to generalize from a scientific investigation depends on a statistically
valid supply of study material, so the fact that there are 3,600 offshore platforms in the
Gulf Of Mexico is not without significance, Additionally, each platform has a recorded date
of emplacement, and an exactly surveyed location: age, month I season of setting, exact
depth, and blueprints for exact surface area measurement are available. This large body of
documentation is important because often adjacent reef-platforms exhibit different
biological assemblages. Where funding is limited, and only a few small study reefs are
constructed, statistically valid inferences may be impossible. A study encompassing many
platforms will generate a reliable baseline for future "inter-platform" studies. Proximity to
geology of interest, as well as age of platforms, can be predetermined. Do you want a five
year old object, in 30 fsw, 30 miles from a major river mouth? It's a case of selecting
certam parameters.

Several nations are investigating artificial reefs as promising methods of
mariculture. The expense of constructing reef work stations can run into the millions of
dollars  each!. Australia recently spent $1,2 million on 7 sites. The cost of any ocean
research is high, and ways to minimize expenses are always welcome. Offshore oil and gas
platforms are fixed objects, serviced regularly by supply vessels. In this regard they are
logistically more akin to shore-based field stations than oceanographic cruise vessels,
regardless of the fact that they may stand in hundreds or thousands of feet of water and lie
100 or more miles offshore.

It is this established supply route aspect that can cut the costs of experiments. Since
instruments can be attached to fixed objects, away from trawl nets, propellers, and
souvenir hunters, recovery of long term monitoring data is more assured. There is no
reliance on temperamental recall buoys, Blue-water studies, for instance on plankton, are
possible on a rigidly emplaced scaffolding, rather than shackled to a down line. Much as
rain forest biologists clamber through the tree-top canopy on lines, marine biologists can
use the horizontal scaffolding to carry out studies in relative comfort, seated on a firm
platform. Diver productivity and safety is increased.
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There are questions concerning artificial reefs that apply to oil and gas platforms,
and vice versa. Four basic questions are:

1. Do platforms / artificial reefs attract fish from surrounding areas  hardbottom or
otherwise!?

2. Do platforms / artificial reefs increase total numbers of fish & marine life?
3. Do platforms / artificial reefs act as staging areas or stepping stones for the

clockwise migration or extension of range of Caribbean species?
4. Do platforms / artificial reefs concentrate populations of species attracted from

surrounding areas and make them easier to catch by fishermen, thereby serving
to decrease the overall population?

Several techniques have been suggested to address these questions.
1. Acoustic imaging by "fish finders" such as are used on sport and commercial

fishing boats, They monitor sonar returns froin fish and can give estimates of:
a. numbers and size of fish
b. printouts of the distribution of fish
c. size range of detected fish
d. indications of behavior,

2. Hook and Tag fish:
a. returns from tagging can indicate movement between study areas.
b. break-away tags for deep-living species

3. Gut content analysis
a. compare prey found only on artificial reefs/platforms vs. prey in the

surrounding area.
4, ROY observation of deep-water species.
5. Remote attached video:

a. cameras can be positioned by divers, or lowered on stages.
b. these can be combined with baiting, to lure species within camera range.

Thc role of artificial reefs in mariculture is another area rich in potential. Bob
Mecks, a marine biologist in California, harvests 10,000 pounds of rnussels per month
from platforms off Santa Barbara. Platforms / artificial reefs offer the possibility for testing
and evaluating nursery habitats any distance from shore, or at any depth desired.

Platforms axe amenable to mariculturc experimentation for several reasons:
1. they are distant frotn metropolitan sewage.
2, they are open to currents and plankton.
3. they are multi-storied: experiments can be "stacked."
4. there is electrical and pneumatic power close by.
5. security is tight.

The establishment of artificial reefs, using submerged offshore oil and gas
platforms, is an opportunity to study the long term biological processes of large numbers of
such reefs at different locations in the Gulf Of Mexico. However, standing platforms offer
opportunities that also shouM be considered. For one thing, a standing platform has
electrical power, refuge from weather, a stable deck, an established supply network, and
most importantly, solid substrate in the upper 50 feet of water. Toppled Rigs-to-Reefs
platforms must lie no closer than 50 feet from the surface, for navigational clearance.
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Divers from Humboldt State University and the California State Department
of Fish and Game are conducting a survey to determine rhe population

f' ' " ""'"~l'" along a
100 mile section of the north coast of California, Urchin size frequency and
densities were measured on thirty meter transects placed at depths of 50, 35
and 15 feet. Substrate, algal cover, urchin predators and abalone frequency
data were also recorded. Fine Scale and Broad Scale surveys were made at
commercially harvested sites and compared with an unharvested marine
reserve. The sampling design enabled divers to make ~ ~i measurements
 > 2mm accuracy! of urchins during conditions of heavy surge and limited
visibility. Dives were profiled with the ORCA EDGE with a maximum di ve
depth of 127 fsw.

INTRODUCTION

Red Sea Urchins  Strongylocentrotus franciscanus$ are commercially harvested
along the west coast of the United States to supply urchin gonads  "uni'! for the Japanese
market. The first commercial urchin processing plant on the west coast opened in Los
Angeles in 1972. The fishery was centered in southern California  south of Point
Conception! until 1984 when northern California  north of Half Moon Bay! landings began
to dramatically increase  Kato, 1972!. Northern California landings have exceeded all west
coast areas since 1987. The harvest of urchins  wet weight - whole animals! landed in
northern California increased from 1.9 million pounds in 1985 to 28.7 million pounds in
1988, while the number of urchin boats increased from 159 in 1987 to 206 in 1988
 Kalvass, 1989!.

Fort Bragg landings were 60% of the 1988 northern California harvest and 20
urchin boats landed 36% of that total. In 1988, urchin boats averaged 3,700 pounds of
urchins per day and urchin divers spent 7.1 hours per day underwater. Divers used surface
supplied hookah or band-masks and harvesting depths ranged from in excess of 100 feet to
the intertidal, with the maximum fishing effort at depths near 30 feet.

The rapid and geographically concentrated utilization of this fishery resource raised
questions concerning the ability of urchin populations to sustain current yields. Previous
studies indicated that northern California urchins may be even less likely than the already
depleted southern California stocks to have sufficient annual recruitment or settlement to
maintain viable populations  Pearse and Hines, 1987, Sloan et al, 1987, Tegner and
Dayton, 1981!,

This potential "latitudinal vulnerability" and the lack of systematic, quantitative
investigations of S. franciscanus in northern California has led the California Department of



Fish and Game  CDF&G! to implement a three year urchin population survey from Bodega
Bay north 100 miles to Fort Bragg. The primary survey objectives were.

Determine strength of incoming year classes;
Determine density of urchins at study sites;
Compile size frequency distributions;
Catalogue substrate composition at study sites;
Determine degree of adult-juvenile association.

I.
2.
3.
4.
5.

Juveniles were considered urchins with test diameters of 50mm or less  Sloan er al,
1987! and one year olds as urchins with test diameters of 30mm or less  Pearse and Hines,
1987!.

The study area was an exposed shoreline characterized by rocky habitat and high
wave shock. The benthic features were typically vertical with seasonally dense growths of
algae to depths of SO fsw.

METHODS AND MATERIALS

Sampling occurred in two phases  Sloan, l972!. A "Broad Scale" survey was
conducted at regular intervals �.7 nautical miles! along 60 miles of the Sonoma and
Mendocino Counties coastline and a "Fine Scale" survey focused within the area of
maximum harvesting which was three miles north  Laguna Point! and 15 miles south  Van
Damme Bay! of Fort Bragg. Fine Scale sampling sites were selected to include headlands,
protected embayments, areas subjected to varying degrees of harvesting and different
directions of wave shock or currents  Ebert, 1988!. The Fine Scale survey included the
"undisturbed" Point Cabrillo Marine Reserve  PCMR! which has been protected from
harvesting since 1973. Transect sampling design was the same for both Broad and Fine
Scale surveys. Fine Scale surveys were in the spring  8 days! and late summer � days!
while the Broad Scale survey was during the first 15 days of August, 1988.

The survey team consisted of six certified research divers from Humboldt State
University  HSU! and one CDF&G diver. In addition, three other CDF&G divers and the
project consultant, Dr. J.D. DeMartini of HSU, assisted during portions of the sampling.
Dives were profiled using EDGE dive computers, powered by Kodak lithium batteries. A
mandatory stop was made at 15 feet for five minutes on dives over 30 feet and repetitive
dives within a 24 hour period were sequenced from deepest to progressively shallower
Divers used open circuit SCUBA, 1/4 inch wet suits and made two to thtee 45 minute dives
daily in 48-52oF water, During the project horizontal underwater visibility was from 2 to
40 feet, seas were calm and surge was moderate to extreme.

Transect Techniques

30

Sampling sites were selected, and base lines perpendicular to the shoreline were
marked using points on shore and surface floats at the SO foot isobath. Three benthic
transects were initiated at the base line and surveyed in an "up coast" direction. A two diver
team placed and surveyed a thirty meter transect line �.5 inch nylon line! along the 50, 35
and 15 foot depth contours  within ~ 5 feet!. Three teams simultaneously surveyed all three
depths at a single site, Transects were only placed if the substrate was predominantly
bedrock, boulder or cobble. Due to the stratified sampling design, sand or sedimentary
bottoms were not sampled because they were not urchin habitats. Transect lines were
marked every five meters, and one meter x 2.54 cm  I,D.! PVC pipe segments were
clipped to the lines by carabiners attached to the center of these "meter sticks", Meter sticks
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were slid along the lines and data was collected in the twelve 5x0.5 meter quadrats on each
transect  Appendix A!.

Divers used calipers to measure urchins to the nearest 5mm. Urchins less than 5mm
were considered too s~all to be consistently visible to the divers. The test diameter of the
first 30 urchins encountered on the transects were measured, urchins in each quadrat were
counted and canopy groups were described, Canopy groups consisted of juvenile urchins
 less than 30mm! sheltered by adult urchins  Sloan er al, 1987!. Sheltering consisted of
"test canopying", "spine canopying" and a previously undescribed "cluster canopying"
where adults tightly encircled but not overlapped juveniles. Groups of urchins of similar
size were considered aggregates and not canopied groups.

The percent of boulder/bedrock, cobble or sand substrate and the marine algae
canopy, subcanopy, turf and encrusting coverage on the transects was recorded. In
addition, red urchin competitors such the red abalone  Halioris rufescens! and purple sea
urchins  S. purpurarus! and the predatory sunflower star  Pyc»opodia helianrhoides! were
counted  Morris er al, 1980!.

Representative features and entire transects were taped with a Sony Handycam
8mm underwater video  Aqua Capsule 10! and photographed with a Nikonos 35mm
camera using slide film. Still and video pictures were made with both available and artificial
light.

RESULTS

Broad Scale Surveys

This phase surveyed 22 sites and 93 transects from Fort Ross in Sonorna County to
Jack Peter's creek  Phil's cove! in Mendocino County. The study area was almost equally
divided by the prominent nearshore features of Point Arena. The southern half was in turn
divided by the Gualala River and the northern half by the Navarro River. These four
"zones" were retained in describing the results and analysis of the data.

Mean urchin test diameter was 92mm  SD 30mm!. The smallest urchins were in the
1 1-15rrnn interval and the largest in the 171-175rnm interval. South of Point Arena mean
test diameter was 95mm  SD 30mm!, south of Navarro River 100mm  SD 30mm! and
north of Navarro River 74mm  SD 27mm! Size distributions were negatively skewed with
an accumulation of urchins near the 116-120rnm range. This was most pronounced
between Point Arena and Navarro River.

By depth, the mean test diameter was 108mrn  SD 30rnm! at 15 fsw, 89mm  SD
30mm! at 35 fsw and 86mm  SD 28mrn! at 50 fsw. The size distributions at 15 fsw were
negatively skewed. The inverse relationship between the depth and mean test diameters was
present in all zones except north of Navarro River where the smallest mean test diameters
occurred at the intermediate �5 fsw! depth.

Juveniles were 13.1% and one year olds were 3,3% of the total. North of Navarro
River juveniles were 7.7% and one year olds were 25.1% of the total urchins. The
percentage of one year olds north of Navarro River was almost twice that of other zones.
More one year olds, but fewer urchins between 50-30mm, were present at the 15 fsw depth
than at 35 or 50 fsw. The percentage of 5-90rnm class at 15 fsw was less than half that of
the deeper zones.
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The mean size of all canopy grouped urchins was 71mm  SD 36mm!. Urchins
providing a canopy averaged 100mrn  SD 23mm! and the mean diameter of sheltered
urchins was 39rnm  SD 16mm!. There were fewer canopied groups and the bimodality of
sizes within the canopied groups was most pronounced at the 15 fsw depth, Thirty-three
percent of all juveniles were canopied. Point Arena to Navarro River had the lowest
proportion of canopied juveniles, 11.4%, and Navarro River north had the highest at
39,8%.

The mean density for all sites was 1.3  SD 2.0! red urchins per square meter and
ranged frotn .2 to 3.4 urchins per square meter. South of Point Arena the mean density was
1.5 urchins per square meter with the trend for densities to increase with depth, North of
Point Arena, however, the highest densities were at 35 fsw and the mean density was,97
urchins per square meter. Almost half of the 558 lm x 5m quadrats had no urchins.

Transect substrates averaged 80% boulder/bedrock, 9% cobble and 11% sand,
Algal growth was typically lVereocystis luetkeana, Laminaria dentigera, Alaria margi nata,
Desrnarestia ligulara. Egregia menziesii, Cosraria cosrara down to 25 fsw. Below this the
crustose rhodophytes Calliarrhron ruberculosurn and Lirhortuvnnium spp. became the most
common algae. Transect coverage averaged 23% canopy, 39% subcanopy, 33% turf and
38% encrusting, Point Arena to Navarre River had the least and north of Navarro River the
greatest abundance of algae in the study area. Algae abundance decreased within increasing
depth and encrusting algae  primarily Coralline! was least affected by depth.

Red abalone averaged 9, Pycnopodia 3 and red urchins 39 per transect �0 square
meters!. However, at 15 feet red abalone averaged 13 and urchins 19 per transect.

Fine Sca1e Surveys

The spring and summer Fine Scale survey completed 133 transects at seven sites
between Laguna Point north of Fort Bragg and south to Van Damme Bay. Intensive
sampling was conducted to describe a variety of bathymetric and hydrographic features at
the Point Cabrillo Marine Reserve and at South Caspar Point which is approximately one
mile north of PCMR. The physical habitat of PCMR and South Caspar Point are very
similar but urchins have been heavily harvested at South Caspar Point and have not been
harvested at PCMR.

Mean test diameter was 87mm  SD 26mrn! at PCMR and 86mm  SD 31rnm! at
harvested sites. Sizes ranged from 6-10mm to 191-195rnm. Size distributions at PCMR
were bimodal with modes at 30 and 110mm, Bimodahty was not observed at harvested
sites. Headland sites had larger urchins  mean 95mm! than cove sites  mean 78mm! and
size distributions at cove sites were slightly bimodal. Spring sampling found urchins of
similar size at 50 fsw in harvested  80mm! and unharvested  81rnm! sites, while in the
summer survey urchins were of similar size at 35 fsw in harvested  90mrn! and
unharvested  91mm! sites, Summer data also showed that smaller urchins were deeper at
harvested than unharvested sites, South Caspar Point had the lowest mean urchin size
�3mm! but the highest density �.4 per square meter! of all harvested sites.

Juveniles were 18% and one year olds 6% of the spring urchin survey while
juveniles were 15% and one year olds 6% of the summer survey. The PCMR had 18%
juveniles and 9.6% one year olds in the spring and 18% juveniles and 8.4% one year olds
in the summer. Juvenile urchins at harvested sites averaged 13% of the total in the spring
and 18% in the summer while one year olds were only 2.3% in the spring and 4.8% in the
summer. Spring and summer surveys found that the percentage of one year olds and
juveniles increased with depth in both harvested and unharvested sites.
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The mean test diameter within canopied groups at harvested sites was 66mm  SD
32mm! and the PCMR site mean was 65mm  SD 38mm!. Canopy providers averaged
98mm  SD 19mrn! while canopied urchins averaged 33mm  SD 1 lrnm!. Within the PCMR
canopy bimodality was centered at 26-30mm and 106-110mm size intervals while the
harvested was 36-40mm and 86-90mm, Harvested sites in the Fine Scale survey had 43%
of the juveniles under canopy and 33% of the Broad Scale juveniles were in canopied
groups, The percentage of canopied juveniles increased with depth and the mean size of
these juveniles decreased. At the PCMR sites a higher percentage of juveniles and canopied
juveniles were observed than at harvested sites.

The average density was 2,6 urchins per square meter in the spring and 3.5 urchins
in the summer. Harvested sites had 1.6 urchins per square meter in the spring and 2,2 in
the summer. At the PCMR site mean densities were 7,3 urchins per square meter in the
spring and 6.7 in the summer, Summer mean site densities ranged from 0.0 to 10.4 urchins
per square meter and were highest at 35 fsw in harvested and PCMR sites. The summer
mean densities in the PCMR were 4.5 urchins per square meter at 15 fsw, 9.8 at 35 fsw
and 8.1 at 50 fsw, while at harvested sites the means were 2.1 at 15 fsw, 2.5 at 35 fsw and
1.7 at 50 fsw. Seventeen percent of the quadrats within the PCMR and 41% of the quadrats
within harvested areas did not have any red urchins.

Sites were 50% or greater boulder/bedrock and the substrate averaged 79%
boulder/bedrock on all transects except the 35 fsw transect at Van Damme �0%!. The
highest density of encrusting algae was found at PCMR in conjunction with the highest
density of urchins. High densities of abalone were found at sites with high and low urchin
densities, while the highest numbers of purple urchins occurred in areas of maximum red
urchin and sea star densities.

DISCUSSION

These speculations on the state of the red urchin populations within the study area
are drawn from a small data base and a temporally limited study. The inferences of this
preliminary report will hopefully be explored during repeated and expanded sampling.

Size Composition

Urchins at Broad Scale sites averaged 92mm, spring Fine Scale 87mm and August
Fine Scale 87mm which was comparable to the British Columbia Broad Scale sites mean
range of 84mm to 125mm  Sloan er al, 1987!. The higher test diameter mean of 10Smm at
15 feet compared to other depths and the sigmficantly lower mean size of 74mm north of
Navarro River is indicative of the intense commercial harvesting north of Navarro River
and at depths below 15 feet, The unharvested Point Cabrillo Marine Reserve had a
maximum mean test size at 35 feet  94mm! which is the depth of maximum fishing
pressure and minimum test size in harvested areas. Canopy providers seetn to be depleted
from commercial harvesting as the mean size of canopy providers was 9Smm in harvested
areas and the average size of commercially harvested urchins in northern California was
107mm.

Recruitment

Recruitment of juvenile red urchins in the Broad and Fine Scale surveys averaged
14.2% which is much lower than the 47.4% for urchins less than 60mm at Point Lorna in
southern California  Tegner and Dayton, 1981! and slightly higher than the reported in
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British Columbia  Sloan et ai 1987!. The lack of 10-20mm urchins �.2% of total! could be
a result of an unsuccessful 1987 and 1988 urchin spawning or settling. Sine~ the urchm
larvae in central California are in the water column about 2-3 months following a spring
spawning period and reach a size of 7-15mm by November, this could suggest than the
spring or August surveys will only record urchins from the previous spawning year and
only 1987 settlement can be considered low  Pearse and Hines, 1987!. The sampling
period of this survey may only record 1+ year old urchins or successful settlement has not
occurred,

A primary hydrographic feature affecting urchin recruitment in previous studies
appears to be upwelling. Islands in the southern California bight subject to upwelling had
urchin recruitment similar to northern California rates  San Miguel 9% and Santa Rosa
16%! while islands with minimal upwelling  Santa Barbara 55% and San Clemente! had
much better spawning success  Tegner, 1984!. Bradbury �988! reported lower
Iecruitment rates than in northern California in the Straits of Juan de Fuca and northern San
Juan Islands, high tidal current rates at these locations may mimic the larval or gamete
dispersion caused by upwelling. The significance of upwelling in the diminishment of
annual recruitment was reinforced when Ebert and Russell �986! found that recruitment of
purple urchins was substantially reduced on exposed points under the influence of
upwelling. While the sample size is very small, the entire study area of this survey is
subject to strong winds and subsequent upwelling therefore successful settlement of red
urchins in northern California may be an infrequent event

Canopy Grouping

Southern California studies by Tegner and Dayton �981! and Parker �979!
showed a strong bimodal size frequency distribution. This bimodality is indicative of
canopying, frequent recruitment and size selective predation  Tegner and Dayton 1981!.
This survey found only slight bimodality at PCMR, while all other sites showed a
negatively skewed distribution dominated by adult urchins. The paucity of urchins less than
20mm at all northern California sites and the lower number of canopied juveniles indicates
low recruitment and the absence of the predators  senorita Ozyjulis californica, spiny
lobster Panulirus interruptus, sheepheadSemicossyphus pulcher! that contributed to the
necessity for 81.2% of the less than 20mm urchins canopied by adults at Point Lorna in
southern California  Tegner and Dayton, 1977!, Cluster canopying was apparently a
stratagem utilized by populations of urchins with fewer one year olds and as an effective
defense against the primary predator Pycnopodia hehanrhoides, although no predatjon by
the sunstar was observed during the survey. The significantly lower number of canopied
juveniles in harvested areas may reflect the loss of larger canopy providing adults,

Density

The unharvested PCMR had over three times more urchins per square meter than
harvested areas within the study area. Perhaps more importantly three times more quadrats
in harvested areas were devoid of red urchins than in unharvested areas. The naturally
patchy distribution of urchins was exaggerated by harvesting. Although urchins wete most
abundant in harvested and unharvested areas at a depth of 35 feet, the urchins in harvested
areas were smaller and contained fewer juveniles. Harvested areas had fewer urchin age
classes and inordinately patchy distribution. Studies made before the 1984-85 expansion in
northern California urchin fisheries were limited in scope but indicated similar densitjes in
harvested areas and depth distributions as this survey. The only long term base line study
was the continuous 26m  increased to 40m! x 4m band transect maintained since 1981 b
the National Marine Fisheries Service near Albion which is north of Navarro Rtver
 Hobson 1989!. The red urchin densities on their transect dropped from 16 per squar
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meter in 1981 to 1.6 per square meter in 1987; 37,000 pounds of urchins were landed at
Albion in 1982. The density dropped to about 6,8 urchins per square meter during 1984-85
with minor fluctuations until reaching the lower 1987 density following the intensive urchin
harvesting north of Navarro River from 1985-87.

SUMMARY

1. A total of 224 transects and 6,702 square ineters were surveyed in 1988 during 436
transect dives,

Red urchin mean density was 1.3 per square meter on the Broad Scale survey sites
and 3.5 per square meter at the Fine Scale sites. Harvested site densities averaged
2.2 per square meter and the Point Cabrillo Reserve mean urchin density was 6.7
per square meter. The maximum Broad Scale site density was 3.4 urchins per
square meter while the maximum Fine Scale harvested site density was 2.2 per
square meter.

3. Thirty-one percent of all urchins measured in the Fine and Broad Scale surveys
during August 1988 were under 76 mm. In March of 1989, CDF&G established 76
mm  three inches! as the minimum test size for commercial harvesting.

Bimodality of urchin size frequencies was evident in the Point Cabrillo Marine
Reserve and indicated canopy grouping; this indicator was absent at harvested sites.
In spite of the fact that 38% of juveniles in harvested areas were canopied, this was
only 6% of the urchin populations at harvested sites.

5. Juvenile urchin frequency increased with depth and juveniles were 13% of all
measured urchins in the Broad Scale survey and 15% in the Fine Scale survey,

Recruitinent of juveniles into harvested areas is lower than in southern California
 Tegner and Dayton, 1981; Parker, 1979! or the unharvested Point Cabrillo Marine
Reserve, higher than Washington state  Bradbury 1988! and similar to British
Columbia rates  Sloan et al, 1987!.

7. Abundance, size composition and canopy patterns are more like those observed in
Washington and British Columbia than in southern California populations.

8. Red abalone densities were highest at 15 fsw and the algae cover has increased into
deeper water in apparent response to urchin removal.

Divers completed 23 dive days in the first 24 days of August. Diver performance
was consistently high with only hypothermia  water and wind! being a limiting
factor, The Edge computers were run continuously and battery life was
approximately 10 days. Maximum dive depth was 127 fsw and all dives were
within no-decompression limits,
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APPENDIX A

Revised: 7- 21-89

Each team will be collecting 3 categories of information, each will be recorded separately:
a. Sizes of the first 30 urchins encountered by the team
b. Sizes and relationships of canopied urchins
c. Raw counts of urchins by quadrat

5-10 10-15 15 - 20 20 - 25

I II I

I I
15 -20 20- 255- 10 10- 15

1, First team member lays out 30m transect line along proper depth contour, making
sure to take a meter stick.

2. First team member then swirns back along line and counts all urchins on the transect
while recording total urchins per quadrat on data slate,

3. Second team member has already begun to measure 30 urchins, tallying NON-
CANOPIED urchins of caliper and marking plus circling CANOPIED Ipoups on
data slate,

Canopied =

4. When first diver completes count, he/she finds second diver and determines if more
measurements are needed to attain 30 If needed, both divers then continue as in ¹3
until the 30 are measured.

5. When at least 30 are measured, divers go to opposite sides of the transect and
search only for CANOPIED groups. Each diver measures and records but ~~
gimlet. the FIRST FIVE CANOPIED groups encountered.

6. Each diver is responsible for recording the g~~~ of SUBSTRATE TYPE,
ALGAE, PURPLES and 111UBj;i~ of ABALONE and SUNSTARS.

7. Data should be transcribed to data sheets immediately after dive with one sheet per
transect. Remember to complete HEADER AND COMMENTS.

8. Each team member will double check transcribed data and initial data sheets before
the slates axe cleaned and data sheets turned in.

0-5
LEFT  A side! I

0
RIGHT  B side! I

0-5

 Adul ts!

 Juveni 1 es!

25- 30

I
3chl

I
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ROMEO, A TOOL FOR AUTONOMOUS SHALLO% %ATER MAPPING
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Romeo,  Remotely Operated Mapper for Environmental Observation! is a
small, hi gh speed, autonomous, surface vehicle under development at the
University of Rhode Island, The design and construction of this project was
undertaken as an advanced instrumentation course in Ocean Engineering.
The platform is an eight foot water jet propelled boat, similar in nature to a

j et ski. Romeo may be operated either in autonomous mode, or driven by an
operator. The idea is to provide a low cost tool for conducting shallow
water surveys, thereby eliminating the need for expensi ve ship time. One of
the main advantages of such a tool, is the ease with which repeated surveys
may be handled. The present sensing capability includes: vehicle speed,
vehicle heading, vehicle position, water depth, and surface temperature.
Future sensing capability may include a wi nch to lower a profi ling sensor
such as a CTD, transmissometer, fluorometer, or a dissolved oxygen
sensor, as well as additional navigational and obstacle avoidance systems.
The onboard instrumentation includes a Motorola 68000 microprocessor,
and a two-way, radio frequency link to a shiplshore mounted
microprocessor. The onboard processor handles digital data logging, and
controls vehicle heading, speed, and engine functions. The vehicle is ready
for a data collecrion field test under manual operation, Once such a test has
been successfully completed, the vehicle control actuators will be installed,
and autonomous vehicle control will be tested.

INTRODUCTION

The design and construction of ROMEO has been undertaken by a team of
advanced Ocean Engineering graduate students under the direction of Dr. Robert C. Tyce.
ROMEO was conceived as a solution for the lack of an economically efficient means for
conducting shallow water surveys.

The idea of an autonomous survey vehicle is not entirely new, Vehicles such as
DOLPHIN  Staff, 1984! and HYDRIS  Measurement Devices Limited! have been
successfully operated in autonomous mode, The former performed well in the continental
shelf waters of the eastern coast of Canada, and the latter being a low cost shallow water
vehicle, but having a significantly slower operating speed  on the order of three knots!.
Neither of these vehicles handle the high speed  l0-35 knots!, shallow water � - 300 feet!
operation which ROMEO is designed to handle.

Early on in the project it was decided to purchase an existing boat which could be
modified, and equipped to handle digital data acquisition. The vehicle chosen was an eight
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foot long water jet propelled power craft.  Figs, l and 2!, A forty horse, two stroke
inboard engine powers ROMEO to speeds in excess of 35 knots, This vehicle was
designed as a pleasure boat, capable of carrying an operator, and a passenger,

Ftgorc i. Side vicvv of ROMEO

The general specifications used to design ROMEO were:
l. Capable of surveying at high speed, up to 30 knots;
2. High portability, tequiring a tninirnum of three people to operate;
3. Operated autonomously from a shore, or support ship computer station, or

driven by an onboard operator;
4. Operate in autonomous mode at ranges up to 3 miles;
5. Capable of track following for repeated survey lines;
6. Able to collect environmental data as well as bathymetric data;
7. Fuel capacity for at least 4 hours of operation;
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8, Able to operate in waves up to 2 feet.

Figure 2. Top view of RoMEo

At present ROMEO has the following operational systems, shown in block diagram
form in figure 3:

An electrical system capable of powering all onboard electronics, including
a small winch;

2. An engine/water pump propulsion system capable of powering the vehicle
to speeds in excess of 30 knots, as well as powering a 30 amp marine
alternator;

3. A data system capable of collecting depth, surface water temperature,
heading, speed, and vehicle position;

4, A communication system capable of receiving command messages from
shore and sending data/status messages to shore.
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Figure 3. Block dtag ram of ROMEO nluliratina operational ayst~~l.

The plans for complete ROMEO instrumentation are illustrated in figure 4, and
include: 1. A winch system capable of lowering a small sensor package;

2. A collision avoidance system to be used during autonomous operation;
3. Advanced navigation systems;
4. A small terminal for operator command entry and information display.

MODES OF OPERATION

ROMEO was intended for operation in several modes: first, ROMEO may be driven
by an operator. A user conducting a shallow water bathymetric survey may want to
manually drive the boat along the shoreline to obtain a coastline database, This is
straightforward, since the vehicle has a draft of less than one foot of water. As shown in
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figures I and 2, the operator can see all of the vehicles status lights, and data instrument
screens. The operator also has command of all system controls via the switch bank.

Flgore 4. Block diagram of ROMEO at complete deveiopIoeat.
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Second, ROMEO may be operated in remote control mode  no operator on board!.
In this mode of operation, a remote control station may be set up on shore, or on another
vessel. ROMEO would remain at a range well within the line of sight from the remote
station. An onboard autopilot controls vehicle heading along a specific course. Commands
from the remote station operator can modify the vehicle heading and speed, as dictated by
vehicle position feedback. The remote station can modify any of the systems controlled by
the ROMEO onboard computer.
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Third, ROMEO may be operated in autonomous mode, whereby the onboard
computer guides the vehicle through a pre-programmed mission. In this case, the vehicle
progress would be monitored either ashore via the radio data link, or aboard ROMEO by an
observer, who would insure safe operations. This mode would be most valuable for
repeated surveys, such as done routinely in harbor dredge channels.
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A multi-vessel survey is also envisioned, Where there niay be several autonomous
vehicles operating simultaneously. These vehicles would be controlled from a s»gIe remote
station, with vehicle commands transmitted in a common frequency and identified by an
individual vehicle designation header, and vehicle data returned on separate c" anne

In all of these modes of operation, ROMEO is intended to follow a grid of
tracklines, or a sequence of stations for measuring water column properties.

SYSTEM DESCRIPTION

Computer

The onboard computer system is a Motorola 68000 based VMEbus computer
systems made by Matrix instruments. This system operates under OS9, which is a real-time
multi-tasking operating system. The remote computer system is a MicroVax II. The two
computers communicate through a 1200 baud UHF radio link. This full duplex RS232
modem is made by Repco Co. The radios have independent transmit and receive
frequencies, and use a duplexor to permit simultaneous transmission and reception.

In order to minimize problems from vibration the onboard computer system is
EPROM based, instead of being disk drive based. The necessary operating system modules
and the real time executable images for data logging and vehicle control are programmed
into EPROMs, with data stored in RAM.

The onboard computer software was written in 68000 assembly language. These
real time routines log data to memory, monitor vehicle status, control transmission af data
to shore, and listen for command messages from the shore control station, Mission
configuration software, which is run prior to each survey allows flexibility for specific
operations. The user may select desired data to be logged, where these data are stored  i.e.,
the onboard computer or the shore computer, or both!, and various other setup features.

A MicroVax computer system was chosen as the remote system because of the
extensive amount of post processing and map making software available to that system at
URI's Ocean Mapping Development Center. The remote station software is written in Vax
Fortran.

Figure 5 is a signal flow block diagram showing the remote  shore! station at the
top of the figure, and the vehicle components below. The vehicle computer system is
shown at the left, expanded to illustrate it's four major boards. The vehicle's UHF modem
is connected directly to the CPU  central processing unit! board. A 32 bit parallel interface
board is divided in half with 16 bits dedicated to output, and 16 bits dedicated to input. A
serial interface board is used as the input port to receive data from the sensors. The
connections from each board to the vehicle components are also shown in figure V.
Control

The vehicle control system is capable of operating the following functions;
1. Engine ignition
2. Engine start
3. Engine choke
4. Engine throttle
5. Fuel tank selection  from 2!
6. Autopilot controls
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7. CB radio transmission

Each of these functions may be controlled manually by an onboard operator, via the
switch bank, or they can be controlled remotely through the onboard computer, from the
remote station. The engine ignition, start, choke, throttle, fuel selection, and CB radio
transmission are all operated through l 2 volt relays, The CB radio is used to provide audio
communication between an onboard operator and the remote station, as well as to allow
audio monitoring by the shore operator of engine functions such as startup.

The vehicle uses an Autohelm 3000 to control the vehicle heading. The autopilot's
remote input is used for adjusting the course to steer, and controlling auto/standby modes,
Once established on a course and commanded to maintain it, all the adjustments to maintain
course are handled by the Autohelm 3000. The autohelm rotary actuator drives a belt to turn
the vehicle's steering wheel.

Data/Status

The vehicle heading, vehicle speed, and water depth information are acquired
through a Datamarine Link 6000 system, This system has a digital RS 232 output which
sends data to the computer system. Speed and heading information are output once every
second, and depth information is output 10 times per second. The surface water
temperature is measured via a Metrabyte J type thermocoupie interface. This instrument has
a digital output which sends serial RS232 data to the computer. The temperature data output
rate is user determined by means of the mission configuration software. The vehicle
position is determined using a Furuno LC90 loran. The loran has a serial output which
sends data to the computer, Vehicle position data is sent to the computer once every four
seconds, Required interface circuitry for the data systems are housed in the computer
enclosure.

Loran C navigation provides vehicle position with an accuracy of approximately
100 meters, but the system repeatability is on the order of 30 meters. There are several
other navigation systems which have better accuracy and repeatability which are being
considered for future vehicles, With the space shuttle program back in operation, it is
expected that the Global Positioning System  GPS! will be fully operational in the near
future. GPS receivers with RS232 ASCII output are envisioned as the primary navigation
source, once around the clock coverage becomes available. If more accurate navigation is
required, active positioning systems such as Mini Ranger may be employed, with shore
software ah eady implemented.

Future design calls for the addition of a small winch to the back end of the vehicle,
This winch would provide a means for lowering an instrument to obtain depth dependent
data. Sensors envisioned include: a CTD for measuring conductivity, temperature and
depth, a fluorometer for measuring the concentration of some previously released dye,
transmissometer for water clarity measurement, and a dissolved oxygen sensor.

Critical vehicle status information is continually monitored. The following
conditions are checked:

1. Water in the computer enclosure;
2, High temperature in the computer enclosure;
3. Water in the bilge;
4. Fort fuel tank low;
5. Starboard fuel tank low;
6. Engine temperature high;
7. Engine rpm high;
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8. Battery discharging.

Ffgare 5. ROMEO system flow dfagratn. Top oatlfned sectfon ls shore
station, shown connected to the veh tele by UHF and CB radto Rnks.

The occurrence of such a condition is flagged by the grounding of a current limited
computer input by a switch, This results in a red, light emitting diode on the vehicle dash
board being turned on, and a warning condition raised in the computer.

In order to insure safe operation, the status of the communication link to shore is
monitored by a "watch dog timer". A run command is continually sent to the vehicle
thr«gh the UHF modem. If this command is rtot received by the vehicle, the watch dog
timer hardware will interrupt the ignition circuit to turn off the engine after 1-2 seconds,

46



Byrne cl al: ROMEO, a tool for autonomous shallow waar mapping

PRESENT STATUS OF VEHICLE

Currently, ROMEO has an operational computer system, and cornrnunication
system, and is capable of collecting and storing bathymetric, temperature and navigation
data while being driven by an onboard operator. Long range plans call for cotnpletion and
testing of autonomous vehicle control,
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DEPTH RANGE OF PRODUCTIVE BENTHIC MICROALGAE

Lawrence B. Cahoon
Jacob F.. Cooke
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University of North Carolina at Wilmington

Wilmington, NORTH CAROLINA 28403 U.S.A.

Sediment samples collected across the North Carolina continental shelf and
upper slope during research cruises in 1984 and 1985 revealed the presence
of apparently viable benthic microalgae down to depths as great as 285m.
Microalgal biomass, measured as chlorophyll g, and total living biomass,
measured as ATP, were highly correlated across a range of depths from I I
to 285m. The research submersible R/S JOHNSON SEALINK was
subsequently used to conduct jn ~it incubations designed to test the
hypothesis that microalgae can photosynthesize at 285m. No evidence of
active photosynthesis was found, but planktonic microalgae  centric
diatoms! were cultured from sediment samples collected from this site. The
depth limit for productive benthic microalgae must therefore be somewhere
between 41m, the lowest limit reached so far in studies of ~ ~ benthic
productivity using wet diving, and 285m. This depth range corresponds to
the outer conti nental shelf, a biologi cally interesting but poorly studi ed area.

INTRODUCTION

The recent discovery by Littler et al. �985! of viable macroalgae at depths up to
268m in very clear ocean waters has raised the possibility that autotrophic pmduction might
occur in continental slope habitats at depths previously considered too great to allow such
production. If so, benthic primary production might play a hitherto unsuspected role in
supporting continental slope and shelf edge communities.

Cahoon �987; 1989! has demonstrated that production by benthic microalgae can
be significant in the continental shelf ecosystem of North Carolina. At times, benthic
microalgal production can equal integrated phytoplankton production in these waters, The
concentration of benthic microal gae, which are primarily pennate diatoms, at the sediment-
water interface represents a potentially important food source for herbivores associated with
the sediment. However, measurements of benthic microalgal production have been
conducted so far by SCUBA or surface supplied air, which has limited this work to depths
less than 41m. Therefore, nothing is known about the extent of benthic microalgal
productivity beyond this depth, or about the importance of benthic microalgae in the outer
shelf or continental slope regions.

Studies of benthic microalgal distribution in Onslow Bay, North Carolina,
conducted during two cruises of R/V CAPE HATTERAS in 1984 and 1985, suggested that
viable benthic rnicroalgae might occur in sediments across the continental shelf and down
onto the continental slope, which underlies the clear waters of the Gulf Stream  Fig. 1;
Cahoon et al., in prep.!. Chlorophyll tt, a microalgal biomass indicator, was found in all
sediment samples collected at depths ranging from 11 to 285m  Table 1!. The technique
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used to quantify this chlorophyll st eliminated interference from degraded pigment, and so
can be used to estimate intact or viable chlorophyll 1L  Whitney and Darley, 1979!. ATP,
an indicator of total living biomass, was also found in each sediment sample  Tab]e 1!.
Chlorophyll st and ATP were positively correlated across sampling locations  r2 = 0.50, F
= 49.87, df = 1,51, P <0.0001!. These observations suggested that benthic microalgae
were a major fraction of total living biomass in all the sediments sampled.

Figure i. Continental shelf and Slope sampling StauOnS in Onslow Bay, North Carolina.
Rls JOHNSON SEAUJVK dive site denoted by ~. 4 - 1984 site, ~ 1985 site.

7~ ~w

m
Additional observations suggested that the benthic nucroalgal biomass found at the

sampling locations beyond the continental shelf break  ca. 55m! may have been produced
in situ. Sediments from the deepest stations were characterized by very low quartz sand
content, and were dominated by glauconite minerals, which indicates a slope origin, rather
than derivation from shelf sediments via down-slope transport  W. Cleary, UNCW Earth
Sciences Dept,, pers. comm,!, Direct observations using epifluorescence microscopy of
sediment samples from sampling locations 42 � 45  Fig. 1! stained with acridine orange
revealed the presence of a variety of organisms that were alive when originally collected.
Between 100 and 1000 green-stained bacteria were observed in each microscope field for
all samples. An average of one or two larger fluorescent cells appeared in each field.
Roughly half of these were stained orange and the others green. These cells varied in shape
and size, ranging from approximately 10 pm to 50 lim in length. From these shapes, sizes,
and staining characteristics it appears that a variety of viable eukaryotic cells co-occurred
with iriuch more numerous bacteria in these sediment samples. A few of these larger cells
were tentatively identified as diatoms, but no other attempts to identify them were made.

The observations above suggested the exciting possibility that productive benthic
microalgae might occur in continental slope sediments down to 285m. However, two other
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explanations for these observations could not be ruled out with the data in hand. First, at
least some species of benthic rnicroalgae are known or are likely to be heterotrophic,
deriving their nutrition from organic substances while maintaining pigment complements in
the absence of light flux sufficient to support autotrophy. Second, dormant or resting
stages of microalgal forms, while containing pigments and ATP and appearing viable,
might accumulate but not grow in slope sediments.

Table 1. Distribution of chlorophyll tt and ATP in the seditnents of Onslow Bay, North
Carolina. Data are tneans/s.d.; n -  tt stations!.

Chlorophyll g
 ug/g sed!

ATP
 ug/g sed!

Depth Contour
interval  rn!

10-19

20-29

30-39

40-49

50-99

100-199

>200

The study reported here was designed to test three possible explanations for the
microalgal signal observed in continental slope sediments off North Carolina: autotrophic
production in situ, heterotrophic growth of pigmented microalgae, or accuxnulation of
dormant microalgal forms.

METHODS AND MATERIALS

The study site was one of the continental slope sites visited during an earlier cruise
of R/V CAPE HATTERAS in October 1985, located at 33o02.4'N, 77o19.3'W,
approximately 60 miles SSE of Cape Fear, North Carolina  Fig. 1!. This site was 280m
deep, with bottom sediments consisting of light brown material overlying black
phosphorite sediment. The bottom had extensive sediment scarps with as much as lm
relief. There was a northeast current of about 0.1 to 0.2m/sec during our operations.
Bottom sampling, in situ incubations, and other measurements and observations were
conducted using the R/S JOHNSON SEALINK, deployed from the R/V EDWIN LINK
during a cruise off the North Carohna coast in August, 1987.

The basic approach used to detect autotrophic production by benthic microalgae was
i/t situ incubation of replicate light and dark benthic chambers amended with radiolabelled
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�7!

0.67/0. 52
 s!

0.44/0.19
�7!

0,38/0,11
�!

0,18/0.12
�!
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�!

0.48/0.54
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�7!
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�!
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�!
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�!

0. 12/0.04
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bicarbonate. A subsequent shipboard incubation of retrieved sediments with radiolabelled
organic compounds was used to detect heterotrophic activity.

Benthic chambers used for in situ incubations were Ekrnan grabs �5 x 15 crn!
fitted with clear Plexiglas  light treatment! or opaque PVC  dark treatment! as the top of the
grab in place of the metal doors on a standard Ekman grab  Fig. 2!. These one-piece tops
were hinged at one side, with a snap clasp at the opposite side and foam rubber around the
edges to provide a seal after closing the top. A whirling cup rotor device  Cahoon, 1988!
was built into the center of the top to provide stirring by ambient flow after deployment. A
10-ml plastic syringe containing radiolabelled solution was attached to each top.

Figure 2, Line drawing of Ekman grab modified for use as self-stirring benthic incubation
chamber. Grab is shown deployed, top closed, bel'ore injection of labeled solutes.

T-handle

Two light and two dark chambers were deployed during a dive on August 10,
1987. Prior to actual placement of the chambers, the submersible's lights were
extinguished for 20 minutes while the submersible sat on the bottom to permit measurement
of ambient light flux using a LiCor Li-1000 Integrating Quantum Meter and LI-193
Spherical Quantum Sensor inside the forward compartment of the submersible. A flat
portion of the bottom was then selected and the submersible's manipulator arm was used to
place each of the modified Ekman grabs  open! in a row on the bottom, alternating light and
dark grabs. Each grab was pushed far enough into the sediment to ensure a good seal.
After placement, the manipulator arm pressed down each of the tops until it snapped shut,
sealing the grab. The arm was then used to depress the plunger on each syringe, thus
injecting radiolabelled solution  nominally 50 pCi l C HCOs in 37 ppt NaCl, 10ml total
volume; solutions in the dark syringes included 125mg L'iCMU, a photosynthesis inhibitor!
into each grab, beginning the incubation.

Grabs were retrieved during a dive made the next day. Visual observations
confirmed that the rotors had been stirring during the incubation. The submersible's
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manipulator arm was used first to trip each grab, closing it, and then to pick it up and place
it in a light-tight box for return to the surface,

The contents of the grabs were processed in a dark room illuminated only with red
light immediately following return to the surface. The water in each grab was siphoned off
carefully. Sediinent subsamples were taken for microscopic examination using
epifluorescence and for incubation with f� nutrient medium to look for growth by viable
microalgae. Sediments remaining in each grab were subsampled with a 1 crn diam. coring
tube. Triplicate cores were taken from each grab for bacterial chlorophyll g analysis  Caraco
and Puccoon, 1986! and total chlorophyll g analysis  Whitney and Darley, 1979!, In
addition, eight cores were also taken from each grab for subsequent incubations with
radiolabelled organic compounds for detection of heterotrophy,

Incubations for detection of heterotrophy began immediately after sediment samples
had been processed. Individual core samples were placed in glass screw cap tubes, which
were filled to a total volume of 10ml with filtered seawater after amendment following a
nested design as follows: half the tubes were wrapped in aluminum foil  dark! and half
were exposed to fluorescent light at an intensity similar to that on the bottom at the study
site during daytime through the use of neutral density filters  light!; half the tubes were
amended with a i4C labeled solution of organic compounds  '4C glucose, approximately 1
pCi, and '4C Na-acetate, approximately 1 pCi! and half were not, Half were amended to
lmM glycine, in order to stiinulate heterotrophy by addition of an organic nitrogen source
and half were not  Table 3!. As a control for uptake of labeled compounds by inorganic
processes  adsorption, etc.!, eight tubes with sediment that had been frozen were incubated
in the dark at a later date with the same '4C labeled solution of glucose and acetate. Thus,
there were eight treatment groups, with four replicate tubes in each, plus the eight control
tubes. Incubations lasted 24h, after which the tubes were frozen and stored for later
analysis.

Laboratory analysis of sediment samples for detection of autotrophy and
heterotrophy began with thawing the corresponding sediment samples, decanting the
supernatant water, and extraction for 24 h at 4'C in 90% acetone. One ml of the resulting
extract was dissolved in 10ml of scintillation cocktail  Ecoscint, National Diagnostics! for
liquid scintillation counting of t4C activity on an LKB RackBeta counter, which was
programmed to correct for color and quench using external standards. The reinaining
portion of the acetone extract was analyzed for chlorophyll a content according to Whitney
and Darley �979!. Autotrophic production should have resulted in labeling of acetone-
soluble fractions of extracted microalgae  lipids and pigments! via incorporation of '4C
HCO3 in the light treatments, as Welschmeyer and Lorenzen �984} have found. Similarly,
heterotrophic production should have resulted in labeling of acetone-soluble fractions
extracted from microalgae incubated with ' C labeled organic compounds at higher rates in
viable rnicroalgae than in those that had first been frozen. Measurement of radioactivity in
lipid fractions was chosen in preference to more direct analysis of radioactivity in
particulates because of interference from adsorption of labeled materials by sediments.
Incorporation of radioactive carbon into lipid fractions from aqueous solution should occur
only via biological uptake.

RESULTS

Comparisons of light measurements at the bottom with the submarine's lights on
and off allowed determination of ambient light flux and the light flux attributable to the
submarine's presence. Ambient light flux to the bottom peaked at about 0.0025 pEinsteins
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m 2 s l, which is about G.OOG] 2% of surface incident radiation  approx. 2000 ]tE m- s-'!.
These va]ues correspond to a light extinction coefficient value, k, of approximately O.G4,
which indicates clear water, but not the very clearest reported  Jerlov, 1970!, Light flux to
the bottom p ~~ shK ly about so] nmn. Int gmmnatmd light flux for the 24h p ri~
over which the irt sire incubation was conducted was approximately 51,5 ]tE m s . Light-2 -1

flux attributable to the submarine's lights during a 10 min period following injection of
labeled solutions to begin the incubation and during a 20 minute period preceding recovery
of the grabs was approximate]y 37.8 and 1]5.2 ]tE m s, respectively. Thus, the
submarine's lights provided about 3 times as much light for the light treatment grabs as
natural ambient light provided. Ambient light levels were low, corresponding to predawn
levels, with visibility of about 5 to 7m.

Table 2. Radiolabeling of acetone extracts  dpm C/ml extract! of sediment samples from4

light and dark grabs. There were no significant differences among grabs �-way ANOVA,
F 1.92, n-3,20, P-0,1583, n.s.!,

Light 2 Dark 1 Dark 2Light 1Grab:

50.2
46.4
40.5
43,4
42.0
54,8

4s.s
44.2
39,6
54.6
49.9
51,3

4!.0
49.1
46.5
49,3
38,1
49.0

47.9
57,g
5S.1
44.7
49,8
50.7

51,0 45.5 46.2 48.1

Microalgal biomass was estimated as chlorophy]1]] in sediment subsamples from
the heteratraphy experiment by the method of Whitney and Darley �979!. This method
uses extraction in acetone followed by partitioning with hexane to eliminate some of the
degradation products af microalgal pigments that are common in sediments and interfere
with accurate measurement of intact chlorophyll ]]. Average chlorophyll ]] content of the
sediment subsamp]es was 0.238 pg/g sediment  s.e. = 0.094, n = 32!, a value that is about
42% of the average value for continental shelf and slope sediments and about 50% of' the
value for slope sediments deeper than 200m reported by Cahoon er ed.  in prep.!.

Bacterial ch]orophyl] st was estimated by the spectrophatometric methad of Caraco
and Puccoon �986! in order to correct for any contribution to total chlorophyll ]L from non-
microalgal sources. Half the sediment subsamples taken from the grabs on their initial
recovery were used for estimation of total chlorophyll s] by the Whitney and Darley �979!
method, and half the subsamples were analyzed for bacterial chlorophyll ]]. Average total
chlorophyll p in these samples was 0.326 ]tg/g sediment  s.e. = 0.044, n = 11!, and
average bacterial chlorophyll ]t was 0.124 ]tg/g sediment  s.e, = 0.024, n = 11!. Thus,
most of the chlorophyll 1] in the sediments was microa]ga], although bacterial ch]orophy]] lt
was apparently not negligible; the simi]arity of the absorption spectra for algal and bacterial
ch]orophyll st make it likely that some bacterial chlorophyll a would be "found" even if there
were little of it actually present.
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Scinti]]ation counting of the acetone extracts from the sediment subsamp]es from the
light and dark grabs revealed that very little ' C was incorporated inta the acetone-sa]ub]e
fraction  Table 2!, Furthermore statistica] comparison of ' C activity in sediments from
light and dark grabs revealed no significant difference between these treatments  Tab]e 2!.
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Therefore, there is no evidence for autotrophic production, even with the enhanced light
flux provided by the submarine,

Table 3. Radiolabeling of acetone extrar.ts  dpm 14C/ml extract! from sedimeats used in
heterotrophy experiments'. "Gl-Ac" - C labeled glucose and acetate, "lmM Gly" lmM
g lycine.

GI-AC
Light

1 mM Gly 1mM Gly

125301
132341
121471
142067

129959
112817
127616

98898

26465
1184
1999
231

375
833
203
189

130295 7470117323

Dark 107307
112451
108749
114902

126646
116003
134896
129103

762
1995
220
318

824

3610
1198

577
139

110852 126662 1381

Control

174707
150818
179986
l66846
157806
132519
177212
191824

166464

' A one-way ANOVA was used to coinpare the treatments, excluding the control treatments;
there were significant differences among Ihe treatinents  F-246.19, df 7,24, P <0.0001!,
Duncan's multiple range test was then used to coinpare treatments, resultiug in the
following groups, within which there were no significant differences at alpha 0.05: Group
A: Light/Gl-Ac/-, Dark/Gl-Ac/-; Group B: Dark/Gl-Ac/- ~ Light/Gl-Ac/1 mM Gly; Group C:
Light/Gl-Ac/lmM Gly, Dark/Gl-Ac/lmM Gly; Group D: Light/-/lmM Gly, Dark/-/-. Dark/-
/1 inM Gly, Light/-/-.

55

The results of scintillation counting of the sediment subsamples incubated with
organic substrates showed that large amounts of labeled material were present in acetone
extracts from sediments incubated with 14C labeled organic compounds  Table 3!.
However, the amounts of radioactivity in the controls  previously frozen sediments
incubated with labeled organic compounds! always exceeded the amounts of radioactivity
found in the live treatments. Simple solution of labeled glucose and/or acetate in the acetone
solvent could account for the radioactive labeling observed in this experiment. Exposure to
light did not support enhanced uptake of labeled organic compounds compared to samples
incubated in darkness  Table 3!. Addition of glycine did not enhance uptake of labeled
organic substances  Table 3!. Finally, there is no evidence that continued incubation of
sediment samples in the laboratory without '4C labeled organic substrates resulted in



enhance J uptake of remaining ' C HCO3 in light treatments with or without added glycine
 Table 3!, Therefore, there is no evidence here that any autotrophic or heterotrophic activity
attributable to mictoalgae occurred in these sediments,

Observation of sediment samples using epifluorescence microscopy and staining
with the vital fluorescent dye Rhodainine 123  R. Dillaman, Dept. of Biological Sciences,
UNC Wilmington, pers. comm.! immediately after return to the laboratory revealed a
variety of live cells. Under the conditions used for these observations, living cells appeared
yellow and chlorophyll-containing cells appeared red. Ten microscope fields were
observed. A total of 28 small yellow cells, 10 large yellow cells, and 3 red cells were
observed. These observations are similar to those from sediment samples taken during an
earlier cruise to this location  Cahoon, pers, obs.!, and suggest the presence of a variety of
viable cells, at least some of which were too large to be bacteria, and at least some of which
contained chlorophyll. Thus, viable, but perhaps inactive or dormant microalgae aplcared
to be present in these sediments.

Several sediment subsainples were incubated in glass test tubes with f/2 medium
 Guillard and Ryther, 1962! in subdued laboratory lighting for four months after the cruise.
Subsequent examination revealed growth of a variety of microalgal species in these tubes.
Concurrent incubation of supernatant water from the grabs yielded no identifiable
microalgal growth, indicating that the procedures used to ensure clean culture techniques
were effective and that contamination of the grab samples by plankton from the upper
layers of the water column was unlikely. The microalgae present in the sediment-containing
tubes included the centric diatoms Melosira and Thalassiosira, pennate diatorns tentatively
identified as Navicula and Fragihria, and unidentified small flagellates. Most if not all of
these microalgae can be characterized as common planktonic forms. It seems likely that
these microalgae were present in the sediments as dormant stages, and became active again
after some time in laboratory conditions.

DISCUS SION

The results of our measurements and experiments indicate that even though there is
a microalgal biomass signal in the sediments on the North Carolina continental slope, there
is no evidence that autotrophic or heterotrophic activity is sustained at this depth by
microal gae.

Light flux to 285m at this site is considerably less than the levels classically thought
to sustain plant growth  the 1% light level!, and is also much less than the light levels
reported by Littler er al, �985! to be available at the site where they found viable
macroalgae. Falkowski �988! has calculated that 0.1% of surface incident radiation is the
minimum required to support oxygen evolution by plants. This is approximately three
orders of magnitude more light than we ineasured at our study site. On this basis alone it is
safe to say that autotrophy should not occur under these conditions, even with considerable
shade adaptation by resident microalgae  Parsons et aI., 1984!.

It is important to note that the biomass signals that indicated the presence of
microaigae in continental slope sediments and led to this study were quite consistent, but in
this case misleading. The presence of intact chlorophyll L ATP, a positive correlation
between these parameters, and positively staining cells in microscope fields all suggested
the presence of viable rnicroalgae. It appears that the presence of viable but dormant forms
of microalgae, that is, spores and cysts, can account for all these observations.
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Consequently, the presence of truly active microalgae can only be verified by physiological
measurements of microalgal processes, as we have attempted to do here.

Although our results are negative in a sense, they serve one other purpose. It is
clear that the depth to which productive benthic microalgae extend is probably much less
than 285m. Assuming that Falkowski's �988! estimates of the minimum light
requirements for plant growth �.1%! and our estimates of the light extinction coefficient in
these waters �.04! are approximately correct, then the maximum depth to which
productive microalgae might extend would be on the order of 170m, well past the North
Carolina continental shelf break, which is at approximately 55m  Menzies er al,, 1966!.
Thus, we predict that productive microalgae should occur across the entire continental shelf
of North Carolina.
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A total of 26 stationary diver censuses of reef fishes were carried out in
1988 and 1989 at low and hi gh relief stations on a midshelf rock scarp, A
total of 4,485 individuals representing 31 species in 16 diferent families
was recorded. Numerically dominant species for 1988 were the purple
reeffish, Qiilrri~ig ~ the belted sandfish, g~rr ~ ~gj~~i and the
slippery dick, J~!~Qgr~ gi~gga~. For 1989, spottail pirifish, gjgi~f~

dt' d ', ~d'
were also abundant. Of 17 species occurring both years, four had
significantly diferent interyear abundances. +l~rgjg ~ yellowtail
reefgsh, Q. ~nfl~~ and blue angelfish, i~!anti ~ @~~~i had
signi ficantly higher abundances at high relief stations and Q. ~v' ~g was
significantly more abundant at low relief stations. Many of the abundant
species have tropical affinities and extend their distributions into the
Caribbean Sea.

INTRODUCTION

Hard substrate marine habitats  rock ledges, coral reefs, hard bottom and man-made
structures! are well known for their large populations of associated fishes. In North
Carolina waters, hard substrate habitats are locations for important recreational and
commercial fisheries for snappers, groupers, porgies, black sea bass, king mackerel and
other species that are harvested primarily by hook and line or trapping  Huntsman, 1976;
Grimes et al,, 1982!. This fishery is continuing to grow rapidly owing to high demand for
quality seafood. Fishing pressure on the reef-associated fishes continues to increase as
fishermen become ever more efficient at exploiting the reefs.

As part of a long term study describing the fish resources of these reefs, we are
characterizing the reef fish community inhabiting a rnidshelf rock outcrop in Onslow Bay,
North Carolina. We describe the inshore reef fish communities elsewhere in these
proceedings  Lindquist er al,, 1989!. Previous studies of the midshelf commumty are based
largely on destructive and biased sampling techniques such as hook, line and trapping
 Huntsman and Manooch, 1978!. One exception is a submersible observation report on
deeper' reef fishes that includes a few rnidshelf stations where abundances of commercial
and recreational species are included  Parker and Ross, 1986!. In this paper, we have
selected a nondestructive, repeatable, diver census technique that yields quantitative
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samples that can be readily analyzed with available statistical techniques  Bohnsack and
Banneiot, 1986!.

Various biological and physical factors have been proposed to explain variability
within and bctwccn reef fish communities  Sale, 1980!. In particular, rcccnt studies on
North Camiina's artificial reefs suggest that both local current fields and amount of vertical
relief may bc important in determining reef fish abundance  Lindquist and Pietrafesa, 19&9;
Stephan and Lindquist, 1989!, ln this paper we address the following questions: 1! Are
there significant differences in interannual species abundances? and 2! Are there significant
differences in species abundances at stations wi h differing levels of vertical relief?

MATERIALS AND METHODS

All diving operations were conducted under thc auspices of NURC/UNCW aboard
the 110 ft �3m! R/V ~~W4~ ~~i+gg �988! and the 37 ft   1 1 m! charter vessel
~ ~ �989!. All dives utilized either NOAA Nitrox I or ll enhanced air mixtures
which ef1'cctively increased bottom time  Mastro, 1989!.

Thc study site is located on a high-relief hardbottom scarp system  Mearns, 1986!,
known locally as 23 mile rock, at 33'59.40 N and 77'20.18' W. Station depths ranged
from 80 ft �4m! to 101 ft �1m!. Stations within thc site consisted of sharply breaking
ledge walls and more gi3dual sloping stations composed of a series of lower relief broken
rock or lcdgcs. In 1988, visual censuses were conducted on June 12 and 13 and in 1989,
on May 29, 31, Junc 1, 2, 12 and 15, during both morning �7:34 - 11:45 hrs! and
afternoon �2:40 - 13:45 hrs! periods. During both years bottom water temperature ranged
from 21 to 22'C and horizontal underwater visibility ranged froin 20-60 ft � - 1 gm!, Only
one diver  IEC! collcctcd visual census data during 1988, whereas three divers  IEC, DGL
and SKB! participated in 1989.

Diver census methods were based on the stationary visual survey method developed
by Bohnsack and Bannerot �986! for the Florida Keys coral reefs. Iiiis technique requires
that divers remain stationary while listing and then counting fishes within a cylinder of 25 ft
�.5m! radius. Because of the reduced underwater visibility sometimes encountered off
North Carolina, we shortened the radius to 13 ft �m!.

During each dive, a buddy pair descended to thc reef and stationed themselves on
the reef by scparatinp at least 26 ft  gm! from one another  thus avoiding overlapping
counts! but still withm the limits of underwater visibility  in case of emergency buddy-
dependent procedures!. Each diver then listed all species seen within thc radius limits
 including species above in the water column for 5 minutes! while slowly rotating in a
clockwise direction. Next each species was enuincrated by starting at the bottom of the list
and working up the list by making a clockwise sweep of the cylinder for each species.
After a count was completed, the pair selected new locations on the reef. Three to four
counts could be accomplished for each diver during onc dive of 30- 35 min bottom time
 no decompression limits!, Each diver also recorded the following data for each census
station'. depth, vertical relief, bottom water temperature, horizontal visibility estimate, date,
tirnc, estimate of sand bottom and rack bottom percent cover, prescncc of storm and strong
curtent activity and mean, minimum and maximum fork length estimates for each species.
Voucher specimens for most species were taken either with microbarb sling spears
 Randall, 1963! or standard spears for later identification verification. Al] data were
recorded on polypaper sheets and later transcribed to computer coding sheets for entry and
analysis on the UNCW VAX computer using SAS,
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ln order to test the hypothesis that stations with greater vertical relief contained a
greater abundance of some spccics, wc partitioned thc data into low vertical relief � - 5 ft,
n = 13! and high vertical relief �- 10 ft, n = 13! stations and sclectcd test species that had
at least a sample size of three stations for each relief class. We chose nonparamctric
statistical tests for all abundance comparisons because fish counts are typically not normally
distributed.

RESULTS

Table L. Mean number of Individuals for the sample slatlons follovved by
tolal sample slee  ln parentheses! for 1988 and 1989 diver surveys of
reef fishes at t he 23 mlle rock study site.

Species 1988  9! 1989  '17!

MURA EN IDAE  moray eels!
I fgglnna sp,

S ERR AN IDAE  sea basses!
Ceutmuriatia Itszgma
C. attiata
KLSLgantlatsa RILSnaa
Sazaruia aLLttillLILtiLLa

GRAMMISTIDAE  soapfishes!
k LLLLldlL nlasgIILLILa

APOGONl DAE  cardioalllshes!
heave LrsnllrjnLLL Saiatlia

CAR ANGIDAE  jacks!
Caraaa Liitgtla

LtrI'JANIDAE  snappers!
Kiinlnlt LLLIitaa alttrlruhcna

HAEMULIDAE  gruors!
HaggLLLILLLL ggmljnsgtlun
H. LLLunjnri

SPAR IDAE  porgies!
GLIarnua ntutnalla
I?iplaIILLa IrnULmLLILi
Rmum LLagtga
~LLLQLLLLLa sp.

SCIAEMDAE  drurrrs!
Kauaua anihmalia

CHAETODONTIDAE  butrertlyfisbes!
Masttujim nsslilttga

POM ACANTHI DAE  angelfishes!
1ILLlxandmllsrmLLsinnaia

POMACEVTRIDAE  damsei fishes!
Cbr~urua nnrJLtyaLLOLa
C. asnttj
Zamaaantt3ta ~
2: zatiabilia

1.0  I!

2,8 �!

2,8  9!
15.2  9!

1.0 �!

8.0 �!

25.0  I!

3.3 �2!
5.6 �0!

16,1 �7!
4,4 �4!

1.3 �!

3,4 �!

5.0 �!

41.5 �!
7.3 �5!3.0  9!

1,0 �! 3.9  9!
I I 8.9 �6!

1.5 �!
6.0 �!

4,8 �! 10,1  LS!

1,0 �! 1,3 �!

3.7  9!

4.7 �!
17,3  9!

1.4  9!

3.1 �7!

4.3  8!
18.1 �5!
3.0 �!
1.7  9!
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A total of 4,485 individuals representing 31 species in 16 families was observed
during the visual censuses in 1988 and 1989  Table I!. Nearly twice as many censuses �7
versus 9! were accomplished in 1989. This difference resulted from the «vailability of
divers trained in fish censusing and the number of dive days provided at the site for the two
years.
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Table 2. Continued

LABRIDAE  wrasses!
1hutiaalls tuI!stzllas
R. nits
Halisliuarsx !L''tittatiis
E ~uauii
LIutuuiiaUass aiiLsiiiiiis,
~ ulutis

BLENNIIDAE  blcoaies!
Eatableiuulis auitiuatam

GOB IIDAE  So bias!

BA LIST DAE  IeathcrjackeLs!
Idarumattuts hiei4m 1.0 �!

1.0 �!
1.0 �!

14.2 �5!
1.0 �!

10.6  9!
3.0  I!

1.0 �!
1,0 �!

7.0 �0!

4.5 �!

1.3 �!

1UTAL SPECIES OBSERVED 19 29

p<0.05  Wi!ooxoa test of abaodaoces beNveen years!

For 1988, a total of 19 species in 13 families was recorded. Of the seven species
that occurred in all nine of the 1988 censuses, three  in deceasing order! were numerically
dominant: the purple reeffish, Chromis scorri, the belted sandfish, Serranus subligarius,
and the slippery dick, Halichoeres bivirrarus  Table 1!. A Kruskal-Wallis test among the
abundances of these three species showed no statistical difference  p<0.05!. Less abundant
species that occurred in at least 5 of the 9 censuses were  in order of decreasing
abundance!: cubbyu, Equerus urnbrosus, yellowtail reeffish, Chromis enchrysurus,
seaweed blenny, Parablennius marmoreus, blue angelfish, Holacanrhus bermudensis,
white grunt, Haemulon plumieri, scamp, Mycteroperca phenax, and bank sea bass,
Cenrroprisris ocyurus.

For 1989, a total of 29 species in 15 families was censused  Table 1!. Of eight
species that occurred in at ]east 14 of the 17 censuses, five  in decreasing order! were
notably abundant: spottail pinfish, Diplodus holbrooki, C. scorti, M. phenax, H. bi vi rrarus,
and F-, umbrosus. A Kruskal-Wallis test followed by a Wilcoxon paired test atnong the
abundances of these five species showed a statistical difference between D. holbrooki and
the other species.

An interyear compariso~ of those species that occ.urred during both years indicated
that only four species, M. phenax, S. subligarius, H. plumieri and C. scorri, had
statistically significant abundance differences  Table 1!. All but S. subli garius had higher
abundances in 1989, Most notable among our interyear comparisons  Table 1!, is that D.
holbrooki, the most abundant species in 1989, did not occur in our visual censuses in
1988.
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The partitioning of species abundances by vertical relief class resulted in 17 species
with adequate sample sizes for comparison  Table 2!, Our hypothesis that greater vertical
relief stations have higher abundances of some species is supported only for the two
Cliromis species and H. bermudensis  Table 2!. An unexpected result was the statistically
significant higher abundance of H. bi vi irarus for the low relief stations. One species, the

d porgy «grus pagrus, was associated only with the low relief stations  Table 2!.
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Table 2. Mean number of individuals for low and high relief census
stations followed by total sample size  in parentheses! of 19gg and 19$9
diver surveys at the 23 mlle rock study site.

Species low relief
�-5 ft!

High relief
�-10 ft!

SER RAN1DAE  sea basses!
CcllLLQ~ sXltrtta
C.. atrigta
MXslarQPLIsa rtharuut
Sarratuta atttttigttritta

A Pm!ON I DAE  card inalfishes!
t.dt tgan aaa!rttrtun~

HAEMULlDAE  grunts!
8 P~

SPARIDAE  porgies!
~mga u9ftuaita

h!a!!tn aki
Eaarus rtagrtta

SCIAEN!DAE  drums!
Rguuux atrtttmatta

cHAEI oDohrrlDAE  butterflyfishes!
Chaafrttlrut aaJlitita

POMACANTH1DAE  angelfishes!
" Eel isaattuta h9rrggtLmia

POMACENTR1DAE  damsel fishes!
Qmi~ gashrragrit;a

E xariahitis.
LABR1DAE  wrasses!

" Hlglisllasrga i,~vtga
8LENNI JDAE  blennies!

P trabiganiua atartrtttraita

2 5 �1!
5.2 �!
5.5 �3!
5.6 �1!

2.7 �!
6.3 �!
9.g �3!

11.4 �2!

4,7 �!

5,5 �1!

3.7 �!

5.8 �3!

2.5 �!
75,0 �!

3.7 �!
133.6 �2!

1.5 �!

8,4 �1!

1.0 �!

2.1 �2!

5,9 �0!

1.2 �!

4,4 �3!

2.5 �!
5.9 �1!
1.2 �!

5.9  8!
27.9 �3!
1.& �2!

15.g �3!

7.2 �0!

9.4 �1!

3.4 �!

s = p<0.05, '~ = p<0,01  Wncoxon test between high and low relief abundances!

DISCUSSION

Despite the nondestructive nature of the stationary diver survey sampling technique,
this method does have some inherent weaknesses. We feel that the primary weakness of
any visual census technique is that cryptic species  e.g, blennies and gobies! and nocturnal
species  e.g. cardinalfishes! are likely to be underestimated or even overlooked all together
 Bortone et al,, 1986!. Our species list then primarily represents the noncryptic and diurnal
species.

However, the method has a number of major advantages. A minimal amount of
equipment  chp board and pencil! is required, Since the diver is stationary, little physical
effort is expended, air or Nitrox mix consumption is reduced, and bottom time is extended.
In addition, a stationary diver disturbs the bottom sediments very little, thus reducing
aggregations of wrasses and sea basses that tend to be attracted to bottom disturbance.
Most importantly, the method allows multiple samples to be collected that can be adequately
treated statistically.
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Our interannual comparisons may have been affected by sources of variation in our
station selections, Unfortunately, we were unable to precisely relocate the 1988 stations
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during 1989. All except one of the 1988 samples were from high relief stations while 1989
samples were from both high and low relief stations. However, species that had
significantly higher abundances at high relief stations  Table 2! were not significantly more
abundant in 1988 compared io 1989  Table 1!. The lower number of samples  and sample
days! in 1988 probably accounts for some of the species not being recorded in 1988,
However, we cannot account for the absence of conspicuous and normally abundant
species such as spottail pinfish in 1988,

We suggest that the two Chromis species and H. bermudensis were more abundant
at the high relief stations partially because of the greater availability of holes and crevices in
the high relief vertical ledges {especially near the top of the ledge!. The cap rock on these
ledges is a softer limestone-like substrate that is greatly bioeroded. The smaller Chromis
species and the juvenile H, hermudensis take refuge from predators in the bioeroded holes
and crevices  SKB, pers. obs,!, Also, since the two Chromis are water column
zooplankton feeders  DGL and IEC, pers. obs,!, these species may find a greater
abundance of zooplankton at the higher relief stations,

Many of the abundant species at the 23 mile rock have tropical or subtropical
affinities. For example, the slippery dick, yellowtail reeffish, seaweed blenny and white
grunt all extend their distributions in to the Caribbean Sea. There are reports that one of our
top ranking species, the purple reeffish, may occur in deeper water off Jamaica and
possibly Puerto Rico and the Virgin Islands. Other commonly occurring species such as the
cocoa damselfish, Pornacentrus variabi is, the hogfishes, Bodianus, and the spotflin
butterflyfish, Chaetodon oceIlatus, also extend into the Caribbean.
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THE FORAMEN OVALE ISSUE - DIVERS AT RISK

James A. Carry
230! S. jefferson Davis Hwy

Apt. 1309
Arlington, V!RGINlA 22202 U.S.A.

Recent studies have described a phenomenon known as right-to-left
shu~ting. Individuals can shunt blood through the heart in a variety of
ways, but a patent foramen ovale appears to be the main problem with
which divers must concern themselves. Some authorities intimate that this
cardiac ah>it>rmalt ty may place divers at increased risk of bt>th ai r embolism
and decompression sickness. As much as 20-30% of the adult population
may have this problem as a function ofimmersion, body position, age, or
performing a valsalva maneuver. A basic explanation of decompression
sickness and air embolism are folio~ed by a description of the patent
foramen ovale phenomenon of bubbles actually moving rhrough the
chambers of the heart during two-dimension ultrasoundimaging.

DECOMPRESSION SICKNESS

Decoinpression sickness is generally brought about by absorption of too much
nitrogen from the compressed air the diver is breathing while under pressure.!f a diver
stays too long at any given depth and returns to the surface without making allowances for
elimination of the inert gas in so!ution, the nitrogen in the body will begin to bubble similar
to the carbon dioxide in solution in a soft drink that is abrupt!y opened. This can occur even
if the diver adheres to standard, proven decompression schedules  "tab!es"!.

Occasiona!!y, it can resu!t in pain so great that the diver is bent over in agony or has
difficulty walking, This is why decompression sickness is often referred to as "the bends".
A large portion of divers may have bubbles in the venous side of the circulation  venous
gas embo!ism! which are easily filtered by the lungs without symptoms, Large quantities of
such bubbles may result in respiratory impairment called "the chokes", Bubbles forming in
the tissues and venous return of the brain, spina! cord, or inner ear may cause serious
neurological symptoms. Decompression sickness has also been called the "staggers" as a
result of this inner ear impairment. Decompression sickness is a very complicated problem
as a function of where bubbles go and how an individual's body reacts to those bubbles on
a given day. It must be emphasized that the observed signs and symptoms of
decompression sickness are not necessarily serious and spectacular; they can be very
subtle.

In summary, decompression sickness has its origin in bubble formation. It may
result in vascular obstruction by gas, tissue or fat; a reduction in available circulating blood;
asphyxia due due to pulmonary impairment; pain; central nervous system injury; permanent
disability; or even death.
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AIR EMBOLISM

Air embolism or arterial gas embolism  AGE! is associated with lung-overpressure
accidents. As the diver ascends from a dive, the pressure exerted on the body by the water
decreases. This results in expansion of the air in the lungs, The diver must breathe
normally on ascent or risk over-pressurization  over-inflation! of the lungs. If the lung is
overpressurized from a depth as shallow as even four feet of sea water � fsw!, air may
rupture the alveoli and enter the pulmonary circulation, This will return to the heart where
the air passes into the arterial circulation. This air  bubble! typically is transported to the
brain where blockage of blood flow will occur depriving the brain of oxygen, Individuals
who have a history of smoking or lung problems such as asthina or bronchitis are at greater
risk of pulmonary over-pressure accidents.

ln summary, air embolisrn generally originates from a pulmonary over-pressure
event but may also be the result of arterialization of venous gas emboli. These circulating,
arterial bubbles can cause spectacular results by interrupting blood flow to the brain, heart
or other tissues,

FORAMEN OVALE

Prior to birth, the fetal circulation does not pass through the lungs since the
respiratory function is performed by the mother's circulation via the umbilical cord. The
jorameri ovale is an opening in the septum  wall! of the heart which separates the right
atrium from the left atrium, As a result, most blood entering the right atrium from the vena
cava bypasses the right ventricle preventing blood from being sent to fetal lungs which are
not yet functional. Any blood which does make it from the right atrium down into the right
ventricle is ultimately detoured away from the fetal lungs into the systemic circulation by
the ductus arteriosus. Very little blood ultimately travels to the fetal lungs, When the infant
is born and draws its first breath, the pulmonary portion of the cardiovascular circulatory
system is initiated and the foramen ova/e  " flap valve" ! functionally closes.

Within a year, it should be structurally closed. The ductus arteriosus which was
also detouring blood away from the lungs also cease to function in that capacity. Many
adults lead healthy, productive lives unaware that their foramen ovale did not completely
close after birth, Many individuals with both a partially patent or functionally closed  as
opposed to structurally closed! foramen ovate have either not been diagnosed as such or
function normally with the known condition at sea level. The normal pressure gradient
from the left to right atrium keeps theforamen ovale closed in these individuals. Therefore,
the presence of this congenital abnormality has no significance under normal
circumstances. In fact, 20-309o of the nomial population may have patent foramen Ovale.
Once some of these individuals perform a valsalva maneuver or induce cardiac
engorgement such as with immersion, theforamen ovate may become patent to the point
that significant right-to-left shunting can occur. This would allow venous bubbles that
would otherwise be filtered by the lungs to bypass the lungs and be passed directly to the
systemic circulation where they could easily induce cerebral air embolism. Those bubbles
that are shunted and do not go to the brain may go elsewhere throughout the bod
p ace for them to end up is in the spinal areas. Given the high lipid content and poorl

circulation of the spinal cord, those bubbles could easily "seed" further bubble formation
from the inert gas already absorbed by the diver. That couM cause a spinal "hit" regardless
of whether you want to argue venous-versus-arterial phenomenon. This ' I'k Iis is most i e y tooccur after a dive with a high likelihood of venous gas embolistn and in the diver with a
relatively large shunt.
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The patient presenting with symptoms of air embolism but without a recent history
of either pulmonary over-pressure or a profile indicative of decompression sickness may
well be shunting asymptomatic venous bubbles into the left atrium and ultimately, the
carotid arteries. This may be why patients with a dive profile indicative of decompression
sickness with attendant venous gas embolism and no history of recent pulmonary difficulty
present with symptoms of either cerebral air embolism or both cerebral air embolism  AGE!
and decompression sickness  VGE!,

Echocardiography can be used to determine whether or not an individual has a
patent foramen ovate. I feel that further research is required before we start this screening
and eliminate such individuals from diving. Certainly, individuals with such a known
condition need to dive more conservatively. Considering that every fetus has a patent
foramen ovale, we have a major reason why women probably should not dive, while
pregnant. Knowing that a valsalva maneuver pressurizes the lungs so that we can equalize
ear pressure while diving, we should also consider recommending the Frenzel method of
equalization which does not pressurize the lungs,
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OCCURRENCE OF TROPICAL FISHES IN NEW EN  LAND WATERS

Mary C. Curran
Woods Hole Oceanographic Institution

Woods Hole, MASSACHUSETTS 02543 U.S.A.

Tropical species representing 22 families have been observed in New
England waters during late summer and early fall, These fishes are a+ected
by northward-moving current and eddy systems and ultimately occupy
inshore areas, Some species are transported as larvae whereas others are
transported as j uveniles or adults, Many of these fishes do not survive
through the fall when water temperatures become colder. This paper
describes how life-history traits  e.g. time spent in the water column during
egg, larval and juvenile stages! may influence the likelihood of advection of
these species to New Eng land waters.

INTRODUCTION

The occurrence of tropical species in New England waters in the late summer and
early fall has been docuniented for over a century. These species are defined as those which
live and reproduce primarily in the tropics and only occasionally enter temperate waters.
Many of these species are collected from more than one life-history stage and are listed in
Table I. Although many authors have speculated on the travel routes these fishes httve
taken, no study has included both the potential travel times and travel routes, My study will
combine such information with life history traits in order to determine whether individuals
travelled as eggs, larvae, juveniles or adults, or if individuals, by nature of the travelling
time, changed from one stage to another during migration. I have not included many of the
faster swimming and tnore migratory fishes such as the jacks  Carangidae!, barracudas
 Sphyraenidae!, and molas  Molidae! because their normal distributions are tnore likely to
overlap with temperate areas.

Recreational diving for tropical fishes in New England areas is an enjoyable pastime
for local divers. Depending on topography, substrate type, and a variety of other factors,
these fishes can be observed during a shore dive. I have seen spotfin butterflyfish in
Woods Hole and other divers have seen goatfish, bigeyes, and filefishes. Studies that
document tropical fishes in New England often include seining or trawling techniques.
Regardless of whether the fishes have been captured, a large number of tropical species
have been sighted in temperate areas. These species are discussed in the following sections.

This paper is divided into three sections: the first presents the life-history
information that is available on each fish species; the second provides estimates of potential
travelling titnes given various current velocities and distances; and the third will incorporate
the previous information to discuss trends.
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LIFE HISTORY TRAITS OF TROPICAL FISHES FOVND IN
NKN ENGLAND WATERS

This section is divided by fish family and includes the information available on
species distribution, egg type  pelagic or demersal!, where fishes spawn, and length of
time at each growth stage. Not all of these characteristics are known for the species
discussed, The fish distributions are the maximum geographical ranges cited in the
literature, Local sightings «re presented with any reported fish lengths. Table I is a checklist
of these species.

MVRAENIDAE

Gyrnrrnthr>rax furtebris is found at depths to 50 rn in the tropics  DeBoer et al.,
1973!, and is found from Canada to Brazil  Hardy, 197Sa!. A 169 cm specimen was
collected in Nova Scotia during August  Leim and Day, 1959!. Not much is known about
development in this family. A related species Muraena helena has pelagic eggs  Hardy,
1978a!, and development in related families  Ophichthidae and Congridae! takes
approximately 4 days at 2 C  Castle, 1984!. Leptocephali were found in the Florida Straits
 Hardy, 1978a!,

OPH ICHTII IDAE

Ahlia egmorriis has oceanic leptocephalus larvae found from Massachusetts to
Brazil  Hardy, 1978a!. Adults move seaward in the late fall and early spring, perhaps to
spawn  Hardy, 1978a!.

Ophichthus gomesi is found from Massachusetts to Brazil and probably spawns in
the spring and summer  Hardy, 197Sa!.

S YNODONTID AE

Synndus foetens is distributed from Massachusetts to Brazil, but is uncommon in
the northernmost part of its range  Hildebrand and Schroeder, 1928; Jones et al., 197S!.
They migrate north seasonally and are rarely found north of North Carolina between
January and May  Jones et al,, 1978!. Spawning occurs thmughout the year but mainly in
the spring. The newly hatched larvae are found offshore of Virginia in May. Prejuveniles
and juveniles are pelagic  Jones et al., 1978!.

Trachi nocephalus myops occurs from Cape Cod to Brazil  Jones et aL, 1978!, A 44
cm specimen was collected in August and a 65 mm specimen in October from Woods Hole
Lux and Nichy, 1971!. There is a prolonged spawning season, and prejuveniles and
juveniles are found in or near the Gulf Stream at depths up to hundreds of meters  Jones et
al., 1978!,

EXOCOETIDAE

Cypselurus heterurus strays to Newfoundland  Hildebrand and Schroeder, 192S!
and to as far south as Brazil  Hardy, 1978a!. A 235 mm specimen was found in the Gulf of
Maine  Bigelow and Schmeder, 1953!. It is cosmopolitan in warm waters  Hildebrand and
Schroeder, 1928!, and adults are coastal  Hardy, 1978a!. The larvae swim to the surface
after hatching and attach to seaweed  Hardy, 1978a!,
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B EL !N IDAE

gbiertnes hians is a circumtropical species found from Massachusetts to Brazil
 Hardy 197>a!, It moves northward or shoreward in summer  Hardy, 1978a!.

5rrongylura marina is found from Maine to Brazil  Hardy, 1978a!. Adults move
inshore in fall near the mid-Atlantic states  Hardy, 1978a!. The eggs develop in about 7
days  Hardy, 1978a!. Juveniles are seen in Long Island in October  Hardy, 1978a!.

Tylosurus acus is a circumtropical species found from Massachusetts to Brazil
 Hardy, 1978a! and may move inshore in summer  Hardy, 1978a!. This species probably
spawns offshore in June or July in Florida  Hardy, 1978a!. Their demersal eggs hatch in
about ]0 days between 25-30.4"C. The young may follow floating offshore objects
 Hardy, 1978a!,

H EMIRH AMPH IDAE

This family is generally found in coastal waters  DeBoer er at., 1973!, and is
pelagic  Hardy 1978a!. Hyporhamphus untfasciattis is distributed from New Brunswick to
Argentina  Bigelow and Schroeder, 1958; Hardy 1978a!, although it is more common
south of Chesapeake Bay  Hildebrand and Schroeder, 1928!. Specimens have been found
off Cape Cod and the Gulf of Maine  Bigelow and Schroeder, 1953!. A 19 cm specimen
was collected in New Brunswick in September  l.eim and Day, 1959!. Adults probably
spawn in the summer from June to September  Hildebrand and Schroeder, 1928; Lippson
and Moran, 1974!. Their pelagic semi-buoyant eggs hatch in one to two weeks  Hildebrand
and Schroeder, 1923; Lippson and Moran, 1974; Collette et al,, 1984!, Larvae axe found in
estuaries and open ocean  Lippson and Moran, 1974!,

Euleprorhamphtss velox and Hemirhamphtss brasiliensis can be found from
Massachusetts to Brazil  Hardy, 1978a!, and juvenile H. brasiliertsis are pelagic and may
be carried by the Gulf Stream farther northward than the normal adult range  Hardy,
1978 a!.

I'ISTUI ARIDAE

Fiststlaria tabacaria is distributed from Nova Scotia and Newfoundland to Brazil
 Hildebrand and Schroeder, 1928; Hardy, 1978a!. Specitnens have been sighted near
Woods Hole  small individuals!, the Gulf of Maine, and Georges Bank  at 128 rn!
 Bigelow and Schroeder, 1953!. A 44 cm specimen was collected off Nova Scotia in
September  Leim and Day, 1959!, It is an inshore species  Hardy, 1978a! that spawns
buoyant eggs in open water  Fritzsche, 1984!.

SYNGNATHIDAE

Hippocampus erecrus strays to Nova Scotia and Georges Bank and is found as far
south as Argentina  Hildebrand and Schroeder, 1928; Bigelow and Schroeder, 1953;
Hardy, 1978a!. Adults are found among eel grass and seaweed  Bigelow and Schroeder,
1953!. This species has been noted inshore in Woods Hole from July through September
 Hardy, 1978a!. In Chesapeake Bay, they may leave inshore areas for deeper water during
cold months  Hardy, 1978a!. This species breeds in the summer  Bigelow and Schroeder,
1953!. Young may leave the brood pouch in June  Hardy 1978a!.
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Syngnathut petugicus is distributed from Nova Scotia to Argentina  Bigelow and
Schroeder, 1953; Ilardy, 1978a!, The adults are associated with Sargassum  Hardy,
!978a!. The related species Syngnathus f orida hatch in 10 days  Hildebrand and
Schroeder, 1928!. The larvae of S. pelagicus may be found up to 3220 m deep  Hardy,
1978a!,

PRIAC ANTII I DAE

Pristi genys altus is nocturnal  DeBoer et at., 1973! and is often found in deep water
 Bigelow and Schroeder, 1953!, It is found from Maine to Nicaragua, only occasionally
reaching the northernmost part of its range  Hildebrand and Schroeder, 1928; Bigelow and
Schroeder, 1953; Hardy 1978b!. An 85 mm specimen was collected in October near
Woods Hole  I.ux and Nichy, 1971!, and a specimen near Cohasset, MA was 38 mm
 Bigelow and Schroeder, 1953!. They spawn from July to September  Hardy, 1978b!.
Priacanthids have pelagic eggs  Johnson, 1984!. The larvae are pelagic and are associated
with, and possibly transported by, the Gulf Stream  Hardy, 1978b!.

Priacanthus cruentutus is found from Rhode Island southward, and Priacanthus
arettatus is found from Massachusetts to Argentina  Hardy, 1978b!. Juveniles of the latter
species move at least as far north as Woods Hole from September to November  Hardy,
197 8b!,

MULLIDA E

Mules auratus is found as far north as Woods Hole and Nova Scotia, but is rare
north of Cape Cod  Bigelow and Schroeder, 1953; Johnson, 1978!. In Woods Hole, a 62
mm specimen was collected in August, and a 80 rnm specimen in September  Lux and
Nichy, 1971!, Two European species Mullu.r surmeletus and Muilus barbarus spawn
pelagic eggs in the early summer  Johnson, 1978!.

DACTYLOPTFRIDAE

Dttctylopterus volirans is distributed from Cape Cod to Argentina, although it rarely
travels north of North Carolina  Hildebrand and Schroeder, 1928; Bigelow and Schroeder,
1953; Lux and Nichy, 1971; Fritzsche, 1978!. A 70 mrn specimen was collected from
Chesapeake Bay  Hildebrand and Schroeder, 1928!, and a 69 mm specimen was collected
in Woods Hole in August  Lux and Nichy, 1971!, The eggs are pelagic and hatch in one
day  Fritzsche, 1978; Washington et al., 1984!. The larvae are also pelagic  Fritzsche,
1978!.

CIIAETODONTI DA E

Chaetodott capt'srratus is distributed as far north as Massachusetts  Randall, 1968!.
Individuals have been observed in Rhode Island and Martha's Vineyard  Kenney, 1988;
Schwabe, pers. comm.!.

Chaetodon ocellrttus is found from Massachusetts to Brazil  Randall, 1968!.
Individuals have been seen near Rhode Island, Martha's Vineyard, and Woods Hole
 Kenney, 1988; Schwabe, pers, comm,; pers. obs.!. They have pelagic eggs  Fritzche,
1978!.
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POMACANTHIDAE

A single juvenile Holacanthus ciliaris has been collected near Martha's Vineyard
 Schwabe, pers. comm.!, They generally range from Florida to the Dominican Republic
 Randall, 1968!, and rarely stray into temperate waters. Little is known about life history
stages in pomacanthids,

POMACENTRIDAE

Abudefduf saxarilis is distributed from Rhode Island to Uruguay  Fritzche, 1978!.
They spawn from April to November in Jamaica  Fritzsche, 1978!. Pomacentrid eggs are
demersal; they are guarded in a nest and hatch in about 7 days at 24"C  Fritzche, 1978;
Richards and Leis, 1984!. The larvae are pelagic and the juveniles have been found
associated with drifting Sargassum  Fritzche, 1978!.

Sregastes parrittss has been seen by divers near Rhode Island  Kenney, 1988!, and
Massachusetts  Schwabe, pers. comm!.

Sregastes leucosiicius is distributed from Massachusetts to Brazil  Randall, 1968!,
and has also been seen near Rhode Island  Kenney, 1988!,

SCAR IDAE

Little is known about the life history of scarids except that they have pelagic eggs
 Fritzche, 1978; Richards and Leis, 1984!, Sparisoma rubri pinrte and Scarus ranioprerus
are found from Brazil to Massachusetts  Randall, 1968!. No local information is available,

AC ANT HURIDAE

This family has eggs that are pelagic and the larvae are poorly developed when they
hatch  Leis and Richards, 1984!, Acanthurus coeruleus is found from New York to Brazil
 Randall, 1968!, but Schwabe  pers. comm.! has seen specimens near Martha's Vineyard.

Acart thurus bahiantts is distributed from Massachusetts to Brazil  Randall, 1968!,
and has been observed in Rhode Island  Kenney, 1988!.

BALISTIDAE

Balistes caprictcs is found from Nova Scotia to Argentina  Randall, 1968; Martin
and Drewry, 1978!. A 381 mm specimen was found near Cape Cod, and fry 51 - 76 rnm
were collected on Georges Bank  Bigelow and Schroeder, 1953!. A 28 cm and 36 cm
specimen were found in Nova Scotia in July and September, respectively  Leim and Day,
1959!. Individuals were also collected in Plytnouth, MA, and the Gulf of Maine  Bigelow
and Schroeder, 1953!. It is generally a coastal tropical species  DeBoer et al., 1973! that
probably spawns from July through September  Martin and Drewry, 1978!, Eggs of
Balisres are demersal and are laid in nests. Incubation generally lasts 14 days  Martin and
Drewry, 1978; Aboussouan and Leis, 1984!. All balistoid larvae are pelagic  Aboussouan
and Leis, 1984!. Juveniles are pelagic and are found drifting in Sargassum  Martin and
Drewry, 1978!, Usually, they enter the Mid-Atlantic Bight during the pelagic stage  Martin
and Drewry, 1978!.
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Canthidermis surf amen is pelagic, has demersal eggs  Aboussouan and Leis,
]984!, and is found in deeper water than other balistids  DeBoer et al�1973!. It ranges
from Massachusetts to the Caribbean  Randall, 1968!.

MONOCANTH I DAE

Monocanthus hispidus is distributed from Nova Scotia to Brazil, although it is
uncommon north of Woods Hole  Hildebrand and Schroeder, 1928; Bigelow and
Schroeder, 1953; Randall, 1968!. A 12 cm individual was seen in Nova Scotia in August
 Leim and Day, 1959!. Individuals were collected from Woods Hole, Nahant, and Boston
 Bigelow and Schroeder, 1953!. Specimens near Provincetown were 152 mm  Bigelow
and Schroeder, 1953!. Specimens from 30- 63 mm  thought to be young of the year!, and
a specimen 131 mm, were found from August to November in Woods Hole  Lux and
Nichy, 1971!. The adults are pelagic, swimtning near floating debris  Martin and Drewry,
1978!. They leave inshore areas in winter and have a prolonged spawning season at sea
 Martin and Drewry, 1978!. Monocanthid eggs are detnersal and hatch in about two days
 Aboussouan and Leis, 1984!. Larvae stay near the bottom when newly hatched, but larger
oties are found at the surface in Sargassum  Martin and Drewry, 1978!. Juveniles are
pelagic and leave shore in winter  Martin and Drewry, 1978!.

Monocanthus ciliatus is distributed from Brazil to Cape Cod with individuals
straying as far north as Newfoundland  Bigelow and Schroeder, 1953; Berry and Vogele,
1961!, A 178 mm specimen was collected in the Gulf of Maine  Bigelow and Schroeder,
1953!,

Aluterus schoepfi occurs from Nova Scotia to Brazil  Bigelow and Schroeder,
1953; Berry and Vogele, 1961; Randall, 1968!. A 46 cm specimen was collected in August
in Nova Scotia  Leim and Day, 1959!. The pelagic juveniles are associated with Sargassum
mats  Martin and Drewry, 1978!.

Aluterus scripta is distributed from tropical seas to South Carolina, but stray
individuals from 127-140 mm have been collected on Georges Bank  Bigelow and
Schroeder, 1953!.

Aluterus monoceros is cosmopolitan in warm seas, but occasionally reaches
Massachusetts  Berry and Vogele, 1961; Martin and Drewry, 1978!. Adults may be found
in shallow areas or in flotsam in the open ocean  Martin and Drewry, 1978!.

OSTR AC I IDA E

Acantho gtracion quadricornis ranges from North Carolina to Brazil and strays to
Massachusetts  Randall, 1968; Martin and Drewry, 1978!. Schwabe  pers. comm.!
observed a cowfish near Martha's Vineyard that could have been A. quadricornis or A
polygonius, although the latter has not been documented north of New Jersey  Randall,
1968!. Acanthostraclort has pelagic eggs which hatch in two to four days  Martin and
D«wry, 1978; Aboussouan and Leis, 1984!.

TETRAODONTIDAE

Sph<>eroides macu1atus range from Florida to the Bay of Fundy, but is rarely «und
north of Cape Cod  Hildebrand and Schroeder, 1928; Bigelow and Schroeder, 1953; Le"
and Day, 1959; Martin and Drewry, 1978!. Individuals 15 � 64 mm and 167 - 213 mm
have been collected from July through October in Woods Hole  Lux and Nichy, 1971!
They are inshore fish, that descend to deep water in the winter in the Northeast  Bigelow
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and Schroeder, 1953; Martin and Drewry, 1978!. They spawn in the summer beginning in
May, and may spawn through September and October  Hildebrand and Schroeder, 1928;
Bigelow and Schroeder, 1953; Laroche and Davis, 1973; Lippson and Moran, 1974!. Eggs
hatch in about three to five days at 2'C  Hildebrand and Schroeder, 192S; Martin and
Drewry, 1978!. The newly hatched larvae are found in estuaries and marine environments
 Lippson and Moran, 1974!. Juveniles are semi-demersal  Martin and Drewry, 1978!,

Both Sphoeroides restuCkneus and Lagocephalus iaevigargs are found f'rom
Massachusetts to Brazil, although they are uncommon in the northern part of their range
 Hildebrand and Schroeder, 1928!, Two specimens of L, laevi gates 184 - 570 mm were
collected in Chesapeake Bay  Hildebrand and Schroeder, 1928!.

DIODONTIDAE

Chilomycrerus schoepfi ranges from Maine to Brazil, although they are most
coinmon south of South Carolina  Hildebrand and Schroeder, 1928; Bigelow and
Schroeder, 1953; Martin and Drewry, 1978!. Spec.imens in Chesapeake Bay ranged from
90 - 225 mm and were caught in May and June  Hildebrand and Schroeder, 1928!. Adults
leave inshore areas when water temperatures becoine cold, and cannot survive below 5.80C
 Martin and Drewry, 197S!. They spawn in July through October  Martin and Drewry,
1978!. Chilomycrerus has pelagic eggs that hatch in 3-5 days  Leis, 1984!,

Diodon hysrrix is uncommon north of Florida but can be found near Massachusetts,
drifting in the Gulf Stream  Hildebrand and Schroeder, 1928; Randall, 1968; Martin and
Drewry, 1978!. It spawns in the Caribbean from February to March  Martin and Drewry,
1978!. Diodontids generally have pelagic eggs that hatch in three to five days  Leis, 1984!.
The juveniles are pelagic  Martin and Drewry, 1978!.

ANTENNA RI IDAK

Histrio histrio is found in tropical and subtropical waters and is carried as far north
as the Grand Banks via the Gulf Stream  Martin and Drewry, 197S!. Specimens 57 � 121
mm were collected in Georges Bank in Septetnber, and some specimens are collected
periodically near Woods Hole  Bigelow and Schroeder, 1953!. It spawns froin July to
October  Hildebrand and Schroeder, 1928!, and the Florida Current is a major spawning
area  Martin and Drewry, 1978!. The eggs hatch in 4.5 days at 21-23'C and in 3 days at
3'C  Martin and Drewry, 1978!. Larvae and prejuveniles are found in the Florida Current
 Martin and Drewry, 1978!,

TRAVEL TIMES AND DISTANCES

The time it takes a tropical fish to reach New England waters will depend on from
where it started and on how quickly the currents are moving. Using numerous estimates
from charts, literature and physical oceanographers, I have calculated several estimates for
the tninimum travel time. Since Florida is the usual northernmost portion of the range of
many of the fishes, or is the northernmost spawning region of these fishes, the travel
routes begin there. Obviously if the fish's journey begins farther south, for example in the
Caribbean, then travel time will be longer. I will state any assuinptions that are made.
1. Assuming an 1800 mile distance and a speed of 4 knots, it would take a non-

swimming fish  e.g, egg, larval or weak-swimming stage! about 19 days to reach
lower Cape Cod. This is the most siinplifted calculation, and it does not take into
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consideration that the Gulf Stream does not maintain a speed of 4 knots for the
majority of its path. Also, the Gulf Stream veers sharply to the east at about 380N,
so the organisms carried in the current would be transported away from the
continent at this point, and could only continue the remaining 240 nautical iniles to
Cape, Cod using inuch slower routes. This estimate assumes that each degree of
longitude is equal to 60 nautical miles.

This estimate accounts for the fact that a degree of longitude does not equal 60
nautical miles everywhere in the world Assuming a velocity of 200 cm/sec, ii
would take 11 days to travel froin 25'N 80 W to 38'N 68'W, This distance of
1836 kin again assumes that the Gulf Stream would transport fishes directly to New
England.

The next estimate was obtained using a Surface Current Chart for summer  July,
August, Septeinber 1978! which is divided into 1' quadrats each with a incan
velocity. Nine different velocities from nine different areas along the route were
used for this calculation. The estitnate assumes that there is no eastward movement
and that each quadrat is 60 nautical miles. It would take approximately 13 days
travelling from 28'N 80'W to reach the latitude where the Gulf Stream veers
sharply to the east �8'N 71'W!, From there it must enter an eddy or other slower
current system to reach Massachusetts. Maximum speed of such eddy systems is no
inore than 2 kts, If captured in a warm-core ring with a 30 nautical mile radius and
carried away from the Gulf Stream, it would take the fish about 2 days to reach the
edge of the continental shelf. From there they must make the remainder of the
journey without much help from any currents. Therefore, the trip would take at
least 15 days,

Using a Pilot Chart for August 1981 which charts current speed and direction on a
larger scale  only three different velocities used along the Gulf Stream route!, it
would take approximately 18 days to travel 1511 km from Cape Canaveral �90N
800% to 38oN 700W  where the Gulf Stream veers sharply to the east!. Again, the
fish would need about two days to travel around the ring, and then travel from the
continental shelf to an inshore area. Therefore, this trip would take no less than 20
days.

DISC US S IO N

If a transported fish does not deviate froin the optiinal path, it could not reach New
England waters in less than 10 to 20 days, However, this assumes that the Gulf Stream
carries it directly to Cape Cod, that there is no considerable eastwatd advection, and that the
organism does not veer from the maximum velocity areas of the current. Most larvae and
juveniles would probably not be able to swim against the current or make significant
headway in the direction of the current under their own moinentum Only adults of some
faster-swimming species could significantly alter the velocity and direction of their
movement while under the influence of the Gulf Stream, although all individuals may be
able to position themselves within the lateral and vertical structure of the current to adjust
speed or to be shunted out of the current. Given that it will take about two weeks for
individuals to reach the area, most individuals in the egg state will have hatched before
reaching Cape Cod waters, although some species such as Sphoeroides maculatus can
spawn as far north as Chesapeake Bay. Most individuals will be at the late larval / early
juvenile stage during transport. Older juveniles and adults recorded in local waters tend to
bc pelagic but poor swimmers, and are often found drifting with debris  for example the
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monocanthids and balistids!. Occasionally, inshore species such as GymnorhoraxIisnebris
enter the warm current system and ultimately reach New England. Once individuals reach
the area, they may encounter unfamiliar predator and prey species, and must obtain food
and avoid being eaten. Despite the long and complicated journey from warmer areas to
New England, individuals of tropical species do survive and provide diving enthusiasts an
opportunity to observe these fishes in local areas,
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ASPECTS OV A MATING AGGREGATION OI THE SPIDER CRAB
LIBINIA EMARGINA TA
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The spider crab, ~ggjg g~~r'~gag, undertakes small scale seasonal
movements from preferred overwintering areas to breeding sites each
spring. SCUBA observations were made of a mating assemblage at a
shallow site in Fishers Island Sound, Connecticiit, USA. The assemblage
occurred in an area of approximately 5000m2 with an estimated density of l
crab m . Sex-specific size class data revealed: l! mature females become
ovigerous in proportion to their size distribution in the total population, 2!
there is no correlation between male and female size in paired crabs, 3!
pa~red males were significantly larger than the overall male population, and
4! paired females were not significantly larger than the overall female
population. Observations of behavioral sequences such as agonistic bouts
between males and male-female obstetrical behavior confirm most previous

f f* 'Cl
sp.! also demonstrate gregarious behavior similar to L,.

u~rjtttllg. Crab aggregations may functionally serve as a protective
mechanism during critical  vulnerable! periods of growth and reproduction.

INTRODUCTION

Some brachyuran crab populations have been observed to undergo major spatial
shifts or migrations to preferred sites or substrates for the purposes of mating or molting.
Species of Maja, Paralithodes, Loxorhynchus and Libinia form large and very dense
aggregations of individuals. These aggregations have been termed "heaps" for Maja
 Carlisle, 1957! and "pods" for Paralithodes  Powell and Nickerson, 1965; Powell 1974!
and Libinia  Aldrich 1972, 1974; DeGoursey and Stewart 1985!. In some species  e.g.
Chionecetes opilio!, molting and mating occur concurrently because copulation is
dependent on the pairing of an interrnolt  hard-shelled! male with a newly molted female
 Watson, 1972!. Mating pairs in these species generally exhibit pre- and post-copulatory
coupling where the interrnolt male will protect the vulnerable premolt or soft-shelled
female. In other species,  e.g. Libinia! crabs pair and copulate when both sexes are in an
intermolt shell condition  Hinsch, 1968!. This molting «nd mating behavior in Libinia spp.,
are independent events and temporally separate. DeGoursey and Stewart �985! described
molting Libinia emarginata forming large "pods" in October. The mating behavior to be
reported here was observed in May. This paper provides the firstin situ account of Libinia
emarginata migrating to preferred substrate, courtship, mating behavior, and subsequent
di spersion.
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MATERIALS AND METHODS

The study site was located in the subtidal zone off the east point of Ram Island
Connecticut 41 18'4l "N, 72 58'34"W. Depth ranged from 5-8m sloping from the
northwest to the southeast. The substrate was primarily a sandy mud with well sorted shell
debris, Boulder outcrops extending from the east point of the island to a depth of 6m
ranged in size from 0.5 to 2.0m in diameter. Horizontal surfaces of the boulders were
covered with several macroalgal genera including Laminaria, Chondrus, and Ceramic.
The boulder habitat provided shelter for numerous resident organisms including the lobster
 Homarus americanus! and Jonah crab  Cancer borealis!.

Observations and samples were obtained with SCUBA on 30 April, 1, 5, 8, and 20
May 1986. Additional observations were made on 16, 19 and 25 May 1989. Observations
were recorded immediately following each dive. Still photographs and video footage were
taken for photodocumentation.

A representative sample of crabs was collected on all dives in 1986 except the one
on 20 May, On this date only females were collected to examine egg masses. Paired crabs
were collected and kept separate from general population samples. All crabs were sexed
and carapace length  from the notch of the rostrum to the posterior margin of the carapace!
was measured to the nearest 0,1mm. The abdominal flap of fernale crabs was examined to
differentiate between immature and sexually mature individuals  sensu Hinsch, 1972!. The
abdominal flap of all female crabs was articulated away from the body to determine the
presence or absence and condition of eggs attached to the pleopods. Shell condition was
also noted  i.e. intennolt, postmolt!. Collected crabs were not returned to the study site.

Mean size and variance was determined for all males and females. Females were
further divided into immature, ovigerous, and mature  but not ovigerous!. All data was
normally distributed. Two tailed T-tests were used to determine if inequality of size existed
between immature and mature females; mature and ovigerous fetnales; all males and paired
males; and mature females and paired feinales. Percent change in the number of ovigerous
females over time was determined.

RESULTS

A mating assemblage of L. ernarginara was first observed on 30 April 1986. Aerial
extent of the assemblage was approximately 5000m2 with crabs at an approximate density
of 1 crab m 2, Crabs observed in May 1989 were found in exactly the same location at the
same density. Few crabs were observed at this site during March of either year. The water
temperature ranged from 9.5 to 13.00C during all observations. All crabs  n = 443 in 1986!
collected during the study were in intermolt condition,

Crabs were observed individually or in a variety of pairing postures. The obstetrical
posture  sensu Hinsch, 1968! was the most common  Fig. 1!. ln this posture the female
was manipulated by the male's walking legs and chelae so that the fernale carapace was
behind the male with the posterior margin of both carapaces in contact. The fourth pair of
walking legs of the male was clasped around the dorsal carapace of the fernale. The tips of
the male's dactyls were inserted between the females walking legs. The female was
maintained in this position whether the male was stationary or walking. In inost cases the
proportionally larger male carried the female at a height off the substrate such that the
females' walking legs could not make contact. The obstetrical position also leaves the
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males' chelae unobstructed for feeding and defense. All obstetrically paired female crabs
collected were sexually mature and some had newly extruded bright orange eggs.

Figure 1. A large male crab embracing the smaller female in the
obstetrical posture. The tips of the dactyls effectively immobilize the
female.

Copulating crabs  n = 8! were observed on 30 April 1986 and again on 16 May
1989  Fig. 2!. The male firmly grasped the female rostrum with his chelae, and using his
walking legs positioned the abdomen of the female against his abdomen in a copulatory
posture. During copulation the abdominal flaps of both crabs were extended. Mating
occurred with both crabs standing on their walking legs or with the male lying on his dorsal
carapace with the female on top of him. One pair  83.5rnm CL male and 60,4 CL female!
observed on 16 May 1989 maintained a copulatory embrace for approximately 15 minutes
until disturbed by a second male  CL = 76.7mm!.

Other pairing postures involved less contact. Females were often found in an
upright position partially buried into the substrate with a male in an upright position above
her. The male, with his abdominal segments, would maintain contact with the female
carapace. When confronted by another male, the paired male would raise up on the tips of
his dactyls and extend his chelae. In this position, "caged" over the female, the male would
defend against other males. All females in these paired associations were sexually mature.

Agonistic bouts  n = 12! between males were observed on nearly every dive  Fig.
3!. Females were often present. Bouts were generally of short duration, lasting 30 to 60
seconds. Crabs would confront one another with chelae raised to push or grasp an
opponent. Fighting was ritualistic as no injuries were inflicted. Ostensively, these bouts
took place between males for the possession of a fernale. On one occasion, 5 May, 1986, a
male  CL = 59.0mm! was copulating with a female when a larger male  CL = 89.0mm!
approached to challenge. The larger male was able to maneuver the pair against a boulder

85



Diving for Science...1989

and pin down the smaller male's chelae with his own. The female was retained between the
fighting males until the larger male used his walking legs to pull the female away and
reposition her beneath his carapace, The large male then released his opponent and walked
away with the female. A similar interaction was again observed on 16 May, 1989 when a
copulating pair was challenged by a smaller male, In this instance, the larger male was able
to maintain possession of the female.

Figure 2. A pair of crabs in the copulatory embrace. Note the
conspicuously large chelae of the male  left!.

Paired crabs were always in contact with the sandy mud substrate but individual
crabs would ascend to the tops of boulders to forage on algae. Solitary crabs, especially
females, were also observed partially burrowed into the bottom, Many of these females
were ovigerous. In 1986, crabs had begun to disperse from the study area within 20 days
of the original siting, migrating  presumably! to deeper water.

Little evidence of predation on crabs was observed. The remains of 3 L, ernarginara
were found with the carapace split and legs either missing or scattered near the carapace. H.
americanus prey on large decapod crustaceans in this manner  Weiss, 1970!. In addition
the whelk, Busycon cannt'cularurn, was observed feeding on the remains of L. emarginara,
Whether the crab was alive or dead when the whelk attacked is unknown.

The sex ratio of the 1986 mating aggregation was 1.1:1  M: F!. Table 1 lists size
class data by sex and state of maturity. T- tests revealed that mature non-ovigerous females
were not significantly different in size than ovigerous females  p ! 0.10!. Immature
females were significantly smaller than either maturity group  p < 0.05!, Seventeen paired
crabs were collected and sizes compared to the normal population. Paired females were not
significantly different than the mean of the overall fernale population  p > 0.10!. However,
paired males were significantly larger  p   0,01! than the overall male population. The
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percent of ovigerous females increased through the period of observations. On 30 April,
1986, only 28% of the mature females collected were ovigerous. This increased to 47% on
5 May. All mature feinales j'100%! were ovigerous on 8 and 20 May.

Figure 3. An agonistic encounter between two male crabs. These fighting
bouts are ritualistic and do not result in iniurv.

Table 1. Comparisons of sizes of male and female L. engarginata from a
mating aggregation in 1986. Sizes are carapace length  mm!. Females are
shown in total and in each reproductive state.

N 234
MEAN 71.8
SD, 16 4
MIN. 32.8
MAX. 103,8

D IS CUS SION

These are the first field observations of a mating assemblage of L. emarginata. It
appears that L. emarginata is more gregarious in nature than most other brachyurans. The
forination of molting "pods" of L. emarginata were alluded to by Aldrich �974! with more
detailed observations reported by DeGoursey and Stewart �985!. The molting aggregation
located by these authors in 1973 is located within 40 meters of the mating assemblage
reported in this paper. The factors involved in site selection by the crabs can only be
speculated on at this time. Depth, sediment type, topography and faunal and algal
asseinblages are the same at each site. The presence of pheromones in L. emarginata
 Hinsch, 1968! has been speculated but not confirmed. Aggregations could initially focus
amund several female crabs and subsequently build in size.

ALL
FEMALES
211

58.5
7.1

31.8
72.7

MATURE
FEvfAIZS
73
60.6

5.8
48.7
72.7

OVIGEROUS
FEMAIES
111

60.2
4.6

48.6
72.1

IMMATURE
FEMALES
27
46.2

6.3
31.8
57,1
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The number of ovigerous females increased to 100% during our observations. This
would suggest that intense mating activity had taken place days  or weeks! prior to our
collections. That is, there is some unknown time period between copulation and egg
extrusion, Yearly 100% of the egg masses we examined were newly extruded  bright
orange!. Little actual copulation was observed.

Hinsch �968! reported that female L, ernarginara are capable of producing 3 - 4
successive broods during the mating season with egg development to the swimming zoeae
requiring approximately 25 days  at Woods Hole!. We collected almost no females with
mature eggs. Only one specimen from 8 May 1986 had a well developed, eyed egg mass. It
would appear that following mating, the females extrude eggs and disperse to deeper water
to brood the egg mass and eventually release the zoeae. Subsequent broods could be
produced at these sites since the females retain spermatophores in their seminal receptacles.

Laboratory observations of mating L. ernarginara  Hinsch, 1968! found obstetrical
behavior initiated only when ovigerous females, bearing well-developed eggs, were about
to release zoeae. We observed obstetrical behavior involving only non-eggbearing mature
females or females with newly extruded eggs, Perhaps the obstetrical position is again
assumed as the egg masses develop and zoeal release is imminent, but our observations do
not confirm this,

Our observations of obstetrical posture differed from those reported by Hinsch
�968!. She indicated that the male always grasped the female and positioned her carapace
at right angles to his. In this study, the female was not always held in the same attitude,
Positioning may depend on how the fifth walking legs of the male interlock over the female
carapace.

The obstetrical posture has only been reported in L. emarginara and one other
oxyhrynchan species, Loxorhynchus grandis  Hanauer, 1988!, In L. grandis this
positioning is apparently a copulatory posture. The obstetrical posturing of L, ernarginara
ostensively serves to protect the egg mass during development and larval release. Why
does it occur in so few species? Most brachyuran males hold the female beneath the
carapace, It may be difficult  if not impossible! for male L. emarginara to walk with a
female heM below the carapace because the fernale appears disproportionately deeper
bodied when compared to other brachyuran species. For the male, carrying the female with
the rear walking legs may result from anatomical necessity.

The agonistic behavior we observed between males was consistent with Hinsch
�968! and has been observed in other brachyuran species. Fernale pheromones have been
shown to elicit predictable behavior in conspecittc males in blue crabs, Callinecres sapidus,
 Ryan, 1966! and green crabs, Carcinus maenas,  Eales, 1974! and may be present in
many brachyuran species including L. emarginara. The gregarious behavior demonstrated
by L, emarginara and other species may serve as a protective mechanism during life history
events when the crabs are vulnerable to predation. Very low predation rates occurred
during our observations of the mating and molting assemblages  DeGoursey and Stewart,
1985; this study!.

All mature females were part of the mating aggregation since all eventually became
ovigerous. All males, however, may not have reproduced. Although our sample size was
small, paired males were significantly larger than the overall male population. This result
could be due to competition by males for females. That is, larger males generally winning
agonistic encounters with other males for mates. Alternatively, our data could be biased by
immature  smaller! males in the population sample, It is impossible to determine the stage
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of maturity of a male L. emarginata by visual inspection alone. These smaller individuals
could have reduced the overall mean of the population resulting in a significant difference
when compared to paired males.

The scientific literature abounds with laboratory observations of mating behavior in
many species of brachyurans and other decapods but few in situ reports. Most field
observations  Powell and Nickerson, 1965; Powell, 1974; DeGoursey and Stewart, 1985;
Taylor et al,, 1985; Hooper, 1986 and Hanauer, 198S! are found only in the recent
literature, There are still many gaps in basic life history information that only in situ data
can fill,
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Major oceanographic research programs over the next ten years will require
 or at least greatly benefit from! the development of new modes of
deployment and operation of submersibles. One very promi sing application
for suhmersibles will be as instrumentation platforms for non-intrusive
measurements of the interactions between zooplankton behavior and small
scale physical mixing processes, Such applications will require dramatic
reductions in noise, vibrations and turbulence currently associated with
thruster control of position, They will also require thar control systems be
developed that will allo~ the submersible to passively drift wi th a parcel of
~ater and plankton or follow the vertical migration of plankton using
passive  i.e., buoyancy control! rather than active  i.e., thruster! position
control systems. Such control  or autopilot! systems will have to integrate
onboard oceanographic sensor systems with buoyancy control to maintain
the desired position and at the same time ensure safe submersible operation.
Thrusters in such applications should be used primarily for recovery and
deployment. The future success of these and other new applications of
submersibles will be dependent not only on technological developments and
operational cost control, but also on recognizing that the rules governing
submersible deployment and operation will have ro continue to evolve as
technology and applications develop.

INTRODUCTION

The expanded use of scientist operated submersibles  such as Deep Rover! has
triggered a growing discussion in the diving community of the nature and extent of training
and regulations needed to insure the safe operation of such activities, Three divergent views
exist on this subject. First, there is the view that these systems are the logical extensions of
scuba operations and thus should be regulated by similar experience and rules. Inherent to
this view is that we already know sufficient about the potential uses of these systems to
develop training and regulations to insure the safety of those uses. A second view is that
these systems are an inherently unsafe extension of piloted submersibles such as Sea Link
and Alvin. The premise here is that complex sub deployment and operation systems, highly
trained pilots, mother ships and support crews are required to insure safe operation of
submersibles. Period, A third view is that the past uses and operation procedures provide
only a partial perspective on the future uses and optimal strategies for ensuring safety. In
this paper I will argue that scientist operated submersibles such as Deep Drifter represent an
entirely new class of underwater observation platform that can insure safety through
engineering design and control and at the same time allow the flexibility required to meet
rapidly expanding applications, It is my intent in arguing this position to stimulate a
discussion of how we can  and must! begin to work together as a community of scientists,
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engineers and divers to develop ways to insure both operational safety and application
flexibility.

A PLANKTON PERSPECTIVE ON SUBMERSIBLE USE

This paper is written from the perspective of an oceanographer interested in
determining whether submersibles could be used to resolve a series of sampling problems
currently stalling research directed at understanding how physical-biological interactions
control plankton dynamics. As a result, 1 will focus on the linkages among oceanographic
research need, required instrumentation, and instrument deployment methods. For the
purposes of this talk, I will focus on two major emerging needs in biological
oceanography: 1! the need to follow individual or small groups of zooplankton in time and
space to understand their behavior; 2! the need to simultaneously measure physical,
chemical and biological structure and interactions that may control plankton dynamics.

OCEANOGRAPHIC RESEARCH NEEDS

There has been a growing recognition by the oceanographic community that small
scale physical-biological interactions play a critical, but poorly understood, role in
controlling the dynamics marine planktonic food chains and fisheries recruitment. For
inany years it has been assumed that the dynamics of these systems  temporal and spatial
variability in stocks and recruitment! were primarily controlled by mesoscale advection and
in situ biological growth and mortality processes. Models of these systems have been built
by nesting biological process models  built on functional relationships defined in the
laboratory between organism feeding and growth and controlling environmental
characteristics such as temperature, light, food concentration! within a physical
oceanographic model of advection and dispersion. Effects of sinall scale  mm to 10's of m!
spatial variability and physical-biological interactions have been considered to be negligible,

The validity of the underlying assumptions has begun to be challenged on several
grounds, First, this approach has been unable to improve predictions of subseasonal or
interannual population fluctuations despite major improvements in physical models and
biotic data bases over the last twenty years  Lasker, 1988; Mullin, 1988; Reeve, 1988!.
Part of the problem inay be thai the biotic components of the models assume that
zooplankton responses are independent of previous feeding history and therefore of
temporal variability in the field. Although extensive prehistory effects are well documented
in the lab  Donaghay, 1988!, their effect in the field is less well defined because of the
difficulty of following population of plankton over time in the ocean  Price er al, 1988!.
Second, these lab based models invariably underestimate in situ growth in most oceanic
environments  Lasker, 1975; 1988; Mullin, 1988!. This has lead to the hypothesis that in
situ success of many plankton species is dependent on finding small scale patches of
concentrated food  Lasker, 1975!. The formation and persistence of such patches is
dependent on small scale physical-biological interactions: areas of strong vertical density
gradients and reduced physical turbulence lead to patch formation. An alternative
hypothesis is that since the rate of food capture by a plankter is a function of relative
particle velocities  a function of both plankton swimming and rnicroscale physical
turbulence! and food concentration, plankton feeding success may be dependent on finding
regions of high microscale turbulence. Testing between these hypotheses will require
simultaneous measuring of plankton and stnall scale turbulence.

Testing the above hypotheses will represent one of the major conceptual and
technical challenges in oceanography over the next ten years, Major initiative level planning
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efforts are already well underway as evidenced by an extensive series of planning meetings.
NATO workshop, 1987  Rothschild, 1988!; Savannah Zooplankton Behavior Symposium
 Price et ai, 1988!; Lake Arrowhead Zooplankton Workshop, May 1988  Marine
Zooplankton Colloquium, in press!; and Wintergreen Global Ecosystem Dynamics
Workshop, June 1988  Cullen, 1989!. A primary conclusion of these workshops has been
that we need to develop not only a theory of physical biological interactions, but also
approaches to simultaneously measuring physical and biological processes and interactions
in the ocean on the time and space scales relevant to the organisms,

THE CHALLENGE

Meeting this objective represents an enormous challenge of developing not only
new instruments, but also developing new sampling platforms. During the past 20 years,
biological and physical oceanography grew independently with a rapid divergence in
sampling platforms, techniques, frequencies and data analysis procedures  Dickey, 1988;
Price et aI, 1988!. For example, physical oceanographers routinely measure fine scale  mm
to m! physical structure and mixing processes with free fall instruments composed of
rnicrosensors for temperature and conductivity and air foil probes for measuring energy
dissipation associated with microturbulence  Osborn and Crawford, 1980!. Free fall
instruments are used to eliminate the aliasing of the data from ship induced motions,
Biological oceanographers routinely measure zooplankton species abundances using nets or
pumps designed to collect large volume samples at discrete depths. Although these two
techniques measure primary physical and biological parameters, their temporal and spatial
characteristics are so different that they cannot be used to effectively test the bio-physical
interaction hypotheses, New approaches are clearly needed.

A second approach to this challenge has been to develop instruments that could
measure continuously and simultaneously both physical and biological properties. Current
technology, however, has limited the biological measurements to secondary properties
 such as chlorophyll fluorescence instead of phytoplankton biomass or species! or primary
biotic properties at scales much larger than those proposed to control microscale physical
biological interactions. ln most cases, these techniques have been deployed from ships or
large subs and as a result provide Eulerian snapshots of physical-biological structure. The
exception is the recent work by Hitchcock  et al, in press! in which physical  temperature,
conductivity, pressure, light! and biological  fiuorescence! sensors were placed in an
isopycnal fioat and allowed to drift with the phytoplankton. This instrument is providing
the first sets of continuous and simultaneous physical-biological data of a single population
over time. Clearly, a similar instrument is needed for zooplankton.

DEEP DRIFTER CONCEPT

Collection of similar data for zooplankton is a more complex problem. Many
zooplankton swim sufficiently well to act as other than passive tracers of water motion. An
isopycnal type Lagrangian drifter will thus not follow a zooplankton patch. The primary
factor involved is that plankton vertical migration from deep to surface ~aters often results
in diel shifts in their physical advective transport. Since the extent of vertical migration
appears to vary dramatically in time and space  at least in a Eulerian sense!, measuring
temporal changes in physical-biological structure and interactions requires a platform that
can non-intrusively follow the zooplankton population's movements. One very promising
solution to this problem would be to modify a small submersible that could serve as a
manned Lagrangian platform for making time series observations of physical, chemical and
biological interactions on a single zooplankton population as it moved through a diel cycle.
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The migrating drifter is in many ways structurally similar to existing submersibles,
its operation and deployment modes are very different, The three most important
differences are considered below.

First, such applications will require drainatic reductions in noise, vibrations and
turbulence currently associated with thruster control of position. Although it is evident that
thruster operation will alter ie situ microscale turbulence and zooplankton behavior, recent
work by Widder er ai �986! clearly indicates that these problems can be avoided by
allowing the submersible to passively drift with a parcel of water and plankton. The
proposed Deep Drifier application will require the development of control systems that will
allow the submersible to passively drift with a parcel of water and plankton or follow the
vertical inigration of plankton using passive  i.e., buoyancy control! rather than active  i,e.,
thruster! position control systems. Such control  or autopilot! systems will have to integrate
onboard oceanographic sensor systems with buoyancy control to maintain the desired
position and at the same time ensure safe submersible operation, For example, acoustic
sensors might be used to locate a patch of migrating plankton and keep the submersible
within that patch. Thrusters in such applications would be used primarily for recovery and
deploytnen t.

Second, Deep Drifter will require a much higher level of instrumentation to sense
the far, near and variable field physical and biotic environment. Far field sensors should be
used to continuously define the submersible's position relative to coarse scale physical
 current shears as defined by Doppler current meters! and biotic features  zooplankton
patch boundaries defined acoustically! and the physical boundaries of the environment
 distance to sea surface and bottom, mother ship, and geographical position!. Real time
access to this information will be crucial to selecting a starting point for drifter mode
operation, to insuring the drifter stays with the patch, and to guiding variable field sensor
deployment  see below!. Real-time access will also be critical to insuring safe operation and
recovery. Near field sensors should be used to provide a continuous record of the physical
and biotic environment at the depth of the sub. These sensors should include temperature,
salinity, light, oxygen, pH, pressure, light transmission, fluorescence, and some non-
intrusive measure of zooplankton abundance. Data from these near field sensors should
serve as a reference point for the variable distance sensors. They will also provide critical
Lagrangian data for post-cruise time series analysis. A set of variable field sensors should
be designed to measure critical biological and physical characteristics simultaneously over
the widest spatial scales possible, Variable field sensors could be crucial to defining spatial
gradients in properties that could influence zooplankton behavior. These sensors should be
mounted so that they can be moved up to 10m above, below or in front of the sub. This
variable field sensor system should include not only sensors that provide digital data  as in
near field!, but also low light video for measuring zooplankton behavior and suction
samplers for taking discrete samples for later analysis, All of these sensors should be
packaged to sense the same volume of water, In addition to measuring spatial variability by
moving the sensor package, some of the sensors should be able to measure spatial
variability instantaneously. For example, holography systems currently under development
have the capacity to measure particle distributions with 10 pm resolution in a cylindrical
free space 10 cm in diaineter by several meters long. Although data from such systems
would not be available in real time, such data could be critical to testing many of the current
hypotheses about physical-biological interactions,

Third, the Deep Drifter concept involves a radical shift in perspective of the role of
submersibles in biological oceanography. Currently, many biological oceanographers view
submersibles as a sampling platform of last resort for observing and collecting organisms
too fragile or elusive to be collected by standard methods. The Deep Drifter concept,
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however, views the submersible as an integral part of a broader sampling strategy that
would optimize the use of all sampling platforms  buoys, ships, free fall profilers, ROV's,
satellites!. The idea here is that Deep Drifter would provide the high resolution data needed
not only for process identification  i.e. testing microscale interactions!, but would also
provide data critically needed for ground-truthing buoy, ship and satellite remote sensing
systems. The importance of such ground-truthing should not be underestimated. In turn,
data collected from these other platforms would provide the larger scale physical and
biological data matrix so critical to evaluating the significance of the process and structure
resolved by the submersible. This application will require some overlap of critical sensor
systems. It will also require that dives are carefully coordinated with broader scale
sampling efforts.

Fourth, the Deep Drifter concept inay require modified deployment and recovery
methods. These modifications should be designed to reduce surface time, reduce operating
costs and improve safety. One primary way to achieve these objectives is to increase the
use of U-shaped pontoon A frame systems for launch and recovery. Work in Crater Lake
by Jack Dymond  pers. comm.! has shown that a motorized pontoon craft can be used to
track and recover small submersibles upon reaching the surface. Upon recovery, an A
frame on the pontoon is used to sufficiently raise and secure the sub to allow equipment or
personnel exchange. The pontoon also provides an alternative way to transport the craft
between the dive site and a mother ship or shore. Perhaps more importantly, the pontoon
could provide a critical buffer between the mother ship and the submersible during open
ocean recovery. I gather from the comments of many sub users that such a buffer would be
very welcome. In those cases where the dive site is relatively close to shore, the pontoon
craft could completely replace a mother ship. Such replacement would result in huge cost
savings.

SUMMARY

The Deep Drifter concept represents a new and as yet hypothetical application of
small submersibles. If successful, this type of use could dramatically alter not only
plankton ecology and small scale physics, but also greatly expand the use of submersibles.
Given the scientific potential and an appropriate regulatory response from the diving
community, it is not too difficult to envision submersibles as an important a tool for
oceanographers interested in the upper ocean as it already is for those interested in the deep
sea. However, if the diving community develops regulations based solely on past
experience, there is a considerable danger that concepts such as Deep Drifter will never
advance beyond the conceptual stage.
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Undisturbed sedi ment cores are extremely imp ortant for describing accurate
sediment and porewater profiles as well as for the investi gation of processes
which determine them. We have found that sediment cores taken by divers
with hand-held piston corers are less disturbed than those taken by remote
techniques. Visible surface features such as worm tubes and the surface
flocculent layer suggest that the piston cores have suffered minimal
disturbance. In addition, piston cores often provide more finely detailed
profiles and capture features which may otherwise be destroyed, particularly
in the upper S-IO cm of sediment. Larger corers that do not require a piston
provide intact sediments for the study of sediment processes. Six inch
diameter PVC tubes are pressed into the sediment by divers and capped with
special tops and bottoms. These cores can then be used as is for laboratory
microcosm experiments such as measurements of oxygen and nutrient flux.
The ability to take iindisturbed large cores eliminates the need for
subsampling large box cores. We have used these microcosms to study the
effects of sulfate concentrations on sedinient respiration in lakes and the
effects of macrofauna on respiration in marine sediments.

INTRODUCTION

Accurate and detailed porewater profiles are required for the careful determination
of flux measurements and for the study of various sediment processes. Solid phase profiles
must also be accurate to investigate changes in the historical record and to affix real dates to
sediments for inter-lake comparisons. In addition, the ability to obtain intact sediments
facilitates the controlled laboratory study of such processes as sediment respiration and
biological decomposition. These types of experiinents may also be extended to the field,
~here in si tu tnanipulation experiments of sediment cores can be conducted.

As a means of carrying out careful laboratory and field sediment studies, we have
developed coring techniques that we have found suitable for a wide variety of sediment
types in both inarine and freshwater environments. Diver-taken 6.5 cm piston cores are
appropriate for the measurement of all porewater and solid phase sediment parameters as
well as for small scale laboratory experiments. Larger six inch PVC cores are better suited
for intra- or inter-lake sediment transplants and large scale laboratory experiments. Studies
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conducted in Buzzards Bay, Mass. suggest that this size corer is also suitable for the
investigation of macrofaunal processes in marine sediments. It appears to be a worthy
compromise between the smaller piston corers and benthic chambers. The piston corers do
not sample enough area to be useful in large scale experiments. Benthic chambers require a
lot of boat time, are hard to monitor under adverse conditions, and are difficult to maintain
over long periods of time. The piston and microcosm cores can be taken very close
together, both spatially and temporally. This is an advantage when replicates for sequential
sampling are required and time is an important factor.

Figure 1. PlatoII car lag eet-up: Acrylic core tube  left! aIId platoa
 right!. Dimeaeluaa are la cIa ualeaa iadlCaled OtherIelae.
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METHODS

The piston coring setup used in our work is shown in figure l. In taking a sediment
core by SCUBA, thc diver first inserts the piston into the acrylic core tube, leaving about
10 cm of the piston exposed above the top of the tube. The ¹4 rubber stopper is then placed
in the tpp of the piston. With one hand on the piston and one hand on the top of the core
tube the unit is then lowered towards the sediment surface. When the bottprn pf the core
tube touches the sediment surface, the core tube is inserted into the sediment hil k
the piston stationary. When most of the core tube has been driven into the sediment, the ¹4

'men w ' e eeping

stopper is removed from the piston and the piston is carefully withdrawn fro th f
the core tube. The core tube top is capped with a ¹13 rubber stopper and then thawn rom e top of

ls pu ed put of the sediment far enough to cap the bottom of the core tube with another ¹13i Il

stopper. The core is now ready to be taken back to the lab.
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Research and Industry in Cheltenham, Pennsylvania, catalog number: X27-27H.!. First,
the ¹13 stopper is removed from the top of the core tube and the overlying water is
siphoned off. The core tube is then clamped to the edge of a workbench and the glove bag
is positioned to enclose the exposed top of the core. The glove bag is flushed three times
with nitrogen to remove virtually all traces of oxygen that aze present. Inside the glove bag,
specially made plexiglas coze catchers  figure 2! are placed on top of the coze tube. The ¹13
stopper on the bottom of the core tube is then pushed upwards inside the tube until the
sediment fills the core catcher. The sediment section is then sliced off with a paint scraper
and the sediment is scooped into squat jars  Qorpak, Fisher Scientific!, These sealed
samples may then be frozen, freeze dried, and analyzed without being subjected to oxic
conditions.

Figure Z. Piston core catcher. Dimensions are ln em unless lnttleatett ntherwtse.
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The larger PVC microcosm coring setup is shown in figure 3. The core tops aze
plexiglas with a neoprene gasket. The insides of the core tubes have been machined out to
be smooth for the purpose of sectioning the core  see below!. The core bottoms consist of
two plates connected by a one inch bolt. One plate is a plexiglas/neoprene cover. The other
is a machined PVC plate with an 0-ring that fits snugly inside the bottom of the smoothed
out core tube. A fis crate rigged to hold four of these core tubes, plus tops and bottoms,
can be managed by two divers.

Once on the lake or ocean bottom, the diver removes the core tubes from the crate
and pushes thezn into the sediment until about two thirds of the core tube is buried. Next,
the tops are placed on the tops of the coze tubes and secured with the bungie loops. Finally,
the coze is lifted out of the sediznent by one diver as the other diver caps the base of the coze
with the bottom piece. The bottom is also secured with bungie loops. The fish crate is
equipped so that once the divers are back on the surface with their cores, the crate may be
lifted out of the water with a winch.
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Figure 3. MICEOCosm coring set-up. Dlmenslona are lo cm unleas
In dlc a ted oth sr wise.
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Figure 5 Microcosm core catcher. Dimensions are in cm unless otherwise
indicated.
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Back in the lab, these microcosm cores may be set up to run manipulation
experiments or monitor sediment respiration and nutrient fluxes, If desired, cores can be
maintained under anoxic conditions. Respiration measurements are made possible by the
use of specially machined plexiglas tops  figure 4! that provide an air tight seal on the core,
Magnetic stirrers  stirrer from CMS, ¹214-858; stir bar from Nalgene, ¹6630-1000! are
used to circulate the overlying water and a port in the top  fit with a standard glass BOD
stopper! allows us to take oxygen readings. The magnetic stirrers are water-driven and the
use of manifolds permits us to run sediment respirations on many cores at the same time.
Two syringe ports allow small volume water samples to be taken for the analysis of
nutrients or CO2. One syringe is used to remove the sample while another is used to
provide replacement water.

Another type of experiment that can be carried out with these microcosm cores is a
tranSplant experiment. COreS taken frern One lake may be tranSpOrted and "replantedN by
divers in another area of the same lake or a different lake altogether. Such experiments are
currently underway and include a transplant of cores between two basins of Trout Lake in
Wisconsin as well as a transplant of cores between Miles Pond on Cape Cod and Mountain
Lake in Nova Scotia. As a precaution against ice rafting in the winter, boating traffic, and
vandalism, subsurface buoys are used to mark the locations of the transplanted cores. In
the sediment, tall, brightly colored bicycle flags are used to mark the exact positions of the
transplanted cores to facilitate their retrievaL

Sectioning the microcosm cores under anaerobic conditions is more difficult than
sectioning piston cores because the large microcosms will not fit inside the glove bag.
However, we have developed a method of sectioning these cores that minimizes the time
that the sediment is exposed to air. The overlying water is removed from the core and the
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core is strapped into a holder against the side of a work bench. The bolt and
plexiglas/neoprene plate in the core bottom are reinoved, leaving the PVC plate inside the
bottom of the core tube.  Note: care must be taken to continually support the bottom of the
core so the sediment does not run out of the core tube.!. A hydraulic jack placed under the
core is used to push the pVC plate up inside the core tube, raising the sediment to the top of
the core tube. A PVC/plexiglas core catcher  figure 5! is placed on top of the core tube and
nitrogen gas is hooked up to the low port stopcock. The gas flushes any oxygen away froin
the sediinent surface. After flushing, the lower port stopcock is shut off to prevent air froin
entering. The hydraulic jack is then used to push the sediment up into the core catcher,
forcing the nitrogen in the catcher out the top port. Once the sediment has filled the catcher,
the top port stopcock is closed. Next, a stainless steel plate  9"x 8"! is used to slice the core
section from the rest of the core. A second plate is inserted below the first before the
section is removed so the remaining sediment does not come into contact with air. The
sections that are removed can be weighed for the determination of wet-to-dry conversions
and dry bulk densities. The use of a series of pre-weighed core catchers and steel plates
permits the removal of many sections at a time. Groups of sections are then placed in the
glove bag, where the sediment can then be easily transferred to squat jars under anoxic
conditions.

RESULTS

Figure 6 shows a comparison of results of sediment analyses obtained froin our
diver-taken piston cores to those obtained by a conventional piston corer. The total sulfur
profiles suggest that the piston core taken from a boat failed to capture as much detail in the
surface profile as the diver taken cores. The del+S profiles and the lead profiles also show
changes in the upper portion of the sediment which are missing in the core taken using the
remote coring device.

Fitture 6. Comparison of sediment profiles obtained from diver-taken and
remote piston cores. Total sulfur profiles from two separate cores taken
by diver are shown to demonstrate the low variability.
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We have used the respiration tops with sediment cores taken from a variety of
sediment types to measure oxygen uptake, carbon dioxide production, and nutrient release.
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The system is especially useful when flux rates are very low and incubations must continue
for several days. We routinely obtain linear rates of oxygen consumption from sediments
where the consumption rates were less than 3 mmol ~m2/d by incubating cores for
several days  Fig, 7, control!. The microcosm cores also make excellent experimental units
for studies of sediment biogeochemistry. For example, we have used this system to
measure the effect of small carbon amendments on sediment respiration  Fig, 7!. We have
also carried out long term incubations of lake sediments to monitor the rate of su1fate
reduction under different oxygen regimes. Using the respiration tops we are able to
maintain an anoxic water column and monitor the rate of sulfate disappearance.

Figure 7. Percent of oxygen remaining In water overlying sediment In
mlcrocoarns during a four day Incuhaiioa. Three repllcatee received no
treatment  con! rol! and three were amended with a small aroount of fresh
algal carbon  +carbon!

100

c 80

C3

F 80

CL
40

O go 20 0 0
2

Days

DISCUSSION

There are several advantages to using SCUBA divers to collect sediment cores. One
of the most important is the ability to obtain complete and undisturbed coxes, which is
critical in determining accurate solid phase and pore water profiles. As was shown in figure
6, the difference between cores collected by SCUBA divers and cores collected by remote
techniques can be remarkable. Other investigators have found that most commercially
available sediment corers axe inferior to diver collected cores, especially in very soft muds
 Williams k Pashley, 1979!. While the differences in results shown here will not be the
same in all cases, and some excellent remote corers have been designed  William k
Pashley, 1979!, obtaining a good core using remote techniques generally requires more
skill and better surface conditions than cores obtained by diver.

An advantage of using the larger microcosm coring system is that laboratory studies
and field manipulations can be carried out on intact cores. The movable bottom plate makes
it possible to finely section the sediment at the end of the experiment. In addition, using the
microcosm size cores, it is possible to obtain a large core even from a very small boat. We
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are able to routinely obtain sufficient sediment for the measurement of total C, S, N, Pb,
Fe, and the stable C, S, and N isotopic composition, from 1 cm sections.

Another benefit of these techniques is that they can be applied to a wide range of
marine and freshwater environments. Furthermore, SCUBA divers can collect sediment
cores relatively quickly. Four of the large microcosm cores can be taken at depths of up to
70 feet in twenty minutes or less. In remote Mountain Lake, Nova Scotia, two teams of
divers were able to collect thirty microcosm cores in two days for a large scale manipulation
experiment.

There are a few disadvantages to using SCUBA divers to collect sediment cores.
One is that the technique remains unsuccessful in environments where the sediment is
predominantly sand. In those situations it is difficult for a diver to drive the core tubes into
the sediment and the sand often causes leaks to occur around the microcosm core bottoms.
The other disadvantage is that there are liinits to the maximum depth that a diver may safely
go to collect cores, as well as the amount of bottom time available at any depth. If the
objective is to collect a large number of cores from depths of 60 feet or more and the
number of divers is limited, then a substantial amount of time will be required for surface
intervals between dives.

CONCLUSION

We have presented evidence to suggest that using SCUBA divers to collect
sediment cores is preferable to remote techniques whenever the conditions allow. SCUBA
divers can obtain undisturbed, intact cores, confirmed not only visually through the
appearance of worm tubes and the surface flocculent layer but also through comparisons of
data obtained by remote and iri situ coring techniques. Diver-taken cores can provide
accurate and detailed profiles for many sediment parameters. They can also be used as is
for laboratory studies and field manipulations that investigate any number of
biogeochemical processes.
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A COMPARISON OF RECREATIONAL AND SCIENTIFIC DIVE TABLE
USAGE WITH SUGGESTIONS FOR A RECREATIONAL VERSION OF

THE U.S. NAVY DECOMPRESSION TABLES

Dennis K. Graver
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PO Box 14650
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The U,S, Navy Decompression Tables and versions of them have been the
standard tables of use by scientific and recreational divers in the United
States for many years, but they were not designed to accornrnodate the type
of diving often done by leisure-time scuba divers. This paper addresses the
limitations of the tables and sug g ests modifications to the no-stop limits, the
surface interval timetable, repetitive dive planning, the definition of bottom
time, safety decompression procedures, extent of decompression schedules,
minimum bottom time, and multiple level applications. Suggestions are
made as to how the U.S. Navy Decompression Tables mi ght be modified to
minimize the risk of decompression sickness in recreational diving .

BACKGROUND

A decision was made in 1988 by NAUI Headquarters to revise and update the dive
table section of its entry-level textbook for scuba divers. A review of the NAUI Dive
Tables, which are based upon the U.S. Navy Decompression Tables, resulted in the
formation of an ad hoc committee of 20 tables experts, who have and are reviewing a
variety of mathematical and procedural changes proposed by the author. Additional ideas
regarding dive table revisions have been suggested by the experts, who are rarely in
complete agreeinent regarding any single concept! Reaching a conclusion for any table
revision based on input from the expert committee is a task that is difficult at best, but
several concepts have been identified meriting consideration as revisions to the USN-based
NAUI Dive Tables and the procedures for their use.

Scientific diving differs in many respects from recreational diving, and leisure-time
diving activities differ from both scientific pursuits and Navy diving methods. Based on
information contained in this paper, the U.S. Navy Decompression Tables should be
modified for use by recreational divers, This paper outlines a variety of considerations and
offers to recreational diving with suggested revisions to the U.S. Navy Decompression
Tables.

TABLE LIMITATIONS

The U.S. Navy Decompression Tables were designed for military applications
rather than recreational diving purposes. They were developed and tested with the
assumption that the diver would remain at a constant depth and would not need to make
more than one repetitive dive per day  Linaweaver, 1989!. If more dives were needed,
divers without residual nitrogen would be available.
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The scientific and recreational divers of today make multiple-level and multiple
repetitive dives, often for multiple days.

TIME LIMITS

According to Chapman �989!, "There is no such thing as a nondecompression
 sic! dive schedule, just a probability profile, e.g., a likely incidence of DCS". The no-stop
limits of the U.S. Navy Decompression Tables were established with 564 man-dives to
obtain a probability profile that made decompression sickness statistically preventable.
Spencer �976a! recommended reduced no-stop limits based on ultrasonically detected
blood bubbles, and Huggins �981! suggested even more conservative time limits based on
similar studies. Hill �989!, however, claims, "Too much has been made of doppler
studies of bubbling and not enough of its limitations". The proof of a decompression
schedule is not the doppler, it is the incidence of DCS using that schedule". Also, Neurnan
�989!, and Hamilton �989! maintain that the USN no-stop limits are quite safe and that
they can be trusted.

What limits should be used? A sufficient number of qualified experts feel strongly
enough about the limits of the U.S. Navy Decompression Tables to merit their use for
scientific diving purposes. For practical and legal reasons, more conservative time limits
are appropriate for recreational divers. NAUI has introduced a "Dive Time Calculator" with
dive time limits that are reductions of the U.S. Navy no-stop limits by an amount
equivalent to one repetitive group designation, e.g., 55 ininutes at 60 feet �8 m! versus 60
minutes. Several experts, including Merrill Spencer �976!, Karl Huggins and John Lewis
feel the time limits for 40 and 50 feet �2 and 15 m! are less appropriate than those for 60
feet �8 m! and deeper. The reduction of these particular time limits is, therefore,
recommended for recreational diving. Merrill Spencer's empirical formulae for 15% VGE
predicts a limit of 123 minutes for 40 feet �2 m! and 70 minutes at 50 feet �5 m!. John
Lewis recommends 40'/130 minutes - a three-group reduction of the USN limits, and
50'/80 minutes � a two group reduction.

It is believed that repetitive dives of short duration  less than five minutes!,
commonly known as "bounce" dives, predispose divers to decompression sickness when
the surface interval between dives is less than one hour. These exposures result in
symptoms of bends more often when there are multiple complete ascents during a dive
 Edmonds et al. 1981! or from a short repetitive dive  Hills, 1977! to accomplish a brief
task, such as freeing an anchor. According to Hill, the Haldanean model is inaccurate for
such exposures. Procedural recoinmendations are, therefore, necessary. This writer
proposes encouraging divers using U.S. Navy-based dive tables to avoid multiple complete
ascents during dives and to have at least a 1-hour surface interval between dives whenever
possible.

DEPTH LIMITS

No one seems to disagree with a maximum depth limit of 130 feet �9 meters! for
recreational diving, yet this limit is frequently exceeded. A feeling of obligation to provide
information via tables and dive computer readouts f' or dives in excess of the maximum
depth limit exists within the diving industry. The rationale is usually that the diver needs to
know what to do in the event that the limit is accidentally exceeded. During conversations
this year with John Lewis, developer of Oceanic's dive computers, he indicated that an
acceptable decompression schedule for most recreational diving situations is one minute of
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decompression for each minute in excess of the no-stop limit. This concept or something
similar could form the basis for emergency decompression and eliminate the need to
provide information that may well act as an incentive for recreational divers to exceed 130
feet �9 m!. Another procedure would be to encourage divers who accidentally exceed the
maximum depth limit to ascend immediately upon discovering the error, to decompress for
as long as possible at the end of the dive, and to discontinue diving activities for 24 hours,
It is the opinion of the author that information regarding dive procedures for dives in excess
of 130 feet �9 m! should not be part of tables or computers intended for recreational diving
purposes and that such information serves to entice divers to venture beyond what is
widely accepted as a practical depth limit for scuba divers.

Depth limits for scientific diving purposes are established by institutional policy,
diver training and experience, surface and emergency support, and careful determination of
value versus risk. U.S. Navy Decompression Tables depth/time limits to 190 feet �7 m!
can be appropriate for scientific purposes based on the foregoing considerations.

MULTI-LEVEL DIVES

Since the introduction of dive computers, the concept of diving at multiple levels
during a dive has become general knowledge amongst divers. The benefit of a total bottom
time that may greatly exceed the U.S. Navy no-stop limit for the deepest depth of the dive,
but which does not require decompression based on the combination of reduced nitrogen
loading of some tissues and the outgassing of nitrogen by other tissues at shallower depths,
has great appeal. Graver �976! first introduced a procedure for calculating multiple-level
dives using the U.S. Navy-based Decompression Tables and soon discovered that Robert
Workman �974! and others had previously outlined procedures for multi-level dives using
Navy decompression tables. Due to the complexity of the calculations, planning
considerations and accurate execution of the dive plans, the author has never encouraged
multiple-level, table-based dives, and suggests that recreational divers be discouraged from
attempting such dives. The author further tecommends that multi-level dives by recreational
divers be made only when using a dive computer and according to the instructions of the
manufacturer and the suggested guidelines of the AAUS  Lang and Hamilton, 1989!.

DEFINITION OF BOTTOM TIME

The NOAA Diving Manual  Miller, 1979! defines bottotn time as "The total elapsed
time starting when the diver leaves the surface to the time that ascent begins." NAUI
�981!, has defined bottom time as the total time spent underwater. NAUI's definition adds
a safety factor to dive profiles, is compatible with times determined by pressure-activated
automatic timers, and simplifies record keeping by Divemasters, who can observe divers
descending and resurfacing. Using this method, however, a diver is penalized for any
safety decompression, which is also considered bottom time. Far recreational divers, the
additional safety factor resulting from counting safety decompression time as bottotn time
appears to be appropriate.

SURFACE INTERVAL TIME CORRECTIONS

Both Thalmann �983! and Lewis �989a! indicate that the time to advance from
one repetitive group to another within the U.S. Navy Surface Interval Timetable should be
consistent when transitioning from identical groups, e.g�B to A. Theoretically, these
times ate as follows:
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The USN Surface Interval Credit Table agrees with these times  within one or two
minutes! with two notable exceptions, which are:

B column B to A 2:11, which should be 3:20
C column B to A 2:50, which should be 4:50

These corrections to the surface interval table should be made to all USN-based
dive tables. A few other discrepancies, which amount to differences of ten minutes or less
will also be noted if a detailed comparison is made between the USN timetable and the
theoretical time required to advance between groups. %'hile not as critical, these
discrepancies should also be considered as part of any revisions to USN-based tables.

RATE OF ASCENT

The standard rate of ascent for the USN tables is 60 feet per minute. Slower ascents
have been advocated by dive computer manufacturers and by Hamilton �989!, Hill �989!
and others. Dr. Kelly Hill says, "I think we should go to a 30 fpm ascent rate for three
reasons:

a. Time spent during ascent is time well spent. Offgassing begins and as more gas is
blown off early, the mean bubble size should be reduced due to decreased gas
loading. You in essence get a moving safety stop by ascending slower.

b. Arterial gas embolism is a bigger killer than DCS, and by slowing the ascent, we
can lower the risk of AGE.

c. Most dive computers are using slower ascent rates and we can deconflict divers'
knowledge bases by starting them with a slower rate. A variable rate with higher
speeds deeper, as used by Orca Ind., is a good idea, but too complex. Let's go to
30 fpm."

The question arises as to how a 30 fpm rate of ascent would affect a diver's end-of-
dive repetitive group designation. Calculations by Lewis �989b! indicate a safety
decompression stop to be a more effective, easier-to-perform procedure than a decreased
rate of ascent. Dr. Lewis states in the summary of his paper, "A safety stop has been
demonstrated to be effective and, in my opinion, should be included in any ascent
procedure recommended for recreational divers. However, I do not believe a reduced
ascent rate is a particularly good idea. It is virtually impossible for an experienced diver to
achieve, let alone a new diver. There is no experimental evidence that any reduction from
the U.S. Navy requirement of 60 ft/min is necessary for the prevention of air embolism. A
slower rate often results in an increased nitrogen loading, and where it does achieve a
reduction, the reduction is dwarfed by that achieved by a safety stop. A slower ascent rate
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probably does not really hurt anything, but it certainly should not be used in place of a
safety stop."

Based on Lewis' information, the author recommends a 60 fpm rate of ascent for
recreational diving. While estimating the cortect rate of ascent is difficult without some type
of instrument, such as a dive computer, which specifies when a particular rate is being
exceeded, any efforts to carefully monitor the rate of ascent will reduce the risk of DCS. A
60 fpm rate can be monitored by comparing time and depth readings against a rate of one
second per foot or 10 seconds per ten feet. Lesser times can be corrected by arresting an
ascent until the proper time has elapsed.

DECOMPRESSION STOPS

Safety decompression stops are not specified by the U.S. Navy, but are
recoininended by recreational diving training agencies and the AAUS. The depth at which
these stops should be performed, the duration of the stops and whether or not to either
strongly recommend or even require them are aH concepts ineriting consideration as
procedural revisions,

There are logistical advantages - which will be outlined shortly - resulting from
safety decompression stops performed at depths of 15 to 20 feet versus the typica1 ten foot
stop, and according to Overlock �989!, there may also be some physiological benefits
because bubble formation may be reduced or prevented. The question arises as to whether
or not safety decompression stops and the depth at which they are performed affects the
end-of-dive repetitive group designation specified by the U.S. Navy tables for bottotn
times for various depths.

Dr. KeHy HiH says in a recent letter to the author, "Ten feet is a dangerous and
difficult depth; buoyancy control is difficult due to the rapid dv/dd  delta voluine/delta
depth! that results in fast voluine changes and lift increase, wave action makes the real
depth variable, and one is deep enough to be invisible to inost boats, yet not deep enough
to be completely safe froin deep draft vessels. I think that if you run the numbers you can
show that a stop at 15 or even 20 feet is almost as effective and a lot easier to accomplish.
Since other dive planning devices use 15 feet, it might be reasonable to adopt that depth for
uniformity's sake; otherwise the poor dive boat operator is having to put out safety lines at
10, 15 and 20 feet if another depth is chosen,"

Those considering procedural revisions to dive tables to reduce DCS need to "run
the numbers" as Dr. Hill suggests, The author requested several experts with the ability and
means to accomplish this; to compare the M-values following a variety of dive profiles
which include safety decompression stops with similar pmfiles that do not include stops to
determine if there is any significant difference in the end-of-dive repetitive group
designation. Any disparity between the final group designation for the two scenarios would
require field testing for validation, which would probably prevent a change to deeper stops
unless the stop time were considered part of bottom time.

Why make safety stops at all? Studies by Pilmanis �989! at the Catalina Marine
Science Center consistently detected "silent bubbles" foHowing dives to 100 feet for 25
minutes, but was able to demonstrate a drastic reduction in bubbling with the inclusion of
safety decompression. Stopping near the surface during ascent can prevent and correct
diving errors including a rate of ascent that is too rapid, buoyancy control problems, lung-
expansion problems, failure to take the time to monitor the area overhead, etc, The benefits
derived from arresting an ascent near the surface justify its inclusion as a standard practice
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for all dives made by recreational divers, Thc real questions remaining are» long  »~
three minutes and five minutes have been suggested by experts on thc NAU«omrmt~!
and at what depth. It is proposed by the author that divers perform a three mtnutc saf Y
stop at a depth of 15 feet at the cnd of every dive in excess of 60 feet and that the «op "
bc counted as bottom time.

EXTENT OF DECOMPRESSION SCHEDULES

Thc U,S. Navy Decompression Tables provide decompression schedules for
bottom times that greatly exceed thc no-stop limit. Navy-based recreational dive tables,
such as thc NAUI Dive Tables, include reduced schedules, but cvcn these, in the opinion
of the author, are still excessive, Providing decompression information for times greatly
cxcecding the recommended time limits cncourttges decompression diving, which is to be
avotdcd by recreational divers, Further reductions of thc decompression timetable are
proposed for recreational divers as outlined in thc following table:

LIMITING REPETITIVE DIVES AND DEPTHS

Recent discussions  UHMS, 1989! in "Letters to the Editor" in the UHMS
publication, "Pressure", suggest repetitive dives using the USN Dive Tables be limited to
two or three dives per day. Correspondence from John Lewis �989! reads, "Restricting
diving to three dives pcr day can be argued based on the lack of a substantial data base, but
the rule is likely to be ignored on live-aboard dive boats". It is common knowledge that
divers have for many years excccded thc repetitive dive test limits of the USN tables, but
the effects of these excesses have not been documented, nor are they understood. Until
morc is known and documented regarding the physiological effects of multiple repetitive
dives, it may bc prudent for agencies using USN-based tables to recommend a limit of
three dives per day."

Table comrnittce experts have suggested to the author that repetitive dives should be
limited to depths shallower than I00 feet. Based on this input, the author proposed this tdea
to the entire committee, most of whom strongly supported the concept. Wienke �989!indicates this is important because "multi-tissue algorithms do not  cannot! address free gas
phase elimination," The limiting of repetitive dives to depths not exceeding l20 feet may be
appropriate for scientific diving, but the more conservative limit of 100 feet is suggested for
a recreational diving repetiuve-dive depth limit.

IIO

50'
60'
70'
80'
90'
100'
I IO'
120'
130'

No-Stop
Limit  USN!

100
60
50
40
30
25
20
l5
10

Max. Dccorn.
 Current!

160
120
90
70
60
40
30
30
25

Max. Decom.
 Proposed!

l20
80
70
60
50
40
30
25
20
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SUMMARY

The following revisions to USN-based Decompression Tables and the procedures
for their use when they are employed for recreational purposes are proposed:

The maximum no-stop tiine liinits be reduced by three letter groups for 40 feet  to
130 minutes!, by two groups for 50 feet  to 80 tninutes!, and by one letter group
for depths of 60 to 130 feet.
Information for diving to depths in excess of 130 feet not be included in the tables
or should be identified as exceptional exposures.
Bottom time be defined as the total time spent underwater.
Errors in the surface interval timetable be corrected.
The rate of ascent remain 60 fpm.
Decompression stop depth be standardized as 15 feet.
Safety decompression stops of three tninutes at 15 feet be required at the end of
every dive whenever possible.
A limit of three dives per day be recommended.
A tnaximum depth limit of 100 feet for repetitive dives be established.
A ininimum surface interval of one hour between dives be established to prevent
decotnpression sickness caused by "bounce" repetitive dives.

3.
4.
5.
6.
7.

8.
9,
10.
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A benthic structure has been designed and deployed in I8 meters of water in
the center of Buzzards Bay for two years for the purpose of growing
mussels and other molluscs. This structure can also be used for settlement
and growth studies of other marine species where long-term field
experiments are required, The structure is designed to be deployed on the
bottom, and extends vertically 3.5 meters above the sediment surface. The
food source consists of detritus suspended from the bottom by the tidal
stream  Benthic Turbidity Zone!. The structure is based on a design that
utilizes materials that are readily available, structurally stable in sea water,
and are low in cost. Deployment and recovery of the structure can be done
with vessels > 7 meters in length, Installation of grow-out ropes, cages, or
experiments on the rig by SCUBA di vers is facilitated by hooks and snaps
which permit rapid attachment or recovery of deployed materials

BACKGROUND

Suspended rope aquaculture is commonly practiced around the world and usually
involves a floating surface platfortn or buoyed system  Davy and Graham, 1982; Huner
and Brown, 1985! which maintains the cultured species within the near-surface water
associated with high primary productivity. The system described here is a radical departure
from existing practice as the growth structure is located on the seafloor and the food
resource is nitrogen-rich detritus associated with resuspension of bottom sediment,

Deep muddy areas of estuaries and non-estuarine embayments of New England
have been shown to be potential growth sites for commercially important molluscan
species, particularly Mytilus edulis  Rhoads et al., 1984!. Normally filter-feeding
organisms do not live on these bottom types because of high fluxes of fine sediments that
are resuspended by tidal scour. The high resuspension rates exclude natural settlement of
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flltering organisms by burying them or otherwise inhibiting survivorship  Rho d d
Young, 1970!,

This sediment flux results in a near bottom layer of turbid water called the Benthic
Turbidity Zone  BTZ!  Rhoads er al., 1984!. This phenomenon is well known to divers
who work at depth over these kinds of sediments. The initial purpose for designing the
benthic platform was to suspend filter-feeding bivalves above the bottom to avoid
smothering settling sediment yet locate them within the BTZ to facilitate feeding on the
suspended particles that are nitrogen-rich  Rhoads, Tenore, and Browne, 1975; Tenore,
1977!,

Earlier attempts at growing bivalves within the BTZ were based on very small
benthic racks  Rhoads, 1973; Rhoads er al, 1984!. The structure described here was
designed to be a prototype platform  unit deployment! for a commercial scale mariculture
operation,

DESCRIPTION

The general design of the rig is shown in fig. 1. The main structural member
consists of a 6 meter-long air-fllled schedule 80 PVC sewer pipe  A!. This 12 inch �0cin!
i.d, diameter pipe has a wall thickness of 3/8" �.95cm!. The ends of the pipe are water
tight by means of PVC-welded hard end caps, This pipe provides a vertical lifting force of
960 pounds �32 kg! and maintains the structure in an upright orientation. Prior to
deployment, the pipe was hydrostatically tested by drilling and tapping sinall holes in each
end of the hard caps. The pipe was filled with water and one tapped hole was sealed with a
plug. The other tapped hole was fitted with a low pressure gauge and a few pounds of
positive pressure were applied. This static pressure was maintained for one hour to insure
that the system would be water tight.

Three automobile tires are positioned around the buoyant pipe. These tires are held
in their relative positions by pieces of PVC that are welded onto the pipe on either side of
each tire. A pair of holes is cut into the tread surface of each tire in order to secure lines for
deployment  top of each tire as shown in fig. 1! and a pair of holes are cut into the tread
surface at the bottom of each tire to secure the 1 inch diaineter �.54cm! polypropylene
anchor lines  B!.

Each of the three anchor lines are attached at their lower ends to 500 pound �25
kg! weights. Once deployed, the total negative buoyancy is 540 �500- 960 = 540! pounds
�43 kg!. These three anchor lines pass through a lower structural member; a 6" diameter
�5 cm! i.d. "Blue Brute" water service pipe  C!. This lower pipe is water-filled and
negatively buoyant, This pipe is not secured to the anchor lines. Rather, the lines loosely
pass through the pipe through flared 1 inch �,54cm! PVC guides. The ends of the guide
pipes are flared to avoid chafing of the anchor lines when pipe  C! experiences slight lateral
or vertical movement. Pipe  C! can move up or down on the anchor lines related to lateral
forces by current flow  ca. 25 cin/sec at the Buzzatds Bay deployment site! and negative
vertical forces by increases in biomass of the cultured species. The purpose of pipe  C! is
to maintain tension on the 16 vertical grow-out ropes  D! and to keep the grow-out ropes
equally spaced,

The 16 grow-out lines  D! are 3/8" �.95cm! polypropylene and are easily attached
or detached from the rig by means of "S"-shaped metal hooks attached to pipe  A! by two
plastic tie wraps. The lower ends of the growout lines are attached to eye-bolts in pipe  C!
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by ineans of stainless snap hooks The grow-out lines were spaced approximately 12
inches �0cm! apart,

Figure 1. Near-bottom mouuseuu grow oui rig.

We have also secured Japanese lantern nets �0 tiered! at each end of the rig for
deployment of scallop, oyster, and hard clams. Wis was done by extending pipes beyond
the ends of the upper  A! and lower  C! pipes. Other configurations can also be utilized
with some modifications of the basic rig.

DEPLOYMENT

The rig was transported to the deployment site on July 9, 1987 on the deck of the
John A. Edwards �0m!. An alternate option would be to tow the rig to the site by utilizing
the positive buoyancy of pipe  A!  without weights or anchors!. Pipe  A! and pipe  C! can
be tied closely together during transport.

Once on site, the entire rig was placed in the water except for the weights which
were retained on deck. Each weight was individually lowered with a tag line and the rate of
descent of the weights was controlled with a wrap of each tag line amund a cleat.

Once deployed, divers descended to inspect the condition and orientation of the rig
Before leaving the site, the LORAN coordinates were recorded and the acoustic signature
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of the air- filled pip  A! was noted on the fathometer. The site was marked with a small
flotation buoy.

Subsequent dives were made to attach grow-ou! lines with attached mussel spat.
These lines were prepared in the laboratory in advance, The spat were attached to mussel
tapes that, in turn, were coiled around each grow-out line. Periodic inspection dives are
made to evaluate growth, mortality, and fouling, On July 27, 1987 two ten-tiered Japanese
lantern nets were also attached to the ends of the rig for growth of scallops, oysters, and
hard shelled clains. All deployed species were recovered on December 1, 1987. The rig has
remained at the original deployment site to this date,

DISCUSSION

The main attributes of the rig are that it is constructed of materials that are stable in
seawater over extended periods of time. Therefore, maintenance of the structure is low.
Also, all materials are stock items and costs can be kept to a minimum if one is able to use
surplus or used components, Fabrication and assembly is relatively simple. The only
special equipment needed is a PVC welding process.

The deep water deployment of the rig avoids many problems associated with
surface rafts such as conflicts with surface traffic, ice, waves, and fouling by plants.
Because the deployment can be sited far from shore, and in deep water, the susceptibility to
pollution is dramatically reduced.

Another attribute is the ability to find the rig not only by LORAN TD's but also by
acoustic sounding. The air-filled pipe  A! has high acoustic impedance and yields a striking
return on the fathometer. This is important for efficiently locating the rig if the surface float
is lost.

One limitation of this approach is that the location of the bottom rig may conflict
with bottom trawling. ln the Buzzards Bay case, this is not a problem because trawling is
not allowed in the area of deployment, However, this may be a potential problem in other
embayments which are trawled.
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USE OF PHOTOGRAMMETRIC TECHNIQUES TO MONITOR
CORAL REEF RECOVERY FOLLOWING A MAJOR SHIP GROUNDING
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5600 Old Dixie Highway

Fort Pierce, FLORIDA 34946 U.S.A.

Photogrammetri c techniques were used in a detailed study of benthi c coral
reef communities following a major physical disturbance, the grounding of
the freighter ~W<~gg4 on Molasses Reef, in Key Largo National Marine
Sanctuary, Florida. The sessile reef communities of the ~+~~/ site and
the adjacent unimpacted reef areas were studied with non-destructive
samplings of permanently located quadrats to document the recruitment of
organisms and reef recovery in the impacted area. The grounding site was
rapidly colonized by an algal community that was soon dominated by a fine
algal turf composed offilamentous red algae. Although algal diversity and
total algal abundance quickly returned to the levels of the nearby unimpacted
reef, there remained a significant number of differences in the species
composition and in the abundance of individual species. More
conspicuously, the major benthic invertebrates of the community,
particularly the important reef-building hard corals, recruited into the
impacted area much more slowly, if at all, than the algae. By the end of the
study, there was still a substantial number of maj or differences between the
algal community of the impacted area and the unimpacted reef. The
advantages of the techniques used in this study included. a mini mal impact
on a protected reef community, a large sample size for adequate statistical
analysis, and high precision and quality-control.

INTRODUCTION

Marine ecologists have employed various photogrammetric techniques in a variety
of subtidal habitats as non-destructive methods of sampling  e.g., Ernst, 1957; Johnston et
al., 1969; Littler, 1971; Lundalv, 1971; Dayton et al., 1974; Laxton and Stablum, 1974;
Wilson, 1974; Drew, 1977; Vance, 1979; Karlson, 1980; Porter et al., 1982; Littler and
Littler, 1985!. A photogrammetric approach was used in a detailed study  Hanisak et al.,
1989! of benthic communities of a coral reef following a major physical disturbance, the
grounding of the freighter Wi llwoopl on Molasses Reef, off Key Largo, Florida. This
paper outlines the methodology used in the study and briefly presents some of the resulting
data. A complete analysis of the data collected will be presented elsewhere.
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METIIODS

Molasses Reef �5  X!.7'N, 80 22.4'W!, located near the southern boundary of
Key Largo National Marine Sanctuary  KLNMS!, is one of a series of outer bank, barrier-
type coral reefs that comprise the Florida Reef Tract  Shinn,1963; Voss, 1984!. Molasses
Reef is considered to be one of the most complex and productive reefs in the sanctuary
 Jones and Thompson, 1978!. Because of this reefs location  ca, 10 km, or 5.5 nautical
miles, from Key Largo! and ease of access from the shore, Molasses Reef is probably the
most heavily visited coral reef of the Rorida Keys,

On August 4, 1984, the 122m long Cypriot-registered freighter MN Wmllwaod ran
aground on the upper foreteef of Molasses Reef, at a minimum depth of 6m, and remained
there for 12 tlays. This grounding was a catastrophe of unprecedented proportion in
KLNMS; details of the grounding have been reported elsewhere  Bright and Andryszak,
1984; Jaap, 1984; Curtis, 1985; Bright et aI., 1987; Gittings, 1988; Gittings and Bright,
1988; Harrigan, 1988!. Although no fuel or cargo was spilled, the reef was physically
impacted over an estimated area of 75,486m2  Jaap, 1984!. Damage to the reef occurred via
several mechanisms, including crushing, scraping, shading, cable shearing and abrasion,
and prop wash, both as a direct consequence of the grounding and as an indirect result of
removing the Q~v~~ from the reef. YIte most serious physical damage inflicted by the
Wr~w~ was in «n area �,805m2! of almost total destruction where the reef was crushed
and pulverized by the hull of the freighter  Harrigan, 1988!. The underlying reef
framework was also seriously fractured by the weight of the ship  Hudson and Diaz,
1989!.

Shortly after the removal of the V~i~tg from Molasses Reef  September 1-4,
1984!, flve permanent transects were established so as to intercept the area physically
impacted by the grounding as well as portions of the adjacent unimpacted reef. Each
transect was marked at its beginning, middle, and end with eyebolts secured into the
substrate and could, thus, be precisely relocated as needed. One hundred and seventy-one
rectangular quadrats �0cm x 50cm, 0.15m2 in area! were placed along the five transects at
lm intervals. Two corners of each quadrat were marked with metal studs, stainless steel
washers, and marine epoxy; one of these corners was also tagged with a circular plastic
label �.9cm in diameter! on which was printed the number of the quadrat. A list of the stud
and tag locations for all quadrats was maintained and updated for use by the divers during
the field work.

At quarterly intervals  March, June, September, and December! during 1985 and
1986, the quadrats were photographed  with Kodachrome 25! at right angles to the primary
reef substrate with a Nikonos underwater camera and two Oceanic Products 3004 strobes
that were mounted on a quadripod constructed frotn PVC having a nominal diameter of 1.9
cm �/4"!. The base of the quadripod had the same inner dimensions �0cm x 50ctn! as the
quadrats and was aligned appropriately to the two permanent pins for each quadrat prior to
being photographed. The camera  equipped with a 15mm lens, f/stop = 22, shutter speed =
M90! was mounted at the top of the quadripod, resulting in a focal plane of 43cm. The
quadripod also had �! a plastic label attached to its upper right comer on which the date
and the transect of each photograph were marked with a wax pencil a d �! th
was set to the appropriate quadrat number prior to the photograph f hpenci an a counter that

information was included in the photograph of each quadrat. In add't', ho ap yo eac quadrat. This
a . n ition, t e divers kept a
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written record of all photographs. When the organisms growing directly on the reef
substrate were obscured by an overlaying layer  usually soft corals!, the quadrat was ie-
photographed after the upper layer was gently moved aside by the divers.

SCUBA divers also made extensive observations and sketches of each quadrat on
plastic-coated  polyethylene! "underwater paper"  PolyPaper~, Nalge Company!. This
"mapping" of the quadrats was facilitated by the use of a standardized list of abbreviations
and codes for the various reef organisms that was developed and updated as the study
progressed. Taxonomic voucher specimens were usually obtained by taking small portions
of algae from areas iinmediately adjacent to quadrats where they were observed Vouchers
were taken directly froin the quadrats only when suitable material could not be otherwise
collected. All vouchers were preserved in 5% formalin at the end of each day's collection.

A team of 4 or 5 scientific SCUBA divers participated in each quarterly sampling.
All diving complied with the British Navy Tables, which were in use at the authors'
institution during the study. All diving occurred at depths less than 30 feet, which permitted
up to 8 hours of bottom time per diver each day. During the later part of the study, some of
the SCUBA diving was supplemented by air supplied from the surface via hookah lines,
Hookah divers were restricted in their movements from the anchored boat, but this was not
a serious liinitation as their activities were confined to the relatively slow, tedious process
of "mapping" quadrats.

11 Pli

Analyses of the photo-samples  the 35mm transparencies of the various quadrats!
followed the recommendations of Littler and Littler �985!. In the laboratory, the developed
transparencies were projected onto a sheet  ca. 63cm x 84cin! of white paper containing a
computer-derived grid �0cm x 67cm! of random points  n = 400!. The points on each grid
were individually randomized for each quadrat that was to be analyzed, and the grid was
marked with various notes by the person performing the analysis of the appropriate photo-
sample; this facilitated subsequent review of the analysis of individual quadrats Prior to
each analysis, the corners of the projected photo-sainple were superimposed over those of
the respective grid. The identity of the organism s! under each point of the grid was tnade
based on the information from the transparency, the field notes and sketches, and the
laboratory identifications of the voucher specimens. When a proper identification could not
be inade under a point  e.g., because of shadows on the transparency or other ambiguity!,
this point was considered to be "unscorable".

Percent cover was used to estimate the abundance of all macroscopic benthic
organisms; cover was calculated for each quadrat as the nuinber of "hits" for each species
divided by the number of "scorable points"  the number of points projected minus the
number of "unscorable points"! for that quadrat. Taxa present in the quadrat, but not
abundant enough to receive any hits, were arbitrarily assigned a cover value of 0.1%  an
organism receiving 1 hit out of 400 points would have had a cover of 0.25%!.

The number of scorable points required for the significant analysis of individual
photo-samples was detertnined as follows:

1. Nine photo-sainples from each of the eight quarterly samplings were selected
randomly  n = 72!.

2. The hits assigned to each of these photo-samples were listed for each taxon and
randotnized with a computerized random number program.
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Flg. t. Example of the number of bits required for the adequate statistical
analysis of photo-samples.  A! As more points on the photo-sample are
scored, the number of algal taxa receiving "bits" rapidly increases and

plateaus.  8! The estimated abundances  covers! of more abundant
species, c,g,, Gclidi ella turf  CT! and Dirryoia divaricate  t!. dlv!,
quickly plateau as a function of "scoring" effort.  C! Tbe estimated
abundances  covers! of less abundant species, c.g., Coralline Crust
Assemblage 2  CCA2! and Co cloth rim i rreg n la ris  C. Irr!, may change
radically with increasing "scoring" effort; ln this case, they plateau after
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3. Subsets of the randomized data for each photo-sample were repeatedly sampled
with increasing numbers of hits �0, 50, 75, 100, 150, 200, 250, 300, etc.!
selected.

4. The cover for each taxon, as well as the number of algal taxa, was recorded for the
data subsets.

5. The number of hits required for each photo-sample from the subsets was
considered to be the minimal number required to fulfill two conditions  see
example, Fig. 1!;

a plateau was observed in the number of plant taxa  t.e., no further increase
occurred following the addition of 100 hits!; and

b. the individual covers for all taxa were within 5% of those calculated from all
available hits from that photo-sample.
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6, The minimal number of scorable points needed for each photo-sample was obtained
by multiplying the minimal number of hits required  step 5! times the ratio of
scorable points to total hits for that sample  derived from the full data set for each
quadrat!, This calculation was necessary because multiple hits could occur for a
single scorable point due to the co-occurrence of more than one taxon at that point.

F lg. 2. N istogr am for quadrats used in the preliminary analysis to
detertnine the number of seorable points required for adequate statisticala na 1 jl s 1 s. 12
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NUMBER OF SCORABI E POINTS REQUIRED

In essence, this procedure is comparable io species-area curves which have
frequently been used by ecologists to determine sample size or quadrat area  Hopkins,
1957; Kershaw, 1973!. There was a wide variation in the number of scorable points
required  i.e., a range of 34 to 282 points for the samples examined; Fig. 2!; this variation
was due to differences in the technical quality of the photo-samples, quadrat complexity,
species number, and abundances, as well as seasonal and random effects. No significant
differences  ANOVA; P >0.05! were observed in the number of scorable points required
for photo-samples from the eight different samplings.

Conservative estimates  based on the 95% confidence intervals for the various
samplings; Fig. 3! were made for the number of scorable points required for the
satisfactory analysis of the photo-samples. Based on the worst cases  March 1985 and June
1986, Fig. 3!, a total number of 250 scorable points is a conservative estimate for the
proper quantification of these quadrats. When a quadrat had less than the acceptable
number of scorable points  ca. 5% of the time!, additional randomized points were
projected and analyzed When less than half of the required total number of scorable points
were obtained  ca. 0.5% of the time!, these quadrats were not rescored and were eliminated
from further analyses. These discarded quadrats were always the result of inadequate
photographs due to strobe problems in the field. Thus, the minimal level of precision in
analyzing the photo-samples was 5%, a value suggested by Littler and Littler �985! as
being acceptable with such photogrammetric techniques; however, because of the
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conservative approach used, most quadrats in the study were quantified at a much higher
level of precision than 5%.

Fig. 3. lvieau aumber of scorable points required  d 95% conf ldeuee
later vale! for the adequate statistical aualysls of the photo-samples from
the e lght sam p ling periods  u = 9 per each period!.
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Table I. Estimated uumber of quadrate required for thts study based ou
sampliug optimtzattou procedures  Sokal aud Rohlf, l981!, at a
precislou of 26% of the meau aud a coufideuce level of 95%.
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Cluster analysis indicated that the quadtats at the start of the study  March 1985!
could be classified into two major git!upings or zones that corresponded to the impacted
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and the unimpacted areas of the reef  Hanisak et al., 1989!. There were no consistent
patterns between the contents of any of the sub-clusters of these two major clusters and
location on the reef or damage zones  Littler et al., 1987! associated with the ~Wllwi@g
grounding. The number of quadrats required per zone for adequate statistical analysis was
calculated based on the initial analysis of the 1985 data  number of algal taxa and total algal
cover! using the samphng optimization techniques described by Sokal and Rohlf �981!. A
precision of 20% of the mean and a confidence level of 95% were selected. Estimates of the
sample size ranged from 9 to 43 quadrats per zone  Table 1!. Although there was little
difference in the recommended sample size of the two areas, there was a considerable
amount of temporal variability in this size due to seasonal changes in the community. Based
on a worst case scenario, a sample size of 43 quadrats would be the minimum required for
adequate statistical analysis  Table 1!; therefore, at least that number of quadrats were
always analyzed for each zone during each of the eight samplings.

RESULTS

A total of 222 taxa of reef organisms �50 algae; 72 benthic invertebrates! were
quantified from the quarterly samplings conducted during 1985 and 1986; the list of taxa
and an analysis of the reef community have been thoroughly presented elsewhere  Hanisak
et al., 1989!. As an example of the type of data obtained with the photogrammetric
techniques described above, only data on the overall abundance of algae and invertebrates
will be presented here  Fig. 4!, Algal cover was always substantially higher than that of the
animals, by ca. an order of magnitude in the unirnpacted reef and two orders of magnitude
for the impacted reef  Fig. 4!. Algal cover in the unimpacted area ranged from 97,5 + 2,7%
to 124.S + 3.7%; there were no significant differences  P >0.05! in algal cover between
comparable months of the two years. In both years, total algal cover in the unimpacted reef
was maximal during September and December. A similar temporal pattern in algal
abundance occurred in the impacted reef during 198S; but in September 1986 there was a
much sharper peak in algal cover �36.7 + 4.1%!; values during the rest of 1986 for the
impacted area ranged from 81,9+ 1.6% to 98.0+ 2.7%. Except for the peak in September
1986, the algal cover in the impacted area was always less  P <0.05! than that of the
unimpacted reef.

The benthic invertebrates did not exhibit seasonal patterns of abundance like the
algae did  Fig. 4!. The abundance of the invertebrates was always much higher  P <0.001!
in the unimpacted reef than in the impacted area. In the umrnpacted reef, animal cover
declined from 7.5 + 1.4% in March 1985 to 4,5 ~ 0.8% in December 1986, a decrease of
40%; however, this apparent decline was not significant  P >0.05!. In the impacted reef,
animal cover increased from 0.6 + 0.2% to 1.1 + 0.1%, an increase of 83.3%, which was
significant  P <0.001!.

Of course, photogrammetric techniques also can be used for individual species in
the community  Fig, 5!. For example, the most abundant invertebrate in the unimpacted
reef was the hard coral Acropora palmata, with an overall mean cover of 2.2 + 0.3%, but
this species was never present in the impacted area. Although the apparent decrease in the
abundance of this important reef-building species  Fig. 5! was not significant  P >0.05!,
the decline in individual colonies of A. palttiata, however, was often quite dramatic  Fig.
6!.

Examination of individual permanent quadrats also demonstrates the dynamic aspect
of space utilization by reef organisms; there is a large amount of micro-scale alteration of
habitat and shifts in the occupation of space on the reef due to physical disturbance and
biological interactions  e.g., Fig. 7!. Many reef algae were reproductive throughout the
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Flg. 4. hbondance  mean cover K I SK! of algae and bentb e Invertebrates
present In the onlrnpacted  U! and the Itnpacted  I! areas of the reef.
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year and quickly colonized new spaces when they became available following stnall-scale
disturbances, Such disturbances, from either physical or biological sources, and
intermediate in their frequency and magnitude, are believed to be a major cause of the
structuring of coral reef systems and of maintaining their high diversity by slowing
resource monopolization  Connell, 1978!,



Ftg. 5. Abnndance  mean cover N 1 SE! of Acrapora palasaia  A. pai!,
A garicia agar sires  A. aga!, and ltf oasassrca ananias'is  M. ann! in the
unimpacted  U! and the impacted  I! areas of the reef.
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Fig. 6.  Facing page!. Temporal decline of Acropora paloIata in quadrat
65 over the course of the study:  A! March 19$S;  B! June 1985;  C!
September 1985;  D! November 1985  one week beFore the passage of
Hurricane Kate!;  E! January 1986  storm-induced loss of A, palmata is
evident!;  F! March 1986;  G! June 1986  A. paltuata shows continued
signs oF stress!;  H! September 1986;  I! December 1986  the last
remaining large colony of A. paltaata is dead and colonized by algae; one
small colony remains in the lower third of the quadrat, along the right-
hand side!.

Fig. 7.  Below!, Temporal changes in quadrat 11$:  A! this quadrat was
located on unstable substrate, part of the "boulder wall", at the
beginning of the study during March 1985;  B! by September 1985, the
smaller pieces of debris had been removed and a large boulder was
present;  C! following the passage of Hurricane Kate in Nov. 19$S, the
boulder was gone and a bloom of Li ag o ra occurred in the newly exposed
substrate  Jan. 1986!;  D! Liagora had declined substantially by March
1986;  E! the quadrat was dominated by GT and coralline crusts, typical
of the impacted area, during June 'l 986; and  F! cyanopbyte mats
 principally Calothrix crustacea! bloomed during Sept. 1986.
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DISCUSSrON

This study assessed the biological recovery of Molasses Reef following the
grounding of the freighter Wellw~g during August 1984. The grounding site was rapidly
colonized by an algal community that was soon dominated by a fine algal turf composed of
a suite of filamentous red algae. Although algal diversity and total algal abundance quickly
returned to the levels of the nearby unimpacted reef, there remained a significant number of
differences in the species composition and in the abundance of individual species, More
conspicuously, the major benthic invertebrates of the community, particularly the important
reef-building hard corals, recruited into the impacted area much more slowly, if at all, than
the algae. By the end of the study, there was still a substantial number of major differences
between the algal community of the impacted area and the unimpacted reef. Because algae
are critical to the development and the functioning of the reef system, the differential
distribution of these organisms indicates the existence of substantial differences in habitat
value between the grounding site and the unimpacted reef and has profound implications
for the continued recolonization and recovery of Molasses Reef  Hanisak er al., 1989!.

Because rnacroalgae are the first colonizers of bare substrate in coral reef systems
 e.g., Dart, 1972; Glynn and Stewart, 1973; Sammarco er al., 1973; Tsuda and Kami,
1973; Vine, 1974; Belk and Belk, 1975; Benayahu and Loya, 1977; Wanders, 1977;
Jackson and Winston, 1982; Woodley er al., 1981; Littler er al., 1987!, the scale and
techniques employed in this study were designed for the study of the benthic macroalgal
community. Such photogrammetric techniques are also suitable for the macroscopic benthic
invertebrates of the coral reef. The quantification of organisms such as benthic microalgae
 except when they formed macroscopically conspicuous mats!, endolithic flora, and
infrequently occurring infauna were beyond the scope of this study. Another limitation of
these techniques was the lack of quantification of cryptic species  i.e., those growing only
on the underside of rocks or in crevices!.

When possible, cover was quantified by species, but often, suites of species for
certain algal turfs and crusts were grouped into ecologically relevant assemblages. For
exainple, the major red algal turf  "Gelidiella turf'! is an assemblage of as many as 30
species that grow intertwined among one another over a large portion of the study site.
Visual assessment of this assetnblage into its component parts was not possible, either in
the field or on the photo-samples in the laboratory. Subsampling of these assemblages
followed by a detailed microscopic analysis of their contents was impossible due to the
large amount of substrate that was sampled in the study, the possibility of spatial and
temporal variability in the composition of the turfs, and the desire to minimize destructive
harvesting at a seriously impacted site in a marine sanctuary. Similar assemblages of
taxonomic or ecologically related species were constructed for crustose algae; the ecological
justification for such an approach has been presented by Steneck �986! for crustose
coralline algae.

The photogrammetric approach has many variations and has been used for
ecological studies in a variety of subtidal habi tats  e,g., Erttst, 1957; Johnston er al., 1969;
Littler, 1971; Lundalv, 1971; Dayton er al., 1974; Laxton and Stablum, 1974; Wilson,
1974; Drew, 1977; Vance, 1979; Karlson, 1980; Porter er al., 1982!. The virtues of
photogrammetric techniques have been thoroughly summarized by Littler and Littler
�985!. Briefly, the advantages of these techniques in the present study were:

1. Non-destructive sampling, involving a time series analysis of permanently fixed
stations, had a minimal impact on the reef community, and, thus, was desirable for
a project conducted in a protected sanctuary.
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2. The size of the sampling units, i.e. quadrats, was commensurate with the size of the
principal organisms of interest, coral reef algae.

3. The shape of the quadrats  rectangular! was the preferred one for sampling benthic
organisms; moreover, the ditnensions of these rectangles �0cm x 50cm! coincided
with the proportions of the 35mm film used in the study.

4. A large number of quadrats were sampled relatively quickly in the field, thus
facilitating adequate replication for statistical analysis.

5. The resulting photo-samples �5mm transparencies! documented changes in the reef
community through time, regardless of the causative factors of these changes.

6, Techniques were developed that could accurately quantify the photo-samples at
whatever precision desired by adjusting the level of effort in the laboratory.

7, Quality control was facilitated by periodic review of the photo-samples by various
personnel working on the project. Any changes in identification or other actions
taken by any one individual were easily reviewed and verified at a later date. Thus,
a high degree of standardization and accuracy was achieved in the analyses.

Because of the shallow depth  less than 30 feet! of the study site, SCUBA divers
were able to work up to 8 hours per day, for 4-6 days per sampling trip, Most  ca 75%! of
this field time was spent "mapping" the quadrats, a tedious task that was necessitated by the
relatively small, inconspicuous nature of most of the algae involved, Much less time would
be required for a community of larger macroalgae  e,g., Sargassum beds!. On the other
hand, a study such as this one would be increasingly difficult to do at depths greater than
30 feet, due to the physiological restrictions imposed on SCUBA divers. Nitrox would
clearly be an advantage to such studies in depths of 30-60 feet.

The lack of long-term monitoring is a serious problem in our understanding of reef
recovery  Pearson, 1981!. Given the current documentation of damage at the ~Wllwi~g
site and the level of monitoring already accomplished, this would be an excellent site to
develop a model for reef recovery processes. One problem with reef recovery studies, such
as those conducted at the ~Wl i~wig site, is the lack of pre-impact data for comparison.
Adequate monitoring requires collection of data before, during, and after an impact of
known magnitude  Rogers er al., 1983!. The biota of critical areas, such as protected
sanctuaries, should be mapped and documented before impacts occur. Underwater
videotaping, including close-up capabilities, along permanent transects, may be the most
cost-effective way to do this. Assessments of pre-impact conditions and other long-term
changes can be made in the future as the needs arise. Also, baseline data are needed for
"unimpacted" reefs over a long period of time in order to assess "natural variability", Such
monitoring may be more urgent in the Florida Reef Tract given the increasing stresses that
coral reef organisins have recently undergone, e.g., the Diadema die-off  e.g., Bak et al.,
1984; Lessios el al., 1984; Hughes el al., 1985; Jackson and Kaufman, 1987; Carpenter,
1988!, the mass coral bleaching event  Roberts, 1987; Ogden and Wicklund, 1988!, and
concerns of serious environmental degradation  Dustan and Halas, 1987; Miller, 1988!.
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FROM LOW-COST VEHICLES TO THE DEEPEST OCEAN
THE PROCESS

Lyrtne Carter Hansors
Center for Ocean Management Studies

University of Rhode Island
Kingston, RHODE ISLAND 02882 U.S.A.

URI's interests in underwater science - the tools, the policies, and vehicle
availability - include those ranging from low cost ROVs and submersi bles to
those with the ability ro reach the deepest oceans. Although science is often
cited as the drivi ng force, orher factors of economics and politics can and do
play a major role in whar tools are available to the marine science
community. Reaching rhe deepesr ocean is technologically feasible,
scientifically warranted, economically much less costly than our push into
space, and politically unopposable. Why then have we not accomplished ir?
There is an ongoi ng egort to make the deepest ocean regularly and reliably
reachable. This paper will review those egorts and report on activities to
date,

INTRODUCTION

The biggest gapa in our understandmg of oceanic processes are defined by the
biases of traditional techniques. In many important respects we have reached the limits of
what we can learn from traditional methods, We need new kinds of data before significant
advances can be made. Technological progress in the last ten years has made it possible to
obtain these kinds of data but the necessary tools tend to be expensive aod have not been
generally available within the oceanographic community. The prospects for filling the
principal gapa in our understanding are coupled to two emerging disciplines. remote
sensing with satellite technology and in siru research which involves both manned and
unmanned dive systems. The biggest challenge facing NOAA and the other federal sponsors
of ocean research is how to improve rhese new tools and get them into the hands of the
research conununity. These new technologies must be the basic tools for the next
generation of oceanographers and the only way for this to occur is for the present
generation to begin using them now.

The above quote from the report entitled, blew Directions for NOAA's Undersea
Research Program prepared by the Undersea Research Study Panel headed by Feenan
Jenning  l986! states, as succinctly as any statement that I have seen, the issue before us.
The question now becomes one of how to make these vehicles and technologies available to
the scientific user for the advancement of science. How do we encourage: scientific
innovation; the use of new tools; the developtnent of new thought processes regarding the
planning of scientific studies that would result in the generation of new types of data
 referred to above!; and, at the same time make available to the community the technological
developments  tools! that would make it possible to ask the innovative questions? A
discussion of this issue requires a perusal of the process by which new programs and
technologies are developed and advanced through the federal systein In the case of most
scientific advances the federal involvement has traditionally been substantial,
Technologies, on the other hand, have often been developed by private means. This
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discussion will focus on the federal process rather than any private enterprise methods of
achieving the above goal of new tools for the scientific community.

Sylvia Earle has presented a wonderful overview describing how we have gotten
where we are technologically. These advances have allowed us to do two things: 1! reduce
the cost and size of underwater technology so as to provide a low-cost, easily portable in
siiu tool to pus h forward a gieat deal of broad based marine in situ science; and, 2! provide
a platform to allow serious consideration of the technical aspects of a goal of reliably and
regularly reaching and using the deepest oceans. The technological advances, however,
have only prepared one of the platforms from which to reach toward the next phase of an
underwater presence. Particularly in the discussion of a deepest ocean presence there are
other areas that must reach a certain level of maturity in order to underpin these
technological desires. They include  at least!: marine and earth sciences, national interest
 political!, and econoinic perspectives. They also include an interesting process of
consensus development between and among various support and user communities that
must take place in order to push forward a new, large national effort whether it be scientific
or technological, or in this case both.

The process that I am going to describe is not particular to marine science and is
circular in nature with each piece providing feedback and support to the one before it. I am
going to pick a place in which to begin realizing that the descriptive function could actually
begin anywhere and be completed anywhere. Also, I am going to use the in situ community
and its particular efforts as examples of this process. After briefly describing the process I
will then discuss some of the particular aspects of the issue that are important to the support
of the move forward for a deepest ocean presence.

TIIE PROCESS

The scientific  and technological! funding agencies are responsive to demands
and requests made by their constituents. For example: National Science Foundation  NSF!
and Office of Naval Research  ONR! respond with new programs and new or increased
support to demands for those new programs and or increased support by scientists and
engineers. In order for the scientific community to exert enough pressure to be responded
to they must provide 'enough' apparent constituent support for the new idea in question,
There are many ways in which to gather people together to influence a process. They can
include: proposals  many individual or one large joint proposal!, public discussions of the
issue in question, reports by ~orking groups established for this issue particularly or for
advice in general on the area of concern, establishment of a newsletter, etc. The point is to
develop a community of individuals who have more infiuence collectively than any of
them would have individually, In relation to the issue of in situ science and advancement of
tools to promote this work there has been a number of individual efforts that are beginning
to coalesce into a more focused community effort. The on-going work by the National
Undersea Research Program and Centers, The Jennings Report by a special NOAA
advisory panel, the URI and southern California meetings, the special sessions at AGU and
the MTS Baltimore, San Diego, and Seattle meetings, ln Situ News newsletter, the
NECOR proposal to NSF, etc. are all examples of recent efforts to develop a recognized
'constituent community" within the marine sciences made up of in situ scientists,
engineers, and technologists. This issue is not only of an interdisciplinary nature but also
within fields: i.e. science and technology and promotes the development and availability of
tools ranging from shallow, low-cost vehicles to the deeper and most expensive available
or planned.
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Once the agencies have begun to recognize the community and have responded with
a desire to increase support to the topic of interest then the Congress must be appmached in
order to appropriate more funds to the scientific funding agencies. If new monies are
not allocated, the competition from aheady allocated programs is almost too great to get any
large new programs off the ground. To approach Congress it is unlikely that a tnass
mailing to all S35 members would really do any good. They get mail from interest groups
all the time. Any member of Congress who supports any idea must know they have an
influential constituency that they are responding to. The focus for any lobbying effort
 which is what this is whether we like the term or not! needs to be at the committee or
subcommittee level.

The Congress has divided their many issues into responsibilities held by various
committees with fairly similar committee structures in both the House and the Senate. A
determination needs to be made as to which committees have jurisdiction over the science
agencies, for example, or over ships or oceanography or however you want to define the
issue in question. In this case the lead House committee would likely be Merchant Marine
and Fisheries, This committee has a number of subcommittees that address fish and
wildlife issues, oceanography issues, ship concerns etc. The subcommittees are made up of
cotnmittee members but are smaller in number than the full committee. It is therefore easier
to target potential supporters and actually garner their support if the committee or
subcommittee level is emphasized. Here too, the role of the committee staff cannot be
underestimated,

The agencies and the Congress are the two inajor input points for the types of
federal actions that we are considering in this brief discussion, The next iinportant step is to
give the agency and congressional people some good information with which they can be
informed and hope fully convinced of the importance of your issue. The broader community
of support that you can establish the more your position will be strengthened. In the case of
the goal of reaching the deepest ocean, the driving force is clearly scientific. However,
there are also economic, strategic, and political perspectives to the discussion that can be
very important. I would next like to address the particular efforts related to bringing
attention to the specific goal of reaching the deepest ocean. The process description above
has begun to be employed for the achieving of this goal. It is only an example of a way that
the process can be used for the underwater community. It is also indicative of the important
role of the community in achieving this goal.

A DEEPEST OCEAN PRESENCE: THE ECONOMIC, POLITICAL,
SCIENTIFIC, AND TECHNICAL CONSIDERATIONS IN THE

NATIONAL INTEREST

The first thing that I would like to do is to present a very brief overview statement
that I think puts in perspective the entire Deepest Ocean Presence issue. The overview of
this topic is not unlike that of space exploration that faced President Kennedy when he
decided to establish the national goal of putting a man on the moon. There were scientific,
political, international, economic, and technical aspects to the quest. Each aspect needed to
be weighed individually as well as collectively, The following statement was put together
for the Deepest Ocean ad hoc committee as a type of "mission statement" that gives
acknowledgement to the broad range of perspectives related to the goal of reaching the
deepest ocean:

Humans have never been able to explore the full but finite depths of ihe oceans.
All that we do to, with, anti in the oceans can have an effect on the future existence of
hunlanltind. At present, we cannot use our entire ocean space ecologically, economically,
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mi!itarily, sclcn tncally or any other way. [n order lo best predicl potential uses and
without harmfu! results of those uses we must uti!!re our best analytical minds using
existing data. Many thoughtful people fccl that il is lime to gain complete access to our
watery p!anct. Howcvcr, the drive to exp!ore our entire p!anct brings with il economic.
political, scientific, and tcchnical considerations. It i ~ the considered opinion of deep-
ocean technology experts that we have all thc necessary components lo rea!ize a deepest
ocean Pre aellcc.

The United Slates, France. the Soviet Union, Canada, and Japan have been leaders
in reaching toward, studying, and conuihuting to a dcepcsl ocean presence. These efforts
need to bc con inucd. Not unlike space progr ~ ms and their spin-of  systems, onc must
understand that profit, productivity, prestige, and national strength are products of abilily
lo cap!ore, exploit. and pto cc  thc environment through Ihe capability of reaching thc
grcatcst depths regular!y and reliably. We consider that the time has come to leap forward
using advances in scicncc and  cchnolrrgy lo provide a pla form fm reaching and effectively
using lhc deepest ocean.

Thc sclcnlilic aspccls of thc ~ tudy of earth scicnccs and the earth's lithosphere,
specifically, have so far emphssircd thc spreading centers. Convcrgcnl regions are lhe
other maior portion uf plate  cclonics aod arc crilical areas lha  make up an importarlt piece
of thc scicncc of lhc lithosphcrc. In our nccd  or as complete ~ picture as possible of our
global cnvironrncnlal system a dccpcsl ocean capability is a fundarncntal necessity,

TIIE SCIENCE

When you are proposing the development of a new science program, it is wise to tie
that program to mainstream science particularly in the case of new technologies needing to
be developed. If the new technologies, once developed, can push forward the frontiers of
an entire discipline and not just one narrow part then it has a greater chance for forward
motion. In this case, the development of a new tool that would allow physical, chemical,
geological and biological oceanographic studies to go beyond what is presently known is
far morc likely to happen than something that is only useful lo the geologists for example.
Also, the fact that today there is an emphasis on a better understanding of the total global
system can be an important perspcctivc.

In Dr. Robert Corcll's opinion  Assistant Director for Geosciences at NSF!,
expressed at the Baltimore MTS meeting, the development of a tool that would allow
studies of earth processes at the convergent zones is thc logical next step for marine
and earth sciences. A great deal of the work of the 1990's that will be funded by the
National Science Foundation will focus on the study of world ocean circulation  WOCE!
«nd ridge processes - which contain submarine volcanoes, seamounts, and mineral bearing
crusts and nodules, lt is important to realize that the ridges are only one portion of the
tectonic activity that takes place on the earth and that makes up the earth's lithosphere. In
order to have a complete understanding of the total earth system the tools must be available
as the science matures to gather all the necessary data to make the models of the total earth
system complete.

I wou!d argue that onc of thc first places that deep presence in lhe ocean will be
essential is in thc lithosphere...lhat thin layer tha  makes up thc p!anct earth both
terrcstriatly and bcncath lhe ocean...So wc can understand those processes we are going to
have lo address lhc other half of the tectonic prob!em...[A!via's] capacity is inadequate to
reach the deepest dcpths...whcrc the trenches are lhe dominant features...Thc results of thc
first expcritnent lo look at thc Marianna's trough...arc so exciting as to suggest that we are
going to scc things that arc as exciting as we have scen in the divergent zones of the
rifling centers of the earth,.thc effort that wc are talking about �whether it is 3% or !%
fof thc oceanl...is an important piece of the science of understanding  he lithosphere.�it is
my view that the program that follows [the ridge crest processes study], as the natural
consequence. is lo look at the deep ocean.

140



When one actually begins to consider the study of deep sea proccsscs, it is easy to
see that it encompasses all of the oceanographic and some of the earth science disciplines.
We are just beginning to identify specific research nccds in most of thc oceanographic
disciplines. Bruce Robison, Monterey Bay Aquarium Research Institute, outlined a number
of areas of potential biological research that could take place in thc deep sca. I am going
to merely summarize the complete presentation that hc made at the San Diego meeting of the
MTS in March, 1989. The potential research discussed herc was limited to benthic
boundary layer issues and benthic biology.

The benthic boundary layer region is an interface between thc water column and the
seafloor...this region is a distinct, ubiquitous and important feature of the oceans
worldwide...unfortunately, it is a very difficult region to study with conventional sampling
methods..."

Potential Benthic Boundary Layer rescvch includes:
~ biogeochemical cycling
~ energetic coupling between pelagic and benthic communities
~ sediment-flow interactions
~ organism-sediment-water column interactions
~ horizontal and vertical organism distributions

Potential Benthic Biology research includes:
~ documentation of the scales of variability in distributions and abundances
~ measurement of microbial and general faunal metabolic activity
~ investigation of responses and adaptations of the benthic cornmunitics

physical. chemical, and biological disturbances
sile experirncntation of behavior and adaptation of physiological properties

A number of the other specific scientific disciplines will be addressed in Seattle at the MTS
meeting scheduled for September 1989. The program is as follows:

Deep Sea Science
chair. Dr. Daniel Karig, Cornell University

These discussions will help to elucidate the benefits to a wide variety of scientific
disciplines that could result from the development and availability of a vehicle to mach the
deepest ocean and establish a meaningful presence there.

THE ECONOMICS

The economic issues that need to be considered here would involve analyzing the
role of  US! industry and its motivations. According to Jaines Wenzcl, Marine
Development Associates, industry is faced with an interesting "dilemma" and that is: how
can industry foster and support long-term innovations and developments while at the same
time providing a  short-term! return to their stockholders for their investments in any
individual company? In the case of a deepest ocean presence, the federal articulation of that
goal could go a long way in providing industrial motivation to participate. Along with that,
the government must define: a national plan, identifiable "customer" agencies, a budget,
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and industry opportunities for short and long range as well as non-military perspectives
Without these, indusuy cannot be coerced into playing, but with them they could holy be
kept oul.

The success of any program fostering the development of a deepest ocean presence
certainly would require developing a partnership between: the ocean science community,
the technologies of industry, and the leadership and support of the federal government. The
U.S. is not known for its working partnerships as outlined above but should assume the
challenge if it proposes to establish and accomplish such a major goal of reaching and
utilizing the deepest ocean, There have been a few such programs that could be used as
models that we could learn from, One such program was the U.S. Navy Deep
Submergence Systems Program  DSSP!. This program had: national policy clearly
defined, near and long-term applications, commercialization potentials, and clear
opportunities for industrial participation, Not all of these elements are yet established for a
deepest ocean presence. We must keep these important criteria in the forefront of our
efforts.

The dil'ficult questions that quickly come to mind here include:

~ What portion of these criteria are other nations able to fulfill or inore
clearly identify that the U.S, has not been able to define? Put bluntly: What is it that
the Soviet Union, Finland, France, and Japan know that we don' t? Each of these
countries has moved beyond the U.S. in their undersea technological development,

~ How is it that Finland is able to maintain a viable "ship building" industry
to produce only a few, somewhat sophisticated 6,000 m craft? The U.S. has a
problem maintaining a ship building capability even when we have the clearly
articulated goal of a 600 ship navy.

~ What is it that the Japanese know that we do not? Not only have they
recently produced the deepest underwater manned vehicle known to the non-
military community  Shinkaii 6500! but reports are  Don Walsh, International
Maritime Incorporated! that they have a 10,000 rn ROV on the drawing board

~ Where do these activities prrr the US or better still leave the United States?

The above questions that are as yet unanswered lead me into a brief foray of some of the
political aspects of the discussion, both national and international.

THE POLITICS

ln describing the national politics, it is probably easier to say there has been almost
no activity, The question is why? Sylvia Earle has expressed the idea that some of the
reasons could be: our preoccupation with wars; distraction with our view skyward; lack of
understanding; and lack of motivation, I think that it is a classic case of timing. We are on a
threshold, scientifically, in part due to technological advances. We now have the technical
ability to allow us to conceive of understanding the workings of the whole eartlt system.
We, as a race, have never been able to address the holistic view of our planet nor
understand with any level of certainty that man's actions will not go without reactions. This
is important in the global environmental perspective. Scientifically, the area of work that we
are struggling to "get to" technologically is an important portion of our planeL It is the other
end of what is perceived to be a crucial part of the workings of the earth te cart system. e
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recognition of this importance could only occur following the platform of a certain level of
maturity both scientifically and technologically.

We as a Nation are beginning to plan to deal with such long-term, large scope
environmental problems. We are young at this new outlook  except for space activities!.
Our political system of terms of office of 2,4, or 6 years is not conducive to long-range
planning. Our political representatives have tremendous pressures put on them to address
NOW issues. One of' the NOW issues of concern to the oceanographic community is the
fact that many of our research vessels are nearing the 30 yr mark...a time when ship
replacement is of serious concern. Since the marine sciences have not been particularly
successful in rallying support for their various causes, the fact that there are a number of
pressing issues will continue to divide the marine community. However, various other
science communities, like the astronomy, physics and space groups, have been successful
in making the case that advances in their science, even though they are at a high up-front
cost, are worth the investment to the nation in the tong term both politically and
economically.

The international political arena holds a number of interesting perspectives and
lessons related to our quest to reach and use the deepest ocean. In terms of international
leadership in underwater science and technology the U.S. has lost that place some time
ago. We have updated 1960's technology in the form of deep ocean vehicles while the
Soviet Union, Japan and France have continued to develop or pay for ever newer
technologies  Don Walsh, International Maritime Inc.!. The options related to the
international leadership question are:

~ As a Nation, we could decide to put the necessary resources and emphasis
into this arena to wrest the leader position back again; or

~ We could propose a joint venture with one or more of the other interested
countries. The other perspective of private development is also valid but is not
included here.

If we consider some of the international precedents there may be other/additional
reasons to keep pushing the concept forward nationally. If one considers the international
exploratory projects like Antarctica, an important aspect to political influence came from
being able to technologically "play" for sustained periods of time in an individual country
capacity. Other, more modern international tieaties still tequire the ability to "ante up" but in
a slightly different way. The possible joint US/USSR mission to Mars is illustrative of the
traditional drive and expertise required to mount such a major exploratory project but the
option for joint funding is in recognition of the huge expenditures required, Since the actual
cost of the proposed innerspace project is estimated to be quite small compared to the cost
of a space project, a joint venture may not be necessary. It is also interesting to remember
that at times better partnerships are developed when each partner knows that the project
could be accomplished alone. If we decide to go the joint venture route we should be sure
to have a very strong hand nationally.

We must consciously utilize the opportunity that we have to build upon the growing
recognition that our earth is truly a single system. Our political leaders need to make
informed decisions that are crucial to the national and international well being of the planet.
This tool will help to push the science of the lithosphere forward which will allow more
informed decisions related to possible resources as yet undiscovered as well as ground
truth for a number of options for a variety of proposed activities.
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TECH NOLOG Y

Do we have the technology today to reach and use the dccpcst ocean? Norm
Estabrook, Naval Ocean Systems Center, points out that we have been there. Actually
30 years ago, the Trieste dove to thc "decpcst" portion of thc ocean in thc Challenger Deep.
Thc issue here is not whether we can make an elevator but can we establish a meaningful
presence? Can we maintain location for days, weeks, or longer performing work at will?
The work in question will likely begin as science but may expand into commercial or
military over time, That remains to be seen.

The greatest environmental consideration for a goal of this type is the tremendous
pressure that the craft must sustain. In addition to that, there are at least 7 areas of technical
consideration:

~ energy
~ structures
~ work systems
~ buoyancy materials
~ navigation
~ unmanned systems
~ communications.

Each of these areas would require some amount of research and development and that RkD
would likely come from federal, industrial, and academic laboratories. "There are no
apparent technical reasons why we can't get there." The reasons for not
accomplishing this goal sooner are lack of funds and lack of interest. That can be changed.

CONCLUSION

When onc considers the many facets of the question of reaching thc dcepcst ocean,
wc find that the tnost prevalent reason that we have not done so yet is lack of interest. If
there werc economic interests or proven potential, wc would be there. If them were political
interest as in gaining mastery over space, we would be there, If there were enough focused
scientific interest, we would be there. What this tells me is that we must generate the
interest. We that are concerned with thc ocean and the planet ilt toto. We that are rrtarine
scientists, technicians, and technologists. We cannot leave it to other people who would
have only an occasional interest in this major portion of thc world when the politics were
right. We must make thc politics right. We must act as a community to focus attention on
our area of major concern.

I have just spent the previous pages describing the activities that a small number of
"believers" have been able to accomplish. We are at the point now, though, were we need
some broader support and input. You that are members of the American Academy of
Underwater Sciences can help to bring attention to this and other goals that I believe would
benefit all of us even if not directly. Please realize that we can do a great deal more
together than we can as separate entities.
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A study of soft bottom benthic assemblages ojf Freeport, Texas, was
conducted for seven years �977-1984! using divers to collect samples.
This method negated the need to anchor the research vessel to remain on a
particular location. Up to 31 stations were sampled in a one-day cruise,
eliminating multi-day cruises and the probability that sampling would be
interrupted for even a brief period by weather. Divers were able to ensure
that each sampler was placed on an undisturbed area of the bottom, that the
samplerjaws were properly closed and the vent flaps were sealed. They
were also able to collect a ~ater sample just above the sediment water
interface, collect a sediment sample and visually inspect the bottom for any
unusual conditions. This technique allowed divers to observe a layer of
dense brine on the bottom, and, more important, to witness the effects of an
anoxic event that caused widespread mortalities between May and August
1979. Over 4000 research dives were made. Most were repetitive bounce
dives of 5 minutes duration or less, with experienced divers able to perform
all necessary work on the bottom in 21 m depth �0ft! within I 5 minutes
of leaving the surface. Two cases of Type 11 DCS occurred in two
consecutive months in 1982. In both cases, the divers were well within the
U.S, Navy tables and within the no-decompression limits of an Edge di ve
computer.

INTRODUCTION

Typically, when a research project has a benthic ecology component, the
investigators opt to use a remote satnpling instrument,i.e, grab, box core, coring tube, etc.
The problems associated with use of these pieces of gear are well known. Improperly
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vented samplers or samplers that present a broad surface area inay produce a shock wave
thatstrikes the bottom in advance of the sampler and causes fine surficia! sediments, and
associated fauna, to be swept away from the point of impact, Stones or shells may get
caught in the jaws of a remote sampler, resulting in loss of part or all of the sample during
ascent. If dropped too rapidly, a remote sampler may "skate" on descent, causing it to land
in an unstable altitude and fa!l over, Landing on an irregular bottom may have the same
effect. In either case, the sampler may come up empty or come up with a "sloped" sample;
in the latter case a larger surface area than normal is collected and subsequently causes
problems when trying to extrapolate data to number of organisms/unit area. In high seas a
sudden or very large swel! may trip the trigger while the sampler is descending, yank the
sampler off the bottom just as the jaws are closing or cause the vent flaps to open and close
while the sampler is ascending. The first two instances result in a water sample, while the
!atter results in clouds of surficial sediments washing from the, sample. Furthermore, a
strong wind or current necessitates most vessels anchoring or repeatedly returning to
station. Either case results in lost time.

We have experienced all of the above problems at one time or another. Not only
does it waste valuable time to drop a piece of remote gear repeatedly and have it come up
empty. half tripped or washed, it also sorely tries the paoence of the investigators and
crew. During the course of two consecutive research projects we evolved a very efficient
sampling technique that utilized divers. Samples could be collected rapidly and resarnpling
was required less than 1% of the time,

STUDY AREAS

Using divers to collect samples has obvious limitations with regard to depth and
numbers of repetitive dives, Two consecutive projects conducted off the upper Texas coast
in the Gulf of Mexico were ideal for this type of work. The first study, in the vicinity of
Buccaneer Oil/Gas Field, was in 21 m depth. A total of 48 stations were sampled quarterly
for a year  Harper er al. ! 98l!. In the second study  the Bryan Mound study! two different
study areas were sampled at nearly monthly intervals for seven years  Harper, McKinney
and Nance !985!. The study areas were a nearshore site in 15 m depth and an offshore site
in 2l m depth. Both sites initia!ly had 15 stations in fairly close proximity  the project was
initiated to determine if discharge of brine leached from salt domes was harmful to the
environment; the stations were placed to try to detect an effect!. The number of stations at
the offshore site was increased on two separate occasions as the volume of discharged
brine increased, first to 19 stations and later to 26 stations.

METHODS

The sampling procedure evolved gradually. Early in the Buccaneer Fie!d study,
divers operated out of a Zodiac while the mother ship located stations. Three grabs, each
attached to an individual line were dropped from the Zodiac, and the divers went to the
bottom and manually inserted the grabs. The grabs were pulled to the surface by the Zodiac
tender. Later, the Zodiac was eliminated and the divers entered the water fmm the boat. The
final stage of evo!ution occurred during the Bryan Mound study and is described below.

In final form, the sampling array consisted of three Ekman grab samplers attached
at 1.5 rn intervals to an 8 m length of line  Fig. I!. The line had eyes at both ends, A
mushroom anchor was shackled to one eye and to the other was attached a lift bag that was
rolled up and secured with a Velcro strip, and a 25 m length of !ine. This latter line, had an
orange marker buoy attached at the other end. Each samp!er was equipped with an elastic
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band  section cut from inner tube! which rested on the grab bracket when not in use.

Figure 1. Photograph of the sampling array including the mushroom
anchor and three Ekman grabs separated by lengths of line.

One of the divers carried a van Dorn water sampler attached to his/her air cylinder
and a pint plastic jar clipped to a ring on the weight belt  Fig. 2!.

When the vessel came on station the engines were put in neutral, a signal for the
crew and divers to get ready. The vessel was then reversed and slowly backed down, The
anchor was lowered overboard followed by the grabs. When the last grab was under water,
the line was handed to the lead diver  Fig. 2! who entered the water, followed by the
second diver. The divers were pulled to the bottom by the weight of the anchor. Backing
the vessel kept the anchor and grabs spread apart upon descent so they did not land in a
jumbled heap.

On the bottom, the divers manually moved each grab to an undisturbed location,
pushed each grab into the bottom  Fig. 3!, triggered it, made sure the jaws were closed and
secured the vent flaps with the elastic band by looping the bands over the spring holders
and across the flaps. The diver carrying the van Dorn bottle rolled to bring the bottle close
to the bottom and triggered the release mechanism. A surficial sediment sample was then
collected in the plastic jar.

When these tasks were completed the divers, if the water was clear enough,
visually examined the bottom for the presence of large organisms or unusual conditions.
They then unrolled the lift bag, inflated it, and followed it to the surface. Time elapsed from
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entering the water to leaving bottom was usually less than 2 minutes. Average underwater
time was less than 5 minutes. To provide an added safety margin, repetitive dive groups
were based on underwater time instead of bottom time,

Figure 2. Photograph of a diver about to enter the water while holding a
line attached to the sampling array. Note the van Dora water sampler
attached to his air cylinder and the pint plastic sediment sampling Jar
clipped to his belt.

While the divers were working, the vessel maintained position close to the surface
marker buoy. When the lift bag appeared, the line was snagged with a boat hook and the
samplers were pulled aboard. Then the divers came aboard and the vessel headed for the
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next station. Total time elapsed on station was usually 10 minutes or less. The maximum
time needed to sample 26 stations was about 8 hours.

Figure 3. Kkman grab sampler being closed on the bottom.

Each dive team made 3 or 4 dives and then worked as deck crew for 3 hours or
more. If the crew was small, dive teams made 2-3 more dives.

DIVE STATISTICS

A total of 4037 research dives and 74 ancillary  maintenance or exploratory! dives
were made during the 7-year study  one follow-up collection was made over a 2-day period
in 1985!  Table 1!. A total of 360.84 hours of underwater time was accumulated. The
average research dive lasted 5 minutes. Only 3 major incidents marred an otherwise perfect
safety record, The first occurred in zero visibility conditions when a divers' mouthpiece
was dislodged by his buddy's flipper. The diver panicked and made a free ascent. No
physiological symptoms resulted. The other two incidents were Type II DCS involving the
8th cervical nerve. Both cases resulted in localized parasthesia of the right forearm and both
were treated successfully in the hyperbaric chamber of The University of Texas Medical
Branch in Galveston. These two cases of DCS occurred in two consecutive months,
October and November 1982. In both cases, the divers were well within the limits of the
U.S. Navy Tables, The only characteristic that set these two divers apart was that they
were big men, about 193 cm �'4"! and weighing 110 kg �25 pounds!, Safety stops at 6
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and 3 m �0 and 10 ft! were instituted following the second case of DCS.

Table t. Summary of diving activities associated vvith the Bryan Mound
research prospect. Ancillary dives include maintenance and sport dives.
Num = number of dives. Times are in minutes escept as noted.

hil rr Jili.ll ~i~ei MJaI5
Nom Time Nom Time Num TimeYear Per ose Num Time Nom Time

129 432
7 151

457 1726
24 369

6 50 580 3102
7 130

714 3513
10 187

751 3881
16 458

538 2762
10 248

457 2527

306 27 126
151

85 8 234 868
369

102
7

1977 Research
Ancillary

1 9 7 8 Research
Ancillary

223
24

322 1618
2 30

449 2265

1g79 Research
Ancillary

15 248
5

2 6 263
3 31 7

1419
100

1 9 80 Research
Ancillary

1242
156

1 9 8 1 Research
A n c i I I a r y

441 2289310
16

1592
458

430 21426'14
248

1 982 Research
Ancillary

1 6 107
'I 0

67 329 390 21981983 Reseaich
Ancilla ry

357 192450 236 307 16881 98 4 Research
Ancillary

54 24054 2401985 Research
AnCillary

Tolals Research 7 2 7 1 370 65 96 2654 1 3434 6 50 4037 2010 r
Ancillary 3 31 69 1482 2 30 74 1543

Research divas 335 ! 2 hours
Arciilary drres = 25 ..' hcuis

D IS C US SION
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Diver collection of benthic samples provides a fast, efficient means of occupying
numerous stations in a relatively short period of time. When the Bryan Mound project was
initiated, one of the premier needs was to complete sampling in one day. The upper Texas
coast is notorious for its unpredictable weather. We learned the hard way on prior projects
that if sampling is not completed in one day, one, two or more weeks may elapse before
samphng can be resumed. There is no way to know exactly how the biota changed during
the sampling hiatus. One-day sampling was especially important during the Bryan Mound
project, because we were attempting to capture a "snapshot" of conditions on and in the
bottom, not only the status of the benthic assemblages, but the salinity of the interstitial
w~~er and the areal extent of the brine plume. Because of the close spacing of stations in the
vicinity Of the brine diffuser, it was ilnpractical to attempt tO anChOr the research vessel and
dri«back over the intended location. Our technique allowed the diver to enter the water as
soon as the captain had determined that the proper LORAN coordinates were correct. Both
the uncertainty of being in the correct location when the anchor was set and the titne needed
«set and retrieve the anchor were eliminated.
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The value of using divers to collect samples was underscored during a hypoxic
event that occurred in 1979  Harper et al 1981; in press!. This event followed a period of
very low surface salinities, water column stratification, warm water temperatures and a
phytoplankton bloom. The combination of these factors cn:ated an oxygen deficit in bottom
waters and led to the production of hydrogen sulfide. Much of the upper Texas coast
continental shelf was affected. The first indication that unusual conditions were present was
in June 1979 when divers reported seeing dead organisms littering the bottom  cf. the
photographs in Stachowitsch 1983! and numerous, large patches of cottony-appearing
material that were probably sulfur bacteria colonies. During the course of the project we
had also been diving periodically on a nearby topographic high, and were able to document
the extent of mortalities and the rate of recovery of the fish and encrusting organisms
inhabiting this "reef'.

Divers were also valuable in making direct observations of the brine plume. On
many occasions divers reported seeing the interface between the denser brine �0 ppm! and
the less dense normal sea water above, The thickness of the brine layer was estimated to be
from 1-2 crn to 10 cm, Divers also periodically observed young shrimps in the brine plume
probing in the bottom with their thoracic appendages and were able to document that
several other species were moving about the bottom or inhabiting burrows that were under
the brine plume.

Although the project had an excellent safety record, the two cases of DCS
demonstrate that there is a level of risk, albeit small �.05% in this case!, associated with
repetitive diving.
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Diving research at tropical sites of'fers uni que experiences for scientists as
they travel more frequently to undiscovered remote reefs and oceans. The
emergency medical support of diving research usually consists of a first aid
kit. This would probably suffice if everything ran smoothly, but one could
encounter a serious situation and not have the "cookbook nor utensils" for
emergency use, The Hawaiian Islands have many areas that are remote,
with regard to medical aid and transportation. Communicating wi th people
that are experienced and adept at survival in these remote sites has proven
beneficial to the UH Diving Safety Program.

INTRODUCTION

The University of Hawaii's Diving Safety Program has had the honor of gaining
information from "survivors" in the Hawaiian Islands and Pacific Nations. Many of the
treatments and remedies presented will, hopefully, excite and benefit fellow divers
responsible for first aid in the field. These anecdotes and remedies were compiled from
1967 to 1988 and many were witnessed and experienced by the author. The author and the
University of Hawaii does not guarantee the remedies that are presented.

BACKGROUND

New discoveries in the medical profession are occurring today with researchers
seeking wonder drugs with new techniques and technology. Thus, the ultimate first aid kit
would be an ambulance containing the latest germ fighting medications and support
equipment available with a portable recoinpression chamber in tow. For practical and
economic reasons, the basic first aid kit and knowledge of survival skills should effectively
support emergency treatments in the field.

How many times were we told to apply mud or some substance to bee stings?
Drinking warmed niilk usually relieved stomach aches. Flat '7-Up' or ginger ale is still
used as a remedy for an upset stotnach and chicken soup is probably widely used as
mother's cure- all. Many of these "home remedies" were passed on for generations and are
still in use today with satisfying results.

The first emergency inedical care incident of the tmpics probably occurred hundreds
of years ago. A polynesian diver, trying to impress his lady with his expertise in catching
fish, dove into a patch of spiny sea urchins. After a painful and noisy exit from the ocean,
the diver's lady proceeded to extract the protruding spines. The imbedded spines werc then
pulverized with a rock found on the beach. This action relieved his sufferings somewhat
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and thus the diver could perform his manly duties. Removing sea urchin spines by this
method is still used at remote locales.

IN THE FIELD

Preparation at remote site:

Research conducted in remote areas requires extensive preparation and one cannot
anticipate all the problems that may arise, By being mentally aware of survival techniques,
local fauna and flora, researchers may prevent minor problems from developing into major
ones,

Upon arrival at the remote dive area, researchers should become familiar with the
environment. Talk to the knowledgeable medical service providers and local natives for
treatments, logistics and communications that are available. Recheck your medical kit.
Locate a supply of oxygen to supplement yours if needed during diving emergencies by
checking the local hospital, dispensary or a welding source.  Welding oxygen is usually of
breathing quality!. Make sure that the fittings are compatible with your oxygen rig. Prepare
the research group for an emergency "fall-back" plan in the event of communications or
logistic support failure.

Auxiliary support in the field;

The coconut tree is one of many useful plants used in survival It provides shelter,
fuel  the coconut shell makes good charcoal!, nourishment, and a sterile fluid from the nut.
These are some of the siinple uses. This multipurpose plant can be used in many more
ways by being creative and by observing the native uses.

The breadfruit is a good source of starch and Vitamin B. This food is widely used
in Polynesia. Other uses come from the tnilky sap that sets to become a latex. This is used
for certain skin diseases and when gluing or caulking is needed.

Examples of remote site remedies:

Coughing: Equal parts of honey and whiskey with a few drops of lemon juice.

Stop intake for 2 hours. Later try drinking coconut water in increasing
amounts. Start with I teaspoon and work up to normal intake at 10 minutes
intervals. If vomiting persists, stop and start over. If failure occurs after 2
or 3 trials of increasing amounts, intravenous fluids will probably be
necessary. Other fluids that may be used are flat 7-Up or ginger ale.

Vomiting;

Itching, generalized: Sea water immersion gives some symptomatic relief.
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The Kukui nut  Candle nut! tree is also used for many purposes. The sap of the
young nut is rubbed in chil.dren's mouths as a remedy for thrush  an oral fungus infection,
characterized by white eruptions in the mouth!. Sap put on skin wounds hastens healing
and the leaves are used as a poultice for swellings and infections. The kernels of the nuts
are important because of the quality and quantity of oil, which can be used as fuel for
lamps.
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Sore throat; Gargle with hotsea water  boil sea water and letcool! or l teaspoon of salt
in l pint of water.

Ariaesthetics, local or systemic: A large dose of alcohol is most common and usually
overused.

Lacerations: Tobacco on wound will slow and stop bleeding and usually prevents
infection.

You could probably think of numerous other medical situations and ask why yours
are not included. These are examples of brief practical approaches to most common
complaints, and remind us that often not much can be done in the field.

A few concerns to be aware of in the field:

� Rashes; heat, etc.
� Sunburn and heat stroke.
- Ear infections.
- Bruises; i.e.; fights with natives. Fractures.
- Potable water.
- Coral Cuts.
- Fish poisoning.
- Dangerous marine life.
- Contaminated air.
- Decompression sickness.
- Food poisoning.
- Insects.
- Animals.

These maladies are not directed toward the tropics, but to list all the cures and cares
for them would undoubtedly differ at different locales. Good hygiene with TLC  tender
loving care! and cornrnon sense can provide the needed help in lots of situations.

CASK HISTORIES OF FIELD SUPPORT

Case ¹I:
A spearfisherman had speared a surgeonfish and was preparing to ice it down. In

the process, the fish lacerated the diver's foot by flailing its tail and knifing through the top
of the diver's fin.. A blood vessel was severed and the blood kept spurting. The diver' s
partner quickly crushed a cigarette, placed it on the wound and wrapped his shirt on the
injury. The bleeding stopped. Later, the diver replaced the dressing with a more acceptable
one. The healing of the injury was accomplished without any infection or complications.

Case ¹2:
A diver was scouting for fish while being towed by a small boat. He would

occasionally dip down to get a better look. During this process, he was towed through a
plankton mass and was stung on his back. The diver got back on the boat and began
complaining about the reaction to the stings. He asked his diving buddy to apply urine to
his back. Once applied, the diver indicated re1ief and continued diving.

15'



DIVING ACCIDENT MANAGEMENT

Diving research conducted in remote areas usually requires conservative depth-time
profiles. Guidelines usually recornmcnd staying well within thc US Navy's "no-
decompression" limits, or by using morc conscrvativc tables, and using "out-gassing"
stops. Safety precautions are abundant and they might work, but bends symptoms have
occurred following a single "safe" dive and/or after repetitive dives with "safe" surface
intervals and bottom times. Scientific divers have a good safety record, but as in Murphy's
Law, "lf everything appears to bc going well, something has been overlooked" and
"Nature always sides with thc hidden flaw". The unexpected diving injuries need
immediate treatment.

Thc University of Hawaii's Diving Safety Pmgram strongly emphasizes the usc of
surface and/or in-water air and oxygen breathing as an immediate treatment for
dccompiession injuries. This rccommcndation dcvelopcd after researching the practices of
Hawaii's diving fishermen and reviewing the "Underwater Oxygen Treatment Of
Decompression Sickness" developed by thc Royal Australian Navy School of Underwater
Medicine, as printed in "Diving And Subaquatic Medicine", by Edmonds, Lowry, and
Pcnnefather.

lmmcdiatc, surface oxygen treatment has proven to be of great benefit to many
stages of dccomprcssion sicknesses. This practice is cited in many texts and has also been
experienced by thc author. The ultimate goal is to deliver 100% oxygen to the victim, This
can only be accomplished with a tight sealing oronasal mask,

Case Histories of surface oxygen treatments:

Case ¹I:

A diver with an unknown diving profile returned from peddling his catch. He was
sitting in a garage of a dive shop sipping a beer when he noticed a type of "girdle effect"
symptom developing, which began as a lower back pain, radiating towards the belly. After
consuming a beer, hc alcrtcd his dive companions of his syrnptoins. He was placed on
surface oxygen via an oronasal  SCOTT duo-seat! mask. Forty minutes of oxygen
breathing and thc victim stated that his syinptoms had disappeared and continued with his
social drinking, Some three hours later the diver had a return of symptoms. He proceeded
to thc local fire station and breathed their emergency oxygen for one hour and later went to
sleep at thc station symptoin fice.

Case ¹2:

A diving fisherman completed his norinal four dives for the day. These dives were
at a remote site with about a thtec hour travel time to home and the treatment center. Fifteen
minutes from the dive site, the diver noticed that his left facial muscles were not functioning
property. This symptom was similar to "Bell's Patsy". The boat pilot realized that the diver
had a problem and quickly assembled the surface oxygen system and started treatment.
Thirty minutes later, thc patient had complete facial functions and did not experience any
residual symptoms.

Case ¹3:

A male diver made a dive to 110 feet and his bottom time was stated to be within 20minutes, Upon surfacing, the diver started to lose lower limb coordination and began
having muscular spasms. Realizing that he had symptoms of severe CNS bends, the diverdonned the mask of his free-flow oxygen system.  This system is designed for non-diving
support and does not have a tight fitting oronasal mask nor a sufficient oxygen supply!.
Thc diver gained some relief after about fifteen minutes of breathing, even with the limited
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system. He felt he was improving and disregarded suggestions to seek further treatment.
Four hours post dive, the diver could not move below the waist. He was treated in a
recompression chamber and had some muscular function return, but is still considered a
paraplegic.

Case Histories of In-Water Air and/or Oxygen Treatment:

Case ¹I:
A diving fisherman developed CNS bends symptoms while netting fish. His

symptoms were geometric patterns in his vision, changing color patterns like a
kaleidoscope, and some tunnel vision. He had experienced these symptoms before and
knew that he was "hit" with the bends.

The diver first surfaced, got another SCUBA cylinder and descended to about 100
fsw, His symptoms started decreasing after about 5 to 7 minutes. thus he started a slow
ascent to 60 fsw and decompressed until his air supply dropped to about 600 psi. He then
started breathing from an in-water 02 system and slowly ascended to 30 fsw and "out-
gassed" for about 50 minutes. After slowly ascending to the surface, the diver climbed into
the boat, cold and tired, but syrnptorn free. Breathing more oxygen on the surface as a
prophylactic, he didn't experience any reoccurring or residual symptoms.

Case ¹2:
Four fishermen divers were working in pairs at a site about 165 to 180 feet deep.

Each pair alternated diving and made two dives at the site. Both divers of the second pair
rapidly developed signs and symptoms of severe CNS decompression sickness upon
surfacing from their second dive. The boat pilot and other diver, decided to take both
victims to the U.S. Navy recompression chamber and headed for the dock some 30
minutes away. During transport, one victim refused to go and elected to undergo in-water
recompression, breathing air, He took two full scuba tanks, told the boat driver to cotne
back and pick him up after transporting the other bends victim to the chamber, and rolled
over the side of the boat down to a depth of 30 to 40 feet. The boat crew returned after 2
hours to pick him up. He was asymptomatic and apparently cured of the disease. The other
diver died of severe decompression sickness in the Med-Evac helicopter enroute to the
recompression chamber,

FLYING AFTER DIVING

There are many guidelines concerning flying after diving. This subject is becoming
more apparent due to the incidences of aircraft losing pressure while at altitude, The
University of Hawaii's Diving Safety Program recommends that following "no
decompression" dives, there should be a 24-hour minimum surface interval before flying.
In the event of completing a decompression dive or bends treatment, there shouM be a 48-
hour minitnum surface time before becoming airborne.

MEDICAL TRANSPORTATION

The decision to transport a patient, either to a distant hospital or dispensary where
more help may be available, or to a far-away facility hundreds or thousands of miles and
dollars away, is one of the hardest clinical choices you may ever face. It may be a serious
illness or injury with deterioration, perhaps, and you are present as the decision maker.
"Should we wait a little longer...the medication might work, or time may heal and all will
be well," or should we choose an uncomfortable, tiring, possibly very dangerous journey
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to questionably better facilities'? What can really be gained by evacuation? How is the
weather? What does the patient want to do? Medical, logistical, ethical and professional
questions run through your mind and you will decide what to do. Share the decision if at all
possible, with party members or anyone in authority. Guarantee nothing, but give of your
best judgment. No one can do more.

CONCLUSION

Emergency medical care can and should be prepared for, by having a good
foundation in first-aid, CPR and an understanding of the use of plants, lore and survival
techniques. Common sense is used in many survival situations and heroic decisions must
sometimes be made. The choice of treatment depends on the seriousness of the injury, the
availability of supplies, transport, and time and distance relationships. THE INITIAL
TREATMENT CARRIED OUT ON SITE WILL INFLUENCE SUBSEQUENT
MANAGEMENT. Expeditions can be successful in treating medical problems, Have good
communication and dive safely.

APPENDIX I

UH DIVING SAFETY PROGRAM SURFACE OXYGEN SYSTEM INSTRUCTIONS.

DIVER'S EMERGENCY OXYGEN

N ÃE: KEEP PATIENT ON OXYGEN EVEN IF THEIR SYMPTOMS
GO AWAY  at least 40 minutes after relief of symptoms, if
possible!.

9. Contact the UH Hyperbaric Treatment Center  HTC!.
PHONE:  808! 523-9155 or nearest medical facility.

10. Follow instructions from medical personnel.

1. Tum Off oxygen with attached handle.
2. Detach mask and dean with a mild detergent.
3. Rinse wel1 with water.

158

I.
2.
3.
4.
5.
6.
7.
8.

UNIVERSITY OF HA WAII
ENVIRONMENTAL HEALTH AND SAFETY OFFICE

DIVING SAFEIV PROGRAM

Unscrew case cap.
Uncoil hose.
Attach mask.
Turn On oxygen slowly with attached handle.
Apply mask to patient and check for good seal.
Record time  important!.
Keep constant attention on patient's mask seal.
Be aware of patient's symptoms...,record.
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4. Restore in case.
5. Attach a tape with date of usage.
6. Notify the Diving Safety Office. PHONE:  808! 948-8660.

APPENDIX II

UH DIVING SAFETY PROGRAM IN-WATER OXYGEN SYSTEM INSTRUCTIONS

UNIVERSITY OF HAWAII
DIVING SAFETY PROGRAM

DIVER'S EMERGENCY IN-WATER OXYGEN SYSTEM

Use of Diver's Emergency Oxygen System

The use of in-water oxygen breathing is designed for the emergency treatment of
acute decompression sickness and/or air embolism and is not to be used in place of
definitive therapy as provided by qualified BENDS Treatment Facilities.

It should be appreciated that this in-water treatinent may require a period of tiine
remaining underwater for the patient and tenders, of three hours or more, so that protection
against cold  wet suits! and a weighted staging line should be provided for the comfort of
the Patient.

PROCEDURE:

1. The Patient breathes l00% oxygen while the in-water oxygen rig is being deployed.

2. Iminediately after initiation of emergency oxygen treatment, if possible, establish
contact with a responsible diving officer for advice and guidance, i.e. The
University of Hawaii's Hyperbaric Treatment Center. Phone;  808! 523-9155. UH
Diving Safety Officer: Edwin M. Hayashi Phone:  808! 948-8660 during normal
working hours and  808! 737-4809 after hours.

3. The Patient is lowered from the boat on a line to a depth of 30 fsw while breathing
100% oxygen.

4. The Patient breathes oxygen at the 30 fsw depth until relief of signs and symptoms
occurs and for an additional 30 minutes, if possible.

5. The Patient is then decompressed to the surface at a rate, not to exceed 2 feet per
ininute  very slow!.

Upon reaching the surface, the Patient continues to breathe l00% oxygen while an
assessment of his/her condition is performed and for, at least, an additional 30
minutes after signs and symptoms of decompression and/or air einbolistn have
disappeared.

7. A safety diver breathing air should be in attendance with the Patient for the first
period of treatment, at least until symptoms are relieved and continuously until the
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patient surfaces if no ummunication to the Patient is available. If surface-to-Patient
communication is available and understandable, then the tending diver may keep in
contact visually from thc surface with frequent dives to the Patient to assure that
progress and comfort are satisfactory.

Divers and team leaders should be aware of the fact that 100% oxygen breathing
may cause convulsions at 33 fsw and deeper with certain time durations. Although
breathing oxygen at 30 fsw is accepted as a safe practice, consideration should be
given to the possibility that the Patient may experience toxicity symptoms at which
time this treatmem depth should bc decreased to 20 fsw. If symptoms persist at 20
fsw, then in-water oxygen treatment should bc discontinued and resumed on the
surface.



ORCA'S NE% DELPHI COMPUTERS:
IMPACT ON THE DIVING COMMUNITY

Paul A. Heinmi0er
ORCA Industries, Inc,

10 Airport Way
Toughkenamon, PENNSYLVANIA 19374 U.S.A.

Delphi Systems Dive Computers are the thi rd li ne of computers from ORCA
Industries. Beginning with the EDGE in 1983, and continuing with
SkinnyDipper in 1987, ORCA has led the industry in the development of
dive computers. Delphi Systems continue the ORCA tradition with a user
changeable battery, instinctive display design, and the time-tested ORCA
Decompression Model. Delphi adds tank pressure measurement, altitude
operation, and simple graphics to SkinnyDipper-style operation, Inside
every Delphi is a permanent memory of the last 35 hours of underwater
time. This "black box dive recorder" stores maximum depth every 2.5
minutes, and is not damaged when the battery is removed. Data recovered
from the recorders will be assembled as a database at ORCA, and then
donated to the Divers Alert Network  DANj for distribution and analysis. In
the analysis of the data, ORCA will be able to provide comprehensive
statistics on computer diving bends incidence, as well as validation and
modification of the decompression model. After three years of the Delphi
program, over one million hours of underwater profiles will be
accumulated. The collection of owner information and actual, not pre-
determined, profiles will greatly advance the study of decompression in
recreational di ving.

INTRODUCTION

Modern dive computers first became available to the recreational diving public in
1983, with the debut of the EDGE. This computer, and the second generation
SkinnyDipper which followed in 1987, was designed to assist the diver with no-
decompression and repetitive dive calculations. Because the computer implemented an
algorithm which was sitnilar to the Navy's, but with more conservative limits on tissue
pressures, the single dive no-decompression limits were shorter. One benefit brought about
by the computer was the ability to integrate the dive profile, and not penalize the diver for
maximutn depth as done in table operations. Another benefit was the ability to continue cal-
culating with the algorithm while on the surface, thus increasing dive time on repetitive
dives.

DC USE RESULTS

These two benefits of dive computers, multi-level calculations and increased
repetitive diving, have had a major effect on the diving community. Computer divers tend
to reach deeper maximum depths, and log longer dive times than non-computer divers, In
general, the Navy no-decompression limits are exceeded, which are based on square, not
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multi-level dive profiles. A typical multi-level example would be a dive to a maximum
depth of 100 feet, with a total dive time of 60 minutes. A diver using the US Navy tables
would have either limited the inaxiinum depth to 60 feet, or shortened the dive time to 25
minutes. There have been two results of coinputer use, one unfortunate and one beneficial.
The unfortunate result is that some divers, seeing a key rule of diving  the U.S. Navy no-
decoinpression limits! revoked by the computer, also consider all the other common-sense
rules invalid. Divers should be concerned with making repetitive dives progressively
shallower, since this is also a priinary rule of diving. Dive Computers are not programmed
to take that into consideration. Although computers are extremely accurate about measuring
depth and time, and computing a theoretical remaining no-decompression Qme, they cannot
be programmed with common sense. To reduce this tendency on the part of some divers to
blindly accept the computer results in spite of conflicting common sense rules, Orca
Industries has published a small booklet, "Dive Computers and Diving Safety" [1]. This
booklet reviews many of the limitat,'ons of computers, and should go a long way towards
reinstating major common sense rules.

The second, beneficial, result of computers has been a very healthy anarchy in the
field of decompression research. Ten years ago, we were wrapped in the security blanket
of the U.S. Navy tables, and all of the questions which concerned recreational divers were
considered solved. Research was being done on dives to depths of one-half inile, using
exotic gas mixes, but this had no application for recreational divers. Today, as a result of
dive computers, a major training agency is funding research into repetitive and multi-day
diving, other agencies are making changes in the way they utilize the Navy tables, and the
Navy itself is re-examining the repetitive dive tables using a new modelling concept.

The reason for all these new investigations is that computer divers have been safely
operating in territory which had been previously uncharted. Orca's experience, in over 2
million dives, has generally shown that diving beyond the Navy table limitations is possible
[2], but only a very limited number of specific profiles are available for analysis. The most
expensive and time-consuming aspect of decompression research is the test dive series. In
addition, the development of the test dive series is strongly influenced by the conscious and
unconscious biases of the test developer. As a result, it is difficult to produce results
beyond merely declaring the exact profiles tested to be "safe".

DIVE COMPUTER DECOMPRESSION RESEARCH

In a major step, designed to advance the knowledge of decompression as it relates
to recreational divers, Orca has included a datalogger in its new line of computers, Delphi.
This datalogger stores 35 hours of dive data at 2.5 minute intervals. Surface intervals are
retained, also, but do not reduce the amount of dive time which is kept. Thirty-five hours
of dive time is enough to cover a typical week-long research cruise or dive vacation.

This data is not accessible to the user, as it requires an additional piece of
equipment, the data reader, which is not included with the computer. As a service to the
customer, the data will be read at the factory during annual maintenance, and returned to the
user. Data readers will also be available for research institutions, hyperbaric chamber
facilities, and other interested organizations and individuals. Data collected by the service
department will be assembled into a database, which will be transferred to the Diver's Alert
Network for analysis and distribution. After three years of the program, over one million
hours of actual profiles should be available for analysis. These data will not all be dives
which "extend the envelope", but will provide a massive volume of assumed safe dives to
test future computer algorithms against. Dopplered profiles  known safe dives! will be
present from Orca's ongoing Doppler Research Trips. Data will also be in the database
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from divers reporting for treatment, through the cooperation of the hyperbaric chambers.
This last class of data, bends cases, is one which we all hope will remain small, but it will
exist,

There are many questions to be answered using the database, what follows is only a
partial list.

Is there a significant difference between profiles received from chamber
cases and either the general profiles or the dopplered profiles? If chamber
profiles are similar to large amounts of general data, it means that factors
other than time and depth were involved, such as the developing interest in
patent foramen ovale and the compliment system, If chamber profiles are
different from general data, then computer algorithms can be modified to
better discriminate between the two. The expected answer to this question is
a little bit of both possibilities.

How can the typical computer-controlled dive profile be characterized? The
answer to this question, coupled with bends incident data, can be used to
establish differences in the susceptibility of dive computer and table-based
divers to bends. A recent paper, for example, noted that the dive computer
bends cases were typically deeper than the table bends cases [3]. While this
is probably due to computer divers making deeper dives than their table
counterparts, it has been incorrectly used to imply that deep dives on
computers are more dangerous than on tables. Until more diving data is
available to act as a denominator to the bends incident data, this question
remains unresolved.

How many dives does the typical computer diver make each year? Warranty
data indicates an average of 82 dives per year for an EDGE diver, and 62
dives per year for a SkinnyDipper diver. Other research has clearly shown
that divers exaggerate on survey forms, so valves of 50 and 38 were used to
produce the Orca estimate of 2,000,000 dives to date. These figures are
larger than those used for table divers, which are typically 10-15 dives per
year. While extremely active divers tend to purchase dive computers, which
only make them more active, independent validation of these statistics
would help confirm the total dive estimate.

3.

How can the typical computer diver be characterized? In addition to age
information, which is already known, height, weight, and gender
classifications will be present on Delphi warranty cards. That rough
biographic information, added to dives-per-year statistics from the diving
database, will indicate differences in diving habits and bends susceptibility
between the various groups. This might provide the beginning of "personal-
ized" decompression algorithms.

DKLPHI FEATURES

Delphi contains many more features than the datalogger, which exists in the
background, and doesn't affect the diver in real time. It is the ultimate second generation
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dive computer. In every way, it fills the gap that exists between the SkinnyDipper and the
EDGE.

Like SkinnyDipper, Delphi shows the remaining no-decompression time, dive
depth and dive time with large, easy-to-read numbers. Delphi adds digital tank pressure,
temperature, and air limit to the capabilities of SkinnyDipper. In a move towards EDGE,
Delphi displays the percent of limiting pressure in the controlling tissue as a graphic bar
across the top of the LCD display. It also has an analog tank pressure bar just above the
digital tank pressure display. The warnings for decompression status  ceiling! and ascent
rate are enhanced with bright red LED displays, in addition to main display indications.

Battery life for Delphi is impressive, with 750 operating hours at three dives per
day, Enough for a month of three-dive days, most Delphi owners will not have to change
batteries, since a new battery is included in the Annual Performance Check. For more
active divers, the battery is user-changeable without loss of computer memory. Low battery
warnings come at three levels, to give users advance notice of the end of battery life,
Battery voltage is also displayed as part of the normal surface scrolling information, so the
diver never wonders about the state of the battery. The Delphi is a digital console, and
comes with a protective boot and high pressure hose, for installation on a regulator first
stage. There is no on-off switch or wet switch, the computer turns on with tank pressure
and remains on until all residual nitrogen has cleared,

The decompression algorithm for Delphi has been expanded beyond that of EDGE
and SkinnyDipper, to include altitude diving capabilities. The problems of altitude changes
between dives have also been addressed in the programming. The maximum depth of the
standard Delphi is 200 feet. A special order version, the Delphi Pro, is available to diving
professionals with a maximum depth of 300 feet.

Delphi, like SkinnyDipper, is one of the few computers that provide a "Time to
Fly" function, instead of merely an airplane icon which indicates that it is unsafe to fly.
Other similarities are the scrolling dive planning screens and the Orca three stage ascent
rate. On a dive requiring decompression, Delphi provides a new function, "Total Time to
Surface", which indicates the total time for an ascent, including delays for decompression.

CONCLUSION

With a full suite of features for the diver, and excellent data gathering capability for
the decompression research cornrnunity, Delphi Systems Dive Computers will help to
answer some questions that have gone unanswered for quite some time. We look forward
to presenting the results of this research at a future AAUS symposium.
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THE DEVELOPMENT OF AN INTEGRATED SELF-CONTAINED
VIDEOfWIRELESS DIVER COMMUNICATION SYSTEM

Kenneth D. Johns
University of North Carolina at Wilmington

7205 Wrightsville Avenue
Wilmington, NORTH CAROLINA 28403 U S.A.

From 1985 to 1986 the National Undersea Research Center at the
University of North Carolina at Wilmington used a tethered underwater
video system with SCUBA equipment to record the visual and audio
observations of the divi ng scientist. Despite the excellent quality of the data
recorded, the diver was encumbered by the bulk of the camera and the
general limitations of a cabled system. As these limiting factors became
more apparent, the Center began to research and test various underwater
video and wireless diver communication systems that could be integrated
into a self-contained package. Working together with Ocean Technology
Systems, 1nc., a system was developed utilizing a Sony 8 mm Handycam
Marine Pack, single sideband wireless communication units, and EXO-26
full face masks that allows scientists to record real-time cornrnentary onto
video tape while in a "free-swimming" mode. This paper discusses the
system's development, application and operating procedures.

BACKGROUND

The NOAA National Undersea Research Center at the University of North Carolina
at Wilmington provides scientists/aquanauts access to the undersea environment using
manned submersibles, remotely operated vehicles, and nitrox SCUBA diving systetns.
Since its inception in 1980, the Center has purchased and developed a variety of specialized
tools to support these systems and the scientists that use them, From 1985 through 1987,
the primary tool used to record the diver's visual and audio observations was an Osprey
'Cyclops' underwater television system. This system consisted of an Osprey OE1335 color
camera and an OE1150A diver monitor connected to a 'Cyclops' OE1212A surface control
console via 600 feet of 1.5 cm tether and was designed to be used by heavily-weighted
divers wearing surface supplied diving equipment,

State-of-the-art at the time of purchase, the Osprey system provided a high quality
video image with an ability to focus on a subject as close as 10 crn away. The diver monitor
allowed the user to actually see what was being recorded, a crucial requirement when
filming fish or other fast-moving objects. Since the camera and diver monitor were
connected to the surface by a tether, the scientist/aquanaut was able to communicate with
topside personnel via a full-face diving mask. This allowed the scientist to relay
instructions to personnel on the surface concerning close-focusing control of the camera
and management of the tether, as well as the general progression of the dive. The diver
could easily annotate observations in real-time,  hus recording more data with greater
reliability. The system was also capable of data logging onto the video image using the
'Cyclops' control console and keyboard located topside, Pertinent information such as real-
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time, elapsed time and date could be continuously displayed or flashed on the screen as
desired.

Through continued use of the system under a variety of conditions, several
shortcomings became readily apparent. Most obvious was the inherent limitations of the
tethered system, A surface tender was required to continuously pay out and recover the
tether. It was also found that a second diver was needed to constantly manage the tether on
the bottom. The slightly negative weight of the cable caused it to drag along the bottom and
snag on various obstructions, The requirement for a second diver as an underwater tender
cut potential research productivity in half for that dive. Additionally, the length of the tether
itself was a limiting factor in how far the divers could travel from the main vessel. A two-
point moor was frequently needed to keep the vessel from swinging too far away from the
dive site. Also a factor was the bulkiness of the camera itself. The hand-held camera
package consisted of the camera, a camera-mounted diver monitor, and two compact 150
watt lights. The sheer size and slightly negative weight of the whole package made it
cumbersome to handle and almost impossible to swim with. It soon became obvious that
the Osprey tethered video system could not be used effectively in a light-weight scuba
diving mode.

SELECTION OF COMPONENTS

Selection Criteria

Early in 1987, NURC/UNCW began to actively pursue a replacement for the
Osprey video system. The first step in the process was to define the system's performance
criteria. These requirements included:

1. Capable of operating without a surface tether  self-contained!
2. Capable of interfacing with wireless communications via a full-face diving

mask

3. Capable of operating to a depth of 150 fsw
4. Reliable, easily inaintained and operated
5. Requires minimal training to use
6. Capable of recording a trunimum of 60 minutes without battery recharge.

Wireless Communication Systetn

Once the performance criteria were cotnpleted, the next step involved locating and
investigating the various components needed to assemble the system. The first component
investigated was a wireless communication system. Since NVRC/UNCW's original
inception as a surface-supplied diving program in 1980, communication with the diver was
considered a great asset for diving safety, as well as saving valuable time locating a
particular site or recording data. The development of wireiess communication systems,
which allow complete loop communication  e.g,, diver to diver, diver to surface! without
the hindrance of an umbilical, makes them highly attractive for science diving.

There were two basic types commercially available, amphtude modulated  AM!,
and single sideband. Only one manufacturer, Orcatron, had a SSB system actually on the
market, others were within a few months of availability. It was learned itnmediately that
there was a distinct difference between the two systems. The AM system requires a
synchronous carrier wave as a component of the transmitted frequency. The carrier wave is
affected by obstructions or disturbances in the water column which delays the carrier
signal. This delay results in poor or garbled communications, or if the delay is severe, no
communications at all, Single sideband on the other hand, does not rely on a synchronous
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ca~,«signal, The carrier signal is filtered out from the voice frequency before
transmission. It is then regenerated and coupled back with the voice frequency by the
receiving unit. In other words, the carrier wave is contained in the diver units and is not
transmitted through the water column as with the AM system, This means that single
sideband is much more reliable when working around obstructions and even while
swimming, as the signal is not easily distorted. In conversations with representatives of
several leading manufacturers of wireless communication units, including Ocean
Technology Systems, Helle, and Orcatron, NURC/UNCW was advised to wait for the
availability of single sideband units due to their superiority over their AM counterparts in
intelligibility, range of operation, and ability to work amund obstructions.

In March 1987, NURC/UNCW arranged for a hands-on demonstration of the
Orcatron single sideband system. The demonstration was conducted on a Civil War era
wreck located in 44 feet of water off of Wilrnington, North Carolina. The Orcatron system
uses a diver-worn headset which was both bulky and uncomfortable to wear. The
communications were very intelligible, however, even when the divers 'shadowed' the
signal by placing the wreck between themselves and the surface vessel. Although the
design of the particular unit did not lend itself to comfortable diving, NURC was convinced
that single sideband was the preferred mode. The decision was made to delay purchase of a
SSB system until the various other manufacturers had time to introduce their systems on
the market and a full comparison was made.

Later that same year Helle, Ocean Technology Systems, and Efcom introduced
single sideband systems, After evaluating the features of all three units, NURC/UNCW
chose the Aquacom 1000-D single sideband system manufactured by Ocean Technology
Systems, Inc. Among the factors that led to this decision was a report by the US Navy
Experimental Diving Unit in Panama City, Florida, which rated the OTS units highest in
intelligibility test scores recorded during testing of various SSB wireless communication
systems. Other favorable features included tuning controls located on the inside of the diver
unit  where they are not susceptible to diver error!, a rugged low-maintenance case, and the
choice of ~th voice-activated communication  VOX! or push-to-talk modes. The co-
founders of OTS, Mr. Michael Pellisier and Mr. Jerry Peck, also indicated their interest and
willingness to help integrate their system with a housed video camera and full-face mask, to
be purchased by NURC/UNCW. The system purchased included four Aquacom 1000-D
wireless communication units, the CDK-3 conversion kit  which converts a diver unit into
a topside umt!, 100' of transducer cable for the surface unit, and an adapter which allows
all transmissions to be recorded using the surface unit.

Self-Contained Video System

The second component to be investigated was a self-contained video system. Three
baste formats were in use as housed, self-contained systems: 8 mm, VHS, and VHS-C
The VHS format, which is the primary home and educational video format, was not
considered viable for underwater use because of the large size required for the camera
housing VHS-C is a down-sized version of the VHS format which utilizes a smaller size
ca'se«e than the full size VHS format. Unfortunately, the smaller size is achieved by
reducing the amount of tape on the cassette, ultimately reducing its recording time to twenty
mrnutes compared to two hours on a standard VHS tape. The third format available, 8 mm,

as «ii»ery new at the time. It was found, however, that the 8 mm format enjoyed some
grea«dvantages over the other two formats. The tape cartridge itself is the size of a

n~ »dio tape, yet is able to record up to two hours of very high quality video, With
the small size of the tape comes the added advantage of a small, compact camera, ideal for
use underwater. Although there were several manufacturers of 8 mm systems, the Sony
Corporatton was making the smallest and lightest 8 mm camcorder available. Called the
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Handycam, the camera is 4 1/4"W x 4 1/4" H x 8 1/2 "D, and weighs only three pounds,
including battery and cassette. The camera uses a fixed focus with a three-way adjustable
range setting. White balance can also be adjusted for incandescent or natural light. The user
has only to point the camera and squeeze the record trigger to begin filming.

Several companies, including Sony, were manufacturing underwater housings for
the Handycam. Construction ranged from aluminum and fiberglass to high-impact plastic.
Since all the housings were built for the same camera, size was basically identical. The
major differences were found to be construction material and cost. Weighing these factors,
NURC/UNCW leaned toward the Marine Pack systein from Sony. The housing which is
constructed of high-impact plastic and glass and is rated to a depth of 165 feet, cost about
one-half that of a fiberglass or aluminum housing.

NVRC/UNCW contacted Mr. Ira Friedland, then a 8 mm video specialist with
Sony in Miami, Florida, concerning the Center's interest in the Handycam system. Sony
graciously loaned NURC/UNCW a complete Marine Pack system for use during two
research missions in the Gulf of Maine and Onslow Bay, North Carolina. During these two
missions, Center staff divers had a chance to field test the system in two extretnely different
environments. The Handycarn proved to be compact, lightweight  almost neutral in the
water!, easy to use, and capable of producing excellent quality video images, operating for
80 minutes on a single battery charge, and easily integrated with the OTS wireless
communication sets through the condenser microphone wires in the housing. Scientists
who used the system during these, two missions were equally impressed and found it to be
a very useful tool for completing their research objectives, Following the missions,
NURC/UNCW purchased a Sony Marine Pack system with two video lights and two Pak-
8 camera kits containing the Handycam, VCR, battery charger, connecting leads and
adapters, and spare batteries for both lights and cameras.

Full-Face Diving Mask

The final component needed to complete the video / communication package was a
full-face diving mask. Two full-face masks have been used previously with the Osprey
video system: the AGA Divator and the Heliox 18. The AGA is a low-volume mask which
incorporates a positive pressure regulator, resulting in a very easy breathing mask.
Unfortunately, many divers with large facial bone, structures have problems maintaining a
good seal, especially around the temporal region due to the mask's narrow face seal, Since
the mask continuously tnaintains a positive pressure, any leak results in a free-flow of
bubbles as the regulator tries to maintain pressure. The Heliox 18, manufactured by Diving
Systems International, in Santa Barbara, California, is a rugged band mask designed
primarily for surface supplied diving. It is very comfortable to wear and has excellent
hardwire communication capabilities. When used in the free-swimming SCUBA mode,
however, the relatively high volume of the mask combined with its large neoprene hood
causes the diver to become positively buoyant. The diver must then be over-weighted, thus
decreasing his mobility.

Because of the problems involved with the AGA and Heliox 18 masks,
NURC/UNCW turned to the new EXO-26 lightweight full-face mask being marketed by
DSI. This mask, which was designed to be used in SCUBA or surface-supplied mode,
cotisists of a reinforced plastic body, adjustable demand regulator, flexible nose pocket,
self-defogging faceplate, and a rubber 'spider' to hold the mask securely on the diver' s
face. The neutrally buoyant EXO-26 mask was also designed to be integrated with most
types of wireless comtnunication systems, including the OTS models. For these reasons
plus the fact that Ocean Technology Systems was also an authorized dealer of the EXO-26
and had performed similar integrations of the mask and communications hardware, the
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EXO-26 was chosen as t e u - ace ivingh f 11-f d' ' g mask for the self-contained video/wireless
communication system

INTEGRATION PROCESS

Both the wireless communications and EXO-26 m pasks were urchased from OTS
' te ated these two systems with the Sony Handycam. This involved mac ining

in the rear of the housing, attaching electrical connectors to the
1 th h ' d f ' 'alcondenser microphone wires already in p ace in e ousi

'Y' adaptor to connect the carne o ' g 'ra housin into the earphone microp one
OTS diver-worn communication unit. NURC/UNCW receiv e m ' t u '
connectors in January, 1989.

Fig. 1. Diver vvearing integrated system
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SYSTEM TESTING

Pool Tests

Shortly after receiving the masks and communication units from OTS, in-water
tests were conducted at UNCW's swimming pool �8' diving well!, The masks were very
comfortable to wear and easy to breathe. Clearing the mask of water was accomplished by
looking downward and depressing the purge button. The mask completely dewatered in
approximately 3 seconds. When the masks were used while looking overhead, breathing
became more difficult, This was remedied by adjusting the regulator tuning knob  dial-a-
breath! to decrease breathing resistance.

The wireless communication system also worked very well despite a few problems.
The signal was strong, clear, and intelligible both underwater and topside, Some echoing
was noticed in diver and surface transmissions which was not considered abnormal due to
the high output of the signal being transmitted in a confined space. One of the problems that
occurred during the testing involved the wireless communication units. The housing of the
diver-worn unit is made of two pieces of injection-molded high impact plastic. The lower
unit contains a rechargeable nickel cadiniuin battery pack, and the upper unit contains all of
the electronic components sealed in epoxy. A detachable transducer and an E/M cable
connector is mounted on the top of the unit. A watertight seal between the upper and lower
units is achieved using a single 0-ring and two clamps  one on each side of the unit! which
serves to pre-load the O-ring to prevent flooding in shallow water, The two halves are
connected by a wiring harness and standard 9 volt battery snap. At the bottom of the
electronics pack are two adjustments, one for the VOX sensitivity and the other for the
squelch. The edges of these adjustments, which are metal, protrude approximately 2 mm
above the epoxy. While clamping the two halves of the packs together, a small amount of
white smoke was noticed escaping from inside the unit. Upon investigation, it was found
that the contacts of the battery snap had touched the metal riin surrounding the adjustment
knobs, thereby shorting-out the battery pack. Michael Pellisier from OTS was notified of
this problem and agreed to completely test the entire uni t to be sure the electronics were not
damaged. Inspection revealed a damaged battery pack and a burnt wire harness which were
promptly replaced and returned to the Center. Electrical tape was placed over the exposed
contacts of the battery snaps in the remaining units as a temporary fix, Heat-shrink
insulator tubing was later installed as a permanent solution to the problem.

Open-Water Tests

The first open-water tests of the EXO-26 masks and wireless communications were
conducted on the wreck of the Alton Lennon classroom barge off of Wrightsville Beach,
North Carolina, in November, 1988. The water depth was 80 feet, with the top of the
wreck at 40 feet. Two divers wore EXO-26 masks with communications, while another
unit was converted for use on the surface. The system worked well on the first dive.
Communications from both divers' units as well as the surface unit were very intelligible.
Some shadowing did occur when the divers were on the bottom on the opposite side of the
wreck from where the surface vessel was anchored. However, considering the 40 foot
relief of the wreck, this was considered very acceptable.

On the second test dive that same day and site, one of the units began to emit a loud
annoying squeal shortly after descending. After surfacing and consulting the trouble-
shooting guide in the OTS Operators Manual, it was deduced to be water entering either the
E/M connector or the connection on the EXO mask. Prior to the next test dive, all 0-rings
were carefully inspected and lubricated. During the next dive, the problem reoccurred, but
with a different unit. lt was noticed that the E/M connection on the unit was loose, despite
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having tightened the knob which pre-loads the 0-ring. After conferring with Mr. Jerry
Peck, it was indicated that OTS had experienced similar problems which were traced to a
bad batch of AMP connectors, used on the E/M cable connection. The connectors were not
made to the same tolerances as other connectors, and therefore did not pre-load the 0-ring
as designed. Mr, Peck also stated that OTS was preparing recall notices for the defective
connectors. The E/M cables were sent back to OTS where the AMP connectors were
proinptly replaced and cables returned. OTS also added a silicone pad around the male
contacts in the E/M cable connection to replace the O-ring in making a seal.

When the units were again tested in 60 feet of water, the same problem occurred.
The squealing was not present until after the diver had reached bottom. OTS speculated that
the tabs on the AMP connector may be expanding when the connector is in place, allowing
some of the pressure to be taken off the silicone pad. They suggested securing a plastic
cable tie around the tabs to help prevent expansion of the connector. This retrofit was
performed and no further problems were experienced.

It should be noted that during testing of the communication units, fogging was
noticed on the EXO-26 faceplate, especially on the left-hand side. The mask channels air
from the regulator down over the faceplate to defog the faceplate with each inhaled breath.
Upon surfacing from several of these dives this author experienced a headache which in all
probability was caused by CO2 retention. These problems occurred during dives which
involved inoderate to heavy exertion. Conversation with Jerry Peck of OTS, revealed that
several users had experienced similar problems with the mask and agreed that the use of an
oral-nasal mask instead of the breathing tube design would, in «11 probability, eliminate this
problem.

The first operational testing of the self-contained video system and wireless
communications as an integrated package took place in May of 1989. It was used to record
fish observations on natural and artificial reefs by Dr. David Lindquist, a Professor of
Biology at UNCW. The results were better than expected. All communication between
diver and surface was very clear. Intelligibility on the tape was very close to the quality of a
typical telephone conversation, with only intermittent background static. With the exception
of one dive to correct a squelch and VOX problem, no further adjustments were required
during the mission. Dr. Lindquist found the system to be very useful in his field research,
which involved recording the on-reef/off-reef feeding patterns of several species of fish.
The system saved him valuable time in the lab analyzing footage, as the scenes were
already described during in-situ observation. Consequently, more informative and accurate
documentation was recorded while saving tedious video analyzation time.

FUTURE ENHANCEMENTS

With the primary components in place for a self-contained video/communication
system, numerous possibilities emerge as enhancements for this system. Several years
have passed since the 8 mm format has been introduced. During this tiine it has gained
widespread acceptance as a high-quality video format, especially for portable videography.
The new camcorders have become more sophisticated while retaining their compact design.
Sony and Canon recently entered the market with a new video format which is termed "Hi
8 mtn". This format is an improved version of the standard 8 mm forinat which provides
over 400 lines of resolution. This new version is considered acceptable for broadcast use
and could become the standard for all types of video recording, replacing even the 3/4" U-
matic format. One of the Hi 8 camcorders, the Sony CCD-V99, includes among other
features a two-page superimposer along with time/date display, and 8x power zoom !ens
with inacro. The ability to data-log on-screen and have variable focus, including a macro
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setting, would be a great enhancement over the present Handycam. Sony also manufactures
a housing for the CCD-V99, the MPK-V11, which incorporates a 2" color monitor for
diver viewing. The ability for the diver to view exactly what is being recorded, as well as
play back underwater, is a tremendous advancement for underwater videography.

Other enhancements will hopefully include modifications to existing gear including
the addition of an oral-nasal tnask for the EXO-26. This would make a good mask even
better.

CONCLUSION

A reliable high-quality video system is a valuable and necessary tool for
documenting undersea research. The integrated video/wireless communication system in
use at NURC/UNCW was developed to fill this requirement, as well as provide
scientists/aquanauts with the ability to communicate underwater without the hindrance of a
tethered system. The result is an extremely useful tool which is used by
scientists/aquanauts for visual ~n verbal in situ docutnentation of their undersea research
objectives.
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The daily activities of reef organisms were documented using short-term,
time-lapse  STTL! photography. The monitoring devices consisted of a
movie camera and strobe unit housed in separate underwater housings and
fixed to weighted pipe-frame tripods. The units were placed at various
locations on the reef and set to take one photograph every 24 seconds. In
the laboratory, the films were analyzed in hourly segments, and both
qualitative and quantitative observations were recorded. In some films, the
movements of the organisms were plotted on background sketches of the
areas shown on the projection screen: conspicuous were the diel cycles of
the reef fishes and invertebrates, damselfish territoriality, and various
competi tive and trophi c relationships among the reef inhabitants,

INTRODUCTION

Since 1953  Stetson, 1953!, scientists have been interested in the physica1,
chemical, geological, and biological aspects of the East and West Flower Garden Banks,
These topographic featuxes are located in the Gulf of Mexico on the edge of the continental
shelf, 195 km SSE of Galveston, Texas  Figure 1!. Both banks overlie salt domes and are
capped by the northernmost living coral xeef communities in the Gulf of Mexico  Figure 2!,
Bright et al �9S4! listed 21 species of scleractinian corals from the Flower Gaxden Banks,
1S of which were hermatypic  reef building!.

To adequately regulate oil and gas exploration and production activities near these
banks  particularly their coral reefs!, environmental studies were initiated in 1974 by the
U.S. Bureau of Land Management and are continued today by the U.S. Department of the
Interior, Minerals Management Service. The use of photographic techniques in these
studies  e.g,, Abbott, 1979; Bright et al, 1981, 19S4; Kraemer, 1982! has been of
particular value due to the remote location of the Flower Garden Banks and their great
depth  > 20 meters!, Photographic  and video! techniques also permit the later collaboration
of "events" that may have been witnessed by just one or a few individuals.
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Figure 1. Tbe East aad West Flower Gardea Basks located approximately
19S km SSK of Galvestoa, Texas.

w 2Z Flgore 2. The East Flower Garden Bank  frost Bright and Rezak, 1976!.
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MATERIALS AND METHODS

The diel activities of reef organisms were documented using short-term, time-lapse
 STTL! photography. The monitoring devices, first described by Abbott �979!, consisted
of a Minolta XL 400 movie camera and Vivitar Model 102 strobe unit housed in separate
Ikelite underwater housings and fixed to weighted pipe-frame tripods  Figure 3!. A
standard "PC" cord connected the strobe to the camera. To provide adequate power to the
strobes, each unit was modified to accept a 6-volt, dry cell battery. The cameras were set to
take one photograph every 24 seconds. At this exposure rate, a standard roll of Kodak
"Kodachrome 40" movie film lasted 24 hours. Focal distances and f-stops were
predetermined in the laboratory. The units were placed on the reef and recovered
approximately 24 hours later. The exact times of deployment and recovery of the systems
were recorded.

Figure 3. Short-term Time-lapse  STTL!: Minolta XL 400 movie camera,
Vivitar Model 102 strobe, Ikelite underwater housings, and weighted
tripod.

In the laboratory, each film was projected onto a "poster board" and the movements
of the reef animals plotted on a background sketch of the area shown. Using the times at
which the units were deployed and recovered, the exposure rate of one frame every 24
seconds, and such filmed "land marks" as diver preparation, descent  scuba!, unit
positioning, etc., it was possible to analyze the films in discrete hourly segments. Special
care was taken in assessing behaviors during the first and last hourly segments, which
included the deployment and recovery of the STTL systems, respectively - activities which
can scarcely be considered as typical for the reef inhabitants. Aside from the presence of the
STTL's, all other hourly periods represented undisturbed conditions.

Ambient light intensities at depth were derived from surface values  Gossen Panlux
Electronic Lightmeter, Germany! using the relationship:
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Id= I e-kd

with ld, the light intensity at depth d; Io, the intensity at the surface; e, 2.7183; and k,
0.033, the extinction coefficient for inaximum water clarity  Parsons ef al, 1984!. The
following is based on the analysis of four STTL films taken at a depth of 24.0 tn at the
East Flower Garden Bank: STI1. Film I, February 10-11, 1979; Film Il, June 30-31,
1979; Film III, August 29-30, 1979; and Film IV, February 10-11, 1979 STTL unit 2!,

RESULTS AND DISCUSSION

Diel Cycles

Conspicuous were the diel cycles of the reef fishes and invertebrates. Fish activity
 number of fishes per hour! was greatest during the twilight periods of dawn and dusk
 Figures 4 and 5!. At these times the foraging fish community is most active, undergoing a
transition between diurnal and nocturnal species  Hobson, 1973!. In the early morning,
nocturnal species inigrate to their daytime resting locations while diurnal forms emerge and
migrate to their feeding stations. This pattern is reversed in the evening.

URCHIN LEAVESURCHIN STIRS

12.IN

10

The species composition observed in STTL Film I is shown in Table 1. The
threespot datnselfish  Euporriacerifrus planifrons! was most active during daylight hours
while others such as the squirrelfishes  Hoiocenfrus spp.! and the brown chromis
 Chromis multi li neatus! were observed more frequently at night.

Nocturnal fishes frequently observed in other films included cardinalfishes
 Apogon sp.!, porcupinefishes  Diodon sp.!, and goatfishes  family Mullidae!. Of
particular interest was a school of goatfishes observed feeding on an open sand flat under
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Figure 4. Nninber of fishes observed in each boorly segment of STTt.
Film t. Bar graph, fishes; dotted lines, ilgbi intensity; dashed vertical
lines, sea orchins h and C, respecil veiy  see Fig. 7!.
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the cover of darkness. Such nocturnal behavior allows this and other species to safely
forage some distance from the reef  Hobson, 1968, 1973!.
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Reef invertebrates were well adapted to the twilight periods of high fish activity.
Invertebrate activity increased just after dark and began to diminish just prior to dawn
 Figure 6!. This pattern was particularly evident for the common black-spined sea urchin
Diadema anfi llarurn  Figure 4!.
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Figure S. Number of fishes observed In each hourly segment of STTL
Film II. Bar graph, number of fishes; dotted Ilnes, light intensity.
Compare with "Invertebrates observed"  Figure 6!.

Figure 6. Number of invertebrates observed in each hourly segment of
STTL FIIm II. Bar graph, nutnbcr of invertebrates; dotted Ilnes, light
Intensity. Compare with "fishes observed"  Figure 5!.
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Table 1. Species of fishes observed in STTt. Film I during diurnal and
nocturnal periods. The activity  autnber observed! by bourly Incrclncat is
shomn in Figurc 4.

Sea Urchin Behavior

The movements of three sea urchins  D. anftllarurn! are plotted in Figure 7  S'ITL
Film I!. Sea urchin "A" was first to exhibit any activity  the tips of its spines were
previously visible! and sea urchin "C" was the last to leave. These events are indicated in
Figure 4 as "Urchin Stirs 6:44 p.m." and "Urchin Leaves 5:36 a.m.," respectively. The
grazing area of sea urchin C was a "competition zone" between colonies of the corals
Nonfasfrea aftnularis and a Diploria species  Figure 8!. Such areas of coral-coral
competition have been extensively studied. Lang �973! suggested that there is a hierarchy
of coral inter-specific aggression and that such confrontations are a means by which some
corals may acquire space for growth and/or prevent their overgrowth by other species. The
competinon zone grazed by sea urchin C was only sparsely covered with algae as compared
with that area grazed by sea urchins A and B � dead coral skeleton covered with a profuse
growth of filamentous algae. D. anfi llarum is commonly regarded as a herbivore; however,
in areas of high sea urchin density and low food supply  algae!, it may behave as a
facultative corallivore  coral feeder!  Bak and van Eys, 1975!. Abbott �979! reported that
D. aftfillarafft was abundant on the East Flower Garden and that coral nematocysts were
found among their stomach contents. Just prior to dawn, urchins A, B, and C left the area
along approximately the same paths by which they had entered.

In STTL Film III, four D. aftrillarurn moved across the area towards the upper
portion of the frame  I, 2, 4, and 5, Figure 9!. Just prior to dawn, four other sea urchins
 '7, 8, 9, and 10! crawled in the opposite direction  Figure 10!. Although it was not.
possible to verify that sea urchins 7 through 10 were in fact sea urchins 1, 2, 4, and 5, it
can be speculated that these were the same animals exhibiting a foraging "home range"
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behavior. The times at which these events occurred are shown in Figures 11 and 12. Here
it is also apparent that sea urchins 7 through 10 were crawling more rapidly and with more
of a "purpose" than those observed earlier that night. If such behavior, just prior to dawn
under the cover of darkness, is interpreted as a movement towel daytime hiding areas, an
endogenous diel rhythm  i,e., biological clock! is suggested.

Figure 7. Plotted paths of sea urcbins h, B, and C observed in STTL Fiim
I. A and C werc the first and last observed ia the filming sequence,
respectively  see Figure 4!.

Damselfish Territoriality

In STTL Film IV, a threespot damselfish, Eupornacenrrus planifrons, was observed
in a display of territoriality. To document the fish's behavior, the screen was divided into
four rectangular quadrants of equal size  Figure 13!, the fish's position recorded for each
frame, and the data displayed in a series of pie charts  Figure 14!. Quadrants I through IV
of the fish's territory correspond to yie chart wedges I through IV, respectively. Pie chart A
includes the period from 4:28 p.m. to 7:28 p.m.  during which the light level fell below
detection limits!; chart B, 7:28 p.m. to 12:28 a.m.; chart C, 12:28 a m. to 6:28 a.m.; and
chart D, 6:28 a.m. to 3:19 p.m.

At approximately 8:00 p.m., D, antillarttm entered quadrant I, This elicited a
territorial response from the damselfish consisting of "passes" and "jabs" at the sea
urchins. E, planifrons is known for its pugnacious territoriality  Sale, 1976; Brawley and
Adey, 1977; Williams, 1978!, Although actual contact between the animals was not
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observed, the damselfish was clearly photographed swimming around and sometimes
between the sea urchins spines. This confrontation continued throughout the night but
ceased the next morning when the sea urchins retreated. Subsequently, the damselfish's
activity became more homogeneous over the four quadrants, pie chart D  Figure 14!.

Figure 8. Coral competition zone  white vertical band, center!; brain
coral, Diploria sp.  left!; massive coral, Motttastrea annularis  right!.

Territoriality and Coral/Algal Communities

An important aspect of such territorial encounters is their potential influence upon
the coral and algal coinmunities  Brawley and Adey, 1977; Potts, 1977; Lassuy, 1980!.
While quadrants III and IV consisted exclusively of living corals, quadrants I and II, on the
other hand, consisted of tufts of filamentous algae growing over dead coral skeleton. The
fish's success in defending its territory against D. antillarum, and other herbivores
 including other damselfishes!, could facilitate the growth of the algae. Lush communities
of algae may suppress the growth of hermatypic corals through a reduction in available free
space for recruitment and/or expansion  Potts, 1977!. Coral mortality within such
territories may result from algal overgrowth, increased sedimentation, and a persistent
"biting" by the resident damselfish  Potts, 1977!.

While damselfish algal patches may develop at the expense of hermatypic corals,
they do function as centers of primary productivity  Brawley and Adey, 1977!. They also
provide infaunal organisins safe refuge and protection from carnivores. The diversity and
abundance of small motile invertebrates have been found to be significantly greater in such
patches than in nearby non-algal areas  Lobel, 1980, and references therein!.

As reviewed by Lessios et al �984a!, the feeding activity of D. antillarum may
affect the ecology and geomorphology of coral reefs in several ways: Diadema may erode
more calcium carbonate from the reef framework than any other organism
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Figure 9. Paths of sea urchlns  D. isaiiiieram! first observed traversing
the ftltnlng area ia STTI Film ill. See Figure ll for times.

Figure 10. Paths of sea urchlus traversing the same area as displayed in
Fig. 9 but later ln the filming sequence. See Flg. 12 for tImes.
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 Steam and Scoffin, 1977; Scoffin et al, 1980!, eat live coral  Bak and van Eys, 1975;
Abbott 1979; Carpenter, 1981!, compete with other sea urchins  Williams, 1981! and
herbivorous fishes  Randall 1961; Williams 1979, 1980, 1981; Sammatco and Williams,
1982!, detemune algal cover and diversity  Carpenter, 1981; Sammarco 1982a, b!, and
affect coral community composition by grazing on juvenile corals  Sammarco, 1980,

1982 a!. Flgnres 1 t  upper! and ! S  lower!. Light levels and times st wbleb sen
nrchlns were observed traversing the area shown ls Figures 9 and 10.
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Mass Mortality of Diadema antillarum

Mortality of D. anrillarum in excess of 90 percent was first noted in mid-January
1983 at Punta Galeta, Panama, and then at the San Blas Islands, Panama, in early April
1983  Lessios et al, 1984a!. The mortality spread to the entire Caribbean between January
1983 and January 1984  Lessios es al, 1984b!. In August 1984, researchers found that the
tnortality had spread to the East and West Flower Garden Banks  Rezak et al, 1985!. In
November 1983, the Diaderna population at the East Flower Garden Bank was
approximately 0.62 per square meter  Steven R. Gittings, Texas A&M University,
unpublished data!, Thus the time of mortality can only be placed between November 1983
and August 1984. Gittings and Bright �986! reported that not one Diadema was observed
during diving operations in September 1985 at the East Flower Garden Bank. In May
1989, only two Diadema were found during 88 minutes of diving on the East Flower
Garden; however, during this same cruise, juvenile Diadema approximately two to three
inches across  spine tip to spine tip! were observed in abundance at Stetson Bank  Figure
1!, 48 km NW of the East Flower Garden Bank  J,J. Kendall, pers, obs.!. While no
quantitative ineasurements were made, the senior author estimates their abundance at 0.25
to 0.50 per square meter,

It has been suggested that an absence of Diadema might be reflected in the
distribution and abundance of algae  Carpenter, 1981; Sammarco, 1982a, b! and corals
 Sammarco, 1980, 1982a!. However, whether algal community patterns would change
substantially or not would depend on the importance of Diadema as a grazer relative to
other herbivores and on the ability of other herbivores to compensate  Lessios et al,
1984a!. Observations on both the East and West Flower Garden Banks in June 1989  J.J.
Kendall! did not suggest excessive algal growth, either filamentous or leafy. Similarly,
while no Diadema were observed during 5,3 hours of diving, excessive algae was not
noted on the reefs along the southeast coast of Bermuda  J.J. Kendall, May 1989!;
Bermuda also experienced a massive mortality of D. anrillarurn  pers. comm., Alan
Marquardt, South Side Scuba, Bermuda!.

POTENTIAL USES FOR STTL PHOTOGRAPHY

Figure 15 summarizes the various biotic interactions identified in our STll. films,
This figure portrays behavioral interactions and results thereof and not a food web, energy
flow, etc. The conflict between the damselfish, F.. planifrons, and the sea urchin, D.
antillarum, demonstrates this best; the damselfish did not devour the sea urchins, nor vice-
versa, but a potentially important interaction did occur. Superimposed upon such
interactions are the natural diel cycles of the reef fauna.

An issue that could have been addressed using STTL photography  or for that
matter, video! was the reappearance of D. antillarum. Lessios et al �984a! observed
recovering adult Diadema a month or so after the mortality event, He suggested that while
debilitated individuals outside of their diurnal cryptic habitats may have succumbed to both
the effects of the mortality agent and to predation, those hidden deep within crevices may
have had a better chance of survival. With their spines broken and their tube-feet flaccid,
they may have been unable to etnerge until after they had recovered. Continuous
monitoring at designated stations, coupled with tagging experiments, could provide
valuable information regarding the behavior of wounded and sick individuals as well as
their temporal and spacial distributions, foraging ranges, and predation pressures.
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Figaro 13. Film IV. Demeelfteb territory. C. ep�Celpepkilfto epeclee;
M. el., bfl fspero efctcorals; M. sa., %esse aegafosa; Pa., Porlses
ossrso!des; V, void; T.F.h., Tssfte of Filemeatoae htgee.

IV

Flgare 14. Ftlsa IV. Pie chart svedgee I - IV correspoad to siaadraats I - IV
of Ftgare 13. Pie chert h, 4:28 p.sa. to 7:28 p.m.; 11, 7:28 p.sa. to
12:28 a.sa.; C, 12:28 e.m. to 6:28 e.m.; D, 6:28 e.sa. to 3:19 p.m.
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Time lapse photography  or video! may also be of use in addressing such questions
as: can predator learning limit the density of Batesian rnirnics of an unpalatable species
 Carpenter, 1936; Rothschild, 1971! and is there a limit to the frequency with which a
predator camouflages itself in a particular manner in order to capture visually-oriented prey
 Aronson, 1983!? Such studies could very well necessitate lengthy, irt situ observation,
Studies relying solely on diver observations could thus be limited in their depth range and
potentially their geographic extent. Only through the use of photography  and video! may
such studies be possible.

Figure 15. Summary of the interactions observed iu four STTL films. This
figure portrays behavioral interactions and results thereof aud not a food
web, energy flow, etc.
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DIVING IN SUPPORT OF BUOY ENGINEERING:
THE RTEAM PROJECT

Sean M. Kery
Woods Hole Oceanographic Institution

Woods Hole, MASSACHUSETTS 02543 U.S.A.

Diving has been used as a valuable tool in the development of several key
buoy systems. One application where diving was utilized is described in
detai l. A Real Time Environmental Arctic Monitoring  RTEAM! system has
been developed by the Woods Hole Oceanographic Institution. This
mooring uses a variable buoyancy ascent module, connected to an
instrumented cable to transmit dara to a satellite. The module fills an internal
ballast tank and rises to rhe surface once a day, transmits, and then vents rhe
ballast tank and descends to a rest position. Diving was used in the
developrnenr phase to assess and fine rune the sea-keeping, ballasting and
valve timing of rhe ascent module. The buoyancy and hydrodynamics of rhe
module change continuously during the ascent and descent. Diving and
underwater photography were used to identify and correct problems that
developed during sea trials.

INTRODUCTION

The RTEAM mooring  Fig, 1!  Bocconcelli, 1987! is specifically designed to daily
telemeter oceanographic data from locations that may be covered by ice. Data from current
meters, hydrophone s and the elevator module are carried through the electro-mechanical
cable by an FSK-SAIL loop and stored in an Integral Bus Controller  IBC!, When the
module is not transmitting, it descends to a rest position to avoid damage at the ice
interface. The module rises to the surface, or ice interface, once a day, transmits the data
and then sinks back to its rest position. If the surface is ice free, the data is transmitted
directly through the ARGOS system back to a shore station. When ice covers the mooring
site, telemetry is accomplished through a radio frequency  RF! floating antenna which is
attached to the module. The data is received by a nearby shore based RF receiver �50
nautical miles range! and relayed from there to the ARGOS satellite.

MOORING DESIGN

The ascent module contains a variable buoyancy tank, valves and driver assembly,
the IBC and telemetry packages housed in a fiberglass frame  Fig.2.! The ascent module is
tethered to the subsurface mooring by an umbilical, carrying electrical power, data and the
supply of high pressure purge gas. The main batteries and gas storage tanks are mounted
on top of the large syntactic foam sphere that is also the principal buoyancy element for the
instrumented mooring cable.

Data is collected, internally recorded and telemetered from a series of current meters
and hydrophones. The balance of the mooring components consist of three conductor
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electromechanical cable, backup recovery, an acoustic release and mechanical length
members  kevlar rope and chain!.

9'lgure t. Site 'D' prototype moor lett.
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Prior to building and testing a prototype, a computer program "DIPPER",  Kery,
1986! was developed to model the forces on and the geometry of the umbilical and variable
buoyancy module. A study of the umbilical geometry was made involving variations of
current speed, tnodule buoyancy, umbilical length and depth of point of attachment.
Results from this analysis were then used to design the ascent module.

DEVELOPMENT PHASE ONE

A prototype ascent module was built and a series of tests off of the WHOI dock
were undertaken  Fig 3.!. To initiate the ascent process, a valve at the end of the high
pressure gas is opened. The gas forces the water out of the variable ballast tank through
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holes located at the bottom of the tank and the module begins to rise. These holes also
allow any excess gas to escape as the module ascends and the gas expands.

Figure 2. Var table ballast elevator. o5 hlv Ta fv'htA

~q N1h  1 ir
l Ohl I

AMTLt>/th
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Divers were used to study the behavior af the ascent module in the rest position.
The module hangs on the umbilical with the bow higher than stern. In one of the earliest
tests, the rest angle allowed some of the purge gas to escape out of the bottom vent holes.
This was corrected by moving some of the ballast weights forward. Angle measurements
were made underwater using a plumb bob tied to the center of a pmtractor.

The quantity of gas left in the variable buoyancy module after the purge valve
closed was also measured  Fig.4!. This measurement was used to fine tune the valve
timing. The module ascended from its rest depth of 60 ft to the surface in several seconds.
The descent was slow enough so that divers couM keep up.

A shallow water test mooring was deployed nearby in Martha's Vineyard Sound to
validate the computer predictions and assess system reliability. Purge gas was supplied by
�! 80 ft~ aluminum scuba tanks manifolded together, mounted on the anchor. Fig.5!. The
mooring was deployed in a depression 90 ft deep off of a point called Jobs Neck. A second
mooring with two S4 current meters was deployed close by to monitor current velocities. A
VHF radio transmitter with a surface detecting switch transmitted whenever the ascent
module was on the surface. A pressure transducer recorded the depth of the ascent module.
Data was recorded over a period of several weeks with the module cycling once an hour.
The current meter and depth data were used to modify the buoyancy and drag coefficient
estimates for the Dipper computer program and consequently to implement the next
prototype design.
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Figure 3. Prototype module being lowered into the water for sea tests.

Figure 4. Divers hand pointing to the ballast tank air level as the
module starts to submerge.

A full scale test mooring was designed and deployed at site D �9'N,70'W! on
June 2nd,1987 in 2700 m of water. Liquid CO2 was used instead of air for the purge gas
because of its greater volumetric storage efficiency. After 40 days of operation, a faulty 0-
ring allowed high pressure CO2 to leak into the valve body and rupture the diaphragm. Sea-
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water then leaked in to the valve body and shorted the main power supply. The mooring
was recovered after 62 days on station.

Figure 5. Shallow water test anchor showing scuba tanks manifolded
together for gas supply.

::s.

DEVELOPMENT PHASE TWO

Th hase one tests proved the feasibility of the system. Various elements of the
system were modified in preparation for the full scale arctic deployment including t eh
following:

New ascent module design; A new, more ruggedly streamlined ascent
module was built and tested. The new configuration featured lower purge
gas consumption, and greater ice impact resistance.

The valve mechanism was redesigned and built into a separate pressure case
from the main electronics.

The software for the IBC controller was refined for greater reliability and
power efficiency. The ascent cycle timing was programmed to coincide with
predicted satellite passes.

The new elevator module was extensively tested at the WHOI dock and in shallow
water prototype moorings prior to deployment. During the several ascent/descent routines
performed by the module off the dock, divers were deployed in order to monitor the trim
of the elevator and the umbilical trajectory  Fig. 6 & 7!. As a consequence of the divers'
observations, a ballasted keel was mounted on the module to improve its stability. A
fb 1 s horizontal flap was also added on the stern to achieve a correct ascent when in

oduletransit from bottom to surface and vice versa. The divers filmed many cycles of the m u e
before and after modifications and through the film footage it was possible to optimize the
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final module configuration. Diving observations turned out to be crucial for the final design
of the ascent module and its control system.

-Figure 6. Final module prototype in rest position with added keel.

Figure 7. Rear view of final module prototype.

FINAL DESIGN

The final mooring design was fabricated and tested. The mooring was successfuHy
deployed in the arctic on August 24, 1988 at 79 25.92N and 6 47.91W in 1300 m of water
depth  Clay, 1988!,
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TRAINING, EQUIPMENT, AND OPERATIONAL PROCEDURES
FOR CONDUCTING SCIENTIFIC SATURATION DIVING ACTIVITIES

Doug Kesling
Richard Berey

National Undersea Research Center
Fairleigh Dickinson University

40 Castle Coakley
St. Croix, U.S. VIRGIN ISLANDS 00820 U.S.A.

Shallow water air saturation diving techniques have been used for many
years to help increase underwater bottom times and maximize scientific
productivity, The National Undersea Research Center of Fairleigh
Dickinson University currently operates the world's only undersea habitat
specifically designed and dedicated to scientific research in the sea. It is
called Aquarius and is located in Salt River Submarine Canyon in St. Croix,
U.S. Virgin Islands. Safe and effective use of this facility requires special
pre-dive training, equipment modifications and specific operational
procedures for the staff and saturating aquanauts. This paper will address
the trai ning, equipment, and safety aspects for scientific saturation diving
activities.

INTRODUCTION

The National Undersea Research Center of Fairleigh Dickinson University currently
operates the world's only undersea habitat specifically designed and dedicated to scientific
research in the sea. It is called Aquarius and is located in St. Croix, U.S. Virgin Islands.
NURC-FDU operates this facility under contract with NOAA's National Undersea
Research Program and is currently one of five national undersea research centers sponsored
by NOAA.

The Aquarius saturation diving facility was developed to support scientific research
requiring the use of saturation diving techniques. When compared with scuba diving from
the surface, saturation diving has proven to be a viable ineans of enhancing scientific
productivity by extending one's in situ scientific research diving time. Currently Aquarius
is serving marine scientists whose research requires long dive periods between 50 and 150
fsw, This extended bottom time is useful when it becomes necessary for the scientists to
deploy elaborate sampling and research equipment, make observations, collect specimens,
and conduct experiments which might otherwise be itnpossible from a surface diving
mode

Safe and effective use of this facility by visiting scientists requires that each
individual using the facility participate in pte-saturation dive training, become familiar with
specialized diving equipment, and gain an understanding of the operational constraints and
safety aspects of the program.
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THE HABITAT

I

The Aquarius Undersea Habitat was designed by Perry Submarine Builders f
F orida and constructed by Victoria Machine Works of Victoria, Texas. It was completed in

0

1986. Following its relocation to St. Croix, it underwent substantial modifications for use
as a mobile saturation diving system to be utilized throughout the Caribbean. It was
deployed in September of 1987, with the first six science missions being conducted '
98 . The habitat can support up to five scientists and one on-board habitat technician,

who is a member of the operational staff.

Figure l. Aquarius Habitat

The habitat consists of a cylindrical chamber 43 feet long and 9 feet in diameter and
is presently situated in 60 fsw. Aquarius was designed with the capability of operating to
depths of 120 fsw. The habitat is divided into a Main Lock and an Entry Lock by hatches
which are capable of maintaining a differential pressure between the two compartments.

sea.

The outside Entry Lock opens into the Wet Porch which has a rectangular opening t th'go e

The Main Lock is equipped with 6 bunks, a microwave oven, a solid state
refrigerator, a dining table and benches, food storage areas, and a sink. Other facilities
inc ude communications equipment, video equipment, computer console, medical supplies
and life support equipment. There are 5 viewports in the Main Lock.

The Entry Lock contains a sink, a toilet, personal storage areas, science work
counter, and life support equipment. There are two viewports in the Entry Lock.
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Figure 2. Gazebo staging area

The Wet Porch contains gas panels that control the flow of high and low pressure
air and treatment gases to the habitat, space to store and don equipment, recirculating salt
water basins to clean, rinse and store marine samples, a hot and fresh water sink, storage
shelves, a shower and a view port.

An external air station, referred to as the Gazebo is located just outside the Wet
Porch. This Gazebo is use for staging in and out during excursion dives and is outfitted
with a high pressure and low pressure air supply, lights, and talk-back speaker
communications to the shore base and to the habitat. In the unlikely event that the aquanauts
must evacuate the habitat, the Gazebo can also provide a safe sanctuary for all six saturated
aquanauts.

The habitat rests on a 115 ton ballasting base plate which functions as a stable and
level support platform for the habitat on the sea floor. Four independently controlled
adjustable base plate legs and pads, supported on universal joints, provides for levelling of
the habitat over a varied terrain. Hatch Depth is maintained at a depth of 48 fsw.

Connected to the habitat via an umbilical from the surface is the Life Support Buoy.
The LSB was constructed from a 45 foot fisherman type hull and was designed and
converted to support the priinary life support systems for the habitat. It is normally
unmanned during the saturation mission. It has the capability to provide 220 volt generated
electrical power, high and low pressure compressed air, and hot and cold potable water to
the habitat below. An environmental control unit provides for dehumidification and
temperature control inside the habitat and a variety of life support sensors and
communication lines are routed from shore base to the LSB via the habitat.
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Figure 3. Habitat and LSB conflguratton

Fitter@ 4. Pool trslnlog

In the event of catastrophic failure of the LSB, a safe and inhabitable environment
can be maintained inside the habitat for a period of at least 72 hours, This is made possible
by 8,000 cu.ft. of stored high pressure compressed air at 3000 psi, l400 cu.ft. of stored
on-board 100% oxygen and nitrox breathing gases, carbon dioxide scrubbers, and two 24
volt emergency backup batteries with a combined capacity of 300 amp hours. This will
allow adequate time to perform the 17 hours of required decompression on the bottom or an
evacuation of the aquanauts back to shore base for decompression.

TRAINING

Upon arrival of the visiting scientist to the NURC-FDU facility, the aquanauts
undergo a full four days of pre-saturation training exercises. This training is designed such
that the staff can evaluate the diving skills of the participants, familiarize them with the
special dive equipment used during saturation, orient the participants to the habitat and
operational procedures and to survey the undersea environment found in Salt River
Submarine Canyon. The following schedule is currently used.

Training Schedule - Aquarius

DAY I

0730 Introduction of NURC staff and visiting scientists
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Orientation to Dyke Marine Science Center
Dive equipment briefing - Aquanauts & topside support scienrists
Open water swim - Aquanauts & topside support scientists
In-water pool training - Aquanauts

1300 Canyon orientation - Aquanauts & topside support
Pre-dive briefing - Aquanauts
Canyon swim I - Aquanauts
Dive procedure briefing - Aquanauts
Physical exam reviews - Aquanauts & topside support scientists

DAY 2
0800 Pre-dive briefing - Aquanauts

Canyon swim II - Aquanauts
Physical exam reviews- Aquanauts & topside support scientists

1030 Science briefing

1300 Procedures briefing - Aquanaut & topside support scientists
Medical & chamber briefings - Aquanaut & topside support scientists
Pre-dive briefing - Aquanauts
Canyon swim III- Aquanauts

DAY 3
0800 Food preferences and habitat provisioning briefing - Aquanauts
0900 Habitat briefing & ascents � Aquanauts

1300 NASA briefing
Dive plan review
Watch desk and LSB orientation
Potting list submitted - Aquanauts

DAY 4

0830 In-water pool Exo-26 tethered diving orientation � Aquanauts
Training paper work completed and turned in

Training Day 1 begins with staff and visitor introductions and an orientation to the
Dyke Marine Science Center which comprises our operations base and science laboratory
facilities. Once this has been completed, the participating aquanauts and surface scientists
receive a dive equipment briefing to familiarize them with specialized diving equipment
used during saturation. The divers are asked to supply their own mask, fins, wet suit,
watch, and dive knife. The center supplies each aquanaut with a horse collar B.C�
complete with a compass, calibrated depth gauge, whistle, emergency flasher strobe,
canyon map, and an underwater acoustic pinger which is sealed in a plexiglas housing and
can be activated in the event of an emergency. This pinger emits a 37 KHz pulse every
second and travels approximately 1 to 2 miles. The signal can be heard either via a acoustic
pinger receiver hydrophone on-board a support vessel or by a diver hand held unit. The
aquanauts utilize twin 80 cu.ft. aluminum cylinders with a standard Navy harness
backpack. These cylinders are joined by a benjamin style manifold with a primary regulator
and console with pressure gauge, compass, and depth gauge. The redundant valving is also
outfitted with an octopus regulator. An additional 4 lbs of lead is incorporated into the
backpack to counteract the positive buoyancy experienced when aluminum cylinders reach
low pressure.
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After the equipment briefing the visiting scientists are evaluated for their swimming
competency by completing a 400 yard swim and survival float. The remainder of the
morning is spent in a pool training session. The aquanauts don full scuba gear and wet
suits and review basic diving skills, including buddy breathing, octopus buddy breathing,
ditch and recovery and buoyancy control exercises, They also receive practice in open
water rescue and tank changing procedures.

F tg are 5. Salt R 1 var S abtaa rial C any oa

The afternoon training session includes the canyon orientation and canyon dive I
briefing. The canyon orientation is designed to acquaint aquanauts and surface scientists
with location of the habitat in the Salt River Submarine Canyon, work sites for research,
underwater navigational aids and with tank rack locations.

The habitat is situated about one mile from the shore base facility and is deployed in
the apex of Salt River Submarine Canyon on a sandy bottom at a depth of 60 fsw.
Positioned throughout the canyon and in close proximity to the work sites are three tank
changing stations. These stations vary in depth from SO to 70 fsw and consist of wooden
racks which are designed to hold from 10 to l2 sets of double 80 cu.ft. scuba cylinders,
Permanently located at these tank rack sites are plexiglas hemispherical way stations which
can be inflated with air and serve as a talk stations.

Attached to this bubble base is a 80 cu.ft. single aluminum cylinder with two
octopus regulators used as a backup air source. Also attached to the hemispherical bubble is
a signaling spar buoy which reaches the surface. This spar is constructed of a sealed PVC
post which is permanently attached to the bubble base by polypropylene line When pulled
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down slightly and attached to the line by an S hook, the spar stands vertically. The line can
be detached which causes the spar to drop from its upright position to lie flat on the
surface. This is one method that the aquanauts can use to signal the surface support that an
emergency exists on the bottom or that there is a need for additional science gear, supplies,
or equipment to be delivered. Each spar drop is treated as an actual emergency by the
surface support personnel and within one minute, a support diver dons scuba gear and
swims down to investigate the situation.

Figure 6. Tank rack station

A series of navigational lines are deployed in the canyon  See Figure 5! and form a
grid which connects the habitat to important underwater landmarks and tank rack stations.
These lines are constructed of 3/8" polypropylene and have bevelled PVC indicators
pointing towards the direction of the habitat. The lines are either weighted or permanently
attached to the substrate. An isobath line which is used as a navigational aid is positioned at
50 fsw and runs along from the habitat to the East slope and the West wall and extends to
the normal excursion limits of the canyon. This isobath line is commonly used as a
reference by saturated aquanauts for remaining at storage depth until starting a downward
excursion. Once the aquanauts saturate they are not permitted to ascent above storage
depth. There are also lines with PVC cross pieces which indicate upward and downward
excursion limits. These lines can be used by the aquanauts for general navigation or when a
condition of low visibility, a lost mask, or strong currents prevent safe travel by the diver
without any navigational aid.

After the canyon orientation is completed, the aquanauts participate in one of three
training dives of the undersea canyon. During canyon dive one, the aquanauts travel from
the habitat to the center of the canyon and are oriented to the tank racks, bubble talk station,
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spar buoy and auxiliary air cylinder with octopus regulators. During the swim, the staff
observe the aquanauts for buoyancy control, air consumption and general overall comfort
and physical stamina. After the swim, the Aquanauts are briefed on saturation dive
procedures and pre-saturation physical exams are completed by our staff physician who
also reviews the completed NOAA physical exams.

Figure 7. Aquanauts beginning an excursion dive

In the morning, during Day 2, a science briefing is conducted by the participating
scientists to help acquaint the staff with the mission's scientific objectives. The aquanauts
complete two more training dives which include tank changing practice and practice
swimming at storage depth along 50 fsw isobath lines. The staff continues to point out
underwater landmarks and navigational lines. At the conclusion of the third training dive
the aquanauts have completely covered all the navigational lines in the submarine canyon.
In the afternoon, The diving medical officer performs the medical and chamber briefings.
The most common health problems associated with saturation diving have been external ear
problems, skin chafe, heartburn and heat loss. With effective prophylactic treatment, these
conditions have been kept to a minimum and have not limited scientific productivity.

On Day 3, the aquanauts do a fourth openwater training dive to the habitat. The
aquanau sauts lock inside and are taken to 1 ATM to receive an in-habitat briefing. This briefing
encompasses every aspect of the normal habitat operations. In addition, all the bac up i eku life
support equipment is discussed and the emergency evacuation procedures are outlined. t
the conclusion of the briefing, the aquanauts practice end of mission Lock Out procedures
that return them safely to the surface.
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On the fourth and final day of training, all the science equipinent is deployed and
interfaced with the habitat if necessary. All personal belongings, science gear and
provisions are potted to the habitat in pressure sealed potting containers. In the morning,
the aquanauts receive Exo-26 tethered diving training in the pool and any outstanding
paperwork or training is completed. The final day prior to beginning the saturation mission
is also spent for final preparation of the habitat by the staff and science needs by the visiting
scientists axe completed,

OPERATIONS

Once four days of training are completed and the mission begins, the operations
staff remains at the base for the duration of the mission. A tninimuxn of 9 staff members are
required to be available 24 hours a day, essentially on call, until the saturation diving
mission is complete. This compliment of crew helps satisfy the following positions in the
event of a habitat evacuation or a inadvertent surfacing.

�! Watch Desk Operator �! Chamber Operator
�! Inside Chamber Tender �! Chamber TimefLog Keeper
�! Safety Boat Skipper Tender �! Whaler Operator
�! Support Divers for assisting normal in-water aquanaut ascents
�! Habitat Technician

The watch desk operator is responsible for xnonitoring the progress of the 10-day
saturation mission 24 hours a day. When saturation diving begins, each staff member
rotates through the watch desk for a six hour shift assignment. The watch desk personnel
responsibilities include; monitoring activities in the Main Lock, Wet Porch and engine room
aboard the LSB on closed circuit television; communication to the habitat through either a
VHF radio, sound powered telephone or talk-back speaker/hailer system; monitoring sea
conditions and vessel traffic in the vicinity of the habitat by watching a TV picture from a
rotating camera mounted atop the LSB; serving as a controller and monitoring NURCfFDU
small boat activities in the canyon via VHF radio; logging support divers up and down and
calculating allowable dive times by entering their dive data into a computer programmed
with the U,S. Navy Standard Air Decompression Tables; being responsible for maintaimng
a daily written log of all aspects of the mission; and monitoring the Serial ASCII  American
Standard Code for Information Interchange! Instrumentation Loop  SAIL! computer
system. This SAIL system is a combination of xemote sensors and a computer generated
data gathering system which collects and monitors Aquarius life support and LSB system
parameters. These parameters include Main Lock depth, O2 and CO2 levels, H.P. and L,P.
air supplies. The LSB SAIL monitors electric generator output and engine room
temperatures. The SAIL system constantly checks all normal SAIL parameters and sets off
alarms if abnormal values are detected. This allows the LSB to remain unmanned other than
for periods of daily maintenance, repairs and decompressions.

Each evening before the next day's diving the Aquanauts report dive plan
information to the watch desk personnel who then calculates the allowable excursion limits
and operational feasibility of the dive, Dive plans include maximum depth of planned
excursions, time out, expected time in, location of dive, air requirements and special
equipment needs. This information is relayed to the skipper of the safety boat who
coordinates the timing of the canyon set-up prior to excursion dive activities. An excursion
dive consists of any dive which is below storage depth. If a second dive is planned and is
less than four hours from the end of the first dive, this is considered a continuation dive. If
a time period of at least four hours has elapsed, then the second dive is considered a
repetitive dive and half the maximum scheduled excursion limit is allowed. A diver is not
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considered clean until a period of twelve hours is spent at storage depth. A diver can work
at storage depth indefinitely, but is still monitored by the safety boat.

Table I. Downward No-Decompression Exenrslon Limits
Breathina Air from Air Saturation

Saturation Depth = 48,0 FSW
EXCURSION DEFVH MAX. ALLOWABLE TIME

 feet!  minutes!

Note 1, Use 360 minutes when ertleulatins continuation or repetitive excursions
Note 2. 130 feel is normal maximum excursion depth

The safety boat is a 23 foot diesel powered work boat which is dispatched to
support the aquanauts when scuba diving excursions are planned from the habitat, The
safety boat is manned with a crew of three support divers and remains on station constantly
inonitoring the progress of the aquanauts whenever they are out on a scuba excursion, The
safety boat is outfitted with an underwater acoustic pinger receiver for tracking pinger
signals, underwater hailer/siren for communications and diver recall, VHF radio for ship to
shore communications, spare scuba cylinders, two oxygen resuscitator units, a backboard,
a first aid kit and a diver held acoustic pinger receiver.

The safety boat is always prepared to respond to a dropped spar buoy, pinger
distress signal or even to the worst case scenario which could be an inadvertent surfacing
of a aquanaut from saturation, A surfaced aquanaut drill is practiced by the staff on a
regular basis and involves the safety boat skipper piloting the vessel, one crew member
jumping to the assistance of the aquanaut or aquanauts in the water, with the other crew
member available to lift the stricken aquanaut from the water and perform basic life support
until reaching shore base, Once the safety boat reaches shore base, we have the option of
treating the individual in our 60 inch or 72 inch double-lock hyperbaric chamber.

Each mission one staff member serves as an on-board habitat technician. They are
completely familiar with all the components of the habitat and are essentially the eyes and
ears of the topside operational staff. The habitat technician performs a daily habitat check
and every 3 to 4 days changes out the absorbent material for the CO2 scrubbers. The
delivery of daily potting of food and supplies is handled by the habitat technician as well.
These supplies are sealed in pressure pots and swum down to the habitat by a support diver
from the surface. The habitat technician is also available to help coordinate diving activities
between the topside support staff and the scientific saturation team. If time permits, the
habitat technician may serve as a member of the research team and can assist with scientific
research tasks. Ultimately, the habitat technician is responsible for insuring that the habitat
is functioning properly and that all safety aspects are adhered to by the participating
aquanaut team.
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The habitat technician periodically reviews with the aquanaut team the location and
use of redundant life support equipment located in the habitat. The entire habitat is outfitted
with 2 sets of on-board air breathing masks and scuba pony bottles for use in the event of
fire or smoke inside the habitat. Six sets of pony bottles, regulators and standard diving
masks are located in the Main Lock compartment and are available in the event that the
aquanauts become isolated and must evacuate the habitat through the escape hatch located in
the bilge on the pressure hull.

Figure 8. Safety boat

At the conclusion of the 10 day saturation mission the aquanauts receive a pre-
decompression medical check in the habitat and a review of the decompression procedures.
The decompression is controlled on-board the LSB. The decompression schedule takes
approximately 16 hours and 19 minutes and is conducted by two staff members working
six hour shifts. This frees the aquanauts from this responsibility and allows them to rest,
compile data, and prepare final reports.

The aquanauts breathe 100% oxygen thxough a BIBS  built in breathing system! for
three, twenty minute periods during the first seventy five minutes of decompression. The
02 is administered by two staff members who lock in for this period and monitor the
aquanauts for signs of oxygen toxicity until the 02 period is complete. If an aquanaut
develops decompression sickness then recompression can be initiated from within the
habitat. Because the Aquarius habitat is a double lock chamber, it has the capability of
xecompressing an aquanaut on the bottom while the other aquanauts remain at storage depth
or continue their ascent during decompression.
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After decompression is completed, the aquanauts, with a staff member, lock out of
the ain Lock and into the Entry Lock and each don their mask, fins, B.C. and small
scuba pony bottle. They are blown down to storage depth three at a time. Once on bottom,
they enter the Wet Porch, exit into the water column where they are met by two staff
members who escort the team to the surface during a two minute controlled ascent.

Figure 9. Decompression control console aboard the LSB

After the all the aquanauts are recovered aboard the safety boat they are retu d
shore b fase for post saturation medical check-ups, doppler studies and post mission
debriefing. Once the base facility and habitat are secured, three staff members remain on
base to operate the hyperbaric chamber if necessary. The aquanauts are required to remain
on base for at least twelve hours until the diving medical officer releases them. The
aquanauts are not permitted to fly or dive for at least 48 hours post decompression.

CONCLUSION

Since 1978, the National Undersea Research Center at Fairleigh Dickinson
University has operated two shallow water, air saturation diving systems, Hydrolab and
Aquarius, in St. Croix, U.S. Virgin Islands. To date we have conducted 106 saturation
missions from 5 to 14 days in length. Currently, we provide all saturation diving
participants with four days of pre-dive training, specialized equipment, and specific
operational procedures. The NURC-FDU scientific saturation diving program has
accommodated 431 aquanauts involving 74,460 saturation man hours or 3110u, r saturation
iving ys, e use of an extensive training period has proven beneficial for insuring safe
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diving operations at the facility and producing high quality scientific research from using
saturation diving techniques,
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DIVING TKCHNIQUES IN MARINE MKSOCOSMS
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Marine Ecosystems Research Laboratory

Graduate School of Oceanography
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Narragansett, RHODE ISLAND 02&&2 U.S,A.

For the last decade, the Marine Ecosystems Research Lab  MERL! has
operated fourteen marine mesocosms, each of which is 13 m3 and is a living
model of a temperate estuari ne ecosystem. Typically, these tanks have been
used to model well-mixed, relatively high salinity �0 parts per thousand!
environments by conducting controlled experiments at the ecosystem level
that are not possible in the field. At MERL it is possible to observe - under
controlled conditions - the trajectory of an ecosystem under stress. Diving
has played an important role in our research. Photographic documentation,
epibenthic macrofauna quantification and precise location of sampling
devices are examples of that role. Due to the relatively small size of the
tanks  l.8 meters wide by 5 meters deep! only one diver can enter a tank at
a time. This fact has required that we amend standard" diving procedures
to accomplish our work. Safety and supervision are assured in a unique
way.

INTRODUCTION

Marine mesocosms are tnore than large research aquaria; they are experimental
ecosystems created to behave as analogs of the larger natural systems from which they ate
derived. By design they are interactive systems that contain feedback networks found
within ecosystems and are thus self-sustaining and ecologically durable. Mesocasms serve
as unique environmental research tools and are an important bridge between field and
laboratory studies. They are cost effective when compared to the cost of obtaining a similar
data set in the field. Of more significance, they can be operated at a level of experitnental
control and replication that is not possible in the field. Field experiments in the marine
environment are confused by advection and the difficulty in locating valid control sites.
Bioassay type laboratory experiments, while useful in their ability to efficiently project the
response of a species to a perturbant, are not capable of predicting a whole system effect.

Mesocosms can be operated for relatively long periods of time over seasonal and
annual cycles and because of this feature ecosystem responses such as adaptation, and
succession of cominunities can be observed. This capacity has made rnesocosms ideal for
investigation of chronic, low-level pollution effects. The investigator can follow the
trajectory of an ecosystem under stress directly. Knowledge of this path is obtained
through sampling methods that are generally adopted from field techniques. Diving - one of
many methods einployed in this work - is no different in this respect, and is used to view
the habitat first hand or to perform some task in si tu that cannot be done retnotely.
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THE MARINE ECOSYSTEMS RESEARCH LABORATORY

The Marine Fwosystem Research Laboratory  MERL! is a mesocosrn facility at the
University of Rhode Island's Graduate School of Oceanography. A 560 m2 building serves
as a support laboratory and operations center for large experimental ecosysterns. Fourteen
cylindrical tanks 1.8 m in diameter and 5 5 m in depth are arranged along an access deck
outside and adjacent to the building, The facility has laboratories for biology, organic, trace
metal and nutrient chemistry, and radioisotope tracer studies.

The mesocosms  Figure 1! contain 13 m3 of Narragansett Bay water with
associated pelagic community. Benthic communities from Narragansett Bay are removed,
as undisturbed as possible, with a box core, loaded in trays and placed in the bottom of
each mesocosm. Physical parameters such as mixing, water turnover and temperature can
be scaled to simulate natural conditions. MERL has typically operated these parameters to
simulate the "average" conditions of mid-Narragansett Bay. The water column is stirred to
simulate wind and tidal mixing  Nixon er al., 1980!, Mixing is by a vertically rotating
plunger, 60 cm dia. with a 60 cm travel, run at 5 rpm, 2 h on: 4 h off. Seawater from
Narragansett Bay is pumped to a head tank by diaphragm pumps which are nondestructive
to plankton. The head tank periodically  l20 1/tank, 4 times a day! delivers seawater by
gravity feed through a manifold to the mesocosms providing the tanks with a 27-day
turnover time; the average turnover time of Narragansett Bay  Pilson, 1985!. Temperature
within the tanks is controlled and maintained at the average daily ambient bay temperature
with heat exchangers placed in each tank. An IBM-PC and compatible digital/analog
input/output interface device is used to control many of these operations.

Over the last decade numerous experiments have been completed at MERL with this
"average" model of Narragansett Bay. Long-term experiments of a duration greater than a
year have been conducted to observe ecosysterns under the influence of hydrocarbons,
enhanced nutrients, nutrient ratios, sewage sludge and effluent, and polluted sediments.
Many short-term experiments have been run either within the context of long-term
experiments or as separate studies. These experiments have been diverse and include
radioisotope studies and speciflc organic, hydrocarbon and metal spikes. On several
occasions natural conditions other than Narragansett Bay have been investigated. In one
experiment several tanks were stratified to simulate an offshore ecosystem with a strong
pycnocline  Donaghay and Klos, 1985!. In another experiment four mesocosms were
linked together to form a horizontal salinity gradient  Klos, 1988!,

DIVING TECHNIQUE

At MERL we have employed scuba diving both in the field and in the mesocosm
tanks, FieM work has concentrated on obtaining samples for comparison with the
experimental systems; benthic coring has been our primary method, Diving in the
rnesocosm tanks - the subject of this paper - is conducted for a wider variety of reasons.
These can be considered in three basic categories: I! observation of macrofauna, 2!
deployment of sampling gear, and 3! maintenance of the experiment.

Observation of macrofauna is important because in many cases the relatively few
numbers of large individuals may escape other remote sampling methods. Although few in
number, these animals may play an important roll in the overall behavior of the ecosystem.
Any complete description must include some knowledge of this component. Observations
are both qualitative and quantitative employing photography and quadrat counts as the
typical methods.
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Some investigations at MERL have involved the careful placement of sampling gear
by divers. These have included installation of cages, seditnent traps, and stnall scale grids
for study of animal migration. Most of the benthic coring is done remotely from the
surface, however at times divers are used to collect "special" cores - ones of an odd size or
in cases where special care is taken to ensure capture of the surface Qocculent hyer. In one
experiment in which the benthos had been removed from the system, divers used a suction
system to sample the material settled to the bottom.

Maintenance of the experiment is vital. Divers are used in this capacity to retrieve
lost tools or sampling gear, to remove unwanted predators - for example large fish or crabs
- or to augtnent typical remote tank cleaning methods.
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Whatever the reasons for diving in the tanks, the technique is generally the same,
but it should be noted, somewhat different from "standard" diving practices. In many ways
diving has been radically simplified to suit this special situation. The rnesocosrns are
relatively small and only a single diver can enter. Fins are not recommended - there is no
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place to go and thc bottom is easily s«ried up. Constant depth and proper weighting  »d a
good place to hang at the surface! allow the diver to dispense with a buoyancy
compensator, Snorkel, depth gauge and octopus are other unnecessary pieces of gear.
Standard SCUBA cylinders and regulators are used. Wet suits are generally worn; in
winter, dry suits. Always carry a knife.

Safety and control of an operation is maintained by having a tender present. If the
tender is not a diver, then a safety diver is required. Often several divers are submerged in a
number of tanks controlled by a common tender. Obviously, sonM: level of communication
between tcndcr and diver is necessary. The sound of a large bolt struck on the wall of the
mcsocosin can bc easily heard either underwater or at the surface and is used to convey
information in lieu of a line tether or electronic option. Often the message is little more than
"OK"  I Bang! or "Come up" � Bangs!. Two and 3 "bangs" are given to indicate letting a
line out or taking up slack respectively. Other signals that may be necessary are invented as
required. A steady stream of "bangs" or random persistent noise is understood to be an
crrcrgency caII for assistance,

Although hazard is minimal, diving in mesocosms is not without risk, Embolism is
always possible. Entanglement and entrapment are always possible. Oxygen and first aid
kit are immediately availablc, Etnergency evacuation is straight foreword - telephone
campus security.

Prior to a dive, mixcrs are unplugged, but the mixer plunger is usually left in
position. The diver enters, grasps the mixer plunger shaft, signals the tender, and
descends, Just above the bottom it is convenient to invert and hang upside down from the
mixer plunger.

DISCUSSION

From a divers point of view thc MERL mcsocosms are a lot like Narragansett Bay-
cold and murky. Photography is generally limited to close-up. Because the organisms and
bottom features ate relatively small, this close-up view is appropriate. For the diver f 'I'
with th

'ver ami iarwit t c soft bottom communities of Narragansett Bay, there is a rich opport nit tuiyo
pic ing up a ostb e e change in an ecosystem. While maneuvering a clam cage or pickin

wrench is never dull, nothing surpasses watching a control tank remain fatniliar while an
experimental tank diverges to some other ecological state.

In thc Spring, 1981, MERL initiated a nutrient gradient experiment in which the
dissolved inorganic nutrients nitrate, nitrite, ammonia, phosphate and sili dded
t c mesocosms. Three tanks werc kept as controls. Six. other experimental tanks received
B
dosages derived from an exponential increase in the average nutrie t '

ing atments were 2x, 4x, tax, 16x,ay. This standard was defined as I x and the remaining tteatment 2, 4, 8,
and 32x. To put this into some perspective: the 32x treatment mi ht be ed
Hudson River around Manhattan while the Sx treatment wasn mig t compared with the

condition in the Providence River at the head of Narragansett Bmen was more representative of the
ganse ay.

Within months change in the higher treatments was obvious. By the followin
summer the 8x treatment was dominated by several hundred th d mal

h 16 t t nt a infested with h t ousand small cl

scptelrtspinosa!, and, in the 32x treatment the bottom was carpeted with ai es e wit undreds of shrimp  Cran on
 S 'o ida !. In contrast, the control tanks remained
clams, crustaceans, and worms, but none grossly dornin t' ths remain tnuch the same - a diversit of small

orninating the community.
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In this experiment divers performed an important service describing and
documenting ccosystcm changes form this unique perspective. Much of this work was
complimentary to other sampling techniques. In some cases - for cxarnple, counting shrimp
- diving was thc only way to obtain information. Simplified as they are, thc MERL
rnesocosms provide a unique view of thc future and those who dive in the tanks gct to sce
this first hand.
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QUANTITATIVE DIVER VISUAL SURVEYS OF INNERSHELF
NATURAL AND ARTIFICIAL REEFS IN ONSLOW BAY, N.C.:

PRELIMINARY RESULTS FOR 1988 AND 1989
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S.K. Bolden

S.W. Bark
Department of Biological Sciences and
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A total of 64 and 63 stationary di ver censuses of reef fishes were carried out
in 1988 and 1989 at an artificial and natural reef, respectively, on the
innershelf of Onslow Bay, North Carolina, A total of 36,702 individuals
representing 32 species in 16 diferent families was recorded for the
artificial reef and 44,464 individuals representing 30 species in 14 families
were censused at the natural reef for the two years combined. 1nteryear
i ntrareef and interreef comparisons suggested similar assemblages at each of
the reefs. Commonly occurring and numerically abundant speci es for both
reefs were round scad, tomtate, spottail pinfish, black sea bass, and
sli ppery dick. Minor interyear differences at each reef were hypothesized to
be the result of seasonal inshore migrations of tropical and subtropical
species. Interreef differences were hypothesized to be related to differential
fishing pressure and mi crohabi tat differences.

INTRODUCTION

Natural reefs on the continental shelf frequently support large populations of fishes
that are exploited heavily by commercial and recreational fishermen. Many coastal states
have invested substantial effort and resources recently to create artificial reefs, which are
typically quite successful at attracting large populations of fish quite rapidly. The success of
artificial reefs, however, obscures the lack of fundamental understanding of how natural
and artificial reefs support such targe, productive fish assemblages.

North Carolina continental shelf waters support numerous important fisheries, both
commercial and recreational Pressure on these fisheries will almost certainly increase, and
we can confidently expect other human activities in continental shelf waters to increase and,
perhaps, to have impacts on shelf fisheries. Measures we take to manage these fisheries or
to "improve" them  for instance, by creation of more artificial reefs! presuppose knowledge
of the ecological context in which these fisheries are supported.

We are characterizing the reef fish assemblage inhabiting nearshore artificial and
natural reefs in Onslow Bay  bound by Capes Lookout and Fear!, North Carolina. We
have described the inidshelf reef fish community elsewhere in these proceedings  Clavijo et
al., 1989!. Previous published reports of the southern Onslow Bay nearshore reef fish
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fauna are limited to biotic surveys  Pearse and Williams, 1951!, species lists and relative
abundances  Lindquist and Harris, 1978!, and a study of the rubble-mound ichthyofauna
of a jetty system  Lindquist er aI., 1985!,

In this paper, we have selected a diver census technique that yields quantitative
samples that can be readily analyzed with available statistical techniques  Bohnsack and
Bannerot, 1986!. This technique allows both within and between reef comparisons of
species' abundances,

Various biological and physical factors have been proposed to explain variability
within and between reef fish communities  Sale, 1980!. In particular, recent studies on
North Carolina's artificial reefs suggest that both local current fields and amount of vertical
relief may be important in determining ieef fish abundance  Lindquist and Pietrafesa, 1989;
Stephan and Lindquist, 1989!. In this paper we address the following questions: 1! Are
there significant differences in species abundances between the natural and artificial reefs?
2! Are there significant differences in abundances of species between years at each reef?
and 3! Are there significant differences in species abundances at stations at each reef with
differing levels of vertical relief?

MATERIALS A1VD METHODS

Diving operations were staged from UNCW's 21 ft �m! T IMTATE �988! or
were conducted under the auspices of NURC/UNCW aboard the 37 ft  I lm! charter vessel
~ JAR �989!. Breathing mixtures were either air �988! or NOAA Nitrox II  Mastro,
1989! or air �989!.

The artificial reef study site was located at the State AR372 buoy. This site is 5 mi
 8 km! offshore at 34 p 06.25' N and 77' 45.00W'. The natural reef site is located 0.5 mi
�.8 km! southwest of AR372. The artificial reef was constructed on 7 November 1986
 Munden, 1987! of ten steel railroad boxcars  trucks removed! arranged in a haphazard
southwesterly string at 100-400 ft �0 - 122m! from the buoy. The majority of these
boxcars had collapsed and only a few ends and partial sides were upright during our study.
The natural reef consisted of a limestone ledge  Fig. I! system running about one-half mile
�.8 km! in a northwest-southeast direction. Stations were located near the northern end in
1988 and more toward the southern end in 1989. Station depths ranged 50-56 ft �5 - 17m!
at the "train car reef'  TCR! and 51 - 65 ft �5.5 - 19m! at the "natural ledge reef'  NLR!,
Vertical relief ranged 1-10 ft �.3 - 3.7m! at TCR and 1-8 ft �.3 - 2.4m! at NLR. In 1988,
reef fish censuses were taken during June IS and July 7, 9, 15 - 20  TCR! and July 15, 28
- 31 and August 2, 17  NLR! and, during 1989, on May 29 and June 5  TCR! and May 22
- 23  NLR!. Bottom water teinperatures ranged 25 - 27'C in 1988 and 20 - 22 C in 1989.
Morning and afternoon censuses were taken both years, Horizontal visibility varied 6 - 20
ft �.8 - 6.1m! for both years. Two divers  IEC and SKB! recorded census data in 1988
while three divers  DGL, IEC and SKB! recorded in 1989.

Diver census methods were based on the stationary visual survey method developed
by Bohnsack and Bannerot �986! for the Florida Keys coral reefs. This technique squires
that divers remain stationary while listing and then counting fishes within a cylinder of 25 ft
�.5m! radius. Because of the reduced underwater visibility sometimes encountered off
North Carolina, we shortened the radius to 13 ft �m!. However, the radius was effectively
reduced even more during low visibility events, In order to test the effect of low visibility
on our count data, we conducted a regression analysis of total individuals counted on
visibility and found no significant correlation  R2&.009!.
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Figure 1. Generalized block diagram of a typical Innersheif roeh ledge.
Height of one block is i ft � 3m!. Diagratn modined after Riggs  t977!
by W.B. Harris.

During each dive, a buddy pair descended to the reef and stationed themselves on
the reef by separating from one another near the limits of underwater visibility  in case of
emergency buddy-dependent procedures!, Each diver then listed all species seen within the
radius limits  including species above in the water column! for 5 minutes, while slowly
rotating in a clockwise direction. Next each species was enumerated by starting at the
bottom of the list and working up the list by making a clockwise sweep of the cylinder for
each species. After a count was completed, the pair selected new locations on the reef.
Three to six counts could be accomplished for each diver during one dive within the liinits
of no decompression. Each diver also recorded the following data for each census station:
depth, vertical relief, bottom water temperature, horizontal visibility estimate, date, time,
estimate of sand bottom and rock bottom percent cover, presence of storm and strong
current activity and mean, minimum and maximum fork length estimates for each species.
Voucher specimens for most species were taken either with microbarb sling spears
 Randall, 1963! or standard spears for later identification verification. All data were
recorded on polypaper sheets and later transcribed to computer coding sheets for entry and
analysis on the UNCW VAX computer using SAS  version 5.17!.

ln order to test the hypothesis that stations with greater vertical relief contained a
greater abundance of some species, we partitioned the data into low vertical relief � - 5 ft!
and high vertical relief � - 10 ft! stations and selected test species that had at least an
adequate sample size  normally at least three sample stations! for each relief class. We
chose nonparametric statistical tests for all abundance comparisons because fish counts are
typically not normally distributed. Unless otherwise stated, all significance levels are p
�.05.

RESULTS

A total of 36,702 individuals representing 32 species in 16 families was recorded
during the visual surveys in 1988 and 1989  Table 1!. Three times as many censuses were
done in 1988 compared to 1989 because most of our 1988 effort was spent on the near-
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shore reefs  we were limited, in large part, to a small vessel in 1988 and could only work
nearshore!.

For 1988, 29 species in 14 families were observed. Five species occurred in at least
40 of the 48 stations, These were, in order of decreasing abundance, round scad,
Decapterus punctatus, torntate, Haemuton aurolinearum, spottail pinfish, Diplodus
holhrooki, black sea bass, Cenrroprisris striara, and slippery dick, Halichoeres bivitiarus.
Other commonly occurring species were scup, Srenoromus chrysops, and juvenile
Haemuion species, both occurring 26 times, and pigfish, Orihoprisris chrysoprera, cubbyu,
Equerus umbrosus, and belted sandfish, Serranus subligarius. The former two species
occurred 16 times and the latter 14 times  Table 1!.

For 1989, the relative occurrence and abundance rankings of the top six species are
nearly identical to 1988  Table 1!. Fewer species �6! in 12 families were observed in 1989
which is probably a reflection of the reduced sample size. An interyear comparison by
species revealed only two species with statistically significant differences, tomtate and
pinfish, Lagodon rhomhoides. Both species were more abundant in 1988  Table 1! Other
noteworthy differences were the presence of juvenile Haemulon only in 1988, and dwarf
goatfish, Upeneus parvus, and blue angelfish, Holacanrhus bermudensis, only in 1989. A
Kruskal-Wallis test for the two years combined was performed among the abundances of
five most abundant species  Table 1! and indicated a statistically significant difference  p
<0.0001}. Wilcoxon paired tests between species ranked one and two, two and three, three
and four, and four and five showed differences between all pairs except tomtate and spot tail
pinfish.

A total of 44,464 individuals representing 30 species in 14 families was recorded
for both years  Table 1!. Again, as above, more effort, represented by greater sample size,
was expended in 19&8.

For 198&, all 30 species in 14 families were observed. Five species occurred in at
least 39 of the 44 stations  Table 1!. These were, in order of abundance, juvenile
Haemulon species, round scad, tomtate, spottail pinfish, and black sea bass,

Other commonly occurring species had similar occurrences and abundance ranks as
given above for the TCR  Table 1!. Three other species, sand perch, Diplecrrum
formosum, pigfish, Orihopristis chrysoprera, and northern sennet, Sphyraena borealis,
were notable for their presence only in 1988  albeit in less than 40 per cent of the stations!.

In 1989, only 18 species in 11 families were recorded, again, a reflection of a
reduced sample size. An interyear comparison using the paired Wilcoxon test showed that
round scad were significantly more abundant in 1989 and that the white grunt, Haemulon
plumieri, and cubbyu were significantly more abundant in 1988. A Kruskal-Wallis test for
the two years combined was also performed among the abundances of the five most
abundant species and indicated a statistically significant difference  p <0.0001!. Wilcoxon
paired tests between species ranked one and two, two and three, three and four, and four
and five again showed differences between all pairs except totntate and spottail pinfish.

m ' n w nth n 1 n ifiil f

Combined abundance data for both years was used to perform paired Wilcoxon
tests for each species between the two reefs. Six species had significantly higher
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abundances at the NLR and one species, the pinfish, Lagodon rhomboides, was more
abundant at the TCR  Table l!.

Table 2. !vt san number of Individual ~ for low and high relief census
stations followed by earn pl ~ sine  la parenthesea! for combined 1988 assd
1989 diver surveys of reef fishes nt the natural aad artificial reefs allen.
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Only a single species, the gag  Mycreroperca microlepis!, had a significantly higher
abundance at high relief stations at the TCR  Table 2!. However, four species at the NLR
showed significant differences. Two species, round scad and juvenile Haemttlort, were
more abundant at high relief stations while ihe other two, black sea bass and white grunt,
were more abundant at low relief stations. Tautog, Tatcfoga oniris, occurred only at low
relief stations at the NLR  Table 2!.

0 IS C US SION

The strengths and weaknesses of the stationary diver census technique have been
discussed elsewhere  Clavijo er al., 1989, Bohnsack and Bannerot, 1985!. We would add
here that, despite the lack of any correlation between total individual fish seen and
horizontal visibility, the effectiveness of this technique is probably decreased as underwater
visibility decreases. We suspect that the likelihood of missing rare or cryptic species is
increased. For example, although the dwarf goatfish was not recorded in the 1988 NLR
censuses, a specimen was taken by microbarb on August 19  two days after censuses were
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completed!. Despite this shortcoming wc still fccl that this tcchniquc is thc best of the
currently available nondestructive census techniques,

Because of the differcncc in the timing of thc sampling each year  carlicr in thc
season during 1989! and within years  earlier at TCR in 1988!, onc might expect
interannual and interreef differences based on thc seasonal nature of thc North Carolina
nearshorc reef fish fauna  Huntsman and Manooch, 1978; Miller and Richards, 1979;
Lindquist er al,, 1985!. For example, onc might expect to find more of the tropical species
occurring later in the summer. We found this to be true for two of the grunts with tropical
affinities, the tomiate  TCR! and white grunt  NLR!, which were both found to be inore
abundant  along with their juveniles! in the later 1988 samples. Also, the cubbyu  NLR!
and the pinfish  TCR!, both subtropical species, were more abundant in 1988, Three
species at the NLR, sand perch, Oiplecrrurn formosum, pigfish, Orrhopristis chrysoptera,
and northern sennet, Sphyraeria borealis, all subtropical species, were present only in
1988. One exception to this general trend was the round scad, also a subtropical species,
which was more abundant during 1989 at the NLR. Another source of interyear variability
at NLR was the difference in station locations, The 1988 NLR stations were located near an
apparent traditional aggregating location for white grunt  SKB, pers. obs.!, thus explaining
their greater abundance in 1988. These observations suggest that there were some slight
differences in the composition of the reef fish assemblages between sampling years.
However, overall composition of the assemblages was quite similar for each of the two
years.

The coinparison between the natural and artificial reef revealed a few interesting
differences. The natural reef tended to have a slightly greater overall species richness and
significantly larger abundances of black sea bass, belted sandfish, white grunt, Haemulon
juveniles, slippery dick and northern sennet. These abundance differences «re likely due, in
part, to two factors: 1! differential fishing pressure and 2! microhabitat differences. The
TCR is marked with a large state inaintained buoy, the location of the reef has been widely
publicized and the reef is within reach of the average boater. This, we believe, has
facilitated greater fishing pressure on the TCR. In contrast ~ the NLR is not normally
buoyed  except for our occasional small site marker! and its location in not known to the
average fisherman. Thus, greater numbers of target species such as black sea bass and
white grunt at the NLR may be due to reduced fishing pressure. Larger numbers of belted
sandfish at NLR may reflect microhabitat differences, For example, belted sandfisb have
access to a greater abundance of smaller holes and crevices in the bioeroded limestone
ledge.

The comparison of the low and high relief stations at TCR revealed that only gag
showed any difference in abundance  greater numbers at high relief!. The TCR offers little
consistent high relief structure. Only a few portions  mainly the end panels! of the boxcars
provide any significant relief. In contrast, the NLR has consistent relief that probably
averages between 3 - 5 ft �,9 - 1.5m!. Of the two species that had greater abundances at
higher relief stations at the NLR, round scad were also associated with higher relief
artificial reefs ten miles offshore  Stephan and Lindquist, 1989!. In addition, round scad
are zooplankton feeders  Hales, 1987! and may take advantage of reduced energy
expenditure by feeding upcurrent of higher profile reefs  Lindquist and Pietrafesa, 1989!.
Clavijo et al. �989! also found two zooplanktivores that werc more abundant at higher
relief offshore ledges. The other species, juvenile HaemuloIi, may have gained increased
protection from the deeply undercut higher profile sections of the NLR system At present
we have no explanation for the higher abundances of black sca bass and white grunt at
lower relief stations at the NLR.
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BIOLUMINESCENCE OF GELATINOUS ZOOPLANKTON IN THE
GREENLAND AND BARENTS SEAS:

NIGHTLIGHTS IN THE LAND OF THE MIDNIGHT SUN

Christopher G. Mann
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University of Rhode Island
Narragansett, RHODE ISLAND 02882 U.S.A.

Bioluminescence of gelatinous zooplankton in the Greenland, Barents and
Norwegian Seas was investigated by hatt ~ observations by SCUBA divers
and by shipboard experimentation on cruise ENI82 of RIV g~!~~iz. The
bioluminescence of i ndi vidual organisms hand-collected by the divers was
measured in the laboratory with a photon counter, The cydippid ctenophore,

~ produced the greatest per capita luminescence, it~rggg
was usually the most abundant gelari nou org anism observed by the divers,
Other common lumi nescent species were the ctenophore ~r" ~ggggj ~q and

"Bl' ' ~l
of the dives and small individuals were sometimes very abundant near the
surface. @~i~!~r were not commonly found, but when encountered,
occurred in dense aggregations of up to l00 m 3, Due to its numerical
abundance, high per capita luminescence and widespread distribution,
P~t,jg ~ is considered the major source of biolumi nescence among
gelatinous zooplankton in the Arctic. The production of luminescence in the
summer by Arctic zooplankton is puzzling because of the continuous
daylight to which they are exposed in rhe euphotic zone and the apparent
lack of vertical migrations among these species.

INTRODUCTION

Studying biolurninescence in gelatinous zooplankton is challenging because of the
fragile nature of these organisms. Collection in conventional plankton nets damages or
destroys them  Hamner et al., 1975; Harbison et al., 1978!. Moreover, bioluminescence in
zooplankton is elicited by mechanical stimulation such as shear and abrasion, both of which
are experienced during net collection  Clarke et al., 1962; Rudyakov, 1968; Evstigneev,
1983!. Although the capacity to produce light recovers aver time  Mann, unpublished
data!, maintaining pelagic zooplankton in manageable-sized containers aboard ship is
difficult, at best. The best approach is for SCUBA divers to collect the animals in jars. This
allows collection of healthy, intact specimens and causes the minimum reduction in
bioluminescence due to mechanical disturbance.

The measurement of light production in the laboratory can be combined with
estimates of the abundance of the organisms to estimate the capacity for bioluminescence in
a given portion of the water column  Swift et al,, 1985b; Batchelder and Swift, 1989!. An
alternative approach has been to measure bioluminescence directly using in situ
photorneters  Clarke and Breslau, 1959; Swift et al,, 1985a; Case et al., 1987!. While this
approach allows rapid measurement of light produced by animals that have not been

229



Di ring for Scienoc...1989

stimulated during collection, it is not possible to associate individual flashes with particular
organisms. In areas such as the Arctic, where large organisms with patchy distributions are
important producers of bioluminescence, the in situ technique suffers from the further
disadvantage of small sample volume.

The very patchy distribution of zooplankton, in both the vertical and horizontal
directions, becomes clear when blue water diving. Organisms which would be reported in
abundances of one or two per 10m3 on the basis of a net haul frotn 100m to the surface,
actually may be distributed in a thin layer with abundances exceeding 1 m 3. It is this type of
patchiness which can never be resolved by even the inost careful net towing. The use of
SCUBA, ROV's or submersibles is imperative to understand the physical structure of the
pelagic community.

MATERIAL AND METHODS

Diving

With the exception of one shallow water dive off Jan Mayen, all dives on this cruise
were blue water dives in the sense that they were done over deep water. The dive platform
was a Zodiac which motored approximately 100 yards away from the ship. The safe
distance from the ship was adjusted according to weather, sea state and sea ice conditions.
In general, the distance of the zodiac from the ship was less than might be maintained in
warmer waters because of the necessity of returning to the ship quickly should sea ice
become a problem. In addition, mechanical problems with the outboard inotor were not
uncoinmon under the cold, humid conditions.

The methods and gear employed were similar to those discussed by Hamner �975!
and Heine �985!. The primary pieces of equipment that are unique to blue water diving are
the down linc, trapeze and tethers. The down line is a length of heavy-duty line with knots
every ten feet and a small weight at the bottom. On EN182, the down line was attached to a
float which was tied to the bowline of the Zodiac. The trapeze was much the same as that
described by Heine �985, Figure 2!. It was fitted with four 30 foot tethers with snap
shackles at the ends and one short tether for the safety diver. The long tethers were
weighted at the ends and were passed through a ring on the trapeze. This design caused the
counterweight to take up any slack in the tether, reducing the amount of tangling of the
lines.

All divers wore dry suits. Some rnernbers of the diving party used full face masks
although the majority of the divers found their regular dive tnasks satisfactory  after the
initial shock of hitting the water!. Dives with water temperatures below P>C at any depth
presented the potential of free flow of the regulator due to freezing of condensation inside
the regulator. The tanks were flitted with double valves «nd most divers took along a second
complete regulator as a backup.

Each dive team consisted of a safety diver, up to four research divers and a boat
handler who assisted with gear and re-entry into the Zodiac. Because of the low
temperatures and the relative inactivity of the safety diver position, the safety diver was
often relieved by one of the other members of the dive team about halfway through the
dive, The usual schedule was 3 dives per day at 1000, 1400 and 1900 hours. On several
occasions an additional dive was cotnpletcd after the evening dive. Although light levels
were lower during the late evening, there was still ample daylight by which to dive without
the use of lights.
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When all divers were ready to enter the water, the safety diver attached the trapeze
to his BC or backpack and entered the water. The safety diver then swam to the down line
float, attached the tether to the down line and descended to the ten foot knot, where the
trapeze came to rest because the snap shackle would not fit over it. The other divers entered
one by one, descended along the down line and clipped themselves onto one of the tethers
in plain view of the safety diver. Once all divers were tethered, the safety diver signalled
the others and lowered the trapeze to a predetermined depth. At this point the research
activities began. At the end of a dive, each research diver signalled the safety diver that they
were ascending, unclipped and ascended, swimming immediately to the Zodiac upon
surfacing. The safety diver ascended last. If the safety diver had to surface for any reason,
either someone else took over as safety or everyone surfaced.

Bioluminescence measurements

Animals were collected during dives by trapping them in glass jars, Divers took jars
of various sizes into the water in catch bags, At the end of a dive, the jars were placed in a
cooler on the Zodiac and taken back to the ship. Aboard the ship, the animals were
identified, catalogued and transferred to 250rnl jars. The jars were placed in a light-tight
box in an incubator at ambient seawater temperature. If measurements were not planned
within two hours, individual specimens were placed in 1-1 jars to allow for greater oxygen
consumption. Because of the likelihood of mechanical stimulation of bioluminescence
during capture and handling, the animals were placed in the dark in the incubator for a two
to four hour recovery period before being tested.

Bioluminescence measurements were made using a Hamamatsu photon counting
device. A Hamamatsu R1527 side-on photomultiplier tube  spectral response 185 � 680nrn,
wavelength of maximum response 375nm! with a C716 preamplifier was mounted in a
light-tight housing with a sample chamber that accepted 250rnl jars, The light from a
sample was passed through an Oriel Corporation ¹734 neutral density filter  nominal
optical density 1.0, optical density of 0.98 at 550nm! before impinging on the
photomultiplier. All measurements were done in a makeshift darkroom. Because the
organisms measured were quite bright relative to the sensitivity of the instrument, a low
gain setting was used  -560V!. This had the desirable effect of virtually eliminating counts
resulting from stray light in the dark room and thermal noise within the photomultiplier
tube.

Sensitivity of the photon counter was monitored by recording photon counts
produced by a green LED powered by a DC power supply. Recording both the photon
counts and the voltage on the LED provided an indirect calibration. After the cruise, the
photon counter was calibrated using a i4C-activated phosphor light source of known
quantum emission as an absolute standard. This procedure is described in Swift et al
�973!, The secondary LED calibrations were then related to the absolute calibration.

A jar containing a specimen to be tested was placed in the sample chamber. The
animal was then stimulated by stirring with a glass rod until counts began to register on the
instrument, The intensity of an individual flash was recorded and the instrument was reset.
The procedure was repeated until no further bioluminescence was detected. After
conversion to photons, the quantum yield of each flash was summed to give the total
mechanically-stimulable luminescence  TMSL! of the orgamsm.
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In addition, visual observations were conducted during dives and in aquaria aboard
ship, Observations were made with respect to the feeding and predator avoidance behavior
of the ctenophores and the possible relationship of biol uminescence to these behaviors.

Figure 1. Map of SCUBA dives ou cruise EN 182  July - August t988!.
Sat id circles indicate the day's first dive. Up to thrcc addinouai d}ves
were performed iu the same general area.

RKSULTS

Performance of dive gear and protocol

The protocol for blue water diving worked very well in cold water. Seventy-two
dives were completed in water with sea surface temperatures ranging from -1 to 11'C.
Fifty-six of the dives took place in areas with sea surface temperature < 5 C and
temperature at tnaximum depth as low as -2'C. Figure I shows the location of the first dive
of the day for each day of diving. Visibility was usually quite good with the majority of the
dives having greater than 40 foot visibility  range: 20 - 100 feet!. The average down time
was approximately 30 minutes with few dives exceeding 40 minutes in duration. On a few
occasions, individual divers had to abort their dives due to uncontxollable free-flow of their
regulators, One dive had to be aborted due to the danger of the Zodiac being run down by
an iceberg. In the pxesence of sea ice, the boat handler had full authority to call in the divers
and several dives were cut short by this occurrence. The only physical problems
experienced by the divers were colds, sinus squeezes and back strains. These ailments are
not unexpected considering that most people dove at least once a day for over 25 days in
frigid waters.

The most consistent equipment problems were tom gloves for the rubber dry suits
and free-flowing regulators. To my knowledge, none of the free-flows experienced during
the cruise were at tributed to fxeeze-up of the first stage. The author was forced to abandon
the use of a Sherwood Magnum second stage for sub-zero temperature dives and use a
Poseidon Mark IV. The Poseidon never free-flowed although it would emit tiny ice crystals
along with the air. Although this was a little disconcerting, it was not apparently harmful.
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Bioluminescence of Gelatinous Zooplankton

Table 1. Summary of bioluminescence measurements made on gelatinous
aooptankton coiiected whne diving above the Arctic circle. Uolte are
photons. TMSL is total mechanicany-stlmuiahie inta lnescence.

RANGE MEAN Std. Dev. M

Nertensia ovtIe
first flash
TMSL

2.0E+13 - 3.BE+15 6,3E+14 1.0E+15 16
3.7E+13 - 3.SE+15 7.5E+14 }. lE+15

Beroe cucumis
first flash
TMSL

1.4E+10 - 2.7E+13 9.3E+12 8.0E+12 11
1.4E+10 - 3.1E+13 9.7E+12 8.9E+12

Oika pl eura 1 abrado ri ens i s
 TMSL!
larvacean 1.4E+10 - 6.9EH ll 3.1E+l1 2.9E+11 4
house 5.9E+10 - 1.4E+ll 1.0E+11 2. 7E+10 5

Observations i n situ and in the laboratory indicated that Merreltria could be induced
to emit its mucus cloud by touching it or by causing turbulence in the animal's vicinity.
Such a disturbance elicited a fairly stereotypical escape response. The animals are usually
oriented with the oral end upward with the tentacles extended  Figure 2!. A disturbance
causes the animal to swim rapidly in the aboral direction for a few body lengths. The
tentacles are then retracted and the animal swims away in the oral direction, often turning
downward as it goes so that it describes an arc of several body lengths in radius. The
mucus cloud is produced at the initial disturbance and remains where the animal was
initially located. It was never dark enough during these dives to observe the
bioluminescence of the mucus.

Mertensia ovum was tested for photoinhibition of its bioluminescence.
Photoinhibition of bioluminescence is the reduction or prevention of bioluminescence by
exposure of the organism to external light, No statistical difference was detected between
two groups after exposure to ca. 6 hours of darkness or ambient light at the same
temperature  Table 2!. The one-tailed probability is shown to indicate that there was no
significant increase in bioluminescence after exposure to light despite the greater mean
value of the light group.
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The biolurninescence measurements made on EN182 are summarized in Table l.
Merrensia ovum produced the greatest per capita bioluminescence of the organisms tested.
Although abundance cannot be determined from the dive records, the qualitative
observations of the divers indicate that Merrensia was the most common gelatinous
organism on most of the dives. When disturbed, Merrensia excretes mucus from glands
near the comb rows. Within this mucus are luminescent particles, of   100@m diameter,
which glow for thirty seconds or more. When stimulated in the laboratory, the first flash
averaged > SOD of the TMSL  see Table 1!. Up to three additional flashes of measurable
intensity were produced by additional stirring.
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Figure 2. Mertensiu ovum  Ctenophora: Tentacuiata!. A common Arctic
ctenophore.

Table 2. Test for photoinhibltlon of the bioluminescence of hf ertensiu
ovuut. No significant difference was observed between the mean TMSL
values  Student's t = 0.69, p < 0.25 for a one-tailed test!.

Exposed to Daylight

Light Output  photons!

Flash

TMSL

Held in the Dark

Light Output  photons!

Flash

TMSL

The second most commonly encountered bioluminescent organism was Beroe
cucumis  Figure 3!. This ctenophore is thought to be predaceous exclusively on gelatinous
zooplankton. It has been observed to eat salps and numerous species of ctenophores
 Harbison et a/., 1978 and references therein! and siphonophores  pers. obs.!. On this

2. 13E+15 6.32E+14 6. 04E+15

2. 89E+15 6. 43E+14 6. 13E+15

7. 55Et14 8. 33E @14 8. 16E+14

7.57E+14 8.45E+14 8.25E+14

Mean Std. Oev.

2.9E+15 2. 3E+15

3.2E+15 2.3E+15

Mean Std. Dev.

8.0E+14 3.3E<13

8. 1E+14 3. BE+13
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cruise, a few specimens were found with the remains of the lobate ctenophore Bolinopsis
infundibulum in their guts and numerous specimens were found containing the remains of
Mertensia. In addition, Beroe readily ingested Mertensia when placed together in
shipboard aquaria, This ctenophore was observed on most of the dives, but was usually
less abundant than Mertensia. On several occasions, small individuals were very abundant
near the surface.

Figure 3. 8 cro8 c ac a jut s  Ctenophora: Nuda!. A non-tentacuiate
ctenophore which is predaceous on other gelatinous zooplankton.

The mean TMSL of Beroe is two orders of magnitude less than that of Mertensia.
Over 90% of the TMSL was contained in the first flash with no individuals producing more
than three flashes. The ctenophore produces a diffuse glow contained within the body of
the animal and distributed fairly evenly over the body. The flashes last several seconds,
with the intensity of the flash rising and decaying rapidly. To eliminate the possibility of
luminescence emanating from the remains of Mertensia in the guts of the specimens, only
individuals with empty guts were tested.

Larvaceans of the family Oikopleuridae secrete a mucus house around themselves
which serves as a filtering apparatus for feeding  Alldredge, 1976!. Most Oikopleura
labradorensis seen in the field were within their houses  Figure 4!. Gait and Sykes �983!
reported that luminescence in this species is produced by the house and by house rudiments
attached to the larvacean, and not by the body of the larvacean itself. In the lab, individuals
were induced to abandon their houses by gentle agitation. The houses and larvaceans were
then tested separately, The average TMSL of the larvaceans was about three times greater
than that yielded by the houses  Table 1!. Both the larvaceans and their houses yielded
average TMSL about 3 orders of magnitude lower than Mertensia.
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Larvaceans were found on only a few dives near the edge of the pack ice. When
they were found, however, they were the most numerous gelatinous zooplankton
observed. Unfortunately, it was impossible to determine the areal extent of these larv acean
patches except that they were greater than the visual range of the divers  approximately 40
feet!. They were found at densities estimated at 50 - 100 m 3 in a layer extending from
about 40 to 60 feet depth.

Figure 4. Oikopleara labrodoriensis  Chordata: Larvacea!. The tadpole-
like larvacean can be seen at the center of the tnucus house which it
secretes around itself.

DISCUSSION

Because of its relative abundance, high per capita bioluminescence and widespread
distribution, Mertensia ovum is considered to be the major source of bioluminescence
among the gelatinous zooplankton in the areas studied on this cruise. Larvaceans, due to
their abundance in the patches in which they occur, may be the major source of
bioluminescence in certain areas, particularly near the ice edge where they were often
found. Other ctenophores such as Beroe cucumis and Bolinopsis infundibulum may be
major bioluminescence producers when they occur in large numbers but were not often
observed at high densities on this cruise.

The production of a brownish luminescent "ink" is known in the subtropical
ctenophore Eurhamphaea vexillig era  Hamner et al., 1975!. This ctenophore releases its ink
upon disturbance and rapidly swims away in the oral direction  Harbison et al., 1978!. The
escape responses of Mertensia and Eurhamphaea are remarkably similar, especially
considering that they belong to different orders. This type of behavior indicates a predator
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avoidance mechanism using the bioluminescence either as a "smoke-screen" to mask the
disappearance of the ctenophore or as a way of startling the predator with the sudden flash
of light while the ctenoPhore makes its escaPe. This tyPe of behavior Poses two main
problems in the Arctic: 1! With constant daylight during the summer, a bioluminescent
display in the upper 30 to 40 meters of water is of little defensive value. 2! At this time of
year, the major predator on Mertensia seems to be Beroe, a non-visual predatorl

Part of the problem may lie in the limitations of SCUBA diving as a sampling
strategy. We were only able to observe the water column down to 100 feet or so: we do not
know what goes on at greater depths. Obviously there is some depth at which it is
sufficiently dark so that bioluminescence is visible even during the summer. No clear diel
vertical migration was evident in the commonly observed species and the biomass drops off
rapidly with depth. Most excursions to 90 feet or more found very low abundance of life.
What we see, of course, while diving are those organisms which are either not aware of
our presence, not concerned with our presence or not able to escape because of poor
swirnrning ability.

Clearly, a predator avoidance mechanism based on bioluminescence is not effective
against a non-visual predator such as Beroe, This leads to two lines of speculation: 1! that
there is some chemical property of the mucus which is noxious or disorienting to Beroe or
2! that this defense is directed at some other predator. There is no evidence that the
chemical secretions of Mertensia disturb Beroe at all: in the lab, one specimen ingested
three large Merrensia within two hours. The only other potential candidates for predation on
Merrensia were hyperiid amphipods. Although these crustaceans were frequently found
living inside medium to large-sized Beroe', into which they had eaten a hole, they were
never observed on or in Mertensia. They have large, well-developed compound eyes which
are no doubt capable of image formation, Such an animal could very likely respond to a
bioluminescent flash.

The lack of photoinhibition in Mertensia is of interest because it indicates a different
biochemistry of luminescence than that found in most other ctenophores. Early
investigators of bioluminescence found ctenophores that had been exposed to daylight
produced little or no luminescence until they had been in the dark for at least twenty
minutes  Harvey, 1952 and references therein!. While this is the norm among ctenophores,
no other zooplankton are known to exhibit photoinhibition  Neidhardt, 1989!. It may be
that photoinhibition is a way of conserving metabolically costly enzymes and substrates
involved in the biological production of light during the day, when the production of light
would be futile. Many luminous zooplankton ate strong vertical migrators which stay at
depths of hundreds of ineters during the day and move into the near-surface waters only at
night. As such, they never experience bright light and have no biological need to "turn off'
their biolurninescence. Luminescent Arctic zooplankton which live in the euphotic zone are
an exception to this because they do not experience darkness during the summer months.

Oikopleurids abandon their houses and secrete new ones several times a day
 Paffenhofer, 1973!. Because the houses tested were occupied at the tiine of capture, they
should have been no more than 12 hours old, Gait �978! reported that houses up to 24
"ours old flashed upon stimulation but he did not measure quantum output. It is not known
whether the TMSL of the houses decreases with age. From the work of Gait and Sykes
�983!, more luminescence would be expected from the houses than from the larvaceans
~lone. The fact that this was not observed in the data reported here is not really disturbing
considering the variability of the responses, the small number of observations and the lack
of precise ages for the houses,
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The reasons some Arctic zooplankton retain the ability to emit light under
continuous illumination are, at present, unknown. The connection among behavior,
ecology «nd bioluminescence of gelatinous organisms is poorly understood and is,
therefore, a fruitful area for further research. The rapid attenuation of the flashes upon
repetitive stimulation makes it clear why collection by SCUBA divers is imperative:
collection in nets would either destroy thc animals or severely reduce their bioluminescent
capacity, Although qualitative observations of occurrence and relative abundance are
helpful as an initial step, more quantitative techniques must bc employed to truly assess the
abundance of different species of gelatinous zooplankton in thc Arctic. This is even more
true if comparisons are to be made with thc non-gelatinous species, such as copepods and
euphausiids, which are best sampled by more conventional techniques. It is hoped that
future research efforts will combine the best features of conventional sampling techniques
and cquiprnent with the unique advantages and opportunities that are afforded by actually
entering thc habitat of these fascinating creatures.
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USE OF T%0 PRIMARY BREATHING MIXTURES
FOR ENRICHED AIR DIVING OPERATIONS

Stephen J. Nastra
National Undersea Research Center

University of North Carolina at Wilrnington
7205 Wrightsville Avenue

Wilmington, NORTH CAROLINA 28403 U.S.A.

In 1987, the National Undersea Research Center at the University of North
Carolina at Wilmington  NURCIUNCW! began using "~~" Enriched
Air Nitrox  EAN! mixtures with Equivalent Air Depth  EAD! diving
techniques as a means of increasing bottom time and operational flexibility.
Experience during the past two years has shown si gni ficant advantag e of the
EAD technique over NOAA Nitrox I. Ho~ever, the use of optimal EAD
techniques complicates logistics since different mixtures are required to
compensate for minor depth changes. Based on NURCIUNCW's
experience conducting a combinati on of over 700 NOAA Nitrox I and EAD

'"'", ~ "" ef'* """ ""'d
bottom times while simplifyi ng logistics. This paper explai ns the advantage
of the EAD method and the rationale for selection of these two EAN
mixtures to cover the spectrum of normal scuba working depths.

INTRODUCTION

Enriched Air Nitrox  EAN! diving is a technique used to compensate for the
inherent increased decompression and decreased bottom times experienced at deeper scuba
depths. EAN breathing mixtures always contain a lower fraction of nitrogen than air. Tlute
decrease in nitrogen lessens the intake load on the tissues and decompression time is
subsequently reduced  Galerne, 1989!. This reduction of decompression obligation for any
EAN mixture can be calculated using the equivalent air depth  EAD! method. EAD is a
procedure which distinguishes between a diver's physical and physiological depth. The
diver breathing an EAN mixture at a specific depth realizes a nitrogen absorption rate
equivalent to that at a lesser depth. Consequently, decompression is based not on the
actual, but on the equivalent physiological depth of the dive  Dinsmore, 1988!. Since
decompression is also based on the calculated equivalent air depth  EAD!, a shallower
decompression table  e.g., nmre "no-stop" bottom time! can nil~all ~ be used.

The real advantage in bottom time using EAN occurs during repetitive dives.
Because some bottom times are limited by oxygen exposure  see note at bottotn of Table
1!, it is important to use proper RNT's against the proper maximum no-stop times. Since
the decompression requirement is based on the EAD of the repetitive dive, it is imperative
to use the RNT table for the particular mixture to be used  air 21%, EAN 32% or 36%!
during the repetitive dive. For example: the first dive was made breathing air and the
second using 32% EAN, the RNT table for the 32% mixture must be used,

Divers breathing EAN mixtures are exposed to higher oxygen concentrations than
that experienced with compressed air. Consequently, they must be closely monitored for
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Table 1

36t RAN Nixture
S ci csee... I >~'Divlsg foe

USN
Table B.T.*

E.A.D.  ft.!  mins!

US
actual Table B.T.*
Depth BAD  ft ! mins!

Actual
DepthPO2PO2

*Note: Numbers listed in bold are based on PPO2 t.ime limits.
Unbalded numbers are based on USN no-decompression limits.
Underlined numbers are based an both PPO2 time and

na-decompressian limits.

Tab1e 2

36% BAN lU,xture

Repetitive Dive Depth  fse!

70-
81

58-
69

82-
94

95-
106

144-
155

107-
118

132-
143

119-
131
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A

8 C D
R F

G H I
K L
N N
0 z

1.01
1.02
1.03
1.04
F 05
1.06
1 ~ 08
1.09
1 ~ 10
1.11
1.12
1 ~ 13
1.14
1.15
1.16
1.17
1 ~ 18
1.20
1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.30

7
17
25
37
49
61
73
87

101
116
138
161
187
213
241
257

60
61
62
63
64
65
66
67
6e
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

6
13
21
29
38
47
56
66
76
87
99

111
124
142
160
169

42. 3
43. 1
43.9
44.7
45.5
46.3
47.2
48.0
48.8
49.6
50.4
51.2
52.0
52.8
53.6
54.4
55.3
56.1
56.9
57.7
58. 5
59.3
60.1
60.9
61.7
62.5
63.4
64.2

5
11
17
24
30
36
44
52
61
70
79
88
97

107
117
122

50
50
50
50
50
50
50
50
50
50
60
60
60
60
60
60
60
60
60
60
60
60
70
70
70
70
70
70

4 9
15
20
26
31
37
43
50
57
64
72
80
87
96

100

100
100
100
100
100
100
100
100
100

80
60
60
60
60
60
60
60
60
60
60
60
60
50
50
50
50
50
50

4 8
13
18
23
28
32
38
43
48
54
61
68
73
80
84

3
7

11
16
20
24
29
33
38
43
47
53
58
64
70
73
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any symptoms of CNS oxygen toxicity. By taking into account both CNS toxicity and
decompression obligation for a specific depth/time combination, the "optimal" EAN
mixture can be calculated. This optimal mixture allows the maximum decompression
advantage without exceeding the accepted level of oxygen exposure  Wells, 1988!. Once
the optimal enriched air mixture for a planned dive profile has been identified, the EAD is
calculated to determine the decompression table.

The calculation of EAD, partial pressure of oxygen  PPO2!, and optimal EAN
mixture is a tedious and time consuining process in which mathematical errors can ~n be
tolerated. To simplify operational use of EAD's and prevent mathematical errors, in 1987
NURC/UNCW developed a set of EAD diving tables that cover EAN mixtures from 30%
to 40% oxygen at 1% increments  Dinsrnore, 1988! Each table  see example Table 1!
shows for each foot of depth: 1! PPO2, 2! EAD, 3! USN decompression table, and 4!
maximum no-stop bottom, A separate table is used to select the residual nitrogen penalty
time  RNT! for each mixture, again using the USN diving tables. Table 2 lists the RNT's
for a 36% EAN mixture by appropriate repetitive depth intervals,  based on EAD's! for the
diver's letter designation prior to the start of a repetitive dive.

USE OF MULTIPLE EAN MIXTURES

The concept of custom mixing specific EAN rruxtures for particular depth profiles
in order achieve the maximum bottom time possible is quite valid. However, trying to
provide up to ten �0! different mixtures while maintaining a quick turn around between
dives is a logistical nightmare. Since it is not reasonable to have on hand a cascade storage
bank of each EAN mixture which may be used, each cylinder must be individually mixed
for the specific nitrogen/oxygen combination. Additionally, once the scuba cylinder has
been mixed and analyzed, should it require additional oxygen to meet the desired
proportion, the entire scuba cylinder must be drained and refilled. This effort takes time and
is costly. As a result, unless operations are limited to two or at most three mixtures, the
pruductivity of the scientists will be limited by the mixing and analyzation process.

SELECTION OF EAN MIXTURES

NOAA Nitrox I

NOAA Nitrox I  NNI!, a 32% enriched air mixture, was developed as the best
general purpose EAN mixture for use in the 30 to 130 fsw depth range.  Wells, 1988!
Published in the 1979 edition of the NOAA Diving Manual as Appendix E, these tables
have been used operationally with great success for approximately 10 years  Miller, 1979!.
They are identical in format and use to the USN Standard Air Decompression Tables and
were calculated using the EAD concept within the format constraints of the USN tables
 even 10 fsw increments!.

The 32% EAN mixture was selected because it could be safely used to a depth of
130 fsw which: 1! was the maximum authorized depth for NOAA sanctioned diving
operations, and 2! equaled a partial pressure of oxygen of 1.6 ATA which is the cutoff
depth for normal oxygen exposures. Depths deeper than 130 fsw exceed this 1.6 ATA limit
and are considered exceptional exposures. Therefore, the 140 fsw and 150 fsw NNl table
depths are not for standard operational purposes; rather, their inclusion is per the standard
convention of providing depths and exposure times beyond the expected operational limits.
These are to be used ~nl when depth and/or time are inadvertently exceeded or in case of
an emergency. Unfortunately, some individuals have used these tables to their maximum
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1' ' 'thout fully understanding the Pp02 ramifications If an
s'ers hpuld be a are of a printing error in the original cp

. This error shows a stop at 10 fsw for 11  eleven! minute fo 150 f
mtn««»e prof»e This should be corrected to read as only a

NNI va, EAD �2%!

Figure 2
Max Depth/Time for No-Stop Dive

Figure 3
Max Depth/Time for No-stop Dive

Comparison of Air, NNi, and 32% EAD Comparison of 35, 36 and 37% EAN Mixture
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F'gure 1 compares the rnaxirnum allowable no-stop bottom times for USN Sta
Air, NOAA Nitrox I, and 32% oxygen EAN using NURGfUNCW EAD t bles. It
surprising that bottom times using air are less than those available breathing 3
EAN mixtures. What is surprising ts the fact that bottom times based on 32% oxygen using
the EAD method, are greater for many depths than those of NNI also composed of 32%
pxygen, The reason for the differences is construction of the NNI Tables which rounds
EAD depths to the nearest ten �0! foot increments to conform to the USN format. Fpr
exafnple, all depths between 71 and 80 feet are grouped into an 80 foot table for 50 minutes
pf no-stop time, When using the EAD tables arid diving betweeri 70 and 75 fsw  EAD of
less than 60 fsw! a 60 minute no-stop bottom time is obtainable. This comparative
advantage of EAD's is maintained to various degrees throughout the depth range of the
tables but generally is greatest between 70-110 fsw with narrowing at the deeper depths,



36% Oxygen EAN

The selection of a "second-best all purpose" EAN mixture in support of field
operations was based on the need to provide the maxitnum possible bottom times for
scientists working in 60 to 110 fsw. NURC/UNCW has observed that many experiments
are performed around depth-related stations, the most coinmon of which are 60 and 100
fsw. Because of tidal change and other considerations, the 100 fsw site is normally
somewhere between 95 and 105 fsw. The choices of EAN mixtures to best cover this depth
range according to the N2/Oq Mixtures for Optimizing Dive Time Table  Dinsmore, 1988!
are 35%, 36% or 37% oxygen mixtures. Comparison of the maximum no-stop bottom
times of these three mixtures  Figure 2! shows that each has certain advantages over the
others at various depth ranges. GeneraHy, the 37% mixture is most advantageous in 70 - 84
fsw, 35% is uninatched in 115 - 118 fsw, and 36% is optimal in the 84 - 105 fsw depths.

NURC/UNCW's selection of 36% oxygen was based on two significant
observations: 1! the ability to provide the greatest number of optimum bottom tiines
throughout the 60 - 110 fsw range, and 2! the unmatched abi1ity to provide 40 minutes of
no-stop bottom time at 105 fsw.

OPERATIONAL CONSIDERATIONS

The use of two EAN mixtures greatly simplifies operational logistics. By limiting
specific EAN mixtures to 32% and 36% oxygen, it is now feasible to have separate storage
banks for each mixture for charging scuba cylinders more efficiently. NURC/UNCW's
EAN system consists of an oil-less high pressure compressor with a constant mix system
on line to a high pressure storage rack containing 24 cylinders  Wells, 1988!. The cylinders
are arranged in cascade banks composed of: 4 cylinders air, 4 cylinders 32% EAN, 8
cylinders 36% EAN, and 8 cylinders of oxygen for mixing  Mastro, 1989!

Figure 3. Max Depth/rime for uo-stop dtve. Operstioaat mixtures used hy NURC/UNCW.
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Field operations conducted using these two primary mixtures must conform to the
operational limits of the mixtures for partial pressure and decompression considerations.
Since the maximum depth for a 36% oxygen mixture  based on a PPOz of 1.6 ATA! is 114
fsw, for planning purposes any dives 110 fsw or less will use 36% oxygen EAN, Dives
planned between 110 - 130 fsw will use 32% oxygen EAN. The bottoin time advantages of
each mixture in relationship to depth is graphically displayed in Figure 3.

FUTURE ADVANCEMENTS IN EAN DIVING

Dr. J. Morgan Wells, NOAA Diving Coordinator and author of the NNI tables, is
currently developing a second set of EAN tables to be designated NOAA Nitrox II  NNII!.
These tables will be designed to maximize bottom time to a depth of approximately 100
fsw, Dr. Wells' original concept was a set of tables like NNI that uses a 37.5% oxygen
mixture  PPOg 1.5 at 100 fsw! to provide an EAD equal to an 80 foot dive on USN tables.
NURC/UNCW suggested that 36% EAN should be considered due to its operational
advantages, Although it was agreed 36% was a more desirable mixture in the 60 - 100 fsw
range, there were difficulties in fitting a 36% EAN mixture into 10-foot increment type
tables using EAD calculations This obstacle was recently overcome by the decision to use
a physiological decompression model with the 36% mixture to develop the NNII tables.
These tables will be similar in format to the NNI and USN tables, the differences being
specific depth increments, The NOAA Nitrox II Tables should be calculated and tested this
fall and available for distribution in early 1990.

Another anticipated enhancement in EAN diving is the extension of the partial
pressure limits for oxygen breathing. Since all EAN diving is ultimately limited by these
oxygen exposure guidelines, the extension of these values will have several implications: 1!
when using present EAN mixtures, decompression obligation and not PPO2 will be the
primary limiting factor, 2! all tables such as NNI and NURC/UNCW's will need updating
of allowable no-stop bottom times, 3! the concept of using higher percentages of EAN
 greater than 40%! at moderate depths to lower the EAD and thus decompression obligation
will become a viable option. Such mixtures could allow no-stop bottom times of 200
minutes at 60 fsw using the EAD method. These new oxygen exposure limits will soon be
published in the third edition of the NOAA Diving Manual.

One final additional enhancement would be the development of EAN tables to
support operational diving to 160 fsw. This would permit diving scientists to conduct
experiments in the 150 fsw range in comparative safety and wouM require a mixture of
approximately 28% oxygen, Using the EAD method such a table could be calculated, but a
bet ter table would be developed from a physiological model.

CONCLUSIONS

Regardless of the method used  NOAA Nitrox or EAD!, two primary mixtures,
32% and 36% EAN, will provide optimal bottom times for the 60 to 130 fsw depth range
with nearly the same efficiency of the 10 mixture spectrum originally proposed in 1988.
The logistics required to provide more than two EAN nuxtures is not practical and will limit
operational productivity. Decompression tables, such as NNI that copy the format of USN
Standard Air Tables, are recommended for those individuals and organizations not
schooled in the EAD concept and its relationship to the PP02 exposure limits. Those diving
professionals who have the need for every advantage a mixture can offer should consider
the use of EAD tables such as those developed at NURC/UNCW.
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Current diving equipment advertisements are getting a lot of mileage from
the phrases "...low profile,...less drag,...maximum thrust, power and
propulsion." Wouldn't it be wonderful if the consumers were getting the
same kind of mileage from their equipment? Diver efficiency is a major
concern to the divi ng industry due to its direct relation to diver safety and
comfort, but equipment designers exhibit little knowledge, foregoing the
required research, while blatantly misleading the consumers with trendy
marketing clicks, At this rate, we will soon find our equipment made out of
oat bran and fortified with a zinc supplement and twelve other essential
vitamins and minerals. Total di ver safety concerns many different aspects of
the sport, such as education, health, environment, and equipment. This
paper will direct its study to those concerning equipment, in the hope of
educati ng the consumer and manufacturer that there are rnaj or performance
differences between equipment makes, and that there are facilities available
to test and measure those differences.

INTRODUCTION

Generalizing the equipment related aspect of diver efficiency, we can divide the
science into two opposing forces; propulsion, and drag. Although extensive hydrodynamic
research has been accomplished for many fields of interest, diver drag and diver propulsion
have just recently been studied. The diver drag is very dependent on the equipment
configuration, with the Buoyancy Compensator  BC! being the single most influential and
controversial piece of equipment. Propulsion is accomplished with the aid of fins, and as
important as propulsion is, this is the least understood entity of the diving system.

It is clear that the work requirements placed upon a diver by the equipment that he
wears has a strong bearing upon his safety. This is particularly apparent when the working
diver is approaching the limit of his endurance. Exhaustion generally produces danger to
any diver, and the danger may potentially induce panic. In order to reduce the occurrence of
this vicious cycle, designs of diving equipinent must incorporate recent findings on drag
and propulsion characteristics. It is quite surprising that there is very little in the technical
literature about this most important matter.
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As far as the Navy interest in diver efficiency is concerned, even minor
improvements can be of major impact on the likelihood of success during a combat
mission. Depending upon the complexity of the mission, a combat diver is more likely to
be encumbered with a large amount of his own special life support equipment, as well as
ordinance equipment, The benefits of such hydrodynamic research can be realized by all
diving communities,

BACKGROUND

It is clear that there are two principal sources of drag on a working diver; viscous
 friction! drag and form drag, which depends on the shape of the body and any
protuberances that create eddies and vortices while the body is motion. At the usual low
speeds of a working diver, the form drag will be the dominant mechanism because of its
dependance upon the square of velocity. This point reveals the importance of streamlining
the outfitted diver, with the obvious result of either faster terminal speeds or extended
duration of submerged time for useful work.

Viscous drag is caused by the momentum of the fluid retarded within the boundary
layer. It is influenced by the viscosity of the water and the characteristics of the flow within
the boundary layer  the Reynolds number!. For streamlined bodies the viscous drag is the
predominant component of the total drag.

The basic research done previous to 1976 is summarized in "The Underwater
Handbook: A Guide to Physiology for the Engineer", edited by Shilling, Werts and
Schandelrneier. Although most of the text is devoted to physiological concerns and
strength/dexterity test results, there are sections on diving equipment and oxygen
consumption under swimming loads.

The section on diving equipment does not mention some modern diving accessories
such as buoyancy compensators  BC's! which were not in wide use at that time. The
compensator is a good example of diving equipment whose drag characteristics depend
heavily upon how the gear is employed. As a buoyancy compensator, providing a small
increase in net diver buoyancy can cause significant changes in the overall drag of the
diver. The result can be a reduction in swimming and performance efficiency which ought
to be better understood, both from the standpoint of equipment design, and in diver
behavior.

CURRENT RESEARCH AND TESTING

Just recently an "equipment design engineer" with a major diving equipment
manufacturer, responded to a phone survey proudly claiming that his BC's were drag
tested by towing a diver behind a boat, and then noting the force exerted on a fish scale.
His ambition was admirable, however his effort was futile with the resources he employed.
Hydrodynamic drag testing is a science that should be guided only by those well versed. A
few studies have been attempted during the past four years, however, only one accurately
measured diver drag. The others had too many variable human and environmental factors
predominant in their procedures.

This is not to say that there is only one correct procedure and facility for testing
hydrodynamic drag, but a tow tank lends itself to better direct drag measurements than a
swimming pool with free swimming divers, or an outboard propelled boat in a lake.
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"Experimental Hydrodynamic Drag Studies of SCUBA Divers"  Paulet, 1986! details the
facilities and procedures used in measuring diver drag.

Some interesting results to come out of the continuing tow tank studies are:

a. Low Profile "Advanced Design"  patterned after the SeaQuest ADV! BC's
generally perforin better than full jacket BCs.

b. Many Advanced Design BC's are constructed such that they contour to the
diver or suspend the diver in a manner that creates drag in excess of the
mean for the Advanced Design style,

Single bag construction creates less drag than double bag construction, but
inore importantly, the additional water mass trapped in double bags while
underwater drastically increases the inertial force required during dives
where speeds are not constant steady state.

d. The angle of attack and buoyant air profile for equivalent volumes of air in
various BC's negatively affect drag, and are for the most part obviously
misunderstood by the designers.

Generally, the optimal design for a BC cannot rely upon qualitative reasoning
alone. Aside from designing around the principals of the Advanced Design Buoyancy
Compensator, the designer must ensure a low profile in an inflated condition, and provide
for a normal swimming angle of attack. The suspension system and strap placement play an
important role in maintenance of the buoyancy on the diver. This directly affects the
swimming angle, and ultimately the comfort of the diver. The single bag BC design directly
affects the comfort of the diver as well. An uncomfortable diver can be considered in a
comparable situation to an exhausted diver, Most single bag BCs, due to the nature of their
construction, provide a greater degree of discomfort than the contoured double bag BCs,
The tradeoff is in a slimmer diver profile in a deflated condition, ease of transport due to
reduced bulk, and ease of manufacture. The single bag BC has also shown outstanding
reliability in inflation cycle testing.

All product engineering must work towards a feasible design that is a compromise
of extremely disparate needs. To design the above mentioned criteria the product engineer
must not work in a vacuum. This study was not for the purpose of pointing out design
mistakes, however it does indicate that many features that are promoted as "low drag" were
not substantiated by adequate performance testing.

This attitude also spills over to fin advertisements. Many key phrases based around
"thrust...propulsion...snap...lift" are used without any supporting data or analysis.

There are many questions about the relative propulsion efficiency of rigid versus
highly compliant fins. The value of springs, wings, venturis, and slots is not really known,
or understood. Engineering experiments have been developed which measure the
propulsion for a given fin for a desired "kick".

Oxygen consumption and its bearing upon swimming efficiency is another
important question that has only been considered from the oxygen demand aspect. In short,
the literature reveals very little in human engineering as it relates to diving gear. With this
void of information the engineer may design equipment with "left over" deficiencies that are
expected to be compensated for by the individual diver.
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CONCLUSION

The science of diving has come a long way during the past ten years. Human
underwater performance is a major concern since we strive to reduce the number of diving
accidents and fatalities. The diving manufacturers and designers share this concern as well,
however they may not be aware of facilities or technology available to help them in the
design process.

Requisite research for significant design improvement may not be financially
feasible for some companies, no matter how necessary. Therefore, a consortium or
cooperative study should be arranged so that the diving industry can benefit as a whole.
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Giving consideration to the possibility of the use or operation of One Man
Atmospheric Diving Systems  OMADS! by academi c i nstitutions, a review
of the various 'Codes of Practice'  guidelines, rules, regulations and laws!
that cover the classification, inspection, certification and operation of
manned submersibles is presented. The problems of the documents with
respect to new technology are discussed using a new design called Qggp

as an illustrati ve example. Recommendations to academi c institutions
interested in owning, operating or contracting for submersibles are made,
Submersible Safety is discussed from the standpoints of design safety,
construction safety and operational safety. Submersible accidents are
reviewed so that lessons of the past are not repeated in the future. The
learning processes of safety activity is covered along with an overview of
press coverage that gives a submersible entrapment accident rapid
worldwide publicity. Specific attention is paid to the interaction of the
insurance needs of submersible operations, the insurance carriers and the
development and implementation of the existing codes of practice. The
paper includes sections on OMADS Scientist/Pilot training, handling
systems and operating area safety considerations. The paper concludes wi th
a look at the future aspects of submersible safety, including the use of
computer technolog y in record keeping and trai ning,

INTRODUCTION

The involvetnent of academic institutions with submersibles has a long history. It
includes progratns with long term stability like the ALVIN program and shorter lived,
opportunistic programs that have used many different vehicles. A new generation of
vehicles known as One Man Atmospheric Diving Systems  OMADS! such as Deep Rover,
Jim, Mantis, Newt Suit, Sam, Spyder, and Wasp has become available to the research
community, During a series of cruises conducted from 1985 to 1987, two of these
OMADS, Wasp and Deep Rover  and by extension the others!, proved their utility to the
scientific community [I].

The scientist/pilots for these cruises, almost all of whom were experienced research
divers, were trained by the owner/operator of the OMADS and effectively performed their
underwater research tasks. Now that the trial period for OMADS is over, the scientific
diving community is entering a new era of potentially increased access to OMADS,
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Thc history of research diving  and common sense! shows that building on
administrative and safety systems that are already in place is better then trying to rc-invent
them. This is especially true when trying to minimize insurance rates. The safety and
success of future OMADS projects require thc establishment of effective systems of
operation, administration and training. Such a system, based on successful previous
models, must bc rigid enough to assure following safe procedures while being flexible
enough to safely adapt to changes in both technology and the operational needs of the
research community. It is important that cvcryonc involved with OMADS understand the
safety aspects of thc design, construction and operational testing phases of developing the
vchiclc, since the deployment and operation of these vehicles requires on-site safety
decisions. OMADS science programs use platforms of opportunity, thus complicating their
operation because they must bc safely adapted to differing handling systems or equipped
with easily transportable dedicated handling systems.

R UL ES, REC ULATIONS AND CU ID ELINES

History

Following the submarine Thresher disaster of 1963, thc U.S. Navy  USN! began a
dctailcd and stringent Sub-Safe program. Thc basis of this program was strict safety
awareness and record keeping throughout the design, construction, testing and operation of
the vehicle. Much of this program applied only to military submarines but the USN,
realizing that the U.S. government leased civilian submersibles for use on various research
and scientific projects, decided to provide extensive safety certification procedures that
werc designed only for application to submcrsiblcs and systems used by the U,S.
government. They published, in 1967, the U.S. Navy Material Certification Procedures
and Criieria Manual jor Manned Non-Combaranr Submarines [2]. In 1973 this document
was expanded by the USN to include Deep Submergence Systems [3]. In 1976 the
document was updated [4].

Thc Marine Technology Society  MTS! took a lead role during 1966 to 1968 by
developing a sct of safety guidelines, called the "rcd book" [5] for use by the submersible
industry as a whole. It covered the design and construction aspects of submersible safety.
MTS continued its submersible safety interest by publishing two additional safety guideline
books. The "green" book [6], which was published in 1974, had greater etnphasis on
operational planning and offshore operational safety, but also reviewed submersible design
and construction. Furthermore, in 1979, MTS joined with the U.K. Society for
Underwater Technology to hold a series of regional safety meetings that culminated in a
major submcrsiblc safety conference during Ju/y of 1978. Thc output of this meeting was a
sct of international safety guidelines published as thc International Safety Standard
Guidelines for the Operation of Undersea Vehicles [7], This latter effort was supported
with funding from thc USCG.

Parallel efforts were carried out hy thc U.S. Coast Guard  USCG! and the Marine
Division of the United Kingdom Department of Trade. In 1975, the USCG issued a set of
instructions covering the procedures for the operation of civilian submersibles  Appendix II
of Reference [7]! and The Marine Division of the United Kingdom Department of Trade
issued construction and survey regulations for submersiblcs which were revised in 1981
[8].

During the 1970s, various ship classification organizations conducted studies and
issued sets of guidelines and rules covering design and construction of submersibles.
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These groups rccognizcd that although fcw submersibles are built and not many people are
involved, submersibles represent an important technical area which requires published rules
and regulations covering safety documentation.

Among the most important of these sets of rules were the American Bureau of
Shipping's classification "guide" for submersibles which was published in 1968 [9], This
effort had thc support of the USN certification group so that civilian submersible safety
would be «dequatcly addressed. An update in 1979 was turned into "rules" [10].
Germanischer Lloyd published regulations for the classification of submersibles in 1971
[11], and Lloyd's Registry of Shipping issued their submersible classification regulations
and guidance notes in 1973 [12] which were updated in 1980 [13]. Det Norske Veritas, in
Norway, issued provisional submersible classification material in 1974 [14], As with the
other agencies and classification societies, these tentative early Norwegian rules were
supplemented with a second volume in 1975 [15]. The Bureau Veritas, the French
organization, issued its rules for the construction and classification of submersibles in 1976
[16].

"Experimental" Vehicles

Classification is a procedure conducted by the various ship classification societies
noted above. Its purpose is to standardize the construction and procedures. One of the most
salutary effects of the classification system is that it reduces thc difficulty of getting
insurance coverage. These rules can be directly credited with an admirable safety record.
When a vehicle is designed and built so that all the component parts are covered by the
details of the regulations, then certification is relatively inexpensive and straightforward.

The U.S. organization, thc American Bureau of Shipping  ABS! works on the
basis of having a concept submitted to them, If thc concept involves building something
new and different, the classification societies are willing to look at it, but by and large the
burden is on the builder to prove Chat it either complies with existing standards or Co have
new rules written by the classification society  at the builder's expense!. New rules would
likely require the testing to destruction of a full scale hull section to determine mechanism
of failure as well as fatigue testing. American Society of Mechanical Engineers and
Pressure Vessel for Human Occupation standards would also have to be considered.

Regulation assures safety, but it also can hold back innovation. If a design steps
outside of the envelope defined by thc classification system, unique test procedures need to
be developed and the costs can climb through the roof. An interesting example of this
problem is Deep Ocean Engineering's new vehicle Deep Flight g7]  Figure I!. This
vehicle is a 1000 foot capable, single person, high speed submersible. It does not meet any
classification scheme, It has no buoyancy system, it "flies" through the water, utilizing
power and lift to change depth; its egg-shaped acrylic dome is not of an "approved" design;
and its oxygen system is completely contained inside the pressure hull. The expense of
classifying this design precludes its being built as a production vehicle. The planned
operational mode, however, of the two prototype vehicles, as non-classed test-beds, means
there is no classification expense and no extensive proof of design criteria testing.
However, recognizing the need for "system safety" the two Deep Flight units will operate
together, with one unit being the safety backup for the other.

Future editions, based on the operational experience of the prototypes combined
with ABS inspection during the actual construction, might result in appropriate
classification. Mr. Graham Hawkes, chief designer for Deep Ocean Engineering and
developer of Wasp, hfaritis, Deep Rover and Deep Fhght, feels that the current
classification system is too restrictive and confining. He feels that it frustrates innovation
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and advancement of the art. Mr. Hawkes advocates development of an "experimental"
category, much like that which exists for aircraft. He says that, "... you just can't go
forward under existing regulations." Deep Flight is a strong argument for the development
of an experimental classification that would permit the safe and rapid advancement of
submersible technology.

Figure I � Conceptual Design of Deep Flight
by Graham Hawkes.

Pilot training

Pilot  and crew! training and qualification are covered in some of the codes of
practice documents, especially those prepared by the Association of Offshore Diving
Contractors [18] and the Deep Submersible Pilots' Association [19] but only with respect
to conventional submersibles. For OMADS, these areas are currently only covered in the
vehicle operators' manuals and in the draft OMADS guidelines that were used as part of a
proposal to the National Science Foundation [20] by the North East Consortium for
Oceanographic Research  NECOR! to use Deep Rover.

DESIGN SAFETY

Safety Criteria

One of the first design steps for any submersible is the establishment of the safety
criteria that will be used during the design process. Questions like "how safe is safe" and
"what degree of risk is acceptable" need to be answered. All complex manned systems that
operate in a hazardous environment have some level of risk. Proper planning, done early in
the program, can reduce the risk to an acceptable, pre-defined level consistent with program
cost and schedule goals. Interactive terms need to be carefully studied. A summary of this
need is found in the abstract of Risk Assessment Process As Applied To The Space Shuttle
[21] which states, "This paper summarizes risk identification activities associated with
system safety on the Space Shuttle vehicle as a pattern for their use on other complex,
multiple-element programs utilizing emerging technologies. A building-block approach
beginning, first, with safety analyses for each element and later, with multiple element
analyses is described in some detail. Examples of hazards that were identified and
eliminated are provided. From a safety point of view, it is of interest to note that the
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solutions to element hazards often may become counter-productive when viewed from the
total system perspective".

Developing safety criteria includes setting safety certification boundaries for the
vehicle and its subsystems. This explicitly establishes the elements that are direct safety
concerns and those that are not. The failure modes of these systems as well as the needs for
safety system redundancy also must be fixed early in the system design. Special effort
needs to be expended in examining the concepts and approaches used for safety status and
alarin panels. These items have an impact on the selection of sensors and the operation of
many other systeins.

Design Reviews

Design reviews should be held throughout the design process. These reviews
establish that the system and its parts will work and can be built by addressing design,
fabrication and predicted operation of each vehicle system and subsystem. The
consequence of the previously developed safety criteria on each system is evaluated. The
defined level of acceptable risk is a significant part of the trade-off decisions required when
resolving conflicts between system design and overali safety. Examples of the two
extremes of this analysis are when more safety can be achieved with minimal expense vs.
those areas where improving upon the initially established safety criteria will result in
excessive cost.

Safety Audits

Safety audits are held during all phases of the program They create a paper trail
which documents that all critical systems and their parts are safe as defined by the
developed safety criteria. This paperwork is of great utility when the vehicle becomes
operational, as will be pointed out later

Safety Analysis

For each safety-critical system, subsystem and component, a safety analysis needs
to be done. A method, often used for this analysis is termed "Failure Mode and Effect
Analysis"  FMEA!. For each safety-critical component it is necessary to determine how it
could fail, i.e., open circuit, closed circuit; leaking fiuid in or out; or for mechanical
elements, not just stuck, but stuck in what position? Once the failure modes have been
identified, the effect of the failure must be determined. Of concern is not just the effect on
the subject item but also any effects that the failure could have on the item's system and
other systems.

This type of safety analysis must be done for all types of failures and all aspects of
the failure need to be considered. A simple short circuit could result in a hot wire and a
blown fuse. The hot wire might, however, create smoke. Selection of the correct wire
insulation would result in non-toxic smoke, but anytime there is smoke in the cabin the
crew will don emergency breathing equipment. Could the crew isolate the electrical circuit
and replace the fuse? This is normally a simple task. But could it be properly done, given
the added complexity of lack of visibility and reduced crew mobility? Under these
conditions can proper and safe corrective action be taken?
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CONSTRUCTION SAFETY

Construction safety requires determining that the submersible and its parts be built
according to the design. lt must be documented that the correct inaterials were used, that
fabrication procedures were proper, that properly qualified and trained personnel did the
work and that all the machines, instruments and test equipment used during manufacture
were calibrated and adjusted.

Records Audit

Construction of a complex man-rated system is a time-dependent task. As a result,
records must be kept and reviewed after the event is completed, Just thinking, at the time,
that the right welding rod was used is not good enough. Safety on man-rated, safety-critical
systems, requires that a written record show that, for exainple, a qualified welder using a
qualified  written! procedure made the weld using welding rod which can be tracked to a
known lot, having a known composition that was verified by an incoining inspection/test
report, which was ordered from a known company on a given purchase order number on a
known date. This process can result in a group keeping track of paper that is larger than the
one actually building the vehicle. This problem can confine the design and production of
vehicles to relatively large, well funded companies. It is critical, that when there are
questions of public safety or production vehicles, the regulations be applied rigidly,
regardless of their economic effect. Some loosening, to facilitate the innovative work
possible within small firms, may be desirable.

The records audit covers all records associated with the design and construction of
the submersible. A key item in this area is the "as-built drawings." Are they the same as the
design drawings or did that last critical revision fail to be incorporated in the construction?
This can happen. It must not happen on inan-rated, safety-critical systems.

Materials Audit

The materials audit demands a paper trail showing that the correct material was, in
fact, used for construction. When ordered  and laboratory tested!, material needs to have an
identification number stamped or etched on it. If the material is cut into severaI pieces, the
identification number must be transferred to each new piece,

For man-rated, safety-critical systems, the exact inaterial used in construction must
be known and it must be the material specified on the drawings. Two people died in an
observation bell as a result of a construction substitution on a penetrator's "potting" plastic.
The substituted material was easier to work with and it had better mechanical properties.
But when over-heated, as in the electrical short circuit that occurred, it produced a deadly
gas.

Constrtictiori Tests

By the start of this phase, the records audit and the materials audit show that the
correct material was or dered and that the correct material was used in the construction of the
submersible. Now on a component subsystem and system basis it is necessary to test the
operation of the all the assembled items to see that they work according to the design
specifications. This is particularly important with critical safety items.

The pressure hull is strain gauged and given a pressure test. Hydrauhc systems are
checked for pressure and flow rate. Fuses that are liquid compensated are blown in their
operating environment: i,e,, liquid filled, cold and under pressure, etc.
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OPERATIONAL SAFETY

Operatiot3al Tests

After the construction of a submersible is complete and the design and construction
phase safety work is done, the operational test program begins. This program will re-do
most of the tests previously run during the construction phase tests. But this time the tests
are run on systems in their fully installed configuration. All other systems are energized and
selectively operated. Thus, the various system interactions and interferences can be
discovered and documented. This test cycle starts dry and then gets wet in a pool or
alongside of a dock. These first wet tests are important, since all the submersible's safety
systems can now operate in their working environment.

For example: when testing weight jettisoning systems, the change in stability on the
submersible must be measured and documented for future use during emergency situations.
These changes in stability must consider both submerged and surfaced conditions. As an
example, calculations done for Westinghouse's Deepstar 4000 showed a 30 degree bow-up
angle would result from dropping the 400 pound forward battery. The analysis of surfacing
in this bow-up condition identified potential safety problems and lead to design changes.
The position of the pressure huB was inoved and an infiatable conning tower was added to
permit safe crew exit. The battery-dropped surface stability analysis still did not show
everything. It still ignored the effect of two crew members exiting the sub and standing on
top. This put their combined weight high on the top of the vehicle. This added weight was
also "dynamic" in that it would move around in response to a rolling vehicle. Sea trials with
the vehicle in a bow-up condition and a moving crew on top, showed that the vehicle had
an acceptable degree of surface stability.

After shallow water trials are complete, a progressively deeper test program is
undertaken. The final test phase event, a deep check-out dive is often preceded, where
practical, by an unmanned fuH depth dive in a test tank or in the ocean. Finally, it is time
for a manned dive to the full operating depth of the vehicle. This dive is usually observed
by a member of the cognizant ship classification society or safety certification agency.

Procedures Review

While the test program and dive activities are in progress, another set of safety
reviews are conducted on the following documents:

Vehicle operating procedures.
Vehicle emergency procedures.
Support ship emergency procedures.
Rescue plans and procedures with and without outside help.
Vehicle operator and support personnel training procedures and
qualifications.
Vehicle and support system maintenance procedures.
Vehicle and support system material supply and control procedures.
Annual  or periodic! test procedures and inspections to maintain the
system's safety certification.

1!
2!
3!
4!
5!

6!
7!
8!
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The dockside and shallow water test program is an integral part of the written
procedure review activity. Not only is the material and operating condition of the
submersible being tested, the applicability and correctness of the operating and maintenance
procedures are being established. What looked like a good procedure on paper, before the
test, may not be practical for actual operation. The procedure is then rewritten to
incorporate the operational experience.

During maintenance and field repair, parts and material control is particularly
important The submersible was built with great effort expended toward assuring error-free
use of the correct parts and materials, This documented safety chain must be continued by
field maintenance personnel to assure that they never substitute incorrect parts or materials.
OMADS are often built using seemingly simple and readily available parts. It is seductively
easy, during the time-critical crisis of getting a broken vehicle system back on line in the
field, to take a "this will do just as wefl" approach to parts or materials. This must never be
done. Classification rules with respect to critical boundaries should prevent making
unauthorized field modifications with non-standard parts or materials. Maintenance and
repair standards for OMADS may need to be more rigorous than they'd be for a
conventional vehicle. In an actual operational mode there may be only one or two
individuals who need to be pilot, pilot trainer, electronics technician, mechanic, etc. As a
result OMADS may need to go out with modularized replaceable spares rather then repair
iteiris.

Fire safety requirements for the pressure hull should control all material that goes
inside. In general, only non-toxic and non-flammable items are permitted. One possibility
in the pressure hull is a failure of the oxygen supply system resulting in an increased partial
pressure of oxygen. This has the potential for three serious effects: barotrauma on the crew
as a result of a rapid rise in pressure, oxygen toxicity if the partial pressure were to go
above two atmospheres and the danger of fire. Many items that are non-flammable at
normal oxygen partial pressure wiU burn, sometimes explosively, under increased oxygen
partial pressures. This problem can be solved  in the design phase! by storing oxygen in
several small containers with isolation valves so that any single failure would not raise the
partial pressure of oxygen to an unacceptable level. In the operational phase, carefully
monitoring cabin pressure and oxygen partial pressure as well as keeping flammable or
potentially flammable items out of an vehicle is important.

There are three major points concerning submersible safety;

I ! Design it safe!
2! Build it safe!
3! Operate it safely!

The first two items are obligations of the designer and manufacturer. The last is an
obligation of the operator. If an OMADS operator was not intimately involved with the
design, construction and initial testing phases, the operator must carefully review all
existing paperwork. These documents give the operator confidence that these things were
done properly and assist the operator with keeping procedures safe

Designers and builders must, therefore, give careful attention to detail and do a
moderate amount of paper work. The ability to go back and look at these documented
records is a critical part of the future safety process. Keeping proper records usually means
that the subject item was designed, built and tested correctly. It also provides
documentation of the rationale for the design and construction which is an important
consideration for how to use it safely in the future.
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A quotation from Simon Lake, a pioneer submarine designer, states the facts of
submersible safety. "If everything has been done in advance  design and construction!, and
no one makes a fool of himself or forgets  in operation!, a submarine is one of the safest
kind of a boats to be in."

SUBMERSIBLE SAFETY MUST BE LEARNED

Even though many of the submersible dives logged were part of commercial diving
operations, submersibles are almost as safe as research diving. There have been only seven
reported fatalities over three decades t24]. This safety record is not the result of chance or
good fortune, it is due to close attention to the safety aspects of design, construction and
operation and careful consideration of the lessons learned from prior accidents and "near
miss" type incidents. OMADS have a perfect safety record. However, with manned
submersibles there have been incidents and accidents from which safety lessons may be
learned.

SUBMERSIBLE ACCIDENTS ARE BAD

The primary concern of a submersible accident is possible loss of life and following
a close second is loss or damage to expensive equipment. Safety programs need to be
designed to prevent both these potentialities. Consideration must also be given to the
damage to future science programs that might result if an accident or incident fostered the
natural reluctance of institutional administrations to permit and funding agencies to support,
operations such as research subinersible operations that they view as risky. As research
divers know, it does not require an accident or a real issue to bring about hastily written
and inappropriate legislation and restriction.

This problem is exacerbated by the lurid publicity that results from the public's
demands for coverage of tragedies, actual or potential. Rescue efforts  remember little
Jessica in the well?! are even more exciting. Any submersible incident, even one that
results in a successful rescue, will result in worldwide attention. After an accident, science
may become more difficult as insurance companies revise their rates and regulatory
agencies demand greater documented safety.

A submersible accident is a newsworthy itein. A downed research submersible with
a trapped crew is guaranteed to receive extensive news coverage as the story of imminent
tragedy gathers steam around the world as occurred during the Johnson Sea Link accident
in June of 1973. When Pisces ill was downed in 1973, the news inedia interest was so
great that it interfered with the rescue operation. Noise from "press" boats near the rescue
site caused problems with underwater communications. Radio reports tied up needed radio
channels and caused unnecessary anguish to friends and families of the people involved.

Publicity notwithstanding, keep in mind that the primary reason for submersible
safety, as stated earlier, is to save lives and to protect equipment. Much has been learned to
enhance submersible safety. Detailed systems covering design safety, construction safety
and operational safety exist. It is critical that these systems, which were primarily
developed for big ticket submersibles, be successfully adapted to assure the safety of low
cost vehicles such as OMADS. This challenge is to make this adaptation without
transmuting simple, inexpensive OMADS into cumbersome expensive submersibles with
dedicated mother ships.
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INSURANCE NEEDS OF SUBMERSIBLE OPERATIONS

There are two basic types of insurance which need to be considered. Liability
insurance to protect the operator/sponsor of the mission if a suit were brought as a result of
someone being injured or lalled in a submersible accident, and hull insurance to cover the
value of the submersible if it were lost or damaged. Insurance and classification go hand in
hand. Anything is ultimately insurable. However, reasonable rates for hull insurance are
only available for vehicles that meet the specifications set forward by the ship classification
societies or safety certification agencies. This is also true for liability insurance.

It is important to understand the difference between inspection, certification and
classification. Certification  in the U.S.! is done by the USN to assure the safety of the
vehicle. Inspection  which results in a Certificate of Inspection and thus is sometimes also
referred to as "certification"! is done by the USCG as part of a governments' responsibility
for public safety while USN certification is part of the USN's responsibility when
government personnel from any agency are directly involved in submersible operations.
The USCG must, by law, inspect vessels carrying over 6 paying passengers, so within the
submersible world the USCG certification process is only really applicable to tourist
submersibles [22].

Obviously, there is some terminology confusion on this point in that the USCG
inspection process and the USN certification process are different but both result in a
certificate of safety. None of the submersibles in the U.S. research fleet are inspected
because they do not carry passengers for hire. If the USCG were asked to inspect a
research sub for the purpose of USCG certification, their first question would most likely
be, "what for?" Recently, the USCG noted [23] that, "Non-military submersibles have
been used for several decades in the industrial, experimental and research fields.
Submersibles had not been used in any commercial service for which regulations would
apply until 1987 when the first passenger carrying submersible to be certified by the U.S.
Coast Guard went into operation in St. Thomas, U.S. Virgin Islands. Two other passenger
submersibles had already been operating in the Cayman Islands and Barbados  outside of
U.S. jurisdiction!, beginning in 1986."

ABS does not require certification and the USCG does not require classification,
but there is a lot of overlap in both sets of rules. It is also possible to have a USN certified
submersible without having it classed by a society. The insurance industry does not look
for inspection  USCG certification! or certification  USN! but requires classification
because these are international standards which are recognized as rigorous and the whole
insurance market is calibrated by looking at the accepted classification standards of the
major societies. This approach keeps the process international so that the primary
underwriters don't have to look at the certification standards of every coast guard. As a rule
of thumb the underwriters would always prefer to go for international standards
 classification! in the international insurance market.

Prior to construction, the builder went to the underwriters to start the insurance
process. The builder most likely arranged for builder's risk which takes the project through
the test dives and product liability which must cover the builder throughout the life of the
vehicle. Then the operator will obtain hull insurance, general liability, protection indemnity,
etc.

There are really only three lead underwriters in Lloyd's that work with undersea
insurance. They are not inclined to be very generous due to the high perceived risk. Since
ABS has a lot of submersible experience, their classification is a good card to be able to
play when shopping for coverage since the underwriters' expertise is in sifting a lot of
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information and making a judgement on how far they are going to expose themselves. They
are not expert in technical and operational matters. What often happens is the underwriter
engages a consultant to evaluate the risk. Given that the vehicle meets ABS classification
standards, the consultant's concerns are the experience and professionalism of the
operational end of the program.

To understand the process, a hypothetical question was posed to submersible
pioneer and often used insurance company consultant, Dr, Don Walsh, He was asked what
he would look for if, for example, the University of Rhode Island were looking for
insurance to set up an OMADS group. He said, "If I were brought in to do the job I'd note
that URI is a big institution, conservative. The inarine program has been there a long time.
They operate ships, The marine side of the university has been in operation for many years
and they understand how things are different going to sea. I'd look at the people they hired
to run the submersible program, the kind of mother ship that is going to be used, the
handling system, those sorts of things. I expect that this would work in URI's favor." This
makes it clear that the setting of insurance rates depends not only on objective criteria such
as classification but on the subjective appraisal of an expert.

Liability, and the need to obtain insurance always forces "regression to the mean."
It never abets innovation and invention since new items are always considered riskier by
underwriters than existing ones with proven track records. As mentioned earlier, soine
system for experiinental classification needs to be developed for vehicles such as Deep
Flight since most brokers' insistence that subs be built to a classification standard will
likely otherwise preclude obtaining any form of insurance. Unless this problem is dealt
with, the community may never see these new approaches and technologies incorporated
into vehicles that ate available to them.

OMADS SCIKNTIST/PILOT TRAINING

Pilot training for OMADS is an area that is not clearly addressed in the standards for
conventional submersibles. It is on the margin of interest to the insurers that people are
trained in accordance with recognized international standards. For conventional
submersibles, standards promulgated by the Association of Offshor Diving Contractors
[18] and the Deep Submersible Pilots' Association [19] exist; however, they are
inappropriate for OMADS scientist/pilots. The only OMADS for which there are significant
experience with training scientist/pilots are Wasp and Deep Rover. With these projects as
past experience, written protocols and procedures for training [20] have been developed by
generalizing what has been learned. This was done so that funding agencies, institutional
administrations and insurance underwriters could be shown that the operation and the
associated training procedures have been running safely for a number of years, The
insurance companies are usually willing to infer success in training protocols developed for
one vehicle to future success in training for similar vehicles. Once again, the underwriters
would likely look to consultants to provide both objective and subjective evaluations of
overall safety.

HANDLING SYSTKMS

OMADS have several advantages when compared to conventional submersibles.
These include; lower cost, smaller size and lower weight. Their small size and weight
creates one of their greatest operational advantages, plasticity with respect to handling
system requirements. Successful operations have been carried out using systems as diverse
as the University of Hawaii's Launch Recovery and Transport barge, stern A-frames and
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ship's cranes. Authorities in the field view this as a double-edged sword. Few, if any, of
the handling systems used were "man-rated." Some authorities feel that "man-rated" launch
systems are essential. If this view prevails, OMADS primary advantages may be negated.
Others, including designers and operators of most OMADS, argue that the light weight of
OMADS means that the safety factor available with most ship's cranes and A-frames is
more than sufficient. They feel that having redundant systems available and applying
careful failure mode analysis and practical testing to each system results in excellent safety
margins. Operational experience supports this conclusion. The development of small strap-
down or independent, dedicated handling systems is another approach, an excellent
example of which is CANDIVE's new system for Deep Rover.

OPERATING AREA SAFETY CONSIDERATIONS

It is obvious that submersible rescues are easier when capable help is rapidly
available. One of the most attractive elements of OMADS is their small size and ability to
work from small vessels, These features argue for OMADS use not only where their
capabilities tnight be superior to those of conventional subs but also in remote sites where it
would be difficult to transport conventional vehicles.

When submersible operations are carried out in areas where other submersibles or
dive/work systetns are in use, operational planning and knowledge about the capability and
location of the other systems forms the basis of the safety/rescue plan. In several of the
accident examples previously discussed, the close proximity and proper use of suitable
rescue systems turned a serious situation into a routine assistance task.

Conventional wisdom prevails. The submersible operator needs to know where
potential rescue systems are operating and how to contact them  radio frequency and who is
in charge!. The capabilities of the rescue system also need to be known with respect to
operating depths and work system capacities. If a saturation diving system is needed, a
heavy lift crane barge may not be a suitable rescue systein.

OMADS operations in remote areas that are far away from other operating groups
and logistic support pose special safety planning problems. If the area is truly remote, the
only acceptable safety rescue plan involves having a self-help capability. The best and most
capable self-help rescue system has a fully iedundant submersible and handling system on
the support ship. Then, if one OMADS gets into trouble, the other OMADS can make a line
attachment and the ship can hoist the submersible to the surface. Unfortunately, having a
second vehicle may not be practical or possible.

It is possible to fit various self-help rescue devices onto an OMADS. These can be a
releasable, hard or inflatable float systems that carry a tag or lift line to the surface. For
depths of 500 to 1500 meters these systems may be quite practical. There is a problem,
however, in that the casualty to the OMADS that caused it to be on the bottom may involve
physical damage or entanglement near or on the rescue system.

An effective rescue system that can also be used to augment the capabilities of the
OMADS, may be an unmanned vehicle that has adequate depth, navigation and work
capability. For many operations and in particularly hazardous ones, it may be desirable to
send an unmanned vehicle down first to inspect and document the study site. In this way,
the OMADS can be outfitted with the proper tools and the scientist/pilot will know what to
expect concerning the local conditions and possible hazartls. As a rescue back-up system,
an unmanned vehicle needs a tracking system, sector scanning sonar, TV inspection, line
attachment and acoustic marking  pinger drop! capabilities. If the vehicle is large enough,
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and has a manipulator work capability, then some additional bottom rescue activity can be
envisioned.

This form of rescue capable ROV may be as expensive as an additional OMADS. It
may be better, especially in terms of personnel, to go into the field with two identical
QMADS on deck,

As the ship classification societies, cognizant safety agencies and insurance
companies get more and more into the operational side of submersible activity, they will be
examining cooperative and self-help safety rescue plans in order to establish an acceptable
level of system safety. It may be that some time soon a back-up rescue system, either
manned or unmanned, may be required before the operational use of a submersible is
approved,

The operational experience of OMADS is encouraging, there has never been a
fatality or injury. This demonstrates their safety, This record, which over the last ten years
may represent an order of magnitude more exposure then conventional subs, has already
reduced OMADS insurance rates for the North Sea below those of ROVs since the
insurance companies had no record of claims against OMADS,

SUBMERSIBLE ACCIDENTS

This section provides brief summaries of the more significant submersible accidents
that have occurred over the years.

A lvi n

In October of 1968, during a launch from its mother ship Lulu, Alvin was dropped
into the water when a cable supporting the launch elevator failed. The surface control box
cable had been run into the sub through the open top hatch and prevented the hatch from
closing. As water entered the vehicle the two crewmen inside made a hasty exit. No lives
were lost, but A1vin stayed on the bottom about a mile down for eleven months.

This accident was caused by a combination of handling systetn design and
maintenance problems. The handling system used wire rope running over sheaves to
support the submersible elevator. With the elevator lowered into the water, the adjacent
lengths of wire rope were immersed in salt water. When hoisted out of the water, this
section of wire rope ran over the rope sheaves just under the support ship's deck. In this
position the rope was not accessible for maintenance and over the years did not get proper
lubrication/corrosion protection or inspection. Finally, one broke. Corrective action
changed the system from wire rope to a chain support system. Chain works better since it
is not sensitive to constant bending over the hoisting sheave and does not require internal
lubrication for corrosion protection. The chain now also gets frequent inspections.

Nekton Beta

In 1970, two Nekton vehicles were helping with the recovery of a motor boat in
230 feet of water off Catalina Island, California. As the boat was being hoisted to the
surface, Nekton Alpha surfaced. Nekton Beta elected to stay down and not add to the
surface confusion. Unfortunately, the lift lines broke and the motor boat fell back to the
bottom, striking the Nekton Beta. in the conning tower. A view port broke. As the
submersible flooded, the pilot who sat in the conning tower, was able to open the hatch and
make a "free" ascent to the surface, The observer, lying prone in the hull, drowned f24].
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The fault here was not with submersible design or construction, but with the
operational use of the vehicle. There was a lack of operational planning. The subtnersible
was permitted to remain below a heavy load that was being lifted, an unsafe rigging
practice that would have been obvious on land. There was probably no written operations
plan that explained what should be done by each unit as the recovery operation progressed.

Johnson Sea Link

On 17 June 1973, the Johnson Sea Link, a 4 man diver lockout submersible
became entangled in the rigging of a sunken ship in 350 feet of water off Key West,
Florida. A brief summary of the rescue attempts is as follows:

o After 14 hours, two hard hat divers tried to reach the submersible but strong
currents prevented success.

o After l7 hours another hard hat team tried, but flooding of one of their suits forced
them to the surface.

o After 22 hours, a mobile diving bell with tethered mixed gas divers tried but cold
water and the strong current forced them back.

o After 28 hours the submersible PC-8 was launched from the deck of a U.S. Navy
submarine. Sonar on the PC-8 failed and the Johnson Sea Link could not be
located.

o After 31 hours, an unmanned TV-equipped vehicle was able to sight the
submersible. The unmanned vehicle was modified by adding a big hook and the
Johnson Sea Link was pulled free after 32 hours on the bottom.

Cold water and high currents were major problems in the various rescue attempts.
The cold environment in the alurninurn diver's compartment resulted in a significant
reduction in the ability of the Carbon dioxide absorbing chemical to remove CO2 from the
air. The two men in the diver's cornpartrnent probably died from carbon dioxide poisoning
after about 18 hours. The two men in the phstic control sphere were probably saved by the
insulating properties of the 4 inch thick plexiglas and the heat generated in the sphere by
some of the submersible's electrical equipment.

Several problems carne to light during the formal investigation of the accident.
These included:

No clear cut chain of command existed during the rescue activity,
No exposure or diving suits were in the lock out compartment.  The dive was
planned as a "quick trip" without any lock out.!
The curtent and temperature environment was not factored into the dive plan.
The reduction in efficiency of the carbon dioxide absorbing chemical was not
specifically known.
The submersible itself had been fitted with snap type safety hooks for ease in
recovery tag line attachment. One of these hooks bad snapped onto the rigging of
the sunken ship.

Many of the Johnson Sea Link accident problems couM have been avoided with a
thorough dive plan and a detailed failure mode casualty analysis of the life support system
and the handling system.
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Pisces III

On 29 August 1973, the after sphere of Pisces Ill  which contained machinery!
flooded during an otherwise normal recovery operation. The submersible sank in 1,575
feet of water in the Atlantic Ocean off Cork, Iteland. A firm recovery plan was formulated
by Vickers Oceanics. Pisces II was brought from the North Sea and Pisces V was flown
over from Canada. CURV, an unmanned vehicle, was flown over from the United States,
All three vehicles helped to make line attachments to the Pisces III. The submersible was
recovered and the two crewmen were rescued after 73 hours on the bottom.

The after machinery sphere hatch needed to be opened often to permit servicing of
internal equipment, For convenience, a quick acting hatch tnechanistn had been installed.
On this dive a protective cover had been left off. The recovery tow line caught on the
mechanism and opened the hatch. The machinery sphere hatch mechanism was a little too
quick acting and the design should have called for a positive safety lock to prevent such an
accident. If the protective cover was to function, it should have been on the pilot's pre-dive
safety checklist. Thus, the pilot would have inspected the hatch mechanism cover and seen
that it was in place or missing. The full details of the Pisces III accident may be found in

6].

PC-9

At 10;00 on 9 March 1978, the submersible PC-9 became entangled in a line while
working on an oil rig 325 feet down. The accident site was in the North Sea some 70 miles
east of the Shetland Islands. The three neatest ships having rescue capabilities were alerted,
The Seaway Eagle, with a saturation diving system on board, arrived at 22:00. Intersub 3,
with two submersibles on board PC-1201 and PC-1202!, arrived at 03:15 on the 10th of
March and Sub Sea 1 with Mermaid III arrived at 08:00. The actual rescue was done by the
lock out submersible PC-1202. By 10:00 on the 10th, a lockout diver cut the one inch
polypropylene line and had freed PC-9. Time on the bottom had been 24 hours which was
not a problem since PC-9 carried food, water and life support system chemicals good for 7
days.

In this case, a screen around the prop might have helped if the presence of the loose
line had been known. In any event, proper rescue planning and the knowledge of what help
was available resulted in a rapid successful rescue.

PC-1203

On 25 December 1978, Intersub IV was launching PC-1203. As the A-frame
handling system passed over center with PC-1203 over the water astern of the ship, a yoke
holding one of the A-frame hydraulic cylinders failed. The submersible fell into the water
and the A-frame broke free from the ship and fell on top of the submersible in about 500
feet of water.

Nearby rescue ships were called. The seini-submersible Seaway Swan with a deep
diving system on board, arrived in 2 I/2 hours. Capalonga could arrive in 3 hours  mote!
and Uncle John could arrive later after correcting a ballasting problem. The rescue was
accoinplished when divers from Seaway Swan attached lines to the A-frame and it was
lifted clear. PC-1203 was then able to surface and was put on board the supply boat Sea
CoraL
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CONCLUSIONS

Submersible safety must be learned and relearned by each design and operational
team. It is best to profit from prior mistakes rather than making your own.

Submersible accidents are bad. They can cause loss of life and loss of expensive
equipment. Worldwide publicity involving impending doom and death can result in
unnecessarily restrictive rules and regulations and increased insurance rates.

Submersible safety must be carefully considered during: design, construction and
operations.

Most of the prior submersible accidents have involved either handling system
problems or entanglements and appear to have been avoidable by using a more
detailed safety awareness program and operational planning process.

Although submersibles represent a very small percentage of world shipping
tonnage, all of the major ship classification societies have issued rules and
regulations for the classification of subrnersibles. The importance of submersible
safety is recognized on a worldwide basis.

Operation of OMADS by academic or research institutions will require great care in
the selection of personnel and great care in maintenance and field repair.

An "Experimental" classification could aid innovation in submersible design and
development of new technologies.

Future projections for submersible safety include:
A! More and better records.
8! Computer documentation of records.
C! Computer assisted training and operational simulation.
D! The development of mutual aid plans for areas where several different

submersibles are operating and self-help plans involving a second vehicle,
either manned or unmanned for remote operating areas.
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BIOMEDICAL RESEARCH IN THE SEA,
A SEARCH FOR DRUGS AND NOVEL COMPOUNDS

John K. Reed
Shirley A. Pomponi

Harbor Branch Oceanographic Institution
Fort Piercc, FLORIDA 34946 U.S.A.

Biomedical research has discovered numerous pharmaceutical drugs and
novel compounds produced by living organisms, Most of this research has
focused on terrestrial sources but a potential reservoir of untapped drugs is
being discovered in the oceans. Compounds produced from marine
sponges, tunicates, bryozoans, soft corals and algae are bei ng tested as
potential agents against cancer, AIDS and other diseases. In this effort, the
goal of the Division of Biomedical Marine Research  DBMR! at Harbor
Branch Oceanographic Institution  HBOI! is to isolate and identify bioacti ve
compounds from marine organisms, Since 1984 over I6,000
macroorganisms have been collected worldwide by HBOI personnel using
scuba, JOHNSON-SEA-LINK submersibles and ROVs to depths of 9I5m.
Biological assays of samples collected determine potential leads for
antitumor, anti viral, antifungal, antibacterial and immunomodulatory agents.
Active compounds are then isolated and structurally identified by nuclear
magneric resonance and mass spectroscopies. Presently over 200 chemi cal
structures of biologically active compounds have been determined by
DBMR scientists and affiliates resulting in I4 issued and allowed patents
and 44 publications,

INTRODUCTION

Plant and animal sources from the land and the sea hoM promise for novel
compounds that may be developed as pharmaceutical drugs. Cancer, heart disease,, and
viruses such as AIDS are atnong the leading causes of death in the western world; new
drugs and therapies are necessary to make progress on these disease areas  Fisher, 1988;
Suffness and Thompson, 1988!.

Historically, natural products have been used in Chinese folklore medicine for over
a thousand years  Kim, 1967!. By the 1800's, scientific interest developed in the
secandary tnetabolites of terrestrial plants and animals as a source of novel and biologically
active compounds  Fenical, 1982!. It has only been since the 1950's, however, that natural
product research has looked to the sea. Marine natural product research rapidly accelerated
with the motivation of discovering an abundance af novel chemical structures with potential
biological activity  Bergquist and Wells, 1983!, The advent of new technologies for
underwater tesearch, e,g., scuba and subtnersibles, further enhanced the capabilities of this
new field.

Bcrgmann lcd this research with the isolation of the nucleoside spongothyrnidine
from the tnarine sponge Cryptotethya crypta  Bergrnann and Fecney, 1950!. This
nucleoside later served as a model for the synthesis of two drugs with antiviral and
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antitumor activities  Rinehart and Shield, 1987!. Random surveys for marine organisms
with antimicrobial, antifungal, cytotoxic, and antitumor activities ensued. The first
systematic investigations of biologically active marine organisms began in the 1970's. The
R/V ALPHA HELIX Baja expedition in 1974 assayed 850 marine species for antimicrobial
and antifungal activities, and in 1978 an antiviral investigation of Caribbean marine
organisms was initiated  Rinehart and Shield, 1987!. An important aspect of these
expeditions was that the samples were screened on boatd to prevent possible degradation of
active compounds.

Since the 1950's, thousands of novel compounds have been discovered from
marine natural products. These have been summarized in numerous reviews for various
taxa  Faulkner, 1984a- algae; Faulkner, 1984b- invertebrates!. Also included are reviews
of novel marine compounds with various bioactive properties  Moore, 1981; Shimizu and
Kamiya, 1983; Munro et al., 1987; Paul and Fenical, 1987!.

A resurgence in interest in marine-derived pharmaceuticals has developed in the last
decade. One result is that many compounds that were tested previously have been retested
for new activities. In addition, new screens have been developed to better define a
compound's mechanism of action against a particular disease. In this effort the National
Cancer Institute  NCI! is continuing to discover and develop anticancer and anti-AIDS
agents. NCI's empirical drug discovery program has collected and tested nearly 18,000
marine organisms for antitumor activity using the in vitro P388 mouse leukemia virus
 Suffness and Thompson, 1988!. NCI is now adding to their biological assays a panel of
100 human tumor cell lines. Also, recent emphasis has been placed on extensive collections
over a wide range of depths and geographical localities.

Although a recent newcomer to this field, Harbor Branch Oceanographic Institution
 HBOI! initiated in 1984 a program dedicated to the discovery of new drugs from marine
organisms. The Division of Biomedical Marine Research  DBMR! at HBOI uses a variety
of screens to test marine derived compounds in four disease areas: antitumor, antiviral,
antifungaLtbacterial, and immunomodulatory. Programs also include fermentation of marine
bacteria, fungi and blue green algae, sponge cell culture, molecular biology, chemical
ecology, and chemotaxonomy.

A collection program at HBOI utilizing the JOHNSON-SEA-LINK  JSL!
submersibles and scuba has enabled HBOI/DBMR scientists to sample over 16,000 marine
organisms from around the world to depths of 915m. HBOI has supplied NCI's anticancer
program with deep and shallow marine organisms as well. DBMR's staff of 26 biologists,
chemists, and microbiologists collect, screen, purify, and structurally identify the novel
biologically active compounds from these samples. This paper summarizes some of the
results from the first five years of HBOI" s research on marine natural products.

METHODS

Collections

Samples were collected with the JOHNSON-SEA-LINK  JSL! submersibles,
HYSUB ROV, scuba, snorkel and wading, dredge and trawl. The 4-person JSL
submersible, owned and operated by HBOI, is capable of diving to 915m and is armed
with an array of photographic and collection equipment including manipulator arm with
clam-shell grab and suction hose; 12-rotating collection buckets; environmental data
recorder to log temperature, conductivity, salinity, depth and light; and 35mm and color
video camera systems  Tietze and Clark, 1986!. HBOI's HYSUB 40 ROV is a tethered
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vehicle with similar depth, photographic and collection capabilities as the JSLs  Clark and
Schilling, 1987!.

Scuba was a major collection method at depths less than 45m utilizing DBMR's
chemists and biologists as divers. HBOI, an AAUS member organization, previously
utilized the British Air Decompression Tables but in June 1988 adopted the DCIEM
 Canadian! Tables. These tables are more conservative than the USN Tables and allow for
multi-level diving. Dredges and otter trawls were used only on a few occasions when scuba
or submersibles were not feasible.

Sample Processing

Details of sample collection techniques, processing, and documentation were
developed by HBOI and used in NCI's contract for deep- and shallow-water collections of
marine organisms for anticancer research  Pomponi, 1988!. It is imperative that samples
for natural product drug research ate well documented and properly stored.

In situ documentation for HBOI collections generally consists of 35mm slides;
videotapes; environmental data logs; descriptions of organism morphology, color,
abundance, ecology and symbiotic relationships. Each sample was labeled with a collection
number and photographed on deck. Taxonomic vouchers for identification and museum
specimens were relaxed, if necessary, and preserved in formalin or ethanol. All samples,
sites, and bioactivity data were recorded onto a computerized database for ease of data
manipulation. Samples and extracts were stored at -200C.

Bioassays

Samples were pulverized with a Virtis grinder and were extracted with various
solvents  e.g., ethanol, methanol, toluene!. On most expeditions on HBOI vessels  R/Vs
SEWARD JOHNSON, EDWIN LINK, SEA DIVER! samples were assayed on board
immediately after collection. In 1988 samples were screened against the following assays to
test for biologically active compounds:

Antitumor. P388, mouse leukemia cells

Antiviral:

Antibacterial:
1! EC, Escherichia coli  gram - bacterium!, disc method
2! BS, Bacillus subti lus  gram + bacterium!, disc method
3! PA, Pseudomonas aeroginosa  gram - bacterium!, disc method

1! AN, Aspergillus nidulans  filamentous fungus!, disc method
2! CA, Candida albicans  pathogenic fungus!, liquid broth method
3! RPMI, Specific culture media for CA assay, liquid broth method
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HSV-1, Herpes simplex type 1  DNA type!
A59, mouse hepatitus virus  RNA type!
FELV, feline leukemia virus  RNA type!
PR8, influenza virus type A  RNA type!
ADNO, human adenovirus  DNA type!
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Immunomodulatory-
1! MLR, mixed lymphocyte response to determine;

ID - immunosupptession
IS - irnrnunostimulation
ID - IS - both responses
IS/NS - nonspecific-IS

2! LCV, lymphocyte viability  cytotoxicity!
3! Mitogen panel.

These assays are used as primary screens because they are relatively rapid,
reproducible, and reliable.

Chemical Isolation and Elucidation

Samples that were active from the primary screens were prioritized for further
chemical isolation and finally structure elucidation by DBMR chetnists. Bioactive
cotnpounds were isolated from the crude extract through purification steps using
extractions and various chromatography techniques. Once isolated, the chemical structure
was determined. IR, UV and mass spectroscopies were used to define functional groups
and formulae. Nuclear magnetic resonance spectroscopy  NMR! was used to determine
total structure. If the compound was crystalline, then the structure may have been
elucidated by x-ray crystallography.

Microorganistn Culture

Micro-algae, fungi, bacteria, «nd actinomycetes were isolated from sediments,
macroorganisms and other environmental samples. Generally, the samples were ground or
sonicated, aliquots plated on various agarized media, and incubated. Individual colonies or
strains were purified by restreaking on various media under various conditions, e,g,,
antibiotics, temperature, and light. Selected strains were then scaled up, t.e., volume
increased, to use in the assay program.

Sponge Culture

DBMR's sponge cell culture program was initiated in 1988. Various techniques for
cell dissolution, microbial contaminant control, and media growth are being used to
determine the feasibility of culturing bioactive sponges.

RESULTS

Collection Summary

Between March 1984 and July 1989 HBOI/DBMR personnel cotnpleted 30
expeditions for collections of marine organisms to discover novel bioactive compounds.
Geographical locations included the Bahama Islands, Belize, Grand Cayman Island,
Venezuela, Colombia, Lesser Antilles, Gulf of Mexico, Florida, South Carolina, Georgia,
Alaska, Spain, Galapagos Is/ands, Cocos Island  Costa Rica!, Pearl Islands  Panama!,
American Samoa, Australia, New Zealand, and Seychelles. A wide diversity of marine and
brackish habitats were sampled including deep continental and island slopes, deep and
shallow fore-reef slopes and escarpments, fringing and platform reefs, patch reefs, deep-
water Octdina and Lopheh'a coral banks, rhodolith banks, caves, grassbeds, oyster beds,
kelp forests, tnangrove lagoons, sand and mud flats, hardgrounds, intertidal rocks,
wrecks, pilings, buoys, and jetties.
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During this five year period 16,670 marine macroinvertebrates and macroalgae were
collected. Not included in these results are 1800 shallow-water samples collected in
Australia and New Zealand through a subcontract with HBOI for NCI's anticancer
collection contract. A total of 1591 scuba dives for a bottom time of 955.9 hours was
compiled along with 243 JSL submersible dives  Table I!. The JSL collections to depths of
915m accounted for 4613 samples �7.7% of total! while scuba and snorkeling collected
10,882 samples �7.7% and 17.6%, respectively!. Trawl and dredge were only used on
four expeditions collecting 979 samples from 5 to 168m. The HBOI HYSUB ROV was
used extensively only on one cruise collecting 196 samples during 31 dives.

Table i. Dive summary for HBOI/DBMR from March 1984 to July t989

Submersible JSL ROV  H subScuba
¹ of ¹ Dives B.T. ¹ of

Samples  hr} Samples
¹ Dives B.T.

 hr!
¹ Dives B.T. ¹ of

 hr! Samples

31 91.0 196

31 91.0 196Total 1591 955.9 7955 243 674.6 4613

¹ Samples
per dive 5.0 6.319.0

¹ Samples
per hr B.T. 2,16.88.3

1! Scuba: ¹ dives - total ¹ of irxlividual dives; B.T. - bottom time in hours of all divers.
2! Sub a ROV: B.T, ~ total dive bmee fram launch to recOVery.

A comparison of sampling efficiencies among the collection methods indicates that
the submersible and scuba are similar in number of samples collected/hour of bottom time
�.8 and 8.3, respectively!  Table 1!. The JSLs averaged 19 samples/dive compared to 5
samples/scuba diver. However, considering that the JSLs carry 4 individuals then the
samples/diver are similar for scuba and submersibles. Although the ROV only collected 2.1
samples/hour of bottom time, it is expected that this could increase with experience arid
greater system reliability. This was a pilot cruise for HBOI's ROV and represented the first
major collection expedition for scientific purposes ever made using an ROV.

Bioactivity Summary for 1988

During 1988, 2142 samples were collected by DBMR scientists at 147 sites off
Colombia, Venezuela, Bahamas, Georgia, South Carolina, and Florida. Dominant taxa
consisted of porifera �2.7%!, cnidaria �9.2%! and algae �7.6%}  Fig. 1!. Overall, 28-
29% of all samples collected showed some activity in the primary screens within the
antiviral  AV!, antifungal  AF!, antibacterial  AB!, and immunomodulatory  IM! programs,
and 17% activity for the P388 assay of the antitumor  AT! program  Table 2!, Individual
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1984
1985
1966
1987
1988
1989

189 96 4
384 220.4
235 139.7
183 99.8
350 211.6
250 188,0

1158
1709
2041

646
1298
1103

38 88.6
63 172.1
41 121.8
41 109.5
26 85.0
34 97.6

968
1426

844
660
366
349
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assays within each program ranged from a low of 0.1% � samples! active for the ADNO
assay to 27.4% �86 samples! for the BS assay.
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'feb!e 2. Bioactivity summary for 1988 HBOf/DBMR eolieetloas by assay, depth aod
pbyiam

OEPTH PHVLlhl
>100' clOD' PQR CNI Arel t3el kKX IBIY E34 ASI CH. PHA ISO hl4i CYA

TOTAL e SAMPLES 2142 735 1407 1130 412 16 3 20 6 60 105 130 80 124 12 44

5 ACTIVE

ASSAY

P388 17 18 16 19 27 0 D 0 0 0 12 4 0 4 0 11Ant itumor

Antiviral

A ntlb act ariel
es
PA
TOTAL

2 0 0
11 17 9
D 0 0

11 17 9

0 2 4 0 0
0 7 15 22 15
0 2 1 0 1
0 8 15 22 16

Antilun9al AN 10
CA 12
CA-RPM 26
TOTAL 2e

2 0 5
6 17 11
5 50 14
8 50 16

21 18 50 67 35 50 18 19 18 26
1 0 0 0 0 0 0 0 0 D
0 0 0 0 D 0 0 1 0 0
6 2 0 0 0 0 2 4 4

32 21 50 67 45 50 20 26 24 28

20 8 27
1 0 0
0 0 0
1 8 9

24 17 39

POR - Porileni. CNI - Cnidaria, ANN - Annelida, CRU - Crustacea, MOL - Molluscs, BRY - Bryazoa, ECH - Echinodermata,
ASI - Aacidiaoea, CHL - Chtorcphyta, PHA - Phaeaphyta, RHO � ~yta, ANG � Angiospermala, CYA - Cyanaphyta
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A59
FELV
PRB

TOTAL

lmmunomodulalory ID
IS
ID-IS
IS/NS
TOTAL

7
11
12
6
0

29

6
27

5
29

21

0
5

29

7 6
9 11

15 11
10 4
0 0

34 26

7 6
31 26
8 3

34 27

13 8
17 10
34 21
37 23

25 19
1 0
1 0
5 4

26

8 6 0
13 11 0
15 9 13
8 6 0
0 0 D

35 26 13

1D 2 0
32 35 0
8 2 0

34 36 D

13 8 6
16 12 0
38 16 0
40 18 0

33 0
0 0

33 15
33 0
0 0

67 15

0 0
0 10
0 0
0 10

0 15
D 0
D 0
0 10

0 2 6
17 2 11
0 1D 11
0 2 2
D D 0

17 15 26

0 8 8
0 5 3
0 10 9
0 10 11

3 1
4 5
5 10
2 6
0 1

14 19

1 0
3 1
6 16
9 16

3 5 8 I
17

0 9
17 7
33 14
8 0
0 0

42 27
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discovered by HBO1/DBMR
BIOACTIVITY
P388

Table 3. B lo log, l cally
CCMPQL883
1. Cyclodercltln

active novel compounds and affiliates
REFERENCES
Gunawardana et al.,
 in press!
Gunawardana et al.,
 in press!

R3LECE
Dercitus sp.  sponge!
Bahamas.152m.JSL sub
Slellata sp.  sponge!
Bahamas.70m,JSL sub

P3SS,immunosuppressiveZ. Nordercilin
Dercffamln,
Derct tarn tde

3. Btplnnatin A,B,C,D Wright et aL,
{in press!

P3SSPseudopleroporpia
bipinnate  porponian!
Bahamas
Mycale sp  sponge!
New Zeaiand

Burres and Clement
sees

P38S  in vivo!,
human lumor in vivo-
colon, mammary, lung!
P3$8,human tumor
cells l e uk em i a, lung,
colon!
antifungal  Ca!

4. Mycaiamlde A,B

Burres and Clement
'f 989

Theoneila sp  sponpe!
Japan

5. Onnamide

Wright et al�
1989
Covet et at..
1986

lrcinia sp.  sponpe!
Bahamas.119m,JSL sub
Briareum asbesllnum
 gorgonl an!
Bahamas,2m
Sponposo rites sp.
 sponge!, Bahamas
174-355m,JSL sub
Latruncufla brevis
 sponge!, New Zealand,
Prianos sp. sponpe!,Japan
Xeslosponpia sp.
 sponge!, Japan
Hallclona sp.
 sponpe!,Japan
Derct tus sp.  sponge!
Bahamas,t egm JSL sub

6, Sulfircln

7. Briantheln V P386.A59

P388 in vivo!,
human tumor  in vivo-
melanoma!, HSV-I, VSV,A59
P388  in vlvo!

Tsuiii et al.,
1988

8. Tcpsentln,
Bromotopsen tin

Perry et al.,
198S

9. Diecorhabin D

Ichiba el al.,
19$e
Sakai et al,
1 986.1987
Gunawardana et al..
1988

P3$610.Manzamine E,F

11.Manzamine A.B.C

12 Derci tin

P3$8

P388 ln vive!,
HSV-1.A59,
Immunosuppressive
P388.human tumor
cells lunp,mammary,colon!

Drapmaddon sp,
 aponge!
Bahamas,146m JSL sub
Theonella sp.
 sponge!,Japan
Epipolasis relswigi
 spon9e!
Bahamas,330m,JSL sub
Spongia sp.  sponge!
Bahamas.203m,JSL sub
Didiscus flavus  sponge!
Bahamas,Bellze
3-139m,JSL sub
Strongytophora
harlmani  sprmpe!
225m,JSL sub
Acalycigorgia sp.
 gorg onian!,Japan
Plakorlis Sp.
 sponge! Japan
Cribrochalina dura
 sponge!
Bahamas.12m
Tubaslrea sures
 coral!, Japan
Laurencia venusta
 red algae!, Japan

Kohmoto el al.,
tsee

13,Drapmacldln

Sakai et al.,
1986
Kashman et al�
19S7

14,Misaklnolide A

15.Relswlgins A,B

P3$8,human tumor
cells antifungal Ca!
HSV-1.VSV,A59

16. Isosponpiadol P388, HSV-1 Kohmolo et al.,
1987
Wright et al.,
19S7

17.Curcuphenot,
Curcugot

P3SS human lumor
cells lung. mammary,
colon!, antifungal Ca!
P388  in vivo!,human
tumor cells lung, mammary,
colon!, antifungal  Ca!
P388,immunostimula tory,
antifungal Ca!
P3$8

18.Puupehenone Kohmoto et al.,
t987

19.Azulene

ZO.Peroxides

21 .Duryne

Sakemi and Hips,
1987
Saksmi et al.,
1987
Wright el al.,
1987

P3$$,human tumor cells
 lung mammary colon!

22. Tubas fr inc

23. Venusfatriol

HSV-1,VSV

HSV-1,VSV

Sakai and Higa,
1987
Sakemi el al,
1966
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'Assays in vilro except where noted in vtvo.
P386- mouse leukemia assay, HSV1- Herpes simplex type 1 virus,
A59- mouse corona hepalilus virus, VSV- vesicular stomatitus virus,
Ca- Candida abicans antifungal assay.
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The distribution of bioactive samples for deep- and shallow-water collections were
similar, although a slightly greater percentage of deep samples were active in nearly all
bioassays  Table 2, Fig. 2!. In general, the most bioactive phyla for all primary screens
were porifera, cnidaria, ascidiacea, and algae  including blue-green algae!, Other taxa such
as annelida, crustacea, mollusca and bryozoa, which were relatively uncommon in the
collections, were primarily active in the IM and AV programs. The most sensitive
individual assays in terms of percentage of samples active for the various phyla were the
FELV, BS, and CA-RPMI assays whereas the ADNO assay and inununostimulants  within
the IM assay! rarely tested positive.

Culture Programs

DBMR's culture progratn has isolated and cultured over l70 strains of
cyanobacteria and diatoms from macroorganisms and environmental samples. Seven
separate strains including Synechecoccus sp. and JVostoc sp. have been scaled up to 250-1
cultures. Strains of over 1000 heterotrophic microorganisms  fungi, bacteria, and
actinomycetes! also have been isolated, cultured, and tested for bioactivity.

Within the sponge cell culture program starting !ast year, viable cells from 25
species of deep- and shallow-water sponges have been inaintained in culture.

Novel Bioactive Compounds

By the end of 1988, DBMR and affiliates had determined 200 chemical structures
of biologically active compounds from their collections. Nearly 509& of these were novel
compounds. These have resulted in 14 issued and allowed patents and 44 publications on
novel structures. Table 3 lists some of the novel compounds with bioactivity that were
discovered by DBMR scientists.

DISCUSSION

Collections

HBOI's program for biomedical marine research has in a short span of 5 years
discovered numerous bioactive novel coinpounds with potential for drug development
 Table 3!. Expeditions with the JOHNSON-SEA-LINK submersibles have resulted in the
first major collections of deep-water organisms for marine natural product research  Boyd
et al,, 1988!. The sampling and photographic equipment outfitted on HBOI's ROY was
developed for our program. This was the first ROV ever to be developed with such an
array of tools specifically for scientific research.

Surprisingly, the sampling efficiencies for submersible and scuba were quite similar
 Table 1!. A true comparison of efficiencies among the different collection methods is
difficult. Consideration also must be given to the quality of samples as well as to in situ
documentation, cost and safety. Collections by the JSL submersibles ate costly  Haskell et
al., 1987! but allow for complete documentation of deep-water samples with photographs,
videotapes and environmental data. In the near future ROVs may approach JSL's
capabilities at a cheaper price. ROVs, while limited by currents and lack of panoramic
vision compared to the JSLs are capable of longer submerged time per operating day.
Theoretically, with sufficient personnel, a research ROV could operate 24 hours a day.
Limitations of scuba are depth, bottom time and safety. Dredge and trawl collections
provide the least amount of i n situ documentation and lower sample quality.
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Table 4. Pcrcenlase of epcciex active a8alnxt antiviral  Xsv-t!,
cytotoxic  P388!, and antimicrobial  hM! axxays from XSOl, New Zealand
and hip ha Xcl I x col lee tlona.

P-388HSV-1

HBOI hE HBOI NZ AHHBOI hE AH

1! HBOI- this study, 1988 data.
2! NZ- New Zealand, Munro et al. �989!; AM, using E. coli,

P. aeroginosa, B, subtilis, or C. albicans.
3! AH- ALPHA HELIX Caribbean expedition, Rinehart �988!;

AM, using E, coii, B. subtilis, Saccharornyces cerevisiae.
Peniciiiium artroveneturn.

In addition to the objectives of the program, i.e., drug discovery, several "spinoffs"
resulted from the collections. Information on systematics, taxonomy, species distributions,
ecology, behavior and geology have been compiled from over 1800 submersible and scuba
dives. Museum vouchers deposited at the Smithsonian Institution, Washington, D.C. and
HBOI's IRCZ museum represent the first extensive collection of deep-water marine
organisms from the Galapagos Islands  Pomponi and van Hock, 1987!. The sponge
voucher collection has resulted in the systematic revision of the Halichondrida using
chemotaxonomic techniques  Pomponi et al., in press!.
Bioassays

On-board bioassays are important to prevent the loss of ephemeral active
compounds. On the RfV ALPHA HELIX expedition, Rinehart �988! discovered that the
bioactive compounds of a tunicate Erfdisfoma would have been missed without on-board
screening because of rapid compound decay. Also, active species may be recollected and
inactive species may be avoided during an expedition with on-board screening.

In an analysis of JSL submersible collections from the western Caribbean in 1985
and the Galapagos Islands in 1986, Rinehart �988! reported that bioactive species were
generally evenly distributed by depth at least to 760m. Our results from 1988 data actually
indicate a slightly greater percentage of activity for all assay programs at depths �0m
 Table 2!. Rinehart �988! and Munro et al. �989! also reported an increase in antitumor
 AT! activity but reduced antimicrobial  AM!, antiviral  AV!, and antifungal  AF! activities
in deeper water. A review of our data does not support these conclusions.
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Porifera
Cnidaria

Echi node rrn,
Ascidea

Bryozoa
Mollu sea

Chio rophyta
Phaeophyta
Rhodophyta

37 14

3 17

63 16

28 23

27 0

18 0

25 7

52 25

22 17

19 52

27 21

5 33

12 64

0 39

0 42

4 17

0 64

4 45

34 26 29
36 6 11

8 38 10
15 41

0 19 0

10 8 3

22 17 7

16 37 3

11 27 7
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A comparison of our 19S8 bioactivity data with the ALPHA HELIX Caribbean
expedition  Rinehart, 1988! and New Zealand collections  Munro et al., 1989! shows that
porifera, echinodermata, cnidaria, ascidiacea and algae were the dominant bioactive taxa
 Table 4!. However, some distinct zoogeographical differences are apparent in the
bioactivities of various phyla. For example, in New Zealand, mollusca, bryozoa, and
ascidiacea exhibited a much higher relative incidence of bioactivity and cnidaria a lower
incidence of activity compared to the HBOI and ALPHA HELIX expeditions. Although
there are differences in the relative distribution of dominant taxa for the subtropical-tropical
collections in the Atlantic and Caribbean versus the temperate and sub-antarctic collections
in New Zealand, the differences in the relative percentages of the active phyla are quite
evident  Table 4!. Furthermore, in a study of California sponges, Thompson et al. �98S!
reported much higher antimicrobial activities than either of the Atlantic-Caribbean
collections or the New Zealand study �0% overall antimicrobial; 23% E. coli, 53% B.
subti jis!.

Sources of Marine Natural Products

One barrier to the development of natural products as a source of drugs is
availability  Suffness and Thompson, 19SS!. Various avenues must be explored to
determine the feasibility of supplying sufficient quantities of pure active compounds for
clinical trials of a potential candidate drug. Recollections may be considered if the
compound cotnes from one or more species that are sufficiently abundant and are not
endangered in nature.

Fermentation or culture of bioactive microorganisms is another potential source
 Armstrong and van Baalen, 1979; Moore et al., 198S!. In some cases the activity
associated with a macroorganism may result from a microbial symbiont, The bacterial
content of some sponges, for example, may account for 38% of the sponge tissue volume
 Bergquist and Wells, 1983!. The feasibility of sponge tissue culture also is being
researched  S. Pomponi!, and aquaculture may be appropriate for some macroorganisms.

Another source of active cotnpounds is chemical synthesis of novel compounds or
their analogues. This is especially protnising for simple compounds and polypeptides.
Chemical synthesis has been achieved for the bioactive marine compounds prostaglandin
from the octocoral Plexaura and manaolide from the sponge Lqffariella  Garst et al., 1986!.
Genetic engineering or gene splicing to produce active compounds from marine organistns
has not been accomplished but may be an option in the future.

Potential for Drug Candidates

To date, only one marine-derived compound, didemnin B from the tunicate
Trididemnttm, has proceeded as far as NCI's phase II clinical drug trials to determine
effectiveness against 22 human cancers  Suffness and Thompson, 1988!. New screens
with greater specificity for the tnechanism of action for human diseases may provide a
greater success rate of developing drugs from marine natural products.

One method is the molecular target approach, which uses biochemical markers as
targets for potential antitutnor agents. For example, HBOI discovered the novel compound
topsentin from a marine sponge which inhibits tumors  Tsujii et al., 1988!, Its mechanism
of action is through the inhibition of DNA topoisomerase which is an enzyme that is
required for DNA replication by unlinking chromosomes prior to cell division.

Natural product research in the marine environment is relatively young and
unexplored. The novel compounds discovered by HBOI and other investigators are
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potential candidates for tomorrow's pharmaceutical drugs and agricultural products. Only
through the cooperative efforts among biomarine research institutions, governmental
research groups, and industry can mankind fully benefit from the exploitation of marine
natural products.

ACKNOWLEDGEMENTS

We thank Amy Wright for providing the bioactivity data and Oliver McConnell for
reviewing early drafts of the manuscript. We appreciate the cooperative efforts of the ship
and submersible crews of R/Vs SEA DIVER, EDWIN LINK, and SEWARD JOHNSON
and JOHNSON-SEA-LINK I and II subrnersibles. I especially thank Sherry Reed for her
support and also assistance with the literature. This is contribution number 734 from
Harbor Branch Oceanographic Institution.

LITERATURE CITED

Armstrong, J.E. and C. van Baalen. 1979. Iron transport in microalgae: the isolation and
biological activity of a hydroxamate siderophore from the blue-green alga
Agmenellum quadruplicarum. J. Gen. Microbiol. 3: 253 - 262.

Bergmann, W. and R.J. Feeney. 1950. The isolation of a new thymine pentoside from
sponges. J. Amer. Chem. Soc. 72: 2809.

Bergquist, P.R. and R.J. Wells. 1983. Chemotaxonomy of the porifera: the development
and current status of the field. pp. 1-50, In: P.J. Scheuer  ed.!. Marine Natural
Products, Vol. V, Academic Press, N.Y., 442 pp.

Boyd, M.R., R.H. Shoemaker, G.M. Cragg, and M. Suffness. 1988. New avenues of
investigation of marine biologicals in the anticancer drug discovery program of the
National Cancer Institute. pp. 27 - 44, In: C.W. Jefford, K.L. Rinehart, L.S.
Shield  eds!. Pharmaceuticals and the Sea, Technomic Publ. Co., Penn., 160 pp.

Burres, N.S. and J.J. Clement. 1989. Antitumor activity and mechanism of action of the
novel marine natural products Mycalamide -A and -B and onnamide. Cancer Res.
49: 2935 - 2940.

Clark, A.M. and T. Shilling. 1987. Remote manipulation systems for research ROVs.
Undersea Teleoperators and Intelligent Autonomous Vehicles. MITSG 87-1: 101-
113.

Coval, S.J., S. Cross, G. Bernardinelli, and C.W. Jefford. 1988. Brianthein V, a new
cytotoxic and antiviral diterpene isolated from Briareum asbesrinum. J. Nat. Prod.
51: 981 - 984.

Faulkner, D.J. 1984a. Marine natural products: metabolics of marine algae and herbivorous
marine molluscs. Nat. Prod. Repts. 1: 251 � 280.

Faulkner, D,J. 1984b. Marine natural products: metabolites of marine invertebrates. Nat.
Prod. Repts. 1: 551 - 598.

Fenical, W. 1982. Natural products chemistry in the marine environment. Science 215: 923
� 928.

284



Reed and Pompoai: Drags and sorel compounds front lke sea

Fisher, B. 1988. Effective adjuvant chemotherapy for solid tumors, breast and colorectal
cancers. pp, 253-265. In: J.G. Fortner and J.E. Rhodes  eds!. Accomplishments in
Cancer Research, J.P. Lippincott Co., Phil, 381 pp.

Garst, M.E., E.A. Tallman, J.N. Bonfiglio, H. Harcourt, E.B. Ljungwe, and A. Tran.
1986. Total synthesis of manoalide. Tetrahedron Letters 27: 4533 - 4536.

Gunawardana, G.P., S. Kohmoto, and N.J. Burres. In press New cytotoxic acridine
alkaloids from two deep water marine sponges in the family Pachystrellidae.
Tetrahedron Letters.

Gunawardana, G.P., S. Kohmoto, S. Gunasekera, O. McConnell, and F. Koehn. 1988.
Dercitin, a new biologically active acridine alkaloid from a deep water marine
sponge, Dercirus sp. J. Amer. Chem. Soc, 110: 4856 - 4858.

Haskell, B,D., J.D. Witman, and R.S. Steneck. 1987. The complimentary use of
subrnersibles and scuba: an example from the Gulf of Maine. pp. 99 - 111. In.
M.A. Lang  ed!. Proceedings of Coldwater Diving for Science Symp., Seattle,
Wash., 1987, American Academy. Underwater Sciences, Costa Mesa, CA. 309
PP.

Ichiba, T., R. Sakai, S. Kohmoto, G. Saucy, and T. Higa. 1988. New manzamine
alkaloids from a sponge of the genus Xesrospongia. Tetrahedron Letters 29:3083-
3086.

Kashman, Y., S. Hirsh, F. Koehn, and S. Cross. 1987. Reiswigins A and B, novel
antiviral diterpenes from a deepwater sponge. Tetrahedron Letters. 28: 5461-
5464.

Kim, S, 1967. Studies on tumors and antineoplastic drugs in traditional oriental medicine
in China, Korea, and Japan. New Med. J.  Korea! 10: 56 - 58.

Kohtnoto, S., Y. Kashman, O.J. McConnell, K.L. Rinehart, Jr., A. Wright, and F.
Koehn. 1988. Dragrnacidin, a new cytotoxic Bis  indole! alkaloid from a deepwater
sponge, Dragmacidon sp. J. Org. Chem, 53: 3116 � 3118.

Kohmoto, S., O.J. McConnell, A. Wright, and S. Cross. 1987. Isospongiadol, a
cytotoxic and antiviral diterpene from a Caribbean deepwater marine sponge,
Spongia sp. Chemistry Letters 1987: 1687 - 1690.

Kohtnoto, S., O. McConnell, A. Wright, F. Koehn, W. Thompson, M. Lui, K. Snader,
1987. Puupehenone, a cytotoxic metabolite from a deepwater marine sponge,
Srrongylophora hanmani. J. Nat. Prod. 50: 336.

Moore, R.E. 1981. Constituents of blue-green algae. pp. 1-52, In. P.J. Scheuer  ed!.
Marine Natural Products, Vol. IV, Academic Press Inc., N. Y., 199 pp

Moore, R.E., G.M. Patterson, W W. Carmichael. 1988. New pharmaceuticals from
cultured blue-green algae, Mem Calif. Acad. Sci. 13: 143 � 150.

Munro, M.H.G., G. Barns, C.N. Battershill, R.J. Lake, and N.B. Perry. 1989. Biological
activity in New Zealand marine organisms. Putz and Apply. Chem. 61: 529 - 534.

285



Diving for Science...l989

Munro, M.H.G., R.T. Luibrand, and J.W. Blunt. 1987. The search for antiviral and
anticancer compounds from marine organisms. pp. 93-176, In: P.J. Scheuer  ed!.
Bioorganic Marine Chemistry. Vol. I, Springer-Verlag. N. Y., 185 pp.

Paul, V.J. and W. Fenical. 1987. Natural products chemistry and chemical defense in
tropical marine algae of the phylum Chlorophyta. pp. 1-29, In: P.J. Scheuer  ed!.
Bioorganic Marine Chemistry. Vol. I, Springer-Verlag, N. Y. 185 pp.

Perry, N.B., J.W. Blunt, M.H.G. Munro, T. Higa, and R. Sakai. 1988. Discorhabdin D,
an antitumor alkaloid from the sponges Latrunculia brevis and Prianos sp. J. Org.
Chem. 53: 4127 � 4128.

Pomponi, S.A. 1988. Maximizing the potential of marine organism collections for both
pharmacological and systematic studies. Mem. Calif. Acad. Sci. 13: 7 - 1L

Pomponi, S.A. and S. van Hock. 1987. The search for unique drugs from the Galapagos
marine environment. Oceanus. 30: 69 - 71.

Pomponi, S.A., A.E. Wright, M.C. Diaz, and R.W.M. van Soest. In press. A systematic
revision of the central Atlantic Halichondrida  Demospongia, Porifera!. Part II:
Patterns of distribution of secondary rnetabolites. In: H, Keupp and J. Reitner
 eds!. Proc. Intern. Conf. of Fossils and Recent Sponges, Springer-Verlag, Berlin,
1988.

Rinehart, K.L. 1988. Screening to detect biological activity. Mem. Calif. Acad. Sci. 13: 13
- 22.

Rinehart, K.L. and L.S. Shield. 1987. Biologically active marine natural products. pp.
194-212, In: B.D. Davis,.T. Ichikawa, K. Maeda, and L.A. Midscher  eds.!.
Horizon of Antibiotic Research, Proc. Symp. Dedicated to Late Prof. H.
Umezawa, Antibiotic Research Associates, Japan.

Sakai, R. and T. Higa. 1987. Tubastrine, a new guanidinostyrene from the coral Tubastrea
aurea. Chemistry Letters. 1987: 127 - 128.

Sakai, R., T. Higa, C. Jefford, and G. Bernardinelli. 1986. Manzamine A, a novel
antitumor alkaloid from a sponge. J. Amer. Chem. Soc. 108: 6404 - 6405.

Sakai, R., T. Higa, Y. Kashman. 1986. Misakinolide-A, an antitumor macrolide from the
marine sponge Theonella sp. Chemistry Letters 1986: 1499 - 1502.

Sakai, R., S. Kohmoto, T. Higa, C. Jefford, and G. Bernardinelli. 1987. Manzamine B
and C, two novel alkaloids from the sponge Haliclona sp. Tetrahedron Letters 28:
5493 � 5496.

Sakemi, S. and T. Higa. 1987. 2,3-Dihydrolinderazulene, a new bioactive azulene pigment
from the gorgonian Acalycigorgia sp. Experientia 43: 624 - 625.

Sakemi, S., T. Higa, U. Anthoni, and C. Christophersen. 1987. Antitumor cyclic
peroxides from the sponge Plakortis lita. Tetrahedron 43: 263 � 268.

Sakemi, S., T. Higa, C. Jefford, and G. Bernardinelli. 1986. Venustatriol. A new,
antiviral, triterpene tetracyclic ether from Laurencia venusta. Tetrahedron Letters 27:
4287 � 4290.

286



Reed and Pomponi: Drags and novel cwepounds from the sea

Shimizu, Y. and H, Karniya. 1983. Bioactive marine polymers. pp. 391-427, In; P. J,
Scheuer  ed.!. Marine Natural Products, Vol. V, Academic Press, 442 pp.

Suffness, M. and J.E. Thotnpson. 1988. National Cancer Institutes' role in the discovery
of new neoplastic agents. Mem. Calif. Acad. Sci. 13: 151 - 157.

Tietze, R.C. and A.M, Clark. 1986. Remotely operated tools for undersea vehicles.
Current practices and new technology in ocean engineering. ASME OED ll: 219-
223.

Thompson, J.E., R.P. Walker, and D.J. Faulkner. 1988. Screening and bioassays for
biologically-active substances from forty marine sponge species from San Diego,
California, U.S.A, Mar, Biol 88: 11 - 21

Tsujii, S., K.L. Rinehart., S.P. Gunasekera, Y. Kashman, S. Cross, M. Lui, S.
Pomponi, and C. Diaz. 1988. Topsentin, Bromotopsentin and
dihydrcde>xybromotopsentin; antiviral and antitumor Bis  indolyl! irnidazoles fram
Caribbean deep sea sponges of the family Halichondridae, Structural and synthesis
studies. J. Org. Chem. 53: 5446 - 5453.

Wright, A.E., N.S. Burres, and G.K. Schulte. In press. Cytotoxic cernbranoids from the
gorgonian PSeudoprerogorgia bipirinata. TetrahedrOn LetterS.

Wright, A.E., P.J. McCarthy and G.K. Schulte. 1989. Sulfircin: a new sesterterpene
sulfate from a deep-water sponge of the genus Irci nia. J. Org, Chem. 54: 3472-
3474.

Wright, A.E., O. McConnell, S. Kohmoto, M. Lui, W. Thompson, and K. Snader. 1987.
Duryne, a new cytotoxic agent from the marine sponge Cribrochalina dura.
Tetrahedron Letters 28: 1377 - 1380.

Wright, A.E., S.A. Pornponi, O.J. McConnell, S. Kohmoto, and P,J, McCarthy. 1987,
 +! Curcuphenol and  +! curcudiol sesquiterpene phenols from shallow and deep
water collections of the marine sponge Didiscus flavus. J. Nat. Prod. 50: 976-
978.

287





SAMPLING THE BOTTOM IN LOW VISIBILITY

Ann Scarborough-Bull
Minerals Management Service
Gulf of Mexico OCS Region

Office of Leasing and Environment  LE-2!
1201 Elmwood Park Boulevard

New Orleans, LOUISIANA 70123-2394 U.S.A.

Aspects of sampling, using scuba in low visibility conditions   I ft!, are
discussed wi th reference to annual forecasts of potential oyster resources in
coastal Louisiana. Commercial oyster resources were forecast for the 1985,
1986, and I 987 seasons in part from bottom samples taken using scuba and
an aluminum meter square. The abundance of oysters in a community was
assessed at a total of nine stations each year in two separate coastal
ernbayments: three stations on fossil clamshell reefs and six stations on
natural oyster reefs. Three replicate meter square samples were taken at each
station. The hypothesis that these replicate samples, taken i n close proxi rni ty
from a uniform bottom using scuba during conditions of low visibility,
would be random is not always true when the data are subjected to stansncal
analyses. A Chi Square test of randomness reveals significant differences
within some replicates each year. This study ~ould indicate that in
conditions of low visibility a scuba diver may introduce bias into the
sampling scheme,

INTRODUCTION

The State of Louisiana manages over 1,000,000 acres of oyster reefs as public
oyster seed grounds, seed reservations, and public tonging grounds. Since 1926, the State
of Louisiana has planted over 1,000,000 cubic yards of cultch material on the southeastern
public grounds and reservations either to create new reefs or to increase production on
existing reefs. Fossil clamshell  Rangi a cuni ata! has been the preferred cultch material since
the mid-1960's. The southwestern public grounds have not received cultch plants and
remain as natural oyster reefs.

Assessment of the Louisiana oyster fishery through an annua1 monitoring program
is essential to the effective management of those resources. Effective management allows
maximum utilization of the present resources while also protecting and enhancing the
resources for future use. Managerial decisions are based on analyses of data from a
program that monitors Louisiana's oyster resources on oyster grounds and reservations
located in designated coastal study areas  CSA!  figure 1!. Part of the yearly monitoring
program estimates the density and abundance of oysters using data from an assumed
random square meter method with scuba gathered in late May or early June. Analysis of
square meter samples generates an average number of seed and market oysters per square
meter and is extrapolated to determine the resources on individual reefs. The State of
Ixiuisiana publishes an annual forecast of the availability of oysters within each CSA. The
forecast is used by resource managers and by fishermen.
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Scnrborougb-Built Sompiiug the bottom iu low visibility

Oyster seed reservations in CSA ill are located in Hackberry Bay  figure 2! and
consist of three main areas of fossil clamshell reefs. The public grounds in CSA Vll are
located in Calcasieu lake  figure 3! and consist of six main areas of natural oyster reefs, ln
Hackberry Bay, fishermen dredge l-year old sccd oysters  l-3 inches!, which they
transport and bed  plant! on private, leased waterbottoms. Tbete thc oysters grow for an
additional 6 to 9 months before harvest. ln Calcasieu Lake, fishcrmcn harvest only
marketable oysters  � inches! by hand tonging.

Figure 3. Calcasieu Lake public oyster grovutts sbotylng six main areas of
natural oyster reefs where replicate bottom sam plea erere taken each year.
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Using scuba while working with large heavy sampling equipinent in low visibility
over a jagged bottom presented both obvious and hidden logistic and safety problems. In
addition, the State of Louisiana assumed that the replicate sainples were random and that
the subsequent annual forecast of oyster resources available to fishermen during the
upcoming season was valid.

This paper has a dual purpose, that of examining the hypothesis that the
methodology did not bias the samples and possibly invalidate annual forecasting and that of
relating the conditions and problems related to bottom sampling with scuba in low
visibility.

MATERIALS AND METHODS

The author collected annual bottom samples on three clamshell reefs in Hackberry
Bay from 1985 to 1988 and on six natural oyster reefs in Calcasieu Lake froin 1985 to
1987. The same sampling method and equipment were used at the same station sites in both
locations each year. Although both locations offered near-zero visibility, the southeast
location was usually calm, sunny, and warm. The southwest location was stormy and
always in flood condition.

The equipment consisted of a square aluminum frame with sides 1-meter long and a
plastic perforated bushel basket. The square meter had an additional piece of aluminum pipe
welded to one corner so that a surface line could be securely attached. The plastic basket
was weighted on the outside bottom and rigged with a bridle well above the mouth of the
basket for attachment of a surface line. At each station the square meter frame was cast at
random onto the reef acreage believed to contain live oysters. Three replicate square meter
samples were taken at each station. All oysters from each sample were counted and
measured.

The first year that samples were taken, the lines attached to the square meter and
basket were tied to the boat. This configuration presented no problem in Hackberry Bay.
However, during the first year's sampling at the southwest location, the boat could not
hold anchor, and the square meter, basket, and diver were treated to several unexpected
trips across the bottom of Calcasieu Lake. Thereafter, the lines attached to the square meter
and basket were tied to floats of different shapes and colors. Anchor dragging proved to be
the normal mode of operation in Calcasieu Lake during all three years of sampling.

Once the square meter was cast onto the bottom, the weighted basket was cast at the
square meter float. Entering the water, the diver gathered both lines at the surface and
followed the square meter line to the bottom  figure 4!. If necessary, the diver pulled the
basket to the square meter. Meanwhile, the boat moved away froin the station and diver.
All oysters anchor shell material within the frame were gathered and placed in the basket. At
that point the diver either signaled the boat by submerging the basket float or by surfacing
and signalling that the basket could be retrieved. The diver returned to the bottom and
moved the square meter approximately two body lengths froin the last spot on the reef.
When the float attached to the square meter had stopped moving, the boat would retrieve
the basket. If a sample was larger than one bushel, this information was relayed  verbally!
to the boat crew before the basket was retrieved and the diver moved away from the site
leaving the square meter and remainder of the sample in place. The contents of the basket s!
were double- or triple-bagged in burlap and tagged as to date, station, and sample number
by the boat crew. The empty basket was again cast at the square meter float. The entry of
the basket was usual/y audible, and the basket landed within an arm's or leg's length of the
diver. The diver was either ready to begin collecting the next sample or ready to complete
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collection of the existing sample. If the basket could not be located, the diver surfaced,
gathered both lines, and repeated the initial steps described above. After taking the third
sample at each station, the diver surfaced, swam to the boat, exited, and checked that the
previous two samples were tagged correctly. Then the boat retrieved the square meter and
the basket containing the third sample from the station. While enroute to the next station the
diver rehydrated and checked the diving and sampling equipment.

FigurC 4. A glamOrised Version or bOttOm sampnng in zero visibility.
Live boating using scuba, an aluminum square meter, and receiving
basket.

The hypothesis is that the replicate samples were randomly collected and unbiased;
deviations between the number of oysters in samples at a given station and year occurred
by chance alone. Secondarily, if the hypothesis is valid then the subsequent annual forecast
of oyster resources using data from the sampling was a valid estimate of oyster abundance.

A simple Chi Square test was used to examine randomness of the samples. The
number of oysters from the three samples at a given station and year were pooled, and the
average number of oysters per sample was obtained. This procedure was performed for all
stations and years. The actual number of oysters from each of the three samples for a
station and year was used as the observed frequency while the average number of oysters
per sample for the same station and year was used as the expected frequency. The Chi
Square formula was applied, a chi-square value determined for each station and year, the
table consulted with two degrees of freedom, and the confidence level determined. The
confidence level indicated the probability of chance deviation between the observed and
expected number of oysters at a given station and year. If the confidence level equaled or
was greater than 0.05 then the hypothesis was accepted  +! for that sample in that year. If
the confidence level was less than 0.05 then the hypothesis was rejected  -! for that sample
in that year.
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RESULTS AND DISCUSSlON

Chi Square Test for Randomness

The Chi Square test revealed that over 60 percent of the sampling was nonrandom.
At least one set of samples from the three Hackberry Bay stations was nonrandom in any
year. Except for 1988, samples from two of the three Hackberry Bay stations were
nonrandom every year  table 1!. None of the 1985 samples from the six stations in
Calcasieu Lake was random, while all but one of the samples from the same stations were
random in 19S6  table 2!. There was no pattern among stations at either location that
indicates an influence on sampling to the point of bias. Oyster samples taken from
clamshell reefs are easier to collect and handle than those from natural oyster reefs. The fact
that Hackberry Bay samples were taken from clamshell reefs and Calcasieu Lake samples
were taken from natural reefs does not appear to be the determining factor for
random/nonrandom collection.

Table 1. Cbl Sqnare test or randomness. CSA III Hackberry Bay clamshell oyster reefs.

YEAR STATION CONFIDENCE HYPOTHESIS
LEVEL

0.2
0.01
0.005

H-1
H-2
H-3

1985

0.005
0.25
0.005

H-1
H-2
H-3

1986

0.01
0.2
0.05

H-1
H-2
H-3

1987

0.01
0.25
0.25

H-1
H-2
H-3

1988

The author has no explanation for the conclusion that in the present study bottom
sampling of oysters in low visibility was not random. One would expect that not being able
to see would to some extent exclude bias. The author believes that a greater number of
replicates should be taken at each station, and that as the number of replicates increases the
data would yield a more valid basis for the annual State forecast. It is of some interest to
note that the last sampling performed in 1988 produced the greatest percentage of random
collections from Hackberry Bay. The author did not sample Calcasieu Lake in 19S8.
Perhaps the author's very neutral attitude concerning the outcome of the program at the time
influenced the IaSt Salnpling.

Diving Considerations and Concerns
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The State of Louisiana does not yet have a diving program or any standards for
personnel who might dive during the performance of their duties. Bottoln sampling with
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scuba had been performed for a number of years in the southeast CSA's by lauisiana State
biologists who were noncertified divers,

Tabte 2. Cki Square test of randomness. CSA VIt Calcasieu Lake naturai oyster reefs.

YEAR STATION CONFIDENCE HYPOTHESIS
LEVEL

0,005
0.005
0,005
0.005
0.005
0.005

C-1
C-2
C-3
C-4
C-5
C-6

1985

0.2
0,15
0.005
0,05
0.2
0.2

C-1
C-2
C-3
C-4
C-5
C-6

1986

0.25
0.005
0.005
0.005
0.005
0,005

C-1
C-2
C-3
C-4
C-5
C-6

1987

The author was a certified diver, had been diving 12 years, had collected square
meter samples, and had experienced low visibility conditions. The depth was
approximately 20 ft. There was never a stand-by diver at the surface, much less a buddy
with the diver while sampling took place. At best, the diver could request the same
technicians and boat operator in the different CSA's each year. The support personnel
knew little about scuba or specific safety procedures. They relied on the diver to ensure
his/her own safety. The author led a short discussion and orientation session with support
personnel each year in an attempt to optimize safety and successful sampling.
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Visibility literally fell to zero as soon as any movement took place on the bottom.
The bottom of both CSA's where the author sainpled consists of relatively soft clays,
sediments, and mud. Once this material becoines part of the water column, its final
destination includes every possible location in every visible and invisible piece of diver and
diving equipment. Many bottom organisms, including oysters, have sharp edges that will
abrade and cut hoses, hands, and knees. Hoses should be inspected between stations.
Protective clothing-gloves, coveralls, knee pads, and/or elbow pads-should be as
inexpensive as possible and expendable. Extra care must be taken to inspect pressure
gauges, tanks, and buoyancy coinpensators, and inside protective boots, pockets, and
seams. The scuba tank valve should be thoroughly rinsed with clean water before removing
the regulator. The first and second stages of the regulator should be rinsed with running
water and then soaked and inspected. The second stage should be disassembled, inspected,
and cleaned. If a piston regulator is used, and the diver is knowledgeable and comfortable
with the procedure, the first stage can be partially disasseinbled, cleaned, and inspected. If
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thc diver docs not feel comfortable with this task, thc first stage should be inspected at a
service facility before i! is used again.

lt is cxpcnsivc and difficult to arrange and coordinate field sampling that must be
performed at a particular time and place. Barring an actual emergency condition, it is often
expected that sampling  including with scuba! will be pcrformcd in any weather conditions.
Spare parts and extra equipment should bc standard in any field operation. In the present
study all samples in a C8A were taken in a single day, and the author had at least one set of
back-up equipment on site. The author chose to usc personal cquipmcnt and had one flin
replaced during thc three years of sampling.

It is often a problem for marine biologists to acquire adequate employment that
includes field operations as well as laboratory and office work. There may be employers
who expect the duties  not the job description! of a biologist to include the use of scuba
without a diving program or implementation of diving standards, When field operations
include the use of scuba, the employer must be tnadc aware of the safety and logistic
circumstances involved. Some acceptable level of procedures and standards should be in
place before any work is pcrformcd, If thc employer chooses to ignore or lessen the
importance of this information, the biologist-diver has a difficult decision to make, The
Ainerican Academy of Underwater Scicnccs  AAUS! is thc association upon which the
biologist-diver should bc able to rely for suppon in making that decision.
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TECHNIQUES FOR NEARSHORE
OCEANOGRAPHIC INSTRUMENT INSTALLATIONS

Wayne D. Spencer
Woods Hole Oceanographic Institution

Woods Hole, MASSACHUSETTS 02543 U.S.A.

4 number of tools and techniques usedi n the installation of oceanographic
instrumentation in rhe nearshore zone are presented. The di ver is central in
all of these techniques. In water less than 100 feet deep  which is the
primary deprh range associated with the author's work! the di ver has proven
to be effective. The use of diver-deployed wave gage mounts, subsurface
ride gages mounted on galvanized pipe, pressure sensor arrays, relocation
and search techniques, as well as a look at future deployment hardware and
techniques are discussed. Tripods rhat can be assembled on rhe bottom have
been used in hi gh surge areas for four years with good results. Pipes used
to hold various instruments are routinely installed in sedimenrs by
fluidization. Relocation and search techniques using precision navi gation
equipment are increasingly used to relocate sites that are i nappropriate to be
marked by surface expression and to find lost instruments.

INTRODUCTION

The use of underwater tools and techniques date back, at least ~ to the time of
Alexander The Great, when in 332 BC Alexander had himself lowered into the sea to
observe marine life. lf one considers people trying to do simple tasks such as recovering
items dropped into the water and harvesting sponges and other life from the sea, the use of
underwater tools and techniques extend beyond recorded history. More recently man has
found many reasons to use an assortment of tools and techniques to accomplish work in the
underwater environment.

The author's underwater work experience started in 1972 at the Scripps Institution
of Oceanography in Jimmy Stewart's diving class. Jimmy's class showed the beginning
diver how to use simple tools and techniques to accomplish tasks underwater. The author
has applied these and other techniques to accomplish various tasks necessary for installing
and maintaining underwater instrumentation.

Tools and procedures that the author has used and is using in oceanographic
research will be discussed  Table l and 2!. Table l includes some tools not discussed here
to simply add information to the table while keeping the paper length to a minimum. lf there
is an interest in some undiscussed item, please contact the author. The importance of using
the right tool or technique will be stressed. Available funds, portability, ruggedness,
expected life, appropriate approach  there are many ways to accomplish all tasks!, ease of
implementation, personal preference of the user, work environment, ramifications if tools
are lost, likelihood of tools being lost, skill of people using the tools, and importance of
task are some factors to be considered in selecting the proper tool or technique. Only those
techniques and tools that are relevant to the installation of oceanographic instrumentation
will be discussed. The intent is to document installation techniques and hardware with an
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emphasis on choosing the tool or technique in such a way as to optimize the use of
available resources.

Description Date usedTool

Oil Ried box for use in shallow water

Scraper to clean Tilting Spar Buoy

Hard shell seal around an electrical cable spice

1973 - 1980

� 1975

1978 - 1980

Battery Box

Spar Scraper

Mechanical Joint

Cable hand winch Hand winch to allaw divers to spool cable onto
a reel and to count turns of reel

1977

Device used to pry mounting pipe out of sandDiver operated pipe
puller

� 1979

A device to hold steady a sensor after the divers
have adjusted its orientation

Diver adjustable
probe clamp

1983

A lighted buoy that can be deployed from small
boats

1985Shallow water
marker buoy

An over-the-side winch for a 17' Boston Whaler

An internally powered diver held pump

- 1975 - 1980Electrical winch

1978Diver held water
pump

� 1975 - 1989A compass and bubble level mounted on an
aluminum arm

Current sensor
orienting device

A stable instrument mounting tripod that can
be deployed from a small boat and assembled
an the bottom by divers

"Spider Tripod" 1983 - 1989

A mounting platform for the Laser Doppler
Velocirneter to allow vertical and horizontal
rotational adjustment

"LDV platform" 1987 � 1989

A drifter having low wind drag and high visibility
for photographing from a model airplane  Hess
and Aubrey 1985!,

Surface drifters

Table 1. Some Underwater Instrument Support Tools

SPIDER TRIPOD
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In 1983 a mounting platform was needed for a Sea Data model 635-9 wave gauge
to be used in the Canadian Coastal Sediment Study  Aubrey and Spencer, 1984!. The
tripod had to be launched from a small boat so we designed it to be modular. With tripod
components made of readily available galvanized pipe, not only could the tripod be
assembled underwater by divers but damaged parts could be easily replaced. The
experiment site could present high wave energy so it was important to have a tripod with
low drag and low center of gravity  Fig. 1!. The total cost in 1989 U.S. dollars is
approximately $1500 which includes all labor and materials  with 530 pounds of lead for
the 4 weights!. The tripod has since been used for the mounting of various instrumentation
thus providing a general use platform. Long service life  we ate still using the tripod that
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was built in 1983!, portability, and the ability to deploy from a small boat are the primary
advantages of this design. The tripod is rugged, it is portable in that it can be installed from
a small boat  it was installed from a 16 foot inflatable boat in Canada!, and it meets the low
cost criteria of the project.

DcscrtpttonTechnique Date used

Insertion of galvanized steel pipe into
scdimcnt for bottom-mounted instrument ~ tion

R uidiration 1973-l989

Circular search A search paucrn used to locate instruments
near an installation site

1972-1989

t.asar positioning Thc usc of a laser surveyor s total station to
document the location of an instrument

1988-1989

The use of micro-wavelength distance measuring
equtpmcn  to establish an instrument posilion

M t crow ave
positioning

l980-1989

Thc usc of an integrated navigation and dale
aequiaition syrletn tu posttton instrumentation

Automated
pas i lie ning

l 9 88- l 989

Table 2. in sir umcntat ion Techniques

BATTERY BOX

An example of low cost, portable, and rugged design is given by a waterproof
battery box. The box  made of polyvinylchloride! was designed and fabricated in l973 to
protect power supply batteries of a tilting spar shelf and shore station  Lowe ef al., 1972!.
Figure 2 shows the concept view. It is recommended that the box be used in depths less
than 100 feet and that an electrically insulating oil  transformer oil manufactured by Shell
oil company! be used to insure that the box is adequately pressure compensated. This box
was used from l973 to 1980 with excellent results.

The box can be fabricated with commercially available components using common
tools, Each battery box is light weight thus making it portable and easily installed fmm a
small boat by two divers. The design is rugged in that it withstands banging around which
sometimes happens during use.

HAND-POWERED CABLE SPOOLER
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A diver-held, hand-powered cable spooler was designed and fabricated in l 977 as a
component of a prototype diver-held beach profiler  Fig. 3!. The purpose of the spooler
was to allow the diver to control the retrieval of a profiling pressure sensor, The divers
would swim the profiler to the beach where the pressure sensor was left. The connecting
cable was played out as the divers swam the profiler back offshore. Once offshore the
divers would reel the pressure sensor in, An internally powered and internally recording
system located inside the axis of the profiler would record spoof rotations and pressure,
yielding a record of estimated distance offshore versus depth. This instrument was not
rugged in that the electronics were fragile. The spooler itself was rugged and portable



Diving for Science...1989

fabric

allowing the diver the freedom to swim with it held in one arm. Th in true instrument was
a ricated with parts and supplies owned by the laboratory so the costs were low. If all

components were bought new today a 1989 dollar estimate would be near $1000 in parts
and 2 months development time for the first unit.

k"igure 1. Spider tripod

MECHANICAL JOINT

A mechanical joint  Spencer and Aubrey, 1981! was designed and fabricated by the
author in 1980 to seal the electrical splice between a neoprene-jacketed pigtail connector and
a polyethylene-insulated cable  Fig. 4!. The joint was used with success in the field. When
the joint was removed from the water a short shelf life was noticed. This poor shelf life
was thought to be the result of the deformation of the sealing parts during storage. A simple
spring washer to compensate for the deformation of the sealing washer is suggested as a
solution to the short shelf life problem. This design can be rugged and low cost depending
on the materials used. It is portable in that it can be installed in the field and is small in size.

DIVER-OPERATED PIPE PULLER

The ue use of galvanized steel pipe to bottom mount instrumentation created a need for
retrieval  pull the pipe out of the sand!. Once a pipe was installed to a depth of 6-10 feet
into the sediment it became hard for the divers to pull out. A simple lever arm having a pipe
holding jaw was designed in 1979 to accomplish this pull. As seen in Figure 5, the jaw and
attached foot make it easy for divers to position the puller. Although this puller is a one-
piece unit thereby having a distinct advantage, a simple pry bar and a flat plate have been
used to accomplish pulls underwater by tying the pry bar to the pipe and lifting  lifting up is
much easier for divers to accomplish than pushing down! on one end of the pry bar. The
puller also comes in handy when a number of pipes have to be pulled in one dive. The
puller is rugged, portable, and low cost.
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Figurc 2. Battery box for uaderwatcr power aourcc
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CURRENT SENSOR ORIENTING DEVICE

In 1975 there was a need for divers to adjust the orientation of an electro-magnetic
current sensor. Bob Lowe, Paul Cunningham, and the author decided that the low cost
portable orienting device in Figure 6 was suitable for the task and environment . The
compass is held 18 inches from the mounting device to reduce errors induced by residual
magnetic fields of the mounting hardwaxe. The compass indicates the magnetic heading of
one axis of the current sensor. A bubble level is used to insure that the sensor mounting
hardware is adjusted to hold the sensor vertical. The orienting device has been used
extensively by the author since 1975; it is portable, rugged, and low cost.
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Figure S. Diver operated pipe puller

Figure 6. curreat aeasor orleauug device

Bubble level

Orienoag bar

"LDV MOUNTING PLATFORM"

In 1987 and 1989 a Laser Doppler Velocimeter  LDV! was used to tneasure near
bottom flow induced by surface waves  Agrawal and Aubrey, 1988!. A new platform was
designed to permit vertical movement and horizontal rotation of the LDV. The platform had
to be low cost, low drag, high stability, and deployable from a 46-foot overall length boat
 ~ AKEDItg. The design in Figure 7 shows the LDV platform in side view. A more
automated and portable design is planned for future deployments to accommodate different
experim nt criteria. While using the LDV platform, divers are needed to make rotational

while c
and vertical adjustments to the LDV. A simple clamping arrangement holds the LDV stead

e current measuretnents are being made. This unit is not very portable in that it requires
a larger boat  -50 foot length with a lifting boom!. Ruggedness is not a strong point
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b cause of the long and thtn fra~ ~mb rs. Thc Unit was low cost whtch happ ned to b
important at the time. Although the unit did not meet two major criteria, it is important to
note that the platform accomplished the stated task successfully which tends to overcome
the lack of other criteria,

t'>sure 7. I.Dv plntform ehowlna the LDv mounted.

7 75'

SURFACE DRIFTERS

A major task during the 1984 Nauset, Massachusetts field experiment was to
document thc surface Lagrangian flow through Nauset inlet  Hess and Aubrey, 1985!. To
accomplish this task we dccidcd to use surface drifters that would be photographed from
radio-controlled model airplanes. The surface drifter  Fig, 8! was designed to meet the
requirements of low wind drag, high water current drag, high visibility  both frotn the air
and surface!, and low cost. Nautical flag markings were painted on the numerous drifters
making each drifter unique when photographed from the air. When drifters were to be
tracked from thc surface only, one drifter at a time was deployed with a highly visibly
orange flag installed on thc pipe mount. Thc drifter was easy to track, low cost, and
seemed to follow thc surface flow well. They were not very rugged but only one drifter
was destroyed during the experiment.

TILTING SPAR SCRAPERS

The tiling spar scraper was designed and fabricated to clean biological fouling from
the "Tilting Spar"  Lowe er aL, I 972!. It is mentioned herc to demonstrate thc principle of
"the right tool". Although the scraper was a simple device  a half cylindrical blade trtade of
stainless steel on a handle!, it accomplished a much-needed cleaning of the Tilting Spar irt
situ, with minimum diver time, and at a small cost. If the divers had simply picked up a
conventional scraper and gone to work they would have spent much more time in the water
than with the scraper to accomplish a comparable cleaning. The time spent in preparing well
for underwater tasks is almost always rewarded in better performance and lower costs.
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Figure 8. Surface drifter.

FLUIDIZATION

Since 1972 galvanized steel pipe has been used as a support to mount
instruinentation on the ocean floor in shallow water  less than 100 ft, deep!, Before 1973
pipes were inserted into the bottom using a 50-pound slide hammer, In 1973 a technique of
pumping water through the pipe while pushing the pipe into the bottom sediment
 fluidization! was used. This technique has been used since 1973 by the author for a wide
variety of instrumentation and has been a valuable technique. A small water pump  a
common trash puinp that can be carried by one person!, 50-100 feet of hose, and the pipe
 Fig. 9! are all divers need to install a stable bottom structure to mount virtually any
instrument. The pump and pipe are both rugged and low cost.

SEARCH AND POSITIONING

A. Circular Search

If a surface expression marking the position of an instrument has been lost there is a
need for a search and retrieval crew. The divers' first order of business is to find the
instrument, then to either hook a lifting line to the instrument, trip a release or swim the
instrument back to the boaL In searching for the instrument the divers need to plan a seasch
pattern. One search pattern that has been used successfully is the circular search pattern. In
this pattern the divers swim around a point to which one end of a line is anchored. As the
divers swim they hold the line tight and close to the bottom. When the line starts to wrap
around the lost instrument, the divers can swim along the lire until the instrument is found.
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Simplicity of underwater activity  the divers don't have to move their pattern or use
complicated patterns!, and coverage around a point  often the rough position of the
instrument is known! arc advantages of this search tcchniquc. lf there is a high current in
thc area a disadvantage of the circular search is that thc divers will have to swim against
the current through half of thc circle  in which case the divers may want to swim a line
search starting up current and drifting down past the instrument!.

Figure 9. pipe used 4 nuldlaaltoa tec1ntque.

! RlwAAr&
r~i~~ g~

B. Laser Positioning of Inatrt3mentaliort

As lasers for land surveying become more available, it is practical to use these
instruments to document the location of nearshore instrumentation, The installation
becomes more complicated  one additional person is required as are survey markers and/or
local landmarks!, but this is tnore than compensated for by knowing thc exact location of
thc instrument  within a fcw inches is typical!. Knowing the exact location of the
instrument is useful for data analysis or if the instrument is lost .

C. Microwave Positioning

In 1979 a -Trisponder" system manufactured by Del Norte  located at Euless,
Texas! was purchased by the Woods Hole Oceanographic Institution. This systetn provides
the user linc of sight ranges measured electronically  accuracy of + I meter is available!
from transponders on shore  remotes! to calculate position. The task of establishing
horizontal control positions for thc remotes and installing all necessary shore hardware are
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some disadvantages of the technique, but when the project warrants the extra effort to
install the "Trisponder" system the user has a fine way of locating all installation sites, This
system has been extremely reliable since it's purchase.

D. Integrated Navigation and Data Acquisition System  INDAS!

An extension of the Del Nortc "Trisponder" system is INDAS  software copyright
to Science Applications international Corporation, SAIC!. INDAS uses navigation data
provided by "Trisponder"  and other navigation systems! to calculate position
automatically. 1NDAS also can record to 3.5 inch floppy disks data such as fathometer
output. When in the data acquisition mode, INDAS offers real time guidance to the
helmsman with a number of positional options  position location and coordinate
transformations, for example!. The person on the boat can conduct a complete bathymetric
survey while ascertaining the position of an unlimited number of installation sites. Thc
system does need a weathertight cabin and is relatively expensive. It can take 1 to 3 days
for a crew to get the INDAS system set up in a new area. With the use of INDAS, the
diver's task becomes easier.

CONCLUSIONS

The emphasis in any tool or technique selection should be the suitability of that
particular tool or technique for the task, This suitability, as stated earlier, has many
components. In selecting a tool or technique one must stay within the financial budget. For
shallow water research, budget constraints generally are significant, The person designing
or selecting the tool or technique must take into account factors such as portability,
ruggedness, expected life, appropriate approach, ease of implementation, and personal
preference. In most of the above discussed tools and techniques budget has been a primary
concern. In numerous cases the budget is "as inexpensive as you can" because the need for
the tool or technique has been realized after the funding has been established.

When a tool or technique is to be used only once, different considerations arise.
Such things as the tool being hard to use or requiring a lot of maintenance after each use or
lack of ruggedness are less significant if the tool is used once a year than if it is used 50
times a year, A frequently-used tool or technique might require more time and money for
development.

Portability is often a big factor in design. In most cases smaller is morc expensive
so the designer must be sure that portability is essential before spending resources on
miniaturization.

Ease of implementation is sometimes related to compactness in that small tools are
often easier to use. There is no need to take extra time and money in procuring a tool that
feels like an old glove  it is comfortable to use! if it is going to be used only once a year on
a relatively unimportant task, Similarly, it makes no sense to design a technique that
requires the help of 20 people when the greatest number of people you can get together at
any one time is ten,

Sometimes appropriateness of approach is important. It certainly does not make
much sense to drive heavy trucks across a wetland area that is the subject of an
environmental impact study. Often personal performance is significant in deciding what is
appropriate. If you are good at swimming it may be more to your preference and thus more
appropriate to swim out to your instrument site than to go to a lot of trouble getting a boat
to the installation site.

307



Diving for Science...1989

ACKNOWLEDGENIENTS

The development of these tools and techniques have been funded by various
agencies. The author would like to gratefully acknowledge funding from the NOAA
National Sea Grant College Program, National Science Foundation, Office of Naval
Research Contract No. N00014-87-C-001 for the LDV platform, and the U.S. Army
Corps of Engineers. The reviews of the manuscript by Dr. David G. Aubrey, Mr. Thomas
McSherry and Mrs. Abigail Spencer are gratefully acknowledged. Pam Harrows has
provided great expertise in the use of word processing and drawing software on the
Macintosh P.C.

LITERATURE CITED

Agrawal, Y.C., D.G. Aubrey and F. Dias. 1988. Field observations of the coastal bottom
boundary layer under surface gravity waves. Fourth Int'1 Symposium on
Applications of Laser Anemometry to Fluid Mechanics, Lisbon, Portugal, 6 pp.

Aubrey, D.G. and W.D. Spencer. 1984. Inner Shelf Sand Transport � Wave
Measurements, Pte. Sapin, New Brunswick, Canada. National Research Council
of Canada, Canadian Coastal Sediment Study Technical Report number C2S2-5, 33
pp. + App.

Hess, F.R. and D.G. Aubrey. 1985. Use of radio-controlled miniature aircraft for drifter
and dye current studies in a tidal inlet. Limnol. Oceanogr. 30: 426-431.

Lowe, R.L., D.L. Inman and B.M. Brush. 1972. Simultaneous data system for
instrumenting the shelf. Proceedings of the 13+ Coastal Engineering Conference,
American Society of Civil Engineers, Vancouver, B.C., Canada, pp. 95-112.

Spencer, W.D. and D.G. Aubrey. 1981. Jointing of armored polyethylene-insulated cable
to neoprene jacketed connectors. IEEE, Oceans '81, pp. 180-185.

308



THE UNIVERSITY BASED DIVING LOCKER

Gregg Stanton
Academic Diving Program

Florida State University
Tallahassee, FLORIDA 32306 U,S,A.

With an increase in the demand for sophisticated diving support by diving
scientists, the university diving program should consider restructuring its
services and available technology through the use of a centralized di ving
locker. Such a facility may need to meet the needs of a variety of
compressed gas diving activities on campus such as research, instruction
and recreation diving. Problems often associated with dive stores, such as
rental and maintenance of equipment, and inventory control also must be
resolved in a campus dive locker, Unlike a store, the dive locker must
function within a university administrative policy. The university dive
locker is justified over individual proj ect equipment caches, or the reliance
upon off-campus commercial dive stores in that l! collective purchase of
equipment reduces the cost by over 50%, 2! collective use increases the
efficiency of that equipment by as much as 100%, and 3! collective
maintenance i ncreases the equipment's reliabi liry by as much as 50% wi th
the cost of that maintenance cutin half. Equipment reciprocity between dive
lockers expands the range of available technology within a given region j ust
as it expands available technology within departments on the same campus.
This paper will address the many components of a universiry dive locker
that will meet the demands of the diving sci entists of tomorrow,

INTRODUCTION

Diving Scientists of the future will demand greater technical support from their
university and agency diving programs as they themselves become more technically astute.
Applications of diving to research have encouraged this transition with the availability of
advanced life support and underwater research technology from proliferating private
cotnpanies. The simple underwater camera, a standard data collecting device of the last
decade, is now enhanced by videography, the wet suit by the dry suit, and compressed air
by special gas mixtures. These transitions often result in greater efficiency while
underwater and, thus, more and better data, but at a cost  both monetary and logistical!.
That is an order of magnitude higher than before.

Few individual underwater research projects can afford to support an exclusive
cache of diverse advanced diving technology, as the costs of purchase, maintenance and
supervision are too high for the limited use it would provide. What often results is a
situation where researchers are expected to apply science to available technology, or invest
heavily in a specific technology and support it almost exclusively  Stanton, 1989!. Since
this situation is seldom ideal, many select less productive  challenging! topics or sites for
their research to insure results that ate affordable.
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Use of diving technology is not lirnitcd to thc sciences on most campuses in the
USA. Instructional diving programs rely upon a great quantity of basic open circuit
SCUBA equipment which is subjected to intense use. Continuous maintenance is required
to insure reliability of this gear. The facilitics and personnel required to support even a
modest  teaching 200-300 students per year! instructional program can bc formidable, often
encouraging programs to contract this component to local dive stores. The advantages of
cooperating in a campus wide diving program  even with the campus dive clubs! will result
in costing the university administration less for better services when all programs can share
their resources  Stanton, 1988!.

A parallel department which is better appreciated by most university administrators
is the stockroom with rnicroscopcs provided for common use, What more basic tool to
many of the natural sciences can there bc but thc micmscope? Basic scopes can be found by
the dozens in thc biology and geology teaching labs across campus. Yet individual
scientists, especially new faculty, can seldom afford thc assortment of advanced
microscopes required to conduct today's research without relying upon the department's
stockroom through which equiprncnt is shared  long term checkout!, Thc advanced electron
microscope facility is often concurrently supported and shared by the entire faculty as no
individual could afford to maintain it by himself, Thcrc is a difference between a
microscope and a diving rig of course, but I contend that it is not with thc ultimate objective
of the technology, but rather  among other things! with the degree of injury resulting from
its misuse. They me both tools used to gct to the site of your research.

Many have questioned the advisability of providing basic and/or advanced diving
technology at the university, referencing their own campus' limited support and restrictive
attitude. This paper will address components of a successful university dive locker that
began 15 years ago under similar constraints. I will include arguments used to persuade the
university administration, diving scientists and academic departments to support such a
facility which today ranks as one of thc largest in the nation.

ATTITUDE AND ORGANIZATI !N

Most dive lockers get their start when several researchers voluntarily pool their
equipment and agree to share it in some prioritized fashion, This basic concept requires
trust and commitmcnt to see that the equipmcnt is available when needed and that it
functions reliably. Graduate students usually get the chore of inventory maintenance and
control and, for practical reasons, these cooperatives and their caches are usually organized
within single departments,

At this level this model is excellent because it promotes efficient use of limited
resources. Control of thc system is tight as fcw are involved in thc formula. Part time
support is writ ten into grants and matched with administration support to bring technicians
into thc system to keep the steadily increasing inventory of equipment properly housed and
in working order. Others, from related departments, may request access based upon their
willingness to cooperate. Soon, however, the familiarity of a small group gives way to the
frustration of a faceless bureaucracy; priorities clash and the system fractions.

A dive locker is a service facility. It must meet the needs of it's user community,
which must be defined by that community. The moment it can no longer serve its
community, the diving faculty's activities fail, support for thc locker stops and the system
fractions. To insure that the locker is user driven, representatives of that community must
be a part of the controlling system,
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Advisory boards or Diving Control Boards which arc truly representative of thc
users  and that includes thc administration! play a very important role in the successful
university dive locker, They will select Diving Qfricers that will promote the services they
need to enhance their activity. They will set policies that serve to promote their underwater
work and the intcrcst of the administration. Thc degree of cooperation within these boards
will dictate thc growth of their program because university administrators are very
integrated into thc support of faculty research and instructional activities.

I would recommend that a faculty mcmbcr  who is involved with ongoing diving
activities! from each academic department with more than onc underwater research project
bc nominated by their chairman to represent the interests of that department on the diving
program's Board. I would also include a knowledgeable  in diving! representative from
Environmental Health and Safety  EH&S!, Legal Counsel, Marine Laboratory, and a
medical doctor  Program Physician!. Other representatives may be appropriate depending
upon your university's administrative protocol. At FSU, the Diving Officer is a member of
the Board even though the board nominates who will occupy that position. All
appointments to the Board are made by the university president  as per AAUS Standards
for Scientific Diving!.

Now we have a face to the system that insures that faculty in each department have
recourse through their representative on the Board to see that support, as defined by the
user, is available from thc system in a inutually agreed upon priority. We have just made
the dive locker accountable to the users regardless of where they reside administratively or
physically on campus, Wc have also jumped thc department barrier and now serve a greater
community.

The AAUS model demands that a Control Board direct Organizational Members'
diving programs, but leaves the organization and function of that Board up to each
university, This inodel fails, in my opinion, when I! academic units with active diving or
administrative concerns are not represented on thc Board, 2! control of the Board rests with
any single office  such as EH&S!, and 3! when directors of service facilities are not held
accountable to the board.

VSER NEEDS

Whether you inherit an existing dive locker or arc asked to assemble one, first you
must know the needs of the user community. It is pointless to discuss service, inventory,
man power, or budget, until the general needs of each project presently under way and/or
proposed are evaluated. How sophisticated must the equipment be to safely support
ongoing research? Will they require 50 sets of basic SCUBA rigs to service a physical
education or marine biology class or 20 sets of advanced cave rigs to support several fly-
away projects in the Pacific? How much technical assistance will each project
require/request to help support people and gear in the field? Do they need chamber
operators and equipment techs., trairring in advanced life support or just a good emergency
evacuation plan and can of oil? What is the tolerable limit of loss to the agency/project? Will
a ruptured ear drum shut the project down? Can they tolerate on-site treatment of
decompression sickness? It is very important to fully understand what support is required
as defined by the users before anything else can take shape.

"The customer is always right" has its place in any service function whether it is a
dive store or a dive locker. Without your users, the facility will fail, Of course, the
customer is not always right, but until you can provide something better or safer and as
productive, the locker is walking on borrowed time by not meeting user expectations, One
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technologist I know who has worked successfully in both dive stores and dive lock«s will
quickly tell the frustrated user; "We don't believe in problems, only solutions" and "Let s
work on it together". He creates an immecUate cooperab ve environment in which the user is
part of the solution, which is never achieved without their approval,

It is tempting to separate those who supervise diving from those who support it.
Don' t.  This should not be confused with the separation between the chief scientist and the
diving supervisor, which promotes the needs of safety and research concurrently.! The
very real world of university diving dictates that support facilities must appreciate the
constraints of standards, and supervisors must appreciate the constraints of technology.
The risk of loss  within acceptable agency limits! must be weighed against the risk of gain,
a balancing act that all participants of a project must observe, Everyone in this system must
feel that they are all in the same boat, as indeed they are. In this way, even when each has
their own responsibilities, each is aware of the pressures on the others.

SERVICE AND INVENTORY

A university dive locker often provides the following types of technical support to
its users: I ! life support equipment, 2! research equipment, 3! instructional equipment, 4!
repair and maintenance service, 5! field technical service, 6! fabrication of apparatus and
standard tools, 7! technical training, and 8! expendables, The full range of diving
technology can be provided by a universi ty dive locker assuming user demand, competency
of the locker staff and cooperation of the administration.

Life support equipment can consist of the basic SCUBA rig  regulator system, vest
and cylinder, and various gages & tools!, compressors and associated gas analysis
equipment for field or fixed stations, thirst aid kits, associated support and repair kits, 100%
oxygen for in-water decompression and emergency surface first aid, wet and dry suits,
surface-supply gas helmets and associated umbilicals and communication equipment, re-
breathers, cave rigs, scooters, sleds & subs, boats, and recompression chambers  field or
fixed!.

Research equipment can consist of photo & video gear, grids, alidade, sonar & tape
measuring devices, magnetometer, side scan & sub-bottom profilers, CSTDs, current
meters, specialized lights, sonar tracking telemetry, submersible data computers, etc.

Instructional equipment can include slide, overhead and video projectors,
photocopy machines, pool and open water instruction aids, etc.

Repair and maintenance can include facilities and personnel to work on a wide
variety of equipment, including specialized tools, manuals, parts inventory, test gauges,
benches, campus space and qualified technicians hired to do the work.

Field technicians are people that carry portable kits to accomplish what the locker
techs. can do on campus, only under field conditions. These people tend to fill in on
projects as diving supervisors, research divers and boat captains as well.

Fabrication or modification of research equipment is commonplace as surface
equipment is often enhanced for underwater application, Liberal use of department machine
shops is mandatory in this category. Fabrication of lead weights, styrene data slates, rebar
anchor devices and artificial reef modules is not uncommon.

312



btlnton: Tht University based Dii kg Lorker

Technical training of university faculty and students can be another function of thc
dive locker. Workshops in field repair of thc basic SCUBA rig, mixed gas, surface supply
gas, underwater photo/video, dry suits, remote sensing, accident management, chambers,
survey technology, etc. can bc very demanding, At FSU, thc Instructional Diving Program
offers a monthly workshop which covers all of the above and more in cooperation with the
dive locker,

Expendables include air, styrene, !ead, rebar, wood, batteries, etc. to the extent
justified by user demand. At FSU, !cad is provided at no charge with the expectation that
we will not get it all back. Over 500 pounds are lost annually. It represents a cheap
insurance policy as the diving community knows that they can drop their belts without
being required to replace them. This leads to early dropping of belts and greater chances of
recovery of the rest of the gear and diver.

WORK FORCE

The heart of a dive locker is not the technology contained within, but thc people
working there. There is no substitute for a competent diving technologist who is familiar
with the wide diversity of equipment needs of the university community. Due to restricted
budgets, this job often falls upon the Diving Officer, who usually rclegates this
responsibility to an assistant. This assistant is often a volunteer at first until further
justification can be documented for additional salary. The inexpensive labor force
volunteers can provide, however, must bc weighed carefully against the !iability problems
they create.

University EH&S policies usually include a requirement for supervision of all
activities considered hazardous. In a dive locker this includes filling tanks, working on
cy!inders, pouring lead, and servicing compressors, just to name a few. Shops that rely
upon volunteers to help maintain their faci! ity may run into administrative problems during
hazardous activities if a university employee is not available to continuously supervise their
work.

The arguments that !! qualified technica! competency  supervision! in a dive locker
is mandated by university EH&S policy and 2! that it also represents good risk
management to have life support technology maintained by a properly qualified in-house
staff are constructive if they can be shown to be cost effective. When compared to a
negligence-resulting-in-injury court suit, additional funds to hire technical he!p are very
cost effective, However, when using this approach, realize that the administration's
alternative  which has been exercised! is to restrict the activity that requires, in their
opinion, excessive exposure to risk.

A better approach is to dl~mn~~i; cost efficiency  better, safer diving and more
grants and student enrollment for the small investment! by increased equipment  and
service! diversity, availability and re!iability. Show increased use of your facilities by
documenting equipment use  equipment checked out of the locker! and user satisfaction
 !etters describing successful underwater activities where your facilities played an important
role!.

Coinpare the cost of the services requested by your users with how much it would
have cost through a local dive store. For example, rental of 8 SCUBA rigs  cylinder, BC,
regulator & accessories, wet suit! for three weeks will cost say  $50/day x 8 sets x 21
days=! $8,400 from a store and  cost of purchase and maintenance over one year for
general locker use =$2G/day x 8 x 2l =! $336G.OO at your locker. A savings of better that

313



Dlvbrg for Science... 1989

50% is dcmonstrab!e thc first year with subsequent years, due to tight maintenance
schedu!cs, at 75% and greater savings. Regulator repair at a store can cost as high as $40
every six months  to a year dcpcnding upon your standards! per unit while at a dive !ocker
 including salaries and pans! no morc than $20, At FSU we have reliable regulators in the
system that are 15 years old,

When you consider comparing the cost of renting comprcssors, cameras and other
advanced technology, thc chal!cngc is to find someone willing to do it commercially.
Sharing this equipment among many projects through a dive locker  and extended through
reciprocity with other diving programs in the region} results in a resource participants
defend jealously as iisignificantly enhances their underwater potential, If you can
demonstrate your program's worth, users and the administration will be wil!ing to invest in
it.

Quality control is set by high standards that are enforceable by close supervision. A
co!leaguc from our sister university once said: "Anything less than thc highest standards is
unacceptab!c within university diving programs", This insistence upon high standards
should be the corncrstonc to your locker as it will insure reliable equipment and safe
diving, Without it, thc cost savings am negated.

Since close supervision in a dive locker is required, at least one university employee
with technical competency is needed for f'acilities servicing more equipment than the Dive
Officer can handle on top of his many other duties. Additional personnel are usually
transient and must usua!!y bc trained. Training is time consuming in-house and costly if
done off campus. Student labor may bc inexpensive, but seldom results in more than a
couple of years of service bcforc a new person must be trained. The two choices of
prefcrcncc are I! to hire full time staff which may be cost effective for large facilities, and
2! to sct up an in-house training program that can provide annual technical training of new
staff as they cycle through thc program,

Options for a work force avai!able on most campus include I! thc work/study
program through financial aid  where the bulk or all of the salary for needy students is paid
for by state or federal funds!, 2! departmcnta! part-time salaries  in Florida called OPS
funds which may be issued to any department!, 3! faculty, administrative and career service
positions that are morc permanent  and costly! and 4} volunteers.

At FSU tt supervised work/study staff of between two and five students and a
volunteer staff of four to six students provide an additional 60 hours of labor to help the
full time  OPS for thc moment as we demonstrate his position! Dive Locker Technologist.
They maintain a support facility housing 80 SCUBA rigs, ten compressors, and 40
«ssorted advanced diving and research tools, A technica! assistant  T/A! class provides
required in-house training, which augments work in the locker and can serve as a
prerequisite to the assistant instructor course taught through the Instructiona! Diving
Program.

Volunteers wil! probably be a part of your dive locker also. They must be covered
by Workman's Compensation and they must be adequately trained to safely complete the
tasks that they arc assigned, even if under close supervision, I recommend that they be
treated as any other employee of thc system as they are the most likely candidates for a
locker injury. Maintain personnel files, work schedules and training records as you do on
paid employees, Vo!untcers that work and train well are a valuable resource. and likely
candidates for part-time paying jobs as they become available.

3�



Staaton: Thc Uajverxjxy bused Diving Locker

SPACE

Space on university campuses is nearly always «t a premium. The locker facility
needs to be centrally located and accessible to thc users on a ground floor level, in an area
where noisy compressors and outdoor fill stations will not intcrfcre with classes or
administrative affairs, and sccurc from unwanted intrusion. Associated offlicc and
conference space is highly desirable, as is easy access to a pool. Some type of a checkout
counter which limits general access to  he locker yet affords ease of conversation and
service to the users is recommended.

Security  from exterior and interior forces! is a constant concern. Nearly every
equipment locker that I know of, including ours, has had someone try to break in. When
successful, the !oss is disastrous. Heavy doors and secure locks will slow the burglar
down, but will do nothing to stop the disgruntled student or staff. Limited access, careful
inventory control, and careful supervision should reduce internal loss of equipment.

Your request for room on campus will, no doubt, bc reviewed by a "space
comminec", which has the responsibility of allocating this limited resource to its "best" use,
This process is political, time consuming and very important. Spend as much time as you
can preparing your justifications for space, and brief those who will assist you so that a
unified effort is made. Decide carly on what is mandatory and what can bc traded away
from your package, The Space Committee may be able to allocate funds to alter available
facilities, but keep it realistic. A cooperative relationship with their agents will reward you
even if only in later years when you outgrow these facilities and seek new ones.

When reviewing a possible locker site, discuss the electrical and p!umbing needs of
your facility with professionals on campus, Additional walls, extra outlets or pipes may
seem simple enough to instal! yourself, but may not be permitted by campus policy. Most
universities have a campus design office that works closely with the space committee in
providing safe and adequate room for thc wide variety of university activities. They have
full b!ue prints of all the buildings. Take a moment to inspect the blue prints for growth
potential such as availability of adjacent abandoned or dead storage rooms, adjacent
programs that may be moving to new facilities in the near future and options to add new
space on to the existing structure.

E!ectrical problems can be costly to upgrade, especially poor wiring or inadequate
power. Compressors usually demand a three phase 220 or 440 volts power supply. Test
equipment and bench tools need an abundance of standard 110 volts single phase power
outlets. Tumblers, dryers and hydro-test apparatus for testing cylinders often require 220
volts sing!c phase power. An abundance of light and ventilation  air conditioning for heat
and cool! is critical to a safe dive locker.

Ground level or basement facilities are flood prone so be especially critical of
interior drains, overhead pipes and exterior drainage, While running water in the dive
locker is not critical, a full body emergency chemica! shower and wash basins close by are
essential to safety and good equipment maintenance. Chemicals used to clean diving
equipment and hot lead for pouring weights expose people to potential burns; both are
treated by an immediate water shower. The fill station will like!y have an exterior water
bath that will need periodic filling as wi!! disinfectant and soaking baths. Hot water
showers for the staff and users are a wonderful luxury that, if possible, should not be
overlooked. If the facility you inspect is old, look for and remove asbestos insulation above
the ceilings, particularly around old pipes.
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identify work areas which can have specialized use. For example, an air fil! area in
which comprcssors are safely operated nccds appropriate power, access to clean air and the
exterior board with coo!ing bath and, of course, adequate cylinder stoppage 'Other
specialized areas include, a c!ean work bench for regulators, valves, etc., dry and secure
cquipmcnt and stock room storage, a cy!indcr and cornprcssor service area where heavy
vices, tools and test equipment will enable periodic inspection, tumbling, hydro testing,
and coinpressor repair, a battery charging area with proper ventilation, a flammables
storage area, an cquiprncnt check-out area, and a secure washing and drying area just to
name a fcw. These areas can be combined depending upon the inventory, staff and space
al!ocated to thc locker, Thc FSU dive locker space al!ocation is shown in appendix 1,
demonstrating one exainple of service areas,

How much space you wi!l nccd depends upon thc number of users your diving
program supports and the scrviccs they require. Over thc past ten years 1 have noticed that a
crude value for the f!oor space required of a university dive locker is a minimum of 15
square feet for every science user in thc program over an initial threshold of about 400
square feet. Students taking classes  such as introduction to SCUBA! and recreational club
mcmbcrs require a tenth as much space while advanced technologies such as recoinpression
chambers and mixed gas demand a great deal morc. This space does not consider
administrative space  offices and confcrcncc room! required to supervise a diving program.
ln reality you get what you can and build up as the demand requires. FSU's program
presently supports 60 science people and approxirnatcly 400 in all other categories with a
tightly packed locker space of 1458 for a total floor space of 4752 square feet.

BUDGET

University funding of programs is provided annually and is based upon reviewed
budget mquests which are submitted as part of fiscal reports to department administrations,
Very often funding dcpc:nds upon the program's past pcrforrnancc, present user support
and the adininistration's political cnvironmcnt. With the exception of contracts and grants,
which can bc controlled by thc Program's faculty, failure of any of the above three areas
will reduce thc funding availablc to thc dive !ockcr,

Funding for this dive locker should come from a variety of sources, as diversity of
budgets brings stability and widespread support. Support from the sciences should come
from the overhead provided by faculty grants and not from service fees which result in
greater administrative costs just to handle the billing. Support from EHkS should be
provided to maintain the program's administrative system, including functions required by
AAUS, ANS!, NAUl, etc: recotd kcc:ping, diver certification, equipment inaintenance, first
aid supplies, ctc. Support in the form of block funding should come from departments for
classes taught, clubs for access to the equipment pool, and special projects  contracts &
grants! taken on by thc program.

The dive locker at FSU evo!ved in the sciences. Several years ago the program wasexpanded, resulting in a dive locker that supported all diving on campus, A mutually
accepted 1! priority model for the usc of locker services and 2! funding model to coversalaries, capital and expenses of thc program was adopted anxiously by three competing
diving groups on campus. After some adjustments, the shared locker has achieved stablefunding and provides significantly improved technology to the users. Block funding is
spent on technology in thc interest of the providers: regulators and cylinders by the clubs,
BCs by the PE department, first aid supplies by EHAS, and video systems by science just
to name a few.
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SUPPLY

The dive locker routinely orders equipment directly from manufacturers in bulk
quantities. This reduces the cost of inany products by over 50% from that possible through
most dive stores. Some manufacturers are interested in offering their products to
universities  at significant savings! as students that train in a particular type of equipment
tend to go out and purchase that gear for their personal use. Bulk purchases tend to
standardize an equipment line which allows for bulk purchases of repair parts and increased
salvage of old parts off worn out equipment.

Federal surplus property, particularly military and NASA surplus, can be
particularly useful if carefully selected, Compressors, air storage flasks, regulators,
cylinders, back packs, fins, high pressure fittings and tools  just to name a few! are
available for free if federal grants are awarded to your campus, or for a service fee through
state surplus property  as in the State of Florida!.

State and university surplus property should not be overlooked for locker  and
program! furniture and office supplies. There is seldom a charge for photocopiers,
typewriters, projector machines, work benches and desks, cabinets and steel shelves,
chairs and lamps. 1 recommend that the dive locker become good friends with the
university surplus property office and carefully screen equipment before picking it up.

Diving programs collapse occasionally, which results in a distribution of what
locker equipment has not been stolen or sold off  if allowed!. l have witnessed the
distribution of three such programs' assets in the recent past resulting in our acquiring
cylinders, valves, compressors, an inflatable boat and much more at no charge. Such
opportunities do not fall upon you, but rather require that you pursue leads for equipment
when sent to you by inquirers. "Would you be interested in some cylinders if available?"
resulted in 50 cylinders for two universities at no charge after six months of negotiations.

Donations are not uncoinmon. Past students and civic minded citizens often want to
help the university that trained them anchor gain tax benefits by donating diving equipment,
boats, cash and other iteins at little or no charge to the university. These contributions must
be processed through a foundation often found associated with the university. Soliciting for
private equipment and funds off campus is seldom permitted by university policy;
however, a wish list given to the foundation is likely to be within acceptable limits. Take
time to familiarize yourself with the university foundation.

USE POLICY

A dive program policy for using the equiptnent on inventory is critical for good
locker management. This policy should include who has access to the technology and
when, responsibility of locker and users, check-out / check-in procedures, fees if any and
for whom, and responsibility for loss or damage to equipment, These policies should be
printed on the back of checkout forms and be available for review by everyone.

Prioritizing or restricting equipment is a very reasonable way to manage the
inventory of a dive locker. This way, those that invested in it have first access. Required
skill training and use of safe practice manuals insures that it will be properly used in the
field, Selected technology, such as mixed-gas, can be restricted to research only, limiting
university liability and cost to a small systein for a limited user group. How you structure
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your priorities should be left up to the Diving Control Board where users can decide their
needs and then properly support them.

User responsibilities include following standards, using the equipment for
university purposes by university personnel, returning it in the condition it was checked out
and reporting any problems for immediate correction. Any special assistance from the
locker needs to be requested in advance if at all possible.

Should equipment be lost, the user is obligated to replace the equipment. Should
equipment be damaged due to negligence, the user must pay for replacement parts. The
discrepancy between these two loss policies is because the locker can insure against normal
damage through budgets set up on campus for repair. Loss of the entire item however, is
not recoverable through many universities  such as FSU! in that they are "self-insured".
This means that the university is willing to accept that you can lose equipment, but is not
obligated to replace it. Additional insurance for such loss is often not allowed. Therefore,
the burden rests upon the user community to be sure that they can afford to replace
equipment that they lose. Over the past 10 years, this problem has come up about 8-10
times at FSU with only two individuals escaping restitution.

Locker responsibilities include checking out only equipment that is in excellent
working order, being available for equipment check-out and in during agreed hours and
upon the special request of the users, and assessing equipment when it returns for damage
and inventory control. Locker personnel should be sensitive to users request for special
assistance and must respond if at all possible. At FSU there is no charge for any services or
equipment pulled from the locker for most purposes. This policy reduces the administrative
load upon the locker staff significantly.

We have followed an additional service policy that allows users of selected
underwater activities one to two years of considerable technical assistance from the dive
locker until they are able to take off on their own. This includes diving supervision, on-site
technical assistance, and special equipment purchases, just to name a few. The program can
only assist one or two projects in this manner at one time, so the offer is carefully tended
and evaluated each semester.

CONCLUSIONS

A university diving program with little or no dive locker support may explain why
there is the limited diving technology available to its users. Programs considering
expanding their technical services must realize that users dictate technical priorities, the
administration supports programs with demonstrable cost-effective, safe and efficient
activities, and that the staff, not the technology, makes or breaks a umversity dive locker.
Since there is no such thing as an ideal locker, the options for your program's dive locker
are unlimited.
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CLOSED CIRCUIT OXYGEN RESREATHERS - A NEW APPROACH

FranR J. Toal Jr.
Bluewater Enterprises

1245 Munster Street
Orlando, FLORIDA 32803 U.S,A.

One of the very first forms of scuba was the closed circuit oxygen
rebreather, In fact, it preceded present-day open circuit scuba by many
years. Because of the complexity of the uni ts, problems with carbon dioxide
scrubbers and the limited operating depth, the oxygen rebre'ather was
abandoned by all but the military i n favor of the open circuit system. With
the advancement of science and the necessity for undisturbed observation
capabi li ties or sampling techniques, the need for closed ci rcui t units is now
evident. For shallow water work  9 meters or less! a new oxygen rebreather
from Biomarine is practical, safe, and economical. This paper will discuss
the structure, operation, reliability, and possible uses of the Biomarine
CCR-25 oxygen rebreather,

INTRODUCTION

ln the past, closed circuit oxygen rebreathers were plagued with problems due to
the nature of their construction and placement on the diver. Carbon dioxide scrubbers have
been prone to water leakage creating the dual problem of decreased absorbant efficiency
and production of the caustic soda "cocktail". The low abdominal position of the systems
created both a comfort problem and a decrease in the "breathability" of the units.

Biomarine has solved many of the characteristic problems of the older style units
with the development of the CCR-25. By completely redesigning the oxygen rebreather,
they have increased its efficiency, reliability and comfort. The unit is now back-mounted,
easier to assemble and has a breathing gas scrubber duration of up to three hours. Oxygen
toxicity is still a problem if the unit is used below the recommended operating depth or the
diver is sensitive to high oxygen partial pressures. Note: the U.S. Navy still requires all
divers to undergo an oxygen tolerance test, but only for the purpose of identifying
individuals who may be acutely sensitive to these high partial pressures.

THE BIOMARINE CCR-25 REBREATHER

The Biomarine CCR-25 is a very simple but reliable unit. It consists of a main body
structure with one side acting as the base for the breathing chamber, the other as the base
for the scrubber chamber. A large rubber diaphragm is attached to the main body to
complete the breathing chamber. This diaphragm acts much in the same way as an open
circuit regulator's second stage diaphragm does. On the inhalation phase the diaphragm will
be pushed in by the ambient water pressure. If the breathing gas pressure is less than the
ambient water pressure it will "bottom out" against an addition valve located in the center of
the breathing chamber base. This addition valve allows oxygen to enter the breathing
chamber until the internal pressure of the breathing gas is equal to the ambient water
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pressure, This will continue to occur with each breath as long as the diver continues his/hcr
descent or when thc unit senses a decrease in gas volume. As the diver uses up the oxygen,
this causes a dcczcasc in gas volume and thc unit automatically compensates by addingoxygen via this addition valve operation. ~ - MC!v 1 nPIFGE

5&IUT-  n F

s'tagore t. sylless dlaaram ccR-ss

Thc scrubber side of thc main body cradles a cake pan shaped scrubber canister and
a three-layered moisture absorber. The outer chamber cover is o-ring sealed to the main
body to create a waterproof scrubber chamber. Thc scrubber is easy to assemble. First, the
canister is filled with absorbant  Limepak ~ absorbant is recommended!, the foam filter
put in place over the bed and then the canister lid is put in place and secured with it' s
positive lock latch. Next, thc three-layered moisture absorber is placed into the scrubber
chamber and the scrubber canister is pressed into position over it. An internal o-ring in the
main housing holds it in place and creates a seal between the canister and chamber wall,
Thc scrubber cover is then pressed into place over its external o-ring seal and secured in
position with four positive lock latches.

Between the diver and thc breathing chamber is a set of hoses almost identical to
those used on two-hose regulators. They are connected to a specially designed mouthpiece
with an open/c!osc valve system. The oxygen source is an 11.8 cubic foot steel oxygen
bot tie positioned at the base of thc unit. It is connected to the addition valve of the breathing
chamber via a regulator and monitored with a pressure gauge. At this point a by-pass valve
is provided in case the diver feels the need to add oxygen to the system and also to fili the
chamber during initial set-up procedures. This entire unit is mounted in a fiber glass case
which serves as a mounting fratne and protective shell. A backpack style strap system is
used to mount thc unit on the diver.

322



Toll: Ciesed clregfr oxygen rebrealIIers

REBREATHER OPERATION

To operate the system the diver will, after assembly, open thc mouthpiece of thc
unit and "breath down" the chamber. This is accomplished by inhaling through the
mouthpiece and exhaling through the nose until thc chamber bottoms out. Thc diver then
closes thc mouthpiece valve and presses the by-pass button to fill the. unit with oxygen. Thc
unit is subsequently submerged and a visual check for leaks is made. The diver dons thc
unit and adjusts the straps appropriately. The mouthpiece is then placed into the mouth, the
valve opcncd and a three or four breath flush cycle  in through the mouth out through the
nose! is performed, Without breathing through the nose thc diver puts on his/her mask and
proceeds with the dive,

As the diver descends they will feel and hear thc addition valve adding oxygen to
the breathing chamber as needed. This will stop once thc diver reaches the desired depth
and until enough Og has been used to trigger the addition valve again. During this time the
diver must, as always, monitor his time, depth, and gas supply readings. Maximum
recommended operating depth is 25 fcct with up to 3 hours capacity of O2 on a full charge.
On ascent the diver will feel a "puffiness" in the cheeks which is a signal to vent some of
the breathing gas out through the nose. In a military application the diver would use up this
excess O2 mctabolically by performing a long slow ascent. However, a scientist wishing to
return to the surface without waiting for this to occur would just vent the gas thus going to
a semi-closed circuit mode. At no tirnc should the diver exhale by by-passing the
mouthpiece as this will allow water to enter the hose and flood the unit. This is virtually the
only way this unit will flood. The unit can be removed and replaced underwater by closing
the mouthpiece, removing the unit, replacing the unit, clearing the mouthpiece, then
opening the mouthpiece valve and performing the above-mentioned flush cycle of breathing
gas, Thus, the unit can be used in underwater habitat programs in shallow water or
removed in case of entanglement.

MAINTENANCE

After the dive, if thc unit is not to be used again or the time limit is nearly up on the
CO2 absorbant, then the unit should be broken down, cleaned, allowed to dry and stored
away for its next use. This should be done as soon as possible after each usc to allow for a
quick turnaround time of the unit. Pre- and post-dive checklists are used for both assembly
and disassembly. The breakdown procedure is very simple. The unit is broken down in the
reverse order of assembly, the sodasorb discarded in an appropriate place  not the ocean!,
and all parts rinsed thoroughly in fresh water. Thc breathing chamber and hoses can bc
removed from the unit, cleaned in a solution of diluted betadine or other similar
disinfectant, rinsed in fresh water and hung up to dry, This procedure should also be used
on the scrubber chamber as well. This can usually be left until the end of an operation if
each diver has their own unit. If multiple divers are using the unit you will probably want
to complete the cleaning procedure bctwcen divers to avoid any contamination. This would
obviously increase your turnaround time so should be considered in your operational
planning stage. Once completely cleaned, the unit should be placed in an area and position
to promote drying. Direct sunlight should be avoided. The oxygen bottle should be
removed, refilled and stored properly.

Maintenance checks can be broken down into two categories: monthly and annual.
Monthly checks include plumbing for leaks, wear and tear on mouthpiece and hoses,
breathing system cleaning, leak check, and scrubber assembly check for mineral build-up.
Annual checks are usually factory based and include inspection and testing of the pressure
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gage and intermediate pressure testing of thc regulator. Every five years thc oxygen bottle
must also be pressure tested and thc valve serviced.

CONCLUSION

The problem most rebreathers had in thc past was leakage. This made them
unreliable and unsafe. As long as proper maintcnancc is done and the above assembly
procedures followed the Biomarine CCR-25 will not have any leaks during operation.
Usually, very basic repairs such as tightening a connection or replacing a worn o-ring will
stop any last minute problems. Regular inspection of parts and proper preventative
maintenance will assure peak performance of the equipment. This unit is so simple in it' s
design and function, that it has proven to bc extremely reliable under rigorous field tests,
The human factor is thc limiting element of the system, The diver must be properly trained
in the use of thc system and follow strict asscrnbly procedures. Furthermore, it is very
important for thc diver to usc the cquipmcnt regularly to maintain their proficiency level.
Used properly, the Biomarinc CCR-25 can be a valuable tool for shallow water research
requiring bubble-free diving operations. Many applications are possible such as, under ice
studies, shallow cavern studies and behavioral studies.
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A HIGH DENSITY - LOW DIVERSITY OCTOCORAL COMMUNITY
IN THE SOUTHWESTERN GULF OF MEXICO

John W. Tunnell
Teri J. Nelson

Center for Coastal Studies
Corpus Christi State University

Corpus Christi, TEXAS 78412 U.S.A,

A high density - low diversity octocoral community dominated by
plexaurids was recently discovered on top of a jour-meter deep plateau
located on the leeward side of Enmedio Reef, Veracruz, Mexico. Enmedio
Reef is an emergent, platform-type coral reef situated in the southernmost
group of reefs within the southwestern Gulf. Because of its outlying
location in the tropics, the depauperate octocoralfauna consists of only nine
species, representing seven genera and three families. SCUBA was utilized
in applying the line point intercept method, resulting in a quantitative
assessment of this octocoral-dominated communiry, Plexaura jlexuosa and
Erythropodi um caribaeorum are the domi nant species i n abundance,

INTRODUCTION

Ecological studies of coral reefs within the Gulf of Mexico and Caribbean Sea have
greatly increased in number in the past twenty years. However, although gorgonian
octocorals comprise a common and conspicuous component of these highly diverse
communities, few studies have concentrated on them, and even fewer have quantitatively
assessed their composition and abundance. This paucity of ecological studies is likely due
to the difficulty in both field and laboratory identification of octocorais. Community studies
on Gulf of Mexico/Caribbean reefs which have concentrated on gorgonians include
Goldberg �973!, Opresko �973!, Wheaton �987!, and Wheaton and Jaap �988! for
Florida, Jordon �979! and Chavez et al, �985! for the Yucatan, Kinzie �970, 1973! for
Jamaica, and Musik �982! and Lasker and Coffroth �983! for Belize. Chamberlain
�966! examined the octocoral fauna of Isla de Lobos reef, Veracruz, Mexico, which is the
only early study of octocorals from the southwestern Gulf of Mexico, In this study, we
describe the species composition and abundance of a high density - low diversity octocoral
community at Enmedio Reef, Veracruz, Mexico. Concerning the high abundance of
octocorals, Dr. F. M. Bayer  Smithsonian Institution! stated that "I have not seen such a
dense population even in the Florida Keys," after viewing photographic slides of the area.

STUDY SITE

Enmedio Reef �9 06'N, 95 56'%! is located approximately 7 km off the small
fishing village of Anton Lizardo, Veracruz, Mexico. The reef is part of the Veracruz Reef
Complex, the southernmost group of reefs in the southwestern Gulf of Mexico  Figure 1!.
This complex consists of two groups of reefs, the larger Anton Lizardo group in the
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southern end of the cofnplex and the Veracruz group, which is located about 20 km north,
just outside the Veracruz harbor.

Ftgure I. Map of the Gulf of Mexico  luset! aad the Veracrux reef
complex  Def, Map, Ag. Hydrogr. Cea ter, Chart %o. 2a30 ! shovel ag the
Ram ed la Reef study ~ Its  e!

Figure 2. Typ lc al ree f profile From east to vre st across t be oc toe o r el
comm salty.  Rot ~: Vertical exaggeratloa; speclea not to scale!.
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teE TRIES

The octocoral commuttity of Enmedio Reef is located on the leeward side of Isla de
Entnedio about one km southwest of the island. The community is situated atop a
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submerged plateau whose upper surface varies in depth from four to five meters and
contains a valley in the middle  Figure 2!.

Figure 3. Typical views of the dense octocoral cotntnunity on the plateau
at Enmedio Reef, Sm. A. Panoramic distant view. B. Close-up view.
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METHODS

A modified version of the line point intercept transect method, as employed by
Liddell and Ohlhorst �987!, was used to sample the octocoral community in June and
October, 1987. Ten transects were located on the upper surface of the plateau by dropping
the anchor and laying a weighted 10m nylon rope out from the anchor with knots tied every
15crn to serve as sampling points, Because of the density of the octocoral fauna, the
transect line was located about 20crn above the substrate. This adequately sampled the
abundance and composition of octocorals, but was biased against a true representative
sample of organisms under the canopy. Divers using SCUBA moved along the transect and
recorded data on «n underwater writing slate with mylar paper. The substrate or species
found directly under each knot was recorded. Species that could not be identified in the
field were collected and identified later in the laboratory, Sponges and gorgonians were
identified on the basis of the morphology and abundance of their spicules. Spicules were
prepared for microscopic examination by dissolving the tissues of sponges in nitric acid
and octocorals in 5% sodium hypochlorite, ln order to determine whether or not dominant
groups tend to concentrate in some transects and not in others, chi-square analysis was
performed on the data.
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The octocoral fauna reaches its greatest density on top of the plateau  Figure 3! and
decreases in density down the slope. Beyond ten meters in depth no octocorals are found.
The slopes of the plateau, which are dominated by large coral boulders of Mortfasfrea
artnt41ariS and Colpnphyilia natant, eventually level off at abOut I 4 m tO a Sand bOttOm with
scat tered coral heads.
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RESULTS

Forty spccics were identified from thc study site. Thcsc represented 34 genera, 29
families and 19 orders  Table 1!. Thc transect points were dominated by octocorals
�4.0%!, sponges �.5%!, scleractinians �.3%!, and a hydrozoan cora! �.4%!. Bare
substrate, or substrate covcrcd with turf or red coralline algae, comprised 21.5% of the
sample points  Figure 4!. 71ic octocorals in the transects wcte feprescntcd by six species,
five genera and two families. Three additional species, including one from another family,
were identified during further octocoral collections from thc community. Only two species,
PIexoura jlexuosa and Eryfhropodium caribacorurrt were common to all transects  Figure

5!. Figure 4. Percent occurrence of the ttotninnnt groups nntt of substrate ln
tran sec is.
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The dominant species was P. flexuosa, whose abundance comprised 77.9% of the
octocoral fauna and 42.1% of thc overall community. Eryfhropodium caribaeorurn was the
second most abundant species and represented 11.7% of the octocorals and 6.3% of the
community. Eutu'cuba asperula comprised 7.4% of thc octoctmd fauna but was found only in
one transect, located at a depth of 6.4 m on thc western slope of the valley. This was the
only transect not dominated by P. flexuosa, The other species of octocorals were
uncommon to rare and varied in abundance within the community. The second dominant
taxon was sponges with ten species, representing seven genera and seven families.
Amphimedon compressa comprised 54.9% of thc sponge fauna, Millepora alcicornis, the
only species of hydrozoan, was found commonly in most transects. Scleractinian corals
were scattered throughout the transects.
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Chi-square analysis showed a significant relationship between the two variables,
transect and dominant groups  x=123.02, df=36, p<0.001!. Although, when the
contingency coefficient was computed to assess the strength of the apparent association, it
indicated only a moderate dependency  cW.4039!. However, some of these findings may
be biased, given that some cells in the contingency table had frequencies less than five,
which reduces the power of X> as an estimate of the degree of association mentioned
earlier. A doser examination of the contingency table showed that the number of organisms
in the dominant groups varied between transects, but when the table was further broken
down into species by transect, the dominant species maintained a relatively uniform
distribution throughout the transects. There were, however, various transects with locally
dense concentrations of certain species. These outliers appear to be a transect that contained
a high percentage of P, flexuosa, one with a high percentage of Eunicea aspertda and one
transect in which the substratum percentage was high,

DISCUSSION

Enmedio Reef is located near the northwestern periphery of the tropics in the Gulf
of Mexico and is therefore of interest for providing zoogeographical coinparisons with the
more centrally located Caribbean reefs. The number of species of shallow-water octocorals
in the southwestern Gulf of Mexico  Enmedio and Lobos Reefs! is much lower than for
other areas of the Caribbean Province  Table 2!, Since Florida localities, also near northern
tropical limits, have coinparably higher nutnbers of species, other environmental factors or
conditions may additionally be responsible for the numerical differences. We suggest three
possibilities: 1! Florida currently has more extensive, nearby and regional hard substrates
to support larger and more varied octocoral populations and, therefore, provide greater
recruitfnent possibilities; 2! Tropical currents flowing northward from the Caribbean
provide south Florida reefs with a more constant optimal growing season, also aiding in
larval transport and recruitment; and, finally 3! Florida has probably experienced a longer
geologic history of optimal growth conditions than the southwestern Gulf localities.
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Table Z. t.tat of the uuzuber of abaiiow water octocorai zpec tea rouad
durIng stud!ex lu tbe Quif of !Vtexico aud caribbeau Seu,

MO. OP
SPECIES REPERE  cEsLoczTIQM

HereinEnmad!o Reef,
Mexico

Chamberlain �966!Izla da Lubae,
Mex ca

16Yucatan, Mexico

YuCetan, MeXIco

Puertu Rica

Jamaica

Chavez ct al.  !985!

Jordan  !979!

Ganza!ee-Brito   !920!

Kinzie �972!

Muzik �982!; Leaker 6
Cottrath �983!

Opresko  !923!

Goldberg  !923!

Wheaton end Jaap   1988!

21

Carrie Bou Cay,
Be ii ze

36

Plarida

Florida

Plar ida

29

Octocorals, other than E. cari baeorum, which is common on surrounding reefs, are
rarely seen outside this community. After numerous dives in the Anton Lizardo reefs
spanning thc past 16 years, no other concentrations of gorgonian octocorals have been
observed. Only a fcw species, principally P, flexuosa, have occasionally been sited.
Approximately seven species of octocorals werc seen in one small area, 4-5 m deep, on
Lobos Rccf off northern Vcracruz between 1973 and 1977  Tunnell, pers. obs..!,

Several other authors have reported dense concentrations of octocorals in Caribbean
waters; Goldberg �973! and Wheaton and Jaap �988! at certain south Florida localities,
Kocurko �987! on shallow limestone terraces leeward of San Andres island, western
Caribbean, and Muzik �982! on a small reef just north of Carrie Bow Cay, Belize.
Muzik's "gorgonian city" �982, Figure 135, p. 305! most closely resembles the Enmedio
community. All of thcsc areas are charactcrizcd by hard substrate of a fairly unifoiTrt depth,
sufficient clean water current away from sedimentation, and adequate light  shallow clear
water, less than l0 m!.
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Of the nine species of octocorals identified from Enmedio Reef only three were
cornrnon to those listed by Chamberlain �966! from isla de Lobos located about 300 km
north of the Anton Lizardo reef group. P.flexuostr has been identified from all locations iri
Table 2, but is usually not the dominant species. The scleraxonian, E, caribaeorum, has
teen identified from many locations in Florida, Jamaica and Belize, but has not been
reported from the Caribbean coast of Mexico or Isla de Lobos, Mexico, Interestingly,
BriareuIPI asbesrinurr! was not found at Enrnedio Reef, even though it was one of the
dominant species in Belize  Lasker and Coffroth, 1983! and in various reefs surrounding
the Yucatan Peninsula of Mexico  Jordan, 1979; Chavez cr trl., 1985!.
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An important limiting factor of octocoral distribution is abundance of a hard
substrate which is suitable for planula settling  Bayer, 1961; Kinzie, 1973!. The substrate
of the plateau at Enmedio Reef is relatively heterogeneous containing many crevices which
Jordan �979! considers as being more iinportant for planula implantation than solid
substrate. Because of the plateau's steep slope and elevation above the sediments of the
surrounding continental shelf, little sediinent reaches the plateau to bury the new recruits or
prevent planula settling.

Other factors which influence the distribution of octocorals are temperature,
salinity, light availability and water movement  Bayer, 1961; Kinzie, 1973!. According to
Bayer �961! the optimum temperature requirements for octocorals are the same as for
hermatypic corals which range from 200C to 370C. The seasonal average water
temperatures for Enmedio �2.2 C-29.5 C!  Secretaria de Marina 1978, actually for
Veracruz harbor! fall within this range. The salinity of Enmedio Reef varies considerably
by season. During the rainy season  June - September!, a freshwater lens covers the upper
3 m of the water column and waters often become more turbid due to the outflow from Rio
Jamapa and Rio Papaloapan  Rannefeld, 1972; Tunnell, 1985!. Apparently the periods of
high outflow and turbidity are too short for light decline to be a limiting factor to
octocorals, since all octocorals from this study are zooxanthellate species. Salinity in June
1987 varied from 26 /00 at the surface to 32 0/00 at the bottom. South of the plateau on
which the octocoral community is located is a similar plateau, except that its top is only 3 in
below the surface of the water. Although the substrate is similar to that on which the
octocoral community is found, there are no octocorals on its top. Rather, they are found
below 4 m on the slope facing the octocoral community. Thus, salinity might limit the
upper depth to which octocorals can survive at Enmedio Reef. Although no quantitative
data on water currents are available from this reef, we have observed that there is always a
slight to moderate current. Kinzie �973! notes that gorgonians require at least some water
movement.

Sponges are common in the octocoral community because of the availability of hard
substrate for attachment, Muzik �982! also found sponge overgrowth to occur commonly
among octocoral communities at Carrie Bow Cay, Belize. The relatively high percentage of
the hydrozoan coral Millepora alcicornis at Enmedio Reef also coincides with the findings
of Muzik �982! and Cary �918!; the latter describes M. alcicornis as a destructive agent
of gorgonians in the Tortugas. In contrast to Enmedio Reef which is dominated by
plexaurids, Lasker and Coffroth �983! in Belize and Jordan �983! on the northeast coast
of the Yucatan Peninsula found gorgoniid octocorals to be numerically dominant. An
important zoogeographic difference between the reefs studied in the southwestern Gulf of
Mexico  Enmedio and Lobos! and those of the central Caribbean is that these outlying reefs
are not only poorer in species of octocorals, but there are fewer representatives of the
Family Gorgoniidae. Even though Kinzie �973! found that gorgoniid holaxonians have
the widest range of habitats, they are relatively scarce in the Veracruz Reef Complex. Sea
fans of the genus Gorgonia, which are characteristic of most Caribbean coral reefs, are
apparently absent from the southwestern Gulf of Mexico reefs. I  Tunnell! have observed
them on the Campeche Bank reefs of Alacran, Arenas, Triangulos, and Areas, but not on
any of the Veracruz reefs. The distributional pattern of gorgonia may typify many of the
species which live on the Campeche Bank reefs in the southeastern Gulf but do not extend
across the southern Gulf to the southwestern Gulf/Veracruz reefs. The three most likely
reasons for this distributional pattern are: 1! slightly less than optimal environmental
conditions in the southwestern Gulf for the more "stenothermal" tropical organisms; 2! the
lack of proper hard substrate  or "stepping stones"! in well-lighted water depths in the
southern Gulf between east and west reef areas and the currents carrying potential larvae
between the two areas; and, finally 3! large amounts of freshwater and/or turbid water
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conditions in the southern Gulf between thc two reef areas. Most of thc lowlands and
marshes of southern Mexico drain into thc bread terrigenous continental shelf of this area.

After thc quantitative sampling reported in this paper was completed, a southeastern
extension of the plateau was discovered. This area appears to suppon a less homogeneous
community of octocorals, with local dcnsc populations of some species that were
uncommon in the transccts, specifically Pseudopterogorgio acerosa and Plexaurella
fusifera. Further quantitative studies in this area and an intcnsivc investigation of
cnvironrnental parameters of thc Vcracruz Reef Complex is needed to better understand
factors which affect octocoral distribution.
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COLLECTiNG MARINE SPECIMENS FOR RESEARCH

John Valois
Marine Biological Laboratory

Woods Hole, MASSACHUSETI'S 02543 U.S.A.

Since l965, research diving at the Marine Biological laboratory has been an
important addition to general methods of specimen collecting. Certain
species used in research have become excellent models for exploring
fundamental problems of cell division and genetic expression, The diving
program has greatly facilitated this research, Species used in biomedical
applications must be healthy and free of trauma. Four species will be
examined in relation to their natural history, method of collection and
laboratory significance. Surf clam  $~y ~~ttj. The process
by which chromosomes travel along microtubular pathways during mitosis
is fundamental to understanding new approaches to genetic health.

difficult specimen to collect. Slides will be sho~n giving details of
underwater collecting skills. The species importance to embryology will be
mentioned. Toadfish  Q~~ggg!. This teleost has been used in
laboratory research on diabetes for at least four decades. The ntanufacture
and regulation ofinsulin through specialized cells in the pancreas can be

ytggrjjgj, This organism's immune system protects against bacterial and
viral invaders. When the system overreacts, diseases such as rheumatoid
arthritis, gout and lupus can result.

INTRODUCTION

SCUBA was introduced at thc Marine Biological Laboratory  M.B.L.! in thc spring
of 1965. It took strong arguments and many hours of persuasion before a decision was
reached to go ahead with a progratn. The biological collectors at the M.B.L. had found
certain species inaccessible to conventional dredges and nets. Other species werc damaged
by surface-controlled equipment which was unselective and depended on the skills of the
boa! captains to position their vessels over thc proper bottoms. Still other species which
were collected for embryological research were sufficiently gravid to cause premature
shedding once heavy bar dredges dug into their habitats. Counter arguments pertained to
safety, insurance requirements and where training would take place. Thc Woods Hole
Oceanographic Institution had diving equipment, training facilities and a first class pioneer
in SCUBA training, Dave Owen. Five members of the Systematic Ecology Program were
trained along with three employees of thc M.B.L. collecting staff. Without SCUBA there
are some spccics that could not be collected due to fragile structures, geological
accessibility and poor population density. Some of these species will be discussed in the
following pages as to their natural history, methods of capture and importance to
biomedical rcscarch.
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Surf Clam - Spisala salidissima

Perhaps the most important bivalve in present day research related to early
development of embryos, molecular control of cell division and oocyte chemistry is the
East Coast surf clam. It features large volumes of cgg and sperm �0 mVspecimen!,
oocytes at thc same lcvcl of development and an extremely rapid cell division that completes
mitosis in under two hours. Many of thc key moleculcs in Spisuia oogenesis have striking
rcscmblances to yeast and tumor cells. This area of research is new and proceeding with
much interest.

The clam has a natural range from southern Labrador to just south of Cape
Hatteras. Its common name gives importance to the environment which controls its ability
to range into areas other than high oxygen levels such as sand bars, open beaches and any
habitat that has wave action. Along ihc Cape Cod shores and extending down into the mid-
Atlantic coast the species is found in shallow water. For a bivalve, its size is large, reaching
seven inches in approximately ten years of growth. This can be determined by examining
the concentric growth lines of thc valves, providing that severe temperature changes and
other environmental trauma have not affected the normal growth. Commercially, tons are
harvcstcd annually for canned chowder and clam strips.

During thc surf clam's fertile periods in the summer, M,B.L. SCUBA collectors
bring back a few thousand spccirncns. Water depths vary from 10 to more than 20 feet,
Collectors must be skilled in watching for small depressions in the sand indicating where
siphons had been extended but recently retracted. In the years that this species has been
collected it is not known why the animal feeds at specific times. Obviously, when the
siphons are extended it is much easier to collect.

Parchment Worm - Chaeiapterus variopedalus

Although ChaetopIerus is found abundantly in the warm waters of Buzzards Bay
during thc summer months, it is one of thc most difficult species to collect. This polychaete
is a non-errant tube dweller secreting its U-shaped tube from specialized mucoid cells. The
exterior appearance is of parchment-like material, quite rough on thc outside but extremely
smooth on the inner wall. Since it is a sedentary annelid, its structures for feeding and
respiration arc very specialized, Thc worm is generally luminescent in thc area of the two
chirnncys which mark thc entrance to incurrent and excurrent openings, The luminescent
character is thought to help the species attract certain forms of planktonic material. It can be
found in water depths to 60 feet or wherever thcrc is a soft mud bottom that is reasonabl
abundant with Zosrcra, How the tube is formed in thc mud is not known. Where the

asona y

juvcnilcs are found is not known either. The collected populations are always mature and
fertile during the rnid-summer months. Curiously, when the animal is removed from its
natural tube and placed in running seawater under laboratory conditions such as a simulated
glass tube, it will begin to construct a tube of the natural material.

The animal must bc approached from up-current. Once the careful digging begins,
using onc hand for digging and thc other hand for gently holding thc left chimney, dark
clouds of turbidity will surround the diver. Any diver with a known history of
claustrophobia should be aware of the "closet" sensation. Before lifting the specimen from
the mud, one hand must completely encircle the U-tube to prevent damage to the soft parts
of thc worm. Thc buddy diving system is not applicable for this kind of collecting. The
divers should come together at specified times established before the dive for reasons of
safety and for communication related to thc number of specimens needed and collected. At
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the surface the catch bag is given to thc boat captain who places the bag in a large tub with
circulating seawater.

Thc body of this worm at thc anterior end has a broad, flat thorax leading very
delicately to a middle region of five segrnc:nts with well modified bases for sctae which
allows the animal to move freely within the tube, A posterior region tnadc up of many
segments also has sctac to help with motion within the tube.

In many ways this species parallels the surf clam in laboratory importance. The
major difference is that fertilized Chaetoprerus eggs go through a slow division allowing
the investigator ample time to observe thc changes from the prophase through the
telophase. Thc recent improvcmcnt of the light microscope through enhancctncnt with
polarized light and video attachments has revolutionized the study of cell division. Thc
microscope has revealed the mechanical structure of thc mitotic spindle and the associated
spindle fibers. Spindle fibers werc theorized as the mechanism by which chromosomes
were pulled toward polar bodies by unspecified proteins. A major discovery showed that
fibrils werc actually microtubulcs and could both polymerize and depolyrnerize, This
fundamental information has led to the present rcscarch to dcterminc the nature of
microtubules and the types of proteins necessary to do thc pulling and pushing. The
movement of the mitotic structures through the shortening and lengthening of the
microtubulc continues to baffle and challenge investigators.

Toadfish - Opsanus tau

The external appearance of these teleosts has been rated as ugly by those who have
casually observed them. Their ragged fins, over-sized head, tremendous mouth, irregular
fleshy growths around the eyes and jaws, a nasty temper and aggressive behavior does
little to challenge this perception. In spite of this unkind reputation they have served as an
invaluable model for the studies of diabetes.

There are very few species of fish that can tolerate the harsh environmental
conditions toadfish have chosen for their natural habitats. They are estuarine dwellers,
cspccially enjoying salt ponds and bays. They have a thick mucus layer covering thc
epidermis which serves as an excellent barrier against bacteria, viruses and pollutants found
in estuarine conditions. Only a few fish do not use scales for thc outer protective skin.
However, the toadfish prefers to live in soft muddy areas where heavy silt and turbidity
would badly damage a scaled fish. In thc hot summer months oxygen levels on the bottom
of many estuarine systems become anoxic for animal life. The toadfish does not retreat but
maintains its territory. Winter conditions are equally severe, with icc and sub-zero
 centigrade! temperatures prevailing for months in the northern part of their range. The
southern range extension is as far away as Cuba. In spite of their sluggish appearance, they
are actually vicious carttivorcs, well adapted for quick pursuit of minnows and other small
fry of ocean fish that use the estuary as a nursery,

By carly May the toadfish has left its winter hibernation and has just a single
though! before the warm water dominates the estuary: time to find a mate. The total
brooding time will involve over a tnonth for the male stays to guard the nesting site. The
nesting areas are rocks, sunken logs and densely covered Zostera beds. In recent years the
toadfish have preferred man-made devices such as mushroom moorings, rubber tires,
barrels and other macrodcbris. Thc eggs are very large, measuring 5mm which the male
guards with croaking and grunting should any predator come close. The male can easily
back up its ferocity with numerous, sharp teeth.
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Collecting this species can be done in several ways. Before mating begins a
SCUBA team can place gallon-sized tin cans around the areas where hibernation was
noticed. The female will prefer thc cans to almost any other device. After a three weeks
w»t, thc SCUBA tcarn goes back to the sites and collects the cans frotn behind and quickly
deposits thc fish into catch bags. The diver must bc careful in thc approach to the cans, In
the past decade ccl pots have been used to trap toadfish negating thc necessity for diving or
buying cans,

M,B.L. scientists use a few thousand animals annually. In forty years of collecting
this species there has been no indication of any disappcarancc or environmental change.
After thc proper numbers have, been collcctcd, thc fish are placed in holding tanks where
they are kept through the summer months and used experimentally as needed. A new
population will be collected in October for thc winter research.

Diabctcs is a genetic disease associated with malfunction of the beta cells which
tnanufacture insulin for carbohydrate metabolism. The islet cells of Opranus are located in
the pancreas and shelter the beta cells which secrete insulin, Thc principal advantage to
toadfish pancreas over mammalian glands is thc concentration of beta cells in discrete areas
of the pancreas unlike the scattering of cells throughout the tnatnmals. Researchers can
easily dissect the islets to obtain concentrated insulin. A basic question in diabetes research
is why in Type I diabetes do thc beta cells stop producing insulin? Present research
indicates that a flawed gene fails to recognize a specific virus that invades the islet tissue.
Thc immune response is to destroy the viral damage but mistakenly attacks and destroys the
beta cells. Type ll diabetes is associated with older patients. The pathology is quite
different. Islet cells remain in good health and continue to manufacture correct amounts of
insulin, however, a necessary "trigger device" which stimu!ates insulin release is thought to
be missing. Present research is focused on cakium ions which are known to enhance
insulin flow.

Red Bearded Sponge - Microciona prolifera

Thc sponges of thc eastern Atlantic coast arc very diverse and cosmopolitan
throughout the tegion. They vary in color, form and appearance. All of the sponges of the
region have spongin, an organic substance that is chemically similar to silk. Spongin varies
from an adhesive material that binds the skeleton-forming spicules into a strong structure,
or it can be exoemely flcxiblc and elastic as found in the commercial sponges. Microciona,
when scen during its summer growth, has a rich, crimson color adding to its attractive
appearance underwater when contrasted with green and brown algae. It is a sessile sponge
that enjoys an environment of warm, fast-flowing water. Swift currents not only increase
the food supply but prevent the very spccializcd choanocyte cells from becoming choked
from turbidity. Sponges arc cxtrcmcly primitive in origin but do very well in global
distribution, except in areas of pollution, Observations indicate that the sponge is the first
invertebrate to disappear frotn areas that have had a traumatic change.

Microciona is a dome-shaped sponge and is a typical shallow water sponge in this
respect. It grows to moderate size, perhaps the size of a volley ball, in the northeast part of
its range which extends down to the rniddle Atlantic states. Collecting the species can be
done by snorkeling, but SCUBA is far easier when a survey of a tidal stream or bay is
necessary to locate a population for future exploitation, Because of the rich flow of
nutrients in most estuarine environments, visibility can be less than a few feet. Unless the
snorkeler is familiar with the bottotn, the extra effort in using SCUBA equipment is not
wasted. When collected, the sponge must not be exposed to air for very long. Surface cells
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are very sensitive to desiccation. Kccping the sponge in the collecting bag and placing it in
a large tub of freshly collected water is the proper way of transporting this species,

Research using Microciona as a model has focused on two aspects of thc primitive
nature of the sponge. Cell aggregation and cell inflarnrnation studies are carried out on this
species. Inflammation of a cell is generally a by-product of the body's immune system
reacting to an antigen. Most frequently, inflammation is a normal part of healing. In
discascs such as arthritis, white blood cells have carclessly attacked other normal cells. Thc
basic understanding of autoimmune attacks is poor, Aspirin is thc best known of anti-
inflammatory drugs. Recent research has shown that derivatives of cocaine have shown an
even stronger tendency to relieve inflammation. For almost a hundred years sponge
aggregation experiments have been conducted and valuable information has been obtained

All sponge cells are quick to recognize and reject all but their own cells. Such
positive recognition in this species has led to the discovery of an aggregation factor,
agglutinin Procaine and tetracaine are cocaine derivatives which are able to inhibit thc
aggregation factor. The consequences of these drugs are thc prevention of clumping which
eventually leads to painful inflammation. In human cells neutrophils play thc same role as
thc agglutinin factor in sponge, Neutrophils arc dispatched to thc site of an injury by
signals from specific immune cells. Once again, their mission to destroy a pathogen leads
to unintended destruction of healthy cells Present day research indicates that arthritic
disease is a complicated result of these invasivc cvcnts.




