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Introduction

The Proceedings of DIVING FOR SCIENCE....1992 contain 24 papers presented at the 12th Annual
American Academy of Underwater Sciences Scientific Diving Symposium, September 24-27, 1992, at the
University of North Carolina at Wilmington, Wilmington, North Carolina. The Academy sponsors
these symposia to disseminate information and to stimulate discussion on the advancement of undersea
science and technology. Diving safety is also an important research and operational focus of the

Academy.

The American Academy of Underwater Sciences is recognized as an authority on sdentific diving
and undersea technology. As such, it has a responsibility to disseminate new information in a
published format. The Academy's publications include the proceedings of the annual symposia,
proceedings volumes on Cold Water Diving (1988), Dive Computers (1989), Safe Ascents (1990),
NITROX Dioing (1991), Polar Diving (1952), and Repetitive Diving (1992), technical manuals, diving
standards, and a quarterly newsletter, the SLATE. The aforementioned publications are published by
and available through the American Academy of Underwater Sciences, 947 Newhall Street, Costa
Mesa, CA 92627. The Diving for Science...1992 Proceedings contain papers on diving, scientific results,
research tools, archaeology, and physiology. Final assembly and camera-ready production of these
Proceedings was performed by Michael Lang, Smithsonian Institution.

The Symposium was hosted by the Center for Marine Science Research at UNC Wilmington, with
assistance from the NOAA National Undersea Research Center at UNC Wilmington. Proceedings
editor was Lawrence B. Cahoon. Special thanks to reviewers for the Proceedings papers: Terry
Withers, Bill Kirby-S5mith, Steve Mastro, Doug Kesling, Rich Carpenter, Fritz Rodhe, Dave Dinsmore,
George Simmons, Richard Laws, Steve Ross, Robert Diaz, John Ogden, George Sedberry, Richard
Lawrence, [var Babb, Fritz Kapraun, Giselher Gust, Marsh Youngbluth, Steve Blair, Robert Vadas, and
Tony Clare. Many thanks are owed to Dana Ward and Jeff Jolly in the Academic Computing Services
office at UNC Wilmington for timely help. Michael Lang of the Smithsonian Institution provided
critical assistance. We are grateful to UNC Wilmington for the use of their meeting facilities. We
thank the Center for Marine Science Research for hospitality and support. We thank the University of
North Carolina Sea Grant College Program for its support of this Proceedings.

Lawrence B. Cahoon
for the Organizing Committee



Contents

UNDERWATER ARCHAEOLOGY BY BRAILLE: SURVEY METHODOLOGY AND SITE
CHARACTERIZATION MODELING IN A BLACKWATER ENVIRONMENT - A STUDY OF A

SCUTTLED CONFEDERATE IRONCLAD, C.5.5. GEORGIA
R). Anuskiewicz and E. Garrison.......eceee 1

VISUAL CENSUS AS A MEANS TO ESTIMATE STANDING BIOMASS, LENGTH, AND GROWTH

IN FISHES
S.A. Bortone, J. Van Tassell, A. Brito, ].M. Falcon and C.M. Bundrickeuwuiee13

ENVIRONMENTAL SAMPLING TOOLS DESIGNED FOR USE ON A LOW COST REMOTELY
OPERATED VEHRICLE (LCROV)
R.M. Brown, Jr., GX.F. Lee and A.W. Hulbert.............. .23

PRELIMINARY INVESTIGATION: PLATFORM REMOVAL AND ASSOCIATED BIOTA
A. Scarborough-Bull and J.J. Kendall.............31

OXYGEN SAFETY IN THE PRODLCTION OF ENRICHED AIR NITROX BREATHING MIXT URES
G.]. Butlet, 5.J. Mastro, A.W, Hulbert and R.W. Hamilton........c..... 39

SAMPLING SMALL INVERTEBRATES AT THE SEDIMENT-WATER INTERFACE
L.B. Cahoon, D.G. Lindquist, LE. Clavijo and C.R. Tronzo........51

CHARACTERISTICS OF BENTHIC MICROALGAE FROM THE NORTH CAROLINA OUTER SHELF

AND SLOPE: PRELIMINARY RESULTS
L.B. Cahoon, R.A. Laws and T.W. Savidge.......... 61

EMERGENCY BREATHING SYSTEM FOR HELIUM-OXYGEN DIVING TO 300 FEET OF SEAWATER
J.M. Chimiak.....cu.ee.69

QUANTIFYING PELAGIC SPAWNING RUSHES IN LABROID FISHES: PRELIMINARY

COMPARISON OF VIDEO AND DIRECT DIVER VISUAL TECHNIQUES
LE Clavijo and D.G. Lindquist. ... 73

SUBTIDAL OBSERVATIONS OF THE PRICKLY SHARK, ECHINORHINUS COQOKE]L IN THE
MONTEREY SUBMARINE CANYON, CALIFORNIA
N.L. Crane and J.N. Heine....ceeeerees?77

SEASONAL AND ANNUAL VARIATIONS IN THE UNDERWATER LIGHT ENVIRONMENT OF

AN ARCTIC KELP COMMUNITY
K.H. Dunton, S.V. Schonberg, L R. Martin and G.S. Mueller.............83

AQUARIUS HABITAT SITE AT CONCH REEF: POSSIBILITIES FOR RESEARCH ON

FORAMINIFERA WITH ALGAL SYMBIONTS
P. Hallock, EM. Cockey, and HK. Talge...cunn93

NOCTURNAL AND CREPUSCULAR ACTIVITY OF REEF FISHES IN ONSLOW BAY, NORTH
CAROLINA: RESULTS FROM SCUBA, VIDEO, AND REMOTELY OPERATED VEHICLE

OPERATIONS
D.G. Lindquist and LE. Clavij0..w.e99



DEVELOPMENT AND APPLICATION OF A LOW-COST PAIRED-LASER MEASURING DEVICE
G.B. McFall, A.N. Shepard, C.L. Donaldson and AW, Hulber...............109

NO-STOP ENRICHED AIR (NITROX) DIVING WITH SURFACE INTERVAL OXYCEN BREATHING

- FIELD VALIDATION
N. Pollock, R. Vann and G, Stanton...............115

SHORT-TERM RESPONSES OF BENTHIC INFAUNA TO THE ESTABLISHMENT OF AN

ARTIFICIAL REEF
M.H. Posey, F. Vose and W. Lindberg...............125

THE USE OF FISH AGGREGATING DEVICES (FADs) AS AN ALTERNATIVE TO SMALL-SCALE

ARTIFICIAL REEFS
T.A. Potts and A.W. Hulbert.............. 133

SUBMERSIBLE STUDIES OF DEEP-WATER OCULINA AND LOQPHELIA CORAL BANKS OFF
SOUTHEASTERN U.S.A.

J. Reed.......... e 143
RED BAND DISEASE: A NEW CYANOBACTERIAL INFESTATION OF CORALS
L. Richardson............ w153
BENDS IN A FEMALE UNDERWATER SCIENTIST
J.H. Rudell.............. .16l

A PORTABLE, DIVER-OPERATED PLANKTON SAMPLER FOR NEAR SUBSTRATUM LISE
K.P. Sebens, EJ. Maney, Jr. and J H. Witting......cu.. 167

THE TWILIGHT ZONE: THE POTENTIAL, PROBLEMS, AND THEORY BEHIND USING MIXED
GAS, SURFACE-BASED SCUBA FOR RESEARCH DIVING BETWEEN 200 AND 500 FEET
P. Sharkey and R. Pyle............... 173

NO-STOP ENRICHED AIR (NITROX) DIVING WITH SURFACE INTERVAL OXYGEN

BREATHING: PRACTICAL CONSIDERATIONS FOR FIELD VALIDATION
G.R. Stanton, R.D. Vann and N.W, Pollock...............189

PATTERN AND PROCESS: DIFFERENTIAL GROWTH IN AGGREGATIONS OF THE GREGARIOUS
TUBE WORM, HYDROIDES DIANTHUS

R.J. Toonen.......cc0e0es 203



UNDERWATER ARCHAEOLOGY BY BRAILLE: SURVEY METHODOLOGY AND SITE
CHARACTERIZATION MODELING IN A BLACKWATER ENVIRONMENT - A STUDY OF A
SCUTTLED CONFEDERATE IRONCLAD, C.5.5. GEORGIA

Richard L. Anuskiewi
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Ervan G. Garrison
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1825 Connecticut Avenue, N.W.

WASHINGTON, D.C. 20235 US.A.

Advancement in the science and application of underwaier remote-sensing
instrumentation has provided the archaeologist with the tools to conduct research in a
blackwater environment. This paper discusses the development, application, and
methodological approach wused to conduct an underwater survey and site
characterization of a scuttled Confederate ironclad, the CSS Georgia, in a dynamic
tidal and zero-visibility riverine environment. Remote-sensing data collected from
this Civil War shipwreck have provided interpretative information fto help
reconstruct the structural and physical integrity of this important historic shipwreck
as she lies in 18 m of water in Savannah Harbor, Georgia. Detailed methodological
techniques and a zero-visibility archaeological site characterization model are
presented. The model to be presented includes the reconstruction of the site through the
use of marine remote-sensing instrumentation and the integration of these data fto
formulate the interpretative framework.

Introduction

Shipwrecks found in United States riverine and coastal environments are generally in waters that
have varying degrees of underwater clarity. Many factors interact to reduce water clarity over these
wrecks. These factors include turbidity from sediments from surface runoff; biological activity such as
algal blooms fed by nutrients entering streams from agriculture, sewage treatment, dredging activities,
and their associated discharges; and freshet transport of resuspended sediments and organic debris, to
name but a few of these sources. Suffice to say, the prevailing condition most of the year in major rivers
and the coastal littoral is poor-to-zero underwater clarity. Depending upon the particular observer
these low visibility conditions are typically termed "blackwater” or "zero visibility.”

The conduct of archaeological research using standard survey mapping and excavation procedures is
difficult if not next to impossible in the most extreme cases of zero visibility. This is particularly so for
the wreck site of the CSS Georgia, a Confederate ironclad sunk in the Savannah River (Georgia) in
December 1864 (ORN Series I, Volume XVI:482). Located 11 miles above the river bar off Fort Jackson
(Fig. 1), the site is constantly covered by fresh-to-brackish, silty water rich in organics. Mixed by 6-10
foot tides, the suspended particles are constantly entrained by currents in the water column (U. 5. Army
Corps of Engineers, 1982). In addition to poor visibility, water depth, currents, and shipping traffic
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make this a difficult site at which to use divers. These conditions have hampered the use of visual
recording techniques and fostered the use of instrumental techniques in the survey mapping and
characterization of the CSS Georgia site. These techniques in turn have been embedded in a research
methodology and organized to provide data and analysis for several levels of inquiry about the vessel
and its context.

South Carclhna

WARECK SITE OF
Gy €55 GEORGHA 25

Aliantic

Ocean

*w, Dredpuc Ship

Figure 1. Location map.

Methodology is most correctly defined as the "study of method.” It is not the simple explication of
a technique or techniques used in the study of an archaeological problem (Pelto, 1970). It is "logic-in-
use” involved in selecting particular observational techniques, assessing their yield of data, and
relating these data to theoretical propositions. In the case of the archaeological study of the C§S
Georgia we have attempted to gain, through a wide range of primary observations, data for a series of
generalizations about the vessel and its historical period. To make these observations required the use
of instrumental techniques and a subsequent enhancement of their data by graphic and digital means.

Objectives

Our first objective was to characterize the wrecksite of the CSS Georgia in as much physical detail
as possible (Fig. 2) within the restrictions placed on us by its zero visibility environment. Other

objectives were to:

a) relate these instrumental data on the wreck to historical data on the dimensions and general
form of the vessel when in service during the War Between the States;

b) assess the current distribution and orientation of the wreckage; and
¢} develop alternate models for the visual display and analysis of instrumental data so as to

accomplish best the preceding objectives and improve the rigor and specificity of our
methodology for zero visibility archaeological research.
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Figure 2. Harbor Defense Ironclad (after Porter, 1861)

In November 1864, General William T. Sherman began his "infamous” march to the sea from
Atlanta to Savannah. Soon after Fort McAllister was captured by Union troops on December 13, the city
of Savannah was pressed on two sides by Sherman and on another by a Union naval blockade. At this
time, the Savannah Harbor Defense Squadron consisted of eleven armed vessels—seven gunboats and
four ironclads. One of these was the CSS Georgia (Fig. 3). During the final hours of the siege of
Savannah, the CSS Georgia was towed to a defensive position across from Fort Jackson to defend the
river channel below the city. She trained her batteries against the Union naval advance. Her
broadside, facing east, was fitted with two 9-inch Dahlgren smoothbores and two 32-pounder rifles.
She also had one 32-pounder mounted in the extremity of the vessel. On her spardeck was a 24-pound
howitzer.

The Roeed Tron-thad ¢ Georgia.’

Figure 3. Engraving of CSS GEORGIA published in Harpers Monthly, 1363.
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Early on December 20, 1864, Sherman's troops captured Fort Jackson (Baker éf al., 1981), and the
Confederates, to aveid its capture, quickly scuttled the CSS Georgia by opening all of the seacocks.
Today, she rests in about 55 feet of black, silty water—remarkably preserved, but broken in her
superstructure by harbor dredging activities performed since her sinking. She has proven as formidable
in her resistance to destruction by these modemn foes as she was in the past.

Built in 1862, her construction, interestingly, was accomplished through funds raised by members of
the Ladies' Gunboat Association. These women of Savannah, Augusta, and other Georgia communities
contributed over $115,000 for her construction. The need for such a vessel was intensified during the
height of the women's solicitation of funds when, in March 1862, the news reached Savannah of the
engagement of the USS Monitor and the CSS Virginia (better known as the LSS Merrimac). This battle
proved to be the turning point in the development of naval warfare in Savannah, just as the battle and
the war, in general, proved a turning point in the history of naval warfare all over the world. It
pointed out that the most effective defense was the ironclad ship, and the most effective offense was
the rifled gun. In this atmosphere of excitement and expectation over ironclads, the CSS Georgia was
born {(Garrison and Anuskiewicz, 1988:74),

The CSS Georgia was essentially a steam-powered floating battery--a barge-type structure roofed
over with wood at an inclined angle and then covered with railroad iron cladding. Such ironclads
were, according to various historical accounts, also described as "floating forts." One observer of the
CSS Georgia called it "an ironplated monster a la Merrimac” (ORN Series 1, Volume XVI).

The CSS Georgia is an enigma because of the discrepancies in her construction details. These
discrepancies are directly related to the condition in which she was built during the war, The CS5
Georgia remains an enigma and a major source of historical and archaeological data on the "War
between the States.” As detailed architectural knowledge does not exist for the CSS Georgia, her
reconstruction necessarily proceeds on thin ground. The vessel had no keel, was unstable in the water,
was too heavy and cumbersome to float without the aid of her engines or to maneuver under her own
power (Kollack, 1950), first planned as an ironclad “gunboat," but she was actually used as a floating
battery. These criteria present a number of possibilities for consideration in a realistic reconstruction.
The CSS Georgia floated for 20 months on the Savannah River, moored near Elba Island where, if the
situation required, she could bring her broadside to bear on either channel of the river (Nordoff, 1863).
In December 1864, when General Sherman was approaching the city of Savannah on his famous march,
the CSS Georgia's fate was decided: as per orders from Commander Hunter, because of her lack of
sufficient motive power, she was to be scuttled if Union forces reached Savannah (ORN Series I,
Volume XV1:482). On December 20, 1864, the city of Savannah was evacuated and the CSS Georgia was
scuttled, making her resting spot for the next century and more on the bed of the Savannah River.

She was considered a "failure” by some contributors and termed a "mud tub” and a “marine
abortion" by others (Lawrence, 1961; Still, 1971; Kollack, 1950; Scharf, 1887). Although imperfect and
oft times disappointing vessels, such ironclads by their simple presence prevented many a Union thrust
at Southern ports (Johnson and Buel, 1962).

nstruments 2 f . be 2 AG (A t§) A

Because of the difficulty of mapping the site with conventional underwater archaeology
techniques, a variety of remote-sensing methods was applied. These included video, magnetometer
survey, tight-beam bathymetric survey, and side-scan sonar surveys. The video proved unable to see
through the thick sediment load of the river and was abandoned. The side-scan sonar produced
informative images and will be discussed later. The magnetometer and fathometer produced large
amounts of data; ten thousand bits of data per run were typical. To image and process such quantities,
Amdahl and Prime computers at Texas A&M University were employed, and the final images were
plotted on Versatec and Printronix plotters. We looked at three ways of displaying the instrumental
database. The magnetometric data were plotted as a curved line contour map only. The bathymetric

BC 28 11Sed OnN U
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data were plotted as 1) curved line contour maps, 2) color contour maps, and 3) three-dimensional grid
element contour displays, which could also be used to produce stereoscopic views.

The side-scan sonar data were converted to gray scale by film recording and image enhancement.
The combination of these techniques with diver verification of salient features allowed a definition of
the nature and extent of the wreck site. This information will serve as an essential part of the planning
process for the future evaluation and disposition of the vessel. Plans to enlarge the Savannah River
navigational channel will eventually necessitate the removal of the vessel.

A number of features in the aerial view of the river and the city of Savannah to orient successive
images should be noted. The river flows from right to left, the main channels being the south or lower
one on the left and the north or upper one on the right. The northern shore is South Carolina and the
southern shore is Georgia. The wreck is located off Fort Jackson in the middle of the river at the limits
of the juncture of the main dredged channel and the channel dredged for the Back River. The angle of
intersection of the lines of the back and main channels can be used to orient the other graphics.
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Figure 4. £55 GEORGIA wreck site magnetometer contour map.
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A. Magnetometric Survey Data

The first computer graphic is a planimetric presentation of magnetic anomalies at the wreck site
(Fig. 4). The contour interval is 100 gammas; each square of the superimposed grid is equal to 100 feet.
The anomaly on the lower right is due to a modern anchor that was later recovered; the anomaly on the
lower left is the chain and anchor to the wreck buoy marking the site. The other contours record an
intense magnetic concentration to the north of the main channel at the point of intersection with the
back channel and to the east of that intersection. This information does serve to approximate the
location of the wreck; but because the C8S5 Georgia was an ironclad and thus an object of intense
magnetism, it is difficult to obtain detail using this technique. Data for this image were obtained by
passing over the site, and taking magnetometer readings in coordination with navigational fixes to
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locate positions where the readings were made. These data were then run through a program that
performed trigonometry and positioning of readings. Contour maps were produced using a "Conrec”
program subroutine (Reid, 1980). This magnetic contouring technique has been used for some years
{Breiner and MacNaughton, 1965), and more complex graphics of magnetometric data have been
produced (Amold and Clausen, 1975a; Breiner, 1973, 1975; Upham, 1979; Anuskiewicz, 1985, 1989).

B. Bathymetri¢ Survey Data
1. Curved Line Contour Maps

Fig. 5 illustrates the development of our knowledge as the computer-processed database was
expanded. For these maps the same bathymetrically generated database was imaged as a regular
smooth line contour map (Fig. 5), with a contour interval of one foot. However, to the uninitiated,
contour maps are often difficult to read; even to the experienced, subtle features may escape notice. We
also felt an even more dynamic presentation was needed to image features for analysis and use as an
orientation model for divers working on the site,
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2. Color Contour Maps

The use of color in graphics imaging has the advantages of being visually appealing as well as
adding contrast to specific features or areas of interest. By manipulation of a color palette available
with many CAD-CAM (computer-aided design-camera) systems, one can assign various hues to a
specific parameter, which in our example was relief elevation in feet. In Fig. 5 we can highlight the
major area of wreckage and debris scatter down on or onto the adjacent channel slope.

C.

Three-dimensional graphics (Fig. 6) translate the data into images that approximate a
perspective or isometric view of the actual terrain. In Fig. 6, the CSS Georgia wreck is in the center of
the image, looking downstream, with the dredged channel on the right and the undredged river bottom
on the left. A second dredged channel comes into the main channel from the left foreground of the
image.
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Figure 6. 3-D view of the wreck site looking south.

Three-dimensional graphics programs often allow the user to select the viewing angle, offering the
opportunity to “swim" around the site and to study the terrain from any position. Fig. 7 represents the
same data base used in Fig. 6, rotated over 90 degrees. In graphics, we speak in terms of x, y, and z axes,
with x and y often being directional, such as meters north or east of an origin. The 2 axis may represent
height, as in bathymetric surveys, or some other variable such as magnetism. Both contour and
isometric views comprise lines having either constant x values or constant y values, but the isometric
view has had contour lines added, lines of constant z value. These contour lines follow two-foot
intervals and were generated by a single change to the program used to create Fig. 6.

VIEW FROM WEST LOOKING EAST

Figure 7. 3-D view of the wreck site looking east.

D. Side Scan Sonar Syrvey Data
Figs. 8, 9, and 10 are sonographs taken with two different instruments. The difference in the

instruments was the frequency of the transmitted pulse, which was 100 or 500 kHz (kiloHertz).
Resolution in sonar images is related to the pulse length and frequency. The higher the frequency
(hence shorter pulse length), the smaller the object that can be resolved.

The first image (Fig. 8) is an unenhanced 100-kHz sonograph of the wrecksite. The track of the
vessel is shown and can be related to previous graphics. Two large pieces of wreckage can be seen with a
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gap between them. To examine this view further, a photographic enlargement was made and printed
as a positive to reverse the light and dark gray tones. This next view (Fig. 9) shows the enhanced
sonograph with areas of no signal return shown as shadow or dark features. This treatment of the sonar
image clearly improves the amount and the conceptualization of the detail seen.

"o . st
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Figure 9. Black and white reverse color enhanced sonograph of Figure 8,

The last sonograph (Fig. 10) is a gray-tone enlargement of a 500-kHz image with no reversal of the
standard negative presentation. The broken condition of the exposed casemate is dramatically shown
in the 500-kHz sonograph of the wreck. Removal attempts in 1866 by blasting reportediy raised 80 tons
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of armor from the casemate (Reports of the Chief of Engineers, 1872) and probably produced the
condition observed in this view.

KEY

A [ CASEMATE -
B : CASEMATE o

3 : 24-LB HOWITZER

4 : 6-LB CANNON

Figure 10, 500 kHz side scan sonar view of the CS5 GEORGIA.

Limited diver hands-on correlation of the mapping studies yielded precise locations of major
structural features as well as locations of artifacts such as ordnance and ship's gear. All artifacts
removed for study were archaeologically mapped prior to recovery. No excavation was done except in
the case of ordnance. One hundred shallow-buried Brooks rifled projectiles were excavated by hand to
remove them from the main shipping channel of the Savannah River.

Summary

By using the variety of instrumental techniques discussed in this paper we have been able to
characterize the zero-visibility wrecksite in some detail, and we have largely accomplished our
research objectives.

Qur hope to relate the instrumental data to historical data on the C558 Georgia dimensions and
general form has proven successful to the extent that we can evaluate more confidently conflicting
reports on her length and breadth (Dictionary of American Naval Fighting Ships, 1963; Reports of the
Chief of Engineers, 1872; Schomette, 1973; Scott 1862) that the vessel dimensions varied as much as 110
feet in length (150-260) and 10 feet in breadth (50-60). The shape and size of the casemate sections
agree very well with the two published drawings of the vessel and with most contemporaneous reports
(cf. Garrison and Anuskiewicz 1988). Other details on the vessel such as hull shape and layout of
internal decks must await further study such as trial excavations.

The objective to assess the distribution of wreckage was fully met. The magnetometric,
bathymetric, and sonar data all converge to give a reliable estimate, in areal terms, as to the extent of
the wreckage. The vessel's orientation still remains somewhat of a mystery, as no key indicators such
as funnel, pilot house, rudder, or propeller have been identified. The location of the recovered portside
32-1b rifled gun as seen in the data does support an orientation with bow upstream. This interpretation
relies heavily on the original deployment of this gun in the vessel's battery and may not be reflective
of the late-1864 placement of the reduced number (6 versus the original 10) of guns known for that time
(Garrison and Anuskiewicz, 1988).
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Our attempt to model the wrecksite instrumentally has been met with mixed success. Naturally,
we would like to determine a realistic and accurate likeness of the vessel as it exists and to retrodict
her form as she existed in 1864. This we have not done. Computer graphics and image enhancement
have filled in large gaps in our understanding of the site; however, as we have pointed out, equally
large gaps in archaeological detail remain.

Computer graphics have been used for some time in archaeology (Breiner and Coe, 1972; Arnold,
1974, 1975, 1976, 1979, 1982; Arnold and Clausen, 1975a and b; Kaplan and Coe, 1976; Weymouth, 1976;
Weymouth and Nickel, 1977; Frankel, 1980; Garrison and Anuskiewicz 1988; Anuskiewicz, 1989).
Arnold has used computer graphics to good effect, imaging the results of several shipwreck surveys in
the Guif of Mexico. Weymouth has done a series of magnetometer surveys and refined techniques for
surveying as well as imaging the results of the surveys. He employs SYMAP (Dougenik and Sheehan,
1979), a program from Harvard's Laboratory for Computer Graphics and Spatial Analysis, which uses
alphanumeric symbols to define distinctions between contours as shades of grey, lightness and darkness.
Harvard is using a three-dimensional program, ASPEX (Hanson, 1980), which can use the same data
used by SYMAP to generate images in three-dimensions. S5YMAP and ASPEX are user-friendly
programs and require no background in computer science to use. Thanks to such pioneering work,
computer graphics have become a frequently used interpretive tool.

Our enthusiasm must be tempered by an awareness of the potential perils posed by computer models.
There is a tendency to regard an image as the image. That a representation is computer-generated, on
glossy paper, with elaborate fonts, in lovely colors can lead us to suspend our critical faculties and lend
the image an air of authority it may not merit. When looking at them we should reserve our judgment
and study them carefully.

Baker and Garrison (1983} have pointed out many of the underlying problems arising from less-
than-real or inaccurate representations of archaeological features from instrumental data. To discuss
them in depth here would diverge too far from the central aim of this paper. Factors such as data
density, weighting, windows of influence, and grid size are key considerations in the proper modeling of
instrumental data (Baker and Garrison, 1983; Barnes, 1973).

The work on the CSS Georgia has been a laboratory for the evaluation of several of these methods.
The results have been positive but not perfect. The present study has demonstrated these techniques to
be powerful aids to survey methodology in the blackwater environment. These conclusions have even
more weight when one considers the dynamic field of computer graphics today. Coupled with the
availability of new graphics software and enhancement algorithms, significant improvement in the
imaging of buried and black water archaeology sites is at hand. A recent example of this is the
impressive imaging of archaeological magnetic data by Scollar et al. (1986). These techniques give the
nautical and terrestrial archaeologist alike new conceptual tools for developing interpretative
frameworks for instrumental data.
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techniques in gathering comm
biotopes (see reviews by Barans

A point-count visual census technique was used, in sily. to estimate population size as
well as length of individual fish during the summer months off the Canarian Islands of
El Hierro in 1989 and Fuerteventura in 1990. These data were used to determine fish
standing biomass to assess and monitor the environmental health of the inshore
habitat. The standing biomass for parrotfish, Sparisoma cretense off E! Hierro (an
island as yet undeveloped by the tourist industry) was 399 - 409 g/100m*. The more
heavily developed and populated island of Fuerieventura had a standing biomass of
only 209 - 228 g/100m? for this same species. The length-frequency data indicated
parrotfish growth in 1989 may have been an artifact owing to the ability of in situ
observers to determine fish length precisely, especially in larger fishes. However, an
increase in length was also noted for rainbow wrasse, Coris julis, during the same five
week period. This suggests that it is possible for observers to determine growth, in sitk,
when the length classes are small andfor the number of fish observed is large enough to
account for increased variability in the data set caused by in situ observation.

Introduction

Visual census techniques have recently gained acceptance in preference over surface tended
unity and life history data on fishes dwelling at inshore, demersal
and Bortone, 1983; Harmelin-Vivien ef al., 1985; Bortone and Kimmel,
1991). This preference is based on several features. For example, visual census techniques are non-
disruptive to the habitat (Bardach, 1959). They permit repeat assessments of the community without
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removal or handling of the organisms (Bortone and Kimmel, 1991). In addition, they are generally less
selective than most other sampling techniques (Brock, 1954).

Visual assessment techniques are not, however, without their own inherent problems and
limitations. These techniques are usually employed jn situ, requiring participants to use SCUBA.
Depth and observation time are, therefore, often limiting factors in their implementation. These
limiting factors can be somewhat relieved by using mixed gases with SCUBA, remotely operated
vehicles (ROV's), or submersibles equipped with video recorders but then there is a concomitant
increase in expense and technical skill with their deployment.

Important to this discussion, however, are some of the problems underlying the quality, type of
data, and utility of data collected by visual census techniques. Virtually every researcher employing a
visual survey technique has used different sample design parameters with regard to area, amount of
sample time, and survey protocol (Bortone and Kimmel, 1991). This has made effective comparisons
between studies by different authors nearly impossible. Many studies have gathered fish data with
regard to the number of individuals and their size. While it is known that participants can practice
this ability and develop skill at making accurate assessments as to these parameters (Bell t al., 1985;
DeMartini et al., 1989) there still remain questions regarding the accuracy and precision of these data
in establishing population and community parameters {Greene and Alevizon, 1989).

We were afforded an opportunity to conduct visual assessments on the inshore fish fauna off the
islands of El Hierro and Fuerteventura, respectively, in the Canary Islands during the summers of 1989
and 1990. The oceanographic conditions and spatial isolation from a continental land mass has led to
the formation of a unique faunal assemblage that is in danger of being overexploited due to a rapidly
developing tourist industry. A detailed analysis of the total fish fauna off El Hierro (Bortone et al.,
1991) indicated the parrotfish, Sparisoma cretense ("Vieja" in Spanish), is one of the more abundant
species specific to the inshore fish fauna. This species is also recognized as being economically
important to the local fishing community (Perez, 1979; Guzman, 1982). Unlike most other parrotfish
species this species is gonochoristic and displays no evidence of sexual inversion in the Canary Islands
(Gonzalez, 1990). Nothing is apparently known about other aspects of the reproductive behavior or
territoriality of the vieja. Our initial study hinted that the changes in fish length in the parrotfish
population during the sampling period may have been due to growth. As indicated above, visual
surveys have attained recognition as being an important and perhaps "improved" method for gathering
life history and population parameters of inshore fish species. In the present study we present standing
biomass mass estimates for parrotfish which can be used to compare the relative productivity and
fishery conditions among the Canary Islands. In addition, we present a more careful investigation into
the data obtained on fish length from visual surveys and their utility in determining jn situ growth in
another species. The data presented for this study are part of an ongoing assessment of the fishes and
fishery resources of the Canary Islands (Bortone et al., 1991).

Materials and Methods

The Canary Islands are composed of seven inhabited islands located 100-450 km off the northwest
coast of Africa. The inshore substrate is composed principally of basalt, sand, or basalt and sand; the
variation in substrate being associated with average wind and direction as well as proximity to the
Continent. Two islands were surveyed in this study. El Hierro, the smallest and southwesternmost
island, is the most remote and least commercially developed of the inhabited islands and has an
inshore substrate composed principally of basalt. Fuerteventura, the second largest island located only
100 km off the African coast, has an inshore substrate of basalt sand. See Yanes (1984) and Bacallado et
al. (1989) for a more complete description of the Islands.
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We employed a point-count visual survey technique described by Bortone et al. (1989) in which a
diver using SCUBA occupied the center of a circle having a radius of 5.6 m and, turning siowly, recorded
the number of individuals by species for a 5 min time interval. In addition, length (total length, TL)
was estimated for each fish to the nearest 1 em for fish less than 10 cm TL and to the nearest 5 ¢cm for
fish larger than 10 em TL.

Biomass was estimated by calculating weight from estimated length as suggested by Brock and
Norris (1989) using the length-weight relationships for the parrotfish determined by Perez (1979) and
Gonzalez ef al. (1986). Additionally, an examination of length-frequency was conducted using length-
frequency/sample date information from histograms constructed with the CoHort graphics package
(CoHort Software, Berkeley, California, USA).

To examine the potential for growth occurring among parroffish, fish were grouped into class
intervals of 5 am according to color type. These types included: Red - mature females, bright yellow and
red with a grey shoulder patch; Mottled - probably immature fernales, blotched pink and grey in no
discernible pattern; Dot - mature males, grey with a distinct humeral spot; and Grey - probably
immature males, grey but lacking a humeral spot. The potential for growth was also examined for the
rainbow wrasse, Coris julis ("Doncella” in Spanish) for fish less than 10 em TL in 1 ¢m size class
intervals. Five time intervals, each approximately one week in duration, were established to relate
fish length to time. These time intervals began on 7 July and ended on 15 August in 1989 off El Hierro
and in 1990 off Fuerteventura for parrotfish and in 1990 off Fuerteventura for rainbow wrasse. The
analysis on length-time herein was done by examining modal length rather than mean length because
the length-frequency distributions were often multimodal and the variance for length was high
(Bortone et al., 1991).

Results

In a previous study that determined the standing biomass of parrotfish off El Hierro, Bortone ef al.
{1991) noted that the average total length of 7001 parrotfish observed in 1045 visual surveys was 15.79
em. Using the equations of Perez (1979), where W = 0.0135 L based on 435 specimens (W = weightin g,
L = total length in cm), it was determined that the average standing biomass for parrotfish during the
summer of 1989 off El Hierro was 409.08 g/100m2 A slightly lower value of 398.74 g/100m* was
calculated using the length-weight regression equation of Gonzalez ¢f al. (1986), where W = 0.0135 L3®2
based on 1235 specimens. In comparison, during the summer of 1990, off Fuerteventura, we observed 1259
parrotfish in 907 samples having an average of 21.84 am TL. The standing biomass of parrotfish during
the surnmer of 1990 off Fuerteventura was 228.00 g/100m? and 209.27 g/100m? when using the equations of
Perez (1979) and Gonzalez et al. (1986), respectively.

Growth:

Bortone et al. (1991) indicated a statistically significant trend for the population of certain color
types of parrotfish to increase in length with time (i.e., week in which sample was recorded). An
examination of this relationship using histograms (Figs. 1 - 4) reconfirms this observation during 1989
off E1 Hierro for the color types Red and Dot. The Red parrotfish showed a 5 cm increase in length from
a mode of 12.5 cm TL (class median) to 17.5 cm TL during the 5 week study period. Dot also showed a 5
cm increase in length from 17.5 cm TL to 22.5 em TL during the same time period. The other color types,
Mottled and Grey, did not display any obvious increase of fish length with time.

The data on fish length, which were gathered by visual census in 1989, indicated that growth may
have been observed. Examination of a similarly collected data set from an identical time period
presents an opportunity to test this hypothesis. However, none of the color types displayed obvious
shifts in modal fish length with time (Figs. 5 - 8). The modal peak for Red was consistently 22.5 cm TL
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Figures 1 - 4. Length-frequency histograms with regard to week of sample for
parrotfish from El Hierro during 1989.
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Figures 5 - 8. Length-frequency histograms with regard to week of sample for
parrotfish from Fuerteventura during 1990.
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throughout the study while modal length for Dot and Grey were varied and showed no distinct trends
with time. A possible exception may occur for Mottled. The population of this color type showed a
tendency toward increasing from 12.5 to 17.5 cm TL for the first four weeks but then reverted to 12.5 cm
TL for the last week of observation.

& — To determine further if fish growth could be observed with
g hee7 visual census we examined the length-frequency/time
aells relationship for rainbow wrasses. As the rainbow wrasse were
20 generally quite small in the study area we examined the
c length-frequency/time relationship to the nearest 1 cm. An
60 ¢ inspection of this relationship (Fig. 9} indicates a distinct shift
4 r in Jength from 3.5 em TL in week 1 to 5.5 ¢m TL by week 5. The
2 length-frequency histogram for week 5 also indicates the
c presence of an additional peak at 3.5 ecm which may be
62 p indicative of recruitment of a new group of juveniles to the
20 ¢

population.
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To determine if this may have occurred, we present a length
versus number-of-fish-per-sample histogram for each week
(Fig. 10). There was a definite tendency for the number of
individuals in the population, as measured in units of number-
of-fish-per-sample, to decrease dramatically between weeks 1
and 4. During week 5 there was an increase in the number of
fish per sample which may also be indicative of recruitment.
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Fig. 9. Length - frequency histogram
with regard to week of sample for
rainbow wrasse, Coris juljs, from
Fuerteventura during 1990.

Discussion

The standing biomass parameters indicate the utility that such data may have in describing the
relative environmental condition or "health” of an area. A comparison of the population data for
parrotfish indicates a substantial difference between the two islands with regard to the number,
average size, and standing biomass of this species. These differences reflect an anticipated difference
relative to the degree of perturbations in the surrounding waters of each island. Further studies may
make use of these parameters as it becomes more necessary to carefully monitor the biological fitness or
condition of this and other parts of the world.

The initial study by Bortone ef 4l. (1991} indicated the potential for determining growth among
parrotfish by gathering data on fish length with visual census techniques. Reexamination of this
tendency does not lend support to this idea, however. Our hypothesis, that visual census can be useful
in determining growth among parrotfish must be rejected, based on the evidence presented herein. It
should be noted, however, that parrotfish growth is rapid during the first few years of life (17 cm
during the first year, 9 cm during the second year, and 6 cm in the third; according to Perez, 1979). Given
this rather rapid growth rate it is entirely possible to recognize growth visually in a 5 week sampling
period during summer months in which the growth rate is usually greatest.
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wrasse, Coris julis, from Fuerteventurra during 1990.

One explanation for our failure to observe growth using visual census in 1990, other than the fact
that growth may not have occurred or the observers cannot accurately assign fish to 5 cm length
intervals, is that the numbers of parrotfish off Fuerteventura were fewer. A total of 1259 fish (1.39
fish/sample)} were observed as opposed to 7001 (6.70 fish/sample) during the same time interval off El
Hierro in 1989. Only 597 Red and 455 Dot parrotfish were observed in 1990 compared to 2660 and 1800
fish of these color types in 1989, respectively. It may be that the visual technique requires a great deal
more data than a typical length-frequency/growth analysis due to a higher variance in length
parameters imparted by in situ observation.

We support this statement by noting that growth seems to be observable, jn situ, among rainbow
wrasses. These fish are small and growth is potentially more apparent in percent change in length per
time interval. In addition, we were able to obtain length data on 995 rainbow wrasses during the study
(nearly twice the number for any of the parrotfish color types in 1990). This could indicate that this
number was adequate to observe growth if we assume that the increased length among rainbow wrasses
were, in fact, due to growth.

It is intriguing to consider the potential utility that visual census data could have to assess
recruitment. In addition, the rapid decline in the number of rainbow wrasses observed per sample may
be indicative of high predation on these juveniles. The data presented for the rainbow wrasse indicate
several avenues of research worthy of pursuit.

One must be cautious in interpreting these observations, however. Many aspects of fish behavior
could have contributed to the appearance of growth, such as size- and sex-specific migration by the
fish. Simultaneous procurement of specimens coupled with extensive visual assessments should provide
the data to validate the implication that visual surveys can provide growth information on fishes.
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One of the tools most frequently utilized by the National Undersea Research Center at
the University of North Carolina at Wilmington (NURC/UNCW) is a low cost
remotely operated vehicle (LCROV or ROV). In the past, the primary functions of this
ROV have been visual reconnaissance and data sampling via electronic sensors. Due to
the development of the devices discussed in this paper, the ROV now has the
additional capability of obtaining and storing multiple samples of seawater and some
types of seafloor. Two water samplers and two seafloor samplers have been designed
and fabricated to operate as an exiension of an existing ROV mounted manipulator arm.
The devices are controlled by one or more of the existing manipulator motors. Each of
these tools are intended to be part of a growing resource pool of interchangeable ROV-
based instruments for use by the Center in its support of undersea research.

Introduction

Exploration in an alien environment, whether under the sea or on some distant planet, can be
greatly enhanced by the use of remotely operated or autonomous robotic devices. Such devices allow
scientists to obtain information, collect environmental samples, and perform tasks at sites where
extended human presence is difficult, dangerous, or impossible. An example of this type of device is the
remotely operated vehicle (ROV) used by the National Undersea Research Center at the University of
North Carolina at Wilmington (NURC/UNCW) in its support of undersea research. As the result of a
joint venture between the Mars Mission Research Center at North Carolina State University
(MMRC/NCSU) and NURC/UNCW, four research tools were recently developed for use with this
ROV system. These devices will allow the ROV to accomplish tasks that previously required some
other system. These new research tools are the focus of this paper.

The ROV, a Deep Ocean Engineering Super Phantom II, was purchased by the Center in 1987. This
highly portable vehicle has since been used over 300 hours in support of more than 25 different science
missions. During this time, the principal function of the ROV has been to collect scientific information
using video cameras and electronic environmental sensors. Through the use of a simple claw with two-
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degree-of-freedom positioning, limited environmental sampling has been possible. Due to the technical
needs of the Center-funded science community, NURC/UNCW personnel decided to develop a selection
of interchangeable tools that would allow the ROV to collect a variety of physical samples. With the
ROV and these new tools, a scientist could simultaneously view a research site, measure a variety of in
situ physical properties, and collect multiple samples of the environment in question.

The technical expertise that made this tool development possible was found primarily in a group of
students and faculty at the North Carolina State University (NCS5U) component of the Mars Mission
Research Center (MMRC). After initial discussions between representatives of the two research
centers, a decision was made by NURC/UNCW to fund the design and fabrication of four prototype
sampling tools by a group of sixteen NCSU undergraduate students and their faculty advisors.

Design Requirements
The students were given a list of constraints including;:
- Each sampler must attach to the existing manipulator arm in place of the existing simple claw.
- Each sampler must be actuated only by existing manipulator motors.

- The samplers must operate at depths of up to 1000 ft.

- The tools must be durable. Reliability of the devices during multiple operations at sea must be
insured.

- Maintenance and repair must be easily accomplished in the field with standard components.
- Drag on the ROV system should be kept to a minimum by limiting the size of the device(s).

- Each water sampler must collect six separate 100 ml water samples, each on the command of the
operator.

- Each seafloor sampler must gather three separate 100 cc sand or mud samples, each on the
command of the operator.

- Each seafloor sample must be obtained from the top 5 cm of sand or mud.
- Once collection is complete, sample containers should be sealed to prevent contamination.

- The fabrication costs of each sampler, including materials and machining, should be under
$1000.

- Each device is to have a target in-water weight of 3 1b. The water sampler has an allowed
tolerance of 0.25 Ib. The bottom sampler has an allowed tolerance of 0.5 Ib. Similar weights for
each device allow for the quick exchange of tools without a required alteration of ROV trim.

Additional desired characteristics inciuded the visual confirmation of sample capture, limited
requirements on the operator, and the ease of sample removal at the surface.

Based upon these requirements and desired characteristics, two student design teams for the water
sampler and two student design teams for the seafloor sampler were assembled. These teams underwent
a series of design reviews attended by their faculty advisors and NURC/UNCW personnel. During
these reviews, the design basis of each team was critiqued and potential problem areas were discussed.
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Following this review process, each design team performed structural analysis testing, completed
fabrication of the sampler prototypes, documented their designs, presented a seminar on operational
procedures, and assisted in the integration and testing of each device at NURC/UNCW. All four teams
were successful in their efforts. The following section of this paper demonstrates two solutions to each
design problem. Experience gained during field tests of these devices during the upcoming
NURC/UNCW operational scason will prove valuable in the future development of additional

environmental sampling tools.

Results

The LCPD water sampler (Fig. 1a,1b) incorporates six separate syringe mechanisms into one
turntable structure. Each of these sample containers is fitted with a check valve and a drain plug. The
actuator originally intended to rotate the manipulator about its longitudinal axis is now used to select
the syringe to be operated. The actuator designed to control the operation of the claw pulls the selected
piston. The movement of this piston creates a pressure differential that opens the check valve and
draws water into the sample chamber. Multiple seals are used throughout each syringe to ensure that
each sample remains uncontaminated.
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Figure 1a. LCPD Water Sampler (side view)
The turntable body consists of six wound fiberglass tubes sandwiched between two circular plates of

lexan. The apparatus is held together by stainless bolts spaced around each cylinder. The rest of the
structure is aluminum with the exceptions of Teflon bushings, one stainless steel spring, and ethylene

25



Diving for Science...1992

propylene o-rings. One stainless steel 5 psi check valve and screwtop drainplug are located at the end
of each cylinder. High density syntactic foamn is used to fulfill the in-water weight requirements.
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Figure 1b, LCPD Water Sampler (camera view)

Once the ROV is on site, water collection is a simple process. The operator, relying on video or a
measured rotation time period, selects a cylinder by rotating the tool. On the command of the operator
the piston is fully retracted. As a result, the check valve opens and water fills the chamber. The
operator must then allow the sliding actuator to return to the ready position. This process is continued
until up to six samples have been taken. After recovery of the ROV, the samples are retrieved by
removing each drain plug and manually depressing each piston head. A distilled water rinse of the
syringes is all that is required to prepare the device for reuse.

NVLA Water Samplec
The NVLA water sampling tool (Fig. 2a,2b) consists of a long cylinder containing a multistage

plunger. This combination of plunger and cylinder form six sample chambers. When one or more of these
chambers is located in the open portion of the cylinder, circulation holes allow free flow between that
chamber and the surrounding water. As the plunger assembly is moved, these chambers shift into the
closed area of the cylinder. Since this area has no circulation holes, the samples are confined until
removal on the surface. The plunger is moved by a drive mechanism similar to that of a caulking gun.
The plunger shaft fits through a hole in one end of a stainless steel lever. When the claw pull motor is
activated, a cable pulls on the free end of this lever. The lever first rotates and then locks on the shaft.
Continued operation of the motor slides the plunger until one chamber is moved from the open section to
the closed section of the cylinder. Release of the cable allows a spring to return the lever to its original
position. This mechanism ensures the capture of a single sample per activation without the need for
visual confirmation. To allow removal of the samples, six drain plugs are located in a bar attached to
the outside of the closed end of the cylinder.
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Figure 2a. NVLA Water Sampler.
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Figure 2b. NVLA Water Sampler Plunger Assembly.

Both the cylinder and the plunger are machined from low friction 1900 UHMW polymer. Silicon O-
rings are used to separate the sample chambers. The incrementing device, illustrated in Fig. 4, consists
of a stainless steel push rod, spring, and lever arm encased in a UHMW cylinder.

This tool is prepared for operation by sliding the plunger so that all chambers are in the open
section of the cylinder. Once on site, the operator actuates the plunger using the claw pull motor. This
process is repeated until up to six samples have been coliected. Once the ROV is on the surface, the
samples can be recovered with a syringe through the use of drain plugs fitted into the side of the

cylinder.
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-

The Tri-Scoop 1000 seafloor sampler (Fig. 3) is a disk structure with three cups equally spaced
around its perimeter. These cups have spring loaded lids that close automatically after a sample is
taken. The manipulator elevation control motor lowers and raises the sampler relative to the ocean
floor. After the disk is placed on the ocean floor, a rotation of the device, coupled with a short
sideways thrust of the ROV motors, collects a sample, seals the storage container, and brings the next

cup into position.
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Figure 3. Tri-scoop 1000 Ocean Bottom Sampler

The device is composed of two lexan discs that are supported through their centers by an aluminum
shaft. The exposed end of this shaft fits into the manipulator rotation motor. Between the discs,
equally spaced around the perimeter, are three UHMW mounting blocks. Each mounting block holds a
180 cc aluminum cylindrical cup. Each container has an aluminum lid that pivots about a stainless steel
shaft. An aluminum O-ring seat, fitted with a nitrile O-ring, is bolted to each lid. The mouth of each
of the aluminum containers is chamfered for a water tight seal between the lid, O-ring, and container.
Each lid is held in position with two stainless steel extension springs. A UHMW static trigger arm,
used for closing the container lids, is clamped to the manipulator rotation motor.

When preparing this tool for use, the operator opens all three of the spring loaded container lids.
The tool is then positioned so that the first container is ready to enter the bottom. After the ROV is
positioned on the ocean floor, the sampler is lowered with the elevation motor until the bottom edge of
the tool touches the seafloor. To take a sample, the operator activates the manipulator motor
necessary to rotate the sampler disk. This rotation causes the first container to rotate downward and
scoop a sample of the bottom. During the final portion of the rotation, the extended end of the
lid/trigger rod comes in contact with the fixed lever. The rod end slides along the surface of the lever,
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forcing the lid to rotate. At a critical point, the springs take over and snap the lid shut. The operator
then stops the rotation of the tool and the device is ready to take another sample. This process can be
completed three times. Once on the surface, the samples can be removed by manually opening the spring

loaded lids.

The NCSU-2 Seafloor Sampler (Fig. 4) is similar to the Tri-Scoop 1000 in that they both have
three cups that scoop the sand or mud and then seal until manual retrieval on the surface. The
fundamental difference is that instead of rotating the entire tool, this NCSU-2 tool relies on a sprocket
driven conveyer belt to drive the sample cups into the bottom. This belt is driven by a system of two
sprockets sandwiched between Jexan plates and one pulley. The pulley, fixed to the axle of the upper
sprocket, is rotated by the manipulator claw motor pull cable. This action causes the belt and cup
assembly to rotate. The lower cup enters the seafloor, collects a sample, and exits the soft bottom.
Additional rotation allows the torsional spring to close and seal the lid.
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Figure 4. NCSU-2 Ocean Bottom Sampler

The sampling cups are 125 cc lexan containers screwed into an aluminum adapter. This adapter is
rigidly attached to the acetal plastic and stainless steel belt. This belt rides on nylon sprockets housed
between two lexan panels. The aluminum container lids are controlled by tracks in the two side panels.
These tracks are designed to keep the lids in an open position until the sample is taken and to allow a
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torsional spring to close the lid when sampling is complete. A two-inch diameter nylon pulley is
employed to transmit the torque generated by the pull cable to the sprocket. The sprockets rotate on
two stainless steel shafts.

To prepare the sampler for operation, the drive pulley is reversed manually until the doors on all
three containers are open. The belt is rotated forward until just before the first sample cup reaches the
bottom of the conveyer belt loop. In order to take a sample, the ROV is first placed on the bottom. The
operator then rotates the conveyer using the claw pull motor. This action causes the first sample cup to
collect a sample of the soft bottom and seal itself against contamination. Once the lid on the sample jar
is closed and the second jar is moved into position, the rotation is halted. This process may be
completed up to three times. Removal of the ocean floor samples is achieved on the surface by either
manually opening the lid or disconnecting the jar from the adapter.

Conclusions

A group of undergraduate students successfully designed, fabricated and tested four tools that allow
the NURC/UNCW ROV to take multiple samples of seawater and seafloor in a design effort funded by
NURC/UNCW. All samplers function as anticipated, are simple to operate, and are easy to maintain.
As a result of this project, the students received a valuable educational experience in engineering design
and project management. The sponsoring institution received custom designed research teols that will
expand the capabilities of a proven undersea research system. Results of this project indicate that an
inter-university collaborative effort can provide benefits to all parties involved.
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Platforms are long-term, high profile structures of pilings and conductors that pass from
beneath the seafloor to above the sea surface. They are built to remain stable and safe
for & minimum of 20 years. Since the majority of GOM platforms are hundreds of miles
from natural reefs, they function as de facto artificial reefs and have increased habitat
by 28 percent. Sessile animals settle and develop on the subsea surfaces and depth
limited and reef-related fishes locate to a platform and remain structurally faithful.
Complex communities evolve and eventually over 10,000 individual fish may affiliate
with a single platform. Federal law mandates that the entire structure be removed
within a vear after hydrocarbon production ceases. The use of explosives 16 ft below
the seafloor is the only reliable method of piling and conductor severance.
Quantitative surveys and photo documentation were performed before and after
explosive severance at three removal sites to evaluate effects on the platform
communities. Preliminary data indicate that death is related to distance from seafloor
and explosive mechanics; the first detonation(s) kill(s) the most fish; and total fish
killed cannot be estimated from those that float. There is little discernable effect on
motile invertebrates able to maintain contact with the platform surface during
detonation.

Introduction

There are approximately 3,700 oil and gas production platforms in Federal waters of the Gulf of
Mexico. Major production platforms are large complex structures supported by up to 16 legs of stee] that
rise upward through the entire water column. Platforms are set in place by driving steel pilings through
the legs deep into the seafioor. Below the surface the structure is further strengthened by horizontal
and diagonal steel-pipe bracing. Working machinery and personnel sit above the water supported by a
steel network that is intentionally overbuilt and remarkably secure (Gallaway and Lewbel, 1982).
Platforms provide habitat of several depth zones as well as a surface-shallow water zone. The
underwater area of platforms varies with depth since a platform in deeper water has a typically
wider base. Gallaway and Lewbel (1982) estimated that a multi-leg platform standing in
approximately 150 ft. of water provides 34 acres of hard surface substrate. Given that there are at
least 2,300 platforms in Federal waters on the QOCS in the north-western Guif, about 8,000 acres of hard
substrate are provided by the underwater supports of these platforms. Additional hard substrate is
created on the sea floor under each platform as rock chips accumulate during the drilling of wells. This
"cuttings pile” is augmented by mollusk shells that slough off upper support members, accumulating in
layers up to 10 ft. thick (Driessen, 1985). Estimations of the increase of hard surface substrate
contributed by platforms to the northwestern Gulf area are as high as 28 percent (Staniey et al., 1991).
Starley et al. (1991) using dual beam hydroacoustics estimated the number of fish at well over 10,000
around and under a platform in 100 ft of water.
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Studies of fish assemblages under offshore oil/gas platforms in the north-central Gulf were
performed by Continental Shelf Associates (1982), Gallaway (1981), Scarborough-Bull {1989), and
Sonnier ef al. (1976). Many species of desirable fish in the north-central Gulf of Mexico are found only
at natural hard/live bottom areas or at offshore oil /gas platforms. These include numerous species of
groupers and snappers. For species such as these, availability of natural habitat is thought to be the
factor limiting abundance, with the presence of platforms allowing for population expansion and an
increased fishery. Gallaway (1985) estimated that oil/gas platforms in the northwestern Gulf of
Mexico supported 11 percent of the available snapper fishery. Since 1980, the number of commercial
species landed from the northwestern Gulf of Mexico has increased from 26 to 82. The number of species
from this area, valued at over a million dollars, has tripled. Again this increase in commercial
landings and value has been attributed to increased habitat in the northwestern Gulf of Mexico from
the presence of oil/gas platforms (Linton, 1988). These observations indicate that the multiple use and
importance of oil/gas platforms to the fishery of the northwestern Gulf should be considered in
scenarios of ocean and coastal management.

Offshore platforms are not intended to be artificial reefs or permanent structures. The requirement
that platforms be removed within one year after cessation of production originates from legal and
regulatory mandates (USDOI, 1987). Platform removals are dynamic, complex, and hazardous salvage
operations. They require the expense and coordination of several major companies and numerous
personnel that handle inherently large numbers of machinery and huge pieces of equipment. Once the
production wells are plugged and abandoned according to regulations, all machinery and upper
platform levels are cut apart and salvaged. What remains is the lowest level, about 10 ft above the
water, still firmly attached to the hollow support legs with their interior anchor pilings and free
standing well conductors that protrude through the floor grating.

At least 100 platforms per year are removed from the Gulf of Mexico. About 80 percent of these
removals use explosive charges placed 16 ft below the seafloor inside the hollow pillars to sever the
well conductors, platform anchor pilings, and support legs (USDOI, 1987). First the conductors are
severed, pulled out and salvaged. Then the pilings and support legs are severed and the remaining
subsea structure plus the lowest above-water level is pulled free from the seafloor and salvaged in one
piece.

The Gulf of Mexico Fishery Management Council (FMC) is very concerned over the declining stocks
of reef fish, especially red snapper (Goodyear and Phares, 1990). Recent assessment of the red snapper
stock by the FMC resulted in restrictive harvest limits for recreational and commercial fisheries in the
Gulf and an interest to examine critically other sources of mortality on reef fish species. A National
Marine Fisheries Service (NMFS) study, conducted to evaluate the impact of explosive removals on
endangered species, documented a large number of floating dead red snapper (Klima ef al., 1988).
Although there is no doubt that the use of explosives during platform removals kills fish, anecdotal
accounts of fish mortalities at removals range from "a few fish” to estimates in the thousands.

The U.S. Department of the Interior (USDOI), Minerals Management Service, Gulf of Mexico,
desired to examine fish kills associated with explosive removals before designing and funding a formal
study to examine the effect of removals on reef fishery stocks. Prior to the work presented in this paper,
information about fish kills during removals came from examination of post-detonation floating fish
only (Caillouet et al., 1986; Duronslet, 1986; Fontaine, 1986; Ross et al., 1990). Attempts to examine fish
that may have sunk to the seafloor as well as those that floated to the sea surface after detonation(s)
had not previously been made. Since reef fish are structure faithful and many species demersal, e.g., red
snapper, it was believed that an examination of the bottom both pre- and post-detonation(s) was

essential.

32



Scarborough-Bull and Kendall: Platform removal

Methods

The platform removal season extends from May through October with most of the actual platform
removals occurring during July, August, and September. During the 1991 season, two platforms were
visited just before and during removal operations: platform number 8 in West Cameron Block 176 (WC-
176) and platform C in East Cameron Block 65 (EC-65). A third structure, platform A in High Island
Block 520 (HI-520), was visited just before final removal but about one month after detonation and
salvage of 12 well conductors. Three MMS divers traveled to each of the removal operations. One diver
concentrated on the fish community, one on the invertebrates, and the third assisted where needed.

Observations of the fish and biofouling communities at WC-176 and EC-65 was conducted by using a
stationary visual census technique for fish (Bohnsack and Bannerot, 1986) and macrophotography for
invertebrates and biofouling. Fish surveying was performed with the diver remaining stationary
while listing and then counting the fish within a clear horizontal range of vision. Additional
information noted during fish identification included depth, temperature, approximate size/age, and
behavior. The macrophotography set-up consisted of a Nikonos IV-A underwater camera and 35 mm
lens, an Oceanic Model 2000 underwater strobe, and a 1:2 extension tube complete with framer.

Observations of fish and invertebrates from the surface to a maximum depth of 130 ft were
conducted at HI-520 just before and after severance of the eight pilings. All fish that floated to the
surface after the conductors were removed (about one month prior to diving) had been retrieved,
measured, and counted. These records were obtained from NMFS.

West Cameron 176 Platform No. 8:

Data concerning fish and invertebrate distributions, densities, and diversities were gathered during
two dives made at this site on August 26, 1991, the day prior to the first detonations. During the first
dive, a qualitative survey of fish was performed looking both inward and outward from all sides of the
platform at 10 ft vertical intervals from the bottom to the surface. During the second dive, a concerted
effort was made to survey fish within the bottom nepheloid layer inside and 3 ft outside the entire base
of the platform.

Within 30 min after detonation of the single well conductor a dive was made to survey living fish
and invertebrates as above. The number of dead fish per estimated square meter on the bottom was
counted at seven random sites under the platform. Dead fish were recovered to the surface from these
sites, from numerous other locations under the platform, and during sweep searches from all sides of the
platform using a 20 ft line. As many fish as possible that floated to the surface were retrieved- All
fish were identified to species, counted, measured, and internally examined.

Detonations of the support legs and anchor pilings occurred 12 hours after the conductor was
salvaged. Within 30 min after detonations a dive was made to survey living fish and invertebrates as
above. On the bottom, a brief external examination easily distinguished fish killed previously by the
conductor detonation from recent deaths. Fresh-killed fish under the platform and out to about 20 ft
were counted and most recovered to the surface. As many fish as possible that floated to the surface
were retrieved. All fresh-killed fish were examined as above.

East Cameron 65 Platform C:

Due to an unexpected delay in the arrival of diving equipment, it was not possible to survey the
biota associated with EC-65 prior to removal detonations on October 21, 1991. Within 30 min after
detonations of the two well conductors a dive was made to survey fish and invertebrates as above. The
number of dead fish per estimated square meter on the bottom was counted at seven random sites under
the platform. Dead fish were recovered to the surface from these sites, from numerous other locations
under the platform, and during sweep searches from all sides of the platform using a 20 ft line. Due to
another unexpected lack of equipment the number of floating dead fish was estimated and as many as
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possible were retrieved. All recovered fish were identified to species, counted, measured, and
internally examined.

Detonations of the support legs and anchor pilings occurred 14 hours after the conductors were
salvaged. Within 30 min after detonations a dive was made to survey living fish and invertebrates as
above. On the bottom, a brief external examination easily distinguished fish killed previously by the
conductor detonations from recent deaths. Fresh-killed fish under the platform and out to 20 ft were
counted and most recovered o the surface. All fresh-killed fish were examined as above.

High Island 520 Platform A:

Detonations and salvage of conductors were performed on August 3, 1991. Approximately one month
later data concerning fish and invertebrate density and diversity were gathered during one dive made
at this site prior to detonations of the support legs and pilings. From the surface to a depth of 130 ft a
qualitative survey was performed looking both inward and outward from all sides of the platform.

Within 30 min after detonations a dive was made to survey living fish and invertebrates from the
surface to a depth of 130 ft. Any dead fish that remained on the platform were counted and the amount
of attached invertebrates that had been shaken loose was estimated. Any fish that floated to the
surface were retrieved.

Results and Discussion

West Cameron 176 Platform No. 8:

This platform was unmanned, in 58 ft of water, over 10 years old, supported by four major support
legs, and contained one well conductor. Pre-detonation surveys indicated that at least a thousand fish
were in direct and constant association with the platform and would be unlikely to travel even a short
distance to another location. Several hundred pelagic fish were also associated with the platform at
the time of the surveys. There was a variety of motile invertebrates with numerous gastropods laying
eggs and recently laid egg-cases from many different species. In addition, there was an extensive mat of
attached sessile invertebrates.

After the conductor detonation, fish floated to the surface within two minutes. Some of the fish
were stunned and soon began to flop about the surface, but most were dead; however, no floating fish
recovered their capability to swim and re-submerged. Internal examinations of surface recovered fish
revealed that all swimbladders were vastly expanded and most had to be deflated to examine other
organs. Allinternal organs exhibited some degree of hemorrhage and trauma.

The subsurface survey after the conductor detonation indicated that pelagic fishes may not be
killed. Live Spanish mackerel were recorded at about 40 ft of depth before and after the conductor
detonation 20-25 ft out from the platiorm. Although they appeared to be schooling more tightly as
they circled the platform after the conductor detonation, there was no change in depth, swimming
attitude, or response to divers. Other pelagics, such as blue runners, that may have been inside the
platform closer to the conductor were observed to swim erratically and shimmy for several seconds as a
fish will that is struck in the central nervous system. Fish located high in the water column such as
blennies, belted sandbass, juvenile sergeant majors, and immature damselfish were still alive.

Dead fish littered the bottom under the platform after the conductor detonation. Internal
examination of fish recovered from the bottom revealed that the viscera was completely traumatized
with hemorrhagic livers, kidneys, and exploded organs. All swimbladders appeared to be ruptured in
an expanded condition. Dead red snapper of at least three year classes were retrieved to the surface.
The estimated meter square sampling and discussion between the commercial divers on site and the
MMS divers agreed that at least five fish per square meter were dead on the bottom beneath the
platform. Inside dimensions for WC-176 then indicated that at least 1,845 fish were dead on the
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bottom from a 35 Ib detonation of Composition B to sever a single well conductor. Overnight a school of
about 40 Atlantic spadefish and one hammerhead shark were seen swimming about the platform. After
the four pilings were detonated the following morning, two redfish were recovered from the bottom
within 15 ft of the platform. The redfish were fresh kills as evidenced by the color of their gills, the
clarity of their eyes, and the lack of sediment on their bodies. Internal examinations revealed that the
organs had suffered extensive trauma and that the swimbladders had ruptured outward. The
hammerhead shark was not recovered and all the spadefish that had moved in overnight either
floated dead to the surface or were found dead on the bottom. The swimbladders of floating spadefish
were expanded but intact. Other than the redfish and Atlantic spadefish, fewer than 10 fish either on
the bottom or floating were thought to be fresh kills. Most of the newly floating fish were obviously
killed the previous day and floated up due to the production of gas during decay. Many of the motile
invertebrates and blennies lived through both the conductor and piling detonations. Some of the larger
blennies were stunned and could be handled for a short time before they quickly swam away. The fact
that blennies and motile invertebrates were not killed agrees with the findings of Young (1991) that
marine organisms without swim bladders are highly resistant to explosive shock. About 60 percent of
the total sessile invertebrates were knocked off the pilings. After the conductor detonation an area
about 6 ft in radius around the base was littered with pieces of barnacles. After the pilings were
detonated many fish that had been killed by the conductor blast remained on the bottom and were
covered with chunks of barnacles and layers of sediment.

East Cameron 65 Platform C:

This platform was unmanned, in 70 ft of water, 6 years old, supported by four major support legs, and
contained two well conductors. The two conductors were detonated at 0.9 sec intervals. After the
conductor detonations fish flpated to the surface within two minutes. Some of the fish were stunned and
soon began to flop about the surface, but most were dead; however, no floating fish recovered their
capability to swim and re-submerged. It is estimated that about 600 fish floated away before they
could be recovered or examined. Internal examination of surface recovered fish revealed all had

expanded but intact swimbladders.

 Subsurface random retrieval of dead fish was performed the next day, 14 hr after conductor
detonations. Comparison of necropsied dead fish recovered from the surface and bottom was difficult
due to the 14 hours of decay before recovery of dead fish from beneath the platform. However, a
number of specimens recovered from the bottom could be examined and exhibited internal conditions
comparable to those seen during the WC-176 removal. The estimated meter square sampling and
discussion between the MMS divers agreed that at least seven fish per square meter were dead on the
bottom beneath the platform. Inside dimensions for EC-65 then indicated that at least 1,500 fish were
dead on the bottom from two 40 Ib detonations at 0.9 sec intervals of Composition B to sever two well

conductors.

The subsurface survey after the conductor detonations at EC-65 also indicated that pelagic fishes
may not be killed. Several cobia were recorded at about 30 ft of depth 14 hr after the conductor
detonations swimming in and around the platform. It is unknown if they were associated with the
platform before the detonations. They were not recovered or seen during subsequent dives. Fish located
high in the water column such as blennies were still alive. It required a total of 14 separate detonations
of a total of 670 pounds of Composition B to remove EC65. Decaying fish floated to the surface
intermittently during operations and had obviously been dead several days. Few fish and/or
invertebrates were seen alive during the dive made after the finat round of piling detonations.

High Island 520 Platform A:

This platform had been manned, was in over 200 ft of water, over 10 years old, supported by eight
major support legs, and had contained 12 well conductors. The information from the NMFS concerning
the fish that floated to the surface after conductor detonations about one month earlier revealed that
this platform supported a diverse group of tropical fish. This is probably due to its distance from
coastal influences (Gallaway and Lewbel, 1982).
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Prior to the piling detonations a survey to 130 ft of depth indicated that except for blennies in less
than 30 ft of water very few living fish were associated with the platform. A few small unidentified
grouper were seen near the conductor collars. No motile and few sessile invertebrates were seen. After
piling detonations no fish floated to the surface. Except for a few blennies seen during the post-
detonation dive no other living fish were observed. Due to the depth no observations were taken of the
bottom at any time.

From investigation of three explosive platform removals during 1991, it appears that the first
detonation(s) kill(s) the most fish. An underwater explosion generates a direct shock pulse as a
compression wave {Connor, 1990; Regalbuto, et al., 1977). This direct shock strikes the water surface
and reflects back into the water as a rarefaction decompression wave. The initial compression wave
appears to concuss and mortally traumatize the internal organs of fish close to the subsea location of the
explosion. In addition, the combination of the compression and decompression waves apparently
creates sufficient pressure gradients to first pressurize gas in the swimbladder and then expand it to the
point of outward rupture.

Fish that were higher in the water column and further from the direct explosive shock wave
experienced varying degrees of concussion and internal trauma, but less pressurization of gas in the
swimbladder. They were, however, closer to the decompression wave, which upon reflection from the
surface caused expansion of the gas in the swimbladder and consequently they floated.

Comparison of estimates of floating fish and of the number of fish dead on the bottom strongly
suggests that fewer fish float to the surface than sink after initial detonation(s). Estimations of species
richness or abundance of total fish killed during an explosive platform removal should not be made
from examination of only those fish that float to the surface.
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The practice of enriched air ("NITROX") diving is expanding, and new systems are
coming on line to produce the breathing mixtures. Enriched air diving involves use of
gas mixtures in which some of the mitrogen in air is replaced with oxygen; the
advantage is a reduced decompression obligation. Methods of acquiring enriched air
mixtures include a continuous process developed by NOAA whereby oxygen is added to
the input air stream of an oil-free compressor, mixing in the tank or a storage vessel by
partial pressure, or purchasing pre-mixed gas from industrial gas suppliers. For safe
mixing, air to be mixed with oxygen must be free of all liquid hydrocarbons. This is
possible but difficult using an oil-lubricated compressor because filtration has to be of
adequate design and well maintained; this process is not recommended because of the
rigorous maintenance requirements. Qil-less or oil-free compressors are best for
producing oil-free air; air meeting many breathing gas purity requiremenis may
nevertheless have too much oil for mixing with 100% oxygen at high pressure. Using
pure oxygen and nitrogen is not recommended because of the possibility of breathing
pure nitrogen. The recommended way of acquiring emriched air mixes for small
operations is to purchase prepared mixtures and pump them into scuba tanks using an
oxygen-compatible booster pump. Diving equipment used with enriched air should be
clean and lubricated with oxygen-compatible lubricant, but need not have special
components if it has no possibility of coming in contact with high pressure oxygen; such
equipment should be dedicated to that service and so labelled.

Introduction

The use of enriched air diving gas mixtures, variously called NITROX, enriched air NITROX, EA,
EAN, EANXx, oxy-nitrogen, or airox, has begun to expand from the well defined and controlled
environment of scientific diving into the mainstream recreational diving community. Almost daily,
new scuba retail shops are establishing enriched air fill stations and selling gas to presumably
qualified "NITROX" divers.

Many professional retail operations have taken the necessary and costly steps to produce oxygen-
enriched air mixtures safely and to prepare equipment correctly for enriched air service. However, a

39



Diving for Science...1992

significant number of misinformed retailers appear fo be attempting to cut corners, with potentially
catastrophic results. Any recreational diving or diving-related incident creates a long, lingering
negative image about diving with the general public. This negative impression carries over into the
scientific diving community and c¢an effect program acceptance and funding. Our first objective is to
make every effort to keep such incidents to a minimum; when they do happen we encourage the
scientific diving community to ensure that correct information is disseminated.

In January 1992, the question of recreational enriched air diving was formally addressed at a
workshop entitled "Evaluating enriched air ("NITROX") diving technology” (Hamilton, 1991). This
was conceived by aquaCorps Journal and sponsored by the Scuba Diving Resource Group. Great progress
was made at this meeting in terms of identifying and explaining enriched air NITROX issues, and
several equipment manufacturers have responded by beginning to supply equipment suitable for
enriched air diving. There are still some concerns, and the Workshop identified several areas needing
work and set up a process to address these concerns. Recreational enriched air diving is moving ahead
with enriched air technology, and, as just mentioned, it is in the best interests of the scientific diving
community to monitor and where appropriate to assist this development process to help ensure that it
follows a safety-oriented path.

This paper makes an effort to review for both the recreational and scientific diving communities
the latest oxygen safety information and techniques.

The last few years in recreational diving may well be most remembered for the development and
utilization of new techniques, including the use of enriched-air breathing mixtures by "average" divers,
and particularly the dramatic development of "technical diving”. This involves diving to depths
beyond - perhaps well beyond - those considered acceptable for recreational divers, using special
breathing mixtures, performing decompression stops, and depending on expensive and complex
equipment in excess of that used by the typical diver. There is little doubt that many of the more useful
and dependable technical diving techniques will in due course find their way into scientific diving
{(some already have), but technical diving is not the subject of this paper. It is important to retain the
concept that enriched air NITROX diving is not technical diving,

A primer on enriched air ("NITROX"} diving

The use of breathing gas mixtures other than air for diving operations is not a new concept (see for
example, Hamilton et al.,, 1989). The U.S. Navy documents in its diving manual the use of oxygen-
enriched breathing mixtures of oxygen and nitrogen in rebreathers as early as 1959, and commercial use
may date back even further. Anyone who has been SCUBA diving has used a "mixed" gas; air is
composed of about 78 % nitrogen, 20.9% oxygen, 0.9% argon, and traces of others. Of these gases oxygen
is the only gas required to support human life, but it is also the one most toxic. The other major
components of atmospheric air, those breathed by a diver in a gas mixture, are regarded as “inert”;
biologically these serve as vehicle and diluent gas for the oxygen. They serve to limit its
physiological effects, at high pressures especially, but also at atmospheric pressure over the long haul.

As a diver's breathing gas, air has a couple of shortcomings. In what may seem ironic for an essay
on "NITROX" diving, the main problem with air is the nature of the diluent gas, nitrogen. Air causes
narcosis when breathed at pressures of several atmospheres, is dense at high pressures, and its main
component nitrogen is fairly soluble in body fluids and may be difficult to get rid of after any but rather
short dives or exposures to pressure, Air also has a fixed oxygen percentage, which results in oxygen
partial pressure, POy, being well below the optimal physiological limits on shallow dives, and it often
may be too high on very deep air dives. Because of the unfavorable decompression aspects of nitrogen,
it is desirable to have the oxygen fraction in the breathing mix as high as it can be without its causing
adverse effects. This use of more nearly optimal - higher - oxygen fractions to reduce the nitrogen
component and its effect on decompression is the basis of enriched air or "NITROX" diving.
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Some rather attractive aspects of air as a breathing gas for diving are its ready availability and
generally low cost.

The returns are still out on whether replacing some of the nitrogen in a breathing mix with oxygen
will reduce narcosis. Some divers believe that it does, but this has not been measured objectively even
though attempts have been made, and it has been shown experimentally that oxygen can exert narcotic
effects in its own right.

So the objective is to reduce nitrogen, and the method is to increase the oxygen component, to
"enrich” the mix. The consequence of this is that oxygen is toxic, and this toxicity can become a problem
at high pressures. The physiological effects of elevated oxygen partial pressures can range from
temporary lung irritation to an epileptic-like convulsion which can cause a diver to drown. Oxygen
exposure management is therefore a major component of diving with mixes having elevated oxygen
percentages; fortunately, for the range of mixtures and depths used in both scientific and recreational
diving, this is a relatively easy task.

Custom mixed diver breathing gases are designed to overcome the inherent problems and
limitations associated with compressed air diving. Enriched air diver breathing gas mixtures utilize a
higher percentage by volume of oxygen and lower nitrogen than natural air.

Having a nitrogen fraction lower than air has the advantage of allowing longer no-stop dives, or
conversely requiring less decompression time for dives requiring stops, than standard air dives of the
same depth and duration. Because of oxygen toxicity limitations this prevails over the range of 40 to
130 fsw (feet of sea water pressure) and is most efficient in the range 60 to 100 fsw.

In order to take advantage of these decompression advantages it is necessary to have special
decompression procedures ("tables") or to modify standard air tables appropriately. The principle of
"Equivalent Air Depth” or EAD is a method of calculating a decompression based only on the nitrogen
component of the mix in use, and relating it to an equivalent air table having the same nitrogen
component (actually the same partial pressure of nitrogen). The result EAD is for a shallower depth
and requires a shorter decompression obligation. The EAD principle is sound physiologically, and it
has built in conservatism due to the requirement to select the next most conservative table when the
equivalent depth does not come out exactly the same as the original depth. This same factor makes the
method uneven in its conservatism, more efficient in some places and more conservative in others.
Another aspect of EAD calculations is that they may suffer from any inherent unreliability of the
parent tables.

Prepared enriched air "NITROX" tables have been developed by the National Oceanic and
Atmospheric Administration and published in the NOAA Diving Manual (1979; 1991). These are based
on the equivalent air depth principle applied to the U.S. Navy Standard Air Tables. The NOAA
tables are defined for two specific enriched air mixes; the NOAA NITROX I and II tables use mixtures

with 32 percent and 36 percent oxygen by volume, respectively.

It should be mentioned again, that because enriched air nitrox tables optimize the oxygen
concentration of the mixture in order to minimize the nitrogen fraction that affects decompression, great
care must be taken to stay within the maximum oxygen partial pressure exposure limits. The new
NOAA (1991) manual also provides useful advice on managing oxygen exposure.

Mixtures with high oxygen fractions also create problems related to the "oxygen compatibility” of
the equipment in contact with these mixtures, because of the possibility of an oxygen-related fire. This
is the main theme of this paper, and incidentally was the prime motivation for the Enriched Air
Workshop, much of which is covered in following sections (see also Mastro and Butler, 1990).
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Fire Safety Issues Involved in Handling Oxygen

The concept of oxygen compatibility

High pressure oxygen is used safely every day by industry, aviation, and in medical applications.
These industries have learned that the key to oxygen safety is the use of specially prepared and
compatible equipment by trained personne! following specific procedures.

Oxygen compatibility is a relative term of great importance to anyone using high pressure oxygen.
Oxygen is not a flammable gas or vapor such as acetylene or ether. Itis a strong oxidizing agent (others
are chlorine and nitrous oxide), and will combine chemically with compounds and fuels causing an
exothermic chemical reaction. The rate at which this chemical reaction or "oxidation” takes place is
very important; it may be slow or fast.

Slow oxidation of metals is known as corrosion or rusting. The deterioration or drying out of soft
materials such as rubber, or in the case of SCUBA equipment, neoprene O-rings, is often the result of
slow oxidation.

If the rate of oxidation is moderately fast, it is usually termed a "fire.” An explosion is another
example of high speed oxidation.

Another important concept is that everything will burn, or will oxidize to some degree when
heated to a sufficiently high temperature in the presence of oxygen. A good example of this is an
oxyacetylene cutting torch, with which steel a foot thick may be cut {(actually burned) by simply
heating the steel to above 1100 degrees and blowing a stream of high pressure oxygen on it.

The resistance of a material to oxidation may be used to define its "oxygen compatibility.”

The concept of combustion

Chemical combustion requires three components - fuel, an oxidizer, and an ignition source of
sufficient temperature to start the reaction. If any one of these three components is missing or available
in insufficient quantities under a specific set of conditions, combustion cannot take place. This “fire
triangie” becomes more complicated in high pressure air and oxygen systems, and dealing with it
presents a special set of problems.

As oxygen pressure and therefore the number of molecules increases in the presence of a fuel, the
temperature necessary to initiate combustion of the fuel - the "auto-ignition” point - decreases
dramatically. In 3,000 psig oxygen systems, for example, the auto-ignition point of a given valve seat
material may be only a fraction of the temperature required to set the material on fire in atmospheric
air, if indeed it will burn in air at all. Many materials which will not readily bum in high pressure air
conditions, even at very high temperatures, may literally explode in the presence of high pressure
oxygen. The selection and use of the materials most resistant to auto-ignition in high pressure oxygen is
critical to safely preparing equipment for enriched air NITROX service.

Fuel in breathing gas systems

The most likely source of fuel in compressed air systems is liquid oil. This oil contamination may be
the result of improperly cleaned parts attached to the system or compressor lubrication oil which has
been allowed to accumulate in the system. While the amounts of oil necessary to support the combustion
process are dependent on many factors, some of the low-toxicity lubricating oils that are recommended
by manufacturers for use in high pressure breathing gas compressors will ignite spontaneously if heated
to their 300 to 450 degrees F auto-ignition temperature in the presence of oxygen. The amount of
condensed hydrocarbon-based oil necessary to allow sustained combustion in a high pressure air system
has been established experimentally at values as low as 20 milligrams of condensed oil per square foot
of internal piping area, under certain conditions. The exact amount of contamination is more or less



Butler et al.: Oxygen safety

proportional to the amount of air pumped by the compressor, adjusted for the quality and frequency of
the filters and the maintenance of the compressor.

Other fuels worthy of consideration include component soft goods such as valve seats, regulator
diaphragms, O-rings, and Teflon sealing tape that comes into direct contact with the air stream.
Generally speaking, components designed and cleaned for oxygen service are acceptable for high
pressure enriched air systems.

To minimize risk, lubricants used in gas exposed components such as valve threads should be rated
for oxygen service. Ignition has occurred with silicone greases used in high pressure air systems. There
is a popular misconception that silicones are not flammable; this is not the case. Silicones should be
replaced with an oxygen compatible lubricant.

Sources of ignition

The real key to safe high pressure air, enriched air NITROX, and oxygen system operation is to
keep temperatures well below those necessary to cause auto-ignition of even the least oxygen-
compatible materials. In practice, this can be more difficult than it sounds. The most common source of
high temperatures in gas systems is rapid local compression of the gas within the pressure
compartments and piping system, a phenomenon known as "dieseling.”

Rapid compression of a manifold with a working pressure of 3,000 psig can produce momentary gas
temperatures in excess of 1,600 degrees F, a value well in excess of the 400 to 600 degree auto-ignition
temperatures of the silicone lubricants that have been used in many SCUBA tank valves and regulators.
In elevated oxygen conditions, these temperatures have produced diesei-type auto-ignition of, for
example, Dow-Corning Silicone Compound #111.

Another source of high temperatures in gas systems is caused by the localized friction that occurs as
gas moves through valves and orifices at sonic velocities. The use of slow opening “globe” style oxygen
service valves will help to reduce gas velocities and the heat of compression. Due to their rapid
opening characteristics, ball valves are not recommended for oxygen service at pressures greater than
about 125 psig by the CGA, ASME-PVHO, and NFPA piping sub-committees.

A less likely cause of auto-ignition in SCUBA equipment, but one that is very likely in larger
storage manifold systems, is particle impact. High gas velocities can pick up and carry metal
particles and other debris downstream at hundreds of feet per second, and this can cause sparking and
very high localized temperatures as the particles impact bumps and bends in the piping. This has real
significance in oil-contaminated HP-air manifold systems where an oxygen circuit has been added to
produce enriched air NITROX by the partial pressure method.

Guidelines for the Use of Oxygen in SCUBA Equipment

Most "off the shelf® SCUBA equipment is assembled at the factory using soft goods (O-rings, seats,
gaskets, etc.) and lubricants that are considered to be "compatible” with air but not oxygen.

It is important to note that the only fires in SCUBA equipment known to the authors have occurred
with pure oxygen (none that we know of with air or oxygen-enriched air). Other incidents have been
reported anecdotally, but we lack reliable documentation of them. The 1992 enriched air workshop
presented expert opinion that mixtures up to 50% could be used safely with ordinary materials and
oxygen compatible lubricants, but called for research to confirm this opinion with data.

The need for oxygen cleaning
It is recommended that all system components having either direct contact with oxygen or the

“indirect” possibility (i.e., not normally in contact with oxygen, but that might be as a result of a
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reasonably foreseeable malfunction) be cleaned to "oxygen service” standards. The same
recommendation applies to enriched air mixtures above 40 percent oxygen by volume.

The cleaning process should remove particles and combustible contaminants to a value below that
which might result in a fire under extreme conditions. These values are difficult to quantify, and for
this reason it is best to evaluate systems that will be used in oxygen or enriched air services as being
contaminated if any particulate, oil, or carbonaceous residue is detected visually or by using the cotton
swab method.

Cleaning criteria for many oxygen and high pressure air systems are beyond the capability of the
average user, and they may be prohibitively expensive if done by an outside oxygen cleaning firm or
lab. There are, however, methods that can be used "in-house” by knowledgeabie technicians that will
produce acceptable results.

The Compressed Gas Association Pamphlet CGA G-4.1-1985, "Cleaning Equipment for Oxygen
Service" is a basic introduction to various industry accepted oxygen service cleaning methods.
Unfortunately, it does not adequately deal with specific step-by-step procedures, or provide insight as
to some of the material and solvent incompatibility problems that might be encountered.

SCUBA gear designed for HP air service is usually not recommended or safe for oxygen service as
supplied by the factory, primarily because of the soft goods and lubricants used. These parts can often
be replaced, but before disassembling, cleaning, and replacing these parts it is best to contact the
manufacturer to find out what is recommended. You may inadvertently effect performance and could
void your warranty. Several manufacturers now offer equipment that has been factory prepared for HI'
oxygen or enriched air NITROX mixture service of up to 50 percent oxygen. It is best to dedicate oxygen
compatible and cleaned equipment to oxygen or enriched air NITROX service only. It should be
labelled prominently, to prevent both recontamination or inadvertently breathing the wrong gas.

Do not use air from oil lubricated compressed air sources as an "add" gas in the production of mixed
gases, especially where the oxygen percentages are greater that 25 percent by volume. Modifying
existing conventional oil-lubricated air compression systems for the production of enriched air NITROX
is potentially dangerous and is not recommended by any company producing oil-lubricated compressors.
Properly chosen and sized filters can produce clean air, but they require constant monitoring and
maintenance to ensure continued production of air sufficiently clean to be used for making enriched air.

Make every effort to reduce gas compression rates and velocities in gas systems in an effort to
minimize gas temperatures in the internal piping. This is a function of both design and operating
technique.

It is good practice never to use the SCUBA tank or oxygen storage cylinder valves to control the flow
of pure oxygen or even enriched air NITROX. This is done in many air cascade filling operations. The
proper method to control high pressure oxygen flow is to use a pressure-regulated flow control system.

Bare steel or zinc electro-plated steel tanks are preferable for oxygen service applications for
several reasons. Aluminum material is less "oxygen compatible” than steel and will burn vigorously if
ignited in the presence of a high pressure oxygen atmosphere. Steel tanks require significantly higher
temperatures to auto-ignite and will burn less vigorously if ignited. Bear in mind that these are
relative terms of material oxygen compatibility. The likelihood that an HP SCUBA tank would be

consumed in a high pressure oxygen-induced fire is remote.

Of greater significance to aluminum cylinders is the fact that oxygen compatible chlorofluorocarbon
type lubricants, such as those made by Halocarbon Products Corp., and Fluorolube brand products made
by Hooker Chemical, Inc., are specifically not recommended by their manufacturers for use with
aluminum or magnesium alloy materials due to the possibility of chemical reaction and ignition under
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certain conditions. The reason is that these products contain chlorine, and this can react with freshly
machined aluminum. Additionally, these lubricants have just recently been shown to effect some
oxygen compatible elastomers such as Viton-A, casting doubt on whether they should be recommended
for use in combination with elastomers.

Perfluorinated polyether-based oils with Fleurotelomer thickeners are the most inert and probably
the best overall class of lubricants for these oxygen-related applications. The DuPont Krytox 240 series
products work well and are the best known, but they tend to lose some of their lubrication qualities at
low temperatures. Christo-Lube MCG-111 lubricant manufactured by Lubrication Technology, Inc., has
good low temperature characteristics, is safe in oxygen, and is comparatively low priced. Both
materials are compatible with most common elastomers, and both are far superior to ordinary and/or
silicone compound lubricants.

Primary Methods for Producing Enriched Air Breathing Mixtures

At the center of the enriched air NITROX issue is gas mixture quality assurance. There are two
primary field techniques for preparing enriched air mixtures, the cascade (partial pressure) method
and the NOAA enriched air NITROX continuous mixing system. These along with other techniques
need proper care to ensure correct mixes and to avoid contamination that may lead to oxygen fires.

Partial-Pressure Cascade Mixing

The age-old technique of mixing by partial pressure, "cascading", can be employed using pure
factory supplied gases (e.g., nitrogen and oxygen), which eliminates many of the trace contaminant
issues associated with compressed air. The term "cascading” applies to filling from cylinders in a bank
one at a time, starting with the cylinder having the lowest pressure and working up. This method
conserves the higher pressure gases and makes it possible to work without a booster pump.

The use of pure nitrogen (or any pure inert gas) is strongly discouraged because of the possibility
that someone will be given a pure inert gas to breathe; this obvious and preventable error has accounted
for far more diving fatalities in commercial deep diving operations than several more publicized

occurrences such as improper decompression.

More convenient and efficient is the practice of "enriching" oil-free compressed air with oxygen. In
this technique pure oxygen is added to an empty or nearly empty storage cylinder or SCUBA tank, and
clean high-pressure air is added to the oxygen, filling the cylinder to its pressure capacity at the
desired oxygen concentration (according to calculations based on the gas laws). This technique requires
good temperature stability and highly accuracy pressure measurement to be precise. If used with high
pressure air produced from an "oil-lubricated” compressor this technique is inherently dangerous,
because of the likely presence of lubricating oil contamination.

The NOAA mixer

The development of the NOAA continucus NITROX mixer in 1987 greatly simplified enriched air
mixing. The system consists of an "oil-less” high pressure compressor, oOxygen analyzers, and a mixing
manifold designed to enrich compressor intake air to the desired oxygen fraction. The enriched air then
passes to the compressor from which it goes past the analyzer into the storage cylinders or directly into
SCUBA tanks. The amount of oxygen added to the intake stream is adjusted according to the

composition of the output gas.

This continuous mixing technique requires the use of an cil-free or oil-less compressor to eliminate
the possibility of compressor lubricating oils coming into contact with the oxygen-rich mixture. The
potential combination of oil, high oxygen concentration, and adiabatic heat of compression represents a
significant fire and explosion hazard, so oil-lubricated compressors must be avoided when using the
NOAA continuous mixing process.
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Compressar Considerations

The Debate over the need for "oil-free” air

Standard oil-lubricated high pressure air compressors that are installed, operated, and
maintained in accordance with manufacturers’ specifications can provide acceptable breathing air for
SCUBA and other breathing apparatus under most breathing air quality standards. However, air that
is suitable for breathing can nevertheless contain enough condensable hydrocarbons to contaminate a
system, and this air may likewise not be acceptable for mixing with oxygen.

The requirement for an "oil-free” compressor for mixing enriched air has been a topic of discussion
and debate for several years. Faced with significant economic constraints, many operations have
naively chosen to modify their existing oil-lubricated compressor systems, ancillary equipment and
storage to produce enriched air mixtures rather than to purchase oil-free compressors and associated
equipment. The relative fire and explosion risks inherent in this practice range from very low to very
likely, and are dependent on many interrelated factors. This practice works well in careful hands, but
is not generally recommended.

How much oil is too much for safe enriched air mixing?

The compressed air breathing standards in primary use today in the United States have been set
forth by the Compressed Gas Association. Generally speaking, SCUBA compressor systems are
designed to produce output air that complies with grades D, E, or, F. The essential difference in these
grades is with respect to carbon dioxide and carbon monoxide concentrations. All these grades permit a
condensed hydrocarbon contamination value of 5 milligrams per cubic meter of compressor system
discharge air. This standard is based on the physiological observation that defense mechanisms in the
respiratory system can deal with non-toxic hydrocarbon contaminants at this level. However, from a
fire safety standpoint, the presence of any oil in excess of the range of a few parts per million (ppm) has

proven to be dangerous.

This is an antiquated aspect of the CGA standard and is representative of the limitations of old
technology. The fact that this standard remains in effect creates confusion on the part of breathing air
consumers and leads users to believe that analysis indicating oil contamination lower than this
physiologically-based level must also be acceptable for use as an add gas in the production of enriched
air mixtures. This is an extremely dangerous assumption.

The question therefore arises: Realistically, how much oil is of concern in compressed air systems
intended to support enriched air production? The fact is, any amount of perceptible oil or carbonaceous
material in the internal piping of a breathing air system should be of concern from an oxygen safety
standpoint. A simple method of system evaluation is to disassemble a piping connection just beyond the
compressor's final filtration system, after the compressor has been run for many hours. Using a swab,
wipe the inside of the piping, being careful not to leave any swab materials in the piping. Any
discoloration of the swab is a baseline indication of the presence of some contamination; this must be
further evaluated as to composition and source before returning the system to oxygen-related service.

Oil vs. oil-free compressar system designs
For the purpose of this discussion, high pressure breathing air compressors may be divided into
three basic design categories: (a) oil-lubricated, (b) oil-free, and (¢) oil-less.

Most high pressure breathing air compression systems in use today are of an oil-lubricated design in
which the oil is in direct contact with the compression cylinders and hence with the processed air.
These systems rely on post-compression filtration of the product air to remove entrained compressor
lubrication oil, atmospheric water vapor, and trace gas contaminants such as carbon monoxide. These
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trace contaminants, particularly CO, may be present in the intake gas or can actually be produced by
lubricating oil oxidation within the compressor itself under certain conditions.

Oil-free compressors are hybrid designs that use self-lubricating materials to eliminate the need
for oil lubrication in the upper breathing air compression cylinder and valves. The lower crankcase is of
a conventional oil splash or pressure feed type with a connecting rod arrangement that isolates the oil-
lubricated crankcase from the oil-free upper compression head area. This type compressor still requires
post-filtration systems to separate atmospheric water vapor, remove particles of the compressor seals
or piston rings (usually polytetrafluoroethylene - Teflon - or carbon composite materials} self-
lubricating materials, and to absorb or catalytically convert trace contaminants such as carbon monoxide
that may be drawn into the compressor from the atmosphere.

Oil-less compressor designs have no oil in either the crankcase or the upper compression head. This
design uses sealed bearing technology to eliminate the contamination risks associated with a
conventional crankcase and liquid oil. Commercially available units are of relatively low volume
output compared to the above designs. Oil-less compressors require the same filtration systems as the
oil-free units.

Advantages and disadvantages of different compressor designs

For purposes of comparison, oil-free and oil-less compressors can be grouped together and compared
with oil-lubricated compressors. Historically, oil-lubricated compressor designs have tended to be less
expensive to purchase and maintain than oil-free compressor systems of similar capacity. Spare parts
and local service representatives also tend to be more available and at lower cost because of the wider
application of this type of compressor. Distinct disadvantages of oil-lubricated compressors is the real
need for frequent preventive and interval maintenance, and the need to ensure proper filtration. In
operations in hot and humid climates frequent filter changes are necessary to maintain discharge air
quality. As this design is capable of producing carbon monoxide under certain operating conditions, oil-
lubricated compressors used for breathing air should be equipped with a carbon monoxide catalytic
converter and chemical indicators in addition to the standard filtration systems recommended by most
manufacturers.

There are several disadvantages associated with oil-free and oil-less compressors. Because of the
higher cost associated with these compressors (initial purchase, replacement parts, and service) they
are not the first choice of most facilities requiring breathing air for SCUBA operations, and they are
financially beyond the reach of most retail diving operations interested in promoting recreational
enriched air NITROX diving.

The major advantage of oil-free designs is the absolute elimination of both oil contaminants and
the possibility of producing carbon monoxide during the compression process. Particles from the piston
ring and seal material must be removed by filtration. This type of design, specially prepared for
enriched air NITROX service by the compressor manufacturer, is generally considered the only
acceptable and safe method of producing oxygen-enriched air mixtures by the NOAA continuous
blending method.

A viable alternative: Buy pre-mix from the factory

Prepared, analyzed, and certified breathing mixtures may be routinely purchased through
specialty gas suppliers. For many low and some high volume enriched air NITROX diving operations,
pre-mix has some distinct advantages when compared to the hardware and other costs associated with
in-house mixing. Most commercial diving companies buy pre-mixed breathing gases (other than
compressed air) from a specialty gas supplier in high pressure gas storage cylinders that are rented
until returned to the supplier.

The costs associated with the purchase of pre-mixed breathing gases depends on such factors as the
accuracy and analytical requirements of the mixture (enriched air is generally considered to have
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production requirements of +1 percentage unit of desired oxygen concentration; that is, +1% of the total,
not of the component), the amount of gas ordered, and the trucking distance from the specialty gas plant
to the point where the gas will be transferred to dedicated enriched SCUBA tanks for use.

It may be helpful to research the costs and personnel time associated with buying pure gases and
mixing, analyzing, and compressing it on site versus buying pre-mixed and certified breathing gas
mixtures from a supplier and only having to deal with transferring it to SCUBA tanks. A distinct
advantage of premix is that it has been analyzed for both major components and trace contaminant
gases such as carbon monoxide down into the parts per million range and then certified for use under
some standard by the manufacturer. Rarely can on-site analyses meet these criteria. A disadvantage of
pre-mix is that more cylinders must be handled than when only oxygen has to be purchased. Further,
pre-mix is generally not available in cylinders at pressures greater than 2400 PSIG. This presents a
problem in diving situations where diver-carried SCUBA tanks are routinely charged to over 3,000 psig
Or more.

While not insignificant in cost, a pre-mix cascade and booster pump charging system is less
expensive, more reliable, and produces better quality gas at the SCUBA tank than any other on-site
mixing operation that we know of.

Cleaning Oil-Contaminated Systems

New high pressure air and oxygen system equipment is generally factory cleaned for oxygen service.
If in doubt, when purchasing specify "items to be cleaned for oxygen service” or mention that the
equipment is for high pressure breathing air service. Be careful to maintain the oxygen clean integrity
of the components during construction and of the system thereafter.

When replacing an oil-lubricated compressor with an oil-free compressor all downstream system
components must be cleaned. The cleaning process must remove particle and combustible material in
contaminated manifolds, valves, piping, fittings, and flexible hose. These can be safely cleaned on-site
by experienced personnel using a variety of techniques and equipment. Storage cylinders and regulators
are difficult to clean adequately; these should be sent out to an oxygen cleaning service or replaced.

Most components that have formerly been used for the management and storage of oil-pumped
compressed air can be cleaned and modified for enriched air NITROX service with proper care.
However, they can easily be re-contaminated if again connected to an oil-lubricated compressor system.

Evolution of Enriched Air NITROX Mixing Within NOAA

On a somewhat historical note we want to document the development of enriched air mixing
technology within NOAA. NOAA developed the techniques for using enriched air NITROX for open
circuit SCUBA diving in the late 1970's. The initial mixture, identified as NOAA NITROX I, was a
32% oxygen mixture produced by mixing pure nitrogen and oxygen and compressing the mix with a
booster pump; this was necessary because oil-free air was not readily available. All mixing system
components, storage cylinders, and SCUBA equipment that came in contact with this gas mixture were
cleaned and maintained to oxygen clean standards.

In 1986 the National Undersea Research Center at the University of North Carolina, Wilmington
(NURC/UNCW), began an enriched air NITROX diving program under the guidance of NOAA's Dr.
Morgan Wells. Initially the Center's mix was made by the established method using pure gases and a
booster pump under oxygen-clean conditions. Technology advances had since developed "oil-less™ high
pressure air compressors, and soon enriched air was being produced by adding oxygen to oil-free air.
Thus the term "enriched air NITROX" is a combination of the earlier "NITROX" and the more correct
"enriched air."
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NURC/UNCW still maintained all equipment that came into contact with high pressure enriched
air in an oxygen-clean status. SCUBA tanks, valves, and first stages of SCUBA regulators were cleaned
and rebuilt with soft goods and lubricants compatible with oxygen service. Because the Center used oil-
free air exclusively in its diving systems, SCUBA regulators could be used with either air or enriched
air with no risk of contamination to the regulator, However, enriched air SCUBA tanks were properly
marked and dedicated to enriched air service.

In 1987-88 NURC/UNCW began using a second enriched air NITROX mixture of 36% oxygen. This
mixture, known as NOAA NITROX II, was also mixed using the NOAA continuous mixing system.
Because the Center was no longer using cascade mixing techniques and there was no longer a risk that
SCUBA equipment would be exposed to 100% oxygen, the Center began to relax the stringent cleaning
requirements of SCUBA equipment exposed to high pressure enriched air.

Today the only "NITROX" mixtures used by NURC/UNCW contain 32% or 36% oxygen and are
produced by enriching air through an oil-free compressor. Through experience, investigation, and
observation, the Center has developed a high degree of confidence in using standard SCUBA equipment
with these two specific mixtures. Although a high cleaning standard for SCUBA equipment is still
maintained, the Center no longer rebuilds a new off-the-shelf tank valves or regulators. However,
during annual overhauls all equipment is re-lubricated using oxygen-compatible lubricants.

The Center also allows visiting diving scientists the option of using their own SCUBA regulators
rather than Center-supplied equipment. Information is provided regarding the dangers of contaminants
in the SCUBA first stage and where such contaminants may originate. Each diver makes an informed
choice on whether her equipment has potentially been contaminated and therefore should not be used
with enriched air mixtures.

Conclusions

The potential for fire in a high pressure gas system containing oxygen can only be minimized, never
eliminated. SCUBA equipment can be cleaned and modified to include materials more compatible with
oxygen by personnel otherwise expert in the servicing of such equipment, provided that they use the
correct procedures and materials and oxygen-compatible lubricants. Diving equipment and compressor
manufacturers are strongly encouraged to recognize and evaluate issues regarding oxygen compatibility
and enriched air NITROX service, and to establish guidelines and internal policies. Diving equipment
manufacturers should offer complete sets of equipment that can be dedicated to enriched air NITROX
service, including tanks, regulators, gauges, and whips intended for this service. Further, they should
establish cleaning facilities for their equipment to re-clean it annually or as needed. Safe enriched air
NITROX SCUBA diving operations need close coordination with equipment manufacturers on matters of

oxygen safety.

Conventional oil-lubricated compressors and filter systems produce output air with some
hydrocarbon contamination. As a result, the use of air from oil-lubricated compressors as an add gas to
and in contact with pure oxygen during the production of enriched air NITROX breathing mixtures is
regarded as an unacceptable risk unless scrupulous and consistent maintenance can be ensured. The
average retail dive shop owner does not have the technical expertise nor the financial resources
necessary to maintain this type of high pressure air system at oil contamination levels acceptable for
use in oxygen service. The use of oil-free or oil-less compressors is an acceptable and recommended
method of making enriched air mixtures, but they are expensive to own and maintain.

Factory pre-mixed enriched air NITROX used with an oxygen clean transfilling system (booster

pump) and diving equipment dedicated only to enriched air use is the best overall method of producing
low volumes of enriched air NITROX for small operations or retail dispensing with adequate gas
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quality assurances. Full oxygen cleaning is not necessary, but only oxygen compatible lubricants should
be used.

The atmospheric entrainment and cascade methods are best suited to high volume enriched air
applications, but additional safeguards must be added to the average air system to improve gas quality
assurance and to reduce risk of oxygen-related fires.
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Small invertebrates associated with the sediment-water interface habitat were
sampled at four sites in Onslow Bay, North Carolina from 1983 to 1989 by five methods:
vertical plankion net tows, reentry trapping, emergence irapping, airlift sampling, and
Ekman grab sampling. Comparisons of the assemblages captured show that each
method samples a different assemblage of small invertebrates. Three more or less
distinct assemblages of small invertebrates can be identified: a holozooplankton group
distinguished by calanoid copepods, chaetognaths, and larvaceans; a demersal
zooplankton group distinguished by cumaceans, gammarid amphipods, and mysids; and
a meiofauna group distinguished by high proportions of mematodes and harpacticoid
copepods. Several taxa are important fractions of more than one assemblage. Copepod
nauplii appear to remain close to the bottom but do not enfer or attach to the substrate,
and are thus members of both the holozooplankton and demersal zooplankion, as are
cyclopoid copepods, which do appear to associate with benthic substrates.
Harpacticoid copepods are important members of all three groups. Individual species
within these major taxa probably exhibit quite variable behaviors. Consequently,
choice of methods used to sample these different assemblages is important.

Introduction

A numerically abundant and taxonomically diverse group of small invertebrates can be found in the
sediment-water interface habitat in continental shelf waters. This group includes zooplankters that
migrate downward as part of their diel vertical migration pattern, migratory demersal zooplankton
that spend part of each day in direct contact with the bottom and part of each day in the plankton,
larval forms that settle from the plankton onto benthic substrates, and interstitial meiofauna living in
the sediments. These organisms range in length from approximately 0.1 mm, e.g., nauplii, to tens of
centimeters, .g., penaeid shrimps. They include herbivores and carnivores, and collectively support
many economically important macrofauna.

A variety of specialized methods have been developed to sample small invertebrates in the
interface habitat, since conventional plankton tows can not sample this habitat adequately. Demersal
zooplankton have been sampled by emergence and reentry trapping, which take advantage of their
migratory behavior (Youngbluth, 1982; Alldredge and King, 1985; Cahoon and Tronzo, 1988). Airlift
samplers have also been used to sample demersal zooplankters (Stretch, 1985). Interstitial meiofauna
have typically been sampled by sediment grabs (Coull e al., 1982).
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Each of these sampling methods has been shown to sample with significant biases. Emergence traps
can be contaminated with holozooplankters (Youngbluth, 1982) or by crawling meiofauna (Robichaux et
al., 1981). Reentry traps can aiso be contaminated by crawling meiofauna and by larval forms entering
the substrate (Robichaux et al., 1981). Migratory forms may avoid traps, enter them preferentially, or
migrate infrequently so that their actual abundance is underestimated by short trap deployments
(Jacoby and Greenwood, 1988; Stretch, 1985). Airlift samplers may collect sediment-associated fauna
that migrate infrequently more completely than the trapping methods, but may oversample
zooplankters and meiofauna or undersample animals with escape responses. Grab samplers can not
quantitatively sample animals in the water column, even those closely associated with the bottom.
These sampling biases almost certainly produce incomplete, unrepresentative estimates of the actual
taxonomic and numerical composition of the small invertebrate fauna of the interface habitat,

particularly when only one method is used.

We have used each of these methods to study the taxonomic composition and abundance of the
small invertebrates associated with several benthic communities in Onslow Bay, a portion of the North
Carolina continental shelf, as part of our efforts to understand the trophic bases supporting the sheif's
fisheries. We are particularly interested in the role of planktonic and soft-bottom food sources in
supporting hard bottom-associated fishes. Consequently, we have sampied holozooplankton, demersal
zooplankton, and meiofauna, and have often used two or more of the methods described above
concurrently. Here we compare the assemblages sampled by different, concurrently used methods, and
address two questions: How do the assemblages of small invertebrates sampled by plankton nets,
emergence traps, reentry traps, airlift samplers, and sediment grabs differ taxonomically? What do
the results of the different sampling approaches tell us about the distribution and behavior of the
important small invertebrate taxa of the interface habitat?

/ ONSLOW
/ BAY

B X3

CAPE FEAR

Fig. 1. Location of study sites in Onslow Bay, North Carolina,
where small invertebrate collections were made, 1953-1989,

Methods and Materials
We sampled the small invertebrate fauna associated with the sediment-water interface habitat at
several locations in Onslow Bay, the portion of the North Carolina continental shelf bounded by Capes

Lookout and Fear and seaward by the western edge of the Gulf Stream. Data presented in this paper
resulted from sampling at four locations in Onslow Bay (Fig. 1). Two of these sites were characterized
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by open sandy bottom: the "6-mile” site, at a depth of 19 m, and the "Deep" site, at a depth of 41 m.
The "23-mile” site is located at a natural limestone ledge, with depths ranging from 28-33 m, and was
the most frequently sampled location. The "Tugs" site is an artificial reef consisting of two tugboats
approximately 400 m apart. The sampling efforts described here were conducted from 1983 to 1989.

Most of the sampling employed emergence trapping and reentry trapping of demersal zooplankton.
Emergence traps were conical nets of 95 jtm mesh 1 m high with a steel ring sewed into the mouth to
keep the net open and directly on the bottom during its deployment. A one liter polyethylene bottle
with a funnel giued into its throat collected animals migrating upward in the trap. Reentry traps were
polyethylene pans with snap-on lids, 21 cm x 21 cm, filled with 1.0 liter of cleaned sand, which
animals entered from the plankton. Both kinds of traps were placed on the bottom by SCUBA divers,
left overnight or, in some cases, during the day, and retrieved following closure of the traps on the
bottom. We usually deployed ten reentry traps and six emergence traps simultaneously. Animals
coliected in the traps were concentrated on a 95 pm mesh sieve (after rinsing with fresh water to
dislodge animals in reentry traps), fixed and stained in a seawater-5% formalin-Rose Bengal solution,
and identified and counted with the aid of a dissecting microscope and appropriate taxonomic keys.

We collected zooplankton in the water column by towing a 105 um mesh, 0.5 m diam zooplankton net
vertically from the bottom. These collections were made at night during several of the overnight
deployments of the emergence and reentry traps. The resulting zooplankton samples were fixed,
stained, identified, and counted as above.

We used airlift samplers to collect small invertebrates associated with the substrate at two times
and locations, in April, 1985, at the "Tugs" site and in August, 1989, at the "23-mile” site. The airlift
device we used was a PVC pipe, 5 cm diam x 1.3 m length, with an air inlet approximately 40 cm from
the lower end. We used a SCUBA tank hooked to the air line by a first stage SCUBA regulator to
supply air. The airlift device created suction from air bubbles flowing out the top end of the pipe,
which had a 105 pm mesh collection bag clamped on it to retain sediment and animals. Divers placed a
fiberglass collar around an area (0.044 m?) to be sampled, used the airlift to suction all the substrate
inside the collar, replaced the sample collection bag, and moved the collar to another sampling spot to
repeat the process.

We sampled small invertebrates in the sediments at the "23-mile" site in August, 1989, using an
Ekman grab (15 cm x 15 cm) pushed to a depth of at least 6 cm by SCUBA divers. Sediment samples were
placed in plastic bags, sealed, and returned to the surface, where they were fixed and stained as above.
Grab samples were collected in triplicate every ten m along a transect running from the limestone ledge
to a point 50 m from the ledge for a total of 18 samples. Animals were removed from the sediment
samples by repeated washings with a hypersaline solution, concentrated on a sieve as above, and
identified and counted using a dissecting microscope and appropriate taxonomic keys.

Results

The data sets resulting from our field sampling efforts at the various Onslow Bay sites in the period
1983-1989 did not represent a balanced set of methods vs. sites vs. sampling dates. A variety of
constraints, including limited opportunity to sample, limited access to the offshore sites, and
differences in the ease with which the different sampling methods could be used under field conditions
contributed to the incomplete nature of the data sets we report here. Furthermore, the data from
replicate samples were frequently not normally distributed. Therefore, we present estimates of percent
similarity of the assemblages sampled by two or more methods, or of assemblages collected from two or
more substrates or sequential periods from the same sampling location and date (Fig. 2). Exceptions to
this pattern are comparisons of the assemblages sampled by reentry traps in 1983 vs. airlift and Elanan
grabs in 1989 at the "23-mile" site, since this site was the most intensively studied of the four, and
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comparisons of the assemblages sampled by airlift at the "Tugs" site in 1985 and at the "23-mile” site in
1989, Percent similarity values were calculated according to Brower and Zar (1977), using data from
taxa that accounted for > 1% of the total animals captured in at least one set of samples.

Percent similarities are generally highest for comparisons of the same sampling method at
different sites or dates (Fig. 2). Thus, reentry trapping frequently yielded very similar assemblages of
small invertebrates (up to 92% similarity), especially when samples collected from the same site on
the same sampling trip are compared. However, reentry trap samples from different sites, e.g., the
"Deep” and "23-mile" or "Tugs" site are quite dissimilar, suggesting that reentry traps were sampling
very different assemblages at these sites. Similarly, emergence trap samples are most similar for
samples collected at more or less the same site and date, and are much less similar among different
locations. Plankton samples and samples collected by airlift samplers are also more similar to other
samples collected by the same methods than to other kinds of samples, although the percent
similarities between samples collected by the same method are substantially lower for these two
methods than for reentry trapping. Ekman grab samples were collected only once, precluding estimation
of the consistency of the assemblage collected by this technique.
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Fig. 2. Percent similarity values for assemblages of small invertebrates at Onslow Bay
sites, 1983-1989, "R" = reentry trapping; “E" = emergence trapping: "P" = vertical
plankton tows; "A"= airlift sampling; "G" = Ekman grab sampling: "(H)" = samples
collected over hard substrate; "(S)" = samples collected over soft substrates; "(Night)"
= samples collected at night; "(Day)" = samples collected during day (all unlabeled
samples were collected at night).
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Comparisons of percent similarity values for samples collected by different methods, even at the
same site and date, show that each method is collecting a distinct assemblage of organisms.
Assemblages collected by plankton tows are substantially different from assemblages collected by
either reentry traps or emergence traps. Assemblages collected by Ekman grabs are also substantially
different from those collected by other methods. Assemblages collected by reentry traps and airlift
samplers are relatively more similar, as are assemblages collected by reentry traps and emergence
traps.

We averaged the percent composition of the assemblages collected by each of the five sampling
methods to facilitate overall comparisons among them, recognizing that averaging in this way obscures
the lack of simultaneous comparisons in our field work (Table 1). Taxa that represented at least one
percent of the total animals captured by any method are listed here. Differences among the sampling
methods are again obvious. Reentry trap samples are dominated by harpacticoid copepods, cyclopoid
copepods, and nematodes. Reentry traps also collect smaller, but important, numbers of larger
invertebrates, i.¢., cumaceans, gammarid amphipods, mysids, and isopods. Emergence trap samples are
dominated by copepod nauplii, harpacticoid, cycplopoid, and calanoid copepods, as well as
noteworthy numbers of cumaceans, gammarid amphipods, larvaceans, and chaetognaths. Plankton
samples are dominated by calanoid and cyclopoid copepods and larvaceans. Airlift samples are
dominated heavily by harpacticoid copepods and nematodes. Grab samples are dominated heavily by
nematodes and harpacticoid copepods. The latter two methods also collected an order of magnitude
more total organisms than the other methods, but probably for different reasons, as we discuss below.

Table 1. Comparisons of small invertebrate taxa sampled by each of five collection
methods. Data are weighted mean percent of total animals captured by each method.
"R" = reentry trap, "E" = emergence trap, "P" = vertical plankton tows, "A" = airlift
sampler, "G” = Ekman grab sampler. "n” is total number of samples used to generate
data.

R E P A G
Taxon n = 92 41 16 22 18
copepod nauplili 0.04 0.36 0.05 <0.01 1)
larpacticoida 0.42 0.15 0.02 0.66 0.19Q
cyclnpoida 0.17 0.14 0.26 0.01 <0.01
Calanoida Q.01 0.14 0.31 <0.01 1}
cumacea 0.12 0.09 o <0.01 0
Iropoda o.01 <0.01 0 <0.01 4]
Gammar idea 0.05 0.05 o 0.01 0
Ostracoda 0.01 <0.01 0.02 0.03 0.01
Mysidacea 0.04 «0.01 <0.01 <] 0
Folychaeta 0.02 0.01 0.01 «0.01 0.0l
Hematoda Q.13 <0.01 <0,01 0.28 0.88
Chaetognatha <0.01 0.03 0.03 o o
Larvacea <0.01 0.04 0.10 0 [}
Mean {§ animals m? 15,860 19,970 16,675 149,000 159,000
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Comparisons of the different sampling methods by taxon also illustrate differences among the
assemblages caught by those sampling methods. Copepod nauplii, calanoid copepods, chaetognaths,
and larvaceans were larger fractions of the assemblages captured in emergence traps and plankton tows
than by other methods. Cumaceans, gammarid amphipods, and mysids were larger fractions of the
assemblages caught in reentry and emergence traps than by other methods. Cyclopoid copepods were a
much smaller fraction of the animals caught by airlift or grab sampling, but a similar number of them
were caught by each method. Harpacticoid copepods, in contrast, were a major fraction of only the
assemblages sampled by reentry traps and airlift samplers. Nematodes were also important members
of the assemblages caught by reentry traps and airlift samplers, and dominated the assemblage
sampled by Ekman grabs.

Discussion

We identify three distinct but somewhat overlapping assemblages of small invertebrates
associated with the sediment-water interface that can be identified by comparisons of different
sampling methods. We think that much of the overlap among assemblages may result from
interspecific behavioral differences within the major taxa we sampled.

First, we identify an assemblage of animals that never leave the piankton to associate directly
with the substrate, a group we term "holozooplankton”, which includes copepod nauplii, calanoid
copepods, chaetognaths, and larvaceans. Presumably zooplankters such as hydrozoan and scyphozoan
medusae, salps, ctenophores and others that can be abundant in the zooplankton at times should also be
included in this group. The diel migratory behaviors of these animals are likely to bring them into
close proximity to the bottom, particularly in daylight, which can explain their occasional capture in
reentry traps.

Another distinct assemblage includes taxa that reside in the sediments, termed interstitial
meiofauna (Coull ef al., 1982). This assemblage includes very large numbers of nematodes and
harpacticoid copepods. Capture of some of these animals by methods other than grab sampling implies
that some of these species can swim and enter the water column at least occasionally (Palmer, 1988; G.T.
Chandler, pers. comm.), or that a small percentage of the large numbers of these animals in the
sediment enter traps on the bottom by crawling (Robichaux et al., 1981). The numbers of harpacticoid
copepods captured by each method imply that some species are likely to be partly or even wholly
planktonic, as others have found (e.g., Owre and Foyo, 1967). The large numbers of nematodes captured
by reentry traps and airlift sampling implies that many of them must occur close to the sediment
surface, where benthic microalgae, a likely food source, are concentrated (Cahoon et al., 19%0).

Previous work has focused on the third assemblage we identify here, the demersal zooplankton
(Cahoon and Tronzo, 1988, submitted; Tronzo and Cahoon, 1989; Tronzo, 1989). We define this
assemblage as those animals that associate closely with the sediment-water interface and routinely
spend at least part of the time in the water. Anger and Valentin (1976) called this group the
"hyperbenthos”. Some of them, such as cumaceans, gammarid amphipods, and mysids, probably stay
close to the sediment surface, which would account for their rare capture in nighttime plankton tows vs.
their abundance in reentry and emergence trap samples. Others, such as harpacticoid and cyclopoid
copepods, spend more time in or migrate farther up into the water column. In this case, further
investigation is likely to show that some species are mostly or exclusively planktonic, while others are
demersal.

The demersal group may also be defined to include forms that stay close to the bottom, even if they
do not enter or attach to the substrate. Such forms may include copepod nauplii, which generally hatch
from eggs in sacs carried by cyclopoid and harpacticoid copepods or laid singly to sink in the water by
calanoid copepods.
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We note the general absence of significant numbers of larvae of benthic invertebrates in our samples,
with the exception of larval and juvenile polychaetes. A wide variety of larvae were captured in our
studies, primarily by reentry traps, but rarely in numbers sufficient to account for 1% or more of the total
captured (Tronzo, 1989). Nevertheless, we recognize that such larvae, which can be termed
meroplankton, can be recognized as a distinct group whose collective life cycle includes periods as
holozooplankton and as demersal and/or benthic forms.

None of the sampling methods we used in this study appears to sample all three assemblages we
define above equally well. In part this owes to the limitations of each method, but also to the
variability in the behavior of the animals themselves. Obviously, the choice of a sampling method or
methods depends on the assemblage one wishes to sample. We consider vertical plankton tows to be a
standard method for sampling the holozooplankton. However, we identify here some biases that may
drive preferential selection of one method over others for sampling the assemblages that associate

with the interface.

Grab sampling quite clearly is the method of choice for quantifying interstitial meiofauna.
However, larger forms, such as cumaceans, gammarid amphipods, and mysids, which associate closely
with the sediment and are likely to be important consumers in sediment communities, are not sampled
well by this method. We speculate that these animals can actively avoid small grabs, especially
when deployed by divers with the accompanying disturbance. Nelson (1979) collected amphipods with
a ship-deployed sediment grab, but without establishing the quantitative accuracy of this method.

The majority of our airlift samples were collected over hard substrate at the "23-mile” site. The
assemblage collected by this method may therefore represent the fauna resident on this kind of
habitat, which includes a thin covering of sediment, or may represent bias in this collection method.
We note, for example, the lack of the larger demersal forms in samples collected by airlift. The airlift
collects planktonic animals from the water surrounding a partially enclosed area of substrate, so that
serious overestimates of their abundance result. Thus, harpacticoid copepods may be overrepresented in
airlift samples (Table 1) compared to other sampling methods.

Reentry and emergence trapping have been compared as tools for estimating the abundance of
demersal zooplankton in previous studies (Alldredge and King, 1980, 1985; Cahoon and Tronzo, 1988).
Reentry trapping appears to be a better method, in that emergence trapping captures more
holozooplankters and fewer animals that remain close to the bottom. Reentry trapping, however, may
be biased by the entry of some crawling harpacticoids and nematodes. However, given the abundance of
these two taxa in the sediments, their presence in reentry traps may be indicative of their availability
to demersal feeders, such as sciaenid fishes and penaeid shrimps. Thus, we prefer reentry trapping as a
method for sampling demersal zooplankton.

Several of the comparisons between assemblages captured by the same methods at the same but in
different locations, i.e., in April, 1985, at the "Deep”, "23-mile” and "Tugs" sites, showed very low
similarities even when the same sampling method was used. These low similarities reflect major
taxonomic differences among the demersal zooplankton assemblages associated with these sites. The
demersal zooplankton at the “Deep” site were dominated by cumaceans, gammarid amphipods, and
mysids, unlike the other two sites, which were dominated by harpacticoid and cyclopoid copepods
(Tronzo, 1989; Cahoon and Tronzo, in press). We attribute this difference to the lack of planktivorous
fishes at the "Deep” site compared to the two other, reef-associated sites. If airlifts and Ekman grabs
undersample these larger demersal forms, the biomass and importance of demersal zooplankton
sampled by these methods at sites where they dominate may be seriously underestimated.



Diving for Science..1992

Acknowledgements
This research was supported by UNC Sea Grant (R-MRR-88-1), the National Undersea Research
Center at UNC Wilmington (NASSAA-D-UR004), the National Science Foundation (RII 8311 486), the
Lerner-Grey Fund for Marine Research, the American Philosophical Society, and the North Carolina

Collegiate Academy of Science. We thank Sherry Banner, james Finlay, and the NURC-UNCW dive
support team for their assistance. This is contribution #061 of the Center for Marine Science Research at

UNC Wilmington.
Literature Cited

Alldredge, A.L. and J.M. King. 1980. Effects of moonlight on the temporal migration patterns of
demersal zooplankton. ]. Exp. Mar. Biol. Ecol. 44: 133-156.

Alldredge, A.L. and J.M. King. 1985. The distance demersal zooplankton migrate above the benthos:
implications for predation. Mar. Biol. 84: 253-260.

Anger, K. and C. Valentin. 1976. In situ studies on the diurnal activity pattern of Diastylis rathkei
(Cumacea, Crustacea) and its importance for the hyperbenthos. Helgo. wissen. Meeres. 28: 138-144.

Brower, ].E. and J.H .Zar. 1977. Field and Laboratory Methods for General Ecology. Wm. C. Brown Co.
Publishers, Dubuque, Iowa, 194 pp.

Cahoon, L.B. and C.R. Tronzo. 1988. A comparison of demersal zooplankton collected at Alligator Reef,
Florida, using emergence and reentry traps. Fish. Bull. 86: 838-845.

Cahoon, L.B. and C.R. Tronzo. Quantitative estimates of demersal zooplankton abundance in Onslow
Bay, North Carolina. Submitted to Mar. Ecol. Prog. Ser.

Cahoon, L.B.,, RS. Redman and C.R. Tronzo. 1990. Benthic microalgal biomass in sediments of Onslow
Bay, North Carolina. Est. Coastal Shelf Sci. 31: 805-816.

Coull, B.C., Z. Zo, J.H. Tietjen and B.S. Williams. 1982. Meiofauna of the southeastern United States
continental shelf. Bull. Mar. Sci. 32: 139-150.

Jacoby, C.A. and ].G. Greenwood. 1988. Spatial, temporal, and behavioral patterns in emergence of
zooplankton in the lagoon of Heron Reef, Great Barrier Reef, Australia. Mar. Biol. 97; 309-328.

Nelson, W.G. 1979. Additions to the amphipod crustaceans of North Carolina. Estuaries 2: 66.
Owre, H.B. and M. Foyo. 1967. Copepods of the Florida Current. Fauna Caribbea 1: 1-137.

Palmer, M.A. 1988. Dispersal of marine meiofauna: A review and conceptual model explaining passive
transport and active emergence with implications for recruitment. Mar. Ecol. Prog. Ser. 48: 81-91.

Robichaux, D.M., A.C. Cohen, M.L. Reaka and D. Allen. 1981. Experiments with zooplankton on coral
reefs, or will the real demersal zooplankton please come up? P.S.ZN.L: Mar. Ecol. 2: 77-94.

Stretch,].]. 1985. Quantitative sampling of demersal zooplankton: reentry and airlift dredging sample
comparisons. ]. Exp. Mar. Biol. Ecol. 91: 125-136.

Tronzo, C.R. 1989. The ecology of demersal zooplankton in Onslow Bay, North Carolina. Unpublished
M.S. thesis, UNC Wilmington, Wilmington, N.C. 104 pp.

58



Cahoon et al.: Sampling small invertebrates

Tronzo, C.R. and L.B. Cahoon. 1989. A list of demersal zooplankton collected in Onslow Bay, North
Carolina, USA. Plankton Newsletter 11: 14-18.

Youngbluth, M.J. 1982. Sampling demersal zooplankton: a comparison of field collections using three
different emergence traps. J. exp. mar. Biol. Ecol. 61: 111-124.






CHARACTERISTICS OF BENTHIC MICROALGAE FROM THE NORTH CAROLINA OUTER
CONTINENTAL SHELF AND SLOPE: PRELIMINARY RESULTS

Lawrence B. Cahoon

Dept. of Biological Sciences

UNC Wilmington

Wilmington, NORTH CAROLINA 28403 U.S.A.

Richard A. Laws

Dept. of Earth Sciences

UNC Wilmington

Wilmington, NORTH CAROLINA 28403 US.A.

Timothy W. Savid
Dept. of Biological Sciences

UNC Wilmington

Wilmington, NORTH CAROLINA 28403 US.A.

Sediment samples were collected from seven sites on the outer continental shelf and
slope off North Carolina in October, 1991, using a remotely operated vehicle (ROV).
Sampling depths ranged from 45 to 222 m. Light and chlorophyll g data indicated thai
significant populations of productive benthic microalgae may extend from the
continental shelf down the upper slope off North Carolina to depths of at least 63 m.
Chlorophyll a detected at deeper depths probably represents inactive forms of
microalgae. Examination of bulk sediment samples reveals a variety of pennate
diatoms and an unidentified colonial chrysophyte. The ratic of fucoxanthin:chl g in
sediment samples at 63 m suggests either photoacclimation to low light flux dominated
by short wavelength light or abundance of unusually fucoxanthin-rich taxa. Benthic
microalgae populations in upper slope habitats may be important food for slope
consumers and may be imporlant sources of organic carbon flux to the deep sea.

Introduction

Benthic microalgae are important primary producers in Onslow Bay, the portion of the North
Carolina continental shelf bounded by Capes Lookout and Fear and the Gulf Stream. Cahoon ef al.
(1990) showed that benthic microalgal biomass, measured as chlorophyll 2, exceeded integrated
phytoplankton biomass across the entire shelf, accounting for as much as 80% of the chlorophyll a in
Onslow Bay. Measurements of benthic microalgal production at inner and mid shelf stations showed
that benthic microalgal production was nearly equal to integrated phytoplankton production in these
shelf waters (Cahoon and Cooke, 1992). Examination of sediment samples revealed that the benthic
microflora at inner and mid shelf stations was dominated by pennate diatoms, particularly monoraphic
and biraphic forms, principally of the genera Achnanthes, Amphora, Cocconeis, Delphineis,
Diploneis Navicula, and Nitzschia (Laws and Cahoon, 1992; Cahoon and Laws, submitted).

Cahoon et al. (1990) also reported substantial chlorophyll a concentrations at depths beyond the
shelf break (approximately 55 m) in Onslow Bay, down to depths of 285 m. Chiorophyll a
concentrations sampled at six depths below 100 m averaged 045 pg chl 3/g sediment, values similar to
those found for mid- and outer-shelf depths. However, chlorophyll a concentrations in the shelf break
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region were significantly lower than these values, which was attributed to physical disturbance at the
shelf break and the coarse nature of sediments there (Cahoon ¢t al., 1990).

Cahoon and Cooke (1989) incubated sediments with *C-labeled bicarbonate solutions in situ at a 285
m station on the N.C. slope to determine if chlorophyll a previously detected at this depth by Cahoon
et al. (1990) represented productive microalgae. A subsequent set of incubations in the laboratory using
14C-labeled amino acids and sugars was conducted to determine if heterotrophic nutrition might support
viable microalgae in these sediments. Neither autotrophic nor heterotrophic production was detected,
leading to the conclusion that the viable chlorophyll a signal at the deepest slope sites resulted from
resting stages of microalgae. Light flux at 285 m was up to six orders of magnitude less than surface
incident radiation, well below the minimal light levels (0.1% surface incident radiation)} thought to be
capable of supporting autotrophic production (Falkowski, 1988). Incubations of sediment samples at
low light levels (10-100 nE m? 57} in nutrient medium yielded cultures of four genera of planktonic
diatoms, confirming, that resting forms of microalgae occurred in these sediments.

Measurements of benthic microalgal biomass and production in another continental shelf ecosystem,
Stellwagen Bank in Massachusetts Bay, showed that benthic microalgae flourished at depths below
the 1% light level. Significant benthic microalgal production was measured at places and times at
Stellwagen Bank when average integrated light flux to the bottom did not exceed 56 UE m? s, Light
levels in Onslow Bay at the stations visited by Cahoon and Cooke {in press) were usually much higher
than 1% of surface incident radiation, and often approached 100 BE m? s, Thus, productive benthic
microalgae are likely to extend beyond the shelf break in Onslow Bay, even if their depth range does
not approach 285 m.

This paper reports preliminary results of an effort to sample and describe a series of microhabitats
from the outer shelf and slope of Onslow Bay and the characteristics of benthic microalgae associated
with them.

Methods and Materials

Sampling was conducted at seven sites along an onshore-offshore transect across the shelf break in
Onslow Bay, at depths of 45, 63, 96, 131, 157, 194, and 222 m (Fig. 1). The 45 m site was at or near the
shelf break, and the other six sites were on the continental slope. '

A SuperPhantom II remotely operated vehicle (ROV) deployed from a 45' vessel was used to collect
sediment samples at each site. The ROV was equipped with a closing scoop device and a video camera
positioned to observe the scoop. Samples were collected with the scoop from undisturbed areas of the
sediment surface and returned immediately to the support vessel, where twelve sediment cores, 1 cm
diam, were removed from each sample. Three of these were fixed with Lugol's solution, and the
remainder were frozen. A bulk subsample of sediment was also collected and fixed with Lugol's

solution.

Casts of a SeaBird CTD with a 4 pi quantum sensor were made at each sampling location.
Variables measured included temperature, conductivity, salinity, PAR flux, and depth.

Six sediment subsamples from each location were analyzed for viable chlorophyll a according to
Whitney and Darley (1979). This method employs extraction overnight at 4¢ C in 90% acetone,
foliowed by partitioning of the extract with hexane and spectrophotometric measurement of absorption
at 663 nm in the hexane phase. Thismethod largely eliminates chlorophyll degradation products that
are common in sediment samples, and which would otherwise yield spuriously high estimates of
benthic microalgal biomass.
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Fig. 1. Map of the North Carolina continental shelf and slope showing study sites sampled by
remotely operated vehicles in October, 1991. Site depths are 45, 63, 96, 131, 157, 194 and 222 m,

Up to five sediment subsamples from the three shallowest sites were extracted as above for HPLC
analysis of the microalgal pigments present. A 1 ml aliquot of a 90% acetone pigment extract was
filtered (022 pm nylon membrane), mixed with 0.3 ml of an ion pairing reagent, and injected into an
ISCO gradient HPLC system, following the protocol of Klein and Sournia (1987). Pigment peaks were
identified by comparison to Klein and Sournia's (1987) results and to chromatograms from pure cultures
of various algae with known pigment composition. Peaks corresponding to fucoxanthin and chlorophyll
a were identified, and peak areas for these pigments were quantified using ISCO's ChemResearch
software.

Sediment samples fixed with Lugol's solution were prepared for diatom identification and counts in the
following manner. After measuring the volume of each sample, they were placed in 400 ml beakers and
treated with hydrogen peroxide and nitric acid solutions to remove organic matter, followed by
acidification with hydrochloric acid to remove carbonates. Sediment subsamples were then mounted on
22 mm? coverslips according to the settling technique described by Laws (1983). Coverslips were
mounted on microscope slides with Hyrax mounting medium (RI 1.71). Ildentifications and counts of
diatoms were done on an Olympus BH-2 compound microscope using differential interference contrast
illumination at 1,250 X. The results reported here are based on examination of two samples (slides)
from each of the three shallowest stations. Valve counts to determine relative species abundances were
done according to the ribbon count procedure outlined in Laws (1983). At least 500 valves were counted
from each sample.



Diving for Science...1992

Results

The seven sites presented gradients of sediment composition, bottom temperature, and light flux to
the bottom (Table 1). The shelf break site at 45m had very coarse siliceous sediments that included
carbonate shell fragments and pieces of old coralline algae. Sediments at the 63 and 96 m sites had
finer grained siliceous sediments that included fine shell hash. Sediments from the 131 m site and
deeper were more olive-green/black in color, reflecting the presence of characteristic slope minerals,
including glauconite and phosphorite, and reduced contents of siliceous sands. Bottom temperatures
remained close to surface temperatures (approximately 26° C) at the shallowest three sites, but then
declined rapidly with depth. Light flux to the bottom declined exponentially with depth.

Table 1. Environmental data for N.C. slope sites in Oclober, 1991.

Depth Bottom Temp. PAR flux
(m) c o (E n? sec’!) -
45 25.8 46
63 24.0 11.2
96 20.6 l.44

131 17.7 D.28

157 16.1 0.10

154 14.6 D.03

222 * *

% = CTD cast to this depth prevented by
strong current.

Chl ¢ {mg/m2}

30 A+

18¢ .

Depth (m) o
150 =

200 +

250

Fig. 2. Distribution of benthic microalgal biomass measured as mg chl 3 m? vs. depth
for North Carolina shelf and slope samples. Dots with error bars (1 s.d.) are for
samples collected by remotely operated vehicle in Oct., 1991 in this study. Single dots
are data from N.C. shelf sites reported by Cahoon and Cooke (1992).

Benthic microalgal biomass as chl g was found to be highest at the 63 m site, and was comparable to
chl a values for shelf sediments found in previous studies (Fig. 2). Chl g values at the shelf break (45
m) site were lower, a pattern observed previously (Cahoon et al., 1990). Chl 3 concentrations in
sediments at 96 m and below averaged 10 mg m? or less and were barely detectable at the 222 m site.
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Analyses of the fucoxanthin and chf a contents of pigment extracts from sediment samples by HPLC
was possible only for the 63 m site, owing to the sensitivity limits of the detector used. The ratio of
fucoxanthin:chl a was quite high for these samples compared to ratios found for samples from other
locations receiving higher light fluxes (Fig. 3).
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Fig. 3. Response of fucoxanthin:chl a ratio to PAR flux at various shelf and slope sites,
Open triangles = N.C. slope site (63 m, this study), closed triangles = Stellwagen Bank
(Cahoon et al,submitted), closed circles = N.C. shelf sites, apen circles = carbonate
and sand sites in Florida Keys, closed square = siliceous sand site at Cedar Key,
Florida. Fucoxanthin:ichl a data are ratios of peak areas obtained from HPLC analyses
of sediment samples.

Observations of cleaned bulk sediment samples revealed the presence of various diatoms, mostly
pennate forms, in all samples. Diatom valves were most common in the two shallowest samples, but
their abundance drops markedly at the 131 m site. Valves of plankionic taxa were extremely rare in all
samples. Diatom valves were extremely rare in samples from the deepest site (222 m) and consisted
only of fragments or partially dissolved valves. Significant numbers of a colonial chrysophyte were
also observed in sediment from the 63 and 96 m site.

The microfloral assemblages at the 45 and 63 m sites were relatively well developed and were
similar to assemblages we studied at a 35 m site in Onslow Bay (Cahoon and Laws, submitted). The
diatom flora at the 45 and 63 m sites was dominated by benthic epipsammic and epipelic taxa including
Amphora (12%), Cocconeis (28%), Riploneis (11%), Navicula (22%), and Nitzschia (6%). The flora
was relatively diverse with a minimum of 50 taxa recorded in one sample from the 63 m site. The only
planktonic taxon recorded in these two samples was rare Paralia sulcata. Rare broken and dissolved
valves of Coscinodiscus and Actinocyclus were recorded at the 131 and 157 m sites.
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Discussion

Light flux to the bottom appears to be adequate to support viable benthic microalgae at shallow
slope depths. Light fluxes measured at the 63 m site were as much as twice as high as light fluxes
observed to support significant microalgal growth at Stellwagen Bank (approximately 5 LE m? s,
Cahoon ef al., submitted; Table 1). Estimates of light flux to the bottom using a surface incident flux of
2200 uE m? s! and light data from Table 1 to calculate a value of the light extinction coefficient, k,
predict that 5 .E m? s may reach depths of 80 m in slope waters with this clarity. The 0.1% light
level calculated by Falkowski (1988) to be the theoretical limit for autotrophy corresponds to a depth
of 90 m in N.C. slope waters. However, Palmisano e? al. (1985) reported production by benthic diatoms
in Antarctic waters at light levels down to 0.6 LE m? 57, which corresponds to a depth of approximately
110 m. Thus, viable autotrophic microalgae might extend below the shelf break off North Carolina.

The chl a data similarly support the conclusion that productive benthic microalgae extend to
shallow slope depths. Chl a values at the 96 m site and deeper are significantly lower than those
observed at the 63 m site, and suggest either a small autotrophic population or the presence of inactive
microalgal forms, such as spores or cysts, which can retain pigment but do not conduct photosynthesis.
The latter interpretation is consistent with the observations of Cahoon and Cooke (1989) from a much

deeper site.

There are two interpretations of the chl a data from the 63 m site as an indicator of microalgal
biomass. First, phytoplankton resident at depth for some time are known to exhibit "shade
adaptation”, a condition in which chl a content of cells increases (Falkowski, 1981}, In this situation
measures of chl a would overestimate actual microalgal biomass. However, we favor a second
interpretation, based on the quality of light reaching this site in these waters (Type Il oceanic waters,
Jerlov, 1970). At the 63 m site over 9% of the light reaching the bottom is composed of wavelengths
between 400 and 550 nm, which are usually most efficiently absorbed by accessory pigments, rather than
chlorophylis (Parsons ef al., 1984). Thus, increases in fucoxanthin:chl a ratio may be adaptive for the
shorter wavelength light field predominating at 63 m (Rowan, 1989). We observed a high ratio of
fucoxanthin:chl a in samples from the 63 m site, as this explanation suggests. Therefore, chl a
concentrations in the sediment samples from 63 m might be a measure of microalgal biomass reasonably
comparable to values from shallower shelf sampies.

The high fucoxanthin:chl a ratios measured at the 63 m site may also be explained in two ways.
High fucoxanthin content may be a physiological "option” for deep-dwelling microalgae, a response to
dominance of the PAR spectrum at low light fluxes by blue light. Alternately high fucoxanthinichl a
ratios may reflect dominance of the microalgal assemblage at 63 m by taxa with characteristically
high fucoxanthin contents. We are pursuing both hypotheses in laboratory experiments with
microalgal cultures under controlled light conditions.

The area of the N.C. slope that appears capable of supporting significant benthic microalgal
production is not large in comparison to the extent of the N.C. continental shelf (Fig. 1). However,
benthic microalgae growing near the top of the continental slope may provide a food source for slope
consumers that is much more concentrated and accessible than other sources, such as phytoplankton or
benthic microalgae transported from shallower shelf areas. It is also likely that benthic microalgae on
the upper slope make a proportionately greater contribution to the flux of organic material into the
deep sea than do microalgae on the shelf, since downslope transport is more likely. The absence of
planktonic diatoms from these upper slope sediment samples is particularly intriguing, considering
their abundance in slope waters from this area of the western North Atlantic (Marshall, 1982), and
their abundance in mid-slope (250-1000 m) sediments from an area off Cape Hatteras we studied
previously (Laws and Cahoon, 1992). Continued investigation of the productivity, physiology,
taxonomic composition, and distribution of benthic microalgae in continental slope habitats is therefore

necessary.
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EMERGENCY BREATHING SYSTEM FOR HELIUM-OXYGEN DIVING TO 300 FEET OF SEAWATER

James M. Chimiak
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SCUBA diving to depths greater than 100 fsw compounds the risks to the diver. The use
of mixed gas, helium-oxygen (heliox), eliminated the risk of nitrogen narcosis. Dives to
300 fsw can be made without experiencing this incapacitating phenomenon when using
this gas mixture. Large decompression obligations after dives to these depths make
immediate ascent in the event of emergency clearly unsafe. The need for a reliable
emergency breathing system is well recognized. One method to address this problem
utilizing a full face mask with a switch-over block assembly that used air in the event
of an emergency was explored. Decompression considerations were important in the
selection of air over any other breathing gas mixture.

Introduction

SCUBA diving beyond 100 feet of seawater (fsw) increases its inherent dangers to the diver. The
degree of risk compounds with increasing depth. Decompression stress, nitrogen narcosis, carbon dioxide
retention and limited gas supply are major factors that make open circuit SCUBA diving with air
unsafe at depths of 300 fsw. A helium-oxygen (heliox) closed circuit underwater breathing apparatus
(UBA) overcomes the problems of nitrogen narcosis, excessive breathing resistance and inadequate gas
supply. It utilizes a constant partial pressure of oxygen throughout the entire dive. The balance of the
mix is helium.

Despite these advantages, heliox closed circuit diving has its drawbacks. Decompression concerns
remain ever present and more involved. Also, increased UBA complexity and carbon dioxide scrubber
limitations are factors related to the UBA itself. Furthermore, the free swimming SCUBA diver,
untethered to an umbilical, takes positive control from topside supervision. This places crucial decision
making in the hands of the diver affected by pressure, his environment and, possibly, trauma.

This discussion primarily addressed the probiem of the emergency gas supply in the event of UBA
failure. Currently used bailout procedure for rig failure has the diver breathe from his high pressure
flask by activating the bypass valve thus circumventing the scrubber should it be flooded. The solution
had to deliver an emergency breathing system (EBS) that was effective yet not prove to be an
intolerable physical encumbrance for a free swimming diver attempting to accomplish his work
effectively. Diving to depths up to 300 fsw utilizing this system is not for routine diving. Inaccessible
locations for large diving platforms or operations such as ordnance disposal in which danger to the
support ship is a concern are two such applications. An AGA Full Face Mask (FFM) (Interspiro,
Brandford, CT) with switchover block and quick disconnect connection (QDC) provided the necessary
interface between the diver and this system.

Background
Equipment

1. AGA Full Face Mask (FFM): The AGA FFM can be substituted for the mouthpiece when diving
closed circuit UBA. When worn securely, it can provide nearly the same closed circuit integrity
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that the mouthpiece affords. However, moderate masseter muscle fatigue has been consistently
reported when the gas tight seal is rigorously maintained. The FFM has the added advantage of
increased thermal protection since less facial area is exposed to the water. Hence, the lips are
protected from direct contact with cold water and there is no mouthpiece to hold between the teeth.
The FFM affords the diver an uninterrupted gas source despite the diver's condition such as jaw
fatigue, convulsion or unconsciousness, whereas a standard mouthpiece could fall from the mouth.
Loss of the mouthpiece, especially for the unconscious or convulsing diver, can ultimately result in
drowning if the gas supply is not restored.

The FFM has been further modified to allow switching between closed circuit and open circuit by
simply turning a lever on the face block assembly 90 degrees. Testing for human factors found no
difficulty when 9 dry suit-clad divers wearing 3 fingered gloves made the change from closed to
open circuit and back to closed circuit during test dives. The gas switches were made smoothly upon
orders from topside to do so. These tests were performed in near freezing water while wearing
closed circuit UBA (Chimiak, 1991).

2. Quick Disconnect Connection (QDC): A QDC was incorporated into the system at the Naval
Coastal Systems Center. The QDC is resistant to the corrosive environment of the sea and exhibits
minimal interface volume. The latter requirement is essential to prevent a pressurized slug of water
from being driven into the diver's breathing circuit.

3. Umbilicals: A lightweight, small diameter hose of sufficient length to support decompression at
the depth of the first stop was required. The internal diameter of the hose inversely influences the
dynamic pressure loss but directly increases the size and the weight of the hose reel system. These
two factors are in direct opposition in the development of a portable, lightweight, low resistance
system capable of supporting the diver's breathing requirements.

4. Emergency Bottle Banks: A bank of high pressure bottles is required. Sufficient volume must be
available for the decompression time anticipated. Other factors include the capability to support
more than one UBA casualty and the breathing rates under which the system is to be utilized.

Operations

Diving to 300 fsw using heliox closed circuit UBA employs detailed procedures developed by the
Royal Navy and the US Navy (Wright, 1983). Important points found in these procedures dictate the
requirements for the emergency breathing system. The system accounts for a free swimming diver who
experiences a UBA failure between 300 fsw and his first decompression stop at 150 fsw. The total
decompression obligation can be over 5 hours (U.S. Navy Diving Manual). The diver swims to the EBS
by activating the UBA bypass valve, which was lowered to his first decompression stop. He attaches
to the EBS and actuates the switchover lever for open circuit operations. The diver is assumed to be at
rest while attached to the EBS during his remaining decompression.

EBS Gas Mixture

The use of air as the breathing mixture for the EBS was incorporated. Air is readily available for
use in an EBS. Heliox or Nitrogen-oxygen (NITROX) mixtures require both additional storage and
mixing capabilities to supply these gases reliably. Large gas volumes are needed since the EBS is an
open circuit system. The diving operations are conducted from rubber boats with limited capabilities
and space. Support craft have various levels of service available. Consequently, the assumption is
that any advance support the diving operation needs has to be brought to the scene. Air clearly has the
advantage logistically. But more importantly, air affords decompression benefits by switching from
helium to nitrogen as the inert gas. Heliox decompression is detailed in the US Navy Diving Manual.
The decompression table was developed with the assumption that it uses the same partial pressure of
oxygen throughout decompression and stepped decreases in the partial pressure of helium are
performed in staged ascent to the surface. The substitution of air during decompression has been
theorized to pose little difference in the incidence of decompression sickness (DCS). Tests at the Navy

70



Chimiak: Emergency breathing system

Experimental Diving Unit using air to decompress Heliox UBA divers under constant partial pressure
oxygen supported this hypothesis by demonstrating no increase in the occurrence of DCS in those dives

{Thalman, 1985).

Two offsetting factors may explain this phenomenon. First, changing a diver's inert gas from
helium to nitrogen in his breathing mixture quickly reduces the tissue helium partial pressure
differential and greatly enhances the pressure gradient between ambient and tissue partial pressure.
This increases helium offgassing. This would probably result in a safer decompression except that a
second offsetting factor must be considered. The partial pressure of oxygen during decompression is less
at depths shallower than 77 fsw using air than the constant 0.7 ATA of oxygen maintained by the UBA.
No premix is available that could safely keep this benefit for an emergency breathing gas.
Fortunately, the net effect has resulted in little actual difference noted during manned testing of such
decompression practices. Air can be used as a safe EBS gas supply based on these observations.

A precaution is worthy of note. Once the inert gas in the breathing mixture has been changed from
helium to nitrogen, switching back to helium later during the same dive can result in isobaric
decompression sickness (D'Aoust and Lambertson, 1982). Under such conditions, DCS has been
postulated to occur when a diver breathes an inert gas with a relatively slow diffusion coefficient, e.g.,
nitrogen, and later switches to an inert gas with a higher diffusion coefficient, e.g., helium. This can
result in actual tissue partial pressures that are transiently higher than ambient pressures. Under such
conditions, DCS can be a possible consequence. Isobaric DCS can result without a depth change to
precipitate it, hence its name.

Discussion
The following summarizes the use of an EBS to 300 fsw:

1. Air can be used safely in emergency breathing systems for Heliox diving.

2. The AGA Full Face Mask with its quick disconnect connection is an excellent interface between diver
and EBS.

3. Future possibilities could include:

a. The AGA FFM could be modified for open circuit for both its primary and EBS mode in order to
utilize its quick disconnect capability. A diver could use the SCUBA bottle merely to reach the
work site where bottles are staged with QDCs. The diver could then use these staged bottles
while working and switch back to his SCUBA bottles upon completion of work. If
decompression is required, it could be accomplished using an EBS from topside.

b. The use of oxygen for in-water decompression has been proposed and successfully employed for
SCUBA diving. The major criticism is the potential for in-water CNS oxygen toxicity that
manifests as convulsion. Use of a full face mask affords two important safety features. First, if
it remains on the diver's face, drowning may be avoided since it eliminates the need for the
convulsing or unconscious diver to hold a mouthpiece in place. Second, it allows a buddy or
tender to quickly decrease the partial pressure of oxygen with a turn of the lever back to air.
The diver himself could potentially make such a switch should he be fortunate enough to
recognize the premonitory symptoms of oxygen toxicity and prevent the impending convulsion.

¢. A system for dry suit diving could utilize a large auxiliary bottle that serves both for suit
inflation and as a transitional gas supply until connection to the EBS was made. The
switchover lever would allow transfer between the primary breathing source and this
auxiliary bottle. The QDC could attach directly to this bottle. Once attached to the EBS
umbilical, the auxiliary bottle would equilibrate and serve as a volume tank. A much smaller
diameter EBS umbilical hose could therefore be designed to provide adequate flow rates. In
addition, this transitional gas supply would allow the diver a few breaths during the intense
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moments when he makes the connection and turns the lever. This is a theoretical
recommendation since this use of a volume tank has never been developed to date. It would
require a new valve system that would allow the directional flow required for such an
application. This concept of a volume tank is not essential but if developed would allow: 1.
Hands-free operation once the diver arrives at the 150 fsw EBS; and 2. A possible decrease in
the physical size of the EBS by reducing the pressure requirements to provide adequate flow to

the diver,

Condusion

In conclusion, the EBS affords some extremely noteworthy safety features that could potentially
decrease the risk of SCUBA diving to deeper depths. It provides some of the safeguards found with
tethered umbilical diving yet allows the advantages of free swimming SCUBA with a system that is
cost effective to employ.
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Group spawning in the bluehead wrasse (Thalagsoma bifascigfum) was quantified by
means of direct diver observation and videographic techmiques. Both methods

independently showed a similar trend in total spawning rushes relative to the number
of spawning fish. Video counts tended to underestimate actual spawning rushes while
overestimating possible rushes because gamete clouds could not be readily detected.
The preliminary analysis completed in the present study indicates that videographic
technigues are adequate in obtaining quantifiable, permanent, and continuous
documentation of spawning activity in pelagic spawning fishes such as labroids
(wrasses and parrotfishes).

Introduction

Motion photography has been used more or less successfully in quantitative studies of reef fishes by
Scuba divers (Alevizon and Brooks, 1975; Bortone ef al., 1986). The main advantage of the cine-transect
technique is that it provides a permanent record of species and habitat associations. A serious
drawback of this technique is the difficulty in identifying certain species. Studies of reef fish
behavior, particularly reproduction in labroids, have also used motion photography as a means to
study these fast-occurring and complex behavioral interactions (Randall and Randall, 1963; Colin,

1978, 1982).

The development of compact video camera equipment and accompanying underwater housings in
recent years has facilitated the use of motion photography by Scuba divers. Our objective in this paper
was to compare the videographic technique with direct diver observations as means to quantify
reproductive activity of pelagic spawning reef fishes. We selected a reef fish that spawns in both
pairs and groups of individuals (mass spawning), the bluehead wrasse (Thalassoma bifasciatum), as
our target species. This small labroid is abundant throughout the Florida Keys, Bahamas and
Caribbean. Drab-colored individuals known as initial phase fish usually migrate daily to traditional
spawning sites at the edge of a reef around midafternoon (Wamer et al., 1975; Warner and Robertson,
1978; Warner, 1988). This reproductive system provided an ideal model that allowed repeated
sampling observations in excellent environmental conditions (shallow water, good light and

visibility).

Study Site
Our study was conducted on a coral reef known as Key Largo Dry Rocks located within the John

Pennekamp Coral Reef State Park at approximately 25°09'N and 80°17’W (Fig. 1). Observations were
made on the southeastern edge of the reef at a traditional bluehead wrasse spawning site (Clavijo and
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Lindquist, pers. obs.). Observations and video photography were concentrated around a small boulder
coral at a depth of approximately 8 m.

25"y~
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Fig. 1. Map of study site at Key Largo Dry Rocks.

Materials and Methods

A Sony V99 HI-8 mm camera equipped with a wide-angle lens in an Amphibico underwater housing
was used to film spawning sequences. The camera was hand held by a diver (DGL) and maintained
relatively stationary at the spawning site. The tapes were later duplicated in VHS format. A total of
5.4 video tape hrs was compared with 3.8 hrs of in situ diver observations during August 1991. The same
observer (IEC) recorded spawning activity underwater on Polypaper and from video tapes to avoid
introducing individual observer variability. Three quantifiable spawning behaviors were recorded:
(1) spawning rushes (SR) that included a rapid upward swim by many initial phase individuals and
culminated in a visible gamete cloud produced by the released milt, (2) possible rushes (PR) were
similar to SRs, but a gamete cloud could not be detected and (3) false rushes (FR) in which the upward
swim was interrupted before gametes could be released. Data were expressed as the number of each
type of rush per hour in five observation days. Comparisons were made at the same time for each
observation day whenever possible during peak spawning hours (1455 to 1720 hrs). The number of fish
active at the spawning site each day was estimated visually by a diver (IEC) and rounded off to the
nearest 25 fish.

Results

The data obtained from video and direct diver counts are summarized in Table 1. Diver counts
consistently had higher numbers of SRs compared to the video counts. The reverse is observed in PRs,
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i.e., higher numbers were obtained in video counts compared to diver counts. The number of FRs was low
in both video and diver counts and no trend is seen in either counting technique.

Table 1. Estimated total numbers of blueheads and number of spawning rushes (SR), possible rushes
(PR), false rushes (FR) and total rushes in video and diver observation counts.

Date  Technique Total fish SR PR FR.._Totalrushes Observation time (min.)
81 video 150 58 38 6 102 54
81 diver 150 99 12 12 123 52
85 video 100 56 18 1 75 51
8-5 diver 100 84 0 3 87 40
86 video 100+ 26 18 7 51 58
B-6 diver 100+ 76 15 0 91 32
8-8 video 75 10 13 6 29 63
88 diver 75 26 11 0 3z 47
89 video 50 9 12 0 21 95
89 diver 50 14 5 1 20 59

The total number of all rushes in diver counts was 14 t0 21% higher than in video counts on three
sampling days. On August 6, this difference was much greater, with 44% greater number of total rushes
in diver counts compared to video counts. On August 9, however, the total number of rushes in video
counts was 5% greater than in diver counts.

Both techniques showed a decrease in the total number of rushes over the study period with
corresponding lower numbers of estimated fish present.

Discussion

The videographic technique underestimated SRs and overestimated PRs. This can be explained in
part because of the difference in the distance between rushes and the camera. Direct diver counts were
more efficient in detecting gamete clouds possibly because the human eye sees more effectively at longer
distances underwater than the camera “eye”. Occasionally, background objects interfered with camera
observations. For example, a diver releasing air bubbles behind a spawning rush made video detection
of the gamete cloud impossible. Human eyes with binocular vision could overcome this problem. The
most common problem with video counts, however, included missing the gamete cloud because spawning
fish had moved too close to the camera and rushed just beyond camera view. Again, direct diver
observation was a more effective means of overcoming this problem.

Both the direct diver and videographic techniques showed similar trends in the total number of
rushes relative to the estimated number of fish present. As the spawning population decreased, the
difference in counts between the two techniques also appeared to decrease. On August 6, the large
difference in counts between both techniques may have been due to the splitting of the spawning
population into two groups. The camera recorded the spawning activity of fish close to the reef edge,
while the diver attempted to count rushes in both spawning groups. The total number of fish present
was underestimated since it was difficult to keep track of both groups.

The videographic technique represents an adequate method of quantifying group spawning. This
method not only provides a means to count rushes, but it produces a permanent, continuous documentation
of spawning activity that can later be reviewed by other researchers. In deep water (>30m), a camera
deployed at a spawning site from a surface vessel or ROV would provide the only effective means of
quantifying reproduction in other pelagic spawners such as other labroids (parrotfishes), serranids
(groupers) and lutjanids (snappers). For example, the Nassau grouper (Epinephelus striatus), spawns in
the Bahamas at depths exceeding 30m (IEC, pers.obs.). Extended documentation can be obtained
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compared to the observations of time-limited divers {Colin, pers. comm.). Direct diver observation over
short periods of time may still be necessary to confirm fish identifications, obtain additional
information on spawning, and to estimate population size.
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Prickly sharks, Echinorkinus cookei, were observed in situ near Moss Landing
California, at one head of the Monterey Submarine Canyon system. Scuba dives were
conducted from June 1990 through October 1991. The depths ranged from 15 m to 35 m,
and the visibility was generally poor, at one lo three meters. A total of 16 dives have
been made by the authors, and from one to over 30 sharks were encountered on 13 dives.
Approximate total length of the sharks varied from from 1.5 to 4.0 m. We are currently
conducting a tagging project designed to gain more information on site fidelity and

movements of E. cookei.

Introduction

The prickly shark, Echingrhinus cookei, has been taken incidentally with gill nets and hook and
line off the west coast of North America in the lower Gulf of California (Galvan-Magana ef al., 1989),
and off Los Angeles, San Diego, Santa Barbara, and Moss Landing (Hubbs and Clark, 1943; Roedel and
Ripley, 1950; Varoujean, 1972). The known distribution of E. cookei includes the temperate and tropical
waters of the Pacific ocean, from central California to Peru, including Hawaii and New Zealand.
Specimens have been taken at depths from 10 to 280 m (Roedel and Ripley, 1950; Garrick, 1960; Miller
and Lea, 1972; Castro, 1983; Eschmeyer and Herald, 1983; Compagno, 1984; Galvan-Magana et al.,
1989). E. cookei are considered rare, and to our knowledge have never been seen alive in their natural
habitat previous to these observations.

The classification of E. cookei is controversial; they have been classified in the family Squalidae
(Squaliformes), subfamily Echinorhininae (Miller and Lea, 1972), and in the family Echinorhinidae
(Squaliformes) (Compagno, 1984; Nelson, 1984). The taxonomic position of E. cookei is still under
debate, and it has been suggested that it is more closely related to sharks of the order Hexanchiformes
(Varoujean, 1972). Sequences of the 185 rRNA and cytochrome b genes of the prickly shark, the dogfish
Squalus acanthias (Squaliformes), and the sevengill shark Notorynchus cepedianus {Hexanchiformes)
were found to be equally divergent, suggesting that the prickly shark is no closer to the order
Squaliformes than to the order Hexanchiformes (Bernardi and Powers, 1992).

The genus Echinorhinus is comprised of two species, E. cookei and E. brucus {bramble shark)
(Garrick, 1960; Miller and Lea, 1972; Eschmeyer and Herald, 1983). The type specimen of E. cookei,
caught off Hawaii, was described by Pietschmann (1928), although the specimen itself is missing
(Garrick, 1960). Due to the lack of information in the original description, E. cookei has been confused
with E. brucus. The two species are similar, but differ considerably in morphology and placement of the
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denticles, which are smaller (3 to 5mm at the base) and more uniform in E. cookei (Garrick, 1960; Silas
and Selvaraj, 1972; Varoujean, 1972; Bass ef al., 1976; Tinker, 1978).

Observations

E. cookei has been observed by Scuba divers at one head of the Monterey Submarine Canyon system
near Moss Landing, California (Fig. 1). Scuba dives were conducted from June 1990 to October 1991. The
depths of sightings ranged from 15 to 35 m, and the visibility underwater was generally poor, at1to 3 m
horizontally. Prickly sharks were encountered on 13 of 16 dives, in numbers ranging from 1 to over 30
sharks on one dive (Table 1).

a7°N

Calilornia

Dl v Wb oty

Fig. 1. Monterey Bay, showing depth contours to 1000 m, The head of the canyon
where the prickly sharks are sighted is located at Moss Landing.

Once the canyon axis was found, divers descended to 30 meters, and swam along the canyon slope on
a heading of 270 degrees. Estimated distance travelled along this bearing was 150 meters (using kick
cycles). Counts of E. cookej were taken to one meter above and one meter below the divers, who swam
one meter apart. This gave an approximate area of 450 square meters for each transect. At the
termination of the first transect, divers ascended to 20 meters arl swam a second transect on a heading

of 90 degrees.
The bottom and edges of the canyon axis are primarily soft sediment, becoming compact and clay-
like as one proceeds westward along the north wall of the canyon head. This section supports a

relatively diverse, primarily benthic community of organisms. The walls begin to drop steeply at
approximately 20 m, and it is in this area, to 35 m, that most of our observations of E. copkei were made.
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Table i. Number of prickly sharks,Echinorhinusc<ookei,observedn the Monterey Canyon.

mmhef

Dnte ttutritehted  Vtethtitn tml elttm!  Denntlten2!
Juné$1990 10 1.0
Jun20,1990 I'p 19.24
Jun2l,1990 ".0 3n
Juld1.1990 I'p 16
Aus1,!990 30 %.33
A us6) 990 1.5
Sept 3, 990 6
Seln, 1990 .017
Apn21 199! 10 001
41 26 199! 3.0
Jun&0.1991 1.0 33 .004
Jun22,1991 1.5 2033
Jun@é.! 991 15 35
Jull7,1991 011
Sepf, 199! 15.24
Se!rg, tutt! 1.5 .Ot!

Pricklysharkseento besluggistwimmersjthougtheymovequicklyvheralarmedThey
were often observed with sediment on their dorsal surface which is indicative of slow movement see
Fig.2!. Theygenerallprientectloseto the  bottom or canyonslope. During one dive when
approximatelytO pricklysharksvereobservedhesharkappearetb swimhaphazardig many
directiong&verinthepoowisibilitgftwometeranthatparticulalive upto4 sharks couldbeseen
togethendicatirtgeiiclosproximityponeanotherThesharkdidn'seem disturbedtby our
presencandevertoleratephysicaontact.

Of themorethan 90 E.gggkt encounteredeverahaddistinctivenarkings.On three theupper
lobeofthecauddinwasstuntecalmosnissingnonelandiwohadoumpsapproximatdly2cmin
diamet@ongheposteridmunlendcaudrgn areatheonlyareaseen!. In additionseveral
individualswereseenvithcirculaandelongat&oundandscarsapproximatelcm in diameter!
alon¢hdengthofthebody A viderecorafthesebservations wasakebytheseni@uthobut
we were unableto determineif the sameindividuals were seenmorethanonce.

Consistentvith others'observationsGarrick,1960;Tinker, 1978!,the larger sharkswere thick
bodiedandthegirthononesharkestimatéengtd mlappearedoséo 1/4 thetotalength.
Eschmrgﬁmdgleralc983$uggesthaalthougg.~g~_ isa deapatespeciesmmaturdarks
frequeshallowmaterghiléheaduligrobably remaindeepvatelWeobservedseverédrge
femaleandmale®verthreanetersilengthandargemalesadwelldevelopetaspersOfthe34
specimecsllectdnl/\Varoujeal72totdengthsofmalesangddon®.4 metdo2. 2neters,
whildotalengthsffemalaangetionD.44meteto3.0meters. ~ Ourobservatiomsdicatinat
adulg.~gag:laswellasjuvenilearefoungberiodically nearshornawatetessharB5Smeters
depth.

Wearecurrenttggging.gZ!~kinanattempogathenorenformation,  througtesightings,
orsitdidelityBecauserickisharksesas approachandarenoa%ﬂressw'éheweagged
bydiverssingodified polspearsl adatel Sharkbavbeetaggeththeanyoranehonkave
beeresightedeplanoexploretheranyoheadsthearedothitilive@ngossibly using
remotelgperateehicleiROVsblocag~~gj, Acoustlcta%sa,lsattamedbthes ark
divergjlgiveisnormformationormovemepatterng.hestatagnaontinuedbservati
diverswilladdtothesmaltlatabasthatcurrentlgxistenthelittieknowrpricklyshark,
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iblewithoutthehelpo f T.Okeywhoalertedustothepresence
dR Leaf d' nd th M Land'

a' elaborato 'es éqr rovidingaccesso boatsa ived di  filiti .S "I thank to odi
buddies, G. Bernardi,J. O'Sullivan, and D. te er, or
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Tirearctickelp ~LaminarSolid~u@tiLe a predenrinamhembeof the BontdePatch
kelppedommunitytheAlaskeeaufdseandservessboftioodndshelféor

a diversassemblagfanarinenvertebra@una. Thegrowtrandproductivitgfg,.
~4z9gQg is relatedo its underwatéght environmenthichvarieconsiderably
on bothspafiaandtemporaitales.Continuouseasuremeftheamoundf
photosyntheticaltyiveradiationPAR!reachinthe planfswasexaminad
Au%ustl984hndconfinuousﬂy)mAu ustt98ao Augustl991. Speciallyesigned
wafer-tigbhambeamsntainind-CORataloggersreleployégdiveraf seven
locationsn the seabed Maximundayfimdevelsof PARshowetargeseasonal
differenceamginfyon0 to15pmolphotorma's' duringheice-covepetiofb
betweed and250pmol photonsn's ' duringthe open-matseason.Periodsf
decreasgdtetranspare mghesummaruﬂar%gatch&s‘turbldceln
wintewer¢hemajocausedlowor undetectdblelst PAR. Thdowestnnual
quantummdgéwf. g@la ranggond5toSO0moin'yr’ _whlcre%esented
onlyaboud.2%f totaburfadeAR.Althougpreviossudigrulicatbaiy.
e _ possessesgerylowlightrequiremedat netphotosynthetrbon
productiauyrdatandicathathisspeciedivingafifs physiologiicalfsn
the BeauforiSeaBoulderPatch.

Introduction

1Mpapgresenisesultfa multi-ysardgnthainderwdighenvironmaan
arcticel ommunKX\O\A&Ehe_Bouldléa cthicommuimssyunigieatuothelaskan
Beaufo&ieahelfyhichs otherwisgharacteri nconsolidasedlimerdaadtheabsenod
hardrocksubstrateBunton]1992!MeasurementphotosyntheticallgtiveadiationPARWwere
collectamhssegaantitativehangesuspen imadncentratibamayaveesulted
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fronthalevelopmestanoffshoreilproductidacilitthd&EndicotDevelopmntjecth
exam|mpomhrﬂ;patradarratromrsrnderwat%AFandbcalculamwnquantulmud ets
fot.amini~li u~nul Onlyhdattéwmbjectives areaddresdeel thessessmeiu n%
ternfigh&wvailabilitynrelatiomtheEndicottrojecreaddresselsewhe@aliaway

Martin, 1992!.

Variatiomg&annugqlantunrradiangehensethconjunctionitlygrowtdngbhotosynthetic
parametargriticabestimatigninimuii rrEqurreme‘ng;rowtandurvrvalthe
plamthdiel oexamplearea iemgeastudyprihdghrequiremefagrowtiml,
g(f:;tllrun~|nthe€anad|arh1 irctshowedhathennuafradiantmthdowerepthlimit

hispecigs mlwasibolB9mom-yr' Chapmand.indley}, 980T hisvasimilaothe
resutif7Omo 's' obtainéyL Hningndring979forthdowelimit8m!ofQ hi~~~g in
theNorthAtlantidntheStefansso ounBouIdé’ratcrnheresult}n‘thrstong terstudguggest
thahdightequiremerftgrowtmakenuclowesino® ~~qgll isnormallgoexposed
tosigni |camhtanctprrngontrrbu oﬂ'fsAIasssubmerg etatinatheeyons.

ThipapepresertsresultsfunderwahRneasuremeotdeciadugusito84nd
continuousgMAugusio8sirougmid-Augdsi9dtseveexperimentsthenearshore
Beauf(SEaMeasuremerma’surfa Recordecata nearlshorstatiarealspresented,

Materials and Methods

Fieldstudiasereonductedin Augusti984nd1986-199%evesiteslignedntwatransects
extendisgawdrdntheshorejerstudiedh&tefansstourisould tdteIPommunrty,
offAlaska'rortharcticcoastFig.1!. Thetransecis oneithersideof anoffshoreil production
facilityhé=ndicoRevelopmiérdjedE DPivhicasonstructeéatl 9851 he/veStansect
whiclsclosesitheconstructed |slandsmobausewayeftheEDPcontarn&;hreetatron%rvhrche
insomewhdde watethathestatronsrrtheeasnransetﬂpatetdheeaslfthdi PSite

DS-11DjveSitel 1! ocatedntheeasfransem anhistoric@searsitehahadee
Investigagre®9 /®Huntoeial. 19821 hé-Dieonsistia graves usevrrrnénjxextends

offshadintwesmaliravproductisiandshevatete ptsurroundimg DN
2 to4 m. Thesevenitesang@ depthromd.@o06.4m. Researbhdeemronduct S II

farthesiffshoratleasannuallgincd 978A geolqgiaidiologicgesc
e ) S Tots e LT T P T ey AT Sk e
dur|ng‘reflvesummerfstudywrtbalmrtretyplcaltﬁngrrtgatwee&ndfppm

MeasurenwgotistosynthetacdilyadiatidrAR cd0@/0Onmwvavelengbiihe

seabewlereolIecte@bntrnuousi;eachfthsevemtessr nU 1938A herrcalI uantum
sensarhichro vrdeH?uba L1-100Datal ra
waterpic eensw OL#
mini | % 0 Ser erwars
sen elpsind e gay (mc& en watea:o a
thédottominstant nelee@/am asurappnenjnuten er %ratedeauh
t r e-hqenodmaxi anced )tar ntr

an fegratpmTianisik I Towatalo 1- terv gust
198?nd dedl la gm)wesrourc@orncrdmﬁasu enofsatdacxA ermadaia nearby

shore-bafietitationcalkndistantisirg LI-190$%antusensandlataloggelhe
sensaragmountedop 33n towetoelrmrnaséradrri mearbgurldrn rilling
structure§.hesensoeaccurateg 5%traceabteNBSstabilisZ 2%oveanyonegear

periodndatareecordedth precisainOJmaoh-s'.
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Fig. 1. Locatiorof studyaiteain StefanaaoSoundBoulderPatchkelp community.
Depthcontoursarein xnetexsMPI: Main Productiofsland; SDI: SatelliteDrilHng
lalaud.

A continuouscorafunderwatgrhotofluxfluenceate PFFRWvascollectefdra two-week
periooh1984ndheroruninterrupted12-montheriodstartingAugudto86. Inallyearsouling
ofthesphericajuantusensorsvasninimafteoneyeatD~.  Allwereoateditha thiriilm
of siltthatreducedPFFRaboutl0% basedn comparativeeasurements priorto andfollowing
cleanirgjthesensors butnonaevereencrustedvithorganismshismaleductionPFFRvas
commoto aHsensorghichwerethoroughbteanenh earlyAugusbofeactrsummegbouthree
weekdollowingreak-upoftheicecanopy,

Statics:

Statisticahalysesereperformedna microcomputer usinga generdinearmodelprocedure
SASnstitutd 985!.Significaxifferencés PFFRamongitesindyearsveretestedisinga two-
wayanalysief varianceANOVAlusingimeasa block.In thiscasetimefs thedateandhour
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fecoi d eawl ar hgh easurement. Aone-way ANOVA was used to test significant
een earsusingtime asaoc . ce for a

nfifa roult 1 'son test t
maaffeeD.0bssen arsAnalyesdpe (/i v 1 e
light measurementsncethehgyie ielded residuals wit 'h endr rt fo olity i and

homogeneouesilvariances.

0. ater housingcontaininghe LI-COR dataloggeused

heavyPVC g

n throu out the

in Fi .3, Elevated levels of surfaceCePARarepreserthroughheautumn
atelli htisnearlyndetectableexcemuring

i rf dd te light is |
hicheffectivelyblockdight transmission u
riods of 24-hr daylight Dunton  etat, 1982! Itr Cha [
repated measurabléevelsb in edweawatePFFRthroughmosto i

High Arctic.

PFFRvaluesof all available summ@®@pen-wavaterlightdatacollected

1986issho 'T bl 1A
Is fortheearliemandlaterportionsfthesurmmer’ adtively,
'h  h. Ho, il
18 A

PFFRin 1991wassignificantliowerthdhanball other exceptl988T
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Fig. 3. Maximum daily surfaceand underwater PFFR at DS-lIl from |june 1990
through | August 1991.

Tablel. ~~jnlJtjijdtltgttjg,  MeanPFFRpmolm 2sl! of all availablsummer

irradiance data collected at sites from 1986-1991 hr integrations!. nd: no data
1986 1987 1988 1989 1990 1991
1 Asg-30Sep! Jul-3GBep! Jul-3GBep! 5 Jul-30Sep! 5 Jun-30Scp! 1 Jul-18Aug!
W-1 nd nd ad 8.6 6.8 1
W-2 11.0 63 4.0 6.1 73 3,1
W-3 5.6 8.3 9.4 23
E-1 12,9 11.4 5.0
K-2 20.6 8.9 43 '13.0 11.9 4.8
E-3 6.9 153 15.6 5.8
DS-11 17.1 73 4.9 9.0 133 3.6
Surface  200.4 211.8 2212 227.0 278.4 3493
gable2. ~~a JtttJjtbtgtgttiMeanPFFR iamolm s ! of underwatePFFRfor

the period 15july - IS Augusfrom1986 1991. Mean valuesare basedon PFFRdata
from sites W-2, E-2 and DS-11; values with the same letter  are not significantly
dif ferent.

Mean

1990 834 208 [ ) 4
1989 840 175 )

1987 838 135
1991 82% 4,0
1988 840 2.4

87
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A summaryof underwatelPFFRasreflectedn daily 3-hrintegratednaximunvalues'at these
threesitesis shownin Fig4 for 1990and 1991, In generalthe ablationof mostland-fastice in
Stefanssddoundccursdy mid-Julyalthought canoccurmuchearlier Table8!. Break-ups usually
followedby a rapidincreasa light levelsvhichremairelevatedhroughoutnostof JulyandAugust.
In 1990break-upof land-fastceoccurredy 25June Fig.4!, andwasfollowedby rapidincreases
PARto 150to 250'tmol m s '. In 1991preak-updid not occuruntil 11July,and wasnot followed by a
substantial increase in underwater PAR. Decreasesin water transparency usually occur by early
Septembesuchthat PFFRseldonrisesabovelOp.molim ts ',althoughfavorableveatherconditions
occasionallyesultin PFFRraluesof up to 25p.molm' s' for shortperiodsbeforethe onsetof ice
formation in early October. The abrupt drop in light levels in early August, 1990,at all sitesin
SteffansorSound Fig. 4! is entirely relatedto large decreases water transparencya productof large
westerly and northeasterly storms characterizedby winds exceeding40 km h' that predominated
during this period. The short period of higherlight levelsin mid-October1990appeardo be
coinddent with seaice formation anda period of decreasedvater turbulenceand thus lower turbidity.
Howeverlightisrapidlyattenuatedsseaceaccretiorcontinueandattains thicknessf 30to 50cm
by early November.

Table 3. Dates of break-up of the ice canopy in Stefansson Sound based on hght data
collectedat the sevenexperimentalsites over the duration of this study.

Yr te k-u
1987 8 July
1988 1 July
1989 15July
1990 25June
1991 11 July
An interannuatomparisowf in situunderwateirradiancet siteDS-11from 11to 23 Augustis

shownin Fig.5 alongsideecordedevelsof surfacesolarradiation. All PFFRJatapresentedre
measurementsollectedonceper minute and integratedverythreenoursUnderwatd?FFRwas
highesin 198@&ndlowesin 198&nd1991while surfacdevelsvariedittle amongyearsnoincident
PFFRdata are available for 1984!. Most years were characterizedby 24 day periods when PFFR
levels remained below 2 pmolm s’ due to high waterturbiditythatresultedrom intensestorms.
Measurementsfrom three sites W-2, E-2, DS-11!for which a complete data setis available for the
entireopen-watgreriodfrombreak-upm 30Septembdrétweed987  and1990evealethatmean
PFFRvassignificantlgreaten 198@ndL99@hannallotheyearsThemea® FFRfthethree
sitesn 1987vas7.6ltmolm~s', compared4S 988!,10.1989'and 11.0990!. Incontrasurface
PFFRvadowesin 1987 Valuesangefroma higlof278n199Qoa lowof212in 1987Forthesame
period A completiataseisnotavailablorthessitedn 198®r1991.

Thesubstantialecrease PFFRy mid~ber markgheonsebficeformatiom Stefansson
SoundFig4!. A concurredecreasesurfackghtin thelateautummiolowwintetevelslsaesults
innearlyndetectaldgelsfunderwatkghtthroughlovembdixernbemdanuaryig3!.
In previougearsyehavelsalearlgocumented thatighievels remainedearlyndetectable
througRebruarputincreasetieadilihrougMarctandAprilat locationgherdurbidce
concentrationsereminimal Shortermtemporalariatiordooccum under-ideFFRphutthesare
attributetbdifferencessurfacenowcoveandiceaccretiaturinghewinteandearlyspringThe
charactaftheicecanopgdeterminedatfreeze-@mdconsequentlgefingdidighenvironment
forthenexeightoninenonth®revious studieBuntot®34)untoandSchell986iave
demonstratedatlow winterlevelof PARarerelatedo highsedimerdoncentrations  in theice
canopyeturbitte! 1ltessedimentsarealmosntireigcorporatethtahacecanopyduring
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freeze-upin October Dunton etal., 1982!.1n this study we found measurableinder-icelevelsof PAR at
all sites, but values varied considerably. For the period 1 March to 15 May, average under-ice PFFR
rangedfrom 0to 225pmol m 's' between1987and 1991 Fig.6!. Thesemeanvaluesreflectdaily 3-hour
maximum PFFRvaluesthat rangefrom 0.01to 15,7p.molm’ s-', Thesdight levelsreflectthe temporal
and spatialheterogeneityin turbid icecoverbasedon a processhatoccursentirely at random.

250 250- Os~ |8
200 200 L

150 501~

100 100

50

0 JUNE JULY AUG SEPT JUNE JULY  AUG
g 220
Q2(|)0 200
g~|h 150 150
0
oL0o 100
E
< 50 50
0 JUNE JULY AUG SEPT OCT JUNE JULY  AUG
250
200 200
150
100
50
JUNK JULY AUG SEPT OCT JUNE JULY  AUG
1990 1991

Fig. 4. Average daily maximum underwater PFFR at litee W-I, E-2 and DS-li

SEPT OCT
SEPT OCT
SEPT ocr

from

June through late Septennber,basedon continuousS4u integrationl in 1990and 1991.

Ireak-up of ice canopyoccurredby 25 Junein 1990and 11 July in 1991.

Theannuatjuanturbudget®r-ttxtaoit githhillggatsite¥v-2,E-2,and
SoundreshowinTablel. Valuesang&iema maximuail4nmoim~yr' in

m yr' in1988.1t islikelythatplantst siteE-2receivedeBoverl0Omolm’ yr' in 1986,
totabnlyincludethelasthreeveek®fAugusSeptembeamndOctobelants Stefansson

DS-11n Stefantson
1990 alowof45mol
sincethis

Sound

werghusxposdolargalifferences? ARbetweeh98@&ndl 99 amonthediffererdites.

89



Diving for i2cience...1992

I~ 1000
001

|~ 400
1214 |~ 102022 121~ 101 ~2022 121 ~| ~'+ 2@2

Béwel . L

012i 0~ | ~2021 121 ~1010202' >2| ~' 102022 1218&1.‘60..20 0l 1010+ 2022 12 ~I ~1222 12l | ~ 102022

Fig.S. Comparisoof PFFRmeasurementsllectedinderwatersite DS-11land at
surface from Il to 23 August 1986-1991.

WINTER ICE-COVERED
~erich <S Voy!
IZED WEST ],2,3

0.5

0.0
1987 1988 1989 1990 1991

Fig6. Variatiom meannder-ideFFRtsevesitesroml Marcho 15May1987-
'"199L Data for E-2 in 1991reflectsperiod from 1 Marchto 10 April.

Disc ussicm

Level®f underwatedPARvariedgreatiiamongearsaandsiteverthefive-yeacontinuous
periodbf thisstudy. Nearlyall thisvariationanbe attributetb distinathangas water
transparerdyrinthesummenpen-wateeriogjncdeannudifferencesnunderwat®AR
cannotbe correlatedto variationsin surfaceinsolation. The causesof the changesin water
transparenggrticulartheverypooconditionshaprevailethrougbuhandiugu4®8a8nd
199 Brepredominangyoductsstornamassociateshifiswinanducédcurrentlthough
theighteceiveduringpanine-montlteoveregoeriodQctobérroughunesualigpresented
lesgharl0%fthetotahmouriflighteachiniyeplants mostearstcarcomprise asmuchs
15t0 30%of theannudightoudgete,g.1988!. Thessubstantial variationgflecthehighly
dynamioaturefhigharcti@aquatisystems.
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Table 4. Iduttittitria attlitbtlugttla. Annual gtuantum budgets for kelp at three sites in
Stefansson Sound in between 1986 and 1991. Note that data sets for 1986 and 1991 do
not cover an entire 12-xnonthperiod; nd: no data

Total irradiance mol m2 yr 1!

Year

W-1 W-2 W-3 E-1 E-2 E-3 DS-11
1986 1 thug-31 Oct 1986! nd 51 nd nd 74
1987 Nov 1986-31 Oct 1987! nd 68 nd nd 61
1988 Nov 1987-31 Oct 1988! nd 45 52 nd 47
1989 Nov 1988-31 Oct. 1989! 62 61 58 91 64
1990 Nov 1989-31 Oct 1990! 82 74 98 124 115
1991 Nov 1990-18 Aug 1991! nd 18 19 19 12

The 1990summerwasuniguein that benthicplantswere exposedo a prolongedperiod of elevated
light conditions early in the summer. This resultedin part from an early break-upof the fastice and
relatively low frequencyof stormsand high winds, As a consequencehe amountof light reachingthe
plantswasmuch greaterthanin previousyears,with valuesrangingfrom 74to 140molm' yr'. In 1991,
ice break-upoccurredmuch later, water transparencyremainedlow, and the plantswere thus exposed
onceagainto recordlow levelsof PAR.

Comparison of surfaceand underwater PAR measurementgevealsan annual transmittanceof
incident PAR that rangesfrom closeto 0.001to 0.6%. This transmittancecorrespondgo about45to 50
mol m-'yr' and is substantially lower than the annual irradianceof 89 molm' yr' reportedfor
~Lminri tttthdt~nl at itatowerdepthlimitin the CanadiarHigh ArctictChapmarandLtndtey.
1980!. 1t isalsolowerthanthe70rnolm-2r' obtainedy LHningandDring 979! forthelowerlimit

8 m! for J. jgi~t~ in the North Atlantic. The large temporal and spatial variations in
underwater PAR in StefanssonSound contribute substantially to differences in the growth and
productivity of J,,~~~t Dunton, 1990!. In additiontheabilityofJ,~g~glLjtt tosurvive at

more reduced levels of total annual PAR may be related, at leastin part, to substantial carbon
production during the ice-coveredperiod. Under-icdightlevelsaslowas10ltmol  mas' appearto be
associatedvith a doublingof annualgrowth in L.~li u~nLg DuntonetNI.,1991!.
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AQUARIUS HABITAT SITE AT CONCH REEF:
POSSIBILITIES FOR RESEARCH ON FOI4LMINIFERA  WITH ALGAL SYMBIONTS

Pamela Hal lock

HelenK. Talge
Departmentof Marine Science
University of SouthFlorida
140 Seventh Ave. S.
St,Petersburg FLORIDA33701U.S.A.

Rubblebotfomand proximity to reefalhabitatsmakeshe Florida Keyssite selectedy

the NOAA-NURCfUNCW program for initial deploymenf of the AQUARIUS habitat

an excellent location to collect and conduct experimentson reef-associatetienthic

foraminiferaparticularlylargerspecieshat hostalgal symbionts. Symbiont-bearing
ot KIS'@C!

" ~I"
U '~8 " el

and porcellaneouspeciess also present. The abundancef rubble substratum
faciifitatesnon-desfrucfivéoraminiferalsamplingby SCUBAor NITROX divers

equippedvith small brushesand plastic bags. Sedimentioraminiferaand other
loosehattachedenthoganbe concenfrafad coléctingbagsand rubblereturnedo

fhe reef. Interestin useof foraminiferal-algaymbiosess surrogatefor coral-algal
symbiosewayincreasascoralpopulationsontinugo declinen theFloridaKeys.

Intmduction

Foraminifeeeshelled marineprotozoan€lasSarcodin®rder~oraminiferida! whosestudy
canhavegeologicanvironmentalhdbiologicaignificancésa resulof theirrelativelgmall
sizeandpreservatiqgrotentiatheyareusefuhcomparingreserandpasenvironmentStudiesf
moderrspecigsppulationsindassemblageasrbeusedointerprehangebdserved inthefossil
record.In addition studief changesforaminifef@aunas sedimenbresan  beusedointerpret
therecenpastincludirenvironmentathangesssociat@edthanthro~pnimfluencesn anarea.

Benthicforaminiferansare abundarsandimportant memberof coral-reefommunities. Like
coralsnanforaminiferspecié®silgalendosymbiargewhichtheyarelependeiorgrowth
and calcificatiore.g.|.eeandAnderson1991!.As a resultfheséoraminiferanaresignificant
primarySournid,97@ndcalciurcarbongpeoducerbicKeefal. 195%allock981hreef
system®Becausdéoraminiferamath algalsymbiontsanbe sensitiveo manyfthesame
environmentatressethatinfluenceorals, e.g.,heavymetal Alve, 1991handnutrient pollution
Hirshfield etal., 1968!thermalstressHallockand Larsen, 1979!and increase® ultraviolet
radiatiomiallock etal ,1992thesprotistaaybeusefidurrogates forcoral® studiesfthuman
impactsnreesystemsi-oraminiferanayeparticularlyaluabli@studiesfwesterAtlantic
andCaribbeamefshecausmrapopulations areseverelgeclining.g.l.iddelandOhlhorsi,992;
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Porter1992andmanagerdreefresourcasebecomingcreasingkiuctarto sacrificeoralfor
research.

Foraminiferangarticularlyargerspeciesvith algalendosymbiontsie relativelyeasyto
collecalivefor physiologicaijtologicahdcultureexperiment3.hepurposef thispapelis to
discussthe foraminiferal speciesthat are readily collectible in the vicinity of the site that has been
selectely the NationalDceaniand Atmospher&dministratio&ationalUnderse&esearch
Centent theUniversity of North CarolinaVilmingtorNOAA-NURC/UNCW! for deploymenbf
the AQUARIUS Underwater Habitat Miller and Hulbert, 1992!. With this information,other
researcheiiaterestedn foraminiferanmaybe ableto planexperimentasingthein ~i  capabilities

of the Habitat.

Site Descriptionand Methods

The site selectedfor the AQUARIUS Habitat is in the vicinity of Conch Reef, which is offshore of
thesoutherandof KeyLargan theFlorid&eys.Primargubstratutypesncludeoral-algedef,
reefal sands, and reef rubble. While foraminiferanscan be found on all of thesebottom types, reef
rubblesthesubjectfthisreporbecauseprovidea permanemnglativelynmobilsubstratuior
bothattachedand motile foraminiferabpecieswhichcanbe sampledwith minimalenvironmental
impact. Mobilesedimentsavea morerestricteliotawhilecontinuousardsubstratum is very

difficultto samplenondestructively.

BecaustheConchReefsiterangesn depthfrom15to 30m, samplings carriedutby diversusing
SCUBAOor enrichedair NITROX! containin@6%oxygen NURC/UNCW, 1991!Two techniqueare
routinelgmployeid colledtvingforaminiferans  Halloclefal. 1992Idependingpordepth,
availablbottontime andpurpostorsamplingkithepiecesfreetrubblaredirectlgollectenr
debrisconcentrateseobtainedromtherubble. Rubblesamplesonsisbf roughlyhand-sizegieces

i.e.,covering0-10@m'ofbottomdf coratlebri®ralgahodulesyhoseippesurfacesecoated
with a stubbleof filamentoualgae. Eachpieceis carefullyplacednto a plastidagto avoid
detachmerandlosoflivingforaminiferddebrigoncentrates arecollectdoly placingiecesfreef
rubble,oneat a timejnside 4literplastibagandbrushintherubbldreeof sedimerdjgaeand
meio-andmicrofaunaherubblesreturnedothesubstratum.

Samplesetakernothesurfaceher¢hearefurtheprocessed. Forfaunadurveysamples
consistingfoneor twopiecesfrubblareeithefrozemwrtreatedithpreservative  tokillthe
foraminiferarguicklyandlatemwasheih freshwater, driedbnfilterpapeat40-50'Gexamined
microscopicaydpickeébrforaminiferansa.g Halloclkctal,1986alUsefiduantitiesliving
foraminiferanr experimentastudiesequirelebri€oncentrates, eitheicollectetirectlyr
obtaindtbnbulkrubbleamplé&ybrushinferubblama buckdliedwithseawateRubbie
disposedfandiebriswasheskverime®removesmucloosersanimatteagpossibl€he
remainirebrisoncentratds spreathinlyvethebottoroflargefladishe.g.15x 2dnm
Petridishesovereavith 1-2cm of seawateandallowedo sit overnight Manyof the
foraminiferarmsenegativeyeotaxisotheyc!imbhewallofthePetrdistortothetopofthe
layeofsedimerdanalgalebrigjhertheygamereadilyickedi species thaattadfirectly
therubblaredesiredyubbl@iecesusbesaved.

~ Tablé presemdatiabundancefs!rmbiont+eariogminifesgdeciesmmonty!lected
liveatConcReefIndividuaLefsymbiont-beariageciéisatrdivingvhertollected aremadily
distinguishégtheicolonfresbrdriedamples Hallocktal,,'986a!Chlorophyte-bearing
speci@stairafleastomeftheigrass-greenolorhodophyte-beaspgcieseedandvhite
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"candystripe”diatom-bearirgpecies are golderbrownanddinoflagellate-bearing specieare
usuallya purplistibrown,

Table 1. Attached and symbiont-bearing foraminiferal ~ species collected from rubble
at ConchReef, Florida Keys. A= 0 individualsl50cmrubble piece; C = 1-10/50cmr;

P = typically find severalin rubble concentratefrom 5-10 piecesof rubble. Attached
speciesare noted by .

Suborder  Species S>mbiont  Abundance
Rotalina ~ Amphistegina  gibbosa O'Orbigny Diatom A
Asrerigertna carinata d'Orbigny Diatom A
Heterostegina antiiiarvm O'Orbign> Diatom P
Homotrema rubrum  Lamarck! None
Pianorbviina  medirenaneansis' None A
O'Orbigny
P.t ariabiiis"  O'Orbigny None

hliiiolina  Archaias anguiarus Fichtel and Moll! Chloroph> te C

Boreiis puichra  O'Orbign> ! Diatom P

Cyciorbicuiinacompressa O'Orbign>! Chloroph>te C

La~ipeneropiis ~ proea d'Orbigny! Chiorophyte A

laevipeneropii s brad>i  Cushman! Chlorophyte C

Parasorites orbiroJiroides ~ Hofker! Chlorophste C

Peneropiis pertusus  Forskal! Rhodophyte C

Sorites orbi cuius ~ Forskal! Dinoflagellate P

y".E T ~1 I
b' hl
P  ~hi . .

1986b‘!0||0w_ed_i)yA.~~u;{[J Q.gag~~~ and-p flr rir~ HalIockandP_eebIesn press!.
Virtuallgothingknownfthebiologgymbionts,  andifehistoryftheothespecies.

Attachezpeciesealsaelativelgrgandabundaat ConcReefparticularly  ~Hm~~g,
~rum andg~nrftulina spp. Tablel!.

~ Smallepeciesetaxonomicallydiversetypicalkgstef3' spe_ciearbefqur_ldhafulle/
pickesamplégstypickbreesamples e.g(%ur_ra)1,973!otal||neandn|llol|ne5mal axa
areabowgualigpresentedhilagglutinateadividuats dew.Unfortunatebe caussosif
thesgpecidackymbionendecaugheeliabilitpfvitastainingechniquisguestioneel.g.,
Martinand Steinker1973! carefubbservatioaf live sampless requiredo determindwving
assemblagatfuliconfidenc&ommamdasiigentifiedaxardistethTabl2. Detailed
specibstandpeciafiustrationislorid{eyferaminiferaabdoundBockealL971!.
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Table 2. Cosnmorsmallerforaminlferalspeciesobservedn sansplefrom Conch
Reef, Florida Keys.

Suborder Texru'ar ina
Texruiariaagglutinans d'Orbigny
Valvvlina ouiedoiana d'Orbigny

Suborder Miliolina
Arricviina mexicans Cushman
A. mvcronara d'Orbign! !
Hauerinabrad.viCushman
Havenna specbsa Karrer!
hfiliolinella circulans Bornemann!
M. flchreliana d'Orbigny!
hiodobacularietassis d'Orbigny
PyrofornasiniiChapmamdParr
Quinqueloculiregglurinang'Orbigny
Q, bicarina a d'Orbigny
Q bicosrarad'Orbigny
Q,boscianad'Orbigny
Q horrida Cushman
Q svbcunea aCushman
Q,poitgona d'Orbigny
8uinq ueiocvHnaspp. ) .

chiumbergerimaveatiforms Cushman

Trilocvlinaoblonga !ion ague!
Triiocuiinarigonuia Lamarck!
Trilocvlina  spp.

Suborder Rotaliina
Bolisina spp,
Bvliminelﬁ';\ eleganrissimad'Orbigny!
Discorbs rosea d'Orbigny!
Dfscorbi s spp.

hidium spp,
Wapmesnﬁ)@pressura!kelandJacobs!
Neocorbinaerquemi  Rzehak!
hionionoidegrareloupiO'Orbligny!
Rosalinailoridana  Cushman!

Rosaiina spp. .
Treromphaadanucus Cushman!

'lheabundaneadliversitpfreadigollectibléoraminiferaatsheCondReediteorovide
th@otentiaa varietkindsstudielWeareurrentiyonitorsymbidosbleaching!

) h . I ~Oh ) W .
cytologisalc |¢_®Iocumehbleac_h|p|g)8a$|sd$ause${v@ralsgs_|ng;pemmehs
severapeciet biochemictxonomiesearadimedtdeterminintheaffiniti@snonigxa
. witthlorophy@dosymbiantihene4tionshipsothgrorcelanedasal oler at1991!.

~ OnctheAQUARIAlabitegoperationatthe&kindsfstudieshatameconductet~ are
limitednligythemaginatiofih@otentiedsearcheaheabilitytgpromotkeideato
NURC/UNCGWathdundingagencieggag growtlatesedimenproductioatehabitat
specNagmpeti Isturbanc~ovargtudiasafevexampleaoulprovide
ecologigtgdpaleoecolomthnsighintaniChearatiom thesiscinatjngprotists.
Deter _w%ffectsﬂransplant_ hismall~ releaseffertiTizersth&hemicala
folaminifesaSemblagedspossibilitieBh@utconmdsucstudiewilmak®rasninHerans
evemorasefulinpaleoenvirolnsamnalysianciemeefsnélsmorasefulfopredicting
environmesuanpss\Whbenthicommunities.
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NOCTURNAL AND CREPUSCULAR ACTIVITY OF REEF HSHES IN ONSLOW BAY, N.C.
SCUBA, VIDEO, AND REMOTELY OPERATED VEHICLE OBSERVATIONS

lleana E. Clavijo
Department of Biological Sciences

Center for Marine Science Research

University of North Carolina at Wilmington
Wilmington, NORTH CAROLINA 284G3-3297U.S.A.

We observedthe nocturnal and crepuscularbehaviorof reeffishesin Onslow Bay,
North Carolina,and evaluafedour basicdirect observatiortnethodsSCUBA; SCUBA
with Sony video; SCUBA with Osprey video; and a Remotely Operated Vehicle
ROV!. The primary speciesactively foraging at night were tomfate, cubbyu, and
Carolinahake. Secorularyiocturnal speciedoereoyster toadfish,spotfedsoapfishand
twospot cardinalfish. Many of the reef fishes exhibited distinct color patterns at
night. In general, diurnally active fishes usually changedto a distinctly barred
pattern after dusk and nocturnally fishes usually changedto a blanchedor lighter
pattern after dusk. SCUBA offeredthe mostrealisticand accurateobservationsf reef
fishes. Combinedintermittenfly with video, SCUBA observationsmost accurately
definedand documentedocturnal behaviors.

Introduction

While most observations of the nocturnal and crepuscular behavior of fishes have largely
emphasizedfeeding behavior or lack of it! in tropical zooplanktivores Collette and Talbot, 1972;
Gladfelter,1979;Hobson, 1965,1968,1973,1974Hobsonand Chess,1978! fewer studieshavereported
onnocturn@enthivoryversofbottonadjacerb reefs Davis,1967McFarlanetal,19790gden
and Quinn, 1984 Starckand Davis, 1966! Thelatter studieshavebeenconfinedprimarily to the grunts.
Still fewer studieson the nocturnal and crepuscularbehavior of temperateeef fisheshavebeendone
and have taken place primarily in California waters,e.g.,Hobsonetal. 981! in the western
hemisphereVirtually no studiesof the nocturnaland crepusculaibehaviorof reeffisheshavebeen
reportetbrthewarmtemperandsubtropiaaefishesfOnslovBayNorthCarolina.

Ourinterestin thecrepusculandnocturnddehavioof fisheassemteavithreefsn Onslow
BayNorthCarolinariginatesththehypothesis thaimanyeefishederive theirfoodsromthe
sandottonaround reefsandthattheprimaryunctionfreefssto providelaytimeover for these
fishesWefurthehypothesizeasomefthereefishefeedingwayfronthereebveisandioso
at night.Ourobjectiveseto evaluatiourdifferent methodsofobservitgenocturnahd
crepusculdehaviofreefisheSCUBASCUBAiIthSonyide & CUB®ithOspreyide@and
a Remote@peratedehiclegndtoreporburobservations onthereeffishes.

Methods and Materials

We usedourbasienethodsSCUBASCUBAvithSonywideo SCUBAvithOspreyideoand
ROV!at threedifferentsitean OnslowBay,North Carolinaluring1986and 1989to studythe
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crepusculandnocturnaactivitieof reeffishesTablel!. Methoddor eachsitearediscussed
separately below.

A 24-houwvisualsurveysamplingof reeffishesassociatedith thetug wreck,~~5K [see
LindquisiandPietrafes®89! for descriptionf wreckjwascarriecbutonJuné.6-17,19861n ordeto
compareelativabundancesnocturnalctivdishesye conductdvedaylightndthreenight
surveyasinga modificatiafithestationagurveynethodlevelopedaly BohnsaekdBannerot
986!. We useda 4m radiudfor ourcountsnsteadf the7 mradiususedby Bohnsacand Bannerot

986!. Nightsurveywereaccomplished withstandardnderwateivindights.Wealsanaddgwo
daylighandonenightvideadocumentation ofthefishesssociatedththetugusinga hand-held
Ospreyidecacaineraonnected a shipboar@yclopsontratonsoiaanumbilicalTheconsole
allowed remoteshipboardoperatorcontrolof camerafocus,intensitycontrolfor two flood lights
attached to the camera, and on-screen overlay of real time, elapsed time, station number, and other
annotationsthat were then recordedon one half inch video tapealong with the video imagefrom the
camera.ln addition thediveroperatinghecaineravore an AGA full facemaskwith nucrophoneand
bone-conductionspeakerthat allowed real-time annotation of the video image as well as
communication with the console operator.

We conductedsurveyswith the Superphantomll RemotelyOperatedVehicle ROV!and SCUBA.
This site hasbeendescribedby Lindquist etal. 989!. We usedthe ROV from an anchoredvesselin
conjunctionwith SCUBA exceptfinal dawn dive at train cars!for dusk and dawn surveysat the natural
ledgeandtrain carreefs,In eacltasepneofus DGL!narrated theROWidednrealtimeonboard
the researchvesselwhile the other IEC! made briefer SCUBA observationsusually midway into the
ROV dive. The ROV wasoultfittedwith color  video cameratwo floodlightsanda Silicorintensified
SIT! black and white video cameracapableof imagery under low ambient light conditions. Both
cameraystemsvereusedasfollows. TheSITcamerarasusedvithoulightsluringhe20minbefore
or after sunrise/sunsetAfteror precedingthistwilight period both SIT and color camerawvereused
intermittentlyithlights. TheROVwasconnectéda surfaceonsolrherdROVdirectioncamera
switchingandfloodlightintensityverecontrolledVideoimagesndreal-timenarrationvere
recordednone-halhchvidedape.ROVandSCUBAurveyweranadealonghemainaxiofthe
reefandperpendiculrthemainaxispversurroundirsgindottomoa distanad40m to130m
fromthe reefs. Distanceswvere estimatedfram length of umbilical cableout,

WemadsbnighanctrepusculaiSCUBAivesraJunandAugust, 1989Tablé!, Ontwaofthe
foudJun&SCUBAlivesweused self~ntainefl mnSonyHandycanidea@wameraanunderwater
housingwith singlefloodlight todocumemeeffishbehaviorDuringheAugustlivesweusedhe
Osprey/CyclopystemithredgelatifitehoodsttachédeaclbfthetwadfloodightsDneach
ofthesdivesyeattempteéadocument fistbehavialonthemairaxisftherockedgaswelbs
upto 15m awayromtheledgeovertheadjacersanddeepesandoottom.

Use of commonnamesfor fishesfollowsRobins etul. 991!.

Observations

XuWmck: oL . . .
ResultfourquantitativenighsurveyomparéothedaylighsiurveymweshowmTable.
Roundscadormedmassivechookhatorientedipcurrerdandabovehetugin the watercolumn

durinthedaytimendweressentiaHyabseftonthetugduringhenight. Tomtatermed
moderatdlyrgei,nactiveniIIin%ggreestions_ allaroundndoftennsidéhetugcompartments.
Mes@aggregationerabseionthdugtnightxcefiira smadlggregation observedthe
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stern keel of the tug Table 2!. Spottail pinfish, black seabass and cubbyu were present in small
numberson all parts of the tug during the day and during the night as well. Carolina hake were
restricted primarily to the sternkeelarea,

Table 1. Summary of crepuscular and nocturnal video and visual observations in
Onslow Bay, North Carolina. Osprey = umbilical video;nm = nauhcal mile; Sony=

self~ontained video; Osprey ir! =video with red filters on lights.

Date Observations Sunrise/set Method Location
6-16-86 2119-2153 202'7 SCUBA/Osprey 1D nm tug wreck
6-17-86 0146-0205 0600 SCUBA 10 nm tug vreck
6-17-86 0304-0323 0600 SCUBA 10 nm tug wreck
6-17-86 0511-0542 0600 SCUBA 10 nm tug vreck
5-24-89 2000-213D 2010 Superphantom ROV 5nm ledge
5-24-89 1958-2028 2010 SCUBA 5nm ledge
5-26-89 0424-0702 0603 Superphantom ROV 5 nm ledge
5-26-89 0552-0643 0603 5nm ledge
6-8-89 1929-2208 2022 Superphantom ROV 5nm train cars
6-8-89 1957-2044 2022 SCUBA 5 nm train  cars
69 89 D404-0 640 0559 Superphantom RDV 5 nm train  cars
6-14-89 2004-2040 2D24 SCUBA, 23 nm ledge
6-14-89 2052-2126 2024 SCUBA/Sony 23 nm ledge
6-14-89 2204-2239 2024 SCUBA/Sony 23 nm ledge
6-15-89 0514-0552 0559 SCUBA 23 nm ledge
8-14-89 1941-2015 2000 SCUBA/Osprey r> 23 nm ledge
8-15-89 0612-0745 0631 SCUBA/Osprey ! 23 nm ledge

The Ospreyvideo documentaryoccurregustaftertheendof theevening  crepusculamperiod Table
1!. Thediver operatingthe videocameraDGL!descendedntothesterndeckofthetugin theareaof
the '%Dutclvar" towing device!. Smallnumbers 0-25! of spottail pinfish, and one eachof black sea
bassgag,and Carolinahakewereseerhere. Descendinfurtherto the sternkeel,smallnumberof
Carolinghakeand spottailpinfistwererecordegiswellasthreecubbyuFurthemvestigatioh the
drive shafttuberevealedhata largeconger eelanda twospotardinalfishhatwerepresentduring
thedaywerenow absent.Proceedirigrwarcdlonghestarboatckeelwherghetughadworrdown
into the softlimestonethe videodocumentedourcubbyua spottedgoapfishand a smallihumberof
Carolinahake that appearegbarticularlactive and possiblyeeding. At thebow, six spottail
pinfispneoundscadanda CarolinaakeccurredAscendirigetug onescalederringvasnthe
wheelhouseand a Carolina hake was inside the stackentry door. Inspectiorof the engineroom
compartmetitathadbeen full oftomtateluringhedayrevealed single spottailpinfish.

ROVandSCUBAurveysommencsinultaneously onMay24,198@tthe rockledgeenminutes
beforesunseflTablel>. An agipegatioof cubbywasobserved  to moveromthemainedgeo a
secondaryedgecloserto the sandbottomat 2005hrs. All otherreeffish activitiesweretypicalof
diurnal behaviorsuntil 2053hrs when Carolinahakeand oystertoadfishwere observeaut on top of

101
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thdedgenovingbouA2100rshd&rOV waslrivesubvethesandritheleepidefthdedge
om perpendicldaariniiVe recordddurroundcadsindividualsestledownntothesand

bottom.

Table2. Comparisofday D! aridnight N! stationanotintgf fishesssociated
with the 10 gtmhi@wreckogidunel6-171986. Numbersreroulkdeoheagtof five day
and three night counts.

Hain deck ~Il k
Species stern bov port Starbd yecrvsrd  Aft stern keel
750 2333 10000 O 4375 2125 500
2 11 0 0 0 0
210 1060 210 267 410 610 log
30 0
Spottail pinfish 10 8%2

Cubbyu

Black sea bass

O
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Wemada 2.5irROVpredawsurveyitha 5IminSCUBAivemidwathouglattherock
led ay 61989 able.Upodescendingthdedgesixourstaderseandividually
res |ngthd!)ottomc_arol|mmkweractlverto_p)ithdaedgﬂ()42l9rs$pottalIR/:nflslspup,
ancda honegg)onhimxﬁs_herallappearednactmathea_rea)fthe_led_ e ATO5Mhrsye
commencB®D\operatiomwethesanottomVenotetittieactivityithspottainfish,
inshoteardfislgundcadndsouthern floundetlappearingnactivétO51hrsat130n from
thereeftwotomtatanda roundcadavereseemvesand At053Mrshavingeverseslrcourseye
savithreemtatat20m frotheeefBeginnmatabob40tsywenotethathediurnékhes
werbecomirartiveScupgelteshndfishgreatambgaclkandgpottaipinfladNappearetboe
exhibitingpeinormdaytinteehaviors.Wealsaotelothomtateandvhitgrurirnthdedge
atthisime, Concurre®CUB/Mbservations ofroundscadbyoneofusgEC!suggestdtatmassive
schodtegafomungt0556irs,

OnJunB8,1989yealsanadeoncurrenRO\GNASCUBdiveattheraircaartificiedef
Tabld!. At1930irstheROWescendedipora largpieceftraircamwreckagmdbegaa SIT
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camerasurveyin a northwesterlgirectiomlonga groundine connectingaincarwreckage Typical

diurnal fish behaviorwas noted. Upon approaching smaller pieceof wreckage we notedan
aggregationhl5cubbythatstreameauttomeetindgatheundetheROV, The colorcamerand
lightswereswitchednandiznmediatelthe cubbywstreamedbackto thewreckage. At 1943hrs,we
notedthatthe cubbyuaggregatiohadincreasetb about30individuals. At 2030hrs,threeof these
cubbywandereautoverthesancaboul mfromthewreckandthenreturned At2042hrs thecubbyu
aggregationemainedunderthe wreckage.At 2049hrs,Carolinahakeweremovingaboutunderthe
wreckage.Traversingwayfromthewreckage over sandbottomwe notedthefollowing andtime!:
two cubbyu052, 2105!; two scup 105, 2137!jtwo roundscad111, 2135!two tomtate130, 2135!;
blackseabass 136!; pinfish 136!; and five inshordizardfish 140!. One SCUBAdiver IEC! noted
a spotted soapfishexiting from under wreckageat 2009hrs and a tomtateover sandwith nosedown,
mouthinghe substrate while apparentlyfeedingat 2024hrs. Thediver alsonoted a white grunt over
sandat202%rs. Returninghe ROVtothewreckagat thedesceritne, we noteda cubbywntheside

of verticalsectiorof traincarat 2145hrs. At 2200hrswe returnedo the siteof theaggregationf 30
cubbyandfoundnonepreserdndupornreturningpthedescenine pnecubbywasencountered2201

hrs over sand bottom.

We begara predawrROV dive at 0404hrsonthefollowingmorningat thetraincarreef Tablel!.
At themainwreckagdeneathhedesceriine,we sawonetomtatepnescupiwo spottedjoatfisrand
six individual round scad between 0410 to 0412 hrs. At 0416 hrs, we saw one tomtate over the sand about
6 m fromwreckage. Five spottaipinfishand two roundscadwere underwreckageat 0415hrs. A
summeflounderswamfromadjacensandto wreckagat 0420hrs. An inshordizardfisrandcubbyu
wereon sandbottomabout5 m fromthereefat 0426hrs. Returningia groundlineto the siteofthe
aggregatioaf 30cubbyuhenight before,onetomtatewason sandbottom about 15m from the reefat
0456hrs. A seriesof smaHexcursionsaway fmm the reefrevealedno other fishes. At 0530 hrs, toxntate
wereseerbackat traincargreviouslpccupielly the30cubbyuRoundscadschoolsegartogatheat
thewreckageat 0530hrs. Twelvecubbywereapparentlyeedingpversandabouts m fromthereefat
0540nhrs. Betweel®545and0630hrs fishegeturnedo theirtypicadiurnalbehaviors.

w
WebegarourdivesofJunel4,198%boubne-halhourbeforeandaftersunsetTablel!, Duringthe
first dive Table I!, thousandf tomtatewere notedon top of the ledgewith about40 moving
downslop¢éowardsandbottom.On thesecondive,betweer2056-210Mrs,a cubbyandtwotwospot
cardinalfistwere activealongthe verticalledgebreakwhile a purplereeffishand a blue angelfish
wereinactivewithinholesm theledge. Fourtomtatea whitegrunt,a cubbywanda vermiliorsnapper
were oversandabout3-5m fromtheledgeat 2058-2108irs. Thecubbyuappearedo be feedingon
organisnisorontopofthesandbottomGagandbankseadassverenotedtthereef/sandhterface
at 2110hrs. Betweer2110-2115rs,we sawthreecubbyufourtwo spotcardinalfisha whitegrunt,a
tomtatdourspottapinfisha plainheafilefisha banlsedbassanda purpleeeffisbntopofthe
ledgeadjacernbthethickalgabeds.Thehstdiveonthisdaywagestricted theledge Wenoted
twotomtatea banlseabassthreespottapinfishandthredwospatardinalflgmtopoftheledge.
Alongtheverticabreakof theledgewe notedagaim purpleeeffislanda blueangelfistvithin
holesvhiletwospottedoapfishywocubbywanda twospatardinalfistereactivatthereef/sand
interfac@uipredawdiveofthefollowimgornirdpcumented a mixesthooftomtasnadvhite
gruntstreaminigy fromdeepewateroversandottonto theledgeetwee52IM525rs. Purple
reeffisbbecameactivebetween0525and 0530hrsand twospotardinalfistand spottedsoapfististill
appearedctivebetwee®52M540hrs. Normabaytimeactivitiesfreeffishesppeanso begin

about 0540 tus.

Duringournexdivesn Augustyetriedto avoiddisturbintpereeffishesviththeharstwhite
lightronthefloodampattachedtheOspregametayhoodindampsithrediltersThis
provedtb beonlypartiallguccessfuL Thelightsveresffectiva illuminatirfighesnlyat full
intensityAt thidightlevelwe stilldetectesomeavoidandeehaviots/thefishesA moreserious
problemaghatheredgelatinoodsausetidamptooverheatsultinga trippddsenthe
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Cyclopsontrgbanel.Consequently wewerenotabletonotemany fishesonthis andthefollowing
dive. Betweenl948and 1957hrswe sawcubbyuand spottedsoapfision top of thereefand a large
numbeoffishthatappearethbetomtatboveringverthetopofthereef, Duringhedawrdiveof
thenextlaywesawgroupsefaboul0Gomtateoming frondeepesandntdhereebetweed619-
063hrs. Aboufiveyellawtailleeffisandonepurpleeeffisiverefeedingearthebottonat 0624

hrs. Wesawpurpleeeffismalesn nuptiatolopatterniseginningt 063zhrs, At 063ehrs large
number®f tomtateweremillingaboutin aggregatiorsverthetop of theledgeandnormaldaytime
activitiegor reeffishesappearedo commencat thistime.

4

Duringthe courseofthes®bservationsit becamapparerthatmanyofthereef fishesexhibited
distinctolompatternsat night, In generaldiurnallyactivefishesisuallychangetb a distinctly
barredpattermafterduskandnacturnally activefishesusuallychangedo a blanchedr lighter
pattern after dusk. Somepatternswereparticularhgtrikingandaredescribeth moredetailbelow.

Oneof the main featuresof the scup'sdiurnal color patterrisa darkcrescerghapedbaran theside.
Occasionallyye sawlargerscupwith darkabdominahreasiuringthedayandwe haveinterpreted
thisasa possiblauptialcolompattern. At night,scupoftenexhibitan intenselparredpattern
consistingf five thick barsthatareangledslightlyrearwardandconnecteéromtheuppethirdofa
precedingarto thetopofthenexbarwitha thirupwardlantingtripe Thebardeginusbehind
theheachndstomtthecaudgbedundeBlaclseadassftershowa distinctpattern alsowith five
barsat night. Spottailpinfishare alsobarredat night with nine thin yellowishbarsan the body.

Round scad have been observedwith six to sevenbars on the body at night. In contrast,tomtateand
cubbywexhibita stripedpatterrduringtheday. At night,bothspecieappeato !osehecolompattern
altogethemdhavea patterthatiswashedutorblanchetiencevhitistin color.

Observationf natural behaviorsof fishesat night are obviouslya difficult task given the
necessiof usin@nartificidightsourcexcepindeisomeonditionghersufficiemmbient light
fromthemoommayallowobservationsinfortunate thiswasnotthecasdoroursituatiowhere
depthanadvisibilifyrecludesefambiefighexcemgluringhecrepuscular periodTypically
onhaboutwentyninutesftwilightveravailabteusbeforerehadioresotbartificidights.
Weattemptetbkeedightdaa minimumForinstanceetriedtausethelowlightsettingnthe
ROVwiththeSITcameraHowevertthiswasnotentirelgatisfact@sinceverthelowlightsetting
tendetboverpowdresensiti&d Tcamerandrendea "burnout”  ofthevideamage Wethink
thatour lightsmay haveaffectedomebehaviors.Forinstancdightsprobablynhibitedsome
feedingbehavioiin the nocturnafisheswe observed.Overall,thoughwe believethat our
observatiom$égeneralctivityrlaclofit,atnighandduringrepuscular  periodsirebiologically

meaningful.

Wechosa varietgf methodeobserveevi  andcrepuscular behavian reefassociated
fishes. SCUBA offered the most realisticand accurateobservation®f reef fishes. Combined
intermittentlyvithvideoSCUBAbservationsnosaccuratelglefinednddocumentechocturnal
behaviorklnfortunatelytheSonyideaveusedlidnobffeon-saeemnotation inreal-timeor
werewe ableta record/ol~ver narratiom realtimewith thisearlysystem Thismadet more
difficuibdecipherthevidetapesta lataetate However, theortabilitpftheSongystenwas
excelleandwecouleasilynovalonghereeindoutoversand.

TheOspreydesystensuffereflontaclofportabilityandequiredmbilicaéndetspside
andatdepthviththediveoperating thevide@ameral heOsprey/Cydapsysteallowed
maximuron-screeannotatioofdate realtime Jocatiomndrunningimeandthedivercouldalso
narratéhevidedn real-time Thelattemadenalysisfthevideosnucheasieandmoreaccurate.
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SCUBA observationswere always limited by the amount of bottom time available to the diver.
However,the Osprey camerawas clumsy and causeddiver fatigue, especiallyin the hand and arm
holding the camera. The ROV did not havethis limitation but had other problems.

The Superphantamll ROV is bestdescribedas a clumsy-lookingapparatusunderwater. Despite
expert operation, the ROV umbilical was subjectto entanglementon the reef and the ROV itself
sometimes caused disturbance of the sand bottom via the propeller wash or contact with the frame. The
ROV videosystenalsodid notallowon-so@eannotation  althoughreal-timenarration at the surface
monitor was passible. We found that the narration was often inadequate, especiallyin terms of
updating clock time during the ROV dive. We found that the SIT cameracould be usedeffectivelyfor
the first twenty minutes of twilight without the useof lights. After this, we alternated betweenthe
colorand SIT cameras. The SIT camerawas nat effectiveat closerangebecausesven the lowestflood
light intensity causedimageburn aut. The ROV alsoactedasan undesirablepositive attractorfor same
reeffishes e,g,,cubbyul! sinceit probably appearedaswreckagewhen still and whenno lights werein

Of course, verification  of nocturnal feeding activity is required through the analysis of stomach
fullnessat early morning hoursand by other techniquessuchasnocturnalgill netting, Thisinformation
is reported elsewherefor the tomtate Bolden,1990!. Stomachullnessdatafor the cubbyuis presented
in Figure 1 Lindquist etal., manuscript!. Nocturnal foraging patternsfor thesespeciesind someof
their congenershave been verified by other workers e.g.,Callette and Talbot, 1972;Darcy, 1983;
Davis, 1967Hobson, 196519681973 McFarlandetal., 19790gdenand Quinn, 1984 Starckand Davis,
1966for grunts and Hobson, 1965;1968and Longley and Hildebrand, 1941far closerelativesof the
cubbyu, the rock croakerand the high hat,
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It is clearfrom our observationsthat mast of the fishesassociatedvith the tug wreck during the
daydeparteduringthenight Table!. Ourobservatioastheothersiteandourstamachuliness
studiesindicate that at leastthe tomtateand cubbyu forage away from the reef over sandbottom at
night, Manyof thediurnallyactivdishesuchasscuproundscadandblaclksedasslsaarefound
overthe adjacensandbottomeventhoughtheydo not appearto be feedingat this time. These
observationsuggesthatthereefofferscoverandsomeorgingaredfor reeffishesduringtheday, At
nightmanyfisheabandothereefforcoverandthereefis nolongemportantor protectionmost
piscivoresrediurnall.Somefourobservatioasdthos@f Hobsor965; 1968hdicatehatreef
croakemandcubbymayalsdeednpreyin direcassociatianththereeftnight.
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DEVELOPMENT AND APPLICATION OF ALOWKOST PAIRED-LASER MEASURING DEVICE

AndreroN. Shepard
Carol Lee Donaldson
Ala» W. Hulbert
National Undersea Research Center
University of North Carolina at Wilmington
7205 Wrightsville Avenue
Wilmington, NORTH CAROLINA 28403U.S.A.

An underwaterpaired-lasemeasuringdevicewas developeas a training aid to help

reducebias associatedvith I'tt~  estimationof fish sizes.The devicewas constructed
out of low-costmaterialsand incorporatedivo relativelyinexpensivéaserpointers.
Observerswere askedto estimatethe size of targetswith and without the use of the

paired-laseapparatus.There was a significantly higher accuracyof estimation
associatedvith the laser measuringdeviceand no significant differencein accuracy
betweemobileandstationarytargetavhile usingthedeviceMoretestingneedso be
conductedomparinglifferencaa accuracpetweethe paired-laseneasuringevice
and "acceptedhethodshat are currentlybeingemploye@ndto find otherpractical
applicationsfor paired-lasersystems.

Severapublicationshavebeenreleasedn recenyearghatprovidea criticateviewof visual
assessmetechniquessedfor the quantificatiorof reeffish assemblages.g.Jonesnd Thompson,
1978Brock,1982Bortoneetal., 1986!. Theoriginaintent of thesevisual assessmenechniquesvasto
develomndstandardizeon-destructigemparisamethodsJoneandThompsori,978!. The
information that can be obtained from visual assessmentechniquesrangesfrom simplespecies
abundanceto biomassand stocksizecomparisons.

Although the visual assessmenmhethodscurrently employedattemptto obtain quantitative
informatioregardingpecieompositiocahundaneadirequen@foccurrendewhavealealtvith
waygoreduckiasassociatedthin~ fish lengthestimatiorBohnsaekdBannera®86! used
a ruler attachedperpendicularlyto the endof a onemeterrod to avoid magnificatiorproblemsn
estimatingishsize. Shorof spearing fishafterits sizeis estimatedherascurrenttyowayto
"groundruth"theactuakizefthefish.Theerroassociatedwiththisnethodflengtlstimation
is probablyacceptabl@rovidedthatthe samebserveconductsheestimationsverytime.

Recentadvances and associatedcost reduction! in laser technology have made it possible to
develop "low-cospaired-laseneasuringevicao aidobserveis theestimatioaffish lengths.
LasearenowcommonlyseduringnderseaeseardbicameguidancandizestimatiorCaimi
andTustingl987!.Wedesignedndconstructesh adjustablpaired-lasdevice¢o beusedasa
learningooltoestimatiishsizemoreaccurately.

The objectivesof this study wereto: _ _
1! Determiné observergsinga paired-laseneasuringdevicecanproducenoreaccurate
estimationsof sizethan the sameobserveraising vision alone.
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2! Determinghe differencén observeestimatiomrrorbetweera mobileanda stationaryarget
whileusingthelasemeasuringlevice.

Methods and Materials

The5.0mW helium-neonred! laserpointerswereobtainedrom Edmundcientifit a cosof
$199.9H0ousingsereonstructébmscheduBOPVCLensapsvereonstructeditofacryliand
containemho-ringsealThepairedasehousingseranountedna 1/4% 2% 484aluminurbaina
mannetthatallowedthemto be movedparallelto eachotheriFig. 1!. Onelaserwasstationaryand
the other moved relative to it.

Side Vicar Of
Laser Housing

Front Rear EVC
Acrylic Lens Housing
Cap Cap
Shroud to I1/2"
Hold Laser cheduie 80
Perpendicula PVC
To Lens Cap

100 crn

Housings
Top ViewsOf Apparatus
Figttre Dssit@tadcoststrttctiogifa paissd-laseroassttistgvkdtsetbrsdttce

error associated with ~ fish size esthttatiort.

"Fishtargetsereonstructtdm'x gpinboardsthaivereutodesiredengthanl1/16"
holevashoredntothecentenftheboardanda 3/4"PVCelbo~washammereadtotheholewitha
softmalletTheelbowvasusedomounthetargetsna poléorpresentation  totheobservers.

Tenndividualaexperienaedsuakssessm@mimedunesrselectedlsingCUBAhese

individuals/erdocatada poanditesentederrandotargethatangeitisizéroni0-10€m,
Thesubjectwerelacedta distancenf5.0m fronthepresentatioarea.Thetargetseranoved
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laterallyfor tensecondata rateof 1.0m/s, Theobservenecordedheestimatedizeof thetarget®n
underwater slates. Three trials were conducted in this manner. The same targets were presented in
eachtrial, but the order of appearancevas randomized.

We were interested in comparing how accurate observerswere at estimating fish size, and
consideredaccuracyto be a functionof size,i.e.,a 5.0cmerrorfor a smallfish is more inaccurateghan a
5.0cmerrorfor a largdish. Also,wewerenotinterestedn whetheindividualestimatewerelarger
or smaller than the actual size. Thus, estimation error was calculated as:

Z= | E-AA ]

where:

Z = estimationerror accuracy!
E = estimated size of the target
A = actualsizeof the target

An ARCSINsquare-rootransformatiorgppropriatdor ratios,wasusedbeforeparametri@nalysis
using ANOVA.

Fromthetenoriginalobserverdijve wereselectethatweremostsimilarin theirsizeestimations,
basedon the results of a Tukey'smultiple rangetest. This stepwas necessaryn order to reducebias
associatedvith differencesamongobservers. Thesefive observersvere presentedtargetsin the same
manner as describedaboveto re-establisha baselinefor comparisonto the paired-lasermeasuring
device. Once this baseline was established, an ANOVA was conducted to ensure that there were no
significantffferencesestimatia@rroramongbservers.

For the laser validation portion of the experiment,observersvere placed5.0 m from the
presentatioareaand aslt;edb estimatehe sizeof mobiletarget&iththelasemeasurirggviceo
theneares6.0cm. Thetargetsverepresenteththe samdashiorasdescribedboveOnesebftrials
wasconductedn stationarytargetso determinef therewasanincrease@rrordueto thephysical
manipulatiorof theapparatusequiretb placehe laserspotsona movingarget.Theobserverkad
ten seconddo estimatethe target'ssize. ThetransformedestimatiorerrorsSromthe mobileand
stationaryargetsverealsocomparetby one-wayANOVA.

Results

Theobserversvereableto estimatehe sizeof thetargetamoreaccuratelyP<0.000JANOVA!
with thelasemeasuringlevicehanby observatioalone. Theobservereada mearestimatiorrror
of 8.96%+0.74%! without the lasers,and a mean estimation error of 6.26% +1.4%! with the laser

device Fig. 2Al.

Observernssing the paired-laseneasuring deviceestimatedhe size of mobiletargetgust as
accuratebsstationartargetsp>0.05ANOVAlalthouglheerrorof theestimationsasslightly
higheforthemobild¢argetsT hemearestimatiogrrorforthestationaryargetsias?.86%+0.85%!
and4.91% +158%! for the mobile targets Fig. 2B!,

Thehelium-neoraserpointersthat wereusedfor the deviceproducea red beam. Thevisible
projectioofthdasenstdhewvatecolumsonly.Om dugotheattenuation  ofredwavelengtres
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thatdistance Lasershatproduca greebeanwouldrobablyrojedurthemtothewatecolumn,
but the costis significantly higher.
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Figur@. h! TargesizeestimaHatrorsor observatianthendwithoutiseof the |
paired-laseneasurindevicand8! estimatiorerrorbetweenbserversisinghe
device oa mobile end stationerytargets.

Thedesigrithéasehousin%sandhe:ho_icefmateriatﬂ_ovetdbeﬂormaladequate.The
housggmenpressurtestdd?, Osvananaintaineavatertigittegritjothrebousdepth.
Cautiosnouldeexercisedoprevetteacryliensapsmnbecoming scratchdmbcauseratches
antheinsidefthelens capseverelynpederojectiaifthelasebeam.

Theprecisiarfthdaseneasurindeviasdependemnthdasetzeingerpendiculaiothe
mountirtgar Therecisiontthgaired-lasgyrstems+ 2.0mats. Gnwhidakaataccount the
beanwidthandplayinherenhtheapparatugesign.

Furthéestingeedsbeconductedbyobserveusinthaneasurindevidaea fieldwriented
situatidnassesglequately theapplicabilitpftheapparatusoa marinenvironment.Thenext
testthatneedso be conducteshouldbe a comparisafitheabilityof a laser-trainexbserven
estimatactualishsizeascompardd anobserveisingnethodsuclasthoseescribdyy
BohnsaekdBannerd®86!. If thelaser-trainethserveasenomoreaccurate theirestimations
tharthosebtaindmyobserversusingthemethod$fiennvestment ina paired-lassystemay

not be advisable.

Othepo_s&b%) licatichioga lowespaired-lassysteardous@nsubmersiblasd
ROV'd ustingl 99 usteetal ,19891helasesouldemountedona bathatllow®ithe

traditiondDXnbearseparatiohasersavalsbeeadaptedousathisnannerorthénand-
heldinderwaterdesystemssetdythéNahondhderse&esearh~ogratthaJniversitgf
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North Carolinaat Wilmington.Whenusedin thismannetthelasergrovidea referencecalenthe
video tapethat would bedifficult to discernotherwise.

Thissimpletoolshouldhavemultipleapplicationtoin~i  researcin additionto measuringish
sizes. Forexample measurementsf stationaryobjectsor fauna,e.g. coraldiametersand heights,could
be madewith greateraccuracyand lessdamageto the subject. Hard to reachareasand cryptic species
couldalscbemeasured morequickly and easily.

Conclusion

Observersequipped with a paired-laser measuring device appear to be able to assessmore
accurately the size of targets underwater. Evaluation should continue to determine if the same
observerscanlearnto estimatethe sizeof targetsasaccuratelywithout the useof the lasers,oncethey
havebecomefamiliar with this form of in ~i  visual assessment.Future applicationsand feasibility
will be determinedthrough further field testingand evaluation.
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The objecfiveof the Surface-IntervalOxygen SI102! dive frials was to evaluatefhe
decompressiontress associatedvith diving proceduresdevelopedor oxygen-enriched
air nitrox! diving and surface oxygen breathing. The Phasel trials consistedof
chambertests with dry, resting divers. The Phasell field trials were conductedn
wafer of nearly uniform temperature with divers maintaining a light, constant
workloadthroughouteachdive. A total of 362 subjectdivesioerecompleted.Kxfending
chamberasedstudiesto an openwafer setting createsa number of challenges. This
papermreviewshe basigroceduresf the studyand thefield staffinvolved. Planning
considerations fhat proved to be critical in the projecf are discussed and
recommendationsadefor future studies of this type. A strategyfor summarizing
experimentadlatainto a computerreadablé'clock"is introducedand encouraged.
Improvementsn dive computersoftwareand developmenaf clock databaseare
expectetb facilitatethe comparisoof findingsfrom independestudies,

Intmduction

The Surface-IntervaDxygen SIO2!dive trials weredevelopedo evaluatethe decompression
stressissociatedith diving procedureforoxygen~ched air tNITROXor EAN! divingandsurface
oxygetbreathingGerthetal.,1992!NitrogemarLdoressurearereducad EANmixtures his
will decreagberate of nitrogenptake fora giverpressumxposureéNitrogerliminatiomayalso
beincreasety breathindl00%oxygerfollowingthedive.

Phasd consistedf chambetrialsto evaluatdourdive profiles. A totalof 286subjeatliveswere
conductedith diy,restindivers. Totabottontimesvere34-120%ngethan equivalerMOAA
EANdivesand 65-267%0ongethan USNairdives.A single caseofkneepainoccurreduringhe
trials Vann et al.,, 1992al.
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Phasdl trials wereplannedto validatethe schedulesinder morerealisticdiving conditions.
Diveswereto beconductedin waterof nearlyuniform temperature 8-72 F!. Divers would maintain a

light, constantvorkloadthroughoutachlive.

A total of 362subjectdiveswere completedn the Phasdl trials. Thepreliminaryresultsare
describedelsewhere Vann efal., 1992b!. The purposeof this paperis to review this projectas a pilot
forfutureoperwatetrials. Consideratiotimatprovedo becriticato thesuccesx theprojecand
lessondearnedthat znayaid future projectsarediscussed.

The Phasdl SIO2trials involved four separatesubjectgroups. Eachgroup completedthreedivesa
dayfor sixconsecutivdays. Subjectaerepre-screeneshformedof all protocolsmedicallycleared
and evaluatedanthropometricallprior to the trial period. Tablel liststhe baselineneasurements
that were made. Eachgroup of eight subjectsreported the evening prior to their first dive. They
remainedwith projectstafffor the durationof theexperimentgberiod. Mealsandaccommodations

werevided. Taldadddasures.

Age

Height

Weight

Percenbody fat

Vital capacity
Residuallung volume
Pulmonarydiffusion rate

Table 2. Phase H Profilee.
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Eachof the six daysof diving involvedthreedivesin combinatioro either80feet 6% oxygen
EAN!or 120feet 2% oxygenEAN!for a specifiegeriod. Tab]e liststheplannedilive profilesand
post-divexygehreathingeriodforeaclofthel8dives Divingvassonductad twoteamsffour
subjediverseactaccompanibganin-watedivemastandmonitoredy surfacpersonneRre-
and post<ive exertionwasminimizedby providing assistanct subjectslonningtheir gearand
instructingthemto removetheir gearprior to leavingthe water. The underwatemworkloadwas
normalizedy havingthediversmaintaina 05 knot swimmingspeedalonga flaggedcourseor the
entiretimeatdepth. Subjectsreathed 00%xygerior 30or 35minutedollowingeactdive.

Decompressiastressvas monitoredusingDopplerultrasonidoubbledetectors.Daily baseline
recordingsveremadeaswerepost-diveassessmerat20minuteintervalsasallowedby therepetitive
dive schedule. Hydration was assessemn a daily basisthrough urine hydrometry and weighing.
Subjectivempressionsf healthstatusaandperformanceererecordedhroughoueactdivingdayand
reviewed with eachdiver at the end of the day. Exposure profiles were monitored by a combination of
divercarriedime/pressureecorderandobservatiohy surfac@ersonnelT hepresencef pulmonary
oxygentoxicitywasassessetthroughcarbomrmonoxidediffusingcapacityestsconducte@t the start
and end of the six days of diving.

Staffing

A review of the administrative staff requirementsinvolved in establishingthis program will be
discusseth a separatpaper. Theresponsibilitiediscussetlerearerestrictedo thefield component

of the study.

A total of 576subjectand 105staff dives were initially planned for the SIQ2Phasell trials. A
total of 362subjectdiveswere completed.The estimatedyasrequiremento meetthe initial plan
approached 20,00@ubicfeet. Provisionof this amountof gasis muchmoredifficult in field, as
opposedo chambergperations.In additiontoa supplpfthetwo EAN mixturesa filling and/or
mixing!systentapablefreliablyprovidingover5,00@ubideetperdaywasrequired.

Thelongestiveof thisstudyrequireda 51minutebottomtimeat 80feet. Twin80andtwin 120
cubidoottanksystemsvereusedo ensuradequatgasupply forthediversBecausétheweight of
thesesystemghe availabilityof staffto providedonningassistana@ndto movethe cylinders
betweenthe water and fill stationbecamesignificantconsiderations.

Basie@quipmemntepairandreplacemedemandwerehe finalresponsibilitied thisgroup.
Adequatbackupequipmemiartsandservicirskilwereequiredn-siteo maintaithedive

schedule.

A transportableulti-lockrecompressichambegaschargin@cilitandoperationstiaff
weremadeavailabldorthe durationof thisstudyoythe NOAA/NationalUnderse&esearc@enter
at UNCWilmingtorStaffnembetminedsDivingEmergency Medicalechnician®D-EMTS!
conductduhselineeurologicekaminatioosall subjectespondadanymedicalomplainfsom
the divers,andoperatethefill statiomviththeassistance of the equipmenstaff. A Diving
Physiciawasoncallthroughouheexperimentsials.

Divemonitoringequireal DivingSupervisawerseeiradlin-wateperationand divemaster
to accompargachdive. Divemasteedternatetbetweedivingandservingassurfac&tand-By
DiversThesubjedivers berthed EANmixtured36%and 32%oxygerat80feetind 12(feet,
respectivelyrheDivemastebseathed0%oxygemixat 80feeainda 35%xygemixatl2@eeto

117



Dipixrg far Sriemre...f992

minimizeheirdecompressistnessThesexygempartiapressures theDivemastegassupply
representegimaximavalueof 1.4ATA.

Datacollectionstaff wereresponsibléor coordinatingthe operatingschedulemonitoringand
recordingfall activitythroughouhestudyperiod.TwoDoppleTechniciamgeresactassigneal
groupof fourdivers¢o monitothroughouhetrial period. Datacollectoralsamonitorethedive
schedulerecordedand collateda rangeof datathroughoutthe day, and downloadecdeachdiver-
carried¢omputeattheendoftheday. Table listslatacollecteduringthetrialperiod.

Table 3. Field Measures.

State of hydration daily!
Height
Urine specific gravity
EAH mixes
Time of start of dive
Dive profile
escent rates
Maximum depth
Bottom time
Ascent rate
Surfacing  time

B%ssﬁgi\s/%m?#%ré to start of oxygenbreathing period

en_ breathin time. . . .
ERaor oxyger?brearﬂwln% to repetitive dive time
Dopplerscores daily baseline andpost-dive!
maximum doppler rade

Time to maximum doppler %rade

Ambient temperature  hourly!

Ambient relative  humidity = hourly!

PlanningSuaesses

Thegoalof SIOZPhasHd wadoextenthePhasktrialsviththeadditionfa mor@ormal
workload and more realistic field conditions,The listof consideratiornmportantto developing this
workis beyondhescopefthispaper.llie focuhergsonthreeconsideratiotigatprovedohave
signiflcamhpaainboththeplanningffoendinaoutcomenthistudy,

Accegsemergensgrvicesquiresarefattentiomfieldrials. Theinderwatsitanusbe
proximatea conveniamatontrolleshtrgneéxipoiniThesitenudie  ablécaccommodaite
ofthestaffsubjecendequipmergquirefrtherials Whila shipboavgerationayffethe
greateflexibilitygonvenienarccontrothecosifconductinépuweelkdtrialmthisnanner
madtheptiaamtenabldéotheunempirojedhstead, a controlledansitevagientified.

. Thesl0Z2Phagd siteVakulBprings soutbfTallahassdepridabdheequireddepths,
visibilitweihexcessf10Ceadurinpeseasonhetudyasonductednaninimddorizontal
distancbetweamtrypoinandhedepthequiredt alsdhadanelevatetbcko allow
observatiafin-wat@ctivitpndoadinchelicopter accedsfacilitatemergeneyacuation
plangnénon-sitmmmercidbdgthatoulprovideeandvashroom facilities.

Themportarmﬁr]eseonaderatimﬁlnparamouﬁtndéa@g{tl){eon&rmquwetdstay
togethéoitheentirgbdaytriaperiod, theprovisioofconveniearichdequasepportas
criticaMoranportanthgwevevatheesponsaraccidetitabccurratirintghdirstday
ofthestudyA subjeawvhtailetdisclosa medidastorgfseizuregcurreranti-convulsive
medicationsenintoa fullseizuratdeptlduringhefirsdayofdiving.Theimplementation  of
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emergencproceduresncludinghelicopteevacuatiomirectlyfrom thesite,wassoeffectivehat a
situationthathadthe potentiako threatertheentirestudyonly disruptedhefirst weekof scheduled

dives.

The inevitable variability betweennominal and actual exposuresand inter-individual differences
makesdirect comparisonof individual dives and different studiesdifficult. Compilation of computer
readabledatabaseffers the bestmeansto analyzesuchdata. In this study, downloadablediver-
carried QrcaDelphi dive computerswere usedto attain accuraterecordsof all exposuresHeinmiller,
1989! Table4 providesnexampl®f thebaside}phbutput.

Table 4. Delphi computeroutput example.

al

b! c!
19.00 00C
0,50 8,15
0 26.70
D.50 40.28
D.50 5D.24
D.50 62,91
0.50 74.68
0.50 85,99
0.50 90,07
1.50 90.97
0. 50 106,36
0 r0 114,96
0. =0 115,41
0.50 116.32
0.50 119.03
0cD 121.30
0. 50 119.03
0. 50 117.68
0.50 117.22
D.50 116,77
0.50 112.24
0,50 103.65
0.50 97.76
0,50 94.59
0.50 86.45
0,50 72.87
0,50 58.84
0,50 45.71
0.50 45.26
0.50 38.47
0.50 31.23
0.50 19. 91
050 9,50
100 1.81
0.50 1.36
4.00 0.00
88888.88  33.94
110.00 0.00
0.50 9.50
0.50 33.94
0.50 60.65
0.50 93.24
0.50 105.91
0. 50 115.87
0,50 116.32

d!

el Delphi
al
b!
c!
d!

el

.Sim File ley

two blank comment lines available during  download
time at this depth measured every 30 s!

depth  feet! at sample point

Ores code

88888.88 -tank change or line depressurised!

9s rndicate  cpu power turned off/on!

Thedepth/timgrofilegeneratdaythedivecomputergeralownloadesha dailypasisThese
dailyfileswergoinedoforma singleontinuougeforeacisubjedortheduratiomfthediveseries.
Breathirgaswitchedurationandotitimaeferenossréhenntegratedththebasiprofile
informatiomtocomputeneadableummarfiles. Thesélesthenservastimelinespr "clockstp
whichall eventshroughoutheexperimentpkriodcanbereferred Simplgrogramsanthenbe
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compiledcompaamyofthevariable$ablg providasexampdétheclocklegenerated

through thesetrials.

Table $. clock srrmmary format
SIC2 Bahulla  Springs
Subj~ct XXX bl
c! e? Cfl g! i1 x? )
d 060 905 0. 363 1300 Day I-Dive I, 911028
050 31.11 cpu 15596 Buddy 304
0.50 66.06
0.50 79.12
0.50 53.00
0.50 39, OlIO
0.50 26,50
1,50 0.00
1.00 0.45
5.00 0.00 0.210 1206
27,00 0.00 1.000 1
99 PD 0.00 0.210 1238
0.5D 7.69 0.317 1417 Day 3-Dive 3
0.50 24.44 cpu 15401 e304! Buddy 304
0.50 63.36
0.50 68.15
0.50 5.12
0.50 3.34
0.50 2.72
0,50 2.26
5.00 0.00 0.210 1533
30.00 0.00 1.000 1538
0.DO 0.210 1608 !
Clock File Key
al First File Line project identification
b! Second Frle Line - subject rdentification
c! Third File Line blank
d! Fourth File Line -start of subject ‘“clock" data
e! First Column time reference minutes!
fl. Second Column depth reference  in feet
9! Fourth Column -osygen partial pressure;  blank indicates
continuatron of last pressure listed
h!  Frith  Column -real time reference: 24 hour clock
it Comment Space - includes:
Day/Dive Reference based on planned dives!
Start Date e.g. 911028! of experimental period
Computer  cpu! Used BB. 15596 indicates data from
diver's own cpu; 15401 e304! indicates case where cpu
15401 data vere taken from diver 304 to substitute for
missing data for this diver!; all  substituted dives are
marked with e; if data from diver's ovn cpu, only noted
at start of day unless cpu changed during t.he day
Buddy or Buddies each group should have consistent
exposures but buddy pairs were assigned!
Miscellaneous coaaaents/erplanations
j' Endcf File -indicated by blank time column coinciding

«itb

osygen partial

pressure

change
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RecommendationferFuhtré®mjecbevelopment

Subjectcompleting chamberdives typically require minimal effort to exit the chamberat the end
of a dive, minimaltime for gearremovalor changingand haveimmediateacces$o washroomsr
otheramenities.Openwaterdivingdemandsdditionatilneto allowfor surfaceswimmingpre-and
past-dive and equipment setup, donning and removal. It was clearin the early planning that the
chamber-basedchedule$iad to berelaxedto accommodatepenwaterrequirements.

Open water trials also require significantly more manpower than chamber trials. While the
coordinationof multiple subjectgroupsis anattractivemeansof minimizing in-water group sizewhile
maximizing data collection, two concerns arise. The first involves the increasein scheduling
complexity. In this caserepeatedpostdive ultrasonicassessmenand in-water times were the most
difficult to arrange. Additional staff must be available to make sure that complexschedulescan be
maintained. The secondconcerrof multiple subjecgroupsis the potentialof a singledisruption to affect
a greatemumbeofindividuattrials, Whiletwo subjeagroupsof fourdiverseactwererun concurrently
in thepresent study, it is strongly recommendedhat the relative simplicity of single trial groups be
considered.

Pilot trials must also be conducted. All staff and equipmentshould be employedif possible. In
multi-week, multi-group studies such as this one, the first set of dives should be scheduled with a
singlegroupto maximize the quality of data gatheredduring the initial trials. Subsequensetscan
then include the full schedule with greater confidence.

Shying;

yO?’le of the strategiessuccessfullyemployedin the current study was to compartmentalizeareasof
responsibility. Taskscanbe accomplishednore efficiently when effortscan befocused. 'Diefield staff
usedin thisprojectandthe staffrecommendefibr futureprojectsfa similarsizeand complexity are
summarized in Table 6. A60% increase in staff would have been ideal.

Table 6. Field Staff

Total 10-11 16-17

Breathingyasdeliveryand equipmentsupportwasprovidedoy one persoron a full-timebasis,
withthesuppormbfstaffromotheareassdemandeddptimallytyoorthreenmtestafmembers
shoulde exdusivelgssignetb thisarea. Thenumbewill varybasednthedistancbetween
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entry/exipoinandthefill statiorthedegreef assistanaruiretb dresshediverand the
complexityf therequiredmixingoperation.

Divemonitoringvasconductethy a DivingSupervisoandtwo or threeDivemasterasavailable,
Staff in this area should consistof Diving Supervisor, three Divemasters,and an assistantto the
DivingSupervisaf multiplesubjecgrouparetobescheduled. TheSupervisawilltypically
maintainthe dive logs,coordinat@ndmonitorthe Divemasterandassissubjecte analyzingtheir
breathingnixturegpriorto everydive. Withmultipleteamsyhenonegroups inthe waterthe
supervisolis unableto contendwith the divers preparingfor their nextdive. At this point, the
assistansneededoensure thecompletionof critical check=f gearsetup,gasanalysisstc.

Thechamber/medicaupporistaffin thecurrenstudy consistedf twoindividuals. Thisnumber
is sufficientput in  this study, theseindividuals were committed to carry out filling and mixing
responsibilities additioio those requiringD-EMTskills.OptimallythefNingoperationgould
be handledby the equipmensupportstaff. All tasksassignedo the D-KMTsshouldkeepthemin
directcontactvith thedivers.  Thesemay includetheresponsibilities of AssistantDiving Supervisors

asdescribedpreviously.

Data collection staff canbe divided into Doppler Techniciansand General Coordinators. In this
studyasingleDopplefechniciaras assignetb foursubjectmepaifroneactoftwosubjegtrrups,
This createdsome difficulties whenboth groupsequiredepeateanonitoring OptimallypneDoppler
Technicianshouldbe availablefor eachpair of divers,

Theresponsibilitiesf generadatacoordinatiavereassigneid twoindividuals in thisstudy.
Optimally, three wouldbe assigned Between daily recordingand collation and end-of-the-day
computetfownloadinpngdaysarerequiredverbeforéheday'slatacanbereviewedTheextra
persorcouldserveanimportantoleinthedailyrevievanddataentry.'Ibiswouldchelptoensuréhat
shortcomingstheproceduresecorrecteith a timelynanneandwouldreducéhe post-study
handling timerequiredoreducehedata.

Theclockfile datasummarymaybethemosexdtinglevelopmeinom  thisstudy.If subsequent
projectemplothesaméormatndncreaseeavailabéatabase, itisexgectekiaitheabilityo
carrnputusefutross-trial analysisillbeimprovedt isforthigeasothathispatternfdata

storagdsrecommended.

Oneaecommendatidonimprovéuturelocklesvouldetoindudeconstaaltrrrsonic monitoring
resultspresetiteimingfoubblgradprogreeiomdusiaiDopplenonitoring resultgasot
appropriatathecurrestudginceamplingagliscontinuous andcsomewhatregulatiyned due
totheconstraint§ havinga singleechnicidarfourdivers,

Whilemosbftheinformation musturrenthemanuallntereisitothebasicomputer ~ file
generatbga diveomputedevelopmeimdiveomputesoftwarearieexpectadassist
automatinthesystemlhisvouldiramatically reducénehandlingneofthendividudbta and
move datacoHectiom thedirectiorofa paperlessystem.

Thigapehageviewdtieoveratesearch planstaffirrgquirementancdat&ePorting
strategies/olvedadvancingheSI02PhadechambérialsothePhadéopewaterialsit

isa practicedviewoprovidecommendatiofwsfuturprojectofa similaaturelheé'dock
summanpgxposulatepresentadh stratettpanapaisewdfacilitatdutumparisoh
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dive exposureinformation. It is hopedthat intereston the part of diving researcher&and equipment
manufacturers will improve the software available to support this approach.
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Increasedattentionis beingfocusedon the useof artificial reefsto enhancgopulations
of certainfishery species, However,relativelylittle is knownabout the functioning of
thesesystemsincluding the major trophicpathwaysupportingeeefcommunitiesr
their links anth other habitats. As part of alarger project designedto examine
multiple aspectsf artifi'cial reef systemsye examinedhe distributionof benthic
infauna adjacentto two artificial reefsto determinaf a halo of reducedaunal
abundance was present. Several major taxa exhibited changesin abundance
immediateladjacento the reefs within 10 m of the reefstructure!,indicatingthe
potentialfor predationby reef-associatptedator®r physicaleffectgrom the reef.
Distributional patterns observedwvere on the samespatial scaleas reportedfor other
temperateartificial reef comniunitiesand help support a the conceptof a general
patternjvr infaunaldistributiongroundartificial reefstructures.

Hardbottomcommunitiesincludingboth naturaand artificial reefsystemsn warmtemperate
areagprovidemportanhabitatorrecreationandcommercidishergpeciedondgheAtlantic
andGulf coast®f North America.indquistndHarris, 1979Sale1980Grimesetal ,1982Chesteet
al.,1984SedberrnandVanDolah,1984Bohnsaed Sutherland1985!.Recentsearabnnatural
andartificial reefsystems$asindicatethattherenaybeimportant trophiclinkagebetweethese
reefsystemsndadjacergand-bottohabitatdNelson  etal.,1988Cahoonretal.,1990>Rathethan
beingnembeos$self-sustaineslystemsnpanyeef-associatistandcrustaceamsayusehereef
primaripsa structuratefugeptainingnucbftheifoodbyforagimginfaunathesanottoms
oronplanktonidoodsource8rayetal.,198 Parisii,98%Heuckektal , 198Frazeetal.,1991!.

Mucloftheevidendetrophlmkagégtween reefindsantottoimabitatemdsonstudies
of hshforagin@nddiets Studiedftheforagifmehaviofmanyeefwssociated fishesincluding
tomtatblackedasqmorgygroupeandvhitgrunihdicatbat severapeciexeforagirayer
sand-bottorsreaadjacetthereefsHelfman etal.,1982B0olden1990Burk,199(F-razeetal.,
199C$edberryl,990Anal%/seﬁgutcontenineudicatdnatsand-bottom macrofaun@omprise
importaportionfthediet®manyeefwssociated fishesdarrisl 97 d¢anooamdRaveri, 984,
Bolder,990Burk, 1990t.indquistt al.,1990yase;1990!.
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Distribution®f soft-bottonlaunaaroundreefalsoprovidemportaninformatiorconcernininks
betweerthesdwo habitats.Halosof decreaseghacro-infaunabundanceasdjacento artificialreefs
havdeemeportedy AmbrosandAndersof90! Nelsortal. 988!,andNavratil988!and
analogouslofhavaeemeporteddjacet corateefsAlongil 98%lthougpatternground
coralreefshaveoftenbeencomplicatetly depthvariation®r thepresencef thalassinidrustaceans!.
Halosof decreasethfaunalabundanceeara reefhavebeensuggestetb indicateforagingby reef-
associatguredatorsn theadjacendandplain Turneretal,1969avisetal.,1982!. However,
relativelyittle is knownconcerniripeprevalenaa dynamicsf halos.Firstcertairstudiefave
yieldedonflictingeviden@boutheexistenceof macro-infaurfahlogroundartificialeefsDavis
etal., 1982!, Secondittle is knownabout the geographicaVariationsin infaunal distributions
relativeto distancefrom a reef, suchas may occurwith differencesn vertebrate or invertebrate
assemblageBhird thedegreefinfaunatiensitylecreaseeala reeimaychangseasonalyith
seasonariations in feedingactivity and recruitmentpatterns. Finally,little work hascritically
examinedthe time frame of halo formation afteran artificial reefhasbeendeployed or the long-term
persistencef halosaroundeithernaturalor artificialreefs.

Aspartofa long-teristudydesignetb examintneeffectsfreestructuresizeandspacingin
thecompositicenddynamicsf artificialeefcommunitieseexamineshort-terrmacro-infaunal
responses theestablishmeotanartificialreefarray. Presentduaerearepreliminaryesultof
studieson the distributionof highertaxawith respecto distancdrom an artificial reefwithin one
yearafterthereefwasestablished.

Materials and Methods

Thestudy wasconducteaff the Suwanne®egionaReefSystem.Thisartificial reefsystems
locatedoffshoreof the CedarKeys Florida,U.S.A.jn approximatelyl 3metersof waterdepth,and
extendalong24nmof coastlinmtheGulbfMexicd-igl!. Itisa seriesfartificiabefthatre
composem‘standardizembncretrenoduIerﬁapproximatelgSOdbsweig?hnair.Eacheef arrays
com osedfr%?roupm patchegtpinanhexagonal patternReplicateefarraysepresent
combinationsi two treatmentsf patclsize or 16modulgserpatchindtwotreatments  of
interpatatistancé or225n betweg@atchesThartificialeemodulesereeployefiiona
bargancsL_Jbsequenﬂyangenlthlftba?mto squanmonolaypatched heesultpresented
herardroinpreliminasamplirgftwoottheseeetrraysinarrayith 1&lockepatchand
25m spacingetwegratchesidheothearrayvitd blocks at225n spacinghesevaarrayypes
spanndteextremeadpatchiz@ndpacing!.Botheearrayswveren placéorapproximatély
monthiseforeamplingfbenthimacro-infauna.

eIb‘lf/lacrobenthdxc)resz,vera:olIectémldu licatdt 1,10,25,50,and75m distances awayron8
patchegeacteefarraygndita controbttorarewitmaartificiateefcores! Th& patches
usetbrsamplingteacfeeérraywerselectedohaveninimameqpntrackvithithentended
transedistance€oresverel Ocmindiametemdl2cmdee@mndcoringevicesad 500micrometer
meslat oneendto facilitatdrainingf thecorebeforéxatiomndpreservation ina separate
containefolietheendofthecorewadittedvitha rubbestoppéenpretairthesampleCoresvere |
collectéghandittsCUBAIuringlayl 99andveréxeth10%ormalin solutionitiiose

bengalyeaftebeingievedna 05mmscreen.

Macro-infaunaeredividedntomajotaxonomycoupfranalysipolychaetes,  bivalves,
crustaceaastropodsgchinoderm&undanodaunaereompardaetweelistances,

blockinfprtransedifferencesparatdbreackeefrrayypandherfothawaarratypes
combin%.)csingnaIysigNariangé\NO%ANOVAmysr/gumdog-transformm%/gndances
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and were conducted separately for each infaunal group. Varianceswere heterogeneousbefore
transformation but were non-heterogeneousfter log transformation F-max test, Sokaland Rohlf,
1981!.Where differences between distances were observed, meanswere contrasted using Ryan's Q-test.

Figurel. Locatiorior Suwnnne®etponaReef. Reeff3 Sxnspacingand Reef -
2sxnspacingivere saxnplefr this study.

Themajotaxain the sand-bottoxrcommunisyrrounding thereefsverepolychaetesand
crustaceans$?olychaetascluded’ 7 spedewith10speciemprising atleastl%of thetotal
individualgoHectad this preliminargamplingCrustaceangredominatedy amphipod$
speciessopodDspeciesinddecapodd speciegimontheemaining taxabivalvescludel
specieschinodermsrelominatdalyl brittaspeciesandwasandollarandyastropods

included9 species,

Whemrxaminegparatelytherevasnocleaevidenoda halpatterateithereehrray  type
forthemajor taxa. At thedensegose-spaceadetheraveresignificantlyhigheabundancesf
gastropodk mfromthereetompaxedo50m awayrF-=2.89c0.0Figur@!,buttheravaso
differencletweerd mand75xndistanceslherevasalsoa non-significant  trendtowardsigher
abundancesbivalvemvayroxthedense reefuptoa 50m distanceF=1.62!.Polychaetesd
echinoderraBowed relativelpwembundanealjacemd thexeehtbothreefarraytypesFigure
2! butthepattenvashottatisticallysignificanlenseloseeef-=052ow-densitydispersed

reef: F~0.90!.
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Figure. Abundanced polychaetesrustaceans¢chinodermgastropodand
bivalvest varyingdistancesomeachreeftype. NSI no significardifference
betweendistances; where differencesoccur,bars not connectedby a line differ

significantly.
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Figur8. Faunalbundanced varyindistance$or botlreetypesombined
mearpercare~ 1 SE!. NSnosignificant differendeetweedistancesyhere

differencesccurparsnot connectely a line differ significantly.

Whernhedatdorthetworeefarrayypesverecombined, a significartecreas#echinoderm
abundancegasobservableunediatelgdjacetd thereef F=3.1§<0,02%igur8!. A non-
Si r_1|f|<_:atnendfdecreasepxd)lychae{bundanneathereelfsalsaggbarent.Gastropods
exhibitigheabundancereathereetharl0-25 distarff=2.68<0.
statisticdifferenaa abundancesmpareadthefurthessamplingistances.

uttherevaso
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Oiscussian

Distributions of higher taxa at varying distancesfrom the artificial reefsin this study provide
limited support for the existenceof a halo. Severaltaxaexhibit a tendencyfor decreasedabundances
near the reef polychaetesand echinoderms!and one taxon gastropods! exhibited a tendency for
higher abundancesiearthereef. Forboth echinodermsand gastropods,the mostdramaticdifferences
in abundance occurred between the 1 m location and other distances from the reef.

Theresultsof this study suggesthat variationsin faunalabundancearound a reefmay occurwithin
a relatively short time 9 months! of reef establishment. However, the patterns for higher taxawere
variable among taxa,and abundancesof most faunadid not exhibit a consistentincreaseor decrease
with increasingdistancefrom the reef. This may reflect species-specifiwariations in responsesthe
short time since reef establishmentor the potential presenceof natural hardbottoms. In a study of
infaunal distributions around a California artificial reef, Ambrose and Anderson 990! also found that
several taxa did not exhibit consistent variations in abundance with increasing distance from the reef,
with sometaxa being more abundant at intermediate distancesthan either closeto the reefor at the
farthest distance. Of 5 speciesexhibiting distributional halos around the California reef, two were
more commonimmediately adjacentto the reef one polychaeteand onecrustacearspeciesWwhile the
otherswere lessabundantadjacentto the reef one polychaete nemerteansand cumaceans!Ambrose
and Anderson, 1990!.

The spatial scaleof infaunal responsesobservedin this study is also consistentwith patterns
reported for other artificial reef systems. Halo effectson the order of 1-5m have beenreported by
Nelson etal. 988!, Ambrose and Anderson 990! and Davis etal. 982! for other artificial reefs,
although the scaleof effectsmay be greateroff naturalreefs Kinsey, 1985;Alongi, 1989;Meesterset
ai., 1991 Poseyand Ambrose,unpublisheddata!. With respxt to the temporalscaleof effectso~rved
in this study, immediate within 1 year! responsesof benthic fauna to the establishmentof an
artificial reef systemalso have beenreportedalong the eastcoastof Florida Navratil, 1988;Nelsonet
al., 1988!.

The similarity of short-terminfaunal responsesbservedin this study with thosereportedin other
systemssuggestsa generalpattern for distributional halosof sand-bottomfaunaaround artificial reefs.
Suchgeneralpatternsmay indicateforaging by reef-associate¢predators on sand-bottomfauna or
physicaéffectsf the reef, with mostprevioustudieassuminthe patternsre the resultof
predationinteractingwith physicakthangesDavis,1982Aanbrosand Anderson1990!, Theresults
presentedhere howeverareonly frompreliminarysamplingat two reefarrays. Thiswork is thefirst
stepin a long-ternprojectdesignedoexauunstructurahdfunctional aspecteftheinterrelationship
betweenartificial reefsand adjacentsand-bottontommunities. Future effortswill be aimed at
samplingeplicataeefarraysexaminindgheinteractiveffectof reefdensityandspacingn infaunal
communitydistributionsgxaminingong-termand seasonalariationgn infaunaldistributionsand
experimentaligsessinglativepredatiopressurasvaryinglistancésomanartificial ~f.

Acknowledpmruents
'nus studywasfundedthrougha granfromthe MarineGrantsProgranof theFloridaDepartment

of Natural Resources.

Literature  Cited

AlongD.M. 1989 Theroleofsoft-bottombenthmommunities tropicahangroveandcoraleef
ecosystemfRev.Aquat.Sci.1:243-280.



Diving for Science...1992

AmbrosdR.FandT.W.Anderson. 1990.Influencefanartificialeefonthesurrounding infaunal
community. Mar. Biol. 107:41-52.

Bohnsack.A.andD.L.KSutherland. 1985. Artificial reefresearcha reviewwith recommendations
for future priorities. Bull. Mar. Sci.37:11-39.

th ~"
on an artificial and natural reefin OnslowBay, North Carolina. M.S.Thesis,University of North
Carohna,Wilmington. 59p.

BrayR.N.A.CMillerandG.CGesseyl1981Thefishconnectioa:trophitnk betwegslanktonic
androckyreefcommunitie§cienc215204-205.

0
artificiateef anda naturateefin OnslovBayNorthCarolinaM.S.ThesidJniversity  of North
Carolina, Wilmington.

Cahoonl..B.D.G Lindquistandl.E.Clavip. 1990."Livebottomsin thecontinentashelfecosystems:
a misconceptiopp, 39-48ri W.Jaaped,! DivingorScience...,19%mericalkcademyof

Underwater Sciences, Costa Mesa, CA.

ChesterA.J. GE. HunstmarandP.A,ManoocHhIL 1984.SouthAtlanticBightreeffishcommunities
asrepresent@&n hook-and-lineatcheBulL Mar.Sci.34:267-279.

DavisN.,G.RVanBlaricomandP.K Dayton,1982 Man-madstructuresnmarinsedimengdfects
onadjacenbenthiccommunitiedvar.BioL70:295-303.

Frazer,I.K.,W.J.LindbergndG.R.Stanton1991, Predatioon sanddollardy graytriggerfish,
~I<i~ ~ari g~ inthenortheaste@Gulfof MexicdBulLMar.Sci48:159-164,

GrimesC.B.,C.S.ManooclandG.R.Hunstman. 1982, Reefandoutcroppiniishe®f theouter
continentaghelfof North Carolinaand SouthCarolinagndecologicaloteson thered porgyand
vermillionsnapperBull. Mar,Sci.32:277-289.

Harri§;,A,197ResourgaartitioningfouspeciesffishasOnslowBayNortiCamlind.S.

Thesis, East Carolina University.

Helfma®.S.J).LMeyeandVM McFarlanti982Thewilighhigration patterns grunts
PiscesHaemulidae! Anim. Behav,30:317-326.

Hueckeh.JRA. Bucklean®B.LBensonl1989Mitigatingpckiyabitédsasingrtificial reefs.

Bull. Mar. Sci. 44: 913-922.

Kinseid.W 1985 héunctionalefackeentagoonaystermsheentrabre&arrier
ReefProceedingéthe Fifthinternation@loraRee€Congresg,ahit6: 223-228.

Lindquif?, Gand .Hams197% opulatiatlynamickedishesra nearshovekcarn
OnslovBayN.C.ASBBulleti26:48.

Lindquifd,GS.KBoldelZ.Clavij& T .HarrendP.ACardullo1990-eedirgologynd
abundancef thereefsciaeni¢Prg~~IIBI~i~  oninnershelhdmidsheffaturaand
artificiatefeffNorthCarolin@0thAnnuaVieetingflchthyologists andHerpetologists.



Poseyet ah: Responses of benthicinfanna

Manooch,C5. Hl and D. Raver. 1984. Fishesof the SouthEastUnited StatesNorth CarolinaMuseum
of Natural History, Raleigh,North Carolina.362p.

MeestersE.,R. Knijn, P,Willemson,R. PennartzG. Roebersand R.W.M.van Soest. 1991. Sub-rubble
communities of Curacao and Bonaire Coral reefs. Coral Reefs 10: 189-197.

Navratil, P.M. 1988. Short-term effects of artificial reef structures on infaunal benthos. M.S. Thesis.
Florida Institute of Technology50p.

Nelson, W.G., P.M. Navratil, D.M. Savercool and F.E.Vose. 1988. Short-term effects of stabilized oil
ash reefs on the marine benthos. Mar. Poll. Bull. 19: 623-627.

Parrish,J.D. 1989. Fishcommunitiesof interacting shallow-waterhabitatsin tropical oceaniaegions.
Mar. EcolLProg.Ser,58:143-160,

SaleP.F. 1980.Theecologyof fisheson coralreefs.OceanogrMar. Biol. Ann. Rev.18:367-421.

SedberryG.R. 1990.Feedindhabitsof whitebongorgy,/~my  ~pe~~ TeleostiSparidae!,
associated with hardbottom reefs off the southeastern United States. Fish. Bull. 87: 935-944.

Sedberry(c.R.and R.F.VanDolah. 1984, Demersafish assemblagessociatewvith hardbottom
habitat in the South Atlantic Bight of the U.S.A.Envir. Biol. Fish.4: 241-258.

Sokal R,R.and F.J Rohlf. 1981, Biometry.W.H. Freemarand Company.859pp.

Turner, C.H.,E.E.Ebert,and R.R.Given. 1969.Man-madereefecolo~. CalLDep.Fish GameFishBull.
146: 1-221.

Vose F.E. 1990. Ecologyof fisheson artificial androck outcropreefsoff the centraleastcoasiof
Florida. Ph.D, Dissertation,Florida Institute of Technology.140p,

131



132



THE USE OF FISH AGGREGATING DEVICES FADs! AS AN ALTERNATIVE TO SMALI SCALE
ARTIFICIAL REEFS.
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514 Caribbean Drive
Key Largo, FI.ORIDA 33037USA

Ala» W. H»Sert
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Wilmington, NORTH CAROUNA 28403USA

Data from a study conductedn 19S9a»d 1990in OnslowBay, North Carohna,
demonstrated that use of three-dimensional rnid-water artificial habitats are

effectiveat aggregatindish populations. The mobility, easeof deploymenand

retrieval, and availability of inexpensiveconstruction materials make thesehabitats
a viable alternative to small-scale benthic artificial reefs. The durability of these
habitatsallowsfor year-roundleployinenvith minimalmaintenance.

It is widely knownthatmanyfish specietendto congregatm area®f pronouncetbpographical
changeax thesedottomMottet1985!Manystudiebaveexaminegtiisphenomenobwartificially
replicatingaturastructuragsponsibieraggregatirighesParticulatructuresfinteresnclude
largesunkervesselChandleetal.,19855tephaandLindquist1989fabricatedteeimodules
Sonuand Grove, 1985! surplusconcretgpipe Brockand Norris, 1989! concretéells and cubes
Felgenbamanal,,1985E$rocland\lorr|31889-;l|xorancBeet§,989l!|remoduIe§pan|e|tal.,
1985Brockand Norris, 1989!plasticconesand hemispheresBelletal., 1989!abandoneaffshore
platformsQuigeland Thornton]1989ltransplantekklp Carteretal., 1985 loatingfish
aggregatingviceBBombacE895ndmidwatdrshaggmgptidgviceWickhaetal.,1973;
WickhamandRussell1974Murrayetal.,1987andRountreel 989! A censusonductetyy Groveand
Sonu 991! concludedthat useof artificial reefsworldwide, in 40countrieson six continents resultedin
increased fish catchedrom 20%to 4000%. Yet knowledgeof fish behaviorrelatedto artificial
habitats, an issue central to technology, still remainslargely quantitative.

_Internationalconferenceen artificial habitattechnologyhavebeenan appropriateforum for
smentlsﬂssgageldth|sarea>fresearsh1c&974l.—|owe\_/er?]rtalmplcsflntereﬁavaotbeen
asvigorousexaminedothersirovandsonw91lltalliedhepaperandabstracabmitted
fourinternationabnferencasdseparatedenbyregiongountranatopic.Theyoundhaonlyl8
paperandabstract$Qof whichweresubmittdaly US.researcheaddressdaetopic®f fish
aggregatidgvice$?ADs!Thidotakepreserdaly5.5%fthepaperandabstractsibmitted,
indicatingthatPADsarenot consideretbpicsof keyinterest.
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Weexploredhefeasibilitypf using=ADsasanalternativo small-scabenthiartificiakeefs,
Thisportiorof ourresearadtxamindleconstructioogstinddeploymenf FADs1\eathecoasbf
WilmingtojlorthCarolinan 198and1990Thedrivingscientifipremisef ourstudyexamined
the useof FADsas experimentahabitatsto testthe hypothesighat fish speciecompositiorand
abundancearedirectlyinfluencedy the sizeof thehabitatandthedegreef habitatcomplexity. We
artificiallﬁ simulatedsize and complexity characteristicef a natural hardbottomrock outcrop
throughheuseofexperiinentabbitatandassessédhspeciesmpositioancabundanceasthe
habitats and a natural rock outcrop.

Materials and Methods

Two typesof experimentahabitatsveredesignedo simulateseparatestructuralaspectsf the
reef. The first habitat, termed 'V-Habitat," and two additional replicatesveredesignedo simulate
theverticalrelief componenbf a naturalrockoutcrop. Thiswasaccomplishely usingtwo 1,5m
lengthsf 19 cmdiametescheduOPV Cpipeconnectémoneanothdry clampsandstainlessteel
screwsn a crosshape.Holesdrilled throughtheendsof thepipe provideda meanisy which136kg
monofilamefishindeademwasstrungthusreinforcing  the structureshileproviding frameto
which a fiberglass-reinforcegolypropylendarp was attached Fig. la!. Tie-wrapswereusedto
securthetarptothex-shapeflame Estimatecblumefthishabitatvad.lin'.

Polypropylenmoorininewashreadethrouglwol5.2msectiom$tygornubin@ttacheid
the backof the structure. Foampot-buoysectionednhto halveswere splicedinto the mooring line
aboveand below the structureto keepit vertically stationaryon the mooring line while allowing the
structureto freelyrotate860 to offsestrains imposedoy currents. Onewholefoampot+uoy was
splicethtotheunsecureshdofthemooringneapproximateélydm abovéhestructur@provide
buoyancthatkeptthestructureirtuallyuprightindemosturrentonditionsA 06 m loopvas
splicadtahebottomndfthemoorinmeasa plaadattachment  tothemooringiglb!.

Thesecondxperimenthbbitatieferredo as"H-Habitatdndtwoadditionaleplicatesere
desi?netdsimuIatté:\ethree4imensionalaspec(ﬁa naturabcloutcromadditiotovertical
relief. Thegeneralesignfthisexperimental habitavasmodifietomWorkman etal 985!.
Thiswasaccomplishdnycementingvo0.9m lengtlod3.8cmdiametachedule 40PV Qpipeo
oppositendsfa PVCT-joinfThgrocedurevasepeatedsultimgwal .9m sections connectéd
oneanothebya 1.2n lengibfpipeesultinganH-shapexdructuréhdouoperndsfpipe

werecappedvith PVCendcaps.

A 16 cmdiametenolevasboredhrougthe 12 m cross-piec@whicta hollowPVCdowelwas
cemented. 15.2mstainlessteadyebaltasthreadedroughedowedndpermanently secured
bymearadfa machinddcknutheesultingH-framegasirtiglaindthusyeeded noadditional
flotatioonceleployadthewater A stainless steehimbleadittedirounthedrdeendofthe
eyebdiboffena p acefattachmentforthepolypro%lerfmeNh|clwa3/vrappeaiourMhe
thimblandsphceaclntatself providintpemaximunmldingtrengthihileprotectitige
hnefromchafirggaingtemetadyebold 06m loowadbraidedtahereeendfthemooring
line whichwasusedto attachthe structureo the mooringFig. 2a!.

Togivehestructuratsthree+dimensiahakacteristteg)l.& 2.4n polypropyletaps
wereattachedo the 1.9m sectionsf the H-frameby tie-wraps.Thetarpswereslicedntofive
streameby/cuttinthetarpfronthefreeendsowithi®3 m otheframeOnalternastreainers

I, 56.79 weightsereattachdu tie-wragds keepgthestreamers  in a verticglosition
perpendicutatheH-frameithevatecolumiig2b!. Thisncreased thesurfacareand
compartmentalibeeixperimentalbitdesigiEstimatedolunadthihabitatad5m .
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Figure la. Schematic diagram shov~ng V-Habitat  construction

deployment.

Fls. 2a. Schemati@agramshowingl-habitdtameconstruction.



Dippingfar Srirsre,.2992

Fig.2b. schematidiagranshowingH-habitatazpattachment.

Two controls were constructed and consisted of a concrete anchor, a 0.7 m length of 19 cm diameter
chaina 2.7 lengthof moorindine,anda pot-buoyWithouta structurattachedio themoorindine,
thecontroprovidealway of measurin@peimpacthathemooringlsadonaggregatirfigh.

Eachstructure wasanchoredto the substrateby a concreteanchor approximately15.9%g!, a 1.2m
lengthof 1.3cmdiamchain approximatel§.1kg!,and four 303 cmgalvanizedpikes.Theconcrete

anchorwasconstructedwith a sectionof rebarthreadedhrougha totally embeddedchainlink to make
the chain steadfast in the concrete anchor.

Table 1. Experimentalhabitat materialsand costa.

V-HABITAT CONSTRUCTIONONEUNIT

2 1.5% lengths 1.3cs disaster  PVC pipe 5114 S 227
2 Plastic  clasps 0.20 0.40
3.3e 136kg sonofilanent fishing leader 0.83/% 2.74
2 0.15% lengths tygon tubing 0.59 1.18
2 Poas pot-buoys 2.00 4.00
5.5% 0.65cs die%ster polypropylene line 0.26/% 1.45
1 llkg hag dry concrete 34218 34218
1 olypropylene tar . .
1 RQKpbu?: et P 5.00 5.00
1.2% 1.3cn die%ster chain 13. 20/% 15.84
Niscellaneous  hardware spikes, screws, etc.!
TOTAL 8 52. 15
H-HABITAT CONSTRUCTION.ONE UNIT
0.9% lengths 3.8cs disaster PVCpipe $2 ~04/% 87.34
41 1.2% Ienggths 3.8cn dieY%ster PVC?Jige 2.04/% 2.45
2 4 PVC T-joints 1~25 %L’ég
PVC %%deeps 072 -
15.2cs stainless  steel eyebolt 3.00 F 00
Stainless  steel thisble 0.88 0.88
1.8 x2.4% polypropylene  tarp 15.99 15.99
3.5.2kg weights 1.00 6.00
19L bucket 5.00 F 00
Ilkg bag dry concrete 4.48 4.48
1.3cn dieY%ster chain | 13. 20/% 13.84
etc.! =

Miscellaneous

hardware {ca%ant,

spikes,

TOTAL $71.86
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All materialsusedto constructthe experimentalhabitatsand controlswere purchasedocally. The
costof materialsfor constructingone "V-Habitat" was $52.15while the costfor constructingone "H-

Habitat" was $71.86 Table 'l

Ninety metersof groundline were laid in three 30 m sectionsby SCUBAdivers using a
NITROX/EAN 36% oxygen mixture Mastro, 1989!to increasebottom time and decreasesurface
intervals. The groundline originated from the reef waterdepth of 26.6m! and ran perpendicularfrom
thereefto theexperimentdiabitatstudysite waterdepthof 255m!. Thegroundlingas comprised
of 0.3cm polypropylene line that was attachedto the sand-coveredimestonesubstrateby 30.5cm
galvarLizespikeshammeredhto the substratandbentovertheline at approximately mintervals.
A surface float was attachedto the end of the groundline to mark visually the experimental habitat
studysiteandto aid in deployingtheexperimentdiabitatfromthesurfaceThegroundlingerved
two purposes;first, it allowed divers to locate the experimentalhabitat study site in the event that
thesurfacdouoyswvereremovedand,secondt allowedhediverstolocategherockoutcropstudysite
fromthe experimentaiabitatstudysitewithouthavingto surface.

Three additional 18 m groundlines were laid at the experimental habitat site. Two groundlines
werelaid perpendiculatto the original reef groundlinewhile the third groundlinewaslaid asa
continuation of the reef groundline. This configuration allowed the experimental habitatsand the
control to be deployed in a diamond-shapedpattern 21.4m apart fromone another. The groundline
configurationexpeditedstructurelocationunderwaterandin periodsof low visibility Fig, 3!.

FigureS. Positionf the ledgestudysile X, 3 replicates!H-habitastudysite
replicsted~bitat studysite replicatesindthecontrol€, 3 replicstes!.

Artificighabitatwere deployedby connectinthe habitato theanchoiat the surfaceand
lowerinpea.aembiatiucture tothesubstrafeomaboveising 1.€npolypropylendown-line,
Oncanindividu@&xperimentahabitavasieploydad thewaterSCUBAiversoved tothe
appropriatecatioancsecurgothesubstratedbyfougalvanizespikemd Ien%tﬁ 0.Xrn
polypropylehee. TheanchoemainedirtualBtationarynthesubstratehiléndengtbf
chainatenatyokip anystraifronturrerasd/osurgactingntheexperimental habitats.
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Fish assemblagest the natural rock outcrop, the six experimentalhabitats, and the two control
structures were censused using a stationary visual censusmodified from Bohnsack and Bannerot 986!.
Visual censusesvere conducted from 10July to 16 November 1989,and again from 15May to 22 November
1990 Forty one stationary visua! censusesvereperformean the H-Habitats 15on theV-Habitats 14

on the control structures, and 300on the natural rock outcrop,

Results

Fish Censuses
Three-dimensional structures natural rock outcrop and H-Habitats! aggregated significantly

higher numbersof fishesthan did two-dimensionalstructures V-Habitats!. The natural rock outcrop
aggregatedhigher numbers of fishesthan did either experimentalhabitat and the control. The H-
Habitats aggregatedmore fishesthan both the V-Habitats and the control, while the V-Habitat did
notaggregatesignificantiynorefisheshanthe control P >0.1,Table2!. A total of 52 fish species
were observedin associationwith the natural rock outcrop, the experimentalhabitats,and the control

over the two year surveyperiod Table3!.

Table 2. Comparisonsof fish abundance categoriesat the natural rock outcrop,
experimentalhabitats, and the controls. Means that are not Joinedby o line indicate

a significant difference multiple range test, P<0.05!.

Mo. Censuses 41 3D Is 14

Mean nuaber
total indl.. 129. 5499. 9

census

Mean nusLber
bajtfieh  ind, 00
census '

Mean number
predator ind,
census '

ExperimentaHabitat Effectiveness
Habitaintegritpndlongevitwereexcellentyithmosbfthestructurdastinghroughotite
studyperiod,Hurricanélugowithtropicadtorm  strengtloff North Carolinahada moderateffect
on the structures. One H-Habitat was lost and two H-Habitats broke free from the substrate at the
galvanizestake/mooringterfacandmovedcrosthesandglain. Thesatructuregerelocated,
untangledlomthegroundlinemdreturnetbtheilorigindbcation.

PVCmateriaprovedo be extremelgurablehutfor studietastirglongethantwoyearst is
probablghatthe polypropylentarpswouldneedto be replaced.Accumulatioof biofouling
organismsasqguickandprobabhadsomaggregatingeffeatngrazinfishesAdditionaleight
causdgbiofou~ organismsmadénvcstructuresomewhategativelyuoyaahdorcedsoadd

flotation.

'lhemooringlesignvasadequaté&oweveglternatenaterialgsedo securtheanchotothe
substratehouldeinvestigatedf the substrateonsistenisiappropriatescrevanchorsould
probabiyeldhebestesultdf thestructures werdobedeployddranextendgekriodftime

ovetthregyearskeyeboltdriBe@dndcementadtothesubstrateouldea logicahoice.
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‘fable 3. Mean number of individuals x! and frequencyof occurrence%! for each
speciesby structure.

bsbl S ute-ure 9 - I<aplst Outcrop
i Coatrol V- bsblcac - I<adls u
Species ! <OSaE!0 5! si <SS| ! <s! stl ! ! <stl <6!
bcaatbur dae
Acaatbuc'usp. <0.1 D.J5 6.6
Apoodatea i
pspodo;aseudooeauhs <0.1 ! 33
ballsridae
0.1 113.3 D6 0.320D
RS <01 - 0341 35p D2 - 233 07 02533
blaaalldaa
bj'pleurocbllus peoloscos <03 - 67 <D.l 13.3 02 <-16.7
He?raoleoalu@a?ddreus cbh.l -1 33
Caraaoldaa
0.1 4.7 1.0 2.7 10.0
gigl%%rgg 6.9 20.5 14.3 13 <! 6.7 113 5219 11.6
8. Jegus oz - 33 o7 1 o3s
. rober . ! .
'90.1106.0 32.6
el e 24 42 Do 26 2D 259
%arlo!a duaerc 5,311 21,4 0.5 2.0 133 2~42 233 5.2 3.0 44.7
cbootodoatlee
Coeecodance33 Cus 03 -! 1.3
clupaidee ,
d%rd!asideaur te 235.'1 143 .310.0
Coaorldss
coopercacaolcue <0.1 13.3

deoocepelaolc bale lob specles, daaotas pelaolt predator spooles

Theexperimentahabitatsusedin this study may offer an inexpensivalternativeto studiesof
structure-relatetish ecology. Resultof fishcensusedable2; Table3! supportour hypothesighat
fish speciesompositiomndabundancaredirectlyinfluencedy thesizeof thehabitaanddegreef
habitat complexity.

Field observationsof the behavior exhibited by associatedpelagic baitfishessuggestedthat these
fishes utilized the natural rock outcrop and the experimental habitats for predator avoidance by
formingtight schoolgnd positioninghe structurdetweethemselvemndpotentiapredators.

c' aa
naturalrock outcrop,the experimentahabitatmooringsand the contmlsshowedsimilar predator
avoidance behavior.

The relative easeof structure deploymentand the availability of inexpensiveconstruction
materialsnakethe experimentalabitata viablealternativéo small-scaleenthi@rtificialreefs,
Themobilityandversatilityf thesdabitatallowfor bothpreciseeploymergndeasyetrieval.
Habitatscanbe deployedor a minimunof oneyearwithoutstructurafailure,Howeverit is
advisable that structures be assessedand maintained on a ~lar basis to facilitate repairs e.g.,
replacementof chafedlines!,
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SUBMERSIBLE STUDIES OF DEEP-WATER Q~~ AND LOEHELIh, CORAL BANKS
OFF SOUTIHMSTERN U.SA.

QhH~4
Division  of Biomedical Marine  Research
Harbor BranchOceanographidnstitution
56000Id Dixie Highway
Fort Pierce, FLORIDA 34946 U.S.A.

Two typesof deep-wat@oralbanksoccuroff the coasbf southeastetdnitedStates:
0 t~ M~. 04 .o |

systemat depthsf 70-100m alongthe shelfedgeoff centraleasterrlorida. These
reefsare comprisedf >100indieiduajpinnacleand ridgesvhichare up to 24 m in
height. Eachpinnacles actuallya bankof unconsolidateédimenand coraldebris
that is cappe@n the slopesnd crestwith litnng coloniesf Q~I.m~~ the

fo
coralsoccurat depthsof 490-870m along the baseof fhe Florida-Hatteraslopeon the
westsideof the FloridaStraifsand alsoon the BlakePlateawff SouthCarolinaand
Georgia. Themorphologgndfunctionalstructurefbothifhe QI~tti arulk~
banksare similar. This papersummarized 0 yearsof submersiblstudieson the deep-
wafer~ic~li | reefsand describesecentsubmersibleeconnaissanckthe l.gghggg
banksoff southeasternJ.S.A.

Deep-wateordbanksy/picallyonsistmoundsunconsolidated sedimerandcoraiubble.
Theyarefoundnregionaffairlystrongurrentsher¢hecorastructureaptursuspended sediment
andbuildup mounddoheightofa fewneterso >150n. Averagelepthsaarefrom70m to>100n. At
thesalepthghecoraldackzooxanthellatealgalsymbiont®oundin shallowhermatypieef
coralshowevethedeep-watdankstillforma thriving  reefcommunity.

Twotypesfdeep-wateorabankarecommasffthesoutheastern UnitedStateqrimarily
betweerFloridandSoutiCarolina.Q~isk corabankdorman extensiveeefsystenatdepthf 70-
100m alonghe shelf-edgeffcentradasterfloridaAvent efal.,1977/Reed]980!.In contrast,
'l w
andon theBlakePlateawffthecoastsf FloridaGeorgiandSoutiCarolinaStetson etal., 1962;
Miilimanetal.,1967¢Uchupil968\eumanandBall1970EmenandUchupil972!.

Thigpapecomparethesavosystemefdeep-watdranksffsoutheastetdS.Aandcontrasts
themvitthedeep-watelithohermsleumaratL, 197 7hthe-loridatraitditheBahamas.

DataontheQggJll'banksarebaseanresearchvera ten-yegperiodwvithJohnson-Sea-Link
OSleubmersibIeEh_e‘our-FerSQ]Slsque_rsikila:apatxbédiv_emQIEm andsoutfitteslitran
arragfphotographamaollectiomquipmentiuding manipulatonwitliclamshelgrabnd
suctiormose12-birrotatingcollectiobucketenvironmentdhtarecordeto log temperature,
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conductivit’%alinit;deptrar]dighta modified Edgert@»-mmamenaiti350r80mmensnd
75@xposuiémanda colmdeoamerysteniietzandClarkl 9861 ockodivetadeptiaf

100m wereutilizedonthe Qculirub&nks. DataontheQi~h' t banksandlithohermsveregathered

with HarboBranctOceanographic Institution'$iBOI!JSLsubmersiblnd CORD,a remotely-
operated-vehiclROV!. Additionalnformatiomvassummarizettompublishediteratureon
submersible dives with ALVIN  Milliman et al., 1967; Neumann et al,, 1977! and ALUMINAUT
NeumanrandBall, 1970&andfromsurveysisingecho-soundingsedgesandcameraledsStetson et

al 1962; Mullins et at., 198lI!.

The dominantcoralsformingdeep-watemanksin thisregionare Qg~li  ~Lrr't~ +i~he~li
Ul

~ul~i  ~>~ Lesueur1820!:In deepwater >60m!, O. ~g,~ formssphericalgdendroid,
bushygolonigbat arel0cmto 1.5m indiameteandheightFig.1!. Thebranches/eragé mmin
diametenearthetipsandfrequentlgnastomoséndividuatoralsnaycoalesdermindinear
coloni€x-4m inlengtlormassivinicketsfcontiguogsloniemntheslopeandtopofthebanks
Reed,1980!. The deep-wateiform lackszooxanthellaeyherea shallowvaterQ.gi~rir~g is
usuallyoldemrawnwiththealgakymbiorndcoloniesverage30cmin diametewiththicker
branche$).g~ri ~ rangesfromheCaribbeanBermudandtheGulfofMexicatdepthef5-152
m. Deep-watdanksithecorahoweveareonhknowifron2792'Nand7%59'\t628'59'ldnd

8N3TW Fig. 2, Site A and All.

Lgghi~gZi~Zk Pallas1766!:Similain grossnorpholody Qi~ulin thiscorahlsadorms
massivaelendroidpushycolonied,0-5&min diametenyithanastomosing  branche&ig.l!. Its
distributiclanges thewesterAtlantiéromNovaScotitoBrazibndtheGulfof Mexicaand also
in the easternAtlantic, Mediterranean|ndian, and easternPacificOceansat depthsof 60-2170m

Cairns, 1979!.

'"8
Florida-Hatteraslopeandat depth®f593-80tn fromMiamito SoutiCarolinaFig.2, Site® and
Cl. In addition,over20ankshavebeemmappedat depthsof 64M69xn SiteD! ontheoutereastern
edgeftheBlak@latealbtetsonetul,1962!Elsewheret~  bankareknowifromtheGulbf
Mexico Ludwickand Walton,1957Mooxeand Bullis,1960'and the easterrAtlanticoff Norwayand
Scotlandreichert1 958Wilson1979!.0OntheQi~i~ banksn theeasterAtlanticQ~pgza
g~~ commonbccurgith+~ rathetharl,. ~~>.

~I t- D4lkblgl b 4l-
dendroimassivzelgniesuptol m irdiametdfigl!. Itsdistribution rangdsontheAntillaathe
Caribbeaio Massachussettat depth®f 403-174& Cairns,1979!.g, yggQg~ occursvithg.
pri~lifr atSiteBC,and Fi!, ItappeargobethgorimagonstituendfthdankstSit®
excepitthetopsfthemoundsher®gg~g ismorgrevalerdtetsatal., 1962!.

5if~g DozensfisolatdzthnkBavdeemappedithiibited along 9Xurstretateathe
sheifMdarealit70-100 depthsReed,980:homps@mndGulliland,980A typicdlanisa
innacle-shagiedctungitta maximurehef24m anseverahundrechetexsdiameteFig.
topTheaopeithdanksaisualbnerxnotmeardgesitteast-west  orientatioxeatest
concentrationflivecorabccurenthe  3&49'southerslopewhere’ thenortherslopeareoften
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moregradual c25! with moredeadcoralrubbleandscatteretive colonies)3-2m indiameterSome
of the banksare completelycoveredwith deadcoralrubblewith no live coral colonies,

Figurel. Deep water Qgmlljn&xazbm~d  Ly+Laga yzylifgza,
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; ~ Figur8.Bosomirofiles of deep-watarabanks.
Figur2. Deep-watesralanicffsoutheastern Top-OcnanarabnnksiteA I'Middle-Loprtefirr

U.S.A, aHo!mson-San-Likdll  Sites, aMlvin coral bank Site 8!; Bottom-&pAelia coralbank
Sites, A=OrelintBank, Al =OcnlinaHAFC Site. Site D!.
B-E=LopireiiaBanksF=Lithoherrns

Greatgrowthnthesouthernfaciemayndicat@xposutethenortherlflowinguittream
FloridaCurrenthowevetheclearwarmwatersfthiscurrentarelypenetrate  belowtheupper50
m ithisegiorCurrenteters recordeerageirrentd8.@m/s-58.5lhictonsistedfeast-
westidalcults, a northerflpw 6%oftotaflowbnda southerly countercurreritooftotal
flow! Hoskin efal,1987! Temperatureseragelb,2'@ndrangettoni’.4026.PCTable 1!
Intrusionefcold-watenpwellirdroghetemperaturebelovik F(&pisodicallthroughouheyear
Reed,983!Nutrienévelsfnitratessincrease nearl§O-folduringpwellireyents.

A 93q.mportiorFig2, Sit& 1bfthe€jjfll bankystem isprotecteda HabitAreaf
Particul@oncemithinheFishetManagement PlarforCoraandCoraReefdNOAA19824nd
wasselectet thefinalsiteevaluatidistof potentidlationaMarineSanctuaries Federal

Registevpl.48,1983Reed1992!.

5ifp~ Isolatet)~~ bankatthébaseftheHorida-Hatteraslopeccuatdepthef700-
850n alonthevesterad eftheRor|dStranaendL5—Zlﬁameasﬂn‘_tggc_’;‘~~ “bank#ita site
eastiCap€anaver@iSLdiv@474! fesmall <3@mtolonies~@pig werebservemh
slopednearl§O0%eacbralbble AthesoutheendfSit8 eighpinnadesreracedear
a divsitelocument NROVCORDiv85landneinnacleha®7m relidfig3 middle!.
Neahgealt steefpbSlopeonsisteidoralibblevitia 5%oveofiveorablonieS0-5fn
indiameteSomgprightadoloniesveralspresentThaorthwestopgasnuddyithess
coralibblélemperatureasngddon®5t08.4'@naturrentsweraortherlgtlscm/s Further
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southin the Florida Straitsoff Miami, Neumannand Ball 970! using the ALUMINAUT submersible
depressiorsandridgesandmounds.lt is uncertainvhethethesearetruecoralbanks.Large

guantitiesf L.~rliff'ra andQ furfurlpahavealsdeerredgedtom738-76th at26'22-24'4hd
79'35-3TW Cairns, 1979L

Tablel. Sitesummaryfor Ocfrliyshpphelia, and LithahemBanks off Southeasteth.SM,

Sir&Reference uepra  84». Temp. C »rem Saliaay Visibilay 0 DUdghs
im! ada:f ‘c »afs! per! ao
m! Imm:!
' 7.4-26.7 0-58.5NP! 35,7-36.4 0.30 2732.8'N,79'58.8'\a!
A! Reed.'980 704 00 24 e 282 b
1 Jsu-2474 762-793 6.5 151S'! 15 28'46.72'N79'41.17'W
CORD-B 741-838 97 1.6-8.4 28'02.04'N79'36,51'
C! 15L11-1690 490-503 13 3141.23'N79'17.46'W
JSLO0-1697 87S 2540 r ! 3 1'41.82'N%608,60'W
JSLII~ 98 499-532 7.97-8.4 2545 0" 31'41.5'N79 8.06'W
hLVIH-2 J! S00-550 S4 7.5 35-60 N:! 31'48'N,79'15'W
7-10 35 3 I'30'N,774S'Wfo
D! S ason,eral, 62 146 320N 120
i ! 50 2T40'N,78'5'Wlo
E! lAallieseral. Bl 10001300 40 oW
Flo~ era 77 639-675 2.7 NI -2TN-272S'N.79'20'W
JSLI-15221S823, 610-631 8.25-9,58 0-15N! 15-30 26'566.72'N79'1 6.02'W
1533

2T02.66'N,19'18.29'W
~ SliadsdeB. JSha@ORDarbB8rantleeaaodesqpbkalzdiaran-Sahidknb@ORDY .

ALVIH~ WOO!HOleaeaa~raptdmalaraeaSabrmrriise

: This is a continuationf the Lg~h lia banksalongthe baseof the Florida-Hatteraslope
from Site B. Not much information is availablebetweenthesesites. SiteC is at the westernedge of
theBlakePlateawandoccursn a regiorof phosphoritisandgravelandrockpavementCoralbanks
occatdepth®90-550 andavemxairnumehef54n. JSL-tive$690,69and. 69 unal
corakrubbleslopewith <5%coverof 30an, hvecoralcolonie©ntopofthebankvere80-5@m
diametecoloniesoveringl0% of thebottom.Someareasonsistaaf a rockbottonwitha thin
veneerof sand,coral rubble,and5-25cmphosphoriticrocks. At ALVIN divesites200and203,
Millimanetal. 967reporteglongat®rainoundapproximately 10m widandl knmongthat
wereorientedNNK-SSW.Themound&iad25-37slopeand54 m relief. Livecolonie®-20cm
diametenfg.p~fu~n =Qg|~ggg@lommatedanchygmywereommon.Norocbutcrops
wereobserved. Currentsat all dive siteswithinSiteC wereto the northeasit 25M cm/sand
temperaturaseraged-90CTablel!.

4th';!: ThisitesontheouteeastertgeftheBlakPlateau  atdepthsf 64 H368. Over200
corahoundgtol46n irheighiccwvethisl808qg~. areaStetson  etal,1962)chupi,968!.
Thesarestee~lopedructuresvitractivgrowtbntopofthebankgig.  3bottomlLive coral
coloniegto O5mindiametaverebservedtla carrMstady.l2mggg=Qgg}fg~Iwaghe
dominamspeciasallareaslthough..gif'f~gvasoncentratemhtopfthanounds.Densest
corajrowtbccurretbng anescarpmeatSitdl Fig2!.
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: Thigsa deepsite 000-1300'nortlofLittieEBahaniankndconsistsMOmM high
mound®funconsolidatesddimenwith coradebrisMullinsetal.,1981!Theseontraswith the
1 Ilglllll ] L~ h =
live branchingoralwas~lgg~m-~ili sp.

_ . On theeastsideof theFloridaStraitsandalongthewesterrslopeof Little Baham@anka
regioaflithohermscuegdepths600- 7600 Neumagtal. 197 7Incontrasiti,~he'll
andm~~ bankwhiclareunconsohdatieelsarenoundsflithified¢arbonatedimenbives
with ALVINfoundthes&0-$@n highithohermwo beelongatedorth-souin a northerl?rowin%
currenwwhichaveragegl5cm/s. The20-30'slopdsavea thin veneeof sediment.Althoug

latr "~ "p"

these are not true coral banks.

Theinternalkstructurefdeep-waterorabankds notwelldocumentedAttemptsveremadeonan
Q~~ bank SiteAl, Figs2 and3 top!to determinevhethdivecoratapped moundf
unconsolidatesedimendr lithifiedrock.Usin@g JSLsubmersibl@, lockoudivewasmadeata depth
of 71m in a smalfflat sandareaon the flanksand midwaybetweethe top andbasefa 16m high
Q~ul~ibank.A 1.3-cmliametesteetodwasusedoprobdgoa deptlof4 monthemoundvithout
hittindpedrocliRockutcropger@obbservedthebanklthougioclpavememtcumsithirbO
m ofthebaseona flatsandbottom, A 6-cndiametealuminuntubewasusedo coretheflankofthe
bank. Thecorngonsistedf coralbrancHragmentandmud sedimenibut onlypenetrated2cm. An
Q~~linbranctakemta deptbf8-12mwithirthecordnadch radiocartagef480+/-A0 B.P.

Hoskin et al., 1987!,

Theseesultsuppothehypothesimtdeep-watarabankareaccumulatiohsoradiebris
andsedimerthatareinitiallybuiltupona hardsubstratel heformationfa deep-waﬂeankma¥
progireﬁsro_ugﬂne‘oIIOWlri@/pqthetlsaquer&sproposenparbyMulllnetal. 081!11
coralarvaenitiallysettlenddeveloptdsolatembloniesroclpavementtoutcrops;  2>acoral
thickeformasothecolonigsowearbgitheloysexuaéproduction  orbybrancihagmentation
andegrowtt8!acoppicgtagermoundievelopgrontrappesitdimenandoratlebrigt!and
finallyhecoppickevelopdda corabnkvhicisa largaructuodunconsolidatedlebris

and sedimentand is cappedwith live coral.

"ltehd’ i~ . )
Stetsoetal.,1962\7?uﬁllnsl'981!Thebankshowevea,rqorobablassomatmthhardbottom,
Thebankswvithin SiteB areconcentratedongherimsof lineardepressioisatmaybeerosional

featuresf theGulfStreanEmergndUchupil 972 ThebankentheBlak®latealbitdD! are
bedlevelopadhecresifarescCiupmandlstendofollowathymetrendenalepressions
thamayndicateackutcropStetsaral. 1962jchupi,968!.

ed ee'dimemsrdeep-watmraiankanahearbiylterbalakeatmvbeeanalgzehblboth
th®@g~niand@~ banksStetsefal 196R4uilineiN|.198Hoskiatal, 198 7Eacbf
thestudiesportadyreaparcentapaudsik clayintheeadrxliminttsatn@on-reef
sedimentg]icatingatheeestructurevasrappinthdinesediment3.hegercentagfe
gravehainliyoraordebrisyaalsgeneralyyeatatheeesite Agsheordieand

R R R T
bank structure.

Hoskinetal, 987!foundhesedimenbmponentsoftheQggQdoankibemoreimilao
shalloWwermatymethatootheleep-watbankssedimeonfisot gg~bankand
shalloeefhave greatpercentagefmolluscomponenthereate~i~qg  bankisave
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highgrercentagedplanktonisandomponenssicasforaminiferarendoteropodslheQtulin~
banksedimentepwevetacksandcomponerftemcalcareogseeralgaghatareabundardn

shallow reefs.

CoralfromboththeQtu~lihand~h~li  bankdackzooxanthellathe algalsymbiorthat
enhancéisegrowthatesthermatypiccoralsAveraggowtrateofQ~ulingari>zan, ata deptbf
80m waslémm/yr Reed1981!Lightevelsit thissiteaveraged.33%f transmitteslirfackght
butdidnotsuppotthegrowtbfalgaencludirmpoxanthellae!. Comparabggowthatesf6-15
mm/yr havebeenestimateébr coloniesf ~L~g>~rli~fr collecteftam deep-watecables
Teicher,958Vilson1979!Greatesbragrowtliorboththe~ulina and+aphelidanksonthe
topronthecurrent-facingidefthemoundl héankaranareasffairlgtrongurrentspta60
cm/s!'undoubtedigntributitathegrowtlofthecorals.

Thedeep-watbanksuppoveryiclcommunities ofassociate@avertebrateBaunaliversity
ontheQgtuu bankssequivalerib thatof manyshalloviropicateefs.Over20,000ndividual
invertebrateserefoundivingamanghebrar>ches of42smakl-limni coloniegieldin@30species
molluscsQspeciegdecapods/speciedamphipodalspeciedechinoderins  andhnumerowgher
phylaandspeciefReed etal., 1982ReecandHoskin1987ReecandMikkelseri,987!.A striking
differencdetweentheQg~y, and~p~h' bankdsthatlargersessilavertebratesuchasmassive
spongesdgorgoniaasenotcommoontheQ~linabanksTheQgl~lircoraitselisthedominant
componeomtheseeefsThemaximurmpercentagélivecoratoveragsles®nthe~~hli  banks
-10% at SitedB andC! comparedo theQ~ banks00% on somebanks!howeverbothtypesof
bankshave extensiveareaswhere the bottomis coveredwith 100%dead coralrubble and no live coral.

TheQggh~ bankst SiteC supporargepopulatiorsf massivepongeandgorgonianms
addition to the smaller macr+invertebrateghat have not been studiedin detaiL Dominant macrofauna
includiargeplate-shapedspongeBachastrellida€horistidahdstalkedan-shaped sponges
~~ galljjjli~?, AxineHidalpto90cmindiameteandheight At certaigite O SL-Hive
1697!thesespgcigyg/rlggstimatedt 0.1colony/m'. Densitiesf smaltalkedphericaponges
oo »

spongesichs-F? sp. arealscommoB®ominagbrgonaceancludgggj{gljLsp.Plexauridae!
andg~~rll  pg>~a~i~PrimnoidaeAt thissamesitecoloniesf theséwospecies/eragetio-
25cmnheightitmaximumdensitied3-10olonies/efhd. colony/mespectivelh@axesf
alltheskn-shapespongemndjorganiansergerpendiculathecurrentihicikwvasonstantly to
thenortheasturingllALVINandISdivesPilesfsediment wer@nthdeesid@ftheseolonies.

At thel,>~h~liabank®f SiteD, Stetson etat. 962! reportedn abundanad hydroids,
alcyonaceaahinoderrastiniariandphiuroidsut rariyf largenollusc3.hélabelliform
gorgonianerealsaurl>ent-oriented.

Thelithohermankst siteF gSL-Idives15221523and1533alsosharsomespeciesflarge
sessieacroinvertebrateghthet|?jtgjjbankd.argeurrentwriented fanspongesgpto90cnin
P P

;}P.hgg;gzg&p.Choristidaind;)exactinellri]sbloonge__ng>~~? I_s>£o|_ancl~~’? dsgl.!.Fan-
sha rgoniaascommoe.gb~r~g~ j~ht !j?g~jjjg~ sp~~IliXL>~ spand)
sp.lb%are) differentgenetha osk)%ntjjrthel+g~ JJJgban'isUnstalkedloc:rlnmc?a%e}atlso
~RUKMI Ci ~Il
tlat 'd Ihd 1 bhl "llu
gg~Ir ggyarecommamthdithoherms bubseottheQz~ banksrQ~h bankatSites

B,C and D,
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Sumxnary

Th%e(_)morpho_lcgjrcmtwﬁh@eep-wa@f_ ul'bankissimilaathatf-ighh,pe
banks e_mc_:currenoah|gknurrem?|meswher&ne_sandnucanctoraiebrmetrappe _
resulissimilarifunctioniegosysteh@suppod riccommunibfinvertebrateacking
zooxanthell®e;I~in-g~ and,~i~hlg~It haveomparablgrowttatesThgrimary
differenappearthes ec_lﬁsoma\mdhesbank%&ﬂlnbanksar@rthesheéﬁge
andhavenoderataunaffinitiesiththeshalloghelfeefs Thet~ulinabankalsdackarge
sessilevertebratesommdathe ~~i  banksndithohermBhalifferefaunalssemblages
areeflectedtheomponemtthesedimenatlsdiffdyetweerihégwdypesbankystems.
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RED BAND DISEASE: A NEW CVANOBACTERIAL INFESTATION OF COKALS

Departmentof Biologyand
Drinking Water ResearchCenter
Horida International University

Miami, FLORIDA 33199 U.S.A.

uRedband disease"is a pretnously undescribednteraction of cyanobacterid™blue-
greenalgae!' and scleractiniagoralsin urhicha microbialpopulaticsiominateal
cyanobacteriarmsan obvioudine, or "band”,betweellive coraltissueand dead!
coral skeleton. The band nroveshorizontally acrossthe surfaceof the coral, degrading
the coral tissue. The diseasdookssimilar to blackbanddiseasexceptthat it is brick
red in color as opposedo broronishblack! and containsa different genusof
cyanobacterias the dominantmicroorganism. Whereadlackbandis composed
L fil 1 ffuffuff " "ff

m ff nn nnn ~m m m mnnn 1 llulll

nngratiorpatternthanblackband. Thispapeidescribetis neradisease.

Therehasbeena significanteclinen coralspeciediversitgndvitalityin corateef  ecosystems
in the recentpast Dustan,1977Dustanand Halas,1987 Williamsand Bunkley-Williams, 1990!.
Much of this decEneis believed due to coraldiseases. Several diseasef coralshave beendescribed,
andincludeblack band diseaseRutzleretffaltt983! white banddiseaseGladfelteret%, 1977!,Shut
DownReactionAntonius,1981!jnfection by a eukaryotigreen alga Goldbergand Makemsom,1981!,
bleachingseeWilliamsandBunkley-Williams1990andcancerowsmorsPetergt.al., 1986!.In
addition to thesedocumentedafflictions, thereare numerousundescribeddiseaseshat are seento occur

on corals.

Themostommonlnowdiseasearecordlleachingand'line"pr "band'giseased hdatter
arecharacterizéya sharmneofdemarcatiorbetwedrealthgontgissuandoareoratkeleton,
with thelineactivelynovingcrosthecoratolonydestroyirapratissuélwohave beerdescribed
in the literature: black band and white band.

Blaclhanddiseaseasoriginallgescribdny Antoniu®73'and laterin moredetaibyRutzler
ctst. 9iot. slackancconsistda densgopulationfthecyanobacteffium ~ph~iiium cttmmiticum
plusaassortedicrobeRutzlandantavyl, 983Thédandppeamdarbrownish/bladke¢octhe
presenoéhdight-harvestipgotosynthgtigmenghycoerythmi ggg+1r~~ Blackand
widthvarie$rom 1mmto4 cmandhorizontahte®fmovemenangdromesshanl mm/dayo 1
cm/dayl heliseasishighlyestructivagtoccursnostommontyrscleractinidatonyodrals
thaexhibgrowthatesntheordeofl cminheighperyear. Ina recestudpyEdmund391!
it wasshown that somescieractiniacoralcolonieinfectedvith black band canlosegreatethan 75%
oftheirtissuen sixnonthalthoughhaveemeporteatiaP ,g}~i~~ isthecausalgenf
blackandliseas®utzleandSantav§983xperiments oninfectivitisingureculturesthe
cyanobacteribaveevdreenarrienlt.lthas alsdeepostulatetiabacteriaGarretind
Ducklovt975ndfungiRamos-Flores] 983¢austhediseasd.heactudlandscomprised ofa
suiteof microorganismsncludingulfateeducingacteriagulfidexidizinigacteriandnon-



photosynthetieterotrophigacterial hemicrobiabmmunityblaclhandsin manyways
analagous microbiahatcommunitieRichardsomanuscrif preparationBlaclkandccurs
throughouheCaribbeatheFloridakeystheBahamashdthelndo-Pacific.

Much lessis known about white band disease which was originally reported by Gladfelter etal.
977!. In white band diseasehereis no obviousband. Thereis simply a line betweerhealthycoral
tissueand bare coralskeletonwhichmovesacrosghe coralhead. Thereis no reported dominant

microbassociatedthwhitebandandattemptstisolatingninfectivagenhavesimplyielded
a suiteof bacteriathat do not infectothercorals Peters etal., 1983!. White band diseasénasbeen
foundin the CaribbeanGladfelter etal,1977!andtheHoridaKeys Dustan,1977!.

Theworlkpresentadthigpapersa description ofa newband diseasef corals;redband”
disease. This disease is similar to black and white band in the overall characteristicof a line that
traversesddestroythecoratissudyutisdifferenn thatt isbrickedin colordominatealy two
speciesfthecyanobacterigeénus!~ill/~  andexhibitsdistinctive migrationgdatternSdar
thisdiseasdasbeenseeronlyin theBahamas.

Materials and Methods

Researatagperformeduringa cruisentheR.V.BELLOWS®etweeMay7 andMay10,1991.
The researchsite was an area SW of Bimini in the Bahamas, 1,04 nautical miles SSW of the Victory
Caysand2.75auticahile®ff-shofeonSoutiCatCay atlatitud@5'28.51N, longitudéd!
i5.40"W. Lorancoordinates/ere 14256.44nd 61934.39.All field work wasperformedunderwater

usingSCUBA.

Thesitewascompriseafa sandpottonb0to  52feeindepthwithlargegcatterembraheads
upto 15feettall. Numerowsznalleoralsieregpresernareasfhighreliefpredominantly
recolonizedoralskeleton! ThestudyareawasapproxiinatelyOm by25m.

Infecteccbrdsver&aggekiytyln matumbered float®nailnserteddeadireasfcoral.
Nailswerealsanserteddjacemtd theactiveedbandin thefreshlgxposetbrakkeleton!.
Pro res&thdoandvasjocumentekiymeasurlrtgenl|stancEaversefd)rmhestatlonamalI
headsisin ruIelanobymacrophotographyxsmg SeandSeaMotomarindl witha 1:2nacro
lens. Theblackandghotographinthispapewadakemsing Nikonaswitha 1:2nacrtens.
Measuremenibanq)rogresaas:arrledutdurlngj|fferermmesfthedayanobncatnlght

Samplegerecollectassing steril@ inlsyringandexaminexhboardisingnOlympus
compoungicrosmpesampleser@reset in3%formalifhotoinicrographseréakensingn

Olympughotomicrograpl8gstermodd?M10AD!.

Twelveoratoloni@sthestudgiteexhibiteddoandwhicloccLmed  eitheassmafpatches
or asa Ilnefacroslialﬁgr[aéla Of thesetweizecoragsifgetj:ﬁﬁlspeC|ewererepresent?KEIE Wil
t I
%%?[E g&)ralgan é%o‘%ﬂc%fee%/leasureme ovemgandcros orals
showettjamotllltwayanable andangeidoni mnperday durindaylighioursbno
movemerdatanotshown'Theravasriomovemeontanybandiuzinghenight.

atchewarkdarrowsibladkandra colonywip~~ ~ll~p Theolony/va meter

Thereas d|st|nailebattetnthebanmotlIltflﬁ shows fouphotomacrosm 0
igand./2meteridenavapresentata dep Thesphotograpmakent e



Richardaom Red band direare

Figurd. Dicl behavioof redbanddiscaseng~~ gyp'~ Nail headsarc3 mmin diameter.
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Figure 1. Continued.



Richardson: Red band disease

morningandat duskovera twoday period May8 and9, 1991! Fig.la, takenat 8:15am,showshe
characteristidaytimeappearanaef red band whichsdiffus@ndspreadutbothonlivecorabnd
ontheexposeni)/raﬂ;keletol‘insidd’iepatchesthroughout thedayfilamenspreadutand
randomisnovebutmaintaithediffuseappearanciig.lbshowthesaméwopatchestdusk:15

pm!. Atthistimethebanchadcontracted toforma verythin lesgshanl mm!compaband
positionedxactitthelivecoral/corskeletamerfacen thecompastatehebandppeared
darkbrown.Theband-emainedompatitiroughothenightasseern onenightdive notshown!.
Figlcshowhesamaredhenexmorning:0@m!andagaithebandsdiffuseln addition,
carbeseerhatthebandhasspreatb covemoreofthelivecoratissueBy7:3¢om Fig.1d!,the
nighttimeompactiafthebandevealethatherehadbeeros®f coratissue areasvherehe
bandhadspreadcrods/ecoratluringheday searrowsrcomparison  inbothlbandld!.

Redbanddiseasappears quitedifferentromblackbandiseas¢heonlyothedescribdahnd
diseasef coralthatisdominatelolya cyanobacterium. Anexamplefblaclbandfromthe Florida
KeysisshowinFig2 focomparisorwitb-igl. Bladkandstypicaligucividerupto4 cmand
denser,and movesat a much fasterrate with maximumratesof 1 cm/day Antonius,1981!. As
mentionedboveredbandnoveda maximurof 1 mm/dayduringhefourdaystudyperiod.

Figur@. Blaclhanddiseasen~i~0' strig~ KeyLargd;L Nail N!diameter 9min.

Whileredandblaclbandarebothrdominateloly cyanobacteria, thegeneraredifferentFigs3a
and3bshowhotomicrographefa preservedmplefredoandromthecolongepictesh Fig.1 .
TheraregwospeciefQggfatggyreserntftwadistinstzeg.hdargspeciespearrows! has
celld1lpmwidewhilethesmallespecieslosedrrowls9 pmwide Fig.3bshowanenlargediew

| P g P
g~ra|rt~i|II>K<koIateﬁombIz|:1chandntheFIorida(eys'.l'hecelwvidthofP.gggglg~ is4.0pm.
DI [ "L~

individuaklshapesedifferemindfilamentdP,~ZZQg~ aretypicallpundeatonesnd
andoointeattheotherTheawo~-gag@~ thatdominatedbandhavanolyetbeerlassified  to
thespecidsvelandarenotin culturatthigime.

DlIscussim
Redbandliseaseasonlybeerseemnceguring thefourdaystudyperiodietaile@dboven the

BahamasWhilesomesoralsn theupper-lorid&Keysexhibipatchesfredcyanobacteria ~ which
loolsuperficialllikeredoandhespatche®nomigratiékea bandisease, andarecomposeof
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varyingspecie®f cyanobacteriacludingQ!~~iL  of manysizesandQijJJ~  personal
observation!Afteroneyearof searchinthroughouteef®of theupperKeydor redbandnonehasbeen

found.

Figure3. Photomicrograpbécyanobacterimom redband Sa,Sb!'andblackband
Sc,3d!. [Sa, 3c x100;Sh,3d x400. Scale~ 50 imam].



Richardson: Red band disease

Itiscurrenthyunknowif redbandsseasonasnblackandwvhitebandandtheextentowhich
it candestroycoralcoloniesThework describedbovevasdonein May,whichis typicallythe
beginningf theactiveseasoof blackandwhitebanddiseasatlatitudesftheBahamaBlacknd
white bandare known to occuronly during the warmermonthsof the yearwhenthe watertemperature
isabove25 C Antonius, 1981!. At the time of the study describedin this paper,the water temperature
at45ft was27.5'C. Thesmallpatcheslocumentedbovemay havebeenthe beginningstageof a
progressiv@and.Twoofthestudycoralsvereapproximatdmalfdeadbutthereasoforthetissue
deathcannotbeinferred by observationalone.

There are both similarities and differences between red and black band, to date the only described
cyanobacteria-dominabedd diseasesf scleractinianorals Both containas the dominant
microorganisngliding, filamentous,phycoerythrin-richcyanobacterighat do not havedistinct
sheathsBothred and blackbandmoveacroséivingcoralcoloniesjestroyingoral tissueand leaving
behind bare coral skeleton. Red band disease, however, "behaves"differently than black band
disease.In red banddiseasethe migration acrosghecoralis muchslowerandoccurgxclusivelguring
theday,wherfilamentsanbeseeno spreadutin a diffuséashionverthecoratissue During
darkness,the band condensesprecisely at the edge between live and dead coral tissue forminga
compadiandhatis stabonamyroughottenight. In contragblackbandmigrationccurisoth
duringhedayandthenightalthoughighmigratiorsapproximatednehalfthedistancefday
migrationRichardsomanuscriit preparation!ln contragb red band plackbanddoesot
contracthutremainghesamewidthduringtheday andnight.

Theunderlyingreasorfor the observedlifferencen motility patternss not known. Mostof the
work on cyanobacterialotilityresponsbas shownthat movementare controlledby light,
specificalbhototaxiphotokinesis, andstep-upndstep-dowphotophobigsponseSastenholz,
1982!.It hagrecentlgeershownhatblack bandmovemenacrossoralcoloniessnotcontrolldmy
light Richardsomanuscriph preparationsuggestirtpatthe movemeris a responsto a
chemicalTodatetherenaseeronlyone reportof migrationfa naturallyccurringopulatioof
cyanobacterizontrolldaya chemicaliespecificatlychemokinetic respongesulfideRichardson
and Castenholz1987a!.In thiscasethe verticamigratiorof ~iiJJggzlit~ghrinf;immiin responst
sulfiden microbiamnatsis physiologicaflignificamt termsf themetabolipropertiesf this
particulayanobacteriurRichards@mdCastenhol¥987bltisconceivabkamovementdred
bandandblackbhandarealsdbasednresponstma chemical

Relativelyttleisknowraboutoratiseas@sgeneral)n additioto manyunanswered
guestionggardirigemosivell-studieddiseasesanyindescribetiseasedcoraarecommonly
observezhreefdlt isimportaribdocrrmesticitoratliseasesspeciallythecontexifvalidating

orcontradictinghegeneralpiniothatoratiseases arecontributingignihcantiptheoveraH
observedleclineof coralreefvitality.

Thigeseareasupportedbya grarftontheFIUFoundatioBhiptimeasupphdxythe
Floridénstitutef Oceanography | wouldiketothanksuyTelesnicki andvebbringram-Willey
forassistanda thefieldEridNilleyorunderwater photographyfredoandandGredvicFafbr
underwatehoto rgph%blacband.wouldiketothan_ on]onefemse)ftheogmpus
Photomlcrogragy erhwouldisbkdothantheCaptain andrewftheR.V. BKU.OWS.

Antoniu&, 1973Newobservationsncoralestructionnreefs] OttMeetingssotsl.MarLab.
Carib. 10: 3 abstract!.
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BENDS IN A FEMALE UNDERWATER SCIENTIST

New York Medical College
222 Fordham Street NAHC in City Island!
New York, NEW YORK 10464 U.S.A,

A varietyof precipitatinfactorscanleadto bend®verin an unlikelyindividualsuch
as a femalescientist.Untreateghpneumonigermitsbronchiolaair trappingand air
embolizatiohsmallolumesimickintheusuat-dM1tfgeneratiast intravascular
bubblefrom repeatedscentsPreventioby controllegscenand NITROXbreathing
is recommendedA CNS hit usually does not give focal findings; instead it is
manifesteloly a changm affecor personalityffometimetangesuchas UBOscanbe
seenon the MRI scan.Pharmacologiadditionsto the bodychemistrymay contributeto
symptomsnd groupconceriior thediver, A new developmenf a transportabl8
poundpersquarénchfabricchambewith an oxygeiibthatuteighanderlOkg could
providdield managemenf a subjeciri this predicamentheadvantagef kntnoing
thesquareootformulato improvisa tablas advisedhemanagemeaoitblowupthe
unconsciougliver, and avoiding bendsare outlined.An illustration of UBOsin a CNS
beridscaseis provided.

Bendor decompressiagicknesss a physicakventthatcanberelatedto bubbleformatiorafter
exposur® supersaturatiofa gasOxygers usedipbymetabolisamdit bindsvithhemoglobin.
Thereforel am concentratingn the inert gas,usuallynitrogenn thisdefinitionThecasefC.C.
illustrates that bends occurrence after a low-level supersaturation of 50 fsw or a high-level
supersaturatiohl33sw Beyeetal.,1976tarbemimicketly underlyingungpathologguctas
pneumoniaRapidascentblowup!contributedo theclinicabicture.

C.C,a 4¥earolthonsmokintemalejovePalancaeebtCozumidit daysShenad@ dives
pedayo80iswanmnthdastiayshenadthredive80ft./2&in $S360min50ft./34min.,
S.1305min.20ft./60min.Her3rddiveincluded rapidscerma stroncurrentShenadneurologic
symptomsthirBOminutesfsurfacin§hdevelopsgmptonmhisrdenumbness/tingling
bothkneesdizzinessand vertigo,extremdatigue nauseandvomiting, headachdalifficulty
breathingndowbaclpain.ThdirstsymptoappearaaB0minutesheseconm6 hourghe
third in 24hoursthefourthn 40hoursandthelastwo  in 48hoursSheflewhomeona commercial
airlinet1lhouraftesurfacin@healle®@AN6Ohouraftedivingndherecompression  began
abouB hourafterthat. Thefirstaid consistenf a NuprinObuprofeteblefor headache her
hoteloom Onexaminatiorthedayofhetreatmestheva$8inchdallandveighetb(@ounds,
shehadnobubblem herfundiandherungsveredeartoauscultatio.Cmentionethatshevas
awarefa clickingensatiandsoundtvariousmesythelaneyhilsleepingatnighgnan
arisingthanorningerdaykatelr mada followup phoneltoC.Candshéolanghashe
hachadpneumonia fewveeksefordivingutshéachobeecompliant withheroctos
instruction®s takeantibioticA.couptdfdaysifter herrecompremanUSPJTreatmerkabl®
sheoughadpa largeucysugShalsaoticed thalickirmpundhecheandbothbahme
shiéad febrilepisodé chestragftenereeompressi@monstratedidlebeneumonia
thatwasclinicallelatedo hercomplaints offevemlanda clickingoisén herchest.  Afterthe
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hyperbari¢creatmenshenotedthatshehaddifficulty findingthecorrecivordswhenlecturingto her
studentsand shefelt "spacey". An MRI of her headwasnormal. Sheintendedto completeher present
courseof antibiotics. Thereareeightissuesthat 1 amgoing to discussfurther in relation to the example
of C.C. Thefirst is bends;second,a new transportabledevicefor field use;third, mental dive table
arithmetic;fourth, surfaceinterval activities;fifth, blowup; sixth, HBO; seventh,disappearing

wave; and last of all, UBOs, unidentified bright objects seenon MRI scanningof the head in SCUBA

divers who have bends.

Buds,
Bendganaybe amelioratedby Oi breathingfterair or NITROXdiving. At thesurfacexygerhas

very low saturatiorconcentrationa plasmaand hemoglobirns alreadysaturatedvhile breathing

air. Therehasbeenverygoodexperienceith oxygerbreathindroma demandegulatoat 1 ATAon
thesurface.Useof surfac®, canrelieve bendssymptoms. 1ATAO, shoulde availableandutilized

in every caseof suspectedor evolving bends. Evolution of bendsdependson bubble formation and
growth,which is influenced by the depth of saturationand temperature Berghage 1976;Beyeretal.,
1976!. Doppler scores Dunford and Hayward, 1981!may be influenced by the diver's temperature,
which is higher in dry-suit divers than for divers with other protective garments. The risk of bends
may be greaterin a diver wearing a dry-suit becausevasodilationin thewarmer environmentpermits
fatty tissueto load nitrogen fasterthan if therewere vasoconstrictiorinducedoy a coldenvironment.
But Doppler scoresarenot a goodpredictor of dinical bendsunlesscontinuoushigh volume bubblingis
observed. NITROX may havemadea differencen this illustrative casepecausef the blowup.

A transportable 1.5 ATA hyperbaric bag hasbeendeveloped Bower, pers.comm., 1992!. This
fabric zippered bag weighs about 20 pounds and when inflated hasa volume of 17 cu.ft, Thereisa
manifold that canaccepta bibfor breathing oxygeninside the bag. Thereis a dangerof combustionif
the bag is inAated with oxygen-enrichedair. Exhaling through the bib and ventingof thebag can
prevent dangerousconcentrationsof oxygen >235% Oil. Thebag should be maintainedin an oxygen
cleanstate,without dirt or hydrocarbonfilm buildup. The subjectbeing treatedshould haveon clean,
static-free,100%cottorclothingand no hairgroomingsolutions A ~fety checlbeforesealinghe
bag should alsoinclude a request for any matcheshghters,batteriesand combustibles. Brief
instructionsshould include a warning not to let the uninflated bagrestagainstthe face. The handsand
arms should extendthe material allowing a sufficient pocket of air from which to breath until the
inflationhasproceedetb shapdhe materiainto a chamberEncouragemetddeartheearshould
be followed by verification that equalizationhas beenaccomplishéxforecontinuingvith the
compressiornncreasinghe pressuren the chamber.Thesubjecshouldrestfor a fewminutesafter
returnto the surfacéeforestanding. Thefabricshouldbeinspected@nddriedbeforestoringit m its
sack.Thebibmaybedeanedvithsoapandwaterbeforediyingandstoring.A dilutesolutiorof Cold-
Spor Cold SporProductMX$310MetrexResearckCorp., Parker,CO 80134 may be usedas an
overnightsoakif morecompletesterilizations desired.

The 1.5ATA compressiolis not a substitutefor a completemedicalevaluationand chamber
treatment.It is a mean®f transportinga patientto a chambewhile providingemergencgxygen
breathing.In a remotéocationwheretransporto a chambeas impossiblé mayprovidemorebenefit
thanotherpresentlyavailablgproceduresPlangor moredefinitivetreatmenshouldfollowthe
recommendatiorms the Diving MedicaOfficer. Thisdeviceprovideghermalstabilityandprotection
bothbyaircom ressicmhich'sinsulatin%nobywinddeAectidI%/nonporodabricmateriathe
heageneratebythepatiensthustoredT hecomparison witha fiber-filledsleepitggsbeing
studiedby themanufacturer.

Therasanoldformulahatcanbeusednentallyo calculata roughdivetable Behnkel 979!.
Foexamptmeonsidershanaximuamouofnitrogenabnearabsorithogtettingendss
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a no-decompressilimit of timethatonecanstayata depth.For100fswthiswouldake25minutes
forair. Theconstantk, equalslepthd, timesthesquare-roaif time,t, k=dt™!, 500with theseaunits.
We can extend this formula in a mental exerciseto predict approximately the minutes of stop time
requiredora decompressidive, k-500!/6 Fora moreonservativiableuseb asadivisor.

Consumindpodandfluids,includingorangeandjello betweenivesisimportanto rehydrat¢he
bodyandpromotevasodilatiotio facilitatedegassingf nitrogen. Metabolisnof thefood,by specific
dynamic action,will alsoaid rewarming,

Kmm

C?asé:.c.mayoeconsidereajblowurbroma deptlof20fsworlessn a divemwithirthe USN
tables. Shedevelopedsymptomshalf-way through the recommendedone hour of observationat the
surface.Thisrequiresaccordingo theUSNDiveManual,U.SNavy,1989animmediaté&JSNTable
Five recompressiorgr at least02 breathingwith a demandvalvefor 30 minutes,andif thereis
improvemertontinueintiloutofO, or6 hourfiaelapsedlf severégype2 symptomsinconsciousness,
paralysisyertigo,respiratorydistressor shocklevolvethenin-waterecompressicgsan alternative
to transporto a chambemaybe contemplatedn USNTablelA, the 100foottablefor 6:20. If the
depthis inadequatdor full treatmentakethe diver to the maximumavailabledepthfor 00:30Cand
bringthediverup on USNTablelAtakingthefull timefor all stops.Aftersurfacing, breathindor
severalhours is advisable, If symptoms persisttransportthe patientto a recompressiorchamberas
soonaspossible. To facilitatedegassin@f nitrogenelevatedoressuras necessario increasehe
partialpressuref dissolved, outsideghebubble.Increasintheconcentratioof oxygenncreasethe
gradientand tendencyof the nitrogento decreasas equilibriumis established.In bendsof long
durationmuchof thepainis frominfarctedissueesultingromblood-vessektclusioby bubblesThe
gradiendfhighto law bssuexygepressuriea potent  stimulusncouragingewblood-vessets
restordissue0, tothedamaged@reaandoxidizelacticacid relievingpain.

HBO, hyperbaricoxygen,treatmentschedulesn the recompressionhamberoomfall into 5

categories.
1. USN Treatmentable6 fordivers U.S.Navy, 1989!.
2. USN Table 5 for divers and with modificationsfor smokeor carbonmonoxide inhalation U.S.
Navy, 1989!.
3. 45fswfor90minute®n0, formedicalreatmentsuchasgangrenandosteoradionecrosis.
4, 33fswfor60minutesna monoplaedambeiormedicalreatmerdndburncare.
5. 16fsw transportbagfor field use.

Shallowangsarbehazardowespecialilyrouglseasluetothedisappearing  wave. An 8foot
wavecrestpassingaboveequalsa rapidascerif8 fswAGE acutegasembolizatiolsanexpected
resultasthedivercan'seetheapproachivgaveto coordinateisbreathingThisisakinto the
blowupsituatiorandmayresultinanunconscioudiveratthesurface.

Centralnervoussystem CNS!bendswith symptomsncludingertigofaintingpassingut,
attentioreficitandglassywyestaringnaybeobservesmagnetiesonance imagingMRI!to
produceunidentifiedbright objectsUBOsiin brainscans.l haveseenUBOs Messinapers.comm.,
1992in CNShendgatient®n MRIstakenwith the15 TeslanagnetFig.1!.
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Figure 1. MRI scan of aCNS bends patient. Unidentified bright objects UBOs! can
be seen as small bright spots in middle right portion of brain.
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A PORTABLE, DIVERAPERATED PLPPGCTONSAMPLERFOR NEAR SUBSTRATUM USE

Kenneth P. Sebens
Departmentof Zoology
University of Maryland
CollegePark, MARYLAND 20742-5141.S.A.

Jan H. Witting

Marine  Science Center

Northeastern University
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Nahant, MASSACHUSETTS 01908 U.S.A.

A portableinexpensivejver-operat@tanktorsamplewasdevelopgd enable
lanktosoHectiaratrthesubstratuml hisdevichasbeemisedn studiesncoral
eedingand planktoni¢arvaldispersionearsubtidakrockwalls. Its portability
allowsa diver to positionthe samplemwherevea samplels neededyvera broad
depthrange. Planktoaresampledearthesubstratumithintakeneadthatdraw
water laterallyfronr a thin layer. Theunit is drivenby a 12 volt DC bilgepump
powerdaya housedzhtterpaclor bya cablmthesurfécelx canbeswitcheohor
off by a diverso thatsamplinpagsanbereplaceahdmultiplesamplesollected
duringa dive. A flowmetemsidethepumpchambeaecordsvatervolumesampled.

Zooplanktanknowniodistributinemsehgsatialip relatiotothesubstratuidemersal
planktoafcorakeffRuetzlertal.,19804ngplanktomeasubtidaloclsurfacesSebeasd
Koehl1984shovsuclpatternslowechetsareunabléo samPIemealthesubstratum/,vhereas

t

planktopumpsarpotentialbampkeona defineldyesfwate

designed.

he intakstructursproperly

Ruetzlestal. 980! used nedottomeeplankt@amplpowerdsy  a trollingnotohut this

aploaratsamplefd)rmnéar
e

eninganaooplanktpassé&tirou ropelléefore

e tin
n erirlgmet.SebeaBKoegPQ%m used submergfhgbunmw@oges%ompleplankton

nearrock walls at NahantMassachusetts 1979. Becausgf limitations thatdesignanintake
headhatakeplanktonfrona specificdorizontédyewaseeded heresentdesigalows
bettespatiabmplingplacethemestamplingagipstreaofthgoum@ndallowspid

changirgfsamplbagsinderwater.

ThepparatdescribethipapevasevelopeyK .Sebensl 98+71988sampleoral
reefooplanktamthia feveentimetemsfcoraurfacéslt wasestada flumattheMarine

Scien

ntéyA.JohnsoanK.Sebens198&determindoveharacterisgesurilentake

headandvadirstseohStCroiduringnAquarius underwatkabitatissiomn1988ebens
ancﬂohnsoh(%%!?heapparatuma aptebunderwatbattepowdnd Witting199 And

wasseohK .

rahanfor two-yestudyinvertebrdtevaeeaublidabcwallst Nahant,

Massachusetts Graham, 1992!.
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SamplerDesign

Thelanktosampleonsistda 8@nmengthfl@nScheduldOPV@ipeAtonend Rule
200GPH enclosdghttegﬁstemrSSO((BPH cableslystertiPvolDChilggpumpsattached.
Th&50GPHumptovethdPVQipeTh00GPHhumshomelgluenht@a 1enPVC
couplingoit willattachotheendofthepipe.

Insidéhepipaatthepumenda Gener@teanics digitamechanicglanktaretflowmetisr
mountewithstainlesteethreadetbdandpositioned themiddlefthepipe. A holascutinto
thepipewallanda piecefplexiglass iscementedeitheholeo creata see-through portfor

flowmeter readings.

Theotheendofthepipeiscovereditha 1x 4cmPVCreducerouplinglhisshoulditsnugly
butmusberemovablelTheplanktosamplbagsreinsertednddrapedvertheendofthepipe.
Attachirthereduceouplirgpldthesampleagn place Theplanktosampleagsaremade
fromlOltm orlargeNitexsewednd/ogluetbgethtamakea taperdcgO cnongthafits
overthePVCpipe. Thecollecti@mdof thebagcontairss50mli polyethylene  centrifugebe.
Removabtdankt@ampleagallowomultipleamples tobecollecteduring dive.

A T 2n piea# crflexiblglastiboseconnectédh@educeroupling-hisonnecidthe
otheendotheplankton sampldread.Thesamplaeadsconstructeavitra S@npieceof4.4cm
IDx &cmODdeaacryltabingitronendapperfOntheotheznd 5¢ 3.8mmiucecoupling
|S%Iueelntoconnectoth exib@asthmseFou?.ccnmequidistant holearadrillethtdhe
tubingndd cnengtltgl. TmMDx 2&nODdear acrylitubesregluetbeachole.

Theintakeheadsare madefromtwo 53 cmdiametecirclef 3 mmPlexiglasvith a 2.5cmhole
drilledntqthecenteofoneofthecircIes.'l'hesareﬁ:lsjectc%ethemthfour6 mmPlexiglagosts
separatitttgwairde®\ cnengtifl.€m x 2&nDDcleacrylichegluetbthdnole.
Eachintakeheadis attachetb thesamplenead  with 25 cmID Tygortubing.We chos#o make
removabietakdheadbecaudbeyarefragil@nda sparearbeeasily  attachednderwater,
Removableatakeheadslsaallows the extensioof theheadby addingrariabléengthsfacrylic

tubing.

Anearlierersiasftheplankt@amplerapowerdrya Rul@50GPHL2/0lDChilggump
thatvasviredvitha 30n heavdutyoutdoextension cordoa 12/oltmarinkattemnpa boatA
merculgrawitctlwawiremlinathe@umgndaurthesampler orandffThewitchwas
embedded anemptyilmcanistéiiedvithhotmelgluggoprevemreakagdhisystemas
vergffectivieyhadomerawbackssthelivewabmited tahéengtimthgowecorsio
theboahadobemooredirectlyvethestudgite Seconithdongpowetordhachighesistance
thaaffectgoimpingpwerlhirdthecordvasusceptible toleakagmusdu/abrasion.

Themostecentersioof theplanktosamplerses. Rul00@PH12voltDCbilggoump |
owerdn2 Pow&onikvolt] 2AmpP S-121 2@ chargeadalddadcifatteriaaan
keliteousing 5810A hydrogeatalyspuintohdnousingoabsoryydroggathatnay
developeducirtgeiskofexplosjonT hignjiscompletelyortabndhiastronggrumping
poweapproximatdiies'thatheabledsystemsinthéul@500um@ moreeliable
switchapuiltsingnlkelitéccrmshaftpunkinolbontrassembly 500dVhichperatea

pushuttam/o8wit@ndosed in25cnPV@ipseale@dtotbnds.
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Sampler Operation

The samplermust be calibratedprior to useto determinethe volume of water sampledper
revolution of the flow meter.  The time and number of revolutions of the flowmeter needed to pump a
known volume of water must be recorded. By recordingthe "start" and "stop" flowmeter revolution
numbers,the volume of water pumped through the plankton samplercanbe calculated,Calibrationis
donein shallow water with a samplingbagin placeand the outlet hosedirectedinto a largebucket of
known volume held just at the water surfaceto minimize head. The plankton pump is deployedatthe
study siteby divers. Thereducercouplingis removedand a cleanplankton bagis inserted. The end of
the bagis draped over the pipe and the coupling is replacedto securethe bag. The samplerheadis
placed at the desiredsamplingareaand the pump is started. If more samplesare desireda new

planktonbag canbereinsertedand the aboveprocedurerepeated. Fig. 1 illustratesthe plankton pump
sdpise. REROEp

itch

Figure L Diagram of the portable plankton sampler.

SamplePexfomtance

Eachintakeheadof thisapparatusamplea horizontdayerof surroundingaterwherethe
layerwidthdependsnlocaflowspeed Humetestsisingsuspenddégydratetdrineshrimgysts,
illuminatedfor videoby a 5 mm light slit, indicatethis layeris aboutthe samewidth asthe gap
betweetheplates mmlatflowsf> 10cms' Fig2>.In stillwatertheheaddrawgarticlefsom
atleasB -5 cmabovendbelowheplatesandat5 crrs’, thissreducetb 1 -2 cm.Everin slow
movingwater mostpartidesakenn coméromdirectharoundheplateentering  theheadat30- 60
cms'. Fartidestwo centimeterawayaxemovingat abouta tenthof thatspeecevenif theyaregoing
towartheplatepeningiveambient flowsfs- 20cms’ mearsoscillatingvave-inducddw!,
it isprobablthattheheadsiresampling layenf0.6to2 cmthicknesg mostimes.Fig.3 shows
fluoresceidyeenteringan intakehead.
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To Pum

FLOW

B. Higb

PLOW

Figur@. Flowdiagrarmofplanktopummampidreadn A. lowflow S an/secand
B.highflow 10czn/sec!

Allplanktopumpareselectiviepending onthecharacteristicd thezooplanktosampled.
La&g_es,trongvrlmmingplanktemaravoidapidl;owedetq:)ummtakeandubetrapsTaggart
and_eggett988Butman986runcet.al.,19914tislikelyhatargeooplankton, i.e,! 10mm,
canavoidheintakesfthissysteraswell. Videotapes planktoseknmingeartheintakédeads
inJamaic@989!showedhaetognaths >3cmlreversindirectiorapidlyastheyapproachedt is
difficutotespumpselectivitif the\aretestedgainsetghenetarealsselectivéVetested
thisampIimI:pparatMDiscoveaayJamaicam depthbyattractiqanktantca 5 x
0.5x 0.3n!Plexiglasndosureountemhcemebtockd scmoffthereesurfac@hegpumpvas
allowetbrurforfor 3minuteandhecompositiorofzooplanktomthesamplagomparedoa
samptdalltheemainingzooplanktartheenclosurd.hdattesampleasakehypushing a
tighlungethrougtheenclosuaadollectirg thglanktoma 40m medbagoveringnend
oftheendosurehernyingfithebag Excepora slighiifference inthepercentagefchaetognaths
whichwerein low numbers bothsamplestopepodsndotherzooplanktonerecaptureth
proportiongriclosmthosein theenclosurSebenmpublishedta>T heenclosumethod
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provides a complete non-selectivelsampleof availableplankton for comparisonto pump samples. A
testsimilar to this oneis suggestedor eachusc of the sampling systembecauseof differencesin local
zooplankton sizes and potential avoidance behavior.

Figure 3. Planktonpump intake head with ftuoreseeindye enteringfrom left.

Overall, this sampling apparatusis easyfor a diver to deploy, and allows collection of multiple
samplespcrdive. Therearea fcw cautionsfor itsusc,however. First, samplebagsmustbe inspected
each time for small holes, especially around the seams,and for gaps at thc net/vial interface, Second,
the samplebag must be closedoffandremovedapidlyoncethepumpis shut  off to preventplankton
escaping back out of thc bag opening. Bags can be tied off and new ones inserted, Third, when the
apparatus is first put in place, a few minutes of running the pump without a bag in place should be done
to removedetritus or sedimentfrom thetubing beforethe first samplebagis used. Fourth, samplebags
should bc placed directly into a container of formalin/seawater either underwater or at the surface to
ensure proper preservation. Fifth, if a bag slips down the PVC tube, be sure a second diver is availablc
in casethe pump turns on while the operator reachesfor the bag. The pump suction is strong enough to
make arm removal difficult K. Graham pcrs. observation!.
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THE 'IIhULIGHT ZONE: THE POTEI'~kL, PROBLEMS,AND THEORY BEXIiIND USING MIXED
GASSURFACE-BASEHTCUBAORRESEARCHIVING BETWEERINAND 500FEET

Graduate Schoolof Oceanography
University of Rhodelsland
NarragansetRHODHSLANDO02882J).S.A.

RichardPyle

Departmentof Ichthyology
BishopgMuseum,

Honolulu, HAWAII 96813U.S,A.

Recentlynixedyasdivingmethodsavesfartedo beappliedo scientificesearch
needs placef morexpensigeabmersitiechniqued.hispapebringgo thefore
whatis beingconsiderathdNhatis actuallypoeinglone. Theauthorgndeavdo
preserd shortremevef thephysicandphysiologppicshatrelate¢o mixedyas
divinganddecompresdioeoryasmellas examingpithspecia@mphasm diving
tables,hardrsarediver training and safetyconsiderationshe use,advanfageand
disadvantagémixedjassurface-basedbpr pmjects the200to 500footdepth

range.

introduction

Du_rlrl%’rsaas‘evweamauthors haveéhrougbepargtathgomeconsidandusescuba
techniquisresearahvingtdepthgreateharthenormactientifidivmigoundargfl9@eet
of seavaterFSW! OneauthoiPyledidsoastheonlywaytoaccomplish  hispersonedsearch,
whichwas ands!conductedutsidaftheoversightofa DivinGontr@oar@éndheotheauthor
Sharkegldscasparbfanongoinginquiryorbehatifresearchliverathisnstitutioninta
broadpectruroflowcostlternativesoconventiorelbmersibfesconductinganneatkep
researcl@thealternativedeingtudieimcludineuseofOneManAtmospheric Divingystems
OMADSAandmixedyas, surfa~pplied divmg.

A reposponsoreytheNation8ciencd-oundatidhgNation@iceaniandAtmospheric
AdministratiamdtheUnderseandHyperbaric MedicalSocietgbservetiat

Somefthemosexperiencedeadersn thescnbsvorldare deadsetagainst
releasinginformationlet aloneenconrsgement, on the diving methods
discussecdhere - Sill Hamilton on "High-techdiving".

Therewas a time in the history of scientificscubadiving rohenit Nas
unregulatadda pioneeactivity. Asif becanmaoreegulanyilized,
recognitiasf the needor standardsdguidelindsroughdiboutheir
detteiopmentanson1990!.

Whatvastrueofscubimitsearlylays istrueofmixedascubedaylt isa pioneactivity
anehoaraccepteahutingiviractivity Aghespionetechniquegefinetheynayikair
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scubdjvingomputeaadnoreecenty TRO3cubageconparbfthesuiteftoolsvailablgo
thegeneracientifdivingcommunigtlarge.

Theresa timanddeptenveloerailabteresearch divers/hich atshallovdepthsxtends
tomanyousbottotmendt itsdeepelsniofl9FSVisonlyiveminutes wideThel 90
FSWeptivasnitiallgstablishedsa limwithithescientificdivingommunitipytheScripps
Institutioaf OceanographystandardStewartl971!. Lnestablishing thislimittheprimary
consideratiomasthat 190FSWwasthe deepestliepth  on the U.S.Navy StandardAir Tables
E%strom98850mesearchmebaclnthel 50santicipatduneetbworkieepeiiven,
198uthetechnologgndknowledgefdivinghysiologyweraosufficientlylevelopetdmake
thikindfdiving reasonablaindertakingndenniverseyispiceBhisnaystilbethecasdut
scubgioneeespeciallyinthecavandvrecHivingortiomdthenewlgmergent  technicaliving
communityavepushedignificantigepewithapparergafety.

Sinceheadvenof conventiorsdubgeamarindiologistavebeerbusyexploringoral reef
habitatsdcollectinganddocumentinpewidediversitf  organismshicimhabthein.Since
virtuallgllofthesscubexplorations havdeeronductedsingirasa breathinggaghorough
biologidak/esti%ationhavebeergenerallynitemb 190FSW,Tostudyhemarinkfeatyester
depthscientisthiavehadto relyonsucllevicesstrapgrawlgemoteperateathicteROVs!
andsubmersible§raps andtrawlsarenot very selectivendareineffectivat coHectiigemany
smallcryptiorganisntgpicabfcoral  reefhabitat.

Submersible®oth mannedand remote,are cumbersomand expensivemostare designedor
thousanddfeetofwaterandtherehadeera tendendy seahemaswastednsucishsliotives.
Thoseesearcherfertunatenougtoobtaifundingpusesucisystentendoconcentrate theiefforts
attheextremimitsofthevehiclesipabilities. Anadditionaitoblemtheamourtfenergy  that
suclsystenmitoutintoanenvironment inwhichmanyftheorganisms havehighlyevolved
detectiosystemattemptingostudyishironsubmersibleandROVHadeehkenewbtryingp
studyackabbitdom thebaclofa movingcomaotive.

Thereremaina zoneofcorateefhabitat, atdepthdetwee@00and 500FSWthroughotibhe
tropicaéasyhichas escageﬂtensrwplorat_mmdjocumentatloTh_lsz_onethdaloIog|caI
TwilighZonajndoubtedlyarbov@shumbensundiscoveredspeciedfmariniéeandepresents
a newrontidorunderwatersciencesinguixedasculdachniques Pylend/eterdrsitollector
ChiBoylecenthcollectexbvamevspecieandnaevgenusdmarineshallofwhictvere
restrictetbdepthaf2000500F SWh theCookkslandsT heexterdftheisuccess isappreciated
fullywhewneconsiderghati!thesefishwerallcollecteditiesshamnenouofworking
bottortime2! allwerecollectedthouththyocides; and3!theCookslandsegeographically
welbutsidefthecentasfreefishspecids/ersityOnecaronlymagintewealtbfdeep-reef
fishwhiclwouldediscovered y'vemrmoréottortimeandtheuseof sdentifichthyocides at
localitiesin the westernPacifiand Indonesiawherereefbiodiversitys at its greatest.

Woulglowentuiataheunknowoutof  greed?Greednlyworks> theworlebf
ordinanaffairsToventuratolhstterribléonelinessiemushavesomething

greateghan-. Love.Oneneedbve for Hfe forintrigudormysteryOne
needsnquenchinturiosigndutsylore- Carlo€asteneds - Bc FireWithi»

EffortipuseOMADS_sucrasWASFandJIMthaiareaEE{%?riatethisrangevver%ioneerdw _
BrudeobisoandsylvigarleWhethéOMADBEEROVERharkey 198@lecamevailable
itdeepeangef3306SWenddadshiftademphasis toworkngreatedepths.

Arexampbdvhahalpdoundth00b00dingetwaoucks thavemncoverdam

aboub00FSWhy Mikelordoin 198&isiniPEERROVERsparinfa projealtthePergl
Oceanogra beldarineeseafc@nteth@rganisimighisockreated gredealf
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excitemeramongstheproject'participantsseveraanimalsveredifficult to evenplacena phylum
andthediversity of life on therockswasastounding.Therewerell phylaof animalsforaminifera,
spongespraldyrachyopodsyyozoanarthropodsyolluscgolychaetes sipunculidndseveral
small,green,flat crinoids!and 3 divisionsof plants cyanophytagholorophytaand rhodophyta!l
representedarle, 1991! Keepin mindthattheseveretwo small randomlyselectedocksthatwere
pickedup asan afterthoughby Jodonduringhis ascenfroma dive. It is excitingto considewhat
mightbe foundif fairly routineacces® thesalepthswerepossibleoupledwith thefreedonthata

scubadiver enjoys.

This small rock hosteda fair cross-sectiothrough the history of life on the planet,
reflectedn the geneticcodeof creaturethat weremorethana little different from
eachother. Sucha iarse scalediversity is not likely to be found in non-marineareas
of comparablesize - Sylvia A. Eerie

Scubas not the only wetway to approachthis problem. DeepDiving SystemsDDSs!canprovide
accest greatdepthdor lock-outliversOrzech1985!butwitha complexigndexpensthat
eclipsesverniargemannedubmersible&nothealternativihathasbeershowrio work wellin
areaswherethereis little or no currentand wherethereis a fixed study siteis mixedgassurface

suppheddiving Wood, 1990!.

Conventionasubmersiblese very complexand expensivaystemsCostgangefrom $10+00to
$25,00perdayincludinga supporvesselOMAD Sremuctsimplesindes&xmotivehutstillcost
betwee$3~ and$5+O@erdayoncell costarefactorad. Mixedyascubdivesarbeconducted

for less than afew hundred dollars.

Limitations of Diving with Air

PhysicsBackground o ) _ _ _
Thedepthandtimelimitationsf usingconventionstubae4., breathingompressed! are

imposedby the physiologiceésponsds breathinglevateghartialpressures the two major
constituentsfair,nitrogeandoxygenT hesémitatiomsaybeoverconalywithanunderstanding

of certairbasighysicalawsand the physiologicdiynamicef gasseand gasmixtures.An
understandingf Dalton's law of PartialPressuresand Henry'sLatoof Dissadd Gasses are

particularlyimportant.

AcuteCentraNervousSystenOxygerT oxicity
Oxygeistheonlyconstituentofairthats reqttireoly thedivesincéisparbfthemetabolic

proces$uttheinspiredO musfailwithircertaimmits Below POofaboul.15AT Mtherén
insufficiendxygetosustalie. SinctheP O ofairstartastabou@2 1ATMandcaronlyncrease
withdescentoolittleoxygemypoxiainevea problewhemwlivingvithair. Toanucloxygen,
howeveraneadoacuteentralervousystenCNSoxygetoxicityTherecommended  maimum
allowabRO fora divearresisl.6ATMandlL.4ATMfora divesubjected toa moderatgorkload
U.SNavy,19S9!Atgreatqmartigrbressuresox gemayleadtoconvulsions. Convulsiorare
alwa’gszlangerodsra diveandarelikelytobefatatora divensing conventional regulatoA
divebreathinmureoxygerslimitedoa safeleptlofonly20FSWatresand13FSWwhile
workingnordetodescendtogreateieptitheoxygena divetiseathing mediumudtereduced
bydiluting withanoth@onstituent gas.InthecasefairthedilutensnitrogerJsingimple
algebrais possibtecalculatbatheanaximurdepttowhich divdareathingaiimaylescend
withoutunduefearof acuteaCNSoxygenoxicitig220P SWora restingjveiand190-SWora

working diver.
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DecotnpresaijoBickness . . . T .. . .

Acut@N_Sox¥g_etDX|C|tysnottheonIyI|mltatlonfdeepﬂ|V|_ng)r_1a|r. Nitrogenheother
majagonstituemdiralscreatpsobleratklevatpiessur&naeitrogesnoimetabolized
bythébodyt accumulatesdissuemtitheliveascendsntithdissuégcomsaturated
withnitrogeatanamourgroportiortalthedeptlofthedive. Whenevadivedescenasef
saturatethesurroundingressunacreasesdthediverbeginso absorladditionahitrogerBy
ascenditaa shallondFptimomattenowslighthaliverdecreasbssurroundiagsureand
startsodecompresd/hera divehasabsorbezhoughitrogeto havenyofthetheoreticassues
usethdecompressimueksxcedtieisurfacipersaturataothediversnolongeableo
returrdirectiyto thesurfacanda StageldecompresSitoys calledor,

NitrogenNarcosis

~ Theotherimitationmposety breathinglevate@artialpressures nitrogens theonseof
NitrogeNarcosiifferenndividualsaveliffererblerancis nitrogemndhebiochemical
physiologgnotwellunderstookh mostasesiMeffectsraencounter@d deptbf10PSW,
whichesulima PN,of justover3 ATM Fowler1987! Thenarcoteffedhcreasessubstantially
withincreasatkptrandmostiversaresignificantiynpairethy thetimetheyreaci 9(PSW.

ht depthgreetethan180feet .5 ATA! uotrustshoultde piecedu human
performanoeefficiencwhilebreathingorupresaed air - PeteBeunett"InertGas
Narcosis and HPNS.

-20

ID
L -40

Je' 111e",

Runtimeminutes!

Figurd. NoDecompressiddm}tgorAir, EAN-32c36.
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In orderto overcomé¢helimitationsimposedy diving with air therelativeconcentratiorsf the
constituentsf thebreathingnedianeedo bealtered If theselectionfgassess limitedto oxygerand
nitrogethertherésa tradeofbetweeaxygemandnitrogemelateghroblemsCarefullyvorking
within the hrnitationsof thesegasedasyieldedexcellentesults. Man-maddreathingmixturesof
nitrogenand oxygenareknownasNITROXand arewidely acceptedvithin the scientificmilitary,
commercial and recreational diving communities.

Nitrox

Definitions

The term NITROX refers to any breathing mixture containing just nitrogen and oxygen.and is
usuallyfollowedby a numberwhichrepresentthe percentagdoxygein themix. Forexample,
NITROX-38 a mixtureof 36%0xygerand64%mnitragen.ThetermEnrichedir NITROXEAN!isin
commorusageodayto describ&lITROXhathasanoxygerfractiongreatethan21%to differentiate
from NITROX that hasa lower oxygen percentagewhich is sometimesjokingly called NARTOX
becauseof its increasednarcosis. EAN is not used for deep diving, it is used at moderatedepths
between40 and 150FSW!where it hastwo advantages|essnarcosisand decreasecdhitrogen uptake
thatresultsn eithedangemo-decompressidines asshownin ! or shortedecompressiechedules,

EquivalenNitrogenDepth

Theconcepof EquivalenNitrogenDepth END!is animportanbnefor quantifyingoothnarcosis
anddecompressiabligation.ENDis simplythedepthat whichair would havehe samdPN,asthe
breathingmix. It is calculateloly obtaining ratio betweerthe PN, of air andthatof themix and
applyingthatratio to thedepthofthemix dive. Twoexample®llow:

1! A mixwith 85%nitrogerhasa nitrogeno air ratioof aboutlAM0.850.79].Soit isabout6%
marenarcotithanair. A diver makinga 275footdive with sucha mixwould experiencthe
narcotic effect of an air dive to about 290feet [275/1,06].

2! UsingeEAN-3Geducabemaximumeptrat whichthePO,reacheksAATMfrom1l90FSWo
110FSW,but the END is about0.9[021/0.36] of the actual dive depth or about 100FSWfor a
110 FSW dive.

Is 10FSWIlessnarcosison a 110FSWdive worth the trouble of obtaining EAN-36 and the safety
concermgitsmanufacturé?obablyot. Howevetheincreasaw-decompression  divetimemight
be. A no-decompressiobhl0FSWair diveis limitedto 20 minutehutwith EAN-36thelimitis
increasetb 30minutes.Thatis halfagainasmuchbottomtimeandsignificanthgreateproportional
gainsare availableat shallowerdepths!

Decompressiiving

EAN also offers advantagedor decompressiomlives conductedwithin the depth limits
appropriaterthemix. Anairdiveto 110-SWor40minutesequirea twominutestopat20FSW
anda 2-hunutestopattenFSW AnidenticadiveusingeAN-36equir@mly a singlseveminute

stopat ten FSW.

TheUseof Oxygeriorin-wateiDecompression

BreathingurexygeratthetwentyandienfootstopsarsignificantBhortedecompresstone
foranydive. It serveso speedherrrrrsh-oimergas by creatirglhigh diffusiorgradient.This
techn|qumsuse($qccessfldgnn@hasbofhe\Narm/Ilner pringBrojectWood,99@ind
alsaluringl 98&hent wasusedorovei3,008aféwo-awagiecompressaivesodepthbetween



Dfctiegfor Sctcece...1992

1600 19¢-SWy diversffiliatetviththeDepartmesftNauticahrchaeologiTexa& k M
UniversityFife, 1990!Whilethistechniqueasonceonsidereadicaandpotentiallgangerous,
it hasrecentlybeengaining acceptance.

Multiple GasMixesona Singldive

Itispossiblanchdvantageousomeaséasswitdbreathing gassesiring diveDoingacan
reducelecompressiobligatiorandthereducgangedacutexygen toxicityandnarcosisThe
terminologyig. 2! usedwvithinthecavealivingcommunitio describ#hissortof diveis somewhat
differenfronthatconventionallyusedvithirthescientiftbvingcommunitgutisveryusefulvhen
discussinguchmultiplenixdives.Thelengtifthe entiredive surface-to-surfasthe rmrrtime.
Runtimes dividedintotwo phases roorkinghasalescentimeat depthandascento thefirst
stopanda decompregdiasd hebreathingixusedortheworkinghasies knowas bottom-
mix. A trleel-mixmaybeusedduringdescend avoidchitrogefoadingr hypoxiaesulhnffoma
bottom-miwitha lowoxygenfraction.Therenaybeoneor mordrrtermediutecompressioxes
usedontheascent.Theoverallobjectivef thistechniqués asbestaspossibléo holdthePO ,closeo
1.4ATMduringheworkingphasandl.6ATMduringhedecompressamseT histypeofdiving
oftenequiresistotablesjthough someiversombineonservatiueehelU9. NavyExceptional
Exposurdir Tablesvith mixchangeforincreasedafety.

0

-100

g! -150

0 -200
-250

-300
020 40 60 80 ioo 120 140 160

TimemilloteS!
Figurc2. Mixedgasdive nomenclature.

Anexamplefthisechniquisaraidiveo22G-SWPOef1.6ATMfor 30minuteslhdJ.S.
NavgecompressscheduleithislivavouNdeoneninuS0FSWeevaninutes at40FSW,
tenminutesit S0 FSW23 minutesit 20 FSWand47 minutest 10PSW. Thisis notconsidereal _
dependalnleveltestesthedul@ndlivingnairtothisleptwilkesuibsigruficant  narcosis.
Additionascesafetgnaypeobtaindny:! switchitgEANM at10(PSWherehgbtainizg
PO-6f1.6ATM;! usingariablescemnatesHamiltod989!t lessening  thechangapressure
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with respecto timein theshalloweregiondy addingsomeshortstopsoneto two minutesveryten
FSWrom 1000 60FSW!and ! switchingoverto pureoxygerat the20FSWstop. Whiletheuseof
eithercustomtablesor the approachusedin the exampleabovecan makefor a saferascenthe
probleofnarcosiswillstilgreatlymithevorknoddiverarecapabtd. Theonlyvaytoreduce
narcosissto reducehepartialpressuref nitrogerthatthediverisbreathing.

Using Mixed Gasto ReduceNarcosis

EAN offers significant advantagesn available no-decompressiohottom time and minor
advantages termsof narcosishut hasthe drawbaclof beingusefulonly at shallowto moderate
depths. In order to effectivelypush beyondthe limits of NITROXmixtureswe mustexplorethe
possibilityof usinggasestherthannitrogerfor dilutingtheoxygerin thebreathingnedium.

Varioushinarygascombinationsavebeerusedfor deepdiving. At depthgo 600FSWHELIOX
heliumandoxygen!HYDROXhydrogermndoxygenandNEOX neorandoxygentlo notexhibitthe
narcotieffectsof MTROX Stone,1991!. Of thesemixesHELIOX is preferable since HYDROX s
dangerouso prepareandNEOXs muchdenseandasa resulharderto breathetdepthwhichleads
to CO,buildup. HELIOXcompletelgliminatesarcosishut therearetwo problemghathavebeen,

somewhatincorrectly, !aid at its door.

When a diver breathesHELIOX it feels cold becauseit has six times the heat conductivity of
nitrogen. Heliumis verylight andits thermalcapacitywhichactualkcontrolghe numberof calories
carriedaway from thebody!is quitelow. Despit¢he feelingof cold,the actualheatlossfrom the
bodyasa resulbbfbreathinigeliumsnotexcessive. Heliumdoesotworkverywellasaninsulating
gasn a drysuit,argonor carbordioxidearemuchbetterchoicefor insulation Argonis thebestchoice
sinc€O0whercombinedthewaterin a moistrysuicreates wealacidhatesults skirirritation

Taylor 1992!.

Heliumis a verysmailmoleculeitha rapiddiffusiomate. Thismeanshatascomparetb
nitrogeitjsquickliakenpintahebodyButtisalsguickodiffuseubftheissues. Theoff-
gassingpeedis significantlincreasethena high diffusiorgradients establishedith a
decompression-mixlike EAN! that hasno helium in it.

ThemajgoroblemitrtHELIOXsthaheliunsanexpensive gasThisic@enseaypereduced
bymovingwayrona binagpmbinationtoTRIIAD& combinatiofo~  heliumnditrogen.

Using@ rimixoOptimiz®ecompression NarcosesdCost

Thecharacteristicsf theavailablenixedor deepdivingcanbe illustrategvith diveprofiles
prepare‘drtheNakuIEaprlngsPrOJemtS|n@d—lamlltorResearDIG:AléomEutatlo gram
Stond991!Thesprofileme 30Goodiveswitheithes 2Gminuter80minute/orkinghaskr
eachfthredlifferetireathimgixesontaining 14%oxygenlhamixeare NITROX-1ARIMIX-
14/34 4% hehunandtheremainirg%mitroger@ndHELIOX-14Eaclprofilgplannetbr
decompressisite drigelvith airasa decompressidnorb dodfeeangbucexygen from

30 feet to the surface.

Tablel showthatforthe20minutelivesheruntimeeductian favoofHEUOXwagnlyabout
5% butthaforthe80Ominutdiveshereductiomasa signiécant  18%.Asillustratéd, Helium
mixexdupios0%arencreasinglgdvantagetmisngdivasthe 30@oatngeThisbecause
heI|urm_oreap_ldIgpproachesaturatldavedmcbut-gassem|ckI)XNheheI|un$useﬂ)r
shortativesyieldittl@lecompressiadvantagelowevethanorbeliumthemixhdess
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narcosis HELIQX-14esultan no narcosisyhilefor a 30Gootdive NITROX-1#hasanunacceptable
ENDof 325feetand TRIMIX-14/34asan ENDof about200feetwhichmaybe barelyacceptablfor

some divers.

Table |. After Stone 991!

500

E®
18463

'L Heliunm Breathinfglixture

Ptanre3. PromStone 992!

Allthindseingqual EUOX-14isthemixofchoicefrona decomgressapmarcosis
perspectBdteliungexpensiveK-bottles®/ anthatranslate$s6heliurfoa 20
minutdELIOX-Hvandé21oarBminuteELIOX-14liveontrastedtt$2an@$85othe



Sharkeyend Pyle: The twihght xone

TRIMIX-14/34dives. Themore heliumthe lessharcosisand the higherthe cost. It becomesa question
of how much sobrietycanyou afford?

An additional advantageto TRIMIX is that it is easierto preparein the field. To fill a scuba
cylinderwith HELIOX pureoxygerand heliuinmustbecombinedogether.'lhis requiresa special
boostepump to top off scubacylindersto the desiredpressureandintroduceghe risk of exposing
variouzomponentsf thesystento highpressurgureoxygen.TRIMIXcanbeeasilygenerateth the
field. In orderto brewTRIMIX-10/50 0% oxygen,50%helium and 40%nitrogen! all one needdo is
decantabout 1500PSIof helium into a an empty aluminum cylinder and top it off with air from a
standardair compressorit shouldbenotedthattheidealgaslawsdo notrigorouslhapplyat thehigh
pressuref a scubaylinder,soslightly morethan 1500PSlof heliumis actuallyrequired. Proper
numbersyeryaccuratgaugegasanalysiequipmenandslow cooffillsarea must.

Equipmentfor Mixed GasDiving

Usingopencircuitgearfor mixedgasdivesrequireswitchingegulatorandtanksto optimizethe
mixduringdifferenphasesfthedive, Closedircusystenigvea majaxdvantagd.he POicarbe
held at 1.4ATM for the working phaseof thedive and at 1.6ATM for decompressiorphaseof thedive,
sinceexactmix canbe continuouslyadjustedasthe diver descendsand ascends.This approach,when
combineavithdivecomputer technologyholdsthe hopeof significantreductionin runtiine. Butatthe
current time closed circuit equipment in not readily available in the civilian market. Carmellan
ResearcHnc. producesclosedcircuit equipmentonly for the military, and though Cis-Lunar Labsis
likely to producea closectircuit systemn the nearfuture whichwill be availableto the scientific

community, it is not hereyet.

Whileclosectircuitequipmenis moreexpensivéhanopencircuitgear jts operationatostsmay
be low enoughto makeupfor theinitial outlay. Theopencircuitrig discussedelowrepresentan
initial outlayof $3~ to$5+00.Cis-Lunatabss hopingto markeits closectircuitrig for $10,00
$15,000. With a $10,00dlifference betweenan openand closectircuitrig, the breakevenpointfor
divesin the 300footranges reacheafterabout6Ohoursof diving,evensooneif thecosbfsupport
equipmenguchasscuba&ompressoigasnixingsystemgasanalyzergtcisfactoredn.

Your most important piece of diving equipmentie a free and clear head - Carlos Eyles
"The inner Experienceof Diving".

Pylehasdesigneahdusedinopen circuitmultiplemixedgasdivingrig g. 4!whichattempts$o
optimizepackagsizeandthelife supporineedsfthedivebyincorporatiagadequatemoundf
equipmentedundancynto a systenthatis smallenoughto beentirelyselfcontainedy thediver
throughall phasesf thedive Pyle, 1992! Thissystenwasdesignedor useondeep00 to500FSW!
corateeexploratigprojectghicldonotinvolvanypenetratiamtcanoverheaghvironmesiich
asa wreclorcave. Furthermorthe systenwasdesignedo enablethe diver to carryall required
breathingmixturesthroughoutall phase®f the dive, eliminatingthe requiremento returnto stage
bottles attachedto a boat a seriousconsiderationin the reefenvironmentwhere currents canquickly
and unpredictabthangeirection!. Thedifhcultiesurroundirthedesigdf sucha riginvolve
incorporatingenoughredundancygf criticalitemsto minimizethe effectof an otherwisdife
threatenirg}ystenfailure,while keepingherig smalland streamline@&noughto providefor diver
mobiligndnaneuverabilitinthepresencefmoderate strongurrentgverwherhamperdaly
additionabearsuclas fishcollectingquipmenandbulky underwatecamerdousings.

Ingenerdheigdesigncorporatestwo10Gt cylindetfsatireoverchargedancholdL3Goot>

of breathinggaseach.Oneis filled with bottom-mix TRIMIXor HELIOX!landthe otheris filled with
intermediate-decompression-raisuallyNITROX-32!Two independentegulatorsareattachedo

181



Diving for Science...1992

thedecompression-reykndemwith a slingshotalve. Onesideof thevalveis maintaineuh the
openpositionandtheotheris keptclosedafterpressuringts regulatorto preventthe entryof water
during thedive. Theclosedsideis thebackupandis openedandusedonlyin theeventof a primary
regulatorfailure, The primarybottom-mixylinderhasa singleregulatormaintainedn the
pressurizedypenstate.A 30foot'cylindercontainingdenticabottom-mixs carriedoy thediverand

Ismaintainedn thepressurizedypenstatefor usein theeveniofa malfunctiom theprimarybottom-
rnixsystemlin additiortothesehreecylinderg small2 to30ft"! cylindeof pureoxygeifiorthe
fina decompressiastopsis carriedby thediver. Thiscylinder,equippedvith a singleoxygerclean
regulatorjs maintainedn a pressurizetut closedstate. It is a backugsupply,the primaryoxygen
systenisa stagbottleor surfacsuppliedxygersystenattheboat. Thebackupxygensonlyopened
onlyin theeventhediverisunabléoreturnotheboaduringhefinalstagesfdecompressianif

theres a failuran theprimaryoxygersystem.Thebuoyancgompensatas a seof Dive-RitéVings
providinga primarybladderconnectelly a poweiinflatorto theEAN-32ottleanda backugpladder
connectedo the primary bottom-mixbottle.

Nitr
pre

Primary Back-up
Nit rox-32 Nit rox-32
Regulator Regulator

Figure 4. Deep Reef Set.

Redundancis increasetly thedivers'optionto usea buddy'dackupgass (BF“GSNIth standard
ocfopus-breathpngceduresTheauthorsireconsiderintpe useof modifiedluewatertethered
divingtechniquesieine1986\itha thirddiverservin@spivotdiverandstaged AN-3backup

bottles.
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A singlgponybottlewill giveyouenoughimeat 250to saythe Lord'prayer- Mike

Hanna

The EAN-32andoxygeackupegulatorseedo be speciallgreparedyxygercleanednd
maintainedor oxygerservice. At thistimetheauthorson]yknowof two manufacturerthatprovide
dataon how to preparetheir equipmentor usewith breathinggaseshat havean oxygeifraction
greatethan21%MARESndPoseidonPyleusesPoseido@dinregulatordor EAN-32andSharkey
usesleft handed MARESMR-12 BETAregulators. For bottom-mix Pyle usesScubaPraviX-X/G250
regulatorsand SharkeyusesMARESVIR-12NAVY regulators.A second-generatgystems being
designedhatwill use 160foot' primarybottlesthat will obviatethe questionableracticeof
overcharginthealuminumlO0OsAndcompositenateriaflaskdor backugbottom-mixandoxygen.

Deep Rig Failure Mode Analysis

Deeplnixdivingsharesomeommonaliyithcavediving. In bothcasetherasanoverhead
obstructidhatpreventa diverfromreturningp thesurface. Forcavedivingthisobstructios
physicabcloverthediver. Fora deepeefdivetheobstructios tnrtual thediver'slecompression
ceiling.Thisceilings theshallowedepthto whicitheamounofabsorbederigaswill permia
safeascent. Under normal circumstanceshoth overheadsare the sameto the diver, but in the event of
anemergencthedifferencearesignificant.

A diverwhoseconcerisa decompressiorilingheeds differentedundancgiesigrihana diver
whomusttravela distancéhrougha cavebeforeobtainingcceswthesurface A diverlost in a silted
upcaveat 10feetof depthwill diewhentheairrunsout. A divemwitha twentyjootdecompression
ceilingvill likelysurviva short  trip to thesurfacandquickeimmersiavitha frestiankwithno
Il effects. EachTRMIX cavediver must carry a sufficientquantityof bottom-mixeservesothatif one
of the dive teamsuffera complet@rimarygasequipmentailureat the furthespointof penetration
bothdiverswill beabletomakea longhorizontawimto gainacces®a depttwherat is safeo
switchoEAN. Solvinthigproblemequiretheuseoftherul~f-thirds onethirdyoingn,onehird
comingout,andonethird for mybuddy!anda sebf crossedmver<oublesth two regulatorendan
isolation valve. TRIMIX dives in the oceanhave a virtual ceiling that,by limiting bottom time, is
alwaykepiabovel30FSWvher& AN-32naybesafelysed.Complefailureftheprimary
bottom-mixsystenthusonlyrequiresdirecascend 130-SWivherdeAN-32nay  safelybeused.

Alldeepigsiemandttentidoredundancy. Desigmusénsurthatequipment malfunctions
ma?bedeawvittundactqainqosgcholo icalpressuréheigdesigiakemtaonsideration the
malfunctioofpiecedequipmenturing divangermithaliveaccesssufficient breathingas
toalwaypermia safascembthe surfaceThedesigprocesscomplicatedbytheneedohave
accesw differenbreathingnixesat differenpointsn thedive. Ona deepdiveusingseparate
bottomintermediatnddecompression gasegaclgassystermustavea backupThredimesis
mucteasneededaarrivathesameveaifredundancyasvouldeneedeforaridive.

There are threefailure modesthat mustbe consideredior eachsystemNo-Gas-DeliveryToo-
Much~s-DeIive%ncGas-Manag_ement-ErrArN~s-_DeIiv_eryfaiIurmodq’scharac_:t_erizeday
a regulattirasuddenistopsorkingevethougheris stillgasnthecylindefThissperhaps
themosserioysotentiarisidyutfortunateilyratewithmodernyell-maintained, twostage
regulatorg\ Too-Mucus-Delivefgilur@ouldesuftona frelowinggulator and Gas-
Managememocoulcesuftonannaccurate pressugaugahumagnor.

Theonlygascarrietdy thediverthatcarnbesafelpreathdaklow 130FSWisbottom-mix.
EAN-32ndoxygemaynotbereliediporasdeebackupsl hereforthebottom-mvackup
regulatonudbemaintaineththeopestataordetoallovthedivermmediate accesssafe
backugasntheevenofanyfailurenode A slingshot valvevoulgrovidadequategulator
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redundandgrthebottom-misystenT.hisvouldesuihtheexactthesamesdundancy deemed
acceptaligcavdiverButhispproacheffectivetipubletheprobabilityfa Too-Much-Gas-
Deliverfgilure Such failurerouldesulhtherapidossftheprimarngndhowonlybottom-
mixsupplyByusing separatebackupottleyitrthevalveperanadequatedundant supplyof
bottom-misalwaysaccessilitghedivertaprovida meargascending13G-SW.

In contrast,a slingshotvalve on the EAN-32cylinderis a good choicesinceonly regulator
redundandgrequiredAnybottom-mixith12%rmorexygenarbebreatheat20FSWhrdeeper,
without fearof hypoxia. SinceEAN-32s only usedbetweerl 30FSWand 20 FSWthe bottom-mix
systerovides shorttermemergendyackufora No-Gas-Delivegr Too-Much-Gas-Delivery
failure. Thedivercanusebottom-mixvhile closinghe primaryEAN-32slingshotalve if rezssary!
andopeninthesecondaryslingshaealve. Therthedivemayswitchacko EAN-32roirthe
secondarggulatoMismanaging EAN-34s unlikelysincéheresmoreggaghemeededin factthe
cylinderhasl 30t ofgasenoughaperforntherequiredlecompressiomorethantwiceover.

Primargadoroxygedecompressionisa stagedottleor surfacesuppliedsystemocatedat the
boat. Thedivercarriedbackupxygebottiesa redundasysterandisusednlyintheeventhat
the diver is unableto returnto the boatat the end of the dive or if the primary oxygensystem
malfunctions, In an immediatedangersituationEAN-32 and even bottom-inix may be used as a
temporatyackugvhilethediversortshingsut.

Besidesafeguardinggainsequipmentailuretherigis designedo reducehumanerroraswell.
To minimize the possibility of accidentlybreathinghe wrong mixture at the wrong depth all
regulatoesecolocodedoindicatéhegagheydeliver Theuseof differentregulatodesignsjde-
breather vs, standard and left vs. right-handed also helps to differentiate mixes. The rigs are not
withoutveaknessesall of thesystenmareat themercyfa doubldailuresuchasa blowoyplug
rupturen theprimanpottom-mpombineditha regulatanalfunction thebackufpottom-mix
cylindermhisvouldeavea diverotallgependent uportheothediveforbottom-mix untithey

reach 130 FSW.

Buoyanaganimportanonsideratiorsincabou20poundsgasreusedpduring typical
dive. Theselivesaremadanrelativelywarmwateianda Darlexgliveskiooveretlya 3to5 mm
wetsyackeinchoogrovidgufficient warmtBpwesuitrusbnlygreates a fevpounad
buoyanchang@neftheeasonsomusingluminunil00ssah eantlr_eglsonlysllgfhtl
negativatheenfthedive Largeapacity cylinde@esimptpaegativeatdepthttethe
weftsuitrushed hesecorgkneration systeshouldalancautproperlyecausdthepositive
buoyanof thecompositetlasksSmahlveightandsyntacficanwillbeusedf necessary, to
precisetyinthaig. Theossibilityoftearing BCequiregheusafa doubléladd ra

backuBC.

~ Althougthesegsarenopm$ectheuthorfeethatheposaanoreskhamheaccepted
rigsisedordivinghoverhead environmeniBrainirandverlearninthecorrectsponsds
emergendsiticaPuttingthdrainigneequired toassurthaandivefsinctionproperly
botrasindividuadsidasa teansals@nimportaondertakingeforeonsiderin thikindof
dl_Vlnﬁ divareedsbea hl%hgklIleuﬂeep_lvewnhsufflment _experienteabl¢opredict
hisorheresponsmsigniticantrcosié seriedfshallowivewitHulkigduringhich
mdependantiiependemispondesimuhtesystefailuresrgracticedusiecconducted.
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Mixed GasSCUBA Diving Operations

A typicalmixedgasscubalive beginswith preparinghebreathingnixturesandassemblinthe
rigs. The oxygencontentand total pressureof eachcylinder is checkedwith two calibrated,reliable
analyzers,once after filling and onceagain before entering the water. Criteria for dive abort, that
dependon the dive conditions,objectivesand the generalplan, arereviewedduring a p~ive  briefing,

All tankvalves are openedandthenthosevalvesthatshouldbe closedire shut. Sinceherigis
tao heavyto be comfortablyhandledby a diver aut of the water, it is lowered over the side of the boat
by support divers and danned at the surface. After checkingand buddy checkingthat aHthe proper
valvesare openand the othersare closed,diversinitialize their timing devicesand begintheirdescent
using their primary EAN-32regulators.

At 130FSWtheswitchta theprimary bottam-mixregulatoris madeand all teammembersensure
that their buddy hasmadethe proper switch beforecontinuing the descent. Experienceddeepdivers
instinctively use the level of narcosisas a rough guide to their depth, sogreat caremust be takento
monitor actual depth during the dive. With reducedlevelsof nitrogen, thereis a tendencyto forget

howdeepyau reallyare.

The dive is conductedacaordingto a plan and all teammemberscarry out their respecbveduties.
Becauseof the high level of equipment redundancy carried by eachdiver independentemergency
procedures are favored, If an individual experiences a problem that leads to a decision to abort the
dive he or shereactsimmediately, independentof other teammembers. Although it is preferablefor
all team members to be informed of an individual's decision to abort, it is usually more important that
the aborting divertakestepgoensure his or herownsafetyrather than taketimeto notifyotherteam
membersof the problem. Oncethe other membersof the teambecomeawareoftheproblem they also
abortthedive andjoin, if at all possible the abortingdiver.

The ascentand decompressionare bestconductedin a group, but all divers are responsiblefor
initiatingtheirown ascenaind managingheirdecompressigmofile. Decompressi@onga vertical
dro~ff orotherreeffeature is lessdrearythanhangingn midwaterona line,butthelatermodeis
better. When distractedby creaturesof the ref it is too easyto make errorsin actualdepth and time

for eachdecompression stop.

Throughoutdecompressioall teammember shouldcontinuouslyaccountfor eachother. If for some

reasorthisis not possibland a teammembeiis unaccountefbr during decompressiomo attemptis
made to locatethe missingdiver. In this circumstancét is bestto assumethat he or sheis
decompressisgmewherelseusingheequipmenbnhisor herback.A searclorrescuattempt is nat

likelytoaccompliainythinggndmayleadotheunnecessary endangerinfptheteammembers.

It is alwaysadvisabldo haveadditiondrainedliveronhandgithemwaitingat theboatorin
shallowvaterreadytoassisinyteanmembewhorequirelselp. A slat@andpencilsa musasa
meanof accuratandreliablecommunicationt maybe possibleby usingmanifoldeandband masks
with both demand and free-flow featuresto utilize wirelessdiver-t~iver communicationsfor mixed
gasscubaThikindofcommunication equipmentighsigniflcanihcreastiversafety.

Mixedjascubearprovide lovcostlternative toROVsubmersiblasdOMAD $mworkn
the200to 500FSWrange. Presentlihetechniquesidequipmerdrebeingpioneereldy higMy
knowledgealalecexperienceadividualattheiowrrisk The ENDofthesdivesisalwayiselow
150FSWso all otherconsiderationsasidethes¢ype®f diveshouldnlybeconsideréyresearch
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diverswhohold a 190foot card. Thesalivesareexperimentaand theauthorsdo not, at thistime,
advocat®ivingControBoarcconsideratidior moregeneralise.

If youlive outsidehelawyoumustbe honest BobDylan

Thesdivingrigsandprocedureseintendednlyto permishorturatiomivesn theabsencd
physicalverheabstructionBhearenotintendefdrcaverwrectivingTheapplicationof
theséechniquésotheenvironmenéspecialthoséarremoveffomrecompressmassistanase
notreasonablelnterestin usingthesetechniquesiasbeenexpressetly geologistandblue water
biologistdut theseapplicationmustawaitfuturedevelopments.

Theitemsneededeforeanyconsideratioaf generalseareundertakencludenoreoperational
experiencndvalidatedlecompressieohedulesExperiencgill comewith time. Statistically
basediecompressiemaluatioprocedure#\lbin,1991holdgreatpromisdor thevalidatiorof
scheduléssednthisexperiencather  thanmoretimeconsumingexperimentdlumantrials. The
availabilitpf redundanmixedyasrebreathewsill bea greasid. Atleaspbnemanufactursays
that closedcircuit equipmentwill be here soon. Advanceddive computersand diver-to-diver
comxnunicatiorsystemsan alsohelpto move mixedgasscubautofits pioneeringhasétoan
acceptablend routine environment.
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NO-STOP ENRICHED AIR NITROX! DIVING WITH SURFACEINTERVAL OXYGEN

8REATHING: PRACTICAL

Tallahassee,

Durham, NORTH CAROLINA,

CONSIOERATIONS

FOR HELD VALIDATION

Academic Diving Program
Florida State University
FLORIDA, 32306 U.S.A.

Richard D. Van»
Hall Hypo/Hyperbaric Center
Duke University Medical Center
27710 U.S.A.

Neal W. Pollock
Collegeof Human Sciences

Nutrition, Food and Movement Sciences
Florida State University
Tallahassee, FLORIDA, 32306 U.S.A.

Surface-breath@00%oxygenwas demonstratetd increasehe no-stopdive times
relative to current equivalentair depth EAD! dive procedureswhile participants
breathedenriched-air nitrox!. This validation study representedhe secondphaseof

NOAA-National

Undersea Research Center, University

of North Carolina at

WilmingtonNURC-UNCWundedresearcht DukeMedicalCenterDurhamNorth
CarolinaPhase consistedf controllecchambetrials wheresubjectbreathed00%
oxygenduring surfacantervals. Phasdl consistedf time/deptltomputeprofiled
fresh water trials using similar proceduremcluding dopplertechnologyo monitor
subject'mitravasculéubblegsa measud decompresstess. Thispapewill
focuson the practicalaspectsf conductingeld dive tablevalidatiorstudies.
Challengesncludedsecuringand maintainingInstitutional ReviewBoard, Dive
Control Board and Departmentapproval, legal, risk managemenand fiscal

cooperati@iteandtechnicabnsenspgrmitss medic
from multipleagencie$hisprojectiemonstrattduitfie

tablescould be conductedoth safelyand economically.

?a)llan ,staffandundingall
dvalidatiorrialsof di

ive

Fieldvalidatiorof dive tabless animportanstepin theimplementatiari newdiveprofile
procedurpeevioustesteth chamberslamiltoandSchreined89divideheprocessoftable
vahdatiantoanexperimentalandoperationatomponeftheexperimentatomponemcludes
chambandieldesteequiringformezbnsewher¢éhedrivingurposshumatestinglhe
operationadmponemtheréneprocedures applieia su

investigatio

testin

doc

%xamplenamorequilieforme conseasst

ﬁpo_rt_ofundervx_/atdalotanical
arivingurposeisnohuman

ustudpreathing 100%xygemetweahve®permicreasedottonme,
fell undetheexperimen@dmponeottheirmodeht thigime.

Surfadereatheti00%xygemasiemonstrateédincreasten~topbottotmmedfdives
withouexcessi@C Sriskwhileparticipants breatheNITROXat depthVVann1992b!.This
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validatiorstudy conductedt WakulleSpringgepresentetieseconghasef researcit Duke
UniversitiMedicaCenteDurhan\orthCarolinaPhasg&consisteaf restingdry chambdrials

Vannetal., 1992a!,Phasdi consistedf freshwatertrials held at WakullaSpringsusingsimilar

Doppletechnologg monitosubjecttdecompressgiress/anretal., 1992bThispapewill focus
onlogisticalonsideratiooPhasH. Pollocktal 992! reviewdatacollections.

Theunderlyingurposef thisSurfacéntervalOxygenSIO2!studywasto evaluateliving
proceduregdiveprofilekdmMNITROXEANfollow reathin@0%xygestthesurfac&erth
etal.,1992!. TheNahonaDceaniandAtmospherfdministration's NationalUnderseResearch
Centeat UNCWilmingtoiNURC-UNCWUndedhe projecin searctof waysto increasavorking

bottom time within the research diving community.

Project Statistics

A totalof 481"subjectand staff"dives of the681proposedivereconducteduringthis project.
Two hundredandfour subjectlivesweremadeto 80feetwhile breathin@36%aNITROXfor a totalof
149:06ours:minutesOnehundredandfifty eightsubjectivesweremadeto 120feetbreathindg32%
NITROXfor a totalof 5521 hoursminutes. Sixteersubjectcompletedthe entire seriesof dives. Twelve
subjectoinpletel@stharthefull seriesfdives.CollectiveB6Xubjeativesverecompletezhd
119staffdives 1 hours!werecompletedor an approximatgrandotalof 255:3@ours:minutesof
bottom time, A total of 26 FSU staff were involvedon the SIO2projectn a diving or non-diving,
voluntear paidcapacitynestimateadditiona frorNURC!. AnestimategDhours of Doppler
recordingswere storedon53metaltapes.

BycombiningheresourcesfNURC-UNC#hdFSUtheonemontintensivalidatiatudy
becamdeasible.A totalof $40,00@vassecuredor FSU with $30,122n-kindNURC-UNCW support!
to complettheproject. Anestimatawventomaluefove$65,000ortlof FSUequipment  was
involvedn thisproject.An estimatedddition&lr0,008f equipmecamdéromNURC-UNCW.
Thisdid notreflectherequireth-kind  contributionsf the DukeMedicalCenterQrca dive
compute@hdFSUn termefstafffacilities, andexpensbeyondhegrant.

Pre-ProjectPreparations

A summanyfthetasksndertakemuringheyeapriotoimplementationoftheSIO2projecare

listed below:

1, Writeanexperimentakotocoloa detathat/voulqbasynlversg%/ Institutiondkeview
BoardsIRB!'scrutinincludinthe MedicaPlan. Arrangéor medicdlackupalternate
chambeshdmedicaupervisiofDEMTsindsubjects.

2. Securend schedula reliablesite WakullaStatePark!,includingppropriatpermitsand
letter®f understandingk a communitpnsensus cavalivingbna variancierthesite
designatinigeareaundetheledgeasoperwater. o ) ] )

3. Securgairolevebfpmiject'stechnologualuatéona trainingnedicanghysiological

pert@ectivetpcesandschedulatleastOvoluntesubjechi.
Secutedgingndh reliabidacteatorthestafindsubjects, _ _
. Securechamb a,shargln@mI|tandhetechnolor%l%okeepubjecmllab@nahccurately
monitoreatdeptioextendetimedrbottogaganarihesurface breathintP0%xygeor
air withappropriateack-ups!. o _

Secu|facn|t|é_erar]thropometr_|gpuImonarghffusnzmq)relpand:ystm%i _

. SecuendraimeliabBndjualified staffocollettedateadministertheprojecteleand

trainhesubjecteperathechairibemdillstatiorandupervisbalivesite.

ok

~NOo
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8. Pasgheproposathroughtwo IRB's)egaloffices FSUDiving ControlBoardand FSUContracts
k Grants.

9. Securefunding and a University project account.

10.Setupthe surfacesupportfacility k move all the subjectsstaffand equipmeninto placeby the
proposedstartdate.

i.  The Pmtocol

Thefull textof the S102protocol coveredthe physiology of surfacebreathed100%0xygenbetween
dives, what was accomplishedthrough Phasel of the researchto date, proposed project logisticsin
Floridaanticipatedisksfromthe researclandat the site,anda detailecdbudget. An alligatorrisk
paperwasgeneratedy the WakullaSpringsPark Biologistand includedin the required by the
HumanSubject'Committee!'InformedConsenttiocumento be signedby all subjects,Thevast
majorityof problemsvereanticipated advancandadequatelynanageah thisprotocol.

NURC-UNCW'willingnesgo functionthroughthe termsof reciprocityrecognizing-SU/ADP's
StandardOperatingProcedure SOP!and the AAUS Standarddor ScientificDiving wasequally
critical to the successf this project. Staff,subject@nd diving protocolmet FSU/ADPstandards
regardles®of the institutionalaffiliation of the individual, asthe projectwasconductedunderthe
auspicesf FSUConsiderableenefibccurre@scooperatinmstitutiondearnedromeactother.

Compartmentalizationworked reasonablywell asa managemenschemeproposedfor this project,
Fourmajorareasf activity wereidentifiedanda coordinatowasassignedo each. Theyincluded
Medical, Dive, Data, and Subjects. Eachcoordinator then organizedand trained his respectivestaff
basedupon the project'sobjectivesand available funds. A lack of fundsresulted in sharingof the
Subject'dutiesbetweerothercoinpartmentandtheadministration Dueto theownershipf thegas
chargingacility,the NURC-UNCWDive Emergenciedicallechnician©EMT!providedcylinder

charging services.

Fundingwasrequestedor food andlodgingfor the subjectssalariegor the staff,travelfor the
subjectgo andfromtheFSUMarineLab! expensesuchastapesbatteriegtc. siteprepandcleanup,
rentalbfequipment, and gasses.

2. TheMedicalPlanandSupervision

Dr. KeppeFSU/ADPProgramPhysiciarservedsthemedicasupervisasfthesite andthe
subjectsHewashackedp byDr.Lowenhertd#8 MercyHospitah MiamiFlorida. Locallyhewas
alsobackedup by Dr. Walkerof FamilyPracticef Tallahasseandthe Tallahasse€ommunity
HospitaHyperbariEacility NURC-UNCYDEMTserveastheMedicabupervisogssistants

sitesincéddr. Kepperalsohada privatepracticeomaintain.

Medicapre-screenimgnsistedfa participaniillingoutthestandard AAUSmedicalhistory
reviewform,and submittingo a full medicakvaluationto AAUS standardsionductelly a
physiciandeviewedayDr K~er. Subjectseraskedreadandsigriinformezbnseritrms.
Thestormwereevisedastheprojecprogresseshdsignealgaipriotothefirstiayofdiving  on

the project.

Medicadcreeningf 60subjeciwasioascomplicatedst mighthavéeersinceorehan half
wereaalreadgurrenthggisteredwvithirihe FSU/ADRystenT hosthat requiredurtheaittention
wergroceed througtDr.Kepper'sfficeduringthelastmonthpre-projeeandduringtheproject,
creating ruslonhisstafandfacilities.

SubjeoteraskemmeainSundayeveninatthecampUsSU/ADgfficdora briefingith
the ProjecManagerDataCoordinatoandMedicalSupervisor A subjectn epileptiander
medicatiorwho hadlied on his healthforms seeincidentdaterin thispaper>gonvulsean thefirst
diveoftheprojectSubsequentmedicatcrewingf subjeciacludednisolatadterviewithDr.

191



Diving for Science...1992

Keppemwho discussetheincidentandaskedf anyonenadanythingelsetheywould like to add to
their medicalfiles beforestarting the dives. After the briefing, subjectsdrove to the FSUMI. 0 miles!
and checkedinto the dorms. The next morning, the DEMTs took them to TallahasseeCommunity

Hospital for their pulmonary diffusion tests.

Mr, Curt Varner of the Tallahasse€ommunity Hospital provided pre- and post-projectpulmonary
diffusiontestsfor all subjectst the hospital. His chargeo the projectwasfor costonly, Pregnancy
testingvasdonatethy SmittKlineandAssociate$ Tallahassédoridato helpkeeghemedical
screeningostgo subjectt a minimumFinally subjectaeretakeno theLabthemorningof thefirst
day of diving and thenbusedbackto WakullaSpringsO miles!for a latestartof the dives. Here
againheNURC-UNCWEMTplayed venhelpfuhandy drivingthesubjectgpfromthecoast
to the hospital for thesetests.

TheNURC-UNCVDEMTprovidedexcellentnedicasupporturingthisprojectThey conducted
on-sitpre-divenedicadvaluationsicludingeurologiceakamsneveryiver stafincludedDr.
Keppemworkeddoselyto supportthe staffwhileon site. Eachday,subjectsvereaskechow theyfelt
andweremedically monitoredagain py the on-siteeverwatchfulDEMTs. ThesamdOEMTsstayed
withthesubjectsrtheentire week,ncludingiealsand in-residencat the FSUMarineLab FSU-
ML!. Subjectarereaccompanidaly Dive Mastersusuallycertifieddivinginstructors! while
underwater. Any problemssuchaseark respiratoryinfectionsanxiety,andpanic!werecapably
evaluatedby the Dive Mastersor DEMTsand relayedto Dr. Kepperimmediately.No closer
supervisiaouldhavebeerexpectadithoutiolatinthesubjectighto privacy.

A medicalevacuation procedureusing Life Flight was organized pre-projectwith the Tallahassee
MemoriaHospitalincludingsitevisitswith the staffito be certairthatmedicaévacuatioto a
hospital-basedchamberwas effident.

Dr. Keppemwasalsothe medicalirectorof thebackup chambeto thisprojectatthe Tallahassee
CommunityHospital. Medical-basethamberareclearlypreferredy physicianasthefull rangef
serviceare availablenearby. Considerinthis,whenwouldthe projectisethe NURC-UNCW
chamberThisdilemmavasresolvely Dr. KepperequirintheDEMTdopermihimtodetermine
theseveritpf theemergency at thetimeof theinjuryandrecommendhiclchambebp useat that
time.Procedurallyf theNURGchambererauseansitealldivingvouldestoppadhtithe
victinwagreleasedsmuclas36hourfater!'butnoWworkman@omprehensive  daimwoulde filed
asperFSUEnvironmentaHealthdcSafetgEHkS>policylinlesfollowup treatmenigere
requiredf theTaHahass€gommunitidospitahrrnbereraeisedyowever, FSU'EHhSvoultie
billedunder Workman'€ompensatioActanda fullinvestigatiaouldshutheprojeaowrforan

undetermined time.

Thigprocedur@rovetbworkbesasthetwocaseseatedearlgequiredifferemirotocols.
Theconvulsiorequireglvacuatiomoa hospitandultimatelyaslia~mose@sneadrowningot
requiringecompression!. Thesecondasea shoulddrendsaserequire@ verystandard
remmpressidgreatmeandwvadandleatWakuu&pringsinghe  NURQhambeBotlcases
arebrieflgescribethtemthgpaperEaandespiratoryinfectiocasegeréandledhrougbr.

Kepper'office.

Post~r%enbdicaévievmereonductda@theDEMTmidlothesubjectsdepartuf‘mrthe
site.Severagspirataryfections werereporteidllowindeprojectDr.Lowenhertz visitethe
sitenmid-projectevieweadefadlitandhebackughamber inTallahassesdhemedical

procedurgsosinweeloneofthe~

3. The Site

‘OneofthefirststeptakemytheF SU/ADRBtaffvagosecura variantediveopen-water
traine@CUBertifigoeoplendethdedgeWakull&pring®epthseloBOfeein\WakulLa
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Springs fall under a gentle overhead slope, which classifiesthe site as an overhead environment.
Expensivecave training would have beenrequired by rigidly applied dive community standards.
Representativesrom the major overheaddiving community associations<NACD,NSSCDS,CMAS!
were asked to attend a meeting, dive, and evaluate this specific site. A consensus report was then

generatedn which the conditions under which this site could be usedwith openwater SCUBAdivers
were defined. The SIO2 project was later obligated to follow these standards by the Florida

Departmentof Natural Resourcesvhen the site permit wasissued.

A permit to usethe Florida Department of Natural ResourcesParks and RecreationWakulla
SpringsStatePark'sbasinwasnot easily obtained. The entire Parkat Wakulla Springsis dedicatedto
research especiallythe spring basinand associatectaves. Use of the facility involved addressingat
leastthree major areasof concern:safety k liability!, damageto the environment noise, slope,and
surfacesupport areas!and disturbanceof the basin'sartifacts early man and paleontology!. We did
not permit the operation of the on-site LP compressomnlessin an emergencyand subjects closely
supervised for the entire week of their participation! were reminded not to touch anything while
underwater. When the sitewas unloaded, stepswere taken to stabilize the slope damagedwhile
loading the chamber.

A windowof opportunitywasselectetbr mid-Octobeao theendof Januaraswaterqualitycould
changeduring this time and render the Wakulla Springsunusable. As it turned out, the October14
through November 9 period wasoptimal. Had we postponedthe project, we would havelost many
subjectdue to an unusually cold and early winter. As predicted,heavyrains shutdown diving in this

region early in February.

Park personnel were very helpful throughout the project. They helped with the selection of the
surfacesupport site,trashcollections power supply from the conferenceenter unloadingandloadingof
the chambemand supportfacilitiesand the securityof the area. S102 staffwereaskedto carryID
cardsthat would permit their easyaccesdo the Park. Park staff and visitors were alwayswelcometo
the site and accommodated with explanations and tours when possible. A poster board provided by the
NOAA-NURC-UNCW personnelprovided a national perspectiveon their program and related it to

what wasgoing on at the springs.

4. The SubjectsfBoar@cRoom

Academic Diving Program'sciencaliverswere proposeds volunteer subjectsfor this project.
Originally, NURC-UNCW was to provide the project's subjectsfrom their staff in Wilmington at
great logistical expense!. FSU/ADP was already recruiting heavily in-house mostly! and foundit
possibleo shiftfrom air to NITROX with someadditionaltraining. This reducedthe costdo the
project by shifting the responsibilityof the medicalexam for thosenot yet evaluated!to the
FSU/ADP participant savingthe projecbver $9000n medicakxpensealone!thecosbf trainingto
the FSU/ADP savingthe projectanother$10/00!and the salariesand travelof the NURC-UNCW
staff savingNURC-UNCWan estimate&6000!. FSU/ADPstill had to train staffnotalready
certified in NITROX, AccidenManagemenk Oxygenadministratiorgand, in severaktaffcasesull
cavdlivingasrequiretbythe FDNRsitepermit. Thesaving®o NURC-UNCWermittethemto
makemuch neededadditional funds availableto the project.

Selectiofor subjectbegarin April, 1991a fuHsixmonthsbeforegheprojecbeganandcontinued
right up throughthe project. Over60subjectsvererecruitecandtrained four MTROXcoursesvere
offeredandbookedo capacityhtthe FSU/ADPduringthatperiod,As expectedsomedroppedout
aftertraininglueto schedulirmndmedicgbroblemsthergailedtheirmedicabr administrative
FSU/ADPscreenindy subjectarereunableo re-schedulhefirstweekwhenthe projectvas
temporarilyuspendedndat leasbnewithdrevaftercarefuHyeviewingherisks,Subjectgere
notrestrictelomparticipatimmntheSIO2projedbasediporracegendemrs of experienae
disciplinef study.AslongastheywereregistereasSciendeiversn theFSU/ADP alsameeting
AAUS standardslyeretrainedto our standardn the useof NITROX and werewillingto volunteefor
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theprojectye acceptetheirapplicatioandcontinuethescreeningstspecifito theproject.
Twenty-eighsubjectparticipatedh experimentalives.

FSU/ADP sciencaliversare typicalof thosefoundin any universityenvironment. Mostare
studenterhoareeithemwvorkingontheirownresearcbr workingwithfacultyor staffan someonelses
underwaterresearclprojectsat FSU. A respectablaumbearepaststudentsr associate§FSV
facultyvhonowworkoffcampuandvoluntarily  participat@n recognize&SUunderwateprojects.
TenSIO2applicantsameto the FSV/ADP asoff-campuslivers.

The relativemeritsof usinghighlytraineddiversthat should, in theory, reducethe risk of injury
shoula@ problemccumusbematcheagainghebiasntroduceshertheresultsonlesgrained
subjecthougimoreeflectiveftheintendedsecommunitgiteexcludelomhedatabasé& he
biaswe referencés the physicatonditioninghatan activedivingtechnologishaintain®verthatof
a divingscientist.While we encourageivingscientist® maintairgoodphysicditnessthe
demand®f the sciencgrofessioseldomallow cooperation When factoringin the limited
availabilityof highlytrained and physicallgonditionediver subjectghe extrasafetyand
supervisiomprecautionsakerduringslO2andthephysiological naturefthigprojectheselectiaf
subjedi®manexistingcience divingprogranseemederydefensible.

Subjectgeremedicallgcreendaly Dr. WilliamKeppertheFSU/ADPPrograrRhysiciasee
MedicalPlan!. Subjecanthropometrissessmewasconducteih theexercisehysiologlabonthe
FSU campus. They were testedfor pulmonarydiffusionpre- and post-projecat the Tallahassee
CommunityHospitalRespiratorPhysiology.ab.

Theenormousaskof SubjecCoordinatovasabsorbety the FSU/ADP secretargndassistely
theDEMTSs. The Secretargoordinatetthe subjec@sndtheirmedicatévaluatiorend sesveds
communicatiogentrain Tallahassed he DEMTsassisteith subjeatoordinatiomy supervisinthem
whileheywere attheMarind.ab. DEMTsverdobedoseathandydesiganyway.

incentivegor subjectlad to be carefullyselectedoasnotto violatethe ethicfor humantesting.
TheSIOZstaffocuseohprovidingninformativeupportivandrelaxeénvironmeat sociaheal
andeveningeriodwith anoccasionslideshowfreeNITROXtrainingvith certificatiasptions
throughnternationahssociatiaof NitroxDivers IAND!, a sweatshirtwith theproject'®go
printedon the back purchasewith non-projedtinds!,a certificatef participatiorgnd the
opportunityo participatén a NITROX-baseghysiologgtudyat WakullaSprings. Subjects
completelBdivegachluring sixdayperiod.

Subjectserecompensatedor foodat theFSUperdienrateof$21.00Theyateasa groupvith
theDEMTandusuallattheWakullé&springSonferen@enter.

LodgingagrovidedttheFSWMariné aliB35inileawaybpecausevasnexpensive  tothe
projecbubjectsendetbbeveryirectnighsdittlesocializing occuméncbachktthd ab.

5. 'lhe Technology

Twoblend®fNITROXand100%xygemwererequiretbrtheproject32%forthe80ft profiles,
36%orthel20t profileand100%orthesurfagerofilesA finafiguréhasednanestimated
consumptioatefl surfaceubr[Dobfga$)erm|nut|eersubjek:Irt goroposed  diveprofilesvas
establishet 99~ cfof blendedjas 3~2 cfof 32%NITROXand65,74&f of 36%NITROX!.
Twelvahousano of loo%xygewereforeca&brsurfacbreathingThestaffequiredn
addition20~ cfofNITROXora projectedtotabf120ANOOINITRQXT hevolumafgasequire
onseverdivesntheBOft profilesxceeded whatoultheproviddayan80cftwinset60 cflrig
andstilhavé0(sbuffaoreturtothesurfac@wirsel2@f Sherwood Genesisysvere

providetbaccommodateéheshallowongdives.
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Twin 5 cfmRix SweetAir compressorprovided by NURC-UNCWaspart of their blending system
werenot ableto keepup with the demandwithout running for an estimated9 hourseachday, This
assumedhat the compressorandfill technicianglid not breakdown.

TheFSU/ADP dive lockerconverted96cylindersinto doublesjnduding 32- 120cf Genesis€yhnders
for the shallow 80 ft! dives, and dedicated half to an exclusive 36% NITROX blend and the other half
toa 32%NITROX blend for the deep 20 ft! dives. In this way the blenderswould not needto bleed
downthecylinderdbetweenivessincegheywerenowdedicatetb a singlgasmix. DiveMastersvere
askedo providetheir own cylindersvhenpossiblesincetheyhadto be configuredor "full” cave!.
Thisstrategyeducedhe compressingmeconsiderablyjut not enough. Thefill stationwasto be
operatedy the DEMTswhile onsiteduringtheday alongwith theirinanyotherresponsibilities!.

A proposalvasmadeto Air Productand Chemicaldnc. of Allentown Pennsylvani&y provide
two premixgasseto thesitein quantitiegshatwouldaccommodataur entiregasrequirement.This
would eliminatemixing time on-site andonly requiretoppingoff usinga speciapneumati¢iaskel
pump. PremixNITROXpy Air Productsywasachievedy blendingnitrogenand oxygeninto 'K"
cylinderswhichareeachestedor watervaporandgascontenbeforeshipping.

Air Productsagreedo donate99,00@ubicfeetof premixgasin proportionsequested.They
undertook to assesghe marketpotentialof pre-mixNITROX and to seeif theycouldreachthe mix
accuracyeededn thisemergindNITROXield, Theydeliveredhalfthesupplyneededt thestartof
theprojectalongwith documentatioof qualitycontroL Theircosiof productiorwasultimatelyfound
to bejustunder$0.2@ercubicfoot =justunder$l6efora 80cf SCUBAYlinder!.'Iheircontributiorio

the projectamountedto $10/00.

Connectinghesepre-mixcylinderantotheNURC-VNCWill systerprovedobeconsiderably
moreexpensivihanexpectedFSU/ADPalsoprovide@ LPcompressand10new 4500psi "K"
cylinderswhich were also connectednto the NURC-UNCWill station. Over $1000vas spent
unexpectedlyfor additional hosesadaptersand fittings.

TheNVRC-VNCWbroughta Haskepumpand plannedto drive it usingthedieseldrivenlow
pressureLP!compressorThegasrequiredto drive theHaskelpumpprovedto requiremorethan
FSU/ADP'sl.P compressocould muster. Sincerunningthe chamber'd P dieselcompressowas
consideredoo loud for the site,the  fill stationcouldonly usethe pre-mixin a cascadenode. By
coinbiningpelimitedRix x 5cfmicompressors consti-blendinITROXandtoppingffcylinders
cascadedslith Air Productsre-mixthefill statiomvasableto keepupwithchargingOcylinders
dayonsite HalfoftherequestedAirProductpre-miwasisedAirProducts wiselyheldofimixing
theseconbdalfoftherequestesmourdndwerealertedothechange  in gagequirementgimeto

prevent wastage.

Inadditicimthel 7@ylinders 60@oofpre-mixsednthiprojecdPylinders 0~ cflof
ox%gewerejse@itheiorsurfac_e-intervabre_athingprBG!orforbIend_ing!. Thiguantity
~the expectaslumeonsideralol ubllqmjpr%ect sosiWhilthedeguresarerude
cyllndeaxeseldordralnexd)mﬁletel restimaté@®,0@ibfcompassefasvadroughtathe
site. If anestimat@maybeinadeghatheRixcompressors puinpednaveragef65%airwhile
blendinggy cylindersofoxygen0,440coanestimabdél SAXMofairwapumpeatlOcfihis
mearthecompressorarnfobetweattandLOhoursipto5 houssday!A cumulative estimaisf

120/00 cfof gaswasexpendedby thisproj~

A modificatiovasmadeaothesurfacexygedelivery  systenduringthelastweekof theproject,
basathorecommendatiomsdeyDr LowenhertRuringdirsthreeeelaftheroject, the
surfacetervall00%oxygemvasdeliveretb subjectsoman oxygemanifoldt a rateof
approximatelgecf/minthrough standardSCUBAivingecorglageyhichequiresubjects to
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wea_moséjpsltwasbs_ervedhalhesdipSNerelncomforta&ﬂﬂna&avbeelmmittetiythe
subjectdtimesOncemittetheravasiovayobesur¢hathesubjeeceivdd0%xygeamhile
atthe surfacexygestationJusbeforéhelastveeloftheprojectheFSU/ADRvasableo
Purchaeeghlxygen—de&n@ﬁﬁuIfacmasksandeplacetderfmtheeguIatosecprsiage_m
hexygemanifolshtheentThdulfacenaskGAiniteeduced thechancefsubjecishaling
anythingutLO0%xygelfrurth@rvestigationsreneedddevaluatéheeffectivenesgexygen

deliveryequipment.

TheFSU/ADRdive lockerstaff notpaid fromthe projectworkedlonghoursoxygerdeaningll
cyI|ndersalvmdlrsstagesofalIreguIatora,nd:onflgurlr@jl48tW|rBetdur|nmaNeek
leadingp tothestamftheprojecburinthdastewdayshe=SU/ADBckenixedngpumped
all 100€ylindersviththecorrecNITROXlendor thefirsttwodaysof divinggivingheNURC-

UNCW staffextratimetogeton line.

A weeland a halfintotheprojecgftera newl20cfGenesisvinsetleake@ndrequiredetro-
fitting,5 milof watemwasoundn bothcylindersThisnformatiowaselayedotheNURC-UNCW
at WilmingtonThewaterseparatorsontheRixcompressonweradentifiedseithefailingr
inadequat®removaeall themoisturéAirProducpse-migdew  pointwasheckddrmoisture
contentindfoundto beverydry. A largewaterseparatowassentfromWilmingtonandinstalledy
thestarbfweekhreeoftheprojectWheropenedtthe  endoftheprojeatylindensroughbthe
fill stationafter the installation of the new water separatodid not have water or water damage
inside.Thos¢hatwereusedhroughotheproject  all hadbetweeB and mlofwateattheendof

theproject with corrosiodamage.

NURC-UNCWstafidid a fingobkeepingpwiththechargingfcylindersT histaskrequired
longndhardhours=SU/ADIRred person tobeatthesitéoassisthauliraylinders fronthe
waterto thefill stationhputhebecama subjedbr oneweekplacingn additionddurderonthe
DEMTsSubjectweranotpermitteédcarrgylinders, whichisconsistemtithFSU/ADBtandards

regardingirduousliving.

Subjectserautfittedithtwincylindersonfigured  withanOreslivecomputer,singleosed
regulatocompletgithpressuranddeptijaugectopusseconstagandnflatdroseback
mountetivingsivitmechanicalflataluminunpacklatharnesandlatalateTh&enesis
12@frigveighe@pproximat8Bpoundshiléhawir8Ccaluminumri elghedpErquately
S@oundsubfthavateSubjects/orevesuitsitinoods, angbrovidethemwmasksfinsand

snorkels.

NURC-UN@Wvidedota Chalnl:eamndNitmklending/an Acrostheveekerkfore
theprojecthdd EMTsonNURC-UNCW@onfigurelkdacilityorkingdoselyititheADRNd
FSUtafbrpoweandidditionalpartseedetbbringallsysfenmline Thd=Siphysicaplant
stafipetiiela rln%mgthrqmaspowﬁrpra pumspring-sidpoweboxaastatenia
fencaeatheNURC-UNCWansDr.Keppetisitethesiteluringhisirstveekerahdlie~~led
<emergermycedutexludingellulasommunications.

Infronbfthechambandlendinganthe=SU/ADBtaférectesl 20by20footenprovided
byAiProductaroutdoorugvasatindei3/4othéertvea sandedEiglasndwbow
tablesererectathdeanoxygemanifolghicBupplieshcBubjewitha persona 100%xygen
breathinigvicdwextraxygerdelivdrosaeserprovideaktheenodfthéablothdive
Masteteuse/vhermobutserwra:sstandb_¥ diversOxygéeClylinders wereetipatthe
perimetethaeerandttachettthananifoldywayfoxygesléanedgulatoibwdult-
cylinden®oxygempproximaiegfiveneequirepedayosuppoiheurfadeeathed

oxygeneedsftheprollect
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Techno Scientific Ultrasonic Doppler Monitors with Marantz recorders were used to record
intravascularbubbles. 11tawo dopp'ertechnologistsetup their stationon a tablesetbetweenthe cots
sothatsubjectsouldstayon 100%xygerduringtherequired30-35minuteswhile beingtested.The
Data Coordinator had up to two assistantsthroughout the project. To assurecomplete hydration,
which was tested periodically! cold drinks and hot cinnamon apple juice was available from the
blendingvanand tentthroughoutthe day. Subject£onsumedabout50gallonsof applejuice during the
four weeks of the project.

Wind was controlled by placing Visqueenpanelshorizontally hung from the tent'srafters. During
the fourth week of the project, the temperature dipped from the mid 70'sto the low 20's. A jet
blower/heater, which brought the temperaturein the tent up to an acceptable75-80degreesF. was
rentedduring this lastweek.

The areaadjacentto the water and in front of the tent becamethe stagingareawhere the Dive
Supervisorand his staff configured equipment,testedthe gas,and briefed subjects.A tower locatedto
one side provided a nearvertical view of the dive site and swimming lane out from the stagingarea.
The entire areawas fencedproviding a measureof security. The NURC-UNCW Wells Fargo trailer
was parked nextto the tentand usedto secureall the cylinders,vestsand regulatorsafterhours.

NURC-UNCW provided a cellular telephone link at the site, which permitted the Project
Managerto carry the other cellular phoneand stayin constantcontactwith the site. Two pay phones
200 feet away, and the Park phone system also 200 feet away! served as emergencybackup
communications links, On-site  VHF radios connected the dive station located on the tower over the

springsand the tent/chambercomplex 150-200eetaway. DataRecordersvere ableto track exposure
times,coordinatethe subjectsand respondto emergenciequickly due to this on-sitelink.

Vehiclesvereneededo moveequipmento andfromthesite, subjectdo and from their lodging at
the FSUMarine Lab,and staffto and fromtheirofficegshroughouthe project. FSU/ADI"s 3/4 ton
pickup truck wasusedoftento ship oxygencylindersto the siteand recover or repair! brokenequipment

and empty cylinders.
6. ProjectStaff

The ProjectManagerwas envisionedas beingon  site part time daily, but not fall-time! and
otherwise coordinating the various compartments listed below! and the various agenciesand
institutions. The Project Manager'sresponsibilities on campuscontinued, teachinga classwith 75
studentsservingasthe University'®ivingOfficerandDirectorof theFSU/ADP.

TheProjedvlanagefoundworkingviththestafiof theS102projegbleasargndchallenging,
Anytimesamanypeoplareeoneentratedundesucla workoadandtimeconstraithterareboundo
beproblemdn allcasesheProjedilanagdioundcveryone focusedntheneedfor safetyfirstand
gualitydataa veryclosesecond At theendof eachdayhe communicatedthat leastheDive
Supervisto besurethedivesitewas safelysecuredgndto getthelatesdatabeforecallindpr. Vann
eachmightwith a progreseeport. Weeklyreportsveregeneratedith a focuonlessontame.

TheDive Supervisowasinstrumentain securinghesite,sitevarianceandtheexcellentaliber
of Dive Masteraisedduring this project. He mettherestriction®f the sitevarianceoy hiringdiving
instructorsvho wherecavetrainedand had plentyof diving experienceHe alsosetup analternate
Dive Supervisowho could stepin and replacehim in the eventof anillness. On site, the Dive
SupervissupervisatieDiveMasteedhesubjects. Hemadsuréhagasnixturegerehecked
bythesubjectdiveprofilesiereaccuratefgllowedandthelife-suppogguipmemtasfunctional
In anemergenciie coordinatdtlerescuandmedicatvacuatioofa victimat leastbackto the
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DEMT<shamberotheEmergendjedicabervicasrequiredWe bulkofhisworkwasdondong

before the first dive of the first week was made.

Dive Masterswere the in-watersubjecsupervisorassuringhatthe profilesand condition$aid
dowibytheproposalwvouldemet.1lieyerallexperiencednrescumdubjetianagementMost
"problemsgvecamdothesurfac@stheywereresolvelbngeforegheypbecama problemm the
firsplaceNonefthesstaffnembeparticipated solelyfor themoneyat$50/dayutratheio
gaim bettarnderstandingofthenewtechniquessted.

Theconcepfin-watesupervisipnovedobemosvaluablenthigprojectWhilebothsurface
andin-watesupervisiovasappliedthesurfaceuppordded/ernlittieadditionassistance over
whatwaspossibleith the Dive Masterglosedb the subjectsThesen-watesupervisoeso
providedncouragemeribthesubjectsstayntasiduringhetrials.

Dive Masterswhowerenotsupposetbbesubjectetih thesamestressoesthesubjectstereoften
subjectedthesamerofileasthesubjectBrecautions toavoidcomplicationssuclasDCSincluded
stayingghaBoweby 10feetlthanthesubjectbyeathing richeblendof NITROX up to 40%!,
wearingrysuitsandbreathing00%oxygetongeatthesurface-oroneweekheDiveSupervisor
brougha thirdDiveMasteintotheschedublehichunexpectedly addedothecosbftheproject-or
anothemweek,he alternatedwvith hisDive Mastersaand spentsometime underwatehimself. During
thelastweektheprojedvlanagespenseveralaysasa DiveMastefillingin fora DiveMaster
who camedownwith a respiratorinfection No case®fdecompressi@icknessccurre@dmonghe
staff.

Chambeoperatoraiereprovidedy NURC-UNCW.To backthemup, threeFSU/ADPstaff
membera/eresentto Hyperbaridaiternationaht nocosto theprojectitndpassed coursen
chambeperationdwoofthesastafblschadconsiderable experienedthchambersneworking
fuHtime with the Tallahasse€ommunityHospitachambejustpriorto the project.

TheDataCoordinatmamantotheprojeclaterthanmosbf thestaffarrivingat FSUin late
Augusfi991.He identifiedindbegamworkingvithtwoDoppletechnologists advancegraduate
studentshnd onealternatewho servedashisassistarthroughouthe project. The extraloadof data
collectiowasanticipatedyith someof the discretionafundsintendedo payfor a full time
assistanit thevolumebecameéoomuch.Additionalvolunteersven. alsobroughin asthe workload

increased.

Anthropometias!essmenfisubjectwasompletedtF SUBXxercisBhysiologyalpriotothe
Eroject?l’hes&asts;iiscussedin greatedtetaiin Polloogtal. 992! includeldodyfat,weight,
eightskinfoldthicknesage vitalcapacitignda medicahistory. Subjeciseregiven
instructionaheetsgardim%atoexpedﬂringhe;tudwhatodoan voidgneencouraged  to
discusanyproblem#hroughouhestudyTheDataCoordinatopersonaltyebriefedcBubjeah
a dailyasis.Thigprovidethesubjectstha moreealistgraspftheprojecgivinghena
chandearticulatieeiconcerns, andyaveheDataCoordinatoa chandemonitdheiwelbeing.
TheDataCoordinatspenteafulttimeonsiteywhickvasiotonsidered necessairytheproposal,
butwhiclprovetbbepivotabthequalitgfthedatacollected.

Thepronersittingosition forDoppleronitoringvasiseshPhade Thisechniquedidhot
producnoudbubbléemonitontravasculaibble nrl?/hasdal. Evaluatittgppmnaersitting
techn|c|1lhmfomhqar_OJecthoweveN,_ayeml|ff|cum]thod ethagienerated a goapectrum
ofbubblesGeneratimyibblgsre-projesasabandoned Wlthoullheavallabllltyfganon-5|te
chambeRoppleronitorsvergivea numbesfpracticepesomvhictomastbubbtgade

evaluation.
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During the secondday of the secondweek of the project, Doppler scoresfrom use of the sitting
techniquewere not matchingthe scoreggeneratedduring spot checks of the standing technique!. At
that time, one subjectwith a low bubblescorereportedshoulderpain and was treatedin the chamber.
Sinceall diving was stopped for the rest of the day, all subjectswere re-testedusing the standing
Doppler monitoring technique Eatock,1986'and whencomparedto the sitting techniqueperformedat
the same time, were found to have very different Doppler scores. The standard Kisman k Masurel

DCIEM! standing Doppler monitoring technique was subsequently adopted for all subsequent
evaluations. Sinceall Doppler monitoring was recorded,a double blind analysisoFthe signalswas
possibleafter the field evaluationwas completed.

7. Securingthe Projecton Campus
The budget statusfor this projectat FSUwasvery important. Overheadcostsexistforall research

conductedt FSUwhetheoncampusr offcampusOn campusindirecthargeareashighas46%of

the modified total direct cost cmtdc> while off campus indirect chargesare 26% mtdc, Since this
projectwasextremelimitedin fundingand promisingn futureprospectsa requesto waivethe

indirect chargeswasapprovedby the Vice PresidentOfficeof Research!.Thissavedthe budgeta
much needed $10,000.

The Office of Researclalso assistedus to secure manage coordinatepurchasesuppliesand meet
fiscalreportingrequirementsf the contracfrom NURC-UNCW. A theft of FSU/ADP cylinders,
regulatorsBCs,tools,a computerfirstaid kits, etc.,whichoccurredromthe dive lockejjustweeks
beforethe project,wasaccommodatday a muchneededhdvanceo purchas¢hisequipmenbackby
the Office of Research.

Over the six to eight months prior to the  project, several FSU Boardsand administrative offices
neededoapproveheSIO2proposalThe FSUHumanSubjectSommittee  had metona previoumix-
gasprojectput had determinedthat was not a "humansubjectg'elatedactivity. The FSUDiving
ControlBoardwas informedof the research.The officeof LegalCouncilwas askedto work with
DUMC regarding liabilities. The FSUMarineLaboratoryegardindacilitiesand of coursethe office
of Contractk Grants to managethe financial monitoringof the project,

The FSUHuman Subject'€ommittegequestedhatthe SIO2projecbe reviewedonly afterthe
Duke UniversityMedicalCenterlRB had approvedhe project. Duke'sapprovaloccurredn August
1991 permittinghe FSUBoardo approvetheprojecshortlythereafterin SeptembeditingDukeas
the primary IRB.

After the convulsiorincidentin week 1, the projectleadershipand the FSU Human Subjects
CommittesshuttheSIO2projectiownuntila fullreviewwasconductedThistookDr. Kepperandthe
ProjecManager theremaindepftheweekpreparingloaxmmtgogettheprojecbackontrackoy week
2. The successf that documentatiomesultedin a clearancdo continuethe projectand a letter
congratulatingpe projeconsavinghesubjectlde.

A speciaFSUDiveControBoaraneetingyascallediuringhelastweeloftheprojedbdiscuss
therisk®ofthistypeofprojeandtoreviewhetwocasethathadoccurredr.Vanmattendedl he
entir@rojeavageviewedndwhilethediscussions demonstratecbnceriadivingrojectt FSU
shouldotexpedbresulininjurythefinaconsensus waghathumasubjetéstinggasa component
of the University'sesearcbnvironmentThe UniversityBivingOfficerwasaskedo propose
amendmentso the FSU/SOP to includehumansubjectestingdiving standardsand to isolate his
onice'participati@msuciprojecsothatheravouldenopossibilibfa confliofinterest.

8. Site Setup4cDay 1 ) )
TherearetimesvheneverythingomesogetheightonthescheduleA year'svorthof hard

work cameto focuson the weekendof Octoberl2-13whenthe chambergylinders, staff and subjects
arrivedready to starton Monday. The FSU/ADPlockerand NURC-UNCWspentonghours
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configuringbelingnacharginthesystemTl heDataCoordinaamcdhisstafiverdusy
assemblindenanaxygeaielivesysterdvheNlondayrivealongitthgress channel
6 WCTWethouglaurtroublegereveandooketbrwartbanexcitingiontbfdataollection.
Afterthefirstdivecameff with fewproblemsheProjedvianagewascallecawayto resolva
problen_fncampuBefoﬂeecouI@{eltherejlvetwothe‘lrs IveofteanB!'hadcendenha
convulsiagcumenfedalltose®ntheeveningewsyhichivagoultimatetgsthemettlefus

all.

Inddents

%> 2%eaoldmalevasnjurednOctobid L99dhileservireg subjeftirthe=SU/SI02
EI‘O]EC hdirstdiveofthesecoriéanbegaat131hoursTherofilealledor5 Iminutest80
SWireathir@pitrox At35minutesitothedivethevictinexperienaegeizurélisbuddy
andhein-watdviveMastammediately begathe rescueThevictimwasroughothesurface
andtowedto thebeacha shordistanceway, Hewasconsciouandbreathingn the surface While
theEMSwasactivatedhevictimwascarriedto theon-sitechambeandwaitingDEMTSs.

_ Dr.K%ﬁ)peﬂasadwseblyghonano_\Nh|Ie:on_suItetctiu,evlctlm'partnd]frpugHbrwarﬂNo
vialfoun h_|sd|vm3] bag.Oneontain€dlantiandheothelegretantconvulsivadrugs!.
Dr.KeppedirectetheEMSLifeFlighthadarrivedto transpothevictinto theTallahassee
CommunigospitdbrmordestsT heggasontemifthevictim'sylindevagestedtthesiteand
foundocontai®68%oxygenyhichata deptlof8OFSVWvouldexposthedivertoa ~ of126for
35m|nutesWh|IetheV|ct|nwa&ventuallffc)acompressequSN- asa precautiaeinjurywas
listedasa nearMrownin@hevictimwaseleasddomthehospitahOctob&6,199Witha strong

recojmmendationot to continuediving.

Upodosenspectionfthanedicadcreenirtgerictimadhrepreliminaryopportunitits
disclodasmedicatonditioanddidnot. Hisevaluatindpctodid notdisclodbeconditiogither.
Juﬂrld]omaklngtheilvﬁelgneﬁfeanothévrm4!,vvhlckstatma’ueNaaottaklngny
medicatiofor'seizurisordetisacoulgroduce losefconsciousness”. Aftethencidertig
acknowledthstiehaba@ndegdtiddenthisonditiosincehildhooHisdivinghowledge
andskillswerexcellentiecarried cavdivingndTROXertification andhadparticipatedn
othedivingphysiologyudieasa subject.

CA 2 eaylcﬂe_malwawured@ctob@%l%ﬂzhﬂserw subjedh&SU/SIO?2
projec eflrscﬂlverth%rOJec_:twamﬂG oL 5minutesSurfa leronitoring
detectatbmtravasculaubblassinthesittingchnique. AfteBOminutesn100%xygeanch
totabf120ninutedsurfaceterviimeshenterabdewateanccompleted  divelZ2 witha
profilef126 S\or25minuteShiwathree!l minutdsngdnawaplanned, mistake
readitigscheduteih®ivMlastenadend@neaughSheonsunmeucmorgaihan
hepartner8otliveser®na blenof32%itrox.

Heslitti lecodurinthsecorsdrfaggervalhilerlQO%xygenglsetween
ro_u%qtl?a% %a(%emn%taﬁesur a%ﬁ&ﬂageéwhmodgeaﬁ?jamn

emgm_ ouglﬂﬁnt,hs?portadmdnut?eh. S anjgiélgg- %%qrqjquqsebr_ortrrmd
santanashestti niqaedecor 0] IS ctDr.

(?ﬁged\%sad}§ﬁl_$‘ggo reéﬂ%l%asarr e&mtthsa}t%%u ?n e
remainadthalayaltdiveswereanceladil e:hambwaactlv%om ars Sy

betwetsittingndtandingchniquesompletadisubjeqiseseMihilenesui:~'
filesverallinordeandshavantadcomplete thestudghevasiopermittedtocontinuthe

dives.
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Lessons Leaxned

. Fundingor projectsike thismustbe securednonthsn advancef theproposedesearclA last
minute NURC-UNCWhbudgetallocationmadethe task of FSU'searly investmentof funds
difficult. Purchasesereput off until theverylastminutewonderingf theprojectvasgoingto be
fundedatail. Eachobligatiorto staffandtechnologyadto bematchedby internalresourceto
backup therealpossibilitythatthefundswouldnotcomehrough,

. A pilot studymustbeconductedh the future. Severaproblemsvould havebeenidentifiedore-
projecandstepsakemoimprovethequalityofthedata.A fullveelextraormoredhould be
scheduled a month in advance of the real data collections to allow a pilot study. We realize this

wasnot possiblascostlyfacilitiesarrivedustdaysbeforghe startof thisproject.Sincaill

diving stoppedhefirst weekdueto theconvulsionncident&andall diving stoppedvhilethecase
wasreviewedandproblemsvith Dopplemonitoringgtc. wereidentifiedin weektwo, wewere
leftwith two weeksworth of gooddatacollectionsTechnicatonsideratioreouldalsohavebeen

trial  tested.

. Additional subjectscommittedto additional datesbeyondthe projectwould permit us to
accommodate shifts in the schedule such as bad weather, injury or technical failures. The hastily
proposedfifth weekof this project to makeup for the lost first week!was finally canceled
specificallecauseehadonlytwosubjectsraiiab!el hereasoforsofewsubject thispoint
in time was mostly due to the volunteernature of the subjectpool, the approachof the
Thanksgivingpolidaysfinal examsndtheearlyunseasonablgold mid 20degrees.!arrivalof
winter. Had the cold snapoccurredjust a few daysearlier, the fourth weekof the projectmay also
havebeenlost. The numberof backupsubjectsvho arereadyto stepinto a projectike this should
doublethenumberof subjectanticipatedToachievéhisnumberfourtimeshenumbenf needed

subjectshoulde interviewed.

. Thestaffrequirementshouldbeincreasedb facilitatenger projectandreducesxhaustionA
SubjecSoordinat@ndassistarghouldea requiremefdra projecsuchasthisstartings
muchassixmonthsoa yeain advanaafdiving. Theassistashouldervagheprojectgo-fer”
whenthesubjectareatthesite.The blendingr chargindacilityshouldfunctioandethe diving
supervis@ndncludsvgeoplendohelpauéquipment andoneomonittinecompressors.
Thre®ivaMastepemweekondorrotatiomlilberequired tomildmizmirnoand maximize
safetgupervisiotncreasirigpmondopplenonitéorevery foursubjecteongoreverywo
subjectsvill doublethedata available.

In futureprojecthe Projedlanageshoul@ppoina sitesupervisaho will assisin
coordinatinthosenthe site. At timeghevariousompartmentsieededomeassistanae
coordinatioandheProjeManagearasotheréoassistndeegeopleftesought  forone
persda be'"inchargefiptecognizinigatheProjedlanagerasa eathwapnthecellular
phonandhevanor¢harB3Ominutesvay bycar.

Medicaimmdngndsupervisionofsubjectespecialthisnangubjectsyillrequiradditional
funds thefuturell'grandid notprovidany funddobeusedormedicalipervisionHalf
wa tueughe%ggject,fundt_yerﬂjentl_flednthegrantanmsemhelpIefrayvelO(mours

fDr Keppertsméeyorbeanitiahedical screeningt$7@ehouthishoulthveost
thegranbve$7~, buhtposthegradbsman $100Hadhegrardlsecoveredmedical
screenirad$15persubjeanaddition&b000ouldavebeenecessamheosbftheveek
1 ireidentgasornby theworkmaompensatipnovisiosincéhesubjectgereecognizeab
volunteets theUniversityndrepresenamothsavingsthegrant.

A per&iestiperforfooshoulthenadevailabileadvanodheroject-oddthestaff
shouldalsdeincludedongrantundastheyoftenvorkelhte intotheeveningndseldom
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couldafford to eatwith the subjectsat WakullaLodgeprices. Pettycashshouldbe available
durgn%;lqorqesmddnlversny urchasicgieverglowTheDat&€oordinatoandhe
projedlanagkotpaidutonsiderabpersonaindsexpectettkeethgrojegproperly

supplied.
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PATTERN AND PROCESS: DIFFERENTIAL GROWTH IN AGGREGATIONS
OF THE GREGARIOUS TUBE WORM,

Departmentof BiologicalSciences
University of North Carolinaat Wilmington
Wilmington, NORTH CAROLINA 28403-329U0.S.A.

Spatial segregafiorand differentialgrowth are usedas evidencdo supportthe

||||||||

individuals and dense aggregations depending on food availability. Field dafa
indicate that this specieds gregariousand that Q. ~!~ is positively associated
with someand negativelyassociatedvith ofher commorfouling organisms. In food-
limited culfures aggregateahimalsverefoundto havea significanflyhighergrowth
rate than solitaryindividuals whereas cultureswith super-abundafuiod, solitary
individualswerefound to havea significantly highergrowth rate than aggregated
individuals. Theseresults were similar betweerassaysof lab-rearedsiblings but not
field-collectectonspecifics. This study emphasizethat cautionmust be usedin
inferringprocessé®m observeghtternsn thefield.

Competitionhas beenwidely citedasa majorstructuring processn marineand terrestrial
communitiexe.g. Tansley,1917Gause 1935Connell,1961Mackieet«l., 1978Hairston1980;
Bellows, 1981;Lawtonk Hasseil, 1981!. Competitions an interactiobetween individuals, derived
froma sharedequiremefdra resouraelimitegsupplywhichresults  in thereductionffecundity,
survivorshimrgrowtlofa givemdividuaka resutifresouregploitation  orinterferendey
othemdividual§€;ompetitioccurghertiwoormore organismequirandobtainoommon resources
froma supplyhatsinsufhcientosupporall,anothuscamn(?occdfthatesource isinlimitinﬁ
supplyBegoetal ,1986!Thereforevenwandividualgthidentical resourcequiremenis
notbein competitianthoneanothef theresourcasailabl®themaresuper-abundant Begoret
al.,1986!Inothewordsaslongasthecombinetemandftheorganismisra giveresouraoesiot
exceedheavailablesupplyof thatresourcesompetitionloesot occur.

Studiegxaminirigeimportanceofcompetitiom structuringommunitidsaveraditionally
beenconductedn communitiesvherethere s reasorto believethat competitionwill be important.
Theseommunitibavegenerallyeererrestrialystems whichtheresourasverlapfthe species
of interests suchthatthelikelihoo@df competition  occurringis high. Despitethe factthat these
studigmvelisuallyeesonductedincommunitieshera positiveesuisexpectedscheer <1983!
founthatbou®@0%ofstudies +16@apershoweelidenoécompetition butonlaboul 6%ef
speciggerelemonstratedhowvidencafcompetitiodonnel®83suggestdthalthough
roughl959%fspeciesesubjetdcompetitiomsingdpecieanalysest papersnlaboutt8%
ofspecieshoweahyevidencdorcompetitiom multi-speciasalyseb factaccordingo
Roughgard@89bnlabouwne-third ofthesstudies~! havéeeabléodemonstratde
importanoécompetitianstructuringommunitiesurthermoreangfthestudiesexamining
competitionthdielthavbeeninadequatelocumettigatterngpowhictmeeonclusiorsre



basedJnderwood 986! A survegfthecompetitiditeraturasedby ConnelP83!andSchoener

983determinethadpproximately6%lidnosuppdtiecondusions,anda furth@8%fstudies
Iackedppropriate_reogmica_tiorcontrolsrexperimentadesigmno!erwood1986_!Finallymany
studiesf competitidraveinvolvedemonstrating patternef nichesegregationratheithan
experimentalanipulatiormthesystere.gBrowrd, 9738 rowk Kodric-Bmwn, 197%®yke]982;

Bowers ik Brown, 1982!.

Oneproblemiththeapproaciipatterdocumentation isthanhichsegregatiorhydefinition,
indicatethatoinpetitiorsnolongex structuringprocesgveifitoncavas!. Insuckystemghe
assumptiasmadéhabrganismsvereubjetticompetitiorduringomperioththepastyhich
hasesultedthepartitioning ofresourcesiowevatjsimpossibléoknovif thepatternwhicive
seaodajstheesutiflong-terselection orsimplstochastipic@essescausgewereinablh
experimentaliganipulateesystemiuringheperiovhercompetition  washypothesizebe
importanDifferencestheconclusiongachdnstudiesxamining competitioasa potential
structurinfprcencommunitiebaveslowlgvolveidtoa debatethditeraturdhis  debatbas
revolvedroundwomairschootgthoughtntheformatioofsimpleommunitieg.hemairfocus
of thesestudiefiavebeentenestriacommunitie®undonisolatedslandsywhichhavethenbeerused
asnoddystem$orcommunitgdevelopmeada wholéOneschoofthougbupports thededhat
communitiezre limitedto a fractiorof theorganismehichcouldpotentiallgxistthere- the
"limitechembershiptonceptoposédry Elton933!. Theotheschoalfthouglsupportise
contentiaiGleaso®26!'whoarguedhatommunitieeresimplyheproduadf“fluctuatiagd
fortuitousimigration...an@nequallfluctuatimgadvariablenvironment” fronRoughgarden,
1989! Therenagraditionallyeera thircschoafthoughtthe"super~rganism"™  concepmposed
byQement816! whichonsiderscommunitiésbetightlgoevolvedentitieswhickach
specidsinctionagarpfa greateholeT heClementearviewofcommunitgtructureadalleout
offavorhoweveduen partotheunpredictability ofcommunities spacandimeBegon,etd.
1986!,

Therdnadeera profusionof literaturgeneratezhtheopposingewpointefGleasaandElton
reviewaaRoughgarded989howeveérnoanswetadheguestion reiteratdayRoughgarden
thefirstsentencéhisreview:Dathepopulations  ata siteonsisfallthos¢éhahappened
arrivetherepr of onlya speciadubsetthose  with propertieslowingheircoexistence7".
Roughgardemslsproposed modehicbombinethawadeasngredictsthdormatioof
communitieasednchanceolonizatieventfollowetly competitiortheso-calletaxon~le'.

In sucla scenariopmpetitiomayresulin eithecompetitiexclusianr nichese re6gat_ion,
dependimaythesystenandhec aracterlsmrfmespemaanuestlorRoughgardE%S_ Itis
easiebotenergeticalpndinanciallffbrongodetermin@atternsfspeciedistributioand
abundange thefieldthanto perfornlarge-scateanipulatiexperiments  to elucidatée
mechanishsvhictheseatternsaraderivednthisimeflimitelindsheesuttabeea
prohferataistudieshiatocumepatterns tHeeldnahfehenechanismgrocesdish
whicthesgatternshaveeederivedneaesutifsuchnunfortunate biassthepotentiafor
incorreatferencesdeadofurth@omplicationasthescologicatodelshicarédasemhsuch
studieff.wearetodevel@rologicalmodetdanypredictivevalugccurateescriptioafthe
mechanidoyghiccommunitiesestructured@nressentiahsisthesaodels.

Themairdangeninferringausahechanisms fronmobserireghatternsthatmanyrocesses
coultbnceiva g:/produqe/@rylmllapattemiorgoams_ g@tributiandbundanathe
fleldFoexampl ,_entensnyfcomiaetltlen erien ?hndlwduad;_not_eal etermined
bythe@veratensitithéoc@opulatiopytathenythextertowhicktisnhibitefilom
derivingsourdsgsmmediatei hbo'rls.ugartlcu_larl efse_ssnergalusmscdﬂhe
foulingibeormi~Qp ~lltbllfPolycha arpuhdﬁ!bamm_oursmorakely
tobecrowdedshdocalopulatiodensityncreasesiif thedensityofogpnismeanotniform,
somadividualsn thepopulatiomayexperiendevelsf crowdingfardifferemtonother
individualathesamgopulationThissespi~llymportantfoigregariospeciefngregarious
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speciespanyindividualarehighlycrowded  while otherindividualsexperienckevelsof crowding
thatare far fromtypical, and the levelof crowdingis relativelyindependentf overalldensity. In
suchpopulationsgensitytendsto bea measuref thenumberof aggregationsithin a regiorrather
thana measure of the incan degreeof crowding among individuals of the population. Density is,
thereforeaconcepthichapplietothepopulabassa wholehutneedhotapplytoeachndividual

within that population.

Qy~~g-~Ili ni~hu Verrill, 18733s a gregariousanworm that is commonin marinefouling
communitieslongthe coasof North Carolinaandtherestof the Easttoast Sutherlandit Karlson,
1977!. This speciesis an economicallynportantfoulingorganismthe U.S. Navy spends
approximatel$10-3@nillion a yearon biofoulingcontrol- T. Dowd,NavalSystein€ommand]1984
estimate!for which severalmarine biofouling  assayshave been developed by the Electric Boat
Divisionof GeneraDynamicsLeone1970Zurawk Leonel19681972Gaucherefal.,1967! Besides
beinganeconomicallyimportantspecied. ~il~ hasseverabthercharacteristiaghichmakeit
anattractivetudyorganismt Q. ~L111~ hasa highfecunditgndgrowtirate;! adultsare
easilyobtainettomlocafoulingommunities, wherghedensitgfindividuatsarbequitehigh;!
adultsareeasyto spawnandthe larvaearerelativelyeasyto culture;! thecalcareousibesof g.

IJ' donotadhere well to glass,and socanbe easilymoved to new locationswhere the animals
rapidlyreattachand ! newgrowthin Laboratomgultureds easilydeterminedbecausthecoloration
of newtubegrowth is distinctlydifferentin laboratoryculture white! thanin the field brownish-

g eyl

ThepurposefthisstudywagoexaminthegrowtliateofH. pliant'  incuturetodeterminé
theravasanyevidencefintraspecifiompetiti@mongndividualis dense aggregationsf these

animals.

Methods and Materials

toast animalswere collectedrom hard substratashell hash,consistingnainly of ~Mr naris
mfn~r~  shelldloundn thelowintertidaioneof theAtlantiéntracoastdaterwaipeneatthe
drawbridg@cces® WrightsvillBeachiNorth Carolina. Theseanimalsverebroughtntothe
laboratorpn2l1Januar$992anddividedhtawogroupaggregated andsolitaryAggregated
individuals were defined as those with more than five tubes/cd, while solitary individuals were
definedsthosenorghanlcnawayfronthenearestonspecific.  Inthisstudylensityl~ notuse@s
a measuoéthedegreefcmwdinghiclanindividualxperienced for thereasoriste@bove.
Ratheraggregatiowasusedasa relativendicatoof thetypicablegreeof crowdingwhich an

individual experiencedon a daily basis.

Severakpresentativeeactgroupwereplacedogetheinto4 lglassulturgarscontaining
filteredseawatethatwereconstantlgerate@ndmaintainedt 20 + 0.5'C.Theculturgarswere
cleanemhdwatewashangexyerytheday. Super-abundant foodrials weréedmonospecific

rwmwm/o' r /1
stockulturateverygleaningAt thisoodiensithewatewasalwayslightlgiscolored with
diatonadtheendfthefeedingeriodThdoodimitettialsveralsdednonospefMc  cultures
thediatonputrathethardail ormwerefedlZSndfstockuIture\(er)14dg§£esultirig
densitiemoun8x1@ells/ml/dayA "moderatedensityftubevormiscapabod~g rouglhl)/

5 inl/l/dayLeon&970Inthistudihdoodimitecultures receiveapproximatélynl/l/day
whil¢hesUper-abundéobdcultireseceiveapproximatdlgml/l/day. Undefood-limited
regimethewvatewaghangediftetwadaysemovinganyremainindiatomsnaheanimals
were starveddrtheremaininitRdays, Foreachrial pothsolitargndaggregated  individuals
wereculturednoppositsidesfthesameultureresseloLesmimalg/ereulturedorsixweeks)
thelaboratorgftemwhichtimeanimalveraemovedomheircultureesseémdmeasuréolr
nevgrowthlheravasiomortality observeéianyfthdaboratorgultunesselsGrowthas
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measuredith caliperso thenearesnillimetefor 25individualsfivefromeacltulturevesselh
eachfeedingregime limited and super-abundardahd eachsettiemenpatternsolitarnand
aggregatedDifferencem thegrowthof individualsvereanalyze@n JMPwith an ANQVA.

Largeconcretdlockswerecollectedrom the samdocatiorastheanimaldor laboratorculture.
Thesdlocksverescrapdumpednto thelowerintertidalsometimén therecenpastwhichhadsince
beercolonizedby foulinginvertebrates hepositiorof theblocksvassuchthattheywouldbeexposed
foronlya shorperiodof timeonverylow tides -20cnor better!. Thesdlockswverebroughtinto the
laboratoryand assayedor nearesheighborand quadratanalyse®f the associationbetweer.
~i andotherfoulingmarineinvertebratesTheotheispeciediscusseéathisstudyncluded:

" ! "l ul!
bryozoanki~i+ijS  sp. tubeworm!g~li~iill h~ni~Igiin sponge!g~~ ~~> solitary
tunicate!MIt;~i~n ~ri~Di  sponge!lQQggz@rQ-~p arborescefitydroid!,g~~

- g ~ 1
were chosenhaphazardlyby blindly selectinga spoton the block with a probe,until an individual +.
~i'~ waschosenThisanimalwasthenusedasthecentepfa 2x2cnguadratthecontentefwhich
were identified and counted. The data were manually analyzedwith NearestNeighbor and Indexof

Association e! tests.

LocalQ. ~in~hu for spawningwere collectedfrom settlingtanksfroin an old desalinationplant at
WrightsvilleBeachNorth Carolina. Theseanimalswerebroughtinto the laboratoryand spawned
after Scheltemaetal., 1981lon 11March, 1992. Gametesvere placedon a shakertablein fingerbowls
at low RFM for 24h ta increase the likelihood of successful fertilization. Drops of dilute sperm from a
singlemalewnere slowlyaddedto theswirlingeggdor 30minuteaftemvhicHmlofdilutespermvas
addedto eachingerbowlto ensurdertilizationof all viableeggs.Trochophorkarvaeweredecanted
off the next morningand culturedin the laboratoryon monospecificulturesof g,~
Competentarvaewere settledout on biofilmed glassmicroscopeslides. Theseslidesverethen
separatextcordingthedegreefaggregatiaftheindividuakttachetit. Five trialswererun,
eaclconsistirgd thelarvadromoneof fivefemaleall fertilizedbya singlenale, In eactofthese
trialsaH individualswere full siblingsminimizingthe potentialicomplicatingnfluence®f genetic
differencevetweenindividuals. Severahggregateand solitaryindividualswvere placedinto food-
limited and super-abundarbodtrials. Thesendividualserecultureéh thesamavayasthefield
collectedindividuals,and raisedfrom settlemenuntil the end of the experimentunderthe feeding
regimedescribembove. Twentyfiveindividualsfeaclsettlemepattermndfeedingegimevere
measuredor growth:five from eachculturevessetontainindgpoth solitary and aggregated

individuals.

Results

~ Nearegtei hbomnalysdsdicatema%éjfop isdistributednon-randomlyc 0.05) e25
individualslith 16of25nearesteighbotseingconspecificnindexof associatioa!indicates
thatH. ~inch  tenddobe positivelyassociateglith conspeciTiadisplaysanaggvgpteddispersion
inthefield P <0.05n =25quadratshndsnegativelgssociatedtraeverathecommdauling

invertebratest <i~~>~i sp. P< 0.01n =25quadratd!;5~y~gyi~ P<0.01n ~25
guadrats!! Mit;p~M pi~~ F< OAn ~25quadrats!; and! ~~~ iilig~g P<0.0h
Suadratsl%ereeracignificargssociatiémsnioe&reeR. ~~ andhesgthexommon
~l@1~~ IUS " UUuw&l' IQQUIYII
~ll@g $@5KKRQgQRand~BraMm  ~~ P> OAB5) ~25quadrats!.
Growthof field~ilected Q. ~~ in the laboratoryndicatedhat thereis differential

growtbfaggregatedndsolitampdividualsjil1~ Figl!. Themeagrowtbfindividuals
culturedunderfood limited conditiongvas significantlgifferent ANOVA, P < 0.01,n ~ 50
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individuals! betweenaggregated.4 + 0.4mnmSD;aOerrorsanderrorbarsare1l SD!and solitary
individuals.1 + 0.4mm!Themeargrowthof individualulturedwith super-abundafdodwasalso

significanthdifferent ANOVA,P <0.01n =50individuals'betweeraggregated2 2 1.4mmland
solitary individuals .5 2 1.9mml.

7

Food SuperAbundanl
Limited Food

Figure 1. Mean growth of solitary and aggregatedieldwollectedgyi Xtti~ds tLmlhmijt
in Laboratomulturesinderfood-limitedand super-abundafdod conditions.

E 40
30
'$20

10

45
FemalgomNhictindividuaégeDerived

Figur€. Meangrowtlof solitargndaggregated gggrajlggg,~hg in laboratory
culturesith super-abundant food. The femalecorrespondse the parent from which
larvae were obtained.
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Figures. Mesngrowtlof solitargndsggregatétydroidedianthus laboratory
cultureswith Limitedood. The femalecorresponds the parent fromwhich larvae

were obtained.

In full siblinglaboratoryultureghereweresignificantifferencebetweerthe growthof
aggregataddsolitamydividualsnallcaseANOVA, <0.01n = 50individuajsetriall. In
su?_er-abundaﬁmdcuIturesaggregatemnd_lwduatkemonst_ratedecreasgdowt elative to
solitaryndividualsvertheculturgeriodFig2!.In foodimitectulturesioweveaggregated
individualsdemonstratencreasedrowthrelativeto solitaryindividualsoverthe cultureperiod Fig.
3l. Thispatternis strikinglydifferentthanthat of the field-collectedultures Fig. 1!, where
aggregatedlividualalwaybsavdowegrowthrateshardosolitaryndividualsk-urthermore,
theravadifferentigrowthbetweesiblingulturesANOVAPR <0.01n =5 culturesFig2h@!.

_ DataindicateéhatH.g~~u  isa gregariospeciethattenddodemonstrate  an aggregated
dispersianthefield. Theextremmmximitfindividuals in thesaggregat_losl;nggestbe
potentidbr 'upstreanmdividualtointerfekeiththefeedingf downstream' individualby
strippingvailableodefoiereachethedownstreaamimalsilthougmanythespecias

foulingarinevertebrates/einclosgroximitytoQ.~~ inthdield, mosbfthesspecies
I"Lar "I U

645% .F‘l H dl 8" 2U 1 :

nosignificardssociationtnQ.~in~~I P> 0.05) ~25quadrats!Howevetappearshat

sever@ommapeciesirenon-randoméywoidedyoravoidiraplonieofp. +1l!lh~'i~p  _sp.,
~BiQ~ylin~ 5~@-~tiht-Lifir, and-~ii ~ig~g are ailnegativeassociateatt.
~i~ inthefield Pc 0.01n = 25quadrats! Thusit seemskelythattheres atleasthe
potentidiorbothntraspecifiandnterspecifmmpetitionthisystem.
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Thegrowtloffield-collectedg. ~inlhhu,thatareculturech thelaboratorgalwaysiniform!y
lowerthanthatof lab-rearectulturesFigs.1, 2, and 3!, Thereare severapotentiabxplanationfor
therelativelyowergrowthof thesendividual&irstalllab-rear@adividualeraaisedtom
larval settlementthrough the most rapid growth phaseof the life cycleof theseanimals,and,
thereforenewouldexpedhatyoun@nimals/ouldshownoregrowththanwouldnaturenimals
durinpessamen@eriodecond,thessnimalsvencalcareotihesndhusheynusxpend
relativelyoreenergyogrownastheygetlargetotheconstruction andmaintenanc®a larger
diametetube. Third, theculturedensityof animalsn eachirialwagelativelgonstanasdoselyas
possibleiiheffectsfcrowdingouldemorpronounceditildeaniumighagoungesnes.
Finallyhefieldcollectedanimaigereulturad thelaboratory at20'C+ O.PCaftebeing
directrgmovedrontoldvateM+-1 PClyhil¢hdarvaeereaiseidtheientirkvesthe
sameonstaenvirorunentalcondition3 hereford,isnotsurprisirthattherassignificantbywer
growtinthefieldxollectedanimalelativedthelab-rearedconspecifics.

Measuremendf thecalcareousibeof theseanimalssa relativaneasurefgrowthassumes that:
I therassomeelatiobetweethetubesizeandthesizeofthe worminhabitintpattube;! there
issomselectivadvantageincreasedorngrowthnd! tubgrowtlsa plasibaracter thats
capablef respondintp fluctuations food. | havenotsubstantiatéadesassumptionalthough
therasliteraturéo suggeshatshelgrowthsa plasticharacterhichresponds environmental
stimulie.g.Palmed,979hndit seemeasonable toassunthalargewormmakdargetubes
e.g.bixon1980!It wasmpracticah thisstudyto examirdifferences tubeveightrelative
measur@ tubdengthtubethickness, andcrystalensitydsa measud growttbecause!
individualsvereattachedb piece®f  hard substrateFurthermoraggregataddividualsiere
usuallgocloselntertwindtatit wouleimpossible  toseparateenprecisely-However,
althougtonventionalisdortellsisthainvertebrate reproductiveuccesspositivetprrelated
withbodizeBegaetal. 1986therseentsbenorelationship betwedhesizeftheanimalnd
theotaéggroductionorfertilizatiosuccessooneRawlik Butmaimprep.!.

_ Theinterestingesulisfthisstudyhoweveare:! inthefield-collected animalaggregated
individualalwayshowesignificantlylowegrowttthardid solitampdividuals; and !
agfgrega_temtjlwdual rovbettethardosolitamdividuals infoodimitedystemswhile
solitanydividualgrovbettehanloaggregateddividualsitrsuperabunddioibd! believe
thatha_elatlveIw%h owthftheaq(gregatednd|V|dualﬂbotln:ul_turessanartlfaofthe
experimedsdigAlthougbixveekappedmgnougtodetedifferencetherowtbf
newlgettladdividualsitismostikelyotongnough todetedifferencasthegrowtiatef
matureanimals.Matureanimalsll showedesshan ~ 5mm ap%roximatdﬁf_lofygrowthn these
animalsfgrowtfurindpeexperimentaperiod;hicisprobablyinsufficietudraveondusions
ondifferenca@¥hegrowttate Furthermorehersnacontrfatheelatiagesftheanimals
usednthefield~llectedu!turesoristheranycontrolftheparenfsonwhiclthesanimals
derivedGrowtmt_hediffereminn(I;uIture_}ho_vv_esignifica_nt differencdsetwedhecultures,
andhuparentahfluencesmyplaw significardle Finallythesenimalaerallcollected
fronthesaméabitatin a r_elatived»‘ynaﬁtreaanobnvironmentalcc_mstraintmdevelopmenna%/
havalsplayea rolel hisesulbulmareahowever. Thesmimatsahavieeeacclimated
tosuper-abundanththdieldandveraoabléoovercome thaeSultamattermthe
subsequshbrt-terexperimeas euaﬁwemanhea/verewnc_hedfromoImtovvarrwater
athdeginnirathexperimamidnahaveeedetiméoacclimatahdemperatutgange.
Thearean whichltheanimals/erecollectasladocatepistdownstream  ofa relativeharge
housirdgvelopm |th1h€product;wtgfcoastgalateralont_t{)ltmhe_eegenlproblemfs
eutrophicat@oastalatert)ensthelistincpossibildffoodobeingnitinglthough
thersnaeasdoexpefdodobdimitingeutrophic  estuarinveatersiderormeabnditions,
this emesmde%l_lstnbute_dndoodmltatlormajoemportamhmagfthehabltatsn_
whicthesndoun oweverf,onwertemmpalgexamltifwbser\éa teodifferential
growihthdaboratoryandhepatternsfspatiadegregatiothdieldf wouldeeasto
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concludidatcompetitiamasdrivinghispatternThisstudyhashotgiveranyconclusiexidence
concerningemechanisrosntrollinfield-collected  animagrowttpatternd)owevedespit¢hat

beingtheoriginal purposeofthestudy.

Unlike the field-collectedcultures, the laboratory reared cultures had all of the above
complicatirfgctorsontrolledAll larvaenverederivedroma singlenale andeackculturavas
derivedfrom a singlefemale. All larvaewere culturedunderidenticaconditionfromthe
fertilizatioaf gametethrouglheendof theexperimerdndall anixnalsereofidenticage 2
days- 2hoursOnepotentiekplanation forthencreasedrowtbf aggregateodividuals food
limited culturegelativeto solitaryindividualgs the harvestingf food. In denseaggregationshe
collectivieedingurrendfthecolongouldentraimelativelgnordoodperindividuaharcarthe
feedingurrengenerately a solitaryndividual. Thiswouldresulin notonlyrelativelynore
growthnaggregationgrelativéo solitarindividualbutalsaotheincreasegtowttof individuals
onthe outeredgesfaggregationselativédomorecentrallppcatediblingsThisappearetbbethe
casen thisstudywithsomefthelargesiubesneasurdeeingpntheouteedgesfaggregations.
Pullen and LaBarbera 991! worked with barnaclesand demonstratedthat "in general, rows upstream
of andat the peakof hill-shapegrofilesapturedignificantiyporeparticlethandownstream
rows"Onthe otherandinsuper-abundariboctulturesptainirgpufficiefdodsnolongea factor
limitingogrowth. In suclconditionthegrowttof solitaryndividualeecomeageatethanthe
growtlofaggregataddividualsThisislikelydueto physicalarameteedfectinthegrowtlof
individuals densafgregatiord H. fh'antherPhysicéimitationf growtltouldilsaccoumbr
thehugedifference growthof solitarandaggregatesibling$-igs2 k 3!. Wherfood is super-
abundarthegrowttof solitaryndividualselativeo foodimitedsiblings at leastioublén all
caseswhereaggrowthin aggregatedndividualss onlyslightlyhighermrelativeto foodlimited
siblings super-abundanfooctulturesThishypothesized physicéiimitatiotogrowtltouladesult
fromanynumbenof factoréromspaceavailabléor tubegrowthfo interferenceithfeedindpy
overlappingf radiolegp depletionf nutrientsuchascalciunfprexamplah themicrohabitat

althoughutrientlepletiois highlyunlikelgivertheexperimental procedure!.

Therearedifferences thegrowthof individualderivedromdifferenfemaleshusmaternal
influencemaybeimportantthedifferentgdowtbfindividual#.isconceivable  thaif female
werdoputmorenergytdieeggs newlettlgdvenilmaypeabléopuimorenergytahe
developmeatfeedingadiolesyhichwouldjn turnallonthatuveniléo harvestelativelynore
foodhanconspecificavhicldidnothavehatability.Longeradiolesouldnlybeadvantageous  to
ananimaivhichs growingwayfromconspecifics  if thelimitatioto growthsradiol@verlapin
densaggregatiornpngeradiolesouldeado moreverlaphanvouldhortadiolesThus,
agfgregatlomuIcﬂavomd|V|duaIswﬂhshortead|oles,whllesollta|r dividualswouldo
relativelyettewithlongadiolesThusindividuaisclinetbdevelolongadiolesouldlo
relativebetteassolitargnimala superabundant fooatonditionswhilendividualscline
develophoradiolesvouldarelativelbett@naggregationadexnyonditionsT hipotential
for maternakffectandradioleinterfemncaeedsobe exploredfurther.

Thistuddemonstratethepotentif@incorrectinferencéeinglrawrbasedndocumentation
offielgpatterns,onavereosimplxamine thepattewf~wth infielatollected cultured,
woulderelativeBasyoconcludieatherésintraspecific competitiowhiclheadsodecreased
growtbfindividualsin aggregatiorsativie solitaigdividualslowevarpmpetition for
micronutrientsbtainefinmthewatercolumressentiadineillsforexamplésunlikelgmondew
animaisitiirequenwatethangesdtrorgyculationAlsdyecaudmthggregatadadolitary
individualsereulturedogethenthesameulturessel botiwoulduffenmultaneousfyom
anysuchutriedeficiency.Furthermoaempetititmfoodamothydefmition occumsuper-
abundamboctulturesindthesforesometheprocesausbeimportamregulatindpegrowtiof
thosendividual3.hecultureflaboratosiblinggesendspossible  explanaticior thigattern,
butthedataarenotconclusivier theimportanaaf processsgucturingistributiom thefield.
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Althougthistudyasotemonstrateahygonclusivesultsoncernimgchanisstigicturirige
distributioofthispeciesthdieldpevguestionsobeaddresse@for@nyconclusiomsrie
reachedeproposebhordefomechanisticallyaccuramonclusiotsbedrawitseemscry
todolong-termtoaccoufdrsufficientenvironmentalriabilitylargescaldoaccoufar
suff|C|em;patldiietero?eneluwampuIatlomésystemm thefieldconcurrentvithcarefully
controllethboratosymulations.Onlypycombinindaboratorgrecisioandieldealismillany
progrefemadenusefidcologicabdelling.
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