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CHAPTER 1. INTRODUCTION

OBJECTIVES

This is the final report on the "Study of Biological Resources on the U.S. South
Atlantic Continental Slope and Rise" performed by Battelle New England Marine Research
Laboratory, Woods Hole Oceanographic  Institution (WHOI) and Lamont-Doherty
Geological Observatory (L-DGO) for the U.S. Department of the Interior, Minerals
Management Service (MMS). This report presents new data collected during Phase 2, or
the second year, of the Program and includes some data developed in Phase 1. Phase |
was initiated in October 1983 and included three seasonal oceanographic cruises during
1983-1984. The results of that effort were reported by Blake et al. (1985). The present
report includes a presentation of results and synthesis of data generated from three
seasonal oceanographic cruises during 1985. In addition, this report includes, where
appropriate, a synthesis of the Phase | and Phase 2 results and the development of an
overall characterization of the biological communities present off North and South

Carolina. This multidisciplinary study has the following specific objectives:

1. To characterize biological, geological, and chemical properties of
benthic environments at a limited number of stations within areas
of potential oil and gas development on the U.S. South Atlantic
Slope and Rise;

2. To monitor potential changes in these properties with time in order

to determine the extent of natural temporal variation;

3. To determine the background distribution of materials (such as
trace metals and hydrocarbons) that may accumulate at elevated

levels due to future drilling operations;

The parameters measured as part of this study included benthic infaunal community
structure, including determination of ash-free dry weight of infauna at two selected 2000-



m stations and size class data on five dominant polychaete species; megafaunal (epifaunal)
population densities; hydrocarbon levels in sediments and faunal tissues; trace metal
levels in faunal tissues; sediment grain size composition; levels of total organic carbon,
hydrogen, and nitrogen (CHN) in sediments; and a limited collection of near-bottom
temperature, salinity, and dissolved oxygen measurements. In addition, the U.S.
Geological Survey (USGS) analyzed trace metals in sediments (Bothner et al., 1987).

The major components or tasks of the program are shown in Figure 1. Personnel
from Battelle, WHOI, and L-DGO participated in the field program. For this report,
Principal Investigators indicated in Figure | prepared the chapters associated with their

special tasks.

BACKGROUND OF THE STUDY

This study was developed by the Minerals Management Service in response to
concerns about exploratory drilling on the U.S. Atlantic Continental Slope and Rise
(ACSAR). Prior to this program, there was little information available on deep-sea
benthic communities in the U.S. South Atlantic region. Phase | was initiated, therefore,
in order to provide a limited benthic characterization of the biological processes on the
continental slope and rise off North Carolina. Phase 2 was to have been a two-year rig
monitoring study in the same region. When drilling activities in the region were
postponed, Phase 2 was modified to continue the characterization of the U.S. South
ACSAR by sampling sites to the north and south of the Phase 1 stations. The final
sampling design for Phase 2 was approved at a Scientific Review Board Meeting consisting
of the Principal Investigators. and three consultants: Dr. Jim Henry, University of
Georgia (Marine Geology); Dr. Thomas Lee, University of Miami (Physical Oceanography);
and Dr. Eugene Gallagher, University of Massachusetts, Boston (Marine Ecology).

The rationale for selection of the Phase 1 stations off Cape Lookout, N.C. and Cape
Hatteras, N.C. was discussed in the previous report (Blake et al., 1985). The Phase 2
stations were selected on the basis of characterizing additional areas of potential oil
industry interest off Cape Fear, N.C. and Charleston, S.C. and at another location off
Cape Hatteras. The combined study designs of Phase | and 2 provide a broad regional

coverage of the slope and rise from the northern limits of Cape Hatteras, N.C. south to
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Charleston, S.C. Potentially unusual deep-sea environments in the area off Charleston
where a gyre is formed as the Gulf Stream is deflected by the Charleston Bump are
included.

Literature pertaining to the oceanographic environment of the U.S. South ACSAR
has been reviewed as part of a larger environmental ACSAR summary (MGAI, 1984;
Milliman and Wright, 1987). In addition, a major compilation of research on the Physical
Oceanography of the Southeast U.S. Continental Shelf and Adjacent Gulf Stream was
published as a special issue of the Journal of Geophysical Research (AGU, 1983), and more
recently, the final results of the Blake Plateau Current Measurement Study have appeared
(Han et al., 1986). Prior to the present program, the only previous biological studies in
the U.S. South ACSAR included epifaunal studies, largely limited to the Hatteras Canyon
(Rowe and Menzies, 1969; Rowe, 1971), and a limited infaunal characterization of the
upper slope off North Carolina in depths of 400-600 m (Grassle 1967). Since Grassle used
fine-mesh screens (0.297 pm), his results provide data comparable to that of present
ACSAR program. Extensive surveys by Menzies in the 1960's have never been published as
ecological reports, although several important taxonomic works have appeared (Southward
and Brattegard, 1968; Southward, 1971; Cutler, 1973; 1975; Menzies et al.,, 1973). This
limited regional biological database has been cited in the ACSAR summary (MGAI, 1984;
Milliman and Wright, 1987) and in the Phase 1 report of the present program (Blake et al.,
1985). '

Due to the limited nature of previous studies in the region, the infauna inhabiting
the slope and rise off North and South Carolina was essentially unknown prior to the U.S..
South ACSAR program. As reported in the Phase 1 report, a rich and highly diverse
benthic infauna was discovered along a five-station transect off Cape Lookout in depths
ranging from 600 m on the upper slope to 3000 m on the continental rise (Blake et al.,
1985). The infauna was found to be zoned or clustered into separate assemblages
according to depth. Faunal breaks were also noted in the results of the epifaunal studies
and supported previous work in the region. Nearly 900 species of benthic infaunal
invertebrates were encountered, more than one third of which were determined to be new
to science.

As the Phase 2 sampling program developed and the laboratory analyses proceeded,
it became apparent that the new stations to the north and south of the Phase | stations
were heterogeneous and markedly different from one another and the Phase 1 stations.

For this reason, the present report includes more of a synthesis of the Phase | and Phase 2



data than originally conceived. This report thus presents a broad picture of biological
communities on the slope and rise from Cape Hatteras, N.C. to Charleston, S.C. Where
practical, we have also included comparisons with the results from the companion U.S.
Mid- and North ACSAR Studies.



CHAPTER 2. FIELD SAMPLING PROGRAM

INTRODUCTION

The sampling plan for Phase 2 of the U.S. South Atlantic Slope and Rise Study was
designed by Battelle, Woods Hole Oceanographic Institution (WHOI), and Lamont-Doherty
Geological Observatory (L-DGO) personnel, and approved by the U.S. Minerals
Management Service (MMS) following a Scientific Review Board Meeting on March 28,
1985. Nine primary stations were established to meet the objectives of the program
(Figure 2). Two stations were located in the vicinity of Block 510 off Cape Hatteras,
N.C., an area of interest to the oil industry, in depths of 600 m (Station 9) and 2000 m
(Station 10). Station 9 was first sampled on Cruise SA-3 of Phase 1. One station at a
depth of 2000 m off Cape Lookout, N.C. (Station 4) was retained from Phase | of the

program for collection of long-term seasonal data. A cross-slope transect was established
off Cape Fear, N.C. in depths of 800 m (Station 11), 2000 m (Station 12), and 3000 m

(Station 13). A second transect was established on the northern Blake Plateau off
Charleston, S.C. in depths of 800 m (Station 14), 2000 m (Station 15), and 3000 m (Station
16). The southern transect was established with reference to the Charleston Gyre,
created by the deflection of the Gulf Stream off a topographic high known as the
Charleston Bump (Brooks and Bane, 1978). It was anticipated that distinct areas of scour
and deposition might be identified by this transect of stations. Stations Ll and 14 were
originally located at a depth of 600 m, however, sandy sediments encountered at these
locations during the first cruise of Phase 2 (SA-4) could not be retained by the box core.
The structure of the box core is such that coarse or loose sediments may be lost through
the space between the box and the spade. Stations 11 and 14 were relocated to an area at
800 m where the sediments were compact and therefore more easily sampled. The box
core was later modified by attaching a coarse-textured mat to the spade, thereby sealing
the space between the box and the spade. This modification resulted in the ability to
sample a tenth station (Station 14A) at 600 m along the Charleston transect during the
second cruise of Phase 2 (SA-5). Station reference coordinates and depths are given in
Table 1.

The sampling plan for Phase ! of the U.S. South Atlantic Slope and Rise Study
consisted of a transect of five stations located off Cape Lookout, N.C. (Stations 1-5) and
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TABLE 1. SOUTH ATLANTIC SLOPE & RISE STUDY, PHASES 1 AND 2 STATION
REFERENCE COORDINATES.

Station Latitude/Longitude * Time Delays Depth (m)

1 34016.2'N 26917.4 583
75045,8'W 39742.2

2 34014.9'N 26909.2 1000
75043.6'W 397414

3 34014,8'N 26898.2 1500
75040.1'W 39757.1

4 3401 1.4'N 26891.0 2000
75038.8'W 39741.0

5 ‘ 34006.0'N 26824.0 3006
75019.0'W 39797.0

6 34049, 5'N 26840.0 2004
75013.4'W 40131.1

7 33057.9'N 26747.3 3494
74056.3'W 39848.0

9 35028.3'N 26780.2 604
74047 .6'W 40558.8

10 35026.27'N 26756.1 2003
74041.43'W 40561.9

11 33004.86'N 44869.6 800
76925.1 3w 59265.0

12 33000.31'N 44807.6 1996
76007.39'w 59271.5

13 32055.19'N 44746.5 3015
75049.78'W 59281.2

14 32023.64'N 44790.7 805
77901.13'W 59538.2

1A 32032.24'N . 44869.1 '600
77915.23'W 59574.9

15 32012.02'N 44688.4 1993
76942.18'W 59608.2

16 31035.23'N 44340.0 3008
75010.62'W 59610.9

*Station positions based on time delays.



a sixth station at 2000 m located off Cape Hatteras, N.C. in the vicinity of Hatteras
Canyon (Station 6). The transect stations were located at approximate target depths of
600 m (Station 1), 1000 m (Station 2), 1500 m (Station 3), 2000 m (Station 4), and 3000 m
(Station 5) (Figure 2). Station 7 was established at 3500 m during the second cruise (SA-2)
as an extension of the Cape Lookout transect.

In order to distinguish readily between the various transects in the U.S. South

Atlantic Region, a code has been developed:

HA = Cape Hatteras transect (Block 510); Stations 9 (600 m), 10 (2000 m)

HC = Hatteras Canyon; Station 6 (2000 m)

LO = Cape Lookout transect; Stations 1 (600 m), 2 (1000 m), 3 (1500 m), 4 (2000 m),
5 (3000 m), 7 (3500 m)

FE = Cape Fear transect; Stations 11 (800 m), 12 (2000 m), 13 (3000 m)

CH = Charleston transect; Stations 14A (600 m), 14 (800 m), 15 (2000 m), 16 (3000

m)
METHODS

General Methods

Sampling procedures were consistent for all cruises and stations sampled during
Phases 1 and 2. A box core was used to collect sediment samples for analysis of benthic
infauna (macrofauna, meiofauna, and biomass), CHN, sediment grain size, trace metal
chemistry, and hydrocarbon chemistry., Camera-sled transects were occupied to record
microtopography and visible macro- and megafauna. An otter trawl was used to collect
specimens for tissue analysis for background body burdens of trace metals and
hydrocarbons. An otter trawl and a Day dredge were used to collect voucher specimens
for correlation with film footage. Hydrocasts were conducted at each station using a
Niskin bottle and three reversing thermometers to collect data on temperature, salinity,
and dissolved oxygen characteristics of near-bottom waters. The Niskin bottle was used
in conjunction with a conductivity-temperature-depth probe (CTD) during the second

cruise of Phase 2 (SA-5) to provide a continuous profile from surface to bottom.

10



Box Core Sampling

A Hessler-Sandia MK III box core (0.25 m2) was used to collect three replicate
sediment samples at all stations (Figure 3). The procedures for use of the box core were
patterned after Hessler and Jumars (1974) and followed modifications developed during
Phase 1 of this program (Blake et al., 1985). The core box was partitioned into 25
"vegematic" aluminum subcores, each wth a surface area of 0.01 m2. Each individual
subcore was fitted with a removable 0.3-mm mesh screen to cover the top opening. The
screens allowed water to escape as the box core entered the sediment, while trapping
those animals present in the overlying water. Individual subcores were designated for
various analyses as represented in Figure 4. A total of nine subcores were designated for
benthic infaunal analysis, constituting a surface area of 0.09 m2, Chemistry, sediment
grain size, meiofauna, and CHN samples were collected from separate undisturbed

subcores. Subcores designated for trace metals were coated with Teflon.

After collection of a replicate sample, the box core was retrieved and the sample
box was disassembled by removing the front plate, exposing the 25 subcores which could
then be removed individually. One CHN and two sediment grain-size samples of 15 cm?
each were removed, placed in Whirlpak bags, and frozen. The subcore designated for
meiofauna had two plexiglass core tubes, each 36 cm long and with an inner diameter of
19 mm, attached to its inner surface. The meiofauna subsamples were removed from the
subcore, and 2 cm of the sediment, along with approximately 1 cm of overlying water, was
extruded from the tube into glass jars and preserved with 5 percent formalin. Meiofauna
samples were archived at Battelle.

Two subcores from each replicate were designated for trace metal analysis. An
acid-cleaned, round plastic tube with an inside diameter of 8.2 cm was inserted into the
center of the subcore to remove the sample, and then capped at both ends and frozen.
These samples were transferred to the U.S. Geological Survey (USGS) in Woods Hole at
the completion of each cruise. One subcore from each replicate was designated for
hydrocarbon analysis. The top 2 c¢cm of the subcore was extruded and sectioned into a
prelabeled 250-ml Teflon jar. Frozen samples were transferred to Battelle for analysis.

Biology subcores were removed individually from the sample box and placed on top

of a wooden extruding post that exactly fit the inside dimensions of the subcores (10 cm x
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10 cm). The screen was removed from the top of the subcore and rinsed into a 0.3-mm
sieve. The water overlying the sediment was siphoned into the same sieve. The sediment
inside the subcore was extruded by pushing the subcore down over the wooden post. The
top 10 cm of the subcore were removed by slicing the sediment with a stainless steel
cutting blade. The upper flocculent portion was then rinsed directly into a glass jar to
avoid excess damage to the animals and preserved in 10 percent buffered formalin. The
lower compacted portion was sieved on a 0.3-mm mesh sieve and preserved in 10 percent

buffered formalin.

Camera-Sled Transects

The camera sleds BERNEI (Benthic Equipment for Reptant and Natant Epifaunal
Imaging) and BABS (Benthic Apparatus for Biological Surveys), both equipped with a
Benthos Survey Camera, were utilized to photograph and characterize the epifauna in the
study area. Techniques for the use of the camera sleds were developed as part of the
MMS-sponsored project "Epifaunal Zonation and Community Structure in Three Mid- and
North Atlantic Canyons" (Hecker et al., 1980). Dates, starting and ending positions, and
depths of camera-transect surveys conducted during Phase 2 are presented in Table 2.

Epifaunal Collection

A steel-frame Day dredge and a 40-ft Gulf of Mexico otter trawl equipped with
steel "V" doors for bottom trawling were used to collect epifaunal specimens for tissue
analysis and correlation with bottom photography. The Day dredge was used primarily
- for the collection of voucher specimens in areas where substrate types were not conducive
to sampling with the otter trawl (coral rock and boulders). Samples for tissue analysis
were placed in prelabeled Teflon jars and frozen for storage. Most voucher specimens
were preserved in 10 percent buffered formalin. Echinoderms were preserved in 70

percent alcohol.
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TABLE 2. STARTING AND ENDING DATES, POSITIONS, AND DEPTHS OF CAMERA- .
SLED TRANSECTS SURVEYED DURING U.S. SOUTH ATLANTIC STUDY,

PHASE 2.
Tow Date Position Depth (m)
11 17 May 85 31029.78'N 473
78051.04'W
18 May 85 31016.66'N 610
79900.99'W
12 18 May 85 31049.83'N - 628
78018.26'W
19 May 85 31042.33'N 643
78023.63'W
13 24 May 85 35028.97'N 2013
74038.20'W
25 May 85 35028.18'N 558
74948.25'W
14 17 Sep 85 . 32011.03'N 2052
76%41.67'W
17 Sep 85 32021.18'N 863
76956.38'W
15 19 Sep 85 32020.98'N 877
76955.53'W
19 Sep 85 32028.66'N 692
77008.55'W
16 20 Sep 85 32028.32'N 705
77008.03'W
21 Sep 85 32035.02'N 560
J7015.51'W
17 28 Sep 85 35028.17'N 1895
74039.60'W
28 Sep 85 35028.30'N 300
75049.47'W
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TABLE 2. (Continued).
Tow Date Position Depth (m)
18 16 Nov 85 31043.94'N 665
78022.11'W
16 Nov 85 31037.12'N 461
78934.42'W
19 17 Nov 85 31037.38'N 433
78942.17'W
17 Nov 85 31034.77'N 449
78046.88'W
20 21 Nov 85 33000.15'"N 2132
76°05.87'W
22 Nov 85 33001.44'N 1580
74013.77'W
21 25 Nov 85 35030.39'N 1375
74043,67'W
25 Nov 85 35927.43'N 31l
74049.74'W
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Hydrographic Measurements

Hydrocasts were performed at all stations. A 5-1 Niskin bottle equipped with three
reversing thermometers was used to collect near-bottom water samples for dissolved
oxygen, salinity, and temperature measurements. Dissolved oxygen measurements were
performed on board ship in triplicate, using the Winkler titration method. Triplicate
salinity samples were drawn and stored for transfer to WHOI where they were analyzed
using a conductivity probe. On Cruise SA-5, a Neil Brown Mark III CTD unit was used in
conjunction with the Niskin bottle. The CTD was mounted below the Niskin bottle and the
unit was integrated with the R/V Gyre's Hewlett Packard computer system to give a

continuous graphic profile of temperature and salinity from surface to bottom.

Navigation

A computerized navigation/data logging system was used during Phase 2. This
system provided continuous updates on navigation data being input by a Northstar 7000
LORAN-C receiver. The ship's positon was displayed graphically on an EPSCO Plotter and
digitally on a monitor, while it was simultaneously recorded on disk and hardcopy printout.
The system provided information on the ship's real-time position as well as navigation
tracks to and from various waypoints during transit. In addition, the system recorded
station-related data and general comments were also recorded. An Apple IIE
microcomputer, coupled with an InFax hard-disk drive (Bernoulli Box) equipped with an
lomega 10-megabyte removable cartridge comprised the system. At the end of each
cruise the station data was printed to provide a hardcopy record.

Technical problems experienced during SA-4 made it necessary to utilize a
simplified navigation system consisting of a Northstar 7000 LORAN-C receiver and a
SAIL systém provided by Duke University Marine Laboratory. The SAIL system consisted
of a Hewlett Packard HP-85 microcomputer that provided a continuous printout of the
ship's position. Actual station positions were obtained by storing the data in the memory
of the Northstar 7000 and recovering the data for entry into hand-written station logs.

These positions were then compared with similar data recorded on the ship's bridge.
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RESULTS

Three sampling cruises, requiring 42 days at sea, were conducted during Phase 2 of
this program (Table 3). Research vessels included the 137-ft. R/V Cape Hatteras (Duke
University) and the 180-ft. RV Gyre (Texas A&M University). A total of 76 box cores for

infauna, six box cores for biomass, eight otter trawls, 5 Day dredge hauls, 11 camera
transects, and 78 hydrocasts were completed (Table 4). A general overview of each of the
three cruises is contained in Appendix A. Included in that review is a summary of
sampling positions, depths, and dates for each cruise (Table A.l). Positions of each

replicate box core and hydrocast are plotted in Figures B.l through B.10 (Appendix B).
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TABLE 3. SCHEDULE OF CRUISES IN THE U.S. SOUTH ATLANTIC STUDY AREA,

PHASES 1 AND 2.

Ship Stations
Cruise Date Used Sampled
Phase-1
South-1 Nov 1983 R/V Columbus Iselin  1,2,3,4,5,6
South-2 Mar 1984 R/V Cape Hatteras 1, 2, 3 (Reps. 1-2)
leg 1
South-2 May 1984 R/V Gyre 3 (Rep. 3), 4, 5, 6,
leg 2 7
South-3 July 1984 R/V Gyre 1,2,3,4,5,6,9
Phase-2
South-4 May 1985 R/V Cape Hatteras 4,9,10, 11,12, 13
14, 15, 16
South-5 Sep 1985 R/V Gyre 4,9, 11, 12*, 13 14,
14A, 15, 16
South-6 Nov 1985 R/V Cape Hatteras 4, 10, 11, 12, 13, 14,

15%, 16

*Only one replicate box core taken.
*Only two replicate box cores taken.
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TABLE 4. SUMMARY OF SAMPLES COLLECTED AND ANALYZED FOR THE SOUTH ATLANTIC PHASE 2 STUDY.

Number of Number of
Stations or Replicates Number of Total Total
Sample Type Transects per Station Cruises Collected Analyzed
Infaunal Box Cores 7-9¢ 3 3 73 76d
Meiofauna 7-9¢ 6 3 146 0
Sediment Grain Size 7-9¢ 3 3 73 76d
Sediment CHN 7-9¢ 3 3 73 76d
Sediment Hydrocarbons 7-9e 3 3 73 76d
Sediment Trace Metals3 7-9¢ 7b 3 189 192d
Camera Sted Tows 3-4¢ 1 3 11 11
Biomass Box Core 2 3 1 6 (3
Hydrography
Dissolved Oxygen 7-9¢ 3 3 75 78d
Salinity 7-9¢ 3 3 75 78d
Temperature 7-9¢ 3 3 75 78d
Day Dredge® 5 1 1 5 5
Otter Trawls® 1-4¢ 1 3 8 8
CTD Casts 9 1 1 9 9

a Sediment trace metal samples are analyzed at USGS, Woods Hole.
One extra trace metal core per station for M. Bothner (USGS).

CDay dredges and otter trawl samples are analyzed at Lamont-Doherty Geological Observatory.

Total includes analysis of three replicates from SA-3 Station 9.

€Number of stations varied by cruise.



CHAPTER 3. BENTHIC INFAUNAL COMMUNITY STRUCTURE

INTRODUCTION

The analysis of the infaunal samples taken from the box cores was one of the major
efforts of this program. This effort has been directed toward characterizing the benthic
infaunal communities on the continental slope and rise off the Carolinas. During the
course of this program, from the initial cruise during Phase 1 in November 1983 to the
completion of the sixth cruise in Phase 2 in 1986, a total of 130 0.09-m2 samples were
processed. Seventy-three box cores were processed in Phase 2 and are the focus of the
present report. Because of the faunal differences encountered in the Phase 2 stations, we
have enlarged the scope of this report to include a synthesis of Phase 2 community data
with that of Phase 1. This allows us to better assess the differences encountered among
all of the stations sampled, and to provide a more complete characterization of the
continental slope and rise off North and South Carolina. This synthesis also provides the
basis for a larger synthesis with the now completed U.S. Mid-Atlantic Study and the soon-
to-be-completed U.S. North Atlantic Study.

In general, the deep-sea benthos and the processes that affect it are poorly known.
Through the pioneering works of Sanders and Hessler in the 1960s, we know the deep-sea
environment supports a high diversity of infaunal organisms (Hessler and Sanders, 1967;
Sanders, 1968). This concept was developed through the use of fine-mesh screens (0.3
mm) and large samples obtained with the semi-quantitative epibenthic sled. Several
major taxonomic studies based on these samples (Hartman, 1965, Hartman and Fauchald,
1971: polychaetes; Rex, 1973: gastropods; Hessler, 1970: isopods; Allen and Sanders, 1973,
Sanders and Allen, 1973: bivalves) have confirmed the concept of high diversity in the
deep sea. In the past, few efforts have been directed toward characterizing the entire
benthic community of deep-sea environments. Although many samples have been taken,
most of these have only been analyzed for a portion of the fauna, e.g., polychaetes,
isopods, or bivalves. Prior to the present efforts, fewer than 100 box cores had been fully
analyzed for macroinfauna. The 130 box cores analyzed in entirety in the U.S. South
Atlantic program thus exceed the previous worldwide total of fully analyzed box cores.

When taken together with the U.S. Mid- and North Atlantic companion programs, the
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present ACSAR program is by far the most extensive effort to characterize and
understand the processes regulating deep-sea benthic communities ever attempted
anywhere in the world.

In the pages which follow, the details of species richness, infaunal density, species
diversity, and patterns in community structure are presented. In addition, some limited
data on life history parameters of selected dominant polychaete species is discussed and
the question of a zoogeographic boundary off the Carolinas is addressed. These results
are discussed and compared with the pertinent literature as well as the U.S. South
Atlantic Phase 1 report (Blake et al., 1985), the U.S. Mid-Atlantic Final Report (Maciolek
et al., 1987), and the U.S. North Atlantic Interim Report (Maciolek et al., 1986b).

METHODS
Methods for the field collection and handling of samples are presented in Chapter 2.
Laboratory methods involved in processing the samples and statistical methods used for

data analysis are discussed in this chapter.

Sample Processing

Each sample was logged into a Battelle laboratory record book by sample code
number, number of containers per sample, and date received. Each subcore was resieved
on a 0.3-mm mesh screen and transferred from formalin to 70 percent ethanol. All
samples were labeled both inside and outside the container. Technicians responsible for
these procedures signed the appropriate sample tracking sheet.

All sample sorting was conducted at Battelle. In order to maintain sample integrity,
each set of nine subcores constituting a replicate sample was assigned to one technician
for sorting. Samples were stained with a saturated solution of Rose Bengal at least four
hours prior to sorting. Because overstaining impairs the identification process, the Rose
Bengal was not allowed to remain in the sample for more than one day. The excess stain
was removed by rinsing the sample with water and transferring it to clean 70 percent

ethanol. The 0.3-mm screen was used for this procedure.
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Samples were examined under a dissecting microscope and each organism removed.
Organisms were sorted to major taxonomic groups or lower, depending on the experience
of the technician. Major taxonomic groups found in the samples included polychaetes,
oligochaetes, bivalves, scaphopods, gastropods, echinoderms, amphipods, isopods, tanaids,
and miscellaneous categories such as anemones, nemerteans, hemichordates, tunicates,
sipunculids, and pogonophorans.

Each organism was identified to the lowest practicable taxon, usually to the species
level. In some cases, designations including "spp. juvenile" or "spp. indeterminate" were
used when the stage of development or condition of the specimen precluded further
identification.

Counts of the individuals of each species were originally recorded separately for
each subcore for the first set of samples collected during Phase 1. Although this
procedure provided data on microspatial distribution of the infauna, it proved to be very
time consuming, and beginning with the second set of Phase 1 samples and continuing for
all Phase 2 samples, the specimens from the nine separate subcores were pooled, resulting
in one set of counts for each box core.

Certain taxonomic groups, i.e., amphipods, isopods, tanaids, bivalves, and
scaphopods, were transferred to WHOI for identification. All sample transfers were
accompanied by the appropriate tracking and data sheets.

All other taxonomic groups, including polychaetes, oligochaetes, echinoderms,
decapod crustaceans, gastropods, aplacophorans, pogonophorans, and sipunculids, were
identified at Battelle. Dr. Leslie G. Watling, University of Maine, identified all

cumaceans.

Life History Analysis

In order to develop additional data on seasonality and recruitment in deep-sea
benthic communities and to learn more about the reproduction and life history
characteristics of the benthic infauna, a limited analysis of life history parameters was
performed on five dominant species of polychaetes. Specimens were selected from two
U.S. South Atlantic stations: Station 4 from 2000 m off Cape Lookout and Station 9 from

600 m off Cape Hatteras. The species were chosen on the basis of their overall
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importance in slope and rise benthic communities and dominance at either Station & or

Station 9. Polychaetes from Station 4 included Pholoe anoculata, Aurospio dibranchiata,

and Microrbinia linea. Species from Station 9 included Scalibregma inflatum and Cossura

longocirrata.
A series of measurements of morphological characters were made for each species

studied. Such measurements included thoracic width, prostomial length, length of the
branchial bearing region, and number of branchial pairs. These measurements were
regressed against the total number of setigers in order to determine the best fit. This
proved to be a valuable technique for those species that fragment easily and for which it
was not possible to determine the total number of setigers.

In addition to determining size class frequency of each species, all specimens were
examined under the compound microscope for evidence of reproductive characteristics.
The presence of eggs (or oocytes), their size and location in or on the body, the presence,
location and arrangement of sperm or spermatophores, the presence and degree of
development of brooded young, and the presence of any obvious or unusual reproductive
structures were recorded. Thin sections were cut of selected specimens in order to
interpret reproductive structures. Specimens were embedded in formalin-agar (Baldorac,
1979), cut at 5 pm, and stained with hematoxylin and eosin, using standard histological

procedures.

Quality Control

Quality control procedures included resorting a minimum of 10 percent of all
samples sorted by each experienced technician and 100 percent of samples sorted by each
new technician. If the percentage of organisms missed exceeded 5 percent, the sample
failed the quality control check. Additional samples sorted both prior and subsequent to
the failed sample were then also checked until the percentage of organisms missed was
below 5 percent in five consecutive samples. When this requirement was met, the number
of samples checked was reduced to one in ten.

Species identifications were confirmed by several consultants, including Dr. Michael

Rex, University of Massachusetts, gastropods; Dr. John Allen, Dove Marine Laboratory,
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Scotland, thyasirid bivalves; Dr. Leslie G. Watling, University of Maine, amphipods; Dr.
George D.F. Wilson, Scripps Institution of Oceanography, isopods; Dr. Kenneth Sebens,
Northeastern University, anthozoans; Dr. Edward Cutler, Union College, sipunculids; Dr.
Christer Erseus, University of Goteburg; and Ms. Amalie Scheltema, WHOI,
aplacophorans.

Data Reduction and Analysis

Infaunal Data

Completed data sheets were coded at Battelle, keypunched at the University of
Rhode Island (URI) and entered into the VAX 11/780 computer at WHOIL  Most
keypunching errors were corrected at URI using a two-operator, double keypunch system.
Verification of hard copy printout and correction of errors was conducted jointly by
Battelle and WHOL The individuals for which the species identification was uncertain
(juveniles, anterior fragments, etc.) were not used for calculation of similarity or
diversity indices, but were included for tabulation of density. Animals attached to hard
surfaces such as rocks and shells, and parasitic and planktonic species were excluded from
all analyses. The excluded species are indicated by an asterisk on the species list in
Appendix C.

Statistical treatment of the infaunal data set included an agglomerative clustering
technique (Williams, 1971) to determine similarity between samples. The first step in this
classification involves measuring similarity between all pairwise combinations of samples,
beginning with the most similar pairs, and subsequently combining samples until they all
form one large group. The similarity measure used was NESS, the Normalized Expected
Species Shared (Grassle and Smith, 1976), in which the comparison of expected species
shared is between random samples of a set number of individuals from the initial
collection of individuals in each replicate. Since two equal subsamples, drawn from within
each of the original samples, are required for normalization, samples with less than twice
the specified number of individuals are excluded from the analysis. For the present
analyses, the number of individuals (m) usually was set at 50 and 200. However, for

replicates compared separately rather than combined, m was set at 20. The clustering
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strategy used was group average (Boesch, 1977). NESS similarity, followed by group
average clustering, was also used with polychaete data alone, with m set at 20 individuals.
The Bray-Curtis coefficient (Boesch, 1977), with group averaging sorting, was also used as
a similarity measure. This test was performed on both untransformed data and on a
square root transformation of the entire data set. Analyses were performed on replicates
combined for each station on each sampling date; additional analyses were performed on
individual replicates.

NESS (m=200) and Bray-Curtis similarity coefficients were calculated for the entire
data set (Phases 1 and 2) with cruises and replicates combined. The similarity matrices
are presented as trellis diagrams. The same procedure was applied to the polychaetes,
bivalves, and peracarids separately using Bray-Curtis.

An inverse classification was performed on data from both Phases 1 and 2 with
Bray-Curtis (R-mode) (Boesch, 1977). Species with a total abundance of less than one
hundred were eliminated from this analysis. A nodal analysis was performed utilizing
these results (Boesch, 1977). The species were separated into groups and used to
construct a two-way table that shows stations on the vertical side and species groups on
the horizontal side. This technique is used to measure constancy: a proportion derived
from the number of occurrences of a species group in a replicate group as compared with
the total possible occurrences.

Species abundances were ordinated by the method of reciprocal averaging (Hill,
1973; 1974) using the Cornell program DECORANA (Hill, 1979). Ordination analysis was
performed on individual replicates after a two-step truncation process. First, species
were excluded from the analysis if they had a total abundance of less than 10 when
abundances in all replicates, stations, and sampling dates were summed. Second, species
were deleted from a replicate if only one individual was present in that replicate.

Benthic community parameters, including Shannon-Wiener diversity (H') and its
associated evenness value (E), were calculated for each replicate of the six sample sets,
and also for replicates combined for each station/cruise combination. Shannon-Wiener

diversity (H') was calculated:

' -— logp.
B'(s) szong
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where s is the total number of species and pj is the observed proportion of individuals
belonging to the jth species (j = 1, 2,u0e.sy ).
Hurlbert's modification (1971) of the rarefaction method (Sanders, 1968) was used to

predict the number of species in a random sample, given a population N:

E[SmlN] - § )

= (a)

where N is the finite population of species i; N is (N}, N2, ......Nk), a vector representing

the entire finite population, N is the total number of individuals in the finite population:

and Sy, is the random variable denoting the number of species in a sample size m (Smith
and Grassle, 1977). For the rarefaction analyses, the number of individuals was set at 32
points ranging between 25 and 25,000. Increments between points were as follows: 25
individuals between 25 and 100; 100 individuals between 200 and 1000; 500 individuals
between 1000 and 2000; 1000 individuals between 2000 and 10,000; 2000 individuals
between 10,000 and 20,000; and 5000 individuals between 20,000 and 25,000.

The average number of new species contributed by the k replicate from a set of
samples drawn from a total number of n replicates was computed using the method of
Gaufin et al. (1956). The increase in the number of new species added as the number of
replicates is increased was plotted for each station separately.

Hypotheses comparing species densities between selected stations and cruises were
tested with the Student t-test, one-way ANOVA, or two-way ANOVA, depending on the

number of cruises or stations involved. The Student-Newman-Keuls (SNK) multiple
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comparison tests (Sokal and Rohlf, 1969) was used to identify significantly different
stations or cruises when ANOVA main effect terms were significant (p>.05). If the
station and cruise interaction term was significant in the two-way ANOVA, a SNK test
was performed on each individual cruise. In all tests, p >.05 was considered statistically
significant.

Transformed data was used in the analysis if the maximum to minimum variance
ratio between any station and cruise used to test a hypothesis was reduced by

transformation.

Life History Data

All data were coded and entered into the VAX 11-780 computer at Woods Hole
Oceanographic Institution. Analysis was either run on the WHOI VAX or transferred to
the VAX 11-750 at Battelle. At WHOI, the subprogram NEW REGRESSION of SPSS
(Statistical Package for the Social Sciences; Hull and Nie, 1981) was used to fit the "best"
regression equation relating setiger count to the measured variables, the natural loge (x),
square (X2) and cube (X3) of each variable were calculated and also entered into the
analysis. The same calculations were run at Battelle using the MINITAB Statistical
Package. The resulting equations and their associated coefficients of determination (R2)
were used to calculate the number of setigers for those specimens for which direct setiger
counts were lacking. Subprogram FREQUENCIES of the SPSS package (Nie et al., 1975)
was used to generate frequency distribution for each species by cruise at five-setiger
intervals. A full range of statistics was also generated, including means and standard
deviations for each set of measurements. It was not possible to fit a regression to

Microrbinia linea due to an insufficient number of entire specimens that could be used for

for counts of total setigers. As an alternative, the thoracic width was used directly for

the frequency distribution.
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RESULTS

Taxonomy

A total of 1202 benthic invertebrate species from 16 phyla have been identified
from the box core samples from the U.S. South Atlantic Slope and Rise Study (Table 5;
Appendix C). This represents a net increase of 325 species over the total reported for the
Phase | study, and reflects the results of sampling in the region to the south of Cape
Lookout.

Of the 1202 species recorded in this study, over 40 percent are new to science
(Table 5). Approximately 288 species of polychaetes (53 percent) are undescribed,
including more than 75 percent of the species within the families Cirratulidae,
Dorvilleidae, and Spionidae. One hundred and forty-five species of arthropods (53
percent) are new, including nearly two-thirds of the tanaids and cumaceans (64 and 18
species, respectively), half of the isopods (30 species), and over 43 percent of the
amphipods (32 species). Fifty-three species of molluscs (29 percent) are undescribed,
including a third of the bivalves (32 species). New species were also noted in the
Oligochaeta (8 species), Nemertea (4 species), Pogonophora (4 species), and Sipuncula (2
species).

The percent representation of each phylum is similar to that reported for the Phase
1 study, and is listed in Table 5. The annelids accounted for 46.9 percent of the total
number of species and include 542 species of polychaetes in 50 families, along with 22
species of oligochaetes in two families. The Spionidae was the best represented
polychaete family with a total of 62 species. The Paraonidae, Ampharetidae,
Cirratulidae, Phyllodocidae, and Dorvilleidae were also well represented, with 35, 33, 31,
29, and 28 species, respectively.

The phylum Arthropoda was the next most important component of the fauna,
accounting for 22.5 percent of the recorded invertebrate species. The order Tanaidacea
(100 species) was the dominant arthropod group, followed by the Amphipoda (74 species),
Isopoda (59 species), and Cumacea (29 species).

Nearly 15 percent of the species were molluscs, including bivalves (83 species),

gastropods (46 species), aplacophorans (36 species), and scaphopods (15 species). The
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TABLE 5. SUMMARY OF MAJOR TAXONOMIC GROUPS RECORDED IN U.S.
SOUTH ATLANTIC SAMPLES.

Genus* Total Percent

Taxonomic Named Undescribed and Species Species Entire

Group Species Species Undetermined Recorded Fauna
Porifera 1 10 11 0.9
Cnidaria 3.9
Hydrozoa 10 1 18 29 2.4
Anthozoa 6 2 9 17 1.4
Scyphozoa { 1 0.1
Platyhelminthes 1 1 0.1
Nemertea 4 16 20 1.7
Priapulida 2 1 3 0.2
Annelida 46.9
Polychaeta 133 288 71 542 45.1
Oligochaeta 12 8 2 22 1.8
Echiura 5 5 0.4
Sipuncula 15 2 2 19 1.6
Pogonophora 10 4 J4 1.2
Mollusca 15.0
Gastropoda 33 10 3 46 338
Aplacophora 3 9 24 36 3.0
Bivalvia 44 31 8 33 6.9
Scaphopoda 11 3 1 15 1.3
Arthropoda 22.5
Pycnogonida 1 1 0.1
Arachnida 3 1 0.1
Cephalpcarida 1 1 0.1
Ostracoda 1 1 0.1
Cumacea 8 18 3 29 2.4
Decapoda i 1 2 4 0.3
Isopoda 29 30 59 4.9
Tanaidacea 26 64 10 100 8.3
Amphipoda 11 32 31 74 6.2
Bryozoa 6 7 3 16 1.4
Brachiopoda 2 ! 3 0.2
Echinodermata 3.5
Crinoidea 1 1 0.l
Echinoidea 2 9 11 0.9
Ophiuroidea 6 2 9 17 1.4
Asteroidea 2 2 0.2
Holothuroidea [3 5 11 0.9
Hemichordata 3 4 0.3
Chordata 1 2 3 0.2
Total 428 520 254 1202 100.0

* Generic identification in some cases not yet worked out due to insufficient, poorly
preserved, damaged, or juvenile material.
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remaining phyla were relatively less common. The cnidarians and the echinoderms each
accounted for less than 4 percent of the total number of species (47 and 42 species,
respectively). Twenty species of nemerteans and 19 species of sipunculans were recorded.
The pogonophorans, an animal group typically found in deep-sea environments, were
represented by 14 species.

A comparison of the occurrence of the 1202 taxa found in the U.S. South Atlantic
stations with their occurrence in the U.S. Mid- and North Atlantic regions is shown in
Table 6. A total of 485 species representing 40.3 percent of the total of 1202 species
occur only in the south: 145 species (12.1 percent) are shared with the U.S. Mid-Atlantic
region; 99 species (8.2 percent) are shared with the U.S. North Atlantic region; and 473
(39.4 percent) occur in all three regions.

Diversity

Community parameters are presented in Table 7 for all replicates combined for each
station. Community parameters calculated separately for each replicate and sampling
date are given in Appendix E, and the same parameters calculated for replicates combined
at each station on each sampling date are presented in Appendix F.

Shannon-Wiener diversities taken from Table 7 indicate that most stations were
highly diverse, with 10 of the 16 stations represent\ed having diversity indices (H') of
approximately 6.0 or higher. Station 14 (800 m) off Charleston, with 436 species in nine
replicate box cores and a Shannon-Wiener value of 6.93, was one of the most diverse deep-
sea stations encountered. In contrast, Stations 9 (600 m) and 10 (2000 m) off Cape
Hatteras were among the lowest diversity stations encountered in the entire ACSAR
Program. Station 9 had an H' value of only 2.89, while Station 10 had a value of 4.37. At
both of these stations, faunal densities were very high, while the total number of species
was low when compared to other slope and rise stations at similar depths. Diversity at
Station 14A (600 m) on the Charleston Transect was also low, with a Shannon-Wiener
value of 4.45.

The calculated expected number of species in successively smaller samples is

currently considered the best way to illustrate deep-sea diversity (Sanders, 1968; Smith
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TABLE 6. REGIONAL AFFINITIES OF THE 1202 INVERTEBRATE SPECIES FOUND IN
THE U.S. SOUTH ATLANTIC SLOPE AND RISE STUDY.

South South/ South/ South/ Mid/
Taxon Only Mid North North
Porifera ' 5 L 1 4
Cnidaria
Hydrozoa 15 5 0 10
Anthozoa 5 1 0 10
Scyphozoa 0 1 0 0
Platyheiminthes 0 0 0 1
Nemertinea 2 2 i 15
Priapulida 1 0 0 2
Annelida
Polychaeta 204 66 44 228
Oligochaeta 4 2 3 13
Echiurida 2 0 0 3
Sipuncula 3 2 0 14
Pogonophora 1 2 2 9
Mollusca
Bivalvia 34 9 9 31
Gastropoda 24 8 6 8
Scaphopoda 3 2 3 7
Aplacophora 10 7 3 16
Arthropoda
Arachnida 0 0 0 1
Ostracoda 0 0 0 1
Cephalocarida 0 0 0 1
Decapoda _ 2 1 0 1
Cumacea 23 0 2 4
Tanaidacea 60 8 2 30
Isopoda 23 9 5 22
Amphipoda 36 12 10 16
Pycnogonida 0 0 0 l
Bryozoa 9 2 1
Brachiopoda 3 0 0 0
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TABLE 6.  (Continued).

South South/ South/ South/ Mid/
Taxon Only Mid North North

Echinodermata

Echinoidea 2 2 0 7

Crinoidea 1 0 0 0

Ophiuroidea 9 2 1 5

Asteroidea 1 0 0 1

Holothuroidea 2 1 2 6
Hemichordata 0 0 0 4
Chordata -1 _0 1 1

Total 485 145 99 473

Percent of Total (40.3) (12.1) (8.2) (39.4)

e et — ettt
B e ——————————————————————— e ————————
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TABLE?7. BENTHIC COMMUNITY PARAMETERS FOR EACH U.S. SOUTH ATLANTIC STATION, PHASES | AND 2, ALL REPLICATES

COMBINED.
Shannon-
Density Species Species Species Species Species Species Wiener
. Total Depth pe{ Tot.al per'io per }00 per 500 per I.OOO per %000 per %000 Diver'sity Evenness
Station Reps (m) m Species  Indiv. Indiv. Indiv. Indiv. Indiv. Indiv. H) (¥)
1 9 583 16,337 361 30.3 48.2 114.9 155.6 204.4 236.3 6.01 0.708
2 9 1000 9,130 325 31.7 49.7 116.3 159.2 212.2 246.9 6.18 0.740
3 9 1500 5,017 354 35.0 57.9 149.1 207.3 278.5 325.0 6.67 0.787
4 9 2000 5,622 286 29.7 48.1 122.0 167.9 221.7 255.3 5.93 0.727
(Phase 1)
4 9 2000 4,774 263 30.0 48.5 123.9 168.1 216.7 247.1 6.00 0.747
(Phase 2) .
4 18 2000 5,202 363 30.0 40.1 127.6 176.7 233.4 269.6 6.06 0.713
(Phase | & 2)
5 9 3006 870 175 37.9 63.2 157.7 * » » 6.67 0.895
[ 9 2004 6,209 286 33.1 52.7 125.7 169.2 218.6 249.8 6.34 0.776
7 2 3494 1,000 74 3.7 56.4 * * * * 5.70 0.918
9 9 604 46,255 145 10.4 14.7 32.3 43.9 58.1 67.9 2.89 0.403
1o 6 2003 8,950 139 18.6 26.9 59.3 80.3 105.9 122.7 4.37 0.613
8 9 800 10,188 385 33.5 54.1 133.0 183.5 245.6 286.9 6.46 0.753
12 7 1996 2,465 225 36.2 59.6 149.4 198.8 * * 6.65 0.851
13 9 3015 1,309 174 30.9 50.9 131.1 * * * 5.91 0.79%
14A 3 600 2,351 64 20.9 30.6 6t.0 * * * .55 0.743
14 9 305 9,033 436 36.8 61.9 161.4 223.1 296.7 345.2 6.93 0.791
15 6 1993 1,31t 123 26.8 42.6 110.7 * * * 5.18 0.74%6
16 9 3008 734 140 30.0 50.9 135.6 * * * 5.53 0.776

*Sample size was too small to allow calculation of this parameter.



and Grassle, 1977; Hessler and Jumars, 1974; Jumars and Gallagher, 1982). In addition to
this rarefaction approach, species accumulation curves using combinations of actual box

core samples were used to generate a species-area plot.

Rarefaction Curves

Based upon rarefaction curves plotted for all of the stations for Phases 1 and 2
(Figure 5), Station 14 (CH, 800 m) is clearly the most diverse, followed by Station 5 (Lo,
3000 m), Station 3 (LO, 1500 m), and Station 12 (FE, 2000 m). These four stations are
followed closely by a large group of 2000- to 3000-m stations, which are slightly more
diverse than Station 2 (LO, 1000 m), Station 1 (LO, 600 m) and Station 15 (CH, 2000 m).
As in the Shannon-Wiener indices, Stations 14A, 9, and 10 are considerably less diverse
than all of the other stations in the study area. Figure 6 is a more expanded version of

the rarefaction plots, with the 3000-m stations excluded. The same diversity trends are
apparent.

The 1500- to 2000-m stations have been plotted separately to show diversity
relationships on the lower slope of the U.S. South Atlantic region (Figure 7). Station 3 off
Cape Lookout (1500 m) is the most diverse station, followed by the -2000-m Stations 12
(FE), 4 (LO), 6 (HC), and 15 (CH). Station 10 off Cape Hatteras is the least diverse
station.

The 3000-m stations have been plotted separately to show their relationships as well
(Figure 8). Station 5 on Cape Lookout is the most diverse of the three, with Stations 13
and 16 on Cape Fear and Charleston being nearly identical.

Station &4 is the only site in the U.S. South Atlantic region for which there are data
for six sampling occasions. For this reason, rarefaction curves have been prepared
showing the entire fauna and polychaetes, peracarids, and molluscs separately (Figure 9).
Polychaete diversity is highest of any of the major faunal groups, followed by peracarids
and molluscs.
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Species Accumulation Plots

All species accumulation curves have been combined on a single plot for
comparative purposes (Figure 10). Station 4 is plotted twice, with the nine box cores from
Phase | plotted separately from those of Phase 2. A separate figure depicts the plot for
all 18 box cores taken at Station 4 combined (Figure 11). The greatest rate of species
accumulation and, by inference, diversity occurs at the shallower stations between 600
and 1500 m between Cape Lookout and Charleston. Thus, Stations !4 (Charleston) and 11
(Cape Fear) at 800 m are the highest in rate of species accumulation, followed by Station
1 (600 m), Station 3 (1500 m), and Station 2 (1000 m) on the Cape Lookout transect.

However, Stations 9 (Cape Hatteras) and 14A (Charleston), both at 600 m, are among the

lowest in rate of species accumulation. Stations 4, 6, and 12, all at 2000 m between
Hatteras Canyon and Cape Fear, are next in rate of species accumulation and form a
distinct group about mid-way down the plot. The 3000-m stations (5, 13, and 16) are in
the lowest group. It is interesting that Stations 10 (Cape Hatteras) and 15 (Charleston),
both at 2000 m, are similar to the 3000-m stations in rate of species accumulation.
Station 10 is similar to Station 9, confirming the distinctness of the Cape Hatteras
Transect from all other South Atlantic localities.

Cluster Analysis

Analysis of patterns in the data included use of both cluster analysis and ordination
techniques. Ordination is treated separately (see below). Cluster analysis included the
use of two techniques: NESS, the number of expected species shared, which was used to
determine patterns among stations, and Bray-Curtis, which was also used to determine

patterns among stations (Q mode) and also between species groups (R mode).

NESS - Entire Community Analysis

We were unable to run NESS at 200 individuals due to the very low faunal densities
encountered at the deepest stations. Instead, NESS was run at 20 and 50 individuals for

replicates combined, with different results being obtained in the two calculations (Figures

41



[4;

4160

Stn 14 (C11 80tinY

420
380 Stn tH {FE 8O0OmM)
Stn 1(LO 600m)
Stn I (LO 1500m) .
340
Stn 2 (1O 1000m)
300
in 4 | (LO 2000m)
tn 6 0IC 2000m}
lﬁul Sin 4 0 (O 2000m)

pecies

mno. Sin 12 (FE 2000m)

100
(R ARH BT

Sin 9 UIA 600m}

140- Stn 16 (TIE 3000m)

Stn 103 (HIA 2000m}
tn 1S (CH 2000m}

wo

60

/sm 1A 1O 600m}

L T S S -y

5
Replicate

B R |
L} 9

e
~—

Figure 10.  Species Accumulation Curves for 15 U.S. South Atlantic Stations from Phases 1 and 2. Station 4 is
Plotted Separately for Phases 1 and 2. Station 7 is not Included.



£y

400

350

Joo

Species

200

150 1

wo-

250 4

___+Stn 4 (10 2000m!

e

L)
Replicate

Figure 11.

Species Accumulation Curve for Station 4, with all 18 Samples from Phases 1 and 2 Combined.




12 and 14). For replicates separate, NESS was run at 20 individuals. Each station
clustered separately, with each cruise of any one station clustering together, rather than
with samples from any other stations (Figure 13).

With NESS at m=20, the station having the least affinity with any other station is
Station 14A, located at 600 m on the Charleston Transect (Figure 12). All of the other
stations clustered very tightly together, with a high degree of similarity among the
different cruises. Similarity between stations was apparent as well, with Stations 1 (600
m) and 2 (1000 m) on the Cape Lookout Transect forming a distinct cluster at a similarity
level of 0.52. In contrast, Stations 9 (600 m) and 10 {2000 m) on the Cape Hatteras
Transect are more similar to each other than to the remaining stations, but are linked
only at the 0.32 and 0.17 NESS similarity levels. Station 3 at 1500 m off Cape Lookout,
and Stations 4 (2000 m, Cape Lookout), 12 (2000 m, Cape Fear), and 6 (2000 m, Hatteras
Canyon) are all clustered at the 0.52 NESS similarity level, with each cruise of each
individual station clustering at very high levels of similarity. Another distinct cluster of
stations includes Station 13 (3000 m off Cape Fear) and Stations 15 and 16 (2000 m and
3000 m) off Charleston. Although the similarity of Station 15 to Stations 13 and 16 is only
0.48, it is more similar to these 3000-m stations than to the other 2000-m stations.
Station 5, the 3000-m station off Cape Lookout, clusters separately from the 3000-m
stations off Cape Fear and Charleston and is closer to Station 7 (3500 m, Cape Lookout)
at a 0.35 NESS similarity. Both 800-m stations (11, Cape Fear and 14, Charleston)
cluster very closely to one another with a 0.75 NESS similarity. To summarize these
NESS results, it appears that although stations tend to cluster by depth, these patterns are
strongly influenced by latitude. For example, the 2000-m stations tend to separate by
latitude. Station 10 (Cape Hatteras) is separate from Stations 6, 4, and 12 (Hatteras
Canyon to Cape Fear), and these are separate from Station 15 (Charleston). Likewise, the
two more southerly 3000-m stations have only a low level of similarity to Stations | and 2
off Cape Lookout. There is an even lower level of similarity of any of these stations with
their counterparts off Cape Fear (Station 11) and Charleston (Station 14). Station l14A, at
600 m off Charleston, is unlike any other station.

An analysis of the same data with replicates analyzed separately is presented in
Figure 13. The overall pattern described above is repeated, except for Station 3,

Replicate 2, Cruise SA-1, which clusters with Station 4, and Station 12, Replicate 2,
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Cruise SA-6, which has only a 0.38 level of similarity with all of the Station 3, 4, 6 and 12
replicates. The position of the Station 3 replicate is easily explained. This sample, taken
on the first cruise of the program, was collected at a depth of 1690 m instead of the
target depth of 1500 m. A similar anomaly was observed with Station 1, Replicate 1,
taken on Cruise SA-1. That replicate was taken from a depth of 720 m instead of 600 m.
This type of depth anomaly does not explain the pattern displacement of the Station 12,
Replicate 2, however. This sample was taken well within the appropriate depth range and
in good proximity to other replicates taken on the same and other cruises.

With NESS at m=50, a noticeable rearrangement of some stations is evident (Figure
14). Station 9 is now the station with the least similarity to any other station. Stations
11 and 14 shift to a position closer to Stations | and 2. Station 5 is closer in similarity to
the other 3000-m stations. The 2000-m stations more or less maintain the same

relationships as in the results obtained with NESS set at 20 individuals.

Bray-Curtis - Entire Community Analysis

The cluster patterns resulting from the Bray-Curtis analyses differ in several
respects from those based on NESS at m=20, but are similar to those for NESS with m=50.
The results are presented in Figures 15 through 18. The first two dendrograms represent
the Bray-Curtis analysis of the entire community with replicates combined, with and
without square-root transformation, while the last two represent analyses of the entire
community with replicates kept separate. The patterns revealed by square-root
transformation are quite clear, with most of the replicates from any one station
clustering closest to replicates from the same station. The same replicates that depart
from this sequence with NESS (see above) also exhibit a similar pattern, but to a lesser
degree, with Bray-Curtis.

With Bray-Curtis, as with NESS at m=50, the upper slope Stations 14A (Charleston,
600 m) and 9 (Cape Hatteras, 600 m) tend to be less similar to all other stations, but
Stations 1 and 2 (Cape Lookout, 600 m and 1000 m) are more similar to each other (0.46
level) and to Stations 11 (Cape Fear, 800 m) and 14 (Charleston, 800 m) (at the 0.36 level)
than to all other stations (Figure 16). Interestingly, with NESS at m=20, Station 9 was
most similar to the deeper station on the transect, Station 10 (2000 m), than to any other
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station, while with NESS at m=50 and Bray-Curtis, Station 10 is distinct, but more similar
to the large shallow-water cluster of Stations 1, 2, 11, and 14 just described and to a
lower slope cluster of Stations 3, 4, 6, and 12 (1500-2000 m). Of these latter stations,
Stations 3 and 4 (Cape Lookout) are more similar to Station 6 (Hatteras Canyon) than to
Station 12 (Cape Fear). Station 15, also at 2000 m, but located off Charleston, clusters
more closely to the three 3000-m stations than to any of the 2000-m stations. Of the
3000-m stations, Stations 13 (Cape Fear) and 16 (Charleston) are more similar to one
another than to Station 5 (Cape Lookout). Station 7 (3500 m off Cape Lookout) clusters
more or less by itself, but is closest to the 3000-m cluster of stations and Station 15.

The results based on NESS at m=50 and on Bray-Curtis tend to emphasize
similarities along isobaths more than the NESS at m=20 analysis does. Major faunal
breaks among the upper slope stations are obvious are at the 600-m site off Cape Hatteras
and the 600-m site off Charleston; among the 2000-m stations at Station 15 off
Charleston and to some extent at the 2000-m station off Cape Hatteras; and on the 3000-
m isobath between Station 5 off Cape Lookout and Stations 13 and 16 off Cape Fear and

Charleston.

Bray-Curtis—-Polychaetes Only

Bray-Curtis was run on polychaete fauna only, after a square-root transformation of
the data (Figure 19). Except for a shift in Station 12, Cruise SA-5, to a position closer to
the 3000-m stations and Station 15, the patterns are identical to those just described for
the entire community. This result reflects the numerical dominance and importance of

the polychaete fauna in the entire community.

Bray-Curtis—Peracarids Only

Bray-Curtis was run on the peracarid fauna only, after a square-root transformation
of the data (Figure 20). A major departure from the entire community analysis is seen
using this subset of the fauna, with a clearer division of the stations into depth zones.
With the exception of the most unusual stations (Station 14A, 9, 10) and one sample set
(cruise) of Station 15, all of the upper slope stations (1, 2, 11, and 14) cluster together, as
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do all of the 1500- to 2000-m stations (3, 4, 6, 12), and all of the 3000- to 3500-m stations
(5,7, 13, and 16). The uniqueness of Stations 9 and 10 off Cape Hatteras and Station 14A

off Charleston are also evident in this analysis.

Bray-Curtis—Bivalves Only

When only the bivalve fauna is analyzed using Bray-Curtis, many differences
compared to the entire community analysis are seen (Figure 21). Station 10 off Cape
Hatteras is highly similar to the upper slope stations. The 3000-m stations are more
similar to the 2000-m stations than is evident in the entire community analysis, and
Stations 15 and 14 show essentially no similarity to any other station. This result implies

that bivalves are more distinctly zoned than are the other faunal elements.

Bray-Curtis by Species (R Mode)

Bray-Curtis was run in the R mode in order to distinguish groups of species instead
of stations. All species having less than 100 occurrences were eliminated from the
analysis, leaving approximately 130 species of the total 1202 recorded. The dendrogram
generated from this analysis is shown in Figure 22. Seventeen groups of species were
identified and distinguished. Cutoff points for species groups were chosen on the basis of
clear separation from other groups rather than by using a predetermined similarity level.
In most cases, the various groups selected more clearly separated from the next most
similar groups. In a few cases, however, the judgement about where to separate groups
was somewhat subjective, and it is possible that 20 groups might be more appropriate.

Nevertheless, the species composition of the 17 groups is given in Table 3.

Nodal Analysis

In order to compare the Bray-Curtis R-mode results with the station analyses (Q
mode), a nodal analysis was performed. In this analysis, the 17 species groups were
directly compared on a group-to-station percent shared basis, with the 16 stations

arranged according to latitude and depth (Figure 23). Most of the species groups showed
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TABLE 8. SPECIES GROUPS IDENTIFIED BY INVERSE CLUSTER ANALYSIS OF U.S.
SOUTH ATLANTIC PHASE | AND PHASE 2 DATA.

Group 1

Aricidea catherinae

Prionospio sp. 24

Protodorvillea nr. kefersteini

Caulleriella sp. 3

Group 2

Clymenura lankesteri
Leptognathiella sp. 3
Phallodrilus sp. 2

Chone sp. 5

Bathyarca sp. |

Spionidae n. gen. n. sp. 11
Cossura sp. 2

Jasmineira filiformis
Striopulsellum atlantisae
Nephasoma abyssorum
Trichobranchidae sp. 6
Phallodrilus sp. 4
Chaetozone sp. 10
Nemertea sp. 13
Leptocheliidae sp. |
Molpadia blakei
Bathydrilus asymmetricus
Kelliella sp. !
Tubificoides sp. 3

Myriochele sp. 4

Group 3

Tharyx dorsobranchialis
Aricidea nr. claudiae
Phascolion strombus
Aricidea sp. 3

Ophelina cylindricaudata
Capitellidae sp. 1
Lepidomeniidae sp. |
Exogone verugera profunda
Lumbrineris sp. 2

Euchone hancocki

Ninoe nigripes

Tharyx sp. 2

Ophelina abranchiata
Paradoneis brevicirratus
Tubificoides apectinatus
Auchenoplax crinita
Limnodriloides monothecus

Group 4
Prionospio sp. 1

Grania atlantica

Thyasira subovata
Thyasira tortuosa
Prochaetodermatidae sp. |
Labidoplax buskii
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TABLE 8. (Continued).

Group 5

Maldanidae sp. 1
Falcidens sp. 2
Nephasoma diaphanes
Thyasira croulinensis
Levinsenia sp. |
Nemertea sp. 2
Lumbrineris latreilli
Nemertea sp. A
Braniella nr. palpata
Cossura sp. 1
Levinsenia flava
Flabelligella cirrata

Dysponetus sp. |
Ceratocephale loveni

Group 6

Myriochele cf. heeri
Thyasira ferruginea

Myriochele sp. 1

Group 7

Barantolla sp. 1
Thyasira (Leptaxinus) minutus

Galathowenia sp. |
Meiodorvilla minuta
Paradoneis lyra

Tharyx sp. |

Fabricia sp. 1

Group 8

Paranarthrura cf. insignis
Maldanidae sp. 3

Micrura sp. 1
Paramphinome jeffreysii
Siboglinum angstum

Group 9

Augeneria bidens
Siphonolabrum sp. 2
Falcidens sp. 4

Ninoe nr. brevipes
Ophiura sp. 1 juv.
Trochochaeta watsoni
Kesun gravieri

Dysponetus sp. &
Aglaophamus sp. 1
Glycera capitata
Prionospio sp. 11
Notomastus latericeus
Prochaetoderma yongei
Spathoderma clenchi
Tubificoides apectinatus
Nemertea sp. 6
Sabidius cornatus
Siboglinum pholidotum
Anarthruridae sp. 1
Prionospio sp. 2
Aspidosiphon zinni
Aurospio dibranchiata
Pholoe anoculata
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TABLE 8. (Continued).

Group 10

Exogone sp. 1
Phallodrilus grasslei

Dysponetus sp. 3
Paradoneis abranchiata

Group 11

Haploops setosa

Group 12

Tubificoides maureri
Tubificoides sp. %

Leptognathia sp. 10

Group 13

Ophryotrocha sp. 1
Aricidea sp. 6
Thyasira equalis
Barantolla sp. 3
Harpinia clivicola

Group 14

Microrbinia linea

Group 15

Gnathia sp. 2

Group 16

Athecata sp. A
Thyasira rotunda

Pleurogonium nr. spinosissimum

Terebellides sp. 4

Dorvilleidae sp. 2

Chaetozone sp. 1!

Leitoscoloplos acutus

Schistomeringos caeca

Pseudotanais sp. 5

Aricidea quadrilobata

Tubificoides intermedius

Nicolea sp. |

Group 17

Limnodriloides medioporus

Scalibregma inflatum

Cossura longocirrata
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clear affinities to individual stations or to groups of stations. Species Group 1 showed
strong affinities with Stations 14A and 14 off Charleston (600 m, 800 m). Group 2
represents a large group of species typical of upper slope depths, but most species are
affiliated with Stations 11 or 14 off Cape Fear and Charleston (800 m). Group 3 is also an
upper slope assemblage, but with highest affinity to Station 1 off Cape Lookout (600 m).
Group 4 has its strongest affinities with Stations 1-4 off Cape Lookout and Station 6 off
Hatteras Canyon (2000 m) and lesser similarity with Stations 11 off Cape Fear (2000 m)
and 14 (300 m) off Charleston. Group 5 is an assemblage of species having its strongest
affinities to stations in the 600- to 1000-m depth range from Cape Lookout to Charleston
and weaker affiliations with the Cape Hatteras stations (600, 2000 m) and Station % off
Cape Lookout (2000 m). Group 6 is very clearly associated with the Hatteras Canyon and
Cape Lookout stations (HC 2000 m; LO 600-1500 m). Group 7 has its strongest affinities
with Station ! and 2 (LO 600, 1000 m) and 11 (FE 800 m), with weaker affinities with
several other stations, both shallow and deep. Group 8 is widely distributed, mostly
between 800 and 2000 m. Its strongest affinities are with Station 14 (CH 800 m). Group 9
is widespread, with its strongest affinities with the 1500~ to 2000-m stations (HC 2000 m;
LO 1500-2000 m; FE 2000 m). Group 10 appears to be a southern cluster, with strongest
ties to Cape Fear and Charleston (FE 2000 m; CH 800-2000 m). Group 1l consists of only
a single species, Haploops setosa, an amphipod which seems to show some affinity with
Stations 3 and 4 off Cape Lookout (1500-2000 m) and Station 15 off Charleston (2000 m).
Group 12 exhibits its closest ties with Station 6 (HC 2000 m). Group 13 is most constant

at the northern stations from Cape Hatteras to Cape Lookout, but is closest to Station 10
(HA 2000 m). Group l4 consists of a single species, Microrbinia linea, which is the

dominant species at six of the South Atlantic stations, beginning with Station 4 at 2000 m
off Cape Lookout and including most of the Cape Fear and Charleston stations (see
below). All of these same stations show affinities with this species (as Group 14). Group
15 also consists of a single species, Gnathia sp. 2, which occurs at upper slope localities
on the Cape Lookout, Cape Fear, and Charleston transects. Group 16 is a Station 9
assemblage (HA 600 m), with only limited affinity with Station 10 (HA 2000 m) and
Station 1 (LO 600 m). Group 17, composed of three of the dominant species is also a
Station 9 assemblage. Since Cossura longocirrata is included in this group, there is some

affiliation with other stations at which that species occurs.
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In general, the R-mode Bray-Curtis analyses proved useful in delimiting certain
species groups that are affiliated with particular depths and transects in the U.S. South

Atlantic region.

Correspondence Analysis

The results of the correspondence analysis are shown in Figures 24 and 25. In Figure
24, Stations 9 (600 m) and 10 (2000 m) separate far out along axis 1. Stations 2 (1000 m)
and 1 (600 m) separate somewhat along axis |, while Stations 14 (800 m), 15 (2000 m) and
16 (3000 m) are separated only slighty from a cloud of closely clustered 2000-m stations
on axis 2. These are only partial separations, with the remaining stations not being
resolved from one another. Station 14A separates well out along axis 2. In Figure 25, a
more significant resolution of stations is apparent relative to axis 3 and axis 1. Stations 1
(600 m), 2 (1000 m), 9 (600 m), 10 (2000 m), and 14A (600 m) exhibit the greatest
separation from the central cloud of stations. Stations 11 (800 m), 14 (800 m), and 3 (1500
m) exhibit well-defined separations along axis 3; whereas Stations 6 (2000 m), 15 (2000
m), and 4 (2000 m) are only partially separated from a central cloud of 2000- and 3000-m
stations.

The results in Figure 24 clearly emphasize the wide divergence of Stations 9, 10, and
14A from the central cloud of stations, and Figure 25 indicates the wide divergence of
Stations 9, 10, 1, 2, and 14A from the central cluster. Stations 1, 2, 9, and [4A are all
located on the upper slope and have unique faunal assemblages, but Station 10 is an
unusual 2000-m station, having close faunal affinities with Station 9. Except for the 800-
m Stations 11 and 1%, which diverge along axis 3, the stations at 1500 m, the remaining
2000-m stations, and the 3000-m stations tend to be grouped close together.

In Figure 24, the data indicate a depth gradient, in that Stations 1, 2, and 9 separate
along axis 1. The presence of a 2000-m station (10) along that same axis reflects its close
faunal similarity with the shallower Station 9, rather than with the other 2000-m stations.

The results of the correspondence analysis for Phase 1 stations (1-7) and Phase 2
stations (4, 9-16) analyzed separately are presented in Appendix G. The results indicate
that Phase | stations tend to cluster together according to depth (Figures G-1 and G-2).

Results of the Phase 2 analysis more closely follow the results of analyzing all stations
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combined, in that Stations 9, 10, and 14A are widely separated from a central cloud of
stations (Figures G.3 and G.4).

Dominant Species

The dominant species and their contribution to the fauna at each station, summed
over the seasonal cruises for which they were sampled, are presented in Tables 9 through
24. The tables are arranged with the stations grouped by depth, so that comparisons along
isobaths can be made latitudinally. In some cases, indeterminate or juvenile taxa made up
significant percentages of the fauna at a given station. These taxa are listed in the
tables, and the percentage contribution of identified species has been calculated both
including and excluding the indeterminate taxa. The dominant species recorded at each
station for each season are given in Appendix D.

Stations on the 600-m isobath. Three stations were sampled at 600 m: Station 9 on

the Cape Hatteras Transect, Station 1 off Cape Lookout, and Station 14A off Charleston.
Of the three, Station 1 is the most diverse, with 361 species recorded from nine box cores.
Station 9 had 145 species in nine box cores; Station 14A had only 64 species, but only
three box cores were collected at this station.

At Station 9, five annelid species account for 66.1 percent of the fauna (Table 9).

Cossura longocirrata is the dominant species, with 27.8 percent of the total fauna,

followed closely by Scalibregma inflatum with 19.6 percent. On Cruise SA-5, S. inflatum

was the top-ranked species (Appendix E, Table E-1). Two oligochaetes, Limnodriloides

medioporus and Tubificoides intermedius, were next in rank, followed by a paraonid

polychaete, Aricidea guadrilobata. The next 15 species in the rank order account for only

7.5 percent of the fauna. These include 10 polychaetes, one tanaid, one isopod, one
bivalve, one amphipod, and a nemertean. Included in this list of 20 dominants are some
forms that are more typical of shallower continental shelf environments, such as Cossura

longocirrata, Limnodriloides medioporus, Aricidea quadrilobata, Leitoscoloplos acutus,

and Lumbrineris fragilis. The density of S. inflatum at this station is among the highest

ever recorded, and has provided a unique opportunity to collect population data on a
widespread and cosmopolitan species. A total of 27 species, including five of the top
dominants, occur only at Station 9 off Cape Hatteras.
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TABLE 9. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 9 (HA 600 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
1. Cossura longocirrata (Polychaeta) 10,417 27.8 36.5
- (Tubificidae spp. juv.) (Oligochaeta) 7,971 21.3 -
2. Scalibregma inflatum (Polychaeta) 7,332 19.6 25.7
3. Limnodriloides medioporus (Oligochaeta) 4,410 11.8 15.4
4. Tubificoides intermedius (Oligochaeta) 1,561 4.2 5.5
5. Aricidea quadrilobata (Polychaeta) 1,005 3.5 3.5
6. Pseudotanais sp. 5 (Tanaidacea) 600 {.6 2.1
7. Schistomeringos caeca (Polychaeta) 465 1.2 1.6
8. Leitoscoloplos acutus (Polychaeta) 361 1.0 1.3
- (Turbellaria) (Platyhelminthes) 287 0.8 -
9. Terebellides sp. 4 (Polychaeta) 228 0.6 0.8
10. Chaetozone sp. 11 (Polychaeta) 200 0.5 0.7
11. Pleurogonium nr. spinosissimum (Isopoda) 162 0.4 0.6
12. Dorvilleidae sp. 2 (Polychaeta) 158 0.4 0.6
- (Terebellides spp. juv) (Polychaeta) 140 0.4 -
- (Cirratulidae spp. indet.) (Polychaeta) 118 0.3 -
-  (Hesionidae spp. indet.) (Polychaeta) 118 0.3 -
13. Nicolea sp. I (Polychaeta) 103 0.3 0.4
14, Ceratocephale loveni (Polychaeta) 101 0.3 0.4
15. Thyasira rotunda (Bivalvia) 9% 0.3 0.3
16. Lumbrineris fragilis (Polychaeta) 93 0.2 0.3
17. Melinna cristata (Polychaeta) 33 0.2 0.3
13. Nemertea sp. A (Nemertea) 73 0.2 0.3
- (Cylichna spp. juv.) (Gastropoda) 78 0.2 -
19. Erichthonius sp. 3 (Amphipoda) 77 0.2 0.3
20. Levinsenia sp. | (Polychaeta) 56 0.1 0.2
Total Cumulative
Percent 97.7 96.8
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None of the top 20 species present at Station 9 are in the top 20 list at Station |
(Table 10). The five top dominant species at Station | include four polychaetes and one
bivalve. Fabricia sp. 1, a small filter-feeding sabellid known only from this site,

dominates this community with 12.4 percent of the total fauna. Meiodorvillea minuta, the

second ranked species at 3.2 percent, is a small omnivorous polychaete, and is the top-
ranked species at Station 2 (LO 1000 m) (see below). Many of the remaining dominants
are deposit feeders. A total of 48 species occur at Station 1 and nowhere else in the study
area.

Station 14A, off Charleston, South Carolina, is the most unusual station in the entire
study area (Table 11). The first five species make up 51.6 percent of the fauna. Fourteen

of the top 20 species are polychaetes, of which some like Novaquesta trifurcata are here

recorded in their southernmost, and deepest, locality. This species was previously known
only from the continental shelf off the northeastern U.S. The top-ranked species,
Caulleriella sp. 3 with 14 percent, is elsewhere recorded only from Station 15, at 2000 m

on the same transect off Charleston. Protodorvillea nr. kefersteini, the second-ranked

species with 13.9 percent of the individuals, was found at other shallow stations, including
Stations 1, 11, and 14, but was generally rare. This species is more typical of continental
shelf localities. Prionospio sp. 24, the third-ranked species, also occurred at Station 14
(800 m) on the Charleston transect and one specimen was identified from 800 m off Cape

Fear (Station 11), but it has not been recorded further north. Aricidea catherinae is more

widely known from shallower continental shelf habitats. A total of 15 species, including
four of the top dominants, occur at Station 14A and nowhere else in the study area.
Stations on the 800- to 1000-m Isobaths. Three stations, Station 2 (1000 m) off Cape
Lookout, Station 11 (800 m) off Cape Fear, and Station 14 (800 m) off Charleston, are
compared. All three stations are highly diverse, with 325, 385, and 436 species,

respectively. Some species occur at only one of these stations and nowhere else: 34
species at Station 2, 31 species at Station 11, and 43 species at Station 14. None of these
station-specific species is among the top-ranked dominants. Forty-five species are shared
between Stations 1l and 14, and this station pair consistently clusters together using NESS
and Bray-Curtis (see above).

Station 2 is dominated by five annelids composing 29.6 percent of the total fauna
(Table 12). Meiodorvillea minuta is the species ranked number one with 7.5 percent. It
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TABLE 10. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 1 (LO 600 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

I. Fabricia sp. 1 (Polychaeta) 1,635 12.4 13.7
2. Meiodorvillea minuta (Polychaeta) 1,081 8.2 9.0
3. Galathowenia sp. | (Polychaeta) 639 5.2 5.8
- (Tubificidae spp. juv.) (Oligochaeta) 552 4.2 -
4. Thyasira (Leptaxinus) minutus (Bivalvia) 520 3.9 4.3
5. Barantolla sp. I (Polychaeta) 396 3.0 3.3
6. Auchenoplax crinita (Polychaeta) 339 2.6 2.8
7. Tharyx sp. | (Polychaeta) 303 2.3 2.5
8 Paradoneis lyra (Polychaeta) 281 2.1 2.3
9. Limnodriloides monothecus (Oligochaeta) 256 1.9 2.1
10. Tharyx sp. 2 (Polychaeta) 251 1.9 2.1
11. Ophelina abranchiata (Polychaeta) 250 1.9 2.1
12. Cossura longocirrata (Polychaeta) 204 1.4 1.7
13. Ninoe nigripes (Polychaeta) 191 1.4 1.6
14. Euchone hancocki (Polychaeta) 184 1.4 1.5
15. Levinsenia sp. | (Polychaeta) 153 1.2 1.3
16. Paradoneis brevicirratus (Polychaeta) 143 1.1 1.2
17. Flabelligella brevicirratus (Polychaeta) 139 1.1 1.2
18. Dysponetus sp. | (Polychaeta) 137 1.0 1.1
19. Thyasira croulinensis (Bivalvia) 134 1.0 1.1
20. Tubificoides apectinatus (Oligochaeta) 129 1.0 1.1

Total Cumulative
Percent 60.2 61.8




TABLE 11.

DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL

FAUNA RECORDED IN THREE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 14A (CH 600 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
l. Caulleriella sp. 3 (Polychaeta) 89 14.0 15.7
2. Protodorvillea nr. kefersteini (Polychaeta) 88 13.9 15.5
3. Prionospio sp. 24 (Polychaeta) 87 13.7 15.3
4., Aricidea catherinae (Polychaeta) 44 6.9 7.7
5. Novaquesta trifurcata (Polychaeta) 20 3.1 3.5
6. Ceratocephale loveni (Polychaeta) 17 2.7 3.0
- (Turbellaria) (Platyhelminthes) 14 2.2 -
7. Glycera capitata (Polychaeta) 13 2.0 2.3
- Tubificidae spp. juv.) (Oligochaeta) 13 2.0 -
8. Leptognathia cf. armata (Tanaidacea) 12 1.9 2.1
9. Nereimyra sp. 2 (Polychaeta) 12 1.9 2.1
10. Ophelia sp. 2 (Polychaeta) 11 1.7 1.9
11. Notomastus cf. tenuis (Polychaeta) 11 1.7 1.9
12. Phallodrilus sp. 5 (Oligochaeta) 11 L.7 1.9
13. Tanaissus sp. | (Tanaidacea) 10 1.6 1.7
14. Scoloplos (Leodamas) sp. 3 (Polychaeta) 10 1.6 1.7
15. Aonides paucibranchiata (Polychaeta) 9 1.4 1.6
16. Exogone verugera profunda (Polychaeta) 9 1.4 1.6
17. Thambema sp. 1 (Isopoda) 8 1.3 1.4
18. Polycirrus sp. 3 (Polychaeta) 3 1.3 1.4
19. Enteropneusta sp. 2 (Hemichordata) 7 1.1 1.2
20. Phoxocephalidae sp. | (Amphipoda) 7 1.1 1.2
Total Cumulative
Percent 80.2 84.7
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TABLE (2. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 2 (LO 1000 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

1. Meiodorvillea minuta (Polychaeta) 552 7.5 7.8
2. Cossura longocirrata (Polychaeta) 523 7.1 7.4
3. Tubificoides sp. 3 (Oligochaeta) 505 6.8 7.2
4. Paradoneis lyra (Polychaeta) 371 5.0 5.3
5. Levinsenia flava (Polychaeta) 228 3.1 3.2
6. Dysponetus sp. | (Polychaeta) 224 3.0 3.2
7. Cossura sp. | (Polychaeta) 184 2.5 2.6
8. Nemertea sp. A (Nemertea) 177 2.4 2.5
9. Kelliella sp. I (Bivalvia) 170 2.3 2.4
10. Braniella nr. palpata (Polychaeta) 162 2.2 2.3
11. Thyasira (Leptaxinus) minutus (Bivalvia) 146 2.0 2.1
12. Flabelligella cirrata (Polychaeta) 145 2.0 2.1
13. Tharyx sp. | (Polychaeta) 124 1.7 1.8
14. Grania atlantica (Oligochaeta) 121 1.6 1.7
15. Labidoplax buskii (Holothuroidea) 116 1.6 1.6
16. Thyasira subovata (Bivalvia) 107 1.4 1.5
17. Pholoe anoculata (Polychaeta) 99 1.3 1.4
18. Thyasira croulinensis (Bivalvia) 9 1.3 1.3
19. Prochaetodermatidae sp. | (Aplacophora) 92 1.2 1.3
20. Nemertea sp. 3 (Nemertea) 90 1.2 1.3

Total Cumulative
Percent 57.2 60.0
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ranks second at the slightly shallower Station 1 on the same Cape Lookout transect, and is
therefore one of the most important benthic polychaetes on the upper slope off North
Carolina. Maciolek et al. (1986b) also found M. minuta to be an important component in
the shallower communities on the U.S. North Atlantic slope off Georges Bank in depths of

255 to 550 m. Cossura longocirrata is the second-ranked species at 7.1 percent and

another important upper slope polychaete. Its dominance at Station 9 (600 m) off Cape
Hatteras has already been mentioned. The oligochaete Tubificoides sp. 3 is the third-
ranked species at Station 2 with 6.8 percent of the total fauna, and is a high-ranking
species at Stations 11 and 14 as well.

Stations 1! and 14 (Tables 13, 14) are both dominated by the small orbiniid

polychaete Microrbinia linea, which accounts for 9.0 and 9.5 percent of the total fauna,

respectively. Although the list of dominants at both stations includes several shared
species such as Cossura sp. 2 and Spionidae sp. 11, there are important differences as
well. Forty-three species that occur at Station 14 and 31 species that occur at Station 11
were found nowhere else in this study. None of these species is in the list of top

dominants. Meiodorvillea minuta is ranked number 15 at Station 11, but is rare at Station

14, suggesting that it is replaced by M. linea as an upper slope dominant in the area
between Cape Fear and Charleston.
Middle to Lower Slope Stations on the 1500- to 2000-m Isobaths. Six stations are

included here: starting in the north, Station 10 off Cape Hatteras (2000 m), Station 6 near
the Hatteras Canyon (2000 m), Station 3 off Cape Lookout (1500 m), Station 4 off Cape
Lookout (2000 m), Station 12 off Cape Fear (2000 m), and Station 15 off Charleston (2000
m). Stations 10 and 15 are the most northern and southern locations of these stations and
differ the most from the Hatteras Canyon, Cape Lookout, and Cape Fear stations.

Station 10 is more similar to its shallower counterpart, Station 9, on the Cape
Hatteras Transect than to the other 2000-m stations in terms of shared dominant species

(Table 15). Cossura longocirrata, which ranked number one at Station 9, is also the most

abundant species at Station 10 with 18.6 percent of the total fauna. Scalibregma
inflatum, which was the second-ranked species at Station 9, is also important at Station
10. Neither of these species is among the top 20 dominants at the other 1500~ to 2000-m
stations, but both are important at other upper slope stations. The second-ranked species

is Tharyx sp. 1, a cirratulid polychaete, which is fairly common at many stations.
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TABLE 13. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 11 (FE 800 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

1. Microrbinia linea (Polychaeta) 739 9.0 10.2
- (Tubificidae spp. juv.) (Oligochaeta) 508 6.2 -
2. Leptocheliidae sp. | (Tanaidacea) 434 5.9 6.7
3. Aspidosiphon zinni (Sipuncula) 319 3.9 4.4
4. Bathydrilus asymmetricus (Oligochaeta) 256 3.1 3.5
5. Tubificoides sp. 3 (Oligochaeta) 229 2.8 3.2
6. Kelliella sp. | (Bivalvia) 205 2.5 2.8
7. Chone sp. 5 (Polychaeta) 194 2.4 2.7
8. Jasmineira filiformis (Polychaeta) 167 2.0 2.3
9. Myriotrochinae sp. | juv. (Holothuroidea) 16! 2.0 2.2
10. pionidae n. gen. n. sp. 11 (Polychaeta) 155 1.9 2.1
11. _athyarca sp. | (Bivalvia) 146 1.8 2.0
12. Tharyx sp. | (Polychaeta) 131 1.6 1.8
13. Cossura sp. 2 (Polychaeta) 117 1.4 1.6
14. Lumbrineris latreilli (Polychaeta) 113 1.4 1.6
15. Meiodorvillea minuta (Polychaeta) 106 1.3 1.5
16. Nephasoma abyssorum (Sipuncula) 106 1.3 1.5
17. Limnodriloides monothecus (Oligochaeta) 101 1.2 1.4
18. Nephasoma diaphanes (Sipuncula) 2 1.2 1.3
19. Thyasira croulinensis (Bivalvia) 89 1.1 1.2
20. Nemertea sp. 2 (Nemertea) 86 1.0 1.2

Total Cumulative
Percent 55.0
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TABLE 4. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 14 (CH 300 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

- (Tubificidae spp. juv.) (Oligochaeta) 771 10.5 -
1. Microrbinia linea (Polychaeta) 693 9.5 11.6
2. Bathydrilus asymmetricus (Oligochaeta) 212 2.9 3.5
3. Tubificoides sp. 3 (Oligochaeta) 166 2.3 2.8
4. Pholoe anoculata (Polychaeta) 159 2.2 2.7
5. Kelliella sp. | (Bivalvia) 135 1.8 2.3
6. Tharyx sp. | (Polychaeta) 123 1.7 2.1
7. Spionidae n. gen. n. sp. 11 (Polychaeta) 115 1.6 1.9
8. Myriotrochinae sp. 1 juv. (Holothuroidea) 110 1.5 1.8
9. Cossura sp. 2 (Polychaeta) 107 1.5 1.8
10. Phallodrilus sp. 4 (Oligochaeta) 104 1.4 1.7
- (Cirratulidae spp. indet.) (Polychaeta) 96 1.3 -
11. Phallodrilus grasslei (Oligochaeta) 85 1.2 L.4
12. Aricidea sp.s:’v_(f’olychaeta) 79 1.1 1.3
13. Aurospio dibranchiata (Polychaeta) 78 1.1 1.3
14. Cossura longocirrata (Polychaeta) 77 1.1 1.3
15. Dysponetus sp. I (Polychaeta) 76 1.0 1.3
16. Myriochele sp. 4 (Polychaeta) 73 1.0 1.2
17. Ophelina abranchiata (Polychaeta) 72 1.0 1.2
18. Limnodriloides monothecus (Oligochaeta) 71 1.0 1.2
19. Nemertea sp. 2 (Nemertea) 69 0.9 1.2
20. Boguella sp. | (Polychaeta) 68 0.9 1.1

Total Cumulative
Percent 438.5 44,7




TABLE 15. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN SIX REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 10 (HA 2000 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

l. Cossura longocirrata (Polychaeta) 900 18.6 20.3
2. Tharyx sp. 1 (Polychaeta) 59 12.4 13.5
3. Harpinia clivicola (Amphipoda) 589 12.2 13.3
4. Barantolla sp. 3 (Polychaeta) 296 6.1 6.7
5. Thyasira equalis (Bivalvia) 266 5.5 6.0
6. Aricidea sp. 6 (Polychaeta) 247 5.1 5.6
(Tubificidae spp. juv.) (Oligochaeta) 221 4.6 -

7. Paradoneis lyra (lz’olychaeta)) 190 3.9 4.3
8. Myriochele sp. 4 (Polychaeta 156 3.2 3.5
9. Thyasira (Leptaxinus) minutus (Bivalvia) 153 3.2 3.4
10. Thyasira tortuosa (Bivalvia) 67 1.4 1.5
11. Scalibregma inflatum (Polychaeta) 64 1.3 1.4
12. Ophryotrocha sp .1 (Polychaeta) 22 1.0 1.4
13. Levinsenia sp. 1 (Polychaeta) 48 0.9 1.1
14. Thyasira croulinensis (Bivalvia) 42 0.8 1.0
15. Mpyriochele sp. 6 (Polychaeta) 41 0.8 0.9
16. Ophelina cylindricaudata (Polychaeta) 38 - 0.8 0.9
17. Athecata sp. A (Hydrozoa) 33 0.8 0.9
18. Falcidens sp. 2 (Aplacophora) 37 0.3 0.8
19. Aricidea catherinae (Polychaeta) 36 0.7 0.8
20. Aricidea sp. 4 (Polychaeta) 31 0.6 0.7

Total Cumulative
Percent
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Harpinia clivicola, an amphipod, is the third-ranking species at Station 10, accounting for

12.2 percent of the total fauna. These species, along with Barantolla sp. 3, Thyasira
equalis, Aricidea sp. 6, and Ophryotrocha sp. 1, are restricted to Station 10 and are not

found at other stations of similar depth in the U.S. South Atlantic region.

Stations 6, 3, 4, and 12, located from the Hatteras Canyon to Cape Fear, share more
common dominant species (Tables 16-19) with one another than with Station 15 off
Charleston (Table 20). Pholoe anoculata, a small scale-bearing sigalionid polychaete,
ranks number one at Station 6 (HC 2000 m) and Station 3 (LO 1500 m), number two at
Station 4 (LO 2000 m) and number three at Station 12 (FE 2000 m). Tubificoides

aculeatus, an oligochaete, is the second-ranked species at Hatteras Canyon (Station 6,

2000 m). It is present among the top dominants at both of the Cape Lookout stations, but

is missing from the Cape Fear station. Aurospio dibranchiata, a spionid polychaete, the

top dominant at most of the 2000- to 2100-m stations in the U.S. Mid-Atlantic region, is
also near the top of the list at Stations 6, 3, 4, and 12. This species is also among the top
dominants at Station 15 off Charleston. Thus, A. dibranchiata continues to be one of the
most characteristic polychaetes of the lower slope on the ACSAR. Interestingly, the

species is not the top dominant at any U.S. South Atlantic station. Pholoe anoculata

predominates off Hatteras Canyon and at 1500 m off Cape Lookout, while Microrbinia
linea is the dominant species at Stations 4 and 15. Station 12 is unusual among all 2000-
m stations in having Prionospio sp. 2 as the top-ranked species, with Aurospio
dibranchiata, Pholoe anoculata, and Microrbinia linea being lower in rank.

Stations on the 3000 to 3500-m Isobaths. Three stations located at depths of 3000 m
and one at 3500 m were sampled. Station 5 off Cape Lookout (3000 m) was sampled

during Phase 1. Two samples were taken at a slightly deeper site (Station 7, 3500 m) also
off Cape Lookout. Stations 13 and 16, also at 3000 m, were off Cape Fear and
Charleston, respectively. Station 16 is located on the Blake Spur, nearly 200 miles from
shore and on the edge of the U.S. Exclusive Economic Zone.

In comparing the dominant species at these four stations (Tables 21 through 24), it is
apparent that there is a difference between the 3000-m station off Cape Lookout and the
two 3000-m stations further south. The dominant species at Station 5 are Prionospio
fauchaldi, Macrostylis sp. 1, Prionospio sp. 2, Brevincula verrilli, and Siboglinum

angustum. Of these five species, only Prionospio sp. 2 is among the five most dominant
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TABLE 16. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 6 (HC 2000 m).

Percent Percent

Total Total Identified

Species Raw Count Individuals Individuals
1. Pholoe anoculata (Polychaeta) 408 8.1 8.7
2. Tubificoides aculeatus (Oligochaeta) 333 6.6 7.1
3. Aurospio dibranchiata (Polychaeta) 235 4.7 5.0
4. Spathoderma clenchi (Aplacophora) 202 4.0 4.3
5. Lumbrineris latreilli (Polychaeta) 135 2.7 2.9
6. Prochaetoderma yongei (Aplacophora) 133 2.6 2.8
7. Barantolla sp. 3 (Polychaeta) 132 2.6 2.8

8. Siphonolabrum sp. 2 (Tanaidacea) : 130 2.6 2.8
9. Tharyx sp. | (Polychaeta) 126 2.5 2.7
10. Tubificoides sp. 4 (Oligochaeta) 114 2.3 2.4
11. Leptognathia sp. 10 (Tanaidacea) 100 2.0 2.1
(Tubificidae spp. juv.) (Oligochaeta) 97 1.9 -
12. Aglaophamus sp. 1 (Polychaeta) 37 1.7 1.8
13. Falcidens sp. 4 (Aplacophora) 86 1.7 1.8
- (Capitellidae spp. juv.) (Polychaeta) 82 1.6 -
14. Ninoe nr. brevipes (Polychaeta) 76 1.5 1.6
15. Sabidius cornatus (Polychaeta) 74 1.5 1.6
16. Glycera capitata (Polychaeta) 74 1.5 1.6
17. Anarthruridae sp. | (Tanaidacea) 66 1.3 1.4
18. Nemertea sp. 5 (Nemertea) 59 1.2 1.3
19. Nemertea sp. A (Nemertea) 55 1.1 1.2
20. Dysponetus sp. 4 (Polychaeta) 55 1.1 1.2

Total Cumulative

Percent 56.8 57.1

|
|




TABLE 17. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL

FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 3 (LO 1500 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

1. Pholoe anoculata (Polychaeta) 419 10.3 10.9
2. Aurospio dibranchiata (Polychaeta) 207 5.1 5.4
3. Aspidosiphon zinni (Sipuncula) 160 3.9 4.2
4. Bathydrilus asymmetricus (Oligochaeta) 143 3.5 3.7
5. Labidoplax buskii (Holothuroidea) 117 2.9 3.0
6. Haploops setosa (Amphipoda) 33 2.2 2.3
7. Prochaetodermatidae sp. | (Aplacophora) 33 2.0 2.2
8. Prochaetoderma yongei (Aplacophora) 79 1.9 2.1
9. Tubificoides aculeatus (Oligochaeta) 69 1.7 1.8
10. Prionospio sp. 11 (Polychaeta) 63 1.5 1.6
11. Prionospio sp. 2 (Polychaeta) 62 1.5 1.6
12. Myriotrochinae sp. 1 juv. (Holothuroidea) 61 1.5 1.6
13. Dysponetus sp. 1 (Polychaeta) 57 1.4 1.5
14. Levinsenia sp. | (Polychaeta) 54 1.3 1.4
15. Nemertea sp. A (Nemertea) 54 1.3 1.4
16. Nemertea sp. 2 (Nemertea) 52 1.3 1.4
17. Nephasoma diaphanes (Sipuncula) 50 1.2 1.3
18. Siboglinum pholidotum (Pogonophora) 46 1.1 1.2
19. Tharyx sp. 1 (Polychaeta) 45 1.1 1.2
20. Falcidens sp. 2 (Aplacophora) 42 1.0 1.1

Total Cumulative
Percent
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TABLE 18. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN 18 REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 4 (LO 2000 m).

) Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
1. Microrbinia linea (Polychaeta) 1,280 15.2 15.9
2. Aspidosiphon zinni (Sipuncula) 517 6.1 6.4
3. Pholoe anoculata (Polychaeta) 476 5.6 5.9
4.  Aurospio dibranchiata (Polychaeta) 432 5.1 5.4
5. Prionospio sp. 2 (Polychaeta) 406 4.8 5.0
6. Anarthruridae sp. | (Tanaidacea) 285 3.4 3.5
7. Siboglinum pholidotum (Pogonophora) 277 3.3 3.4
8. Sabidius cornatus Polychagta) : 215 2.6 2.7
9. Spathoderma clenchi (Aplacophora) 132 1.6 1.6
10. Dysponetus sp. 4 (Polychaeta) 107 1.3 1.3
11. Glycera capitata (Polychaeta) 100 1.2 1.2
12. Prochaetoderma yongei (Aplacophora) 99 1.2 1.2
- (Cirratulidae spp. indet.) (Polychaeta) 99 1.2 -
13. Notomastus latericeus (Polychaeta) 9% 1.1 1.2
14. Aglaophamus sp. | (Polychaeta) 92 1.1 1.1
15. Kesun gravieri (Polychaeta) 82 1.0 1.0
16. Nemertea sp. 2 (Nemertea) 77 0.9 1.0
17. Levinsenia sp. | (Polychaeta) 76 0.9 0.9
18. Tubificoides aculeatus (Oligochaeta) 75 0.9 0.9
19. Prionospio sp. I (Polychaeta) 74 0.9 0.9
20. Myriotrochinae sp. | juv. (Holothuroidea) 70 0.8 0.9
Total Cumulative
Percent 60.2 6l.4
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TABLE 19. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN SEVEN REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 12 (FE 2000 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
I. Prionospio sp. 2 (Polychaeta) 87 5.6 6.1
2. Aurospio dibranchiata (Polychaeta) 70 4.5 4.9
3. Pholoe anoculata (Polychaeta) 69 4.4 4.8
4. Gnathia sp. 2 (Isopoda) 67 4.3 4.7
5. Paradoneis abranchiata (Polychaeta) 62 4.0 4.3
6. Rhodine sp. | (Polychaeta) 36 2.3 2.5
7. Microrbinia linea (Polychaeta) 32 2.1 2.2
8. Prionospio sp. 21 (Polychaeta) 28 1.8 2.0
9. Sabidius cornatus (Polychaeta) 26 1.7 1.8
10. Glycera capitata (Polychaeta) 25 1.6 1.8
11. Grania atlantica (Oligochaeta) 23 1.5 1.6
12. Aspidosiphon zinni (Sipuncula) 22 1.4 1.5
13. Labidoplax buskii (Holothuroidea) 21 1.4 1.5
-  (Cirratulidae spp. indet.) (Polychaeta) 21 1.4 -
14, Phallodrilus grasslei (Oligochaeta) 20 t.3 1.4
15. Streblosoma sp. 2 (Polychaeta) 19 1.2 1.3
16. Nemertea sp. 2 (Nemertea) 17 1.1 1.2
17. Prionospio sp. 11 (Polychaeta) 17 1.1 1.2
18. Chelator insignis (Isopoda) 17 1.1 1.2
19. Myriotrochinae sp. 1 juv. (Holothuroidea) 17 1.1 1.2
20. Thyasira croulinensis (Bivalvia) 17 1.1 1.2
21. Aglaophamus sp. | (Polychaeta) 17 1.1 1.2
22. Pseudotanais sp. 2 (Tanaidacea) 17 1.1 1.2
Total Cumulative
Percent 48.2 50.8
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TABLE 20. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN SIX REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 15 (CH 2000 m).

Percent Percent

Total Total Identified

Species Raw Count Individuals Individuals
I.  Microrbinia linea (Polychaeta) 164 23.2 26.8
2. Grania atlantica (Oligochaeta) 35 4.9 5.7
3. Glycera capitata (Polychaeta) 25 3.5 4.1
4. Aonides sp. | (Polychaeta) 24 3.4 3.9
- (Cirratulidae spp. indet.) (Polychaeta) 24 3.4 -
5. Caulleriella sp. 3 (Polychaeta) 20 2.8 3.3
6. Paradoneis abranchiata (Polychaeta) 20 2.8 3.3
7. Euchone scotiarum (Polychaeta) 19 2.7 3.1
8. Aspidosiphon zin(ni (Sipuncul;x) 16 2.3 2.6
9. Prionospio sp. 2 (Polychaeta 16 2.3 2.6
- (Tubificidae spp. juv.) 16 2.3 -
10. Aurospio dibranchiata (Polychaeta) 15 2.1 2.5
L1. Phallodrilus grasslei (Oligochaeta) 14 2.0 2.3
12. Anarthruridae sp. 7 (Tanaidacea) 11 1.6 1.8
13. Exogone sp. | (Polychaeta) 10 1.4 1.6
14. Exogone sp. 2 (Polychaeta) 9 1.3 1.5
15. Nephasoma cf. capilleforme (Sipuncula) 8 1.1 1.3
. 16. Nemertea sp. 5 (Nemertea) 3 1.1 1.3
- (Prionospio spp. ir}det.) (Polyc)haeta) 3 1.1 -
17. Prionospio sp. 21 (Polychaeta 7 1.0 1.1
- (Capitellidae spp. juv.) (Polychaeta) 7 1.0 -
18. Tharyx sp. | (Polychaeta) 6 0.8 1.0
19. Ophelia profunda (Polychaeta) 6 0.8 1.0
20. Bathydrilus asymmetricus (Oligochaeta) 6 0.8 1.0
21. Nemertea sp. 2 (Nemertea) 6 0.8 1.0
6 0.8 -

- (Laonice spp. indet.)

Total Cumulative
Percent
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TABLE 21.

DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL

FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 5 (LO 3000 m).

—— —

— —

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
l. Prionospio fauchaldi (Polychaeta) 38 5.4 6.0
2. Macrostylis sp. | (Isopoda) 32 4.5 5.0
3. Prionospio sp. 2 (Polychaeta) 24 3.4 3.8
4. Brevinucula verrilli (Bivalvia) 23 3.3 3.6
5. Siboglinum angstum (Pogonophora) 19 2.7 3.0
6. Aspidosiphon zinni (Sipuncula) 18 2.6 2.8
- (Maldanidae spp. indet.) (Polychaeta) 15 2.1 -
7. Siphonolabrum sp. 1 (Tanaidacea) 13 1.8 2.0
8. Thambema sp. 1 (Isopoda) 11 1.6 1.7
9. Exogone sp. | (Polychaeta) 11 1.6 1.7
10. Ophelina abranchiata (Polychaeta) 10 1.4 1.6
11. Dacrydium sp. 1 (Bivalvia) 9 1.3 1.4
12. Enteropneusta sp. | (Hemichordata) 9 1.3 1.4
13. Leptognathia sp. 4 (Tanaidacea) 9 1.3 1.4
14. Nemertea sp. A (Nemertea) 9 1.3 l.4
15. Harpinia sp. 2 (Amphipoda) 9 1.3 1.4
Total Cumulative
Percent 36.9 38.2

I

83



TABLE 22. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN TWO REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 7 (LO 3500 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

1.  Siboglinum angstum (Pogonophora) 16
2. Prionospio fauchaldi (Polychaeta) 15

3. Leptognathia sp. 23 (Tanaidacea)
4. Sigambra sp. 2 (Polychaeta)

5. Myriochele sp. 8 (Polychaeta)

6. Dentaliidae sp. 2 (Scaphopoda)

7. Glycinde profunda (Polychaeta)

8. Siboglinum sp. 2 (Pogonophora)

9. Nemertea sp. 5 (Nemertea)

10. Thyasira subovata (Bivalvia)

11. Siboglinum fulgens (Pogonophora)
12, Siboglinum sp. 15 ZPogonophora)
13. Hesionidae sp. 6 (Polychaeta)

14. Aglaophamus sp. 1 (Polychaeta)
15. Paragathotanais sp. 1 (Tanaidacea)
-  (Spionidae spp. indet.) (Polychaeta)
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TABLE 23. DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL
FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 13 (FE 3000 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals
1. Microrbinia linea (Polychaeta) 174 16.4 18.0
2. Prionospio sp. 2 (Polychaeta) 66 6.2 6.8
3. Myriochele sp. | (Polychaeta) 47 4.4 4.9
4. Dacrydium sp. 1 (Bivalvia) 42 4.0 4.3
5. Pholoe anoculata (Polychaeta) 39 3.7 4.0
6. Spiophanes sp. 1 (Polychaeta) 28 2.6 2.9
7. Exogone sp. | (Polychaeta) 26 2.5 2.7
8. Siboglinum sp. 2 (Pogonophora) 19 1.8 2.0
9. Capitella spp. complex (Polychaeta) 16 1.5 1.7
- (Cirratulidae spp. indet.) (Polychaeta) 16 1.5 -
10. Nephasoma diaphanes (Sipuncula) 14 1.3 1.4
11. Prionospio sp. 20 (Polychaeta) 14 1.3 1.4
12. Myriochele sp. 4 (Polychaeta) 11 1.0 1.1
13. Nemertea sp. 5 (Nemertea) 11 1.0 I.1
14, Mpyriochele sp. 13 (Polychaeta) 11 1.0 1.1
15. Nephasoma cf. capilleforme (Sipuncula) 11 1.0 1.1
16. Siboglinum fulgens (Pogonophora) 10 0.9 1.0
17. Pristogloma alba (Bivalvia) 10 0.9 1.0
18. Aspidosiphon zinni (Sipuncuia) 10 0.9 1.0
19. Hesionidae sp. 3 (Polychaeta) 10 0.9 1.0
20. Sabidius cornatus (Polychaeta) 9 0.8 0.9
21. Siphonolabrum sp. 2 (Tanaidacea) 9 0.8 0.9
22. Anarthruridae sp. 2 (Tanaidacea) 9 0.8 0.9
Total Cumulative .
Percent 57.2 61.2
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TABLE 24.

DOMINANT SPECIES AND THEIR CONTRIBUTION TO THE TOTAL

FAUNA RECORDED IN NINE REPLICATES TAKEN AT U.S. SOUTH
ATLANTIC STATION 16 (CH 3000 m).

Percent Percent
Total Total Identified
Species Raw Count Individuals Individuals

1. Microrbinia linea (Polychaeta) 144 24.2 27.1
2. Prionspio sp. 2 (Polychaeta) 37 6.2 7.0
3. Siboglinum sp. 2 (Pogonophora) 13 2.2 2.4
- (Turbellaria) (Platyhelminthes) 14 2.2 -
- (Tubificidae spp. juv.) (Oligochaeta) 13 2.0 -
4. Leptognathiella abyssi (Tanaidacea) 11 1.8 2.1
5. Macrostylis sp. 1 (Isopoda) 11 1.8 2.1
6. Hesionidae sp. 3 (Polychaeta) 9 1.5 1.7
7. Capitella spp. complex (Polychaeta) 8 1.3 1.5
8. Spiophanes sp. | (Polychaeta) 8 1.3 1.5
9. Nemertea sp. 5 (Nemertea) 8 1.3 1.5
10. Nemertea sp. 2 (Nemertea) 8 1.3 1.5
11. Brevinucula verrilli (Bivalvia) 7 1.2 1.3
12. Heterospio nr. longissima (Polychaeta) 7 1.2 1.3
13. Exogone sp. 1 (Polychaeta) 7 1.2 1.3
14. Ammotrypanella arctica (Polychaeta) 6 1.0 1.1
15. Pristogloma alba (Bivalvia) 6 1.0 .1
16. Tubificidae sp. 2 (Oligochaeta) 6 1.0 1.1
17. Fauveliopsis brevis (Polychaeta) 6 1.0 1.1
18. Pseudotanais sp. 4 (Tanaidacea) 6 1.0 1.1
19. Neotanais americanus (Tanaidacea) 6 1.0 1.1
20. Paragathotanais cf. typicus (Tanaidacea) 6 1.0 1.1

Total Cumulative
Percent 57.7
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species at Stations 13 and 16. Both of these latter stations are dominated by Microrbinia
linea, which does not occur at Station 5. Station 7, the 3500-m site off Cape Lookout, is
characterized by a variety of species including Siboglinum angustum and Prionospio

fauchaldi, thus having more in common with Station 5 than 13 or 16. At least three
common other Siboglinum species are present at Station 7. -
Summation of Dominant Species. Different depth contours and the different

latitudes influence faunal dominance patterns in the U.S. South Atlantic region. Stations
9 and 10, forming a transect off Cape Hatteras, are distinct in the high densities of a few

species. The prevalence of Cossura longocirrata and Scalibregma inflatum at these

stations is noteworthy. Of equal interest is the absence of species such as Pholoe

anoculata and Aurospio dibranchiata, which are dominant at other stations in the region

and further north in the U.S. Mid-Atlantic region. Station 9 is reminiscent of shallow
continental depositional sites in the prevalence of oligochaetes and polychaetes typically
found in such environments.

The stations along the Cape Lookout transect (Stations 1-5, 6) and the single station
near the Hatteras Canyon (Station 6) were characterized in the Phase 1 report (Blake et
al., 1985). The 600-m site (Station 1) is dominated by small polychaetes, especially filter
feeders, giving way to nearly all deposit feeders with increasing depth. Station 4 (2000 m)

is the first station where Microrbinia linea is dominant. This species ranks at or near the

top at all stations off Cape Fear and Charleston from 80C to 3000 m. In this respect, M.
linea assumes the dominant role played by Aurospio dibranchiata at the 2000- to 2100-m
depth interval in the U.S. Mid-Atlantic region (Maciolek et al., 1987) and that of

Meiodorvillea minuta and Pholoe anoculata in shallower depths.

Density

Total Densities

The mean number of individuals per box core (0.09 m2) for each station on each
sampling date is shown in Figures 26 through 28. The highest densities were recorded at
Stations 9, 1, 11, 2, and 14, in that order. All of these stations are from the upper slope
between 583 and 1000 m. Stations 3, 4, 6, 10, and 12 in the 1500-2000 m depth range
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ranked next in overall mean density. Stations 5, 13, 15, 16, and 7, ranging from 2000 to
3000 m, were lowest in density.

The stations off Cape Hatteras include Stations 9 (6000 m) and 10 (2000 m) (Figure
26). Station 9 has the highest densities of any station in the entire U.S. South Atlantic
region, with an overall average of 46,255 individuals per m2. This total is well over twice
that of the next most dense station, Station | (600 m) off Cape Lookout (see below). The
densities at Station 9 dropped considerably between the spring (SA-4) and summer seasons
(SA-5). The standard deviations are large for all three sampling dates. Station 10 has
densities that are somewhat higher than those recorded at the other 2000-m stations. The
fauna resembles that of Station 9 more than that of the other 2000-m stations. Station 6
is located on the northern side of the Hatteras Canyon in 2000 m (Figure 5). The densities
here are lower than at Station 10 further to the north, and more similar to those of
Station & off Cape Lookout and also the U.S. Mid-Atlantic 2100-m stations further north
(Maciolek et al., 1987).

The Cape Lookout transect includes five primary stations: 1 (600 m), 2 (1000 m), 3
(1500 m), 4 (2000 m), and 5 (3000 m). This transect shows a clear sequence of changes in
faunal densities with depth. Station 1 has the highest densities and the greatest standard
deviations (Figure 27). Densities decline with depth, but there is little difference between
1500 and 2000 m. Densities are lowest at 3000 m, but standard deviations are small,
suggesting a homogenous environment in which it is easy to achieve good replication.

The Cape Fear Transect includes three stations: 11 (800 m), 12 (2000 m), and 13
(3000 m). The densities are highest at the 800-m depth, and decline with depth. Standard
deviations are small at all of these stations (Figure 28).

The Charleston Transect includes four stations: 14A (600 m), 14 (800 m), 15 (2000
m), and 16 (3000 m). Station 14A is low in density, undoubtedly due to the strong
currents and very sandy sediments at the site. Station 14 is faunistically the most diverse
and interesting station on the Charleston Transect. Stations 15 and 16 support low
densities (Figure 28). In terms of densities, Station 15 resembles the 3000-m stations
more than the other 2000-m stations.
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Density and Distribution of Some Dominant Species

Species Mostly Limited to the Cape Hatteras Transect. Three polychaetes and two

oligochaetes having their distributions primarily at Station 9 (600 m) are plotted.

Aricidea quadrilobata ranks fifth overall at Station 9 over the three cruises. The

species is also recorded from Station 1 at the same depth off Cape Lookout (600 m), but in
terms of density and overall contribution to the fauna it is numerically important only at
Station 9. Mean densities at Station 9 range from a high of 172 individuals per 0.09 m2
during July 1984 (SA-3) to a low of 47 individuals per 0.09 m2 during September 1985 (SA-
5) (Figure 29).

Leitoscoloplos acutus is more widely known from continental shelf habitats and

occurs only at Station 9 in this study. Its importance off Cape Hatteras is another
reflection of shallow-water influences on the upper slope. The species is not reported in
the U.S. Mid- and North Atlantic Slope and Rise (Maciolek et al., 1986 a-b; 1987), but is
present on Georges Bank (Maciolek-Blake et al., 1985). The species has mean densities of
56, 24 and 39 individuals per 0.09 m2 for July 1984, May 1985, and September 1985,
respectively (Figure 30). Standard deviations around the mean are quite large, indicating
considerable variability among individual samples.

Scalibregma inflatum is the second-ranked species at Station 9. In May 1985 (SA-4),

it was the top-ranked species at this 600-m site. Mean densities were very high, with 595,
1262, and 586 individuals per 0.09 m2 for July 1984, May 1985, and September 1985,
respectively (Figure 31). At Station 10 (HA 2000 m) on the same transect, the species was
also among the top-ranked dominant species, but occurred in considerably reduced
numbers, with mean densities of only 5 and 10 individuals per 0.09 m2 for May 1986 and
November 1986, respectively. S. inflatum is widely distributed on the continental shelf
and also has been reported from deep water. Because of its unusually high density at
Station 9, sufficient specimens were available to collect size frequency data which are
presented in the Life History section of this chapter. The species is not recorded among
the dominants at any station in the U.S. Mid- or North Atlantic regions (Maciolek et al.,
1986 a-b; 1987).

Tubificoides intermedius, an oligochaete, is ranked fourth overall at Station 9. It

does not occur at any other site in the study area. The densities at Station 9 are high,
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with means of 206, 142, and 171 individuals per 0.09 mZ2 in July 1984, May 1985, and
September 1985, respectively (Figure 32). The variability in samples was less during the
July 1984 period, but large standard deviations around the mean were evident in
subsequent collections.

Limnodriloides medioporus, a widespread continental shelf species, ranks third

overall at Station 9. It does not occur at all at the deeper Station 10 on the same
transect, but has turned up on rare occasions off Cape Lookout and Cape Fear at 600 to
800 m. At Station 9, mean densities of 606, 675, and 188 individuals per 0.09 mZ were
recorded for July 1984, May 1985, and September 1985, respectively (Figure 33). The
decrease in density in the September collection is noteworthy, but there are an
insufficient number of sampling occasions to determine if the decreased density is part of
an annual cycle or a one-time occurrence. The large standard deviations in these data and
that of other species at this station, however, suggest that populations are highly variable.

Densities of Species Having Distributions Largely Limited to Upper Slope Depths

(600-1000 m). Seven species of invertebrates with depth distributions largely limited or
restricted to the upper slope are plotted. These species include one tanaid, one bivalve,
one oligochaete, and four polychaetes.

Leptocheliidae sp. 1 was found at Station 1 (600 m) off Cape Lookout during the
Phase 1 program. A total of 10 specimens were identified at that time. During Phase 2,
the species was found to be more abundant at Station 11 off Cape Fear (800 m). Mean
densities were relatively consistent at this site, with 51, 53, and 57 per 0.09 m2 for July
1984, May 1985, and September 1985, respectively (Figure 34).

Kelliella sp. 1 is an upper slope bivalve, occurring consistently off Cape Lookout
(Stations | and 2: 600-1000 m), Cape Fear (Station 11: 800 m), and off Charleston (Station
14: 800 m). During the course of the program, occasional specimens were taken from
depths down to 3000 m, but these occurrences were rare. Highest densities were recorded
at the 800- to 1000-m depths (Figure 35). Station 11 off Cape Fear had the most
consistent densities, with mean densities of 24, 24, and 20 individuals per 0.09 m2 for July
1984, May 1985, and September 1985, respectively. This species has not been recorded
from either the U.S. Mid- or North Atlantic Study regions (Maciolek et al., 1986 a-b;
1987).
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Cossura sp. 2 is a characteristic species at Stations 1l and 14 off Cape Fear and
Charleston at 800 m, where it appears among the top dominant species. Occasional
specimens have been taken from the Cape Lookout transect (600-1500 m), and from
Hatteras Canyon (2000 m), but not consistently and never in sufficient densities to
influence the dominance patterns. In this regard, C. sp. 2 would appear to replace C.
longocirrata as the dominant cossurid south of Cape Lookout. The latter species is a
major component of all upper slope stations from Cape Lookout to Cape Hatteras (see
below). C. sp. 2 has average mean densities of 13 and 11 individuals per 0.09 m2 at
Stations 1l and 14, respectively (Figure 36). Although low, these densities are sufficient
to place the species thirteenth and ninth, respectively, in overall dominance at these
stations. C. sp. 2 has been recorded from the U.S. North Atlantic region (Maciolek et al.,
1986b), but not from the U.S. Mid-Atlantic (Maciolek et al., 1987), where there were no
stations shallower than 1500 m.

Meiodorvillea minuta is one of the most important and characteristic species at

Stations | and 2 off Cape Lookout (600-1000 m), ranking second and first, respectively, at
these stations. The only other station at which this species occurs among the top 20
dominants is Station 11 off Cape Fear (800 m). Specimens do occur regularly at Station
14, but the low densities south of Cape Lookout suggest that there is a break in the
distribution of this species. It is not reported as a dominant in the U.S. Mid-Atlantic
region by Maciolek et al. (1987), but station depths in that study were not shallower than
1500 m. In contrast, M. minuta was among the dominants at four stations in the U.S.
North Atlantic region off Georges Bank in depths of 255 to 550 m (Maciolek et al., 1986b).
Off Cape Lookout, the densities of M. minuta were highest at the 600-m site, with mean
densities of 102, 122, and 135 individuals per 0.09 mZ in November 1983, March 1984, and
July 1984, respectively. At the 1000-m depth, mean densities of 63, 68, and 52 individuals
per 0.09 mZ were recorded during the same months (Figure 37). These densities are
considerably higher than those recorded at the U.S. North Atlantic stations, where
densities per of 74 individuals per 0.09 m2 at 255 m and 10 to 24 individuals per 0.09 m?2
at 550 m were recorded (Maciolek et al., 1986b).

Ophelina abranchiata, a small opheliid polychaete, appeared on the list of top

dominants at two upper slope stations: Station 1, off Cape Lookout (600 m) and Station 14

off Charleston (800 m). The species also was taken at the other Cape Lookout stations
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(1000-3000 m), the Cape Fear Stations (800-3000 m) and off Charleston at 3000 m, but
these occurrences were rare and the species was never numerically dominant. At Station
1, average densities were 27, 29, and 26 individuals per 0.09 m2 during November 1983,
March 1984, and July 1984, respectively. Station 14 densities were considerably lower,
with average densities of only 10, 7, and 7 individuals per 0.09 m?2 during May 1985,
September 1985, and November 1985, respectively (Figure 38). These densities in the U.S.
South Atlantic region at 600 m are similar to those recorded at the U.S. North Atlantic
550-m stations (19.3 to 24.1 individuals per 0.09 m2) by Maciolek et al. (1986b).

Spionidae sp. 11, an undescribed species probably referrable to the genus Prionospio,
was limited in its occurrence to Stations 11 and 14 at the 800-m depth off Cape Fear and
Charleston. Average densities for May 1985, September 1985, and November 1985, were
15, 12, and 2% individuals per 0.09 m2, respectively, at Cape Fear, and 13, 10, and 5
individuals per 0.09 m2, respectively, off Charleston (Figure 39). The absence of this
species at any deeper locations and at any site north of Cape Fear is an indication that its
range is probably restricted to upper slope stations in the southern study area. Several
other spionids are restricted to the U.S. South Atlantic area, but Spionidae sp. 11 is the
only one to be a dominant at any station.

Bathydrilus asymmetricus, an oligochaete, is a dominant species at Station 3 (1500
m) off Cape Lookout, and Stations 11 and 14 (800 m) off Cape Fear and Charleston. The

species is also present at the 2000-m stations from Hatteras Canyon to off Charleston,
but appears to reach its greatest densities in depths between 800 and 1500 m (Figure 40),
with the highest densities occurring at the 800-m stations. For example, the overall mean
density for three Phase | cruises at Station 3 was 16 individuals per 0.09 mz, while the
same value at Stations 1l and 14 for three cruises during Phase 2 was 28 and 2!
individuals per 0.09 m2, respectively. B. asymmetricus was the species ranked number
four at Stations 3 and 11 and number two at Station l4. In the U.S. Mid- and North

Atlantic regions, this species was dominant at 1220-1500 m, with densities of 8.6 to 15.6
individuals per 0.09 m2 (Maciolek et al., 1986 a-b; 1987).

The polychaete Cossura longocirrata is the last species to be considered here as an

upper slope dominant. This species is the highest ranked species at Stations 9 and 10 off
Cape Hatteras (600 and 2000 m). Its dominance at Station 10 appears to be an anomaly,
because elsewhere in the U.S. South Atlantic region, it is most abundant at the 600- to
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Figure 38. Mean Population Density (No./0.09 m2 * 1 SD) of the Polychaete Ophelina
abranchiata at Ten U.S. South Atlantic Stations. * Indicates Too Few
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sp. 11 at Stations 11 and 14 in the U.S. South Atlantic Region.
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1000-m depths and rare at 2000 m. Off Cape Lookout, for example, C. longocirrata ranks
twelfth at Station 1 (600 m) and second at Station 2 (1000 m). The species is rare at 1500
to 2000 m on the same transect. Although replaced by Cossura sp. 2 as a dominant at
Stations 11 and 14 (800 m) off Cape Fear and Charleston (see above), C. longocirrata is
nevertheless a regular component of the fauna. It is absent from the 2000-m stations
along those same transects. Densities of C. longocirrata at Station 9 off Cape Hatteras
are by the far the highest recorded in the entire ACSAR Program, including the North,
Mid-, and South Atlantic regions (Maciolek et al., 1986 a-b; 1987; Blake et al., 1985; this
study). Over a three-cruise program, with samples taken in July 1984, May 1985, and
September 1985, the overall mean density of C. longocirrata was 1157 individuals per
0.09 m2 (Figure 41). The next highest densities for this species in the U.S. South Atlantic
region were at Station 10, with 150 individuals per 0.09 m2. The highest densities
recorded for this species in the U.S. North Atlantic region were from the Lydonia Canyon
550-m station, where a mean density of 55.3 individuals per 0.09 m2 was recorded
(Maciolek et al., 1986b). The only other location where this species achieves the high
densities recorded from 600 m off Cape Hatteras is a silty depositional site at 70 m on
Georges Bank (Maciolek-Blake et al., 1985). Thus, the fauna at Station 9 appears to
resemble that found at shallow depositional sites, rather than a typical upper slope -
station.

Densities of Species Having Wide Geographic and Depth Distributions. Twelve

species, including six polychaetes, one oligochaete, one sipunculid, two bivalves, one
holothurian, and one nemertean have been selected as representative species having wide
latitudinal and depth distributions. In some cases these species are forms having a major
impact on benthic communities throughout the entire ACSAR, but a few are dominant
only in the southern portion of our study area.

The polychate Microrbinia linea assumes an important role in the U.S. South

Atlantic region. Although the species was originally described from off New England
(Hartman, 1965), it has only rarely been encountered in either the U.S. North or Mid-
Atlantic regions of the ACSAR (Maciolek et al. 1986 a-b; 1987). During the U.S. South
Atlantic Phase 1 Study, the species was observed to be the number one dominant species
at Station 4 off Cape Lookout in 2000 m (Blake et al., 1985). Although a few specimens

were collected at the Cape Lookout 1500-m station during the first cruise of Phase 1,
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these were from samples taken deeper than the planned target depth. During the Phase 2
program, the species has been recorded in great numbers at the Cape Fear and Charleston
transect stations and is the dominant species at five of the six stations in depths of 800 to
3000 m. The total dominance of this species in the middle to lower slope stations
beginning at Cape Lookout and proceeding south, its total absence off Cape Hatteras, and
the sparse records in the U.S. Mid- and North Atlantic regions strongly suggest that the
distribution of M. linea is not random and that conditions favorable to its dominance do
not exist at more northern localities. The highest densities per 0.09 m2 were 71
individuals at Station & (LO 2000 m), 82 individuals at Station !1 (FE 800 m), and 69
individuals at Station 14 (CH 800 m). The densities at the 2000-m stations off Cape Fear
and Charleston were considerably lower than at stations off Cape Lookout, but the
sediment conditions were also very different (See Chapter 7). At Station 12, the sediment
was so soft that the box core had to be specially equipped with "snowshoes" in order to
collect a sample, while sediments at Station 15 were so compact that it was often
difficult to obtain sufficient penetration to obtain samples. For these reasons, the overall
densities at both stations are low, and correspondingly, the densities of M. linea and other
species are also low. Nevertheless, M. linea was still the top dominant at Station 15 off
Charleston at the 2000-m depth. Perhaps equally as remarkable is the dominance of this
species at the 3000-m depth off Cape Fear and Charleston and its total absence at that
- same depth off Cape Lookout.

Seasonal densities of M. linea at seven stations are plotted in Figure 42. At the 800-
m depth, a distinct decline in the population occurred during September 1985 at both Cape
Fear and Charleston. This same decline was noted at the 2000-m and 3000-m stations on
the Charleston Transect, but not at other stations. Life history data collected from the
six sampling occasions at the 2000-m site off Cape Lookout do not suggest any obvious
trends beyond year-around reproduction (see below). No life history data was developed
for samples from shallower depths.

Aurospio dibranchiata is one of the most important polychaete species on the
ACSAR. In the U.S. Mid-Atlantic Study, it was the top dominant species at 10 of 14
stations between depths of 1500 and 2500 m. At the other four stations, the species
ranked either second, fourth, or eighth (Maciolek et al., 1987). In the U.S. North Atlantic
Study located off Georges Bank, A. dibranchiata ranked number one at six stations in the
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2000- to 2100-m depth range and was among the top 10 species at four stations in the
1200 to 1300 m depth range (Maciolek et al., 1986b). In contrast, A. dibranchiata did not
rank as the number one species at any of the U.S. South Atlantic stations, but was among
the top 20 at six stations. In the U.S. North and Mid-Atlantic regions, mean densities of
A. dibranchiata generally ranged between 20 to 33 individuals per 0.09 mZ box core in the
1500- to 2100-m depth intervals. In the U.S. South Atlantic study, the species achieved
comparable densities only at Stations 3 (1500 m) and 4 (2000 m) off Cape Lookout and at
Station 6 (2000 m) near the Hatteras Canyon (Figure 43). The densities at these depths
declined considerably on the two southern transects. Although it is tempting to suggest a
faunal break in A. dibranchiata south of Cape Lookout, this is probably not the case, since
the total density of the community declines at Stations 12 and 15 as well. It is obvious,
however, that A. dibranchiata is displaced as the dominant species in the 1500~ to 2000-m

communities in the U.S. South Atlantic region, by Microrbinia linea, Pholoe anoculata,

Tubificoides aculeatus, Aspidosiphon zinni, and Prionospio sp. 2. Of all of these species,

only M. linea is not important in the more northern slope communities, and it is probable
that this one species, more than the others, may be responsible for the alteration in
dominance and density patterns seen in the U.S. South Atlantic region.

Pholoe anoculata, a small scaleworm, is an important species throughout depths

ranging from 600 to 2000 m. The species is most abundant at Cape Lookout (Stations 3
and 4, 1500-2000 m) and the Hatteras Canyon (Station 6, 2000 m), with mean densities of
46.5, 26.4, and 45.4 individuals per 0.09 m2, respectively. Densities at other stations,
including the 2000-m stations, are considerably lower. At Station 14 off Charleston (800
m), average densities are 17.6 individuals per 0.09 m2. At most of the stations sampled
during Phase 2, there was a decrease in density during September 1985, but this decrease
does not appear to be significant. During Phase 1, populations increased during spring
1984 and decreased in summer (Figure 44).

P. anoculata has been the species ranked number one or two at several stations in
each of the three ACSAR regions. The mean densities at Stations 3 and 6 in the U.S.
South Atlantic are higher than previously recorded for this species in the U.S. Mid- and
North Atlantic study areas. The highest mean densities recorded in the U.S. Mid-Atlantic
were between 25 and 31 individuals per 0.09 m2, at three 2100-m stations (Maciolek et al.,
1987). In the U.S. North Atlantic, the highest densities were at Stations 3 (1350 m) and 2
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(2100 m) on the Canadian boundary, with mean densities of 22.6 and 11.2 individuals per
0.09 m2 (Maciolek et al., 1986b).

Tharyx sp. | is the most widespread and common of the numerous cirratulid species
encountered on the U.S. ACSAR. In the North Atlantic region, the species was rare at the
Canadian boundary stations, but ranked between:second and sixth at all of the more
southern 2000- to 2100-m stations, with average densities of 9.3 to 26.8 individuals per
0.09 mZ (Maciolek et al., 1986b). In the Mid-Atlantic region, the species is on the
dominant list at all stations and ranked between second and sixth at eleven stations in the
2000~ to 2500-m depth range, with mean densities from 9.0 to 22.3 individuals per 0.09 m2
(Maciolek et al., 1987). In the southern study area, Tharyx sp. 1 was widespread over a
depth range of 600 to 2000 m. Densities at two sites, however, were especially high. At
Station | off Cape Lookout (600 m), this species averaged 33.6 individuals per 0.09 m2
box core; whereas at Station 10 off Cape Hatteras (2000 m), it reached an overall average
density of 99.8 individuals per box core. At this site, the species was second only to

Cossura longocirrata in overall dominance. Thus, at these two southern stations, densities

were higher than at any other location in the entire U.S. ACSAR program. The high
densities of Tharyx sp. | at Station 10 further contributes to the unusual community
structure at stations sampled on the Cape Hatteras transect. No significant trends are
evident in the seasonal fluctuations in the densities at the various U.S. South Atlantic
stations (Figure 45).

The polychaete Glycera capitata is a well-known and widespread species ranging

from shallow continental shelf environments to the deep sea. At the U.S. South Atlantic
stations, it appeared on the dominance list at each of the 2000-m stations except Station
10 at Cape Hatteras, where it was rare. Average densities for the species never exceeded
4 to 8 individuals per 0.09 m?2 box core, and no seasonal trends are evident in the seasonal
data (Figure 46).

Levinsenia sp. 1, a paraonid polychaete, is widespread across several depth contours
from 600 to 2000 m. Densities seem to be highest on the upper slope, especially at
Station | (Figure 47), but relatively consistent at the other stations. There are no
seasonal trends in the data.

Grania atlantica, an oligochaete, occurs at several of the U.S. South Atlantic

stations, but is most abundant on the Cape Lookout Transect, where its densities are
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highest at Station 2 (1000 m). The species is sporadic in its occurrence on the Cape Fear
and Charleston Transect and did not occur at all at the Hatteras Canyon station (2000 m).
During Phase 1, at Stations 1, 2 and 4, the species underwent a population increase in May
1984 followed by a decline in July 1984 (Figure 48).

Aspidosiphon zinni, a sipunculid, is common all along the U.S. ACSAR. The species

seems to be most common in middle slope depths: it is the dominant species at two U.S.
. North Atlantic stations at 1220 m and two U.S. Mid-Atlantic stations at 1400 to 1600 m.
Highest densities at the northern stations are 21.3 to 28.3 individuals per 0.09 m2 box
core, while the highest densities at the U.S. Mid-Atlantic stations are 41.3-59.3
individuals per 0.09 m2 (Maciolek et al., 1986; 1987). In the south, A. zinni is most
common at Stations 3 and 4 off Cape Lookout (1500 m, 2000 m) and at Station 11 off Cape
Fear (800 m). At the latter station, the overall mean density is 35.4 individuals per 0.09
m2. This species did not occur at all at Stations 9 and 10 off Cape Hatteras. Individual
seasonal densities show a significant decline at Station 11 during September 1985 (SA-5),

but this decline was not seen at the other stations (Figure 49).

Thyasira croulinensis is a deep-sea bivalve that occurs throughout the U.S. North

and South Atlantic Ocean in depths of 40 to 3861 m. Its highest densities in the U.S.
South Atlantic region are between 600 and 2000 m (Figure 50). The species is most
abundant on the Cape Lookout Transect at Stations 1 and 2 (600 m, 1000 m) and at Cape
Fear at Station 11 (800 m). At these stations, the mean average densities are 14.8, 10.4,
and 9.8 individuals per 0.09 m2. Mean densities declined in SA-2 (spring 1984) at both
Stations 1 and 2 (Figure 50). The species is present in the U.S. Mid- and North ACSAR
fauna, and is on the list of dominants at one 550-m station off Georges Bank, where it
occurs in densities of 13.1 individuals per 0.09 m2 (Maciolek et al., 1986b).

Thyasira minutus, another bivalve, was previously known only from a single location

off New England in 183 m. The species has been found to co-occur with T. croulinensis,
but is usually more abundant. For example, at Stations 1, 2, and 11 the mean densities are
57.7, 16.2, and 8.8 individuals per 0.09 mz, respectively. There does not appear to be any
seasonal trend in the data (Figure 51).

Myriotrochinae sp. ! is an undescribed species of holothuroid. It is present at most
stations from 800 to 2000 m from Cape Lookout to Charleston. It is rare at the 2000-m

stations off Cape Hatteras and Charleston. Highest densities occur at the two 800-m
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stations (FE, CH). There does not appear to be any seasonal trend in the data (Figure 52).

Nemertea sp. 2 has been found in moderate abundance at most of the U.S. South
Atlantic stations except for Stations 9 and 10 off Cape Hatteras, where it is rare.
Densities are never very high, but the species has appeared on the dominance list at six of
the stations in depths ranging from 800 to 3000 m. There do not appear to be any obvious
seasonal trends in the data (Figure 53).

Species having a Wide Distribution but Largely Restricted to the Lower Slope and

Rise. The following group of species are largely limited to depths of 1500 to 2000 m, or
sometimes 3000 m. Included are two polychaetes, one oligochaete, two aplacophorans,
and one pogonophoran.

The spionid polychaete Prionospio sp. 2 is most abundant at Station 4 off Cape
Lookout (2000 m). At Station 12 off Cape Fear (2000 m), it is the top-ranked dominant
species. It ranks second at Station 4 and also at Station 13 (FE 3000 m). In the U.S. Mid-
Atlantic region, this species is on the dominance list at 13 of 14 stations at depths of 1500
to 2500 m. At the 2000- to 2100-m stations, the species ranks between third and eighth.
Mean densities at those depths are from 8.4 to 15.1 individuals per 0.09 m2, while at the
2500-m station the species ranks third and has a mean density of 18.2 individuals per 0.09
m2 (Maciolek et al., 1987). In the U.S. North Atlantic study area, P. sp. 2 is among the
dominants at five stations in the 2000- to 2150-m depth range with mean densities of 6.1
to 15.2 individual per 0.09 m?2 (Maciolek et al., 1986b). At South Station 4, the mean
density for 18 box cores is 22.5 individuals per 0.09 m2. This is the highest overall density
yet recorded for this species. Trends in the data are difficult to interpret, but a distinct
decline in the mean density at Station 4 is evident during the Phase 2 program (SA-4
through SA-6) (Figure 54).

Sabidius cornatus is a widespread deep-sea paraonid first described from the Gay

Head-Bermuda Transect and since reported from the Pacific Ocean. The species is known
to range from 400 to 2900 m in the Atlantic and to depths of 3388 m in the Pacific
(Streltsov, 1973). In the present study, S. cornatus has been found throughout the depth
range from 600 to 3000 m. The species has been recorded from both the U.S. Mid- and
North Atlantic regions and is usually a dominant at the 2000- to 2100-m depth interval in
both areas. It reaches its highest recorded average densities of 31.3 individuals per 0.09
m2 at Station 15 (2105 m) in the north, where it ranked second (Maciolek et al., 1986b). In
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Few Individuals to Plot. @ Indicates No Data.
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the U.S. Mid-Atlantic region, the species has densities from 5.7 to 10.6 individuals per
0.09 m2 at those 2000-2100 m stations where it is among the top 20 dominants (Maciolek
et al. 1987). In the south, the species occurs among the top dominants at the 2000-m
stations, with the highest densities of 11.9 individuals per 0.09 mZ2 recorded at Station 4
(LO 2000). The species was entirely absent from Station 10 at the 2000-m depth, further
emphasizing the unique nature of that transect. There do not appear to be any obvious
seasonal trends in the data (Figure 55).

Tubificoides aculeatus, an oligochaete, is widely distributed at the 1500- to 2000-m

stations of the U.S. ACSAR. In the Mid-Atlantic region, the species is among the top 20
dominants at 13 out of 14 stations, and is dominant at four out of six 2000- to 2100-m
stations in the northern study area (Maciolek et al., 1986 a-b). In the South Atlantic,
however, the distribution is limited to only three stations in the entire study area:
Stations 3 and 4 off Cape Lookout (1500 m, 2000 m) and the Hatteras Canyon Station 6
(2000 m). The species is totally absent south of Cape Lookout. The highest mean
densities are reached at Station 6, with 37.0 individuals per 0.09 m2, ‘f'he species was
ranked number two at that station. There are no obvious seasonal trends in the data
(Figure 56). After being so widespread and prevalent northward on the U.S. ACSAR, the
complete absence of this species off Cape Fear and Charleston is noteworthy, suggesting
a complete break in its distribution.

Siboglinum pholidotum is widespread on the U.S. ACSAR and is present in both the

North and Mid-Atlantic regions as well as in the South Atlantic. It is only at stations on
the U.S. South Atlantic slope, however, that the species is among the top 20 dominant
species. At Stations 3 and 4 off Cape Lookout (1500 m, 2000 m) the species ranks 18 and
7, respectively. At Stations 3 and 4 and also at Station é off the Hatteras Canyon (2000
m) the species has mean densities of 5.1, 15.4, and 5.1 individuals per 0.09 m2. There
are no obvious seasonal trends in the data (Figure 57).

Prochaetoderma yongei is a common aplacophoran on the U.S. ACSAR. It is on the

dominants list at 12 out of 14 stations in the Mid-Atlantic region, where it ranks first or
second at the 1500-m stations (Maciolek et al., 1987). In the north, the species is also
dominant, especially at stations at 1220 to 1350 m (Maciolek et al., 1986b). In the south,
the species was limited to Station 6 on the Hatteras Canyon (2000 m) and the Cape
Lookout Transect stations, especially Stations 3 and 4 (1500 m, 2000 m). Although a few
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Figure 55. Mean Population Density (No./0.09 m2 + 1 SD) of the Polychaete Sabidius

cornatus at Eight Stations in the U.S. South Atlantic Region. * Indicates
Too Few Individuals to Plot. @ Indicates No Data.
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Tubificoides aculeatus
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Figure 56. Mean Population Density (No./0.09 mZ * | SD) of the Oligochaete
Tubificoides aculeatus at Three Stations in the U.S. South Atlantic Region.
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Figure 57. Mean Population Density (No./0.09 mZ * | SD) of the Pogonophoran
Siboglinum pholidotum at Five Stations in the U.S. South Atlantic Region. *
Indicates Too Few Individuals to Plot. @ Indicates No Data.

131



specimens were taken at Station 11 off Cape Fear.(800 m), there appears to be a definite
break in the distribution of P. yongei south of Cape Lookout. The highest densities in the
south were at Station 6. Mean densities at that station were 14.7 individuals per 0.09 m2,
which are similar to densities at the 2000-m station in the Mid-Atlantic region. Densities
at the Mid-Atlantic 1500-m stations, however, are 29 to 3! individuals per 0.09 m2. One
North Atlantic 1220-m station had a density of 34.2 individuals per 0.09 mZ. Thus,
densities of P. yongei appear to be lower in the south and the species all but disappears
south of Cape Lookout. There are no obvious seasonal trends in the data (Figure 58).

Spathoderma clenchi, another common aplacophoran in the U.S. Mid- and North

ACSAR regions, follows the same pattern as Prochaeteoderma yongei. It is mostly
limited to the Hatteras Canyon station (2000 m) and off Cape Lookout (2000 m). Although

an occasional specimen is recorded south of Cape Lookout, there appears to be a distinct
break in the distribution of this species. Mean densities are highest at Station 6 with 22.4
individuals per 0.09 m2. This is slightly higher than the highest mean densities recorded
from a Mid-Atlantic 2100-m station (21.6 individuals per 0.09 m2) (Maciolek et al., 1987).
North Atlantic densities were lower. S. clenchi is more common at the 2000-m depth
binterval than is P. yongei, 'which is more prevalent at 1500 m. There are no consistent
seasonal trends in the data for the species (Figure 59).

Tests for Differences in Species Density

On Transects, Isobaths, and Between Seasons

To determine if breaks in the distribution of common species were evident between
the Cape Lookout, Cape Fear, and Charleston Transects, a series of tests were conducted
based on the densities of individual species occurring at selected stations collected during
the same cruises. These tests were also used to elucidate seasonal trends at Station 4,
where six cruises were conducted from 1983 to 1985.

Two basic questions were addressed: 1) Did densities of each species vary over
time? 2) Did the mean density of individual species differ from one station to the next

when sampled on the same cruise? Specifically, the hypotheses tested were as follows:
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Figure 58. Mean Population Density (No./0.09 m2 * | SD) of the Aplacophoran Prochaetoderma yongei at Four
Stations in the U.S. South Atlantic Region. * Indicates Too Few Individuals to Plot.
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Figure 59. Mean Population Density (No./0.09 m2 * | SD) of the Aplacophoran
Spathoderma clenchi at Seven Stations in the U.S. 