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Introduction

The tremendous mflux of people to coastal arcas
of the United States has been sccompamied by
proliferation of commercial marinas designad o serve
the growing sumber of recreational boaters. In South
Carolina, boat cwmership is among the highest of any
stude on the east coast. In 1984, South Carolina was
second ocaly to Maine in the number of boais per
wuﬂmhdh:ﬁ.hﬁhdm.ﬂwﬂh
and New York, in the total sumber of registered
boats (Vismor, McGill and Ball, Inc., 1984).

la resposse to both the increasing demand for
bosting facilities and a growing comcern for the
protection of our estuarine emvironment, DUmErous
documents have been prepared by vanous
Wqﬁﬂ.mﬂlmm-ﬂ
Mmﬁ;ﬁmdﬂﬁﬂhpﬂ:ﬁd
environmental impacts of marinas and providing
{U.8. Department of Commerce, 1976; Chmura and
Rods, 1978; South Carolina Coastal Council, 1984;
Vismor, Megill and Bell Inc., 1984; U3
Environmental Protection Agency, 1985).

Generally speaking, the construction of & marnina
may affect the ecology of an estuary by changing
local shoreline comfiguration, bottom fype sad
hydrographic regime.  The operation of » manns may
fesult 10 the introduction of various polhatants wnio the
petroleam hydrocarbons (Chmurs snd Ross, 1978;
Marcus and Stokes, 1985; Voudrias and Smith, 1986;
Marcus of al., 1988). Although the potential effects
of marinas are generslly well known, few studies
have documented their sctual effects in the field
(Reish 1961, 1963; Nixon et al., 1973; Soule wnd
Oguri, 1977; Holmes et al., 1985). Bocsuse of this
paucity of information, regulatory and wdvisory
“hmﬂnﬁﬂdﬂﬂtﬂ—ﬁu-ﬁ
to buse their decisions.

la order 1o address this problem, s study was
undertaken by the South Carolina Marine Resources
Research Institute to evaluste various methods for
analyzing marina effects. Specific objectives of this
Mymmmlnﬁmmdlhmmrul
sites with respect to four criteria: 1) levels of
selecied aromatic hydrocarbons and heavy metals in
samples of water, sediments, and the American

Study Sites

The Skull Creek Marina, on the island of Hilton
Head, South Carolina, was chosen as an example of
s moderate-size marins having no other obvious
sources of pollution nearby (Figure 1). At the time
of this stady (1986 and |987), the marina had been in
operation for § years snd bad 100 boat slips.
Because the marina is located m & well-flushed tidal
creek, dredging is nol required v maintun the

iste bottom depths. Like most marinas, the
Skull Creck marina provides its customers (who
typically live aboard their boats for periods of two to
four days ai & time) with fuel and sewage pump-out
facilities for marine ssnitation devices.

Three closely spaced control sites, located in an
undeveloped area whout three kilometers northwest of
the marina on Mackay Creck, were chosen o
represent an area similar to the Skull Creck site prior
to construction of the marina. The marina and
Royal Sound, and are located within or adjacent o
extensive sall marshes that we charactesized by

smooth cord grass (Spertina sbemiflom). The
porthwest shore of Pinckney laland in Mackey Creek
(Figure 1A) served as the control site for oyster spat
recruitment studies. Sediments and adult oysters
were collected from another site on the opposile
shore of Mackay Creek {Figure 1B) for contuminant,
wmmmm Finally,
lﬂh.ﬂlﬂmﬂﬂﬂﬁﬂﬁlw.ﬂm
area pear the mouth of & small tributary of Mackay
Creek (Figure 1C) for benthic macrofiunal and
sadiment composition analyses.

Contaminants Analyses

Methods

Samples of surfuce sediments, water and oysters
were collecied intertidally during two or more
seasons at both the marina and control sites, Each
oyster sample consisted of the soft tissue from a
muﬂmmdlm-mm
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length of 7.6 cm. All samples were analyzed for
ning polynuclesr aromatic hydrocarbons (PAHs) and
five heavy metals, using methods derived from EPA
guidelines (EPA Method 525). Samples were
prepared for PAH deferminations by solid phass
extraction and were analyzed wusing & gas
chromatograph with a flame jonization detector.
Samples were prepared for metals determinations by
acid digestion and were analyzed for chromiom,
copper, cadmium, snd lead using flame aiomic
abzorplion spectrophotometry (AAS). Mercury was
analyzed using cold vapor AAS.

Results and Discussion
Polyeuclear Aromatic Hydrocarbon Analvses

Mone of the nine polynoclesr sromatic
hydrocarbons (PAHs) for which analyses were
performed were detected in waler samples taken al
gither the maring or control site in spring (Appendix
1}. In summer, low levels of acensphibens and
pyrene (<0.01 ppm) were present in water samples
from both sites, while & similsrly low concentration
of benro{a)anthracene (0.03 ppm) was detected in
waler from the maring but aot from the control site.

During one or mors seasons, three PAHs
(benzo(b)fluoranthene, benzolk)uorunthens  and
benzof{ajpyrene) were detected in sediments from the
marina but mot in those from the control sile
{Appendix 1). Concentrutions of thess substances,
two of which are known carcinogens (Marcus and
Swearningen, 1983}, were an osder of magnimde
grester  than those measured by Marcus and
Swearingen (1983) at three other marinas in South
Carolina (Table 1). Three other PAHs (fluoranthene,
phennnthrens and pyrene) were detecisd in ssdiment
samples from the control site, but not in those from
ihe marina; however, their concentrations were all
less than 1.00 ppm.

Mo PAHs were detected in oysters collected
from edther the marina or the control site in winter or
spring (Appendix 1); bowever, eight of the nine
analyzed PAHs were detecied in oysiers collected
from the marins in summer, The concenfration of
one of these substances (benzo(b)fluoranthens) was
nearly two orders of magmitude greater than that
reported by Marcus and Swearingen (1983) for
oysters collected at other marinas in summer (Table
2). Only threa PAHs were detected in oysters from
the contral site in summer, sll in concentrsbions

<1.00 ppm. Low concentrations of pyrene were
detected in oysters from the marina and control sites
in fall. During that season, benzo(a)pyrene was also
detected in oysters from the marina, but not in thoss
from the control site.

Heavy Metal Analyvses

Hesvy metal concentrations in sediments and
oysters were genemally higher in sommer and fall than
in spring ®f both fhe marine and conirol sites
(Appendix 1). Cadmium, lead and mercury levels
were similar at the two sites for any given ssason.
Chromium coocentrution was higher in sediments at
ithe marina than ot the control site in summer, bot this
order was reversed in the fall. Since chromium is
widely distributed in estuaries throughout (he
southeast (Mathews and Darr, 1990), and can be
either naturally ocourring or anthropogenic in origin,
it is uncerizin whether its presence in elevated levels
st either site is indicative of pollution. MNevertheless,
tinsue levels of chromium were very low ai both sites
regardless of season. Copper concentrations were
similar in sediments at the two gites, but were
considerably higher in oysters from the marins than
in those from the control site, particularly in summer
and fall.

Heavy metal concentrutions in bolth sedimenis
and oysters from the Skull Creek Marina were
genenally comparable to or lower than those reported
for other marinas in Souwth Carolina, regardless of
season (Tables | and 2). Tissus concentrations from
both ithe Skoll Creek Marine and Mackay Cresk
conlrnl sites wors also similar fo o lower than those
previpusly reported from other areas of South
Carolina (Table 3).

Oyster Spat Recruitment and
Survival Studies

Methods

Two arrays of artificial substrata were placed at
the marina and control sites to compare oyster spal
recruitment over the course of ome meproductive
season, and to evaluate the suitshility of different test
surfaces. Both armys were placed af identical
elevations within the lower intertidal zone of each
site, with all arrays onented paralle] (o the shoreling
o minimize differences due to shading or desiccation.
Artificial substrata placed ai the marina wers Jocated
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Table 3. Mosn eoncentrations af hesry netals ln aysters col lected from che Shull Cresk Marine and Mackay Cresk
cant el sites during speing. sweer and fall, omd in oysters collected in previous surveys.
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adjacent o the dock facihities, spprovimately madway
slong the soction of shoreline spanned by the manna.

One array of test substrata consisted of 225-cm’
formica pancls having the texture and color of dark
gray slate. Four replicate panels were suspended
vertically from a PVC frame so that the botioms of
the pancls were spproximately 3 cm sbove the
sodiment surface.

The sscond mrmy of anificial substrata,
commaonly called “french collectors®, consisted of
0.75-m lengths of grey, longitudinally corragsted
PVC wbing (21 mm OD). Four replicate tubes were
inserted in the sodiment adjacent o the panel frames
w0 that the top 25 cm of cach tube was exposed sbove
the sediment surface. This provided four 225-cm’
test surfaces for spat seitlement, the same surface
area provided by the formica panels.

The panels and tubes were initially placed in the
intertidal zome om April 8, 1986, and were
subsequently collected and replaced with new surfaces
si bwo-week intervals through October 14, 1985,
This sampling regime geosrated 13 replicaie seis of
both pancls and tubes for comparison of spat
recruitment between the two types of surface during
sach two-week exposure period. Waler lomperatures
snd malinities were recorded on cach sempling dale in
boih wreas.  Afier collechion, the subsirats were
roturned to the laboratory and preserved in & 10%
formmalin solubon.

A third srray of artificial subsirets was also
daployed sl sach site i prvide sdditione] el
data on the survival of oyster spal in manns and
control areas. Each array consisted of four replicate
formica panels suspended in the intertidal zone in a
manner sdentical to (hat described for the firsl army.
These panels were also initially deployed on April B,
but were exposad for spproximately three months
before collection and replacement with new panels.
This procedure was repesisd three more Himes
throughout the year, penerating four ssts of replicate
panels, with esch sef representing exposure during a
different sesson. All panels wers collected snd
preserved s described for the first series.

In the laborstory, three of the four panels and
french collectors from each tresiment group wers
randomly selected and examined under 8 dissscting
microscope to identify and count all oyster wpat.
Scars of oyeter spat were also ohserved and counted.
Panéls or french collectors which showed signs of

dumage i the surface arca to be snalyzed were
discarded wnd replaced with the fourth replicate from
that tresfment growp.

Resulis and Discussion

Oryster spal were first observed on the pancls
and tubes exposed between May 6 and May 20, snd
settlement continued o occur on both types of test
substrata until October | st the marina site and
October 14 st the control site (Figure 2). Periods of
peak spat recruitment differed betwesn the tao (ypes
of substrats, however. There were also differences
between manns and control siles in the density of
spal recruited o both types of lest surfaces duning
several of the sampling periods.

The mean density of spat setthing on the formics
pancls was generslly gresier af the control site than
af the marina site, with significant differcnces poted
between sites on five of the sampling dates (P<0.05,
Mann Whitney U test; Figure 2A). Temporal
differences in the setilement palterns also occorred
conbrol ares, spal recruiiment o the panels was
highest during the May 620 exposure period, with &
Apgusi. In contrasi, spal recruitment af the manns
summer, With & singls peak in recriitment occurring
in lste July and August. Eves during Auvgust the
density of oyster spat on the pasels was significantly
lower af the maring than sl the conirol Gis.

Recruitment of oyser spat to the french
collectors was also greater in the control
wrea tham st the marina, with significant differences
between sites observed on three of the sampling dates
(P<0.05, Mann Whitney U test; Figure 25). As
notsd for the formica pansls, spat setilement n the
control ares showed two pesks of sbundance,
separaind by & period of lower recruitment during
July. A similer paiiern was observed on colleciors st
lower. In comtrast o the formics pansls, the initial
peak recruitment pericd on the french colleciors was
poted in late July rether than mod-May. The sscond
peak of setlement occurred in Augusi, which
corresponded o the same period of peak settlement
ohserved on the formics panels.

The bimodal peak in spal densities observed on
all but cne of the arrays of artificial substrats (maring
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formace pancls) represents a settlement pattern which
bas been commonly noted for C. virpinics (McNulty,
1953; Shaw, 1967, Hayes and Menzel, 1981; Kenny
et al., unpublished data). It is less clear, however,
why we obeerved a disparity betweoen the panels and
french collectors in the timing of the first peak in spat
densities. Results obtained from other studies smuggest
that peak settlement should have occurred in late May
or early June. In a five-year study st North Inled,
South Carolina, Kenny et al. (unpublished data) noted
that the first peak in intertidal oyster spat setllement
genorally oocurred in late May or carly June when
waler temperstures reached 23-25C. In 1986, they
observed the preatest spal set oo thewr panels in late
May. This corresponds well 0 the settloment
patterns we obwerved on our pancls cxposed dunng
the last teo weeks in May when water lempersiures
were 24-28°C (Figure 2, Appendiz 2). McNulty
{1933), Hayes and Menzel (1981) and Burrell (1985)
have also noted that peak seiilement periods occur
when waber emperatures reach 22-29°C,  Although
the later peak in spat densities observed on the french
collectors during June is mot inconsistent with the
irends observed in the other studies, it does appear o
have oocurred at slightly higher waler |smperatures
:L[hm reporied by Keany of al. (unpublished

The lower spal sciilemenl on the panels and
fubss deployed o the manns &ts, versus the control
sito, sugpests that mannpas may hive in sdverse effect
on oysier spat recrustment, &l beast within & localized
area. This could be due to & number of factors, such
as proximity o boats which release loxic antifouling
componnds from their holl paint, or small but
frequent oil and foel spills which could reduce larval
vinhility, spat ssttlement, or spat survival. Smith snd
Hackney (1989) observed  significant reduction in
oysler spal recroitment on panels treated with oil;
however, they observed no effects on panals irested
with a 40:1 gas-oil mixture. Conflicting results, such

Creek with regard to the density of oyster larvas.
The banks of Mackay Creek were much more densely
populated with oysters than were the banks of Skull
Creek, In fact, s large portion of the oyster bed
adljacent 1o the marina was composed of desd oysters,
and field teams had difficulty finding wufficient live

amilar W of lower than the percentage of recruits
which disd st he control srea during the same

In summary, the density of oysier spat recnsited
to artificial substrats was significanily lower st the
Skull Creek Marina than at the control site during
much of the spring, summer and fRll of 1986,
Further studies are nesdad 10 conclusively determine
whether this pattern is relaled 10 marina proximaty or
o some ofher eoviroomenial varables. Fulure
sndics should mvolve mmpling s sveral other
inclode the placement of recruitment surfaces of
various distances from the marinas but m the same

Finally, despite unexplained discrepancies in
recruitment paiterns between the two types of tesi
surfaces, our datn suggest that both the freach
collectors and the formica panels provide suitsble
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wubsirais for spal recrutment. Raecrutmend patterns
observed by Kemmy of al. (unpublished dsta) om
sabestos panels deployed dunng the same time penod
in North Inlet, wers more mimilar 0 patierns
obssrved on the formuca pasels in this study than on
the [rench collectors. On the other hand, settlement
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After cxmmination of ponsd propambtions, &
concepts from other studies of Crssostrea virginica
(Kennedy and Battle, 1964; Berg, 196%; Loosanoff,
1969; Kennady and Kraniz, 1982) and other bivalves
(Durve, 1965, for Crassostres gryphoides: Keck et
al., 1975; Eversole of al., 1980; Manzi et al., 1985,
for Mercenaria merconaria). The following stages of
the male and fomale ponadal condition represent sn
attempl w0 divide the reproductive process inio
distinct phases:

Ipactive

The gponads are in & stsie of quicscence and the
follicles are either abseni or few in pumber and seall
in size. When present, follicles are found in the area
between the body wall snd the digestive gland or,
more rarely, scailered in the form of small islands
throughout the mass of vemcular connective tissaes.
Sex was nol distinguishable.

Early Ripe - Proliferstion of spermatids and
differentistion into spermatozoa begin to  oocur
rapidly, with s general reduction in the carlicr stages
of pemetopenesis.

Ripe - The follicle is filled with dense radiating
the central humen.

Spawning - The lumen of the shrunken follicle is
often empiy becsuss of the recent discharge of pahure
spermatozon, A fow spermatozoa remain in the
radiating bands, but the rows of follicle cells
gradually i to replace the spawned
Spermaloson.



Early Ripe - Oocyles increase in size and number
and begia to fill the Jumes of the follicles. There is

w-_hmﬁh-hqd
follicles seem to come in contact with sach other.

Spawning - There is u slight shrinkage of the
ﬁl:_hlﬁ.‘h’.j—llmﬂ--:-lﬂiih
follicle cells st the periphery of the empty alveol.
Usually, s large number of follicles sill ressin
spawn, with the lumine almost entirely filled with
mature ova.

H__-l_m_iﬂlrhnl
imvaded with phagocytic cells, both inside the humina
and around the outside walls. Simultanecusly, the
vesicular connective tissue proliferates.

Each phase of gonadal development was scomsd
on & 04 scale: 0 = inactive/spent follicle; | = early
d-ﬂ_;:-l-dﬁiupn-l::l = garly ripe;
4 = ripe/spawning. The monthly mean derived from
this scale is expressed as the Gonad Maturstion Index
(GMI),
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encountered sl the marina site throughout the six-
month study period. Gonads in early and late phases
ﬂfw“nhuvdhmminrh
populstion from Februsry through March. In late
March, when the waler was 1™ C,
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Table 4. Comsd mamwration mdex (GMI) for oysters collected af the Skull Creek Manns sad Macksy Crosk
cootrol sites. (n = pumber of oysiers in cach category: T = iodal including bermaphrodites; F =

females; M = males).
MARINA CONTROL
DATE o Ml n GMI
2-27-B6 T 15 082 T Z1 0.90
F 1% 1.05 F 10 1.00
M 3 1.00 1% B 1.13
T-d-R8 T 7§ 1.05 T 24 1.13
F i8 .19 F 20 1-15
| 5 1.00 M L] 1.00
3-11-86 T 17 1.12 T n 1.35
F 15 1.06 F 18 1.51
M 1 3.00 M | 1.00
1-25-86 . 21 2.33 T 24 2,75
F 17 2.47 F 20 2.65
M 2 1.50 M 4 3.25
4-5-86 : 25 3.04 T i 1.65
F 2 2.85 F 19 2.10
M 4 3.2 M 4 4.00
42286 T 2% 3.58 T 25 1.92
F 21 1.81 F 20 1.89
M 3 2.67 M 5 4.00
5-6-86 T 24 L} T n 3.96
F 19 1,84 F 16 3.94
M 4 4,00 M 7 4.00
5.22-86 o 25 3.48 T 25 1.80
F 20 3.35 F 17 1.76
M 2 4.00 M 6 4.00
6-3-86 2 24 2583 T 25 3.20
F b1 2.86 F M 3.17
M 2 4,00 M 1 4.00
6-17-86 T 15 1.7 T 25 3.04
F 14 .71 F 21 3.06
M 1 4.00 M 4 3.00
7-1-86 s o 24 1.33 T 24 2.50
F 21 1.62 F 20 2.80
M 1 0.00 M 1 4,00
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toxic effects on food orgunisms; inhibition of
gumetogenesis (either direct sublethal toxicity or
indirectly through distary imbalance) and release of
gumetes; inhibition of fertilization; inhibition of larval
inhibition of growth of juvenile oysters, etc. Any of
these effects could have important long-range
consequences for reproducing populations (Tripp,
1974)., Although our dats indicale no apparent
differences between marina and control site

Lt i i e ;
these is comcern aboot i soblethal affects.
Cmca triggered by tempersture and food stimuli,
vitellogenesis in bivalve mollusks proceeds to
completion in spite of sub-optimal environmental
ﬁ:nhhnnu. i

are received io initiste their release from the animal
(spawning). The question is, as posed by Bayne
{1978, “Are the larves that develop from gametes
produced in sub-optimal conditions affected by the
siresx  experienced by the adolel” The B
hermaphodites (3 percent) observed among the 247
sexually ripe oysters examined af the marina site is
higher than the normal proporion indicaied by
Galtsoff (1964). Less than 1 percent of the control
site populstion were hermaphrodites.  Joseph and
Madhyastha {1984) suggest that hermaphroditism can
be & result of environmental stress.

Overall, there was npo difference In  the
pamelogenic development of sexes between the
control and mannos sies (Table 4). In some
insances, il appearcd that the marna males were in
an sarly ripe condition longer than the control males
or were spenl when the control males were not
(Figure 58 and Table 5), Purthermore, there were
fewer males, representing a smaller percentage of the
ioial sample, &t the marina (11 percent) than there
were at e control site (18 percent). Differences
between sites wers not apparent in the female
populations (Figure 5b and Table 6).

The sampling and analyses reporisd here wers
designed to assess gross effects of manna pollution
on oyster reproduction. Occurrences of sublethal or
chronic effects, or sdverse effects on progeny, have
nof yei been investigated. Further studies are needed
to assass the quality of gametes from stressed adults
and to determine whether stress during & particular
year affects the storage of glycogen needed for
gametogenesis the following spring.
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Condition Index of Oysters

Methods

Biweekly samples of oysters from the Skull Creek
Marina and the Mackay Creck Control site wers
collected to determine their physiological condition.
Approximately 25 oysters (>50 mm shall lengths)
were gathered from intertidal beds af each gite and
returnad 1o the labomiory for analysis.

Afier o thorough clesning, shell height (in
millimeders) and whole weight (in grams) were
recorded for esch oyster. The shells were first pried
apart slightly and the shell liquor was drained and
discardad before cutting into the sdductor masscle.
The ovster meat was then completely ssparated from
the shell into & pre-weighed slumimom dish, Wet
weight measurements of the shells and meat were
taken. Both shell and meat were doed for 24b at
100°C. The comdition imdex {CI) was obtained from
the formula by Walne (1976) as reporied by Lucas
und Beninger (1985):

Cl = mean dry meat weight (g1 = 100
mean dry shell weight (g)

Results and Discussion

The condition indsx st both marins end control
sites imcressed gradually throughout the early spring,
reaching & maximum in Iate April snd esrly May
(Figurs §). This peak corresponded directly with the
highest percentspe of ripe individuals within the
populations (Figure 4). A reduction in body weight
occurred in late May and the lowest condition index
{1.%E-control and 1.8]-marina) was obssrved in early
Juns, This coincided with the first spal setilement
recordad (Figure 6), indicating & prior relesge of
gumetes. From mid-June o the end of the study
period in late July, the condition index at the marina
site was slightly higher than that at the control site,
possibly reflecting delsyed spawning af the marina.
Buch a delsy in spawning may result from high
bactenis levels, as sugpested by Scott and Lawrence
(1982}, although bacterial counts were not obisined
during our sampling of thess sites,

Condition index is known (o undergo seasonal
variations which reflect reproductive and
physiological state (Walne, 1970; Trevallion, 1971;
de Wilds, 1975). Thes: vansbion: are considerad
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Table 5. Percootage of males in esch sage of development &t the Soull Cresk Manna (M) snd Mackasy Cresk
control (C) mitss. (ED = early development; LD = laie developmeni; ER = early npe; R = npe; 5P
= spawmng; ST = spent).

DATE ED LD ER R 5P ST
Sample
Size
2-17-B6 M 3 100
c B .11 12
1-4-B6 M 5 10
C 4 50 5 5
3-11-86 .| 1 100
c 2 100
3-25-86 M 1 50 50
C 4 75 25
d-B-B6 M ] 75 5
c ] 10a)
4-72-B6 M 3 a7 33
c 5 100
5-6-B6 M 4 3 25
c T f & ] 15
52286 M 1 100
c 6 i 17
6-1-6 M 2 100
c 1 100
6-17-86 M 1 100
C 4 25 50 25
7-1-86 M 1 100
C 1 100
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Tabls 6. Percentage of fomales in each sage of developmeni sl the Skull Creck Marms (M) snd
Macksy Creek control (C) mies. (ED = early development; LD = late development; ER =
early ripe; R = nipe; 5P = spawnming; 5T = speni).

Date ED LD ER R SP ST
Sample
Size
2-27-86 M 19 94 6
e 1w 100
3-4-86 M 16 8l 19
c 19 ™ 16 5
3-11-86 M 15 93 7
c 18 ¥ 61
3-25-86 M 17 6 42
c 5 25 70
4-8-B6 M 21 5 14 38 13 5 5
cC 19 5 11 79 5
4-22-86 M 21 96 4
cC 2 10 90
5-6-86 M 19 16 B4
cC 16 6 o4
5-22-86 M 20 pi 47 20 10
cC - 6
6-3-86 M 21 25 47 28
e ™ 67 12 21
6-17-86 M 14 50 43 7
e 3 47 28 25
7-1-86 M 21 13 57 10
cC 2 50 20 30
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normal and have been correlsted with seasonal
changes in nutrient stomge and utilization (Walne,
1970; Trevalbion, 1971). Galtsoff (1964) indicatsd
that seasonal fluctustions are related to reproductive
sctivity in spring and summer and glycogen sorage
in fall. In owr stody, sssenmal foctestions in
condition indices were clearly related to the storages
and relesse of ponadal material, as indicated by
corresponding  fluctustions in the ponadal index
measurements (Table 7).

In our study, there sppeared to be no substantial
difference in condition index between the marins and
control sites, Low condition index values were
recorded at both sites throughout the study perod
(Figure 6). Although high values (> 10) generally
indicate that oysters are in & good physiological
condition, low values do nol necessarily indicate poor
health, because condition decreasss whenever tissue
is lost. Spawming, therefore, results in o shori-term
decrease in condition. A long-lerm decrease,
however, may indicate stress from other sources such
as pollutants, hypoxia, or disease (Trevallion, 1971;
Abbe snd Sanders, 1988). While no substantial
differences in the condition of oyslers from the
marina and control sites were observed, 1t is possible
that a longer-term study would have revealed chronsc
maring effects, Continued study might also clanfy
the existence of any relationship between the high
mortality and the generally low condition index
values evidenced sl both sites, Mewell (1985)
indicated that MSX has o deleterious effect on
feeding rates of oyeters and can resull in reduced
condition index, Although we made no stiempl to
determine the cause of the low condition index values
documenied bere, it is apparent that both sampling
gites had comparably low values,

Benthic Macrofaunal and
Sediment Composition Studies

Methods
Benthic Macrofsuna

Macrofaunal samples were collected quarterly
(February, May, Avgust and w-umhlﬂ during

1986, at six randomly selecisd gites in both the
marina and control greas using & 0.05-n Ponar grab.
After removal of & small subsample of sediment for
grain size and contaminants snalysss, each grab
sumple was washed through & 0.5-mm mesh sieve.
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isms refsined on the sieve were preserved in @
bufffered solution of 10% formalin for subssquent
were recorded af both sites duning each sampling
period using & Hydrolab Surveyor 11 water quality

Analyses of variance, applisd to log, ~transformed
dats, were used to compare mean numbers of
individuals snd species between mannn and control
sites during esch sssson. Species diversity (H'),
species richness {Sﬂ}mdmwmuhihtyﬂ}
were analyzed using equations from information
theory (Pielow, 1975). Species diversity was
measured using the Shannon-Weaver formuls applied
to pooled dats from replicate samples:

H' = -Ip logy py

where H' is the diversity in bits of information per
individual, and p, = n/N or the proportion of the
pooled sample belonging to the ™ species. Species
nchness was calculated using the formula:

SR = 5-1/InM

where 5 is the number of species and InN 5 the
natural loganithm of the total number of individuals of
all species in the pooled sample. Evenness or
equitability, a measure of how evenly the total
mumber of individuals 15 distributed among the
VATIOUS species, 'was measured by

r = H'llog$
where H' and 5 are defined as above.

Cluster snalyses (Boesch, 1977a) wers used fo
describe  similarities among sampling sites  with
respect to their species composition (normal analysis)
mnd zimilarities among species with respect to their
distributions among the vanous sampling siles
{inverse analysis). The Bray Curtis (1957) similarity
coefficient und flexible sorting clessification algorithm
(8 = -0.25) (Lance and Williams, 1967) wers used
to perform the clusier analyses, Nodal unalyses were
usad (o interpret the resulis of the normal (sile group)
and inverse (species group) cluster analysss in lerms
of the classic commumnity concepis of constancy and
fidelity (Boesch, 1977a). Nodal constancy is a
measure of how consistently the members of a
particular species group occur among the collections
in & particular site group. Modal fidelity i= & measure
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Table 7.  Average chell height (HT), condition index (CT) and ponadal
maturity index (GMT) for oysters eollected ot the Siull Creek
Marina and Macksy Creek control sites. (n = iloial sember of

oyser in each smpls).
HT n 1 oMl
(mm)
CONTROL STTE

21785 5.0 5 .60 0.90
3-04-86 §¥71.52 25 2.65 1.13
3-11-86 94.76 b ] 1.9 1.35
3-25-86 B4.00 p il a2 275
4-08-86 o444 3 1.06 3.55
4-22-86 92.96 23 113 1.92
5-D6-86 9302 23 338 3.96
5-22-88 B9.96 25 1.52 31.80
6-03-86 BE.24 25 1.98 3.20
6-17-B6 031.48 25 2,15 E R
T-01-86 0384 25 F T 2.50
T-15-86 B1.52 21 .21 -

7-29-B6 5.0 24 1.60 =

MARINA SITE

2.77-86 s 28 5 1.7 0.92
J.0d-86 8020 B 1.45 1.0%
3-11-86 BS. 44 135 .72 .12
3-25-86 7028 235 3.04 .1
4-DR-86 76.24 25 1.05 3.04
4-23-86 B4.38 21 an 3.68
5-D6-86 T9.90 0 119 37
5-22-86 BD.50 22 .59 3.48
6-03-85 Ti.68 25 1.81 2.1
B-17-85 73.70 10 .7 1.7
7-01-85 T70.05 0 1.56 il
7-15-88 51.13 15 .78 -

1-79-86 .1 n 156 -



of the degree o which s particular species group is
restricied o & particulsr gite group. Mathematical
expressions for these terms are given by Boeach
(1977a).

Sediments

Percentages (by weight) of sand, sli, clay and
gample using procedures described by Folk (1974).
Sand fractions were dry-sieved using o Ro-tap
mechanical shaker, fitled with 12 screens graded in
(0.5-phi imtervals, for determinafions of mean grain
gize and sorting coefficients. Total organic carbon
content was measured by incinemting & portion of
each sediment sample st 550°C for two hours as
described by Plumb (1981).

Results and Discussion
Sediments and Hydrography

Average sampling depths, salinities and bottom
water temperatures were remarksbly similar s the
maring and control sites throughout the study period
{Table 8). Depths ranged from 4 to 5 m at both sites
and salinities were consistently in the polyhaline io
cuhaline range. Bottom temperatures of both sif=s
were lowest in February and highest in August.

The sadiment grain size composition Was Bot as
similar between sites a8 our initial field observations
had -sugpesied. The marna sites encompassed a
wider mnge of sediment types, but were generslly
muddier than control sites (Figure 7). Mean
percentages of silt, clay, calcium carbonate and total
organic carbon wers all higher af the marine
however, well-sonied fine sands comprised the major
sadiment component at both marine and control stes.

Benthic Macrofauna

Ower the course of fouwr seasone, 4219
macrofaunal organiems representing 192 species were
collected af the Skull Creek Marina. Dunng the
game lime period, 5921 individusls representing 168
species were collected at the McKay Cresk control
gite. The mean number of individweals per grab
sample was significantly greater (P<0.003) at the
control site than at the marina in winter and spring
but nod during the other two seasons (Figure 8). The
mesn number of species per grab did not differ
significantly between gites during any sesson excepl
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fall (Figure 9); however, the total pumber of species
was consistently higher st the maring during all four
peasons { Table 9). Pooled diversity (H") values were
also higher st the marna due to both higher species
richness (SR) and higher evenness (J°) values during
all sessons except fall, when the evenness componant
was shightly higher at the control site (Table 9).

Taxonomic composition of the fumns also differed
between marina and control sites. Al the marina,
polychastes acoounted for the greatest proportion of
iotal sbundance in winter, spring and summer, but
were outrunked by mollusks in fall (Figurs 10). This
large autumn increase in numbers of mollusks was
due, primarily, (o a rapid increase in the abundance
of & small bivalve, Galsommatacea A, which appoars
te live commensally with the ophiuroid
second in sbundence mi the maring in winier and
spring, but were outranked by mollusks, ophiaroids
mnd oligochactes in summer and fall.

At the control site, polychastes comprised the
largest number of snimals in winter, summer and
full, but were temporarily replaced by amphipods as
the: dominant taxon in spring when the gammaridaan
mmphipod Ampelizca ahdita increassd dramatically in
mbundance (Figure 11). The other major taxa that
nccounied for at Jeast 5% of the iotal sbundance of
organisms al the control &ile during one or more
seasons were all crustaceans; these included isopods,
ostracods and cumaceans. None of these groups was
ever dominant at the marine. Some researchers have
suggested that higher proportions of polychastes and
mollusks, relative fo smphipods and other
crustaceans, may be indicative of pollution (Long and
Chapman, 1985). This theory is consistent with the
elevated levels of some PAHs in sediments and
oysiers collected from fhe marina (sse Contaminants
section); bhowever, our data are insufficient o
conclude that there is necessarily a causal relationship
between these contuminants and the taxonomic
composition of the fauna.

Differences in spocies composition between
marina and control sites are further elucidated by the
results of our normal and inverse closter analyses, A
dendrogram depicting the nine site groups gencrated
by & mormal cluster anslysis shows that most control
gite samples (groups 1 through 4) clustered scpartely
from most manns samples (groups 6 through 9),
regardless of sessom (Figure 12), There were,
however, strong seasonil trends a5 well. This was
particularly evident at the control site where, with
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Table 8. Sediment snd hydrographic dats collected tn conjunction with the benthic macrofsunal study.

MARINA CONTROL
% Sand 71O+ 28 514+15
(n = 24)
® il 11.1 + 1.7 4.4 + 0.7
(o = 24)
% Clay 121 + 1.7 734+ 10
(n = 24)
% CaCO? 5.7+ 1.0 1.2 + 0.4
(n = 24)
% TOC 6.7 + 0.8 2.7 + 0.6
(n = 24)
Mesn Grain 124-19 (mnge) 2.3-1.9 (mage)
Size 2.5 + 0.05 (mesn) 2.7 + 002 (mean)
(sand fraction)
(0, n = 24)
Sorting 0.2 - 0.7 (rmngs) 0.3 - 0.5 (mage)
Coefficient 0.5 + 0,02 {eean) 0.4 + 0.04 [emoan)
{sand fraction)
O, m = 24)
Mean Depth 4.5 + 0.7 4.2 + 0.6
(m, n = 24)
Mean Botiom v+ 12 316 +# 1.0
Salimity
Floo, n = 4)
Range of Bottom 11.5 - 30.2 14.5° - 29.8*
Temperatures
(fC.n=4)
“February, 1986

“August, 1986



Teble ¥, Totsl rumber of irdividusis, total rumber of species, srd pooled community strusture velues (H', 58 snd J') for the sarire and contrel sites.

Poaled Pesaled Pooled
Total # Individusls Total ¥ Species Sharnon-desver Diversity (H') Species Richness (5R) Ewenress {J")
Harina Comkrol Warina Comtrol Earina Contral Marina Control Harina Control
Winter ™ 1901 109 o8 5.59 5,00 15.40 0T 0.83 0w
torimg ez FaliF, iL1:] i 5.8 L 1% 33 1.a o.ma 0.%%
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Table 10. Species sccounting for > | .00 percent of the total shundance of macrofsunal organrsms collectad 1 prab samples
from the manns snd control wies, and their rank by shundance for each season. (A = amphupod; B = bivalve;
C = cumacean; G = gastropod; | = isopod; O = ophiuroid; P = polychasts).
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fypes may explun ils similar abundance
the maring and control sites.,

?.

group D was characterized by its high 1o
constancy sf both marine and control sites
and fall, its moderste W high constancy in
.ﬂn-:_hh'_rh-'—;
their ubiquity, bowever, mos! species in
were generidly move abundant s te manng
the control site. Seven of the 10 taxa in
wers among the 15 most abundani spacies al
marina, whereas, only two of the 10 taxa were
lﬂ..h 15 mowt sbundant species sl the control

i

HRIT

ndﬁ:ﬂuhmdﬂ;_m““

(Figure 14). Microphiopholis gracillima is a selective
d-punt feeder thal prefers sandy mud sediments

uw-fliﬂ}ﬂrﬂlm—ﬂ.luﬂm
that lives commensally with M. gracillima, sttached
to the ophiurold's srms. In this study,
Caleommatsces A always co-occurred with M.
gracillims snd its shundsnce increased greatly in
summer and fall a8 the sbundance of M. pracillima
incressed, albeit more pradually.

Species group B included four species that were
highly faithful o & small group of anomalous
collections from both the marina and control sites
{site group 5). These species were never sbundant at
either sate and showed no clear patisrn of distnbution
with respect o sither sile of season.

Speciea group F comsisted of five species that
eahibited & high degree of fidelity w control sites in
winter (site group ), These included the tabicolous
polychaete Cragnin fusiformis, which has been shown
o prefer sandier substrates (Flint and Rabalais,
1980), such as those charsctenstic of the control site
in this study. Group F also included the amphipod
Lastnelia chymenclise, which hives commensally i
tubes of the maldanid polychaste Clymenells
lorguats, & constituent of specics group B. Ualike its
host, which was taken in collections throughout the
year, L. clymenellag occurred only in winter, thus

15

explaining its assignment to & different species group
charscterized by scasonal fidelity.

specios, showed no clear pattern of distribution with
respect 1o cither mic or scassn.

Species group | was chamcterized by its high
level of constancy and fidelity among marina samples
collected in spring (site group ¥). Several of thess
species (e.g., the amphipods Sienothoe georgiana.

docks, piings and walls (Bousfield, 1973; Fox and
Ruppert, 1985), most of which sre conspicuous
features of the Skull Creek Marina.

Species group J included sevieral species that were
mither more frequantly collected or more abundant at
ihe marina than at the control sils during ons or more
scasons. The epifaunal amplupod Caprells equilibrs
wii ihe top-ranlung numencal domanant st the Skull
Crosk Marina in winter, comprising 13.24% of the
total sumber of organisms collected st the marina
during h-qin;p-'ud['l'ﬂiﬂ- Fi.pnllﬂ

1963; Fox and Ruppent, 1945),

Species group K exhibiled moderate fidelity to
collections taken in winter from both the manna and
control sites (site groups 3, 5, and 6). Nevertheless,
two of these species (the ses pansy Renilla reniformis



and the haustorisd amphipod Rhepox ynius gpistomuas)
were collecied only si the comirol site. Fegills
reniformis has boen described as a common inhabitant
of protecied beaches, creeis and sounds (Fox and
Rupert, 1985), whils B. cpistomus is frequently
collected In medium fine smnds from shallow subtidal
to >50 m depths (Bousfield, 1973).

Specics group L was highly constant among, and
faithful to, control site samples collected m fall (ste
group 4). Several of thess species, including the
amphipod Synchelidium amenicanum, the cumacean
Cyclaspis vasps wnd the gastropod Tersbm
diglocata, were never collected st the marina. All of
these species are relatively stenotopic with respect to
sediment type, occurring only in fine to muddy sand
along protected beaches or in creeks and sounds
(Bousfield, 1973; Watling, 1979; Fox and Ruppert,
1985). Al least ons of these species, Cyclaspis
varians, also tends b0 be more abundant in highly
saline, well-oxygenated walers (Modlin and Dardesu,
1987).

Species group M was highly fuithful o marins
sites in winter (site group 4), and several of these
species  (the amphipods Lembos smithi and
Corophivm scutum: the ophiuroid Ophiothrix
angulsts; and the holothurian Cucumaria pulcherrima)
occurred only ab the manna. Both L. gmithi and C.
pcyutum are commonly found in current-swept arcas
on pilings, walls, Aosting docks and oyster recfs
(Bousficld, 1973; Fox and Ruppert, [1935),
Ophiothriz aogulats is also associated with shell and
other hard substrates, while C. pulcherrima typically
occurs in mud (Deichmann, 1930).

Species groups N and O were characterized by
their high fdelity 1o summer and fall collactions from
the marina (site group 8). Some of thess species are
closely associated with hard substrates (e.g., the
scorched mussel Brachidontes cxustus and the
others occur in & variety of substraies mnging from
sand o mlt'clay (e.g., the camivorous scale worm
Sthentlais sp. and the mud snail Nassaring vibex).
Rhoads (1974) observed that Nassarius spp., which
are non-selective deposit feeders, ere sble to control
the quantity of detritus entering the mantle cavity by
means of an extensible proboscis or inhalent siphon.
This would seem to be & highly adaptive truit for a
species inhabiting muddy eavironments such as &
marina basin.

None of the remaining species groups was more
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control site (Table 11). Trophic mode was similarly
affectad by sediment type. Although deposit fesding
was the predominant trophic mode at both sites,
severnl suspension feeders were restricted in their
distribution 1o the control ste.
spparently lack the morphological and behavioral
traits that allow certain suspension feeding bivalves
{e.g., Macoma and Tellins spp.) to occupy muddier
habitats by controlling their position in the sediment
and their intake of particulate matier, The disparity
in sediment type bebween the marins and conirol gies
may simply be a function of natural varisbility;
bowever, il is conceivable that the cument regime at
the marina has besn sufficiently aliered by the
presence of pilings, docks and other physical
strochures o have resulled in increased siltation and,
consaquently, muddier sediments in comparison to the
control site. Unfortunately, the absence of any
baseline data for the Skull Creek mite prior o
construction of the marina precludes a definitive
answer o this question,

Although certain species may be effectively
excluded from the marina by the finer sediments
there, the higher concentration of organic matter may
have contributad to the greater abundance of certain
deposit foeders, such as oligochaetes and ophiuroids.
Furthermore, the higher proportion of shell hash, as
well as the presence of floating docks and pilings, has
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resultad in greater microhsbiiei complexity and,
conssquently, s grester diversity of both sessile and
modils epifaunal species than at the control site. This
phenomencn is not surprising and, in fact, has been
docamentad by other researchers ss well (Nixon et
al., 1973; Caime, 1987). Evidence suggests that
seasils fouling communities may serve as "feeding
siationa”™ for fish, from which motile epifsuna are
gazed (Csine, 1987). Additionally, the fouling
communities, themselves, may serve as an imporiant
food source, particularly for juvenile fish (Nixon st
al., 1973). Thess juvenils “bait" fizh may, in tum,
attract greater mumbers of sport fish to the marina.
Despite thess potentially beneficial effects, thers can
be some mdverss environmenial impacts ssspciated
with high densities of fouling organisms in marinas.
Among thess are reduced dissolved oxygen levels as
» consequence of collectively high respiration rates
and the hicaccumulation of toxic substances which
may become concentrated in successively higher
lewvels af the food chain (Mixon et al. 1973; Mamcus
and Stokes, 1985).

While the benthic community af the Skull Creek
Marina is generally typical of estuarine communities
elsewhers in South Carolins, the lower abundance of
certain pollution-sengilive speciss may be indicative
of some degres of environmentsl degradation. In
particular, the tobicolous polychaste Spiochastopicms
oculatng was consistently less abundant st the manna
than si the control site, despite its well-documented
surytopism with respect to sediment type. This
spocies, whose susceptibility to the acutely toxic
effects of number 6 fuel oil has been demonstrated
the lsboratory (Hyland, 1973), also exhibited a
drastic decline in abundance in response to an oil spill
in the lower York River, Virginin (Bender of al
1974). These findings mugpest that the lower
abundance of 5. oculatus st the marne may be
related to the somewhat higher concentrations of
certain  petroleum-derived aromatic  hydrocarbons
found in the sadiments there (see Contaminants
section).

The lower sbundance of crustaceans, snd the
higher mbundance of capiteilid polychastes and
oligochastes ai the marina, may be further indication
of some “insidious alteration of the estasrine
environment” as described by Odum (1970). Several
researchers have observed that organic enrichment of
the sediments (e.g., from sewage or pulp mill
effloents) may result in higher sbundances of certain
pollution-tolerant or  “opportumistic™  species,
particularly capitellid polychastes, while other species
that are unshle to utilize the additional food supply

become progressively mre or dissppear emtirely
(Pearson and Rosenberg 1978; Gray and Pearson,
1982; Pearson et al., 1983; Rygg. 1985a; Ansari et
al., 1985; Madsen and Jensen 1987). These findings
are consistent with the resulits of our sudy.

Om the other hend, pollution resulting from the
addition of heavy metals has been shown o be
negatively comelaied with species diversify, not
because 8 few pollution-tolemnt species Increass In
abumdance as they do in arcas of organic ennchment,
‘but mither because the toxicity of these compounds
results in am overall decline in the oumber of species
present (Rygg 1985b, 1986). In our siudy, diversity
values were consistently higher st the marne than at
the: control site.  As noted above, this was largely &
consequence of the additional hebitast provided by
physical structures st the manna. Nevertheless, the
high species richness st the marina suggests that
heavy metals such a8 copper, lead, or tributyltin are
not presenf in sufficient concentrations to have
seriously affected the community structure of benthic
organisms there.

In summary, our study provides evidence for a
wvanety of commuonity responses (o severl
environmentsl factors which seem to be related to the
presence of the manns. Thess factors mclude 1)
muddier sediments, which may be & function of
altered hydrography; 2) hard substrata provided by
docks and pilings; 3) possible organic enrichment of
the sediments; and 4) possible contamination of the
scdiments by petrolesm-derived hydrocarbons.,
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Appendix Z. Hydrographic data collected in conjunction with the oyster spat
recruitement studies. All seasuremsnts weres taken from near surface

waters.

Date Locatlion Temparature (9C) Salinicy (9/o0)
02-13-86 marina 11 29
02-20-86 contrel 15 10
01-05-86 marina 13 3l
01-D05%-86 eantral 13 10
03-25-86 marina 17 3o
03-25-86 control 17 18
D&k-08-86 marina 25 16
D&-08-86 centrol Z1 29
O&=-22-86 marina 21 32
042286 control 20 il
05-06-86 marina 26 11
05-06-86 controel 2h iz
05-20-86 marina 28 io
05-20-86 control 25 3l
05-22-86 marina 15 iz
05-22-88 control 25 g 1]
06-03-86 marina 18 18
06-03-86 control 28 26
06-17-8B6 marina 10 10
06-17-86 contraol 29 io
07-01-86 marina 0 io
07-01-86 contcral - 11
07-15-86 marina 11 il
07-15-86 coantrol 19 32
07-29-86 marins 31 13
07-19-886 contraol i1 13
O0B-05-86 marina 3o 12
08-05-86 control 10 33
09-02-86 marina 25 11
0%9-02-86 contral 26 il
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Appendix 2. Continued.

Date Location Temperature (°C) Salinity (%/00)
09-16-86 marina 29 32
09-16-86 control 10 £
10-0L-86 marina 30 k8
16-01-86 contral 249 29
11-06-86 marina 21 35
11-06-86 control 21 Ib
12-05-8B6 marina 16 33
12-05-86 cantcrol 14 33
02-18-87 marina 11 26
02-18-87 control 11 28
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Appendix 3. Species groups generated by an inverse cluster mnalyeis of
macrofauna collected in grab samples from marina and comtrol
sites (Am = amphipod; An = anemone; As = ascidian; B = bivalve;
C = cumacean; D = decapod; G = gastropod; H = holothurian;

I = igopod; H = mysid; N = nemercean; Oc = octocoral; Op =
ophiuroid; P = polychaeste).

Group A Group D

Molguls manhattensis (A=) Aatyris lunata (G)
Lembos unicornis (Am) Tagelus divisus (B)
Erichthoniua brasiliensia (Am) Aricidea fragilis (P)
Streblospio benedicei (P) Diopacrs cuprea (F)
Paraprionospio pinnaca (P) Oscracod B
Heteromastus Filiformis (P} Glycera americana (P)
Eteone heteropoda (F) Microphiopholis gracillima (Op)
Oxyurostylis smithi (C} Galeommatacea A (B)
Lyonsia hyalina (B) Dligochaeta

Cerapus tubularis (Am} Tharyx sp. (F)
Phoronida

Scoloploas rubra (F)

Glycinde solitaria (P) Group E

Acteccina canaliculata (G)

Ostracod A Mulinia lateralis (B)

Drilonereis longa (F)
Abraaequalis (B)

Group B Glycera sp. (P)

Cyathura burbancki (I)

Ampelisca verrilli (Am) Group F

Clymenella torquata (P)

Aligena elevata (B) Amphiporus bioeculacus (H)

Owenia fusiformis (F)
Ampelisca sp. (Am)

Group C Lumbrineris sp. (P)
Listriella clymenellae (Am)

Tellina texana (B}

Mediomastus califormiensis (P)
Spiochaetopterus oculatus (P)
Lumbrineris tenuis (P)
Ampelisca abdita (Am)




Appendix 3. Concinued.

Group ©

Ophiuroidea (undet.)

Turridas B {C)

Nematoda

Polyodontes lupina (P)
tochela serratorbita (D)

Solen viridi B

Cirraculd (F)

Group H

Glycera ap. A (P)

Phyllodoce groenlandica (F)

Leitoscoloplos sp. (F)
alla capitaca (P)

plonidas

Lumbrineris impatiens (P}
lisca vadorum (Am)

Polydora cornuta (P)
Lysianopsis alba (Am)

Group 1
Herais succinea (P)

St-u:hu sorglona (Am)
._Iﬂfllﬂl acherusicum (Am)
Nerels ip‘

Eobrolgus lghﬂlur [Am)
Dulichiella

Dulichiella appendiculata (Am)
Lembos hypacantha (Am

Leitoscoloplos fragilis (P)

&9

Group J
Ogyrides a roscris (D)
m-rh_EEu lavifuseina (P)
Caprel ilibra {hi
Harmothos mp. (P

Axicgnathus tus (Op)
Sphenia antillensis [{.}]

thara plicosa (G)

proxims
Drilonereis magna (F)
Notomastus latericeus (F)
Pinnixa sp. (D)

Hemipholis elongata (Op)

Hemertinas

Exogone dimpar (F)
Batea catharinensis (Am)
Xanthidas iﬂi

Costoanachis avara (G)

Group K

Renilla reniformis (De)
Pelecypoda
ap. A (Am)

ﬁ-ﬂ websteri (P)

Datracoda
aa (M)

Heteromysis formosa
Rhepoxynius epilatomus (Am)



Appendix 3. Continued.

Group L

Ar suscica (P)
(1. (F)
ella barnardi (Am)
Leucon americanus (C)
Ostracoda

Synchelidium ricanum [Am)
Cyclaspis varians (€
Turboniila interrupta ()
Terebra mﬁﬁf

Group H

Coroph acutus (Am)

Sipuncu

hﬂ:uggﬂ spinicarpa (Am)

Loimia medusa (P)

W angulaca (Op)
umar leherrima (H)

Lembos smithi (Am

Croup N

folenidas (B)
Portunus gibbesii (D)
Amphiuridae (Dp)
Terebellidae (P)

Massarius vibex (G}
Group O

IrluhLEEn;ll exustus (B)

;-E#m.uu ppeaciona (P)
thenalais ap. (P

Group P

Elasmopus levis (Am)
Polydora socialis (P)
Polychasta (undet. )
Eurypanopeus depressus (D)

50

epidonotus &
Paracaprella tenuis (Am)

Sabellaria vulgaris (P)
Group R

Amphiodia trychna (Op)
Marphysa sanguines (F)

Datracod C

Corbula sp. (B)
Carinomalls e (W)
Actiniaria A (An
Piromis roberti (F)

Group §

Cistenides 1411 (P)
Ol . !l%

The lepus setosus (P)
Trachypenaeus constrictus (D)

Group T

Edotea montosa (1)

Asphitrits ornats (F)

Reopanops sayi (D)
Epitonium angulatum (G)

Group U

Hudibranchia
Epitonius sultistriatum (G}

Corophiue #p. (AM)
iygonemertes

v (W)
Latreutes parvulus
Parvilucina sultilineata (B)

Herels grayi (P
Tharyx snnulosus (F)
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