


Hard Clam, Mer cenar v.a mercenar ia  L, !,

Resources of Jul ienton Plantation

Technical Report 88-1

Randal L. Walker

Marine Extension Service

University of Georgia
P. O. Box 13687

Savannah, Georgia 31416-0687

The Technical Report Series of
Center is issued by the Georgi
and the Marine Extension Servi

on Skidaway Island  P. O. Box

It was established to provide
information and progress repor
and investigations mainly by s

System of Georgia. In additio
presentation of techniques and
general information of interes

and state governments and the
these reports is in the public
cited, it should be cited as a

work was supported by the NOAA
of Commerce under grant number

gia Marine Science

nt College Program
University of Georgia

vannah, Georgia 31416!.
tion of technical

ing from marine studies
faculty of the University

intended for the

reduced data, and
stry, local, regional,
Information contained in

If this publication is
shed manuscript. This
f Sea Grant, Department

00072.

the Geor

a Sea Gra

ce of the

13687, Sa

dissemina

ts result

taff and

n, it i
methods,

t to indu

public.
domain.

n unpubli

Office o

NA844 � D�



Acknowledgements

wish to thank Drs, J, Harding and P, Heffernan for
reviewing the manuscript. I wish to thank Mrs. J. Haley for
typing the manuscript and Mr, George Davidson for his editing
of this manuscript.



Abstract

Keywords: Aquaculture, bivalve, clam, coast, estuary, fishery,
mollusc, recruitment, resource, saltmarsh, stock/
survey

Forty
Harris Ne

of hard c

at 19 sta

clam

and comme

ative cl

age with

 N = 2!

19.5 mm  

the area

general,
whereas,

-nine sites were surveyed in the Julienton Plantation,
ck g Georgia, area to determine i f commercial quanti t ies
lams, Nercenasia rner'cenaria, occurred. Clams occurred
tions with densities ranging from less than 1 to 50
Population growth curve, age structure, size structure,
rcial size groupings were determined for 15 stations.
ams were up to 10 cm in shell length and 38 years of
the commercial size littlenecks dominant. Replicate
est cages seeded with clams at a mean shell length of
N = 70 clams per cage! were set up at 8 sites within
to determine the feasibility of clam mariculture. In
native clams grow to Inarketable size in 2 to 3 years,
cultured clams reach marketable size in 2 years.



List of Figures

Figure Page

l. Julienton Plantation stations sampled for hard
clam, Ner'cenar'Za mercenar'za, populations

16

2, Hard clam, Mercenarza mercenary za, populations
sampled for growth curve, age and size class
structure

17

3. Growth curve  mean + S,D.!, age structure and
size class structure of hard. clams, Ner'cenarza
mercenarza, from Population 1

18

19

mercenarza

ve  mean + S.D.!, age structure and
structure of har d clams, Ner'cenar za

from Population 3

20

mer cenar za

6. Growth curve  mean + S.D.!, age structure and
size class structure of hard clams, Nercenarza
mercenarza, from Population 4

21

7. Growth cur

size class
22

mer'cenar'za

23

mer cenar za

24

mer cenar za

10. Growth cur

size class
25

mer cenar z'a

11. Growth cur

size class

mer cenar za

ve  mean + S.D,!, age structure and
structure of hard clams, Mercenarza

from Population 9

26

4. Growth cur

size class

5. Growth cur

size class

8. Growth cur

size class

9. Growth cur

size class

ve  mean + S. D. !, age structure and
structure of hard clams, Mercenar za

from Population 2

ve  mean + S. D. !, age structure and
structure of hard clams, Ner cenar za

from Population 5

ve  mean + S.D. !, age structure and
structure of hard clams, Mercenarza

from Population 6

ve  mean + S.D.!, age structure and
structure of hard clams, Nercenarza

g f r o m P o p u 1 a t i o n 7

ve  mean t S.D. !, age structure and
structure of bard clams, Mercenarza

from Population 8



Page

12. Growth curve  mean + S.D.!, age structure and
size class structure of hard clams, Mercenaz'ia
mez'cenaz'ia, from Population 10

27

13. Growth curve  mean + S.D,!, age structure and
size class structure of hard clams, Mez'cenaria
mez'cenaz'za, from Population ll

28

14. Growth curve  mean + S.D.!, age structure and
size class structure of hard clams, Mezcenazia
rnez cenaz'ia, from population 12

29

15. Growth curve  mean + S.D.!, age structure and
size class structure of hard clams, Mezcenaria
rnezCenaria, from Population 13

30

16. Growth curve  mean + S.D,!, age structure and
size class structure of hard clams, Mez'cenazia
mez'cenaz'sa, from Population 14

17. Growth curve  mean + S AD,!, age structure and
size class structure of hard clams, Mezcenaz'ia
fez'cenaz'ia, from Population 15

32

18. Commercial size grouping of hard clams from
Populations 1 through 8

33

19 ' Commercial size grouping of hard clams from
Populations 9 through 15

34

20.  A! Overall commercial grouping of hard clams,
Mercenaz>ia mez'cenaz'ia, for clam populations
 N=15! in the Julienton Plantation area

 B! Overall commercial grouping of hard clams
for all surveys within the Julienton Plantation
area

35

36

22. Oyster drill, Urosalpinx cinerea, sampling
stations

37

23. Possible areas for future cage culture of

molluscan species
38

21. Sites about the Julienton Plantation area where

seed clam cages were placed



List of Tables

Table ~Pa e

l. Annual landings and dockside value of molluscan
species in Georgia. Data from Department of
Natural Resources �979 � 1986! and Lyles �964
1978

The distribution and densi!y  i,e., total number
collected and number per m ! of hard clams,
Mercenaria mercenaria, collected at all Julienton
Plantation stations  with substrate type given!

Growth and survival of hard clams, M82'cena2"ia
Mez eenaria, planted in test cages in various
Julienton Plantation areas, Shell length is
given in mm + one standard error

Total number of oyster drills, Ur'gsa2pirtx cine''ea,
collected, mean number per 0.02 m + SD and mean
shell length t SD in cm of drills occurring per
station within the Julienton Plantation



Table of Contents

Acknowledgements

Abstract

List of Figures

List of Tables

Introduction

Background

Methodology

Results

Natural Hard Clam Populations

Seed Hard Clams

Oyster Drills

Whelks

Crabs

Oyster Parasites

Discussion

Conculusions

References



Introduction

In response to a meeting of Georgia Sea Grant personnel and Mr. Gene
Slivka of the Julienton Plantation on 7 June 1985, the following report. is put
forth to Mr. Slivka in response to his request for aid in developing his
shellfish resources and expanding into the Georgia shellfish industry. This
report describes the distribution, densities, growth rates, population age,
and size-class structure, as well as the commercial size structure for various
clam populations in the Julienton Plantation area. In addition, seed cl,ams
were planted at various sites to determine their relative growth rates,
Finally, a survey of clam predators was undertaken in the test area. The
results of these studies are reported herein.

Background

The molluscan shellfishery in Georgia consists of the American oyster,
Crassostrea vi rgi ni ca Gmelin, the hard clam, Mercenari a mer cerrari a  L. !, the
ca1.ico scallop, Argopec ten gi bbus  L. !, and four species of whelks . 'the
knobbed whelk, Busycozr cari ca  Grne1 in!, the lightning whelk, Busycon
contrari um  Conrad!, channeled whelk, Busycotypus canaliculatum  L.!, and the
pear whelk, Busycotyprrs spiratrrrn, In the past, the oyster industry was the
mainstay of the molluscan fishery  Harris, 1980!, but today the oyster
industry is in decline  Table 1!. Commercial harvesting of hard clams has
occurred sporadically since 1880  Walker, 1984b!, however, recently local and
out-of-state fishermen have expressed considerable interest in expanding into
the Georgia hard clam fishery. The scallop industry in Georgia began in 1965
and, as with the hard clam fishery, has had sporadic landings  Table 1!.
Scallops are harvested mainly by Florida fishermen and are processed at plants
irr Darien and St. Mary' s, Georgia. Whelk harvesting began in 1981 and became
Lhe dominant molluscan fishery in 1982  Table 1!,

One way to re-establish a significant shellfish industry in Georgia is
through d.iversification. Hard clams, soft-shell clams, surf clams, and
scallops, in addition to oysters, offer good rndustry potential. Market
demand for all five shellfish is well established and often exceeds supply.
Growth of these shellfish is greater in warm southern waters than in the
cooler waters of northern states. The result is that shellfish attain a
marketable size quicker at lower latitudes  Ansell, 1968; Eldridge et
1979; Walker, 1984a!.

Oyster and clam harvesting in Georgia is now limited to manual gathering
from intertidal beds, which is often done by blue crab fishermen during slack
periods in their principal fishery, Despite the potential for increased
production, harvest is constrained by the inefficient and sporadically
employed harvesting methods, which preclude the availability of dependable and
affordable supplies of shellfish for processing in Georgia.

One means of increasing shellfish production is to develop shellfish
popu1.ations in underutilized areas. Georgia has a considerable expanse
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�50,000 acres! of essentially unpopulated and unpolluted coastal marsh.
Undoubtedly, a substantial portion of these wetlands offer the optimal
salinity, temperature, and turbidity regimes conducive to shellfish culture.

In 1983, 14.2 million pounds of hard clam meat valued at $42,4 million
were landed in the United States  National Marine Fisheries Service, 1984!,
The south Atlantic states accounted for 13% of the landings. Of that, Georgia
accounted for less than 1%. Most of the landings occurred in the New England
and mid-Atlantic states, where clam growth is slow. At Bluepoints Co., Inc,
W. Sayville, New York, 4 to 5 years are required for hard clams to grow to a
marketable size of 25.4 mm in shell thickness  Craig Strong, personal
communications!. By comparison, it requires less than two years for hard
clams to grow to a marketable size in the warmer coastal waters of Georgia
 Walker, 1984a!. Accordingly, there is an excellent potential for increasing
hard clam production in Georgia through mariculture.

Although the coastal waters of Georgia contain unexploited populations
of hard clams  Godwin, 1967, 1968; Walker et ai,, 1980; Walker and Tenore,
1984; Walker and Rawson, 1985!, most of these occupy small areas and are
difficult to locate and harvest, They are, however, indicative of extensive
pollution-free marshes suitable for shellfish product.ion and culture. Hard
clams grow year-round in southeastern U.S. waters  Eldridge et al., 1979;
Walker, 1984a!, and clam densities above 2! m are common in Georgia  Walker
and Tenore, 1984!, Densities up to 100 m have been observed in intertidal
regions of small creeks, headwaters of major creeks, and in shell deposits
associated with oyster bars  Walker et al., 1980; Walker and Tenore, 1984;
Walker and Rawson, 1985!.

As greater numbers of people have become interested in the hard clam
fishery in Georgia, the Department of Natural Resources has begun to assign
leases that give preferential treatment to individuals involved in developing
and exploiting the clam resource. One means of increasing clam production in
an area is to reseed after harvesting. Studies to date have shown that
seeding with conventional size seed clams � to 10 rnrn! results in low recovery
 Walker, 1983!. This may be due to the high level of predation activity,
heavy silt load of Georgia's coastal waters, or strong tidal currents. Clams
planted at 6 mrn within experimental predator-free cages grew to commercial
size �4.4 rnm in shell length! within 17 months with a greater than 80%
survival rate  Walker, 1984a!. If this can be duplicated on a commercial
scale, it should be possible to increase hard clam landings in Georgia
appreciably.

Since most natural clam populations in Georgia consist of 50% chowders
 Walker ct al., 1980; Walker and Tenore, 1984; Walker and Rawson, 1985;
Walker, 1987!, maricuiture is seen as the best method for increasing clam
production, sirree it carr produce large numbers of the more valuable littleneck
clam. According to the current "Green Sheets"  price list.ing for fish and
shellfish published by the National Marine Fisheries Service!, littlenecks are
now being sold at $0.15 each  as high as $0,30 last. year! as compared to $0.03



for the chowder clam. Furthermore, chowders are not. readily marketable;
whereas there is always a market for littlenecks.

Methodology

Clams were collected from 49 populatioys around Julienton Plantation,
Harris Neck, Georgia, by taking three 0.44 m quadrat samples per site. A 66
x 66 cm square PVC frame was randomly thrown on the creek bottom. Clams
occurring within the frame were dug by hand, placed in field sampling bags,
and marked as to locality, Clams were then returned to the laboratory, where
they were counted and measured for shell length  longest possible measurement,
i.e., anterior-posterior!. Clams from 15 of the 49 populations were also aged
by shell sectioning techniques  see Rhoads and Lutz, 1980; Rhoads and Panella,
1970!. Growth curves for each clam were constructed by measuring shell length
at each summer annual ring increment.

The clams at each station were categorized according to the following
commercial size groups: juveniles, less than 38 mm; pre-legal littlenecks, 38
to 44.4 mrn; littlenecks, 44.4 to 67.0 mm; cherrystones, 68 to 77 mm; and
chowders greater than 78 mm in shell lengths. This classification scheme is
similar to Godwin's �967! scheme except that his littleneck size class �8 to
68 mm! was divided into legal littlenecks, those greater than 44,4 mm and pre-
legal littlenecks, those less than 44.4 mm  Malker 1984b!.

To determine optimum hard clam mariculture sites, sixteen test cages
were set up around the Julienton Plantation area  Figure 20!. Two cages �0 x
30 x 30 cm, constructed of 13 mm mesh vinyl-coated wire! were buried at each
site  N = 8 sites! 15 cm into the sediment with stakes attached at two corners
of each cage. The cages were seeded with 70 clams  average shell length of
19,5 mm + 0.2 S.E.! and the tops were attached. Cages were sampled in Summer
1987 to determine the relative growth rate of clams planted at the various
sites.

Oyster dril/s, Urosalpinx cinerea, were collected from 22 stations by
taking six 0.02 m quadrat samples per site. A 10 x 20 mm square PVC frame
was randomly thrown at the base of oyster bars. Drills found within the frame
were picked from oysters and shells by hand, placed in field sampling bags,
and marked as to locality. Drills were returned to the laboratory, where they
were counted and measured for shell length  longest possible measurement,
i,e., apex to the end of the siphonal canal!.

The presence of other clam and oyster predators or parasites was noted,
but no estimates of density or size were determined.



Results

Natural Hard Clam Po ulations

A total af 49 stations in the Julienton Plantation area were sampled far
the presence of hard clams  Figure 1!, Clams occur~ed at 19 stations and
ranged in densities from less than 1 to 50 clams m  Table 2!. The majority
of the clams occurred in creeks  83%! and within a shelly substrate  94%!
 i,e., mud and shell, shell, or sandy-mud and shell!.

Mean clam densities ranged from less than 1 to 50 clams per square metei
 Table 2!, Overall average density of the 15 clam populations sampled was 15
clams per square meter.

The growth curves of 15 clam populations  Figure 2! are given in Figures
3 � 17, In 93% of populations sampled, clams reached a mean marketable size
�4.4 mm in shell length or 25.4 mrn in shell thickness! in 2 to 3 years, while
individual clams obtain this size in from under 2 to 7 years. Furthermore,
average commercial size was obtained in less than 2 years for 33% of the
populations and in less than 3 years for 93% of the populations. The
exception to this is Sapelo Sound Station number 9, in which 5 years of growth
were required before commercial size was obtained.

Population shell size and age structures are given in Figures 3 - 17,
Clams were aged to 38 years with an overall mean age of 10.2 years. Overa11,
clams less than 10 years accounted for 65% of the harvested animals; whereas,
clams ll to 20, 20 to 30 and those greater than 30 years old accounted for
20%, 12% and 3% respectively. Most populations appear to be healthy as
exhibited by the presence of individuals in the younger year classes. In
terms of shell lengths, clams were recorded up to 10,10 crn with an overall
mean shell length of 6.20 + 1.23 S.D, crn.

In terms of corrnnercial size grouping  Figures 18, 19 and 20!, juveniles
accounted for 3% of the overall population with pre-littlenecks, littlenecks,
cherrystones and chowders accounting for 4%, 39%, 28% and 26% respectively.
Chowders, cherrystanes and littlenecks each dominated at 33% of the clam
populations respectively.

Seed Hard Clams

The growth and survival rates of seed hard clams planted at the eight
sites in the Julienton Plantati.on area are given in Table 3. Of the 16 test
cages planted  two per 8 sites! 9 cages were recovered. No cages or stakes
were recovered from Stations 1, 3, and 6. Cages were found as they were
planted within the sediment only at Stations 5 and 2, At all. other sites,
cages were void of sediment, but were held in place by the stakes. Both cages
were recovered at Station 8, but one damaged cage contained no clams.

Significant differences in growth were recorded at the 3 stations in
which both test cages were recovered, as determined by Analysis of Variance



The distribu!ion and density  i.e., total number collected and
number per m ! of hard clams, Mercenaria mercenaria, collected at
all stations  with substrate type given! about the Julienton
Plantation area

Table 2.

No. of Clams No. of C/ams
Collected per mSubstrateStation Area

1

2 3

4 5 6 7 8 9
10

ll

12

13

14
15

16

17
18

19

20

21

22

23
24

25

26

27
28

29

30

31
32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Julienton River

Julienton River

Julienton River

Dike Creek

Julienton River

Julienton River

Julienton River

Gut Creek

Julienton River

Julienton River

Major Creek
Major Creek
Maj or Creek
Maj or Creek
Maj or Creek
Maj or C reek
Major Creek
Julienton River

Gut Creek

Julienton River

Gut Creek

Gut Creek

Sapelo Sound
Sapelo Sound
Sapelo Sound
Sapelo Sound
Sapelo Sound
Sapelo Sound
Sapelo Sound
Barbour Island River

Gut Creek

Harbour Island River

Gut Greek

Barbour Island River

Gut Greek

Maj or Greek
Barbour Island River
Gut Creek

Barbour Isl.and River

Gut Creek

Barbour Island River

Gut Creek

Barbour Island River
Gut Creek

Barbour Island River

Gut Creek

Maj or. Creek
Major Creek
Barbour Island River

Sandy-mud
Sand

Sand

Shell-sand

Sandy-mud
She11. -mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Mud

Shell-mud

Shell-mud

Sandy-mud
Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Sandy-mud
Shell

Shell-mud

She 1.1

Shell-mud

Shell

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell -mud

Shell-mud

Shell-mud

Shell -mud

Shell � mud

Shell-mud

Shell-mud

Shell-mud

Shell-mud

Shell -mud

Shell-mud

Mud

0 1

0 0 0
0 0

18

0 0 2
40 8 8
13

50

11

0

40 0
21

85

0 0 0
31

0

43

0 0 0 0
0 0 0

19 0
27

0

0 0
22

0 0 0 1
38

43

0

0 0 0 0 0 0
4 0 0

�

10 2 2 5
23

1

0 8
0 7

50

0 0 0
21

020 0 0 0 0 0
0 0 1
0

ll

0 0 0 6
0 0 0

�

4 5
0



Table 3. Growth and survival of hard clans, Pfercenaria mercenaria, planted
test cages in various areas about the Julienton Plantation. Shell
length is given in mrn + one standard error

12 December 1985 14 July 1987

S tat ion/ Substrate Habitat
Area No, No.

Station 1 Julienton River

Intertidal bar 19.5 + 0.2 70
Intertidal bar 19.5 + 0.2 70

Station 2 Julienton River

Intertidal bar 19,5 + 0.2 70 61.2 + 0.9 62
Intertidal bar 19.5 + 0.2 70 0 0

Station 3 Julienton River

19.5 + 0.2 70

19.5 + 0.2 70

Station 4 Julienton River

Cage 1 Sandy-Mud Intertidal bar
Cage 2 Sandy-Mud Intertidal bar

70 42 8 + 0 8 23
70 47.0 + 0.5 43

Station 5 Sapelo Sound

Cage 1 Sandy-Mud Intertidal. bar
Cage 2 Sandy-Mud Intertidal bar

70 55.7 + 0.7 34
70 59.8 + 0.7 66

Station 6 Sapelo Sound

Cage 1 Sandy-Mud Intertidal bar
Cage 2 Sandy-Mud Intertidal bar

Station 7 Barbour Island River

Cage 1 Sandy-Mud Intertidal bar
Cage 2 Sandy-Mud Intertidal bar

70 44.0 + 0.4 69
70 39.7 + 0.5 61

Station 8 Barbour Island River

Cage 1 Sandy-Mud Intertidal bar
Cage 2 Sandy-Mud Intertidal bar

70 38.4 + 0.5 18

70 0 0

Cage 1
Cage 2

Gage 1
Cage 2

Cage 1
Cage 2

Sand
Sand

Sand
Sand

Sand

Sand
Intertidal bar

Intertidal bar

Mean Shell

Length

19.5 + 0.2
19.5 + 0.2

19.5 + 0.2

19.5 + 0.2

19.5 + 0.2

l9.5 + 0.2

19.5 + 0,2

19.5 + 0.2

19.5 + 0.2

19.5 + 0.2

70
70

Mean Shell

I.ength

0

0



 alpha - 0.05!. Clams at Station 5 were greater in shell length than those at
Station 4, which were not significantly different from those at Station 7, as
determined by a Duncan's Multiple Range Test  r = 0.05!. Significant
differences, as determined by paired T-tests  alpha = 0.05!, occurred for each
of the samples with replicates. The results of the T-tests are as follows;

Gage Number: 8A 7B 4B 7A 4A 5A 5B 2A

73eae Clam Size: 38 4 39 7 42.8 44.0 47.0 55.7 59,8 61..2 mm

Those which were not significantly different are underlined.

A total of 22 stations along the Barbour Island and Julienton Rivers
were sampled for the presence of the oyster drill, Urosal pinx cinerea  Figllre
21!. Drills occurred at 11 stations and were particularly prominent ae all
stations along the Barbour Island River  Stations 1 � 5! and Sapelo Sound
 Stations 6, 7 and 22!, while they occurred only at 3 of the 14 �1%! statiorrs
along the Julienton River. Furthermore, drills sampled along the Barbour
Island River and Sapelo Sound areas were greater in number and size than those
along the Julienton River  Table 4!.

Other types of oyster drills were not observed within the Julienton
Plantation area. Only one shell of the Rough Oyster Drill, Eupleura caudata,
was found at the junction of Barbour Island River and Sapelo Sound, This
shell may well have been washed into the area by t.ides and currents. No
Southern Oyster Drills, Thai s haemastoma, were observed in the study area.

Whelks

At each station, the presence or absence of whelks was noted. Four
whelk species occur in the coastal waters of Georgia. the knobbed whelk,
Busycon carica; the lightning whelk, Busycon contrarium; the channeled whelk,
Busycotypus canaii culatum and the pear. whelk, Busycotypus spiratum. B,
contrari um and B. carica occur intertidally in the spring and fall and prey
upon clams and oysters  r7ialker, 1988!. Only B. cari ca was noted in the
Julienton Plantation area. B. cari ca occurred in low densities all along the
Barbour Island River and Sapelo Sound areas. Several B. carica occurred at
the junction of the Julienton River and Sapelo Sound, but none were observed
within the Julienton River area.

Crabs

The mud crab, Panopeus herbstii, a serious predator to small clams and
oysters, was observed at all stations, Mud crabs are abundant and occur
throughout the estuarine system wherever oysters are found.



Total number of oyster dri.lls, Urosa!pinx cinerea,
collected, average number per 0.02 m + S.D. and mean shell
length + S.D. in cm of drills occurring per station within the
Julienton Plantation area

Table 4.

x No/core x Shell lengthNumber CollectedStation

1

2 3
4 5

6 7 8 9
10

11
12

13

14
15

16

17

18

19

20

21

22

7
25

20 3
10 3
2 0

0 0 0 0
4 0 1
0 0 0
0 0 1 3

1,2 + 0,8

4.2 + 3.3

3.3 + 2.3
0.2 + 0.4

1.7 + 1,4

0.5 + 0.8
0,3 + 0,8

0 0 0
0 0

0.7 + 1.6

0

0.2 + 0.4

0 0 0 0 0
0.2 + 0.4

0.5 + 0.5

3.65 + 0.18
3.17 + 0.58

3.47 + 0.56

3.35 + 0,37

2.86 + 0.86

2.95 + 1,16

3.24 + 0.62

0
0

0

0

0

0.67 + 0.09

0

1.60

0

0

0

0

0

2,61
3,44 + 0.40



0 ster Parasites

The gastropod, Boonea  - Odostami a! impressa, was observed throughout
the Julienton Plantation area. This gastropod is an ectoparasite which feeds
upon the gills of oysters. Studies have shown that Boonea does retard the
growth of oysters  White et al., 1984!, and that it is capable of spx'eading
the oyster disease, Perkirrsrrs marinus  White et al, 1987!.

The boring sponge, Cliona sp., was observed at all stations on oysters
and clams below the spring low water mark. This sponge burrows into shells
and removes calcium for the formation of its spicules, The burrowing activity
weakens the shell of its host, allowing other predators to more easily
penetrate the clam ox' oyster.

Discussion

The results of this study show that the growth rate of natural clam
populations around the Julienton Plantation area results in production of a
marketable product in 2 to 3 years, except under extreme environmental
conditions  i,e., clam Station 9!. These findings agree with those growth
rates observed in other naturally occurring clam populations in Georgia
 Walker, 1984b; Quitmyer et al., 1985; Walker and Stevens, in press; Walker,
1987!. Of the 15 natural clam populations sampled, only clams at Station 9
 Figure 11! required an average of 5 years to reach marketable size. At
Station 9, clams occur on top of an oyster wrack, well above mean low water
mark, in a dense substrate of oyster shell. It is estimated that they are
uncovered from the tide for 6 hours per tidal cycle. Even the lowest growth
rate found  i,e., Station 9! for hard clams in the Julienton Plantation is as
fast as the average growth rate reported for the Long Island Sound area, where
the major hard clam fishery is located  Greene, 1978!.

The life span of the hard clam, Pfercenaria mercenaria, is estimated to
be 40 years  Hopkins, 1930; Comfort, 1957!. In Georgia, clams were aged to 38
years in this study, to 34 years in a clam population in the vicinity of
Little Tybee Island  Walker, 1984b!, to 40 years at Cabbage Island  Walker,
1987a!, and to 25 years at King's Bay  Quitmyer et al., 1985!. In other
studies of hard clam populations, clams were aged to 29 years at Cape Lookout,
North Carolina  Peterson et al., 1983!, to 32 years at Core Sound, North
Carolina  Peterson et al., 1985!, to 46 years in Johnson Creek, North Carolina
 Peterson, 1986!, to 20 years in Virginia  Haven and Loesch, 1973!, to 15
years in Fishers Island, New York  Malinowski, 1985!, and to 8 to 9 years in
Barnegat Bay, New Jersey  Kennish, 1978!,

In the 15 stations studied around the Julienton Plantation area,
littlenecks were dominant, The results differ from those of previous resource
surveys of Wassaw Sound  Walker et al., 1980! , the Christmas Creek area
 Walker and Stevens, in press!, and those of the coastal waters of Georgia
 Godwin, 1968; Walker and Rawson, 1984; Walker, 1987!, where chowders
dominate. The difference in findings can be explained in the small sample
size of the 15 stations surveyed in this study, If one adds the data from the
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other 4 survey stations sampled in this study plus the data from the Walker
and Rawson �984! survey �1 stations with clams! for this area, littlenecks
dominate, but to a lesser degree  Figure 20!. Furthermore, clams  N - 43!
from Station 9, at which the slowest growth rates were recorded, were mostly
littlenecks in size but were the age of chowders from other stations.

Differences in the growth of seed clams planted at various sites around
the Julienton River area are probably related more to disturbance of cages by
currents than to other environmental factors. For instance, the most rapid
clam growth occurred in cages 2A, 5A, and 5B. No significant difference in
clam growth occurred in cages 2A and 5B, the only two cages which exhibited no
signs of disturbance. Most clams were buried in the sediment when the study
was terminated. Cage SA was in good shape at termination, but 2 medium size
blue crabs were in this cage, which had been damaged. Several. clams were out
of the sediment but within the cage and showed signs of attempted crab
predation. Furthermore, numerous cracked clam shells occurred and hard clam
survival was almost half that of the replicate cage, Clam growth at Station 4
also differed due to disturbance factors. Clams in cage 4B were found to be
partially in the sediment, while those in cage 4A were completely without
sediment. Both cages at some point were completely without sediment, since
100% of the clams were infested with the Boring Sponge, Cliona sp. Cli ona
cannot survive burial and must be exposed to the water to survive and grow,
Clams in cage 4A were still infested with live Cli ona upon termination of the
experiment, whereas the Cii ona was dead on the clams collected from cage 4B.
In the areas of greatest currents  i,e., sandy areas!, only one cage �A! out
of six was recovered.

It is important to note that all of the clams from Station 4 had been
infested by Cliona. Although the sponge does not kill the clam or oyster
directly, it does weaken the shell in varying amounts depending on the degree
of infestation, Of the 34 clams recovered from cage 4A, half were killed by
the process of collecting and transporting them back to the laboratory for
final measuring. The Cli ona infestation on clams from this cage was so severe
that only gentle finger pressure was required to crush the shells of the
clams .

The reason for the observed difference in oyster drill population
dynamics between the Julienton River and other areas is unknown. One can
speculate that it is due to the location of the Julienton River between two
major land masses and the fact that this river receives more rain runoff than
the other areas. Increased runoff could reduce the salinity of the Julienton
River, while not appreciably affecting the salinity of the other areas.
Oyster drills cannot survive salinities below 18 ppt, Thus, the small drills
occurring in the Julienton River area may be this year's cohort that migrated
into the area after the last major mortality.

Conclusions

 I ! Hard clams occur throughout the Julienton Plantation area in commercial
quantities.
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�! In the 15 clam populations studied, littlenecks  optimum commercial size!
dominated in numbers; however, with increased sampling, it is believed
that chowders would dominate.

�! In general, clams from the Julienton Plantation area grew to connnercial
size in 2 to 3 years.

�! Major shellfish predators, whelks and oyster drills, occur along the
major ri~ers and creeks of the higher salinity areas, but were not
observed in the Julienton River, an area of lower salinity.

�! Major hard clam predators of concern to future clam growing projects are
the blue and mud crabs.

The Julienton Plantation area has excellent potential for culturing
various malluscan species. Data reported herein shows that native clams reach
commercial size within 2 to 3 years. This growth rate is comparable to that
observed for native clams throughout Georgia. Since seed clams  less than 10
nnn size!, which are non-native genetically selected strains, can be grown to
marketable size in 14 to 18 months in Wassaw Sound, Georgia, one can assume
that the same growth rates may be obtained in the Julienton Plantation area.
The growth obtained for the 19.5 mm seed clams at statians 2 and 5 supports
this assumptian.

Hard clam  bottom! cage culture areas within the estuarine system of the
Julienton Pl.antation are shown in Figure 23. Areas 1 and 2 occur on sandflats
where cages suffered damage due ta currents ar were dug up or buried by the
shifting sediments. Area 3 appears to be a marginal area, since the substrate
is a firm sandy-mud and is well-protected against storms. Test cages planted
here were recovered, but had little or no sediment within the cages; however,
if cages were periodically checked and reburied, then clams would achieve a
faster growth rate. Unfortunately, area 3 lies outside the Julienton
Plantation area. Area 4 has the most suitable substrate  sandy-mud! for cage
culture, and test cages planted here produced the best overall growth and
survival rates. Area 5 has a muddy-sand substrate, which is not as good as a
sandy-mud substrate; however, only the side nearest the ocean was tested.
Areas nearer the mouth of the Little Mud River are probably suitable for hard
clam bottom cage culture.

Due to the excell.ent growth of hard clams obtained at stations 2 and 5
 see Table 3! and the tremendous growth rate of natural clam populations
throughout the Julienton Plantation area, the potential for clam rnariculture
development is excellent in this area.
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Figure 1. Stations about the Julienton Plantation sampled for hard clam
populations.

16



Figure 2. Hard clara, Pfercenaria merce~aria, populations sampled for growth
rate, age, and size class structure.
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of hard clams, Mercenaria mercenaria, Prom Population 2.



Sapeio Sound

8
j 1

0 0 10

Clam age  Summers!

10: 82

Sean 10.2+ 0.7 years

Median 7 yaara

.20

~ .26 0.26
4-26 4 26 0.24

Class miclpolnt  cm!

Figure 5. Growth curve  mean + S.D.!, age structure and size class structure
3.of hard clams, Pfercenaria mercenaria, from Population

20

.12
V
C
0

O' .04
e

e

a
.40

R

e >4 >> Ia ta H ti aa Ro ao $2 aa Ia
Clam aie  aummeri!



S'ape!0 Sound

4 4 7 4 1 11

Clam age  summers!
.'t 2

.08

Clam age  Iummera!

26 4,26 ~ .26 T.26 ~ .26 ~ .26
Class tnldplont  cm!

Figure 6, Growth curv'e  mean + S. D, !, age structure and size class structure
of hard clams, Hercenari a mercenari a, from Population 4.

21

E v
Q

I
4

I s

CO

e

~ v
l4

R

14 10 f0 K 22 R< 24 20 K S2 hl Sd



Sapelo Sound

E

6

p 4
I

CO

2 8 4 4 4 7 4 P 10

Clam age  aumrners!

H: 40

Q
.10e

0'
a

0

,40

0
K

12 I1 1 ~ f ~ IO g2 i4 H 20 40

clam age  aurnmerl!

.20

624 ~6 7.26 624 4~5 10244 424

Class tnidpoint  cm!

22

Figure 7, Growth curve  mean + S.D.!, age structure and size class structure
of hard clams, Pfercenaria mercenaria, from Population 5.
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Figure 18. Commercial size grouping of hard clams from Populations l through
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Figure 21 . Sites about the Julienton Plantation area where two test seed
clara cages vere placed.
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Fi igure 23. Possible areas for future cage culturing of molluscan species,
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