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ABSTRACT

The species composition, distribution, and pupulation dynamics of
wood-boring bivalves are being studied in the vicinity of the Oyster
Creek Nuclear Generating Station, Barnegat Bay, New Jersey. Untreated
wood test panels are used to collect organisms at 12 stations.
Physiological tolerances of 3 species are also under investigation in
the laboratory. Relative destructiveness and competition among the
specles are being analyzed. The native species Teredo navalis and
Bankia gouldi coexist with the introduced T. bartschi in Oyster Creek
and at the mouth of Forked River. The population Teredo bartschi is
reduced when the power plant does not operate for prolonged periods.
It survives well at temperatures above 16° C (but not above 30° C) and
at salinities of 22 °/,, in the laboratory. It prefers to settle at
the mudline, while the other species of teredinids did not show this
preference.
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SUMMARY OF FINDINGS

The purpose of this investigation is to understand the populat.on
dynamics and compevitive interactivas of shipworms in the vicinity of
the Oyster Creek Nuclear Genera:ing Station (OCNGS) and at control
stations outside the influence of tiie station., The relative importance
of the introduced sp- ies Teredo bartsch{ in causing damage, ard
physiological tolera.uces of all species, are being assessed, On a
monthiy basis, weod panels are added ani removed for analvsis of popu-
lation dynamics and to obtain live animuls for the lab stndies. We
also record temperature, salinity, and we estimate silitation !avels

at each station. Physiological experiments are performed to evaluate
temperature and salinity tolerances of the¢ native and introduced species.

Our major findings are:

1. The AT of the thermal effluent in Oyster Cieek during the spring months
of 1981 was +4° C or less. There was no evidence of vecirculation of
the effluent into Forked River, and most of the excess heat dissipated

before reaching Waretown, New Jersey. The plant was wor operating from
April 19-May 28, 1981.

2. The temperatures were high enough to support gonadal development by
April in Oyster Creek and late April or early May at the other stations.

3. The salinity was high enough for survival of shipworms and their larva:
at all stations. In fact, the salinity in Barnegat Bay was close to
the optimurn for Teredo bartschi, about 22-24°/ce.

4. There was no settlement of young on any panel during March-May, 1981,

5. Teredo bartschi was limited to Oyster Creek and the Bayside Beach Club
between Oyster Creek and Forked River. These were also the areas with
the heaviest shipworm attack overal!. They are the most influenced by
the Oyster Creek Nuclear Generating Station.

6. Although Teredo bartschi was the dominant species, most specimens from
the 1980-81 year class were dead by May, 1981.

7. The largest specimens of all three species were found in Oyster Creek,
indicating that the warmer waters of the thermal effluent were
favorable for growth.

8. Settlement of Teredo navalis and Bankia gouldi was not at random with
respect to the yearly and cumulative racks, but was clumped.

9. Mortality of Teredo bartschi was over 90%; mortality of Teredo navalis
was about 50%; mortality of Bankia gouldi was less than 10%.
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10.

11.

12.

13.

14.

15.

Specimens of Teredo bartschi settled in a cluster near the mudline

~on the leeside of stakes, while specimens of Bankia gouldi and Teredo

navalis settled at random with respect to currents and were not
corcentrated at the mudline.

!criﬂq bartschi adults did not filter wate- at temperatures lower than
15° C whes maintained at a salinity of 22 °/ee.

The preferred temperature and salinity for reproduction in Teredo bartschi
were 20° C and 22 °/es. Reproduction did not occur at 10° C and was
delayed or 1id not occur at 6 °/eo.

Growth of Teredo bartschi was greatest at 30° C and both 14 and 22 %/ee;
growth was poor at 10° C regardless of salinity.

Mortality of Teredo bartschi was high at both 10 and 30° C but was very
low at 20° C, especially at salinities of 6 and 14 °/eo when compared
with 22 °/ee.

It was coancluded that 20° ~ and 22 °/,., were the optimal conditions
for survival growth, and reproduction of Te -edo bartschi of those
conditions tested.
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ECOLOGICAL STUDIES OF WOOD-BORING BIVALVES
IN THE VICINITY OF THE OYSTER CREEK
NUCLEAR GENERATING STATION

March - May, 1981

INTRODUCTION

Previous studies have shown a direct causal relationship between

the effluent of the Oyster Creek Nuclear Generating Station and the
proliferatic. of shipworms (Teredinidae) in Oyster Creek and adjacent
portions of Barnegat Bay, New Jersey (Turner, 1974; Hoagland et al.,
1977; Hoagland et al., 1978; Hoagland and Crocket, 1979; Hoagland
and Turner, 1980). The effluent adds heat to the receiving waters,
which extends the breeding season of teredinids, increases their growth
rates, and reduces their winter mortality rates. It has allowed the
establishment of a tropical-subtropical shipworm, Teredo bartschi,

in Oyster Creek, and its spread into Forked River. The design of the
generating station's cooling system, taking salt water from Barnegat
Bay up Forked River, through the plant, and out into Oyster Creek,

has increased the salinity of these two creeks. Shipworms now can
reside in these creeks, which previously were unsuitable in salinity
level and constancy for the establishmeit or actively breeding shipworm
populations.

The populations of Teiedo bartschi compared with the native species in
Oysier Creek and Forked River ar- the focus of current studies. This
report summarizes our ongoing collection of data on some physical
parameters of Barnegat Bay, as well as species composition, distribu-
tion, growth, mortality, and reproduction of teredinids. We assess
the degree of shipworm damage occurring at each station. We also
report on physiological studies comp “Yng the native and introduced
shipworms with regard to temperature and salinity tolerances.




METHODS
Stations

Over the first three years of our study, 20 station: .re established
in Barnegat Bay to monitor boring and fouling organi ns. In September,
1979, the number was reduced to 12. The stations are <‘:.»1 in Hoagland
and Turner, 1980, and are listed in the appendix. The ::.tion numbers
are not contiguous because some have been discontinued.

Station 1 if a northern contro) station on Barnegat Bay outside the
influence of the heated effluent. Some shipworms, primarily Bankia
gouldi, are traditionally found there. Station 3 is a control station

in a tidal creek outside the influenc: of the effluent. Shipworms are
rarely fouad there. Stations 4, 5, and 6 are in Forked River, influenced
by the plant's water intake system. There is some recirculation of
heated water that affects these stations, but the main influence is that
the salinity is essentially that of the bay. Station 6 is sampled on a
reduced schedule, only 4 times a year.

Station 8 is on the bay between Oyster Creek and Forked River. Stations
10-12 are in Oyster Creek, influenced directly by heat, increased (and
coustant) salinity, and other components of the effluent (heavy metals,
silt, increaced flow rate, etc.). Since JCP & L calculates average values
of heavy metal input per month, exact data necessary to characterize the
effluent completely are not available.

Stations 14 and 15 are at or near the soutliern limit of the thermal plume,
on Barnegat Bay. Station 15, like Station 6, is being sampled on a re-
duced schedule. Station 18 on Long Beach Island is being used only as

a reliable source of Teredo navalis for laboratory experiments.

Field Work

Once each month, the water temperature and salinity are measured at each
station. Air temperature and time of day are also recorded. The amount
of silt settling on wood panels submerged for one month is estimated cs
trace, light, moderate, or heavy. At stations 1, 5, 11, and 14, records
of temperature and salinity are kept by means of constant recording
instruments that are serviced once a month,

White pine panels, approximately 3/4" x 4" x 8", are used to obtain ship-
worms for study. There are three panel series: 1) Each month, a panel
that has been in the water for 1 month is removed and replaced. In this
.ay data on monthly settlement and early growth of borers are obtained.

2) Bach month, a panel that has been in the water for 12 months is removed
and replaced. It provides data on timing of reproduction, species and

age structure of established borer communities, and other population data.
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deployed. These panels are removed one per month. They provide infor-
mation on the cumulative growth and maturation of individual borers as
well as development of the boring and fouling communities. The cumu-
lative monthly amount of wood Cestruction can be evaluated. These three
panel series are called M, Y, and C, respectively. The Y and C series
are replicated at some stations, as indicated in the data tables to
follow. Replication is not possible at all stations because of limited
space where the water is deep enough to submerge a series of shipworm
panels.

Panels are presoaked for 2 weeks, then set on aluminum frame racks
against bulkheading or off finger docks. They rest about 6" above
the water-sediment interface.

A series of wood stakes 90 em in length and 3x7 em in thickness were
submerged on May 3, 1980, in order to test the hypothesis that shipworm
larvae, regardless of species, prefer to settle near the mudline.

Three identical leigths of white pine were submerged by driving them
into the mud; a portion of the wood remained above the water line.

The stakes were fastened to bulkheading at stations Ly &y By 10, 1),
and 14,

In September, 1980, one of the three stakes was removed at each station
except at station 1 where the stakes apparently had been removed.
Because the amount of destruction was obviously low, two of the stakes
were kept in the water ©o that they might accumulatc a heavier attack
of shipworm larvae. The stakes were marked to indicate the positions
of the mud and waterline, and were then X-rayed. The exteriors of the
stakes were examined for boreholes that may not have appeared in the

X-iays. Then, the position of each borehole and the direction of growth
of the individual was recorded.

Laboratory Work

Panels are examined for pediveliger shipworm larvae and boring isopods,

scraped, and X-rayed to locate the shipworms and provide a permanent

record of damage. It is possible to count and often to identify ship-

worms from the X-rays in uncrewded panels, but X-rays do not provide

quantitative data in most cases. Therefore, using the X-rays as guides,

the panels are dissected. All the shipworms are removed, identified, |
examined for larvae in the gills, and measured (length only). They are

preserved in 752 buffered alcohol. Ildentifications are first made by

technicians, but all Teredo spp. are checked by one of the senior

investigators,

3) Each May, most recently on May 7, 1981, a series of 12 panels is



Wood fragments from the dissected panels are saved. Calcareous tubes
and other debris left by the shipworms are removed with HCL. The wood
is washed in fresh water, then dried te constant weight, allowed to cool
to room temperature, and weighed. The panels are also weighed before
going into the water. The weight difference is a measure of wood
destruction due to boring organisms.

During dissection of the wood panels, we estimate the percentage of
empty tubes, which indicate mortality. If pailets are still present
in the empty tubes, we can record the species of the dead shipworm.

Shipworms from the replicate 12-month panels are not preserved immediately
but are kept alive and allowed to spawn in tanks containing filtered sea
water (22% salinity) and new pine panels. In this way, we have established
pure laboratory populations of Teredo bartschi. Breeding colonies of
Teredo navalis are now being established. Individuals of B. gouldi from
the field are being maintained in the laboratory. Algal cultures
(I1sochrysis-Monochry< is) have veen estatlished to use as supplemental

food for Teredo navalis adults and to feed veligers. Lab stocks of the
second generation are used in the physiological experiments.

Two experiments were performed during this quarter to elucidate the
physiological tolerances of Teredo bartschi. First, on March 11, 1981,

a panel containing 22 adult specimens of T. bartschi was taken from the
laboratory (22 ©/oo salinity and 22° C) and placed at ambient temperature
(119 ¢) in an outdoor water table. The water temperature and the number
of siphons visible were recorded daily. A constant recording rhermometer
was used to obtain a record of the daily temperature changes until April
2, 1981, when the experiment was terminated. The panel was dissected to
Jetermine the number of surviving shipworms. The stock used for this
experiment was bred in the laboratory from a few adults taken from
station 12 in Oyster Creek and hence was 1inbred.

The second experiment wae designed to test the independent and joint
effects of various temperatures and salinities on the survival and growth
of newly metamorphosed Teredo bartschi. Pediveligers were exposed to

18 identical panels of clear white pine cut fro= *he same board. After
the pedivel igers began to bore, they were counted and the panels were
isolated from one another in filtered and aerated sea water. Attempts
were made to obtain densities of about 30 pediveligers per panel so

that crowding would not be a factor in growth of the animals. Two panels
each were established at all combinations of 10, 20, and 30° C and 6, 14,
and 22 Y/oo salinity.

The water was changed weekly and filtered. The filter paper was dried
and the dry weight of the frass and fecal material determined. The ex-
perimsnt began on February 18, 1981, and was terminated on May 20, 1981.
Bach time the water was changed, it was examined for pediveliger larvae.
At the conclusion of the experiment, the panels were X-rayed. The number
of specimens per panel and their lengths were recorded.
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RESULTS AND DISCUSSION
Physical Data

The temperature profiles (Table 1) show that the thermal effluent was
present in Oyster Creek during March and April but was absent cn the
date of sampling in May. The AT was about +4° C both on March 9 and
April 6. There was no evidence of recirculation of the effluent into
Forked River on the March and April sampling dates. Nor was the effluent
noticable at Waretown Creek south of the generating station (Station 14).
On March 9 and May 7, station 3 in Stout's Creek was warmer than the
other control stations by 2.5° C.

Table 2 presents the temperature data in greater detail, showing average
AT's of less than 4° C. The most important observation is that the
temperature remained above 9.7° C at station 11 in Oyster Creek from
April 6 onward. Gonad development would be expected in the teredinids
at about this temperature. There was high enough temperature in May

at all stations for gonad development to occur. There was an anomalous-
ly low minimum daily temperature at station 5 in April (3.0° C).

The salinities at the test stations were fairly constant from morth to
month except at stations 8 and 14 on Barnegat Bay (Tables 3 and 4).

The salinities were high enough to support teredinids (over 10 °/oo)

at all stations during the spring months. In fact, the average salinities
of 20-26 ©/,, in Table 4 cover the optimum salinity range for Teredo
bartschi as determined in the laboratory (see earlier volumes of this
report and pp. 25-29 of this volume).

The spring salinities were higher than usual due to low precipitation

in winter, hence lower spring runoff. However, Table 5 shows that the
drought was eased during March-May. Table 6 shows the overall precipi-
tation rigures for 1980; a pronouic=d drought is evident.

The Oyster Creek nuclear generating station was not operating March 12-16,
March 28-31, and April 19-May 28, 1981. The total water flow through

the station for the 3 months was 38,344 gal. x 10% in March, 31,180 gal.
x 100 in April, and only 23,487 gal. x 106 in May (M. Kennish, personal
communication).

Shipworm Populations

There were no larvae settling on the monthly panels during the period cf
this report. These results are consistent with other years of this study.
The cumulative panels containing the 1980 year-class are reported in
Table 7. Bankia gouldi was the most abundant species. The proportions
of the species were similar in March and April, but in May no specimens




TABLE 1

Temperature Profiles in °C, March to May, 1981

Date Removed: March 9, 1987 April 6, 1981 May 7, 1981 Differential
within stations
Among Months
Station
1 6.0 13.0° 16.5 0.5
3 8.5 13.5 19.0° 10.5
a 5.80 1.5 16.0 10.2
) 6.2 13.5 16.0 9.8
8 6.5 13.0° 16.0 9.5
10 9.0 17.52 15.0P 8.5
n 9.5 16.5 15.3 7.0
12 10.0° 16.5 16.0 6.5
14 6.0 13.0° 15.0° 9.0
Differential
among stations 4.2 5.0 4.0

. highest value each mont

b Jowest value each month
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Table 2

Continuous Temperature Recorder Data (°C) for March 9 to Jume 8, 1981

I. Temperature at 1:00 P.M. E.S.T.

March 9-April 6 April 6-May 7 May 7-June 8
& 5 1% i 12 s 11 14 1 5 11 14 ®
Mean Daily Temp. at 1PM 8.1 6.9 13.7 151 312.% 191 19.3 20.4
Standard Deviation 4.0 3.4 1.6 18, - 3.7 b N T 4.3
Highest value of Temp.
at 1 PM 12.6 13.3 16:5  18.3 16.7 28,2 . 24.6 -%21.5
Lowest value of Temp.
at 1 PM 3.3 27 1.3 11.5 10.D 15.6 15.4  14.8
Monthly Temp. Range
at 1 PM 14.3 10.6 5.2 6.8 . 6.2 8.6 9.2 12.7

II. Maximum Daily Temperature

March 9-April 6 April 6-May 7 May 7-June 8§
5 14 5 11 14 1 5 11 14

Mean value of Max. 8.9 7.6 14.6 15.4 13.6 19.9 19.8 21.0 19.6

Daily Temp.

Standard Deviation 4.4 3.6 1.5 1.8 1.6 2.6 2.7 4.2 2.9

Highest value of

Max. Daily Temp. 177 14.2 17.4 18.3 16.9 24.3
Lowest value of

Max. Daily Temp. 4.3 3:3 1.9 116 11.9 16.5
Monthly Range of

Max. Daily Temp. 13.4 10.9 9.5 6.7 5.9 7.8




Table 2, continued

III. Minimum Daily Temperature

March 9-April 6 April 6-May 7 May 7-June 8
5 14 5 11 14 1 5 11 14
Mean value of Min. 6.2 5.9 11.8 12.9 11.1 18.3 1726 X5 7 17.4
Daily Temp.
Standaid Deviation 4.4 32 253 1.8 1.5 2.6 2.9 4.4 2.9
Highest value of Min.
Daily Temp. 15.7 122 14.8 15.9 14.7 22.5. . 229, 337 21.7
Lowest value of Min.
Daily Temp. -0.5 22 3.0 9.7 8.8 14.3 - 13.4. 13.6 12.9
Monthly Fange of Min.
Datly Temp. | 16.2 10.0 11.8 6.2 5.9 8.0 9.1 131 8.8
IV. Daily Temperature Range
March 9-April 6 April 6-May 7 May 7-June 8
5 14 | 5 11 14 1 5 11 14
Mean Daily AT - A5 1P g 2.9 2.9 2:3 1.6 - 2.4 b £
Standard Deviation 1.6 0.8 2.0 0.9 0.7 0.6 0.8 1.0 1.0
Largest Daily AT
for One Month r 0 | 3.9 12.2 4.4 3.9 2.9 3.8 9.2 4.2
Smallest Daily AT
for One Monch 1.0 0.8 0.8 1.0 0.4 0.6 0.6 0.5 0.9

a not in operation

b unable to dctermine 1 PM due to technical difficulties



Table 3

Salinity Profiles in /., March to May, 1981

Stacion March 9 April 6 May 7 Differentiai among

months

1 20 24 21 4

3 20b 20b 18P 2

4 24 25% 27 3

5 24 23 26 3

8 23 22 282 6

10 23 22 21 2

11 23 22 21 2

12 23 1 21 2

14 254 22 288 €

Differential 5 5 10

among stations
withia months

4 highest value

b lowest value













































16
in Stakes Submerged in Barnegat Bay

Directio Length Species
it Gr (cm)

19.0 rouldi

32.9 E. gouldi
) . gouldi
gouldi
bartsch.
navalis
pould |
g\'lll‘li
naval i
naval i
gouldi
gouldi
gouldi

&\Hll’!i

gouldi

x
[+

gouldi
gouldi
;.;t\li)\ii
gouldi

naval i

naval i
navalis
navalis
naval is







Table 17

Raiige of Water Temperatures During Experiment Testing the Low Temperature
Response of Teredo bartschi

Max. Temp. (° C) Min. Temp. (° C)

March 14 12.2 9.6
15 13.3 7.4
16 11.6 9.0
37 9.1 5.0
18 6.1 .y
19 11.7 3.6
20 10.7 4.4
21 12.9 «
22 13.1 5:1
23 10.6 53
24 15.0 4.8
25 14.4 6.8
26 15.1 S:7
27 5.7 9.4
28 17:d 8.9
29 19.0 9.7
30 137 8.7
31 20.4 13.3
Ap.il 1 16.4 13.8
2 19.4 13.2
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3.93
8.75
3.21
3.92
0.7¢
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Table 19

Survivorship, Reproduction, and Lengths of Teredo bartschi
Temper.. ure~Salinity Experiment

Experimental .
Conditions Mean Length + S.D. N Mortality Reproduction
nN* 28 % 37.45 15.36 48 7 (15%) Apr. 27
24.20 10.24 75 | 6 (8% Apr. 27 P
14 “/eo 37.23 10.10 31 | 13 (42%) Apr. 27
23.96 8.61 75 | 19 (25%) Apr. 27
6 °/oe 26.00 9.94 53 8 (15%) May 11
9.85 4.41 61€ | 42 (69%) -
20° 22 */eo 37.25 15.18 12 1 ( 8%) Apr. 8
14.76 5.63 164 0 Apr. 14
14 °/eo 11.09 5.96 44 0 May 11
14.98 5.64 105 0 May 5
6 °/eo 13.55 7.15 31 0 -
17.07 8.18 53| 0 May 11 9
1ol - B 4.90 3.00 60 | 15% (20%) -
4.24 2.14 17 3 (18%) -
14 /s 4.84 2.74 57 | 44f (53%) -
2.67 0.58 20 | 17 (85%) -
& % 3:32 2:37 50 | 16 (32%) -
4.16 3.34 25 | 10 (40%) -
% Date when pediveligers were first observed.
b New set of pediveligers established in the wood.
€ 73 specimens 1 mm long; not included in N. Died early.
d New set of 1 pediveliger.
: Including 14 holes that were not included in N.

Including 26 holes that were not included in N.
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considered replicates. The greater the number of shipworms per panel,
the less is the frass produced per animal. Only at 10° C, at which
temperature little growth occurred, did this relationship break down.

The highest rate of frass production occurred in one of the 20° C/22 °/
experimental pacels. This was also the panel containing the lowest
number of individuals (only 12), which factor is probably more important
than the environrental conditions in determining frass production.

In general, Table 18 shows that the higher temperatures and salinities
yield higher production of frass and faecal material. For example, at
any given temperature, higher salinity yields higher frass production.
Fracs production is directly related to the amount of wood-boring,

while faecal production is related to the amounts of wood-boring and
filter-feeding.
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CONCLUSION

The data in this report provide further evidence that the area of
Oyster Creek is enhanced as a habitat for shipworms, particularly
Teredo bartschi. It is clear that prolonged shutdowns of the Oyster
Creek Nuclear Generating Station retard the reproduction and growth

of the T. bartschi population. It appears that the three species of
teredinids now occupying Oyster Creek and the mouth of Forked River
have different physiological tolerances and patterns of settlement

that allow all three to coexist, although one may dominate a particular
plece of wood. The cptimal conditions for T. bartschi, of those tested,
appear to be about 20° C and about 22-24 °/,, salinity; 30° C allows
faster growtli but promotes higher mortality.

Our iield data continue to be in agreement with those of the Clapp
Laboratories/Battelle Labs.
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STATION

NUMBER

NAME

1

10

11

12

Holly Park

Stout's

Creek

Mouth of

Forked River

Leilani Drive

Elk's Club

Bayside Beach
Club

Kochman's
Residence

Crisman's
Residence

Gilmore's
Residence

APPENDIX: STATION LOCALITIES

DESCRIPTION

Dick's Landing Lat.

Island Drive
Bayville, N.J.
Bay control

End of Raleigh Drive
Gustav Walters' residence
Estuarine control

South Shore

Developed property

Possible temperature increase

increasad oceanic influence
due to reverse flow

At branch point of Forked River

South Branch

Forked River

Increase ir salinity due to
plant intake canal

On bay between Oyster Creek
and Forked River across from
1815 Beach Blvd., Forked River,

N.J. Tlemperature increase since

plant operation.

End of Compass Rd. on #1 Lagoon,
Cyster Creek, Waretown, N.J.
Temperature, salinity,

siltatica increase

Dock Ave. on Oyster Creek
Waretown, N.J.
Temperature, salinity,
siltation increase

20 Dock Ave. on Oyster Creek

Waretown, N.J. Temperature,
salinity, siltation increase
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COORDINATES

39° 54' N
78% 8" W
39° 50.7' N
74° 9! W
39° 49.6' N
74° 9.8' W
39° 49.6' N
74° 10.5' W
39° 49.4'" N
74" 10.9' W
39° 49.0' N
el % G
39° 48.5' N
74° 10.6' W
39° 48.5' N
74° 11.0' W
39° 48.5' N
74° 11.3' W



STATION
NUMBER NAME

14 Cottrell's
Clam Factory

15 Carl's Boats

18 Barnegat Light

DESCRIPTION

End of North Harbor Rd.
Waretown, N.J. (Mouth of
Waretown Creek)

Within but near limits of
reported thermal plume

Washington & Liberty Streets
Waretown, N.J. (on the bay)

Marina adjacent to Coast Guard
Station
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39° 47.7"
74° 10.9'

39° 47'
74° 11'

39° 45.8'
74° 6.5'
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