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SUMMARY

, Arctica islandica is a large pelecypod that occurs in European waters
from the White Sea to Spain and in American coastal waters from Newfound-
land to Cape Hatteras. A. islandica supports an active fishery in the
Middle Atlantic Region; however, optimal management of the fishery is
hindered by a lack of adequate knowledge of the biology of the species. A
summary ~is given of recent work on  the reproductive biology of A.
islandica. On the Southern New England Shelf the adult clams spawn from
May through November, spawning being most intense from August through
November. Multiple annual spawnings at both the individual and population

- level are evident. A. islandica is dioecious and oviparous. Attempts to
stimulate adult clams to spawn in the 1laboratory have generally been
unsuccessful. Stripped ova have an outer membrane which must be removed
to effect a high percentage of fertilization in laboratory cultures. The
larvae have been reared to metamorphosis in 32-35 days at 13°C and 53 days
at 9°C. Post larval forms rapidly develop the characteristic shape and
colored periostracum of the adult form. ’




INTRODUCTION

Arctica islandica L. (= Cyprina islandica) is a large pelecypod that
occurs on the inner continental shelves of Europe and the east coast of
North America from Newfoundland to Cape Hatteras (Nicol 1951, Merrill and
Ropes 1969, Ropes 1978). A. islandica was first fished commerc1a1]y in
1943 (Merrl]] and Tubiash 19705 however the fishery remained small and
for many years was centered in the State of Rhode Island. The last decade
- has been notable for a marked increase in the size of the fishery for A.
jslandica. In turn this has stimulated research efforts directed towards
the provision of data adequate for formulation of a fishery management
plan. Several recent reports have described the growth rate and advanced
age of sexual maturity in A. islandica (Thompson et al. 1980a and b, Ropes
and Murawski 1980). The present manuscript describes recent field studies
of the gonadal cycle of adult A. islandica on the Southern New England
Shelf and laboratory studies of the growth and development of the larval
forms of A. islandica. _

‘A. 1sland1ca occupies a bathymetric range in the Middle Atlantic Bight
that™ corresponds approximately to that of the seasonal “cold pool" of
water described by Bigelow (1933), and Ketchum and Corwin (1964). This
"cold pool" extends from approximately 30 m depth to in excess of 100 m
and is bounded in shallower water by an intense seasonal thermocline that
persists from May until September. The annual temperature range experi-
enced by benthic fauna in the "cold pool" (2-13°C) is considerably less

than that above the thermocline (2-25°C). The objectives of the field

study were to document the seasonal gonadal cycle of adult A. islandica,
to infer from this data the period of most intense. spawning activity, and
to examine possible relationships between the periodicity of spawning and
seasonal changes in water temperature. - The results of the field study
facilitated design of subsequent laboratory experiments to both describe
larval development in A. islandica and examine the 1nf1uence of tempera-
ture on rate of larval growth

METHODS
Field Studies:

During the period September 1978-May' 1980 14 co]]éctions of A.
islandica were made at intervals of 4-8 weeks at stations in the depth

range 27-50 m in the vicinity of Block Island, Rhode Island. A commercial

hydraulic dredge (blade width 1.54 m, pump pressure 5.63-7.0 kg/sq cm,
7.5 cm diameter ring size) was used during the period September 1978-
August 1979. A non-hydraulic dredge (blade width 0.62 m, 5.0 cm diameter
ring size) was used during September 1979-June 1980.

The clams were opened on board the vessel and the gonadal tissue |

removed and fixed. Histological preparation of the fixed tissue (Humason
1962, Mann 1979) included imbedding 1in paraffin, sectioning, and



Hematoxylin-Eosin staining. Slide preparations were examined micro-
scopically for evidence of gametogenesis and spawning using the report of
Loosanoff (1953) for comparative purposes, and subsequently classified
into one of five categories of gonadal condition using the criteria

developed by Holland and Chew (1974) for Tapes japonica (i.e., early "

active, late active, ripe, partially spent and spent).

At each station on each collection date a vertical profile, from sur-

face to bottom at 5 m intervals, was made of temprature and conduct1v1ty
The 1atter values: were subsequent]y converted to salinity.

Laboratory Studies:

Both LoOsanoffv(1953) and Landers (1976) were unable to induce spawn-
ing of A. islandica in the laboratory. Attempts to induce spawning using
either temperature shock (Loosanoff and Davis 1963) or hydrogen peroxide
stimulation (Morse et al. 1977) in the present study were generally unsuc-
cessful. Consequently eggs were stripped from ripe females, pretreated
with ammonium hydroxide as recommended by Landers (1976) (30 minutes expo-
sure to a solution of 3 mls of 0.1 N NH40H per 100 ml of egg suspens1on)
and fertilized with stripped spermatozoa

Five separate groups of larvae were reared to metamorphosis. One (#1)
was reared by the Wells-Glancy method at the Virginia Institute of Marine
Science Laboratory at Wachapreague, VA, and four (#2-5) were reared by a
modification of the methods of Loosanoff and Davis (1963) at Woods Hole
Oceanographic Institution, Woods Hole, MA. Culture conditions for each
larval group are summarized in Table 1. '

Table 1. Culture conditions for rearing of larval Arctica islandica.

Group # N T 3 3 4
- Culture volume (L)' | 40 : -4 _ " 50 - .]2 | 12
Larval density (#/m])' 1-2 _' , 2 6 6 6
»Temperature (°C) ']2.7-13.0 12.0-14.5 11.0-13.5 | 13 '8.5-
Salinity (9/00) 32-34 2 3 32
Food concentration 100 cells/ul 50 Cel]s/u1 Isochrysis galbana + 50
» mixed sp. cells/ul Pavlova lutheri
Frequency of (days) 2 3 3 3 3

Water change

10°C



At frequent intervals (each water change with culture #1, every second
or third water change with other cultures) a subsample of larvals was
examined under a compound microscope equipped with a ocular micrometer and
measurements of length, height and straight hinge length made. The total
numbers of larvae measured for cultures one through five respectively were

. 450, 98, 91, 39 and 143. Length versus height regressions for larvae from

each culture were compared using separate analyses of covariance.

Larvae in culture #1 metamorphosed in the larval culture vessel..

Larvae in cultures #2-5 were, on the appearance of the pediveliger stage
of development, transferred to plastic petri dishes where they subse-
quently metamorphosed.. Following metamorphosis culture #1 was maintained
at 12.5-13.0°C for five weeks before being transferred to running,
coarsely filtered (50 u) sea water for over winter growth (temperature
-range: 9°C in November 1980, to -1°C in January 1981, to 14.3°C in April
1981). In April 1981 juveniles from culture #1 were returned to a temper-
ature controlled (12.5-13.0°C) laboratory system. Juveniles from cultures
#2-5 were maintained at 12-13°C in closed systems (1 u filtered sea water
changed twice per week, fed on 50 cells/ul of Isochrysis galbana) for 16
weeks and subsequently transferred to running, temperature controlled (11-
13°C) sea water. Measurements of length and height were made infrequently
on all juveniles following metamorphosis.

RESULTS
Field Studies:
A. islandica is dioecious. Of the 667 individuals examined only two

were hermaphrodite, these containing spatially separate developing male
and female follicles., The sex ratio of the sample, omitting the two

hermaphrodites, was ]d?:()iﬂ ?. This is not significantly different from:

a 1:1 sex ratio. The animals examined ranged in siZe from 62-110 mm in
length, predominantly (>80%) in the size range 80-100 mm. No attempt was
made to examine the relationship of sex ratio to size. -

" Serial sectioning of gonadal tissue suggested that gonadal maturation

occurred initially in tissues at the dorsal extremity, and progressively

later moving toward the ventral extremity. Multiple spawning in one
animal during one annual cycle originating from tissues in a similar
spacial sequence was evident. No evidence was found of a second matura-
tion of spent gonadal tissue during one annual cycle.

Table 2 summarizes observed gonadal conditions in mid-ventral sections
taken from A. islandica at all stations during the study. Differences
observed between different stations on any one chosen date were small,
therefore data has been pooled for simplicity. Early active development
began in male clams in February. Most ripe males occurred from May
through September. Partially spent male clams were found from May through
November and in January 1979. Early. active female development began 1in
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Table 2. Number of A. islandica in each gonadal deve]dpmenf stagé by date
for the period September 1978-May 1980. Stage description EA,
early active; LA, late active; R, ripe;. PS, partially spent; S,

spent.
o -' I
Date EA LA R PSS n EA. LA R PS S n
9/78 o 0 5 4 8 17 1 2 3 5 8 19
11/78 o0 3 17 9 29 0 o0 2 6 15 23
1/79 o 0 0 2 3 5 o 0 0 4 1 15
3/79 | 3 7 0 0 2 12 o 0 0 5 8 13 |
5/79 8 6 0 0 10 24 10 1 3 8 13
6/79 131 54 14 4 104 0 1 21 39 29 90 -
8/79 1 0 24 28 10 63 0 1 6 29 16 52
9/79° 0 .0 5 5 1 1] 0 0o 1 6 1 8
11/79 0 0 0. 2 4 6 o o o 2 7 9
1/80 o 0 0 0 14 14 o 0 0 1 13 14
2/80 2 1 0 0 1. 14 11 0 4 10 16
3/80 7 4 0 0 4 15 i 0 0 2 7 10
4/80 3 10 1 0 6 20 2 0 0 2 17 2
5/80 o 5 5 3 2 1 0 0 6§ 6 3 15

349 | | 318




May of 1979 and February of 1980. Ripe females were present from May
through October. The onset of spawning was marked by a substantial
increase in the proport1on of partially spent animals that continued
throughout the spawning period. A prolonged spawning season from May
through November, with peak activity from August through November, was
indicated. '

An intense seasonal thermocline was initiated in April-May and reached
a maximum intensity between 20 and 30 m depth in August (Figure 1). Sur-
face waters cooled during the fall months of September and October, and,
following the breakdown of the thermocline in November, uniform tempera-
ture structure throughout the water column was recorded through the winter
months until the following April. Salinity values were slightly lower at
the surface during the summer months (e.g., 31.590/00 versus 32.850/00 in
July) but relatively stable throughout all depth and stations in the
winter months (32.30% to 33.520/00 range). A :

Laboratory Studies:

The "stripped" ova of A. islandica possess distinct egg capsules that
frequently confine the developing embryo up to at least the 16 cell stage.
The capsule confers some asymmetry on the fertilized egg, the diameter of
which ranged from 75-90 um. The mean length of the smallest shelled stage
(prodissoconch I) was 107.1 ym (n = 50 s.d. = 5.3 um). As shell length
reached 150 to 165 um the hinge line was obscured by the appearance of a
low, rounded umbo. With subsequent growth the larvae assumed a distinctly
circular appearance when viewed laterally being slightly more pointed at
the anterior than posterior end. The pediveliger foot became functional
at a length of 230 un1 ‘and metamorphos1s occurred at a mean 1ength of
259.3 um (n = 100 s.d. = 13.1 um)

No  significant d1fferences (5% confidence 1level) were recorded in
either slope or elevation of the length versus height regressions for
larvae from any of the individual larval cultures. A combination of all
~individual measurements was made and a common regress1on line calculated.
This yielded the relationship. :

_shell height (u) = [1.02 x shell Tength ()] - 30.0 (n = 821 r = 0.99)

Larval growth rate appeared to be relatively independent of feeding
regime, size of culture vessel, frequency of water change, and site and
date of origin of parent stock; however, a strong influence of temperature
was evident. Cultures #1-4, reared at mean temperatures of approximately .
13°C, reached metamorphosis in 32-35 days; however culture #5, reared at a
mean temperature of 9°C, required a minimum of 53 days to reach metamor-
phosis (Figure 2).

Shortly after metamorphosis the valves became an opaque white and a
large exhalant siphon began to form. At 1 mm length the exhalent siphon
was partially surrounded by the developing tentacles of the tentacular
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Figure 1. Seasonal changes in $sea water temperature at 10 m intervals at
one of the adult collection sites during September 1978-May 1980. For
simplicity data have been pooled and are presented on a single annual
cycle. Data are considered representative of all collection sites.
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ring that completely surrounds both inhalant and exhalant siphons of the
adult form. The inhalent region was marked by a juxtaposition of the
mantlie edges ventral to the exhalant siphon. The foot was extendable to a
length equal to at least that of the shell length. At 2-3 mm the inhalant
siphon had formed but, unlike the exhalant siphon, it was not extensable.
The number of tentacles in the ring surrounding the siphons continued to
increase. At 6 mm length the perostracum has assumed the characteristic
dark yellow coloration common in smallier adults collected from the field.
The active foot was still present. Some reduction in the size of the ex-
halant siphon had occurred and surrounding tentacular ring was fully
formed. The characteristic lunule of the adult was present, and both
valves exhibited regular external ridges.

DISCUSSION

The field data of the present study on the gonadal cycle of A.

islandica are generally in agreement with those of Loosanoff (1953), who

examined A. islandica from commercial catches at Point. Judith, Rhode
Island during the months of March to November, with respect to both the
period of spawning and the lack of a significant “"resting" or "indiffer-
ent" period in the annual gonadal cycle. The sequential ripening and
spawning of gonadal tissue in a dorsal to ventral direction was not re-
ported by Loosanoff (1953). The occurrence of multiple spawning conflicts

. with the statement of Thompson et al. (1980a) with respect to A. islandica

that "Al11 individuals spawned once and only one in each of the two years
studied." Jones (1980) is quoted as the source of the documentation sub-
stantiating the quoted statement. This is somewhat surprising in that
Jones {(pers. comm. 1980) also found sequential development and the pres-
ence of a large proportion of partially spent individuals of both sexes in

~samples collected in the Tlate summer and fall months. Both of Jones'

observations add further support to multiple spawning at the individual
level during each annual cycle. '

The nature of the spawning stimulus in A. islandica remains open to
discussion. Loosanoff (1953) suggested that spawning was initiated at a
water temperature of 13.5°C; however, Table 2 and Figure 1 indicate that

. spawning can occur over a range of temperatures from 8-13°C suggesting

that absolute temperature per se is probably not the ultimate spawning
stimulus. Furthermore, the unsuccessful use of temperature stimuli in
spawning A. islandica in laboratory studies is probably not surprising
considering the fact that the deep, infaunal habitat of this species is
comparatively well damped from short term environmental fluctuations.

The coincidence of the period of maximum spawning activity (August-
October) with the decline and breakdown of the seasonal thermocline may be
of considerable significance to the reproduct1on of A. islandica. A
marked increase in percentage oxygen saturation in bottom water occurs at
this time (Williams and Godshall 1977). Changes in dissolved oxygen
levels have been invoked as spawning stimuli in deep water pelecypods




-10-

elsewhere (Ansell et al. 1978) and may be of significance, -in conjunction
with small changes in water temperature (FigUre 1) and pH (R. Mann, unpub-

lished data) in stimulating spawning in A. islandica in Southern New
England waters. Also, absolute water temperatures at this time are both

conducive to relatively fast growth of the larval forms (Figure 2), and -

remain sufficiently high throughout September and October to insure that
the majority of larval forms are not prevented from reaching metamorphosis
by temperature "alone. The question remains as to the fate of larvae
spawned prior to the period of thermocline breakdown in that the data of
Landers (1976) suggests that the larvae of A. islandica cannot survive to
metamorphosis at temperatures in excess of 15°C, and that of Mann and Wolf

(1981, unpublished observations) suggests that A. islandica veligers will
not swim through thermoclines in laboratory systems where absolute water
temperatures’ in excess of 18-20°C are encountered. The possibility of A.

islandica veligers maintaining station below a seasonal thermocline by
means of a pressure (i.e., depth) modulated behavioral response cannot be
discounted (see also Carriker 1961, Wood and Hargis 1971, and Cragg and
Gruffydd 1976). Both 1laboratory experimental programs to examine the
pressure response of A. islandica veligers and field programs to investi-
gate seasonal depth distribution of A. islandica larvae are in progress at

this time with the specific objective of providing further information on
how the Tarval biology of A. isiandica is related to the seasonal spawning

activity and hydrography of the Middle Atlantic Bight.

ACKNOHLEDGEMENTS

The authors wish to thank Rodman E. Taylor, Jr., Scott M. Gallager and

Joy G. Goodsall for their assistance during various parts of this program,
Mr. John Ropes of N.M.F.S.-N.0.A.A., Woods Hole for much stimulating dis-
cussion,-and Ms. Elaine M. Lynch for editorial assistance. This work was
supported by N.O.A.A. Office of Sea Grant contracts No. 04-8-M01-149, NA
79-AA-D-00102 and NA 80-AA-D-00077, to Woods Hole Oceanographic Institu-
tion, the Sea Grant Program, Rutgers University, and the Andrew W. Mellon
Foundation.

REFERENCES

Ansell, A. D., A. H. Parulekar and A. J. Allen. 1978. On the growth rate

of Nuculana minuta (Muller). J. Molluscan Studies 44(1): 71-82.

Bige]ow, H. B. 1933. Studies of the waters on the continental shelf,

Cape Cod to Chesapeake Bay, I, The cycle of temperature Papers in

Phys. Oceanogr. and Meterol. 2: 1 135.

Carriker, M. R. 1961. Interrelation of functional morphology, behaviour
and autecology in early stages of the bivalve Mercenaria mercenaria.
J. Elisha Mitchell. Sci. Soc. 77: 168-242.




-11-

.Castagna, M. and J. N. Kraueter. 1981. Manual for growing the hard clam

Mercenarja. V.I.M.S. Special Report in Applied Marine Science and
Ocean Engineering No. 249. 110 pp. ’

Cragg, S. M. and LL. D. Gruffydd. 1976. The swimming behaviour and the
pressure resposes of the veliconcha larva of Ostrea edulis L. p. 43-
57. In: H. Barnes (ed.) (Proc. 9th Europ. mar. biol. Symp.) Aberdeen
University Press 760 pp.

Holland, D. A. and K. K. Chew. 1974. Reproductive cyé]e of the Manila
clam (Venerupis japonica) from Hood Canal, Washington. Proc. Nat.
Shelifish. Assoc. 64: 53-38. :

Humaédn, G. L. 1962. Animal Tissue Techniques. San Francisco. W. H.
Freeman & Co. 561 pp. :

Jones, D. S. 1980. Annual cycle of reproduction and shell growth in the
bivalves Spisula solidissima and Arctica islandica Ph.D. thesis,
- Dept. of Geological .and Geophysical Sciences, Princeton Univ.,
Princeton, N.J. 248 pp. ‘ - ' :

Ketchum, B. H. and N. Corwin. 1964. The persistence of "winter" water on
the continental shelf south of Long Island. Limnol. Oceanogr. 9: 467-
475. ' L L

Landers, W. S. 1976. Reproduction and early development of the ocean
quahog, Arctica islandica, in the laboratory. Nautilis 90: 88-92.

Loosanoff, V. L. 1953. Reproduttive cycle in Cyprina islandica. Biol.
Bull. 104: 146-155. : :

Loosanoff, V. L. and H. C. Davis. 1963. Rearing of Bivalve Molluscs.
In: F.S. Russell, (ed.) Adv. Mar. Biol. 1: 1-136.

Mann, R. 1979. Some biochemical and physiological aspects of growth and
gametogenesis in Crassostrea gigas and Ostrea edulis grown at sus-
tained elevated temperatures. J. mar. biol. Ass. U.K. 59: 95-110.

Merrill, A. S. and J. W. Ropes. .1969. The general distribution of the
surf clam and ocean quahog. Proc. Natl. Shellfish. Assoc. 59: 40-45.

Merrill, A. S. and H. S. Tubiash. 1970. Molluscan Resources of the
Atlantic and Gulf.  Coast of the United States. Proceedings of the
Symposium on Mollusca Part 111 925-948. The Bangalore Press.

Morse, D. E., H. Duncan, N. Hooker and A. Morse. 1977. Hydrogen
peroxide 1induces spawning in mollusks, with activation of prostag-
landin endoperoxide synthetase. Sci. 196: 298-300. _

Nicol, D. 1951. Recent species of the veneroid pelecypod Arctica. J.
Wash. Acad. Sci. 41: 102-106. :




-12-

Ropes, J. W. 1978. Biology and distribution of surf clams (Spisula
solidissima) and ocean quahogs (Arctica islandica) off the northeast
coast of the United States. Proc. Northeast Clam Industries: Manage-
ment for the Future. Ext. Sea Grant Prog., Univ. Mass. and Mass.
Inst. Tech SP-112, pp. 47-66. . ‘ _

Ropes, J. w and S. A. Murawski. 1980. Size and age at sexual maturity
of Ocean Quahogs ‘Arctica islandica from a deep oceanic site.
[.C.E.S., Shellfish Comm. K: 26. 7 pp. :

Thompéon, I., D. S. Jones and D. Dreibelbis. 1980a. Annual internal

growth banding and 1ife history.of the ocean quahog Arctica 1s]and1ca'

(Mollusca: B1va1v1a) Mar Biol. 57: 25-34, .

Thompson, I., D._S. Jones and J. W. Ropes. ]980b. Advanced age for
sexual maturity in the ocean quahog Arctica islandica (Mollusca:
- Bivalvia) Mar. Biol. 57: 35-39.

Williams, R. G. and P. A, Godshall. 1977. Summarisation and interpreta-
tion of historical physical oceanographic and meterological informa-
tion for the Mid Atlantic Region. .N.0.A.A. Center for Experimental
Design and Data Analysis, Final Report to Bureau of Land Management
Oct. 1977. 306 pp. _

Wood, L. and W. J. Hargis. 1971. Transport of bivalve larvae in a tidal
estuary. p. 29-44. In: D. J. Crisp (ed.) 4th Europ. mar. biol.
Symp., Cambridge University Press. - h - o

_s$

(o




	

