
Acknowledgments

I thank R. J. Zimmerman and K. N. Baxter,
Southeast Fisheries Center Galveston Laboratory,
National Marine Fisheries Service, for directing the
specimen to me. J. C. Harshbarger aided with
sources of information on pathology, and 1. Perez
Farfante with B. B. Collette critically reviewed the
manuscript. Keiko Hiratsuka Moore rendered the
illustration.

Literature Cited

BATESON, W.
1894. Materials for the study of variation treated with

especial regard to discontinuity in the origin of species.
MacMillan and Co., London and New York, xvi + 598 p.

COUCH, J. A.
1978. Diseases, parasites, and toxic responses of commercial

penaeid shrimps of the Gulf of Mexico and south Atlantic
coasts of North America. Fish. Bull., U.S. 76:1-44.

HERRICK, F. H.
1896. The American lobster. A study of its habits and devel·

opment. Bull. U.S. Fish Comm. 15(for 1895):1-252, pIs.
A-J.I-54.

1911. Natural history of the American lobster. Bull. U.S.
Bur. Fish. 29(for 1909):147-408, pIs. 28-32.

JOHNSON, P. T.
1968. An annotated bibliography of pathology in inverte·

brates other than insects. Burgess Pub. Co., Minneapolis,
MN, xiii + 322 p.

JOHNSON, P. T., AND F. A. CHAPMAN.
1969. An annotated bibliography of pathology in inverte

brates other than insects. Suppl. Cent. Pathobiol., Univ.
Calif. Irvine, Misc. Publ. No. 1:i-ii, 1-76.

PAULEY, G. B.
1974. A bibliography of pathology in invertebrates other than

insects from 1969-1972. NOAA·NMFS Middle Atlantic
Coastal Fisheries Center Pathology Investigations, Oxford,
MD, Informal Rep. No. 24:i-ii, 1-122.

pgREz FARFANTE, I.
1980. Revision of the penaeid shrimp genusp~

(Crustacea: Decapoda). Fish. Bull., U.S. 77:721-763.
RYDER, J. A.

1886. The monstrosities observed amongst recently hatched
lobsters. Am. Nat. 20(8):742-743.

SHUSTER, C. N., JR., D. H. B. ULMER, JR., AND W. A. VAN ENGEL.
1963. A commentary on claw deformities in the blue crab.

Univ. Del. Estuarine Bull. 7(2&3):15-23.

AUSTIN B. WILLIAMS

Systematics Laboratory
National Marine Fisheries SflrlJice, NOAA
National Mus6Um ofNatural History
Smithsonian Institution
Washington. DC !0560

NOTE ON MUSCLE GLYCOGEN AS
AN INDICATOR OF SPAWNING POTENTIAL

IN THE SEA SCALLOp,
PLACOPEC1'EN MAGELLANICUS

During the reproductive cycle of the Atlantic sea
scallop, Placopecten magellanicus, glycogen levels
rise and fall in the hemolymph (Thompson 1977) and
in the adductor muscle (Robinson et al. 1981; Gould
1983), reflecting the buildup of glycogen reserves
in the muscle and their later transfer to the gonad.
Muscle glycogen normally rises to a yearly peak in
spring after the phytoplankton blooms, then is trans
ferred to the gonad for gamete differentiation and
maturation (Robinson et al. 1981). The glycogen
transfer is followed by an increase in size of the
maturing gonad and a loss of muscle weight (Gould
1983). During the autumnal algal blooms, glycogen
levels in the muscle rise again slightly and drop
thereafter to an annual low during the winter
months, when the small energy reserves are used
for basal maintenance and to initiate gametogenesis.

Glycogen reserves from the muscle and lipid
reserves from the digestive gland are the major
sources of stored energy supplied to the scallop
gonad. High spring glycogen levels most drama
tically indicate the degree of buildup of energy
stores used to fuel gamete differentiation and
maturation, whereas low winter muscle glycogen
levels correspond to the postspawning exhaustion
of reserves. Winter values higher than the normal
range for any given population, therefore, could in
dicate an unusually large and extended period of
nutrient availability, but more probably would sug
gest resorption of gametes.

We suggest, therefore, that the spring peak and
the winter ebb of muscle glycogen be used as meas
ures of the relative spawning potential and spawn
ing success, respectively, for Placopecten. Sampling
during these two seasons may readily provide infor
mation on the recruitment contribution of different
scallop populations.

Timing of the seasonal high and low values for this
metabolic parameter can vary by several weeks from
year to year, reflecting the timing and intensity of
phytoplankton blooms (themselves dependent on
other environmental variables), and the time and
degree of success in spawning. To obtain a practical
data base for this major measure of seasonal energy
reserves, therefore, we sampled a single bed of sea
scallops off Asbury Park, NJ, on a year-round
monthly basis for 3112 years. In examining mean an
nual high and low muscle glycogen values for these
scallops, data were averaged for animal collections
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from mid-April through June each year to arrive at
a general value for the spring buildup and peak. Al
though such values do not indicate the maximal
glycogen values, which may be reached either gradu
ally or quickly in any of those months, an average
better enables year-to-year comparisons. Data for
collections from late November through February
were similarly averaged to obtain a value for the
postspawning winter period of low muscle glycogen.

We used this same parameter for specimens col
lected from random sites in the Gulf of Maine, and
found a different seasonal pattern in scallops from
depths greater than ca. 110m. Because these deep
water sea scallops came from many different sites
in the Gulf of Maine, data were averaged for each
collection date for each site. This report presents
our data for spring and winter adductor muscle
glycogen in a single subtital sea scallop population
for the years 1981-84, and in deepwater sea scallops
from the Gulf of Maine for 1980-82.

Materials and Methods

Asbury Park sea scallops were collected by trawl
from a site 31 m deep on the southern shelf of the
Hudson River Canyon. off Asbury Park, approx
imately 37 km NNE of Manasquan Inlet (ca. 40°13'
x 73°47'). Collections were made at monthly inter
vals from spring 1981 through late July 1984 and
during two intensive weekly sampling periods from
early May through mid-June in 1983 and 1984, to
monitor the spring buildup of muscle glycogen. For
some months, particularly in the spring of 1982,
collections were not available. Each collection
comprised 6 males and 6 females (shell height
95-110 mm). The sea scallops were held overnight
in 5°C aerated seawater at the Northeast Fisheries
Center's (NEFC) laboratory at Sandy Hook, NJ, and

transported the following day in a cooler to the
Milford, CT, NEFC laboratory. For transport, the
sea scallops were placed on top of paper toweling
that had been soaked in seawater, then wrung out
and layered over ice enclosed in a sealed plastic bag.
The animals were dissected the same day, and all
tissue specimens were stored at -80°C until test
ing. Gonad volumes were also noted. Deepwater sea
scallops were dissected on shipboard immediately
after collection by trawl, and the muscle tissue held
at - 40°C while at sea, then transferred on dry ice
to the - 80°C freezer in Milford. Because we relied
on volunteer help for many of these collections,
gonad data were not always available for shipboard
samples of adductor muscle from deepwater sea
scallops.

Muscle dissection, tissue preparation, and the pro
cedure for glycogen analysis are described in detail
elsewhere (Gould et al. 1985); glycogen levels are
presented as lAg of glucose per gram of wet tissue
<lAg g-l). Because there were no detectable differ
ences between sexes for muscle glycogen levels,
data for males and females were combined.

Results and Discussion

Asbury Park Sea Scallops

In the spring of 1981, the Asbury Park sea scallops
had muscle glycogen levels averaging higher than
2,000 lAg g-l (Table 1). Such levels are not uncom
mon in well-fed scallop populations, as observed
during several years of monitoring activity on the
continental shelf off New England and the mid
Atlantic states (Gould 1981, 1983) during the
NEFC's Ocean PulselNortheast Monitoring Pro
gram (NEMP) and the NEFC's Resource Assess
ment surveys. The mean annual low levels in the

TABLE 1.-Season81 high and low levels in adductor muscle glycogen for both males and
females in a single population of sea scallops off Asbury Park, NJ. Values were averaged
for mean seasonal highs during and after spring phytoplankton blooms (April, May, June) and
for mean seasonal lows after spawning (December, January, February). Gonad volumes are
also shown for the same time periods.

Muscle glycogen

Sample
(,.Ig g-l)

Year Season N i SE

1981 Spring 34 2,217 283
1982 Spring 24 544 32
1983 Spring 84 610 15
1984 Spring 72 254 12

1981-82 Winter 22 203 18
1982-83 Winter 24 226 14
1983-84 Winter 12 490 57
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Annual ratio
spring:winter

10.9
2.4
1.2

Gonad volume
(mL)

i SE

no data
5.42 0.74
6.23 0.29
4.51 0.24

6.50 0.47
3.00 0.46
2.75 0.39



Asbury Park sea scallops the following winter were
within the normal range (200-300!Jg g-l) observed
for sea scallop populations over those same years
of monitoring.

In 1982 and 1983, the Asbury Park sea scallops
were apparently adequately fed during the spring
months, although glycogen levels were less than one
third of those seen in 1981 and had no discernible
peak. Muscle glycogen in the winter months of 1983
and 1984, however, was sufficiently high in both
sexes (as compared with postspawning levels for this
population, and with mean winter levels in other
populations) to prompt the suspicion that gamete
resorption had taken place, and that the 1983
spawning season had not been very successful.
Moreover, although an intensive weekly sampling
was performed in May and June 1984, we did not
observe the normal seasonal increase in muscle
glycogen; instead, the values resembled those of a
typical winter low. When spring values for each year
are compared with the subsequent winter's post
spawning values (Table 1), a picture emerges of
declining nutritional status from 1981 to the end of
the study.

It is possible, of course, that the spring values in
1982 and 1983 were more typical for this popula
tion and that spring values for 1981 may have been
unusually high. The latter phenomenon could have
been the result of especially heavy phytoplankton
blooms, or of oceanic currents favorable to the bot
tom settlement of planktonic nutrients. Certainly
the most important single variable is nutrient
availability.

The 1984 glycogen levels indicated either that
little or no food was available to the sea scallops (at
30 m), or that they were not assimilating normally
any food that was available. This phenomenon has
yet to be explained satisfactorily, because the phyto
plankton bloom in the area that year was extensive
(J. O'Reillyl). Steven K. CookS had suggested that
some oceanographic event, such as the inshore intru
sion of an offshore water mass known as the "cold
pool" (e.g. Hopkins and Garfield 1979) may have
caused an unusually early formation of a thermo
cline, one that effectively prevented settlement of
planktonic detritus to the bottom. Whatever the
reason, the Asbury Park sea scallops showed dimin
ishing glycogen reserves for spawning from 1981
to the end of the study in 1984. Either planktonic

'J. O'Reilly, Northeast Fisheries Center Sandy Hook Laboratory,
National Marine Fisheries Service, NOAA, P.O. Box 428, High
lands, NJ 07732, pers. commun. October 1984.

·Steven K. Cook, National Weather Service, 2980 Pacific High
way, San Diego, CA 92101, pers. commun. March 1984.

nutrients were not reaching that population, or food
was available but the sea scallops were not feeding
or assimilating properly.

If the latter should be the case, it is perhaps rele
vant that the Asbury Park sea scallop population
lies approJPmately 24 km downstream from the
Christiaensen Basin, where general current patterns
are southwesterly. Several active dumpsites are
located in the Christiaensen Basin, including those
for New York's sewage sludge and dredge spoils,
where copper is a major contaminant (see Steimle
et aI. 1982)~ Moreover, as little as 10!Jg L-l copper
in the water column has been shown to interfere
with gamete production and maturation (resorbing
gametes) and probably also with feeding or nutri
ent assimilation in Placopecten magellanicus (Gould
et aI. 1985, 1988). Chemical analysis of tissues from
these same Asbury Park sea scallops is under way,
to determine whether metal levels were sufficient
ly elevated to induce this effect.

Deepwater Scallops

A data pattern for muscle glycogen similar to that
seen in the Asbury Park sea scallops for 1984 has
been observed in deepwater sea scallops taken from
various sites in the Gulf of Maine (Table 2). These
sea scallop beds were sampled randomly during the
NEFC trawl survey cruises, and one fixed station
was sampled seasonally during NEFC NEMP
cruises (Gould 1981, 1983). Sea scallops taken from
waters >110 m deep routinely showed very low
glycogen levels throughout the year, the highest an
nuallevels being reached in December. In the fall,
vertical mixing of the subsurface and intermediate
water increases to as deep as 150 m (McLellan et
aI. 1953; Colton 1968; Hopkins and Garfield 1979;
Mountain and Jessen 1987), with the disappearance
of any strong thermocline. In a recent comparison
offood resources in shallow (20 m) and in deepwater
(180 m) populations, Shumway et aI. (1987) observed
that a number of intact planktonic algal species
reached the deepwater sea scallops after the fall
phytoplankton bloom; this late annual food source
"may provide just enough energy to sustain the
population." On the whole, however, nutrient avail
ability is very low at such depths, as indicated by
the absence of chlorophyll in the deeper water
column (J. O'ReillyS).

Deepwater sea scallops are visibly undernourished

'J. o'RiillIy, Northeast Fisheries Center Sandy Hook Laboratory,
National Marine Fisheries Service. NOAA, P.O. Box 428, High
land, NJ 07732, pers. commun. May 1985.
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TABLE 2.-Mean seasonal high and low levels of adductor muscle glycogen in deepwater sea
scallop populations of the Gulf of Maine.

Station Mean

coordinates Bottom gonad Muscle
Date of Depth temperature Sample volume glycogen

Lat. Long. collection (m) (oC) N (mL) (j.Ig g-1)

43°21' '69°03' 01129182 160 7.0 12 2.25 153

43°23' 69°55' 04123160 168 4.2 5 303
43°25' 69°22' 04123 160 4.9 5 164
43°16' 69°40' 04123 159 4.0 5 246
43°20' 69°03' 05107 155 5.0 5 262
43°21' 67°06' 05107 155 5.0 4 274

42°49' 68°49' 05110/81 202 6.0 2 145
43°07 68°42' 05110 174 5.5 8 199
43°30' 69°30' 05124 144 4.2 12 178
43°33' 69°07' 05124 152 8.4 4 160
44°21' 67°21' 08103I82 137 10.4 12 4.70 178

42°56' 70°16' 08116180 155 4.9 8 226
43°26' 69°57' 08116 134 5.3 9 120

43°21' '69°03' 08124182 156 5.5 12 8.67 361
(at 100 mj

43°21' '69°03' 09107180 155 6.0 18 9.09 133

43°17' 69°18' 11/04180 161 6.0 10 437
43°18' 69°03' 11104 167 7.2 10 330
43°00' 69°20' 11104 181 5.8 10 318
43°37 69°32' 11104 113 8.1 5 582

43°21' '69°03' 12106182 160 7.5 12 2.42 567
43°25' 69°22' 12106 162 10.0 12 3.75 495
43°18' 70°03' 12107 158 7.2 12 2.67 409
42°59' 70°10' 12107 183 7.8 13 2.56 424

,Deepwater station off Toolhaker Ridge that was sampled whe_r poesible; olher stations were eelecled
rendomly during resource survey cruises.

(thin shells and small adductor muscles), lack the
necessary glycogen reserves for successful spawn
ing, and very probably resorb gametes. Moreover,
bottom temperatures seldom reach 10°C (Mountain
and Jessen 1987), the lowest temperature at which
Pl.acopecten mageUanicus has been observed to
spawn (Culliney 1974). In a recent study of a single
deepwater sea scallop population in the Gulf of
Maine, Barber et al. (1988) report reduced fecun
dity, followed by gamete resorption and a possible
minor spring spawning, in turn followed by redevel
opment, continued resorption, and an abrupt fall
spawning attempt. Almost certainly, deepwater sea
scallops do not spawn successfully. Recruitment to
these beds, therefore, would be haphazard and
originate both from populations on nearby ledges
and from spatfall out of the Gulf of Maine gyre, from
upstream spawning populations.

We have reported here that glycogen levels in
Placopecten magellanicus adductor muscle, meas
ured during the annual peak period in late spring
and during the annual low period in winter, can in
dicate scallop populations with little energy reserves
for successful spawning. In the case of the deep-
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water sea scallops in the Gulf of Maine, lack of avail
able nutrients is undoubtedly the reason for their
low muscle glycogen. Still to be clarified are the
events leading to the 1984 failure of the Asbury
Park sea scallops to develop the necessary energy
reserves for spawning.
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VERTICAL DISTRIBUTION AND
MASS MORTAUTY OF

PRAWNS, PANDAWS PLATYCBROS, IN
SAANICH INLET, BRITISH COWMBIA

Prawn, or spot prawn, PandaJ:us platyceros Brandt,
1851, British Columbia's largest shrimp species, is
extensively fished in Canada and is of considerable
economic importance (Noakes and Jamieson 1986).
The species ranges from California to Alaska and,
being largely associated with rocky terrain, is fished
with traps in many of the region's coastal inlets
(Butler 1980).

This study reports a fortuitous observation of
catastrophic mortality of prawn in Saanich Inlet,
noted during a series of observations on the vertical
distribution of prawn on the walls of this fjord using
a submersible. These observations are important
because, under the circumstances involved, these
mobile benthic organisms had ample opportunity to
avoid the apparent rapid intrusion of lethal environ
mental conditions by moving upwards, and thereby
remaining in a favorable environment.

Well-documented sudden mass deaths of adult
marine invertebrates in subtidal environments have
usually been associated with man-induced environ
mental perturbation, such as an oil spill, pollutant
discharge, entrainment of organisms into a lethal
environment (e.g., dredge or power plant cooling
water intake), or the entrapment of benthic organ
isms by some lethal environmental event (Tulkki
1965). However, the selective high mortality of one
or only a few species in a subtidal community, with
no associated physical habitat perturbation and with
apparent opportunity for escape, has been infre
quently described in documented catastrophic mor
talities (Brongersma-Sanders 1957; Swanson and
Sindermann 1979; Levings 1980a, b; Tunnicliffe
1981; Burd and Brinkhurst 1984, 1985; Renaud
1986). It is known that species differ in their rela
tive tolerances to environmental stress (e.g., Renaud
1986), but for subtidal invertebrates, the proximity
to lethal conditions of the majority of a population
for extended time periods has not been generally
noted. This study shows that prawn may occur close
to lethal environmental conditions, and that abrupt
mortality results if lethal water conditions sudden
ly intrude. In certain locations, such mortality may
be more frequent than previously recognized and
may justify a unique exploitation strategy.

Materials and Methods

This study was conducted between 6 and 10
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