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method is the most direct and perhaps the best of the three methods and
has been used successfully in the present investigation. The annual
nature of growth rings in scallops in general has been demonstrated by
several workers. Stevenson and Dickie (1954), Dickie (1955), Posgay (1953),
Merrill et al. (1966) working on the giant scallop, P. magellanicus,

Mason (1957) investigating into Pecten maximus have, for example, shown
agreement between the number of rings on the surface of the shell and the
age of the scallop. Cassie (1955) working on the lamellibranch Toheroa,
Amphidesma ventricosum Gray, pointed out the occurrence of alternate light
and dark regions in structures other than the shell and showed that the
rings on the resilifer depression and on the broken ends of the resilia
were in fact annual. Merrill et al. have also found this to be true in
the giant scallop and have successfully aged the mollusc using the
calcareous portion of the resilium or the impressions on the resilifer
depression.

The giant scallop in Port au Port Bay is close to the northern
limit of its distribution range and exhibits features of growth which
appear to reflect wide annual fluctuations in temperature characteristic
of the shallow-water environment. Annual rings are particularly well
recorded on the shell surface. With the exception of Lithothamnia sp.
which is often found in the umbonal region of Port au Port Bay scallops,
epifaunal organisms on the shell surface such as Anomia sp. and Crepidula
fornicata were easily removed to expose the continuity of growth rings.
Supernumerary rings found in Port au Port scallops may be ascribed to

severe storms; shock rings caused by dredging activity of the fishing fleet
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gare not important in the present study. There is some evidence of a
general constriction in the spacing of the concentric circuli in mid-summer
and early fall. This is probably related to high summer temperatures and
possibly to the onset of the major spawning in early fall. These closely
spaced circuli do not, however, bear any resemblance to the prominent
annual growth rings. Therefore, a considerable amount of certainty is
attached to age determinations in the present study. Tagging was employed
only to demonstrate that the growth rings were formed once a year thus
validating the ageing method. The consistency of relative strength of
year-classes from year to year would also support the validity of age
determinations.

There has been some controversy regarding the position and
time of formation of the first annulus in the giant scallop (Merrill
et al., 1966). It has been shown here that the first visible ring on the
left valve is formed during the second year of life. It is possible that
Juvenile scallops differ in their ability to record their first growth
ring. Spring-spawned scallops in their first year may record faint
annuli. Scallops arising from the late fall spawning do not appear to
record a permanent growth ring. The shell of autumn-spawned scallops 1is
probably too delicate and fragile at the end of the first winter to
permanently record rings of any kind. The point, however, is that any
ring formation occurring during or at the end of the first winter does
not appear to be retained and does not show up in adults. Weak annuli

formed by some scallops during the first year of life are either worn
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away during active swimming of juveniles or frequently become obliteratea
by crustose corallines which almost without exception show theilr first
appearance in the umbonal region of the left valve.

The time of formation of the growth ring in Port au Port Bay
scallops varies from year to year and appears to take place about the tim
when active growth is resumed in early spring after an almost complete
cessation of growth during the winter. Although the actual cause has not
been demonstrated, Merrill et al. believe that it is the low winter

temperatures.

Age composition

There are considerable variations in the year-class strength
scallops from Port au Port Bay. Similar variations in the success of
year-class strength have been found or implied in the giant scallop from
other areas (Dickie, 1955 and Merrill and Posgay, 1964) and in several
other pectinid species: Pecten yessoensis Jay (Yamota, 1950); Notovola
meridionalis (Tate), (Fairbridge, 1953 and Olsen, 1955) and Pecten maximu:
L. (Baird, 1966). The importance of year-class composition in the study «
scallop populations has been well demonstrated by Dickie (1955). He
showed that the abundance was high when recruited year-classes are strong
but low when they are weak. Dickie successfully correlated abundance of
commercial-sized scallops in any one year to water temperatures six years
previously. He concluded that changes in abundance of scallop stocks in -

Digby area result from the combined action of temperature and circulation

of pelagic larvae.
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The age composition of Port au Port scallops before and
during periods of heavy fishing is not known. The annual harvest in the
early 1950's is, however, indicative of the existence of special conditions
within the bay that serve to retain and concentrate scallop larvae that
re-seed the beds in the bay. One of the main causes of year-class
fluctuations within the bay may be inferred from the current patterns and
larval transport in and out the Port au Port Bay system.

A current of water from the south of Newfoundland enters the
Gulf of St. Lawrence at Cape Ray, Newfoundland. This current is deflected
to the right, passes St. Georges Bay and touches the Newfoundland coast in
the Bay of Islands area, from where it continues northward along the coast
(Sandstrom, 1919). This current thus bypasses both St. Georges and Port
au Port Bays. Since the influence of the current is not felt in these
bays, the surface currents within them will be largely under the control
of winds (Templeman, 1939). Templeman investigating into the life-history
of the American lobster, Homarus americanus, on the west coast of
Newfoundland successfully correlated the abundance of small lobsters in
St. Georges Bay and their relative absence in Port au Port Bay to the
prevailing south-westerly winds in July and August. On the west coast
lobster eggs hatch out by July and complete their free swimming larval
stage in Jjust over a month. The prevailing south-westerly winds at this
time of the year tend to hold the free swimming young larval lobsters along
the north shore of St. Georges Bay and carry them out towards the Gulf of

St. Lawrence in Port au Port Bay.
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A similar phenomenon is indicated for the giant scallop in
Port au Port Bay. The breeding cycle of the scallop in the bay is, howevex
slightly different for it spawns later in the year, usually during
September-October, depending, among other factors, on water temperature.
At this time north-easterly, north-westerly and westerly winds are more
frequent and tend to retain larval stages in Port au Port Bay. These are
eventually recruited into the beds within the bay. An analysis of weather
records taken at Stephenville airport from 1955 to 1963 suggests that
moderately calm weather and strong west and north to east winds during
relatively warm years give strong year-classes, e.g. 1959, 1960 and 1962
year-classes. Whereas south-westerly winds during the breeding period of
the scallop generally gilve poor year-classes, they are not as obvious or
consistent in their effect as are the north-easterlies. It is suggested
that south-westerly winds do not play as important a role in affecting
larval transport as they do in St. Georges Bay. The impact of these winds
1s probably reduced by the cliffed shore highlands separating the two
bays (p. 13). West-south-westerlies are perhaps more important in affectin
larval loss from within the bay. The 1958 year-class in particular is
very poorly represented. The generally poor weather conditions that year
with WSW winds prevailing from July through October may be responsible for
this. The relative absence of the 1958 year-class provides a measure of
confidence in the age determinations.

In view of the relatively long larval period (about L40-50 days)
wind-induced larval transport in surface waters from the fairly extensive

scallop beds in the Bay of Islands area or even from St. Georges Bay into
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Port au Port Bay is clearly possible and is not to be excluded. This

may in part account for the build-up of particularly high concentrations

of scallops within the bay. Templeman (pers. comm. 1969) suggests that

as the larvae get larger and begin to form shell they keep well below

the surface and hence agre retained in Port au Port Bay by the deeper curren
of water which must flow into the bay when the surface water drifts out
with the prevailing winds. Nutrients from land drainage probably also
play an important role in the productivity of the almost enclosed Port au
Port Bay system.

Relative proportions of year-classes from year to year on the
Boswarlos bed during the 1966-68 period indicate that the stock has remaine
more or less stable and has simply aged by three years.

It is difficult to explain fully the relative absence of small
scallops on the beds. To what extent this is a reflection upon the
availability of juvenile scallops is not known. The taking of small scallc
by gears specially designed to procure them, such as the one used in the
present investigation, has often met with failure. Many investigators
including Priol (1930), Tang (1941), Elmhirst (1945), Baird (1952),
Fairbridge (1953) and Mason (1957) have noticed the scarcity of young
scallops in the expected numbers. Baird and Gibson (1956) suggested the
relative absence of small scallops as being due to either the existence of
feeder beds from which juveniles migrate back to parent beds or possibly
due to young scallops escaping the dredge. By direct observation on scallc
beds they found no evidence to suggest migration from feeder beds and that

there was little escape reaction. They concluded that tooth-spacing, the
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only other selective feature of the dredge, must be the effective
selecting agent. Mason (1957) took into account this selectivity and
showed that the dredge still collected less than the expected proportion
of young scallops. He concluded that in his study teeth were ineffective
as a selecting agent as the dredge acted as a bottom-sampler. In the
present investigation teeth-spacing may again be discounted in favour of
an avoidance reaction by young scallops. Caddy (1968) has shown that
swimming activity rather than drag selection is responsible for the low
drag efficiency for the capture of scallops smaller than 100 mm and that
small scallops can avoid approaching objects by swimming away from them.
There is also a reliable report of a large number of young giant scallops
seen at the surface in water as deep as 25 fathoms (cited by Posgay, 1963)
The only explanation regarding the relative scarcity of small scallops
may be associated with the active swimming behaviour of Jjuveniles.
Extensive migration of adults may be ruled out in view of the recovery

of tagged scallops near the place of original release. Characteristic
epifaunal associations and shell morphology would also suggest that there

is no intermingling between the beds of the relatively sedentary adults.

Shell~height frequencies

The shell-height has been expressed as the distance from the
umbo to the wventral shell margin measured along the curvature of the left
valve. It is suggested that this is a more realistic estimate of shell
growth than the straight tangential dorso-ventral measurement; for it

measures the total column of shell secreted by the mantle irrespective of
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shell-thickness. It thus corrects for shell curvature. 1In all previous
studies of the giant scallop the dorso-ventral shell-height along a straigl
line tangential to the curvature of the left valve has been used. Marshall
(1960) investigating into the biology of the bay scallop, Adequipecten
irradians, however, used the distance along the shell curvature of the
right valve. The only drawback in the method is that it is a little more
time consuming than the direct method.

The modes in the shell-height frequency polygons for the 1966
Boswarlos collections (78, 118 and 148 mm) occur at sizes which correspond
to the mean observed sizes of 3-, 5- and 1l0-year-old scallops respectively.
Similarly the modes at 153 mm and 138 mm for the West Bay and Fox Island
River beds both occur at mean shell-heights of 9-year-old scallops. The
relative scarcity of L4-year-olds (1961 year-class) appears as a depression
between 90-115 mm in 1966 and between 110-122 mm in 1967. The scarcity of
the 1958 year-class (mean DA 135.5 mm) does not show as strikingly as in
the height-frequency histograms. Only a slight depression occurs around
133 mm. This is undoubtedly due to the tremendous amount of overlap in
shell-heights in the higher age groups.

The merging of modes in the greater shell-height groups also
accounts for the progressive decrease in the spacing of the modes. The
relatively slow progression of modal shell-heights in the older shells is
suggestive of a declining growth rate and the attainment of a maximum
shell-height characteristic of the bed. In addition to the declining growt
rate, the relative stability of the right-hand side of the height-frequencj
distribution may also be due to the attainment of a final maximum size and

the piling up of a number of year-classes within one large peak.
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In the present paper von Bertalanffy growth curves have been
fitted to selected shell dimensions of the giant scallop from Port au
Port Bay. Growth rates have also been computed for other areas using
published data. In considering the growth of the mollusc from different
areas discussion is limited to the observed differences in growth patterns
and only a brief mention is made of the possible correlation between the
von Bertalanffy parameters and the environment.

The results show that within Port au Port Bay, West Bay scallops
have a faster growth rate than the other beds examined. Scallops from the
Fox Island River bed in particular have the lowest growth rate. The same
conclusions are drawn in terms of between bed comparisons using three shell
dimensions of the left valve. An examination of the von Bertalanffy
parameters of shell-heights at age and their 95% confidence limits indicates
complete overlap by L_ for the Boswarlos and West Bay scallops, and K for
all areas. The L_ value for the Fox Island River bed does not, however,
fall in the range of sizes observed for the Boswarlos and West Bay beds.

K values appear to remain relatively constant for the three beds examined
within the bay. This supports the argument of Beverton and Holt (195T)

that K, which on theoretical grounds is independent of food consumption,
will remain relatively constant, and that changes in growth rate may be
reflected by variations in L_ or W_ (asymtotic weight). Beverton and Holt
(1960) point out that within populations of a species living in different
areas food and temperature account for most of the variation encountered.
They argue that food supply modifies the asymtotic length while environmental

temperature affects both K and L, and that with increase in water temperature
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K increases while L decreases. The reasoning of Beverton and Holt has
been used to explain the findings in the present paper. We are here dealing
with a confined shallow-water environment where hydrographic features
(water properties) including temperature may be considered to have the same
effect on all the beds. It is important to remember that the relatively
sedentary scallop does not move around in search of food but rather feeds
passively collecting what material is available immediately around it. The
presence of genetically distinct populations within the bay can reasonably
be discounted. Spawning on the three beds may be assumed to take place at
approximately the same time during any one year. The pelagic larvae must
be well distributed throughout the bay. Both morphological and growth-rate
differences between scallops from different beds suggest the operation of
factors peculiar to the beds themselves. It 1s suggested that the observed
differences in IL_ in the Boswarlos and West Bay beds as opposed to the Fox
Island River bed must be assoclated more intimately with the immediate
environment of the scallop.

The long standing concepts attributing favourable scallop
conditions, at least in the bay scallop Adequipecten irradians, to water
current effects (Belding, 1910; Gutsell, 1931; Marshall, 1960) have been
questioned by Cooper and Marshall (1963). They have suggested that in
view of the water volume available and filtered by scallops, current may
not play as important a role as was previously thought. While the current
patterns and the role of current influences have not been investigated
it seems reasonable to assume that a similar state of affairs exists in

the giant scallop.
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The differential growth rate in the bay appears to be related
more to the silt-clay content than to any other likely environmental
factor operative in the bay. In the Port au Port Bay system, clayey silt
and sand-silt-clay are the more important sediments although sand, gravel
and small pebbles are important locally. The deeper parts of the bay
contain a predominant silty organic mud-type of sediment (J. Shears,
pers. comm. 1966). Lilly (MS, 1965) has made direct observations on the
type of sediments forming the upper layers of the scallop beds in Port au
Port Bay. He found muddy organic compacted silt with mixed pebbles up to
25 mm on the Boswarlos bed and loosely suspended organic silt and mud about
1 ft thick on the Fox Island River bed. Mixed silt, sand and gravel are
the most common sediments on the West Bay bed. Dredging observations also
suggest the occurrence of these sediments on the beds. Gravel and boulder
train were frequently encountered on the Boswarlos bed. The depositional
sites for the fine sediments may be the result of characteristic current
patterns within the bay. The same current patterns would also tend to
concentrate settlement of spat on the Fox Island River bed. This might
explain why the Fox Island River bed is the largest and most prolific of
beds within the system. The slower growth rate here may, however, be due
to at least two factors peculiar to this bed.

Inhibition of scallop growth in fine sediments may result in
part from the periodic interruption of feeding and the additional expenditux
of energy required in keeping the filtering apparatus clean. Scallops lying
recessed as they do in soft mud must inadvertently take in considerable

amounts of fine silt. Loosanoff and Tommers (1948) have shown that suspende
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silt has a pronounced effect on the pumping rate and hence the feeding of
oysters; as little as 0.1 gm of silt per litre of water reduced the pumping
rate 57%, and the oyster expelled large quantities of silt as pseudo-faeces.
Both the soft-shell clam, Mya arenaria (Swan, 1952) and the gquahog, Venus
mercenaria (Pratt, 1953) have been shown to grow faster in sand than in
mud. Pratt and Campbell (1956) investigating into the environmental factc
affecting growth in V. mercenaria found that growth of the mollusc is
retarded in sediments with a high silt-clay content. They related the
observed inferior growth in fine sediments to the concomitant reduction ir
sediment permeabllity, accumulation of substances inimical to growth, and
more frequent expulsion of pseudo-faeces required of an efficient filter-
feeder. Tenore et al. (1968) investigating into the effects of bottom
substrate on the brackish water bivalve Rangia cuneata also found that
clay-silt sediments were unfavourable as an environmental substrate. Thej
suggested that physical and chemical factors associated with filner sedimer
were responsible for the adverse effect.

Although experimental evidence is lacking there 1s no reason
to believe that scallops behave any differently. The suggested correlatic
between growth rate and silt-content becomes even more meaningful when the
sources of nutrients of the scallop are considered. Davis and Marshall
(1961) on the basis of an examination of stomach contents have suggested
that in the bay scallop, Aequipecten irradians, the relatively smaller
benthic and tychopelagic diatoms may be a more important source of nutriti
to the scallop than planktonic forms. Casual observations suggest that mt

of the food in the giant scallop is also of benthic origin. Davis and
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Marshall have indicated that scallops probably derive much of their food
directly from the water at the level of the incurrent mantle opening,
roughly * inch off the bottom. This finding would emphasize and indeed
lead us to expect a negative correlation between growth rate and silt-cont:«

The organic content of sediments may also be important.
Bader (1954) states that, among other factors, the organic content of
sediments and its state of decomposition apparently controls pelecypod
densities. He found an increase in the densities of bivalves with a
moderate increase of the organic matter concentration of the sediments.
Tenore et al. have demonstrated the favourable effect of organic matter an
phosphate on the growth of Rangia in sand sediments. High concentrations
of organic matter and phosphate in clay-silt sediments, however, further
increased the adverse effect on growth. They attributed this to the
formation of a reduced oxygen-depleted environmental substrate.

A further observation supporting this negative correlation
with silt-content is seen in the distribution of shell weights at age. A
slower growth rate alone cannot account for the large differences in shell
weights observed in the Fox Island River scallops. Some other local facto
appears to be interfering with the ability of the animal to deposit shell
material. While greater pressure in deeper waters may influence the rate
of shell deposition, personal observations of shells from deep-water
animals (20-30 fathoms) would suggest that the effect of pressure is not
altogether important.

In addition to differences in growth rate caused by silt-conte

there is also the possibility of adverse crowding effects on the Fox Islan
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River bed. It has been shown here that scallop densities are higher
on the Fox Island River bed than on the Boswarlos bed. The results of
the density surveys must be interpreted with caution because only a very
limited area was covered. Smaller scallops may have been easily missed
because of poor visibility underwater or they could have avoided the grid
by swimming away from it. It is well known that small scallops are more
active and exhibit avoidance reactions (Caddy, 1968). Lilly (MS, 1965)
reported concentrations up to 25 scallops per 20 ft square on the Fox Island
River bed. Whatever the numerical abundance is, the important point here is
to appreciate that densities are higher on the Fox Island River bed and that
higher densities may result in crowding which in turn can cause adverse
effects on the growth of the animal.

The results show that the West Bay and Boswarlos scallops have
a faster growth rate than the Fox Island River scallops. The same conclusio
are drawn for the three shell dimensions studied. But when one compares
adductor muscle weights or adductor muscle scar areas of commercial-sized
animals, West Bay scallops maintain the high yields as would be expected
but the V+ and over Boswarlos scallops had the poorest condition in terms
of muscle weights. This unexpected reduction in muscle weights and
adductor scar areas of Boswarlos scallops is ascribed to the unicellular
endozoic alga which infects the scallop and causes adverse effects on the
soft parts of the animal. It has been shown here that the infection sets
in when the scallop is about 4-6 yrs old.

When growth rates from different areas are compared it is seen

that the difference in growth rates is even more pronounced. Although the
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largest specimen ever recorded measured 208 mm in height (Norton, 1931)
examination of shells from the Digby area would suggest that the L, value
(190.1 mm) computed from the data of Stevenson and Dickie (1954) is
unrealistic and is in all likelihood not related to the actual maximum
size that would be expected from sampling the population. Omitting the L,
value derived from Stevenson and Dickie's data, a general trend may be
seen in L, and K values with latitude. Scallops from the more northern
areas have larger L, values; K values are, however, generally smaller.
This has been found to be the case for a variety of species including the
Pacific razor clam (Taylor, 1959). Taylor (1958) makes the observation that

". . . rapid growth is, in poikilothermic animals

at least, generally incompatible with a long life-

span, and conversely, that large size and a long

life-span are often associated with the cooler

temperature of higher latitudes".
Holt (1959) suggests that L, should theoretically decrease with increasing
temperature, and that fish which approach their L, rapidly, tend to have
shorter lives. The present study also shows a negative correlation between
K and L, and higher L, values are found in the more northern latitudes.
There is also a relationship between longevity (as measured by the maximum
age recorded) and L.,; scallops over X+ are fairly common in Port au Port
Bay. Admittedly, however, the data are limited and the full range of the
species is not covered in the present investigation. The problem is further

complicated in the unique shallow-water environment where high summer
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temperatures can frequently become limiting to growth. Factors other
than temperature may also influence the growth rate of scallops. One such

factor has been discussed already.

Natural mortality

The estimated natural mortality rate is relatively high for
the population of scallops on the Boswarlos bed. Dickie (1955) calculate
an average natural mortality rate for fished scallop stocks in the Digby
area of the Bay of Fundy to be of the order of 10% in 1950 and considered
this to be near the annual maximum. Merrill and Posgay (196L4) similarly
concluded that the average instantaneous natural mortality rate of scallc
stocks of Georges Bank during 1958-60 was about 0.10. In his calculation
for the Digby stocks Dickie used the results of some unpublished tank
experiments which gave an average time of 100 days required for separatic
of cluckers larger than 96 mm. Merrill and Posgay extended Dickie's meth
and concluded that cluckers persisted for varying periods of time which
was determined mainly by the environment. Using three interrelated methc
they estimated the average time for clucker separation to be about 33 wee
after the death of the scallop.

In the present study an average value of 7O days to clucker
separation for all ages was used in the computation for the natural morte
rate. This is substantially faster than figures reported by Dickie and
Merrill and Posgay. The high rate of separation is probably due to a
combination of both high temperatures and frequent mechanical disturbance
Gunter, Dawson and Demoran (1957, cited by Merrill and Posgay), working c

the oyster concluded that the rate of fouling is strongly dependent upon
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temperature. 1t seems reasonable to assume that a similar situation
exists in scallop shells.

It is suggested that the high natural mortality rate calculated
for the Boswarlos bed may, at least in part, be due to the relatively high
rate of algal infection in these scallops. Unfortunately it has not been
possible to calculate comparable figures for the West Bay and Fox Island
River beds. Other causes of natural mortality in scallops have been
reviewed by Medcof and Bourne (1962) and Dickie and Medcof (1963). Among
those suggested, changes in water temperature may be especially important
in these shallow-water inhabitants. Dickie (1958) suggests that sudden
increases or decreases in temperature may debilitate scallops and render
them more susceptible to predators. Exposure to lethally high water
temperatures is not altogether excluded in the shallow-water scallop stocks

of Port au Port Bay.

Reproduction

Hermaphroditism

The incidence of hermaphroditism in Port au Port scallops (1.3%
is greater than the reported incidence of this condition on Georges Bank by
Merrill and Burch (1960) where only 2 were reported from about 3000 gonads
examined. The hermaphrodites described by them had male and female parts
located in different regions of the gonad. The ovary was situated near
the proximal end close to the adductor muscle and the testis distal to it.
The line of demarcation was irregular, follicles of one cell occurring

within the tissues of the other. The hermaphrodites observed in the presen
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study were in a sense less 'complete' and consisted largely of patches of
male tissue embedded in a predominantly ovarian matrix.

The giant scallop is an exception to the general rule that
members of the family Pectinidae are hermaphroditic (Coe, 1945). It has
been suggested that these hermaphrodites are due to occasional deviations
in the developmental processes which result in the failure of the sex-
differentiating mechanism. This results in various amounts of male and
female follicles being produced and the scallops are referred to as

accidental functional ambisexuals (Coe, 1942).

Breeding cycle

The determination of the spawning period is an important
pre-requisite to understanding the biology of the species.

The population of scallops in Port au Port Bay shows a
protracted spawning period modified to include two or more seasonal peaks
of activity. The spawning period and its duration appear to vary from
year to year.

Mason (1957) successfully correlated the breeding cycle of
Pecten maximus which has two main spawnings each year with the observation
that the size frequency of the first growth band had a bimodal distribution.
The same plot for giant scallops in Port au Port Bay shows a very similar
distribution.

The occurrence of the two spawnings in the shallow-water
population of Port au Port Bay is correlated with two modes in the first
year's growth on the shell. The curves for the three beds investigated are

skewed to the right with definite modes toward the upper end of the
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distribution. The small sample sizes may in part account for the less
conspicuous representation of the modes in the scallops from West Bay and
Fox Island River beds. Spring- or summer-spawned individuals will have
a larger first growth band while fall-spawned scallops, represented by
the larger group, will have smaller growth bands. By plotting the first
growth band of any particular year-class, it should be possible to
estimate the relative importance of the two spawnings for that year. A
unimodal curve would indicate little or no spring or summer spawning. A
bimodal distribution, on the other hand, would be indicative of at least
two spawnings, the relative spread and peakedness of the individual modes
indicating the contributions made by each of the spawnings to the year-cl
The occurrence of two natural spawnings a year has not been
previously reported in the giant scallop although it was suggested as a
possibility by Welch (1950) who stated that scallops may spawn in spring
for some undetermined reason. Squires (MS, 1958) reported that the
maturity of scallops throughout Port au Port Bay was well advanced in Jun
(13th to 18th) and that they were probably spawning. Posgay (1950) found
that the giant scallop may be induced to spawn by increasing temperature.
Other pectinid species including Adequipecten <irradians (Belding, 1910,
Gutsell, 1930), and Pecten latiauritus (Coe, 1945) have also been shown t
demonstrate this phenomenon. The occurrence of two spawnings in the gian
scallop would indicate that in these waters the gonads become mature at
different rates and that spawning is a protracted phenomenon rather than
a sudden release of gametes as was described for a population of scallops

on Georges Bank (Posgay and Norman, 1958). They observed that about 92%
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the scallops discharged their gametes within the relatively short span

of 3-4 days. The results of the present investigation contradict the
observation of Posgay and Norman and support the observations of several
other workers who have assigned the mollusc an extended spawning season.
It is not known if pressure changes accompanying hauls from great depths
may have caused the scallops to release the free gametes. This is
suggested as a possibility and may partly account for their observations.
It would, however, be difficult to disprove or test the validity of their
findings.

Giese (1959) discussed the environmental relationships to the
annual reproductive cycle of marine invertebrates. It is difficult to
determine all of the environmental factors controlling spawning in the
giant scallop. Posgay (1953) believes that it may be associated with
autumnal chilling of the water. Dickie (1953) suggested that it could be
related to the tidal cycle. Although the major spawning in both years
coincided with decreasing temperatures following the summer maxima, the
occurrence of spring or summer spawning would indicate that falling
temperature alone is not instrumental in initiating the spawning process.
It appears more likely, depending on the state of temperature acclimation.
that both temperature elevation or depression may play a part in initiatir
spawning. It is possible that once maturation products are within the
follicles any favourable external stimulus would cause the scallop to spas
This does not, however, explain why all the gonad products are not shed
during the initial spawning in early summer. If the extent and rapidity «

spawning is to some extent a gauge of the strength of the supposed stimula
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induces spawning, then it is reasonable to assume that the strength of the
stimulus varies within any one breeding season and from year to year. It
is suggested that the strength of the stimulus varies with the state of
thermal acclimation and that this regulates the extent of spawning observed.
Dickie (1958) found that scallops rapidly acclimate to increased tempera-
tures. This may account for the cessation of spawning after the initial
outburst in early summer. After the first spawning the scallop quickly
adapts to rising temperatures and further rise in temperature does not
elicit a spawning response. In the fall, however, temperature decreases
faster than the scallop's rate of acclimation to cold and this may provide
a stronger stimulus that results in the complete extrusion of reproductive
elements. In the giant scallop loss of the state of acclimation to high
temperature is very slow requiring over 40 days in experimental tanks and
perhaps as long as 3 months in nature (Dickie, 1958).

There 1s also some indication of a relation between wave action
and onshore winds and the onset of spawning. In both 1966 and 1967
spawning coincided with periods of strong onshore winds and rough seas.
Spawning may therefore be initiated by prolonged exposure to physical
shocks.

Salinity does not vary widely in the bay (Squires, pers. comm.
1967) and it is doubtful if it controls gametogenesis or spawning.

No attempt has been made to investigate the possible
existence of periodicity correlated with tidal sequence or lunar cycle.
Tidal and lunar periodicity in reproductive activity has been suggested in

Pecten opercularis near Plymouth on the south coast of England (Amirthalinge
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1928). Tang (1941) has proposed a lunar periodicity in Pecten maximus
Port Erin, Isle of Man. Several other instances of relationship betwes
2 moon and periodicity in the breeding of marine animals are discussed
Korringa (1947). 1In Port au Port Bay where the tidal amplitude is
3ll, we may expect tides to be of little importance in determining the
riodicity in reproductive activities. Reproductive periodicity in thes:
allow-water scallops may well be influenced by moonlight rhythm.

It is well known that the early larval stages of several spec:
lamellibranch molluscs are virtually identical. As far as the author :
are the pelagic larval and post-larval stages of the giant scallop have
t been described. Efforts to rear giant scallops beyond the trochophor:t
age have so far failed. Attempts to procure young pelagic stages durin;
> present investigation were not altogether successful. Although what
thought to be the prodissoconch stage of the giant scallop was obtaine
5 positive identification still awaits confirmation. If the tentative
eantification is accepted then this together with the relative abundance
Jjuvenile scallops in late October would suggest that the giant scallop
rva settles in about 40-50 days after hatching. Settlement may be
dlonged or delayed depending on exogenous factors such as availability

food and temperature.

icellular algal symbiosis
The term 'symbiosis' is used here in the original broad sense
the word as defined by De Bary (1879) meaning living together ("die

scheinung des Zusammenlebens ungleichnamiger Organismen'"). Symbiotic
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unicellular algae have been described from a variety of invertebrate

hosts. ©Some of the more recent reviews of algal symbiosis include

Caullery (1952), Buchner (1953, English translation 1965), Yonge (1957,
1966), Zahl and McLaughlin (1959), Droop (1963) and McLaughlin and Zahl
(1966). Algal partners have been reported only from three classes of algae:
Cyanophyceae, Chlorophyceae and Dinophyceae. They are often labelled as
Cyanellae (Pascher, 1929a), Zoochlorellae or Zooxanthellae (Brandt, 1883a).
In current terminology their meanings are largely colouristic and no

precise taxonomic meaning is attached to them (McLaughlin and Zahl, 1966).
As far as is known zoochlorellae have not been previously reported as endozo:
algae in marine molluscs. In general zoochlorellae are usually associated
with the fresh-water environment. The green alga in the marine turbellarian
Convoluta roscoffensis and the marine hydroid Myrionema amboinense are
exceptions, the latter harbouring either chlorellae or xanthellae depending
on its geographical location (Fraser, 1931). This peculiar instance of
symbiosis between the unicellular alga of somewhat uncertain identity and
the giant scallop, P. magellanicus, so far as the author is aware, is the
first reported instance of endozoic alga in the family Pectinidae.

As early as 1946, Wiborg described the occurrence of a small
globular green flagellate in shallow-water populations of the Norwegian
horse-mussel, Modiolus modiolus L. (Family Mytilidae). He thought that the
organism is the same as the one responsible for the green colouration of
the mantle and gill tissues of some oysters (Family Ostreidae). Mitchell
and Barney (1917) and Medcof (1945) working on the American oyster,

Crassostrea virginica, and Kerswill (1946) working on three other pelecypod
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Table 33. Comparison of the incidence of unicellular green alga(e) in

Modiolus modiolus and Placopecten magellanicus.

Investigator Host organism Description Size Infection sit
Wiborg Modiolus modiolus small, globular about 12u siphon and
(19klk) flagellate mantle edges
Rowell " " green ovoid 4,6u length gills and mant
(MS, 196T) microflagellate 3.lu width
Naidu Placopecten bright green, 1.5-5.0u right and left
(this paper) magellanicus round to oval in diameter mantle lobes,
unicellular distal end of
alga gonad and base

of the adductc

muscle

It is initially surprising to find that the symbiotic relationshi
has not been reported or recognized previously in the giant scallop, much
work having been done on this commercially important mollusc. On closer
examination it has been shown here that the phenomenon is restricted to
shallow-water populations of P. magellanicus inhabiting the more northerly
latitudes. Although the giant scallop has been commercially exploited in

Port au Port Bay by both Newfoundland and Nova Scotia fishermen there has
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been no study made on the biology of the species there. The shallow-water
habitat in the Newfoundland area appears to be responsible for a number

of peculiarities observed in the population there, of which the unique
symbiotic association with the photosynthetic alga is only one.

Although the initial stages of the infection have not been
thoroughly investigated, some indication of the possible origin of the
association may be seen in the observation that the occurrence of the algal
symbiont is associated with shell deformities., Exactly how the scallops
become infected with the alga is unknown. Available evidence indicates
that the alga becomes lodged within the mantle tissue of the scallop through
the surface epithelium rather than as a result of ingestion. From my
observations a sequence of phases may be recognized through which the
association probably develops. The convenient phases proposed by Cheng
(1967) are adopted here.

The period of initial host-symbiont contact appears to be
associated with shell damage or shell growth impairment at some point along
the shell margin. Several factors may disrupt the normal pattern of shell
growth. Foremost amongst these is the damage caused as a result of severe
shocks. Damage through the dragging activity of the fishing fleet could
be important where the scallops are exploited by the fishery (Medcof and
Bourne, 1964). There is, however, no commercial fishery on the Boswarlos
bed. These shallow-water populations are, however, frequently affected by
storms, when bombardment by sand particles and small pebbles can cause
mantle retraction. Merrill (1960) suggests that foreign matter lodged betwec

the mantle and the shell may cause layering in the valves of the scallop.
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Normal shell growth may also be impaired by epifaunal associations on the
surface of the shell, especially when foreign organisms settle too close

to the shell margin. Lithothamnia sp., for example, may overgrow the 1lip
of the shell and interfere with the mantle, causing shell distortion.

Whatever the cause the scallop acquires the algal symbiont
through the mantle. As in other lamellibranchs the mantle tissue of the
scallop is the site of contact with the external environment. It is
suggested that the alga becomes associated with the scallop when the animal
for some reason or other becomes temporarily enfeebled. This observation
strongly suggests that the initial phase may therefore be largely accidental
and random. Several other factors including the selectivity of the symbiont.
the host's feeding mechanisms, or even a chemotaxic attraction, are possible
and cannot be dismissed. Host secreted attractants may aid in the initial
contact process. The mantle fluid itself may be a rich source of nutrients
to the alga. The mantle fluid of the oyster, for example, is known to be
rich in proteins and amino-acids, the amount secreted being influenced by
the physiological state of the animal (Galtsoff, 196L4).

The second phase involves the colonization of the molluscan host
by the algal symbiont. The infection spreads from the point of initial
contact along the mantle edge while at the same time spreading farther
away from the shell margin into uninfected tissues. It is possible that
both feeding and respiratory currents aid in the process of colonization
within the scallop.

The exact mechanism of escape and transmission of the symbiont

from the host remains unresolved. It is probable that a free swimming stage
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exists. The pre-symbiotic stages of the alga have not been collected in
the plankton. The association, however, is not hereditary but commences
anew in each generation. It is terminated with the death of the hos .

The association is thus a facultative one, that is, each of the two
participating organisms is capable of autonomous existence. This is indeed
emphasized by the presence of both uninfected scallops and the occurrence
of free algal colonies on the inner shell margins of heavily infected
scallops.

The presence of reproductive phases within the scallop is
significant, for it implies that the alga has overcome the internal defence
mechanisms of the scallop and is successfully established within the
molluscan host. Cheng (1967) defines successful establishment of a symbion
as "the ability of the symbiont to become located at a suitable site and
to succeed its normal physiological and reproductive processes".

Although a marked seasonality in the occurrence of the unicellu
alga within the molluscan host has not been convincingly demonstrated in th
present study there is evidence to suggest that there 1s perhaps a massive
reinfection of potential hosts in early spring when the alga is presumably
abundant with fewer new infections as the summer proceeds. Removal by
death of heavily infected senile or moribund animals may account for some
of the observed decrease in the reported monthly percentages.

The availability of light within the scallop appears to be
important. The mantle lobes are the obvious loci of the alga for exposure
to maximum light. Some light must, however, get into the other potential

areas of infection. When the left or upper valve of a scallop is held agai
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a light source areas of light transmission are readily seen. Both the
shell margin adjacent to the mantle edge and the adductor muscle scar
transmit light more readily than the other parts of the valve. It is
precisely in these regions that the algal colonies are especially abundant.
Some diffuse light may account for the scattered colonies on the gonad.

The presence of algal colonies on the gonads and bases of the adductor
muscle would seem to indicate that only a small amount of light energy

is required for photosynthesis.

Sex does not appear to exercise an influence on the resistance
or receptivity of the algal symbiont.

The functional significance of algal symbioses among marine
invertebrates has been reviewed by Yonge (1944, 1957), Fritsch (1952),
Droop (1963) and McLaughlin and Zahl (1966). The nature of the relationship
varies widely in different associations. The full biological significance
of the relationship between the alga and the giant scallop is at present
obscure. Further work will undoubtedly be required to ascertain the exact
nature of the association. From a purely speculative viewpoint it is
possible that the oxygen produced by the alga during periods of active
photosynthesis can be used by the mollusc. Carbon dioxide produced by the
mollusc may in turn be taken up by the alga during carbon fixation. Organic
substrates may also be removed by the plant. The nitrogen and phosphorus
wastes of the animal should be of special importance to the alga that could
be living in an environment frequently exhausted or scarce of these nutrient
(Droop, 1963). Such a condition, when essential nutrients become

temporarily exhausted, may be provided during early spring when primary
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production is at a maximum. The alga in turn can provide some of the

carbohydrate requirements of the animal as well as other nutrients through

their death. The uptake of metabolic products of carbohydrate nature by

the scallop during the vigorous growth of the alga is not altogether

excluded. The nutritional reguirements of the alga are at present unknown.
Since the alga is not only in contact with the host tissue

but is often in intimate contact within the tissues of the host and since

it has an overall adverse effect on the scallop when present in large number

it appears reasonable to assign the alga the status of a parasite.

Economic importance

In North America only the large posterior adductor muscle
is considered edible today. The 'eye' or 'heart' as it is so often called
by fishermen is white, glossy and plump in the healthy scallop. The meats
of infected scallops are often darker and stringy and may no longer be
marketable. The mantle and gonad are generally discarded at the present
time and the presence of the alga within them is important only in so

far as it affects the condition of the adductor muscle.
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