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Abstract

Larval sea scallops (Placopecten magellanicus) were reared in the laboratory and their shell growth lines were counted and used to
estimate age in days. The first growth line was deposited 3 to 4 days after fertilization. Age estimates from growth-line counts were
strongly correlated with the actual ages of the larvae. Photoperiod had no detectable effect on the rate of growth-line deposition.
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Introduction

Studies of the larval ecology of sea scallops (Pla­
copecten magellanicus) would be greatly enhanced if it
was possible to age the larvae. In comparison with what
is now possible, estimates of such parameters as
growth and mortality rates, duration of the pelagic
phase, and date of spawning of a particular cohort of
larvae would be much more reliable. Growth lines,
which can be defined as abrupt or repetitive changes in
the character of an accreting tissue (Clark, 1974),
represent a potentially-useful ageing tool. Such lines
have been used extensively for ageing adult molluscs
(Clark, 1968; Rhoads and Lutz, 1980; Thompson et al.,
1980; Jones, 1983), but there have been few investiga­
tions into the application of growth lines for ageing
larvae. Millar (1968) reported that the shells of larval
oysters appeared to have daily lines which were depos­
ited under constant temperature and illumination.
Turner and Boyle (1974) observed growth lines in
shells of teredinid larvae and suggested that counts of
these lines in known-age larvae would give an indica­
tion of their periodicity.

Daily growth lines in fish otoliths have been used to
estimate age since the early 1970's (Campana and Neil­
son, 1985; Jones, 1986). Recently, the approach was
extended to the statoliths of squid (Hurley et al., 1985).
For growth lines to be useful in ageing, they must be
deposited at a constant rate (e.g. daily). The periodicity
of line deposition in otoliths of fish larvae varies among
species and can be affected by environmental condi­
tions (Campana and Neilson, 1985). Therefore, it is
necessary to determine the effects of such factors as
photoperiod, feeding regime and temperature on the
rate of growth-line deposition.

In this paper, the relationship between number of
growth lines and age of sea scallop larvae is docu­
mented. With the use of both light and scanning elec­
tron microscopy, growth lines on the shells of
laboratory-reared larvae are shown to be deposited
with near daily periodicity under different
photoperiods.

Materials and Methods

The terminology of Chanley and Andrews (1971)
was used in this paper with reference to the early stages
of bivalve larvae. The first shelled stage (Prodisso­
conch I) consists entirely of shell deposited by the shell
gland. The next stage (Prodissoconch II) consists of
shell which is laid down by the mantle and contains the
growth lines. Shell length is measured along the
anterior-posterior axis which is parallel to the hinge.
Shell height is measured along the dorsal-ventral axis
which is perpendicular to the hinge.

The sea scallop larvae for this study were reared in
the laboratory. Adult sea scallops were obtained from a
near-shore bed off Yarmouth, Nova Scotia, and were
held in off-bottom nets for 1-3 months prior to matura­
tion for spawning. In early September 1985, the scal­
lops were transferred to the laboratory and five
individuals of each sex were held in separate contain­
ers. They were induced to spawn by raising the water
temperature 3° to 4° C above the ambient temperature
of 13° C (Loosanoff and Davis, 1963) and by injecting
0.5 ml of seratonin (2 millimolar) into the adductor
muscle (Gibbons and Castagna, 1984). The addition of
20-30 ml of sperm suspension from the five males was
further stimulus for female spawning. The whole pro­
cess was terminated within 3 hr.
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Fig. 5. Light micrographs of interior view of sea scallop valves: A,
10-day-old larva with 9 growth lines cultured under the L
constant regime (bar = 22 Jim); B, 24-day-old larva with 23
growth lines cultured under the LD 12:12 regime (bar
19Jim).

and 2). The fixed focal-plane appeared to be a good
approach, because it can be consistently achieved, it
results in reasonably good estimates of actual ages,
and the light micrograph provides a record of each
specimen. There appeared to be good correspondence
between the number of "major" lines on SEM micro­
graphs and the growth-line count on light micrographs
of larvae of the same age, but SEM microscopy is consi­
dered to be too expensive and time-consuming for rou­
tine use. The "minor" lines, which were apparent on the
SEM micrographs, were less visible (out of focus) on
the light micrographs.

TABLE 1. Estimated ages of sea scallop larvae, reared in three con­
tainers (lots) under two light regimes, on day 10and day 24
after fertilization. (Probabilities (P) from Kruskal-Wallis
Test based on ranked ages.)

Actual Estimated age (days)
age Light Lot No. of (growth lines + 3)

(days) regime No. larvae Range Mean P

10 LD 12:12 1 10 9-12 10.8
2 10 9-12 11.0 0.29
3 10 10-13 11.7

L constant 1 10 9-13 10.7
2 10 9-13 10.7 0.97
3 10 8-12 10.3

------------------------------------------------------------------------._--------.-----.-------------

24 LD 12:12 1 9 24-26 24.7
2 9 22-27 24.7 0.52
3 10 23-29 25.5

L constant 1 10 23-28 25.4
2 10 23-27 25.5 0.14
3 10 22-26 24.3

TABLE 2. Estimated ages of sea scallop larvae, reared under two light
regimes, on days 10,18,24 and 28 afterfertilization. (Prob­
abilities (P) from Kruskal-Wallis Test based on ranked
ages.)

Actual Estimated age (days)
age Light No. of (growth lines + 3)

(days) regime larvae Range Mean P

10 LD 12:12 30 9-13 11.2
0.09

L constant 30 8-13 10.6

18 LD 12:12 10 17-21 18.9
0.78

L constant 10 16-23 18.8

24 LD 12:12 28 22-29 25.0
0.77

L constant 30 22-38 25.1

28 LD 12:12 10 25-30 28.0
0.81

L constant 10 26-30 27.9

TABLE 3. Estimated ages of sea scallop larvae in a sample of those
reared by Couturier (MS 1986). (Ages were determined
without prior knowledge of actual age.)

Actual Estimated age (days)
age No. of (growth lines + 3)

(days) larvae Range Mean

13 4 13-15 13.8
15 7 13-19 15.6
18 10 15-22 18.0
22 10 21-23 21.9
28 10 23-33 28.1
32 10 29-37 32.1

Millar (1968) examined the shells of European oys­
ter (Ostrea edulis) larvae and found major rings
(growth lines), which seemed to correspond in number
to the number of days after the larvae were released,
and several minor rings between adjacent major rings.
Growth lines on the shells of larval sea scallops appear
to fit this pattern. Growth lines with different degrees of
prominence were apparent on the shells of common
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\ Fig. 6. Valves of 30-day-old sea scallop larvae marked with alizarin
red when 22 days old: A, scanning electron micrograph (bar =
3.87I'm); B, light micrograph (bar= 18j1m). (Brackets pointto
mark produced by alizarin red, and both micrographs show
8 growth lines after the mark.)

oyster (Crassostrea virginica) larvae but were not inter­
preted chronologically (Carriker and Palmer, 1979).

During the present experiment, the seawater was
changed every second day, and the sea scallop larvae
were probably stressed during the short periods of
exposure to air on the screens. However, there was no
evidence of this stress in the pattern of growth lines on
the shells. This implies that the stress of routine mainte­
nance of the larvae did not influence growth-line for­
mation.

Exposure of larvae to alizarin red dye in the sea­
water for 24 hr was sufficient to deform the shell (Fig.
6). Growth of the shell (i.e. distance between adjacent
growth lines) during the immersion period appeared to

be more similar to growth in the preimmerson period
than in the postimmersion period. Nevertheless, eight
lines were formed after removal of the seawater con­
taining the red dye. This is consistent with the expecta­
tion that 7 or81ines would be formed, depending on the
time of day when growth-line formation occurs. This
demonstrates that daily growth-line deposition can
resume after short-term stress. However, the mortality
which may be associated with exposure to alizarin red
was not measured. Deyand Bolton (1978) used tetracy­
cline as a bivalve shell marker and noted an increase in
shell growth rate after marking. An innocuous shell
marker would be useful for further work of this type.

The formation of growth lines in sea scallop shells
on a daily basis, even when the larvae were reared
under constant light, indicates that photoperiod does
not affect the rate of shell deposition. This implies
endogenous control of growth-line formation, which
has been postulated for some species of adult bivalves
(Clark, 1975; Thompson, 1975) and for oyster larvae
(Millar, 1968). Indirect support for endogenous control
is the presence of growth lines in bivalve larvae from
constant envi ronments such as deep-sea vents (Lutz et
al., 1980). To determine if there is endogenous control
of growth-line deposition in larval sea scallops will
require investigation of the effects of such factors as
temperature, starvation and feeding frequency.*
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