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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.

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 referenceto the early stages
of bivalve larvae. The first shelled stage (Prodisso-
conch 1) consists entirely of shell deposited by the shell
gland. The next stage (Prodissoconch |l) 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 froma
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 m! 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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The eggs were maintained in 20-/ plastic contain-
ers at a density of approximately 30 eggs per ml of
seawater. The water was aerated and the temperature
(14° = 1°C) was maintained by placing the containers
in a thermostatically-controlled water bath. After 4
days when more than 95% of the surviving larvae had
reached the Prodissoconch | stage, the water was
changed and samples were taken to estimate density.
The larvae were then transferred to six containers, in
each of which the larval concentration was adjusted to
approximately 2.5 larvae per ml, and they were fed for
the first time. Thereafter, the larvae were fed every
second day within an hour after changing the water.
Algae were administered such that the final concentra-
tion in each container was 13,050 cells per ml of /Isoch-
rysis galbana, 6,320 cells per ml of Chaetoceros
gracilis, and 30,630 cells per ml of C. calcitrans. Chang-
ing the water may have stressed the larvae because
they were trapped on fine-mesh screens during the
filtering process and exposed to air for short periods
(up to 15 sec).

The effect of photoperiod on the number of growth
lines in the shells was tested by exposing three contain-
ers to alternating 12-hr periods of light and darkness
(LD 12:12) and the other three containers to constant
light conditions. The lighting source for both groups of
larvae was 40-w fluorescent bulbs, but the lighting
intensity, although not measured, was evidently
greater for the larvae which were held under constant
light.

Samples of larvae for growth-line counts were
obtained from one randomly-selected container in
each light regime on day 18 and day 28 and from each
of the replicate containers on day 10 and day 24. The
larvae were preserved in 80% ethanol. The relationship
between growth-line count and age was tested further
by putting a chemical “time mark” on the shells. Ali-
zarin red (20 mg) was added to an additional 20-/ con-
tainer of larvae on day 22, and the water was changed
24 hr later to remove the effect of the dye. This con-
tainer was maintained under constant light conditions
until day 30 when the larvae were preserved.

To prepare the shells for growth-line counts, the
larvae were transferred from the ethanol preservative to
a 0.3% solution of sodium hypochlorite (5% commer-
cial bleach). After soaking for approximately 20 min,
the shell valves began to gape. Under a stereomicro-
scope, the valves were teased apart with a sharp probe.
Right valves were chosen for growth-line counts to
ensure that both valves from the same larva were not
examined and because the right valve is slightly less
concave than the left (Culliney, 1974), making ita better
choice for fixed-focus growth-line counts. A random
sample of valves was pipetted onto a glass slide for

examination under a compound photomicroscope at a
magnification of 320. Each valve was positioned with
the inner side facing upward, and a cover slip was then
placed onthe preparation. At least 9 valves from each of
the rearing containers were prepared in this way.

Growth-line counts for comparison with the actual
ages (days) were made from light micrographs. A con-
sistent focal plane for the light micrographs was
achieved by maximizing the anterior-posterior dis-
tance over which lines of approximately equal contrast
were in focus. Thisisillustrated for three focal planesin
Fig. 1 (A, B, C), of which B was used for the counts. If
this focal plane could not be achieved (due to cracks,
unsuitable orientation, or growth lines obscured by
detritus), the valve was not micrographed. Kodak Pana-
tomic X film (ASA 32) and high contrast paper were
used in making the micrographs. Although some sub-
jectivity was involved in counting growth lines, counts
by two persons were in agreement for most of the
specimens (>95%). When agreement on growth-line
counts could not be reached, the micrograph was
rejected.

Due to the three-dimensional nature of the larval
shell, a Bausch and Lomb scanning electron micro-
scope (SEM) was used to corroborate what was seen
with light microscopy. This ensured that the limitation
to one focal plane in the light micrographs did not alter
the apparent number of growth lines. For examination
under the electron microscope, the valves were initially
prepared as before for light microscopy, rinsed in dis-
tilled water and pipetted onto a nucleopore filter with
pore size of 5 or 12 um. The filter with valves was
air-dried for at least 12 hr, placed on a SEM stub and
gold-plated in a vacuum.

When growth lines on the shells were being
counted, estimation of larval ages was not difficult
because the sampling days and approximate sizes of
larvae on these days were known. To test for bias in
counting, the counters examined a sample of larvae
which had been reared by Couturier (MS 1986). Growth
lines on these shells were counted with no prior know-
ledge of larval ages.

Results
Larval growth

The growth of larval sea scallops under the two
different light regimes was similar up to day 15 (Fig. 2),
but, from day 18 onwards, the mean lengths of larvae
under constant light conditions were significantly less
(P<0.01) than those reared under the LD 12:12 regime.
The lower growth rate may have been related to a blue-
green algal bloom (species not identified) which was
observed in the containers under constant light.
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Fig. 2. Growth of sea scallops larvae reared under two daily light
regimes: 24 hr of constant light (L constant) and alternating
12 hr of light and 12 hr of darkness (LD 12:12). Each point
represents the mean of 25 length measurements from the
same container.)

Visual appearance of growth lines

The first growth line was deposited on the third or
fourth day after fertilization. The line was apparent on
shells of 4-day-old larvae under both SEM and light
microscopy (Fig. 3). For this reason, all growth-line
counts were transformed to estimates of age (days) by
the addition of 3 days. Prodissoconch | corresponds to
the central region of 4-day-old shells with shallow
punctate marks (Fig. 3A). Prodissoconch |l is distal to
the central region and contains the growth lines. The
lines were observed to be ridges under the electron
microscope, and the prominence of these ridges
enabled the distinguishing of “major” and “minor”
growth lines (Fig. 4). The distance between adjacent
major linesranged from 1.8 t0 6.5 um, whereas adjacent
minor lines were less than 1 um apart.

For each specimen, the number of major growth
lines from SEM examination (Fig. 4) corresponded
closely to the number of lines apparent on the light
micrographs (Fig. 5), but there were too few SEM
micrographs to allow a statistical comparison. How-
ever, in five SEM micrographs of the shells of 24-day
old larvae, the mean count of major growth lines was
20.4, which is very similar to the mean growth-line
counts from light micrographs of the shells of 24-day-
old larvae (see Table 1).

Actual and estimated ages

A non-parametric test (Kruskal-Wallis), based on
ranked ages, was used to test for the effects of sampling
different containers and different light regimes on
growth-line counts. A parametric procedure (e.g. anal-
Fig. 1. Three different focal planes of the valve of a 24-day-old sea ysis of variance) was not used because assumptions of

scallop larva. B was the plane used for counting. (a= anterior, normal distribution and homoscedasticity were not met
d = dorsal, p = posterior, v = ventral.) by the growth-line data. Estimated ages of larvae
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Fig. 3. Valves from 4-day-old sea scallop larva showing the first
growth line (arrow): A, scanning electron micrograph of
outer portion of valve (bar = 8.33 um); B, light micrograph of
interior view of valves still attached at hinge (bar = 33 um).

(growth-line counts plus 3) from the three containers
under each light regime and on each sampling date
were not significantly different (Table 1). Conse-
quently, the data for samples from the three containers
were combined. Photoperiod had no significant effect
on estimated ages of larvae which were sampled on
days 10, 18,24 and 28 (Table 2). Data for both photope-
riods were pooled to rank correlate the estimate ages
with actual ages. The resultant Spearman correlation
coefficient of 0.93 indicated very good agreement
between the estimated and actual ages.

Estimated ages (without prior knowledge of actual
ages) of larvae which were reared by Couturier (MS
1986) were, on the average, quite similar to the actual
ages (Table 3). The Spearman rank correlation of esti-
mated ages with actual ages gave a high coefficient of
0.96. Thus, the estimated ages of larvae in the present
study (Tables 1 and 2) are unlikely to have been biased
by prior knowledge of the sampling dates.

Alizarin red as a shell marker

Alizarin red affected both the behavior and shell
structure of the larvae, although the dye was notvisible
in the shell. During immersion in the alizarin red solu-

Fig. 4. Scanning electron micrographs of interior view of sea scallop
valves: A, 10-day-old larva with 8 growth lines cultured under
the LD 12:12 regime (bar - 3.88 um); B, 24-day-old larva with
22 growth lines cultured under the L constant regime.

tion, the larvae swam much less than previously and
tended to remain close to the bottom of the container.
The direction of shell growth changed during the 24-hr
immersion period, and detection of a growth line was
difficult (Fig. 6). During the 7 days after removal of the
alizarin red by changing the water, 8 narrowly-spaced
growth lines were formed.

Discussion

This study is the first to relate the number of growth
lines in the shells of sea scallop larvae to the actualage
in days. Estimated ages from counts of growth lines on
light micrographs of shells of laboratory-reared larvae
were significantly correlated with actual ages. The
growth lines were formed on a “near daily” basis,
beginning on day 3 or day 4 after fertilization.

The three-dimensional nature of the shells of sea
scallop larvae presents a problem when light micro-
scopy is used to view and photograph the growth lines
This may account for the difference between estimated
and actual ages for some of the specimens (Tables 1



HURLEY et al.: Age Estimation of Sea Scallop Larvae 127

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 um); B, 24-day-old larva with 23
growth lines cultured under the LD 12:12 regime (bar =
19 um).

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 10 and 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
10 8-12 10.3
24 LD 12:12 1 9 24-26 247
2 9 22-27 24.7 0.52
3 10 23-29 25.5
L constant 1 10 23-28 254
2 10 23-27 255 0.14
3 10 22-26 243

TABLE 2. Estimated agesofseascalloplarvae, reared under two light
regimes, on days 10, 18, 24 and 28 after fertilization. (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 22-38 251 ’
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 29-37 321

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 shelis 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 22daysold: A,scanningelectron micrograph (bar=
3.87 um); B, light micrograph (bar= 18 um). (Brackets point to
mark produced by alizarin red, and both micrographs show
8 growth lines after the mark.)

oyster (Crassostrea virginica) larvae but were notinter-
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. Thisimplies 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 or 8 lines 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. Dey and 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 environments 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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