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Abstract

Subannual growth increments in bivalves provide insight into past seasonal seawater conditions at high temporal resolution.
The Antarctic scallop Adamussium colbecki (Smith 1902) accretes putatively fortnightly surficial growth lines (striae) and
interstrial growth increments have the potential to archive sea ice variations. Cycles of paired groups of wide and narrow
striae are sometimes used to determine ontogenetic age in these scallops, but previous quantitative work describing strial
grouping and formation is limited to a few months of juvenile growth. Here, we analyze striae patterns in A. colbecki collected
from two sites on western McMurdo Sound, Antarctica that differ by sea ice duration: Explorers Cove with multi-annual
sea ice and Bay of Sails with annual sea ice. At both sites, visual analysis of striae groups and cycles (using the methods of
previous authors) and wavelet analysis of interstrial increments suggest that striae groups are too variable to age A. colbecki.
Only ~40% of striae groups and cycles conformed to expectations from annual cycles of fortnightly growth increments (~26
striae per cycle). Moreover, only one scallop from each study site displayed consistent periodicity at~ 26 striae throughout
juvenile growth in wavelet analysis. Though striae grouping was inconsistent, analysis of concurrent growth of juvenile scal-
lops from Explorers Cove suggested strong environmental control on interstrial increment size and thus that strial increments
are suitable for further analysis as sea ice proxies. Finally, the multi-annual sea ice site had smaller interstrial growth incre-
ments and less valve wear than the annual sea ice site, indicating overall slower growth and possibly lower metabolic activity.
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Introduction

The Antarctic scallop Adamussium colbecki is a potentially
important high-resolution proxy for seawater conditions in
the Southern Ocean (Lartaud et al. 2010). Though patchy,
the modern distribution of A. colbecki is circum-Antarctic
(Schiaparelli and Linse 2006) and the genus Adamussium
has a fossil record extending back to the Oligocene (Quaglio
et al. 2010). Valves provide a hard substrate for encrust-
ing organisms, thereby increasing local diversity (Berkman
1994; Cummings et al. 2006; Cerrano et al. 2009; Hancock
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et al. 2015) and the living scallops play a vital role in ben-
thic-pelagic nutrient coupling (Stockton 1984; Cattaneo-
Vietti et al. 1997, Chiantore et al. 2000; Norkko et al. 2007).
Furthermore, A. colbecki growth is affected by sea ice dura-
tion at the annual scale (Cronin et al. 2020), thus a more
complete understanding of subannual growth patterns could
make A. colbecki a powerful paleoenvironmental proxy for
sea ice variability.

Adamussium colbecki form striae, small commarginal
growth ridges on valve surfaces. Striae are common to sev-
eral scallop species, and growth increments between adja-
cent striae (interstrial growth increments; ISIs) correspond
with environmental and metabolic conditions (Chauvaud
et al. 1998, 2005; Owen et al. 2002; Aguirre Velarde et al.
2015). Previous work suggests that patterns in ISI on A. col-
becki valves indicate seasonality: Groups of widely spaced
striae (putative faster summer growth) alternate with groups
of narrowly spaced striae (putative slower winter growth)
throughout ontogeny (Stockton 1984; Berkman 1990; Lar-
taud et al. 2010). Adjacent wide and narrow groups are
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thought to be yearly cycles (hereafter, striae cycles) and
are used to ontogenetically age A. colbecki (Stockton 1984;
Berkman 1990). The striae cycles contain ~28 (+2) striae
(Lartaud et al. 2010). Moreover, mark-recapture evidence
suggests that striae in A. colbecki form fortnightly and co-
incident with spring tides (Lartaud et al. 2010). If striae form
approximately fortnightly and if the ISIs between adjacent
striae vary seasonally, striae on A. colbecki valves could pro-
vide unparalleled temporal resolution for Antarctic paleoen-
vironmental investigations.

Fortnightly periodicity in striae formation may be unique
among scallops. Daily periodicity is suggested for several
species (Antoine 1978; Broom and Mason 1978; Helm and
Malouf 1983; Chauvaud et al. 1998), although two-day
periodicity is also recorded (Thébault et al. 2006). Though
studies that establish the timing of striae formation usually
only examine a truncated portion of juvenile growth (John-
son et al. 2000; Lartaud et al. 2010; Aguirre Velarde et al.
2015), the timing of striae formation can change throughout
the year (Broom and Mason 1978; Gruffydd 1981; Joll 1988;
Owen et al. 2002) or throughout ontogeny (Antoine 1978;
Berkman et al. 2004).

Timing of striae formation and the number of striae in
striae cycles remains poorly understood in A. colbecki except
for a portion of juvenile growth during summer (Lartaud
et al. 2010) and in late adulthood, where striae formation
appears to be infrequent and irregular (Berkman et al. 2004).
Despite irregularities, ISIs can still be used as a high-reso-
lution sclerochronological tool when striae are well under-
stood for a particular species (Chauvaud et al. 2005).

Our study tests whether striae on A. colbecki have consist-
ent periodicity throughout juvenile growth (<50 mm; Cat-
taneo-Vietti et al. 1997) and whether sea ice duration affects
striae formation in this ecosystem engineer at two sites that
have similar environmental conditions except that they differ
in sea ice duration. We analyzed two aspects of striae growth
patterns to determine if they are consistent with fortnightly
formation. First, we determined the number of striae per
summer and winter group as well as the yearly cycle among
individuals. Second, we examined the periodicity in ISIs. We
then assessed the similarity in ISI patterns among concur-
rent growth in juveniles to parse out whether ISI primarily
reflects endogenous or environmental controls. Finally, we
examined if sea ice duration affects striae formation.

Methods
Study sites and sample collection
Scallops were collected from two sites in western McMurdo

Sound, Ross Sea, Antarctica: Explorers Cove (EC) and Bay
of Sails (BOS) share similar, topography, currents, and water
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temperature, but EC has fine silty sands with a modal grain
size of 125-300 um and BOS has coarser sediment with
very fine sands and a modal grain size of 63—125 um; cru-
cially, sea ice melts annually at BOS and persists for multi-
ple years at EC (Fig. 1; Bernhard 1987; Barry and Dayton
1988; Bowser and Bernhard 1993; Thrush et al. 2010; Rad-
ford et al. 2014; Hancock et al. 2015). In 2008, 11 adult
(> 70-mm shell height) scallops were collected live from
EC and seven adult scallops were collected live from BOS
(> 70-mm shell height). An additional five juveniles (four
juveniles < 20-mm shell height; one juvenile < 50-mm shell
height) were collected live after a recruitment event in 2016.
Their contemporaneous growth can be compared to evaluate
whether ISIs are predominantly controlled by the environ-
ment or individual biology during summer juvenile growth,
when striae formation timing is known (~ fortnightly; Lar-
taud et al. 2010).

Valves are predominantly calcite, but layers of aragonite
are present in some valve areas, notably near the myostra-
cum (Barrera et al. 1990; A. Pérez-Huerta pers. comm.).
Based on studies of gonad development, A. colbecki reach
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Fig.1 Study Sites of Explorers Cove (EC) and Bay of Sails
(BOS), western McMurdo Sound, Antarctica. EC (77°34.259'S,
163°30.699'E) is a marine embayment in New Harbor~25 km south
of BOS (77°21.911'S, 163°32.594'E). At BOS, sea ice melts annually,
whereas sea ice at EC persists for multiple years
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sexual maturity at 50-60 mm valve height (Cattaneo-Vietti
et al. 1997). For this study, we defined juvenile growth
conservatively, and ended our measurements at 50 mm
valve height on the adult valves from EC and BOS. All
valves collected in 2016 had < 50 mm valve height and are
considered to be in juvenile growth.

Striae digitization

Only right (lower) valves were analyzed for this study.
Right valves are less convex than left valves in A. colbecki
which minimized distortion in digital measurement of pho-
tographs. Valves with the least amount of wear were used
because lower valves are susceptible to wear from abrasion
that can destroy striae. Only the juvenile portion of shell
growth—between the umbo and 50-mm shell height (after
Cattaneo-Vietti et al. 1997)—was analyzed on the adult
scallops (Fig. 2). For the juveniles collected from EC in
2016, the entire right valve was analyzed.

Valves were digitally photographed under 25X magni-
fication and the photos were stitched to create a continu-
ous profile along the central growth axis. All subsequent
data were collected from the photos. Each discernable stria
was identified and the distance between adjacent striae
(ISIs) was measured using Object] in FIJI (Schindelin
et al. 2012).

Fig.2 Striae measurements. Striae on adult Adamussium colbecki
valves from EC and BOS were counted and measured from the umbo
to 50-mm shell height along the central axis, a conservative estimate
of juvenile growth. Black line indicates 50 mm from the umbo

Striae group analysis

Groups of widely spaced or narrowly spaced striaec were
identified on each valve and adjacent wide and narrow
groups were classified as yearly striae cycles (after Stock-
ton 1984). Identified groups reflected meaningful differences
in interstrial increment size, the mean ISI of each group
was calculated and compared to the mean of each adjacent
group using Student’s ¢ tests. Differences between ISI of all
striae between BOS and EC were evaluated using means
and 95% confidence intervals generated from bootstrap resa-
mpling. The number of striae within each wide or narrow
striae group and within each yearly cycle were counted. The
median number of striae per wide group, narrow group, and
yearly cycle was evaluated using the maximum likelihood
estimator of the Poisson rate parameter and their 95% con-
fidence intervals. The median number of striae per striae
group and cycle were compared between EC and BOS to
assess the possible influence of sea ice duration on striae
grouping. All statistical analyses were performed in R Sta-
tistical Software (R Core Team 2017).

Despite selecting for unworn valves, portions of some
lower valves were abraded such that striae were obscured or
absent along portions of the central axis. In these cases, the
obscured section of the central axis was measured and the
total obscured portion for each valve was calculated:

Total abraded valve height
50 mm

= Worn fraction

Differences between valves from BOS and EC in worn
fraction were evaluated using means and 95% confidence
intervals generated from bootstrap resampling. The worn
portion of each valve is used here as a potential proxy for
metabolic activity: higher worn fraction is assumed to indi-
cate more valve movement against the sediment, whereas
lower worn fraction is assumed to indicate more sedentary
scallops.

Time series analysis of interstrial growth increments

Visual assignment of striae to wide or narrow groups and
the identification of widening and narrowing patterns are
somewhat subjective. We therefore used time series analysis
to uncover patterns in ISIs that could be overlooked even
by a careful observer. The time series analysis was used
to assess the periodicity of ISI for consistency with yearly
striae cycles based on fortnightly-forming striae. For this
time series, we used wavelet analysis, which allows evalu-
ation of important frequencies through time and accom-
modates non-stationary time series (Torrence and Compo
1988). Wavelet analysis permits assessment of any changes
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in periodic behavior of interstrial increments throughout
juvenile ontogeny. One continuous sequence of striae was
analyzed for each valve: from the first visible striae after the
umbo to either 50 mm valve height or to the first portion of
the valve obscured by wear (including all identifiable striae
grouped and ungrouped). Each adult valve had a continu-
ous sequence of at least 48 striae. Wavelet analysis was per-
formed using the R package WaveletCompl.1 (Roesch and
Schmidbauer 2018).

Comparison of interstrial growth increments on EC
juveniles

Striae increment measurements from the five 2016 EC juve-
niles were compared to each other to evaluate the suitabil-
ity of striae measurements for environmental analysis. The
adult valves cannot be compared to one another in this way
because their juvenile portions grew during different years.
Thus, a direct comparison of ISI sequences is only possible
with the 2016 juveniles, which grew concurrently. Similar
striae patterns among several individuals over a concurrent
growth period provides evidence of an external or environ-
mental control on ISI, making striae suitable for seasonal or
environmental analysis. In contrast, different patterns in ISI
among several individuals from the same location over the
same time period suggests strong endogenous or biological
control, making ISI unsuitable for environmental analysis.

Fig.3 Grouped and ungrouped
striae. a Grouped striae. Wide
striae groups are marked by
white lines, narrow striae
groups are marked by black
lines. The alternating pattern of
wide and narrow striae groups
was evident on all valves. Pho-
tograph from Explorers Cove
Valve 6. b Ungrouped striae.
On some portions of five valves
from EC and three valves from
BOS, no grouping of wide or
narrow striae could be identi-
fied. Photograph from Explorers
Cove Valve 7
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Results
Striae as age indicators
Striae groups and cycles

Alternating groups of wide and narrow striae (striae cycles)
were obvious on all valves from both sites (Fig. 3a). Moreo-
ver, the groups that we visually defined were statistically
distinct from one another and represented meaningful dif-
ferences in ISI; 98% of adjacent striae groups had mean ISIs
that were statistically significantly different than means of
adjacent groups (Supplemental Information).

Beginning at the first striae after the umbo, at least two
complete striae cycles were observed on the juvenile portion
of all adult valves at both sites, but on some valves, some
striae were either not in recognizable groups (ungrouped
striae) or were affected by valve wear. Approximately 40%
of the valves from both sites (EC: 45%: 5/11; BOS 42%: 3/7
valves) contained striae that could not be visually assigned
to wide or narrow groups. Ungrouped striae had sequences
of striae that did not meet the minimum requirements of
three widely spaced or narrowly spaced striae per group, but
instead alternated between 1-3 wide striae followed by 1-3
narrow striae without ever forming a visually identifiable
group (Fig. 3b). The ISIs of ungrouped striae were meas-
ured and they were included in time series analyses but were
excluded from analyses of striae groups and cycles.

In total, 143 striae groups and 62 striae cycles were iden-
tified across the juvenile portion of 11 EC valves, and 58
striae groups and 27 striae cycles were identified across the
juvenile portion of all seven BOS valves. EC and BOS had
similar median numbers of striae in each group (EC: 12.6
striae; BOS: 13.6 striae; Fig. 4a) and cycle (EC: 25.7 striae;
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Fig.4 Striae per group and cycle. a Median, 95% CI, and range of
striae per group at EC, BOS, and both sites pooled. b Median, 95%
CI, and range of striae per striae cycle at EC, BOS, and both sites

BOS: 28.5 striae; Fig. 4b) but overlapping confidence inter-
vals suggest that differences between the sites are not statisti-
cally significant. For both sites, the median number of striae
per group and striae per cycle were close to our expectations
for striae that accrete fortnightly in a yearly cycle of wide
and narrow ISIs (~ 13 striae per group and ~ 26 striae per
cycle) and comparable to previous visual findings (~28 +2
striae per cycle; Lartaud et al. 2010).

In contrast, the number of striae in any single group or
cycle was quite variable. The range of striae per group is
large at both sites (3—38 striae), as is the range of striae per
yearly cycle (EC: 9-64 striae; BOS: 11-60 striae). More
striae groups and cycles deviate from the expected values
than conform to them. Only 37% (75/201) of striae groups
from both sites had 10-16 striae, while 39% (39/89) of the
striae cycles had 20-32 striae. These results indicate that
a majority (>60%) of individual striae groups and striae
cycles are inconsistent with fortnightly striae formation in
a yearly cycle.

Time series analysis of interstrial growth increments

If striae form fortnightly throughout juvenile growth and if
the increments between them vary seasonally, sequences of
interstrial increments should conform to two expectations in
wavelet analysis. First, there should be a statistically signifi-
cant period (different from background noise) at around 26
striae, indicating a repeating pattern in interstrial increments
every 26 striae (one year of fortnights). Second, the periodic
behavior should remain consistent and near 26 throughout
juvenile ontogeny without much change over time. Of the
11 adult valves from EC and seven from BOS, only one

60

401

Number of Striae Per Cycle

20

Explorers Cove Bay of Sails Both sites

pooled. Medians are marked by black points. 95% CIs spanned by
dark gray brackets. Ranges spanned by light gray bars

valve from each site met both expectations, with consist-
ent, significant periodicity near 26 striae throughout juvenile
ontogeny (EC valve #4 and BOS valve #7; Figs. 5, 6). The
remaining valves either had significant, but short-lived peri-
ods near 26 striae (i.e., EC valves #2 and #11; BOS valve
#4), periods that rose or fell by 4—13 striae through juvenile
growth (i.e., EC valves #1, #5, #6, and #7; BOS valves #1, #2
and #5), or periods that persisted through ontogeny (varied
by <2 striae) but were not near 26 striae (i.e., ~40 striae in
EC valve #2,~50 striae in EC valve #3, 21 striae in EC valve
#9, and 31 striae in BOS valve #6).

Striae as environmental information

Comparison of interstrial growth increments on EC 2016
juveniles

Four of the juveniles collected in 2016 had only one full
striae cycle (containing both a wide and narrow group of
striae). The two remaining valves had ~ 1.5 and 3 striae
cycles. The portions of valves that represent concurrent
growth had very similar patterns in ISI, regardless of the
total number of striae cycles present on each valve (Fig. 7),
suggesting that ISI is primarily controlled by exogenous
(environmental) factors, rather than endogenous (individual
biological) factors.

Striae groups and cycles under annual and multi-annual
seaice

ISI and valve wear differed under annual and multi-annual
sea ice. The mean ISI of all measured striae was larger at
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Valve #1

Fig.5 Explorers Cove wavelet

Valve #2

results. Blue lines demarcate
ridges of strongest periodic-
ity. Areas bounded by white
lines indicate periodicity that
is different from white noise at
95% confidence. Among EC
valves, only EC valve # 4 has a
period of 24 striae throughout
juvenile growth. Other valves
(e.g., EC valves #1, 2, 3, 5, 10,
11) display intermittent periods

period (striae)

near 26 striae or periods that
change over juvenile growth
(e.g., EC valves #6, 7, 8). Some
valves have strong periodicity
that persists throughout juvenile
growth, but the period is not
near 26 (e.g., EC valves #9, 11)

period (striae)

period (striae)

100 . ;50
Valve #10
<3

period (striae)

striae count from umbo

BOS than at EC (mean EC 0.22 mm, CI 0.22-0.23 mm;
mean BOS 0.26 mm, CI 0.25-0.27). ISI range was also
wider at BOS than at EC (EC 0.026-0.70 mm; BOS
0.006-1.15 mm. More BOS valves were abraded such that
striae could not be discerned compared to EC valves (EC
4/11 valves; BOS 5/7 valves). Similarly, of the valves that
were worn, BOS valves had a higher mean worn fraction
than EC valves (EC 0.06, CI 0.03-0.09; BOS 0.29, CI
0.13-0.50).

Despite differences in mean ISI, both sites had approxi-
mately equal numbers of striae in their wide groups as in
their narrow groups. At EC, narrow striae groups contained
12.2 striae (CI 11.4-13.0 striae) and wide groups contained
12.9 striae (CI 12.1-13.7 striae). At BOS, narrow striae
groups contained 13.2 striae (CI 11.9-14.6 striae) and wide
striae groups contained 13.9 striae (CI 12.6-15.3 striae).
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Discussion
Striae groups and cycles as age indicators

If analyses of striae are restricted to means and medians,
then striae groups and cycles appear to match expectations
consistent with yearly striae cycles and fortnightly forma-
tion. For instance, alternating groups of wide and narrow
striae were apparent on all A. colbecki valves, consistent
with descriptions from previous work (Stockton 1984; Berk-
man 1990; Lartaud et al. 2010). Additionally, the median
number of striae per group and cycle (EC 12.6 striae; BOS
13.6 striae) are roughly equivalent to values expected if
striae form fortnightly and in yearly striae cycles (after Lar-
taud et al. 2010). Nonetheless, when individual valves are
examined, the large variation and inconsistency in number
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Valve #1

Fig.6 Bay of sails wavelet

Valve #2 Valve #3

results. Blue lines demarcate
ridges of strongest periodicity.
Areas bounded by white lines
indicate periodicity that is dif-
ferent from white noise at 95%
confidence. Among BOS valves,
only BOS valve # 7 has a period
of 26 striae throughout juvenile
growth. Other valves (e.g., BOS
valves #1, 4) display intermit-
tent periods near 26 striae or

period (striae)
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Valve #4
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periods that change over juve-
nile growth (e.g., BOS valves
#1, 2, 3, 5, 6). One valve has
strong periodicity that persists
throughout juvenile growth, but
the period is not near 26 (BOS
valves #4)
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of striae in any individual group or cycle, combined with
the occurrence of ungrouped striae on several valves, sug-
gests that visual analysis of striae groups and cycles is an
unreliable method for ontogenetic age determination of A.
colbecki shells.

The number of striae in any single group or cycle ranges
from fewer than half the number expected to more than dou-
ble. Fewer than 40% of striae groups or cycles conformed
to expectations based on fortnightly formation or data from
previous authors (Lartaud et al. 2010). This result highlights

50 100

Number of Striae from Margin

the importance of expanding analyses of subannual growth
increments to include and report data from both more indi-
viduals and longer periods of shell growth.

Wavelet analysis of ISI on individual valves reinforces the
inconsistencies observed in visual analysis of striae group-
ing. Only two valves, one each from EC and BOS, had “per-
fect” or near-perfect cycles of ~26 striae throughout juve-
nile growth. More commonly, valves displayed either cycles
that repeated at higher periods than expected (~ 32+ striae)
or at periods that change throughout juvenile growth (up
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to 13 striae), and sometimes both (Figs. 4, 5). Because of
high inter- and intra-individual variability, most valves do
not conform to previous expectations of striae grouping or
periodicity and is further evidence striae groups should not
be used to age A. colbecki.

A potential explanation for the coincidence of striae for-
mation with spring tides at Dumont D’ Urville (Lartaud et al.
2010) and the apparent irregularity of striae formation at EC
and BOS is the tidal regime in the Ross Sea. In contrast to
the mixed diurnal/semidiurnal tides that occur at Dumont
D’Urville (Lartaud et al. 2010), the Ross Sea has diurnal
declinational tides governed by the moon’s transit of the
equator with a period of 13.66 days (Goring and Pyne 2003).
Goring and Pyne (2003) suggested that tidally influenced
biological rhythms may conform to~13.66 day periodic-
ity rather than the more common ~ 14.77 day periodicity
expected in a lunar fortnight (Tran et al. 2011). Possible
links between striae formation and tidal patterns at EC, BOS,
and other Ross Sea sites merits further exploration.

For our study, we assumed that striae form fortnightly
during juvenile growth (after Lartaud et al. 2010). Indeed,
the wavelet analysis is predicated upon that assumption.
The results of our study did not support this except for one
shell from each site, but neither can our study, as designed,
refute fortnightly formation. We recommend two things if
age-studies are to be done with A. colbecki: first, that mark-
recapture studies include individuals of diverse ages and size
classes and second, that striae groups should not be used to
age A. colbecki, although it is tempting to attribute this pat-
tern to yearly seasonal cycles.

Striae as environmental indicators

Despite recommending against striae groups and cycles to
age A. colbecki, interstrial increments (ISIs) may archive
useful environmental information. Extremely similar pat-
terns in IST during concurrent growth of the juveniles col-
lected from EC in 2016 suggest a strong exogenous (envi-
ronmental) control on increment size and several differences
between ISI in BOS and EC may provide evidence of past
sea ice duration in fossil and subfossil valves.

First, the mean ISI at the annual site, BOS, was 15-18%
higher than at EC, the multi-annual sea ice site. Annual
growth increments also indicate that scallops from BOS
grow faster than scallops from EC (Cronin et al. 2020).
Growth rates of A. colbecki may therefore be a method to
differentiate between sea ice duration around Antarctica, like
growth rates of Clinocardium ciliatum in the Arctic (Sejr
et al. 2009).

Additionally, both the number of abraded valves and
the worn fraction on abraded valves were higher at BOS
than EC. Though abrasion has the effect of erasing useful
striae data, we speculate that it also provides environmental
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evidence: silt in the EC sediment may reduce valve abrasion
compared to BOS. In contrast, the worn fraction of striae
may be evidence of sea ice duration that is preserved on fos-
sil and subfossil valves if more valve abrasion is connected
to overall higher metabolic activity and valve movement at
the annual sea ice site. This is corroborated by faster growth
(larger ISI) at BOS but must be confirmed by behavioral
studies and evidence from other A. colbecki populations.

Finally, the median number of striae in narrow versus
wide groups were similar at both EC and BOS. While indi-
vidual groups varied widely, median striae per narrow or
wide group ranged from~ 11 to 14. The similar number
of striae in wide and narrow groups suggest that A. col-
becki growth may slow, but not stop entirely, during juve-
nile growth under both annual and multi-annual sea ice. In
contrast, temperate scallops decrease the number of striae
formed as their growth slows or stops (e.g., Helm and
Malouf, 1983; Owen et al. 2002; Chauvaud et al. 2005),
resulting in unequal numbers of striae accreted during win-
ter growth compared to summer growth (Owen et al. 2002).
Continuous growth in juvenile A. colbecki is corroborated
by lack of obvious growth disruptions on the juvenile growth
portion of the valves used in this study (pers. obs.) and by
previous analysis of juvenile valves (Lartaud et al. 2010).

If striae grouping is too inconsistent to reliably identify
yearly striae cycles, but ISIs are governed by environmental
factors, what environmental factors control the growth incre-
ments? In temperate scallops, ISIs are correlated with tem-
perature (Chauvaud et al. 2005) and possible seawater pres-
sure (Thébault et al. 2006). Growth rates more generally are
correlated with both temperature and nutrients (Macdonald
and Thompson 1988; Pilditch 1999; Laing 2000; Kirby and
Miller 2005). We suggest further in situ growth experiments
monitoring seawater conditions and analysis of A. colbecki
shell chemistry to understand the dominant factors control-
ling ISI in A. colbecki.

Conclusions

Striae groups are too variable to be used as reliable age
markers in A. colbecki. Inter- and intra-individual variation
in the number of striae per group and cycle was unaccept-
ably high in visual analysis of striae groups. Moreover, time
series analysis of interstrial growth increments revealed that
most valves do not maintain periodicity consistent with ~26
striae in yearly striae cycles throughout juvenile growth. For
this and other species, it is vital to report data from multiple
valves over longer time periods when characterizing sub-
annual growth increments.

Similarity in interstrial increments (ISI) throughout the
concurrent growth of five juveniles suggest strong envi-
ronmental control over ISI, and therefore these increments
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may contain useful environmental information. For instance,
larger mean growth increments and may indicate growth
under annual, rather than multi-annual sea ice.

We recommend that striae groups and cycles not be used
to determine age in A. colbecki, but that strial increments
should be explored as archives of environmental information
such as differences in sea ice persistence.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00300-021-02830-7.
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