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Insights Into Temporal Patterns of Late Season Spawning 
and Other Biological Parameters in Bay Scallop Populations 

Over a 30-year Period

Stephen T. Tettelbach1,*, Dennis M. Bonal2, Harrison Tobi1, Stephen Tomasetti3, 
and Raymond Czaja Jr.4

Abstract - Information on life-history strategies and seasonal patterns of reproduction is 
essential to management of wild fisheries. In this study, we documented temporal trends 
in shell metrics (total shell height, height of the single annual growth ring, shell growth 
after the first winter) and other biological parameters (adductor muscle weight, incidence 
of parasitic pea crabs, percentage of scallops that were reproductively mature) for adult 
(1+ yr) Argopecten irradians irradians (Bay Scallop) harvested in the Peconic Bays, NY, 
over a 30-year period. Of 10,620 scallops examined, <1% were 2+ years of age. For scal-
lops 1+ yr of age, the product of fall spawns the prior year, 21.4% had annual growth rings 
≤20 mm. These fall-spawned scallops are of particular interest because they may survive 
to spawn in a second year; extended reproduction of a given year class beyond the usual 1 
year may serve to buffer dramatic annual fluctuations in recruitment. Temporal trends in 
the prevalence of fall-spawned adults were not correlated with mean water temperatures or 
their degree of change during the prior year. The relationship between scallop shell growth 
after the first winter versus annual growth-ring size was inverse and highly significant, con-
firming prior work that demonstrated compensatory growth in this species. Average scallop 
meat weight increased during 2 time periods with different opening dates for the harvest 
season (1990–2004, 2005–2019), perhaps due to rising temperatures. There were no obvi-
ous trends in the prevalence of Tumidotheres maculatus (Squatter Pea Crab) throughout the 
time series despite the observed increase in average water temperature. Reasons for spatial 
and temporal variability in prevalence of fall-spawned scallops (0–100%) are not yet clear, 
but further study is warranted given their importance to the sustainability and growth of 
Bay Scallop populations. 

Introduction

 Basic biological information on life-history strategies, including survivorship 
curves, growth rates, and age/size at first reproduction, is critically important for 
management of wild fisheries (Jennings et al. 2001). Knowledge of seasonal pat-
terns of reproduction is similarly valuable and often incorporated into management 
strategies for finfish and shellfish species in the form of seasonal closures and/or 
minimum size at first capture (King 2007). As the world’s oceans continue to warm 
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and fishing effort intensifies, changes in life-history parameters (including earlier 
age at first reproduction and reduced fecundity) have been observed in many spe-
cies (Byrne and Lamare 2024, Heino et al. 2015, Trippel 1995, Wang et al. 2020) so 
it is important to revisit fundamental biological data, even for well-studied species, 
that may have been obtained decades ago.
 Argopecten irradians (Lamarck) (Bay Scallop), found along the Atlantic and 
Gulf coasts of the US, is a commercially and culturally important species which 
exhibits an unusual life history. Spawning of hermaphroditic adults typically occurs 
around the age of 1 year; these usually live for several more months, only for most 
to die before they are able to spawn again (Belding 1910). Consequently, limits are 
rarely placed on total seasonal harvest of adult Bay Scallops. However, as noted 
by Belding (1910), up to 20% of individuals in some unfished populations of the 
northern subspecies, A. irradians irradians (Lamarck) may survive to spawn in a 
second year. Very rarely, Bay Scallops may live to ages of 3+ or 4+ years (L. Stew-
art [deceased], University of Connecticut, Groton, CT, pers. comm.).
 The majority of northern Bay Scallops that survive to spawn a second time are 
believed to result from late season (fall) spawns (Hall et al. 2015; MacFarlane 1991; 
Tettelbach et al. 1999, 2001). In New York, 0+ yr (juvenile) scallops resulting from 
spring and summer spawns commonly reach sizes of 30–55 mm total shell height 
(SH) by the end of the first growing season (Tettelbach et al. 2001). However, fall-
spawned juveniles in New York (defined as ≤20 mm = “small seed”; Tettelbach et 
al. 2001) and Massachusetts (defined as ≤10 mm = “nubs”; Hall et al. 2015, Kelley 
and Sisson 1981) may only reach 1 mm by this time. Since shell growth of northern 
Bay Scallops typically ceases in December, and does not resume until late April/
early May of the next year, a record of the size at which scallops enter the win-
ter is preserved as a raised annual growth ring (Fig. 1; Belding 1910, Tettelbach 
1986). MacFarlane (1991) and Hall (2014) determined that ~50% and <40% of 
nub adults (those that grew from nub juveniles resulting from spawns the previous 
fall) on Cape Cod and Nantucket, MA, respectively, spawned in their first summer/
fall (at an age of 1+ yr) while the other 50+% did not spawn until a year later (at 
2+ yrs). The latter occurrence thus expands spawning of a given year class from 
the usual 1 year to 2 years and may serve to buffer dramatic annual fluctuations in 
recruitment that are commonly exhibited by Bay Scallop populations (Bishop et 
al. 2005, Geiger et al. 2010) and/or enhance population growth (Hall et al. 2015). 
The phenomenon of fall spawning may be especially important when recruitment 
failures result from events such as harmful algal blooms that occur during the usual 
spring–summer spawning window (Tettelbach et al. 2001).
  The prevalence of fall spawning and frequency of resulting offspring in natural 
populations may vary considerably on temporal as well as spatial scales (Hall et 
al. 2015; Tettelbach et al. 1999, 2001). Tettelbach et al. (2001) found that frequen-
cies of fall-spawned juveniles (≤20 mm) varied from 0% to 9% in suction-dredge 
surveys conducted in the winter of 1990–1991 at 8 sites in the Peconic Bays of 
eastern Long Island, NY. However, in October 1992, at one of the same sampling 
sites, 100% of sampled adults had a very small (2–7 mm) annual growth ring (this 
paper). These scallops were the result of fall spawns during the prior year. 
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 In light of the biological significance of fall spawning in Bay Scallop popula-
tions, the present study was conducted to document the prevalence of small (≤20 
mm) annual growth rings (Tettelbach et al. 2001) in adult (1+ yr) Peconic Bay 
Scallops that were opportunistically harvested during commercial seasons in the 
fall of 1990 to 2019. Additionally, we collected data from the same sets of samples 
on total shell sizes, meat weights, prevalence of reproductively mature individu-
als, incidence of parasitic Tumidotheres maculatus (Say) (Squatter Pea Crab), 
and percentages of scallops with large (≥57 mm) annual growth rings. The latter 
was of interest because of the potential premature harvest of these individuals as 
pre-reproductive juveniles, before the annual growth ring has been laid down. 
Furthermore, we took advantage of this long time series of samples to examine tem-
poral changes in many of the above parameters in the context of rising nearshore 
water temperatures (Pales Espinosa et al. 2023, Tomasetti et al. 2023). 

Field-site Description

 The Peconic Bays, bounded by the North and South Forks of eastern Long 
Island, NY (Fig. 2), encompass some 100 separate bays, creeks and harbors to-
taling ~1165 square km of open water (Peconic Estuary Partnership 2025). The 

Figure 1. Top: Annual growth rings 
on shell valves of 1+ yr (adult) 
northern Argopecten irradians 
irradians (Bay Scallop). Yellow 
and red circles represent 41- and 
18-mm annual growth rings, which 
resulted from spawns in summer 
and fall, respectively, of the prior 
year. Middle: Adult Bay Scallop 
with 4-mm annual growth ring (red 
dot). Bottom: Juvenile (0+ yr) Bay 
Scallop with growth checks (blue 
dots) that resulted from temporary 
disturbances, which are almost al-
ways less pronounced than annual 
growth rings. Photographs © S.T. 
Tettelbach.
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western end of the estuary receives a moderate influx of freshwater from the 
Peconic River, but salinities throughout the great majority of the Peconic Bays 
are consistently high enough (>25) to support significant Bay Scallop populations 
(Tettelbach and Wenczel 1993). Much of the western and central Peconic Bays is 
less than 6 m deep, with mud bottoms in the deeper central basins and more sandy 
substrates in shallower areas. Zostera marina L. (Eelgrass) may be found along 
the margins, mostly in the eastern bays now, but various species of macroalgae 
are found throughout (Tettelbach et al. 2025). Historically, the Peconic system has 
supported rich populations of fish and shellfish, including Bay Scallops (Peconic 
Estuary Partnership 2025).

Methods

Scallop collections
 We opportunistically collected Bay Scallops that we examined in the present 
study from 18 different areas (Fig. 2, Appendix 1), via SCUBA diving (mostly), 
free diving, or dredging, during the first 2 months of the commercial harvest season 
in fall of 1990–2019. The timing of collections coincided with higher scallop avail-
ability (i.e., before they were fished out) and more tolerable water temperatures 
for wetsuit diving. We collected only Bay Scallops legal to harvest (adults with a 
defined annual growth ring and ≥57 mm SH), but all that met these criteria were har-
vested (i.e., we did not select for only the largest scallops seen). From 1990 to 2004, 
the Bay Scallop season extended from the first Monday in October to 31 March of 
the next year. Beginning in 2005, the start of the harvest season was moved back to 
the first Monday in November, largely on the basis of our observations of significant 
numbers of reproductively mature (ripe) scallops in October and even November 
(Tettelbach et al. 1999). 

Figure 2. Sampling sites (*) in the Peconic Bays of eastern Long Island, NY. 
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 We harvested at sites that we chose on the basis of known scallop concentrations 
and/or where it was difficult for commercial dredge boats to work (e.g., in areas with 
very dense cover of Crepidula fornicata (L.) [Common Atlantic Slippernail]). We 
sometimes made collections multiple times within a given scallop season at sites that 
were particularly productive (Appendix 1). We thus define a sample as all Bay Scal-
lops collected from a given site on a particular date. However, we otherwise revisited 
some areas to ensure we had a series of collections at specific sites over multiple 
years. Our last collection was made in 2019, as Peconic Bay Scallop populations/
fisheries crashed that year (Tettelbach et al. 2023, Tomasetti et al. 2023). 
 On the day of each harvest, we opened scallops by hand and recorded data on 
wet meat weight (number of meats/kg, as measured on a postal scale, and later con-
verted to average meat weight for the given number of kilograms of scallop meats 
obtained in that sample), prevalence of visibly ripe individuals (as reflected by a 
bright orange ovarian portion of the gonad; Barber and Blake 2016), and incidence 
of large (≥10 mm) Squatter Pea Crabs (Bologna and Heck 2000, Kruczynski 1972). 
We set aside scallop shells for subsequent bleaching and measurement and then 
stored them dry. We usually measured total SH and annual growth ring height (RH) 
to the nearest mm, but sometimes to the nearest 0.1 mm; these metrics represent 
the tangential distance from the umbo to the ventral shell margin or annual growth-
ring margin, respectively. Annual growth rings, which result from a stoppage of 
shell growth from December to late April/early May and may be accompanied by a 
change in shell color, are almost always stronger (thicker, more raised) than growth 
checks that result from a temporary disturbance such as a predatory attack or other 
mechanical disturbance (Fig. 1; S.T. Tettelbach, pers. observ.).

Statistical analyses 
 We did not determine all metrics for all Bay Scallops sampled over the 30-yr 
period; thus, the number of individuals examined usually varied for each of the 
different metrics (Table 1, Appendix 1). We only conducted statistical analyses 
on those collections of 1+ yr-old scallops where n ≥ 20 at a given site on a given 
date and calculated metrics from means of samples, unweighted by sample size. 
For total SH, we considered only Bay Scallops harvested during the first week of 
the commercial scallop season (early October for 1990–2004, early November for 
2005–2019) so as to permit the most meaningful comparisons, since 1+ yr scal-
lops will add shell growth in the fall, into December (Belding 1910, Bricelj et al. 
1987b, Tettelbach 1986). We examined data on RH for Bay Scallops collected from 
October to December, as RH does not change once it has been laid down at the end 
of winter. We also examined data on meat weight, percentage of scallops with ripe 
gonads, and Squatter Pea Crab incidence for Bay Scallops collected from October 
to December because we were interested in examining how these parameters might 
change over time. We checked temporal autocorrelation, for all analyses in which 
temporal effectswere examined, by plotting the sample autocorrelation of the re-
siduals across time lags. In only 1 instance (growth after 1st winter as a function of 
RH), was significant temporal autocorrelation detected (lag of 1 year). So we added 
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a global first-order autoregressive (AR[1]) temporal correlation parameter to the 
model for that analysis. 
 We used density ridge plots from the ‘ggridges’ R package (ver. 0.5.7: Wilke 
2025) to visualize size distributions for SH and RH, by location and year. This data 
visualization approach was specifically designed to display distribution changes 
through time and space, particularly when many comparisons are needed, as tra-
ditional histograms produce cluttered figures when there are many comparisons 
(Wilke 2025). For creation of our ridge plots, we grouped together respective SH 
and RH data from all locations for given years, while data for all years were con-
sidered together for respective sites. 
 We used a mixed linear regression to examine growth after the first winter (SH 
minus RH) as a function of RH (fixed factor). We treated site and year as random 
factors to account for nonindependence of scallops that came from the same site and 
year. Plotting the sample autocorrelation of the residuals across time lags showed a 
strong time lag at 1 year. Therefore, we included an AR(1) parameter across years. 
Though, we note that outcomes did not differ between models that included and 
excluded the AR1 parameter.
 We examined temporal changes in average meat weight of harvested scallops 
versus (a) year and (b) days after September 30 via mixed multiple linear regres-
sion, with year and days after September 30 as fixed factors and site as a random 
factor. Due to the change to a later start date for the harvest season in 2005, we 
conducted analyses separately for the two 15-year periods. Sites considered in 
the analyses were those where ≥3 samples were taken within a given time period: 
1990–2004 (East Marion, Hallock Bay, Hog Neck Bay, Noyack Bay, Northwest 
Harbor, North Orient Harbor, and off Shelter Island), and 2005–2019 (Hog Neck 
Bay, Noyack Bay, and Southold Bay).

Table 1. Metrics for 1+ yr old Peconic Bay Scallops collected during fall, 1990–2019. Annual growth 
ring, average meat weight, % with ripe ovary and Squatter Pea Crab incidence data from samples col-
lected October–December. For total shell height, only scallops harvested during the first week of the 
commercial scallop season were considered, where opening dates * and † = first Monday of October 
(1990–2004) and November (2005–2019), respectively. Sample size min–max = 22–536.

	 Sample	 Grand	 Grand		  Total # 	 Total # 
	 min–max	 median	 mean	 SE	 of samples	 of scallops

Annual growth ring ht						    
  Avg ring ht (mm)	 3.9–49.5	 35.4	 34.4	 1.47	 52	 8539
  % with small ring (≤20 mm)	 0.0–100.0	 11.2	 21.4	 3.41	 52	 8515
  % with large ring (≥57 mm)	 0.0–28.0	 0.0	 2.3	 0.66	 52	 8515

Avg total shell ht (mm) - Oct*	 59.3–69.3	 64.4	 64.4	 0.50	 21	 4305
Avg total shell ht (mm) - Nov†	 66.4–75.0	 69.4	 69.6	 0.68	 14	 2672

Avg meat wt (#/kg) - Oct	 103.6–147.7	 114.7	 118.6	 3.10	 17	 3801
Avg meat wt (#/kg) - Nov	 77.2–149.9	 99.2	 100.3	 2.80	 27	 5538

% w/ripe gonad - Oct	 0.0–15.0	 1.3	 3.1	 1.03	 17	 3385
% w/ripe gonad - Nov	 0.0–18.8	 2.5	 4.1	 0.79	 21	 4615

% w/female pea crabs 	 0.0–29.0	 2.1	 3.5	 0.75	 55	 10,620
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 We plotted the average annual incidence of female Squatter Pea Crabs in 
harvested Bay Scallops but performed no formal analysis of temporal trends as 
(a) preliminary data inspection revealed no clear patterns and (b) the data struggled 
to meet the requirements of generalized linear models and their variants. The data 
did not contain normally distributed errors, and variance was not consistent through 
the dependent variable (year). Using different links and distributions did not drasti-
cally improve these violations.
 We examined relationships focusing on the frequency of ripe individuals (see 
above) via 2 analyses. We used a mixed beta regression with a log link (due to 
proportion data) to predict the proportion of ripe Bay Scallops at individual sites 
in a given year as a function of the number of days (on the date of sampling) past 
September 30 and another beta regression to predict the mean proportion of 1+ yr 
scallops with small (≤20 mm) annual growth rings in year x + 1 as a function of the 
mean proportion of ripe 1+ yr scallops across all sites in year x. Plotting the sample 
autocorrelation of the residuals across time lags, for both regressions, showed only 
weak time lags. Therefore, an AR1 parameter was not added. 
  Finally, we conducted a series of linear regression analyses to examine the effect 
of water temperature (ºC) in year x on the frequency of adult Bay Scallops with 
small annual growth rings in the fall of year x + 1. Water temperature data represent 
NOAA daily blended optimum interpolation SST product (DOISST version 2.1) 
values (Huang et al. 2021), where the data product blends satellite-based observa-
tions with in situ observations from ships, buoys, and floats. We corrected these 
temperature values, obtained from the nearest coastal grid cell to Orient Harbor 
(Block Island Sound), using simple linear relationships established with 11 years 
of daily USGS data for Orient Harbor (USGS-01304200; <https://waterdata.usgs.
gov>) for each season (Tomasetti et al., 2023). The Block Island grid cell edge was 
24.65 km from the monitoring station in Orient Harbor. We believe this provided 
the best available estimation of actual daily mean temperature in Orient Harbor, 
going back to 1982; in turn, we used these data as a proxy for all of the Peconic 
Bays from which we harvested Bay Scallops for this study. From this data set, we 
considered the following temperature metrics for the linear regressions: (a) aver-
age daily temperature (Avg Daily T) for various time periods within a given year 
(entire year, 1 January–start of harvest, 1 August–start of harvest), (b) maximum 
temperature change (Max Daily ∆T) observed during a given month (for Septem-
ber, October, and November), and (c) the number of days during the same months 
where ∆T was greater than its average for 1989–2021 (∆T days). We analyzed Avg 
Daily T for different periods and ∆T trends due to their potential importance as cues 
for spawning induction (Barber and Blake 2016). 
 All analyses were conducted using R Statistical Software (v. 4.3.0; www.r-
project.org) and all plots were created using the ‘ggplot2’ R package (v. 3.5.1; 
Wickham 2016, Wickham et al. 2025), unless previously stated. We conducted all 
analyses using base packages other than beta regressions, which we conducted us-
ing the ‘mgcv’ R package (v. 1.9.1; Marra and Wood 2011). We assessed residuals 
of all regression analyses using the ‘DHARMa’ R package (v. 0.4.7; Hartig 2016) 
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to confirm a relatively uneven distribution of residuals between 0 and 1 and that the 
Q–Q plot had overall residuals along the 1:1 line.

Results

 A total of 15,701 Bay Scallops was collected from 18 sites, on 87 different days, 
over the 30-year period; sample sizes varied from 22 to 536 scallops (Table 1, Ap-
pendix 1). The great majority of those examined were 1+ yr olds. Just a few 2+ 
yr olds were noted (in 4 of the 87 samples; Appendix 1). Although their overall 
frequency was not explicitly calculated, we estimated that 2+yr-old scallops com-
prised <1% of all harvested scallops examined. Total shell height varied between 
sites and years (Appendix 1), with most size distributions exhibiting quasi-normal, 
unimodal curves (Fig. 3). However, in some cases (e.g., 2003), multiple modes 
were evident. For the 1990–2004 time period, when opening day was the first week 
of October, mean SH was 60–70 mm. For the 2005–2019 period, when opening day 
was the first week of November, mean SH was sometimes ≥70 mm (Fig. 3). 
 Annual growth-ring height varied considerably between sites and years (Appen-
dix 1; Fig. 4A, B). Many of the RH size distributions for sites (all years combined) 
were multimodal, with the first mode <20 mm (Fig. 4A). As shown in ridge plots, 
median RH for individual years was typically 23–52 mm, but was 4 mm and 13 mm 
in 1992 and 2019, respectively (Fig. 4B). The overall percentage of fall-spawned 
adults was 21.4% (Table 1), with frequencies in individual samples varying from 
0% to 100% (Appendix 1). The overall frequency of adult Bay Scallops with a large 
(≥57 mm) annual growth ring was 2.3%, but in some cases these comprised up to 
28% of particular samples (Table 1, Appendix 1). The relationship between shell 
growth after the winter (Y) versus RH was inverse and modeled well by a linear 
regression: (Y = 63.14 - 0.907•RH, coefficient std error = 0.0050, AR1 parameter = 
0.74, conditional R2 = 0.912, P < 2e-16; Fig. 5). 
 For the first week of the harvest season in 1990–2004 (October) and 2005–2019 
(November), average meat weight per individual Bay Scallop across all samples 
varied from 6.9 to 12 g (grand mean = 8.4 g = 118.6 meats/kg [53.8 meats/lb]), and 
8.9 to 13 g (grand mean = 10.0 g = 100.3 meats/kg [45.5 meats/lb]), respectively 
(Appendix 1). Average meat weight of harvested scallops (all sites combined) in-
creased significantly after 30 September during both the 1990–2004 (1 October–29 
November) period (+0.065 g/day; P < 2e-16) and 2005–2019 (1 October–12 De-
cember) period (+0.070 g/day; P = 2.302e-7) (Fig. 6, Appendix 1). This trend was 
particularly apparent when considering individual sites (NW Harbor – E side, Hog 
Neck Bay) in years (1992, 2004, 2005, 2006, 2010, 2015), where we had 3 suc-
cessive samples over periods of 16–42 days (Appendix 1). Average meat weight of 
harvested scallops (all sites combined) increased significantly from 1990 to 2004 
(+0.04 g/yr: T = 0.919, P = 0.023) and from 2005 to 2019 (+0.10 g/yr: T = 2.459, 
P = 0.0006) (Fig. 6, Appendix 1). Gains in meat weight for the 1990 to 2004 pe-
riod were represented by the equation Y = -120.800 + 0.067*Days Post Sept 30 + 
0.064*Year + Site Random Intercept, with a conditional R2 of 0.067. Gains in meat 
weight for the 2005 to 2019 period were represented by the equation Y = -244.000 + 
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0.070*Days Post Sept 30 + 0.125*Year + Site Random Intercept, with a conditional 
R2 of 0.619.
 The incidence of female Squatter Pea Crab infection in individual samples was 
0–29% (Table 1). There was no clear temporal trend in annual percent incidence 
over the 30-yr period (Fig. 7). 
 The proportions of ripe Bay Scallops seen at given sites on given dates was 
0–18.8% (Fig. 8, Appendix 1). The relationship between the proportion of ripe 
scallops and the number of days after September 30 was positive, but the beta regres-
sion (Y = exp (0.011*Days Post Sept 30 - 3.765; log link scale) was not significant 

Figure 3. Ridge plots of total shell height (mm) distributions by site (left) and year (right) 
in October, 1991–2004 (top), and November, 2005–2019 (bottom). These 2 time periods 
reflect different dates for the opening of the commercial Bay Scallop season in New York: 
the first Monday in October and November, respectively. Sites are shown in geographical 
order from the northeast to the southwest part of the Peconic Estuary, NY, from top to bot-
tom. Vertical bars represent medians.
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(R2 = 0.281, P = 0.0811; Fig 8). The proportion of adult scallops with small (≤20 
mm) growth rings in year x + 1 was significantly related (R2 = 0.51, P = 0.0003) to the 
proportion of ripe adults in the fall of the prior year, x, via a beta regression (Y = exp 
(30.811*Proportion of Ripe Scallops - 2.168, log link scale; Fig. 9). 
 No significant relationships were found between mean water temperature in year 
x (for various periods: starting 1 January and 1 August, leading up to the start of the 
harvest season, and for the entire year) versus the frequency of adult Bay Scallops 
with small annual growth rings the following fall, year x + 1 (P > 0.37; Table 2). 
Similarly, there was no trend in the frequency of fall-spawned adult Bay Scallops 
harvested through time (Fig. 10). No significant relationships (P > 0.27) were found 
between maximum daily change in water temperature (∆T) for September, Octo-
ber, and November in year x and the frequency of fall-spawned scallops in year x 
+ 1 (Table 2). When we conducted similar analyses based on the number of days 
in each of the 3 months where ∆T was greater than its average from 1989 to 2021, 
the only month where there was a significant positive relationship with frequency 
of small-ringed adults the following fall was November (F = 4.93, R2 = 0.20, P = 
0.038; Table 2).

Figure 4. Ridge plots of annual growth-ring height (mm) distributions by site (left) and year 
(right). Sites are shown in geographical order from the northeast to the southwest part of the 
Peconic Estuary, NY, from top to bottom. Vertical bars represent medians.
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Discussion

 Our opportunistic harvesting of scallops at a wide range of sites over a 30-yr 
period largely reflected the marked variability in spatial and temporal abundance 
for which Bay Scallop populations are so well known (Belding 1910). The vagaries 
of larval settlement and recruitment (Eckman 1987, Eggleston and Armstrong 1995, 
Gaines et al. 1985, Tettelbach et al. 2013) certainly may contribute to this variabil-
ity, but the short lifespan and mostly semelparous reproduction of Bay Scallops are 
especially important in this context (Belding 1910). Here, we have embraced this 
variability and taken advantage of large sample sizes over multiple years at various 
sites to examine important aspects of northern Bay Scallop biology. 

Figure 5. Shell growth (mm) after the first winter (until the time of harvest) as a function 
of annual growth-ring height (mm). The line is the fit from a mixed linear regression; the 
shaded region around this line denotes 95% confidence intervals. Datapoints = individual 
Bay Scallops.
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 Frequency curves for SH were mostly similar between sites and years, but there 
was clear evidence in some cases of multiple cohorts within a given year. These 
likely reflected multiple spawns, which may number up to 3–4 per year (McFar-
lane 1991, Tettelbach and Weinstock 2008). Mean SH (59–75 mm) of Bay Scallops 
harvested in the present study were comparable to those of 1+ yr scallops from the 

Figure 6. Temporal changes in average Bay Scallop adductor muscle (meat) weight (g) by 
year and as a function of the number of days after September 30: (A, C) 1990–2004, (B, D) 
2005–2019. Different colors denote different sites. Bubble size (which is different for the 
2 time periods) denotes the number of individual scallops used to calculate average meat 
weights. Shaded regions denote 95% confidence intervals from mixed linear regressions. 
Scallop season opened in early October in 1990–2004 and early November in 2005–2019. 
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Poquonnock River, CT (63.3 mm in mid-November; Tettelbach 1986) and Cape 
Cod, MA (~61 mm on 1 December; Belding 1910), but larger than those from the 
Niantic River, CT (~46-47 mm in mid-November; Marshall 1960). Various envi-
ronmental factors contribute to differing rates of shell growth (Belding 1910), so it 
is difficult to know if the above differences reflect latitudinal clines in water tem-
perature and/or temporal trends in the northeastern US over the last several decades, 
coincident with global warming (Tomasetti et al. 2023). 
 The very low (<1%) overall prevalence of 2+ yr Bay Scallops in our samples 
can likely be attributed to intense fishing pressure, as this frequency is much 
lower than the figure of up to 20% given by Belding (1910) for unharvested popu-
lations in Massachusetts. Marshall (1960) reported that only 9 of 4143 (0.2%) 
adult scallops from the Niantic River, CT, were 2+ yr olds, whereas Hall (2014) 

Figure 7. Temporal changes in the proportion of harvested scallops with large (≥10 mm) 
female Tumidotheres maculates (Squatter Pea Crab), 1990–2019. No fitted line is included 
as no formal statistical analysis was conducted. Datapoints = samples from individual sites.
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observed frequencies of 0–5.6% at Nantucket, MA, over a 5-yr period. The high-
est frequencies of 2+ yr Bay Scallops we have ever seen were in Napeague Bay 
in 1996 (estimated at 40%; this study), a year after an intense brown tide in the 
Peconic Bays had decimated adult populations (Tettelbach et al. 2013), at our 
Narrow River site in Hallock Bay (12%; this study), and in Dering Harbor, Shel-
ter Island in 2022 (estimated at 30%; S.T. Tettelbach, unpubl. data)—an area 
closed to shellfishing (NYSDEC 2026). 
 Adults with small (≤20 mm) annual growth rings comprised a significant 
percentage of Bay Scallops harvested in 1990–2019 from eastern Long Island 
populations: 21.4% of the more than 8500 scallops examined. In Massachusetts, 
MacFarlane (1991) noted that 9% of Bay Scallops were 1+ yr nub adults (annual 

Figure 8. Proportions of ripe scallops as a function of the number of days after 30 September 
1990–2019. The line is the fit (not statistically significant, P = 0.08) from a beta regression. 
Shaded regions denote 95% confidence intervals. Datapoints = samples from individual 
sites/years.
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growth ring of <10 mm) in Pleasant Bay, Cape Cod, while on Nantucket, 1+ yr nub 
adult frequencies varied from 10.3 to ~44% over a 5-year period (Hall et al. 2015), 
but have been found to comprise up to 80% of the Nantucket population (Conant 
and Curley 2005). The underlying cause for the very wide range in frequency within 
given samples (0–100%) in our study is not clear (see below). However, in the case 
of scallops harvested in 1992 from the east side of Northwest Harbor, where 100% 
of scallops had RH of 2–7 mm, these apparently resulted from a spawn that oc-
curred in fall 1991, after a brown tide event that summer (Tettelbach and Wenczel 
1993). Over the entire 1990–2019 timeframe, periodic peaks in frequencies of fall-
spawned adult scallops, incidence of female Squatter Pea Crabs, and possibly the 
percentage of Bay Scallops with ripe gonads in fall (see below) may be suggestive 

Figure 9. Averaged proportion of harvested adult (1+ yr) scallops with small (≤20 mm) an-
nual growth rings in year x + 1 (across all sites) as a function of the mean proportion of ripe 
1+ yr scallops across all sites in fall of the previous year, x. The line is the fit from a beta 
regression. Shaded regions denote 95% confidence intervals. Datapoints = mean proportions 
across all sampled locations for given years. 
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of decadal or multi-decadal cycles; however, analyses of such trends are beyond the 
scope of the present paper.

Table 2. Summary of linear regression analyses of the effect of water temperature (°C) in year x on 
the frequency of adult scallops with small annual growth rings (≤20 mm from the umbo) in the fall 
of year x + 1. Temperature metrics considered were: average daily temperature for a given period 
(Ave daily T), maximum temperature change during 1 day for a given month (Max daily ∆T), and # 
of days in a given month where ∆T was greater than its average from 1989 to 2021 (∆T days). CI = 
95% confidence interval.

Temperature metric	 Slope	 CI	 F-statistic	 R2	 P-value

Ave daily T: 1 Aug–start of harvest	 3.04	 -9.20, 15.27	 0.26	 0.01	 0.610
Ave daily T: 1 Jan–start of harvest	 6.69	 -8.79, 22.17	 0.81	 0.04	 0.378
Ave daily T: entire year	 -0.30	 -1.73, 1.12	 0.20	 0.01	 0.661
Max daily ∆T: September	 9.59	 -8.19, 27.37	 1.27	 0.06	 0.274
Max daily ∆T: October	 -5.87	 -28.93, 17.18	 0.28	 0.01	 0.601
Max daily ∆T: November	 4.51	 -7.48, 16.50	 0.62	 0.03	 0.442
∆T days: September	 0.31	 -3.18, 3.80	 0.03	 0.00	 0.855
∆T days: October	 -0.79	 -3.96, 2.36	 0.27	 0.01	 0.606
∆T days: November	 4.26	 0.26, 8.26	 4.93	 0.20	 0.038

Figure 10. Temporal changes in the percentage of harvested adult scallops with small (≤20 
mm) annual growth rings (•) and mean water temperature (˗) during 1 May–31 October, 
through time.
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 The overall percentage of harvested Bay Scallops with a large (≥57 mm) an-
nual growth ring was low. This result may reflect the actual prevalence of large 
juveniles (0+ yr scallops) from the prior fall or may represent a lower proportion 
due to premature harvest. As juveniles, 57+ mm individuals are above the legal 
size for harvest in New York so they may be targeted sometimes even though they 
don’t possess a well-defined annual growth ring (as also required for harvest under 
NY state law). One complicating factor is that the annual growth ring is not always 
easy to identify; however, we have regularly seen juveniles of this large size (≥57 
mm) in our annual October population surveys in the Peconic Bays (S.T. Tettelbach, 
unpubl. data). Several fishermen have suggested in the past (including in New York, 
before the ongoing die-off that began in 2019; Tettelbach et al. 2023) that large ju-
veniles should be targeted because they often die naturally before they recruit to the 
fishery the next year (MacFarlane 1991; P. Winters, commercial bayman, Southold, 
NY, pers. comm.). We have not confirmed this natural mortality in our work, but 
this is an important matter that should be investigated further. 
 The highly significant inverse relationship between shell growth after the win-
ter (Y) and RH across all sites, over the 1990–2019 period, is clearly indicative of 
compensatory shell growth (Ricker 1958). This phenomenon results in adult Bay 
Scallops reaching comparable sizes by the fall harvest season, despite marked dif-
ferences in the size at which they entered their first winter. Our linear regression for 
Peconic Bay Scallops over multiple sites and years (Y = 63.51 - 0.907•RH) agrees 
very closely with that obtained by Auster and Stewart (1984) for a single year class 
of scallops from the Poquonnock River, CT, in 1979 (Y = 64.20 - 1.02•RH). The fact 
that fall-spawned juveniles enter the winter at small sizes and grow at higher rates 
after the winter than scallops that resulted from spawns in the late spring or in sum-
mer may potentially explain why ≤50% of fall-spawned scallops spawn themselves 
at an age of 1 year (Hall 2014, MacFarlane 1991).
 Average meat weights of harvested scallops were expectedly higher during 
the 2005–2019 period, compared to 1990–2004, when the season opened a month 
earlier. The rate of increase in meat weight after 30 September during both periods 
was rapid, as also shown by Bricelj et al. (1987b) for some Peconic populations. 
This gain in mass typically happens after northern Bay Scallops complete summer 
spawning and begin to store energy in their adductor muscle for later conversion to 
gonadal material via gametogenesis in the winter (Sastry 1963, 1968, 1970). Inter-
estingly, average meat weight increased significantly over the years from 1990 to 
2004 and 2005 to 2019, albeit with many of those samples coming from a single site 
(Hog Neck Bay). If this trend is real, it may perhaps reflect more rapid growth rates 
due to rising water temperatures (and assumedly high enough levels of available 
food; Jobling 1997). Similarly, Crassostrea virginica (Gmelin) (Eastern Oyster) 
growers in the Peconic system have seen very high growth rates in the past 10+ 
years (K. Rivara, Aeros Cultured Oyster Company, Southold, NY, pers. comm.). 
Low average Bay Scallop meat weights at some sites during certain years, e.g., off 
the east side of Shelter Island in 1998 (7.4 g/meat, 135.1 meats/kg [61.3 meats/lb]), 
off Hay Beach in 1999 (6.8 g/meat, 147.1 meats/kg [67.0 meats/lb]), and off Mat-
tituck in 2012 (6.6 g/meat, 151.5 meats/kg [68.4 meats/lb]) (Appendix 1) may have 
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reflected depressed growth rates, as these samples were obtained from populations 
with qualitatively higher scallop densities (Bricelj et al. 1987a). 
 The incidence of female Squatter Pea Crabs did not demonstrate a clear temporal 
pattern, as perhaps might be expected during the era of climate change (Marcogliese 
2008), suggesting the level of infestation was not related to the increase in aver-
age water temperature which occurred over the course of the 30-yr period. While 
Squatter Pea Crabs are known to depress growth rates of Bay Scallops (Bologna 
and Heck 2000, Krucynski 1972), we did not parse out meat weights of scallops 
infected with female Squatter Pea Crabs to determine how much of an impact they 
had on average meat weight and SH.
 While ripe Bay Scallops are not uncommon in October and November (Tettel-
bach et al. 1999, this study) very few ripe individuals are seen in December (S.T. 
Tettelbach, pers. observ.). Thus, it is not surprising that the relationship between 
the percentage of ripe scallops and the number of days past 30 September was not 
significant—especially because Bay Scallops typically begin to undergo gameto-
genesis in January (Sastry 1970). However, further study of seasonal patterns of 
gametogenesis and spawning may need to be revisited in light of the continued 
warming of nearshore waters (Tomasetti et al. 2023). 
 We interpret the robust relationship between the percentage of ripe adults in the 
fall of year x with the frequency of fall-spawned adults the following fall (year x 
+ 1) to mean that (1) these ripe adults are in fact spawning and contributing to re-
cruitment (Tettelbach et al. 2001) and (2) survival of these recruits is high enough 
for the pulse to be recognizable the following fall. While the process by which Bay 
Scallops condition for fall spawning is not well understood (Tettelbach et al. 1999), 
induction of fall spawning is most likely due to proximal temperature cues (sharp 
drop or increase) and mechanical agitation (from winds) (Barber and Blake 2016, 
Tettelbach and Weinstock 2008). Hall (2014) observed that in some years a sharp 
(2 °C) increase in water temperature followed by a sharp decline (2–5 °C) occurred 
around the time of fall spawns on Nantucket. However, she also noted that reduced 
salinities resulting from rainstorms may have cued spawns in the fall (as well as in 
late spring/summer). One other possibility is that fall spawns are more likely in Bay 
Scallop populations found in deeper channels, where water temperatures are cooler 
and spawning occurs later than in shallower waters (Taylor and Capuzzo 1983). 
 Our finding of an overall absence of a temperature effect (mean or ∆T) in year x 
on the frequency of adult Bay Scallops with small annual growth rings the follow-
ing fall suggests that our temperature analyses may not have been fine enough to 
detect a relationship—perhaps requiring hourly data for specific sites/dates (Tettel-
bach and Weinstock 2008). However, other environmental factors (particularly 
food levels) may be driving the extent of fall spawning (Barber and Blake 2016, 
MacDonald and Bourne 1987). 
 The intensity of the fall spawn may ultimately reflect the totality of events that 
occurred during the course of the year, including the amount of energy stored and 
converted to gametes during the prior winter (Sastry 1963, 1968, 1970) and how 
many eggs and sperm were released during spring and summer spawns (Barber and 
Blake 2016, Styan and Butler 2003). The extent of fall spawns may also reflect the 
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intensity of proximal cues to induce spawning (Tettelbach and Weinstock 2008). If 
cues are less intense, even when scallops are ripe, they may undergo “dribble” (non-
catastrophic) spawning (Langton et al. 1987, Paulet et al. 1988) or may not spawn 
at all (Osanai 1975, Yamamoto 1950). On Nantucket, Hall (2014) determined that 
for those nub adults that spawned at an age of ~1 year, almost all did so in the fall. 
This finding might suggest that this phenomenon would perpetuate across years, but 
marked fluctuations observed in annual proportions of nub adults (Hall 2014, this 
study) seem to indicate otherwise.
 The specific timing of fall spawns in October and November is also uncertain, 
as reproductive sampling (including our own) is rarely conducted this late in the 
year in the northeastern US. One of the primary questions centering on the very 
small sizes (down to 1 mm) of nubs that enter the winter is the duration of the larval 
period during the colder fall months; i.e., are larvae spending the typical 1–2 weeks 
in the plankton phase before settlement (Belding 1910, Loosanoff and Davis 1963) 
or is this period protracted at sub-optimal temperatures? Tettelbach and Rhodes 
(1981) showed, for example, that at a salinity of 25 the relative percentage growth 
of Bay Scallop larvae through 5 d after fertilization at 10 °C was only 7% of that 
seen at 25 °C.
 In light of our observations and those of other authors, the importance of fall-
spawned Bay Scallops cannot be overstated, particularly because (1) they appear 
to experience higher survival rates compared to those produced by spring and sum-
mer spawns (Bishop et al. 2005, Hall 2014, Tettelbach et al. 2001) perhaps due to 
a temporal mismatch with their predators, and (2) the fecundity of 2+ yr scallops is 
considerably higher than that of 1+ yr olds when spawning occurs in spring/sum-
mer (Hall 2014; K. Tetrault, Cornell Cooperative Extension, Southold, NY, pers. 
comm.). Furthermore, since ≥50% of nub adult scallops survive to spawn at an age 
of 2+ years (Hall 2014, MacFarlane 1991), they may extend the usual semelparous 
life history of Bay Scallops to an iteroparous one and thus provide an important 
buffer to fluctuations in recruitment that may enhance the ability of populations to 
persist (Bishop et al. 2005, Geiger et al. 2010, Tettelbach et al. 2001) or to increase 
in size (Hall et al. 2015). The phenomenon of fall spawning appears to represent a 
form of bet-hedging (Bishop et al. 2005, Hall et al. 2015, Slatkin 1974) that is espe-
cially advantageous when environmental conditions are unpredictable. The down-
side of this strategy is that a significant proportion of nub scallops do not spawn 
in their first year, but are available to the fishery in the fall because they exhibit 
compensatory shell growth and reach the same SH as spring- and summer-spawned 
scallops (Auster and Stewart 1984, this paper). 
 Management of Bay Scallop fisheries (including in New York) rarely considers 
that fall-spawned 1+ yr adult scallops may not have spawned by the time the harvest 
season commences. This oversight likely occurs because (1) little was known his-
torically of their importance and (2) it would require fishermen to measure annual 
growth rings, which is not only time consuming but may be especially difficult to 
do for scallops with a heavy cover of algae or Atlantic Slipper Snails (which are 
abundant in the Peconic Bays). The exception in Bay Scallop fishery management 
is Massachusetts, where harvest restrictions have been adopted that factor in the 
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importance of fall-spawned scallops: only adult Bay Scallops with a well-defined 
[annual] growth ring ≥10 mm are legal to harvest; scallops with an annulus <10 mm 
may only be taken when the shell height is >63.5 mm (Legal Information Institute, 
Cornell Law School 2026; Town of Nantucket, MA 2024). Currently, there is little 
evidence to suggest that the extent of fall spawning from one year to the next is a 
heritable trait (V. Hall, Mariah Mitchell Association, Nantucket, MA, pers. comm.). 
However, the importance of fall-spawned Bay Scallops to the sustainability and 
growth of populations warrants further investigation of the underlying reasons for 
varying frequencies in different years and at different sites. 
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