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CHAPTER I INTRODUCTION 

 

1.1 Species Description 

Ocean quahogs (Arctica islandica, Linnaeus 1767) are boreal bivalves that have 

an expansive range in the North Atlantic, and currently occupy cold shelf waters from the 

White Sea at northern latitudes, through the Norwegian Sea, around the British Isles to 

Iceland, and finally from Newfoundland Canada as far south as southern Virginia, US 

(Dahlgren et al. 2000). The last extant species of the family Arcticidae, A. islandica grow 

optimally in water temperatures between 6-16ºC (Golikov & Scarlato 1973, Merrill et al. 

1969) and at depths conducive to cool waters, typically between 21-61m (Merrill & 

Ropes 1969, Serchuk et al. 1982). When conditions are suboptimal, such as during 

extreme temperatures, storm events, or limited food availability, this species can burrow 

into the sediment to a mean maximum depth of 85 mm ( ± 17 mm ) and remain buried for 

up to seven days while metabolic activity is drastically curtailed (Taylor 1976, Oeschger 

1990, Strahl et al. 2011, Sosnowska et al. 2014, Ragnarsson & Thorarinsdóttir 2020).  

This species is remarkable in that maximum observed ages exceed 500 y and, in 

the Mid-Atlantic, ages of up to 200 y have been estimated (Butler er al. 2013, Pace et al. 

2017a,b). The causation of such longevity is widely debated, but it has been postulated 

that longevity may be associated with reduced metabolism during deep burial that may 

suspend aging due to suppressed reactive oxygen production and oxidative stress 

(Ungvari et al. 2011), elevated antioxidant capacity (Abele et al. 2008), accumulation of 

nucleic acid oxidation (Gruber et al. 2015), and low somatic maintenance energy 

demands (Ballesta-Artero et al. 2019) possibly due to low cell turnover rates (Strahl & 

Abele 2009) during such burrowing behavior; although, telomere-length maintenance has 
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also been considered (Gruber et al. 2014). Regardless of the underlying causal 

mechanism for this extreme longevity, A. islandica survive for centuries in comparatively 

the same location and, due to poikilothermic energetics, grow in synchrony with benthic 

cycles (temperature, salinity, phytoplankton abundance, physical disturbance events) and 

act as biorecorders to describe greater paleochronologies (Schöne et al. 2005, Butler et al. 

2010, Schöne 2013, Marali & Schöne 2015, Mette et al. 2016, Begum et al. 2019, 

Poitevin et al. 2019). 

Three traditional methods exist to age a bivalve that include counts of concentric 

annual growth bands (annuli) on the external shell valve (see Stevenson & Dickie 1954), 

counts of annuli in the hinge ligament (Merrill et al. 1966), and internal annuli counts of a 

cross sectioned valve using acetate peels (see Ropes et al 1984) or high-resolution 

imaging (Pace et al. 2017a). Due to the longevity of A. islandica, annuli at the outer shell 

edge are compacted and difficult to age (“edge effect”). Therefore, this species of bivalve 

requires that the shell be cross sectioned to expose internal annuli, and either acetate 

peels must be taken of the exposed hinge plate (see Ropes et al. 1984) to be viewed 

optically, or highly-polished cross-sectioned hinge plates must be imaged with a high-

resolution camera and compound microscope (Figure 1.1) (see Pace et al. 2017a). Both 

methods display clear annuli differentiation at the growing edge. Whether an acetate peel 

or images are applied for age estimations, the processes used to age A. islandica are 

expensive and time consuming and with hundreds of possible age classes, high reader 

error rates can occur.  

Arctica islandica age is measured as the sum of the internal annuli in the hinge 

plate, and annual growth is measured as the length of light carbonate deposited between 
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hinge plate annuli (Figure 1.2). Growth in the hinge plate is proportional to growth on the 

outer shell valve; therefore annual hinge plate growth can be extrapolated to annual valve 

growth to obtain annual growth rates in relation to the total shell length of an individual 

(Thompson et al. 1980a). Light carbonate growth deposition initiates in March-April with 

rapid growth in the late spring and early summer, followed by slower growth from 

approximately July-August during the warmest months (Jones 1980). The dark annuli 

bookmark the lighter carbonate growth are deposited in late fall, commencing in 

September for many individuals, with slowest annuli growth during the coldest months 

(Jones 1980). Spawning typically occurs in tandem with the formation of annuli, where 

ripe and spent gonadal stages transpire between September-December (Jones 1980); 

however, spawning timing and duration are highly variable for this species and is greatly 

dependent on oceanographic conditions of that year (Jones 1981). Also highly variable 

are the growth rates between A. islandica cohorts that coexist in contemporary 

populations (Pace et al. 2018). As growth is dependent on features such as temperature, 

food availability, and salinity, the conditions experienced by each cohort determine the 

time needed to reach a particular size (growth rate). With each cohort reaching size 

classes at different ages, the age compositions within a single 5-mm size class can span 

hundreds of years and restrict any meaningful prediction of age at size within a 

population.  

 

1.2 Fishery Management  

As the longest-living bivalve on Earth, A. islandica can achieve lifespans longer 

than 200 y in the US Mid-Atlantic; however, age determinations are difficult to estimate 

and age variability at size is extreme (Pace et al. 2017a, 2017b). Arctica islandica is a 
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commercially important bivalve in the eastern United States (US) but very little is known 

about the recruitment frequency and rebuilding capacity of this species due to deficient 

age composition data applicable at a fishery scale. Therefore, assessment models for A. 

islandica rely solely on length-based metrics (NEFSC 2017, 2020) because of the 

substantial sample size required to develop adequate population age distributions for such 

a long-lived species (Pace et al. 2017a), the unknown error associated with age estimates, 

and the extensive time and financial investment required to create production-scale age 

datasets.  

1.3 Project Objectives 

This dissertation will expand on previous research completed by Pace et al. 

(2017a, 2017b, 2018) to develop more robust, and data-rich, age-length keys and 

corresponding population dynamics data for the Georges Bank and Long Island A. 

islandica populations. Analyses will create the two largest ocean quahog age databases in 

the world for a single population, while also analyzing sex differentials in growth rates, 

identifying changing growth rates over time, and providing inferential population 

dynamics from age-frequency distributions.   

Specifically, objectives for this study include the creation of an extremely large, 

error-validated, age-composition dataset for A. islandica to constrain age-at-length 

variability, develop reliable age-length keys, and describe sex-based population dynamics 

for the quasi-virgin population at Georges Bank (GB) and the Long Island (LI) 

population that over the last two decades has provided the greatest commercial landing of 

A. islandica within the US Mid-Atlantic stock. This study will also assess how growth 
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rates have changed spatially and temporally to inform future growth dynamics of the 

fishery when a changing climate is considered. 
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1.4 Figures 

 

 
Figure 1.1 Image of shell cross section. Shell valve cut along shell height to expose the 

concentric and continuous interior annuli in the shell valve, umbo, and hinge plate 

regions. 

 

 
Figure 1.2 Image of shell hinge plate. Magnified image of hinge plate with annuli visible 

as dark rings. 
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1920 

a 1.94E-02 9.52E-04 1.83E-02 1.10E-03 2.11E-02 1.54E-03 

c 3.00E+00 1.31E-01 2.91E+00 1.59E-01 3.09E+00 1.99E-01 

d 7.95E+01 5.90E-01 8.24E+01 7.45E-01 7.61E+01 8.49E-01 

f 4.33E-03 1.27E-04 4.04E-03 1.42E-04 4.68E-03 2.11E-04 

g 3.71E-05 5.11E-06 3.55E-05 6.22E-06 3.44E-05 7.65E-06 

1940 

a 1.25E-02 5.62E-04 1.31E-02 9.01E-04 1.20E-02 6.79E-04 

c 2.74E+00 9.12E-02 2.53E+00 1.48E-01 2.80E+00 1.08E-01 

d 7.39E+01 5.22E-01 7.97E+01 8.56E-01 7.04E+01 6.18E-01 

f 5.60E-03 1.63E-04 4.59E-03 1.90E-04 6.29E-03 2.35E-04 

g 9.39E-05 8.46E-06 6.18E-05 1.20E-05 8.86E-05 1.11E-05 

1960 

a 2.09E-02 1.85E-03 1.74E-02 2.30E-03 2.35E-02 2.66E-03 

c 2.75E+00 3.04E-01 2.52E+00 4.18E-01 2.71E+00 4.07E-01 

d 8.22E+01 2.17E+00 8.90E+01 3.21E+00 8.05E+01 2.78E+00 

f 3.69E-03 3.11E-04 3.20E-03 3.59E-04 3.70E-03 4.03E-04 

g 1.91E-05 4.73E-05 2.99E-05 6.38E-05 0.00E+00 6.08E-05 

1980 

a 1.41E-02 9.61E-04 1.39E-02 1.44E-03 1.56E-02 1.29E-03 

c 3.25E+00 2.18E-01 3.72E+00 2.76E-01 3.40E+00 2.81E-01 

d 8.87E+01 3.23E+00 8.90E+01 4.51E+00 8.82E+01 4.08E+00 

f 3.79E-03 4.11E-04 4.21E-03 6.67E-04 3.75E-03 5.10E-04 

g 0.00E+00 2.00E-04 0.00E+00 3.24E-04 0.00E+00 2.42E-04 

2000 

a 4.45E-03 6.19E-04 4.45E-03 6.19E-04   

c 3.05E+00 1.57E-01 3.05E+00 1.57E-01   

d 1.02E+02 7.43E+00 1.02E+02 7.43E+00   

f 3.91E-03 7.96E-04 3.91E-03 7.96E-04   

g 0.00E+00 2.09E-03 0.00E+00 2.09E-03   

SE, standard error 
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Table 5.6 Georges Bank 20-y cohort Tanaka growth models.  

Cohort Parameter 
Population Female Male 

Estimate SE Estimate SE Estimate SE 

1740 

a 5.54E-02 3.61E-02   5.54E-02 3.61E-02 

c 0.00E+00 1.51E+00   0.00E+00 1.51E+00 

d 8.74E+01 9.89E-01   8.74E+01 9.89E-01 

f 1.88E-03 9.88E-05   1.88E-03 9.88E-05 

1780 

a 1.99E-02 8.34E-03   1.99E-02 8.34E-03 

c 0.00E+00 4.47E-01   0.00E+00 4.47E-01 

d 8.87E+01 3.81E-01   8.87E+01 3.81E-01 

f 2.28E-03 4.93E-05   2.28E-03 4.93E-05 

1800 

a 9.55E-03 6.59E-03 3.84E-03 5.74E-03 7.62E-03 5.07E-03 

c 0.00E+00 4.48E-01 0.00E+00 5.08E-01 0.00E+00 3.77E-01 

d 9.13E+01 4.88E-01 9.74E+01 6.76E-01 8.99E+01 4.45E-01 

f 2.29E-03 5.89E-05 2.18E-03 7.22E-05 2.20E-03 4.92E-05 

1820 

a 1.53E-02 4.49E-03 2.18E-02 7.53E-03 1.06E-02 4.94E-03 

c 0.00E+00 2.83E-01 0.00E+00 4.63E-01 0.00E+00 3.25E-01 

d 9.37E+01 3.20E-01 9.85E+01 5.31E-01 9.05E+01 3.72E-01 

f 2.14E-03 3.36E-05 1.88E-03 4.39E-05 2.35E-03 4.59E-05 

1840 

a 9.83E-03 4.34E-03 1.11E-02 4.14E-03 7.40E-03 6.40E-03 

c 0.00E+00 3.06E-01 0.00E+00 3.03E-01 0.00E+00 4.61E-01 

d 9.46E+01 4.06E-01 9.98E+01 4.23E-01 8.99E+01 6.08E-01 

f 2.27E-03 4.45E-05 2.06E-03 3.85E-05 2.45E-03 7.64E-05 

1860 

a 5.55E-03 2.95E-03 6.28E-03 2.85E-03 4.21E-03 5.33E-03 

c 0.00E+00 2.40E-01 0.00E+00 2.41E-01 0.00E+00 4.10E-01 

d 9.43E+01 3.87E-01 9.90E+01 4.05E-01 8.69E+01 6.10E-01 

f 2.36E-03 4.26E-05 2.16E-03 3.80E-05 2.74E-03 8.90E-05 

1880 

a 2.50E-03 1.84E-03 4.09E-03 2.26E-03 5.97E-03 2.33E-03 

c 0.00E+00 1.67E-01 0.00E+00 2.05E-01 5.81E-01 2.14E-01 

d 9.19E+01 3.09E-01 9.70E+01 3.92E-01 8.45E+01 3.82E-01 

f 2.57E-03 3.77E-05 2.29E-03 3.90E-05 3.15E-03 6.74E-05 

1900 

a 9.97E-03 1.65E-03 1.05E-02 2.11E-03 8.90E-03 1.84E-03 

c 1.16E+00 1.69E-01 1.14E+00 2.26E-01 1.11E+00 1.82E-01 

d 8.71E+01 3.66E-01 9.43E+01 5.25E-01 8.01E+01 3.65E-01 

f 3.13E-03 5.96E-05 2.70E-03 6.48E-05 3.65E-03 7.92E-05 

1920 

a 8.16E-03 9.88E-04 8.44E-03 1.45E-03 8.32E-03 9.93E-04 

c 1.40E+00 1.22E-01 1.41E+00 1.87E-01 1.48E+00 1.18E-01 

d 8.32E+01 3.29E-01 8.99E+01 5.40E-01 7.73E+01 3.01E-01 

f 3.85E-03 7.11E-05 3.31E-03 8.85E-05 4.51E-03 8.69E-05 

1940 

a 8.95E-03 1.11E-03 8.78E-03 1.44E-03 8.95E-03 1.50E-03 

c 1.59E+00 1.54E-01 1.52E+00 2.05E-01 1.60E+00 2.04E-01 

d 8.84E+01 5.33E-01 9.28E+01 7.39E-01 8.60E+01 6.86E-01 

f 3.45E-03 8.79E-05 3.12E-03 1.01E-04 3.64E-03 1.25E-04 

1960 

a 8.59E-03 1.34E-03 6.01E-03 6.12E-04 8.22E-03 8.74E-04 

c 3.32E+00 2.45E-01 4.03E+00 1.02E-01 2.60E+00 1.65E-01 

d 7.55E+01 1.29E+00 6.86E+01 6.02E-01 8.04E+01 8.29E-01 

f 6.94E-03 6.16E-04 1.02E-02 5.48E-04 5.60E-03 2.79E-04 

1980 a 1.57E-02 9.55E-04 1.57E-02 9.55E-04   

 

c 4.00E+00 2.42E-01 4.00E+00 2.42E-01   
d 1.11E+02 2.31E+00 1.11E+02 2.31E+00   
f 2.51E-03 1.70E-04 2.51E-03 1.70E-04   

SE, standard error  
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Table 5.7 Long Island 20-y cohort Tanaka growth models. 

Cohort Parameter 
Population Female Male 

Estimate SE Estimate SE Estimate SE 

1700 

a 9.24E-02 8.29E-02   9.24E-02 8.29E-02 

c 0.00E+00 2.47E+00   0.00E+00 2.47E+00 

d 7.59E+01 9.96E-01   7.59E+01 9.96E-01 

f 2.27E-03 1.67E-04   2.27E-03 1.67E-04 

1740 

a 1.06E-01 4.00E-02 1.42E-01 4.60E-02 1.00E-01 7.54E-02 

c 0.00E+00 1.28E+00 0.00E+00 1.46E+00 0.00E+00 2.23E+00 

d 8.31E+01 6.50E-01 8.81E+01 7.65E-01 7.57E+01 9.89E-01 

f 1.98E-03 7.71E-05 1.73E-03 7.01E-05 2.30E-03 1.61E-04 

1760 

a 1.37E-01 4.68E-02 1.51E-01 4.89E-02 7.24E-02 4.23E-02 

c 0.00E+00 1.58E+00 0.00E+00 1.64E+00 0.00E+00 1.32E+00 

d 8.88E+01 9.19E-01 9.07E+01 9.50E-01 7.01E+01 6.27E-01 

f 1.64E-03 7.37E-05 1.58E-03 7.17E-05 2.55E-03 1.20E-04 

1780 

a 1.31E-01 2.87E-02 1.34E-01 3.14E-02 1.21E-01 4.47E-02 

c 0.00E+00 9.42E-01 0.00E+00 1.05E+00 0.00E+00 1.44E+00 

d 8.42E+01 5.56E-01 8.74E+01 6.37E-01 8.01E+01 8.23E-01 

f 1.82E-03 5.28E-05 1.74E-03 5.56E-05 1.95E-03 8.92E-05 

1800 

a 1.09E-01 1.91E-02 1.70E-01 4.16E-02 9.20E-02 1.99E-02 

c 0.00E+00 6.52E-01 0.00E+00 1.44E+00 0.00E+00 6.71E-01 

d 8.45E+01 4.20E-01 9.40E+01 9.73E-01 8.07E+01 4.19E-01 

f 1.95E-03 4.34E-05 1.53E-03 6.46E-05 2.17E-03 5.28E-05 

1820 

a 5.72E-02 1.17E-02 7.95E-02 1.91E-02 7.01E-02 1.95E-02 

c 0.00E+00 4.97E-01 0.00E+00 7.57E-01 0.00E+00 7.25E-01 

d 8.80E+01 4.13E-01 9.17E+01 6.00E-01 8.30E+01 5.23E-01 

f 2.02E-03 4.18E-05 1.89E-03 5.50E-05 2.23E-03 6.56E-05 

1840 

a 2.10E-02 6.64E-03 3.08E-02 1.10E-02 1.15E-02 6.54E-03 

c 0.00E+00 3.56E-01 0.00E+00 5.70E-01 0.00E+00 3.79E-01 

d 8.65E+01 3.74E-01 9.13E+01 5.98E-01 8.13E+01 4.08E-01 

f 2.42E-03 4.86E-05 2.13E-03 6.17E-05 2.80E-03 6.84E-05 

1860 

a 1.33E-02 5.11E-03 1.59E-02 6.74E-03 1.05E-02 5.58E-03 

c 0.00E+00 3.21E-01 0.00E+00 4.33E-01 0.00E+00 3.38E-01 

d 8.83E+01 4.14E-01 9.41E+01 5.84E-01 8.11E+01 4.08E-01 

f 2.43E-03 5.08E-05 2.18E-03 5.86E-05 2.81E-03 6.56E-05 

1880 

a 1.09E-02 3.89E-03 1.09E-02 4.84E-03 1.02E-02 5.20E-03 

c 0.00E+00 2.73E-01 0.00E+00 3.54E-01 0.00E+00 3.53E-01 

d 9.04E+01 4.33E-01 9.43E+01 5.86E-01 8.62E+01 5.37E-01 

f 2.36E-03 4.69E-05 2.22E-03 5.65E-05 2.53E-03 6.65E-05 

1900 

a 1.07E-02 2.06E-03 4.80E-03 3.17E-03 1.84E-02 2.25E-03 

c 6.99E-01 1.85E-01 0.00E+00 2.81E-01 1.73E+00 2.07E-01 

d 8.94E+01 3.84E-01 9.34E+01 5.94E-01 8.44E+01 4.16E-01 

f 2.62E-03 4.59E-05 2.36E-03 5.91E-05 3.05E-03 6.55E-05 

1920 

a 1.78E-02 1.09E-03 1.67E-02 1.25E-03 1.95E-02 1.74E-03 

c 2.38E+00 1.21E-01 2.32E+00 1.46E-01 2.51E+00 1.83E-01 

d 8.35E+01 3.07E-01 8.65E+01 3.86E-01 7.97E+01 4.39E-01 

f 3.62E-03 6.01E-05 3.41E-03 6.75E-05 3.95E-03 1.01E-04 

1940 

a 1.17E-02 6.89E-04 1.21E-02 1.04E-03 1.16E-02 8.07E-04 

c 2.09E+00 9.13E-02 2.04E+00 1.37E-01 2.26E+00 1.08E-01 

d 7.95E+01 2.97E-01 8.39E+01 4.52E-01 7.52E+01 3.48E-01 
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f 4.29E-03 7.19E-05 3.84E-03 9.01E-05 4.92E-03 1.07E-04 

1960 

a 2.08E-02 1.89E-03 1.72E-02 2.36E-03 2.35E-02 2.34E-03 

c 2.67E+00 2.46E-01 2.40E+00 3.39E-01 3.00E+00 2.91E-01 

d 8.29E+01 1.01E+00 9.03E+01 1.50E+00 7.80E+01 1.14E+00 

f 3.58E-03 1.63E-04 3.06E-03 1.84E-04 4.12E-03 2.35E-04 

1980 

a 1.49E-02 8.98E-04 1.37E-02 1.23E-03 1.58E-02 1.17E-03 

c 4.07E+00 1.52E-01 3.68E+00 2.41E-01 4.23E+00 1.87E-01 

d 8.22E+01 1.23E+00 8.76E+01 2.12E+00 8.03E+01 1.46E+00 

f 5.04E-03 2.95E-04 4.37E-03 3.92E-04 5.23E-03 3.76E-04 

2000 

a 4.42E-03 4.22E-04 4.42E-03 4.22E-04   
c 2.98E+00 1.41E-01 2.98E+00 1.41E-01   
d 1.02E+02 3.09E+00 1.02E+02 3.09E+00   
f 3.86E-03 3.85E-04 3.86E-03 3.85E-04   

SE, standard error  
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Table 5.8 Georges Bank 20-y cohort von Bertalanffy growth models. The Linf parameter 

is not reliable for these growth datasets and should not be used to predict maximum 

length. The k and t0 parameters may be useful for estimating growth at young age/small 

size.  

Cohort Parameter 
Population Female Male 

Estimate SE Estimate SE Estimate SE 

1740 

Linf 1.13E+02 9.02E-01   1.13E+02 9.02E-01 

k 9.18E-03 2.66E-04   9.18E-03 2.66E-04 

t0 -3.14E+01 1.40E+00   -3.14E+01 1.40E+00 

1780 

Linf 1.05E+02 4.55E-01   1.05E+02 4.55E-01 

k 1.46E-02 3.11E-04   1.46E-02 3.11E-04 

t0 -2.30E+01 8.74E-01   -2.30E+01 8.74E-01 

1800 

Linf 1.04E+02 3.55E-01 1.08E+02 5.15E-01 1.02E+02 3.59E-01 

k 1.76E-02 3.19E-04 1.92E-02 5.25E-04 1.69E-02 3.03E-04 

t0 -1.80E+01 6.42E-01 -1.69E+01 9.46E-01 -1.84E+01 6.41E-01 

1820 

Linf 1.04E+02 2.06E-01 1.06E+02 3.06E-01 1.02E+02 2.66E-01 

k 1.92E-02 1.94E-04 1.92E-02 2.73E-04 1.92E-02 2.62E-04 

t0 -1.52E+01 3.16E-01 -1.38E+01 4.29E-01 -1.65E+01 4.40E-01 

1840 

Linf 1.02E+02 2.20E-01 1.05E+02 2.29E-01 9.87E+01 3.58E-01 

k 2.30E-02 2.69E-04 2.35E-02 2.77E-04 2.24E-02 4.37E-04 

t0 -1.29E+01 3.18E-01 -1.20E+01 3.12E-01 -1.41E+01 5.51E-01 

1860 

Linf 9.95E+01 2.02E-01 1.03E+02 2.14E-01 9.43E+01 3.40E-01 

k 2.63E-02 2.88E-04 2.62E-02 2.90E-04 2.67E-02 5.34E-04 

t0 -1.11E+01 2.60E-01 -1.07E+01 2.59E-01 -1.18E+01 4.85E-01 

1880 

Linf 9.52E+01 1.52E-01 9.85E+01 1.87E-01 9.06E+01 2.11E-01 

k 3.18E-02 2.85E-04 3.11E-02 3.21E-04 3.35E-02 4.59E-04 

t0 -8.86E+00 1.80E-01 -8.65E+00 2.08E-01 -8.85E+00 2.73E-01 

1900 

Linf 8.95E+01 1.62E-01 9.41E+01 2.19E-01 8.50E+01 1.87E-01 

k 4.17E-02 4.44E-04 4.11E-02 5.45E-04 4.19E-02 5.55E-04 

t0 -5.77E+00 1.66E-01 -5.51E+00 2.04E-01 -6.19E+00 2.11E-01 

1920 

Linf 8.48E+01 1.46E-01 8.92E+01 2.19E-01 8.09E+01 1.54E-01 

k 5.42E-02 5.72E-04 5.36E-02 7.90E-04 5.54E-02 6.69E-04 

t0 -4.51E+00 1.31E-01 -4.22E+00 1.80E-01 -4.68E+00 1.50E-01 

1940 

Linf 8.50E+01 2.03E-01 8.73E+01 2.82E-01 8.36E+01 2.68E-01 

k 6.50E-02 8.90E-04 6.48E-02 1.18E-03 6.49E-02 1.20E-03 

t0 -2.75E+00 1.31E-01 -2.59E+00 1.71E-01 -2.87E+00 1.79E-01 

1960 

Linf 7.42E+01 5.75E-01 7.01E+01 5.54E-01 7.73E+01 4.99E-01 

k 1.32E-01 6.26E-03 1.56E-01 7.48E-03 1.20E-01 4.87E-03 

t0 1.38E-02 2.12E-01 6.13E-01 1.71E-01 -5.22E-01 2.12E-01 

1980 

Linf 8.81E+01 9.88E-01 8.81E+01 9.88E-01   
k 1.04E-01 4.12E-03 1.04E-01 4.12E-03   
t0 7.01E-01 1.41E-01 7.01E-01 1.41E-01   

SE, standard error 
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Table 5.9 Long Island 20-y cohort von Bertalanffy growth models. The Linf parameter is 

not reliable for these growth datasets and should not be used to predict maximum length. 

The k and t0 parameters may be useful for estimating growth at young age/small size.  

Cohort Parameter 
Population Female Male 

Estimate SE Estimate SE Estimate SE 

1700 

Linf 1.20E+02 1.77E+00   1.20E+02 1.77E+00 

k 5.32E-03 2.27E-04   5.32E-03 2.27E-04 

t0 -6.16E+01 2.76E+00   -6.16E+01 2.76E+00 

1740 

Linf 1.17E+02 9.08E-01 1.17E+02 8.41E-01 1.27E+02 2.21E+00 

k 7.05E-03 1.67E-04 7.60E-03 1.72E-04 4.76E-03 2.05E-04 

t0 -4.31E+01 1.23E+00 -3.85E+01 1.14E+00 -6.60E+01 2.44E+00 

1760 

Linf 1.13E+02 8.58E-01 1.16E+02 8.98E-01 9.51E+01 1.05E+00 

k 8.68E-03 2.15E-04 8.36E-03 2.04E-04 1.01E-02 4.32E-04 

t0 -3.03E+01 1.11E+00 -3.10E+01 1.08E+00 -2.97E+01 2.04E+00 

1780 

Linf 1.11E+02 6.03E-01 1.14E+02 6.46E-01 1.07E+02 9.52E-01 

k 8.63E-03 1.42E-04 8.56E-03 1.46E-04 8.72E-03 2.38E-04 

t0 -3.06E+01 6.83E-01 -3.06E+01 7.03E-01 -3.06E+01 1.13E+00 

1800 

Linf 1.06E+02 3.87E-01 1.10E+02 6.50E-01 1.05E+02 4.46E-01 

k 1.06E-02 1.29E-04 1.10E-02 2.15E-04 1.03E-02 1.48E-04 

t0 -2.65E+01 4.68E-01 -2.23E+01 7.04E-01 -2.88E+01 5.67E-01 

1820 

Linf 1.03E+02 3.13E-01 1.05E+02 4.00E-01 1.01E+02 4.46E-01 

k 1.37E-02 1.61E-04 1.41E-02 2.09E-04 1.31E-02 2.18E-04 

t0 -2.16E+01 4.07E-01 -2.04E+01 5.05E-01 -2.34E+01 5.94E-01 

1840 

Linf 9.98E+01 2.83E-01 1.03E+02 3.98E-01 9.64E+01 3.66E-01 

k 1.75E-02 2.19E-04 1.73E-02 2.88E-04 1.78E-02 3.10E-04 

t0 -1.86E+01 3.93E-01 -1.78E+01 5.12E-01 -1.96E+01 5.60E-01 

1860 

Linf 9.85E+01 2.81E-01 1.02E+02 3.59E-01 9.42E+01 3.49E-01 

k 2.05E-02 2.66E-04 2.09E-02 3.32E-04 1.97E-02 3.29E-04 

t0 -1.53E+01 3.52E-01 -1.44E+01 4.22E-01 -1.68E+01 4.71E-01 

1880 

Linf 9.41E+01 2.21E-01 9.65E+01 2.88E-01 9.14E+01 3.00E-01 

k 2.77E-02 3.15E-04 2.80E-02 4.08E-04 2.73E-02 4.31E-04 

t0 -9.40E+00 2.35E-01 -9.08E+00 2.97E-01 -9.77E+00 3.30E-01 

1900 

Linf 8.98E+01 1.71E-01 9.23E+01 2.55E-01 8.68E+01 2.06E-01 

k 3.74E-02 3.71E-04 3.58E-02 5.01E-04 3.97E-02 5.06E-04 

t0 -5.70E+00 1.56E-01 -6.33E+00 2.28E-01 -4.93E+00 1.92E-01 

1920 

Linf 8.38E+01 1.25E-01 8.59E+01 1.58E-01 8.12E+01 1.82E-01 

k 5.52E-02 4.72E-04 5.46E-02 5.73E-04 5.65E-02 7.33E-04 

t0 -2.87E+00 9.47E-02 -2.92E+00 1.17E-01 -2.75E+00 1.41E-01 

1940 

Linf 7.86E+01 1.17E-01 8.18E+01 1.71E-01 7.56E+01 1.43E-01 

k 7.13E-02 6.15E-04 6.79E-02 8.11E-04 7.64E-02 8.66E-04 

t0 -2.11E+00 7.48E-02 -2.29E+00 1.07E-01 -1.81E+00 9.28E-02 

1960 

Linf 7.48E+01 2.87E-01 7.93E+01 4.24E-01 7.20E+01 3.35E-01 

k 8.39E-02 1.47E-03 8.10E-02 1.96E-03 8.72E-02 1.88E-03 

t0 -4.06E-01 1.03E-01 -4.79E-01 1.47E-01 -3.05E-01 1.22E-01 

1980 

Linf 7.27E+01 3.44E-01 7.50E+01 5.53E-01 7.17E+01 4.18E-01 

k 1.35E-01 2.59E-03 1.37E-01 4.02E-03 1.33E-01 3.12E-03 

t0 7.03E-01 5.98E-02 5.81E-01 9.10E-02 7.57E-01 7.41E-02 

2000 

Linf 7.88E+01 8.56E-01 7.88E+01 8.56E-01   
k 2.18E-01 8.30E-03 2.18E-01 8.30E-03   
t0 9.96E-01 6.05E-02 9.96E-01 6.05E-02   
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SE, standard error  
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Table 5.10 Cohort parameter chi-square goodness of fit analysis. Bold typeface indicated 

a significant result (alpha=0.05). 

Site Group 
P-Value  

a c d f g 

Georges Bank 

Population 0.97 0.003 0.067 0.067 0.838 

Female 0.463 0.003 0.067 0.067 0.557 

Male 1 0.463 0.463 0.973 0.557 

Long Island 

Population 1 0.003 0.024 0.094 0.973 

Female 0.463 0.003 0.094 0.067 0.463 

Male 1 0.463 0.463 0.973 0.557 
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Table 5.11 Modeled time to biological and fishery milestones. Regression results were 

calculated from linear and non-linear data regressions, and Modified Tanaka results were 

calculated from cohort-specific Modified Tanaka model parameters (Tables 5.4-5.5). 

Reproductive time regression estimates were calculated from regression equations, while 

Modified Tanaka reproductive time estimates were calculated by: (Fishable Size Time)-

(50% Maturity Time). 

 

Milestone Model Birth Year 
Georges Bank Long Island 

Time (y) GR (mm/y) Time (y) GR (mm/y) 

50% 

Maturity 

 

52 mm 

(0-52 mm) 

Regression 

1740 12 4.33 70 0.74 

1760 11 4.73 64 0.81 

1780 10 5.20 58 0.90 

1800 9 5.78 52 1.00 

1820 9 5.78 47 1.11 

1840 8 6.50 43 1.21 

1860 7 7.43 39 1.33 

1880 7 7.43 35 1.49 

1900 6 8.67 32 1.63 

1920 6 8.67 29 1.79 

1940 5 10.40 26 2.00 

1960 5 10.40 23 2.26 

1980 5 10.40 21 2.48 

% ∆ -58 140 -70 233 

Modified 

Tanaka 

1740 NA NA 32 1.63 

1760 NA NA 34 1.53 

1780 20 2.60 35 1.49 

1800 18 2.89 31 1.68 

1820 18 2.89 25 2.08 

1840 16 3.25 20 2.60 

1860 15 3.47 18 2.89 

1880 14 3.71 17 3.06 

1900 14 3.71 16 3.25 

1920 12 4.33 14 3.71 

1940 11 4.73 13 4.00 

1960 10 5.20 15 3.47 

1980 NA NA 12 4.33 

% ∆ -50 100 -63 167 

Fishable Size 

 

80 mm 

(0-80 mm) 

Regression 

1740 70 1.14 138 0.58 

1760 68 1.18 130 0.62 

1780 65 1.23 122 0.66 

1800 63 1.27 114 0.70 

1820 61 1.31 106 0.75 

1840 58 1.38 98 0.82 

1860 56 1.43 90 0.89 

1880 53 1.51 82 0.98 

1900 51 1.57 74 1.08 

1920 49 1.63 66 1.21 

1940 46 1.74 58 1.38 

1960 44 1.82 50 1.60 

1980 41 1.95 42 1.90 

% ∆  -41 71 -70 229 
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Modified 

Tanaka 

1740 NA NA 124 0.65 

1760 NA NA 121 0.66 

1780 77 1.04 127 0.63 

1800 67 1.19 115 0.70 

1820 66 1.21 97 0.82 

1840 58 1.38 83 0.96 

1860 56 1.43 75 1.07 

1880 56 1.43 68 1.18 

1900 57 1.40 63 1.27 

1920 57 1.40 60 1.33 

1940 48 1.67 62 1.29 

1960 56 1.43 62 1.29 

1980 NA NA 43 1.86 

% ∆  -27 38 -65 188 

Reproductive 

Time 

 

28 mm 

(52-80 mm) 

Regression 

1740 40 0.70 216 0.13 

1760 39 0.72 200 0.14 

1780 39 0.72 184 0.15 

1800 38 0.74 170 0.16 

1820 37 0.76 157 0.18 

1840 36 0.78 145 0.19 

1860 36 0.78 134 0.21 

1880 35 0.80 123 0.23 

1900 34 0.82 114 0.25 

1920 34 0.82 105 0.27 

1940 33 0.85 97 0.29 

1960 32 0.88 90 0.31 

1980 32 0.88 83 0.34 

% ∆  -20 25 -62 160 

Modified 

Tanaka 

1740 NA NA 92 0.30 

1760 NA NA 87 0.32 

1780 57 0.49 92 0.30 

1800 49 0.57 84 0.33 

1820 48 0.58 72 0.39 

1840 42 0.67 63 0.44 

1860 41 0.68 57 0.49 

1880 42 0.67 51 0.55 

1900 43 0.65 47 0.60 

1920 45 0.62 46 0.61 

1940 37 0.76 49 0.57 

1960 46 0.61 47 0.60 

1980 NA NA 31 0.90 

% ∆  -19 24 -66 197 

GR, Growth rate; % ∆, Percent change 
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5.6 Figures 

 
Figure 5.1 Georges Bank growth models. Individual sample age at length growth (grey), 

von Bertalanffy growth model (dashed line), Tanaka growth model (solid line), and 

Modified Tanaka growth model (dotted line) for the (A) population, (B) female, and (C) 

male groups.  
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Figure 5.2 Long Island growth models. Individual sample age at length growth (grey), 

von Bertalanffy growth model (dashed line), Tanaka growth model (solid line), and 

Modified Tanaka growth model (dotted line) for the (A) population, (B) female, and (C) 

male groups. 
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Figure 5.3 Georges Bank population cohort models. Estimated Tanaka (solid line), 

Modified Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual 

sample age-length data (light grey) by 20-y birth-year cohorts for A. islandica. 



 

196 

 

Figure 5.4 Georges Bank female cohort models. Estimated Tanaka (solid line), Modified 

Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual sample 

age-length data (light grey) by 20-y birth-year cohorts for A. islandica. 
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Figure 5.5 Georges Bank male cohort models. Estimated Tanaka (solid line), Modified 

Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual sample 

age-length data (light grey) by 20-y birth-year cohorts for A. islandica. 
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Figure 5.6 Long Island population cohort models. Estimated Tanaka (solid line), 

Modified Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual 

sample age-length data (light grey) by 20-y birth-year cohorts for A. islandica.  
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Figure 5.7 Long Island female cohort models. Estimated Tanaka (solid line), Modified 

Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual sample 

age-length data (light grey) by 20-y birth-year cohorts for A. islandica.  
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Figure 5.8 Long Island male cohort models. Estimated Tanaka (solid line), Modified 

Tanaka (dotted line), and von Bertalanffy (dashed line) models from individual sample 

age-length data (light grey) by 20-y birth-year cohorts for A. islandica.  
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Figure 5.9 Regional population Modified Tanaka parameters. (A) Georges Bank, (B) 

Long Island. Green quadrants mark the x and y median data values, horizontal dashed 

line marks the population group parameter. 
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Figure 5.10 Georges Bank Modified Tanaka parameters by sex. (A) Female parameters, 

(B) male parameters. Green quadrants mark the x and y median data values, horizontal 

dashed line marks the female group parameter. 
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Figure 5.12 Selectivity by size. Selectivity coefficient results from NEFSC (2017, Table 

15) that demonstrated dredge selectivity by A. islandica shell length. The vertical dashed 

lines indicated that at 80 mm shell length, selectivity stabilizes for large shell lengths.  

 

 

 
Figure 5.13 Maturity by size. Combined proportion of mature A. islandica collected in 

2017 from Georges Bank and Long Island (Mann unpublished). The populations were 

50% maturity at a mean size of 52 mm, with a 95% confidence interval of 50.4-53.0 mm. 
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Figure 5.14 Growth rates by sex and site. Female (dark mauve, left) and male (green, 

right) growth rates within a site for (A) time to 50% maturity, (B) time to fishable size, 

(C) time (years) of reproduction. Box represents the interquartile range (IQR) with 50th 

percentile bar (median), whiskers represent 15*IQR, and points are outliers. 
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Figure 5.15 Georges Bank time to 50% maturity by birth year. Individual time to 52 mm 

and negative exponential regression with 95% confidence intervals.  
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Figure 5.16 Georges Bank time to fishable size by birth year. Individual time to 80 mm 

and linear regression with 95% confidence intervals. 
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Figure 5.17 Georges Bank estimated years of reproduction by birth year. Individual time 

from 52-80 mm and negative exponential regression with 95% confidence intervals. 
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Figure 5.18 Long Island time to 50% maturity by birth year. Individual time to 52 mm 

and negative exponential regression with 95% confidence intervals. 
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Figure 5.19 Long Island time to fishable size by birth year. Individual time to 80 mm and 

linear regression with 95% confidence intervals. 
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Figure 5.20 Long Island estimated years of reproduction by birth year. Individual time 

from 52-80 mm and negative exponential regression with 95% confidence intervals. 
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Figure 5.21 Regional growth rates by birth year. Regression model (A-C) and Modified 

Tanaka model (D-F) growth rate estimates for Georges Bank (solid) and Long Island 

(dashed) to size milestones: (A, D) size of 50% maturity - 52 mm; (B, E) to fishable size - 

80 mm; (C, F) between 50% maturity and fishable size - 28 mm. Grey shading (A-C) 

represent standard error of regression models.  
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Figure 5.22 Regional population indexed growth over time. (A) Georges Bank and (B) 

Long Island growth indices (light grey line), and growth indices with a 15-y loess 

smoother (black line). 
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Figure 5.23 Female indexed growth over time. (A) Georges Bank and (B) Long Island 

growth indices (light grey line) and growth indices with a 15-y loess smoother (black 

line). 
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Figure 5.24 Male indexed growth over time. (A) Georges Bank and (B) Long Island 

growth indices (light grey line) and growth indices with a 15-y loess smoother (black 

line). 
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Figure 5.25 Within-region cross wavelet analysis. Georges Bank-Long Island population 

growth indices analyzed for average frequency power by time period. Significance 

represented by black points (alpha=0.10). 

 

 

 



 

217 

 
 

Figure 5.26 Within-sex cross wavelet analysis. (A) Female-female growth indices, and 

(B) male-male growth indices, analyzed for average frequency power by time period. 

Significance represented by black points (alpha=0.10). 
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Figure 5.27 Within-site cross wavelet analysis. (A) Georges Bank male-female growth 

indices, and (B) Long Island male-female growth indices, analyzed for average frequency 

power by time period. Significance represented by black points (alpha=0.10). 
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Figure 5.28 Lead/lag of growth periodicities. (A) Within-region comparison of Georges 

Bank “over” Long Island; (B) within-sex female comparison of Georges Bank “over” 

Long Island; (C) within-sex male comparison of Georges Bank “over” Long Island; (D) 

within-site of Georges Bank male “over” female; (E) within-site of Long Island male 

“over” female. Variable “over” leads when y values are positive and lags the alternative 

variable when y values are negative.  
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CHAPTER VI  CONCLUSIONS 

6.1 Age-Reader Error 

A 3-fold error study indicated that the 610-sample Arctica islandica age dataset 

from Georges Bank (GB) met the predetermined error thresholds for bias (conditionally 

because of significant and nonsignificant results), precision (average coefficient of 

variation less than 7%), and error frequency (less than 10%). Pending improved age-

validation data for this species, particularly for the younger animals entering the fishery, 

these age data are within acceptable error bounds proposed in this study to be used for 

age compositions and suggest that the reader aging protocol can be used in future age-

structure studies. These analyses also establish the degree of uncertainty associated with 

age compositions for integration into fisheries assessment models. The representativeness 

of the GB population for error applications generally is, as yet, unknown, though 

published growth rates on GB are thought to be higher than other locations at similar 

latitudes. Also unclear is the degree to which these higher growth rates might provide 

reduced precision relative to animals aged from other regions, as lower precision in this 

study was associated with periods of higher growth rate. Regardless, the degree of 

uncertainty places a detection limit on identifying the shortest detectable period of low 

recruitment, a consideration of some importance, given the population dynamics of this 

species. Age frequencies derived are, in effect, smoothed by this degree of error and pose 

a limitation on the interpretation of fine-scale variations in the inferred cohort dynamics 

within the population. 

Given the cost of processing and the number of aged animals required to provide 

an adequate age-at-length relationship across many ages wherein high variability exists in 
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age at length, attention to increasing precision is necessary and may result in the 

reduction of required sample size. The differential error rate between males and females 

provides a possible opportunity to reduce age determination bias by focusing on females. 

Precision was clearly greater and bias less for females. The tendency for females to be 

larger than males would suggest some bias in the sex ratio of landings as well, which 

would support the preferential use of female SSB in an assessment. Although a number 

of studies have examined A. islandica aging methods in the Mid-Atlantic region, a focus 

on the increased uncertainty in age determination at small size, which is conflated with 

the number of males in those size classes, has not occurred. Nonetheless, this study 

suggests that a focus on females would reduce uncertainty in the age frequency and 

possibly reduce the required sample number to produce a reliable age-length key (ALK) 

and subsequent population age-frequency distribution. 

6.2 Georges Bank Population Dynamics 

Because GB provides a virgin-stock proxy, age and length data are not fishery 

biased and represent natural mortality and recruitment processes. Sex-based 

demographics are different in regard to length frequencies and derived ALKs, growth 

rates, and estimated natural mortality and longevity. The reliability of constructed ALKs 

has long been debated for an animal with such extreme age-length data variability, and 

this study discovered that a large age sample can produce reliable ALKs for the modal 

section of an age frequency when sex-specific ALKs are used. Assumptions of prolonged 

lapses in recruitment were not substantiated for the GB population and yearly cohorts 

were observed for the past century; however, depressed recruitment was observed at 

somewhat regular intervals averaging as 8-y cyclicities. Regular recruitment and 
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expanded longevity than previously documented for GB indicates that this species is 

capable of rebuilding, but periods of reduced recruitment and population expansion at the 

turn of the 1900s support hypotheses that recruitment and mortality of this species are 

highly responsive to environmental conditions.  

This study evaluated sex-based population dynamics from a substantial age 

sample; however, data were collected from a single sampling site. Additional samples 

from GB are needed to ensure this dataset is representative of the entire GB area and that 

population dynamics are homogenous across GB. Assuming representativeness, these 

data can supply age-based assessments with sex-specific ALKs, longevity estimates, and 

natural mortality rates. As fishery managers move towards age-based models for this 

species, it would also be critical to understand age compositions of young animals that 

have not yet recruited to the fishery, ensure consistent recruitment from recent decades 

not present in this fishery sample, and identify the size at which sexual dimorphism 

originates. In addition, understanding the deviation in sex-based mortality could be 

supported by a more thorough understanding of A. islandica behavior in terms of sex-

based burrowing rates, burrowing depths, and burrowing responses to adverse 

environmental factors and the real possibility of an increased cost of reproduction in 

females as an outcome of their larger size increasing vulnerability to temperature 

extremes. Understanding the processes that drive sex-based demographics, whether life-

history tactics or behavioral responses, would greatly inform recruitment potential and 

stability of this species when confronted with fluctuating climatic and fishery effects. 

 



 

228 

6.3 Long Island Population Dynamics 

Long Island (LI) A. islandica population dynamics support findings from the GB 

population dynamics study that A. islandica are sexually dimorphic. Females at LI are 

significantly offset to larger size classes than males, and females represent the maximum 

observed lengths. Sex-ratio at size clearly indicated that males dominated small size 

classes < 80 mm, while females dominated large size classes ≥ 95 mm. Age-length data 

also suggested that females grow faster than males, because females are generally 

younger at size compared to their male counterparts. The population ALK was reliable at 

reproducing the modal section of the population age frequency derived from an extremely 

large age dataset 100% of the time, and the distribution was only offset from the true 

distribution 16% of the time (alpha = 0.05). A reliable population ALK offers fishery 

managers the option to maintain the LI assessment as a non-sex-differentiated model, 

particularly since the population-scale total mortality estimates were equal between 

population, females, and males. This decision would be both time and cost effective.  

Maximum ages at LI are higher than previously reported for the US Mid-Atlantic 

region with a male A. islandica visually aged to 310 y. Age-reader error is high for LI 

males, and some flexibility is expected in the true age of these organisms, but the age is 

still remarkable even with error considered. Continued age validation of animals located 

in the Cold Pool, and for young, male A. islandica whose error is particularly high, would 

resolve many questions in regard to accurate aging methods and improve our confidence 

in age demographics for this species, as even isotope dating inherits substantial age error. 
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6.4 Regional Growth Dynamics 

Arctica islandica is a challenging commercial species to manage as ALKs to this 

point have been unreliable and age estimates derived from traditional von Bertalanffy 

growth models have been inaccurate in recent studies of Mid-Atlantic populations. A 

sample of 569 animals from GB, and 865 animals from LI demonstrated that the 

Modified Tanaka growth model is the best fit for the indeterminate growth observed at 

old ages and large size classes. Modified Tanaka and growth rate results also revealed 

that A. islandica at GB generally grow faster than at LI, and that females grow faster than 

males regardless of population. Growth curves are also highly dependent on the birth year 

of the animal, where growth rates of mature animals entering the fishery are 104% faster 

at GB for animals born in the 1980s compared to animals born in the 1860s, and 48% 

faster at LI for animals born in the 1980s compared to the 1860s.  

Whether to model growth for a single stock versus by population and cohort, is an 

important decision for federal fishery biologists because if birth year is ignored, model 

parameters do not reflect contemporary growth of upcoming generations. Inaccurate 

growth estimates would likely underestimate stock biomass projections, and also 

overestimate the number of spawning years prior to A. islandica recruitment to the 

fishery. Additionally, understanding how these growth relationships correlate with 

environmental cycles will assist in accurate forecasts of future growth conditions and 

growth responses to anomalous temperatures. The continuation of cross wavelet analyses 

between A. islandica growth indices with both basin-wide (e.g., AMO, NAO, Atlantic 

Meridional Overturning Circulation) and local temperature variability (Cold Pool 
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strength, ENSO), will provide insight into fishery milestone timing and conditions 

necessary for successful growth and recruitment. 

6.5 Regional Fishery Dynamics 

The US A. islandica stock is divided into two distinct area-specific assessment 

models. One model evaluates the northern region of the stock at GB, while the other 

model assesses a much larger area spanning the continental shelf west of GB southeast to 

southern Virginia. Two sites were evaluated in this study, GB located in the northern 

management area and LI located in the center of the southern management area. The GB 

site is relatively unfished and represents a pseudo-virgin population, whereas LI 

represents the greatest stock landings in the US Mid-Atlantic fishery. Currently, the 

assessment models applied to the active fishery in the southern region incorporates 

length-based data, but with capacity to apply age-based data if chosen.  

Similarities between LI and GB include sexually dimorphic growth, a population 

sex ratio that is biased towards males, and relatively coherent recruitment cycles that 

occur in 8-y periods. However, that is where the likenesses end. The modes of the length 

frequencies were offset by sex and site, with GB length frequency central tendencies 

generally larger than those of the LI length frequencies. Growth rates were faster at GB 

than LI, and female growth rates were faster than males. Not surprisingly, the ALKs at 

GB and LI were not interchangeable due to the above-mentioned age and length 

relationships and at least two independent keys are needed for the Mid-Atlantic stock. 

Female growth rates are divergent from males and aging only females at a site to reduce 

aging error would not be sufficient to replicate the population ALK and subsequent 

population age frequency, both male and female ages are required. Instantaneous 
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mortality rates at GB were approximately double those at LI, and GB appeared to have a 

higher female mortality rate than males; although, GB had a smaller sample size than LI 

and mortality may be inflated due to the absence of rare very-old animals at GB. Finally, 

the transition from male to female dominance by size class occurred across different size 

ranges dependent on the population, and this metric may interfere with predicted 

spawning-stock biomass estimates if the sex proportions are not designated correctly 

across a length sample by site.   

Evidence listed herein assert that the GB and LI sites require different ALKs, 

mortality estimates, and sex ratios at size. It is also still unknown if the LI population 

dynamics are comparable to other A. islandica populations within the southern 

management area, or if models should be developed latitudinally or in reference to 

location in the Cold Pool footprint. Furthermore, additional data are needed to understand 

how patchy the age-length demographics are within and between populations, and if 

replication of the modal section of the age-frequency distribution is sufficient for the 

purposes of the assessment model, or if the tails need to be resolved in the ALK analyses.  

Interpretation of an age-frequency distribution is a confounding task as an age 

frequency can be evaluated through either a mortality or recruitment lens. For instance, 

are the peaks and troughs of an age distribution the result of fluctuating morality that 

periodically removed animals from a population, or the product of successful recruitment 

over time that systematically added animals to a population? Each option assumes that 

the other variable is held constant through time. In reality, both mortality and recruitment 

rates likely change over time and survival and mortality are intrinsically linked, 

particularly for benthic invertebrates that are highly dependent on external conditions for 
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suitable habitat and reproductive success. When considering the age frequency of A. 

islandica, is the long tail of old animals born prior to 1890 the result of 1) low mortality 

rates long ago that allowed such old animals to persevere for centuries, 2) low 

recruitment during 1700-1890 at the initiation of a range expansion into the Mid-Atlantic 

200-300 y ago followed by a population explosion in the 1880s, or 3) are these lingering 

extremely old animals the product of successful genotypes that have optimal functionality 

within these environments? Understanding conditions that drive mortality and 

recruitment in recent generations, can facilitate our collective interpretation of Mid-

Atlantic shelf ecology in prior centuries as well as the concurrent multi-centenarians still 

living in the modern fishery.  

 

 


