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1. Introduction 
In early 2019, the Maine Shellfish Restoration and Resilience Project (MSRRP) awarded a grant 
to the Town of Freeport to establish a pilot project investigating the effects of winter harvesting 
on northern quahogs (Mercenaria mercenaria). The MSRRP is a partnership of the Broad Reach 
Fund, the Maine Shellfish Advisory Council, the University of Maine, and the Mitchell Center for 
Sustainability Solutions. This was a collaborative project with Freeport’s Marine Resource 
Conservation Officer, Manomet, Tidal Bay Consulting, and members of the Freeport Shellfish 
Conservation Commission. Seven commercial shellfish harvesters volunteered throughout the 
project, and were integral to the development and implementation of this project. 

2. Goals and Objectives 
The goal of this pilot study is to determine if digging (i.e., turning over mud) in freezing air 
temperatures has an effect on quahog mortality through either exposure to cold or other 
stressors, including increased risk of predation. This study aims to gauge the effectiveness of 
winter harvesting closures as a municipal conservation measure. The results will help harvesters 
and municipal shellfish committee members to better understand how quahogs respond to 
disturbance by digging during winter months, thus informing conservation and management 
decisions.  
 
The objectives of this project are: 1) assess feasibility of transplanting quahogs within the same 
cove; 2) gauge interest in participation among local harvesters, and receptivity of local and 
state shellfish managers in exploring this research question; 3) generate preliminary field data 
on mortality of quahogs from winter disturbance at a single site; and 4) test field methodology 
to refine for potential future studies with a larger scale and geographic scope. 
 
3. Background 
As the Gulf of Maine is one of the fastest warming bodies of water in the world (Pershing et al. 
2015), and as air temperatures increase with climate change, the abundance and distribution of 
species in the intertidal and ocean will continue to change.1 In southern and mid-coast Maine, 
quahogs have recently become an important species for harvesters as the populations of soft-
shell clams have declined. The increase in quahog landings over the last ten years and 
associated economic importance to harvesters highlights the importance of gaining a better 
understanding of quahog conservation and management by applying research conducted in 
other states, and initiating new research in Maine.    
 
Available research on cold tolerance of quahogs indicates they are more susceptible to cold 
temperatures than other bivalve species (Stanley and DeWitt, 1983). Taking this into 
consideration, the Town of Brunswick has implemented winter harvesting closures for quahogs 
in Middle Bay for the past five years. Anecdotal evidence suggests these closures are having a 
positive impact on the local populations of quahogs, whereas resources across Middle Bay in 
Harpswell are not as numerous (personal communication with Dan Devereaux, January 2, 

 
1 Please refer to the full report for a list of references cited. 
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2019). Furthermore, harvesters have observed high mortality rates of juvenile quahogs during 
the winter in areas where clams and/or worms are harvested. 
 
Research on the physiology of quahogs shows a temperature range from approximately -6°C 
(21.2°F) up to about 35°C (95°F) (Stanley and DeWitt, 1983). Below this threshold adults die 
when 64% of the tissue water has changed to ice (Williams 1970 in Stanley and DeWitt, 1983). 
However, much of the evidence to support winter closures is anecdotal, as there have been no 
targeted studies on the direct impact of winter harvesting on quahog mortality.  
 
4. Methodology 
This section provides an abbreviated overview of the methodology. Please refer to the full 
report for more detailed information. In early spring of 2019, a 50’ x 50’ study site was 
established in the intertidal zone of Staples Cove in Freeport, Maine. On May 6, 2019, the Town 
of Freeport placed a conservation closure on the study site to prevent disturbance from 
commercial or recreational harvesting. Thirty-five research plots, 2’x2’ in size, were established 
within the study site. Harvesters dug through 25 of these plots to remove shellfish prior to 
receiving transplanted quahogs (green plots, Figure 1), five plots had shellfish removed but did 
not receive transplanted quahogs (yellow plots, Figure 1), and five plots had neither shellfish 
removed nor quahogs transplanted (grey plots, Figure 1).  
 
Three harvesters dug 750 quahogs nearby in Staples Cove and transplanted them by hand into 
25 plots. These quahogs were between approximately 3-10 cm shell length. All quahogs were 
pooled into two size classes – small (approx. <5cm) and large (approx. >5cm). Harvesters placed 
20 smaller quahogs and 10 larger quahogs per plot. This approach was adopted to account for 
differential transplant survival rates, predation risk on different size classes, and to address any 
potential differences in recovery rates of different size quahogs by harvesters 
 
On July 10, 2019 and again on October 16, 2019, harvesters dug two randomly selected plots to 
assess the condition of transplanted quahogs (S-O & S-J, Figure 1). The earlier sampling date 
was selected to check the condition of quahogs early in the experiment to give sufficient time 
to re-transplant quahogs if high mortality or predation was discovered. The fall sampling data 
was conducted to check the condition of transplanted quahogs near the end of the growing 
season. During each date, quahogs were collected and tallied into two categories (good 
condition or dead). We did not test for respiration, metabolic activity or other indicators to be 
able to conclude if the quahog was alive at the time of recovery but based the assessment on 
physical parameters: condition of the shell (no visible chips, cracks, or degradation) and 
strength of the abductor muscle (shell could not be pried open with a tool). See Table 1 in the 
full report for more details. 
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Figure 1. Layout of the study site. Each plot is 2’x2’ with 2’ between each plot. Plot treatments 
and selection of sampled plots are randomly assigned. 
 
On January 22, 2020 (low tide ~3:37 PM, tidal height -0.51 ft.), ten randomly selected plots 
were disturbed by a harvester digging from approximately 2:35-3:00 PM (Figure 2). The air 
temperature during the time of disturbance was 26.4oF, 5.4oF above the target temperature 
range (13°F and 21°F). The average temperature at the National Weather Service station in 
Portland, Maine during the month of January was 29.8oF, which was 7.5oF above normal and 
tied for the fourth warmest January on record. Seawater temperatures at the time of 
disturbance and for 21 days post-disturbance ranged between 37oF and 42oF. 
 
On May 14, 2020 (low tide: 11:58 AM, tidal height: 0.6 ft) the condition of quahogs in disturbed 
(D, Figure 1) and undisturbed (U, Figure 1) plots was assessed using previously described 
assessment protocols (Figure 3). To reduce any intentional or unintentional bias, neither the 
harvesters nor the data recorders knew the treatment group (disturbed or undisturbed) of the 
plots. 
 

U D U U U D D U U U

D D S-J D S-J U D S-O U D

R-1 R-1 R-1 R-1 R-1 U D S-O U D

R-2 R-2 R-2 R-2 R-2
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Figure 2. Winter 2020 disturbance.       Figure 3. Spring 2020 – condition assessment. 
 
5. Results 
This section provides an abbreviated overview of the results. Please refer to the full report for 
more detailed information. In June of 2019, one month after transplanting, the recovery rate2 
of quahogs in good condition was 93% and 96% (S-J plots, Figure 1). In October of 2019, five 
months after transplanting the recovery rate of quahogs in good condition was 77% and 80% (S-
O plots, Figure 1). In early May of 2020, almost a year after transplanting, the average recovery 
rate of quahogs in good condition was 64.8% in the undisturbed plots (n=11, U plots Figure 1).  
 
In the disturbed plots, the average number of quahogs in good condition was 9.6 per plot, 
which is less than half the average of quahogs in good condition in the undisturbed plots (19.5). 
There was a significant difference in the recovery rate of quahogs in good condition between 
disturbed and undisturbed plots (ANOVA, F 1,19, p = 2.36e-06, see Figure 6 in the full report). 
The percent recovery rate of quahogs in good condition was 65% in undisturbed plots, and 32% 
in disturbed plots. This indicates that disturbing quahogs during winter months reduced the 
number of quahogs that appear to be in good condition. 
 
6. Discussion 
Disturbance of plots during the winter resulted in 50% fewer quahogs recovered in good 
condition, a statistically significant reduction.  Disturbance of quahogs by digging relocated 
many of the quahogs to the surface, or near the surface of the mud. This likely increased their 
vulnerability to multiple stressors, including exposure of tissue to freezing air temperatures, 

 
2 The recovery rate is calculated by subtracting the dead and missing quahogs from 30 (the total number of 
transplanted quahogs) and dividing that total by 30 to get a percentage of quahogs in ‘good’ condition. 
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reduced metabolic capacity to respond to disturbance, increased exposure to currents and 
predators, and reduction of stored energy reserves. The cumulative effect of these factors may 
have resulted in a significant reduction of quahogs recovered in good condition within the 
disturbed plots.    

In warmer months, quahogs brought to the surface or near the surface of the mud can rebury 
themselves. However, cold water reduces the metabolic activity of quahogs (Loosanoff, 1939; 
Ansell, 1964) and at temperatures below 41oF quahogs reduce metabolism to approximately 
5% of the normal metabolic rate (Zarnoch and Schreibman 2008). Average hourly seawater 
temperature in Casco Bay was ≤40oF during the 21 days after disturbance indicating that 
quahogs would have limited metabolic activity, making it energetically difficult for quahogs to 
rebury themselves after the disturbance (digging activity). Quahogs may have been vulnerable 
after disturbance even with milder air temperatures (17-47oF) if disturbed quahogs were 
unable to adequately rebury themselves due to reduced metabolic activity. This also increases 
their risk to predation from birds or other animals that are active during winter months.   

Even if the disturbance does not immediately kill quahogs, it may weaken the quahogs by 
taxing their stored resources threatening longer-term survival. Over the winter and early spring, 
quahogs rely on stored energic resources to sustain them until food sources become available 
again (Zarnoch and Schreibman 2008; Bricelj et al. 2007). Utilizing these stored resources to 
respond to disturbance may reduce survival in the spring when water temperatures are warm 
enough to increase metabolic and respiratory functions but food is scarce (Zarnoch and 
Schreibman 2008; Zarnoch and Sclafani 2010).   

7. Conclusion and Future Research  
This preliminary study was small and limited to only one site in Casco Bay, although it supports 
existing peer-reviewed research findings that quahogs are vulnerable to multiple environmental 
stressors when exposed to the elements at the surface during the winter. Expanding this 
research beyond a pilot phase is warranted to ensure these results are consistent across 
multiple sites before management decisions are enacted. Considerations for a larger study 
could include: designing a study with more plots and/or larger plots; including several sites 
within different tidal heights in the intertidal/subtidal; adding sites in different coves/rivers to 
assess the effects of different sediment types; using temperature loggers; assessing mortality 
rates based on size classes; marking quahog shells to identify those that were transplanted; and 
potentially adding other treatments to address for factors such as predation. 

 
Before results from a larger study are available, harvesters should take steps to reduce 
disturbance of quahogs during cold weather, as a best practice. This could entail burying any 
sub-legal quahogs turned up when digging. Utilizing the precautionary principle by instituting 
seasonal harvesting closures (potentially on a rotating basis where only a portion of the flats 
are closed seasonally) or real-time closures based on a certain temperature range, may provide 
a conservation benefit. However, closures result in lost revenue to harvesters. Therefore, 
municipal shellfish committees should carefully weigh these biological and economical 
tradeoffs.   
 


