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1.0 EXECUTIVE SUMMARY 

 
Project Title: Investigating links between environmental conditions and scallop meat condition to 

predict the regional vulnerability of fishing stocks under future ocean acidification and warming. 

Year Awarded: 2020 

RSA Priorities Addressed By This Research: 

2020 priority #6: Scallop meat quality research 

2020 priority #7: Research on scallop biology 

Industry Partners: F/V Liberty (Carbonate chemistry and scallop health surveys) 

 
Global atmospheric CO2 concentration has increased from the pre-industrial level of 280 ppm to 

over 400 ppm today, and is expected to reach between 720 and 1000 ppm by the end of the 21st 

century. This will cause both warming and ocean acidification, both of which can be detrimental 

to the health of marine organisms. Bivalves have been identified as particularly vulnerable to the 

impacts of warming and acidification, but there has been little translation of this to fisheries 

management.  

 

A previous modelling effort by scientists including PI Rheuban was the first published effort to 

predict the effects of future ocean acidification on a commercial fishery. This model incorporates 

environmental, socio-economic, and key fisheries biological subcomponents to predict the 

effects of ocean acidification on the Atlantic sea scallop fishery over the 21st century. This model 

showed that scallop populations may experience declines under ocean acidification, and that 

large scallops would be particularly impacted by ocean acidification, which would in turn 

negatively affect fisheries profits. Currently, the model is broken down into sub-models for the 

Middle Atlantic Bight (MAB) and Georges Bank, but the extent of ocean acidification and 

warming is likely to vary at a finer spatial scale.  

 

The goal of this project is to produce a spatially-explicit model to identify the economic 

consequences of ocean acidification for the Atlantic sea scallop fishery. This goal will be 

achieved through three main objectives:  

 

Objective 1: Produce a high-resolution dataset of the present day seawater carbonate 

chemistry to construct the much-needed distribution of aragonite saturation states (Ωaragonite) and 

other relevant CO2 system parameters (e.g., pH and carbonate ion, CO3
2-, concentration) within 

Atlantic sea scallop fishing grounds on Georges Bank that can be used to predict benthic 

carbonate chemistry, and thus favorable scallop habitat, under future ocean acidification (OA) 

projections.   

 

Objective 2: Sample Atlantic sea scallop meat condition, age structure and density at a 

subset of these carbonate chemistry collection sites on Georges Bank to relate scallop performance 

to environmental variables, in particular carbonate parameters and temperature. 

Objective 3: Develop a spatially explicit integrated assessment model that predicts the 

ecological and economic consequences of OA impacts on the Atlantic sea scallop fishery over the 

21st century. 
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2.0 PRELIMINARY RESULTS AND DISCUSSION 
 

The bulk of the work completed so far has addressed Objective 1: Produce a high-resolution 

dataset of the present day seawater carbonate chemistry across Atlantic sea scallop fishing 

grounds. We have assembled a dataset of all publicly available carbonate chemistry across the 

Northeast US shelf. This dataset was quality-controlled using World Ocean Circulation 

Experiment (WOCE) flags, and by examining linear relationships between total alkalinity (TA) 

and salinity, and between dissolved inorganic carbon (DIC) and the log-transformed depth. 

Cook’s distance was used to measure the influence of each data point, and outliers were 

removed. This yielded a quality-controlled dataset of 3102 samples that include data on DIC, 

TA, temperature, salinity and depth (Fig. 1a) between the years 1980 and 2019 (Fig. 1b). Within 

this dataset, 2748 samples additionally have observations of dissolved oxygen.  

 

The resolution of these historic samples is not high enough to examine the spatial and temporal 

trends in bottom water carbonate chemistry across this region that are necessary to predict the 

impacts of OA and warming on Atlantic sea scallops at the scale of the regional management 

areas. We have therefore used this dataset to generate machine learning models that predict 

carbonate chemistry from more commonly collected data (i.e. CTD and satellite data), which will 

increase the resolution of bottom-water carbonate chemistry fields. To do this we collected 

bathymetric data from USGS, and satellite observations of sea surface height, sea surface 

temperature and surface chlorophyll a concentration for each publicly available carbonate 

chemistry observation. The full dataset was divided into a training and testing dataset to generate 

machine learning models that predict carbonate chemistry (i.e. DIC and TA,  and aragonite 

saturation state) from commonly collected data sources (i.e. salinity, temperature, depth, 

bathymetry, and satellite data). When these models were applied to the testing dataset, TA was 

predicted with 98 % accuracy, DIC was predicted with 94 % accuracy, and aragonite saturation 

state was predicted with 94 % accuracy (Fig. 2). These models will be applied to 7526 CTD casts 

Fig. 1. Map of the 2D distribution of quality controlled water samples across the Northeast US 
shelf (A), and histogram of the frequency of these samples over time (B). Bottle samples are 
depicted as white dots in 1A.  

A 

B 



4 

 

that were collected across this region since 2015 to generate high resolution present-day bottom 

water carbonate chemistry fields at a seasonal temporal scale (Fig. 3).  

 

 

Fig. 2. Validation of the relationships between the total alkalinity (A), dissolved inorganic carbon (B), 
and aragonite saturation state (C) predicted from machine learning Random Forest models and the 
measured values. For aragonite saturation state, the measured values refer to the values calculated 
from the measured DIC-TA pair. Models were constructed on a random sample of 1813 observations 
and applied to a validation dataset of 935 variables. 

Fig. 3. The seasonal 
distribution of CTD 
(conductivity, 
temperature, and depth) 
profiles collected across 
the Northeast US shelf 
between the years 2015 
and 2020. This dataset will 
be used alongside satellite 
data to generate high 
resolution fields of 
predicted bottom-water 
carbonate chemistry from 
random forest models.  
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3.0 SPECIAL COMMENTS 

 
This project is on-going. The fieldwork originally planned for the summer of 2020 was delayed 

due to COVID-19 and will instead be taking place in May 2021. This fieldwork will provide 

further carbonate chemistry data to support Objective 1 (produce a high-resolution dataset of the 

present day seawater carbonate chemistry across Atlantic sea scallop fishing grounds), as well as 

scallop samples from 24 sites on Georges Bank to support Objective 2 (Sample Atlantic sea 

scallop meat condition, age structure and density at a subset of these carbonate chemistry 

collection sites on Georges Bank to relate scallop performance to environmental variables). 

 


