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Executive Summary 
 

This report summarizes the activities of the Boothbay Coastal Water Monitoring Program for the year 
2022.  This is the eighth year that the Boothbay Region Land Trust (BRLT) has conducted this program 
and we continue our contribution to the scientific community.  

Notable Highlights include:  

• Received Maine Department of Environmental Protection (DEP) approval in 2020 of our Quality 
Assurance Project Plan which defines our processes and procedures to ensure that our data is 
high quality and allows inclusion of our data in the DEP report to the U.S. Environmental 
Protection Agency 

• Continued to provide the Maine Coastal Observing Alliance (MCOA) offshore samples from five 
sites of the waters from the Damariscotta River to the mouth of the Sheepscot River 

In the pages that follow you will see summary graphs that depict trends for the past 8 years.   These 
trends are disturbing but consistent with the state of climate change and its effect on the Gulf of Maine 
coastal waters. The following is noteworthy: 

• Sea surface temperature continues to increase.  The effects are numerous but the impact on the 
lobster industry will be significant for Maine’s economy.  Additionally, sea level rise due to rising 
temperatures is an important issue to our coastal community. 

• The amount of dissolved oxygen (DO) in our waters is decreasing.  This decrease, if continued, 
will adversely affect the health of fish.   

• pH continues to decrease.  Lower pH can have detrimental effects on shellfish. 

We want to thank the many dedicated volunteers that make this program a success. Our monitoring 
activity begins in May and concludes in October.  It is a long season with often cold and wet days but 
they endure, and are making the essential contribution to this important activity.  A list of our 
volunteers is included in Appendix 1 of this document. 
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Background 
The Gulf of Maine is warming faster than 99% of the world’s oceans and is beginning to lose its subarctic 
characteristics. Ocean warming, acidification, and sea level rise are already affecting ecosystems and 
coastal areas and will continue to accelerate as the climate warms1. 

Over the years the waters of the greater Boothbay Region have been adversely affected by human 
activities2.  As cited in the Boothbay Harbor Master Plan of 20153, the waters of Linekin Bay have 
suffered a decrease in the concentrations of dissolved oxygen.  Causes for this depletion may include 
storm water runoff, increased water temperatures, changes in circulation, and increasing concentrations 
of bacteria and chlorine content from overboard discharge systems.  In this same report, it was 
recommended to increase the monitoring of these oxygen levels.   Similarly, this same general area, to 
include the estuaries of the lower Damariscotta River, the Sheepscot River and the waters of Southport 
Island, have seen clam beds closed and shellfish harvesting stopped due to unsafe waters. 

With the advent of the human impact on our environment, we are faced with increased levels of CO2 
impacting increased acidity.  As seawater becomes more acidified, carbonate is less available for animals 
to build shells and skeletons. Under conditions of severe acidification, shells and skeletons can dissolve.4 
Melting ice sheets will continue to be a consequence of rising ocean temperatures.  Additional concerns 
are that rising sea temperatures will affect lobster fishing5 and lead to the introduction of invasive plants 
and animal species.  Sea surface temperatures in the Gulf of Maine are warming faster than almost 
anywhere else on the planet.6 7  It is for reasons such as these that recommendations have been voiced 
to increase the coastal and tributary water monitoring programs for this region. For a better 
understanding, readers are encouraged to read the short articles by the Northeast Coastal Acidification 
Network at http://necan.org/overview and http://necan.org/marine-life.   

Upper Ocean Heat Content: Record High In 20228 
Global ocean heat content (OHC) hit a record high: The upper ocean heat content, which addresses the 
amount of heat stored in the upper 2,000 meters of the ocean, was record high in 2022, surpassing the 
previous record set in 2021. The four highest OHCs have all occurred in the last four years (2019-2022).  
Boothbay water sampling data reflects the same rising water temperature trend seen by numerous 
studies.  This trend is expected to have negative impacts on Maine’s economy.9 10 

 
1 https://www.nrcm.org/news/gulf-maine-warming-faster-than-99-percent-worlds-oceans/  
2 http://www.gulfofmaine-census.org/about-the-gulf/human-presence/  
3 https://www1.maine.gov/dacf/municipalplanning/comp_plans/Boothbay_Harbor_2015.pdf  
4 https://www.epa.gov/ocean-acidification/understanding-science-ocean-and-coastal-acidification  
5 https://www.mainelobsternow.com/blog/new-england-water-temperature-impact  
6 https://gmri.org/stories/gulf-of-maine-warming-update-summer-2021/  
7 https://www.climate.gov/news-features/featured-images/warming-ocean-temperatures-push-lobster-
populations-north 
8 https://www.noaa.gov/news/2022-was-worlds-6th-warmest-year-on-record  
9 https://climatecouncil.maine.gov/reports  
10 https://umaine.edu/news/blog/2016/09/21/dmc-bigelow-study-rising-ocean-temperatures-threaten-baby-
lobsters/  

http://necan.org/overview
http://necan.org/marine-life
https://www.nrcm.org/news/gulf-maine-warming-faster-than-99-percent-worlds-oceans/
http://www.gulfofmaine-census.org/about-the-gulf/human-presence/
https://www1.maine.gov/dacf/municipalplanning/comp_plans/Boothbay_Harbor_2015.pdf
https://www.epa.gov/ocean-acidification/understanding-science-ocean-and-coastal-acidification
https://www.mainelobsternow.com/blog/new-england-water-temperature-impact
https://gmri.org/stories/gulf-of-maine-warming-update-summer-2021/
https://www.climate.gov/news-features/featured-images/warming-ocean-temperatures-push-lobster-populations-north
https://www.climate.gov/news-features/featured-images/warming-ocean-temperatures-push-lobster-populations-north
https://www.noaa.gov/news/2022-was-worlds-6th-warmest-year-on-record
https://climatecouncil.maine.gov/reports
https://umaine.edu/news/blog/2016/09/21/dmc-bigelow-study-rising-ocean-temperatures-threaten-baby-lobsters/
https://umaine.edu/news/blog/2016/09/21/dmc-bigelow-study-rising-ocean-temperatures-threaten-baby-lobsters/
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What Can Be Done? 
The effect of runoff into Maine’s tributaries on coastal acidification is well documented.  Continued 
monitoring of coastal waters is vital to improve awareness and understanding of the health of Maine’s 
coastal waters.  Individuals and towns can all take action to reduce coastal acidification by  

• Reducing or eliminating fertilizers on our lawns, gardens, and farms 

• Making sure your septic system is working properly 

• Improving sewage treatment and reduce runoff 

• Help to protect eelgrass beds and salt marshes 

The reader can learn more about these at http://necan.org/action.  

To do its part, in 2015, under the guidance of the already established water sampling program at the 
Kennebec Estuary Land Trust (KELT), BRLT joined forces with the Maine Coastal Observing Alliance 
(MCOA) and began recording pH, temperature, dissolved oxygen, salinity, and turbidity levels of 
seawater. MCOA collects this data from citizen scientists throughout Maine’s estuaries, from Casco Bay 
to Penobscot Bay. The MCOA summary report from the first year’s monitoring found that the estuaries 
were generally healthy, in terms of nutrients and oxygen, but that low pH levels are a concern.11   

Through the measurement, recording and dissemination of these data, the primary goals of the BCWM 
Program are the following: 

 (1) Continue a sustainable volunteer water quality-monitoring program in the Boothbay region 
that follows state-approved methods and procedures;  

 (2) Raise awareness about the region’s coastal ecosystems and water quality in local 
communities and in statewide settings;  

 (3) Allow ongoing and expanded water monitoring in subsequent years that will enhance public 
awareness and guide water resources management by the region’s towns to better sustain local 
fisheries, recreation, and residents’ health;  

 (4) Provide the data we collect to appropriate state, university, and research venues to assist in 
the determination of the impact of water quality on the coastal environment and ecosystem.   

Quality Assurance Project Plan 
In order to ensure correctness and consistency of methodology, and to ensure uniformity with data 
collected by other organizations which are monitoring water quality in other estuarial waters of coastal 
Maine, BRLT has developed a Quality Assurance Project Plan (QAPP) and is seeking input from and, 
eventually, approval by the Maine Department of Environmental Protection.  The QAPP, together with 
the Volunteer Manual, defines the training program and standard procedures for instrument calibration, 
sample collection and measurement of several environmental factors and of specific water quality 
variables including pH, salinity, dissolved oxygen and turbidity12, and quality assurance. 

 
11 http://www.damariscottariver.org/wp-content/uploads/2015/11/MCOA-report-Final-small-vers.-17nov15-2.pdf  
12 See the Boothbay Coastal Water Monitoring Program Quality Assurance Project Plan   

http://necan.org/action
http://www.damariscottariver.org/wp-content/uploads/2015/11/MCOA-report-Final-small-vers.-17nov15-2.pdf
https://drive.google.com/file/d/18r8J5VUfR4wbNBSCLo8nqX6u8gxdQ6Ra/view?usp=sharing
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Data Distribution 
The BCWM program will continue the collaboration initiated in 2015 with the following: Maine 
Department of Environmental Protection (DEP), responsible for protecting and restoring Maine's natural 
resources and enforcing the state's environmental laws; the Bigelow Laboratory of Ocean Sciences, a 
nonprofit institution located in East Boothbay that is dedicated to research, education, and the 
promotion and use of knowledge related to ocean sciences; the Kennebec Estuary Land Trust (KELT), 
which assisted in establishing the initial BCWM water quality monitoring project in 2015, and the Maine 
Coast Observing Alliance (MCOA), a consortium of local citizen groups seeking to build a regional 
perspective of estuarine water quality.  BRLT will provide the data collected to the Maine DEP for 
inclusion in their database and biennial report to the EPA and with MCOA so it may be aggregated with 
other MCOA members’ data for analysis and archiving to build a long-term database.   

Volunteer Training 
The sampling methods used were selected because they are relatively easy for volunteers, affordable, 
and they align with methods in use by other coastal volunteer water quality monitoring programs in 
Maine. All program volunteers are trained in the same techniques and follow the same set of sampling 
procedures.  Face to face training for 2023 is scheduled to take place in May 2023.  For refresher 
training, BRLT has made a training video available at https://www.youtube.com/watch?v=JkBTcYrhuF0  

Quality Assurance Process 
The BCWM Program Manager or a volunteer Program Coordinator visited field sites during the 
collection season to ensure that data collection follows the procedures in the volunteer manual and 
meets the guidelines outlined in the QAPP, and to encourage a cross-flow of techniques and lessons 
learned.   

Sampling Sites 
The sampling domain for the Boothbay Region is shown in Figure 1 and is concentrated to the lower 
reaches of the Sheepscot and Damariscotta Rivers and the bays that connect these two estuaries.  This 
region is marked by the Sheepscot River Estuary to the west, the Damariscotta River Estuary to the east, 
and the numerous islands, coves and bays that constitute the region of Sheepscot Bay, Boothbay 
Harbor, and Linekin Bay.     

https://www.youtube.com/watch?v=JkBTcYrhuF0


8 
 

Figure 1 Site Location Map 
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Table 1 Site Locations 

 
 

  

Site ID Site Description Latitude Longitude 

B 1 Oven's Mouth 43.934520 -69.646957 

B 2 Knickercane Landing 43.880323 -69.663514 

B 3 Robert's Wharf 43.880068 -69.684273 

B 4 Dogfish Head 43.828802 -69.679429 

B 5 Newagen 43.786284 -69.655321 

B 6 Little River 43.825035 -69.584009 

B 7 Boothbay Harbor Footbridge 43.850950 -69.625813 

B 8 Linekin Bay (Murray Hill dock) 43.861598 -69.590474 

B 9 Bigelow Labs Dock 43.860503 -69.578162 

B 10 Damariscotta River 43.885550 -69.588932 

B11 Linekin Bay 2  (Linekin Bay Resort) 43.845661 -69.611526 

B12 Oak Point Farm 43.849111 -69.656096 
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Sampling Schedule 
Water quality monitoring is conducted from May through October to avoid times of year when low 
temperatures and ice are detrimental to volunteer safety. The water sampling schedule is planned so 
that samples are taken at high tide in the morning hours to minimize the impact of submerged plant 
photosynthesis on dissolved oxygen and to maximize the depth for water clarity testing.  All samples are 
collected within a three hour window centered on high tide (+/- 1.5 hr of high tide).  The schedule for 
2023 is shown in Table 2: 

Table 2 2023 Sampling Schedule 

Date High Tide Sampling Range Suggested Sampling Time 

5/17 10:03 am 8:33 am-11:33 am 10:00 am 

5/31 8:45 am 7:15 am-10:00 am 9:00 am 

6/14 8:50 am 7:20 am-10:20 am 9:00 am 

6/28 7:02 am 7:00 am-8:32 am 8:00 am 

7/12 7:29 am 7:00 am-8:59 am 8:00 am 

7/19 12:29 am 10:59 am-11:45 am 11:00 am 

8/2 12:00 pm 10:30 am-11:45 am 11:00 am 

8/16 11:58 am 10:28 am-11:45 am 11:00 am 

8/30 10:52 am 9:22 am-11:45 am 11:00 am 

9/13 11:00 am 9:30 am-11:45 am 11:00 am 

9/27 9:39 am 8:09 am-11:09 am 10:00 am 

10/11 9:44 am 8:14 am-11:14 am 10:00 am 

Data Summary Caveats 
The data presented in this report are a summary of the key variables collected.  Many of the variables 
collected (% cloud cover, air temperature, etc.) are not shown in this report, but all of the recorded data 
are kept and available for use in analysis.  This report presents the data collected by BRLT volunteers—it 
does not reflect analysis beyond simple statistical summaries (Least Squares Regression13) nor does it 
present conclusions which are beyond the resources and responsibility of BRLT.  Each blue dot in the 
following charts represents a data point (water temperature, pH, salinity, and dissolved oxygen) 
collected by a BCWM volunteer at one of our 12 sites from 2015 through 2022.  Outlier data have been 
omitted using the 1.5*IQR method14.   

  

 
13The least squares line is also known as the line of best fit. The least squares line minimizes the squared distances 
between the line and our points.  Of all of the possible lines that could be drawn, the least squares line is closest to 
the set of data as a whole. 
14 https://towardsdatascience.com/why-1-5-in-iqr-method-of-outlier-detection-5d07fdc82097  

https://towardsdatascience.com/why-1-5-in-iqr-method-of-outlier-detection-5d07fdc82097
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2022 Water Temperature Data 
Figures 2 and 3 show water temperature data collected in 2022.   

Figure 2 depicts the temperatures collected at each site (site numbers on the horizontal (x) axis and 
water temperature in °C on the vertical (y) axis).  Of note are the generally lower temperatures at Site 3 
(Roberts Wharf along the Sheepscot River) and the relatively higher temperatures of Site 8 (Murray Hill 
dock at the northern end of Linekin Bay).  Site 8 has shallower water than the other sites, hitting bottom 
at around 2 meters. 

Figure 3 depicts the temperature data from all sites vs date (date on the horizontal (x) axis and water 
temperature in °C on the vertical (y) axis; dates on the horizontal (x) axis are for reference only and do 
not reflect actual sample collection dates.)  Figure 3 shows the rise of water temperatures from May to 
August then dropping temperatures from August to October as one would expect.   

Figure 2 Water Temperatures collected by site; 2022 data 
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Figure 3 Water Temperature from all sites vs date (2022 data)  
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2022 pH Data 
Figure 4 depicts the pH data collected from all sites.  Site numbers are on the horizontal (x) axis and pH 
values are on the vertical (y) axis.  Of note are the lower pH values of site 2 (Knickercane boat dock) and 
site 3 (Roberts’ Wharf).   

Figure 4 pH data from each site (2022 data) 
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Figure 5 aggregates the pH data from all sites for each collection date in 2022.  Date is along the 
horizontal (x) axis and pH on the vertical (y) axis.  Dates on the horizontal (x) axis are for reference only 
and do not reflect actual sample collection dates.  A polynomial trend line has been added which reflects 
a decreasing average pH from May to September.  In addition to the role increasing atmospheric CO2 
has on the pH of the oceans, increasing seawater temperature plays a role as well.  As the temperature 
of seawater rises, molecular vibrations increase which results in the ability of water to ionize and form 
more hydrogen ions. As a result, the pH will drop.15   

Figure 5  pH from all sites vs date (2022 data) 

 

   

 

  

 
15 https://www.westlab.com/blog/how-does-temperature-affect-ph  

Date 

pH 

https://www.westlab.com/blog/how-does-temperature-affect-ph


15 
 

2022 Dissolved Oxygen Data 
High temperatures reduce the solubility of oxygen in water (i.e., warm water holds less DO than cold 
water)16.  This means that rising seawater temperatures can cause a decrease in dissolved oxygen levels. 

Figure 6 shows the dissolved oxygen (DO) readings collected at each site in 2022.  Site numbers are on 
the horizontal (x) axis and DO values are on the vertical (y) axis.   

Figure 6 Dissolved Oxygen from each site (2022 data) 

 

  

 
16 https://www.epa.gov/caddis-vol2/dissolved-oxygen 
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DO 
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Figure 7 shows the DO data from all sites vs date.  The red dashed trendline reflects lower dissolved 
oxygen during the warmer summer months as expected17.  Dissolved Oxygen is on the vertical (y) axis 
and is in milligrams per liter (mg/L).  Dates on the horizontal (x) axis are for reference only and do not 
reflect actual sample collection dates.   

Figure 7 Dissolved Oxygen from all sites vs date (2022 data) 

 

   

 

  

 
17 https://www.usgs.gov/special-topic/water-science-school/science/dissolved-oxygen-and-water?qt-
science_center_objects=0#qt-science_center_objects  
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DO 
(mg/L) 

https://www.usgs.gov/special-topic/water-science-school/science/dissolved-oxygen-and-water?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/special-topic/water-science-school/science/dissolved-oxygen-and-water?qt-science_center_objects=0#qt-science_center_objects
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Trend data; salinity (all sites, 2015-2022) 
Drought conditions like those experienced in Maine in the summer of 202218 decreases the volume of 
freshwater from estuaries and can cause increased salinity of tidal estuaries and coastal waterways19 
and is reflected in the increased salinity of the Boothbay Region coastal waters as shown by the BCWM 
data. 

Figure 8 plots salinity data collected from all sites from 2015 through 2022.  Salinity in parts per 
thousand is plotted along the vertical (y) axis and date along the horizontal (x) axis.  The dashed red line 
depicts a Least Squares Regression and shows that the average salinity of the waters around the 
Boothbay region has increased over the last 8 years.  

Figure 8 Salinity vs date; all sites (2015-2022) 

 

 

 

 

 
18 https://www.pressherald.com/2022/08/05/coastal-maine-enters-severe-drought-conditions-as-dry-weather-
continues-in-most-of-the-state/ 
19 https://dukemag.duke.edu/stories/studying-our-weirding-ocean 
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Trend data; pH (all sites, 2015-2022) 
Figure 9 plots pH data collected from all sites from 2015 through 2022.  pH is plotted along the vertical 
(y) axis and date along the horizontal (x) axis.  The dashed red line depicts a Least Squares (linear) 
Regression and shows that the average pH of the water around the Boothbay region is slowly decreasing 
over time.  

Figure 9 Trend data; pH vs date (all sites, 2015-2022) 
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Trend data; Dissolved Oxygen (DO) (all sites, 2015-2022) 
Figure 10 plots DO data collected from all sites from 2015 through 2022.  DO is plotted along the vertical 
(y) axis and date along the horizontal (x) axis.  The dashed red line depicts a Least Squares (linear) 
Regression and shows that the average DO of the waters around the Boothbay region is decreasing over 
time.  

Figure 10 Trend data; DO vs date (all sites, 2015-2022) 
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Trend data; Water temperature (all sites, 2015-2022) 
Figure 11 plots water temperature data collected from all sites from 2015 through 2022.  Water 
temperature is plotted along the vertical (y) axis and date along the horizontal (x) axis.  The dashed red 
line depicts a Least Squares Regression and shows that the average water temperature of the waters 
around the Boothbay region is increasing over time.  

Figure 11 Trend data; water temperature vs date (all sites, 2015-2022) 
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Appendix 1: Boothbay Coastal Water Monitoring Volunteers (2022) 
 

Deborah Berrill 
Michael Berrill 
John Brennan 
Marybeth Carmody 
Susan Coppola 
Lee Corbin 
Jim Darrow 
Chris Devitt 
Sue Devitt 
Marcia Donald 
Hugh Donald 
Maren Fischer 
Karen Grindall 
Bill Hammond 
Joanne Hammond 
Nancy Harriman 
Emma Heffner 
Robert Jordan 
Christine Kipp  
Fred Kraeuter 
Doug Mackay 
Alyssa Mitchell 
Roberta Roberts 
Ron Ross 
John Schindler  
Carol Scowcroft 
Jane Wissman 

 


