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"The thirty National Estuarine Research Reserves (NERRs) around 
the country are places to connect with coastlines as well as study 

them. For nearly fifty years, the Reserves have been on the front lines of 
exploring how coastal habitats function, how they change, and how people 
influence estuaries. We have studied how our development has affected 
water quality and eelgrass and how to be effective in helping to protect and 
restore fish, birds, marshes, and clean water. For the past ten years, there 
has been increasing scientific attention paid on the flip side—instead of 

looking at what we do to and for coastal habitats, people have started to study what these coastal habitats 
do to and for people, otherwise known as ecosystem services. This issue of Great Bay Matters takes a closer 
look at a service critical to our global efforts to slow climate change: the ability of estuarine habitats like 
saltmarsh and eelgrass to sequester carbon. The NERR System has been on the frontline of exploring how 
salt marshes act as carbon sinks and how to quantify how well different types of marshes can perform. 
Working on this topic highlights the reason this system was created in 1972: as coastal wetlands were 
rapidly being filled to develop growing cities around America, many scientists and activists knew we were 
losing something very valuable. Some of these values were understood at the time: fish habitat, feeding 
areas for birds, flood control, and so on. However, the wise people who created this system supposed that 
we did not yet know all the wonders of our wetlands and they were right. In 1972, the concept of carbon 
sequestration and the critical need to mitigate greenhouse gas emissions was not at the top of our minds. 
As the Great Bay NERR and the system continue to study estuaries for the next fifty years, I suspect we will 
discover amazing ways estuaries take care of us that we cannot even imagine today.

Great Bay National Estuarine 
Research Reserve (GBNERR) is 
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We are made of carbon. We eat it in our 
food, it drives our economies, heats our 
homes, and fuels our means of transport. 
Our sheer existence is built upon carbon 
and we need it to survive. But as time goes 
on, the frenetic pace of human existence 
has created a thick blanket of excess 
carbon laying upon the Earth like an 800-
fill pure goose down comforter. We are 
getting hotter and the blanket is growing 
thicker.  

As the concentration of greenhouses 
gases, primarily carbon dioxide, rises at 
an alarming rate, simply reducing carbon 
emissions may not be enough. According 
to the Intergovernmental Panel on 
Climate Change, to actually achieve 
negative carbon emissions we 
will need to actively remove 
CO2 from the atmosphere. 

Thankfully, Mother 
Nature does try to do her 
part with something known 
as “blue carbon.” Scientists 

refer to it as blue simply because it is the 
carbon that is stored and sequestered in 
the soil, plants, and even animals of coastal 
and marine habitats, such as seagrass 
meadows, mangrove swamps, and tidal 
salt marshes. 

How does this happen? Both forests 
and wetlands can store carbon. They 
are quite good at it, however wetlands, 
particularly salt marshes, are better for a 
couple of reasons. One is that the carbon 
in the soils of salt marshes is coming 
mostly from plants, and these habitats are 

extremely productive. There are simply 
a lot of plants in a salt marsh, mangrove, 
or seagrass meadow. The processes of 
photosynthesis, growth, and death of 
these plants is much more rapid than a 
tropical rainforest. The soils below have 
very little oxygen, so organic matter does 
not decompose rapidly. Once it’s there, it’s 
stored. Salt marshes can also produce a fair 
amount of sediment rather quickly, essen-
tially continuing to bury that locked-up 
carbon. These coastal ecosystems can store 
as much as 2 to 10 times the amount of 
carbon that a terrestrial ecosystem can. 

Another blue carbon superhero is 
phytoplankton. Phytoplankton are 
microscopic marine algae. Also known as 
microalgae, they are similar to terrestrial 
plants because they contain chlorophyll 
and require sunlight to live and grow. Most 
phytoplankton are buoyant and float 
in the upper layers of the ocean where sun-
light penetrates. Phytoplankton produce 
at least 50% of all the planet’s oxygen 
and absorb 40% of all CO2 emissions, 
capturing 37 billion tons of CO2 per 
year. That’s the equivalent of 1.7 
trillion trees or four Amazon 

BLUE CARBON CAN BE AN IMPORTANT FACTOR IN MITIGATING CLIMATE CHANGE

Microalgae phytoplankton take 
up atmospheric CO2 during 
photosynthesis.
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Rainforests, which was once thought of as 
the ”lungs of the Earth.” 

The largest mammal on Earth, the 
whale, assists in boosting phytoplankton 
productivity in a phenomenon called the 
”whale pump.” Essentially what happens is 
the whale surfaces to breathe, and at the 
same time defecates, releasing iron and 
nitrogen into the water. The whale then 
dives down to feed on krill. While most 
often the nutrients go from the surface 
to the bottom of the ocean in what is 
called “marine snow,” in the case of whale 
feces, the system is reversed and the 
whale is actually bringing nutrients to the 
surface to be consumed by other sea life. 
Whale feces floating on the surface helps 
phytoplankton growth, thereby aiding 
in carbon sequestration. Additionally, a 
whale that dies locks away an 
average of 33 tons of 

carbon when it sinks to the ocean floor. 
By comparison, a tree absorbs up to 48 
pounds of CO2 per year. 

Underwater forests of kelp are a 
macroalga that also assists in reducing 
the effects of global warming. Kelp grows 
rapidly—giant kelp is the fastest growing 
at over half a meter per day. Through 
photosynthesis, kelp absorbs CO2 into 
its tissues. Because of its rapid growth, 
the potential for kelp’s natural carbon 
sequestration has been estimated to 
be 1–10 billion tons annually. But kelp 
differs from other coastal ecosystems 
that store carbon in their soils, such as 
salt marshes. Kelp’s sequestration occurs 
when parts of it break off, drifting for 

thousands of miles with the aid of their 
pneumatocysts, which help them stay 
afloat. Eventually, they may sink, keeping 
that carbon locked away deep at the 
bottom of the sea. 

Oceans cover 70% of the planet, so 
blue carbon can be an important factor 
in mitigating climate change. As the 
world works to reduce carbon emissions, 
nature continues to do what it has done 
for millions of years, providing precious 
ecosystem services to humans. Investing in 
nature-based solutions to climate change 
may just be the thing that helps prevent a 
carbon catastrophe.

Kelle Loughlin, Education Coordinator,   
GBNERR

Whale feces floating on the surface (above) helps phytoplankton 
growth. Fast growing kelp forests (right) are estimated to absorb up 
to 10 billion tons of CO2 each year. ©
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Each month, a motley crew walks carefully 
on elevated boards out to a remote part 
of the marsh and sets up their lawn 
chairs and umbrellas as well as a few clear 
boxes, tubes, and machines. No, it’s not an 
unsanctioned barbecue. These visitors are 
scientists who have developed a state-
of-the-art method for measuring all the 
invisible gasses entering and exiting the 
marsh.  

As plants photosynthesize and 
microbes decompose dead plants, gasses 
are constantly moving into and out of a 
wetland. Blue carbon researchers want 
to understand the net effect of all that 
gas exchange. Over the course of a year, 

is more carbon being absorbed than 
released? Wetlands also naturally produce 
some methane and nitrous oxide, which 
are potent greenhouse gasses so even small 
amounts need to be tracked.

How do we measure all these elusive 
gasses? A team working at Waquoit Bay 
developed an innovative solution that has 
since been replicated in other wetlands. 
Researchers place a series of clear boxes 
so that they enclose wetland plants and 
soils and temporarily contain all the gasses 
released. Hoses pull the air into a laser-
based gas analyzer to measure gas concen-
trations right there in the field. This whole 
set-up, including the laptops and lawn 
chairs, is carefully balanced on a series of 
boards and crates to avoid compacting the 
soils and plants being studied. Then the 
measurements are repeated regularly to 
develop an annual estimate of net carbon 
sequestration.  

Blue carbon research like this has been 
fueled by the hope that wetlands could be 
used to offset carbon dioxide emissions 
from cars and power plants. If the carbon 

benefits of wetlands are sizable, it is 
possible that wetland restoration projects 
could be offered as a carbon emissions 
offset opportunity in emerging carbon 
markets, bringing a new source of funding 
for restoration. But to do this, wetland 
managers need quantifiable and verifiable 
measurements of carbon sequestration in 
different situations.

At Waquoit Bay, the research team’s 
ingenuity and hard work has paid off 
and they have identified the key factors 
driving carbon capture and storage rates 
in wetlands in their region. One important 
conclusion of this research is that tidally 
restricted, impounded wetlands release far 
more methane than a healthy salt marsh. 
The soil microbes that naturally produce 
methane in freshwater wetlands are inhib-
ited by salt water, which is important to 
blue carbon researchers because methane 
is a much more potent greenhouse gas 
than carbon dioxide. This means that 
restoring tidal flows to degraded wetlands 
could have immediate climate benefits by 
preventing methane emissions, as well as 
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Coolers, umbrellas, and 
laptops arranged on a 

marsh have been a common 
site of late at Waquoit Bay 
National Estuarine Research 
Reserve in Massachusetts.
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Eastern Saltmarsh Mosquito
One of the greatest joys of summer is 

spending more time outdoors. But no matter 
what your favorite summer pastime, you 
will likely be hounded by mosquitoes. We 
loath their nuisance biting and fear them as 
vectors for diseases. Here in New Hampshire, 
there are over 40 different species. One 
of the most prominent ones in our own 
backyard habitat at the Great Bay Estuary 
is the Eastern saltmarsh mosquito (Aedes 
sollicitans). 

A close examination of the Eastern 
saltmarsh mosquito will reveal a distinctive 
specimen with golden-brown coloring and 
contrasting patterns of dark and pale scales 
across its body. There is a “racing stripe” of 
lighter scales located down the center of its 
dark abdomen, broad white bands found at 
the base of each segment of dark legs, and 
even the black proboscis marked with bands 
of white scales around the middle. 

The females are the more aggressive 
biters of this species. While they are 

Estuary Almanac crepuscular, meaning mostly active at twilight, 
they will not discriminate against daytime 
nature lovers. In fact, they are opportunistic 
feeders happily preying upon any species of 
mammal, bird, or reptile for their next blood 
meal. Females require one blood meal for 
each egg batch to mature, which is the driving 
force behind their incessant biting behavior. 
Anyone spending time outdoors this summer 
along the estuary will agree that they live up 
to their species name sollicitans, which means 
agitating or vexing. The males, however, prefer 
to feed on fruit and plant juices. 

There are four life stages of the Eastern 
saltmarsh mosquito: egg, larva, pupa, and 
adult. Often the female will lay her eggs 
within a unique microhabitat of the salt 
marsh known as the salt pannes, which are 
depressions flooded by the spring tides. 
The eggs will then remain dormant on this 
substrate until the panne floods again. 

While mosquitoes interfere with our 
quality of life, their eradication is not an easy 
proposition. Eastern saltmarsh mosquitoes 
are especially troublesome because they can 
travel up to 40 miles from their coastal larval 
habitat. They are a known vector for Eastern Elizabeth Carroll, Naturalist, GBNERR

Equine Encephalitis (EEE) and heartworm in 
dogs but have not been connected with the 
West Nile Virus (WNV). Historically, the push 
to eradicate the Eastern saltmarsh mosquito 
has led to some questionable environmental 
practices, from using kerosene to suffocate 
the surface-breathing larvae to altering the 
wetlands and marshes where they reside. 

Even here at the Great Bay Estuary, 
past large-scale mosquito treatments for 
the Eastern saltmarsh mosquito are having 
modern-day consequences as climate 
change impacts our landscape. The grid 
ditches, once dug to eliminate standing water 
and allow fish predators access to mosquito 
larva, are still prominent along the shoreline 
where blue carbon sequestration occurs. 

Next time you fall victim to a female 
Eastern saltmarsh mosquito, just remember 
this nuisance biter is not easily eliminated. 
Protecting the Great Bay Estuary and all its 
valuable blue carbon ecosystem services 
might have to give rise to some leniency 
when it comes to the aggressive Eastern 
saltmarsh mosquito.

long-term benefits as carbon builds up in 
wetland soils over time. This research has 
been used to demonstrate the benefits 
of and rally support for restoring tidal 
flows to 1,000 acres within the Herring 
River Estuary at the Cape Cod National 
Seashore.

Although there have not been large-
scale efforts to measure greenhouse gas 
exchange in wetlands locally, we can expect 
the patterns to be similar to those found 
at Waquoit Bay. Our New Hampshire salt 
marshes also store large amounts of car-
bon above and below the ground. In wet 
soils, dead plants decompose slowly and 
build up in soils, forming carbon-rich peat. 
Peat soils are known to be deep in many 
New Hampshire salt marshes, 12–14 feet 
down in some places!

Restoring tidal flows is a high priority 
for the Great Bay Reserve and many of 
our coastal management partners, and it 
is exciting to see that new federal funds 
are being directed toward projects that 
improve tidal restrictions, for example 
by replacing undersized culverts at road 
stream crossings. Blue carbon research Lynn Vaccaro, CTP Coordinator
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A researcher 
measures the 
concentration 
of gasses being 
exchanged 
between the 
saltmarsh and 
atmosphere at 
WBNERR.
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has given us another reason to champion 
efforts to restore the superpowers of tidal 
wetlands. By restoring ocean flows we 
can expand salt marsh habitat for wildlife, 
improve water quality, and also help 
mitigate climate change.
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Program News and Events from GBNERR

When I first found out that I had received the NOAA Ernest F. 

Hollings Undergraduate Scholarship, I absolutely screeched 

with joy. As a chemistry major at Vassar College, having a scholarship 

that would enable me to get an internship with a NOAA-affiliated 

organization meant that I could finally break into the world of estu-

arine and marine science. The opportunity to work at the Great Bay 

National Estuarine Research Reserve has been a dream come true. 

In my jammed-packed internship, I’ve explored a wide variety of field 

work alongside incredible Reserve staff and partners, shadowed the 

Reserve’s amazing educational programs, researched nitrogen cycling 

in the bay and its relationship to eelgrass health with the Reserve 

fellow and University of New Hampshire PhD student (Anna Lowien), 

and carried out aquatic chemistry on highly technical instruments at 

the UNH Water Quality Lab. Finally, I’ve been able to apply my love for 

and knowledge of organic chemistry by investigating the relationship 

between carbon and eelgrass in Great Bay, which is an integral part in 

the emerging field of blue carbon.

Blue carbon, or carbon stored in coastal ecosystems such as 

salt marshes and estuarine sea grasses, is sequestered at higher 

rates than in any terrestrial ecosystem, making it incredibly valuable 

to the global carbon network. Carbon cycles through Great Bay, 

originating from terrestrial plants, aquatic organisms, and industrial 

runoff and waste. Any of this carbon that becomes sequestered, or 

stored, within the estuary is labeled as blue carbon. One way blue 

carbon deposits into Great Bay is through eelgrass, which sequesters 

carbon through enhancing settling of the organic matter into the 

sediment and through photosynthe-

sis, where the grass directly captures 

CO2 and transforms it into root and 

above-ground biomass, much of 

which assimilates into the sediment. 

Eelgrass carbon storage is one of the 

many reasons it is essential to protect 

and restore eelgrass in Great Bay, so 

it can continue to be a huge carbon 

sink and lessen the effects of green-

house gases on our community. 

NOAA HOLLINGS SCHOLAR DIGS INTO GREAT BAY BLUE CARBON 

Eelgrass health and carbon storage, however, are affected by 

many factors, including light availability. Light availability is affected 

by the amount of organic matter (carbon) in the water, creating a 

feedback cycle that I chose to investigate this summer. New seagrass 

and seaweed monitoring initiated in 2021 by the Piscataqua Region 

Estuaries Partnership and UNH includes many eelgrass health met-

rics, which I analyzed to better understand the interaction between 

eelgrass health and dissolved carbon in the Estuary. Identifying the 

role that carbon plays in the creation of a healthy eelgrass ecosystem 

can help with management and restoration efforts carried out by the 

Reserve and its many partners to protect our local carbon sink.

By Abby Whittington, NOAA Hollings Scholar

Abigail Whittington assists research staff 
with summer eelgrass monitoring.

Top: Matt Killeen and Abigail Whittington survey the saltmarsh. 
Bottom: Heather Ballestero and Anna Lowien tread lightly while 
monitoring eelgrass.
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Join us at the Great Bay Discovery Center in Greenland on 
December 9th at 5:30pm for a Holiday Pajama Party!

Come dressed in your favorite comfy jammies to enjoy a story 
and holiday crafts. Hot chocolate and snacks provided. 

Limited space and registration required.
Suggested $5 donation
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HOLIDAY PAJAMA PARTY!

Scan here to 
register

Do you enjoy noticing the first signs of the changing seasons and the natural 
world around you? Phenology is the observation of the life cycles and habits of 

the plants and animals that surround your daily life.

l Join us for a free monthly meet up the last Thursday of every month from 6-8pm at the Great Bay 
NERR Hugh Gregg Center in Greenland for phenology wheel nature journaling!

l Art supplies provided, but please feel free to bring your own as well.

l Registration and sign-up is required. Scan the QR code to sign up 
  online or contact Natasha at 603-778-0015 or 
  natasha.l.anderson@wildlife.nh.gov

l Learn more about phenology wheel art at earthzine.org

Scan here to 
register
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• Fall Educator Training: Help us connect 3rd and 

4th graders to Great Bay by getting them outdoors 
and teaching them about the cultural history of the 
bay. All training is provided, and new volunteers 
shadow experienced volunteers until they are ready 
to lead a group on their own. Training is September 
9, 9:30 a.m.-4:30 p.m., with lunch provided. 
Register for training by emailing beth.heckman@
wildlife.nh.gov.

• Looking for a place for your corporate day of 
service? We love working with corporate teams! 
Contact melissa.brogle@wildlife.nh.gov or 603-
778-0015 for more information.

Thirteen Reserves around the nation recently came together in what 

is called the Tea Time Pilot Project. The project is designed to test 

the variability in decomposition rates of organic matter in marshes 

throughout the country. Decomposition is part of the global carbon cycle 

and provides us insight into what the microbes in the marsh are doing. 

The method uses two different types of tea (green and rooibos) to assess 

the range of decomposition rates of carbon sources to measure which 

ones are easier and harder for microbes to decompose.

Great Bay participated in the inaugural project in 2021 by 

deploying the teas in paired high marsh and low marsh locations at 

three marshes. Preliminary findings showed decomposition rates 

significantly higher in Hawaii, which is likely due to the warmer 

A National Perspective: Tea Time
conditions. As for differences between high and low marshes, none 

were discernable. This year at Great Bay, we are repeating what we 

did last year, but also adding some upland edge locations to measure 

decomposition rates in low marsh versus high marsh versus upland 

edge soils. The results of decomposition rates across the 13 Reserves 

may be used to apply for a larger grant to determine the sources of 

variability within and across sites.

Volunteers from Cole Hann  complete a day of service at the Great Bay Discovery Center.

Heather Ballistero (right), research staff, and volunteers retrieve tea bags at 
one of the reserve's saltmarshes.



                                             Fall 2022    l    9

I’m taking over the Great Bay 
Stewards letter this month to brag 

a little about our amazing board 
chair, Deborah Alberts. A retired 
school teacher, Deb joined the board 
in 2015. Several years ago, she fell 
victim to what happens when you 
miss a single meeting: she was elected 
vice chair. In 2019 she took over the 
chair role from longtime, dedicated 
volunteer Jack O’Reilly.

“As I started to approach the end of my term as Chair I began thinking 
about a possible successor,” says Jack. “As I looked at the Board members I 
realized that any Board member was fully capable, Deb just stood out in my 
mind.  She had such enthusiasm.  I just knew she would be a great next Chair 
and as it turned out I am so happy that I was right —great dedication and 
leadership.  She is awesome.” 

When I saw a call from the Aquarion Water Company of New Hampshire 
for nominees for the Aquarion Environmental Champion Awards, Deb 
naturally came to mind. The award recognizes individuals, businesses, and 
organizations across New Hampshire dedicated to environmental protection 
and sustainability. Now in its ninth year, the awards are an opportunity for 
environmental advocates to receive statewide honors for their work.

I knew Deb was a great candidate for the award. She’s a tireless board 
member and advocate for Great Bay who will do everything from hanging 
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artwork at Art of Great Bay to holding the finish line sign at the Great Bay 
5K to spending hours planting perennials in our Estuary Inclusion Garden. 
She is also excited to tell everyone she meets about how wonderful the Great 
Bay National Estuarine Research Reserve, Great Bay Discovery Center, and 
the Stewards are. Deb is a joy to work with, always has a positive attitude, 
and in recent years has brought together a talented and enthusiastic board.

In June, we were thrilled to hear that Deb had indeed won in the adult 
category. Award winners are able to select an environmental non-profit 
to receive a $5,000 grant. At an awards ceremony at The Victoria Inn in 
Hampton, NH, in August, Deb was honored alongside the Blue Ocean 
Society for Marine Conservation, A Place To Grow, and student winner 
Wesley D. Stocken.

“There are many organizations and individuals throughout New 
Hampshire dedicated to preserving the state’s 
environment,” said Carl McMorran, Operations 
Manager at Aquarion. “As stewards of the 
environment, Aquarion Water Company is proud to 
recognize them for their outstanding commitment 
to the Granite State’s natural resources.”

I hope you join the Stewards, the board, and 
me in congratulating Deb for this well-deserved 
accolade.

Annual dues may be paid by check made payable to the Great 
Bay Stewards and sent to: GBS Membership Committee, 89 
Depot Road, Greenland, NH 03840

PLEASE JOIN US!
All interested parties are cordially invited to become 
Great Bay Stewards. Members receive Great Bay 
Matters and other pertinent mailings.

#

q Guardian $150           q Protector $75  
q Steward/Family $35    q Student $20    q Other $__________

Allison Knab, Executive Director

name                                                                                               _____________                           

address                                                                          _____________                                             

town                                                                                         ____________                                  

state                                                                          zip              _________                                    

email                                                                                                         ___________                 

Dear Stewards

Since launching the team competition of the Great Bay 5K Race for a Healthy 

Estuary in 2019, it’s been a joy to watch the different groups that have begun to 

show up: elite running clubs, elementary school groups, friends and family celebrating 

a cancer survivor, neighborhoods, and more. Last year the Runner’s Alley team again 

took home the New England Oyster Cup and the Women’s Team Competition, but the 

New England 65-Plus Runner’s Club eked out a win for the top Men’s Team. All teams 

get a group photo before the race, personalized T-shirts for teams of 10 or more, and 

numerous potential prizes. We hope you will join friends, coworkers, or neighbors in 

forming your own team for the 2022 Great Bay 5K to be held on October 29th!

Save the Date!
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Great Bay's Premier Real Estate Specialists...
and Proud Supporter of the Great Bay Stewards

Specializing in Water Priviledged Property Since 1993

Call or Visit our Great Bay Office Today
124 Cushing Road | Newmarket, NH

Office: 603-659-0199 | Cell: 603-770-3410

www.GreatBayNH.com N.H. LICENSE #042415Valerie Shelton, Owner
Valerie@GreatBayNH.com


