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As America’s urban waterfronts have transformed from 
industrial shipping centers into mixed use and public 
open space, more attention has been given to the poor 
water quality and limited habitat value of these modified 

ecosystems. Cities like Philadelphia, Baltimore, and New York, to 
name a few, have deployed small-scale pilot projects using floating 
wetland (FW) technology to restore ecological services once pro-
vided by marshes and living shorelines. 

FWs are designed and constructed ecosystems that mimic nat-
urally occurring floating wetlands observed in various waterways 
around the world. Since land in urban areas is unavailable or difficult 
to reshape in a way that restores natural shorelines, FWs hold the 
promise of returning functions like pollutant uptake and transforma-
tion, wave attenuation, habitat, and aesthetic beautification. The mea-
sured benefits associated with the technology are still being quantified 
and will vary widely, depending on the application. A recent FW pilot 
project in Baltimore, which involves the largest installation of FWs in 
Maryland, has yielded notable benefits not easily measured. 

Baltimore, like most cities along the Atlantic seaboard, devel-
oped into an urban area because it surrounds a harbor. At the edge 
of the Piedmont physiographic province, land gently slopes into rel-
atively deep, calm tidal waters. Prior to Baltimore’s development, its 
harbor was lined with a ribbon of tidal marshes. The marshes likely 
expanded during the earliest stages of Baltimore’s development as 
sediment washing down from newly deforested colonial farms de-
posited along the intertidal zone. By the end of the Industrial Revo-
lution, however, the Harbor’s natural, vegetated edges had become 
hardened with bulkheads and piers. 

In 2009, only one bit of vegetated shoreline remained along 
the Northwest Branch of the Patapsco River, an area known as the 
“Inner Harbor.” Though the Inner Harbor is considered Baltimore’s 
top destination and tourist attraction, this small stretch of vegetated 
shoreline was neither highly visible nor promoted as a feature. In 
2010, two separate FW installations tripled the areal coverage of 
wetlands. By 2012, the coverage increased fivefold from 400 square 
feet to 2,000 square feet.

But the story of Baltimore Harbor’s FWs is about more than 
increased acreage. It touches upon challenges and opportunities 
faced by Baltimore, and by many other urban, post-industrialized 
waterfront communities. While the Baltimore Harbor FWs hold 
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value in that they represent a microcosm of wetlands that existed 
prior to colonial settlement, with ecological services that can be 
measured, they have also yielded social benefits that are harder to 
quantify. The mere act of designing, permitting, building, installing, 
and monitoring FWs revealed a cultural ecology of problem solving 
that touched upon issues ranging from water quality, ecology, and 
regulatory policy, to neighborhood health, civic engagement, public 
education, and the power of partnership. 

perMitting a neW teChnology

Although treatment FWs have been employed to a limited extent 
for at least two decades, this novel technology is in its infancy as an 
acceptable best management practice (Burgess & Hirons 1992). The 
idea to install FWs in Baltimore began in 2009, when the National 
Aquarium of Baltimore (NAB) and the city’s Office of Sustainability 
developed plans for a small, 200-square-foot installation in a highly 
visible location of the Inner Harbor. The plans required a Tidal Wet-
lands and Waterway permit from the Maryland Department of the 
Environment (MDE). Since the technology was so novel, regula-
tors used considerable prudence, requiring the applicants to provide 
more information to ensure useful outcomes that could benefit fu-
ture applicants and regulatory consideration. 

Just a few months later, additional pressure to permit FWs 
came about when another applicant submitted plans in the heart of 
the Inner Harbor. The Waterfront Partnership of Baltimore (WPB) 
is the entity responsible for managing and maintaining the Inner 
Harbor. The organization had long recognized the negative impres-
sion that the Harbor’s poor water quality and trash were making and 
wanted to be proactive in its restoration. In 2010, the WPB retained 
Biohabitats (the author’s employer) to prepare the Healthy Harbor 
Initiative, which set out a vision to make the harbor swimmable and 
fishable by the year 2020. FWs were selected as the first pilot project 
and a symbolic gesture to raise awareness and proactively demon-
strate that big problems can be solved through creativity, education, 
and partnership. 

Before issuing permits, the MDE had concerns regarding the 
technology. The most significant concern was that FWs would not 
be recognized as a substitute for natural wetlands. This could lead 
to the slippery slope of agencies or developers seeking to mitigate 
impacts to jurisdictional wetlands with FWs, particularly when 
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land is expensive, as it is near waterfronts. Further, with commercial 
FW vendors claiming their products possess more surface area than 
natural wetlands for biofilm growth and water treatment potential, 
one could see how this new technology might lead to FWs being 
pushed as technology that is better than natural wetlands. Another 
cited concern was that the FWs might shade or displace submerged 
aquatic vegetation (Mallison et al. 2001). This was not considered 
a problem in the Inner Harbor, but certainly applied to shallower 
waters around the Chesapeake Bay. Although FWs are generally 
thought to improve water quality, the MDE pointed to literature 
citing potentially deleterious effects, including lower dissolved oxy-
gen, excessive organic loadings from detritus and concentration of 
metals or other contaminants. There were also concerns that the 
FWs would attract waterfowl that could add to the bacterial load-
ings already impairing the Harbor. Invasion by terrestrial weeds, 
long-term buoyancy, and overall 
durability were also concerns. 

To address these concerns, 
the MDE limited both FW instal-
lations to 200 square feet each and 
required, as part of the permit, 
that a monitoring program be set 
in place. With permits in hand, 
both the NAB and the WPB set 
off on implementing two separate 
FWs at their respective and highly 
visible locations. Although the 
author was only involved in the 
WPB FW design and implemen-
tation, the permits were linked by 
the requirement to monitor both 
installations while preparing one 
report on the findings. 

the FW SySteMS

Understanding the benefits of FWs is challenging for a variety 
of reasons, but perhaps most significant is the variety of ways to 
manufacture FWs. The NAB purchased the proprietary BiohavenTM 
Floating Island, which is constructed of recycled plastic mesh (made 
from polyethylene terephthalate) and buoyant marine foam. The 
BiohavenTM was planted by community volunteers and deployed in 
a canal between Piers 3 and 4, adjacent to the aquarium’s entrance 
and tethered in place with a duckbill anchor.

The WPB took a different approach, with the intent of maxi-
mizing community engagement, education, and outreach. They 
hired Biohabitats to design an FW based on the idea that it could 
serve to illuminate the connection between the everyday actions of 
people living in the watershed and the quality of Baltimore Harbor’s 
water. During the development of the Healthy Harbor Initiative, 
Biohabitats suggested that FWs could be constructed using floating 
plastic bottles collected from the Harbor itself. 

There was a general sense that there was power in this simple 
idea; that a problem plaguing the city (trash washing from streets 
into the Harbor through the storm drains) could be used as a mate-

rial source for building an ecologically engineered solution to im-
prove water quality and habitat. Biohabitats’ FW design consists 
of buoyant plastic soda bottles sandwiched by planting media. The 
media is retained within two frames of wood and plastic mesh. Bio-
habitats patented this design to keep the system open source for 
nonprofits or other grassroots watershed groups to employ (Streb 
2010). For purposes of this article, although we have never branded 
the system, we will refer to them as Bio-flotsam FWs.

eduCation and partnerShip

Although the premise behind the Bio-flotsam FWs was to maximize 
educational opportunities, an unexpected outcome was the degree to 
which partnerships with other entities developed. Funding for the 
first installation of Bio-flotsam FWs came from a grant obtained by 
Harbor WaterKEEPER (now housed within Blue Water Baltimore 

(BWB)) for a stormwater project 
that was deemed infeasible. The 
Bio-flotsam FWs served the goals 
of both the WPB and WaterKEEP-
ER and initiated an ongoing rela-
tionship between the groups. 

To build the Bio-flotsam FWs, 
the WPB and Biohabitats began 
working with the Living Class-
rooms Foundation (LCF), an orga-
nization dedicated to educating city 
youth with hands-on, experiential 
education. With their campus on 
the Inner Harbor, the LCF also pro-
vided a base station for Bio-flotsam 
FWs construction. 

The first step for constructing 
was to collect plastic bottles from 
the Harbor. The dread of picking 

through Baltimore City’s skimmer boats was averted with help from 
Clearwater Mills LLC. They had recently installed a unique trash in-
tercept at one of the local outfalls. Clearwater Mills’ innovative design 
uses a waterwheel to turn a conveyor which lifts floatable materials from 
the water and deposits them in a dumpster. By simply standing at the 
conveyor during a storm, bottles with lids were selected from the screen. 

With buoyancy and other materials required for the Bio-flotsam 
FWs in hand, LCF students (4th to 8th grade) were prepped for as-
sembly. The bottles became a tangible vehicle for education. Many of 
these students had never considered that runoff from their neighbor-
hoods drains to the Harbor, carrying litter from the streets. They also 
learned that wetlands serve as nature’s water filter and provide impor-
tant habitat for fish, birds, and terrestrial wildlife. Most importantly, 
the students helped assemble the FWs, and in the process, gained a 
sense of ownership of the Bio-flotsam FWs that is renewed every time 
they see the grasses floating on the surface of the Harbor.

perForManCe

The intent of FW installations is to restore some of the environmen-
tal services once provided by historical tidal marshes. These services 

Newly planted floating wetlands. Photo courtesy of Biohabitats Inc.
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include nutrient removal, nutrient processing and metabolism, re-
duction of the effects of eutrophication, heavy metal sequestration, 
carbon sequestration into plant biomass, improved water clarity, 
food, structure and refuge for fish and nekton, and habitat for in-
sects, birds, and other biota (Nemerson 2011). 

To determine if the FWs provided any of these services, the 
NAB and the University of Maryland’s Sea Grant Extension Pro-
gram monitored the two FWs in the Inner Harbor. Since the small 
footprints of the FWs were deployed in an open water body of 
significant volume and area, it was recognized that direct measure-
ments of water quality differences would yield insignificant results. 

To assess the potential for nutrient uptake and reduction, the 
NAB created and installed microcosms of the FWs. These micro-
cosms consisted of the primary media used in both the Biohaven 
and Bio-flotsam FWs. Once installed in the Inner Harbor, the mi-
crocosms were quickly colonized by a host of organisms, including 
bryozoans, hydras, and various protists. Filter feeders, such as false 
dark mussels, set in mid-summer and polychaete worms became es-
tablished by late summer. The microcosms were taken into the lab 
and evaluated for their ability to absorb nutrients. The populations 
of filter feeders were estimated for the FWs based on densities of 
organisms found on the subsamples. 

It was observed that the colonized microcosms of FW media 
rapidly drew nutrients from the surrounding waters and assimilated 
them into the biofilm. The study was not able to conclude the fate 
of the nutrients or the long-term behavior of the ecosystem with 
respect to nutrient reduction, but it appears that the FWs provide 
a means for transferring nutrients and particulates to higher tro-
phic levels where they are at least temporarily sequestered. The FWs 

were also observed to become favorite refuge for fish and crabs. Wa-
terfowl, such as night heron, were observed on multiple occasions, 
perched on the FWs seeking prey. 

From a durability standpoint, the FWs held up reasonably well 
over time. The Bio-flotsam FWs were damaged by Hurricane Irene due 
to their lateral tethering and exposure to high winds. This led to the de-
velopment of simple adaptations to the design and tethering system that 
would dramatically improve durability. The success of the pilots encour-
aged the WPB to scale up the Bio-flotsam FWs installation, and they 
obtained a revised permit for 2,000 square feet of Bio-flotsam FWs. 

SCaling up

Increasing the footprint of the Bio-flotsam FWs tenfold required a more 
significant interorganizational effort and additional fundraising. Local 
corporations, looking for volunteer opportunities, played a significant 
part in the scale-up. The LCF received donations of materials and vol-
unteer hours to build Bio-flotsam FW platforms. Again, the FWs served 
as an educational tool and a means of building awareness regarding the 
state of the Harbor, with adults as the students. They have also adopted 
the Healthy Harbor Initiative as a whole and built a curriculum around 
the theme for teaching science, technology, and math.

The Bio-flotsam FWs were installed as a high-profile Earth Day 
event in April 2012. The effort became an exercise in organizational 
partnership. Between the WPB, the NAB, the BWB, the LCF, and 
Biohabitats, we coordinated and worked with almost 200 volunteers 
of all ages to construct and install the Bio-flotsam FWs in front of 
Baltimore’s World Trade Center. 

The installation became a media event, even garnering na-
tional recognition from cable networks. The excitement included 

Floating wetlands in Baltimore’s Inner Harbor. Photo courtesy of Biohabitats Inc.
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the mayor of Baltimore, as well as state and federal officials, all 
supporting the civic goal of restoring the Harbor to swimmable 
and fishable conditions. Students from the LCF prepared remarks 
for these media events, demonstrating the power of children to 
voice a sense of hope and optimism in the face of extraordinary 
environmental challenges. 

The 2,000 square feet of Bio-flotsam FWs were installed with-
out a hitch and have had a full growing season. They survived 
Hurricane Sandy and other wind events and continue to attract at-
tention. An interpretive sign has been installed to educate all pass-
ersby and help build greater civic awareness. The FWs continue to 
be monitored and we will have a growing understanding of their 
value. But perhaps the most impressive aspect of the Baltimore 
Harbor FW installation is the way this small gesture of intention 
(toward the big goal of restoring the Inner Harbor) has had such a 
positive, communitywide effect. 
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