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Abstract 
 

Title: A Biological Assessment of Oyster Restoration Mats throughout the Indian 

River Lagoon: Changes in Community Composition and Filtration Capacity of 

Living Docks 

Author: Morgan Katherine Gilligan 

Advisor: Kelli Hunsucker, Ph.D. 

Like many estuaries worldwide, the Indian River Lagoon (IRL), has seen a 

decline in resources and overall water quality due to human activities. There is a 

growing interest in implementing ecological engineering methods to restore water 

quality. One such method is the construction and deployment of oyster restoration 

mats on dock pilings, known as the Living Docks program. This community driven 

program was founded at Florida Tech with the goal of promoting the growth of 

filter feeding benthic organisms to improve local water quality. Since 2013, twelve 

docks have been deployed in the central IRL, spanning from Cape Canaveral (28º 

22’59’’N, 80º 36’32’’ W) to Sebastian (27º 49’26’’N, 80º 29’ 25’’ W), Florida. To 

date, a thorough biological assessment has not been performed on the docks. The 

goal of this thesis was 1) to compare community composition during two seasons 

as denoted by changes in temperature, and 2) to determine the filtration rates of 

several Living Dock communities during the different temperature periods. 

Nine of the twelve docks were biologically assessed for temporal changes 

during a warmer period (25.9-30.5 ºC) and a cooler period (15.1-23.5 ºC). Ten 

percent of the nine docks were analyzed along with six randomly selected shells per 

mat. The back of each analyzed mat was assessed for organism growth and their 

ability to cement the mat to the piling. Results indicate the most biodiverse 

community was present during the 15.1-23.5 ºC (cool) assessment at Melbourne 
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Beach Pier, Beach Woods, Lighthouse Cove, and Sebastian. Organisms such as 

barnacles, biofilm, encrusting bryozoans, and sponge had the greatest change due 

to temperature across both assessment periods. Cementation for all analyzed mats 

experienced an increase from the warm (25.9-30.5 ºC) to the cool (15.1-23.5 ºC) 

assessment period. A1A, Beach Woods, and Crab E Bills had the highest 

cementation from organisms such as barnacles, sponge, and encrusting bryozoan. 

Filtration capacities of Living Dock communities were assessed during the 

same warm and cool period for four locations: IAP, A1A Condo Association 

Lighthouse Cove, and Crab E Bills. Five oyster shells covered with benthic 

organisms were randomly selected and removed from each location. Shells were 

placed in tanks and changes in water quality as a function of total suspended solids 

and chlorophyll a were monitored over a 48-hour period. The IAP dock without the 

presence of oysters and A1A with young oysters (<5 cm at 6 months old) had the 

greatest reduction for chlorophyll a and total suspended solids (TSS) reduction. 

Lighthouse Cove and Sebastian had some of the largest oysters present but had 

lower filtration rates. Based off these results filtration rates are not just dependent 

on large oysters but reliant on a diverse community.   

Sessile benthic communities provide many ecosystem functions, such as 

water filtration and habitat structure for mobile organisms. The Living Docks 

program provides a structure for benthic organisms, and the established community 

will vary both spatially and temporally depending on location within the IRL. 

Oysters, while important filter feeders, are not the only benthic organisms which 

will have an impact on water quality including the reduction of harmful algal cells 

and suspended particulates. Future research may consider how climate change and 

other human induced problems may impact benthic communities and their 

ecosystem functions.
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Chapter 1  
Background 

 

The Indian River Lagoon 

The Indian River Lagoon (IRL) is a 156-mile-long estuary along the east 

coast of Florida (Figure 1.1). Sitting at a biogeographic transition zone; the 

northern portion of the lagoon has a warm-temperate climate while the southern 

portion is subtropical, creating two different biodiverse communities (Virnstein, 

1990). Unfortunately, freshwater discharges in the IRL have introduced dissolved 

organic material and plant matter which settles into the sediment (Yang et al. 

2013). This fine grained, highly organic sediment is known as “IRL muck”, 

consisting of 10-30% organic matter and more than 60% silt and clay with a high-

water content (Fox and Trefry, 2018). Muck can lead to various negative ecological 

impacts including nutrient flux in the water column, triggering algal blooms and 

turbidity which damages benthic communities by blocking sunlight (SJRWMD).  

Although the IRL is known for its vast biological community, ecological 

benefits supplied by the estuary are depleting due to human activities. Historically, 

drainage of the IRL basin occurred through slow, meandering streams, creeks, 

rivers, and wetlands (Lapointe et al. 2015). With over 1.7 million people inhabiting 

the IRL region today, land use changes have dramatically increased due to the 

growing population (US Census Bureau, 2014). Widespread urbanization has 

caused a surplus of nutrients leaching into the IRL, resulting in eutrophication 

(Lapointe et al. 2015). The increased nutrient concentrations have led to higher 

phytoplankton abundance, causing harmful algal blooms (HABs). These HABs 

have detrimental impacts on surrounding wildlife through the release of toxins and 

depleting oxygen concentrations throughout the water column. Increasing nutrients 

can also leave the water more turbid due to phytoplankton productivity, blocking 

sunlight from other surrounding ecosystems like seagrass and oyster beds (Harris, 

1986). Another consequence of urbanization has been the degradation of natural 
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shorelines through the construction of artificial structures such as docks, 

breakwaters, bulkheads, and jetties. The loss of natural shorelines such as 

mangroves and salt marshes result in coastal water bodies with a different structure 

and function (Barbier et al. 2011). 

With an increase of human developments along the coastline of Florida, 

there is a growing demand to use natural methods to help maintain and conserve 

estuarine ecosystems. Enhancing shellfish populations has been proposed as an 

inexpensive, environmentally friendly approach to increase denitrification 

processes and improve water quality (Kellogg et al. 2014). Another possibility is to 

promote the growth of sessile benthic organisms, or plants and animals which live 

attached or near substrata (i.e., rocks, dock pilings). In benthic communities, the 

majority of organisms are suspension feeders such as oysters, mussels, sponges, 

barnacles, tunicates, and bryozoans (Mook 1983). The eastern oyster (Crassostrea 

virginica) a native keystone species that inhabits many coastal and estuarine 

ecosystems in the state of Florida, can filter up to 189 liters of water in a day 

(Anderson, 2016). Tunicates (Tunicata spp.) can filter up to 87 liters of water and 

individual bryozoans (Ectoprocta) can filter up to 9 ml of water a day (Draughon 

2010, Bullivant 1967,1968). Unfortunately, overharvesting, ecosystem degradation, 

and diseases have had detrimental effects on oyster reefs, with global surveys 

reporting an 85% loss of shellfish reefs over the past century (Beck et al. 2011). 

Analysis of aerial images from 1943 and 2009 showed 14.7 ha of oyster beds were 

destroyed by boat traffic alone in the IRL resulting in a 40% loss (Gallagher et al. 

2017).  
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Figure 1.1: A map of the IRL including the three waterbodies that comprise 

the lagoon: Mosquito Lagoon, Indian River, and Banana River (Bellamy et al. 

2019). 

 

Restoration Programs in the IRL 

In the IRL and estuaries worldwide there are many restoration efforts 

focused on the eastern oyster (Crassostrea virginica). These programs include the 

use of multiple forms of substrates to create reefs and promote the growth of the 

oysters, examples include lose shell, bagged shell, and reef balls. At the University 

of Central Florida (UCF), Dr. Linda Walters and colleagues have made efforts to 

restore oyster populations to improve overall water quality, targeting Mosquito 

Lagoon in the northern portion of the IRL (Anderson, 2016). Oyster mats are 

placed flat on the seafloor around oyster reefs with 36 shells attached perpendicular 



 

4 
 

to the mat. UCF is also working with a non-plastic alternative to the traditional 

plastic called BESE-elements for oyster restoration work (Donnelly, 2021).  

In areas where oyster populations are limited, larvae recruitment is also 

required. Oyster gardening is a common practice that utilizes aquaculture 

techniques where oysters are placed in cages or off-bottom racks (Hamilton et al. 

2005). In the IRL, an oyster gardening program was started by the Brevard Zoo in 

2014 and involved dead and cleaned oyster shells covered with newly recruited 

oysters. After training at the Brevard Zoo, volunteers from the community (i.e., 

homeowners, schools, or civic organizations) care for the suspending cages with 

oyster spat until they are ready to be moved to more permanent locations 

(Anderson et al. 2019). At the Florida Oceanographic Society their F.L.O.O.R 

(Florida Oceanographic Oyster Restoration) program engages the public in 

restoring oyster reefs throughout the St. Lucie Estuary and the IRL. Through their 

shell recycling program, oyster shells are collected weekly from restaurants and 

bagged (FLOOR). These bags are then placed around existing oyster reefs to 

promote oyster settlement.  

  

Florida Tech’s Living Docks Program 

Man-made structures in urbanized estuaries create a vast amount of hard 

surface area available for colonization of sessile organisms, also known as 

‘fouling,’ communities (Hughes et al. 2005). To combat water quality decline in the 

IRL, the Living Docks program was established in 2013 by Florida Tech, utilizing 

dock pilings as a method to promote the growth of filter feeding organisms. The 

Living Docks program was started with the objective of being a citizen science-

based initiative to improve water quality (Weaver et al. 2018). Oyster mats are 

made from aquaculture grade mesh with fifty to eighty dead and dried oyster shells. 

Oyster shells are used because they provide a natural hard substrate which allows 

for the settlement of benthic filter feeders. The calcium carbonate in the shells is 
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also known to attract organisms that readily use this chemical compound for their 

own shells (i.e., barnacles and oysters) (Bromley et al. 2015). While oysters are the 

targeted species, other benthic filtering organisms such as those in Figure 1.2, are 

attracted to the hard substrate. The accumulation of the community which forms on 

the oyster mats, not only helps to improve water clarity but also forms a small-scale 

ecosystem, attracting mobile organisms such as crabs, fish, and shrimp.  

The community led project was targeted to have an inexpensive outlook 

with the mindset of “letting nature do the work” (Weaver et al. 2018). In addition, 

there are other benefits of this project. Wrapping oyster mats around pilings allows 

for the absence of a permit so there are minimal delays in the deployment process 

(Soucy, 2020). Suspending the mats off the seafloor ensures there is a lack of 

competition with other benthic communities such as mangroves and seagrass beds. 

Suspension also encourages organisms to grow in areas where there is no muck or 

sediment to cover or suffocate them, compared to if they were on the IRL bottom. 

The Living Docks program also works to involve the community, allowing for 

those young and old to take part in a restoration initiative while serving as citizen 

scientists in the process (Christiansen, 2020).   

Figure 1.2: Common benthic filter feeders found throughout the IRL. 

 

Since 2013, twelve Living Docks have been successfully created throughout the 

IRL. However, many questions remain as to the impact the resultant benthic 

communities are having on water quality and the IRL. The purpose of this thesis 
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was to biologically assess Living Docks for the presence of benthic organisms and 

to measure their filtration capacity while investigating the following questions:    

• What organisms have settled on the oyster mats at nine different Living 

Dock locations?  

• How does the distribution of benthic species vary spatially and temporally 

across the IRL? 

• Have the oyster mats acquired a significant amount of growth to become 

cemented to the piling? 

• What is the filtration capacity of the organisms which have grown as part of 

the Living Docks? And how does this change spatially and temporally 

across the IRL?  

 

These questions will be addressed through a field assessment as well as a small 

laboratory experiment, specifically to address the hypotheses listed below.  

Hypotheses 

Hypothesis 1: 

The abundance and diversity of benthic filtering species will be greatest 

during the warmer months compared to the community present during the cooler 

months.  

Hypothesis 2: 

The eastern oyster (Crasssostrea virginica) will have a prominent impact on 

filtration rates of Living Docks when present in comparison to docks that are 

depleted of oysters.  
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Chapter 2  
Benthic Community Composition of Nine Living 

Docks 

 

Introduction 

The Indian River Lagoon (IRL) sits at a biogeographic transition zone from 

warm-temperate to subtropical, influencing its biological systems (Gilmore, 1977; 

Gore, 1972). Due to these geographic extremes, biological communities are quite 

different (Virnstein, 1990).  Benthic organisms are no exception, also exhibiting 

spatial variation throughout the IRL. For instance, fouling communities on hard 

substrata at Fort Pierce Inlet are dominated by stenotopic colonial forms whereas 

eurytopic solitary forms dominate areas north of the inlet (Virnstein, 1990). 

Submerged plants also show large latitudinal shifts. In the IRL north of New 

Smyrna Beach, there is no seagrass, while the southern portion has seven species of 

seagrass with only two species present in the northern IRL (Virnstein, 1990).  

In addition to spatial differences, the presence and abundance of benthic 

organisms in the IRL has been associated with multiple environmental factors. 

Benthic communities can experience daily and weekly cycle fluctuations in 

ambient seawater conditions due to weather events, irradiance variability, tides or 

wind-driven changes in water levels, and changes in biological activity (Boyd et al. 

2016; Wahl et al. 2016). Individual benthic organisms react differently to these 

environmental changes, and one of major importance is temperature (Mook, 1981). 

Some IRL organisms settle throughout the year, whereas others are either warm or 

cool season settlers (Mook, 1976). This interaction is demonstrated through 

barnacle species Amphibalanus eburneus and A. amphitrite who prefer to settle 

throughout the year while bryozoans Bugula neritina and B. stolonifera settle 

during the cooler months (Mook, 1983).   
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Temperature controls timing of reproduction (Dean & Hurd, 1980; 

Freestone, Osman, & Whitlatch, 2009), recruitment rates (Janiak, Osman, & 

Whitlatch, 2013), and growth rates (Amui‐Vedel, Hayward, & Porter, 2007; 

Koopmans & Wijffels, 2008; McCarthy, Osman, & Whitlatch, 2007). All these 

factors have long term effects on community composition and competition between 

or among species (Sams & Keough, 2012; Lord & Whitlatch, 2015). Benthic 

organisms can form three-dimensional structures that include both colonial or 

individual suspension feeders with varying species richness and diversity (Gili and 

Coma, 1998). Diversity has been concluded to be a contributor to ecosystem 

functioning that is important for specialized niches. For example, various species 

among benthic filter feeders can build complex communities under the same 

hydrodynamic conditions using resources in a complimentary way, ensuring more 

niches are filled (Gili & Coma, 1998; Cardinale et al., 2000).  

Since 2013, twelve Living Docks have been installed throughout the IRL. 

Since then, a cumulative spatial and temporal assessment of the benthic 

communities which have settled on the mats has not been conducted. This portion 

of the thesis assessed nine of the twelve docks (Figure 2.1) during a warm (25.9-

30.5 ºC) and a cool (15.1-23.5 ºC) settlement period. Specifically, to address the 

following hypothesis: 

Hypothesis 1: 

The abundance and diversity of benthic filtering species will be greatest 

during the warmer months compared to the community present during the cooler 

months.  
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Figure 2.1: A map of the nine Living Docks which were accessed across the 

central portion of the Indian River Lagoon, (Google Earth). 

 

Methods 

Living Dock Construction 

The creation of a Living Dock or the deployment of the oyster mats, takes 

place at predetermined locations in the IRL (Weaver et al. 2018). With a citizen 

science-based approach the goal is to educate local communities while aiming to 
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improve water quality of the IRL. The locations of the docks are thus driven by 

community interest and participation. Each Living Dock is constructed via a multi-

step process. First, a dock inspection is conducted to analyze water quality 

conditions and to obtain piling measurements to see how many are suitable for the 

oyster mats. A presentation is given which walks the community (i.e. 

neighborhood, elementary class, or scout troop) through the process and to answer 

questions. After which, an oyster mat workshop is scheduled. Oyster mats are 

constructed using an aquaculture grade polyethylene mesh cut into 0.61 m x 0.61 m 

dimensions. Holes are drilled into sixty to eighty dead and dried oyster shells then 

attached to the mat with 0.20 m standard UV-resistant cable ties (Figure 2.2). 

Finally, Florida Tech volunteers and community members install the oyster mats. 

The mats are secured to the pilings using three 0.38 m cable ties with the remains 

clipped and disposed of properly. The number of pilings wrapped with the oyster 

mats is dependent on water depth, as the mats need to be fully immersed below the 

seasonal low tide lines. The mats never encounter the lagoon floor, ensuring they 

will not be buried by sediment or harm any submerged aquatic vegetation.  

 

 

 

 

 

 

  

 

Figure 2.2: A stack of completed oyster mats after a workshop at Melbourne 

Beach Pier. Each mat contains sixty to eighty dead and dried oyster shells. 
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Living Dock Assessment 

Originating in 2013, the Living Docks program has currently deployed a 

total of twelve docks. The study sites are located across the IRL with a majority 

found in the northern section of Brevard County (Figure 2.1).  

Nine of the twelve Living Docks were analyzed as part of this study (Table 

2.1). The remaining three docks were not examined due to the inability to contact 

the owners for assessment permission. In addition to having a large spatial variation 

throughout the Lagoon, the docks also vary in length of immersion and quantity of 

mats. Table 2.1 provides information as to the date of each dock installment, as 

well as the number of mats which were placed at that location. For this study, dock 

selection was based on accessibility and length of immersion.  

Ten percent of the total number of mats, or at least three mats, on both the 

North and South side of each dock were removed and examined for growth. Thus, a 

minimum of six mats were analyzed at each location. Mats were randomly selected 

spatially from the nearshore to the end of the dock.  Individual photos of the front 

and back of the mat were taken, with special focus on individual oyster shells and 

the growth that had accumulated. Six oyster shells were closely assessed and 

photographed for each mat. Sampled shells were marked with a colored zip tie to 

ensure replication and assessment during the next sampling period. Abundance of 

individual sessile and mobile organisms were analyzed and identified to the lowest 

possible taxonomic group using the references such as the IRL Species Inventory 

and the Marine Species Identification Portal.  

Water quality measurements were collected at each dock location. Salinity 

and temperature were taken using a YSI 30 Conductivity Salinity Temperature 

model and the YSI Professional Plus (Pro Plus). Secchi depth measurements were 

also taken to determine water clarity using the standard secchi disk.   
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Table 2.1: The location, date of immersion, and total number of mats deployed 

for each of the Living Docks analyzed as part of this study. 

Deployment Location Latitude/Longitude Mat 

Total 

Mats 

Analyzed 

April 2017 IAP Worldwide 
Services Inc. (IAP) 

28º 22’59” N 
80º 36’32” W 

20 6 

September 2017 Melbourne Beach Pier 28º 04’18” N 

80º 34’02” ºW 

100 10 

July 2020 A1A Condo 
Association 

28º 05’05” N 
80º 33’01” W 

17 6 

May 2019 Beach Woods 28º 03’26” N 

80º 33’02” W 

96 10 

November 2018 Wingate 28º 01’55” N 
80º 32’30” W  

14 6 

August 2018 Melbourne Shores 27º 57’53” N 

80º 31’00” W 

25 6 

February 2018 Lighthouse Cove 27º 58’13” N 
80º 30’46” W  

50 6 

November 2019 Aquarina 27º 55’34” N 
80º 29’ 37” W  

75 6 

Summer 2019 Crab E Bills 27º 49’26” N 
80º 29’ 25” W 

4 4 

 

Mat Cementation 

Cementation of the oyster mats to the pilings ensures that the mat will have 

a longer length of immersion and can continue to support fouling organisms 

(Figure 2.3). Thus, during inspections the cementation of the mats was noted upon 

removal. The posterior side of the mats were photographed and examined, noting 

coverage of organisms that are known to aid in the cementation process (i.e., 

barnacle, encrusting bryozoans, and sponge) Photographs were uploaded into 

Image J, and percent cover of organisms that aid in cementation were then 

calculated (Schneider, 2012).  
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Figure 2.3: An example of mat cementation observed at the Melbourne Shores 

dock. This mat had become attached to the piling via barnacle and sponge 

coverage on the posterior side. Encrusting Bryozoan was observed on both the 

anterior and posterior side covering the piling and the top portion of the mat. 

 

Temporal Variation 

To assess temporal variation of the communities, mat analysis took place 

during the warmer month of October and the colder months of January/February. 

The same nine docks, mats, and shells were used for both assessments to determine 

how environmental conditions affect the organisms on the mats.  

 

Statistics 

Since multiple measurements were taken at each dock, a PERMANOVA 

was performed to measure differences between community composition for the 

seasonal assessments across all the Living Dock locations. To measure differences 

within the individual dock communities, an ANOSIM was tested comparing the 
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seasonal assessments for individual docks. This allowed for the comparison of time 

(temperature) and location to determine any significant variation in the growth of 

benthic organisms. Multidimensional plots (MDS) and SIMPER analysis were 

conducted to show biological differences across and within communities. MDS 

plots were used to show seasonal differences across Living Docks sites. SIMPER 

analysis was used to determine what species had the greatest impact due to the 

seasonal change. A two-way repeated measures ANOVA (two-way RMANOVA) 

was conducted on the cementation data to test for differences amongst the seasons. 

Species richness was calculated in the form of percent cover with the Shannon 

Weiner index used for the analysis of species diversity. All statistical analyses were 

conducted using RStudio and the vegan package (Rstudio team, 2020; Oksanen, 

2020). 

 

Results 

Temperature during the October assessments ranged from 25.9 to 30.9 ºC. 

The January/February assessment temperatures ranged from 15.1 to 22.9 ºC. 

Salinity ranged from 17.5 to 25 ppt during the October assessment and 18.5 to 37.1 

ppt during the January/February assessment. An increase in salinity was observed 

for the January/February assessment the further south the location. A more detailed 

summary of water quality data can be found in the Appendix (Table A.2) collected 

at each of the nine locations.  

 

Benthic Community Assessment 

Assessments of the nine Living Docks found a range of benthic organisms 

inhabiting the oyster shells, including solitary and colonial forms. Dominant 

organisms found during the assessments included barnacles, encrusting bryozoans, 

sponge, biofilm, and oysters for both assessments (Figure 2.4). Table A.1 in the 
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Appendix notes the mobile organisms found coexisting on the oyster mats for both 

the warm and cool assessments.  

 

A.

 

Figure 2.4: Organism abundance from the warm (25.9-30.5 ºC) (A.) and cool 

(15.1-23.5 ºC) (B.) assessment periods. 
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B. 

 

Figure 2.4: Organism abundance from the warm (25.9-30.5 ºC) (A.) and cool 

(15.1-23.5 ºC) (B.) assessment periods. 

 

The community composition tested through a PERMANOVA was found to 

be significant between season and location amongst docks (p< 0.05). Stress was 

found to be relatively high for this test (0.261) indicating it is an adequate 

representation of the data. A greater demonstration of separation was present 

amongst season rather than between individual docks (Figure 2.5). A SIMPER 

analysis showed the species most influenced by season and thus driving the 

differences were barnacles, biofilm, encrusting bryozoans, and sponge. Table 2.3 

0
10
20
30
40
50
60
70
80
90

100

P
er

ce
n

t 
(%

)

Barnacles Arb. Bryo.   Enc. Bryo.

Tubeworms Hydroids Tunicates

Oysters Sponges Anemones

Algae Biofilm Slippersnail

Feather Duster Worm Scorched Mussel



 

17 
 

indicates the species most impacted by the seasonal change for each Living Dock 

location through individual SIMPER analyses. 

 

Figure 2.5: MDS plot demonstrating the interaction between seasons on 

species composition for the nine Living Docks. 
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Table 2.3: The list of docks after a SIMPER analysis was conducted showing 

the organisms impacted most seasonally at each Living Dock location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dock Latitude/Longitude Mat 

Total 

Organisms 

IAP 

Worldwide 
Services Inc. 

(IAP) 

28º 22’59” N 

80º 36’32” W 

20 Encrusting 

Bryozoans 
Barnacles 

Melbourne 

Beach Pier 

28º 04’18” N 

80º 34’02” ºW 

100 Barnacles 

Biofilm 
Encrusting 

Bryozoan 
Sponge 

A1A Condo 
Association 

28º 05’05” N 
80º 33’01” W 

17 Barnacles 
Encrusting 

Bryozoans 
Oysters 

Beach 

Woods 

28º 03’26” N 

80º 33’02” W 

96 Barnacles 

Sponge 
Encrusting 

Bryozoans 
Oysters 

Wingate 28º 01’55” N 
80º 32’30” W  

14 Biofilm 
Silt 

Barnacles 

Melbourne 
Shores 

27º 57’53” N 
80º 31’00” W 

25 Barnacles 
Oyster 

Sponge 
Biofilm 

Lighthouse 
Cove 

27º 58’13” N 
80º 30’46” W 

 

50 Biofilm 
Oysters 

Barnacles 
Sponge 

Aquarina 27º 55’34” N 

80º 29’ 37” W  

75 Barnacles 

Biofilm 
Sponge 

Encrusting 
Bryozoans 

Crab E Bills 27º 49’26” N 
80º 29’ 25” W 

4 Oysters 
Barnacles 

Biofilm 
Sponge 
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To test differences within each dock community, ANOSIM’s were 

generated for the nine Living Docks. All locations tested significantly (p=0.001) 

with three docks showing the highest difference within their communities through 

the R-stat value. A1A, Beach Woods, and Wingate had the highest R-Stat values 

(>0.48) indicating these docks had the greatest differences amongst others 

seasonally. A separate ANOSIM was conducted on these three Living Docks. In 

comparison to each other, the MDS plots show there is some overlap with 

separation. Figures 2.6, A and B show a better representation of the docks across 

both the cool and warm assessment periods. A SIMPER analysis revealed that the 

organisms most influenced seasonally were barnacles, encrusting bryozoan, 

biofilm, and sponge for these three locations.   

The Shannon Weiner Diversity Index revealed that the most diverse 

assessment was the cool period. All docks had an increase in diversity from the 

warm to the cool assessment represented by Figure (2.7). The warm assessment 

showed Melbourne Beach Pier, Lighthouse Cove, and Crab E Bills had the highest 

diversity with index values greater than 1. Docks with the lowest diversity during 

the warm assessment were IAP and Wingate with values less than 0.9. The cool 

assessment had Melbourne Beach Pier, Beach Woods, Lighthouse Cove, and Crab 

E Bills as the most diverse with values greater than 1.4. The least diverse dock with 

an index value less than 1 was IAP. A Tukey test showed all docks excluding IAP 

and Crab E Bills had a significant difference between seasons (Figure 2.7).  
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A. 

 

B. 

Figure 2.6: MDS plot showing the difference amongst the three docks A1A, 

Beach Woods, and Wingate for the 25.9-30.5 ºC (A.) and 15.1-23.5 ºC (B.) 

water assessment. 
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Figure 2.7: Shannon Weiner Diversity calculations for the warm (25.9-30.5 ºC) 

and cool (15.1-23.5 ºC) assessment periods. The “*” denotes the docks with a 

significant difference across seasonal assessments. 

 

Mat Cementation 

The average cementation for the mats were compiled into Figure 2.8. At all 

Living Dock locations, there was a higher cementation during cooler months 

compared to warmer months. Docks such as Crab E Bills, A1A, Beach Woods, and 

Wingate had the highest cementation percentage for the warm assessment. Docks 

with the highest amount of cementation for the cool assessment were A1A, Beach 

Woods, and Crab E Bills. The highest difference observed seasonally were from 

Light House Cove, A1A, and IAP with elevated increases in cementation. Crab E 

Bills, Wingate, and Melbourne Beach Pier had minimal changes from the warm to 

cool period. During warm months, cementation was driven by the presence of 

barnacles, sponge, and encrusting bryozoan. Other organisms that do not aid  in 

cementation but were present on the back of the mats include oysters. Oysters were 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

Sh
an

n
o

n
-W

ei
n

er
 D

iv
er

si
ty

 V
al

u
e

Warm Cool



 

22 
 

not included because most had settled onto the plastic and did not aid in 

cementation to the piling. Cementation in the cooler months was dominated by 

sponge coverage and had a high presence of oysters. Results from the two-way 

RMANOVA showed a significant (p<0.05) difference between the mats across the 

two settlement periods. 

Figure 2.8: Average cementation percentages with standard deviation taken 

from analyzing the back of the oyster mats in the form of percent cover (%). 

All docks did not have a significant difference across seasonal assessments. 

 

Discussion 

Benthic Community Assessment 

Temperature is a prominent driver in benthic community composition, 

influencing recruitment rates and reproductive timing. Greater community 

differences were observed across the two assessment periods than amongst 

locations within the same season due to the shift in temperature during the warm 
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(25.9-30.9 ºC) and cool (15.1-23.5 ºC) settlement period. The organisms which had 

the greatest change due to temperature across the two assessment periods were 

barnacles, biofilm, encrusting bryozoans, and sponge.  

It is known that temperature regulates larval development (Thorson 1950; 

Hoegh-Guldberg & Pearse, 1995). Lathlean et al. (2013) analyzed barnacle larvae 

to find post-settlement and survival were both inversely related to temperature. 

Nasrolahi et al. (2011) found that barnacle larval duration was shorter by an 

average of 1.2 days at higher temperatures. For the settlement of bryozoans, 

temperature was found to be the most important tie to zooid size becoming longer 

and wider at lower temperatures (Amui-Vedel et al., 2006). Whalan et al. (2008) 

analyzed sponge larvae and found temperature had a significant effect on larval 

mortality at temperatures between 22 and 36°C.  

With an increase in temperature as a concern for benthic organisms, the 

increase in CO2 concentrations have been a growing concern for the biodiversity 

and survival of these species (Ross et al. 2011). By the years 2100, pH levels could 

decrease from 8.1-8.2 to 7.6-7.9. This decrease could have an impact on the larval 

stages of organisms. Ross et al. (2011) found that an increase in ocean acidification 

led to a reduction in the rate of larval development, a reduction in larval size and 

alteration to shell integrity. For bivalves, these changes may influence 

metamorphosis to post settlement mortality. Nardone et al. (2018) found that 

barnacle base plates were weakened due to a lower pH. Smith (2014) found that 

growth significantly decreased in lower pH for bryozoans.  

Diversity of the benthic organisms was found to change both with location 

as well as with sampling period. Even though the nine Living Docks have different 

immersion times, greater diversity was seen during the cooler sampling months. 

Changes in diversity can be affected by several different parameters. For example, 

in a yearlong pilot study for Living Docks, diversification of oyster bags and mats 

were compared (Weaver et al., 2018). Located one mile south of the Eau Gallie 

causeway, shells attached to mats were predominately covered with barnacles, 
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compared to the shells immersed in bags, which were covered by encrusting 

bryozoans, barnacles, sponges, and tunicates (Weaver et al., 2018). Between the 

two substrates, oyster bags were observed to have a higher amount of diversity in 

comparison to the mats.  

When pilings without the presence of oyster mats were analyzed, green 

algae and barnacles were the only organisms found (Gilligan, personal 

observation). The dead and dried oyster shells attached to the mats provide a 

natural substrate for benthic organisms to settle onto, increasing diversity. In return 

the oyster mats create a small-scale ecosystem where mobile organisms benefit 

from its resources. The increase in small mobile organisms then attracts larger 

organisms such as fish, dolphins, and turtles to the oyster mats.    

In addition, changes in substrate type can also influence benthic organism’s 

growth and the subsequent diversity of the community. Soucy (2020) analyzed 

different mat materials for Living Docks and found that plastic oyster mats were 

more suitable for longevity. Testing took place at Grant where organisms such as 

barnacles, encrusting bryozoans, oysters, and mussels were observed. A coconut 

core material had similar findings but was more suitable for mollusks and soft 

fouling organisms such as sponge and tunicates. Another study looking at 

alternatives to plastic by Hunsucker et al. (2021), analyzed cathodically protected 

steel as a replacement for plastic mesh. With test locations at Port Canaveral, Grant, 

and Melbourne Beach, steel was found to be most successful at Melbourne Beach 

for enhancing oyster settlement while the plastic supported a more diverse 

community. Benthic organisms such as barnacles, sea squirts, encrusting 

bryozoans, and calcareous tubeworms were present. Organisms observed at Port 

Canaveral were calcareous tubeworms with the presence of other organisms such as 

arborescent bryozoans, colonial tunicates, mussels, and hydroids. The Grant 

location was dominated  by barnacles with the presence of calcareous tubeworms, 

and some mussel growth (Hunsucker et al., 2021).  
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Including the locations from the previous Living Dock studies (Port 

Canaveral, Melbourne Beach, Grant, and Eau Gallie) as well as those studied 

during this thesis, spatial differences can be observed as well as some general 

trends with settlement. While all Living Dock locations excluding Sebastian are 

located on the eastern side of the IRL, two test locations from supporting studies 

(Soucy, 2020; Weaver et al. 2018) were conducted on the western side of the IRL. 

The test locations on the western side were observed to have more mussel coverage 

than docks located on the opposite side of the IRL. Port Canaveral in the supporting 

study (Hunsucker et al. 2021) is closely distributed to IAP in Cape Canaveral. 

Located 10 minutes away from each other by car, both have very different 

communities present. Port Canaveral is exposed to an influx of saltwater leading to 

a higher constant salinity but may have less variation in settlement due to this 

constant influx. IAP is not exposed to this saltwater source, alternatively the 

salinity may have a higher variation, resulting in greater diversity or different 

benthic organisms. Hydrodynamic conditions will also influence community 

diversity through the distribution of food and spawning (Larsson and Jonsson, 

2006). The three docks with the most differences seasonally were A1A Condo 

Association, Beach Woods, and Wingate. Geographically, they are located next to   

each other. While A1A and Beach Woods are closer spatially, Wingate is located 

further south in a cove not as exposed to flow as the other locations, with static 

water and muck accumulation present. A byproduct of eutrophication, algal blooms 

could have influenced community composition of certain docks depending on the 

scale of blooms. Blooms are commonly present during our warmer months as a 

result of higher levels of nutrients entering the system through increased rainfall. 

 

Mat Cementation 

Living Docks oyster restoration mats are attached to pilings via zip ties. A 

successful immersion is dependent on weight of organism growth, hydrodynamic 

conditions on the mats/pilings, and strength of zip ties over time. Mat cementation 
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was assessed to see how the growth begins to take over, attaching the mats to the 

piling, which would be important for long-term deployments if zip ties may fail. 

All dock locations had an increase in cementation from the warm to cool 

assessment. Lighthouse Cove, A1A, and IAP had the highest increase in 

cementation while Crab E Bills, Wingate, and Melbourne Beach Pier experienced 

little change between assessment periods. The warm assessment saw organisms 

such as barnacles, sponge, encrusting bryozoan, and sponge. A high presence of 

oysters on the back of the mats was observed for the cool assessment. The increase 

in settlement from warm to cool assessments may be related to settlement cues of 

barnacles, encrusting bryozoans, and sponge.  

Mook (1983) found barnacles prefer to settle throughout the year while 

bryozoans prefer cooler periods for settlement. A stronger presence of settlement 

could be related to temperature and other water quality conditions such as tides and 

changes in biological activity.  For most benthic organisms, the link between site 

selection and post-larval environment is not well known (Larsson and Jonsson, 

2006).  

Wahab et al., (2011) found that sponge larvae settled and metamorphosed 

faster to surfaces with biofilms. For both the warm and cool assessment, most of 

the sponge was found on the posterior side of the mats. Settlement could be driven 

by the increased surface area of the piling where a higher level of biofilm 

accumulates on the surface versus the mesh of the mats alone. Potentially, sponge 

could grow from the piling outward onto the mat. Sponge is very important in 

benthic communities as they aid as a great stabilizer (Bell, 2008). The sponge for 

the oyster mats was able to act as a stabilizer and secure the mat to the piling with 

other benthic organisms, specifically barnacles.  

Barnacle settlement is driven by flow and availability of food. Higher drag 

forces are damaging for the cirri during their early life stages (Larsson and Jonsson, 

2006). Increased coverage on the posterior side of the mats could be the result of 

the barnacle’s need to have shelter from these higher drag forces. Although benthic 
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settlement may increase over time, it is not a proper indication of cementation. Not 

all organism growth aids to the mat cementation to the piling. In addition, upon 

removal, the weight of the mats can outweigh cementation on the posterior sides, 

suggesting cementation could be driven by the ideal conditions of water quality 

combined with settlement cues of benthic species.  

Given the results of this study, the first hypothesis can be rejected. Diversity 

amongst organisms was greatest following the cool assessment period rather than 

the warm period. For the relationship between species diversity and ecosystem 

functioning to be equally as dynamic, would be to assume constant changes are 

taking place over time (Cardinale et al. 2000). In a system as dynamic as the IRL, it 

is not only temperature which is important. Daily tidal changes, water quality 

conditions, and hydrodynamic flow play an imperative role in the distribution as 

well as diversity of these benthic ecosystems. 
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Chapter 3  
The Filtration Capacity of Four Living Docks 

 

Introduction 

Most benthic organisms are suspension or filter feeders, meaning they 

ingest suspended particles from the water column and then release excess nutrients 

as feces or pseudo feces (Mook, 1981). The Indian River Lagoon (IRL) has a vast 

benthic community, all reacting differently to environmental changes one of which 

is temperature (Mook, 1981). Temperature plays a prominent role regarding 

filtration rates of suspension feeders (Winter, 1978). The eastern oyster 

(Crassostrea virginica) is known as an ecosystem engineer due to its ability to 

survive in various temperatures and its ability to filter 189 liters of water a day 

(Anderson, 2016). Despite its ability to withstand varying temperatures, the eastern 

oyster has a temperature threshold with filtration stalled between 5.6-7.2 ºC (42-45 

ºF) (Nelson, 1921). Another common benthic filter feeder in the IRL, tunicates 

(also known as ascidians) were observed to have lower clearance rates at higher 

temperatures (Peterson, 2007). Sponge species, Halichondria panicea and 

Haliclona urceolus were observed to also have a reduction in filtration as 

temperature decreased (Riisgard, 1993).  

A pilot study conducted in North Carolina, implemented two oyster reefs 

with the intention of monitoring water quality such as chlorophyll a and total 

suspended solids (TSS). Results compared to a nearby stream without the presence 

of oysters found TSS concentrations decreased downstream of the reefs within the 

first month and chlorophyll a concentrations were reduced downstream after the 

reefs were enlarged (Nelson et al. 2004). Not only do these benthic communities 

aid in filtration but they play an important role in transmuting suspended particles 

into fine bottom sediments for benthic feeders (Mook, 1983). In the North Carolina 

pilot study, fine grained sediments were present from the pseudo-feces of the 
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oysters in comparison to the channels (without the presence of oysters) that had no 

change in sediment quality (Nelson et al., 2004).   

While most studies have focused on oyster restoration for their effective 

filtration rates, a study conducted in the Loxahatchee River and estuary considered 

the entire benthic (fouling) community and its filtration ability (Layman et al. 

2014). Manmade structures such as docks, bulkheads, pilings, ship hulls, and rip 

raps are a common occurrence in coastal systems. These structures were analyzed 

to find both cement and pile wrap dock pilings supported 78 percent of the total 

piling filtration capacity for the Loxahatchee system (Layman et al. 2014).  

In the IRL the loss of natural ecosystems such as mangroves and salt 

marshes have led to increased shoreline conversion (Layman et al. 2014), which 

includes structures such as dock pilings. Living Docks implements these structures 

with oyster mats to help increase the presence of benthic organisms and thus the 

filtration capacity for the IRL. Looking into the filtration capacity of Living Docks 

can further enhance restoration efforts for the lagoon. This portion of the thesis 

assessed the filtration capacity of benthic organisms from four of twelve Living 

Docks during a warm and cool settlement period addressing the following 

hypothesis: 

Hypothesis 2: 

The eastern oyster (Crasssostrea virginica) will have a prominent impact on 

filtration rates of Living Docks when present in comparison to docks that are 

depleted of oysters.  

  

Methods 

Filtration Rate Experiments 

To further assess the filtration capacity of benthic organisms, present on the 

mats, two controlled lab experiments were conducted (Figure 3.1) to determine 
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how changes may result as a function of community composition as well as with 

spatial and temporal variation. Five oyster shells were randomly selected and 

removed from four different Living Dock locations: IAP, A1A Condo Association 

Lighthouse Cove, and Crab E Bills. Note the below experimental design was 

implemented during both the 16.1-19.5 ºC (cool) and 19.3-27 ºC (warm) months, 

and the results were compared to assess temporal filtration changes. Temperatures 

for each experiment when shell collection took place can be found in the Appendix 

(Table A.3).  

Table 3.1: The location, date of immersion, and total number of mats deployed 

for each of the Living Docks analyzed as part of the filtration experiment. 

Deployment Location Latitude/Longitude Mat 

Total 

April 2017 IAP Worldwide Services Inc. 

(IAP) 

28º 22’59” N 

80º 36’32” W 

20 

July 2020 A1A Condo Association 28º 05’05” N 
80º 33’01” W 

17 

February 2018 Lighthouse Cove 27º 58’13” N 

80º 30’46” W 

50 

Summer 2019 Crab E Bills 27º 49’26” N 
80º 29’ 25” W 

4 

 

Each collected shell was placed in one of two styles of tanks (triangular or 

square) for a total of twenty tanks (five replicates from four docks). An additional 

four tanks were control tanks, and held blank oyster shells (i.e., shells with no 

growth). The triangular set of tanks held about 3700 ml of water while the small 

square tank held about 2400 ml of water. Despite being different sizes, the same 

volume (1200 ml) of water was added to each tank. Percent cover of filtering 

organisms upon each shell was noted and identified to the lowest possible 

taxonomic group using the same references as from Chapter 2. All shells were 

placed in tanks without food for 24 hours to ensure filtration would take place at 

the start of the experiment.  
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Artificial seawater at 25 ppt (representative of IRL water) was used for all 

tanks. A bubbler was placed in each tank to aid in circulation and oxygen for the 

organisms. To aid in re-suspension of settled particles, with the tanks stirred every 

12 hours. Salinity and temperature were also measured every 12 hours to ensure 

there were no significant changes.  

Plankton collected via phytoplankton tows at Riverside Park (28° 05'22.16" 

N, 80° 34'34.26" W) were added to the tanks as a way to assess water filtration 

capacity of the organisms. Tows lasted for an average of five minutes using a 20 

µm mesh at 90 cm in length. Salinity at the time of collection on November 17th, 

2020, was 18 ppt and on January 31st, 2021, was 24.3 ppt. After each plankton tow, 

density was calculated using a compound microscope. Multiple species of diatoms 

(i.e., Skeletonema, Pleurosigma, Ditylum, Coscinodiscus, Pseudo-nitzschia) and 

few dinoflagellates (i.e., Boreadineum) were found in the collection. Based off the 

final plankton density, 500 ml of the sample was added to each tank at a density of 

~199 cells/ml for the warm assessment and ~40 cells/ml for the cool assessment. 

Cell concentrations in the IRL have reached as high as 680 cells/ml during algal 

bloom events (Badylak and Philips, 2004). The experiment lasted 48 hours to 

assess changes in water clarity, specifically total suspended solids, and chlorophyll 

a. 

 

Figure 3.1: The experimental set up to measure filtration capacities of benthic 

filter feeders. 
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Chlorophyll a Extraction 

Chlorophyll is a significant estimate of phytoplankton biomass because it 

constitutes about 1 to 2 percent of the dry weight of algae. Two common 

degradation products of chlorophyll a are pheophorbide a and pheophytin. Their 

ability to absorb light in the same region of the spectrum can interfere with the 

determination of chlorophyll a (Eaton et al. 2005). To receive accurate readings, a 

Hach DR 600 spectrophotometer was used because of its many advantages. Such 

advantages include more accurate chlorophyll data, it is less labor intensive, and 

fewer resources are needed. 

Figure 3.2: Two vacuum pumps were used as the filtering method for 

chlorophyll a and total suspended solids. Samples in dark bottles were poured 

through the filter in yellow measuring cups. 

 

Using the trichromatic method (Eaton et al. 2005), measurements were 

taken every 24 hours. Trichromatic methods have been developed to determine the 

three types of chlorophyll (a, b, and c) in the absence of degradation products. The 

amount of pheophytins can be calculated as well and then the values are removed 
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from the concentrations for more accurate chlorophyll a readings. Gathering the 

samples consisted of stirring the tanks and transferring 100 ml total to a dark bottle 

(as seen in Figure 3.2). Samples were then preserved at a temperature below 4ºC 

(40ºF) until further analysis took place. To extract pigments consistently, 100 ml 

samples were filtered through a 0.4 µm Nuclepore Track-Etch membrane filter 

using a vacuum pump. Filters were then stored in aluminum and frozen until 

further analysis took place (Eaton et al. 2005). Frozen samples were grinded using 

a glass pestle mixed with 2 ml of an aqueous acetone solution that consisted of 9 

parts acetone and 1 part magnesium carbonate mixed with distilled water. Samples 

were macerated until the chlorophyll was extracted from the filter. Samples were 

then transferred into test tubes and the total volume was fixed to 10 ml. They were 

left in the dark to settle for two hours. Samples were transferred to the 

spectrophotometer to measure absorbance of chlorophyll a, b, and c. Absorbance 

values were measured at three maximum wavelengths (630 nm, 647nm, 664 nm) of 

the three chlorophylls, plus a blank wavelength (750 nm), then a set of three 

equations was used to calculate the concentrations (Aminot et al. 2000).  

 

Total Suspended Solids (TSS) 

Turbidity samples were collected every 24 hours after tanks were stirred. 

Samples of 100 ml were stored in dark bottles and placed in a fridge until analysis 

took place. These samples were vacuum filtered through 1.5 µm glass microfiber 

filters, heated in a VWR oven set at low for an hour and then set in a desiccator for 

4 days. Prior to filtration, the blank filters were weighed with their aluminum boats. 

After desiccation, samples were weighed again and then subjected from the original 

weight to get the total mass of suspended particles per volume. 
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Statistical Analysis 

Results from the laboratory experiment were analyzed using a two-way 

repeated measures ANOVA to test for differences in water quality parameters and 

differences amongst docks over time. This determined if any changes in 

chlorophyll a and turbidity were significant over time. Organisms from warmer 

(19.3-27 ºC) months were compared to organisms from cooler months (16.1-19.5 

ºC) based on species composition and their filtration rates. An ANOSIM statistical 

test was conducted for organism abundance on the docks to determine if there was 

a seasonal difference in community composition. All statistical tests were 

conducted using RStudio with the vegan package and calculations were determined 

in Excel before statistical analysis (Rstudio team, 2020; Oksanen, 2020). 

 

Results 

Benthic communities present during the two sampling periods showed a 

difference in species between docks but not amongst seasons.  Figure 3.4 shows the 

difference in organism abundance across the two sampling periods. Organisms such 

as barnacles, encrusting bryozoans, oysters, biofilm, and sponge were the most 

prominent during both periods.  IAP was dominated by encrusting bryozoan for the 

warm period while the cool period had a higher abundance of barnacles. A1A had a 

high presence of barnacles for the warm assessment while the cool assessment had 

high abundances of barnacles, encrusting bryozoans, and oysters. Lighthouse Cove 

saw a high presence of barnacles and oyster during the warm assessment. The cool 

assessment caried the same (barnacles and oysters) but also had a higher presence 

of tunicates. Crab E Bills was dominated by oysters in the warm assessment.  

 

Chlorophyll a 

Chlorophyll a is a pigment responsible for the conversion of solar energy 

for photosynthesis (Zimba et al. 2006). Chlorophyll a is the main pigment used 
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by phytoplankton to capture light energy and used by converting into biomass. 

Because chlorophyll a is easy to quantify, it is a convenient biomass proxy 

for phytoplankton (Jakobsen et al. 2016). Figure 3.3 demonstrates the chlorophyll a 

trend for both assessed periods.  

Although there were no significant trends in the data, several observations 

were made among the dock locations. The increased concentrations for IAP during 

the warm period were due to a technical execution error that did not coincide with 

the final calculation. Despite the error, IAP is the only dock for both seasons to 

show a consistent decline in chlorophyll a concentrations and is the only dock 

without the presence of oysters across both sample periods. A1A Condo 

Association during the cool period, had an increase in chlorophyll a at 24 hours 

with a decrease at 48 hours. A1A did have a consistent decrease for the warm 

sample period but had an increase at 24 hours for the cool assessment. Lighthouse 

Cove ended the experiment during both experimental periods with a higher 

concentration of chlorophyll a. This dock was succumbed by a fungus during both 

test periods for a select few samples. Crab E Bills during the warm period had an 

increase in chlorophyll a at 24 hours with a decrease at 48 hours. A two-way 

RMANOVA was used to test the difference among dock locations and seasons. The 

RMANOVA proved to be significant (p<0.05) when comparing seasonal 

differences.  
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A. 

Figure 3.3: Average chlorophyll a concentrations from the warm (24.9℃) (A., 

B.) and cool (17.7℃) (C.) filtration experiments as sampled after 0, 24, and 48 

hours.  Graphs B is the same as graph A with a different axis to demonstrate 

chlorophyll a for IAP which had a higher concentration than other samples. 
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B.

 

Figure 3.3: Average chlorophyll a concentrations from the warm (24.9℃) (A., 

B.) and cool (17.7℃) (C.) filtration experiments as sampled after 0, 24, and 48 

hours.  Graphs B is the same as graph A with a different axis to demonstrate 

chlorophyll a for IAP which had a higher concentration than other samples. 
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C.

 

Figure 3.3: Average chlorophyll a concentrations from the warm (24.9℃) (A., 

B.) and cool (17.7℃) (C.) filtration experiments as sampled after 0, 24, and 48 

hours.  Graphs B is the same as graph A with a different axis to demonstrate 

chlorophyll a for IAP which had a higher concentration than other samples. 
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A.

 

Figure 3.4: Organism abundance as percent cover on the oyster substrate 

from the warm (24.9ºC) (A.) and cool (17.7ºC) (B.) filtration experiments. 
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B.

 

Figure 3.4: Organism abundance as percent cover on the oyster substrate 

from the warm (24.9ºC) (A.) and cool (17.7ºC) (B.) filtration experiments. 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

100

IAP A1A Lighthouse Cove Crab E Bills

P
e

rc
e

n
t (

%
)

Barnacles Arb. Bryo. Enc. Bryo.

Tubeworms Hydroids Tunicates

Oysters Sponges Anemones

Algae Biofilm Slippersnail

Feather Duster Worm Scorched Mussel



 

41 
 

Total Suspended Solids (TSS) 

TSS concentrations from the warm assessment period ranged from 171-364 

mg/L (Figure 3.5). The cool assessment period ranged from 195-415 mg/L. The 

highest concentration seen during the warm experimental period was from IAP at 0 

hours at 364 mg/L. Crab E Bills had the highest concentration after 48 hours during 

the warm period at 337 mg/L. IAP had the greatest decrease (81 mg/L) in 

concentration followed by A1A (43 mg/L). The highest concentrations were 

observed from Lighthouse Cove during the cool experimental period at 48 hours at 

415 mg/L. Crab E Bills had the greatest concentration at 343 mg/L for the 0 hour. 

A1A had the most noticeable decrease in concentration from 0 to 48 hours during 

the warm period with a decrease of 68 mg/L. A two-way RMANOVA tested the 

relationship between time and TSS concentrations at each sampled period and each 

dock location. Averages taken from the warm assessment in November showed 

IAP and A1A had a decrease in TSS over the 48 hours while Lighthouse Cove, 

Sebastian, and the control showed an increase in concentrations. The cool 

assessment in February showed all docks, except Lighthouse Cove and the control, 

had a decrease in TSS concentrations over the 48-hour period. Results from the 

two-way RMANOVA were insignificant (p>0.05).  
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A. 

Figure 3.5: The average TSS concentrations from the warm (24.9℃) (A.) and 

cool (17.7℃) (B.) filtration experiments. 
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B.

Figure 3.5: The average TSS concentrations from the warm (24.9℃) (A.) and 

cool (17.7℃) (B.) filtration experiments. 
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to filter smaller particles the size of 2 µm (Mook, 1981). Plankton samples were 

collected in situ resulting in a range of cell sizes. Depending on the benthic 

community present at each dock location, there may have been a preference for cell 

size and thus filtration potential.  While temperature has an impact on benthic 

communities, phytoplankton also reacts to changes in irradiance (Fujiki & Taguchi, 

2002). Cell size is dependent on cellular light absorption meaning the time of year 

could play an important role on sample collection. Thus, the phytoplankton sample 

collected for the cool sampling period was not the same as that collected during the 

warm sampling period. Since the phytoplankton were not homogenous, this may 

have skewed the data. 

In situ, depending on water conditions, benthic communities may filter the 

same particles more than once (Mook, 1981). Mook (1981) tested this theory 

through a filtration experiment using benthic organisms from Harbor Branch 

Foundation boat basin north of Ft. Pierce in the IRL. Organisms such as barnacles, 

bryozoans, hydroids, tube building amphipods, and sponge were present. The 

community was observed to ingest suspended particles that had been ejected. The 

more diverse a community is, the more particles may be ingested before finally 

being released as detritus (Mook, 1981). In this study, the small tank with lack of a 

fresh water source may have caused organisms to ingest and egest particles 

multiple times leading to low chlorophyll a concentrations.  

In the IRL, average chlorophyll a concentrations are between 6.2-16.4 µg/L 

with algal blooms reaching 25 µg/L (Kamerosky et al., 2015). Based off the results 

from this study, chlorophyll a concentrations were not representative of the IRL. 

Concentrations from this study were low, with samples not exceeding 0.3 µg/L. 

Therefore, it may have been more difficult to observe substantial changes of 

chlorophyll changes in the tanks. 
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Total Suspended Solids (TSS) 

Suspended solids include many components such as dead/ live plankton 

cells and resuspended detritus (Trefry et al. 2007). TSS concentrations across the 

IRL have been recorded from 1.9 mg/L at Vero to 25.0 mg/L in the Banana River 

(Trefry et al. 2007). Based off these findings, TSS concentrations from this study 

were relatively high with concentrations ranging from 171-364 mg/L. This may 

have been due to a greater influence from pseudo-feces and other live/dead cells. 

As the tanks were stirred lose materials were resuspended into the water column. 

Fine grained sediments such as silt or clay particles found on the shells could have 

contributed to the high TSS levels. The lack of freshwater flow would aid in the 

increased number of suspended materials from organisms such as barnacle cirri, 

and the pseudo-feces.    

During the warm assessment Lighthouse Cove and Sebastian both had an 

increase in suspended solids between the 0 and 48 period.  Lighthouse Cove had 

one sample succumb to a fungus on the last day of sampling, possibly causing the 

small increase in TSS (Figure 3.5). The cooler assessment saw a similar trend for 

Lighthouse Cove. Two samples succumbed to a fungus within the first day of 

sampling possibly causing the large increase in TSS. IAP was the only dock to not 

have oysters present and saw a decrease in TSS concentrations for both settlement 

periods. 

 

Benthic Community & Filtration Capacity 

Almost all the organisms which settled on the shells played a role in 

filtration of particulates from the water column. The eastern oyster (Crassostrea 

virginica) can filter pump up to 189 liters of water in a day (Anderson, 2016). 

Oysters can retain particles greater than 4 µm but are 20% ineffective at retaining 

particles less than 0.6 µm (Draughon, 2010; Stuart & Klumpp, 1984). Tunicates 

(Tunicata spp.) can filter up to 87 liters of water a day and can retain particles as 
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small as 0.6 µm (Stuart & Klumpp, 1984). Individual bryozoans (Ectoprocta) can 

filter up to 9 ml of water a day and can form colonies up to half a meter in length 

that could filter about 9,464 liters per day (Draughon 2010; Bullivant 1967,1968). 

Weaver et al. (2018) estimated that a Living Dock could potentially filter 136,275 

to 218,040 liters of water in a single day or 49 to 79 million liters of water per year. 

This is assuming a dock has 34 mats equaling the average dock containing 34 

pilings. At multiple Living Dock locations, the average distribution of mats for the 

9 locations is about 44 mats. Some docks are known to have 75 to 100 mats on 

them. At roughly double of what Weaver et al. (2018) calculated a dock with about 

100 mats could potentially filter 408,825 to 654,120 liters per day or 147 to 237 

million liters in a year. Though care should be taken with this number, as the 

movement of water through an organism does not always mean that particles will 

be retained.  

The A1A Condo site, with the shortest deployment time, saw a decrease in 

concentrations for both the warm and cool period. In comparison to Lighthouse 

Cove and Sebastian, A1A had the youngest oysters that were incomparable in size 

(<5 cm) to two other locations. Lighthouse Cove and Sebastian have well 

developed populations of oysters, some were the largest recorded amongst all 

Living Docks, at greater than 10 cm in size. Smaller oysters may have better access 

to hydrodynamic flow based off settlement position compared to established 

oysters. Established oysters could also have a higher biomass of other filter feeders 

on their shells causing difficulty in opening and a skew in filtration. According to 

the results of this experiment the initial hypothesis can be rejected. While size may 

not be the key for optimal filtration in oysters, age could play a significant role in 

future research surrounding oyster restoration.  
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Chapter 4  
Conclusions and Future Work 

 

Conclusions 

The Living Docks program started in 2013 and has installed a total of 12 

Living Docks. However, only one of these docks has been properly assessed 

(Weaver et al. 2018). This study aimed to biologically assess 9 of the 12 Living 

Docks and assess filtration rates of benthic filter feeders on the mats.  

Through the biological assessment, a seasonal difference was observed with 

a more diverse community present during the cool assessment along with an 

increase in cementation across all docks. Dominant organisms found during the 

assessments included barnacles, encrusting bryozoans, sponge, biofilm, and 

oysters. The highest diversity was observed at Melbourne Beach Pier and 

Lighthouse Cove. The greatest change seasonally was observed at A1A Condo 

Association, Beach Woods, and Wingate. Organisms such as barnacles, biofilm, 

encrusting bryozoans, and sponge had the greatest change due to temperature 

across both assessment periods. Cementation was driven by the coverage of 

barnacles, sponge, and encrusting bryozoan. While there was a high presence of 

oysters, they were not included in the assessment because most had settled onto the 

plastic and did not aid in cementation to the piling. From the warm to cool 

assessment, cementation was primarily driven by sponge with a high presence of 

oysters. With the increase in sponge during the cooler months, docks with the 

highest amount of cementation were A1A, Beach Woods, and Crab E Bills. Docks 

most affected seasonally were Lighthouse Cove, A1A, and IAP with elevated 

increases in cementation. 

A diverse community can better utilize resources and aid in the filtration of 

a range of particulates from the water column. Assessing filtration rates of benthic 

filter feeders found that the IAP dock without the presence of oysters and A1A with 
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young oysters (<5 cm at 6 months old) had the greatest results for chlorophyll a and 

total suspended solids (TSS) reduction. Lighthouse Cove and Sebastian had 

succumbed to a fungus and had increases in both chlorophyll a and total suspended 

solids (TSS). While results from this study are promising for future restoration 

initiatives in the IRL, continued research needs to be done regarding filtration rates 

as well as optimal age of filtration for benthic filter feeders. 

 

Future Work 

With the ability to control reproductive timing (Dean & Hurd, 1980; 

Freestone, Osman, & Whitlatch, 2009), settlement rates (Janiak, Osman, & 

Whitlatch, 2013), growth rates (Amui‐Vedel, Hayward, & Porter, 2007; Koopmans 

& Wijffels, 2008; McCarthy, Osman, & Whitlatch, 2007), reproduction, and 

filtration rates (Winter, 1978), temperature is an important constituent regarding 

future research of benthic filter feeders. The Living Docks benthic community 

assessment consisted of analyzing 10 percent of the dock with 6 shells per mat. 

Future studies may want to increase this sample size for a better understanding of 

community structure per dock. Statistically, a higher sample size would be more 

favorable.  

Testing filtration capacity for four Living Docks was measured across 48 

hours. Future studies may benefit from decreasing this time especially if tanks do 

not have a constant source of fresh water. While this study gathered live 

phytoplankton through plankton tows, future studies may consider purchasing a 

food source to ensure each tank is receiving the same dosage and same size 

plankton. As well as the use of heaters to control the temperature. Shells from this 

study acclimated to the water temperature of ~22 ºC for both test periods possibly 

causing fluctuations within the data. It is known that temperature influences 

filtration rates. As sea surface temperatures rise, understanding these effects on 

local communities will be imperative for future restoration work.  Oysters are 
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known for their large filtration quantities as adults. In this study, young oyster of 

about 5 cm in size had more successful filtration capacities than established oysters 

of about 10 cm in size. Looking into clearance rates of different life stages of 

oysters along with other benthic filter feeders, could further aid in the effort to 

restore water quality in the IRL.  

Currently, Living Docks uses a plastic mesh as the base of their oyster mats. 

Looking into alternatives to plastic could increase participation and reduce the 

amount of microplastics being fed into the system. Driven by volunteers and citizen 

scientists this restoration project will hopefully influence others to participate in the 

ongoing effort to help restore water quality in the Indian River Lagoon (IRL). The 

IRL is known for its vast biological community, including its benthic filter feeders 

(Mook, 1981). Understanding the temporal and spatial differences in the 156-mile 

basin will also aid in future work for this initiative.  
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Appendix 
 

Table A.1: Mobile organisms living on the mats were recorded for each 

location and assessment period. 

Dock Latitude/ 

Longitude 

Mat 

Total 

Warm 

Assessment 

(25.9-30.9 ℃) 

 

Cool 

Assessment 

(15.1-23.5 ℃) 

 

IAP Worldwide 

Services Inc. 
(IAP) 

28º 22’59” N 

80º 36’32” W 

20 gastropod 
porcelain crab 

hermit crab 
mud crab 

goby 
flatworm 

hermit crab 
isopod 

amphipod 

mud crab 
porcelain crab 

Melbourne 
Beach Pier 

28º 04’18” N 
80º 34’02” ºW 

100 porcelain crab 
mud crab 
stone crab 
hermit crab 

goby 
gastropod 
amphipod 

porcelain crab 
mud crab 
stone crab 
hermit crab 

goby 
gastropod 
flatworm 

A1A Condo 

Association 

28º 05’05” N 

80º 33’01” W 

17 stone crab 
porcelain crab 

mud crab 
hermit crab 

snapping shrimp 

porcelain crab 
goby 

mud crab 
hermit crab 
flatworm 

Beach Woods 28º 03’26” N 

80º 33’02” W 

96 porcelain crab 

mud crab 
stone crab 
hermit crab 

goby 

flatworm 

stone crab 
hermit crab 
mud crab 

snapping shrimp 
porcelain crab 

gastropod 
goby 

Wingate 28º 01’55” N 

80º 32’30” W 

14 porcelain crab 

gastropod 

goby 

stone crab 
flat worm 

porcelain crab 
mangrove tree crab 

Melbourne 
Shores 

27º 57’53” N 
80º 31’00” W 

25 snapping shrimp 
glass shrimp 

porcelain crab 
mud crab 

stone crab 
hermit crab 
amphipod 
gastropod 

gastropod 
amphipod 

hermit crab 
porcelain crab 

flatworm 
isopod 

mud crab 

Lighthouse Cove 27º 58’13” N 

80º 30’46” W 
 

50 porcelain crab 

stone crab 
mud crab 
gastropod 

goby 

amphipod 
hermit crab 

isopods 
flat worm 

stone crab 

hermit crab 
porcelain crab 

goby 
mud crab 

isopod 
flat worm 
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Aquarina 27º 55’34” N 
80º 29’ 37” W 

75 amphipod 
mud crab 
stone crab 

porcelain crab 
mangrove crab(piling) 

hermit crab 

goby 
stone crab 

porcelain crab 

mud crab 
gastropod 
amphipod 

hermit crab 

Crab E Bills 27º 49’26” N 

80º 29’ 25” W 

4 lobster 

stone crab 
mud crab 

porcelain crab 
snapping shrimp 

goby 
hermit crab 
gastropod 

glass shrimp 

porcelain crab 

stone crab 
goby 

amphipod 
mud crab 

snapping shrimp 
flat worm 

decorator crab 
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Table A.2: Water quality data taken from the nine Living Docks Locations 

upon inspection for the warm (A). and cool (B.) 

A. 

Dock Location 

 (October 2020) 

Temperature 

(℃) 

Salinity 

(ppt) 

Turbidity  

(Secchi, cm) 

IAP 25.9 24.1 33 

Melbourne Beach Pier 25.9 17.5 130 

Beach Woods 27.5 18 135 

A1A 28.1 18 90 

Wingate 29.5 18 40 

Lighthouse Cove 26.4 23.2 160 

Melbourne Shores 29.7 21 75 

Aquarina 30.9 20 60 

Crab E Bills 28.2 25 30 

 

B. 

Dock Location 

(Jan/Feb 2021) 

Temperature 

(℃) 

Salinity 

(ppt) 

Turbidity 

(Secchi, cm) 

IAP 21.6 20.1 50 

Melbourne Beach Pier 21.8 18.47 110 

Beach Woods 21.5 21.6 95 

A1A 23.5 21.5 80 

Wingate 16 24.3 50 

Lighthouse Cove 22.9 24.6 100 

Melbourne Shores 15.1 26 90 

Aquarina 22.3 29.08 57 

Crab E Bills 17.7 37.1 70 
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Table A.3: Water quality data taken at the time of shell collection for the 

series of filtration experiments during a warm (A) and cool (B) period. 

A. 

Dock Location 

(October 2020) 

Temperature 

(℃) 

Salinity 

(ppt) 

Turbidity 

(Secchi, cm) 

IAP 26.3 19.3 20 

A1A 26.9 21.2 90 

Lighthouse Cove 26.5 23.7 120 

Crab E Bills 27 22.9 130 

 

B. 

Dock Location 

(Jan/Feb 2021) 

Temperature 

(℃) 

Salinity 

(ppt) 

Turbidity 

(Secchi, cm) 

IAP 16.1 20.4 60 

A1A 17.8 18.6 65 

Lighthouse Cove 17.4 22.9 90 

Crab E Bills 19.5 34.1 52 
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A. IAP Worldwide Services Inc.  

 

B. Melbourne Beach Pier 

Figure A.1: A visual representation of the seasonal differences for the nine 

Living Dock locations (A-I). Images on the left depict communities observed 

during the warm period and images on the right are from the cool period 
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C. A1A Condo Association 

  

 

D. Beach Woods 

Figure A.1: A visual representation of the seasonal differences for the nine 

Living Dock locations (A-I). Images on the left depict communities observed 

during the warm period and images on the right are from the cool period. 
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E. Wingate 

 

F. Lighthouse Cove 

Figure A.1: A visual representation of the seasonal differences for the nine 

Living Dock locations (A-I). Images on the left depict communities observed 

during the warm period and images on the right are from the cool period.  
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G. Melbourne Shores 

 

H. Aquarina 

Figure A.1: A visual representation of the seasonal differences for the nine 

Living Dock locations (A-I). Images on the left depict communities observed 

during the warm period and images on the right are from the cool period 
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I. Crab E Bills 

Figure A.1: A visual representation of the seasonal differences for the nine 

Living Dock locations (A-I). Images on the left depict communities observed 

during the warm period and images on the right are from the cool period.  

 

 

 

 

 

 

 


