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EXTENDED ABSTRACT  

Coral reefs cover only one percent of the seafloor; however, they are disproportionally important for the biodiversity and 
the economics of many coastal communities, including Florida (Coral Reef Alliance, 2020). While these coral reefs are the 
core of this tropical marine ecosystem, there are many stressors that threaten their health. Marine biodiversity can be 
impacted directly and indirectly by pollution, destruction of habitats, climate change, and changes in water quality/
chemistry (Worm et al., 2006). Unfortunately, coral reefs have degraded significantly in the past few decades. In a time of 
coral reef degradation and overfishing, artificial reefs are advertised as beneficial due to fishermen and divers taking 
advantage of these structures instead of the natural reefs (Leeworthy et al., 2006). 

Artificial reefs are deployed worldwide to provide additional habitat for fishes (Rilov & Benayahu, 2000); enhancing 
diving and fishing (Ambrose & Swarbrick, 1989). These manufactured structures differ in size, material, and vertical relief 
from each other as well as the natural reef, making them difficult to study and generalize findings one to the next. Previous 
studies show that artificial reefs attract an abundance of reef associated fish (Arena et al., 2007). Artificial reefs often have 
higher densities of predators that could affect nearby natural reefs (Paxton et al., 2019), but there are few quantitative 
studies on how these reefs interact, and is a significant lack of comprehensive information related to regulation, long-term 
management goals, and environmental assessment (Baine, 2001) including how they impact the underwater communities 
they are deployed in. We wanted to investigate how artificial reefs may interact with the surrounding community, knowing 
that these structures do not exist in a bubble.  

We looked at an artificial reef in the Florida Keys called Aquarius Reef Base and a number of natural reef sites radiating 
around it. Aquarius Reef Base (ARB) is a small artificial reef surrounded by Conch Reef, a spur and groove reef formation. 
ARB is an ideal site for this study. It is located in a Research Only Area and adjacent to a Sanctuary Preservation Area 
within the Florida Keys National Marine Sanctuary. There is no commercial or recreational fishing allowing in these areas 
which makes this a perfect baseline study size and allows for future work to include these types of extractive practices. 

Fish surveys were performed at ARB using a visual census and at 14 natural reef sites spanning 4 habitat types at 
varying distances from ARB along the reef track using transects. The change in methods from the natural reefs to the 
artificial reef was due to the difficulty of deploying transects on the artificial structure. Species, size, and abundance was 
recorded for each fish observed in the surveys; from this, biomass was calculated using allometric growth curve. This 
information was separated into functional groups considering size, diet, morphometric information, and feeding behavior. 
This was input into Ecopath with supporting data from previous research for other inputs. Using this program, we were able 
to visualize the food webs of the study sites and generalize the population structure (Pauly, 2000). 

Ecotrophic efficiency was used to analyze the results. Ecotrophic efficiency (EE) is the amount of energy that moves 
through the food web into higher trophic levels. An EE of closer to zero shows that more energy leaves the system through 
emigration, fishing, or natural mortality. An EE closer to one shows that more energy is moving up the food web through 
consumption. An EE above 1 shows that the predatory fish require more of the prey functional group than is available; this 
is designated as overexploited. 

More fish in total, more pelagic fish, and bigger schools were observed on the artificial reef. Through modeling, we 
show that there is not enough food on Aquarius, shown by the high EEs in Table 1, and that predatory fish that reside there 
must forage off of the artificial reef and onto nearby natural reefs where the predator/prey ratio is smaller. Next, we mapped 
the seascape of the surrounding natural reefs, identifying the major reef types and introduced the artificial reef food web to 
equivalent areas of biomass from each seascape. None of the habitat types could provide enough food, or enough variety of 
food, to satisfy the population at the artificial reef. Lastly, we introduced the habitats in the proportions they are available. 
By looking at ecotrophic efficiencies which can represent overexploitation, we were able to show that the population that 
shows residency on Aquarius requires over 3 and upwards of 6 square kilometers of the surrounding seascape to access 
enough quantity and variety of prey (Figure 1). These findings were supported by acoustic tracking of a couple species of 
predatory fish which showed residency on Aquarius with consistent utilization of the closest natural reef sites.  

This is the first study that we know of that uses this methodology to investigate the spatial subsidy of artificial reefs by 
natural reefs, and the tool allows for easy inclusion of spatial and temporal mapping, and extractive practices such as 
fisheries. Additional supporting research is also needed. Many of the studies from which the other Ecopath parameters 
where calculated are older and may not be appropriate in today’s ecosystem. Other parameters had to be calculated from 
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generic databases which did not have species specific 
information for each species observed in our study. There 
is significant scope for model improvement by having 
more detail for Florida-specific diets and consumption 
rates, and species-specific aspect ratios and productivity. 
More recent research is also needed for food web inputs 
such as invertebrates, plankton, and benthic producers 
which were not directly measured in this study, and current 
research is not known to the authors. 

Future studies on other artificial reefs need to be done; 

these would include structure variables such as footprint 
size, vertical relief, and distance from natural reefs. Future 

studies should also include other variables such as 
extractive practices like fishing or aquarium collecting. 
This has important ecological and management implica-

tions for future deployments of artificial reefs which should 
be purpose driven as to balance ecological and economical 

drivers. It is particularly important in this moment as the 
Florida Keys National Marine Sanctuary is undergoing a 7-

year process to update its Restoration Blueprint which 
would change zoning and other regulations. With the 

known decline of live coral cover, the Restoration Blue-
print is focusing on ecosystem connectivity and reef 
restoration. Interactions between artificial natural reefs 

should be taken into consideration for current artificial 
reefs, and if the deployment of new artificial reefs within 

the Sanctuary is to continue. 

KEYWORDS: artificial reef, food web, modeling, coral 

reef, Ecopath 

LITERATURE CITED 
Ambrose, R. F., & Swarbrick, S. L. (1989). Comparison 

of Fish Assemblages on Artificial and Natural Reefs 
off the Coast of Southern California. Journal of 
Marine Science, 44(2), 718–733. 

Arena, P. T., Jordan, L. K. B., & Spieler, R. E. (2007). 
Fish assemblages on sunken vessels and natural 
reefs in southeast Florida, USA. In G. Relini & J. 
Ryland (Eds.), Biodiversity in Enclosed Seas and 
Artificial Marine Habitats (Vol. 193, pp. 157–171). 
Springer Netherlands. https://doi.org/10.1007/978-1-
4020-6156-1_14 

Baine, M. (2001). Artificial reefs: A review of their 
design, application, management and performance. 
Ocean & Coastal Management, 44(3–4), 241–259. 
https://doi.org/10.1016/S0964-5691(01)00048-5 

Coral Reef Alliance. (2020). Coral Reef Biodiversity. 
https://coral.org/coral-reefs-101/coral-reef-ecology/
coral-reef-biodiversity/ 

Leeworthy, V. R., Maher, T., & Stone, E. A. (2006). Can 
artificial reefs alter user pressure on adjacent natural 
reefs? Bulletin of Marine Science, 78(1), 29–37. 

Pauly, D. (2000). Ecopath, Ecosim, and Ecospace as 
tools for evaluating ecosystem impact of fisheries. 
ICES Journal of Marine Science, 57(3), 697–706. 
https://doi.org/10.1006/jmsc.2000.0726 

Paxton, A., Taylor, J., Peterson, C., Fegley, S., & 
Rosman, J. (2019). Consistent spatial patterns in 
multiple trophic levels occur around artificial 
habitats. Marine Ecology Progress Series, 611, 189–
202. https://doi.org/10.3354/meps12865

Rilov, G., & Benayahu, Y. (2000). Fish Assemblage on 
Natural Versus Vertical Artificial Reefs: The 

Figure 1. Ecotrophic efficiencies of functional groups with increasing area around ARB. 



 McNamee et al. GCFI:74  (2021) Page 140 

Rehabilitation Perspective. Marine Biology, 136, 931
–942.

Worm, B., Barbier, E. B., Beaumont, N., Duffy, J. E., 
Folke, C., Halpern, B. S., Jackson, J. B. C., Lotze, H. 
K., Micheli, F., Palumbi, S. R., Sala, E., Selkoe, K. 
A., Stachowicz, J. J., & Watson, R. (2006). Impacts of 
Biodiversity Loss on Ocean Ecosystem Services. 
Science, 314(5800), 787–790. https://doi.org/10.1126/
science.1132294 

. 

Table 1. The ecotrophic efficiencies of the functional 
groups observed on Aquarius Reef Base. 


