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SITE-DEPENDENT DIFFERENCES IN ARTIFICIAL REEF 
FUNCTION: IMPLICATIONS FOR CORAL REEF RESTORATION

Robin L. Sherman, D avid S. Gilliam and Richard E. Spieler

There is an increasing use o f  artific ial s tructure in coral reef restoration (for references, 
see Spieler et al., this volum e). O ften artific ial re e f structures are chosen  for a restoration 
p roject sim ply because they w ere used  elsew here. However, it is questionable w hether the 
results obtained at one restoration site can be extrapolated to another. In recent years, 
several studies have exam ined the effects o f  artificial reef site selection on form ation o f  
associated fish, algae, and/or invertebrate assem blages (Alevizon et ah, 1985; B linova et 
al., 1994; Bom bace et al., 1994; C aley and  St. John, 1996; Chang, 1985; H aughton and 
A iken, 1989; H ixon and Beets, 1989; Jara  and  C espedes, 1994; K ru er and Causey, 1992; 
Lozano-A lvarez et al., 1994; M offitt et al., 1989; Relini et al., 1994; Sherm an et al., 2000; 
Sherm an et al., 1999; Sogard, 1989; Spieler, 1998; Tomascik, 1991). A lthough not de­
signed  specifically as coral re e f  restoration  projects, the results o f  these studies lend in­
sight into the problem s o f  restoration. T h is p ap e r is an overview o f  recent literature on site 
selection intended for resource m anagers in terested  in using artificial reefs in coral reef 
restoration. To that end, we re-exam ined  the  data  from  several studies com paring sim ilar 
artificial re e f structures at different sites.

G e n e r a l  M e t h o d o l o g y

The studies re-examined used a variety o f reef materials (i.e., tires, boats, bridge rubble, concrete 
block, asbestos plates, formed modules) in different geographical locations, and a variety o f deploy­
ment sites. Site differences include depth, substrate type, turbidity/visibility, prevailing currents, salin­
ity, and temperature. Linear distances between study sites varied from 0.75 k to >1000 k.

R eef modules were deployed at specific locations and censused periodically (daily to annually) 
for specific organisms (algae, invertebrates, fish). The reefs were censused using a variety o f  meth­
ods from mid-water trawls to divers on scuba perform ing a variety o f  visual census techniques. 
Generally, species richness and organism abundance was noted, and in many cases, biomass was 
calculated.

D is c u s s io n

Significant differences in biotic assem blages on  replicate reefs were found w ith linear 
differences o f  as little as 0.75 km , changes in depth  o f  only 10 m, differences in substrate 
from  sand to seagrass or hard bottom . T hese  differences may be related to variability in 
current, w ater tem perature, o r light p ene tra tion  as well as substrate type. The effects may 
m anifest them selves as differences in spec ies richness and/or organism  abundance. C om ­
parable conclusions have been reached  in the case o f  algae (Blinova et al., 1994; Relini et 
al., 1994), m acro-invertebrates (L ozano-A lvarez et al., 1994; Pam intuan et al., 1994; 
Tom ascik, 1991), fishes (Caley and St. John , 1996; Chang, 1985; H aughton and Aiken, 
1989; K ruer and Causey, 1992; Sherm an et a l.,2 0 0 0 ; Sherm an et al., 1999; Spieler, 1998) 
and com binations o f  these (B om bace et al., 1994; Jara and Cespedes, 1994; M arkevich, 
1994; Sogard, 1989). Several o f  these stud ies are discussed below.
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F is h  S t u d ie s .— Fish recruitm ent and assem blage form ation were exam ined o f f  Ft. Lau­
derdale, F lorida, on small (1 m 3), replicate, concrete  artificial re e f m odules designed to 
m im ic ledge form ations on local natural reefs (Spieler, 1998). Twenty re e f  m odules were 
deployed on sandy substrate at each o f two depths (7 m  and 21 m ), roughly  1 km apart, 
w ith 35 m  betw een m odules at each site. This study  was designed to exam ine w hether the 
presence o f  an existing fish assem blage affected  juven ile  fish recru itm ent (0 -5  cm TL), 
species com position o r overall fish assem blage form ation. D ata were collected m onthly 
for 18 m o by visual census. H a lf  the m odules a t each depth (10) were cleaned o f  all fishes, 
following m onthly census, using a p iscicide, w hile fish assem blages on the other 10 m od­
ules at each site were allowed to continue to develop. Significant differences were found 
betw een sites fo r juvenile fishes, total fishes, species richness, and biom ass irrespective 
o f  the presence o r absence o f  resident fishes.

In a separate study, Sherm an et al. (2000) found  significant differences betw een sm all 
(1 m 3) replicate re e f m odules (Swiss C heese reefs) at two different depths (7 m  and 20 m) 
1 km  apart, o ff  Fort Lauderdale, Florida. T h irty  re e f  m odules were deployed at each site, 
on sandy substrate, w ith 35 m between each re e f  m odule. This study tested  the effects o f  
refuge size and com plexity on the form ation o f  fish assem blages. R eplicates (10 each) 
were constructed  w ith three different tunnel configurations (six in  each  direction), 12 
large (15 cm p e r side), 12 sm all (7.5 cm per side) o r six large and six small. Significant 
differences w ere found between sites for recru its, to tal fishes, species, and biomass.

The previous study (Sherm an et al., 2000) w as designed, in part, to duplicate a study 
done by H ixon and Beets (1989) in St. Thom as, V irgin Islands, exam ining refuge size and 
fish assem blage form ation. H ixon and Beets (1989) found a significant difference in spe­
cies com position based on refuge size (i.e., large ho les =  large fishes, sm all holes =  small 
fishes) w ith the m ajority  o f  the large fishes on the reefs being piscivores (groupers). They 
found a negative relationship betw een resident p iscivores and sm all fishes. In the Florida 
study, the correlation , betw een fish size and tunnel size was not so clear cut. The large 
tunnel reefs had both  m ore large and m ore sm all fishes than the sm all tunnel reefs. The 
prim ary difference in results betw een these two stud ies appears to be a function o f  species 
com position. In St. Thom as, the fish assem blages w ere shaped by the presence o f  resident 
predators (groupers) while in Florida, the fish assem blages were m ade up o f  prim arily 
large (>20 cm ) herbivores (surgeonfishes).

T hese studies support the results o f  others exam ining  fish assem blage form ation on 
artificial structures (Sherm an et al., 1999; Sogard, 1989; Caley and St. John, 1996; W alsh, 
1985; A levizon et al., 1985).

I n v e r t e b r a t e s .— Tomascik (1991) exam ined settlem ent o f  coral species on 120 terracotta 
tiles p laced on three natural reefs in B arbados, W est Indies, w ith experim ental sites on the 
re e f  crest and betw een spur-and-groove form ations. T iles were oriented both vertically 
and horizontally  at each site. H is results indicate a significant difference in coral recru it­
m ent betw een the  three reefs, betw een re e f  crest and  the spur-and-groove zones, and 
between experim ental tiles oriented vertically versus horizontally. Tom ascik (1991) p ro­
posed that the differences were driven by a com bination  o f  turbidity  differences and other 
environm ental stresses (sedim entation rate, nu trien t concentration, salinity) at the two 
southernm ost reefs.

In an exam ination o f  concrete block structures as a habitat for spiny lobster {Panulirus 
argus) in M exico, Lozano-A lvarez et al. (1994) found  dram atic site differences. O f eight 
sites exam ined, using four re e f  types, one site con tained  82%  o f all lobsters surveyed
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while the other seven sites com bined contained the rem aining 18%. T hey  concluded that 
in addition to physical characteristics o f  the shelters, local habitat features play a crucial 
role in determ ining the success o f  artificial shelters in attracting and  concentrating lob­
sters.

Pam intuan et al. (1994) exam ined 32 concrete tent-like structu res in clear and silty 
areas in the Philippines. The reefs at the silty site had greater m ean percentage cover and 
total num ber o f  sessile species, g reater num ber o f  m obile invertebrate species, and greater 
total num ber o f  individuals. T he authors attributed the difference in initial colonization to 
negative phototactic behavior o f  som e species o f  settling larvae and concluded that the 
divergent developm ent o f  the two com m unities was based prim arily on physical factors at 
the sites. L ikewise, Sogard (1989), w orking w ith artificial seagrass m ats in N ew  Jersey, 
found site-dependent d ifferences in decapod assem blages and attribu ted  them  to differ­
ences in initial epifaunal co lonization  o f  the m ats.

C o n c l u s io n s  a n d  R e c o m m e n d a t io n s

Taken as a whole, these studies indicate that sim ilar artificial re e f  structures p laced at 
different locations will produce d issim ilar results. In addition, several other studies have 
been done using either sm all sam ple sizes w ithin o r betw een sites, or different re e f struc­
tures at different sites (B linova et al., 1994; B om bace et al., 1994; Chang, 1985; H aughton 
and Aiken, 1989; Jara and C espedes, 1994; K ruer and Causey, 1992; M arkevich, 1994; 
M offitt et al., 1989; R elini et al., 1994). Experim ental design lim itations in these studies 
prevent the perform ance o f  rigorous statistical com parisons o f  census data, o r introduce 
confounding variables such as d issim ilar re e f design. N onetheless, these studies also sup­
port the conclusion that site-dependent variables are critical determ inants o f  artificial reef 
function.

This paper serves as a caution to resource m anagers planning to use artificial reefs in 
habitat restoration projects. D ata acquired  on a particu lar artificial reef design a t one site 
m ay not be suitable fo r extrapolation  to another. A lso, m onitoring a single design, at a 
single site, such as is seen in m any artificial re e f and coral re e f restoration projects, has 
lim ited value. W hat is needed  at this po int is a b e tte r understanding o f  artificial reef 
design, key environm ental determ inants o f  artificial re e f  function, and interactions be­
tween artificial re e f  design and those environm ental determ inants o f  function. To this end, 
coral re e f restoration projects using artificial reefs should incorporate m ultip le designs 
and include an  ecological assessm ent along w ith an  extended m onitoring period.
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