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SUMMARY 

Four artificial reefs were placed off Broward County in 20 ft of 
water on 29 March 1993. The reefs were constructed of concrete 
aggregate tetrahedrons. Each reef contains 25 small ( 3ft/side) 
and 25 large (4 ft/side) tetrahedrons in a random configuration. 

Two types of concrete aggregate were used . One is a tire-concrete 
aggregate which uses tire shreds mixed into the concrete; the 
other is a standard gravel-concrete aggregate. Two reefs are 
composed of each type of aggregate . The purpose of the study is 
to evaluate the tire aggregate, in comparison to standard 
concrete, as a suitable reef building material . Specifically we 
are looking at the response of biological communities to the two 
types of reefs. 

The reefs are being monitored periodically ( intervals of one 
mounth or less) and the status of the biological communities 
assayed through various methodologies, i . e. visual census 
(fishes), uw- video taping and collection (invertebrates) . The 
reefs have acquired a diverse community of fishes and 
invertebrates. We have noted 90 species of fishes and 116 taxa of 
invertebrates to date ; these numbers compare favorable with a 
similar study in Southern Florida . 

To this point, we have been unable to see significant differences 
among the biological communities between the two types of reefs 
that we can ascribe to difference in construction material . 
However, because we have only monitored the reefs for 17 months , 
the data are insufficient to draw valid conclusions concerning 
the suitability of the tire-concrete aggregate as an artificial 
reef construction material . 
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INTRODUCTION 

Artificial reefs are effective fish attractants and important 
fisheries tools (Bohnsack and Sutherland, 1985) . The underlying 
rational for artificial reefs is that they provide critical 
habitat that increases abundance and biomass of reef fishes 
(Bohnsack, 1989). Fish densities, biomass, and sport fishing 
catch rates can be higher on artificial reefs than on the local 
natural reefs (Buckley and Hueckel, 1985 ; Matthew, 1985; Brock 
and Norris, 1989; Love and Westphal, 1990). 

Artificial reefs have been placed in coastal waters around the 
globe. In Florida more than 600 artificial reefs (Approximately 
70 in Broward County alone) have been established to enhance 
sport fisheries; and new construction is frequent (Pybas, 1990). 
Construction materials for these reefs have come from diverse 
sources: old cars and ships to PVC pipe, concrete and discarded 
automobile and truck tires . A number of studies have 
investigated the effectiveness of the different materials used in 
artificial reef construction (Bertone and Van Orman,1985) . 
Interpretation of these studies depends to a large extent on 
what aspects of reef function are being examined (i . e . 
colonization, aggregation, juvenile recruitment, physical 
stability etc.). In general, however, of the materials widely in 
use, preformed concrete appears to be among the most successful. 
In contrast, the use of discarded tires as an effective material 
for artificial reefs is in some question . 

Discarded truck and automobile tires have been used extensively 
in the past (Myatt et . al . , 1989) . Tires have some distinct 
advantages as a construction material for artificial reefs : 
1) they are extremely resistant to salt water breakdown 2) they 
are relatively light and easy to handle compared to some other 
materials (i . e . concrete) 3) they are abundant and inexpensive 
(in some areas, including Florida, government bodies will pay for 
their disposal) 4) artificial reefs offer a convenient, 
ecologically positive solution to an environmentally sensitive 
disposal problem. However reefs constructed from tires have had 
significant problems : 1) often they are unstable, occasionally 
to the point of being washed ashore (Broward County has had 
particularly bad experiences in this regard and tire reefs are no 
longer permitted); 2) the surface of tires is an extremely poor 
substrate for invertebrate fauna , in some studies corals were 
recruited to concrete reefs in less than a year yet none were 
found on the tire reefs even after three years; other 
invertebrate fauna was also lower on tires than concrete ( see 
Fitzhardinge and Baily-Brock, 1989); (Thus, although a tire reef 
may function fine as an aggregating device, achieving the goal of 
a self supporting community is unlikely.) and further 3) in most 
configurations the tire reefs offer a limited variety of refugal 
openings, thus limiting diversity. 
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A new, patent pending, proprietary material, which may be used 
under license agreement, has been designed that uses both 
concrete and tires. Tire chips are mixed with concrete in place 
of gravel to form a tire-concrete aggregate. Several reefs of 
this material were placed off Broward County specifically to do a 
controlled study of the effectiveness of this new material in 
establishing a productive community . 

This is the second annual report of a three year study to compare 
the biotic communities that recruit to, or are associated with, 
reefs composed of the tire-concrete aggregate with those 
communities that are associated with a standard gravel-concrete 
aggregate. The rationale for such a study is based, in part, on 
the possibility that materials may leach from the tire-concrete 
aggregate that differ from the gravel-concrete aggregate. This 
material may in turn affect the invertebrate communities and 
ultimately the fish communities that inhabit the reefs. Our 
study is designed to examine this possibility. Specifically, we 
will test the null hypothesis, that the tire-concrete aggregate 
does not differ from gravel-concrete in the ability over the 
short term (3 years) to recruit invertebrate and fish communities 
to an artificial reef . 
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MATERIALS AND METHODS 

Construction: 
The reef modules were constructed and donated to the project by 
Marin and Marin Inc . and the tire-aggregate patent holder 
(Benjamin J. Mostkoff) . Construction of the reefs consisted of a 
random stacking of two sizes of tetrahedrons (a four-sided shape, 
each side with three apexes) that are composed of either standard 
gravel-concrete aggregate (control reefs) or the proprietary 
tire-concrete aggregate (experimental reefs). 

According to the manufacturer, the tetrahedron shape was selected 
for module construction for several reasons : 1) they are 
hydrodynamically slippery, and their extremely stable shape makes 
them resistant to movement 2) they sink with a minimum of the 
lateral movement ("sailing") that is typical of other shapes 
(i.e . concrete pipes) and should therefore stack in a compact 
reef 3) the random stacked configuration of large and small 
tetrahedrons offers varia ble sized openings suitable for a 
diverse assemblage of fishes . 

For the tire-concrete aggregate, shreds of tires (ca . 2-3 square 
inches each, photo. 1) were obtained from Tiregon Corporation and 
used in place of gravel in a concrete aggregate . The tire to 
concrete ratio can be altered in response to shred size or 
specific needs. The tire-concrete aggregate, in this study 
consisted of a mixture of 20 lbs . of tire chips to 104 lbs . of 
concrete, or 2 . 3 tires in a 3 ft . unit , and 5 . 5 tires in a 4 ft. 
unit . 

On March 29, 1993 four reefs were deployed in 20 ft of water on 
sandy substrate off the coast of Broward County in an area 
permitted to Broward DNRP . The modules were placed on a 40xl40 
ft. barge (Maritime Tug and Barge Inc.) in four discrete piles 
and transported to the placement site . On site , the barge was 
spudded down and the modules were individually forklifted over 
the side from four marked spots on deck (photo . 2) . 

Immediately after deployment DNRP and NOVA personnel examined the 
reefs . I~ t~e water, the modules stacked in piles less then 
15 f_t. .1.n. diameter·. :he modules were in a relatively stable 
conf.1.g~rat.1.0~, r~qu.1.r.1.ng ?nly minor adjustment by hand or 
r~conf 1.gura~.1.on w_.1. th the aid of an air bag (photo . 3) . In the 
f.1.nal conf.1.gurat.1.on the reefs range in height to approximately 
6 ft . and are separated from each other by 30-50 ft (photo. 4- 7) . 

Two reef s are composed of a mix of 25 small (3 ft/side) and 25 
large (4 ft/side) tire-concrete tetrahedrons each. These two 
structures function as replicate, experimental reefs (El, E2). 
The other two reefs are composed of an identical mix of 25 small 
and 25 l arge tetrahedrons . But these two reefs are made of a 
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standard gravel concrete aggregate and function as replicate 
controls (Cl, C2). 

After the reefs were placed in their final configuration, we 
attached 110 miniature modules to each reef. These miniature 
modules consisted of tire-concrete or gravel-concrete aggregate 
cubes (ice cube trays functioned as forms) that were attached to 
the module lifting rings by plastic cable ties (no more than 3 
miniatures per ring) . The miniatures were removed at regular 
intervals for microscopic analysis of initial recruits to the two 
types of aggregate (see below). 

Monitoring Schedule: 
Fourteen visits were made to the reefs during the first four and 
a half months after deployment to monitor the initial 
colonization. During the second grant cycle (September 1993 -
September 1994) we monitored the reefs monthly as a minimum with 
some additional special purpose dives (i.e. night, photography or 
VIP dives). 

Microorganisms: 
Three miniature modules from each reef were removed for scanning 
electron microscopy (SEM) and light microscopy analysis at 
1,3,S,9,14,22, and 29 days after reef deployment. 

The SEM technique used to identify the settled microorganisms 
and to calculate the percent coverage by these organisms 
followed the methods of Fell and Blackwelder ( P. Blackwelder, 
pers. communication). The miniatures were removed from the reef 
and placed in gluteraldehyde buffered seawater. The miniatures 
were then taken through a standard marine fixation including 
changes in buffer and dehydration in a graded series of alcohols. 

After fixation the miniature sections were coated with a thin 
film of Palladium in a sputter-coater to increase conductivity 
for SEM examination. To determine percent coverage on these 
blocks a clear acetate film containing 100 randomly oriented dots 
was p l aced on one of the two CRT screens on the SEM. This screen 
has a constant magnification ( 400x). A box which magnifies a 
small portion of this screen l0x is seen on the other CRT screen. 
The second screen with its higher magnification allows for the 
identification of the organisms seen under the dots at the lower 
magnification. SEM analysis was discontinued when the community 
of macroinvertebrates and algae covered 75% or more of the 
samples (22 days after deployment). Presumably, at this time the 
organic substrate will be more important than the inorganic 
concrete matrix in determining microorganism distribution. 
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Sessile invertebrates : 
The succession of settlement and growth of macro , sessile 
invertebrates was followed by the examination of four previously 
chosen tetrahedron surfaces from each of the reefs . These 
surfaces were chosen based on their location on the reef and 
orientation to the ocean floor. Video taping of each of 
these surfaces was done at monthly, or shorter, intervals during 
the first grant cycle and quarterly during the second cycle. 

As the study progressed it became apparent that the selected 
module faces were not representative of the entire invertebrate 
community . Therefore, a qualitative invertebrate census was 
initiated in July 1993 and continued biannually through the 
second grant cycle. Selected invertebrates were collected ( not 
from videoed surfaces) and taken to the laboratory for 
identification . 

Mobile macroinvertebrate and fish fauna: 
Fishes and large, mobile macroinvertebrates were censused at 
monthly intervals or less. Using SCUBA, a single diver circled 
each reef twice recording species and numbers on a plastic slate 
(photo. 11). Fishes, in the water column within 6 ft. of a reef 
were included in the count. The small size of the individual 
reefs allowed us to census the entire population rather then 
using a timing or transect technique to obtain a representative 
subsample to extrapolate statistically . A single night dive was 
made in January to confirm that our counting methodology was not 
underestimating nocturnal species 

*Note on identification: we attempted to take all organisms to 
the lowest readily identifiable taxon . It was not our intent to 
take each to the lowest known taxon . 

Statistical analysis : 
Diversity was determined by Shannon diversity indices and tested 
for difference by the Hutcheson t-test . Differ enc es in percent 
cov7rage amongst miniature modules was tested by analysis of 
variance procedures (ANOVA) (Zar 1989) . 
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RESULTS 

Miniature modules : 
SEM analysis of the miniature modules was completed during this 
grant cycle (Photos 17,18). As anticipated, the original 
colonizers were mainly diatoms and filamentous algae. 
Seventy-five percent, or greater, coverage was achieved by day 22 
( 22 days post deployment). No qualitative difference in 
colonizing organisims was apparent between concrete and 
tire-concrete minatures . A statistical analysis of percent 
coverage (all organisims combined) indicated a significant 
change through time (P<0 . 001 ANOVA , Figure 7) but no statistical 
differences between replicates (E-1 vs . E-2 , C-1 vs . C-2 ; P>0 . 05) 
or between substrates (E-1,2 vs . C-1,2; P>0.05). 

Fishes: 
Ninty different species of fishes have been recorded since the 
reefs were deployed (Tables 13-16) . Fifty-six species were 
recorded on the reefs during the first grant cycle, 79 species 
during this cycle. We continue to record new species regularly ; 
we recorded one, or more, new species each month but May during 
the last year . Thus , we expect the species list to continue to 
increase during coming months . On average, during this grant 
cycle, there were 20 species on each reef , this number declined 
slightly during the winter months (Figure 9) but the between 
month and between replicate variation (Table 17) make this 
decline questionable. Although the tire-concrete reefs together 
average a slightly higher number of species, the highest 
individual reef is C- 2 and statistically there is no significant 
difference between tire and control reefs in the average number 
of fishes . 

Because it was apparent that a single school of juvenile grunts 
( Haemulon sp . ) could dramatically affect calculations, all 
computations, as well as figures and tables, dealing with total 
fishes (all species combined) exclude juvenile grunts. The total 
number of fishes on the reefs varied during the year with an 
overall mean of 62 fishes per reef . Graphically , it appears, 
however, that there continues to be an increasing trend in 
numbers throughout the duration of the study (Figure 13). Thus we 
anticipate the reefs can, and will, hold a larger number of 
fishes in the future . Surprisingly, with total numbers of fishes 
we do note a significant difference between the two types of 
reefs. The tire-concrete reefs hold a higher number of fishes 
then the concrete reefs (P<0.05 ANOVA) . We suspect , however, this 
is a function of structure rather then substrate . Control-1 is a 
low lying reef with minimal relief, routinely it has fewer 
species and total fishes then the other reefs ( Table 13) . The 
other three reefs are similar in species numbers and C-2 is 
essentially the same in total fishes as E-1 . The reason ( s) for 
the higher number of fishes on E-2 is not clear but may also 
relate to structure. In the coming grant cycle we hope to reduce 
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this variation in structure by restructuring the reefs ( using 
air bags) so that all four have similar heights and footprints. 

Diversity indecies take into account both number of species as 
well as number of fish per species. Diversity indices were 
computed for each reef for each census date (Table 18). These 
indices were then compared by a paired t-test among the four 
reefs (Table 19). The results indicate a number of comparisons 
that are significant . However, the differences are not consistent 
between replicates or between experimental and control reefs. For 
example, for all but two months (January, August) control reefs 
differed from each other. On those two dates there were 
significant differences between the experimental replicates. This 
variation negates, in large measure, the statistical difference 
noted between experimental and control reefs. Thus, we are unable 
to refute our null hypothesis that fishes respond similarly to 
the tire-concrete and gravel-concrete aggregates. 

Invertebrates: 
One hundred and sixteen taxa of invertebrates have been recorded 
to date, 65-76 per reef (Table 20-23). Many o f these are soft 
bodied sessile inverebrates, i .e. sponges, ascidians, bryozoans, 
polychaetes chaetes and the like . The first stony coral 
( Scleractinids) recruits were noted in November on C-1, since 
that time they have been recorded on all reefs but E-2. As 
regards, large mobile invertebrates, all reefs continue to build 
populations of diverse shrimps and crabs. Lobsters are abundant 
on the reefs when they are out of season , but are rapidly 
harvested when lobster season opens. In mid-July there were a 
total of 28 lobsters on the reefs, this number dropped to 4 a few 
days after the mini-season opened (29 July). 

Video taping of the reefs highlighted the ephemeral nature of 
some aspects of the invertebrate assemblage. For example, in 
November the video faces were densely covered with barnacles, by 
July these were much reduced. Some bryzoan colonies apparent in 
November were completely eradicated by July. This type of 
temporal change would be missed in a qualitative inventory. 
Further, by video taping, growth can be determined in those 
organisims that remain over months . Thus, a Mussid hard coral on 
C-2 (tetrahedron 3) grew from a half centimeter to two 
centimeters in diameter between November and July. Regrettably, 
we have, as yet, not picked up similar species of large sessile 
invertebrates on the multiple, preselected modules being videoed. 
Therefore, we have been unable to determine if there are 
differential growth rates, for specific species, between concrete 
and tire-concrete substrates . This lack of quantitative data 
makes it difficult to support or refute the null hypothesis that 
invertebrates respond similarly to the two types of reef 
construction material. To correct this problem, during the next 
grant cycle we intend to follow selected coral colonies as well 
as the modules presently being taped. 

11 



DISCUSSI ON 

It is interesting to compare our results to those of a study in 
Boca Raton, Florida . As part of a beach restoration project the 
City of Boca Raton constructed six reefs from the end of March 
to the beginning of April 1988 ( completion 5 April). Each of 
these reefs consisted of stacked limestone boulders, in two 
layers, on sand covered rock substrate in 8 ft. of water. The 
individual reefs were approximately 4 ft. high and 14 ft. in 
diameter. 

A three year environmental monitoring report was done on the 
beach restoration project by Coastal Planning and Engineering 
Inc. By late June of 1988, they found the number of fish species 
on all six reefs had reached 31, and this number of species (but 
not the specific species) remained fairly constant for the 
duration of the study (2 yr.). In contrast, during the second 
grant cycle, total species on our four reefs ranged from 32 to 49 
during the year with a mean of 40 (Table 17). This is a 
substantial difference (23%) and may indicate that the reefs in 
our study are able to attract and hold a more diverse assemblage 
of fishes. 

The Boca Raton project identified 80 invertebrates in eight phyla 
at three years post-construction . In 18 months we have identified 
116 invertebrates in nine phyla (our methodology includes 
microscopic studies). They recorded a single hard coral. We have 
already noted three species of hard corals. The discrepancies 
between the two studies, in vertebrate and invertebrate 
assemblages, may be due to differences in research methodology, 
depth of water or site location as well as construction materials 
and methods . The reason(s) for the discrepancies is worth further 
investigation given the apparent increased biota attracted to the 
tetrahedron reefs . 

In summary, with the possible exception of total number of 
fishes, our data continues to support the null hypothesis, that 
there are no biotic differences in response to the two types of 
reefs . We need, however, to reduce the possibility of seasonal 
as well as structural variation before reaching any conclusions . 
Further, we need to examine potential differences in growth rate 
of sessile invertebrates on the two substrates. This will be 
accomplished, in part, during the next grant cycle. 
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PUBLIC AWARENESS 

Broward DNRP and NOVA Southeastern University contacted local 
news media prior to the deployment of the reefs resulting in 
excellent local coverage . Both the Sun-Sentinel and Miami Herald 
reporters were at the deployment and published articles on the 
work in their respective papers (30 March 1993) . Community News 
reported the project in April (vol. 6: 10). CNN interviewed DNRP 
and NOVA personnel and aired, internationally, a three minute 
segment on the project, repeatedly, on their Science and 
Technology section of the news ( 13- 18 April 1993). Underwater 
News published an article on the project in May 1993 and another 
in August 1993. Waterway Times published an article on the reefs 
in their August 1993 issue . Metro-Dade News completed a video 
presentation on artificial reefs that includes this project . 
This last spring, Steve Somerville and Ken Banks from DNRP 
discussed the project on CNN and BBC, respectively. Richard 
Spieler was interviewed for a short presentation on artificial 
reefs by Discovery channel this coming fall . In addition, Dr . 
Spieler made a short presentation of the work to the public and 
professionals at the Florida Artificial Reef Summit Conference in 
Tallahassee (5 May 1993) . The material presented is scheduled for 
publication by the FLorida Department of Environmental 
Protection. 

To the best of our knowledge reaction to the project has been 
singularly positive. 
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Photo 1: Shredded tire chips used in the tire-aggregate concrete reefs. 
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Photo 2: Forklift deploying individual tetrahedrons from the barge. 
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Photo 3 : Movement of individual tetrahedrons into stable positions with an air-bag. 
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Photo 4: Example of a tire-aggregate reef. 
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Photo 5: Example of a tire-aggregate reef. 
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Photo 6: Example of a tire-aggregate reef. 
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Photo 7: Example of a gravel-aggregate reef. 
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Photo 8: Examples of scanning electron microscope images taken from 
Experimental Reef 1, three days after deployment. 
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Photo 9: Examples of scanning electron microscope images taken from Control 
reef 2, seven days after deployment. 
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Photo 10: Video-taping of a tetrahedron surface used for invertebrate sampling. 
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Photo 11 : Recording fish counts on slates. 
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Photo 12: Examples of one monthly sequence of video-taped terahedron surfaces 
from each reef. (Rows of images are of reefs E1 , E2, C1 , and C2 from top to 
bottom.) 
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FISHES ~ ~ • .. • ~r:r: 1 
N"l.-"'KW tJAUr: 

FAML Y; Ma1AY EELS 

GreenMoray 
$polled Moray 
FAMILY: SEA BASSES 
Jwrie Grouper 
Jwrie Grouper 
Gag 
!la:kGrouper 
SIWldPen:h 
FAMILY: CARDINALflSHES 
Fllrneish 
Twospot Cadnalsh 
FAMILY: JACKS 
Ambeljad( 
Bklef\Jnner 
S.Jack 
FN.tLY: SNAPPERS 
Ylllowtal~ 
Mllnoga,y&appa-
Gn!ySnlppa-
Llne&appa-
Wt>nSnapper 
FN.tL Y: ~ 
YelowtnMo;arra 
FN/1.. Y: GRJNTS 
Cocblwid( 

Yt,'ieQ\llt 

Tomlaa 
Mlrgul 
FMldlGn.nt 
!la:kMllrgal8 
Pakish 
P.-.lid> 

nAll= <' ,Uni r:r 

~ tJAUC:: ~7_&'!1 ..... .,= ~ - ')(LO< 
,,._.,.,_,.,,_ " " ,, .. "-.,.._,,, ,::.(Ul.<1 

WRAENIDAE 
G},mnot'lotax Anebns 0 0 0 0 0 0 0 

G),mnolhav monnga 0 0 0 0 0 0 0 

SE~IDAE 
Semw lldae (juv.) 0 0 0 0 0 0 0 

Semndae (juv.) gpoOed 0 0 0 0 0 0 0 

~ops,co m«:rolepis 0 0 0 0 0 0 0 

~cobonad 0 0 0 0 0 1 0 

{);plectxnbmostm 2 1 1 1 1 1 2 

~DAE 
Apogon lflllCWtJS 0 0 0 0 0 1 2 

Apogon pseudomaculatJs 0 0 0 0 0 0 0 

CAAANGDAE 
S6riola d.metil 0 0 0 0 5 7 0 

Cannxaysos 0 0 0 0 0 0 0 

CannxnAw 0 0 0 0 0 0 0 
LUT~l>AE 
Q:)uvs chrywrus 0 0 0 0 0 1 0 

Lutjllnusmahogw,i 0 0 0 0 0 0 0 

LutjancJs grisevs 2 7 4 5 2 12 2 

t..ut;,nu,~ 1 0 1 1 1 2 1 

i..J.JplCJs.,,.. 0 0 0 0 0 0 2 

GERFEIDAE 
GenesanMIUS 0 0 0 0 0 0 0 
HAEWUDAE 
Hamulonmal!wx.n.m 0 0 0 0 0 0 0 

Hamulon plumi6ri 2 1 1 1 1 1 1 

HM,muk,n ~ (juv.) 0 10 50 0 30 300 150 

Hamulon 1/bxn 0 0 0 0 0 0 0 

Hamulon&t~ 0 0 0 0 0 0 0 

AnisolT&mUs amameris.is 0 0 0 0 0 0 0 

Anisoremus wpnicus 0 0 0 0 0 2 1 
- n n n n n n 0 

Table 1: Fishes counted on Control Reef 1 at each sample date. 

~?<LQ'. 7-7~ 7-'l'l-~ ~al 

0 0 1 0 

0 0 0 1 

3 1 1 2 

0 0 0 0 

0 1 0 0 

0 0 0 0 

1 0 0 0 

1 2 0 0 

0 0 2 1 

1 9 1 0 

0 0 0 0 

0 1 0 0 

1 1 0 0 

0 0 0 0 

2 3 2 2 

13 13 11 2 

0 1 0 0 

0 0 0 0 

0 0 2 0 

3 3 2 1 

200 50 200 0 

0 0 0 0 

0 0 2 0 

0 0 0 0 

1 1 1 1 
n 0 0 0 



+"' 
I..> 

,-,,..,,,-,... rT)N I HI~ AS:S:J: 1 

COMMON NAME 
FAMILY: POR31ES 
PirwlSh 
Saucel'eye Porgy 
Grass Porgy 
FAMILY: DRUMS 
Highhat 
FAMLY: GOATFISHES 
Spotted Goattish 
Yerow Goatfish 
FAMLY: SPAOEFIStES 
Spadefish 
FAMLY: ANGELAStES 
Angelfish Juwnle 
FrenchAngefJsh 
Gr"( AngefJsh 
Angelfish Juvenie 
FAMLY: OAMSELFIStES 
Ou!kyOamsalish 
Blue Chromis 
FAMLY: WRASSES 
SpanishHogish 
Clown wrasse 
SiwerYOick 
Yelowcheek wrasse 
Puddirgwie 
BkJeheadWrasM 
FAMLY: PAAOOTFIStES 
Parrolfish 
ParrolflSh 
FAMLY: ~OAS 
Ba~ 

SCIENTFIC NAME 4-7-93 4-12..cr 
SPAAOAE 
Lagodon rhomboides 0 1 
Calamus calamus 0 0 

Calamus arctlrons 0 0 

SCIAENOAE 
EqlMUS a::uminatus 0 0 
MUl.l()AE 
PS6uduptH)(MJS maculatus 0 0 

Mulloidichthys martinicus 0 0 
EPHPPOAE 
Chaetodf,terus fal»r 0 0 
POMACANTI-lOAE 
Hobcanthus sp. {)Iv.) 0 0 
Pomacarthus pan, 0 0 
Pomacadhus a,cuatus 0 0 

Pomacanlhus sp. (juv.) 0 0 
POMACENTROAE 
Stegaslets fuscus 0 0 
Chtomis cyanis 0 0 

LABROAE 
8odianus nius {)Iv.) 0 0 

Haichores ~ 0 0 

Hakhores bivltatus 0 0 

Haichores cyanoa,p/llws 0 0 

Halichores radiatus 0 0 
ThaJassoma blasciatum 0 0 

sc.AAOAE 
sc.AAOAE 0 0 
Sparisoma sp. {)Iv.) 0 0 

SPHYAENOAE 
- . na barracuda 0 0 ... 

Table 1: Continued 

nATF c WPI Fl> 

4-20-0". 4-'Zf.&- 5-8-93 5-22·9:: 6-9-93 6-23-<r- 7.7.93 7-"-93 8-6-93 

0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 0 

0 0 0 0 1 0 1 1 1 

0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 0 

0 0 0 0 0 1 0 2 2 

0 0 0 0 0 0 0 2 0 

0 0 0 0 0 2 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 4 1 0 2 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 



~ 
~ 

FISHES: CONTFOL REEF 1 
COMMON NAME 
FAMILY: CUNIO$ 
Clinid 
Clinid 
FAMLY: COMBTOOTH BlENNI 
Redlip Blenny 
FAMLY:~ES 
NeonGcbf 
Bridled Gcbf 

Gcbf 
Gcbf 
FAMLY: SU~IStES 
Ocean S...-geon 
Docbfish 
FAMLY: LEFTEYE A.OUNDERS 
Gui Flounder 
FAMLY: LEATHER.JACKETS 
Fllefish 
Or~ed Fiefish 
Whitespotted Ftlafish 
Queen Trigger 
FAMLY: PUFFERS 
Sharpnose Puffer 
Unider«fied Jweoi<>e 

SCIENTIFIC NAME 4-7-93 4-12-Q'.: 4-20-M 

CLINIDAE 
CinidaeA 0 0 0 

Cinidae B 0 0 0 

Bl.ENNDAE 
Ophk>bl9nnius atJanticus 0 0 0 

GOBIDAE 
Gobiosoma ~ 0 0 1 

CoryphoptlKUS glaucofra9num 0 0 0 

GobidaeA 0 0 0 

Gobiidae B 0 0 0 

ACANTI-tURDAE 
Acanthurus bahianus 6 0 6 

Acanthurus chirurgus 0 0 0 

BOTHDAE 
Parakhthys abigutta 0 0 0 

BAUSTDAE 
AlcAMJSsp. 0 0 0 

Canthertw»s pulus 0 0 0 

Canth9rt>in6s ma;roc,tHUS 0 0 0 

Balstes V9tula 0 0 0 

TETfW)()()NT1)A 

Canthigaster rostrata 0 0 0 

UND . .AJ\&NI i=~ 0 0 0 

Tci>le 1 : Contilued 

DAlESA~LEO 
4-27-9'.l 5-8-93 5-22-~ 6-9-93 6-23·93 7-7-93 7-22-93 8-6-93 

0 0 2 0 0 3 0 2 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 

0 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 

3 24 9 4 4 1 15 6 

0 0 0 0 1 1 0 0 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 

0 0 1 2 1 0 1 1 

0 0 1 0 1 0 2 1 

0 0 115 0 0 0 0 ?M 



.,_ 
V, 

cicui:c::: -,-v,our-,, ac:i:i: 2 

I',.,....__, ~IAUI: 

FAMI .V-~YEELS 
GreenM:>lay 

SpoG9d Monrt 
FAMILY; SEA BASSES 
Jwenie Grouper 
Jwenie Grouper 

Gig 
Bad(Grouper 

SendPerch 
FAMILY. CAAOtNALflSHES 

Almehh 
TWOlpol Cad.lillst, 

FAMILY: JACKS 
Ambeljld 

Bluefunlr 
BerJadt 
FAMILY: SNAPPERS 
Yelowtal Snapper 
Mlhoglny Snapper 

Grey Snapper 
La,eSnapper 

~Snapper 

FAMILY: ~ 

YelowlnMc;l'Ta 
FAMI.. Y: GRJNTS 
ColDlWic:k 
WhileGruit 
TOl1'8tel 
t.wgate 
French Gruit 
Bad(Msgale 

Pari<kh 
lo:...i. 

l'lATF .... • ..... ,..,.. 

~c::: L7-!n L1?..o< L..'lt\.CY. L?7.Q'. ~o-:i ,___?? 0-: ~ 

WRAENIDAE 
G)mnodlcnx Ul8bris 0 0 0 0 0 0 0 

Gymnod,craxmoringa 0 0 0 0 0 0 0 

SEFfW.41DAE 
Senandae (iJv.) 0 0 0 0 0 1 0 

Senanidae (jw.) spoCl9d 0 0 0 0 0 0 0 

~bonaa 0 0 0 0 0 0 0 

~0p9100 ITIICf'Olepis 0 0 0 0 0 1 0 

Dp,c:a.mbmost.m 1 0 1 0 1 1 2 

APOOJNDAE 
Apogot,maculat.Js 0 0 0 0 0 1 0 

Apogot, pswdomaculau 0 0 0 0 0 0 1 

CARANGl)AE 

Serio/a ci.rNril 0 0 0 0 0 5 1 

c.anxa)'IOI 0 0 5 0 0 0 0 

c.anxrvber 0 0 0 0 0 0 0 

WT JAHDAE 

~~ 0 0 0 0 1 0 1 

~~ 0 0 0 0 0 0 0 

~gri#us 0 3 9 2 6 2 9 

~~ 1 0 0 1 6 .. 1 ~-- 0 0 0 0 0 0 0 

GERFElOAE 
G«rescnnus 2 0 0 0 0 0 0 

HAEM.JI.KW: 
Hamulon m8'lnmm 0 0 1 0 0 0 0 

Hamulon plumiBti 2 0 9 0 7 16 3 

H-,mJoo amlhen.m;,.,,... 0 50 150 ~ 50 50 100 

Hamulonallt#n 0 0 0 0 0 0 0 

Hamulon~ 0 0 0 0 0 0 0 

Anisolnlmus~,. 0 0 0 0 0 0 0 

Anisonmuswpncus 0 0 3 3 1 1 1 

" 
. . n 0 n n n n 0 

Table 2: Fishes counted on Control Reef 2 at each sample date. 

~~~ 7_ 7 . t><:I 7.'>'>.b:I IIUt.0-:1 

0 0 0 0 

0 0 0 0 

1 0 0 1 

0 0 0 0 

0 0 0 0 

0 1 0 0 
3 0 1 0 

0 0 0 0 

1 1 0 2 

0 8 3 0 

1 0 0 2 

0 0 0 0 

0 0 1 0 

0 0 0 0 

2 .. 7 20 

3 2 15 5 

0 1 0 0 

0 0 0 0 

1 1 0 0 

3 .. 4 3 

100 50 ~ 5 

0 0 1 1 

0 0 0 0 

0 0 1 0 

2 1 0 0 
n 0 1 1 



~ 

"' 

FISHES• l'Ynu!Hl,-11 DJ:J:F? 

COMMON NAME 
FM11L Y: PORGIES 
Pmfish 
Saucereye Porgy 

Grass Porgy 
FM11L Y: DRUMS 

Highhat 
FAMILY:GOATFISHES 
Spotted Goathsh 
Yellow Goatfish 
FAMILY: SPADEFISHES 
Spadelish 
FAMILY: ANGELFlSHES 
Angelfish Juvenile 
French Angerish 
Grey AngeHish 
Angelfish Juvenie 
FAMILY: OAMSELFISHES 
Dusky Oamse#ish 
Blue Chromis 
FAMILY: WRASSES 
Spanish Hoghsh 
Clown wrasse 

Sbwery Dick 
Yelbwcheek wrasse 
Pudd1ngwife 
Bluehead Wrasse 
FAMILY: PAAR:>TFISHES 
Parrotfish 
Parrotlish 
FAMILY: BARRACUDAS 
BarrcW::Uda 

FISHES 4-7-93 4-12-93 

SPAAOAE 
Logodon rhomboides 0 0 

Calamus calamus 0 0 

Calamus artifrons 0 0 

SCIAENIDAE 
Equetus acuminatus 0 0 

MUUOAE 
Ps91Xiupeneus maculatus 0 0 

Mulbidichthys martinicus 0 0 

EPHPPIDAE 
Chaetodiplerus faber 2 0 

POMACANTHIDAE 
Hobcanthus sp. (iuv.) 0 0 

Pomacanthus paru 0 0 

Pomacanthus ata1atus 0 0 

Pomacanthus sp (jw.) 0 0 

POMACENTRIDAE 
Stagates fuscus 0 0 

Chromis cyanis 0 0 

LABAOAE 
Bodianus rufus juvenile 0 0 

Hakhores macufpinna 0 0 

Hakhores bivittatus 0 0 

Hakhores cyanooepha/us 0 0 

Hakhores radiatus 0 0 

Thalassoma blasciatum 0 0 

SCAROAE 
SCAROAE 0 0 

Spansoma sp. (iuv.) 0 0 

SPHYAENIOAE 
~hvraena barracuda 0 0 

Table 2: Continued 

nAll= C:AlAPI F 

4-20-Cl'.'. 4-27-9.'l 5-8-93 5-22-9.'= 6-9-93 6-23-9:'. 7-7-93 7-22-93 8-6-93 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

2 0 0 0 1 2 0 1 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 1 

0 0 0 0 1 1 1 1 1 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 1 0 0 0 2 2 0 1 

0 0 0 0 0 1 1 4 3 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 1 

0 0 0 0 3 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 



~ 

-...J 

FISHES: CONTROL REEF 2 
COMMON NAME 
FAMILY: CLINIOS 
Chnld 
Clinid 
FAMI. Y: COMBTOOTH BLENNI 
Redi.> Blenny 
FAML Y: G:)BES 
NeonGl:bf 
Bridled Gl:bf 

Gl:bf 
Gl:bf 
FAMLY: SUFGEONFIStES 
OceNI Surgeon 
Oodomsh 
FAMLY: LEFTEYE FLOUNDERS 
Gui Fbunder 
FAMLY: LEATIERJACl<ETS 
Filefish 
Orangespated FMish 
WhitespoltedFtlefish 
Queen T Figg« 
FAMLY: Pu=FERS 
SharpnosePuffer 
Uniderdiad L----~ 

FISHES 4-7-93 4-12-1:r. ... ~ 
CLINIDAE 
CwudaeA 0 0 0 

Cinidae B 0 0 0 

~DAE 
Ophiob'9nnius atlanticus 0 0 0 

GOBIOAE 
Gobmoma ocsanops 0 0 0 

Corphoptsrus glaucofrasnum 0 0 0 

GobiidaeA 0 0 0 

Gobiidae B 0 0 0 

ACANTH~DAE 
Acanthurus bahianus 2 12 5 

Acanthurus chirurgus 0 0 0 

OOTHOAE 
Paralctthys abigutta 0 0 0 

BAUSTDAE 
AJutBUS sp. 0 0 0 

Cantherfw»spulus 0 0 0 

Cantherhines rnact'OOfH1JS 0 0 0 

Baistes wtula 0 0 0 
TE1lW)()()N1DAE 

Canthigaster rostrata 0 0 0 

UNO. .AJVENI FS 0 0 0 

Table 2: Contilued 

DATE SAM'LEO 
4-27~ 5-S-93 5-22-9:: 6-9-93 6-23-93 7-7-00 7-22-93 8-6-93 

0 0 1 0 0 2 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

2 16 3 4 6 3 12 5 

0 0 0 0 0 3 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 

0 0 1 1 0 4 1 0 

0 0 0 0 0 0 0 0 

n n 0 0 0 0 0 0 



.C
CX> 

,oc,uc c ;;: ·--- ·-· - ... , 1 

-.,- - ~ IJAUS:: 

FAMI.. Y. t.«JRA Y EELS 

Green~ 
Spcll9d~ 
FAMILY.SEA BASSES 
JwrieGrouper 

Jwrie Grouper 
Gig 

BldGrouper 
SandPerdl 
FAMILY: CAROINALASHES 
Fllmelsh 
Twospct Clrdnalsh 
FAMILY: JACKS 
Ambeljd 
Bk»Flnler 
Ber.lad< 
FAMILY:SNAPPERS 
Yelowlli Snapper 
MarogqSnapper 
Grey Snapper 
l.a'le Snapper 
t.tex,Snapper 

FAMILY:t.OJAffiAS 
YelowinMojlwra 
FAMI..Y: GRJNTS 
ColklnWid( 

WhEGn.nt 
T OfT'llltll 

Margalll 
French Gn.nt 
BldMargale 

Pori<ish 
ID....,h 

nATI= " , ... , i::n 

Cl".li::NTIAr. IJ.6.US: L7.n'> ... ,., tY. .11 .?t\.cr. L?7..QI'. "--A._Q.'t l;_??..Q.< 1u ur.1. l~?<l.a<l 

WRAENCW: 
Gymnoiloru Ax,ebris 0 0 0 0 0 0 0 0 

~ morin(1a 0 0 0 0 0 0 0 0 

SE~ICW: 

Senlndaa (jw ) 0 0 0 0 0 0 1 1 

Senanidae (jw.) spob9d 0 0 0 0 0 0 0 0 

~t¥)6WOO nvcrolBps 0 0 0 0 0 0 0 0 

~bonaci 0 0 0 0 0 0 0 0 

Dpd.m tvmo&m 1 0 0 0 0 3 1 1 

APCO:>NCW: 
Apogon fTIIICUlaais 0 0 0 0 1 0 2 0 

Apogon ~ais 0 0 0 0 0 0 0 0 

CARANGOAE 
Senolacimri 0 0 10 0 0 0 0 0 

Ca.ixaysos 0 0 17 0 0 0 0 0 

Ca.ixrub.- 0 0 0 0 0 0 0 0 

WT JANOAE 
Cqt.,us chrysuus 0 0 2 1 .. 0 0 0 

Lutjanus tnllhogani 0 0 0 0 0 0 0 0 

UJ9tnl$(111S8US 1 8 7 8 5 5 .. 12 

Lutjanussyna,gris 0 1 1 0 0 .. 1 1 

UJ9at!US-- 0 0 0 0 0 0 2 0 

GERfEICW: 
Genvscinnus 0 0 0 0 0 0 3 0 

HAEWI.IOAE 
H8/8IOOlonl1JCNIWutm 1 0 0 0 0 0 0 0 

H8t8tOOlon p/umlBri 0 0 3 1 11 1 1 .. 
Haemulon ~ (jw.) 0 0 10 200 150 000 200 500 

H8t8tOOlon I/bum 0 0 0 0 0 0 0 0 

H8t8tOOlon l.tKlinelltm 0 0 0 0 0 0 0 0 

Anisonmuswtinlmensis 0 0 0 0 0 0 0 0 

Anisonmuswphicus 0 0 1 1 1 2 3 3 
- n n 0 n n n 0 n 

Table 3: Fishes counted on Experimental Reef 1 at each sample date. 

7 . 7..a't 7 . ??..M IU:.,Q."I 

1 0 0 

0 0 0 

2 5 3 

0 1 0 

0 0 0 

0 0 0 
0 1 0 

1 0 0 
0 0 0 

8 3 1 

0 0 0 

0 1 0 

0 0 0 

0 0 0 

0 13 25 

0 0 1 

1 0 0 

0 0 0 

0 0 1 

0 .. 2 

1000 000 0 

1 0 0 

0 0 0 

0 0 0 

2 2 1 
n n 2 
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FISHES· FYPJ:ClllCNTAL 1 

COMMON NAME 
FAMLY: PC:)ffilES 
Pinfish 
Saucereye Porgy 
Grass Porgy 
FAMILY: DRUMS 
Highhat 
FAMILY: GOATFISHES 
Spotted Goatfish 
Yelow Goatfish 
FAMLY: SPADEFISHES 
Spadetish 
FAMLY: ANGELASIES 
Angelfish Juvenile 
Frenc:hAroefish 
Gr.,~ 
Angelfish Juvenle 
FAML Y: DAMSELF1St£S 
DuskyDamselish 
Blue Chromis 
FAMLY: WRASSES 
Spanish Hogish 
Clown wrasse 
Slippery[)O( 
Yelowcheek wrasse 
Puddingwfe 
Bluehead Wrass,a 
FAMLY: PARFOlFISHES 
Parrotfish 
Parrolfesh 
FAML Y: BARRACUDAS 
Barract.da 

SCIENTFIC NAME 
SPARDAE 
Lagodon rhomboides 
Calamus calamus 
Calamus arctlrons 
SCIAENDAE 
Eqwtus a:;ummtus 
MUUDAE 
~I.J»()9US maculatus 
Mulbidichthys martinicus 
EPHPPOAE 
Cha9todjxtHUS fab9r 
POM.4CANTHOAE 
Hobcanthus sp. (juv.) 
Pomacanthus paru 
PomacarAhus arcuatus 
Pomacanlhus sp. {jw.) 
POM.4CENTROAE 
StegastnfU6CUS 
Chtomis cyanis 
LABRDAE 
8odianus flltlS (juv.) 
Haichores macu/ipinna 
Haichonls bivltatus 
Haichor9s cyanoctlphaAJs 
HakhorBS radiatus 
Thalassoma blasciatum 
SCARDAE 
SCARDAE 
Sparisoma sp. (juv.) 
SPHYAENDAE 

! SohYrasna barracuda 

Table 3: Continued 

4-7-93 4-12A;! 4-20-ct' 4--27~ 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 1 0 
0 0 0 0 

1 2 3 3 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 1 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 

DATE' AUPIF I 

5-8-93 5-22-ct' 6-9-93 6-~ 7-7-93 7-22-93 8-6-93 

0 0 0 0 0 0 0 
2 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 2 0 0 3 1 0 
0 0 0 0 0 0 0 

4 5 4 5 3 2 1 

0 0 0 0 0 1 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 2 2 2 1 2 1 
0 4 0 2 3 2 4 
0 0 0 2 1 5 7 
0 0 0 1 0 0 0 
0 0 0 0 0 0 0 
0 1 3 0 0 2 0 

0 0 1 0 0 0 0 
0 0 0 0 0 1 0 

0 0 0 0 1 0 0 



V, 

0 

FISHES: EXPERIMENTAL 1 

COM\10N NAME 

FAML Y: CLINIOS 

Clinid 
Clinid 

FAMLY: COMBTOOTH BLENNI 

Red~ Blenny 
FAMLY: GOBIES 

NeonGoby 
Bridled Gaby 
Gaby 
Gaby 
FAML Y: SUFGEON=ISI-ES 
Oceal SlXg&OO 

Doc:b'fish 
FAMLY: LEFTEYE R.~DER: 
GulFbunder 
FAML Y: LEATI-ERJAa<ETS 
Ftlefish 
Orangespotted Fiefish 
Whitespotted Filefish 
Queen Trigger 
FAMLY: PUFFERS 

Sharpnose Puffer 
1 lniderifled Jweniles 

SCIENTIFIC NAME 

~ION:. 
Clinidae A 
Clinidae B 
BLENNO/>E. 
Ophi,blennius atlanticus 
GOBIID/>E. 
Gobbsomaoceanops 
Coryphopt9rus glauoofraenum 
GobiidaeA 
Gobiidae B 
ACANTH~D/>E. 
AcanthunJs bahisnus 
Acanthurus chirurgus 
BOlHO/>E. 
Paralchthys abigutts 
BALJSID/>E. 
AlutfHUS sp. 
CanthiKhines pulus 
Canth«hif1'1S macroc8(IJS 

Baistes vetula 
TETFW>OONTl)f,,E_ 

Canthi;astfK rostrata 
UNl'l. -IJVEN• i=c:: 

Table 3: Contilued 

4-7-93 4-12-93 4-20-93 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

18 0 6 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

DATE SMf>LED 
4-27-93 5-8-93 5-22..ci'., 6-9-93 6-Z3-93 7-7-93 7-22-93 8-6-93 

0 0 0 0 0 1 0 0 

0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 1 1 0 

0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 

10 7 2 5 1 10 0 8 
0 0 0 0 0 0 1 2 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 1 2 1 0 2 

0 1 0 0 0 2 0 1 

0 0 I;(\ ?nn 0 0 0 0 



ASHES EXPERILti:Nt&t 2 DAlE SAMPLED 
~ NME SCIENTIFIC NAAE 4-7-93 4-12-93 4-20-93 4-27-93 5-8-93 S-2293 6-9-93 6-23-93 7.7-93 7-22-93 ~ 
FAMLY: M:JRAY EELS MUW:NOAE 
GreenMoray GymnotJonvc ltnebris 0 0 0 0 0 0 0 0 0 0 0 
~Moray Gyrmott,o,ax mc:riws 0 0 0 0 0 0 0 0 0 0 1 
FAMLY: SEA BASSES SEFflANIDAE 
.)Jyerje~ Serranida8 (juv.) 0 0 0 0 0 0 1 0 2 1 1 
..werlle~ Serranidae {jvv.) spo08d 0 0 0 0 0 0 1 0 0 0 0 
Gag Mycaops,oo microleps 0 0 0 0 0 0 0 0 1 0 1 
Elad(Grot4)8r Mycaops,oo bonac:i 0 0 0 0 0 0 0 0 0 0 0 
SandPen::h Dipl8ctun fonnosum 1 0 0 1 0 1 2 0 0 0 1 

FAMLY:CAFOINALASHES APOGCNDAE 
Rame6sh Apogon maculatus 0 0 0 0 0 2 2 0 1 0 0 
Twospot Cardnalfish Apogon pseudomacvlatus 0 0 0 0 0 0 0 0 0 0 2 
FAMLY. JACKS CARANGIOAE 

V, AmbaJad( Seriola ciJmerM 0 0 8 9 0 0 0 0 0 0 1 
~Fblner Caranx 0)'$0$ 0 0 0 0 • 0 0 0 0 0 0 
Bm'Jad( Caranxruber 1 0 0 0 0 0 0 0 0 0 0 
FAMLY: SNAPPERS LUT JANIOAE 
Yet::iwlail Snapper Oc)uvs ditysurus 0 0 1 1 5 3 0 0 0 0 0 

~ Snapper Lut}axJsmahogani 1 0 0 0 0 0 0 0 0 0 0 
Grey$n8A)Q' Lutjanus (Jri$6U$ 2 • 5 8 8 16 8 19 3 u 9 
Lane Sn8A)Q' Lutjanus synagris 0 0 0 0 1 0 5 1 1 2 0 
~Snapper Lutjanus anais 0 0 1 0 0 1 0 1 0 0 0 
FAMLY: t.OJAfR'.S GE~DAE 
YelowtnMoja-ra GemJs cioor9us 0 0 0 0 0 0 0 0 0 0 0 

FAMLY: GRUNTS HAEMWDAE 
CoClorlNick Haemulon melauum 0 0 0 1 0 0 0 1 1 3 • ...,,_Grunt Hasmulon plumieri 2 0 0 1 1 1 2 2 21 • 1 

Tomlal8s Haemulon alXOIW!Ml.m (jvv.) 100 100 500 200 :m 200 :m 200 100 200 200 
Marga HaermJon album 0 0 0 0 0 0 0 0 1 1 0 
FrenchGrunt Haemulon la~ 0 0 0 0 0 0 0 0 0 0 0 

Sac:kMlsga~ Anisotsmus sumamensis 0 0 0 0 0 0 0 0 0 0 0 
Por1dish Anisotemus virpinicus 0 1 0 1 0 1 0 1 0 1 1 

D.nlish Orrhoatistis ,,;,,.,cr,nten, 0 0 0 0 0 0 0 0 0 ~ 13 

Table 4: Fishes counted on Experimental Reef 2 at each sample date. 



V, 

N 

FISHES: EXPERM:NTAL 2 
oow.oNNAAE 
FAML Y: PORGIES 
Pilfish 
Saucereye Porgy 
GrassPorgy 
FAMI.. Y: DRUMS 
Highhat 
FAML Y: GOA TFISHES 
Spotted Goatfish 
Yellow Goalfish 
FAML Y: SPADEFISHES 
Spadefish 
FAML Y: ANGELFISHES 
Angeftsh Juvenile 
FrerdlAngelish 
GreyAngelish 
Angefish Juvenile 
FAMI. Y: DAMSELFISHES 
Dusky DamserlSh 
Blue Chromis 
FAML Y: WRASSES 
Spanish Hogfish 
Cbwnwrasse 
S~ryDid< 
Yelowdieekwrasse 
Plddingwle 
Bluehead Wrasse 
FAML Y: PAFR:>TFlSHES 

Panolfish 
Parrotfish 
FAMI..Y: BAAAACUDA.S 
D __ .,,._ 

SCENTFIC NME 
SPARIDAE 
Lagodon rhootJoid8s 
Calamus calamus 
Calamus atdifrons 
SCIAENOAE 
EqU9tus acuminatus 
WLLDAE 
PS6CXiuptK)tMJS maculatus 
Mulloidichthys martini::vs 
EPHIPPIDAE 
Cha9todj,ltKUS faber 
POMACANTHDAE 
Holocanthus sp. (jw.) 

Pomacanthus palV 

Pomacanthus arcuatus 

Pomacanthus sp. (jw.) 
POMACENTRDAE 
Stegastes fuscus 
Chromis cyanis 
LABADAE 
Bodianus rufus {jw.) 
Haltitoresrna:u/pma 
Halichor9sbMttatus 
Ha/i;ho/'95 cytJnOC'6f)halus 
HaJichor9s radiatus 
ThaJassoma bifasciatum 
SCAADAE 
SCAADAE 
Sparisoma sp. (jw.) 

SPHYAENOAE - -"'-----'-.. 

Table 4: Continued 

~7-93 ~12-9:: ~20-~ 

0 0 0 

0 2 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 2 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

DATE SAMPLED 
~27-9:: 5-8-93 S.22-~ 6-9-93 6-23--93 7-7--93 7-22-93 8-6-93 

0 0 0 0 0 0 0 0 

1 2 0 4 0 0 0 3 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 0 0 0 1 0 3 3 
0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 

3 2 2 3 2 2 2 1 
0 0 0 0 3 2 0 1 
0 0 0 1 0 5 4 0 
0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 

0 0 2 2 0 0 1 0 

0 0 0 0 0 0 0 2 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 



Ul 
w 

FISHES: EXPEAlt.ENTAL 2 

COM\ONNME 

FAMILY: CUNIOS 
Cinirl 
Cinirl 

FAML Y: COM3TOOTH BLENNIE 

Redlip Blenny 
FAMLY: GOBIES 

Neon Goof 
Booted Gobv 
Goof 
Goof 
FAMI. Y: SUAGEONFISHES 

Ocea, Surgeon 

Doclorfish 
FAMll Y: LEFTEYE ROUNDERS 

GuWFbunder 
FAMI. Y: LEATHERJACKETS 

Fllefish 
Orangespotted Filefish 
Whilespotted Fllefish 
Queen Trgger 
FAML Y: PUFFERS 

Sharprose Puffer 

Unidentified Juveniles 

SCENTFIC NAME 
Cl.lNIOAE 
CinidaeA 
CinidaeB 

BLE~DAE 
OphbbltHmius atlanticus 
OOBIDAE 
Gobiosoma ocsanops 
C,o,yp/qx9f'US glaucofra8num 
GobidaeA 
Gobiidae B 
ACANTHUAIOAE 
Acanthurus bahianus 
Acanthurus chirurgus 
BOTHOAE 

Paralichthys abigutta 

BAUSTDAE 
Alut9fUSsp. 
Canth6rhin9s pulus 
Canth9rhin6s macroc8fUS 

Balist9S V9tula 

TETRAODONTIOAE 
Canthigaster rostrata 
UNIO. JWENILES 

Table 4: Continued 

4-7-93 4-12.q: 4-ro-93 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

0 0 1 
0 0 0 

2 17 0 

0 0 0 

0 0 0 

0 1 0 

0 0 0 

0 0 0 

0 1 1 

0 0 0 

0 0 0 

DATE SAMPLED 
4-27~ 5-8-!t3 5-22-~ 6-9-!t3 6-23·!t3 7-7-!t3 7-22-93 6-6-93 

0 0 1 0 0 0 2 0 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 6 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

10 35 2 4 3 5 10 3 

0 0 0 2 0 1 0 2 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 2 0 0 0 0 0 

0 0 1 2 1 0 0 0 

0 0 0 0 0 1 0 2 
0 100 0 0 0 0 0 0 



VI 
~ 

REEFS 
CONTROL1 
NO. SPECIES 
NO. FISH 
DIVERSITY 
VARIANCE 

CONTROL2 
NO. SPECIES 
NO.FISH 
DIVERSITY 
VARIANCE 

EXP. 1 
NO. SPECIES 
NO.FISH 
DIVERSITY 
VARIANCE 

EXP. 2 
NO. SPECIES 
NO. FISH 
DIVERSITY 
VARIANCE 

4-8-93 

5 
13 

0.6159 
0.0056 

6 
10 

0.7592 
0.0014 

5 
22 

0.3154 
0.0107 

7 
109 

0.186 
0.0023 

DA TE SAMPLED 
4-12-9 4-20-9 4-27-9 5-8-93 5-22-9 6-9-93 6-23-9 7-7-93 7-22-9 8-6-93 

5 7 6 9 16 14 18 17 20 17 
20 64 12 66 457 174 237 93 252 226 

0.5052 0.3683 0.6687 0.5842 0.4512 0.3196 0.3445 0.7544 0.4382 0.2838 
0.0058 0.0042 0.0077 0.0030 0.0006 0.0024 0.0018 0.0039 0.0019 0.0019 

3 9 7 9 13 14 15 18 18 15 
65 185 310 89 87 129 129 90 116 52 

0.2848 0.3612 0.0856 0.6071 0.6504 0.4481 0.4721 0.7979 0.7761 0.9358 
0.0017 0.0018 0.0005 0.0025 0.0037 0.0033 0.0036 0.0045 0.0030 0.0042 

3 12 7 10 15 18 14 19 21 16 
11 62 224 186 383 435 537 1043 350 62 

0.3299 0.9058 0.2125 0.3733 0.3802 0.4895 0.1747 0.1196 0.3399 0.9160 
0.0094 0.0019 0.0010 0.0018 0.0009 0.0006 0.0005 0.0002 0.0013 0.0041 

7 8 12 11 14 16 13 15 16 22 
126 519 237 469 235 340 236 147 279 259 

0.3232 0.0932 0.318 0.4621 0.3119 0.2853 0.3027 0.5483 0.5099 0.4942 
0.0019 0.0003 0.0015 0.0005 0.0016 0.0012 0.0014 0.0027 0.0014 0.002 

Table 5: Shannon index of diversity for each reef and sample date. 



V1 
V1 

DATES SAMPLED 
TESTS 4--8-93 4-12-93 4-20-93 4-27-93 5-8-93 5-22-93 6-9-93 6-23-93 7-7-93 7-22-93 
C1-c2 

t -1.703 2.540 0.092 6.454 -0.310 -3.048 -1.707 -1.733 -0.474 -4.813 
v(DF) 18.925 32.520 122.018 13.605 145.756 117.810 276.188 255.504 181 .483 262.253 

E1-E2 
t 1.138 0.063 17.409 -2.110 -1.842 1.366 4.787 -2.876 -7.966 -3.222 

v(DF) 32.057 15.711 83.953 452.626 286.573 488.020 645.823 419.404 173.894 615249 

C1-E1 
t 2.355 1.421 -6.917 4.889 3.028 1.811 -3.102 3508 9.863 1.721 

v(DF) 34.902 23.846 111.172 15.482 151.915 773.160 268.784 384.330 104.483 538.053 

C1-E2 
t 4.837 2.on 4.110 3.672 2.070 2.9n 0.574 0.734 2.542 -1.237 

v(DF) 25.078 34.166 73.800 16.963 88286 419.457 348.670 467.369 203210 511.800 

C2-E1 
t 4.034 -0.428 -9.037 -3.229 3.565 3.990 -0.662 4.617 9.816 6.613 

v(DF) 27283 15.262 180.367 419.180 215254 134.560 180.194 169.436 99.528 227.613 

C2-E2 
t 9.404 -0.644 5.885 -S.257 2.679 4.677 2.431 2.383 2.942 3.990 

v (OF) 53.643 175.944 252.851 391.550 126.008 166.806 229.099 232.374 187.082 231.711 

Table 6: Hutcheson t-test comparisons of Shannon diversity indices by sample date. Comparisons listed in left 
column (i.e. C1 -C2 compares Control Reef 1 to Control Reef 2). Statistically significant t values are balded. 

8-6-93 

-8A03 
103.977 

5.397 
132.133 

-8217 
124.484 

-3.367 
484.812 

0218 
112.866 

5.605 
110.320 



V, 

°' 

REEFS 
CONTROL1 
NO. SPECIES 
NO.FISH 
DIVERSITY 
VARIANCE 

CONTROL2 
NO. SPECIES 
NO. FISH 
DIVERSITY 
VARIANCE 

EXP.1 
NO. SPECIES 
NO. FISH 
DIVERSITY 
VARIANCE 

EXP.2 
NO. SPECIES 
NO. FISH 
DIVERSITY 
VARIANCE 

DATES SAMPLED 
4-7-93 4-12-9 4-20-9 4-27-9 5-8-93 5-22-9 6-9-93 6-23-9 7-7-93 7-22-9 

5 5 7 6 9 16 14 18 17 20 
13 10 14 12 36 42 24 37 43 52 

0.616 0.408 0.641 0.669 0.522 0.927 1.054 1.002 0.983 1.052 
0.006 0.015 0.008 0.008 0.008 0.004 0.002 0.005 0.005 0.004 

6 3 9 7 9 13 14 15 18 18 
10 15 35 10 39 37 29 29 40 56 

0.759 0.217 0.796 0.736 0.706 0.833 0.964 1.070 1.124 0.985 
0.001 0.004 0.002 0.004 0.003 0.006 0.005 0.002 0.002 0.003 

5 3 12 7 10 15 18 14 19 21 
22 11 52 24 36 33 35 37 43 50 

0.315 0.330 0.851 0.603 0.826 1.044 1.132 0.955 1.091 1.133 
0.011 0.009 0.003 0.005 0.003 0.002 0.002 0.004 0.003 0.003 

7 7 8 12 11 14 16 13 15 16 
9 26 19 37 59 35 40 36 47 79 

0.754 0.495 0.683 0.832 0.612 0.867 1.088 0.768 0.864 0.887 
0.002 0.008 0.007 0.004 0.004 0.007 0.002 0.008 0.005 0.003 

Table 7: Shannon index of diversity for each reef and sample date. 
Grunt juveniles have been exduded from the computations. 

8-6-93 

17 
26 

1.120 
0.003 

15 
47 

0.883 
0.005 

16 
62 

0.916 
0.004 

22 
59 

1.146 
0.003 



VI 

" 

TESTS 
C1-C2 

t 
V (OF) 

E1-E2 
t 

v(DF) 

C1-E1 
t 

v(DF) 

C1-E2 
t 

v(OF) 

C2-E1 
t 

v (OF) 

C2-E2 
t 

v (OF) 

DATES SAMPLED 
4-8-93 4-12-93 4-20-93 4-27-93 5-8-93 5-22-93 6-9-93 6-23-93 7-793 7-22-93 8-6-93 

-1.703 1.391 -1.569 -0.641 -1.764 0.937 1.087 -0.778 -1.709 0.774 2.573 
18.925 15.149 21 .902 20.378 62.629 75.031 49.224 61 .100 76.384 105.800 72.443 

-3.859 -1.253 1.750 -2.469 2.594 1.899 0.752 1.704 2.399 3.149 -2.814 
29.076 28.712 34.810 55.565 94.959 50.068 74.992 64.616 87.266 119.239 116.844 

2.355 0.503 -2.077 0.592 -3.020 -1.549 -1.267 0.485 -1.205 -0.932 2.364 
34.902 19.497 24.335 26.282 57.472 68.085 53.053 72.092 84.606 100.635 78.662 

-1.552 -0.570 -0.353 -1.518 -0.821 0.564 -0.524 2.009 1.193 1.963 -0.345 
20.670 21 .077 31 .400 25.213 73.849 68.350 57.830 69.959 89.764 112.664 65.112 

4.034 -0.977 -0.816 1.475 -1.586 -2.451 -2.113 1.462 0.435 -1.819 -0.343 
27.283 19.495 86.420 31.314 74.475 55.751 47.756 64.798 80.540 105.921 102.534 

0.093 -2.556 1.206 -1.108 1.083 -0.296 -1 .520 2.963 2.955 1.234 -2.996 
17.739 40.752 30.995 33.436 97.619 70.814 51.053 54.110 78.295 126.611 89.268 

Table 8: Hutcheson t-test comparisons of Shannon diversity indices by date. Statistically 
signtticant t values are bolded. Grunt juveniles have been excluded from the computations. 



Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Foraminiferida 
White encrusting foram 
White filamentous foram 

Phylum: Porifera (Sponges) 
Unidentified red encrusting sponge 
Unidentified grey encrusting sponge 
Unidentified black encrusting sponge 

Phylum: Cnideria 
Class: Hydrozoa (Hydroids) 

Order: Hydroida 
Suborder: Leptomedusae (Thecate hydroid) 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Filogranidae 
Filograns huxleyi (Sea Frost) 

Family: Sabellidae 
Family: Serpulidae 
Family: Syllidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Maxillopoda 
Subclass: Copepoda 

Order: Harpacticoida 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Bslanus amphitrite 
Ba/anus trigonus 

Class: Malacostaca 
Order: Decapoc:ta 

Family: Stenopodidea 
Stenopus hispidus (Coral Banded shrimp) 

Family: Palinuridae 
Panulirus argus (Spiny lobster) 

Family: Diogenidae (Hermit crab) 
Family: Majidae 

Stenorhynchus seticornis (Arrow crab) 
Order: Tanaidacea 
Order: Amphipoda 

Table 9: Total list of invertebrates identified on Control Reef 1 
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Phylum: Mollusca (Molluscs) 
Class: Gastropoda 

Family: Crepidulidae 

Class: Bivalvia 
Crepidula aculeata (Slipper shell) 

Family: Arcidae 
Family: Pteriidae (Wing oysters) 

Pteria colymbus 
Pinctada imbricata 

Family: Ostreidae (Oyster) 

Phylum: Ectoprocta (Bryozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Family: Smittinidae 

Parasmittina nitida 
Family: Cheiloporinidae 

Waterspipora subovoidae 
Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Phylum: Echinodermata 
Class: Asteroidea 

Family: Oreasteridae 
Oreaster reticulatus (Cushion sea star) 

Phylum: Chordata 
Class: Ascidiacea (Tunicates) 

Order: Enterogona 
Family: Didemnidae (White encrusting) 

Order: Pleurogona 
Family: Ascidiidae 

Ascidia nigra 
Pyrura vitta 

Family: Styelidae 
Brotrylus sp. 

Orange colonial ascidian 
Red colonial ascidian 
Grey colonial ascidian 
Tiny green solitary ascidian 

Table 9: Continued 
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Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Foraminiferida 
White entrusting foram 
White filamentous foram 

Phylum: Porifera (Sponges) 
Class: Demospongiae 

Family: Aplysinellidae 
Pssuc:Jocsratina crassa (Branching tube sponge) 

Family: Niphatidae 
Amphim9don compressa (Erect rope sponge) 
Niphates sp. 

Unidentified green sponge 
Unidentified red encrusting sponge 
Unidentified grey encrusting sponge 
Unidentified black encrusting sponge 

Phylum: Cnideria 
Class: Hydrozoa (Hydroids) 

Order: Hydroida 
Suborder: Leptomedusae {Thecate hydroid) 
Suborder: Anthomedusae (Athecate hydroid) 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Filogranidae 
Filograna huxleyi (Sea Frost) 

Family: Sabellidae 
Family: Serpulidae 
Family: Syllidae 
Family: Nereidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Maxillopoda 
Subclass: Ostracoda 
Subclass: Copepoda 

Order: Harpacticoida 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Ba/anus amphitrite 
Ba/anus trigonus 

Table 10: Total list of invertebrates identified on Control Reef 2 
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Class: Malacostaca 
Order: Decapoda 

Family: Stenopodidea 
Stenopus hispidus (Coral banded shrimp) 

Family: Palinuridae 
Panulirus argus (Spiny lobster) 

Family: Diogenidae (Hermit crab) 
Family: Majidae 

Order: Tanaidacea 
Order: Amphipoda 
Order: lsopoda 

Phylum: Mollusca (Molluscs) 
Class: Bivalvia 

Family: Arcidae 
Family: Pteriidae (Wing oysters) 

Pteria colymbus 
Family: Ostreidae (Oyster) 

Phylum: Ectoprocta (Bryozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 

Phylum: Chordata 

Family: Schizoporellidae 
Schizoporella unicornis 

Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Class: Ascidiacea (Tunicates) 
Order: Enterogona 

Family: Didemnidae (White encrusting) 
Order: Pleurogona 

Family: Ascidiidae 
Ascidia nigra 

Family: Pyuridae 
Pyrura vitta 
Boltenia achinata 

Family: Styelidae 
Brotrylus sp. 

Orange colonial ascidian 
Red colonial ascidian 
Grey colonial ascidian 
Tiny green solitary ascidian 

Table 10: Continued 
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Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Foraminiferida 
White encrusting foram 
White filamentous foram 

Phylum: Porifera {Sponges) 
Class: Demospongiae 

Family: Niphatidae 
Amphimedon compressa {Erect rope sponge) 

Unidentified red encrusting sponge 
Unidentified grey encrusting sponge 
Unidentified black encrusting sponge 
Unidentified blue encrusting sponge 

Phylum: Cnideria 
Class: Hydrozoa {Hydroids) 

Order: Hydroida 
Suborder: Leptomedusae {Thecate hydroid) 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Filogranidae 
Filograna huxleyi (Sea Frost) 

Family: Sabellidae 
Family: Serpulidae 
Family: Syllidae 
Family: Nereidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Maxillopoda 
Subclass: Copepoda 

Order: Harpacticoida 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Ba/anus amphitrite 
Ba/anus trigonus 

Class: Malacostaca 
Order: Decapoda 

Family: Stenopodidea 
Stenopus hispidus (Coral Banded shrimp) 

Table 11: Total list of invertebrates identified on Experimental Reef 1 
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Family: Palinuridae 
Panulirus argus (Spiny lobster) 

Family: Diogenidae (Hermit crab) 
Family: Majidae 

Mithrax sp. 
Stsnorhynchus seticomis (Arrow crab) 

Family: Grapsidae 
Psrcnon gibbesi (Nimble spray crab) 

Order: Tanaidacea 
Order: Amphipoda 
Order: lsopoda 

Phylum: Mollusca (Molluscs) 
Class: Bivalvia 

Family: Arcidae 
Family: Pectinidae (Scallop) 

Lyropscten antillarum 
Family: Ostreidae (Oyster) 

Phylum: Ectoprocta (Bryozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Order: Ctenostomata 
Family: Vesiculariidae 

Amathia altemata 

Phylum: Chordata 
Class: Ascidiacea (Tunicates) 

Order: Enterogona 
Family: Didemnidae (White encrusting) 

Order: Pleurogona 
Family: Ascidiidae 

Ascidia nigra 
Symplegma viride 

Family: Styelidae 
Brotylus sp. 

Orange colonial ascidian 
Red colonial ascidian 
Grey colonial ascidian 
Tiny green solitary ascidian 

Table 11 : Continued 
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Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Foraminiferida 
White encrusting foram 
White filamentous foram 

Phylum: Porifera (Sponges) 
Class: Demospongiae 

Family: Desmacidonidae 
lotrochota birotulata (Green finger sponge) 

Unidentified red encrusting sponge 
Unidentified orange encrusting sponge 
Unidentified black encrusting sponge 
Unidentified blue encrusting sponge 

Phylum: Cnideria 
Class: Hydrozoa (Hydroids) 

Order: Hydroida 
Suborder: Leptomedusae (Thecate hydroid) 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Filogranidae 
Filograna huxleyi (Sea Frost) 

Family: Sabellidae 
Family: Serpulidae 
Family: Syllidae 
Family: Eunicidae 
Family: Opheliidae 

Armandia maculata 
Family: Cirratulidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Maxillopoda 
Subclass: Ostracada 
Subclass: Copepoda 

Order: Harpacticoida 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Ba/anus amphitrite 
Ba/anus trigonus 

Table 12: Total list of invertebrates identified on Experimental Reef 2 
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Class: Malacostaca 
Order: Decapoda 

Family: Stenopodidea 
Stenopus hispidus (Coral Banded shrimp) 

Family: Palinuridae 
Panulirus argus (Spiny lobster) 

Family: Diogenidae (Hermit crab) 
Family: Majidae 

Mithrax sp. 
Stenorhynchus seticomis (Arrow crab) 

Order: Tanaidacea 
Order: Amphipoda 
Order: lsopoda 

Phylum: Mollusca (Molluscs) 
Class: Bivalvia 

Family: Arcidae 
Family: Ostreidae (Oyster) 

Phylum: Ectoprocta (Bryozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Phylum: Echinodermata 
Class: Ophiuroidea (Brittle star) 

Phylum: Chordata 
Class: Ascidiacea (Tunicates) 

Order: Enterogona 
Family: Didemnidae (White encrusting) 

Order: Pleurogona 
Family: Ascidiidae 

Ascidia nigra 
Symplegma viride 

Orange solitary! ascidian 
Red colonial ascidian 
Grey colonial ascidian 
Tiny green solitary ascidian 

Table 12: Continued 
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Figure 1: Total number of fishes counted on each reef and sampling date. 
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Figure 1 : Continued 
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Figure 2: Total number of fishes {all species and reefs combined} on each sample 
date. 
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Figure 3: Number of species found on each reef and sample date. 
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4-12-83 4-27-83 S-22-83 
DATE 

7-7Jii3 
6-23-93 7-22-93 

Figure 4: Total number of species (all reefs combined) found on each sample 
date. 
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Figure 5: Mean number of fishes (all species combined) found on control and 
experimental reefs by sample date. Replicate reefs have been combined. 
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Figure 6: Mean number of species found on control and experimental reefs by 
date. Replicate reefs have been combined. 
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Photo 13: Photograph of a tire-concrete reef (El) and some associated biota taken 
August, 1994. 
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Photo 14: Photograph of a tire-concrete reef (E2) and some associated biota taken 
August, 1994. 

78 



79 



Photo 15: Photograph of a gravel-concrete reef (Cl) and some associated biota taken 
August, 1994. 
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Photo 16: Photograph of a gravel-concrete reef (C2) and some associated biota taken 
August, 1994. 
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Photo 17: Photomicrographs of miniature modules made of tire-concrete. The numerals 
in the upper left hand corners indicate the number of days post-deployment 
when the miniatures were collected. 
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Photo 18: Photomicrographs of miniature modules made of gravel-concrete. The 
numerals in the upper left hand comers indicate the number of days post
deployment when the miniatures were collected. 
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FISHES: CONTROL REEF 1 
Go.1MONNAME 
FAMILY: STINGRAY 
Southern stingray 
FAMILY: MORAY EELS 
Green Moray 
Spotted Moray 
Purptemouth Moray 
FAMILY: HERRINGS 
Cfl4:>eid 
FAMILY: SQUIRRELFISHES 
Blackbar soldierflSh 
SquirreKISh 
FAMILY: TRUMPETFISHES 
T rumpetflSh 
FAMILY: SEA BASSES 
BlackGl'Ol4)er 
Gag 
Sand Perch 
Harlequin Bass 
FAMILY: CARDINALFISHES 
CardinalflSh 
AameflSh 
Twospol CardinalflSh 
FAMILY: JACKS 
Amberjack 
Blue Rtnler 
Bar.Jack 
Yellow Jack 
FAMILY: SNAPPERS 
Yelowtail Snapper 
MaooganySnapper 
Grey Snapper 
Lane Snapper 
Mutton Snaooer 

SCIENTIFIC NAME 9-10-a' 10-28-93 
DASYATIDAE 
Dasyatis americana 0 1 
MURAENIDAE 
Gymnothorax funebris 0 0 
Gymnothorax moringa 0 0 
Gymnothorax vicinus 2 1 
CLUPEIDAE 
c~ 0 0 
HOLOCENTRIDAE 
Myrj)ristis jaccbus 0 0 
Holocentrus sscensionis 0 0 
AULOSTOMIDAE 
Aulostomus macu/atus 0 0 
SERRANIDAE 
Mycteroperco bonaci 2 1 
Mycteroperco microlepis 0 0 
Diplectum formosum 1 1 
Serranus tigrinus 0 0 
APOGONIDAE 
Apogonsp. 0 0 
Apogon macu/atus 0 0 
Apogon pseudomaculatus 3 4 
CARANGIDAE 
Serio/a dumerili 0 0 
Caranx c,ysos 0 0 
Caranxruber 0 0 
Caranx barlholomaei 1 0 
LUTJANIDAE 
Ocyurus chrysurus 0 1 
Lutjanus mahogani 0 0 
Lutjanus griseus 25 15 
Lutjanus synagris 3 5 
Lutianus :inafic: 0 1 

Table 13: Year 2 Fishes counted on Control Reef 1 

11-19-0". 12-5-93 1-30-QI 

0 0 0 

0 0 0 
0 0 0 
0 1 0 

0 0 0 

0 0 0 
0 0 0 

0 0 0 

1 1 1 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
3 3 1 
0 0 2 

0 0 0 
0 0 0 
1 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

DATE SAMPLED 
2-12-9-1 3-18-Ql 4-4-9l 5-10-<l< 6-24-~ 7.17.QI 8-6-~ 

0 0 0 1 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
1 0 1 1 0 1 0 

0 0 100 0 0 0 0 

0 0 1 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 1 0 0 

1 0 1 1 1 1 0 
1 0 0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 1 1 3 0 1 2 
3 0 0 0 0 1 1 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 2 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 1 1 0 
0 0 0 0 0 0 0 
0 1 2 8 1 18 16 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 



00 
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FISHES: CONTROL REEF 1 
COMMON NAME 
FAMILY: MOJARRAS 
Y elowfin Moiarra 
FAMILY. GRUNTS 
CottOllWICk 
WhlleGIUll 
Tomtates 
Margate 
FrenchGnrt 
Spanish Grunt 
BluestJ1)8Grmt 
SabsChoice 
Black Margate 
Porkfish 
Pigfish 
FAMILY: PORGIES 
Pinfish 
SpottailPinfish 
Saucereye Porgy 
Grass Porgy 
FAMILY: DRUMS 
Higlhat 
FAMILY: GOATRSHES 
Spotted Goatfish 
YelowGoatfish 
FAMILY: SEA CHUBS 
BermuclaChlb 
FAMILY: SPADEFISHES 
Spadefish 
FAMILY: ANGELFISHES 
Angelfish Jwenile 
Queen Angelfish 
Blue Angelfish 
French Angelfish 
Grey Angelfish 
Anaelfish Jwenile 

SCIEf\ITIFIC NAME 9-10-~ 10-28-93 
GERREIDAE 
Gerres cinereus 0 0 
HAEMULIDAE 
Haemulon melanurum 0 2 
Haemulon plumieri 1 1 
Haemulon aurolineatum Ouv., 1 3 
Haemulon alxm 0 0 
Haemulon flavolineatum 0 0 
Haemulon macrostomum 0 0 
Haemulon sciurus 0 0 
Haemulon parrai 0 0 
Anisotremus surinamensls 0 0 
Anisolremus virginicus 2 1 
Orthopristis chrysoptera 0 0 
SPARIDAE 
Lagodon rhomboides 0 0 
Diplodos holbroold 0 0 
Calamus caJamus 0 0 
Calamus arctifrons 0 0 
SCIAENIDAE 
Equetus acuminatus 1 0 
MUWDAE 
PseucJupeneus maculatus 1 1 
Muloidichthys martinicus 1 1 
KYPHOSIOAE 
Kyphosus S6Ctatrix 0 0 
EPHIPPIDAE 
Chaetocipterus faber 0 0 
POMACANTHIDAE 
Holocanthus sp. (juv.) 0 0 
Holocanthus cilaris 0 0 
Holocanthus bermudensis 0 0 
Pomacanthus paru 0 0 
Pomacanthus arcuatus 0 0 
Pomacanthus sn. liuv. I 0 0 

Table 13: Continued 

DATE SAMPLED 
11-19-cr 12-5-93 1-'V\.O, 2-12-~ 3-18-°" 4-4-0. s-10-0, 6-24-Qi 7-17-Qil 8-6-°" 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
2 3 11 2 1 1 1 1 1 2 
0 0 0 0 0 40 150 4 3 4 
0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 1 1 0 1 1 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
4 1 3 1 0 1 3 1 4 1 
0 0 0 0 0 0 2 0 0 1 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 2 2 0 2 2 
0 0 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 2 0 0 0 

0 1 0 0 0 1 1 0 0 2 

0 0 0 0 0 0 1 0 0 3 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 

0 0 0 0 0 0 1 0 1 1 
0 0 0 0 0 0 0 0 0 0 



FISHES: CONTROL REEF 1 DATE SAMPLED 

COMMON NAME SCIENTIFIC NAME 9-10-~ 10-28-93 11-1Q..<l'.' 12-5-93 1-30-<ll 2-12-fll 3-18-<l< 4-4-a, 5-10-Q.c 6-24-Q. 7-17-Q.c 8-6-<ll 

FAMILY: DAMSELASHES POMACENTRIDAE 
DuskyDamseffish Stegastes fuscus 0 0 0 0 0 0 0 0 0 0 0 0 

Toreespot Damselfish Stegastes planffrons 0 0 0 0 0 0 0 0 0 0 0 0 

Cocoa Damselfish Stegastes varlabilis 0 0 0 0 0 0 0 0 0 0 0 0 

BkJeChromis Chromis cyanis 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: WRASSES LABRIDAE 
Hogish Lachnolaknus maximus 0 0 1 1 0 0 0 0 0 0 0 0 

Spar;sh~ Bocfanus rufus (juv.) 0 0 0 0 0 0 0 0 0 0 0 0 

Clown wrasse Halichores maculf)inna 7 10 2 6 1 2 1 4 1 0 0 0 

Slippery Dick HalichoresbMttalus 0 1 5 3 10 5 5 2 4 7 2 4 

Yelowcheek wrasse Halichores cyanocephalus 0 0 0 0 0 0 0 0 0 0 0 0 

Puddng,Ylfe Halichores racfatus 0 0 0 0 0 0 0 0 0 0 0 0 

Bluehead Wrasse Thalassoma bifasciatum 3 3 0 1 0 0 0 1 2 0 2 2 

8 

FAMILY: PARROTFISHES SCARIDAE 
ParrotflSh SCARIDAE 0 0 0 0 0 1 0 0 0 0 0 0 

ParrotflSh Sparisoma sp. (juv.) 0 2 2 1 0 0 0 0 0 2 1 0 

Red tai Parrotfish Sparisoma chrospterum 0 0 0 0 0 0 0 0 0 0 0 0 

Stoplig"it Parrotfish Sparisoma virride 0 0 0 0 0 0 0 1 1 0 1 0 

Redfin Parrotfish Sparisoma rubripinne 0 0 0 0 0 0 0 0 0 0 0 0 

Red>and Parrot Sparisoma aurofrenatum 0 0 0 0 0 0 0 0 0 0 0 1 

FAMILY: BARRACUDAS SPHYAENIDAE 
Barracuda Sphyraena barracuda 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: STARGAZER DACTYLOSCOPIDAE 

Stargazer Dactyloscopus sp. (?) 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: CLINIDS CUNIDAE 
Chnid ClinidaeA 0 0 0 0 0 0 0 0 0 0 0 0 

Clinid Clinldae B 0 0 0 0 0 0 0 0 0 0 0 0 

Table 13: Continued 



FISHES: CONTROL REEF 1 
COMMON NAME SCIENTIFIC NAME 9-10-~ 110-18-93 11-19-!l' 12-5-93 1-00-9< 2-12-94 3-18-9'1 4-+Qi 5-10-94 &-24-a. 7-17-Q.c 8-6-<l.d 

FAMILY· COMBTOOTH BLENNIE~ BLENNIDAE 
Blenny Blennidae 4 0 1 1 0 0 0 0 0 0 0 0 
RedipBlenny Ophioblennius stJanticus 0 1 0 0 0 0 0 0 0 0 0 0 
FAMILY: GOBIES GOBIIDAE 

NeonGl:bJ Gobiosoma cx;eanops 0 0 0 0 0 0 0 0 0 0 0 0 
BrictedGro/ Coryphopterus glaucofraenu 1 2 0 2 0 0 0 1 0 0 2 1 

Masked Gl:b/ Coryphopterus personatus 0 0 0 0 0 0 0 0 0 0 0 0 

Gl:bJ GobidaeA 0 0 0 0 0 0 0 0 0 0 0 0 

Gl:bJ Gobiidae B 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: SURGEONASHES ACANTHURIDAE 
OceanSu,geon Acanthurus bahianus 1 10 5 10 6 6 3 4 25 20 7 50 
DoctorflSh Acanthurus chtrurgus 1 1 3 3 2 1 1 0 2 1 1 1 

Blue tang Acanthurus coeru/eus 0 1 0 0 0 0 0 0 0 0 0 0 
FAMILY: MACKERAL sco.1BAIDAE 
Cero Sccmberomorus regalis 0 0 0 1 0 0 0 0 0 0 0 0 

,0 
FAMILY: SCORPIONFISH SCOAPAENIDAE 
Spotted Scolpionfish Scorpaena plumieri 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: LEFTEYE FLOUNDERS BOTHIDAE 
Gulf F1ooodef Psralichthys 8lbigutta 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: LEATHERJACKETS BALJSTIDAE 
Aefish AJuterus sp. 0 0 0 0 0 0 0 0 0 0 0 0 
Orangespotted Fiefish Cantherhines pulus 0 0 0 0 0 0 0 0 0 0 0 0 

WN!espotted Aefish Cantherhines macrocerus 0 0 0 0 0 0 0 0 0 0 0 0 

Grey Trigger Balistes capriscus 1 1 0 0 0 3 2 1 1 1 4 0 
FAMILY: BOXFISHES OSTRACIIDAE 
Scrawled cowflSh Lactiophrys quadricomis 0 0 0 1 1 0 0 0 0 0 0 0 

Spottedtl\llkfish Lactrophrys trigonus 0 0 1 0 0 0 0 0 0 0 0 0 

Smooth tlUlkfish Lactrophrys triqueter 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: PUFFERS TETRAOOONTIDAE 
SharpnosePulfer Canthigaster rostrata 1 0 0 0 0 0 0 1 3 3 3 0 
Banclai Puffer Sphoeroides spengleri 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: SPINY PUFFERS DIODONTIDAE 
PorcupineflSh Diodon hystrix 0 0 0 0 0 0 0 0 0 0 0 0 

BalloonflSh Dk>don holocsnthus 0 0 0 0 0 0 0 0 0 0 0 1 

Unidenbfied Jwenlles UNIO . .AJVENILES 100 0 500 0 0 0 0 0 0 0 0 1())) 

Table 13: Continued 
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FISHES: CONTROL REEF 2 
COMMON NAME 
FAMILY: STINGRAY 
Southern stingray 
FAMILY: MORAY EELS 
Green Moray 
Spotted Moray 
Purplemouth Moray 
FAMILY: HERRINGS 

Ck4>eid 
FAMILY: SQUIRRELFISHES 
Blackbar solcierflSh 
SquirreflSh 
FAMILY: TRUMPETFISHES 
TnJnl)etflSh 
FAMILY: SEA BASSES 
BlackGl'Ot.4)8r 
Gag 
Sand Perch 
Harlequin Bass 
FAMILY: CARDINALFISHES 
CardinalflSh 
Flamefish 
Twospot CarcinalflSh 
FAMILY: JACKS 
Amberjack 
Blue Runner 
Bar.Jack 
YelowJack 
FAMILY: SNAPPERS 
Y ellowtail Snapper 
Mahogany Snapper 
Grey Snapper 
Lane Snapper 
Mutton.;. 

FISHES 9-10-9:'. 10-18-9:'. 
DASYATIDAE 
Dasyatis americana 0 0 
MURAENIDAE 
Gymnothorax funebris 0 0 
Gymnothorax moringa 0 0 
Gymnothorax vicinus 0 0 
CLUPEIDAE 
al4)8id 0 0 
HOLOCENT'RIDAE 
Myriprlstis jacobus 1 1 
Holocentrus ascensionis 0 1 
AULOSTOMIDAE 
Aulostomus maculatus 0 0 
SERRANIDAE 
Mycteroperco bonaci 0 0 
Mycteroperco microlepis 0 0 
Diplectum formosum 0 0 
Serranus tigrinus 0 0 
APOGONIDAE 
Apogonsp. 0 0 
Apogon rnacuJatus 0 0 
Apogon pseudomacuJatus 4 1 
CARANGIDAE 
Serio/a dumerili 0 0 
Caranx crysos 0 0 
Caranx ruber 0 0 
Caranx barlholomaei 0 0 
LUTJANIDAE 
Ocyurus chrysurus 0 0 
Lutjanus mahogani 0 0 
Lutjanus grlseus 4 11 
Lutjanus synagrls 1 10 
Lutianus analis 0 0 

Table 14: Year 2 fishes counted on Control Reef 2. 

11-19-~ 12-5-93 1-30-94 

0 0 0 

0 0 0 
0 0 0 
0 0 1 

0 0 0 

1 1 1 
0 1 0 

0 0 0 

0 0 0 
1 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

9 20 0 
0 0 0 
0 0 0 
0 0 0 

0 1 0 
0 0 0 
9 2 2 
0 0 5 
0 0 0 

DATE SAMPLED 
2-12-94 3-18-94 4-4-9,-1 5-10-94 6-24-94 7-17-94 8-6-Q.-1 

0 0 0 1 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
1 0 0 0 0 0 1 

0 0 0 0 0 0 0 

1 2 2 1 1 1 0 
0 0 0 0 1 1 0 

0 0 0 0 0 0 0 

1 0 0 1 0 1 0 
0 1 0 0 1 1 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 1 
0 1 0 2 3 2 1 
2 1 0 0 0 0 0 

3 0 1 0 0 1 0 
0 0 0 0 0 0 0 
0 0 0 0 1 0 0 
0 0 0 0 0 0 0 

1 1 1 0 0 2 0 
0 0 0 0 0 0 0 
9 1 1 0 15 22 22 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
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ASHES CONTROL REEF 2 
- -- - ---.. II.JAUS: 

FAMILY: MOJARRAS 
YelowfinMojarra 
FAMILY: GRUNTS 
Cottonwick 
WhiteGIUlt 
Tomtates 
Margate 
FrenchGrmt 
Spanish GIUlt 
BkJestfl)8 Grunt 
SabsChoice 
Black Margate 
Poridish 
Pigfish 
FAMILY: PORGIES 
Pl'lfish 
Spottal Pinfish 
Saucereye Porgy 
Grass Porgy 
FAMILY: DRUMS 
Higlhat 
FAMILY: GOATASHES 
SpottedGoatflsh 
Yelow Goatfish 
FAMILY: SEA CHUBS 
BenrudaO'W 
FAMILY: SPADEASHES 
Spadefish 
FAMILY: ANGELFISHES 
Angelfish JlNenile 
Queen Angelfish 
BiJ8 Angelfish 
French Angelfish 
Grey Angelfish 

I Anoelfish Jwenile 

:e1cucc 

GERREIDAE 
Gerres cinereus 
HAEMUUDAE 
Haemu/on melanurum 
Haemu/on plumieri 
Haemu/on aurolineatum juven 
Haemu/on abum 
Haemu/on flavolineatum 
Haemulon macrostomum 
Ha8111U/on sdurus 
Haemu/on parral 
Anisolremus surinamensis 
Anisotremus virginicus 
Orthopristis chrysoptera 
SPAAIDAE 
Logodon rhombolcJes 
Diplodos ho/brook/ 
Calamus caJamus 
Calamus artJfrons 
SCIAENIDAE 
Equetus scuminatus 
MUWDAE 
Pseudupeneus macuJatus 
Mulloidichthys martinicus 
KYPHOSIDAE 
Kyphosus sectatrix 
EPHIPPIDAE 
Chaetodipterus faber 

POMACANTHIDAE 
Holocanthus sp. Ow.) 
Holocanthus cilaris 
Holocanthus bermudensis 
Pomacanthus paru 
Pomacanthus arcuatus 
Pomacanthus so. fiuvJ 

Table 14: Continued 

9-1n.cr 1n.1A..cr 11.10.cr. 1?.i...<r 

0 0 0 0 

0 0 0 0 
0 1 1 4 
3 50 2 4 
0 0 1 1 
0 0 0 0 
0 0 0 0 
0 3 5 1 
0 0 0 0 
1 1 0 1 
1 2 5 7 
1 0 1 0 

0 0 0 0 
0 0 1 1 
3 0 0 0 
0 0 0 0 

0 1 0 0 

0 3 1 0 
2 1 1 0 

0 0 0 0 

0 0 1 3 

0 0 0 0 
0 0 0 0 
0 0 0 0 
1 2 1 1 
0 0 0 0 
0 0 0 0 

DATE SAMPLED 
1.'ln.Qil 2-12-QI ~1A..<M ,LLQ, !;..1 (\.Q, ,._ n~ A 7-17-°' A...~0,i 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
2 1 0 2 1 2 3 6 
25 20 16 20 150 20 100 100 
0 0 0 0 1 0 0 0 
1 1 0 1 1 1 1 0 
0 0 1 0 0 0 0 0 
2 1 0 2 0 3 2 2 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
3 2 4 4 2 4 4 2 
0 0 0 0 0 0 0 2 

0 0 0 0 0 0 0 0 
0 1 0 2 0 0 3 1 
3 1 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 
0 0 0 0 1 0 20 0 

0 0 0 0 0 0 0 0 

8 0 6 0 6 0 1 2 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
1 1 1 0 1 0 1 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 



-a 
~ 

FISHES: CONTROL REEF 2 
,, --- .... NAUI= 

FAMILY: DAMSELFISHES 
Dusky Damselfish 
lhreespotDamselfish 
Cocoa Damsel'ISh 
BkJeChromis 
FAMILY: WRASSES 
Hoglsh 
Spanish Hogfish 
Clown wrasse 
~Dick 
Yelowcheek wrasse 
Puddingwife 
8kJehead Wrasse 
FAMILY: PARROTASHES 
Parrotfish 
Parrotfish 
Red tai Parrotfish 
Stopliglt Parrotfish 
Redlin Parrotfish 
RecbandParrot 
FAMILY: BARRACUDAS 
Barracuda 
FAMILY: STARGAZER 
Stargazer 
FAMILY: CUNIDS 
Clinicl 
ainid 

- - ---

POMACENTRIDAE 
Stegates fuscus 

Stegastes planifrons 
Stegastes variabilis 
Chromls cyanis 
LABRIDAE 
Lachnolaimus maximus 
Bocianus rufus juvenile 
Halichores maculipinna 
Halichores btvfttatus 
Ha/ichores cyanocephalus 
Halichores ra<latus 
Tha/asSOma bifasciah.m 
SCAAIDAE 
SCAAIDAE 
Sparisoma sp. ouv.) 
Sparisoma chrospterum 
Sparisoma virride 
Sparisoma rub,j,inne 
Sparisoma aurofrenah.m 
SPHYAENIDAE 
Sphyraena barracuda 
DACTYLOSCOPIDAE 
Dactyk>scopus sp. (?) 
CUNIDAE 
CinidaeA 
CinidaeB 

Table 14: Continued 

Q..11\..0' 11\..1R-Q' 11-1~9:: 1?. i::_0-: 

1 0 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 1 
0 0 1 0 

10 1 5 2 
0 5 5 4 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1 1 0 0 
0 0 0 2 
0 1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 

DATE SAMPLED 
1.'lt\.OA 2-12-0.d ~1A..Q.d LA..O, i;..10-ru ~ - - 7-17. Q.I A.A,.a, 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
1 2 0 1 0 0 0 0 
1 4 0 2 4 0 1 0 
3 2 5 4 0 1 3 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 2 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 
0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 



'° VI 

ASHES: CONTROL REEF 2 
- -• - ~ II.It.US:: 

FAMILY: COMBTOOTH BLEN 
8lemy 
AeclipBlenny 
FAMILY: GOBIES 
NeonGoby 
Bricled Goby 
MaskedGoby 
Goby 
Goby 
FAMILY: SURGEONASHES 
Ocean Surgeon 
Doctoffish 
Blue tang 
FAMILY: MACKERAL 
Cero 
FAMILY: SCORPIONASH 
Spotted Scorpioofish 
FAMILY: LEFTEYE FLOUNDE 
Gl.lFloU'lder 
FAMILY: LEATHER.JACKETS 
Fllefish 
Orangespotled Fiefish 
Whltespotted Fiefish 
Grey Trigger 
FAMILY: BOXASHES 
Scrawled oowfish 
Spotted tn.ndish 
Smoothtnllkfish 
FAMILY: PUFFERS 
SharpnoseNfer 
BandaW Puffer 
FAMILY: SPINY PUFFERS 
p~ 
Balloonfish 
Unidentified Jwenlles 

R~FS 

BLENNIDAE 
BleMidae 
Ophioblennius atlanticus 
GOBIIDAE 
Gobiosoma oceanops 
Cotphopt9rUsglaucofraenum 
Coryphopterus personatus 
GobiidaeA 
Gobiidae 8 
ACAmHURIDAE 
Acanthun.1s bahianus 
Acanthurus chilUl'{JUS 
Acanthurus coeruleus 
SCOMBRIDAE 
Scomberomorus regafis 
SCORPAENIDAE 
Scorpaena plurnierf 
BOTHIDAE 
Paralichthys abigutta 
BALJSTIDAE 
Aluteussp. 
Cantherhines pulus 
Cantherhines macrocerus 
Balistes capriscus 
OSTRACIIOAE 
Lactrophrys quadrlcomis 
Lactrophrys trigonus 
Lactrophrys trlqueter 
TETRAODONTIDAE 
Canthigaster rostrata 
Sphoeroides spengJerf 
DIODONTIDAE 
Diodon hystrix 
Diodon holocanthus 
UNID. JUVENILES 

Table 14: Conlllued 

Q..1f\..0' 1 n.1 A-!r. 11-19-~ 1?-~0' 1-'lt'\..O, 

2 0 0 0 1 
0 0 0 0 0 

0 0 0 0 0 
1 0 0 1 2 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

1 1 1 3 0 
1 0 2 1 0 
1 1 2 1 1 

0 0 0 0 0 

0 1 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
2 0 1 1 1 

0 0 1 0 1 
0 0 0 0 0 
0 0 0 0 0 

1 0 0 0 0 
0 0 0 0 0 

1 0 0 0 0 
0 0 0 0 0 

50 0 200 200 0 

DATE SAMPLED 
?-1?-<l.t :l-1A..<l.t! A...A.O, ·- -"-" ,.. - - 7-17-<l.t A..i::..a, 

1 1 1 1 2 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
2 0 0 3 6 1 4 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

2 5 3 3 12 7 0 
0 1 1 0 0 0 0 
1 1 1 1 1 1 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
1 2 1 1 1 1 5 

1 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

1 0 0 1 1 0 1 
1 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

500 300 0 900 0 0 1000 



'° °' 

FlSHES: EXPERIMEITTAL 1 
COMMON NAME 
FAMILY: STINGRAY 
Sot.(hem stingray 
FAMILY: MORAY EELS 
Green Moray 
Spotted Moray 
Purplemouth Moray 
FAMILY: HERRINGS 
Ck4)8id 
FAMILY: SQUIRRELRSHES 
Blad<bar solclierfish 
SqLirrelfish 
FAMILY: TRUMPETFISHES 
Trunpetfish 
FAMILY: SEA BASSES 
Blac:kGl'Ot4)8r 
Gag 
Sand Perch 
Harlequin Bass 
FAMILY: CARDINALFISHES 
Carcinalfish 
FlameflSh 
Two.spot Cardinalfish 
FAMILY: JACKS 
Amberjack 
Blue Rl.Wlll8r 
BarJack 
YelowJack 
FAMILY: SNAPPERS 
Yelowtail Snapper 
Mahogany Snapper 
Grey Snapper 
Lane Snapper 
Mutton Snaooer 

SCIENTIFIC NAME 9-10-~ 10-18-~ 11-19-~ 
DASYATIDAE 
Dasyatis americana 0 0 0 
MURAENIDAE 
Gymnothorax funebris 0 0 0 
Gymnothorax moringa 0 0 0 
Gymnothorax vicinus 0 0 1 
CLUPEIDAE 
Ol4)8id 0 0 0 
HOLOCEITTRIDAE 
Myripristis jacobus 0 0 0 
Holocentrus rufus 0 0 0 
AULOSTOMIDAE 
Aulostomos macu/atus 0 0 0 
SERRANIDAE 
Mycteroperco bonacl 1 1 1 
Mycteroperco microlepis 0 1 1 
Dipleclum formosum 0 0 0 
Serranus tigrinus 0 0 0 
APOGONIDAE 
Apogonsp. 0 0 0 
Apogon macu/atus 0 0 0 
Apogon pseudomaculatus 0 0 0 
CARANGIDAE 
Serio/a dumerili 0 4 0 
Caranx crysos 2 0 0 
Cararo< ruber 0 0 0 
Cararo< bartholomaei 0 0 0 
LUTJANIDAE 
Ocyurus chrysurus 0 0 0 
Lutjanus mahogani 0 0 0 
Lutjanus griseus 3 10 10 
Lutjanus synagris 0 5 1 
1 ·-"--•- analis 0 0 0 

Table 15: Year 2 fishes COll'lted on Experimental Reef 1. 

12-5-~ 1-30-Q; 

0 0 

0 0 
0 0 
1 0 

0 0 

0 0 
0 0 

0 0 

1 2 
1 0 
0 0 
0 0 

0 0 
2 0 
0 0 

20 0 
0 0 
0 0 
0 0 

0 2 
0 0 
0 0 
0 1 
0 0 

DATE SAMPLED 
2-12-Qd 3-18-Cl.d 4-4-Q,j 5-10-0< &-24-a, 7-17-Q.d 8-&-Q.I! 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 1 1 0 0 0 

0 0 0 100 0 0 0 

0 0 0 0 0 0 0 
0 0 0 1 0 1 0 

0 0 0 0 0 0 0 

1 1 2 1 2 1 1 
0 1 1 1 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 2 0 0 

0 0 0 0 0 2 4 
0 0 0 0 0 0 0 
0 0 0 0 4 0 1 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 1 
0 2 1 0 3 20 30 
0 0 0 0 0 0 0 
0 n n 0 0 0 0 



IICY: 
YellowfinMojan'a Gerres cinereus I 0 I 0 I 0 I 0 I 0 I 0 I 0 I o I 0 I 0 I 1 I 0 

•FAMILY: GRUNTS HAEMUUDAE 
Cottonwick HaemuJon melanurum 0 0 0 0 0 0 0 0 0 0 0 0 

WhiteGn.rit Haemulon plumleri 0 3 1 0 4 2 1 2 2 7 4 20 

Tomtates Haemulon aurolineatum (juv.) 1 4 0 13 8 20 20 25 150 30 0 200 

Margate Haemulon abcm 0 0 0 0 0 0 0 0 0 0 0 0 

French Gil.rt Haemulon flavolin6alllTI 0 3 0 3 8 5 5 4 11 6 7 6 

Spanish Grmt HaemuJon macrostomum 2 0 0 0 0 0 0 0 0 0 0 0 

8kJesq>e Gltllt Haemu#on sciurus 0 1 2 0 1 0 0 2 0 0 1 7 

SaiolsChoice Haemulon parral 0 1 0 0 0 0 0 0 0 0 0 0 

Black Margate Anisotremus surinamensis 0 0 0 0 0 0 0 0 0 0 0 0 

Poridish Anisotromus virginicus 2 2 3 7 2 2 2 1 3 3 0 6 

Pigfish Orthopristis chrysoptera 2 0 1 0 0 0 0 0 0 0 0 0 

FAMILY: PORGIES SPARIDAE 

'° I Pilfish Lagodon rhontJoides I 0 0 0 0 0 0 0 0 0 0 0 0 
-..J Spottai Pinfish Of>lodos holxoold 0 0 0 1 0 0 0 3 0 1 2 1 

Saucereye Porgy CaJamuscalarnus 0 0 1 0 0 0 0 0 0 0 0 0 

Grass Porgy Calamus arctifrons 0 0 0 0 0 0 0 0 0 0 0 0 

FAMILY: DAl.MS SClAENIDAE 
Higlhat Equetus acuminatus I 1 I 1 I 0 I 0 I 0 I 0 I 0 I o I 0 I 0 I 0 I 0 

FAMILY: GOATASHES MULUOAE 
Spotted Goatfish f'S81.Jdtf)eneumaculatus I 0 I 2 I 1 I 0 I 0 I 0 I 0 I ~ I 1 I 0 I ~, 1 

YelDw Goadish Mulloldichthys martinicus 2 1 0 0 0 0 0 0 2 0 

FAMILY: SEA CHUBS KYPHOSIDAE 
BemuiaChb Kyphosus sectatrlx I 0 I 0 I 1 I 0 I 0 I 0 I 0 I o I 0 I 0 I 0 I 0 

FAMILY: SPADEASHES EPHIPPIDAE 
I I I Spadefish Chaetodipterus faber 4 0 2 I 2 I 6 I 8 I 2 I a I 6 I 0 I 0 I 0 

FAMILY: ANGB.FISHES POMACANTHIOAE 
Queen Angelfish Holocanthus ciaris 2 1 1 2 1 1 1 . I . 1 1 0 

BlueAngelistl Holocanthus bermudensis 0 0 0 0 0 0 0 0 0 0 0 0 

French Angelfish Pomacanthus paru 0 0 0 0 0 0 0 0 0 0 0 0 

I Grey Angelfish Pomacanthus arcuatus 0 0 0 0 0 0 1 0 0 0 0 0 

!ish Jwenile Pomacanthus . IN.} 0 -- _ O - 0 0 0 _Q_ O_ O 0 0 _Q_ 

Table 15: Contllued 



-0 
:x: 

FISHES: EXPERIMENTAL 1 
f'NAMONNAMF 

Dusky DamselflSh 
Threespot DamselflSh 
Cocoa DamselflSh 
Blue Chromis 
FAMILY: WRASSES 
HogflSh 
Spanish Hogfish 
Clown wrasse 
Slippery Dick 
Y ellowcheek wrasse 
Pudcingwife 
BlueheadWrasse 
FAMILY: PARROTFISHES 
Parrotfish 
ParrotflSh 
Red tail ParrotflSh 
Redfin ParrotflSh 
Stoplight ParrotflSh 
Red>and Parrot 
FAMILY: BARRACUDAS 
Barracuda 
FAMILY: STARGAZER 
Stargazer 
FAMILY: CLINIDS 
Climd 
Clinid 

~!FNTIFIC I\Jt."-Ai:: 9-1f\.Q'. 
Stegastes fuscus 0 
Stegastes planifrons 0 
Stegastes vanabilis 0 
Chromis cyanis 0 
LABRIDAE 
Lachnolaimus maximus 0 
Bodianus rufus (juv.) 1 
Halichores maculipinna 1 
Hal/Chores bivittatus 4 
Halichores cyanocephalus 0 
Halichores radiatus 0 
Thalassoma bifasciatum 0 
SCARIDAE 
SCARIDAE 0 
Spansoma sp. (juv.) 0 
Sparisoma chrospterum 0 
Sparisoma rubff)inne 0 
Sparisoma virride 0 
Sparisoma aurofrenatum 0 
SPHYAENIDAE 
Sphyraena barracuda 0 
DACTYLOSCOPIDAE 
Dactyloscopus sp. (?) 0 
CLINIDAE 
Clinidae A 0 
Clinidae B 0 

Table 15: Continued 

10-1 R..CY- 11-19-Q:: 12-"-Q:: L'U\..OA 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 1 1 0 
1 2 1 1 
3 0 5 1 
3 4 1 0 
0 0 0 0 
0 0 0 0 
0 0 1 1 

0 0 0 0 
0 0 0 0 
1 0 0 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 

DATE SAMPLED 
?-1 ?.Cl,! ~-1Q_Cl, A_,LQA ~10-911 -.... ,,, - 7-17-Cl.d RAQ.d 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 1 0 0 
0 1 0 0 0 0 0 
1 1 0 2 5 4 1 
2 3 3 3 2 5 5 
0 0 0 0 0 0 0 
0 0 0 0 0 2 2 
0 0 0 1 1 0 0 

0 0 0 0 0 0 0 
0 0 0 0 1 1 1 
0 0 0 0 0 0 0 
0 0 0 0 0 1 0 
0 0 2 1 0 2 3 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 



,c 
,c 

FISHl=!s· l=)(PERIMENTAI 1 
co.1MON NAME 
FAMILY: COMBTOOTH BLE 
Blenny 
Redhp Blenny 
FAMILY: GOBI ES 
NeonGoby 
Bridled Goby 
MaskedGoby 
Goby 
Goby 
FAMILY: SURGEONRSHES 
Ocean Surgeon 
Doctorfish 
Blue tang 
FAMILY: MACKERAL 
Cero 
FAMILY: SCORPIONFISH 
Spotted ScotpionflSh 
FAMILY: LEFTEYE FLOUND 
Gut Floooder 
FAMILY: LEATHER.JACKET 
Fllefish 
Orangespotted Fllefish 
Whitespotted Fliefish 
Grey Trigger 
FAMILY: BOXRSHES 
Scrawled cowflSh 
Spotted trunkflSh 
Smooth tru,kfish 
FAMILY: PUFFERS 
Sharpnose Puffer 
Bandtail Puffer 
FAMILY: SPINY PUFFERS 
Porcupinefish 
Ba1loonfish 
I,, - hivonil<>c, 

SCIENTIRC NAME 
BLENNIDAE 
Blennidae 
Oph1oblennius atlanticus 
GOBIIDAE 
Goblosoma oceanops 
Coryphopterus glaucofraenu 
Coryphopterus personatus 
GobiidaeA 
Gobiidae B 
ACANTHURIDAE 
Acanthurus bahianus 
Acanthurus chlrurgus 
Acanthurus coeruleus 
SCOMBRIDAE 
Scomberomorus regalis 
SCORPAENIDAE 
Scorpaena plumieri 
BOTHIDAE 
Paralichthys abigutta 
BAUSTIDAE 
A/uterus sp. 
Cantherhines pullus 
Cantherhines macrocerus 
Balistes ccapriscus 
OSTRACIIDAE 
Lactrophrys quadricomis 
Lactrophrys trigonus 
Lactrophrys triqueter 
TETRAODONTIDAE 
Canthigaster rostrata 
Sphooroides speng/eri 
DIOOONTIDAE 
Diodonhystnx 
Diodon ho/acanthus 
I ll'Jln IINENII l=!s 

Table 15: Continued 

9-10-9:: 10-18-9:= 11-19-9: 12-5-9:: 

0 0 0 0 
0 0 0 0 

0 0 0 0 
5 0 0 2 
0 0 0 0 
0 0 0 0 
0 0 0 0 

6 8 3 5 
0 1 0 2 
0 0 0 1 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
2 0 1 1 

0 0 0 0 
0 0 0 0 
0 0 0 0 

2 1 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

",{} 0 0 0 

nA.TE, AUOI 1= , 

1-30-9' 2-12-9< 3-18-9< 4-4-9' 5-10-9' 6-24-Qi 7-17-9< 8-6-9< 

0 0 1 1 1 0 0 1 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 3 1 2 0 0 2 1 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

3 6 6 3 7 6 12 0 
1 1 1 2 3 1 0 0 
0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
1 4 2 1 1 1 0 2 

1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 

0 0 0 1 2 0 1 0 
0 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1mn 



FISHES: EXPERIMENT AL 2 DATE SAMPLED 
COMMON NAME SCIENTIFIC NAME 9-10-00 10-18-0C 11-19-9~ 12-5-93 1-30-94 2-12.g 3-18-94 4-4-Q..:: 5-10-91 6-24-94 7-17-94 8-6-94 
FAMILY: STINGAA Y DASYAllDAE 
Southern stingray Dasyatis americana 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: MORAY EELS MURAENIDAE 
Green Moray Gymnothorax funebris 0 0 0 0 0 0 0 0 0 0 0 0 
Spotted Moray Gymnothorax rnoringa 0 0 0 0 0 0 0 0 0 0 0 0 
Purplemouth Moray Gymnothorax vicinus 0 1 0 0 1 0 1 0 1 1 0 0 
FAMILY: HERRINGS CLUPEIDAE 
Clupeid Clupeid 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: SQUIRRELFISHES HOLOCENTRIDAE 
Blackbar soldierfish Myripristis jacobus 0 0 0 0 0 0 0 0 0 0 0 0 
Squirrelftsh Holocentrus rufus 0 0 0 0 0 0 0 0 0 1 0 0 
FAMILY: TRUMPETFISHES AULOSTOMIDAE 
T rumpetf ish Aulostomus maculatus 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: SEA BASSES SERRANIDAE 

8 
Black Grouper Mycteroperco bonaci 0 2 0 1 1 2 1 0 0 1 1 1 
Gag Mycteroperco microlepis 1 1 0 0 1 1 1 0 0 0 1 0 
Sand Perch Dip/ectum formosum 0 0 0 0 0 0 0 0 0 0 0 0 
Harlequin Bass Serranus tigrinus 0 0 0 0 0 0 0 0 0 0 0 1 
FAMILY: CARDINALFISHES APOGONIDAE 
Cardinattish Apogonsp. 0 0 0 0 0 0 0 0 0 0 0 2 
Flamefish Apogon maculatus 0 0 1 1 0 0 0 0 4 3 3 0 
Twospot Card1nalfish Apogon pseudomaculatus 0 3 0 1 1 3 0 4 3 0 1 1 
FAMILY: JACKS CARANGIDAE 
Arnberjack Serio/a dumerili 0 4 0 0 0 3 0 0 0 0 0 0 
Blue Runner Caranx crysos 1 0 0 0 0 0 0 0 0 0 0 0 
Bar Jack Caranx ruber 0 0 0 0 0 0 0 0 0 2 0 1 
Yellow Jack Caranx bartholomaei 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: SNAPPERS LUTJANIDAE 
Yellowta1I Snapper Ocyurus chrysurus 0 5 0 0 0 3 0 2 0 1 1 5 

Mahogany Snapper Lutjanus mahogani 0 0 0 0 0 0 0 0 0 0 0 0 

Grey Snapper Lutjanus griseus 35 6 12 0 0 2 10 0 16 5 18 2 

Lane Snapper Lutjanus synagns 1 7 3 0 0 0 0 0 0 0 0 0 
Mutton Snal'X'lflr Lutianus analis 0 0 0 0 0 0 0 0 0 0 0 0 

Table 16: Year 2 Fishes counted on Experimental Reef 2. 



FISHES: EXPERIMENT AL 2 DATE SAMPLED 
COMMON NAME SCIENTIFIC NAME 9-10-Q'.= 10-18·9~ 11-19-9~ 12-5-9~ 1-30-Cll 2-12-9£ 3-18-9.1 4-4-9£ 5·10-Cll 6-24-AL 7-17-94 8-6·™ 
FAMILY: MOJARRAS GERREIDAE 
Yellowfin Mojarra Gerres cinereus 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: GRUNTS HAEMULIDAE 
Cottonwick Haemulon me/anurum 1 1 0 0 0 0 1 1 1 1 1 1 
White Grunt Haemulon plumieri 2 0 3 1 1 0 1 2 3 2 1 3 
Tomtates Haemulon aurolineatum O 50 30 0 4 9 15 30 50 158 100 33 100 
Margate Haemulon album 0 0 0 0 0 0 0 0 0 0 0 0 
French Grunt Haemulon f/avolineatum 0 2 10 9 10 25 20 20 11 20 17 20 
Spanish Grunt Haemulon macrostomum 2 0 0 0 0 0 0 0 0 1 0 0 
Bluestripe Grunt Haemulon sciurus 0 0 3 3 1 2 0 0 0 1 5 1 
Sailors Choice Haemulon parrai 0 0 1 0 0 0 0 0 0 0 0 0 
Black Margate Anisotremus surinamensis 0 0 0 0 0 0 0 0 0 0 0 0 
Porkfish Anisotremus virginicus 2 1 3 1 3 3 0 1 2 0 0 1 
Pigfish Orthopristis chrysoptera 10 3 1 0 0 0 0 0 0 0 0 0 
FAMILY: PORGIES SPARIDAE 

0 Pinfish Lagodon rhomboides 0 0 0 0 0 0 0 0 0 0 0 0 
Spottail Pinfish Diplodos holbrooki 1 0 0 0 0 0 0 0 2 0 
Saucereye Porgy Galamus ca/amus 0 0 0 0 0 2 4 0 0 0 1 0 
Grass Porgy Calamus arctifrons 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: DRUMS SCIAENIDAE 
Highhat Equetus acuminatus 0 0 0 0 0 0 0 0 0 0 1 0 
FAMILY: GOATFISHES MULLIDAE 
Spotted Goatfish Pseudupeneus maculatus 0 0 0 1 0 1 0 0 1 4 0 1 
Yellow Goatfish Mulloidichthys martinicus 1 5 0 0 0 0 1 1 1 0 17 0 
FAMILY: SEA CHUBS KYPHOSIDAE 
Bermuda Chub Kyphosus sectatrix 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: SPADEFISHES EPHIPPIDAE 
Spadefish Chaetodipterus faber 0 0 0 0 0 0 0 0 0 0 0 0 
FAMILY: ANGELFISHES POMACANTHIDAE 
Queen Angettish Holocanthus ci/aris 0 0 0 0 0 0 0 0 0 0 0 1 
Blue Angelfish Holocanthus bermudensis 0 0 0 0 0 0 0 0 0 0 0 0 
French Angelfish Pomacanthus paru 0 0 0 0 0 0 0 0 0 0 0 0 
Grey Angettish Pomacanthus arcuatus 0 0 0 0 0 0 0 0 0 0 0 0 
Anoelfish Juvenile Pomacanthus so. (iuv.J 0 0 0 0 0 0 0 0 0 0 0 0 

Table 16: Continued 



0 
N 

FISHES: EXPERIMENT AL 2 
COMMON NAME 
FAMILY: DAMSELFISHES 
Dusky Damselfish 
Threespot Damselfish 
Cocoa Damseijish 
Blue Chromis 
FAMILY: WRASSES 
Hogfish 
Spanish Hogfish 
Clown wrasse 
Slippery Dick 
Yellowcheek wrasse 
Puddingwlfe 
Bluehead Wrasse 
FAMILY: PARROTFISHES 
Parrotfish 
Parrotfish 
Red tail Parrotfish 
Redfin Parrot 
Stoplight Parrotfish 
Redband Parrot 
FAMILY: BARRACUDAS 
Barracuda 
FAMILY: STARGAZER 
Stargazer 
FAMILY: CLINIDS 
Chnid 
Clinid 

SCIENTIFIC NAME 9-10-93 
POMACENTRIDAE 
Stegastes fuscus 0 
Stegastes planifrons 0 
Stegastes variabilis 0 
Chromis cyanis 0 
LABRIDAE 
Lachnolaimus maximus 0 
Bodianus rufus (juv.) 3 
Halichores maculipinna 2 
Halichores bMttatus 3 
Halichores cyanocepha/us 0 
Halichores radiatus 0 
Thalassoma bifasciatum 0 
SCARIDAE 
SCARIDAE 0 
Sparisoma sp. (juv.) 0 
Sparisoma chrospterum 0 
Sparisoma rubripinne 0 
Sparisoma virride 0 
Sparisoma aurofrenatum 0 
SPHY AENIDAE 
Sphyraena barracuda 0 
DACTYLOSCOPIDAE 
Dacty/oscopus sp.(?) 0 
CLINIDAE 
ClinidaeA 0 
Clinidae B 0 

Table 16: Continued 

10-18-93 11-19-92 12-5-93 1-30-94 

0 0 0 0 
1 1 1 1 
0 0 0 0 
0 0 0 0 

0 0 1 0 
2 1 2 1 
4 1 2 5 
0 4 5 2 
0 0 0 0 
0 0 0 0 
2 0 0 1 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 

DA TE SAMPLED 
2-12-94 3-18-94 4-4-94 5-10-9l 6-24-9,ti 7-17-94 8-6-94 

0 0 0 0 0 0 0 
1 1 1 1 1 1 1 
0 0 0 0 0 1 1 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
4 0 5 7 8 8 9 
0 4 2 4 6 9 6 
0 0 0 0 0 0 0 
0 0 0 0 0 1 1 
2 0 4 4 1 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 1 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 2 

0 0 0 0 0 0 0 

1 0 0 1 0 0 1 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 



0 
I.,) 

FISHES: EXPEAIMENTAL2 
COMMON NAME 
FAMILY: COMBTOOTH BLENNIE 
Blenny 
Redlip Blenny 
FAMILY: GOBIES 
NeonGoby 
Bridled Goby 
MaskedGoby 
Goby 
Goby 
FAMILY: SURGEONFISHES 
Ocean Surgeon 
Doctorfish 
Blue tang 
FMILY: MACKERAL 
Gero 
FAMILY: SCORPIONFISH 
Spotted ScorpionflSh 
FAMILY: LEFTEYE FLOUNDERS 
Gulf Flounder 
FAMILY: LEATHER.JACKETS 
Fllefish 
OrangespoHed Aefish 
Whitespotted FlleflSh 
Grey Trigger 
FAMILY: BOXFISHES 
Scrawled cowflSh 
Spotted trunkflSh 
Smooth trunkflSh 
FAMILY: PUFFERS 
Sharpnose Puffer 
Bandtail Puffer 
FAMILY: SPINY PUFFERS 
Porcupineflsh 
Balloon fish 
Unidentified Jweniles 

SCIENTIFlC NAME 
BLENNIDAE 
Blennidae 
Ophioblennius atlanticus 
GOBIIDAE 
Gobiosoma oceanops 
Coryphopterus g/aucofraenu 
Coryphopterus personatus 
Gobiidae A 
Gobiidae B 
ACANTHUAIDAE 
Acanthurus bahianus 
Acanthurus chirurgus 
Acanthurus coeruleus 
SCOMBRIDAE 
Scomberomorus regalis 
SCORPAENIDAE 
Scorpaena plumieri 
BOTHIDAE 
Paralichthys albigutta 
BAUSTIDAE 
Aluterus sp. 
Cantherhines puUus 
Cantherhines macrocerus 
Balisles capriscus 
OSTRACIIDAE 
Lactrophrys quadricomis 
Lactrophrys trigonus 
Lactrophrys triqueter 
TETRAODONTlDAE 
Canthigaster rostrata 
Sphoeroides spengleri 
DIODONTIDAE 
Diodon hystrix 
Diodon ho/acanthus 
UNID. JUVENILES 

Table 16: Conbnued 

9-10-93 10-18-93 11-19-93 12-5-~ 1-30-94 

0 2 2 0 0 
0 0 0 0 0 

0 0 0 0 0 
2 3 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

6 16 6 5 5 
2 0 0 0 0 
0 1 0 0 0 

0 0 0 1 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
2 0 1 1 0 
0 1 0 0 0 
1 2 0 1 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

1 0 1 0 1 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 50 0 0 0 

nATI= ~AUpl 1=0 
2-12-94 3-18-94 4-4-94 5-10-94 6-24-94 7-17-94 8-6-94 

2 0 3 1 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
3 0 1 1 0 3 4 
0 0 0 0 0 0 3 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

4 4 4 15 0 7 5 
3 1 2 1 0 1 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
2 0 1 1 2 4 1 

1 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

1 0 1 2 3 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 1 1 0 
0 300 300 300 0 0 1000 



DATE C1 C2 E1 E2 TOTAL 
#FISH #SPECIES #FISH #SPECIES #FISH #SPECIES #FISH #SPECIES #FISH #SPECIES 

4.7.93 13 5 10 6 22 5 9 7 54 8 
4·12·93 10 5 15 3 11 3 26 7 62 12 
4·20-93 14 7 35 9 52 12 19 8 120 19 
4·27·93 12 6 10 7 24 7 37 12 83 15 
5-8-93 36 9 39 9 36 10 59 11 170 20 
5·22-93 42 16 37 13 33 15 35 14 147 27 
6-9-93 21 14 27 14 35 18 40 16 123 30 
6-23-93 37 18 29 15 37 14 36 13 139 26 
7.7.93 43 17 40 18 43 19 47 15 173 30 
7·22·93 52 20 56 18 50 21 79 16 237 39 
8-6-93 26 17 52 15 62 16 59 22 199 36 

9·10-93 59 22 44 23 44 20 78 20 225 40 
10-18-93 68 25 99 21 58 22 105 25 330 49 

~ 
11-19-93 30 14 59 25 38 19 55 18 182 45 
12-5-93 39 18 64 24 73 21 41 18 217 39 
1-3o-94 37 10 65 20 45 18 45 17 192 32 
2-12-94 24 12 66 28 56 13 85 24 231 36 
3-18-94 16 9 50 18 53 19 80 15 199 33 
4-4.94 65 20 52 20 66 21 105 19 288 36 
5-10-94 66 24 31 20 52 24 81 23 230 42 
6-24·94 41 14 56 18 49 20 65 21 211 39 
7-17-94 59 22 82 26 101 21 140 28 382 42 
8-6-94 97 20 50 14 95 21 75 26 317 44 

MEAN 
YEAR1 27.82 12.18 31 .82 11 .55 36.82 12.73 40.55 12.82 137.00 23.82 

MEAN 
YEAR2 50.08 17.50 59.83 21.42 60.83 19.92 79.58 21.17 250.33 39.75 

MEAN 
TOTAL 39.43 14.96 46.43 16.70 49.35 16.48 60.91 17.17 196.13 32.13 

Table 17: Summary of the number of fishes and species identified on each reef and combined totals. 



0 
V, 

REEFS 

CONTROL1 
NO.SPECIES 
NO. FISH 
DIVERSllY 
VARIANCE 

CONTROL2 
NO.SPECIES 
NO. FISH 
DIVERSllY 
VARIANCE 

EXP.1 
NO.SPECIES 
NO. FISH 
DIVERSllY 
VARIANCE 

EXP.2 
NO.SPECIES 
NO. FISH 
DIVERSllY 
VARIANCE 

DATE SAMPLED 
9-10-93 10-18-9: 11-19-93 12-5-9~ 1-30-94 2-12-9-£1 3-18-~ 4-4-94 5-10-9-£1 6-24-9-£1 

22 25 14 18 10 12 9 20 24 14 
163 71 531 41 37 27 16 168 219 45 

0.682 1.1722 0.1572 1.1007 0.8229 0.9784 0.8586 0.6140 0.6103 0.8448 
0.003 0.0027 0.0005 0.0034 0.0034 0.0031 0.0055 0.0025 0.0024 0.0058 

23 21 25 24 20 28 18 20 20 18 
94 99 259 264 65 566 350 52 1082 76 

0.862 0.8445 0.5092 0.5124 1.0072 0.2932 0.3221 1.0376 0.2649 0.9893 
0.005 0.004 0.0022 0.0002 0.0044 0.0008 0.0012 0.0053 0.0002 0.0026 

20 22 19 21 18 13 19 21 24 20 
94 58 38 73 45 56 53 66 302 79 

0.865 1.2037 1.1304 1.0709 1.1029 0.9079 1.0068 1.0243 0.6437 1.0022 
0.005 0.002 0.0039 0.0029 0.0028 0.0031 0.0050 0.0042 0.0013 0.0033 

20 25 18 18 17 24 15 19 23 21 
128 155 55 41 44 87 380 405 539 165 

0.851 1.0366 1.0794 1.1098 1.0159 1.1325 0.3937 0.4626 0.5867 0.7115 
0.003 0.0019 0.0026 0.0031 0.0034 0.0028 0.0010 0.0010 0.0007 0.0028 

Table 18: Year 2 Shannon index of diversity for each reef and sample date. 

7-17-94 8-6-94 

22 20 
59 1097 

1.1166 0.2020 
0.0038 0.0003 

26 14 
182 1150 

0.TT67 0.2411 
0.0025 0.0002 

21 21 
101 1295 

1.0091 0.3676 
0.0024 0.0003 

28 26 
140 1175 

1.1059 0.3012 
0.0015 0.0003 



~ 

TESTS DATE SAMPLED 
9-10-93 10-18-9~ 11-19-9~ 12-05-93 1-30-94 2-12-94 3-18-94 4-4-94 5-10-94 6-24-94 7-17-94 8-6-94 

C1-C2 
t -2.013 4.003 -6.774 9.805 -2.099 10.932 6.578 -4.795 6.74 -1.576 4.303 -1.731 

V (DF) 88.800 166.988 80.671 43.631 99.749 43.052 23.726 104.586 263.455 84.228 142.248 2216.41 

E1-E2 
t 0.157 -0.459 -14.672 0.375 1.1 -2.934 7.939 7.801 1.301 3.74 -1.55 2.772 

V (DF) 88.800 125.389 47.382 96.425 88.022 133.493 74.889 100.395 607.479 201 208.492 2396.28 

C1-E1 
t -2.046 1.999 -16.563 -0.113 -4.835 1.264 -2.007 -8.244 -0.684 -2.064 1.754 -9.917 

V (OF) 134.365 149.450 73.223 79.597 79.342 72.478 46.899 147.036 425.285 93.037 127.875 2348.13 

C1-E2 
t -2.182 -4.637 -7.954 -10.031 -2.345 -2.005 5.803 2.567 0.427 1.439 0.148 -4.043 

v(DF) 88.000 156.127 77.152 82.966 95.162 78.002 22.094 310.1 345.93 92.554 108.469 2268.49 

C2-E1 
t -0.030 -2.501 -8.230 -10.399 -1 .129 -9.867 -8.696 0.136 -9.79 -0.168 -3.327 -5.765 

V (DF) 93.627 177.605 112.422 46.337 109.894 89.528 80.647 111 .539 420.342 153.619 262.111 2444.14 

C2-E2 
. 

t 0.123 2.676 0.633 -0.502 -0.098 -13.941 -1.542 7.227 -10.758 3.79 -5.213 -2.554 
v(DFl 93.627 147.175 80.757 102.976 108.414 143.665 713.8 73.0242 930.553 213.252 317.924 2270.02 

Table 19: Year 2 Hutcheson t-test comparisons of Shannon diversity indices by sample date. Comparisons listed 
in left column (i.e. C1-C2 compares Control Reef 1 to Control Reef 2). Statistically significant t values are bolded. 



Phylum: Sarcomasugophora 
Subphylum: Sarcodma 

Order: Foramin1ferida 
White encrusung foram 
White filamentous foram 

Phylum: Porifera (Sponge ) 
Class: Demospongiae 

Phylum: Cnidena 

Family: Niphaudac 
Amphimt!don compressa (Erect rope ponge) 
Niphares uuta (Lavender rope ponge) 

Family: Stelletudae 
Aaptos aaptos 

Family: Aplysin1dae 
Apfrsina sp. 

Family: Darwinelhdae 
lngt!mt!lla ,wtablis 

Class: Hydrozoa (Hydroids) 
Order: Hydroida 

Suborder: Leptomcdusac (Thecate hydro1d) 
Suborder: Anlhomedu ae (Alhecate hydro1d) 

Class: Anthozoa (Hard and Soft corals) 
Order: Alcyonacea 

Family: Telestinae 
Canjoa riist!i (White tele to) 

Order: Gorgonacea 
Family: Gordoniidae 

Pseudoptugogia acuosa 
Family: Plexauridae 

£u111cea succinea 
Order: Scleracunia 

Family: Ponudae 
Porites sp. 

Family: Fav11dae 
Momastrea sp. 

Family: Mu idae 
Mussa sp. 

Phylum: Annelida (Segmented worm ) 
Clas : Polychaeta 

Family: Eunicidae 
Family: F1logramdae 

Filograna hu.xleyi (Sea frost) 
Family: ere1dae 
Family: Sabcllidae 
Family: Serpulidae 
Family: Syllidae 
Family: Tercbclhdae 
Family: Polynoidae 

Table 20: List of invertebrates identified on Control Reef I. July 17. 1994 
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Phylum: Anhropoda 
Subphylum: Crustacea 

Class: Max11lopoda 
Subclass: Cinipedia (Barnacles) 

Family: Bahmdae 
Ba/anus amphirrite 
Ba/anus rrigonus 

Class: Malaco taca 
Order: Decapoda 

Family: Alpheidae (Snapping shrimp) 
Synalpheus sp. 
Red Snapping Shrimp 

Family: Rhynchocinetidae 
Rhynchocinetes rigms (Red Night Shrimp) 

Family: Palaemomda 
Family: Stenopod1dea 

Stenopus hispidus (Coral Banded shrimp) 
Family: Diogenidae (Hermit crab) 
Family: Palinuridae 

Pa,wlirus argus (Spiny lobster) 
Family: MaJidae (Clinging crabs) 

Mithrax hispidus 
Mithrax sp. 
Stenorhynchus sericornis (Arrow crab) 

Order: Stomatopoda (Mantis Shrimp) 
Order: Amphipoda 
Order: Isopoda 
Order: Tanaidacea 
Order: My 1dacea 

Class: Pycnogomda (Sea piders) 

Phylum: Mollusca 
Class: Gastropoda 

Subclass: Prosobranchia 
Order: Me ogastropoda 

Family: Crcp1duhnae 
Crepidula aculeata (Slipper shell) 

Family: Cemhiidae 
Cerirhium litreratum (Stocky centh) 

Family: Cypraeidae 
Cyprtua cervus (Atlantic Deer Cowrie) 

Subclass: Op1stobranch1a 
Order: Nud1branchia 

Family: Chromodondae 
Hypselodoris edemiculata (Florida Regal Sea Godde ) 

Table 20: Continued 
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Class: Bivalvia 
Family: Arcidae 
Family: Cardiidae 

Papyridea semisulcata (Frilled Paper Cockle) 
Fami;y: Chamidae 

Chama macerophylla (Leafy Jewel Box) 
Family: Mytmdae (Mussels) 

Musculus /ateralis 
Family: Pteriidae (Wing oysters) 

Pi11ctada imbricata 
Family: Ostreidae (Oyster) 

Lophafrons 
Osrrea permollis (Sponge oyster) 

Class: Polyplacophora (Chitons) 
Family: Chactopleuridae 

Chaeropleura apiculara 

Phylum: Ectoprocta (Brozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Family: Bugulidae 

Bugula sp. 
Family: Cheiloporinidae 

Warerspipora subo1·0,dae 
Family: Smittinidae 

Parasmirrina sp. 
Sreginoporella magmlabris 

Order: Cteno tomata 
Family: Alcyonidiisae 

Alcyonidium sp. 
Unidentified green encrusung bryozoan 
Unidentified orange encrusting bryozoan 

Phylum: Echinodermata 
Class: Ophiuro1dae 

Order: Ophiurae (Brittle stars) 
Class: Echino1dea 

Family: Diademaudae 

Diadema anrillarum (Long-Spinned Urchin) 
Family: Toxopneustidae 

Lyrechinus variegarus (Variegated Urchin) 
Cla s: Holothuroidca (Sea Cucumber) 

Table 20: Continued 
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Phylum: Chordata 
Class: Ascidiacea (Tunicates) 

Order: Enterogona 
Family: Ascidiidae 

Ascidia nigra 
Family: Clavelinidae 

Clawlina sp. 
Family: Didemnidae 

Order: Pleurogona 
Family: Molgulidae 

Molgula sp. 
Family: Pyuridae 

Pyrura villa 
Family: Styclidae 

Stytla plicata 
Sympltgma viridt 
Polycarpa spongiabilis 

Unidentified orange colonial ascidian 
Unidentified red colonial asc1dian 
Unidentified grey colonial ascidian 
Unidentified olitary ascidian 

Table 20: Continued 
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Phylum: Sarcomasugophora 
Subphylum: Sarcodina 

Order: Faramimfenda 
White encrusting foram 
White filamentous foram 

Phylum: Porifera (Sponge ) 
Class: Dcmospongiae 

Phylum: Cmderia 

Family: Aplysinellidae 
Aplysina Ju Iva 
Pseudoceratina crassa (Branching tube ponge) 

Family: Niphaudae 
Amphimedon compressa (Erect rope sponge) 
Nip/tares eruta (Lavender rope ponge) 

Family: Clionidae 
Cliona sp. 

Family: Mycalidae 
Myca/esp. 

Unidentified orange encru ting sponge 
Unidentified grey encrusting ponge 
Unidentified black encrusting sponge 

Class: Hydrozoa (Hydroids) 
Order: Hydro1da 

Suborder: Lcptomedusac (Thecate hydro1d) 
Suborder: Anthomedusae (Athecate hydro1d) 

Class: Anthozoa (Hard and Soft corals) 
Order: Alcyonacca 

Family: Telestinae 
Carijoa nisei (White tele to) 

Order: Gorgonacae (Gorgomans) 
Family: Plexaundae 

Plexorella sp. 
Family: Gorgoniidae 

Pseudoptergorgia acerosa 
Order: Scleractinia 

Family: Ponudae 
Porites sp. 

Family: Mu 1dae 
Mussa sp. 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Eunicidae 
Family: Filogranidae 

Filograna huxleyi (Sea frost) 
Family: Nereidae 
Family: Sabellidae 
Family: Serpulidae 

Table 2 1: List of invertebrates identified on Control Reef 2. July 17, 1994. 
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Family: Syllidae 
Family: Terebellidae 
Family: Amphinomidae 

Humodice carunculata (Bristle Worm) 

Phylum: Arthropoda 
Subphylum: Cru tacea 

Class: Maxillopoda 
Subclass: Cirripedia (Barnacles) 

Family: Balintdae 
Ba/anus amphitrite 
Ba/anus trigonus 

Class: Malacostaca 
Order: Decapoda 

Family: Alphe1dae 
Syna/pheus sp. 
Red Snapping Shrimp 

Family: Rhynchocinetidae 
Rhynchocinetes rigens (Red Night Shrimp) 

Family: Bresiliida 
Discias atlanticus 

Family: Stenopodidea 
Stenopus hispidus (Coral Banded shrimp) 

Family: Diogenadae (Hermn crab) 
Family: Palinundae 

Panu/irus argus (Spiny lobster) 
Family: MaJidae 

Mithrax cinctimanus (Clinging crab) 
Mithrax sp. 
Stenorhynchus seticornis (Arrow crab) 

Family: Porcellanidae 
Petrolisthes galathirus (Porcellian Crab) 

Order: Amphipoda 
Order: lsopoda 
Order: Tanaidacea 
Order: Mysidacea 

Phylum: Mollusca 
Class: Gastropoda 

Class: Bivalv1a 

Family: Cerith11dae 
Cerithium litterarum (Stocky cerith) 

Family: Arcidae 
Family: Cardiidae 

Papy ridea semisulcata (Fnlled Paper Cockle) 
Family: Chamidae 

Chama macuophylla (Leafy Jewel Box) 
Family: My111idae (Mussels) 

Muscu/us lateralis 
Modio/us amuicanus (Tulip mussel) 

Table 2 1: Continued 
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Family: Pteriidae (Wing oy ters) 
Pinctada imbricata 

Family: Ostreidae (Oyster) 
Lop ha f rons 
Ostrea permollis (Sponge oyster) 

Phylum: Ectoprocta (Brozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Family: Membraniporidae 

Membranipora sp. 
Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Phylum: Echinodermata 
Class: Ophiuro1dae 

Order: Ophiurae (Brittle stars) 

Phylum: Chordata 
Class: Ascidiacea (Tunicates) 

Order: Enterogona 
Family: Ascidiidae 

Ascidia 11igra 
Family: Didemnidae 

Order: Pleurogona 
Family: Molgulidae 

Molgu/a sp. 
Family: Pyuridae 

Pyrura vitta 
Family: Styelidae 

Symplegma viride 
Unidentified orange colonial ascidian 
Unidentified red colonial asc1dian 
Unidentified grey colonial ascidian 
Unidentified solitary ascidian 

Table 21: Continued 
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Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Faraminiferida 
White encrusting foram 
White filamentous foram 

Phylum: Porifera (Sponges) 
Class: Demospongiae 

Phylum: Cmderia 

Family: Agelasidae 
Agelas sceptrum 

Family: Aply midae 
Aplysinafulva. 

Family: Niphatidae 
Amphimedon compressa ( Erect rope sponge) 
Niphates erecta (Lavender rope ponge) 

Unidenufied orange encrusung sponge 
Unidentified grey encrusting sponge 
Unidentified black encrusting sponge 
Unidentified blue sponge 

Class: Hydrozoa (Hydroids) 
Order: Hydroida 

Suborder: Leptomedusae (Thecate hydroid) 
Thyrosyphus ramosus (Algae Hydroid) 

Suborder: Anthomedusae (Athecate hydro1d) 
Halocordyle distichal (Christmas Tree Hydro1d) 

Class: Anthozoa (Hard and Soft corals) 
Order: Alcyonacea 

Family: Telestmae 
Carijoa riisei (Wh11e telesto) 

Order: Gorgonacae (Gorgonians) 
Family: Plexauridae 

Eunicea caliculata 
Psuedoplexora sp. 

Family: Gorgoniidae 
Pseudopterorgia acerosa 

Order: Scleractinia 
Family: Pontidae 

Pontes sp. 

Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Amphinomidae 
Hermodice caru11c11/ata (Bn tie worm) 

Family: Eumc1dae 
Family: Filogramdae 

Filograna lmxleyi (Sea fro t) 

Table 22: L1 t of invertebrates 1den11ficd on Ex pen mental Reef I. July 17. 1994. 
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Family: Nereidae 
Family: Sabellidae (Featherduster worm) 
Family: Serpulidae 
Family: Syllidae 
Family: Terebellidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Max11lopoda 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Ba/anus amphitrite 
Ba/anus trigonllS 

Class: Malacostaca 
Order: Decapoda 

Family: Diogenidae (Hennit crab) 
Family: Rhynchocineudae 

Rhynchocinetes rigens (Red Night Shrimp) 
Family: Graps1dae 

Percnon gibbesi (Nimble spray crab) 
Family: MaJidae 

Mithrax sp. (Clinging crab) 
Macrocoeloma sp. 
Stenorhynchus seticornis (Arrow crab) 

Family: Palinuridae 
Pam,/irus argllS (Spiny lobster) 

Family: Stenopodidea 
Stenopus hispidus (Coral Banded shrimp) 

Family: Porcellanidae 
Petrolisthes galathirllS (Porcellain Crab) 

Order: Amph1poda 
Order: lsopoda 
Order: Tana1dacea 

Phylum: Mollusca 
Clas : Gastropoda 

Class: Bivalvia 

Famtly: Ceri1hi1dae 
Cerithium litterarum (Stocky cerith) 

Famtly: Crep1dulinae 
Crcp1dula aculeata (Spiny slipper shell) 

Family: Cymauidae 
Cyma111ium pileare (Atlantic Hairy Triton) 

Family: Arc1dae 
Family: My11hdae (Mussels) 

MusculttS lateralis 
Family: Pteriidae (Wing oysters) 

Pincrada imbricata (Atlantic Pearl Oyster) 
lop/ta Frons 

Family: Ostre1dae (Oyster) 
Ostrea permollis (Sponge oyster) 

Table 22: Continued 
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Family: Limidae 
Uma scraba (Flame Scallop) 

Family: Chamidae 
Chama mauophylla (Leafy Jewel Box) 

Phylum: Ectoprocta (Brozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Family: Sm1ttinidae 

Parasmittina sp. 
Umdenufied green encrusting bryozoan 
Unidentified orange encrusting bryozoan 
Order: Cyclostomata 

Family:Crisiidae 
Cisia ebumea 

Phylum: Echincxlennata 
Class: Ophiuroidae 

Order: Ophiurae (Brmle stars) 

Phylum: Chordata 
Class: Asc1d1acea (Tunicates) 

Order: Enterogona 
Family: Ascidiidae 

Ascidia nigra 
Ascidia sp. 

Family: Didemnidae 
Order: Pleurogona 

Family: Molgulidae 
Molgula sp. 

Family: Pyuridae 
Pyrura vitta 

Family: Styelidae 
Symplegma viride 

Unidentified orange colonial asc1d1an 
Umdent1tied red colomal ascidian 
Umdenufied grey colonial asc1d1an 
Umdenufied solitary ascidian 

Table 22: Continued 
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Phylum: Sarcomastigophora 
Subphylum: Sarcodina 

Order: Faraminifenda 
White encrusting foram 
White filamentous foram 

Phylum: Porifera (Sponges) 
Class: Demospong1ae 

Phylum: Cn1dena 

Family: Aplysinidae 
Aplysina sp. 

Family: Dcsmacidae 
locrocl,ota birotulata (Green finger sponge) 

Family: Niphatidae 
Amphimedon compressa (Erect rope sponge) 
Niphates erecta (Lavender rope sponge) 

Family: Raspailiidae 
Echinodictyum pennatum 

Family: Myxillidae 
Tedania ignis 

Family: Thorectidae 
lricinia campana 

Unidentified orange encrusting sponge 
Unidenufied grey encrusting sponge 
Unidenuficd black encrusting ponge 
Unidentified blue sponge 

Clas : Hydrozoa (Hydroids) 
Order: Hydroida 

Suborder: Leptomcdusae (Thecate hydroid) 
Suborder: Anthomcdusae (Athecate hydro1d) 

Clas : Anthozoa (Hard and Soft corals) 
Order: Alcyonacea 

Family: Telestinae 
Carijoa riisei (Whue Telesto) 

Family: M1llorporm1dae 
Mi/lorpori11a sp. (Fire Coral) 

Order: Gorgonacae (Gorgonians) 
Family: Plexaundac 

Eunicea succinea 
Plexorella sp. 
Muriceopsis flavida 

Family: Gorgoniidae 
Pseudoptergogia acerosa 

Order: Scleract1nia 
Family: Pontidae 

Porities sp. 

Table 23· L1M of invertebrates 1dent1ficd on Experimental Reef 2. July 17. 1994. 
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Phylum: Annelida (Segmented worms) 
Class: Polychaeta 

Family: Eunic1dae 
Family: Filogranidae 

Filograna huxleyi (Sea frost) 
Family: Nere1dae 
Family: Sabcllidae 
Family: Serpulidae 
Family: Sylhdae 
Family: Terebcllidae 

Phylum: Arthropoda 
Subphylum: Crustacea 

Class: Max11lopoda 
Subclass: Cirripedia (Barnacles) 

Family: Balinidae 
Bala11us amphitrite 
Ba/anus trigonus 

Class: Malacostaca 
Order: Oecapoda 

Family: Alpheidae 
Alpheus sp. (Snapping shnmp) 

Family: Diogenidac (Hermit crab) 
Family: MaJ1dae 

Mithrax sp. (Clinging crab) 
Ste11orhy11chus seticomis (Arrow crab) 

Family: Palinuridae 
Panulirus argus (Spiny lob ter) 

Family: Porcellanidac 
Megalobrachit1m soriarum (Porcellain Crab) 
Petrolisthes galathinus (Porcellain Crab) 

Family: Grap idac 
Perc11011 gibbesi (Nimble Spray Crab) 

Family: Stenopodidea 
Ste11opt1s hispidus (Coral Banded shrimp) 

Order: Amph1poda 
Order: lsopoda 
Order: Mysidacea 
Order: Tana1dacea 

Table 23: Continued 
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Phylum: Mollusca 
Class: Gastropoda 

Family: Centhiidae 
Cerithium litttratum (Stocky cerith) 

Family: Crepidulinae 
Crepidula aculeata (Spiny slipper shell) 

Family: Cyphomidae 
Cyphoma gibbosum (Flamingo Tongue) 

Family: Triv1inea 
Trivia pediculus (Coffee Bean Trivia) 

Subclass: Op1stobranchia 
Order: udibranchia 

Class: Bivalvia 
Family: Arcidae 
Family: Chamidae 

Chama macerophylla (Leafy Jewel Box) 
Family: Cardiidae 

Papyridae soleniformis (Spiny Paper Cockel) 
Family: Myulidae (Mussels) 

Modiolus americanus 
Family: Limnidae 

Lima scabra (Flame ScaJlop) 
Family: Ptenidae (Wing oysters) 

Pincrada imbricata 
Pteria colymbus (Atlantic Wing Oyster) 

Family: Ostreidae (Oy ter) 
Osrrea permollis (Sponge oyster) 

Phylum: Ectoprocta (Brozoans) 
Class: Gymnolaemata 

Order: Cheilostomata 
Family: Microporcllidae 

Microporella sp. 
Family: Schizoporellidae 

Stylopoma sp 
Order: Cyclo tomata 

Family: Cnsiidae 
Crisia ebumea 

Unidentified green encrusting bryozoan 
Unidentified orange encrusting bryozoan 

Table 23: Continued 
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Phylum: Echinodermata 
Class: Ophiuroidae 

Order: Ophiurae (Brittle stars) 
Class: Echinoidea 

Family: 
Diadema amillarnm (Long-Spmed Urchin) 

Phylum: Chordata 
Clas : A c1diacea (funicates) 

Order: Enterogona 
Family: Ascidiidac 

Ascidia nigra 
Ascidia sp. 

Family: Didemnidae 
Order: Pleurogona 

Family: Pyundac 
Pyrura viua 

Family: Styelidae 
Symplegma ,•iride 

Unidentified orange colonial asc1dian 
Unidentified red colonial asc1dian 
Unidentified grey colonial ascidian 
Unidentified solitary ascidian 

Table 23: Continued 
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Figure 7: Mean percent organic coverage on all reefs from one day after reef deployment to 22 days after reef deployment. 
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Figure 8: Mean number of species identified on each reef during the second year. 
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Figure 9: Mean of number of species identified on the Control reefs and Experimental reefs during the second year. 



~ 

ffi 
0 w 
a.. 
en 
~ 1 
# 

~ 
:E 

[--- CONTROL -+ EXPERIMENTAL ] 

4-7-93 4-20-93 5-8-93 6-9-93 7-7-93 8-6-93 10-18-93 12-5-93 . 2-12-94 . 4-4-94 6-24-94 8-6-94 
4-12-93 4-27-93 5-22-93 6-23-93 7-22-93 9-10-93 11-19-93 1-30-94 3-18-94 5-10-94 7-17-94 

DATE 

Figure 10: Mean number of species identified on the Control reefs and Experimental reefs during the first and second years. 



N 
V, 

J: 
en 
u:: 
~ 
~ 

z 
iti 
~ 

100 

90 

C1 C2 
REEFS 

E1 E2 

Figure 11: Mean number of fishes counted on each reef during the second year. 
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Figure 13: Mean number of fishes counted on the Control reefs and Experimental reefs during the first and second years. 
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