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Figures and Tables 

Figure 1. Aerial of Guana Island showing approximate locations of fish census sites, July 
2004. Refer to Table 1 for site location names and GPS coordinates. 
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Table 2. Guana Island Fish List, July 2004. Acronyms represent accepted species code. 

Acronym Scientific Name Common name 
Species observed during census period 

SAVE Balistes vetula Queen Triggerfish 
HOCI Holocanthus ciliaris Queen Angelfish 
POPA Pomacanthus paru French Angelfish 
POAR P. arcuatus Gray Angelfish 
SCTA Scarus taeniopterus Princess Parrotfish 
SCCR S. croicensis Striped Parrotfish 
SCVE S. Vetula Queen Parrotfish 
SPCH Sparisoma chrysopterum Redtail Parrotfish 
SPVI S. viride Stoplight Parrotfish 
SPAU S. aurofrenatum Redband Parrotfish 
SPRU S. rubripinne Yellowtail Parrotfish 
EUDI Eupomacentrus diencaeus Longfin Damselfish 
EULE E. leucostictus Beaugregory 
EUPL E. planifrons Three Spot Damselfish 
EUVA E. variabilis Cocoa Damselfish 
EUPA E. partitus Bicolor Damselfish 
EUDO E. dorsopunicans Dusky Damselfish 
MICH Microspathadon chrysurus Yellowtail Damselfish 
ASSA Abudefduf saxatilis Sargeant Major 
ACCH Acanthurus chirurgus Doctorfish 
ACCO A. coeruleus Blue Tang 
ACBA A. bahianus Ocean Surgeonfish 
HYPU Hypoplectrus puel/a Barred Hamlet 
HYUN H. unicolor Butter Hamlet 
HYCH H. chlorurus Yellowtail Hamlet 
HYGU H. guttavarius Shy Hamlet 
SPSP Sphoeroides spengleri Bandtail Puffer 
CARO Canthigaster rostrata Sharp Nose Puffer 
LATR Lactophrys triqueter Smooth Trunkfish 
LABI L. bicaudalis Spotted Trunkfish 
LAPO L. polygonia Honeycomb Cowfish 
SYIN Synodus intermedius Sand Diver 
HAFL Haemulon flavolineatum French grunt 
HACA H. carbonarium Caesar Grunt 
HAPL H. plumieri White Grunt 
HASC H. sciurus Bluestriped Grunt 
HAAU H. aurolineatum Tomtate 
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SETI Serranus tigris 
SETA S. tabacarius 
EPFU Epinephelus fulvus 
EPAD E. adscensionis 
EPCR E. cruentatus 
GOOC Gobiosoma oceanops 
COPE Coryphopterus personatus 
HORU Holocentrus rufus 
HOAS H. ascension is 
MYJA Myripristis jacobus 
PSMA Pseudopeneus maculatus 
MUMA Mulloidichthys martinicus 
CHCA Chaetodon capistratus 
CHST C. striatus 
OPAT Ophioblennius atlanticus 
HARA Halichoeres radiatus 
HABI H. bivittatus 
HAGA H. garnoti 
THBI Thalassoma bifasciatum 
CHCY Chromis cyaneus 
CHMU C. multilineatus 
OCCH Ocyurus chrysurus 
LUAP Luljanus apodus 
LUMA L. mahogoni 
LUSY L. synagris 
CARU Caranx ruber 
CABA C. bartholomaei 
SCCA Scomberomorus cavalla 
SCRE S. regalis 
CACA Calamus calamus 
AUMA Aulostomus maculatus 
ECCA Echidna catenata 

Species observed outside of census period 

EQPU Equetus punctatus 
LUJO L. joco 
ALSC Aluterus scriptus 
SPPI Sphyraena picudilla 
GYVI Gymnothorax vicinus 

Octopus briareus 
Scylla rides aequinoctialis 

Virgin Islands National Park 
St. John, USVI 

Harlequin Bass 
T obaccofish 
Coney 
Red Hind 
Graysby 
Neon Goby 
Masked Goby 
Squirrelfish 
Longjaw Squirrelfish 
Blackbar Soldierfish 
Spotted Goatfish 
Yellow Goatfish 
Foureye Butterflyfish 
Banded Butterflyfish 
Redlipped Blenny 
Puddingwife 
Slippery Dick 
Yelowhead Wrasse 
Bluehead Wrasse 
Blue Chromis 
Brown Chromis 
Yellowtail Snapper 
Schoolmaster Snapper 
Mahogany Snapper 
Lane Snapper 
8arJack 
Yellow Jack 
King Mackerel 
Cero 
Saucereye Porgy 
Trumpetfish 
Chain Moray 

Spotted Drum 
Dog Snapper 
Scrawled Filefish 
Southern Sennet 
Purplemouth Moray 
Reef Octopus 
Spanish Lobster 
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Table 3. Total number of censuses in which each species was observed (Guana Island, 
N = 44 and St. John, N = 92), and the total number of individuals counted. 

# 
Species Island #Census # Indivs. Island #Census Indivs. 

BAVE Guana 3 5 St. John 3 3 

HOCI Guana 4 6 St. John 11 11 

POPA Guana 2 4 St. John 3 3 

POAR Guana 3 5 St. John 17 23 

SCTA Guana 29 274 St. John 46 66 

SCCR Guana 24 332 St. John 92 1029 

SCVE Guana 4 7 St. John 17 20 

SPCH Guana 1 1 St. John 8 9 

SPVI Guana 28 94 St. John 92 490 

SPAU Guana 29 81 St. John 92 450 

SPRU Guana 3 13 St. John 13 34 

EUDI Guana 5 5 St. John 0 0 

EULE Guana 29 51 St. John 0 0 

EUPL Guana 27 88 St. John 0 0 

EUVA Guana 10 19 St. John 0 0 

EUPA Guana 23 73 St. John 0 0 

EUDO Guana 32 135 St. John 0 0 

MICH Guana 21 51 St. John 28 89 

ABSA Guana 6 29 St. John 18 142 

ACCH Guana 23 82 St. John 37 72 

ACCO Guana 31 187 St. John 92 711 

ACBA Guana 24 83 St. John 92 437 

HYPU Guana 28 38 St. John 52 69 

HYUN Guana 2 2 St. John 25 32 

HYCH Guana 2 3 St. John 10 10 

HYGU Guana 2 2 St. John 9 9 

SPSP Guana 4 6 St. John 4 4 

CARO Guana 23 45 St. John 58 91 

LATR Guana 1 1 St. John 11 11 

LAB I Guana 2 2 St. John 0 0 

LA PO Guana 1 1 St. John 0 0 

SYIN Guana 2 2 St. John 10 10 

HAFL Guana 26 93 St. John 61 377 

HACA Guana 6 22 St. John 7 17 

HAPL Guana 1 1 St. John 11 32 

HASC Guana 2 3 St. John 17 54 

HAAU Guana 6 52 St. John 1 3 

SETI Guana 5 10 St. John 17 20 

SETA Guana 2 2 St. John 12 22 

EPFU Guana 2 2 St. John 8 8 

EPAD Guana 18 21 St. John 10 10 

EPCR Guana 5 5 St. John 46 49 

GOOC Guana 3 4 St. John 0 0 
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COPE Guana 

HORU Guana 

HOAS Guana 

MYJA Guana 

EQPU Guana 

PSMA Guana 

MUMA Guana 

CHCA Guana 

CHST Guana 

OPAT Guana 

HARA Guana 

HABI Guana 

HAGA Guana 

THBI Guana 

CHCY Guana 

CHMU Guana 

OCCH Guana 

LUAP Guana 

LUJO Guana 

LUMA Guana 

LUSY Guana 

CARU Guana 

SCCA Guana 

SCRE Guana 

CACA Guana 

AUMA Guana 

ECCA Guana 

26 

7 

5 

4 

0 

19 

1 

33 

3 

1 

3 

9 

32 

27 

3 

10 

17 

2 

0 

0 

1 

8 

1 

2 

2 

8 

1 

Reef fish populations 

1202 St. John 

10 St. John 

5 St. John 

6 St. John 

0 St. John 

36 St. John 

7 St. John 

80 St. John 

4 St. John 

1 St. John 

3 St. John 

29 St. John 

204 St. John 

171 St. John 

7 St. John 

296 St. John 

146 St. John 

3 St. John 

0 St. John 

0 St. John 

5 St. John 

15 St. John 

1 St. John 

2 St. John 

3 St. John 

9 St. John 

1 St. John 

Virgin Islands National Park 
St. John, USVI 

60 14356 

22 53 

0 0 

9 14 

4 4 

33 53 

24 79 

59 137 

7 9 

0 0 

15 15 

92 515 

92 435 

92 1129 

18 56 

18 120 

64 272 

20 107 

1 1 

5 19 

6 23 

52 223 

0 0 

2 3 

10 18 

15 16 

0 0 
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Table 4. Frequency of occurrence (# indivs.l# censuses observed) for parrotfish species 
observed at Guana Island and St. John. Numbers in parentheses are frequency of 
OCCUlTence based on total number of censuses (Guana - 44, St. John - 92). 

Species 

SCTA 

SCCR 

SCVE 

SPCH 

SPVI 

SPAU 

SPRU 

SCTA = 
SCCR = 
SCVE = 
SPCH = 
SPVI = 
SPAU = 
SPRU = 

Guana St. Guana 
Is. John Is. # 

Total Total Census 
274 66 29 

332 1029 24 

7 20 4 

1 9 1 

94 490 28 

81 450 29 

13 34 3 

Scarustaeniopterus 
S. croicensus 
S. vetula 
Sparisoma chrysopterum 
S. viride 
S. aurofrenatum 
S. rubripinne 

St. Guana Is. 
John # Freq. of 
Census Occur. 

46 9.48 
(6.23) 

92 13.83 
(7.55) 

17 1.75 
(0.09) 

8 1.00 
(0.02) 

92 3.36 
(2.14) 

92 2.98 
(1.84) 

13 4.33 
(0.07) 

Princess PalTotfish 
Striped Parrotfish 
Queen Parrotfish 
Redtail Parrotfish 
Stoplight Parrotfish 
Redband Parrotfish 
Yellowtail Parrotfish 

St. John 
Freq. of 
Occur. 

1.43 
(0.72) 

11.18 
(11.18) 

0.85 
(0.18) 

1.13 
(0.09) 

5.33 
(5.33) 

4.89 
(4.89) 

2.62 
(0.14) 
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Table 5. Frequency of occurrence (# indivs.l# censuses observed) for snapper species 
observed at Guana Island and St. John. Numbers in parentheses are frequency of 
occurrence based on total number of censuses (Guana - 44, St. John - 92). 

Species Guana St. 
Is. John 

Total Total 
OCCH 146 272 

LUAP 3 107 

LUSY 5 11 

LUMA 0 19 

LUJO 0 1 

OCCH = Ocyurus chrysurus 
LUAP = Lutjanus apodus 
LUSY = L. synagris 
LUMA = L. mahogoni 
LUJO = L. Joco 

Guana 
Is. # 

Census 
21 

2 

5 

0 

0 

St. Guana Is. 
John # Freq. of 
Census Occur. 

10 6.95 
(3 .32) 

8 1.50 
(0.07) 

11 1.00 
(0.11) 

5 0 

1 0 

Yellowtail Snapper 
Schoolmaster Snapper 
Lane Snapper 
Mahogany Snapper 
Dog Snapper 

St. John 
Freq. of 
Occur. 

27.2 
(2.96) 

13.39 
(1.16) 
1.00 

(0.12) 
3.80 

(0.21) 
1.00 

(0.01) 

Table 6. Frequency of occurrence (# indivs.l# censuses observed) for grouper species 
observed at Guana Island and St. John. Numbers in parentheses are frequency of 
occurrence based on total number of censuses (Guana - 44, St. John - 92) . 

Species Guana St. Guana 
Is. John Is. # 

Total Total Census 
EPAD 21 10 18 

EPFU 2 8 2 

EPCR 5 46 5 

EP AD = Epinephelus adscensionis 
EPFU = E. fulvus 
EPCR = E. cruentatus 

St. Guana Is. 
John # 
Census 

10 

8 

46 

Red Hind 
Coney 
Graysby 

Freq. of 
Occur. 

1.17 
(0.41) 

1.00 
(0.05) 
1.00 

(0.11) 

St. John 
Freq. of 
Occur. 

1.00 
(0.11) 

1.00 
(0.09) 
1.00 

(0.50) 
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Coral planting on the White Bay Finger Reefs 

Lianna Jarecki, PhD 

Introduction 

The finger reefs at White Bay (Figure 1) were constructed over centuries by colonial 
coral animals, particularly Elkhorn coral (Acropora palmata, Figure 2). Elkhorn coral is 
one of the fastest growing corals ; it was once the most abundant shallow-water coral in 
the Caribbean; and it was responsible for building all of the reef crests still visible around 
the BVI today. Sadly, Elkhorn coral and its sibling species, Staghorn coral, were nearly 
wiped out by a coral disease that swept through the Caribbean in the late 80's and again 
in the 90's. Both species are now uncommon, and scientists consider them threatened 
species. They are currently candidates for protection under the Endangered Species Act 
(USA). 

Figure 1: The finger reefs at White Bay, Guana Island. 

Figure 2: BVI Elkhorn reef in 1991 
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This project aims to accelerate the natural regeneration of Elkhorn populations on the 
finger reefs of White Bay by transplanting coral fragments from other areas. Elkhorn 
coral was chosen the following reasons: it is the species responsible for initially forming 
the White Bay reefs; it is a fast-growing and beautiful branching coral (Figure 2); and it is 
does not appear to be colonizing in most of the finger reefs area on its own. The reason 
for the latter is not clear, as it is regenerating well in other areas in White Bay and around 
Guana. Currently the landscape of the finger reefs is mainly the dead skeletons of old 
Elkhorn coral, covered with algal turf and fire coral (Figure 3). This is unfortunate for 
snorkelers since the finger reefs are the closest reefs to the Guana Island Hotel beach 
house. 

Figure 3: Old dead Elkhorn branches covered with algae. 
White Bay finger reefs, 2005. 

Our goal is to improve the biological and aesthetic value of these reefs by increasing the 
proportion of live coral cover. Its success will be measured by bi-annual assessments of 
the benthic (bottom) community on and between the finger reefs as well as measurements 
of each transplanted coral. We expect the transplanted corals to grow into large 
branching crowns that will eventually seed other parts of the reef with naturally-broken 
off fragments of their branches. 

Methods 

Mapping and baseline surveys 

The finger reefs were mapped by Sam Frederick and his brother, Che, during July and 
August 2005. The Fredericks also demarcated 18 study transects, running along each 
side of each finger reef and also between the fingers (Figure 4). The transects were 
between 17 and 30m long, and each transect was marked at both ends with a steel stake 
(marking pin) and an aluminum number tag (see Figure 6). 

A point-intercept transect method was used to sample each transect. A measuring tape 
was run from one marking pin to the opposite pin, and the substrate under each 10cm 
mark on the tape was recorded on a data sheet. Linda Forrester coordinated the initial 
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survey, and we subsequently modified the classification categories recorded in the data 
sheet in order to minimize error in the transect counts. 

In November, 2005, a full survey of 16 transects was conducted. Twelve of the original 
19 transects were included, plus four additional transects placed within each inter-reef 
area, parallel to the existing permanent inter-reef transect (Figure 4). These additional 
transects were necessary to balance the sampling effort on the finger reefs with that 
between the finger reefs. The 16 transects represent four reef/inter-reef units, with each 
unit including one inter-reef and the facing sides of opposite finger reefs (Figure 4). Each 
transect was counted four times, twice by each of two researchers, Lianna Jarecki and 
Caitlin O'Connell-Rodwell. The repetition in sampling was necessary to quantify the 
inherent variation in the method within and between researchers, such that any 
differences recorded in future monitoring must be greater than this inherent variability 
before it is considered to be valid. 
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Replicate reeflinter-reef units 

Figure 4: Map of White Bay finger reefs, showing reef transects (solid lines) and inter­
reef transects (dashed lines). Four replicate reeflinter-reefunits are each 
comprised of one inter-reef and the facing sides of two opposite reefs. Elkhorn 
fragments were transplanted to both sides of replicates 2 and 4 (circled). 

Transplanting method 

Two alternate reef-inter-reef units (2 and 4) were selected for transplanting, leaving the 
other two (1 and 3) as controls (Figure 4). This approach allows for long term 
comparison of the effects on the reef community of transplanting to that without 
transplanting within the same habitat. That is, the non-transplanted replicates will allow 
us to measure the change in coral cover that occurs without our intervention. 

Fragments of coral for replanting were found by searching areas of White Bay (outside of 
the finger reef area) and the eastern edge of neighboring Muskmelon Bay for broken-off 
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pieces of Elkhorn coral. No fragments were taken that were attached to substrate and/or 
appeared to be situated in a position conducive to growth. No fragments were broken off 
the substrate or off of established colonies. All fragments collected were taken from 
rubble or sand areas, as these substrates were considered to be inferior to the transplant 
sites (Figure 5). 

Figure 5: Loose Elkhorn fragment being collected from 
the Harris Ghut region of White Bay. 

Fragments were photographed in situ and then transferred to a large seawater container 
on a boat for the short trip to the finger reefs. Gloves were worn to prevent transfer of 
bacteria from hands to the corals. Upon arrival at the transplant sites, the fragments were 
placed underwater so that they were in the seawater container on the boat for a maximum 
of 30 minutes. 

Each coral fragment was affixed to a dead part of the reef structure by the following 
method. Both a dead part of the fragment and the substrate on which it was to be fixed 
were first scrubbed with a wire brush (Figure 6). 

A two-part underwater patching compound (similar to epoxy), available in half-gallon 
containers, was used for fixing the corals to the substrate. Approximately equal portions 
of each part were placed into a wet gallon-sized zip-lock freezer bag, pre-filled with 
seawater (to keep the epoxy from sticking to the sides of the bag). These were mixed 
underwater at the transplanting site by kneading the outside of the bag until an even color 
was achieved and the epoxy took on a clay-like consistency (this took about 15 minutes) . 

Epoxy was placed on the cleaned attachment site on the reef structure, and the coral 
fragment (cleaned side down), was placed on top, embedding the bottom of the fragment 
into the epoxy. The epoxy was allowed to harden for at least 24 hours before 
measurements were taken. 

Corals were marked with large numbered plastic tags (cow neck tags), which were 
attached to the reef with plastic cable ties near each transplant (Figure 7). Each coral was 
photographed, and each was measured in three dimensions: largest length, width 
perpendicular to the first measurement, and height from base attachment. The number of 
branches of greater than 4cm width was also recorded. 
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Figure 6: Liz Kintzing cleaning 
substrate before applying epoxy 
and mounting the coral transplant. 
A transplanted fragment is visible 
on the right side of photo. The 
transect line (measuring tape) is 
also visible, running from the end 
marking pin in the lower center of 
the photo. 

Figure 7: Transplanted fragment 
number 131. 

For comparison with the transplanted fragments, ten small Elkhorn corals were located 
outside of the transplant area but within the eastern part of the finger reef area (Figure 4). 
These corals had colonized naturally (they were not transplanted) as larval recruits or as 
fragments from larger corals. These ten corals were marked, measured and will be 
remeasured annually along with the transplanted fragments. Thus they will provide a 
reference growth rate for natural colonizers that can be used to compare with our 
transplanted fragments. 

Results 

Current condition of the study area: 

The initial (present) state of the White Bay finger reefs can be summarized by the 
following statistics, calculated from the intensive November survey of 8 reef transects 
and 8 inter-reef transects: 

• 84% of the reef structures and 92% of the inter-reef areas are composed of algae­
covered dead coral or sand (Figure 3), 
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• Only 5% of the reef structure and 4% of the inter-reef areas are covered by living 
coral, 

• 91 % of the living coral on the reef structures (3% on the inter-reefs) is fire coral, 
which is not a true coral but a distant relative with a severe sting, 

• Elkhorn coral was not present on any of the sample points. 

Success of corals transplanted in August 

Of the nine Elkhorn coral fragments that were transplanted in August, seven appeared to 
be in perfect condition despite a major bleaching event (see introduction to MSM report) 
that killed many of the surrounding corals. Only one fragment showed evidence of 
bleaching. This was a large piece that was transplanted near the top of the reef. Twenty­
five percent of this fragment was dead in November, but the remainder looked as though 
it would recover. One other fragment did not fare as well. This was a smaller piece that 
appeared in November to have been eaten by a damselfish. Damselfish are abundant on 
the finger reefs, and they are known to bite coral polyps. Eighty-eight percent of this 
fragment was fully dead in November; a small portion appeared by its color to be 
surviving, but all of its polyps were bitten down. It will probably not survive. 

Thus, the overall survival rate of the August transplants was 89%. Of the survivors, 88% 
showed no significant change in size. 

Transplanting 

The nine corals transplanted in August ranged in size from 10 to 51cm in the longest 
dimension (ave. 25cm, s.d. 16cm). These fragments were collected in a rubble area about 
3m deep near Harris Ghut in White Bay. 

Twenty-six additional Elkhorn corals, ranging from 4cm to 40cm (ave. 19cm, s.d. 8cm) 
were transplanted in November. Most of these fragments were collected at the base of 
the rock wall that runs between the dock at the end of White Beach and the point at the 
western end of White Bay. Very few fragments were seen in the Harris Ghut area in 
November. Two fragments were taken from the base of the rock wall at the eastern side 
of Muskmelon Bay (which neighbors White Bay) on Guana. The smallest coral, 
measuring only 4 x 3 cm, died shortly after transplanting. 

The corals were transplanted to four of the eight reef transects as indicated in Figure 4. 

Discussion 

Our surveys this year showed that the finger reefs of White Bay are in very poor shape. 
Live coral accounts for only 5 % of the bottom, and the original reef structures are 
covered with algae. The little coral that exists on the reefs is nearly all fire coral. 
Furthermore, the old reef structures, built by the growth of Elkhorn corals before the 
epidemic of the 1980s and '90s, is being broken down through natural processes of 
bioerosion and storm waves. As the three-dimensional structure of these reefs 
diminishes, so do the number of small caves, holes and crevices that host a great diversity 
of mobile animals (fish, worms, snails, sea stars, etc.) associated with coral reefs. 

New coral growth counteracts erosion by replacing lost reef structures. Elkhorn coral is a 
particularly fast-growing coral, with growth rates up to 10 centimeters per year 
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(Gladfelter et al. 1978). We will determine the growth rate of the transplanted corals by 
measuring them annually. 

Once the corals establish themselves and grow into the typical Elkhorn crowns (see 
Figure 2), they will seed new colonies nearby. They do this by natural fragmentation, a 
common form of asexual reproduction in branching corals such as Elkhorn. Waves break 
off branches of coral, which may then grow where they fall, thus developing a new coral 
colony. Thus we expect the transplanting project to expand naturally, with the 
transplanted corals eventually seeding a denser population of Elkhorn coral on and 
around the finger reefs. This process may take decades, but we expect to see evidence of 
growth and fragmentation within the next five years. We will measure the effect of the 
transplanting effort on the wider reef area by comparing the transplanted areas (reeflinter­
reef areas 2 and 4 (as shown in Figure 4) with the control areas (reeflinter-reef areas 1 
and 3). 

During MSM 2006, we will transplant additional fragments. Our preliminary results 
suggest that we can expect a survival rate greater than 80% in the transplanted corals. 
We will also address two further questions: 

1) How does the survival rate of loose coral fragments in the collection areas 
compare with their counterparts that are collected and transplanted? In areas 
where we find coral fragments (hopefully between 20 and 40 fragments), we will 
collect half for replanting and leave half where we found them. The fragments 
that are left will be marked and measured. The transplanted fragments will also 
be measured. Both sets will be monitored quarterly to determine the survival and 
growth rates. We expect that the survival rate of the corals left in the collection 
area will be lower than that of the replanted corals. 

2) How does the growth rate of naturally-attached Elkhorn corals in the finger reef 
area compare with that of transplanted corals. Several small Elkhorn colonies 
occur in the finger reef area to the east of the transplanted area. These corals have 
colonized the reef either as larvae or as successful fragments of larger corals, and 
they are firmly attached to the reef (unlike the fragments we collect for 
transplanting). Such corals will be marked and measured so that their growth 
rates can be compared to the transplant growth rates . 

The fragments planted this year already give the reef a more colorful and alive 
appearance. Assuming that these new corals grow as expected, an increasing proportion 
of the reef will be covered by live coral in the future. This will be enormously beneficial 
to the reef community. Reef fish diversity, in particular, should improve as it is tightly 
linked to the amount of coral on a reef (Jones et al. 2004). More coral and more abundant 
and diverse fish will also improve the value of these reefs to the Guana Island Hotel and 
the snorkelers who enjoy watching the reef ecosystem. 
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Coral disease on Guana Island reefs July 2004 
Longin Kaczmarsky 

Field surveys for coral disease prevalence in July, 2004 around Guana Island, BVI 
indicated that the species most affected by disease was Acropora palmata, or Elkhorn 
coral (Table 1) . The signs indicated that most diseased colonies were affected by white 
pox disease, a smaller number by white band disease and, two cases where colonies were 
affected by both. The prevalence was highest in White Bay and lowest in North Bay. 
Statistical analyses are pending. 

Two gorgonian species, P. americana (Slimy sea plume) and G. ventalina 
(Common sea fan), also appeared to have a relatively high infection rate of black band 
disease and putatively, aspergillosis. It should be noted that these assessments are on a 
purely visual basis and without laboratory confirmation of the pathogen. Thus, it may be 
more proper in this case to refer to aspergillosis as "gorgonian degenerative syndrome". 
Sea temperatures at 1-5 m deep during the survey period ranged from 28.0C to 29.5C. 

Please do not cite this data without permission of the author. 
Contact: Longin Kaczmarsky, Florida International University, Dept of Biological 
Sciences, Miami, FL solonnie@hotmail.com 201-704-8065. 

Table 1. Coral species most diseased in Guana Island July 2004 
(1 to 5 m depths; sites n = 8). Sites were located in White Bay, Muskmelon Bay, 
North Bay, and Bigelow Bay. WPD = white pox disease, WBD = white band 
disease, ASP = aspergillosis, DSS = dark spot syndrome, WP = white plague, 
BBD = black band disease, YBD = yellow band disease. Only species observed 
to have disease are listed here, for example the most abundant species, 
S. radians, is not included. 

% diseased species total # diseases species abundance: 
colonies rank 

35.2 Acropora palmata 182 WPD,WBD 8 
33.9 P. americana 59 ASP,BBD 19 
19.5 G. ventalina 190 ASP,BBD 7 
13.6 A. cervicornis 22 WBD 22 
12.5 C. natans 8 WP 26 
11.7 S. siderea 60 WP,DSS,BBD 18 
11.5 G. flabellum 96 ASP 14 
9.0 M. annularis 257 WP,BBD, YBD 4 
6.3 Plexaura sp. 207 ASP,BBD 5 
5.9 D. labyrinthiformis 17 WP 23 
5.7 D. strigosa 176 WP,BBD 10 
3.9 D. clivosa 104 BBD, WP 13 
2.5 Ffragum 199 WP 6 
1.7 P. homomalla 58 ASP 20 
1.4 A. agaricites 651 WP 3 
1.4 M. sulpherea 71 ASP 16 
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THE ELKHORN REEF IN MUSKMELON BAY, GUANA ISLAND, 
BRITISH VIRGIN ISLANDS 

Caroline S. Rogers, PhD 
£rinn M. Muller 
March 18,2005 

Introduction 

On August 7, 2004, we surveyed the elkhorn (A cropora palmata) reef in Crab Cove, 
Muskmelon Bay, off the west side of Guana Island (Fig. 1). The overall goal was to 
collect data that would serve as a baseline for determining if this reef is recovering or not. 
Here we use the term "recovery" to refer to an overall increase in the amount of living 
elkhorn coral. The shallow elkhorn patch reef in Crab Cove has a topographically 
complex structure, evidence of a former impressive and actively growing reef (Fig. 2). 
Elkhorn coral suffered dramatic losses from white band disease (Fig. 3) and hurricanes in 
the 1970s and 1980s, throughout the Caribbean (Gladfelter 1982, Bythell and Shepard 
1993, Bruckner 2002). It is likely that disease killed most of the elkhorn coral on Crab 
Cove reef as there were primarily dead, intact colonies and little evidence of old, broken 
branches such as those found on reefs hit by storms. Many reefs in the British Virgin 
Islands (BVI) and US Virgin Islands (USVI) still have large amounts of upright elkhorn 
colonies, in growth position but completely dead. In the last 5 years, there has been 
evidence of an increase in living elkhorn coral colonies on many of these reefs. Although 
elkhorn coral grows relatively quickly (about 5 - 10 cm/yr, Gladfelter et al. 1978), 
diseases, predation, damage from boats and careless snorkelers and storms continue to 
cause partial and in some cases total mortality of elkhorn corals, and it is not clear if this 
species is making a comeback. Elkhorn and staghorn coral (Acropora cervicornis) are 
now being proposed for listing as threatened under the U.S. Endangered Species Act 
because of their scarcity throughout most if not all of their former range (Bruckner 2002). 

Methods 

The US Geological Survey and National Park Service have been doing research on 
elkhorn colonies in three national parks using a protocol that involves mapping elkhorn 
colonies using GPS technology. Data recorded include colony size; presence of disease; 
predation by snails (Coralliophila abbreviata) , fireworms (Hermodice carunculata), and 
damselfishes (primarily Stegastes planifrons); and physical breakage (Devine et al.2002, 
Rogers et al. 2004). We used this basic protocol to survey Crab Cove reef and grouped 
the colonies into 4 size categories based on the maximum dimension (see below). 

Size Category Maximum dimension in centimeters 
Small (S) <10 
Medium (M) 11- 50 
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Elkhorn coral grows on the patch reef in Crab Cove (directly off the base of the hiking 
trail) and along the shoreline extending southwest towards the Iguana Head. We decided 
to focus on the patch reef and started our survey along the fairly well-defined southern 
edge of this reef. Using a Garmin LX, we took a GPS waypoint at the beginning and end 
of our survey and traced the perimeter of the reef area that we examined. In 3 hours of 
observation, we were not able to completely finish surveying this patch reef. However, it 
will be possible for us to survey the same area in the future, using the boundaries 
delineated by the GPS. We took an individual GPS waypoint for each living elkhorn 
colony, or in some cases for several colonies if they were growing very close together. 
We photographed each colony, estimated size, recorded presence of disease and snails, 
estimated the percent of the colony that was dead, and wrote descriptive comments. In an 
effort to survey every living elkhorn coral on the reef, we swam compass bearings back 
and forth, roughly perpendicular to shore. However, it was difficult to navigate with the 
compass while looking for corals and hard to keep track of which corals had already been 
surveyed. We ended up making only limited use of the compass to keep track of our 
position as we made observations. 

We also took GPS waypoints for three distinctive corals (2 Siderastrea side rea and 1 
Dendrogyra cylindrus) to make it easier to re-locate particular areas of the reef. We do 
not know if we will be able to monitor the fate of individual corals over time. However, 
we have been successful in using laminated photographs and the GPS unit to navigate 
back to specific colonies at two reefs on St. John. The GPS has an estimated accuracy of 
±..3 m. Our objective is not to return to each elkhorn colony every year but rather to get 
an estimate of the density (number of colonies per square meter) and approximate size 
distribution to see how these change over time. 

There are many challenges when trying to quantify the abundance of living elkhorn coral 
on a reef. The abundance is a reflection not only of thenumber of colonies but also their 
size and their condition. For example, if a large colony suffers partial mortality from 
predation or disease, and dies leaving only a few remnant patches, each patch is 
genetically the same as the initial larger colony but physiologically a separate colony. In 
this case, the number of colonies has increased while the amount of living coral tissue has 
actually decreased. When we encountered several patches (often non-branching crusts) 
on an old dead colony, we used the designation "ss" for "same structure". In this way, 
we could differentiate these from several small colonies that had developed separately 
from each other and were not remnants . It is usually not possible to tell if corals grew 
from sexual recruits, unless they are found on bare rock substrate. We have observed 
small, remnant crusts of elkhorn that went on to develop branches and which looked 
identical to sexual recruits. We know that some reefs in the USVI contain several 
genotypes of elkhorn coral (I. Baums, pers. comrn.). However, genetic clones are 
abundant because elkhorn colonies can reproduce asexually through fragmentation. At 
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times we observed very complex colonies, with several patches of live elkhorn that were 
difficult to identify as separate from each other. We attempted to describe these but 
could not always get a definite count. When colonies are fairly abundant, it can also be 
difficult to keep track of exactly which colonies have already been surveyed. Surveying 
shallow elkhorn reefs during rough sea conditions can be very challenging. We were 
fortunate that it was very calm the day we did our survey. 

Results 
, 

We observed a total of about 256 colonies of living elkhorn at 140 GPS waypoints. Most 
of the colonies fell into the "Medium" size category with a total mortality (old and 
recent) of 10 % or less. Many colonies had old lesions that looked like those from white 
pox disease. Active white pox (indicated by irregular patches of recently exposed white 
skeleton) was seen on 11 colonies (Fig. 4). Although white pox may have been affecting 
elkhorn for over 30 years (Rogers et al. 2005), it was first reported in 1996 (Holden 1996) 
and has been recently observed affecting elkhorn reefs in the Florida Keys (Patterson et 
al. 2002). No white band disease was seen. We saw only six broken-off branches 
("fragments") (Fig. 5). We were not able to search very thoroughly for snails but found a 
total of only four C. abbreviata on two colonies (Fig. 6). Damselfish territories were 
seen on seven colonies, one of which was almost completely covered by the distinctive 
"chimneys" that form when damselfish bite the live coral (Fig. 7). Some colonies had 
more than one factor causing mortality, for example disease and damselfish predation. 
Only seven colonies were greater than 1 meter in maximum dimension, and some of 
these may have been encrusting over old dead skeleton (referred to as "re-sheeting") 
rather than having developed from sexual recruits. We saw very few small colonies that 
could represent new recruits (Fig. 8). 

We obtained a geo-referenced aerial photograph of the Crab Cove reef from the Survey 
Department of the BVI government. We plotted the GPS waypoints on this photo to map 
the spatial distribution of the colonies, their condition (with or without disease), and size 
classes (Figs. 9 and 10). No clear spatial patterns emerged, although there was a 
tendency for largest colonies to be on the seaward edge of the reef, and there was 
possible grouping of smaller colonies in the mid-portion of the reef. Colonies with active 
white pox were distributed throughout the zone that we studied. 

Active white pox disease was found affecting only 4% of the total elkhorn colonies that 
we surveyed in Crab Cove. Disease and colony size appeared to be correlated. As size 
increased, the percent of diseased colonies increased as well (Fig. 11). We did not notice 
any colonies 10 cm or less with white pox, and only 3% of the most abundant size class 
(11-50 cm) displayed signs of disease. However the two larger size classes, 51-100 cm 
and> 1m, exhibited a disease prevalence of 19 and 22% respectively. Although white 
pox lesions (disease "patches") can heal, it appeared that many colonies in Crab Cove 
had old lesions as well as new ones. 
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Fig. 11 . Relationship of size class and presence of white pox disease. 

ConclusionslFuture Work 

We are confident that we could repeat our survey in 1-2 years and obtain useful 
information on the status of the Crab Cove reef, specifically on whether or not the 
elkhorn population is showing signs of recovery. Our research on elkhorn reefs around 
St. John has shown that monthly (or more frequent) surveys are often necessary to 
attribute the cause of coral mortality. Annual surveys can provide data on overall 
abundance and overall condition, but cause of partial or total colony mortality may not be 
possible to determine. 

One of us (CR) first saw Crab Cove reef and other elkhorn reefs around Guana Island a 
year ago, in August 2003. It was thought that these reefs might be in better condition 
(less disease, more large elkhorn colonies) than those around St. John, because Guana has 
no sedimentation or sewage problems that could adversely affect the reefs, and less 
visitation by snorkelers. However, we have confirmed that these shallow elkhorn reefs 
around Guana have suffered considerable loss from diseases and other unknown stressors 
and are not in conspicuously better condition than reefs in St. John. 

Diseases (white pox and other uncharacterized diseases) are currently the biggest threat to 
elkhorn corals in the western Atlantic/Caribbean. Recent hurricanes have also caused a 
great deal of mortality. The living elkhorn on many reefs in the BVI and USVI appears 
to be less than 5% of the levels of abundance in the 1970s, although some signs of 
recovery are evident. We believe that the research we did at Crab Cove provides a useful 
model for studies of other elkhorn reefs and a baseline for assessing future trends . 
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Figure 1. Guana Island and location of Crab Cove 

u.s. Geological Survey 
St. John, USVI 

67 



Caroline Rogers, Ph.D. 
Erinn Muller 

Elkhorn coral 
Disease & recovery 

Fig 2. Crab Cove reef has a complex physical structure comprised 
mostly of living and dead elkhorn coral. 
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Fig. 3. White band disease on an elkhorn coral from Buck Island, St. Croix. 
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Fig. 4. White pox on an elkhorn 
coral at Crab Cove. 

Fig. 5. Fragments (broken branches) from 
an elkhorn coral. 

Fig. 6. Coral-eating snails (Coralliophila abbreviata) leave predation 
scars (bright white areas) on elkhorn coral. 

Fig. 7. The threespot damsel (Stegastes planifrons) bites live coral, 
resulting in "chimneys" with turf algae. 
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Fig. 8. An elkhorn coral recruit (from sexual reproduction) growing in Crab Cove. 
This small colony is less than 10 cm across. 
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Summary of activities: Guana Island Marine Science Program 2004-2005 

During July of 2004, I visited Guana Island for two days to survey sites in 
preparation for a study on the relationship between habitat and parasite loads 
(primarily gnathiid isopods) in Caribbean reef fishes (primarily damselfishes). I 
surveyed reefs in Muskmellon Bay and White Bay and found the sites suitable for 
the proposed study. Due to a job change, I was unable to return to Guana in 
2005. Also, in Spring of 2005, I received a grant from U.S. Virgin Islands NSF 
EPSCoR to conduct a study similar to the one I originally proposed for Guana 
Island. However, this study was broader in focus than the original study. In 
particular, it focused on other, more exploited/managed fish species, and 
included among reef comparisons. It also included parasitic monogeneans that 
are believed to be influenced by water/habitat quality. 

As a first step in assessing among-site variation in parasite infestation, we 
quantified monogenean loads (Fig. 1) in Ocean Surgeonfish (Acanthurus 
bahianus) and Blue Tang (Acanthurus coeruleus, Fig. 2) among four sites in the 
U.S and British Virgin Islands. These sites included Lameshur Bay, St. John, 
Brewers Bay, St. Thomas, Flat Cay, St. Thomas, and Muskmelon Bay, Guana 
Island. These sites were chosen for their abundance of surgeonfish, variation in 
gross habitat features, and our ability to easily access them. All sampling was 
conducted from July through October 2005. In August of 2005, my collaborators, 
Dr. Donna Nemeth and Ms. Amber McCammon visited Guana Island for three 
days to collect surgeonfishes from Muskmelon Bay. Because of the difficulty of 
collecting fish during the day, most fish were collected from their nocturnal 
shelter holes. All fish were collected with nets. In the laboratory, fish were 
anesthetized using clove oil, "dipped" in freshwater for 5 min, placed in fresh 
seawater for recovery, and later released to the site of capture. We filtered the 
water through plankton mesh, rinsed the filtrate into petrie dishes, and counted 
monogeneans under a dissecting scope. Counting was facilitated by adding red 
food coloring that was absorbed by the monogeneans. 

Among all sites, of the 63 A. bahianus collected, only two had parasitic 
monogeneans (one each). In contrast, 47 of 80 A. coeruleus were infected (1-28 
each). These species represent a new host record for the parasite Neobenedenia 
melleni (E. Williams, Pers. Comm.). This highly significant difference between 
species (chi-square, p < 0.001) was not due to the larger body size of the latter 
as A. bahianus averaged over 2 cm longer (t = 3.70, df = 141, P = 0.001). The 
difference also maintains even where comparisons are limited to the two sites 
where both species were common and where most A. coeruleus were infected 
(Lameshur and Brewers bays). Because of the highly significant between­
species difference (chi-square, p < 0.01), we limited among-site comparison to A. 
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coeruleus. We found significant variation among sites (Kruskal-Wallis test = 
31 .83, P < 0.001). Parasite loads averaged highest at the Guana Island site (Fig. 
3), with 15 of 20 fish infected (median = 5 parasites per fish, range = 1-28). At the 
other extreme, only three of 35 fish collected at Flat Cay were infected by 1-2 
parasites each. While fish size differed significantly among sites (F = 13.20, df = 
3, 139, P < 0.001), fish from Guana Island ,where parasite loads were highest, 
averaged 3 cm smaller than fish from other sites (p < 0.01, Fishers LSD). In 
comparison, fish from the site with the lowest loads (Flat Cay) were smallest, 
although not significantly so ( p > 0.07). Thus, differences in parasite load among 
A. coeruleus were not an artifact of differences in body size. 

These results indicate strong among-site variation in loads of parasitic 
monogeneans. By sampling a broader range of sites and quantifying local habitat 
characteristics, we aim to identify the habitat variables that best predict parasite 
loads in A. coeruleus. We hypothesize that between-species differences are 
attributable to differences in habitat use within reefs. We aim to test this, along 
with the alternative hypotheses that differences are attributable to differences in 
susceptibility to parasites and/or differences in the amount of interaction with 
cleaners. 

Figures 

Figure 1. A parasitic monogenean Neobenedenia sp. 

Figure 2. Blue tang schooling over reef. 
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Figure 3. Box and whisker plot of the number of parasitic monogeneans per A. 
coeruleus collected from four sites in the U.S. and British Virgin Islands. 
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Large Boat Damages Coral Reef in BVI Fisheries Protected Area 
Written by Lianna Jarecki, July 11,2004 

Published in the BVI Beacon, the BVI Standpoint, and on the web at 
http://www .irf.org/ guanareefdamage.html 

Massive damage was inflicted upon one of the BVI's most beautiful coral reefs in a quiet 
incident last month. Sadly such incidents will continue to occur with even greater 
cumulative impact as the BVI invites mega-yachts to our waters. 

On July i h the Holo Kai, a ship of 165 feet in length, sailed into Muskmelon Bay on 
Guana Island, where it dropped two very large bow anchors in a small patch of sand, then 
backed up as it layed out 150 feet of heavy chain across the coral reef and finally placed a 
third, stern anchor with heavy chain lying across a deeper part of the coral reef. 
Muskmelon Bay, because of its healthy coral reef and abundant fish populations, is a 
recently-declared Fishing Priority Area, a popular dive site, and, as a result of the new 
Fisheries Regulations, a site where any anchoring is illegal. Smaller boats anchoring and 
causing damage in Muskmelon Bay and other protected marine areas mostly go 
unreported, but marine scientists on Guana observed the Holo Kai's position the morning 
after it anchored in Muskmelon Bay and reported the event to the Conservation and 
Fisheries Department. These scientists had surveyed coral reefs in this same area only 
two days earlier and knew that the ship was positioned over a healthy and diverse 
community of large corals. In fact, the coral reef at this site has been monitored annually 
since 1992, providing abundant evidence for its long-term vitality. This pre-existing 
information on the state of the reef provided a rare opportunity to predsely determine the 
destructive effects of anchoring. 

Though the ship departed early on the morning of July 81
\ the marine scientists had 

located its position in the water and found a correspondingly large area of severely 
damaged coral reef. Brain corals the size of large boulders were severely scraped; 
medium-sized and smaller coral heads were broken or completely overturned; sea fans 
and soft corals were flattened. The most visually dramatic damage was evident in broken 
columns of pillar coral that stood three feet high the day before. Photographs of this 
damage can be viewed on the internet at http://www.irf.org/guanareefdamage.html. 

The area of continuous damage caused by the Holo Kai anchors measured 30,000 square 
feet, more than 2/3 of an acre. Broken corals and sea fans covered roughly one-third of 
the bottom within this area. Virtually all of the large coral colonies were overturned or 
broken and are now dying. The incidence of damaged corals inside this area was more 
than ten times that recorded in nearby areas, where some coral damage may be due to the 
anchors and chains of charter yachts, representing another point of concern. The potential 
for recovery from such damage is low because corals grow extremely slowly (most grow 
less than Y2 inch per year) . 

Several countries have begun to fine boats for causing damage to reefs. The Belize 
government, for example, charged a fine of $75,000 for each of two incidents of anchor 
damage in 1997, one caused by a 282-foot sailing ship and the other by a 185-foot 
schooner. The Windspirit paid $350,000 to the US government in a court settlement after 
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it dragged anchor in 1988 across a reef in the Virgin Islands National Park, St. John. 
Fourteen years later, biologists from the VI National Park found no sign of corals 
recovering or re-growing in the damaged area .. 

The damage at Muskmelon Bay occurred despite the fact that the captain of the Holo Kai 
thought that he had taken all precautions to avoid environmental damage--checked the 
charts for any indication of a no-anchoring zone or protected area (these are not cUlTently 
indicated on any BVI charts); used sonar to determine the nature of the bottom, which 
showed up as "rock" (much of the hard ground in BVI waters is the living "rock" 
produced by corals, but he and many other visiting captains are not aware of this); placed 
his two bow anchors in sand (but did not concern himself with the heavy chain between 
the anchors and his ship). The mission of the Holo Kai in the BVI was one of 
conservation and research, and the captain was very concerned about the damage he had 
caused when notified. 

In the case of the Holo Kai, a simple indication of the location of Fisheries Priority Areas 
and Marine Protected Areas on charts or other documents given to captains when they 
check in at Customs would have prevented this particular tragic incident. But, at present 
there is no organised effort to disseminate such information effectively. Furthermore, 
there are many sensitive reef and seagrass areas in the BVI that are not afforded special 
protective designations. Large boat anchors can destroy these areas in a few hours. 

We are therefore faced with an impending tragedy as the BVI makes plans to 
accommodate mega-yachts. Mega-yachts are too large to use the existing moorings 
system, which accommodates boats up to 60 feet in length. The incident of the Holo Kai 
should be taken as an urgent warning that the BVI must find the means to control boat 
anchoring and limit anchoring to large sandy areas where the potential damage to our 
marine resources is low. Healthy coral reefs, such as Muskmelon Bay, are too valuable 
to the BVI to allow their destruction by uncontrolled visitation. 
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