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Dunng the 1970s, or perhaps as early as the md-1960s, two U.5. avy vessels. the Fletcher Class
destroyer USS Kitlen {Hull No. DD-593) and a barge (both containing numercus 55-gallen drums}, were
sunk as targets in Bahia Salina def Sur, located in the Live Impact Area (LiA) of Vieques Island, Puerto
Rico. These vessels have remained on the seafloor and function as artificial reefs (Department of the
Navy 1983). In an undated letter to Commander (CDR) Joseph Sirvidio {U.3. Coast Guard [USCG)
Marine Safety Officer [MSO], San Juan. Puerto Rice). Gilberto Cintron (U 5. Fish and Wildiife Service
(USFWS]) desceribed the Ex-USS Killen (Killen} as “blasted apart” and “totally ruptured”; there was “no
remaining superstructure,” and “only some of the internal machinery could be seen.” [Cintron’s description
probably referred to a survey he co-authored in 1978] (Rogers et al. 1978). Representatives of the Puerto
Rico Department of Natural and Environmental Resources {DNER) and the U.5. Navy {(Navy) conducted
a joint inspection of the Killen and found that the wreckage of the Killen was “an important marine habitat
and that no action should be taken to remove the remaining hulk because it would be ecologically
damaging to attempt to do so” (Department of the Navy 1983). The joint inspection also found that “the
hulk is not a hazard to navigation, is being colonized by coral and should be left in place as a marine
habitat” {Department of the Navy 1283} in 1989, Hurncane Hugo sfammed into the eastern end of
Vieques, possibly further demolishing the Killen.

In a year 2000 videographic survey of both wrecks ("Year 2000 video footage™). Navy Region Southeast
{Naval Air Station, Jacksonvitle} documented artificial reefs supporting hard coral and sponge growth, and
numerous fishes. The videotape also documented the presence of many 55-gallon drums scattered within
the mangled remains of the Killen and below deck on the barge. All of the drums appeared heavily
corroded, mangled, and broken open.

The presence of 55-gallon drums on the wrecks prompted the Commander. Navy Region Southeast to
undertake this biological characterization of both the wrecks and the surrounding areas. The Navy
specifically requested an assessment of the heafth of the indigenous marine species on and around the
wrecks. and an assessment of potential impacts of the wrecks and their contents on the surrounding
biota. To that end. the Atlantic Division. Naval Facilities Engineering Command contracted Geo-Marine,
Inc. {GMI). Marine Sciences Group, to conduct a research etfort in November 2001, including the
mapping of the wrecks and the biological characterization of organisms associated with the wrecks, the
areas surrounding the wrecks, and a control site.

The null hypothesis underlying the research effort was that the biota on the wrecks, when compared to
the surrounding habitat, was no different than what would be seen in a natural environment. The
alternative (research} hypothesis was that there would be a difference between the diversity and
abundance levels on the wrecks compared to the natural situation

2.0 STUDY SITES

Qur research ook place on and around the wreck of the Killen and a barge in Bahia Salina del Sur, in the
LIA, at the southeastern end of Vieques Island. Puerto Rico (Figure 1). We also investigated a control site
iocated at Bahia Jalova, 3.3 kilometers (km} (2.1 miles [mi]) west of the Killen {Figure 1). The control site
was contiguous with the eastern shoreline of Bahia Jalova, a Level 2 Conservation Zone {Naval Station
Roosevelt Roads [NSRR] 2001). The coral reef and seagrass environments of Bahia Jalova, as well as
the physical conditions of the bay, were comparable to Bahia Salina del Sur.

Aerial photography and hyperspectral imagery of Bahia Salina del Sur showed that the vesseis were sunk
within a large seagrass area (Department of the Navy 2001} {Figure 2A). The control site contained both
a vast seagrass area and a fringing coral reef (Figure 2B).

Both wrecks were roughly rectangular in shape. The areal cover of the Killen and the barge was

approximately 1,200 square meters (m?) (0.3 acre [ac]} and 300 m* (0.07 ac), respectively. The wrecks
lay in 2.5 to 10 meter {m) (8 to 33 feet [f]) of water. The contro! site was 2 to 4 m (7 to 12 ft) deep.
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To geo-reference the photomosaics we included geo-referenced 17x15 in checkerboard-patterned targets
{4 cells of a checkerboard) within numerous areas of the wrecks. To geo-reference the targets, we
acquired the latitude/longitude coordinates of the center of each target by recording the position of a
weighted float set directly above the center of each target.

Other aspects of the wrecks that were assessed included the halos or sediment aprons around each
wreck and the number of 55-gallon drums at the wreck sites. The sediment aprons separated the outer
edge of each wreck from the surrounding seagrass. To measure the sediment aprons, we laid a 50-m
(164 f1) fiberglass measuring tape outward from the extensions of the length and width axes, and
diagonals of the wrecks. This resulted in eight measurements per wreck. While the divers measured the
sediment aprons, they alsc recorded the presence of structures such as 55-gallon drums, found within the
sediment apron. Further, the divers estimated the number of whole and broken 55-gallon drums found
within the wrecks. Other details about the wrecks were gathered from our analysis of the Year 2000 video
footage

3.4 SUBMERGED AGUATIC VEGETATION {SEAGRASS) ASSESSMENT

To examine submerged aquatic vegetation (SAV), three 200-m (656-ft) long transects per site were
evaluated: K1 through K3 at the Killen site. B1 through B3 at the barge site, and C1 through C3 at the
control site (Figure 2). Seagrass transects at the control site were parallei to each other and
approximatety 100 m (328 ft} away from the control fringing reef. At the wreck sites, the seagrass
transects radiated away from the edges of the wrecks. The radiating transects were designed to nol
overlap and to be contained within the seagrass area immediately surrounding the vessels.

To obtain data regarding the location. occurrence, abundance, and density of marine seagrass, we
performed a SCUBA point intercept survey along each assigned transect. For each transect, the average
percent occurrence was estimated in 1 m® (10.78 #t°) quadrats at 10 m (33 ft) intervals along the transect
line. The diver estimated the percent occurrence of SAV within 16 sub-quadrats located in a 1-m* quadrat
that contained at least one seagrass shoot [sub-quadrats measured each 25 x 25 ¢cm (6. 10 x 10 i)
(Braun-Blanguet 1985; Virnstein 1995, Funseca et al. 1998).

Each 200-m {656-ft) long transect contained twenty-one 1-m* quadrats. Specific data recorded for each 1
m° guadrat for each seagrass species present included the number of sub-units containing at least one
shoot, an average cover abundance score {Braun-Blanquet 1965). a description of the substrate type,
and any other observations considered useful. The seagrass cover abundance scale used is shown
below. The cover abundance scale values were recorded for each quadrat. The content of each quadrat
was visually inspected and a cover abundance scale value assigned to the quadrat.

The seagrass cover abundance scale values were:

0.1 = Solitary shoots with small cover

0.5 = Few shoots with small cover

1.0 = Numerous shoots put less than 5% cover

2.0 = Any number of shoots but with 5 to 25% cover
3.0 = Any number of shoots but with 25 to 60% cover

4.0 = Any number of shoots but with 50 to 75% cover
5.0 = Any number of shoots but with >75% cover

From the survey of quadrats along each transect, the frequency of occurrence, abundance, and density of
seagrass were computed as follows:
Frequency of occurrence = Number of occupied sub-quadrats/itotal number of sub-quadrats
Abundance = Sum of cover scale values/number of occupied sub-quadrats

Density = Sum of cover scale values/total number of sub-quadrats






Ex-USS KIiLLEN SITE INVESTIGATION AND BIOLOGICAL CHARACTERIZATION

Vi Im anim Abavaan [ R T e e Flem crire Pimenm Mharam

On the barge. fishes were assessed along one transect (BF1) running lengthwise along the axis of the
deck {36 m/118 ft long). A measuring tape was used as the transect guide. On the Killen, fishes were
assessed along 5 parallel transects (KF1-KF5: 27-35 m/89-115 It long) set at a 45 angle to the axis of
the wreck. Transects on the Killen were diagonal versus vertical for the barge simply to maximize
coverage of the very large wreck. The Killen was roughly oriented nerth-south, with its stern at the south
end. To evenly distribute the Killen fish transects. we subdivided the rectangular surface of the wreck into
three parts, and then quanered each third of the wreck. The extremities of fish transect KF1 were the
southeast corner of the wreck and the northwest corner of the first third of the wreck (Figure 3). KF2 also
began on the east side of the wreck and joined the southeast corner of the second quarter and the
northwest corner of the third quarter on the west side of the wreck, and so on. The transect extremities
were marked with numbered racetrack-shaped aluminum tags. KF1 extremities were tags #1 and #2, KF2
extremities were tags #3 and #4, and so on. The barge transect was labeled with tags #11 and #12.

KF1/KC1
KF2/KC2
arl KF3/KC3
KF4/KC4
KF5/KC5
Barge Ex-USS Killen

Figure 3. Layout of fish and coral transects on the barge and the Killen

Fishes were also assessed along the 200 m (656 ft) long transects used to assess seagrass: C1 through
C3 at the Control site, B1 through B3 at the Barge site. and K1 through K3 at the Killen site {Figure 2).
Reter to the methods section 3.4 Seagrass Assessment” for a complete description on the 200 m {656 f1)
long transects. On the 200 m (656 ft) long transects, 3 successive surveys of fishes were done: 5 to b5 m
(16 to 180 ft), 55 to 105 m {180 ic 344 ft), and 150 to 200 m (492 to 656 ft}; the sampiing effort was
separated by a 10 minutes break between transects. At the control site. fishes were counted and
identified along five parallel transects CF1 through CF5 set within a fringing coral reef (Figure 2B).

For each of the 38 transects, the number of individuais of each species of fish was recorded. The
observations made along replicate transects of a given type were averaged. The “type” of transects were:
control seagrass ({transects C1-5, C2-5, C3-5, C1-50, C2-50, C3-50, C1-200, C2-200, C3-200). control
coral reet {CF1, CF2, CF3, CF4, CF5), barge seagrass (B1-5, B2-5, B3-5, B1-50, B2-50), barge (BF1),
Killen seagrass {K1-5, K2-5, K3-5, K1-50, K2-50, K3-50, K1-200, K2-200. K3-200), and Killen (KF1, KF2.
KF3. KF4, KF5). The seagrass areas were considered to be habitats of low spatial complexity. The coral
reef barge, and Killen sites were considered to be habitats of high spatial complexity

The term “diversity”, defined as the number of species preseni. was used in place of “richness” because
diversity is the more intuitive term. The Shanncon-Wiener index of diversity was not used for several
reasons: our data set was not directly compared to other data sets from other studies. s some sort of
statistical index was not necessary: the Shannon-Wiener index is unit-less, making it non-intuitive. The
alternative to not using the index {i.e.. using the average number of species per transect for a group of
transects) is more intelligible in the context of this report. For example, the number of fish species along
the nine seagrass transects at the Killen averaged 202 species/iransect. Also. because each transect
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represents a “unit-of-effort.” the data can be statistically analyzed such that sites can be compared to
each cther.

To distinguish the differences in abundance and diversity at three different sites for fish, we tested several
nypotheses using the two-tailed t-test. The test statisticist = { X — 4 &, - The nuli hypothesis is rejected

if the absolute value of t is greater than the critical value of 1, .-, . {as hsted in reference tables of critical
values of the t distribution) where o (2} refers to the two-tailed probability of the level of significance (u =
0.05), and v = n-1.

Hypothesis #1

Null: There is no difference in fish diversity in the control study area between the coral reef and the
seagrass meadow.

Alternative: There is a difference in fish diversity in the control study area between the coral reef and
the seagrass meadow.

Hypothesis #2

Null: There is no difference in fish abundance in the control study area between the coral reef and the
seagrass meadow.

Alternative: There is a difference in fish abundance in the control study area between the coral reef
and the seagrass meadow.

Hypothesis #3

Nuli: There is no difference in fish diversity in the Killen study area between the Killen wreck and the
seagrass meadow.

Alternative: There is a difference in fish diversity in the Killen study area between the Killen wreck and
the seagrass meadow.

Hypothesis #4

Null: There is no difference in fish abundance in the Killen study area between the Killen wreck and
the seagrass meadow.

Alternative: There is a difference in fish abundance in the Killen study area between the Killen wreck
and the seagrass meadow.

Hypothesis #5

Nulk: There is no difference in fish diversity in the barge study area between the barge wreck and the
seagrass meadow,

Alternative: There is a difference in fish diversity in the barge study area between the barge wreck
and the seagrass meadow.

Hypothesis #6

Null: There is no difference in fish abundance in the barge study area between the barge wreck (high-
spatial compiexity} and the seagrass meadow {low-spatial compiexity).

Alternative: There is a difference in fish abundance in the barge study area between the high-spatial-
complexity area {i.e.. barge wreck} and the low-spatial-complexity area {i.e., seagrass meadow).
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3.6 CoRar POPULATION ASSESSMENT

The aim of the coral survey was to quantitatively characterize the sessile biota (hard corats, soft corals,
sponges, and algae) on the wrecks and on the control reef. Any corals that might occur in the areas
surrounding the wrecks were documented during the seagrass survey [refer to "3.5 Submerged Aquatic
Vegetation {Seagrass) Assessment’]. The null hypothests was that coral population levels {number of
colonies and species richness} on the wrecks were no different from those of the control site. The
alternative (research) hypothesis was that coral populations on the wrecks were lower than those of the
control site because of negative impacts caused by the wrecks.

At the barge site, we recorded benthic cover in 80 photographs of the barge deck. Photographs were
taken using a 3.3 megapixel digital camera (Clympus C-3030} set in an underwater housing (Light &
Motion TETRA 3030} and equipped with two synchronized strobe lights (Nikonos SB-105). Photographs
were taken from above looking down at the wrecks from 1 m above the deck {down-looking) subdivided
the barge deck into eight parts and took ten frames in each part.

On the Killen, sessile benthos was photographed along five transects (KC1 to KCB) set 45 across the
long axis of the wreckage (refer to “3.5 Fish Population Assessment”) (Figure 2A). A 50-m measuring
tape was laid along each transect line, and a down-looking, digital stili photograph of the wreckage was
taken at 1-m intervals. The camera was attached to an aluminum angle "monopod” set at a height above
the wreckage so that each photograph covered a 1-m* area. A similar method was used at the control site
except that transects were set on a fringing reef. The only other differences were that the transect length
on the Killen was between 27 to 35 m {89 to 115 ft) while we used a fixed 50 m per transect (CC1-CC5)
at the controi site (Figure 28).

in each photograph, we identified hard coral species (including the hydrozoan Miffepora spp.), counted
the number of colonies per hard coral species, and estimated the hard coral cover. The coral species
identification and colony counts were done while the transecis were photographed and in the laboratory.
The photographs were viewed using the graphic and photo editor software (Jasc Paint Shop Pro™ Version
7.04). To estimate coral cover, we overlaid 50 random dots on each photograph (Microsoft Excel” 2000
SR-1 Professional; Adobe Photoshop™ 5.5) and multiplied the number of dots covering bard coral
colonies by two. Using the same method, we also estimated the percent cover of algae in the functionai
groups: “Turfs,” "Macroalgae.” and “Crustose Algae” ifollowing Steneck 1988), soft corals, spongas.
sediment, and no data. Areas with no data photographs where the cbject directly below the random dot
was unidentifiable {e.g., dark areas, areas out of focus, areas masked by the monopod or the 1 m” guide
frame).

To characterize the study sites, we measured coral species diversily based on mean coral colony counts
by site using the Shannon-Wiener index and species evenness {Zar 1984).

H = —z ;2 log 1 {Shannon-Wiener index)
1=1

I = H’H,” _ {Pielou’s evenness)
H' « =logk, where k is the number ot species
4.0 RESULTS
4.1 DESCRIPTIONS OF THE WRECKS
The latitude and longitude coordinates of the barge and Killen were 18 07'37.5"N. 65 18'09.2°W and
18°07°29.7'N, 65 1809.0°W ., respectively. Both wrecks were found on a large seagrass area at the

entrance of Bahia Salina del Sur (Figure 2B). The barge had a 50 bow heading and the Killen a 318
bow heading. For discussion purposes, the bow of the barge was the left end of the wreck in Figure 4.
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surface of the sedlment apron an inert pigce of ordnance (MK 80 senes) 3 m {10 R} southeast of the
stern, a cage-like structure 20 m (65 ft) south of the stern, and three drums and a hunk of steel portside of
midship bow.

The aerial photograph of the Killen site further showed that a 13.4 m wide (44 ft) seagrass area separated
the southeastern tip of the sediment apron from a long and wide (approximate width 34 m [111 ft]) sand
channel running perpendicularly to the length of the wreck (Figure 9).

The Year 2000 video footage contained visual surveys of the Killen and the barge. On the Killen, the
video was taken from stern to bow following the starboard edge of the wreck and then back toward the
stern along the portside. The stern footage showed coral growth on mangled steel and cables; schools of
fish swimming close to the wreck; sponge and soft corals encrusting the surface of part of the wreck and
the drive shaft; drums on the stern with coral growth:; and a MK-80 series shell. The midship starboard
area included a broken-open drum partially covered with sand. Toward the bow, there were deck plates
with coral growth and a concrete moaring and chain. At the midship bow area, the video captured a large
cluster of drums, many of which were mangled. The video also showed a drum with probable ordnance
entry points. Finally, more cables, pipes. and drums were filmed along the midship portside. The video
also showed the barge. including a bow pfate and drums filmed through a midship deck opening. The
drums appeared heavily corroded and encrusted with live organisms. There were abundant fine
sediments in the barge as witnessed by the sediments kicked up by the videcgrapher and the thin layer of
sediments covering the drums. There were also abundant coralline algae growing within the same area
where the drums were found. The video showed a hatch on the starboard side deck. A drum was filmed
under the bow, partially buried in the sand. The video footage concluded with the portside aft and
standing drums set side-by-side in an organized fashion under the deck.

In summary. the video footage showed that the Killen was definitely a larger wreck than the barge and
confained significantly more mangled debris as well as 55-gaillon drums. The seafloor immediately
surrounding both wrecks appeared to be mainty composed of coarse carbonate sediments. As an artificial
substrate. the Killen had more coral and sponge growlh and appeared to support more fish than the
barge. Also, the inside of the barge exhibited significant sedimentation.

4.2 SUBMERGED AQUATIC VEGETATION

The vessels were sunk in large areas of SAV (Figure 2A} and caused a halo effect {sediment apron; at
each site. SAV did not occur within 5 to 10 m of the wrecks along B1 and B2, and K1 through K3, Other
than within the hale area, the density of seagrasses was comparable throeugheut the length of the
transects {i.e., there was no abundance gradient with distance from the wreck) {Appendix B—Seagrass
Transect Data). Dominant seagrasses were Thalassia testudinum and Syringodium filiforme. Halodule
wrightii was a third seagrass species occurring in a few of the 1-m° quadrats {occurred in 1 through 6
quadrats out of 20 total quadrats per 200-m transect line). The macroalgae found with the seagrasses
along the 200-m long transects were Hafimeda incrassata, Penicifius capitatus, and Udotea sp. Also, the
species compaosition of SAV at the wreck sites was identical to that found at the control site,

Following our research hypothesis, we tested for abundance differences of a dominant seagrass.
Thalassia testudinum, between the first 40 m distance from the wrecks (near-field) {10, 20, 30. 40 m
quadrats) and the last 40 m (far-field) (170, 180, 190, 200 m quadrats) using the Student's t-test {two-
tailed; level of significance = 0.058}. The abundance of T. testudinum was calculated as the ratio between
the sum of cover scale values and the number of occupied sub-quadrats.

Hypothesis #1

Null Hypothesis: Abundance of T. testudinum within the 10 to 40 m distance from the Killen was
identical to that found 170 to 200 m from the wreck.
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5.0 DHSCUSSION
51 DAUMS ON THE WRECKS

A recent broad survey of metals anad explosive compounds in fish and shellfish collected at the Killen and
barge sites revealed that the 55-galion drums on the Killen and the barge were and continue to be
unlikely sources of contaminants on the surrounding marine bicta (ATSDR 2002). No shellfish nor fish
cellected at the Killen site contained concentrations of metals or explosive compounds that would be a
health hazard to humans consuming fish or shellfish captured either at the Killen or the barge site. As
discussed below, rather than being used 1o store hazardous substances, the drums found on the wrecks
were most likely used for target stahilization and for reserve buoyancy.

The USS-Killen was one of 175 Fletcher-class destroyers built during World War |l. The current condition
of the wreckage indicates that the starboard and port sides of the hull have collapsed, falling outward for
most of their lengths. The hull has essentially split apart, widening the overail width of the ship. The once
ventical portions of the hull have fallen outward and now lie flat on the seafioor. With an original beam of
39.7 / {12 m). the width of the wreckage I1s now 71 ft {22 m). The two boilers, which in Fletcher-class
destroyers are focated below the main deck, are now ihe highest points on the wreckage above the
seafiocr. The bow pertion of the ship has completely broken up and has collapsed inward. Large parts of
the bow have split apart and have fallen or folded over in areas.

The configuration of the Killen as it now lays on the seafloor indicates that it had been modified prior to
being sunk as a target. The bulk of above decks superstructure appears to have been removed. The
wreckage lacks any artifacts resembling weaponry, indicating that all the ship’s armarnent, including all
five of the five-inch gun turrets and the two top-mounted torpedo launchers, had been removed. The
missing superstructure includes the two smoke stacks. the conning fower and bridge structure, and all
other deck housings (i.e., structures located on the main deck).

A good deal of the steet from the main deck flooring also seems o be missing. From examination of the
photomosaic image of the Killen wreckage site. it appears that most of the main decking over the engine
and boiler rooms was absent at the time the ship was sunk. In the top-down view of the wreckage. the
components of the engineering rooms are clearly visible. and no sign of the main deck plates can be
seen. Portions of the main decking from the bow area just ferward of the first boiler room may have been
in place at the time of sinking. but it is difficult to verify just how much was present. Pieces of decking
plates can be seen scattered over the rubble at the bow.

Several components of the ship's engineering rooms (boiler and engine rooms) may also have been
removed prior t¢ the Killen's use as a target. Fletcher-class destroyers have four completely sealed
engineering rooms: two boiler rooms (fire rooms} with two boilers apiece as well as two engine rooms
containing the steam turbines (one per room), reduction gear units {(one per room}. backup diesel engine
{one per ship}, and other control equipment and machinery (including generators for the ship’s elecinc
power). As the photomosaic image (Figure 5}—illustrates. two boilers from the fore boiler room and both
the fore and aft turbines. seem to be missing.

Considering the alterations made to the Killen prior to sinking, the presence of the 55-gallon drums could
very fikely have been used as ballast to redistribute the weight of the modified target ship. With the
amount of superstructure, armament, and heavy engineering components that were missing from the
Killen when it was sunk, the added ballast weight may have been necessary to stabilize the target vessel
during towing to it's the site and during the time it was a target. The ship’s fuel and water storage holds
may also have been filled with seawater to provide the ballast needed for stabilization, yet additional
weight may have been necessary due 1o the highly reduced tonnage of the modified configuration of the
Killen. Removal of various engineering components may have unbalanced the ship causing it to list to
one side or the other. If drums were used for ballast, they were most likely filled with sand or seawater.

A large number of the drums may have been empty and sealed fo provide added buoyancy to cerain
compartments of the target ship. A fully intact enemy warship (which the Killen was presumably
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coral reef 1s one of the best examples of a natural habitat with high spatial complexity. Reet
environments, however, are patchiiy distributed, and there are large areas in tropical regions that are not
characterized by coral reefs. When an artificial reef is introduced into an area of relatively low spatial
complexity, the diversity and abundance of fishes and other reef organisms increase as animals are
attracted to the structure {Bohnsack et al. 1994). Artificial reefs may be deliberate (e.g., sunken concrete
structures). accidental (e.g., shipwrecks), or incidental {e.g., oi! rigs). The positive etfect of artificial reefs
on the diversity and abundance of fishes was certainly evident at the Killen and barge study sites.

5.4 CoRals

Despite the fact that the vesseis were sunk in the middle of a large seagrass area. they were able to
function as productive artificial reefs for coral. Hard coral density (coUm y and diversity on the wrecks
were not statistically different from what was found at the reef control site. Nevertheless, we observed
reef building coral colonies to be significantly larger at the wreck sites. The barge deck supported in
excess of 300 massive coral colonies, mostly symmetrical brain corals {D. strigosa), grooved brain corals
(D. tabyrinthiformis), and massive starlet corals (5. siderea). The photomosiac of the barge clearly shows
the abundance of these coral heads {Figure 4). What was not visible in the photomosaic were the ever
present lesser starlet coral (5. radians) colonies. In addition to the mature coral colonies. there were
literally thousands of juvenile corals (mostly 5. radians) disseminated across the barge deck. The Kiilen
wreck also contained numercus juvenile corals and hemispherical coral heads. These growth and
colonizaticn characteristics were definitely absent from the reef control site. The higher abundance of
corals on the wrecks suggested that the artificial reef was a more suitabie environment for successful
coral recruitment and growth. Between the two wrecks, we found 18 of the 29 coral species known to
occur at the eastern end of Vieques Isiand {NSRR 2002). We did not witness obvious signs of massive
bleaching, abundant coral diseases, or physical destruction at either study site. Further. there was no
evidence of any recent impacts on the wrecks and therr coral biota that would have been caused by inner
range activities (e.g.. physical impacts or ordnance).

Sedimentation, algal cover, and type of substrate all infiuence the success hard corals have in colonizing
a substrate {Bagget and Bright 1985, Sorokin 1995). Compared to the control fringing reef site, the
wrecks were advantageous in many ways to hard corals. The wrecks allowed hard corals to settle on
three-dimensional substrates weli removed from sedimentation by coarse or fine sediments of the bay.
Furthermore, the complexity of the Killen wreck in particular offered a tremendous number of locations
and total hard substrate area for hard corals to colonize. The higher abundance of fishes (many of which
were grazers) on the wrecks than the control site explained in part the fower algal cover on the wrecks.
The active grazing of algae by fishes adds to the competitive success of hard corals competing for
colonization space. Grazers also impact caral recruits and adult coral colonies. Yet, despite the potentially
negative impacts of resf fishes on hard corals, the wrecks (paricularly the barge) have supported
significant coral growth over time {approximately 30 years since the sinking of the wrecks). Interestingly,
flat surfaces of the wrecks (the barge deck and remains of the Killen bow deck) and not the more
contorted or perhaps protected parts of the wrecks supported the most impressive coral formations. This
went against the accepted notfion that coral recruits will develop on the underside of recruitment plates
{e.g., terra cotta plates or quarry tiles) and in areas protected from predators (Bagget and Bright 1985;
Gleason 1999). One other possible advantage of the three-dimensionality of the wrecks was a locai
increase of oxygenation induced by the wrecks, acting as barriers to water circulation. As we conducted
our work on the wrecks we noted perceptible changes in water current speed in areas where large
structures obstructed and consequently accelerated water transport al their edges: the accelerated
transport possibly oxygenated the water locally.

The wrecks supported coral populations similar to the reef control site. We accept the null hypothesis that
the biota on the wrecks, when compared to the surrounding habitat, was no different thap what wouid be
seen in a natural environment. Therefore the analyses of the coral data showed that the wrecks and their
contents did not have negative impacts on the corai reef ecosystems developing on the wrecks. Rather,
the wrecks acted as productive artificial reef habitais

MAELIVEARINE NG [t}



Ex-USS KILLEN SITE INVESTIGATION AND BiOLOGICAL CHARACTERIZATION

T ¥ BN [ T T o P Pl ames Pl e e

6.0 REFEF ES

ATSDR (Agency for Toxic Substances  d Disease Registry). 2002, Focused public health assessme
fish and shelifish evaluation, Islfa de Vieques bombing range, Vieques, Puerto Rico. Atlanta,
Georgia.

Bagget. L.S. and T.J. Bright. 1985. Coral recruitment at the East Flower Garden Reef {northwestern Guit
of Mexico). Pages 379-384 in B. Salvat, ed., Proceedings of the 5th International Coral Reef
Congress. Antenne Museum-EPHE, Tahiti, French Polynesia, Volume 4.

Bohnsack, J.A., D.E. Harper, D.B. McClellan, and M. Hulsbeck. 1984. Effects of reef size on colonization
and assemblage structure of fishes at artificial reefs off southeastern Florida. U.5.A. Bulletin of
Marine Science 55:796-823.

Braun-Blanguet, J. 1965. Plant sociology: the study of plant communities. London: Hafner Publications.

Department of the Navy. 1945, Hull corrected working plan tracings for DD-448 451, 467, 469, 507, 517,
629, 631, 642, 644, 650, 6853, 688, 651. Microfilm Reel 55641-1, National Archives and Records
Administration, Cotlege Park, MD.

Department of the Navy. 1983. Memorandum of Understanding regarding the Island of Vieques: 1983.

Department of the Navy. 2001. Baseline natural resource assessment of coral reefs: Vieques lsland,
Puerto Rico. Poster presentation, U.S. Coral Reef Task Force Meeting, Washington, D.C..
December 5, 2001.

Fonseca, M.S., JW. Kenworthy, and G W. Thayer. 1998. Guidelines for the conservation and restoration
of seagrasses in the United States and adjacent waters. NOAA Coastal Ocean Program Decision
Analysis Series, No. 12. Siiver Spring: NOAA Coastal Ocean Office.

Gleason, M.G. 1999. The importance of algal-grazer interactions in earty growth and survivorship of
sexual recruits and transplanted juvenile corals. Page 93 in Abstracts, international Conference
on Scientific Aspects of Coral Reet Assessment. Monitoring, and Restoration. April 14-16, 1999.
Fort Lauderdale. Florida.

NSRR {Naval Station Roosevelt Roads). 2001, Draft integrated natural resources management plan, U.5.
naval lands on Vieques. Vieques Island, Puerto Rico.

NavSource. 2001. NavSource Online: destroyer photo archive DD-593 USS Killen. hitp://www.navsource.
org/archives/06/593.htm.

Randall, J.E. Grazing effect on seagrasses by herbivorous reef fishes in the West Indies. Ecology 4:255-
260.

Rogers, C.. G. Cintron, and C. Goenaga. 1978. The impact of military operations on the coral reefs of
Vieques and Culebra. Report to Department of Natural Resources, San Juan, Puerto Rico.

Sorokin, Y.L. 1995. Coraf reef ecology. Berlin: Springer-Verfag.

Steneck. R.5. 1988. Herbivary on coral reefs: a synthesis. Pages 37-49 in J.H. Choat, D. Barnes, M.A.
Borowitzka, J.C. Co#t, P.J. Davies, P. Fllod, B.G. Hatcher, D. Hopley, P.A. Hutchings, D. Kinsey.
G.R. Orme, M. Pichon, P.F. Sale, P. Sammarco, C.C. Wallace, C. Wilkinson, E. Wolanski, and O.
Beliwood, eds., Proceedings of the 6™ International Coral Reef Sympasium, Australia, Volume 1.

Virstein, R. W. 1995. Seagrass landscape diversity in the Indian River Lagoon, Florida: the importance of
geographic scate and pattern. Bulfetin of Marine Science 57 67- 74.

Wiliams, D.M. 1991. Patterns and processes in the distribution of coral reef fishes. Pages in: In The
ecology of fishes on coral reefs, ed. P.F. Sale, 437-474. San Diego: Academic Press.

Zar, J.H. 1884. Biostatistical Analyses. New Jersey: Prentice-Hall. Inc.

L MR IVIAHINE, 1N






Ex-USS KILLEN SITE INVESTIGATION AND BIOLOGICAL CHARACTERIZATION

This page intentionally left blank



’ENDIX A

KILLEN AND BARGE









APPENDIX B

Seagrass, Fish, and Coral Data



Appendix B. Submerged Aquatic Vegetation: KILLEN TRANSECT K-1

[SEAGRASS | |ALGAE
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY

5m Sand

10 m HW 16/16=10 | 4/16=025 | 4/16=0.25 H {A)

20 m SF 15/16 =1.0 | 5/16=10.31 5/16 = 0.31 H (C)
TT 14/16 =0.88 | 37114 =0.21 3116 =018

30m SF 16/16=1.0 | 5/16=0.31 5/16 = 0.31 H (A)
TT 16/16=1.0 | 4/16=025 | 4/116=0.25

40 m SF 16/16=1.0 | 5/16 = 0.31 5/16 = 0.31 H (A)
TT 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31

50 m SF 16/16=1.0 | 5/16=0.31 5/16 = 0.31 H (A)
TT 16/16 =10 [ 4/16=025 | 4/16=0.25

60 m SF 16116 =10 | 5/16 =0.31 5/16 = 0.31 H {A)
TT 16/16 = 1.0 5/16 = 0.31 516 = 0.31

70 m SF 16/16 = 1.0 [ 5/16 = 0.31 5/16 = 0.31 H {A). P (C), U(R)
TT 16/16 = 1.0 [ 5/16 = 0.31 5/16 = 0.31

80 m SF 16/16=1.0 [ 4.5/16=0.28 | 45/16=0.28 H (A}, P (A). U (C)
TT 16/16 = 1.0 5/16 = (.31 5/16 = 0.31

90 m SF 16/16 =10 | 4.5/16=0.28 [ 4.5/16 = 0.28 H (A), P (A), U (C)
TT 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31

100 m SF 16/16 = 1.0 | 5/16 = 0.31 5116 = 0.31 H (A), P (A), U (C}
TT 16/16 =10 | 45/16=0.28 | 4516 =0.28

110 m SF 16116 =10 | 4/16=025 | 416=0.25 H(A), P (A). U (C)
TT 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31

120 m SF 16/16=1.0 | 5/16 = 0.31 5/16 = 0.31 H(A). P (A). U (R}
TT 16/16 = 1.0 5/16 = 0.31 5116 = 0 31

130 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31 H (A), P (A), U (C)
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31

140 m SF 16/16 = 1.0 5/16 = 0.31 516 = 0.31 H (A}, U (C)
TT 2/116=0.13 | 052=025 | 0.5/16=0.03

150 m SF 16/16 =1.0 | 5/16 = 0.31 5/16 = 0.31 H (A}, P {(A), U (C}
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31

160 m SF 16/16=1.0 | 5/16 = 0.31 5/16 = 0.31 H (A}, P (A}, U {C)
TT 18/16 = 1.0 5/16 = 0.31 5/16 = 0.31

170 m SF 16/16 = 1.0 5/16 = .31 5(16 = 0.31 H (A}, P (A), U (C)
TT 16/16=1.0 | 416=025 | 4/16=0.25

180 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31 H {A), P {A), U {C)
7T 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31

190 m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31 H (C)
TT 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31

200 nt SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31 H (A), P (R). U (C)
TT 12016 =075 | 4/12=033 | 4/16=0.25

H = Halimeda incrassata
P = Penicilfus capitatus
U = Udofea sp.

SF = Syringodium filiforme
TT = Thaflassia testudinum
HW = Halodule wrightif

A = abundant
C = common
R =rare



etation: KILLEN TRANSECT K-2

DENSITY
2716 = 0.13
3716 =0.19
5/16 = 0.31
5116 = 031
5/16 = 0.31
11716 = 0.01
516 = 0.31
2/16 =0.13
5/16 = 0.31
516 = 0.31
5/16 = 0.3
) 5/16 = 0.31
70 m SF 16/16=1.0 | 516=031 | 516=0.31
TT 16/16=1.0 | 4/16=025 | 4/16=0.25
80 m SF 16/16=10 | 516=031 | 5/16 = 0.31
T 16/16=10 | 5/16=031 | 6/16 = 0.31
90 m SF 16/16=1.0 | 4.5/16 =0.28 | 45/16 = 0.28
TT 16/16=10 | 4/16=025 | 4/16=0.5
100 m SF 16/16=10 | 5/16=031 | 516=0.31
T 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
110 m SF 16116=10 | 5/16 =031 | 5/16=0.31
T 16116 =10 | 516=031 | 516 =0.31
120 m SF 16/16=1.0 | 4.5/16=0.28 | 45/16 =0.28
T 16/16=1.0 | 5/16=031 | 516=0.31
130 m SF 16/16= 1.0 | 45/16=0.28 | 4.5/16 = 0.28
T 16116=10 | 4/16=025 | 4/16=0.25
120 m T 16[16=1.0 | 5/16=0.31 | 6/16=0.31
SF 16716 = 1.0_| 4.5/16 =0.28 | 4.5116 = 0.28
150 m SF 16/16=10 | 516=031 | 516 =0.31
TT 16/16=10 | 516=031 | 5/16=0.31
160 m T 16/16=1.0 | 5/16=031 | 5/16=0.31
SF 1616 =1.0_| 3.5/16=0.22 | 3.5/16 =022
170 m T 16/16=10 | 3/16=019 | 3/16=0.19
SF 16/16=10 | 4/16=025 | 4/16=0.25
180 m SF 16/16=10 | 4/16=025 | 4/16=0.25
HW | 516 = 0.31 15 =02 1716 =0.06
190 m SF 16/16=1.0 | 5/16=031 | 5/16=0.31
200 m SF 16/16=10 | 5/16=031 | 516=0.31

SF = Syringodium filiforme
TT = Thallassia festudinum

HW = Halodule wrightii

[ALGAE

H (C), P (C)

H{C).P

H{C}, P ()

H{C) P ()

H(C).P ()

H{C), P{C}). U {C)

H{C)

H{C).P(C)

B (C), P{C). U (R)

B {C). P (C)

H(C) P(C). U (R}

H(C). P (C)

H(A), P (A), U(C)

B (C). P {C)

H(C}, P (C)

HA), P (A) U (A)

H{A)L P (AL UA)

H = Halimeda incrassata

P = Penicillus ¢
U = Udotea sp.

A = abundant

C = common
R = rare

apitatus






Appendix B. Submerged Aguatic Vegetation: BARGE TRANSECT B-1

[SEAGRASS ] [ALGAE ]
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m SF 12/16 =0.75 | 3/12=025 | 3/16=0.19
10m Sand
20 m HW 16/16 =10 | 3/16=0.19 | 3/16=0.19
30m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31
TT 16/16=10 | 416=025 | 4/16=0.25
40 m SF 16/16=1.0 | 4/16=025 | 4/16=0.25
TT 16/16=1.0 | 4/16=025 | 4/16=025
50 m SF 16/16=10 | 416=025 | 4/16=0.25
TT 16/16 =10 | 416=025 | 4/16=0.25
60 m SF 16/16 =10 | 416=025 | 4/16=0.25 H (A)
TT 16/16 =10 | 316=019 | 3/16=0.19 P{C)
70m SF 16/16 =1.0 | 3/16=0.19 | 3/16=0.19 H (C)
TT 16/16=10 | 316=019 | 316=0.19 P (C)
80 m SF 16/16 =10 | 3/16=019 | 3/16=0.19 H (C), P (C) U (R)
TT 16/16 =10 | 3/116=019 | 3/16=0.19
90 m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 | 4/16=025 | 4/16=025
100 m SF 1116 =069 | 3111=027 | 316=0.19
TT 16/16=10 | 4/16=025 | 4/16=0.25
110 m SF 16/16 =10 | 4/16=025 | 4/16=0.25 H(A), P (A}, U(R)
1T 16/16=10 | 4/16=025 | 4/16=0.25
120 m SF 16/16 =1.0 | 5/16 = 0.31 5/16 = (.31 H(C}, P (A), U (R)
TT 16/16=1.0 | 4/16=0.25 | 4/16=0.25
130 m SF 16/16 = 1.0 | 516 =10.31 5116 = (.31 H (R)
TT 16/16=10 | 4/16=025 | 4116=0.25
140 m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31 H(R), P (C)
TT 16/16 =1.0 | 5/16 = 0.31 5/16 = 0.31
150 m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = (.31 P (C)
TT 16/16 =10 | 4/16=025 | 4/16=0.25
180 m SF 16/16=1.0 | 5/16 =0.31 5/16 = 0.31
TT 16/16=1.0 | 4/16=025 | 4/16=0.25
170 m SF 16/16 = 1.0 | 5/16 = 0.31 5/16 = 0.31 H (R)
TT 16/16 =10 | 4/16=025 | 4/16=025
180 m SF 14/16 =088 | 5/14=0.36 | 5/16 = 0.31 H (R}, P (A). U (C)
7T 16/16 = 1.0 | 4/16=025 | 4/16=0.25
190 m SF 16/16 =10 | 4/16=025 | 4/16=0.25 H (R}, P (C). U(C)
TT 16/16 =10 | 3/16=0.19 | 3/16=0.19
200 m SF 16/16=10 | 4/16=025 | 4/16=0.25 H(R). P {R), U {(C)
TT 16/16 =10 | 4/16=025 | 4/16=0.25

H = Halimeda incrassata
P = Penicifius capitatus
U = Udotea sp.

SF = Syringodium filiforme
TT = Thallassia testudinum
HW = Halodufe wrightii

A = abundant
C = common
R =rare



Appendix B. Submerged Agquatic Vegetation: BARGE TRANSECT B-2

ISEAGRASS |
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m Sand
10 m SF 7116 =044 | 0.57=0.07 | 0.516=0.03
20 m SF 12/16=0.75 | 1/12=0.08 1/16 = 0.06
30 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
17 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
40 m SF 16/16 =10 5/16 = 0.31 5/16 = 0.31
TT 16/16 =10 | 45/16=0.28 | 4.5/16=0.28
50 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 =1.0 | 4/16=0.25 | 4/16=0.25
60 m SF 16/16 =10 | 5/16=0.31 5/16 = 0.31
TT 16/16 =10 | 45/16=028 | 45/16=0.28
70m SF 15116 =0.94 | 3/15=0.2 3/16=0.19
80 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/116 =1.0 | 4/16=0.25 | 416=0725
90 m SF 168/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16=1.0 | 4/16=025 [ 4/16=0.25
100 m SF 16/16 =10 | 5/16=0.31 5/16 = 0.31
7T 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
110 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
1T 1616 =10 | 416=025 [ 4/16=0.25
120 m SF 16/16 = 1.0 5116 = 0.31 5/16 = 0.31
TT 16/16 =10 | 5/16=0.31 5/16 = 0.31
130 m SF 16/16 =10 | 5/16=0.31 5/16 = 0.31
TT 16/16 =10 | 416=025 | 4/16=0.25
140 m SF 16/16 = 1.0 5i16 = 0.31 5/16 = 0.31
TT 16/16 =10 | 4/16=0.25 | 4/16=0.25
150 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
160 m SF 16/16 = 1.0 5/16 = 0.31 516 = 0.31
TT 16116 =10 | 416=025 [ 4/16=0.25
170 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/18 = 1.0 5/16 = 0.31 5/16 = 0.31
180 m SF 16/16 =10 | 4/16=025 | 4/16=0.25
TT 16/16=1.0 | 36/16=022 [ 3.5/16 =022
190 m SF 16/16=1.0 | 5/16=0.31 5116 = 0.31
TT 16/16 = 1.0 5116 = 0.31 5/16 = 0.31
200 m SF 16/16 =1.0 [ 4.5/18=0.28 | 4.5/16=0.28
TT 16/16 =10 | 416=025 | 4/16=0.25

SF = Syringodium filiforme
TT = Thallassia testudinum

HW = Halodule wrightii

[ALGAE

H (A)

H(R)

H{C}, P {A). U (R}

H(C). P (C) U(R)

H{C). P (A), U{C)

H(R). P {R)

H (C), U{C)

H{C), P (A}, U{C)

H = Halimeda incrassata
P = Penicillus capitatus

U = Udotea sp.

A = abundant
C = common
R =rare



[SEAGRASS

DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m SF 15/16=0.94 | 4/15=027 | 4/16=025
10m SF 16/16=10 | 516=031 | 5/16=0.31
TT 16/16 =10 | 4/16=025 | 4/16=025

20m SF 16/16=1.0 | 516=031 | 5/16 =031
TT 16/16=1.0 | 4/16=025 | 4/16 =025

30 m SF 16/16=1.0 | 516=0.31 [ 5/16=0.31
TT 16/16=1.0 [ 516=031 | 5/16 = 0.31

40 m SF 16/16 =10 | 516=031 | 5/16 = 0.31
TT 16/16 =10 | 516=031 | 5/16 =031

50 m SF 16116 =1.0 | 516=031 | 5/16 =0.31
60 m SF 16/16 =10 [ 516=0.31 | 5/16=0.31
70 m SF 16/16=1.0 | 4/16=025 | 4/16=0.25
1T 14/16 =0.88 | 4/14=029 | 4/16=0.25

80 m SF 16/16=10 | 4/16=025 | 4/16 =0.25
1T 16/16=1.0 [ 516=031 | 5/16=0.31

90 m SF 16/16=1.0 [ 5/16=0.31 | 5/16 =0.31
TT 16/16=10 | 516=031 | 516=0.31

100 m SF 16/16 =10 | 516=0.31 [ 5/16 = 0.31
TT 16/16 =10 | 516=031 [ 5/16 = 0.31

110 m SF 16/16=10 | 516=031 | 5/16=0.31
TT 18/16=10 | 3/16=0.18 | 3/16=0.19

120 m SF 16/16=10 | 516=0.31 [ 5/16 = 0.31
TT 16716 =10 | 416=025 | 4/16=0.25

130 m SF 16116 =1.0 | 4/16=025 [ 4/16 =025
TT 16116 =10 | 4/16=025 [ 4/16=025

140 m SF 16116 =1.0 | 4116=025 [ 4/16=0.25
TT 16116 =1.0 [ 5/16=0.31 | 5/16 = 0.31

150 m SF 16/16=10 | 516=031 | 5/16 =031
TT 16/16 =1.0 | 4/16=025 | 4/16 =0.25

160 m SF 16116 =1.0 | 4/16=025 | 416=025
TT 16/16 =10 | 4/16=025 | 4/16=0.25

170 m SF 16/16 =10 | 516=031 | 5/16=0.31
TT 16116 =10 | 4/16=025 | 4/16=0.25

180 m SF 16/16 =10 [ 516=031 | 5/16 =031
TT 16/16 =10 | 416=025 | 4/16=0.25

190 m SF 16/16=10 | 5/16=031 | 5/16=0.31
TT 16/16=10 | 4/16=025 | 4/16=0.25

200 m SF 16/16 =10 | 5/16 = 0.31 5/16 = 0.31
TT 16/16 =10 | 416=025 | 4/16=0.25

SF = Syringodium filiforme
TT = Thallassia festudinum

HW = Halodulfe wrightii

Appendix B. Submerged Aquatic Vegetation: BARGE TRANSECT B-3

[ALGAE

PC)

H(C) P (A)

H = Hafimeda incrassata
P = Penicilfus capitatus
U = Udotea sp.

A = abundant
C = common
R =rare



Appendix B. Submerged Aguatic Vegetation: CONTROL TRANSECT C-1

[SEAGRASS |
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m SF 16/16 = 1.0 4/16 =0.25 4116 = 0.25
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
10 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
20 m SF 16/16 = 1.0 4/16 = 0.25 4/16 = 0.25
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
30m SF 16/16 = 1.0 4/16 =0.25 4716 = 0.25
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
40 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1,0 5/16 = 0.31 5/16 = 0.31
50 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 168/16 = 1.0 5/16 = 0.31 5/16 = 0.31
60 m SF 16/16 = 1.0 4/16 =0.25 4/16 =0.25
7T 16/16 = 1.0 5/16 = 0.31 5/16 =0.31
70 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
80 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 =10 5/16 = (.31 5/16 = 0.31
90 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
100 m SF 16/16 = 1.0
TT 16/16 = 1.0
110 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = (.31 5/16 = 0.31
120 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
130 m SF 16/16 = 1.0 4/16 =0.25 4/16 = 0.25
TT 16/16 = 1.0 5/18 = 0.31 5/16 = 0.31
HW 8116 =05 2/8 = 0.25 2/16 =0.125
140 m SF 16/16=1.0 | 4516=0.28 | 4516 =028
TT 16/16=1.0 | 45/16=0.28 | 4.5/16 =0.28
150 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
160 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 4/16 = 0.25 4/16 =0.25
170 m SF 16/16 = 1.0 5/16 = 0.31 516 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
180 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = .31
TT 16116 = 1.0 5/16 = 0.31 5/16 = 0.31
190 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
1T 16/16 = 1.0 4/16 = 0.25 4{16 = 025
200 m SF 11/16 =069 | 4/11=036 4/16 = 0.25
TT 4/16 = 0.25 214=05 2/16 = 0.125

SF = Syringodium filiforme
TT = Thallassia testudinum

HW = Halodule wrightii

H = Hafimeda incrassata
P = Penicillus capitatus
U = Udotea sp.

[ALGAE

H(A) PG

H(A). P (A} U(C)

H(A). P (A)

H (A). P (A)

H{AY. P (A}, U(R)

H {A), P(A), U (R}

H (A} P (A)

H{A). P (A). U (R)

H{ALPA)

H{A), P (A}

H (A}, P (A)

H (A), P (A)

H(A). P (A)

H (A), P (A)

H {A), P {A)

H (A). P (A)

H{A), P (R)

A = abundant
C = common
R =rare



Appendix B, Submerged Aguatic Vegetation. CONTROL TRANSECT C-2

[SEAGRASS |
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m SF 15/16 = 0.94 3/15=0.2 3/16 = 0.19
TT 8/16 = 0.5 2/8 = 0.25 2116 = 0.13
10 m SF 16/16 = 1.0 516 = 0.31 5/16 = 0.31
TT 16/18 = 1.0 4/16 = 0.25 4/16 = 0.25
HW 2/16=013 | 05/2=025 | 05/16=0.03
20 m SF 16716 = 1.0 5/16 = Q.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
HW 2116 =013 | 0.52=025 | 0.5/16=0.03
30m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
40 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 4/16 = 0.25 4/16 =0.25
50 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
60 m SF 16/16 = 1.0 5/16 = (.31 5/16 = 0.31
1T 16/16 =10 | 45/16=028 | 4516=0.28
70 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
80 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
90 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
100 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 =10 5/16 = 0.31 5/16 = (.31
110 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 516 = 0.31 5/16 = 0.31
120 m SF 16/16 = 1.0 4/16 = 0.25 4/16 = 0.25
TT 16116 = 1.0 5/16 = 0.31 5/16 = 0.31
130 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = (.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
140 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
150 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
7T 16116 =1.0 5/16 = 0.31 5/16 = 0.31
160 m SF 16/16 = 1.0 5/16 = .31 5/16 = 0.31
7T 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
170 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
i 16/16 = 1.0 5/16 = 0.31 5116 = 0.31
180 m SF 16416 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5116 = 0.31
190 m SF 16/16 = 1.0 3/16 = 0.19 3/16 =0.18
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
HW 6/16 = 0.38 1/6 =017 1116 = 0.06
200 m SF 5/16 = 0.31 1/5=0.2 1116 = 0.08
17T 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31

SF = Syringodium filiforme
TT = Thalfassia testudinum

HW = Halodule wrightii

H = Hafimeda incrassata
P = Peniciffus capitatus
U = Udotea sp.

[ALGAE

H{A) P (C)

H{A). P (A)

H (A}, P (A)

H{A). P (A)

H (A), P (A)

H{A), P (A

H (A}, P {A)

H(A), P {A)

H{A), P (A)

H(A), P {A)

H{C). P A

H(C) P (A)

H {C). P {C}

A = abundant
C = common
R =rare




Appendix B. Submerged Aquatic Vegetation: CONTROL TRANSECT C-3

[ALGAE

H{C). P(A)

H(C). P (A)

H{C) P{A)

H(A), P (A)

H (A} P (A)

H{A) P (A)

H(A) P (A)

H{A)P(C)

H{A). P {A}

H{A). PA)

H{C). P{A)

H (A), P (A)

H{C) P A)

H (A} P (A)

[SEAGRASS |
DISTANCE SPECIES FREQUENCY ABUNDANCE  DENSITY
5m SF 16/16 = 1.0 3116 =0.19 | 3/16=0.19
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
10 m SF /16 = 0.38 1/6 =017 1/16 = 0.06
TT 16/16 = 1.0 3116=019 [ 3/16=019
HW 16/16 = 1.0 3116 =019 | 316=0.19
20m SF 10/16 = 0.63 2110=0.2 2/16 = 0.13
TT 16/16 =10 | 4.5/16=0.28 | 4.5/16 = 0.28
HW 15/16 =094 | 3/15=0.2 3116 =0.19
30m SF 16/16 =1.0 | 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
40 m SF 16/16 =1.0 | 5/16 =0.31 5/16 = 0.31
1T 16/16 = 1.0 5/16 = 0.31 5116 = 0.31
50 m SF 16/16=10 | 4/18=025 | 4/16=0.25
TT 16/16=1.0 | 5/16=0.31 5/16 = 0.31
60 m SF 16/16=1.0 | 4/16=025 | 4/16=0.25
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
70 m SF 16/16=1.0 | 4.5/16=0.28 | 45/16=0.28
TT 16/16 =1.0 | 5/16 =0.31 5/16 = 0.31
80 m SF 16/16 = 1.0 5/16 = 0.31 5/16 =0.31
TT 16/16=1.0 | 45/16=028 | 4.5/16 =0.28
90 m SF 16/16=10 | #/16=0.25 | 4/16=0.25
TT 16/16 = 1.0 5116 = 0.31 5/16 = 0.31
100 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5116 = 0.31 5/16 = 0.31
110 m SF 16/16 = 1.0 5/16 = 0,31 5/16 = 0.31
TT 16/16 =10 | 4/16=025 | 4/16=025
120 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
130 m SF 168116 = 1.0 5/16 = 0,31 5/16 = 0.31
TT 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
140 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16=10 | 4/16=025 [ 4/16=025
150 m SF 16116 =10 | 5/16 = 0.31 5/16 = 0.31
TT 16/16 =1.0 | 5/16 = 0.31 5116 = 0.31
160 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
TT 16/16 =10 | 5/16=0.31 5/16 = 0.31
170 m SF 16/16 = 1.0 5/16 = 0.31 5/16 = 0.31
7T 1616 =10 | 5/16 = 0.31 5/16 = 0.31
180 m SF 16/16 = 1.0 5/16 = 0.31 5116 = 0.31
190 m SF 16/116 =10 | 416=025 | 4/16=0.25
TT 2/16 = 0.13 1/2=0.5 1/16 = 0.06
200 m SF 14/16 =088 | 4/14=029 | 416=0.25

SF = Syringodium filiforme
TT = Thaitassia testudinum

HW = Halodule wrightii

H = Halimeda incrassala
P = Peniciflus capitatus

U = Udotea sp.

H{C), P A

H (A}, P (A). U (A)

H(C). P {A)

H{A), P (R}

H (C)

H{A). P A

HA). P (R)

A = abundant
C = common
R =rare



Appendix B Fish Transect Data KILLEM TRANSECTS

Killer sile K1-5 | K2-5 | K3-5 | K1-50 | K2-50 | K3-50 |K1-200[K2-200]K3-200] KF1 kiFz | KF3 | KF4 | KFf5 Totat
Abudefdul saxatiis 4 4 2 8 12 30
Avantirrus bahignus - 3 Z 1 4 t 3 15
Acanthurus coerulus 3 18 18 7 46
Aulostomus maculalus 0
Bodianus rifus Z 10 1 1 14
Canthigaster rostrata { 1 2
Carany iuber 1 2 2z 5
Chaetodon striatus 0
Chronus cyanea 12 5 17
Chromis muftifineata 22 2 22 &7 58 ‘g9
Clepticus parrag 2 2
Cryplotomus mseus o
Eptephelus cruentatus 1 1
Epinsphelus guttalus 8]
Equstus acurminatus 0
Fistularia tabacaria 0
Garres cinsreus 3 3
Grathalepis thompson 0
Gobiosoma evelynae 1 1
Gymnothorax monnga 1 i
Haamuon aurcineatum 5 2
Haemulan chrysargyreum 1 it 1 5 1 13
Haernuton flavolineatum 1 1
Haermulon plumien 1 7 g
Haemuton scivrus jit] 15 15 7 47
Haermuon sp. 1 1
Halichoares bivittatus 4 2 1 1 1 1 7 2 1 20
Halichagres garnoli 0
Halichoeres macuipinna 0
Hafchoetes radiatus 0
Hemipternotus novacula 1 1 2
Holocentrus adscensions i 2 1 1 1 B
Hypoplectrus unicolor 1 i
Kypliosus 5p. 50 20 70
Luijanus apodus 3 3 1 7
{ iifanus griseus 20 2 5 2 24
Lutianus sp. 0
Malacanitiug piurmient 1 i
IMatacactenus trianguiatus G
Micraspathodon chrysurus 2 1 3
[Mutfoidichtys martinicus 10 2 14
Myripristis jacobus C
Ocyurus chrysurusg i 2 1 4
Cphichlennius atlanticus 1 1 1 3
Prigeanthus cruesiatus 1
Pseudupeneus maculatus 1 3 11 15
Scarus taeniopterus 1 1 2 4
Scomberomarus regalis Q
Serranus tgrinus )
Sparisornia atomarium 3 3 2 2 10
Sparisoma aurgfrenatum Y
Sparisoma radians 1 2 1 3 7
Sparisoma sp. 0
Sparisoma vinde 4 3 2 3 12
Sphtyraena batracuda 0
Stegasies diencaeus 3 2 5 1 11
Stegastes fuscus 1 1
Stegasles leucostictus J
Stegastes pariitus 4 & 2 17
Stegastes variabilis 1 i 1 1 4
Synodus intermedhus 0
Thalassoma bfasciatum 10 43 48 18 5 122
{Total 8 4 3 3 ] o 1 e | 5 [ 13 [ 118 ] 150 | 125 | 169 | 128 |[ 748|




Appendix B Fish Transect Dala: BARGE TRANSECTS

Barge site

B2-5

B83-5

81-50

B2-50

B3-50

B81-200

B2-200

83-200

BF1

Total

Abudeldul saxalilis

Acanihurus Bahianus

—

Avantfurus coaruius

Aulostomus macuiatus

Bodianus ruifus

Canthvgasier roslrata

h

Caranx ruber

Chaglodon stualus

Chromys cyanea

=1 b=l e 1] B e K] L Keid

Chrowmis rultifineata

50

T
=]

Clepficus parrae

Cryptotomus roseus

Epnephelus cruentatus

Epinephelus guttalus

Equetus acuminalus

Fistulgria tabacaria

Gerres Cnereus

Gnatholepis thompsoni

10

oy

Gobinsoma evelynae

Gymnothorax monnga

L=] k=1 k=3 =] e =l k=T L e =

Hagrmuton aurolineatum

25

[ae
2l

Haernidon chrysargyrawm

]

Haomulon flavolinealum

Haemulon plumien

=] =1

Hagriulon sciurus

50

th
o

Haemulon sp.

s
~

Hahchoeres bivittatus

ra
o

Hahchoeres garnal

iy

Hatichoeres maculipinna

Hahchoeres radiatus

Heamipternotus novacula

Haolacentrus adscensionis

Hypoplectrus urcolor

FypROSUS SD.

Lutjanus apodus

Lutfanus griseus

oy

Lutjanus sp.

Malzcanthus piurmierd

Maiacoctenus Inangulatus

Microgpathodon chirysurus

Mutloidichthys martinicus

Myripristis jacobus

Ocyurus chrysurus

Ophicblennius atlanticus

Priacanthus cruemlatus

Pseudupeneus maculatus

48

N E=1 =1 B D=1 [ =1 B [i*] k=1 E=1 =] [=1 =] (7] L= B | N

furl

Scarus tagniopterus

]

Scomberomorus regalls

—

Serranus hgnnus

—

Sparisoma atomarium

12

45

o
jurd

Sparisorna aurcfrenatum

[l

Sparisoma radians

[
da

Sparisoma sp.

Sparisoma viride

Sphyraena barracuda

Stegastes diencagus

Stegastes fuscus

Stegastes laucostictus

Stegastes partitus

Stegastes varabilis

Synodus intermedius

el L=1 LA R =1 =] R et £55)

Thalassoma bifasciatum

25

2
L

{Tolal

50

77

28

217

[

239]
































































