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Agrigl photograph of the preposed project location. The preposed projact is
iocated at the Matemillo Sector, Pusrio Real Ward, Fajardo, sast cozst of
Pusrto Rico. Existing conditions of the site are shown on top of the page.
The proposed project is overlaid in the picture below.

FIGURE 2

The locations of gl stations sampled in July 24, 2002 and in Augueat 21,
2002. The siations where seagrasses were found are shown by the
colored (red) circles. Stations where no seagrasses were found are shown
by the dive flag symbols.

The specific locations of the grab sample stations during the April 10-11,
2003 field studies. The eight reference pointe (see TABLE 1) of the
breskwaters are shown as squarss. The locations of the grab steticns
within the breskwaters are shown ag circles.
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FIGURE 4

Photographs showing the Wildco-Ponar bottom dredge sampling sequence
methodology. The Wildeo-Ponar bottom dredge samples an area of 8" x 6
with 2 semoling volume of (145-in%).

FIGURE &

Benthic samples taken during April 10-11, 2003 within the footprints
(wpts188-~196) of Marina Puerto Real, Fajardo, Puerto Rico. Digital images
of samples are shown at the moment of collection and afier the samples
were sieved.
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FIGURE G

The distribution of seagresses within the proposed seaward extension of
Marina Puerto Real, Fajardo, Puerio Rico. Samples where only mud or
sand (no seagrasses) was found are shown in brown. Light green circles
or sguares represent Halophila decipiens andfor Halodule wrightil, The
single dark green circle represents Thalassia testudinum. The yeliow
circles or squarss representi the stations where Syringodium fififorme wes
found. The red squares represent two grounded/sunken stesl-hauled
vessel unregistered in NOAA chert U25663 and found in this study.

Benthic samples taken during April 10-11, 2003 within the proposed
hreakwaters of Marina Puerio Real (WPTS 234-270, GPS#1), Fajardo
Puerto Rico. Digital images of samples are shewn at the moment of
collection and after the samples were sigvad.

G
8

‘\/':Sr .f|

&




TITLE

The locztion 2nd depth of the eight

specific foolprint referencs points
of the proposed expansion of Marina Puerto Real located in Fejardo
Buerto Rico. All the locations of the reference poinis were
documented by using 2 global pesiticning instrument, specificaily

the GPS#IVEA.

TABLE 2

The location 2nd depth of the eight specific foolprint reference pointe
of the proposed expansion of Marina Puerio Reel located in Fajardo
Buerto Rico. All the locstions of the refersnce points were
documnented in this study by using a global position instrument,
specifically GPS#1VEA.

14

TABLE 3

Depth, substrate composition, vegetation end infauna found within
the sight (8) reference breakwater footprint points of Marina Puerto
Real (WPTS 189-198), Fajardo Puerto Rico. All sempies were taken
during April 10-11, 2003.
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TABLE 4

Depth, substrate composition, vegetation and infeuna found within
the proposed breakwaters of Marina Puerto Real (WPTS 254-270,
GPS#1), Fajardo Puerio Rico. All samples wers izken during April
10-11, 2003,

27
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Vicente and Asscceistes, Inc., (V&A) coniinues fo be retalned by AVE Inc., pariner of Marina
Puerto Real, for the purpose of pursuing benthic siudies within the proposed offshore
extension of the existing Marina Pusrio Real fzcllities In Fajardo, Puerto Rics.

At present, Marina Puerto Real is 2 land-bzsed marina facility located on a2 small sector north
of the mouth of Rio Fejardo, on the east coast of Puerto Riceo. This land-based marina facility
has been in operation for fourteen (14) yezrs. During these years, Marina Puerto Real has
provided continuous marine services (ramp, storage eic.) to boat owners without incurring in
environmental violatiens (DIA, 2000: Consulta # 2000-24-0437-JPU).

At present, AVE Inc. is proposing to expand its land-based facility into Behia de Fajardo in
order to provide additional marina-related services. Specifically the new marine expansion
consists of the following principal compenents:

Construction of 193 concrete slips for vessels between €0 and 80-% in [ength,
Dredging of 1,313 cubic meters,

Utilizaticn of 155,250m7 of submerged lands,

Construction of a plafform with Finger Lifts and Travel Lifis,

Installation of floating docks,

Coenstruction of two (2) breskwaters, a clubhouse, and a parking lot, and,

Cther structurss described In COE-1888-04800 (IP-DD), JP 1682-24-0710-JGU, ZMT-
88-070.

S On s D

An zerial photegraph showing the existing conditions of the proposed expansion site s
shown in FIGURE 1. The proposad project is also shown overlaid on the aarial photograph.
As shown in the figure, the project will significantly enhancs the proposed site 2nd provide
shoreline protection among cther functions.
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2L E 1. Aerial photograph of the proposed project location. The proposed project is
located st the Matemniio Sector, Puerto Resl Ward, Fajardo, sast coast of Pusric Rice.
Existing conditions of the site are ehown on top of the page. The proposed project is overiaid
in the picture below.
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As shown In FIGURE 1, the proposed expansion includes the construction of two
brezkwaters which are necessary to provide adequate and safe navigable conditions within
the marina. The criginal design of the brezkwaters have been improved (i.e. three openings
were introduced) in crder to assure proper water quality conditions within the marina and in
erder to comply with USEPA Guidelines for marina basins (Moffet & Nichol, 2003; USEPA,
1985). The three segments of the scuthemn brezkwater arm run counterclockwise from shore.
The nerthern breskwater am runs clockwise from shors. These two bregkwetsrs will profect
tha shoreline and the land based facility of Marina Puerto Rea! from zppareni ercsion
conditions of the shore. The proposed dsvelepment will also provide & refuge for local fishing
boats and for the community if necessary, during storms svents.

There are esight (8) referencs points which mark the footprints of the two breakwaters. The
specific locaticns (latitudes and longitudes) of these footprint points are given in TAELE 1.




TAEBLE 1. The locziio

= -

bisy

nd depths of the eight (B) specific footprint reference poinis of the
proposed expansion of Marina Puerto Real, located in Fajard
of the referancs points were documented in this study by using 2 global poslion Instrumsnt,
gpecifically CP8#2VaA, RP = Reference point.

Puerto Rico. All the locations

WPT# |DEFIR ATITUDE () LORGITUDE (9] ROTES
GPS2 |1
5 0 787 20' 00.6" N e 3T B W RFi
|
f
%0 0.0 5 20'09.3" I [65°37° 400" W R
751 2.2 18°20’ 08.3" N 85° 37" 36.1" W RP3
ie2 8.2 18°20'07.2" R E8° 37 344" W RP4
193 Xl 16920’ 10.6" N €6°37 368" W RPE
184 8.0 18°20' 07.8" N R 37 318" W RFS
£3 3.9 8220 013" N 68° 37 311" W RPT
196 25 819 53.6" N 5837 380" W SE
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Early in July 2002, V&A, Inc. proposed to conduct a sefies of underwater fransscis Using
SCUBA equipment and other underwater accessories in order to assese the benfhic
resources within the proposed marina site. Three undenwater frensecis were giformed in
July 24, 2002: cne within the proposed marina site and two off, but near the marina site (see
Vicente & Associatss, Inc., 2002).

Underwater iransects within the propossd mearing site elthough initiated In July 24, 2

iater discontinuad as 2 sempling fool due to the sdverse cenditions found within the

merinz site. Some of the adverss end hazardous conditions found &t the propossd marna
ite 2t the time of inspection were:

poor underwater visibility (<1.Cf),

high turbidity,

heavy, indiscriminant boat fraffic,

presence of water pollution indicator organisms,

presence of sharp, rusted stesl objects,

grounded, unragistsred steel-hull vessels, stael cables, ropes,
near shore digcharge waters,

feces.

00 SO0 G N ek

Dus to the repuisive, adverse, end hazardous diving conditions found atthe site, the benthic
sssessments after the July 24, 2002 were conducted by minimizing human contact with the
apparent contaminated waters of the site, Instead of conducting underwater transecis,
representative benthic grab samples weare obtained as explained in the methodology section
below (PART 2 of this reporf). It is noteworthy thet Bahia Fajardo is an industrial bay which
hes bean classified as an impaired water body by EPA (see EPA, 1892).

The three (3) undenwater transects conducted consisted of: ocne near shore transect (within
the proposed marina site); and of two offshore transects (close to but cutside the marina
construction site). In addition five (5) sistions were inspscted near shore by wading, hand-
sampling and by photography.

After the July 24, 2002 study, Vicente & Associates, [nc. concluced that:

- protectad habitats such as coral reef ecosyslems ere not found near shore;

- seagrass bed ecosystems do nct occur close to shore within the propcsed mearing
site;

- seagrass beds and corals do occur offshere the project fimits.

. there were neither manetess nor sea turiles within the study site at the fime.

Detalls of the July 24, 2002 banthic marine ssssssment of the proposed siie are given in
Vieenie & Associates, Inc, (2002).




I August 21, 2002, @ sscond benthic assessment was conducted by V&A, Inc. within ths

preposed marina site. The purpess of this second benthic sampling was fe &snr?e behvesn
He near ehors stations which wers sampled in July 24, 2002, and the cfshors fransecis
which were also examined in July 24, 2002.

The August 21, 2002 study concluded that ters were scme spares seagrass paichee which
consigted specifl caEi‘g of Helophila dacipiens, Haloduls wrighti and Syringodium filiforme
within the ::rcposa:i "ra'n*a site. FIGURE 2 shown below, indicates the locations of !l

stations sempied in J.[E\; 24, 2002 end n August 21, 2002. The sfations where seagrasses
were found are shown by the colored (red) circles. Stations whers ne seagrasses were found

are shown by the dive-flag symbole.
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n view cf the ““aa‘a"cﬁ of scme seagrasses found in some of the sampies within the
:a spcsacz cffshore extension (during the August 21, 2{152 sampling period), 2 third benthic
study was uc."‘-.c.uc‘.ad in ApriliQ-11, 23“3.




The principal objectives of the Aprii 2003 study, which is reported hers, wers fo:

1. determine which species of seagrasses if eny are found within the study ails;

2. determine if turilegrass (Thelassia festudinum), which is the most ecologicelly velusbis
seagrass species, zre found in the propesed maring,

3 | 25 & Ul e ey By TLage " . -5 — L A S 1 H g e ol g
3. determine the general distribution setterns of seagrasees With:hi L8 DISERWEE! e
prints end within the proposed marina besin,

4. determine, in a preliminary fashion, the infauna assccigted with the maring sediments
of the proposed marina site,

on

provide additional information on the sediments and depths found within the propoesd
marina site, and,

8. Evaluste if the proposed seaward exiension of Marina Puerto Real would cause
significant impacts to seagrass bed ecosystems, to coral reefe or to other sensitive
habitats found within the proposed marina site.
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'n view of the unsafe conditions found within the preposed site, this study (the April 10-11,

7
wd
2003 field studies) was conducted by using a bottom grab sampler as the principal sampling
tool. In situ observetions were aige inciuded as part of the sampling scheme.

Sight grals semples were taken within the braskwater foolprint reference peints {refsrence
Points 1-8 in TABLE 1). In addition fo these sight (8) samples, seventeen (n = 17) samples
were taken within the breskwater anciossd portien of the cropesed mearina. Two (Z) (o three
(3) grabs were taken at sach sampling soint but only one, the sample which had the greatest
sampling velume, was quantified.

The specific locations where the samples wers taken during the April 10-11, 2003 field
studies are shown in FIGURE 2 balow.
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The eignt reference points (see TABLE 1) ¢f the breskwaters are shown as squares. The
locations of the grab-sample stations within the protected breakwater zone (except three
which are iocatled east of the mrucfu&s‘ zra ehown &s circles. The specific location (lafitude
and z'crtc‘i"“rn:‘a) of sach sample collecied within the enclesure zone (that is, the zone between
the two breakwater arms shown in FIGURE 1) are given in TASLE 2.

The bottom g*a.:v sampler utilized consisted of LEﬂMﬂr’ddcaJ‘“m:a. acn. dredge. The Wiidco
Ponsar botiom or’“ag" is design tc reducs insisbility and frontal s occ'w ﬁ"t-' when '*hferﬁa
ar*-c:-hs'. The sempleris also csargrad o grab a[ be*‘mcs, it Ceufirsg se Eg” gses or 2igee if
[*-‘escrx o sedimant subsirates. The Wildeo-Ponzr bottorn dredgs has a unigue closing
mechanism, which s autometically released when the sampler hits the bottom.

The {op surfaces of the sumpfer are covered with a stainiess steel screen o reduce shock-
waves and drift. In addition the screens prevent erganisms from ascaping when the samplsr
is shut. The side plates of the sampler prevent loss of sediments and of crganisms when the
jaws close. The samailng area of the Wildco-Ponar bottom dredge ie 8" x 6" and the sampling
volume is (145-in®).

To increzse sampling size accuracy, a bi oiog;st-fiw%r sometimes (when the water is not
sontaminated) is used to first place the samplsr on & horizontal, parallel position to the
substrate. Once the sampler is perfectly horizontal to the substrate, the sampler is pushed
into the sediments. Once the dredge is imbadded in the sediments to the prescribed
sadiment depth, the dredge is activated to close in order to collect the sample.

The dredge (with the sample) is then brougiit to the boat. Cnee the sample is brought to the
surface, the contents of the sample are carefully and slowly poured inside a No. 18, 1.0mm
Newark Standard Testing Sieve (30cm diamster x 10cm height or equivalent). The sample is
washed with seawster repeatedly zssuring that no fauna or flora sampied material becomes
fost.

Senﬂe representative photos of the grab sampling procass in the project site are ehown in
FIGURE 4 below.




TABL

LE 2. The location and depth of the eight specific footprint reference points of the
proposed expansion of Marina Puerto Real located in Fajardo Puerio Rico. All the locations
of the raference points were documented in thig study by using a global position instrument,

specifically GPFES#1V&A. BET = betwesn; NE = nor’:heest; E = ezst; N = north.

WPT DERTH | LATITUDE (%) | LONGITUDE () I0TES
GPS1 | (f) |
254 8.3 | 18°20' 04.7" h 850 3714247 W BET RF1-
,l i RP2
255 |60 18°20' 08.8" N 85° 37 41.2" W BET RP1-
! RP2
256 [ 2.0 18° 207 00.4" N 55° 37 41.8" W BET RP1-
1 RP8
257 | 8.5 18°20' 03.1” N 65° 37' 30.8" W NE of 256
258 7.8 18° 20’ 05.6" N | 85°37' 38.1" W NE of 257
258 58 18°°19'58.3" N [ 65° 37" 39.5" W | E of RP1
260 5.1 18°20' 01.8" N B5° 37' 37.8" W | NE of 259
261 8.0 18°20' 04.0" N B5°37°36.1" W | NE of 260
262 5.8 18° 19’ 57.1" N 85° 37" 37.0" W | N of RP8
263 5.0 | 18°20°00.0" N B5° 37' 358" W N of 262
284 8.0 18°20'02.4" N | B5° 37" 34.4" W N of 283
265 8.8 8°20' 04.8" N | 65° 37" 33.1" W N of 264
266 3.3 18919’ 55.5" N 85° 37" 24.9" W BET RP8-
RP7
287 3.0 18°19'58.1" N B5° 37' 338" W N of 265
263 | 5.0 18220 00.1" N B5°37' 33.1" W BET 267-RP7
268 6.0 18°20' 03.4" N 85°37' 30.5" W NE of RP7
270 5.6 18°20°05.2" N B5° 37' 20.2" W N of 285

WICENTE
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= =1IRE 4, Photographs of the Wildco-Ponar bottem dredge sampling scheme.

-

B,




The seagrasses and/or other macrephyiic, epibenthic vegatation as well as the Infauna (< 1.0
mm) are retained by the sievs after washing the sample. In this study samples were not
stained (aithough the whole procedure is explained below) and were mostly quantified /n sffv.
Digitzl images of infeunal elements were also documented by specific video frames. In
zdcition each whole sample was phoiographed, and only specimens which could not be
idendfied in e field wers brought to the laboratory for taxenomy.

Uniceniificd specimeans intended for in vitro texonomic verificetion ars pickled with 2 10 %
~uffered formaling solution. Two to three (2-3) drops of Ross Bengal-zlcohol dye soluiion are
normally edded when necessary o the sample almost immediately sfter pouring the
formaline into the sample bag. The Ross Bengal-alcohol dye solutlon etaine the tissues gnd
organs of specimens fo be classified. Coloring the specimen facilitates the microscopi
inspection of soft transiucent invertebrate body paris which often, like in polychaetss, are key
clements in properly classifying specimens to species level. Sometimes the soft shell
ivertahrates naed to be anesthetized with magnesium chioride (MgCly) in order to examine
relaxed (un-contracted) peris such as the proboscis. Ezch sample is properly labeled in the
field baefore becoming transpoited fo the laboratory.

Once in the laboratory, for taxonomic precessing, each sample is placad inside 2 white
snamel fray (30 em x 20 cm x 4cm). The sample is dispersed in the tray for soriing using &
1.75X illuminated magnifying glass. Specimens are pleced in shell vials, labeled, and
preserved with 70% ethyl alcohol. Each vial is capped with cotton and then placed together

in a large glass jar with enough alcohol to cover all the vials to prevent desiccation.

All the unidentified specimens collected are then taxonomically classified to the lowest
possible taxen using a Zeiss dissacting sterso-microscope and an American Optical
compound stereomicrescope. After positive identification of the specimens, the samples are
returned to the vial and saved for future reference. The references utilized in order to identify
specimens o the lower taxcnomic level are listed under the reference section (PART 4 in this
report).

The location of 2!l inepecied stations were registerad with a giobal positioning system
(V&A/CPS#2), which is a 12 channel global positiening instrument (GARMIN GPS 48) with
an EPE of 10-20-# at the site. At each inspaction point, notes on the depth, substrate, and of
the flora 2nd fauna in the sample were teken in sifu.

A digital Sonny PC-100 and a PC-110 camcorder camera weres usad for filming the samples.
The carmeorder camsra is first nlacad inside a speciglly designed underwvater housing unik,
which electronically or mechanically controls &ll the prin cipal functions of the camera system.
The underwater housing is made of a fully ancdized marine grade aluminum casting. The
lans used for filming has a view angle of 80° with full macro and zoom czpabilily. The lens
aleo has a focus distenca from O to infinity. Prior to filming each semple, all UMWV equipment
filming control units are tested and a short strip of the tape is shet to inspect if the system
was functioning adeguately.
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The video-sample tapes and /n sifu annotetions ars brought to the laberatory for analysis.
Representative video-frames are frozen on & SONY 4MB Memory Stick, The images are
:ntegr&-vd into the final report by using 2 SCNY Memory Stick Reader/Writer MSAC-US1.

fihe flerasns feung,

The specles composition found In a gtue szmple and thelr relative disiiibuticns within &
given locetion reflect the relstive sighility of a given environment. Heaviy L.c:’ uted
environments generzally support fow spc izs, and sensilive spscies such ss corals srs
generzlly absent. In addition spsecific spscies such as the sea-lettuce Ulva £Dp. are indicaiors
cf organically polluted marine habitats especially when this type of aigae bscomes
disproportionately abundant in a given area. Therefore, proper taxonomic determinations of
flora and fauna are crucial in envircnmenizsl 2ssessments siudies, such as the one conducted
in Bahia Fajardo where Marina Pusrto Real is propesing to expand its facililiss.

AJl taxonomic determinations in this study were made in sifu only by specialized taxonomists
(the Pl). High quality digitized video images of individuals or specimens are also interpreted
by the principal investigater (PI) with assistance when necsssary.

External morphological criteria are the primary basis used for taxoncmic classification. When
necessary, close-up (up to 1 cm of distance betwsen lens and subject) footage which
captures fine external merphological featurss (e.g. conuies in sponges, septae in corals) is
taken for species confirmation in the laboratory. When necessary, the Pl consults another
taxoncmist for a second opinion on a given species identification.

The general criteria and references ulilized for identifying the benthic taxa which could
potentiaily be found in the study site (within and near the proposed breakwater structures of
Marina Puerio Real) are described below.

CORALS and GORGONIANS. Corz!s and gorgonians are identifiad fo the lowest taxonomic
level possible by using the following criteria; shape patterns (e.g. branching, encrusiing, plllar,
brain), corallite characteristics (embedded, protruded, porous, sepia, callice), habiiat (e.g.
relative depth, light conditions, exposed, cwptlc) celor (including fluorescencs), and othars
(e.g. behavior, symbionts). Most coral spacies are identified to a species level by the principal
investigator (PI) and when necessary coral taxonomic references are consulted (these are:
Colin, 1978; Human, 19893; Cairns, 1982; Almy and Carrién-Toires, 1963; George and
Ceorge, 1978; Bouchon, 1880).
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SEAGRASSES. Experts utilize leaf characteristics to identify most of the 48 species of
seggrasses. Sometimes 2dditionzl p’a‘]t components need to be inspected (e.g. reproductive
bodies such as buds, flowers, and fruits, s well as rhizome and root characteristics). The

species found in Puerto Rico z2nd in ins West Indien Region in general are well known and
zre described in Vicente (1292). Some references usaed for confirmation wers Phillips (1892)
and Harteg (1875) among others {Ln-ﬁr znd Litler, 2000). In additicn fo clessifying ihe

-rec[c== of seagrassas in & sample, the shoots =re inspacted for fish-bite scars and for ofiwer
indicetions which could sug 331 that the seagra ses in & given site are being utilized a2 =
food source for reaf fieh end other herbivores fypical of the system In question,

SPONGES. .;pm ges are identified using several criteria including shape (&.¢. vase-shape,
encrusting, dendritic, massive eic); ccler of the ectosome and of the mesohyl, consistency
(e.g. spongy, solid, crumbly), texture (velvety, slimy), exudates, stellats surfacs patisms,
ecology and habitat. Sponges are slmost all identified tc a spscies level when found using
the author's field texonomic knowledge of this taxon.

When necessary, the following taxonomic references are ufflized fo confirm in situ
identifications; Alcolado, 1886; Hechtel, 1865; Human, 1992; Laubenfsls, 1938; Pang, 1973;
Rutzler, 1881; Soest 1978, 1980, 1984, 1988; unpublished, Vicente, 1882; Wiedenmeyer,
1977; Zea and van Zoest, 1866; Zez, 1887.

ALGAE. Algae are classified under the following categoriss proposed in the Coral Reef
Monitoring Manual for the Caribbean and Western Atiantic (see Rogers et al., 1994).

These categories are FLESHY ALGAE, CALCAREOUS ALGAE, CRUSTOSE CORALLINE,
ARTICULATED CORALLINE RED, and TURF ALGAE (= thin algal mat). The category
FLESHY ALGAE zre utilized in this study s a synonym of the MACROALGAE category.

FLESHY ALCGAE. Fleshy red zlgse include species, which are large, branching, and are not
celcified. Macroalgae with minor calcifications, such as thoss found in Liagora spp. are not
considered significant and therefore, this genus is kept under the fleshy alga category.

The following species are included under this category: red zlgee (Rhodophyta) such as
Acanthophora spicifara, Hypnea musciformis, Grecilaria domingusnsis (found previcusly in
marina Puerio Real proposed site). Hypnee musciformis and brown slgae (Fhaecphyia)
such as Dicivofa sep. and green algae (Chiorophyia) such as Caulerpa spp. and Ulva spp.
were found in this study and fall under the fleshy algae category.

18
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CALCAREOUS ALGAE., Calcareous zigze include red (RHCDOPHYTA), calcarsous,
segmented algae such as the genera Amphiroa, Galaxaurs, Jania end Coreliina. Thess algee
also are referred to 28 "articulated corzalline red zlgae”.

This category ziso includes green algee (CHLOROPHYTA) such as the varlous common
tropice! species under the genus Helimeda (8.¢. Halimsda opuntia, Halimsde Incressefe,
i 5

Halimeda monils and Halimsda discoidsg). Deed fregments of Helimsda reeull in the
formetion of calcareous sand.

CRUSTCSE CORALLINE Al GAE. This cafegory includss red =igsl speciss, which form
smooth pavements over dead coral bottorns, and includes genera such as Psysscnielia,
Sporelithon, and Mesophyllum, Cruorislfa. These genera mey invede cryptic or filuminated

habhitats.

TURE ALGAE. This taxen includes a variety of species, which do not develop much tissus
above the substrats. In coral reef habitats, thess species nomally include rhodophytes such
as Coelothrix iregularis, Gelidium pusillum, Ceramium, end Polysiphonia.

Turf zlgae (thin zlgal mats) have become the principal benthic component of many resfs
since Diadema anfillarum populations became ecologically extinct throughout the Caribbsan
Region between 1883-87 (see Vicente and Goenaga, 1985).

References which will be consulted to verify species of marine plants are Littler et al., (1889),
Woelkerling (1978) and Dawson, (1856). Other lesser sbundant benthic species are idantifisd
by using the following references: Colin, (1878); George and George, (1979); Human (1292)
aimong others (e.g. Tucker and Morrig, 1985; Warmke and Abbot, 1862).

REEF F!SH. Reef fish are identified when required using the following references listed In the
reference section Robins st el., (1986); Fischer, (1878); Human, (1692); Idaz and Greenberg,
(19886).
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PUERTO RICO

The depth, substrate compositicn, vegstation (flora) and infauna found within the eight (&)
raference breakwater footprint points of Marina Puerto Resl (WPTS 188-186, GPS#2),
Fajardo, Puerto Rico are given in TAELE 2. The depth of these eight (8) stations ranged
netween 1-ft (interiidal or littoral) and 10-ft (first column of TABLE 3). Except for the sandy
hottom found in the very shailow stations in less than three fest of depth (WPTS 188 and
1886) all other stations consisted of very fine anoxic (without oxygen) mud.

Two seagrass species (Anthophyta: Hslobiae) were found in 3 of the 8 breakwater reference
stations (38%). The seagrass species found were Halophila decipiens (Helobiae:
Hydrocharitaceas) and Syringedium filiforms (Helobias: Pomatogetonacsae). Halophila
dsciniens was found in 2 of the eight samples (25%) and Syringodium filiforme was found in
1 of the sight samples (12%).

None of the sezgrass plants sampled exhibited scars or specific ecophenotypic expressions
which would indicate that that these seagrasses, at the time collected, are ecologically
functioning as a food resource ‘o herbivorous fish (e.0. Sparisoma redians), sea urchins (8.g.
Lytechinus veriegatus and Tripneusies esculentus), sea turtles (specifically the herbivorous
green turtie or “peje blanco” Chelonia mydas) cr manatees (specifically the West Indizn
manates Trichechus manatus).

Seagrass sbundance, which is normally sstimated by marine scologists s standing crop
(g-DW/m™®) was not determined. However, seagrass cover within the breakwater foofprint
stations wes qualitatively sstimated as sparse. As previously mentioned, most of the botiom
consisted of black or gray anoxic mud as shown in FIGURE &. The apparent most ebundant
fleshy red alga was Hypnea musciformis which was found in a shallow (2.5-f of depth) sandy
station (WPT188). The other fleshy red aiges commonly found growing over herd substrata
within the Marina Puerto Rezl site is Gracilaria domingusnsis.




Within the sight footprint refersnce station, the infauna (thoss macro-invertebralss dweling
inside the mud) was also found In low abundances. For example, 8 cfthe 8 samples {75%)
did not contain infauna. The infauna was only found in twe of the sight samples (25%) and
consisted of pelscypods and pelychaetes.

In “otal, four (4) pelecypods were found. The four (4) pelecypods were found in RPZ (station
— T TR —_ 1 I - P & &t \ . -

180, sse FIGURE 5). Ons pclychaste worm wes found in RP4 (station 162, column 5 in

TASLE 3). The pelecypod species (Mollusca: Pelscypoda) found within the eight breskwatsr

fari et alatinre wiare:
IDQpRnL S1AUoNE Were!

| ]
O
.
16
)
|=_
{)e
e

ile Croge-berrad Vanus clam: Chione cancellata (Linns)

R T3

The mean population density of pelecypods (= clams) within the footprint siations was
0.5individuale per sampls (0.5/38in®) which is a very low pepulaticn denelly vaiue for infauna
(x = 0.5ind/368In?, s = 1.4, n = 8).
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rABLE 2. Depth, substrate composition, vegetation and infauna found within the eight
refarence breekwater footprint points of Marina Puerto Resl (VPTS 188-196, GPS#2),
Fajardo Puerto Rico. All samples wers tzken during April 10-11, 2003. The location of
stations is given as waypoint numbers in the Tr

s (e

st column (sse TABLE 1 for specific

Miercatorial positicns). The depth messurements are in feat (7). RP = raferencs points of the
srezkweter fooinrints of Marina Puerio Rsal,
WPT # | DEPTH SUBSTRATE | SEACRASSES & INFAUNA | NOTES
| GPS2 () MACROPHYTES
| 188 1. | Black sand No seagrasses. NONE RF1
| No macrophytes.
190 10.0 Fine mud. No scagrasses. 4 RP2
| No macrophytes, pelecypods | Apparent
Cyanophyta
layer,
191 9.2 Fine mud. No seagresses. NONE RP3
No macrophyles. Apparent
Cyznophyia
layer.
192 8.2 Fine mud. Halophila decipiens | 1 RP4
polychaete | Appareni
Cyanophyta
ilayer.
193 5.1 Fine mud. No seagrasses. NCNE RP5
No macrophytes. Apparent
Cyznophyta
layer.
194 8.0 Fine mud. Helophila decipiens | NONE RP6
Apparent
Cyanophyta
layer.
195 3.8 Fine mud. Syringodium NONE RP7
filiforme Apparent
Cyanophyla
. _ lzyer.
196 2.5 Fine sand. Rhodophyte NONE RP8
Vagnetite. Hypnea No apparent
musciformiis cyanophyiic
layer.
E‘-‘T— 22




= &, Benthic samples taken during April 10-11, 2003 within the footprints (WPTSiSQ—
PS#2) of Marina Puerto Real, Fajarde, Puerto Rico. Digital images of sampies are
shown at the moment of ccliection and after the samples were sieveC.
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The resulis of the seventeen (n = ‘i?’) benthic samples taken within the snclosed portion of

the proposed ex*cnsnon of Marina Puerto Real ara shown in TABLE & The dnovhs 2t wh’ch

sach sample was taken as well &2 th. tvtae of substrate found In each sample are presenis
in columns 2 2nd 3 of T‘AR{_& 4, The meacrophytes {auame:r:e'f V‘Q‘QEL&L[Gl such 2s
ssggresses and or glgzs or ?,h*'f ,'"ay"ss) zs well s the infauna found in egch sampie ars
oressnted in columns 4 and 5.

he depths within the enclesed porticn of ':i*.a r-.'opoaec’ seeward axtension of Marina Pueric

Real ars, | ke. Lha brazlwaters footprints, shallow. The minimum depth found du*"rg the

sa*“p ing was 2.0-ft (WPT 258). The maximum f*ept‘n was 8.8-ft found In (WPT 254). The
bstrate within the proposed site consists mestly of black or gray anoxic mud.

Seagrﬂsses were found in ten (10) of the seventeen (17) samples (58% of the samples)
taken within the proposed breakwater enclosure zone. WPT 269 and WPT 270 are outside
(northeast) of the proposed breakwaters and of the proposed marina basin.

The four seagrass speciss were found:

- Paddle grass or Malophila dacipiens;

- Shoal grass or Haloduls wrighti;

- Manatee grass or Syringodium filiforms; and,
- Turile grass cor Thalassia fssiudinum.

Shoal grass or Halodule wrightif (Helobias: Pomatogetonacsasg) was found in five (3) of the
10 sesagrass stations (50%). These five stations are:

- WPT 260 (where Halodule wrightii was found together with Halophila decipiens);
-WPT 283 (where Halodule wrightii was also found together with I—’s,’apmfa decipiens);
- WPT 264, WPT 285, and WPT 288 (monotypic stands).

This finding suggests that shozl grass (Haloduls wrightii) may be the most frequently
oceurring seagrass within the enclosure zone of the proposed meatina site.

Paddie grass or Halophila decipiens (Helobiae: Hydrocharitaceae) was the sac-:}“d most
frequent ssagrass found appesring in four (4) cf the 10 seagrass siafions (40%). These four
stations are:

- WPT 260 (with Helodule vrightif),

-  WPT 261 (menotypic stand)

- WPT 263 (with Helodule wrightii), and,
-  WPT 268 (monotypic stand).
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it is important to note that both of these species (Helophila decipiens or paddie grass, and ihs
shoal grass Halodule wrighti), eccording to the literature, can penetrate into confaminated
aress with poor water quality conditions (dsn Hartog, 1970; McNully; 1881, in den Harleg,
1970; Vicente, pers.obs.).
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it is important to note that the single location where turtle gress (Thalassia festudinurm) wes
sampled was just outside (northeast) the proposed development site. Turtle grass according
to marine scological wisdom, is the most ecologicaily valuable seagrass specieg, and,
according to the study presented here this species will not become directly impacted by the
project.
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.@E E 4. D"—"p*h substrate composition, vegetation and infauna found within the proposed
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breakw

waters of Marina Pueric Real (WPTS 254-270, GP&#

J}, Fcﬂa"ﬂﬂ Puerto Rico. All

mples were taken during April 10-11, 2003. The locstion of stations is given as waypoint
numbers in the first column (see TABLE 1 for specific Mereatorial geographic positions). The
depth messurements are in fest ().

WPT & DEPT SUBSTRATE SEACGRASSES & | INFAUNA | NOTES
GPS1 H VACROPHYTES " |
' (fo) |
254 e.8 Fine mud. No sesgrzssss, NONE Betwsasn
No macrophytes. RP1-RF2
| Cyanophyia |
255 8.0 Fine mud. No seagrasses. 4 pelecypods | Between
No macrophytes. 1 ophiuroid RP1-RP2
Cyanophyia
258 2.0 Vary fine black sand | No seagrasses. Z Betwean
No mecrophyies. nolychzetes | RP1-RP8
4 gastropods | Cyanophyia
257 8.5 Fine black mud No seagrasses. 4 pelecypods | Northeast of
No macrophytes. 256
| B Cysnophyta
258 7.8 Dark gray mud No seegrasses. 1 pelecypod | Northeast of
No macrophytes. 1 Chicne 257
| canceliata
259 5.6 Black anoxic mud No ssegrasses. 3 gastropods | East of RP1
No meacrophyies. Cyanophyta
280 | 5.1 Very fine sand silt Halophila decipiens NONE Northeast of
Halodule wrightii 259
Rhodophyte, Spyridia, |
l Caulerpa sp. |
261 8.0 Very fine black mud | Halophila decipiens NONE | NE of 260
Dive
assisted
sampling
282 8.3 Dark gray mud Mo seagrasses. 1 Pelecypod | N of RF3
No macrophyigs. 1 gastropod | Cyanophyta
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continued). Depth, substrate compositicn, vegetation and infauna found within the
proposed breakwaters of Marina Puertc Real (WPTS 254-270, GPS#1), Fejardo Fuerto Rico.
All samples were taken during April 10-11, 2003. The locetion of stations is given s waypeoint
numbers in the first column (see TABLE 1 for specific Mercatorial geographic positicns). The
depth messuremsnts are in fest (ff). N/O/M = No other macrephytes.

WPT # | DEPT | SUBSTRATE SEACRASSES & INFAUNA NOTES
CPS1 H MACRCOPHYTES
i
t.“-} | !
263 5.0 | Grey Mud Halodule wrightii 1 green North of 262
Halophila decipiens | gasiropod.
Hypnea musciformis | 2
Spyridie-like algee | Pelecypods
Ceulerpa prolifera | 1Chione
cancellata.
264 6.0 Black mud Halodufe wrightii 1 Sipunculid | North of 263
| ! . No other macrophytes. | 1 Pelecyped |
265 5.6 | Black mud Halodule wrightii NONE North of 284
| [ No other macrophyies.
| a
266 | 3.3 | Gray mud Haiophila decipiens 1 Between
Unid. Rhodophyte Cerythium- | RP8-RP7
ike
gastroped
267 3.0 Gray Brown Mud Syringodium filiforme NONE North of 266
N/O/M Cyanophyte
- layer
| 268 5.0 Black Mud Syringedium filiforme NONE Between
N/O/M 267-RP7
Cyanophyie
layar
| 269 6.0 Black Mud Haloduie wirightif NONE Northaast of
Hslimeda opuniia RP7
| Cyanophyis
270 6.6 Black Mud Thalassia testudinum | 1 solitary North of 265
ascidizn Cyanophyte
laysr
= 28



- 2UPE & The distribution of seagrasses within the proposed seaward extension of Marina
Puertc Real, Fajarde, Puerto Rico. Samples wherse only mud or sand (ne sezgrassses) was

andfor Haloduls wrightii. The single dark grsen

o

red squares represent two grounded/sunken stesl-havled ve
256883 and found in this study.
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Manatee grass (Syringodium filiforms) and Turtle grass (Thelassia testudinuni) were the ieast
zbundant of the seagrasses in the enclosure zone of the proposed marina sits. Syringodium
filiforms (Helobize: Pomatogstonaceae) was found forming menctypic stands in two siations
(WPT 287 and 268) on the southernmost end of the proposed maring site.

L N 4 Rl e i TE En bl « LE J £ H 1 . L &% i ok pdn ey el
Thalassia festudinum (Helehias: Hydrocharitacezs), considered to be the seagrass ci most
' x i rie o e o e - : T S X g e
ecolooice] value, wes the rarest seagrass species within the sempling elie.
- E b= B

Similer to the grab semples taken within the breakweter fooiprints of the propossd maring
axtension, the samples taken within the breakwater-enclosed region of the mearina renderad
itile seagrass biomass. The relative abundance of seagrassss within the enclosed portion of
the proposed seaward extension of Marina Puerio Real was qualitatively evaluated 2s
SCarcs.

The relative low seagrass biomass found in the 10 seagrass semples can be observed in

IGURE 7. As shown in FIGURE 8, most of the samples consist of anoxic mud with none or
little seagrass, and with no fypical seagrass-associated invertebrates such as sea urchins
(Lytschinus vaerisgafus) seagrass-associaied corals such as Manecina arsolata and Couling
diffusa and cthers.

The infauna (invertebrates dwelling in the interstice of the mud particies), such as pelecypods
or clams, polychaetss, zlphaeid shrimps and other borrowing organisms normally commen in
unpolluted mud sediments were scarce in the proposed marina site.

Mollusks such =s ¢lams (pelecypods) and some snails (gastropods) are typically commen in
mud znd sandy bottoms in &ll natural marine environments. The mean popuiation density of
pelecypods found within the zons encioged by ihe breakwater siruciures was 0.88 individuals
per sample or 0.88/36in? (x = 0.88/36in™, s = 1.45, n = 17) which is a low population density
value for this taxon.

The list of gastropods and pelecyped species found in the mud samples (grab samples) taken
within the area enclosed by the two propossd breakwater structures are given below with an
ilustration of each species. The illustrations were copied from Abbot and Morris (1295) and
from Wanmke and Abbot (1862).

The thres pelecypod species found in the breakwater footprint stations (the Weatermelon Tellin
clam (Teliina punicea), the Cress-barred Venus clam Chione cancellata and the Long Yoldia
clam Yoldia perprofracta were also found within the nropesed marina basin.




The foliowing moiluek species were found within the encicsed periion
merina breakwaters (the rorth breakwater and the scuth breakwater):

Ji i = T

LE [ A g — | P— i £ Qe ot ol
- tha Cross-barred venue clam Chions cancsfiata (Linngé)

: B s . P
- the Long Yoldia clam: Yoidia perproiracta (Dall)

Tweo cther Mollusca species were found within the snclosed port

B

sp. end Smeragdia virdis.

L AT YR
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breskwaters and which ars rot illustrated here. These are two gastropod snails: Ceryli

ofthe two p

= B

Dl o

.
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—

:n= 7. Renthic samples teken during April 1C-11, 2003 within the proposed breskwaters cf
Niaring Pustto Real (WPTS 234-270, GPS#1), Fajarde Puerto Rico. Digital images of samples ars
ahown 2 the moment of collection and after the samples were sieved.
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