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PREFACE

This report stems from investigations carried on by
the Puerto Rico Nuclear Center., The studies were designed
to provide data upon which to judge the suitability of a
site for the construction of power generating facilities and
to allow the determination of the impact of such construction
and operation upeon the environment,

The report represents the combined effort of the
sclentists, technicians and support staff of the Site Selec-
tion Survey Projecrt.

The authors who contributed to the Punta Verraco Site

Selection Survey are:

E.D. Wood, Project Leader Physical, Chemical and
Geological Parameters

Marsh J. Youngbluth Zooplankton Studies

Paul Yoshioka Benthic Invertebrates and

Fish Studies

Michael J. Canoy Plant Associations
Report Coordinator: E.D. Wood
Technical Editor: Ferne Galantai
Project Secretary: Pauline Ortega de Cabassa
Data Processing: Rosa Asencio
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1.1 INTRODUCT1ON

The Puerto Rico Nuclear Center of the University of
Pucrto Rico has been under contract to the Pucrto Rico Water
Resources Authority since 1972 to conduct site seclection
surveys and environmental research studles of seven coastal
sites.  Experience gained from these investigations will add
to the knowledge ubout these arcas, and provide useful data
which will aid in the assessment of the desirability and
practicabitity of locating power gencrating plants on one
or more of these sites.

Puerto Rico Nuclear Center scientists have studied
the physical, chemical and geological parameters ol the
sites, and the ccological parameters of zooplankton, benthic
invertebrate and fish communitics. Plant associations,
cxcept for the Cabo Rojo Platlorm site, have been included.

The sites chosen for study were: Torguguero Bay,
Punta Manati, Punta ligucro, Cabo Rojo Platform, Punta
Verraco, and Cabo Mala Pascua (sece Figure 1.1-F1). The
scventh site, Barrio Islote, was studiced and reported under
a separate contract.,

The reports in order of their dates ot completion are:

Tortuguero Bay Lnvironmental Studics April 1, 1975
Punta Manati linvironmental Studics April 15, 1975
Punta Higucro linvironmental Studics May 1, 1975

Cabo Rojo Platlorm Environmental Studies May 15, 1975

Previous studies of Punta Higucero, also referred to as "Rincon"
or "the BONUS site,'" have been reported in "Punta Higuero Power
Plant Environmental Studies 1973-1974" (Wood et al., 1974).

This report covers the Punta Verraco study site. A
final report of this series, to be entitled "Cabo Mala Pascua
Environmental Studies', will be completed on June 15, 1975,




2.1 PHYSICAL AND CHEMICAL PARAMETERS AT PUNTA VERRACO

by
E.D. Wood

Z2.1.17 INTRODUCTION

Punta Verraco is an inward curving point which forms
the western margin of the entrance to Bahia de Guayanilla
on the south coast of Puerto Rico as shown in Figure 2.1-F1
‘Reck, 1972). Tt connects to the mainland at its western
end, 1s bounded on the north by a shallow arm of Bahia de
Suavanilla, and its curving south and east facing coast presents
loew (15-25 w3 cliffs to the Caribbean Sea,

The Puerto Rico Nuclear Center carried out environmental
studies of this region over a period of three vears, 1972-1974.
The coastal and nearshore currents have been measured on
several occasions. The factors affecting nearshore currents
such as winds, tides, bathymetry and density structure of the
water column ave discussed in the following sections,

2.,1.2 TIDES

The tidal waves that affect the south coast of Puerto
Rico have their amphidromic point in the eastern Caribbean Sea.
The waves nove in a counterclockwise direction (Anikouchine
and Sternberg, 1973), that is, from east to west past Punta
Verrace. The south coast tides are diurnal. Two waves exist,
but one is dominant for about ten days, followed by about
four days of neap tide conditions as one wave decreases in
amplitude and the second wave builds. Then, the second wave
is dominant for about ten days. Predicted tides for the south
coast are shown in Figure 2.71-F2. These predictions were made
from the National Oceanic Survey (1972),

The tidal excursion is about 20 + 15 cm. The tidal plot
in Figure 2.1-F2 1s for the period May 9-11, 1972 cevering a
veriod of current measurements using dye markers discussed
below,

2.1.3 CURRENTS

Ocean currents in the Caribbean Sea flow generally to
the west northwest with velocities at times in excess of 1
knot (50.83 cm/sec). The current near the south ccast of

Puerto Rico rarely exceeds 0.5 knots (25 cm/sec).




Punta Verraco site with depth contour lines and hydrographic sampling

transects each with three stations.

2.1-F1
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2.1-F2 Diurnal tides at Punta Verraco covering c¢ne cof the periods of
current measurements.




The current pattern near Punta Verraco and Guayanilla
Bay is affected by wind, tide and industrial discharges. The
wind is usually from the east (Wood, 1975a). The wind rises
in the northeast in the morning, shifts to the southeast during
the mid-day with velocities of about 7 m/sec (14 knots), then
returns toc northeast with reduced velocity by evening.

Guayanilla Bay is shallew, especiaily in that region
north of Punta Verraco. With a surface area of just over
3 kmc south to Station PVi-6A, and a gide of 20 cm, there
would be a tidal exchange of 0.6 x 10° m? daily or about 5%
of the volume of the bay.

The combined effect, then, is for water along the coast
to flow westward through Tallaboa RBRay arocund Punta Guayanilla
and then westward to the head of the bay north of Punta Verraco.
The circulation continues as water flows out cf the bay to the
southwest along the southeast side of Funta Verraco,

A large flow of water enters the Corco Refinery complex
on Tallaboa Bay and flows cut on the scguth side of Punta
Guayanilla carrying thermal, chemical and sediment wastes.

The inner bay circulation is such that upswelling occurs
near the intake of the power complex cooling system. The
condenser discharge enters a pond on the east side of Guayanilla
Bay, then flows out into the mid-bay region spreading over a
wide area. The plume characteristics arc reported in Wood
{1975b). There are several sources of fresh water for the
region which are significant seasonally. The Yauco River
enters near the head of the bay and numerous ditches drain
agricultural, industrial and municipal wastes.

The currents in the vicinity of Punta Verraco were
measured on three occasions during this study. The first
occaslon was reported by Beck {1972) and 15 summarized briefly
here. Four Savonius rotor type current meters were employed
to measure flows at the stations shown in Figure 2.1-F3. The
data collection periocd was about 24 hours at each site. The
general trend of the flow is indicated by the vectors in
Figure 2.1-F3. The surface currents tended to the southwest
with sub-surface currents more toward the southeast. The
data are summarlized in Table 2.1-T1.

Dye drops with aerial photography were used May 10, 1972
to measure currents along the seaward side of Punta Verraco
once in the morning and again in the afternoon.
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TARLE 2.1-T1 Summation of current data at Punta Verraco
December 19-20, 1971%

STATION DEFPTH(m) CURRENT DIRLCTION AND SPEED
(Fiy. 2.1-F3)
Fv-1 0] S.5.W at 0.2 - 0.3 knots

deg , 49-28 2 Tollowing high tide, W.S.W at

0.2 - 0.3 knots: remainder of
time, 5.%5.W. at less than 0.1 kt.

b C.8.W, at 0.1% - 0.2 knots.
7 E.S.E. at 0.3 knots.
FV-2 0 S.E. at 0.8 knots rollowing low
Poc. 20-21 tide; S.W.“at O.% - 0.2 kts.?
weakening from high to low tide.
2 Following high tide, 3.5.W. at
0.3 - 0.4 knots; remainder of
time, 5.W. at less than 0.1 kt.
7 S.5.FE &4t 0.3 knots.
46 Following high tide, S. at 0.2
knets; remainder of the time,
S.W. at 0.1 knot.
PV-3 0 S.W, at 0.4 (information in-
Dec. 21-22 complete, mater malfunctioned
during reccrding).
2 S.W. - 5.5.W. at 0.1 - 0.2 kts.
5 1/2 $.E. - D.5.E. at 0.2 knots,.
MA 2 S.5.E. at 0.1 -~ 0.2 knots.

Dec, 21-22

*Obtained with four Hydro Products Model 502 Recording current meters.

The morning drops shown in Figure 2.71-F4 occurred at
low tide {Figure 2.1-F2) when the wind was from the east-
spoutheast at 10 kt. The strongest current was at drop No. 7
near the head of the submarine canyon. The flow was to the
southwest at 15 cm/sec (0.3 kt). Drop Nos. 3, 4 and 5 started
to the southwest, then turned shoreward and finally northward
into the bay at about 5 cm/sec (0.1 kt}. Drop Nos. 1 annd 2
moved around the tip of Punta Verraco into the inner bay re-
gion at about 10 cm/sec (0.2 kt). Drecp No. & was placed in
a small channel between Unitas and Gunavanilla Reefs. It flowed
to the northwest at about 10 cm/sec (0.2 kt), and then dis-
persed until it was no longer visible.
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Figure 2.1-F5 shows the afternoon drops which coincided
with a rising tide (Figure 2.1-F1). All of the dye drops
moved to the north or northwest except No. 7 which went south-
east. Drops No. 6 and 7 indicated that an eddy may have existed
in the region of Punta Ventana at that time. The current was
only 5-8 cm/sec in the lee of the reefs, but was about 13 cm/sec
going around the tip of Punta Verraco with the combined effect
of the wind (from the southeast at 13 kt} and a flood current.

While making the dye study on May 10, 1972 it was
noticed that considerable 0il and solid waste had accumulated
in the half-moon bay (Ballena Bay) between Punta Vaquero and
Punta Criolla west of Punta Verraco. There was concern that
heated water may also be entering the bay. Therefore, another
dve study was performed on the afternoon of May 28, 1972.
Drops No. 1-4 were made along the shore, as shown in Figure
2.1-F6, and followed for about one and a half hours before
drops No. 5-8 were made. Drops No. 3,4,7 and 8 flowed past
the bay with no indication of entering. It seems that floating
material would be carried into the bay especially during pe-
riods of strong wind, but that very little surface water
actually went into the bay during this period.

A study done by the Oceanographic Group, Department of
Public Works (1971) showed similar current patterns in this
region. Surface currents were to the northwest and deep
currents varied with a strong tendency toward the southeast
in the vicinity of the reefs. Near Punta Ventana the surface
currents were to the south-southwest with velocities of 8-12
cm/sec and were more variable with depth. The net deep flow
was to the southwest. Velocities were 4 to 8 cm/sec.

The limited current studies in the region of Punta Verraco
indicate that currents in the lee of the reefs are weak and
flow into Guayanilla Bay a significant portion of the time.
However, currents to the west of the reef area, that is, from
the region of the sub-marine canyon and Punta Ventana, are
predominantly to the west with velocities of 8-15 cm/sec.
Surface flows into the bay are balanced by deep water flow out.
Much of the flow very near shore is from the inner bay as will
be shown later in the chemistry section. Therefore, intake
and discharge locations should be offshore at least 500 m
with the discharge further to the west than the intake.

2.1.4 BATHYMETRY

The Puerto Rico Nuclear Center has undertaken no de-
tailed bathymetry of the Punta Verraco site beyond that done
during benthic and hydrographic sampling. The C&G Charts 902
and 928 (National Ocean Survey, 1972) are inadequate espe-
cially with regard to the definition of the shclf edge and
deep water soundings south of Punta Verraco. Also, there are

9
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some discrepancies in the shallow regions caused by coral
growth and shifting sediments. The contour lines shown in
Figure 2.1-F1 and the depth profiles in Figure 2.1-F7 were
drawn using depths shown in the above mentioned charts and
sonic depths obtained during hydrographic work.

The region north of Punta Verraco is shallow with a mud
bottom. It receives the discharge of the Yauco River and
several agricultural drainage ditches. The basin also re-
ceives sediments carried in by wind driven currents.

A large basin makes up the central part of Guayanilla
Bay immediately east of the tip of Punta Verraco providing
anchorage for ocean-going ships that frequent the harbor.
The basin leads to the sea through a channel between Punta
Guayanilla to the east and the shallow reecf area to the west.
Two major reefs (Guayanilla and Unitas reefs) and a small
island offer protection from the dominant wave and swell
action to Punta Verraco. The channel between the reefs and
Punta Verraco is shallow but does allow passage to small boats.

A submarine canyon marks the abandoned course of the
Yauco River just west of the reefs. The canyon starts very
near shore (200-300 meters) and tends to the southeast dropping
off to the depths between Stations PVE-4B and PVE-5A. The
region west of the submarine canyon is generally free of out-
standing features. The rugged coastline tends to the south-
west past Punta Ventana and Punta Vaquero to Ballena Bay. The
10 meter contour line is about 1 kilometer from shere in this
region. The shelf edge drops off very rapidly to about 400
meters to 1 1/2 kilometers from shore along Punta Verraco as
shown by the offset profiles in Figure 2.1-F7. Depths in
excess of 500 meters are available about 5 kilometers south
of Punta Verraco.

2.1.5 TEMPERATURE, SALINITY AND DENSITY

The physical parameters of temperature and salinity
were measured at the Punta Verraco site on sSeven cruises
covering four seasons (Table 2.1-T2).

TABLE 2.1-T2 Schedule of hydrographic cruises to Punta Verraco

Winter Spring Summer Fall
1971 - - - PA-005
Dec. 19-22%
1973 PA-Q23 PA-029 - -
Feb 20 May 21-22
197y PA-039 PA-0Q42 PA-C4E PA-052
Feb 12 Apr 22 Aug 21 Nov 13

%*Results reported by Beck, 19872,
12




Fig. Z.1-F7 Bottom profilez along the sampling transects of the Punta Verraco rite.
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The hvdrographic sampling stations are shown in

Figure 2.1-%1. " Five transects were sampled on most cruises.
The transects are ncarly normal to the shoreline, each with
three stations. The "A" stations werce most shoreward, the

"RB" stations were in cxcess of 125 meters of water and the
most seaward stations ("C'") were 1n excess of 325 meters.
Fourteen depths were sampled on cach transect. Temperatures
were measured using Jdecep-sea reversing thermometers with
readings accurate to + 0.03°C. Salinities were determined
with an induction salincmeter to an accuracy of + 0.005°%/oo0.
The values are Included in a report of hydrographic data for
the south coast of Pucrto Rico {(Wood and Asencio 1975). These
data were converted to standard depths and averaged by season
and tvpe of stations. The sampling, analytical and data pro-
cessing procedures are described in A Manual for Hydrographic
Cruises' {(Wood 14Y75cC).

Temperature

Temperaturcs were dotermined using reversing thermome-
ters in pairs, or in triplicatc when possible. Although
only onec temperature 1s shown on the computer print-out of
the data (Wood and Asencio 1975) for cach depth, these values
are often the average of two or three thermometers., Most
temperatures below 50 meters were measured using both
"nrotected" and "unprotectcd” reversing thermometers. A
thermometer depth, T2, was then calculated for the sampling
depths and correlated quite well with the calculated depth,
¢Z, obtained from the amount of hydrowirec paid out, WZ, and
the cosine of the wire angle,#. A comparison of some of
these depths is showr in Figure I.1-F8.

The data were averaged by a computer program which first
interpolated between the depths sampled to provide tempera-
turcs (and other bydrographic parameters) at "standard depths.”
The averaged standard depth temperatures and salintties are
ptotted by scason in Figure 2.1-F9. The diagonal lines indicate

density as sigma-t. Depth is not shown on the plot, but gen-
erally increascs to the lower right corner of the plot, i.e.,
density increascs with depth. Very littie change 1s seen

seasonally where sigma-t Is greater than 25.5, however, a
detinite change can be seen in the lower densitics (surface
waters). The temperdture increases between winter and summer,
while salinity increases between fall and spring.

The averaging {for the depth profiles was done lirst

for all stations by scason (Figures 2.%1-1110, 12, 14 and 16)
then by type of station by season (Figures 2.1-F11, 13, 15
and 17). The tabulated data are in Appendix 2.1A.

14
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A compariscn of the averaged "C" station standard
depth temperature data by season is shown in Figure 2.1-F18,
A sequence of events can be seen from this cemparison. Surface
temperatures were lowest in the winter (26.1°C). The deepest
thermocline (100+m) occurred in the winter and is caused by
cooling and deep mixing by winter storms. It persisted into
the spring season.

This mixing process tends to carry heat to the depths
$o that the highest temperatures between 100 and 200 meters
cccur during the winter and spring. (This condition is part
of a phencmenon cne mizht call "seasonal lag.") Little seasonal
change was seen below 150 meters except that the fall temper-
atures were generally lower than the other seasons. There was
a steady temperature decrecase in the 100 to 150 meter depth
interval hetween winter and fall. The thermocline curing
Summer was Y5 meters and in the fall was about 50 meters with
a slight temperature inversion existing in the fall as surface
cooling occurred.

Surface temperatures were at a maximum in the sunmer
{28.1°C). There was an average temperature range of about
1.7° between summer and winter in the nearshore surface water
at Punta Verraco. Temperatures increase with distance from
shoere for all! seasons except fall (Figures 2.1-F11, 13, 158
and 17). This increase is due mostly from the large quantities
of waste heat discharged from the Corco Refinery complex, the
PRWRA power plants and to a lesser extent the industries
located on the north side of Guayanilla Bay (Wood, 1975b).
Some excess solar heating occurs in the shallow inner bay,
but this is minor compared to the industrial contributions,

Temperature depth profiles were obtained at all '"C"
stdations by lowering a bathythermography, BT, tc 300 meters.
The BT traces are in Appendix 2.1B.

The sca surface temperatures at Punta Verraco were
mapped seasonally by aerial infrared scanning (Wood, 1975b).
Considerable heated water approaches the eastern side of
Punta Verraco from the PRWRA power plant discharges. How-
cver, the excess temperatures are usually reduccd to less than
1°C by the time the water flows westward along the south side
of Punta Verraco past Punta Ventana.

Salinity

Salinity, S°/oo, is the total salt content of water
expressed in parts per thousand. It is used along with tazmpera-
ture to typify ocean water masses. Low salinity usually occurs
at the surface and indicates dilution by precipitation, run-
off, or fresh water intrusions. High salinities are found
in sub-tropical regions and are the result of high rates of

25




TEMPERATURE °C

16 18 20 22 24 26 28
0 ' L L 1 1 3 1 3 i ! 5 4
3
100 - i
5 |
c - -
P
T -l -
H |
.
200 i
- PVE -
winter 1
! Soring 2 &
Summer 3
Fal 4 i
ol I ]

Fip, 2.1-T18 Averaged seasonal depth profiles

of "C" station temperatures at
Punta Verraco for 1973 and 1974,




¢vaporation. The salinities at Punta Verraco were determined
using an induction salinometer with the readings good to
better than + 0.005%/00., The average seasonal salinity data
arc shown plotted against depth with the other hydrographic
parameters in Figures 2.1-F10 through ¥'7., In general, the
salinities increased with depth to about 150 meters then de -
c¢reased slightly., The layer of high salinity water with a
maximum of about 36.9°/0c was formed by evaporation in the
sub-trepical North Atlantic Ocean.

A comparison of the averaged "C' station data by season
Is shown in Figure 2.1-F19. The lowest surface salinities
are found in the (all season coinciding with the end of the
tropical rainyv season. The highest surface salinities occur
in the spring after the winter-spring dry season. The salinity
depth profiles are very similar, below 75 meters for all seasons
except fall. A sharp pycnocline exists at about 50 meters
during the fal1l where the salinity increases from about 34.3
to 36.7%/vo Hetween the depths of 25 and 100 meters. The
salinity maximum s shallower for the fall season also. Little
seasonal change was noticed below 150 meters where the salinity

decreased from 36.8 to about 36.3°/00 at 300 meters,

Little difference was seen in surface salinities with
distance from shorc in the winter and summer. However, a
slight decreasce in surface salinity was seen in the spring
due to evaporation in the shallow regions, and a prominent
positive salinity sradient occurred in the fall as fresh water
runoff diluted the nearshore waters.

Density

Water densities were calculated from temperature and
salinity data and included with the other parameters as
sigma-t, “t. Sigma-t is related to density at the temperature
mcasured, “t, by the following relationship:

<t - (M - 1) x 103 (2.1)
Changes in sigma-t with depth are an indication of the sta-
bility of the water column. A small sigma-t gradient indicates
4 well-mixed or unstable zone, whereas a high gradient is in-
dicative of a very stable portion of the water column. The
surface layer usually has a very small density gradient
because 0f wind-induced wave mixing. This layer varies from
less than 50 meters in the summer to an excess of 100 meters
In the winter. Sigma-t profiles are shown plotted with other
parameters in Figures 2.1-F10 through F17.

A comparison of the averaged seasonal sigma-t profiles
is shown in Figure 2.1-F20. Sigma-t varies from 22.1 to
23.4 1n the surface waters and 1is highest in the winter and
spring months due principally to generally cooler surface
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temperatures in winter and higher salinities in the spring.
The pycnocvline occurs at about 125 meters in winter because

of the deep storm mixing. The most stable water column ocCcurs
in the [all when surface watcr density decreases because of
dilution and fairly warm surface temperatures. Sigma-t at

the surface decreases from winter through fall, Little
ceasonal change in density occurs below 150 meters,

There is a slight increase in sigma-t with distance
from shore for all scasons as shown in Figures 2.1-F11, 13,
15 and 17. The winter, spring and summer density gradients
are due to high nearyshore temperatures, and the fall season
1ow nearshore density is due to low salinity water coming out
of Guavanilia Bay. This type of density egradient contributes
to a seaward surface flow. Both wind and the Coriolis effect
then cause this flow to turn to the west.

&y 2 CHERESLRY
2,2.1 DISSOLVED OXYGEN

The amounts of dissolved oxygen, D.0O., in the water off
Punta Verraco were determined by the Winkler titration method
(Strickland and Parsons, 1968) with the analyses usually per-
formed on shipboard within a few hours of sample collection.
The titration values are generally good to better than + 1%.
Dissolved oxygen data are included with the hydrographic data
reported by Weod and Asencio {1375) in m&/%, mg/t and % sat.

Oxygen saturation is a function of both temperature and
salinity. Since neither shift drastically in the tropics
little change in near surface D.O. 1is expected nor was it seen.
Averaged D.O. values in milliliters per liter are plotted with
cther hydrographic parameters in Figures 2.1-F10 through F17
by scason and type of station. The highest values were in
the winter season. Surface values were near saturation. A
comparison of scasonal averaged values is shown in Figure 2.2-
F1. The oxygen minimum occurred at about 200 meters for all
seasons except spring when it was at about 160 meters. The
lowest D.O. values were about 3.9 m2/%2 at 200 m during the
winter season. Many "A" station D.0Q. values were only about
90% of saturation due to the high BOD and COD of the Guayanilla
Bay waters.

D o wee SUTHTENEE

Nutrients are important from two aspects. First, nutrients
are generally low in the tropical Atlantic Ocean and Caribbean
Sea surface waters and limit primary productivity. Second,
the discharge of wastes from agricultural, municipal or indus-
trial sources may contain such high nutrient levels that they
cause cutrophication and local ecological degradation.
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Reactive phosphate can be determined quickly and ac-
curately with the Murphy and Riley molybdare bluc complex
method (Strickland and Parscu, 18683 and is & good indicator
of roliution. A limited number of nitrate analyvses werec
performed on the waters off Funta Verraco. The tropical
region: around Puerto Rico 4are generally deficient in surface
water nutrients, espocially nitrate. Reactive silica 1s
asually not regarded as @ pollution problem.

Reactive Phosphate
The concentration of reactive phosphate was gencrally

low (va 0.05 upg-at, P/ in the surface waters off Punta

Verraco ns <seen by the avevaged "C" station seasonal phosphate

profiles shown in Uigure 2,2-F2. Tae phosphate values remained

o wizrh Jdepth ro vearly W8 petery Hefore increcasing to about

> w-at. P/t except For the winter season when ~he increase

started at 100 meters and went to about 0,38 ug-at. P/L at

JO0 meters

D033 up-al

Thore was very little ¢ifference in surface phosphate
concentratiens with Jdistance from shore scen in the spring
and summer. However, the winter and fall seasgns saw high
surface phosphate valucs nearshore (ca 0,15 ug-at, B/&]s
These anomalics coireided with low salinity (runoff) in the
fall but the phesphate =curce 1s not ohvious for the winter
BN SO0 4

Nitrate
Nitrate was determined by the cadmium-copper reduction
nethod [(Wood ot A 133, A limited namber of Zamples weore
analvoed for mitrate at Punta Verraco for the summer and fall
semeoms af 7%, The "0 gEsticn “ata wore pletted by season
ir Ticure < Z-F3. The concentryation of nitrate was less than
: from the surface t¢ about 75 meters in the summer
and less than one ¢ shout 35 meters in the fall cxcept for a
surface value of nearly 2 sg-at. N/&, Nitrate values were
higher in the fall than the summer between 30 and 125 meters.
Little seasonal difference existed below 125 meters. The
concentration of nitrate increased from about 2 pg-at. NAR
at 100 meters to over 1% at 300 metrers.

1 wp-ate Nyd F

“he onlv nnomalies of =ignificance in the nitrate data
were vajues to b upg-at. N/% at PVE-4A and 2.88 at PVE-43 and
8,28 atr PVE-bN.

High nitrate valunes were found in the nearshore stations
in the fall season: 6.0, 2.9 and 9.2 pg-at, N/& at PVE-4A,
1B and 6A, respectively. This colncided with high phosphate
and low salinity values for these stations for the same season.
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3.1 GEOLOGTEAL PARAMETIERS AT PUNTA VLERRACO
by

E.D. Wood

S0 INTRODUKCTION

The geology of the Punta Verraco site was described in
an carlier report (Beck, 1972). Portions of that report will
be repeated here along with a brief description of the marinc
sediments.,

The maior portion of Punta Verraco ts composed of
Tertiary Ponce Limestone which forms the coastal cliffs
(Grossman, 1963} rising abruptly 45-50 meters above the sea
around the arca where Punta Verraco joins the mainland (Fipure
3.1-F1). The rugged coast is broken at two arcas by lowlands
of Quaternary deposits, the major one (Figure 3.1-F1) being
a long abandoned valley of the Rio Yauco {Grossman, 1903) which
1% now {ronted by low sand duncs stabilized by ceconut palms
and various forms of ground covering vegctation. This abandoned
valley continues offshore as a submarine canvon having depths
of @ meters within 0.5 kilometers of the shore and 18 meters
within .8 Kilomcters of the shore (Figure 3.1-F¥1). Coastal
dunes, however, protect this channel from even the most major
floods; these dunes stayed above water during the disastrous
Tooding of 1228, the highest {lood for which records are
obtainable, when the flood diverted northeastward into
Guayanilla Bay (Fields, 1971),

The original diversicon of the Rio Yauco from this channel
(now long abandoned) is postulated te be due to the prescnce
of an Hast-West trending strike fault, the San Francisco Fault,
which must have cccurred after the consolidation of the Ponce
Limestonce, which it offsets, but before the deposition of the
undistarbed Quaternary alluvium which covers it (Grossman, 1963).
This makes 1ts age between three and twelve million years
faccording to the geologic time-scale as compiled by Holmes,
19057 .

Sediments

Therc are three general regions along the Punta Verraco
site with respect to sediments. First, the shallow regions
scaward of the reets out to the shelf edge are high cnergy
arcas becausc of frequent wave action. Sediments here are
coarsc and sparsc. Numerous attempts retrieved no sediments
from the PVE-2A, 3A or S5A stations.
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Caribbean Sea

Guayanilla

ruata Ventana

Tonozravhic Map of Punta Verraco Area (from the U.S.G.S. Punta Verraco
Tuadranvle) Contour interval is 5 meters; this map is approximately
3.2 km. wide.
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The second region is associated with the recefs. The
sediments are coral sand and often in motion because of the
wave actlion. Storms tend to build temporary islands of sand
especially landward of Unitas Reef. Sand scdiments were seen
from the air near the reefs and between the reefs and Punta
Verraco. There may be considerable sand transport westward
along the shorc at times.

The third type of sediment region is low energy. This
type is protected from the effects of wave action and strong
currents. The sediment in these areas are very fine and high
in organic matter. Two such areas werc sampled (PVE-4A and 6A).
Station PVE-4A is in the middle of the Yauco submarine canyon
and PVE-6A is in the main channel into Guayanilla Bay.

The sediments from these two staticns were air dried
and sieved for si:ze distribution. The PVL-6A sediment was
especially troublesome because of its tar-like texture. The
results were plotted as cumulative weight percent and weight
percent histograms in Figure 3,1-F2, The size analysis sta-
tistics are shown in Tabie 3.71-T1.

TARLE 3.1-T1 Size analysis statistics for the Punta Verraco sediments

STATIONS MLDIAN MEAN STH. DLV,
Mdg Md 5

PVE-uA 3.5 3.1 1.2

PVE-BA G 3.2 0.7

The mean M@ for the two sediments is very similar.
However, as shown in Figure 3.1-F2, the standard deviations
are quite differcnt. The PVE-4A sediment contains about 17%
of ¢rains larger than 0.25 mm (2 ¢ ) while the PVE-6A sediment
had only about 2.5% of its grains greater than 0.25 mm.

Most of the region inside Guayanilla is in the low energy
scdiment area. Wind-swept currents do resuspend some of the
fine sediments and carry them eventually to the southwest along
the Punta Verraco shoreline where some of them settle in the
Yauco submarine canyon. Most of these fine sediments were
carried on down the beach to the west,
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4.1 ZOOPLANKTON STUDIES 1973-1974

by
Marsh J. Youngbluth

4.1.1 INTRODUCTION

The following report provides estimates of the abun-
dance and density of zooplankton in the surface waters along
a western portion of the south coast of Puerto Rico. These
data form one part of an environmental survey conducted by
the Puerto Rico Nuclear Center. All collections were gathered
in an area adjacent to the region proposed for the siting of
a future power plant. Samples were gathered on 7 days during
1973 and 1974---21 February, 22 May, 28 November, 12 February,
22 April, 21 August, and 13 November.

4.1.2 MATERIALS AND METHODS

Field Precedures

Zooplankton were collected with a 1/2 meter diameter
cylinder-cone shaped nylon net. This net was designed to
reduce clopging error (Smith et al., 1968). Mesh size was
233 microns. The net was towed from a 17 foot skiff in a
circular path through the upper 2 meters. The speed of the
vessel ranged from 2 and 3 knots (determined with a Sims
yacht speedometer). The duration of a tow was 10 minutes.
After cach tow, before the cod end was removed, the net was
washed with sea water with the aid of a battery driven pump

(12 volt, Jabsco water-puppy). The catch was preserved in
4% sea watcr formalin buffered to pH 7.6. All sampies were
gathered during the daylight hours. The volume of water

filtered through 4 net was estimated with a flowmetcr (TSK or
General Occanics Model 2030) suspended off-center in the
mouth_of the net. The volumes usually ranged from 100 to

150 m”. The meters were calibrated every 2 months. Cali-
bration factors fell within 8% of the mean.

At each site three tows were made in the area adjacent
to the region where a power station may be located. Single
tows were taken at the other stations. The regions sampled
were chosen in such a way as to collect within and around
the area where thermal alteration is likely to occur
(Figure 4.1-F1).
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Within 24 hours after samples were collected the pi
was checked and adjusted, if necessary, to 7.6. If a sample
contained & noticeable conglomerate of phytoplankton or
detritus, the zooplankton were separated from such material by
gentle filtration through 202 micron mesh netting. Before
estimates of hiomass or numbers were made all organisms larger
than 1 ¢m, usually hvdrozoan medusae, were removed.

Bromuss was calculated as wet volume (Ahlstrom and
Thraikill 1962, This estimite is subject to considerable
error and should be viewed only as a rough measure of standing
stock. The measurements were reproducihle but are undoubtedly
biased toward higher than actual values by the variable pro-
poertion of interstitial water and detritus,

The total number of organisms was estimated by volumet-
ric subsampling with replacement (Brinton 1962). Three
aliquots from each sample were counted. The abundance of
major taxonomic groups of holoplankton and mecroplankton were
determined from dilutions of 300 to 200 organisms. Copepods,
usually the most numerous of the zooplankters, were identi-
fied to species.

All biemass and enumeration data were standardized to a
per cubic meter basis or multiple thereof. DNata were IRIETE LTy
reduced with hand calculators (Hewlett Packard Model 45) and
more recently with a computer (PCP-10). See Appendix 4.1A
for a listing of the progran.

4.1.3 RESULTS

A total of 49 samples were collected from G stations
(Figure 4.1-F1). The densities of several taxonomic groups
of zooplankton at each station have been determined (Tables
4.1-T1-T6-17). These data are arranged to facilitate com-
parisons hetween sets of consecutive tows, nearshore tows,
and offshore tows.

Densities of total zooplankton differed more between

catches from different areas than betwecn consecutive samples
from one area. This observation is summarized in Table 4.1-T1!.
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and lowest denzity

SREST) ST S| ampiiry ol cotrios between the hisghest
values i Tofol zooplankvon durdng cach pericd.
1473 1974
R C Moy Z8 Rov 12 el 22 Apr 21 Aug 13 Nov

sacut ive Tow s 5 o Psi™] 1.4 1 L s 1.5 2.2/1.5 2.8
Nearaghoro Tows 3.8 2.3 12..7 ] 2 DB a.7 3.1
OF L nore Tows - 249 S l i -——= .7 1.6
| Tows .8 %, 1 1947 l 2.9 3.9 6.2 4.5

1

|

The degree of variation betwoen samples 18§
ratio formed by dividing the largest total
nlankton by the =mallest within each set.
similar to those observed in other coastal
Pucrto Rico (Younghluth 1875).
difrferences between samples
By calculating the varviance
number ol tows necded to detec
was determinced.

expressed as a
number of zoo-
The ratios arec
regions around

Another way of judging

is also presented (Table 4.1-T2).
between consecutive samples,
t various levels of difflerence

the

TABLE 4.1-T2. Total s ton (10 transtormed) from o 5 of replicate
TOW Gumner of replicate tows (o) ndoto detect
+5 ffeponce in density is indicated.=
bt 1573 , 1974
At 21 el 2D May 28 Nov 12 feb 20 A 21 Aug 13 Nov
Station ) 2 g’ 2 2 2 2
3.16761  G.29380G  3.71079 2.83569 2.89437 3.605u41 3.78490
2.86864+
2.8008%7  3.2395% 3.HO87H 2.65228 3.06145 3.33965 3.34635
2.70157
2.75358  2.98473 3.6821% 2.72509  2.94988 3.26126 3.56419
2.72754
n 5% 380 231 ad 125 103 2u1/60 356
n 30% 11 5 1 5 3 i 10
n 50% I 2 1 1 i 2 H
n 70% 7 1 i 1 al 1/1 2
ztl % 57 (1) iz 2z+rudent's t for the 95% confidence level (d.f.=2),

Whore
s s

hali-wiith of the
+ midnipht/midday values,.

the sample variance hased on replicate tows, and d is the
confidence iluterval Jdesired.




These data indicate that a large number of replicate tows
would he necessary to detect density differences at the 5%
level. lowever, on the average, differences of 50% can be
noted with only 3 tows. Differences of 70% or more may be
revealed with a single tow. Density estimates larger than
70% or more were found within and between nearshore and off-
shore catches. The range of density values during a sampling
perrod was usually two to four-fold.

Seasonal changes in the average abundance of total zoo-
plankton were small, i.e., about 3 to 5X (Table 4.1-T3). The
highest concentrations occurred in Novemboer each year. These
larger Jdensitics, however, prohably represent the range of
variation among tropical zoonlankton communities in tho
coastal waters around Puerto Rico rather than recurrent sea-
sonal pulses since the 95% confidence limits fFrom each station
overlap.

TABLE 0.1-73.  Avoraeo density of all zooplankton collected

Total “ooplankton/me

1974 1974
71 Peb 72 Muy 28 Nov 12 Feb 22 Apr 27 Aug 13 Now
Range LH3-1980  848-2584  L30-3478 227-967  284-942  350-216% 890-399y
Meddan 540 10N 26732 Sulnts 348 1617 IRVEIRS)
Mean 1044 1661 2528 H40 480 1272 1861
9% s low HILHY +1030 +2597 +358 +492 e +1522

The preceding fluctuations in density refer primarily
to holoplanktonic organisms since they composed, in most cases,
70 to 90% of the total zooplankton. Meroplankton were most
abundant on 22 May 1973 and 13 November 1974. 1In proportion
to holoplankton they were very numerous during 21 August 1974
when they formed over 30% of the total zooplankton. On two
dccasions at Station 3, on 22 May 1973 and 22 April 1974,
o0 to 59% of the zooplankton caught werc meroplanktonic (orms.

In both instances barnacle nauplii and caridean larvac were
abundant.

Fish eggs werc abundant in this area although they

usually composed less than 5% of the total zooplankton
(Table 4.1-T4). The largest density, 552/m, was observed at
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Station 5 on 28 November 19730 Tish eggs were most numerous
oan 12 Tebruary 1974 when they averaged 87/m* and {ormed 20%
o all zooplankton. The largest densitles were gencrally
Found at the offshore stations. Most of the eggs were round
and 0.5 to 2 omm oin diameter. Oblong eggs were common. It s
not known which groups of {ish arce represented by most of

the cgos.

TALLE Bo1-Tu.  Bummacy of densitles of fish epgs from all
1 Punta Verraco.

St LT

; 5 L K ALL
Heariper Dby AR 8- 108 8-107 33~5572 2-552
Mioiian i1 Fak 13 88 g8 34
Moy 2 M 54 Tl 155 oL

All groups tended to be more numerous in the night
samples. The overall density increase was about 5 times the
day level. Holoplankton were 535X numerous, meroplankton about
8X. The hulk of the holoplankton were copepods. Decapod
larvae and cirripede nauplii dominated the meroplankton. A
similarly large nocturnal increase in meroplankton was also
noted in a series of diurnal samples gathered at the Islote
and Cabo Mala Pascua sites (Youngbluth 1974).

Copepods formed 50 to 90% of the zooplankton community.
A total of 37 species were identified. Time ¢id not allow a
detailed study of species abundances at all stations. Con-
scquently, one sample from Station 2 for cach period was
sclected feor analvsis. The entire sample was scanned to form
4 species list and subsampled for quantitative analysis.
Using these datua, the species most numerous, those commonly
chserved, and others occasionally found are listed 1n
Table 4.1-T5.
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TARLT 4.1-T6.  Copepod populations observed at Punta Verraco.

Species usually most numerous
(5 individuals/m9d)

Vlausocali:znus furcatus
faracalinus spp.  (P. aculeatus, P. crassirostris, P. parvus)
arranila graciilis - h

Githona spp. (0, ﬁlumifera, 0. spp.}

Acariia uoninata -

AL Lllfjggbrgii

Temora turbinata

g
o

Species commonly present
(observed on § or more sampling periods)

spp. (Z. gilesbrechti, C. pacificus, C. sproiosus )
acutifrons - o

Calanopia americana

Undinula vulgaris

Species occasionally present

Luchaeta maring

Corycaens sop. (C. pavo, C. pavoninus)
Egzgaodiaptomj okerd -

Nannocalanus miner

Calocalanus spp. (C. pavo, C. pavoninus

Centropage=s snp, (O furcatus, C. caribbeanensis)
Scolecithrix danas o

Labidocera sup. (L. scotti, L. spp.)

Candacia pdchydaat?%ﬁ -

Mocvnocera clausi

Acrocalansu longicornis

Pucalanus spr,

Lucicutia flavicoonrnia

Temora stylifora
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4.1:4 DISCUSSION

The variety ol zooplankton observed at Punta Verraco
was similar throughout the year. lHowever, the abundance
relationships between the more numerous groups fluctuated.

The highest total densities were found in August and November.
lhe laveest proportion of meroplankton occurred during April
and May. #ish eggs were most pumerous during February 1974,
ihese planktonlic cpps were also generally more abundant

of {shore.

lLimitations ol the Dhata

The sampling program was designed to provide quanti-
fative cstimates of: 1) the standing stock of zooplankton,
2} the variety of major taxonomic groups, and 3) the diver-
ity and abhundance of the morce numerous copupod specics.
the manner of fTicld sampling determined the variety and

bioemass of organisms cncountered. The data in this report
arc based on collections made in the surfacce waters during
the daylieht hours. The sampling gear and methods were

kept uniform, t.c., net type, net mesh, towing speed, and
depth range sampiced. A small number of replicate tows

were pathered at cach site to obtaln some measure of theé
variability between samples. To obtain a better under-
standing of the zooplankton community more sampling wtth
replication should be done at frequent intervals, at a
greatoer noamber of stations, at different depths, during the
day and night, and duving Jifferent seasons tor several
years. Information gatheroed in these wavs will be necessary
to interpret fluctuatrions in standing stock and diversiaty

in relation to cnvironmental changes and bintic interactions.
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4.2 BENTHIC INVERTEBRATES AND FISH STUDIES
by

r

Paul Yoshioka

4.2.7 INTRODUCTTON

The results of benthic studies conducted at the Punta
Verraco site from the winter of 1973 through the summer of
1974 arc reported.

Most of the investigative effort inveoived the mapping
and description of the major benthic communities. Quantitative
samples were taken in an attempt to assess the biological
structure of selected communities and to provide quantitative
base line information.

The qualitative and quantitative descriptions of com-
munities are important aspects of community studies. However,
these aspects represent preliminary levels of community
investigations and are often insufficient to satisfy the demands
ot contemporary environmental concerns. It is often necessary
to ascertain the direct effect of a pollutant on populations
ot specific species and alse its secondary and tertiary
ecological effects upon the entire community.

The role of secendary or tertiary ecological effects
should not be underestimated. Several studies have demonstrated
that the structure and diversity of many natural communities
arc determined by ecological interactions (Davton 1971; Paine
P966; Paine and Vadas 1669; Kitching and Ebling 1961; Huffaker
19595 Harper 196%¢). 1In such cases predictions based solely
upon the direct cffects of physicochemical perturbations on
single species populations would be inadequate and misleading
it extrapolated to the community level.

What is required to predict the effect on an environmental
pollutant is an insight into those factors responsible for the
ecological organization of communities. Descriptive or structural
aspects of communities provide only a static, steady state out-
look upon a community. Species lists provide little insight
1nto the interactions of their component specles populations.
Diversity indices, derived from the biological structure of
communities, are speculative in their origin. Their ecological

implications remain a point of controversy (Hedgpeth 1973;
Fager 1972).
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What is neceded is an awareness of the dynamic processes
responsihle for a communirv's control and regulation. This
entails a knowicdge of the functional roles of various species
comprising the natural community.

With these consideratiens in mind, a series of preliminary
ficld exneriments designed to ascertain the functional roles
& the species n seléected commnunities was begun in the spring
i 1954,

The gorgonian communities were selccted as the major
ohicct of investigation during the latter phascs of this study
hecause the gorgonians represent a dominant feature ol the
henthic communities of the Punta Verraco site and, as such,
deserve major attenticn; the growth form of gorgonians adds
a coneiderable amount ot physical structure and heterogeneity
to the benthic cnvircnment and such physical structure greatly
inrfluences the remainder of the biclogical community (Elton
tannd; and gorgonians may be useful indicators of such environ-
mental parameters as wave actiom, currents, and turbidity (Grigg
1972, Opresko 1973; CGoldherg 1973%3: Kinzie 1973).

Clearing cxperiments were conducted in an attempt to
ascess the role of settled gorgenian colonies on the recruit-
nent of new colenies. FPcermanent observation quadrats were
set up as controls,

4.2.2 MATERIALS AND METHODRS

Eicld Procedures

Surveys of the major benthic communities were made by
traversing underwater transects and making station dives. A
diver propulsion vehicle (DPV) was usually employed for tran-
<ect work. Notes were taken on dominant or unusual organisms,
bottom typc and topography, depth, visibility, surge, and
other pertinent biological or physical data. Photographs
were taken to aid in describing the benthic communities. In
+he latter stages of the investigation, increasing emphasis
was placed on station rather than transect diving in an effort
to generate intormation on the benthic communities at selected
ijocales which would be more appropriate for statistical analysis.

Quantitative samples were replicated whenever possible
to assess the effect of sampling variability. Samples of the
infaunal and smaller epibenthic organisms were taken within

a 1/4 m2 quadrat. These samples were placed in a plastic bag
held as closce to the sampling site as possible to minimize the
toss of organisms. Substrate was removed with the aid of a

hammer and chiscl. Description of the sampling method can be

found in Vicente (PRNC-174 1974),
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orgonlanq were coilected in 3 mé (1 x 5 m) or 10 me
(Z x5 m} quadrats depending on the density of gorgonians and
Timitations of bortom diving time, Gorgonian samples were
taken in Mav. Augus:, and November of 1974, Two replicate
samples were usually taken.

paymanont 7 om? (1 x i m} observation gquadrats were set
up in Februsry 1874, The larger ¢ sessile mrgaanms e thHess
quadrats were identitied te the lowest possible taxonomic
category and were monitored both visually and pnntogrdphlcally
Tn Swwst TEOL,. e gorgenians in a single 1 m~ guadrat were
tagged and measurcd.

The quadrats which had been cleatred of go rg0”1au‘ in
May 1974 were observed thereafter 10 asce%s the offect of
estahlished coionies cn recrultment of now olonies, thelir
growth, and wmortality.

Laboratoxy Preocedures

orgontan ,arpleu wore dried for several weeks, t!

weiched, measurad, and identified The mcre ,amllldr S1
were identified cn the basis of cxternal chargcteristies.

WL stionabie individuale were identified with the aitd of

spicule preparations. <uhstrate samples were hrought to the
laboratory, sorted irte phylogenctic groups, and preserved

in 70% ethy: alcohol or 0% buffered formalin for later
identification. ‘lhe =amples were often frozen prior 1o sorting.
Tavxonomic references sed to identify organlsms are ldsted. 40
the pibliography.

4.2.% RESULI&

ent informaticn of transects,
t Punta Verraco are shown in
. The follewing description
cd from these dives.

Locations and other b
statien dives nnd besch sit
Flguere #.2-F] @nd Hsppendix
is hased on obscrvations compl

Species vollected or dentified at three shore locations
ar the Punta Verraco site are listed in lUpendlx 4.28. The
results of sharoline fish collections are listed in Appendix 4.2ZC.

. The inshcre arcas between Punta Verraco and a sand spit
isiand near the entrance of Guayanilla Bay {(Transect T1, Station
S1. appear to be dominated by Thalassia, erlngodlum Caulerpa

and Diplanthera. Typ ical Thal#ssia bed specics such as the ’
urchin Tripneustes e\gE}en.?h and Lytechinus the starfish

OreasteTr reticulatus, and the molluscs Vasum muricatum and

Pinna were o’oser\? there. & small coral fringing reef was
encountered about 100 m offshore of Punta Verrace. Organisms
observed here inciuded the alga Udotea =p., the corals Siderastrea
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siderea, and Millepora sp., the gorgonians Pseudopterogorgia sp.
and Plexaurelld p., the -oanthid Pal thos, and the sponge

%Rhaec1ospoygig vesparia. Water depth in this area ranged
etween 0 and 5 meters.,

On the scaward side of the sand spit island the substrate
aprpears to be deminated by algac and some sponges (Station S1),
Occasional colonies of corals, principally Diploria stricosa,
Porites astreuides and Montastrea annuliaris were observed,

Palythoa, Tryhropodiun and Millepora wWore much more abundant
oo | wLepara

than the scleraCtintan corals, Gorgonians were relatively
svarce comparcd to other reefs and were comrrised mostly of
two genera, Punicea and Plexaurclla,

The dusky damscifish Pomacentrus fuscus, the sargeant
Abedefduf saxarilis, the rock beauty Holoc¢anthus tricedor,
the bluchead Wriise Tholassoma bifasciarum, the spanish hogfish
Bodianus rufu:, rhe Fiue tane AcantRurus coerulus, the doctor-
fish Acanthurus chivurgns and grunts Haenulon sp. were observed.

i

Further westward along Puntu Verraco {Transcct T2) the
substrate is comprised mostly of dead coral heads with occasional
patches of sand., These coral heads provide much topcgraphic
relief, up to 2 meters in places. Only occasionul colonics
of living corals were observed. Glorgoniarns were common. Algac
primarily Spyridia was abundant. Fish were fairly abundant,
due to the nich topographic reliel available for cover, Among
the specics observed were grunts Haemulon sp., the high hat
Equetus acuminatus, the bluehead wrasse Thalassoma bifasciatum,
the hogfish Lachnolaimus maximus and the queen triggcerfish
Falistes vetula. Water dépth in this area ranged botween 5-6
meters. The nubstrate was covered with a layer of sediment
which was probably derived {rom Guayanilla Bay,

A submarine canyon was cncountered offshore of the Rfo
Yauco {Cerro Tore). A soft sand-mud mixture dominates the
bottom substrate [Transect T3, Station 53). Tt i« characteristic
of such substratc that visually conspicuous organisms are usually
rare. lIlowever, small patches of aigae Ulva lactuca, Hypnea
muscifermes, Gracilaria sp., the fighting conch Sirombus ugilis,
and several bivalves Arca zebra, Tellina alternata Were o serve
in this area,.

To the west of the Cerro Toro submarine canyon, off Punta
Vaquero and Punta Ventana, the bottom substrate consists mostly
of low relief rock with occasional patches of sand (Transects T4,
T5, T6; Stations S4, S5, S6, 57). Areas near shorce {Transects
TS, T6) appear to be dominated by algae. Various spcries of
algae Sargassum, Dictyota, and red algae werc obscrved, The
hard coral Sidcrastrea siderea, gorgonians Pterogorgia and
Eunicea; and the sponges Sphaeciospongia vesparia, Anthosigmella
varians, and Tcthyu were also noted.




In areas further offshore (Transect T4, Statlons 54, 55,
$7) hard corals, sponges and gorgonians become more abundant,
the latter being the most visually conspicuous. In general,
the faunal characteristics of Statioms S4 and S5 are probably
representative of this area,

Relatively flat, low relief rock dominates the substrate
at Stations S4 and 85. Small sand patches cover less than 10%
of the hottom. The water coiumn is relatively turbid, during
this study visibility never exceeded 7 metcrs. Macroalgae
were conspicuously absent and the sea urchin Diadema was quite
common. The hard corals were visually estimated to cover
between 1-10% of the bottom substrate. Amongz the more common
corals obscrved were Montastrea annularis, M. caveronosa and
Dinloria sp., and at bnth stations the gorgonians were the
most visually conspicuous organisms. Among the genera observed
were Eunicea, Muricea, Muriceopsis, and Plexaura. Quantitative
samples of gorgonians were taken at both stations,

The fish and larger invertebrate species observed at
both stations and also Station S5A are listed in Appendix 4.2D.
Fish were observed on two different occasions at Station S4 in
an effort to cstimate the frequency of occurrence of various
species. Of the total of six species identified, only the blue-
head wrasse Thalassoma bifasciatum appeared during both periods
of observation (12 February 1974 and 21 August 1974). However,
of the seven total species observed at Stations S4 and S5 on
August 1974, five occurred at both stations. This suggests
that the fish fauna at both stations are quite similar. Seven
of the 13 speciecs of scleractinian corals and 19 of the 24
corgonian species co-occurred at both stations.

TABLE 4.2-T1. Recrii* gorgonlan colonies cellected on 11 December 1874
£vwam an area nreviously cleared of gorgonians on
22 April 1874

SPLCIES #'s/4 m Height(range)
Muriceopsis flavida 13 2-4.4 cm
Tunicea succinea 5) 2.2-7.4 cm
Tunicea tourneforti & 2.9-5.3 cm
Tunicea laxispica 5 2.6-3.1 cm
Corgonia ventalina 5 2.2-7.0 cm
Murlcea atlantica 4 4.7-6.4 cm
Faeudeplexavra porasa 4 2,2-5.3 cm
Pseudopterogorgia acerosa 2 2.3-7.1 cm
Tlexaurella dichotouma 2 1.2-2,0 cm
Plexaura flexuosa 1 3 em
Muricea muricata 2. 1.6 cm
Pseudoplexaura sy. 3 3.2-5.1 cm
Lunicea sp. 2 2.4-3.5 em




Quantitative Samples

Species found in 1/4 mZ2 guadrat substrate samnles
taken at Stations $7? and S6 are listed in Appendix 4. 2E.
Both samples show similar distributions of ;ndividuals
amony species., The 246 individuals were represented by
86 species (oxclud:ing alsae and colonial oryanisms) in the
“1 sample, and 46 individuals among 27 specles in the S6
sample., Both distributions werce highly cquitable, more than
50% of the species were represented by *wo or fewer individuals.

Large discrepancies appear when the species lists are
compared. Of the 98 species feound in the samples only nine
were found in both. It could not be determined if -his dis-
crepancy was caused by habitat differences between rthe two
statiens or by sampling variability, therefore, two replicate
samples were takern o few meters anart at Station S4.

These results are also shown in Appendix 4.2, The
number of individuals shows a highly eguitable distribution;
i7 individuals amony 14 species in one replicate; 75 individuals
ameng 23 specics in the other. Over 50% of the total number
ol species (33) were represented by single individuals. How-
cver, onlv four sneciecs cccurred in both replicates.

The lack of similarity between the two replicates in
terms of co-cocurrences of species would indicate an in-
adequacy of the /4 m? quadrat in obtaining a representative
sample of the infaunal community. Thisz is probably due to
distribution patterns as well as the "raricy" of individuals
relative to the sampiing scale.

Gorgonign species and numbers of individuals collected
from two 10 m“ quadrats at Station S4 are listed in Appendix
4.2F. Overall cnlony density of the subsamples was very
similar, 15.9 and 14.9 colonies per m2, Correlation of the
relative abundances was statistically significant {Kendall -
tau =+0.46, p = 0.05) indicating that the quadrat sizec was
sufficient to representatively sample the gorgonian community.
The four most abundant species in decreasing crder of abundance
were Muriceopsis flavida, Gorgonia ventalina. Plexgura flexuosa,
and Muricea muricata. TheSe species accounted for about 575
of the total number of individuals.

Gorgonians werc found in much higher densities at
Station S5, an average of 25 and 30 colonies per m¢, This
corresponded with the general visual impression that gorgontian
densities decreased at shallower depths. Relative abundances
of gorgonian species in the two subsamples were significantly
correlated (Kendall-Tau =+0.06, p .<<0.01)., The five most
abundant species in decreasing order of abundance were Eunicea
tourneforti, iunicea laxispica, Muricea muricata, Plexaura
flexuosa, Lunicea clavigera, and Muriceopsis Tlavida. These
specles accounted Tor about 75% of the fotal number of colonies.
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No correlatlion was found between the relative abundances
of gorgonians at Stations 54 and S5. The causative factor(s)
responsible for the dlliut@hCCS in relative abundances are
nindetermined at present. Hewever, Kinzie (1973), Goldbery
{1¢73), and Opreske (1973) discuss several environmental factors
which maw influence the abundance of gorgonian snecies.

When rovisited on 21 4ugnst 1974, the area cleared of
corgonians on 21 April 1974 at Station "s4 had an average of
deTTw 1,40 [UBS C.L.) newly recruited gorgonian celonics per
174 m- hased or randomly placed quadrats. All recruits were
jess than » cam tal?. When sampled previously, the density

of similar sized colonies was only 0.45 colonies per 1/4 m
sugpesting that the presence of settled colonies inhibits
the recruitment of other colonies. Established colenies
vidently niay a regulatery ro5le in the recruitment ol new
alenirs. The mechanism by which this occurs is unknown.

"p 11 hecember 1974 coruopian colonies were collected
Fram o oa 1 m= area previcusly oleared of all gorgonians the
wrowlond SO%IHL. \UEL‘G\ celiected and their abundances are
listed on Table 1. The relutive abundances correlated posi-
tively but not Hlﬂf]LlLauil\ with the gorgonians collected
the previous snring (Kendall-Tau, p~. 20), suggesting that
recrultment of gorgon:an species occurs in the same order of
veelative abundianee as the natural mature populations,

The distribution of colenies in the cleared and controlled
arcas were also determined in 4 m (2 x 2 m} quadrats, The
L1~t11buflon natterns of ‘hc colonies for various guadrat sizes
ure listed on Table 1.:-T2. Evidently, recrultment of porgonians
occurs on an ageoregatec pattern. Cglonies in natural areas,
howevey, seem to be more randomly distributed.

mangt 4 0.T2,  Index of digpersion of gorgonian colenies on vArious
ampling scalas in cleared and natural areas.

HOPMAL

ATEA {2) PROB. PATTERN
1/64% mZ ‘vecruit” G ol -13.3 0.001 aggregated
104 @Y Tnaturall 1S - 5.08 0.007 aggrogated
1/16 m2 “recruit" 2.k - 7.96 0.001 aggregated
STE me "patural” n.9n% + 0.283 .39 random
§ S "recyuit" oL - 4, 0.001 appgrepated
154 mZ "natural’ LT - 1.46 0.072 random
me "racrult! i - 0.886 G.19 randomn
1 e "navural” oy - 1.43 .075 rarndon
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Growth rates for tagged gorgonian coleonies in rhe
observation guadrat hetween August and December 1974 ave
Iisted in Table 1.2-T3, An apparent trend for higher prowth
rares for smaller coionies was not significant at the 0,06
tevel (Tukov Corner Test). Due to limitations of diving
botrom time, all the sorgonians were not tagced, therefore
watural recruitnment and mortality rates could not be determined,

TABGE &o-Ta, rowth of tagged gorgonians in the Permanent quadrat at
4risn S4, Punta Verraco

- 3 TRl 11 DECEMBER
SPuT ey (Height, cm) (Height, cm)

3] 1G

19.5 1y

33.5 23

32 32

Bh 59

3G 40

23.5 16

iz ic

12 11

£
o
w
(&)

‘broken)

1:3+:5 15
S 27.0 27
“seudoprerocorgia sp. 27,5 27

4.2.4 DISCUSSION

he intertidal biota of the Punta Verraco site appears
to be representative of this environment along the ceasts of
Pucrto Rico (fiynn 1964),

The infaunal populations possess a high species diversity
and cquitability, This feature has been found to be commen to
all substrate samples taken at various sites arcund the island
(Tortuguero, Manati, Cabo Mala Pascua). However, due to high
sampling variability, the structure of this community cannot
be deduced.

The greatest abundance of fish 1ife observed at the
Punta Verraco site was associated with areas of high topographic
relief. This feature is common to several sites around Puerto
Rico (Manati, Tortuguero}, and is probably related te the shelter
provided in such areas (Smith 1973). Repeated observations of
fish 1ife at the permanent station indicated that only a small
portion of the fish species at a given location are observed
at anv single given time.
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PLANT A8SOCIATIONS

by

1.%.1 INTRODUGCTVION

Punta Verrace, on the south-west coast, 1s in an arid
aread roceliving J2s5s than 59 inches rainfalil ner year. The
5c11 1s spave ard has little or no organics, In the area in
back of rhe two points {Punta Toro and Punta Verraco) there
are a Tvpha swamp and sugar cane fields. The foreot on the
tWo POINtsTis tvpical tertiary dry country successional.

) The terrcosrri
tne rest of Puertn

W
i o}
'—d

[

(b
c® >
t

-

fauna is rot obviously different from
.co's coasts, (Sce Appendix 4.3A) The
maior specics are tats, mengoose, cattle, dogs, and a
few "pest” birds such as grackles, anis, and pigeons. Pelicans,
frigate birds, and c.apper ratls were observed, none nesting,
The maior uniagne {eatures are (a) possible inclusion in the
breeding area of a rar snecies, the Puerto Rican Vhippoorwill,
<ue te the proximity of the Guanica forest, (h) 2 large number
of bats which issue from veveral caves and a large sinkhele in
the point.

.

e

&
TN

of extensive caves in the point may make

The evidence
tatlc for heavy construction.

the area uns.i

ociation is one of the less disturbed dry
tco. It easily ranks with the Guanica forests.

0gt
forests in Puert
little beach area; the banks and cliffs rise rapidly

There is verv
to the forests,

Among the mere seaward plants are Ipomea, Canavali, and
Sporobclus. Opuntia species begin near the sea and continue
f%faﬁgﬁh?ﬁé forest., These scaward associations are vagrant and
often get wastod away only to reappear later.

4.3.2 MATERTALS AND METHODS

The Punta Verraco site represents an anomolous ecological
assemblage. Tt consists of parts of a dry forest, a beach com-
munitv, a Typha swamp, and a fringing mangrove forest. Therefore,
1t was necessary to establish one long transect roughly north-
east by southwest (Figure 4.3-F1) and three small perpendicular
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transects on Punta Vertana, the old river mouth, and Punta
Verraco. The lons rransect was reughly 1 km. in length while
the smaller transccts were 10 w. One meters plots were examined
for grasses and {or% at the juncture of the transects and at

the distal end o¥ cach 10 m transect. This gave six 1 meter?
plots. ALl unknown natevial was removed to the laboratory

for zdentification.

N

]

4.3.3 DISCUSSION

The tertiary successional forest of the hills is more
complex than it first appears. The xerophvtic nature of these
tertiarvy limestone hills is deceptive. To the untrained eve
many species appear as one

A conspicucus {eature of the forest is the number of
susculents and cacti vpresent, The succulents Cephalocereus
royvenl, Leptocereus ouadricostatus, and cacti; Opuntia species,
and the ET?Whlﬁ:’E:c?ﬁ? Hylocereus tricomus are common. The
agave Agave missicnum and The cactus Cacfos interbus are
conspicuous since they erow to 3 to 6 meters, tcwering over
the %ur*011d'1g shrubs, The cacti near the shore are covered
wirh epiphvtes, “roreliads, ivlocereus, and one orchid Encyclia
papilionacea. T

The shrubs of fucida, Burserea, and Amyris are dense.
The larger Pucidy and “ursgied are of tree gize, U(Occasional

Ervthroxylum 7Tcovaine) frecs are Tound here.

Behind the 5:11s ot Punta Vorraco, but not on the site,
1s a Typha swamp which Jvains to a mangrove fringed bay. Black
and white mangroves (f.aguncul aria and AVigennia} stray short
distances up the hitl.
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APPENDIX Z2,1A

Tabulated Averaged Hydrographic Data




AYERAGE GATA FOA 423794 Inaiiu6r 30671 PUHTA VERRACO - ALL STATIONS- WINTER
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AYERAGT TaT 2 B2 TRt A
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27,374 $9,79% ERC I 4,747 R v
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VEiask GATA FAR 427 0F Tet gl w0ty PUNTA VERRACO - ALL STATIONS- SUMMER

YENT 4 Te b T omb o L1 1TY "1 0 AXYLFE Brapn NTTRLGEN
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3 c7, %0 A3, 2 57 1 a4, i RPN vyl
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45 v G Wy A, L7 B 4,146 " b Byndd
2 5 D s $a, 067 G611 4,705 3 pRd9 L, B
=N 15,975 37, LA S b TH B 4,114 B 3 2,174
Tt 17 .27%% g4, A PO 4, 117 AT 2,714

AVERAGE CATa PR (52?1 Gu Y9247 PUNTA VERRACQ - ALL STATIONS « FALL

PEPTH Te=ap o boiws it 1Ty 91a0 ] CAYSEN  FowS RITRUGEN
- Piy LR 5%, .00 AR ENEREE 4,559 L L EG 1,243

i # D7, 280 EOIRRR g% A0 4,692 B 2,312
¢ RS T SRR 3] 2és R 4,752 By g 2,135
< c 72t S, A ey 341 4,746 Y R B 99
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i 2H,318 Sh, ot PR 4,03 PEr - 2,348
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AVERAGE DATA FOR 023294 THRUUGH 739675 PUNTA VERRACO - WINTER - "A™ STATIONS

DEPYH TEMPERATURE SALINITY SIGHMA T ODXYGEN PHQOS N]TROGEN

2 26,625 35,474 23,212 4,747 #,045 2,129

29 25,641 35,285 23,381 4,887 ¢,P60 2,000

3 25,618 35,785 23,388 5,167 D,262 @890
AVERAGE DATA FOR £23321 THROUGH 239674 PUNTA VERRACG - WINTER - "B" STATIONS

DEPTH TEHMPERATURE  SALINITY SinMa T OXYGEN PHOS NITROGEN

¢ 26,122 3% ,407 - 23,327 4,862 ¢, P41 9,217

iz 26,¢%¢ 35,424 23,125 4,9¢1 7,444 A, 240

27 26,082 35,409 23,329 4,94?2 ¢, B47 2,269

RY] 26,9239 35,445 2%,%46 4,957 v,847 B,248

50 25,892 35,452 23,427 4,925 ¢,089 @112

75 25,443 35,736 23,781 4,867 P,ea2 @,191

182 24,651 36,222 24,390 4,755 %,294 2,178
AYERAGE DATA FOR 223382 THROUGH 73os7il PUNTA VERRACG - WINTER - "C" STATICNS

DEPTH TEMPERATURE  SALINITY SIGMA T OX¥GEN PHOS NITROSEN

2 2h,846 3%, 465 23,481 4,877 0,P49 1,419

10 26,19 35,462 22,395 4,942 e,P04 2,874

22 26,4025 35,459 23,39 4,929 3,253 @,301

iz 26,921 35,458 23,3192 4, 9473 ?,853 0,056

52 26,0172 35,465 23,420 4,926 ?,7688 P,064

75 25,599 35,796 23,854 4,791 4,095 ¢,1903

L1of 24,973 38,294 24,425 4. 603 2,062 Gyi7B

152 22,812 36,565 25,42/ 4,225 2 §- V] P,341

2ac 22,478 36,742 25,976 3,567 A,265 24221

282 18,392 J&,48¢ 24,3352 4,172 @,387 2,866

Jg2 17,3868 36,344 2h,473 4,340 A,378 1,798



AVERAGE DATA FDR 929482 THROUGH ¢4273¢ PUNTA VERRACO - SERING - STATICNS
DEPTH TEMPERATURE SALINITY SioMa T OXYGEN PHOS NTTROGEN
2 27,666 35,R/34 23,145 4,757 ¢,284 9,0Pe
1@ 27.,62¢ 35,857 23,188 4,669 n,e71 0,202
AVERAGE DATA FOR 929483 THROUGH 2427231 PUNTA VERRACO - SPRING- "B" STATICONS
DEPYH TEMPERATURE SALINITY SInMa 7 OXYGEN PHQS L1TROGEH
? 27,324 35,783 23,221 4,794 n,074 A, bpu
12 27,225 35,798 23,257 4,777 B,071 R,20@
27 27,129 35,797 23,294 4,799 ?,768 g,
32 27,416 35,8080 23,332 4,747 A,864 7,000
5 26,742 5,818 273,429 4,729 f,7Ab9 B,20
75 26,319 35, Ag2 23,620 4,657 7,069 P,400
190 25,644 36,002 23,857 4,565 7,065 7,000
AVERAGE DATA FOR Q29497 THROUGH 242739 PUNTA VERRACC - SPRING - "C" STATIONS
NEPTH TEAPERATURE  SALI~ITY SinMa ¥ NXYGE ™Y PHOS NI TROGEN
k 26,956 35,772 23,331 4,489 2,495 Ay ra?
17 26,968 35,773 2%,331 4 651 o ,?08 ¢, A9
e 245,965 $5,775 23,331 4 6493 A,7061 P, a0
32 26,716 35,781 224351 4,696 ", Po6 P, e
3 26,611 35 w17 23,4874 4,706 P08 ?,000
75 76,233 $9,9592 23,698 4,649 2,080 a,720¢
127 25,680 36,189 24,047 4,522 N 2,420
157 72,419 34,672 25,539 4,242 Fa1el 2,22¢
2o 24,224 36,771 25989 4,786 B BT 7,618
250 18,658 36,530 26, 285 4,189 G, 229 1,272
3o 17,484 35, L8Y Ry e 4,537 0,300 1,152



AVERAGE DATA FOR @46R34 THAQUGH ‘44839 PUNTA VERKACC - SUMMER - "A" STATIONS

NEPTH TE“PERATURE SALINITY SIoHMA T OXYGEN PHOS NTITROGEN
o 28,414 35,474 27 A 34 4,617 a,ren 2,28¢
10 28,292 35,235 22,647 4,831 7,738 2, e
AVERAGE DATA FIR 246833 THAGUGH 245838 PUNTA VERRACO - SUMMER - '"'B" STATIONS
DEPTH TEMPERATURE SALINITY SIGMA 7 OXYGE"Y PHOS NTTRLGEN
2 28,104 35,384 224,67¢ 4,775 D,%56 Fe20¢
172 28,491 35,376 22,669 4,772 R | N,7244
2 20,48 35,369 22,667 4,763 2,029 ?,791
e 27,939 35, 416 22,749 4,776 ¢, 75 2,598
5¢ 27,154 3B, 7an 23,245 4,347 i RS 2,450
75 25,856 36,162 23,973 4,848 f,249 2,135
1¢2 24,449 36,472 24,794 4,689 M,A06 2,364
AVERAGE NATA FOR £46r2% TRROUGH vA4KRDY PUNTA VERRACO - FALL - "C" STATIONS
DEPTH TEMPERATURE  SallulTy SIgHs ¥ DXYGEN PHOS NITROGLE™
e 27,974 35, 24p 22466 4,Re0 ey 4,09
hS 27,983 35,249 I 4,823 e P,761
2 27,9972 35,1387 22,671 4,825 Paes2 4,126
3 27,994 45,341 22,675 4,828 P oes A,145
5 27,904 35,402 22,749 4,887 ARSI Py T
75 26,607 35,913 23,552 4,13 ML AT LI
127 24,94y Sh, 475 4,492 4,766 N, 742 2 2dv
15”7 22 .425 36,587 25,8462 4,008 e 2,.h44
7 24,447 36,767 26,117 4,265 Ao1E9 i it
257 18,374 46,5685 25,393 4,314 "y223 2,124

322 17,215 36,385 25,543 4,497 7,364 21714




AVERAGE NATA FOR 652982 THROUGH 7592877 DUNTA VERRECO - FALL - "A"™ STATIONS

REPTH TEMPERATURE SALINITY SIGMA T OXYGEN PHOS NITROGEN

) 26,928 33,262 21,455 4,483 2,186 3.t

10 27,232 34,257 21,95¢ 4,511 2,763 p,448
AVFRAGE DOATA FOR 252981 THROUGH ¢52%9486 PUNTA VERRACO - FALL - "B STATIONS

DEPTH TEMPFRATURE SALINTTY Sigka T OXYGEN PHOS NITROGEN

P 27,122 33,480 21.933 4,672 PRLE- P 2,076

17 27 ,2¢¢ 44,740 214683 4,697 PV 2,383

n 27,279 34,180 27,733 4,723 d,m86 D176

3 27,217 34,569 27,346 4,726 LT ?.108

50 26,551 36,149 23,744 4, 683 Ja, 758 2,340

75 25,544 36,536 24,428 4 678 7,748 2,383

189 23,843 36,794 25,765 4,474 ¢,n65 3,639
AVERAGE DATA FOR v52973 THR2UGH 4532977 PUNTA VERRACO - FALL - "C'' STATIONS

CEPTH TEMPERATUSC  sallijTyv SinMa T OXYGF PHOS NITROGEN

‘ 27,3546 34,244 22,09 4,743 a,2472 Gelle

17 e?,864 34 291 22,794 4,769 o, A4p Ayiid

ep 27,%81 34,299 272,76 4,777 7,085 A,094

37 27.322 34,52 27,347 4,767 2,349 D eo0

5 26,791 56,2768 23,61% 4. A99 A, 746 LB

A 25,322 36 ; a5 24,437 4,688 a4,¢27 R84

122 23,694 36,433 25,139 4,685 ¢, P66 2,523

157 21,66z 56,245 5,731 4,699 1y P 24577

2o 19 ,9¢9 36, A BA ZA L1654 4,351 f,124 1,780

257 Ld 5938 &, 5¢2 26,447 4,495 7,285 2,238

107 17,169 36,347 26557 4,549 2,314 2,845



APPENDIX 2.1B

Bathythermogruaph traces for the
"C'" stations at Punta Verraco

quarterly for 1973 and 1974
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BATHYTHERMOGRAPH  TRACLES TEMPERATURE  DEG. C
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BATHYTHERMOGRAPH TRALLS TIMPLRAETURL  DLG. C
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BATHYTHERMOGRAPH  TRALCLS TELMPERATURE  DBEG. C
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BATHYTHERMOGRAPH TRACES TEMPERATURE DES. C
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APPENDIX 4,1A

Data Reduction Procram-12 Mar '7§
TAE




REAL®s ST 5TrE S
DINENSTUN TALLE
L, TITLE(A, %y, T
144 FOHMAT (1 h, vx, 2A0 X
141 FroMAT(L9Y, A" 19274 ,8)
162 Fo-“4aTiLlba)
103 FO~MATC'1, 17x, 'TA&ELF T, 18,1, '.d&b//Zﬂx.lbhbflld?x,'STATlONS‘////
L 18X, Y DATT CL1TALe)
14 WJPNAT(‘0!11°$.17r1@.J)
1¢5 FoaumaTer?r 102,10 fin.wﬁ
146 FourMaT{rer, |
147 Fo<mAT( 2! Ta,éx.nb,bx.5p16.é.11a)
178 CoaMATEY P, A0, 15940
49 Fp%MAT('i‘.i*AiE
DATA DATAN, TABLE/221dsd./
DATA ((TITLECT, W) p120,80,451,17) /

P

I'roTAL B!uwAts OF #Q0PLAMKTON (MLZICAMI) Yy
2VTATAL NUMBED NF ZOUFLANKTAN PER 1/4MJ vy
SVIATAL NUMEER oF CDAFLPJS RPRU 1LMS ',
4 T~TaL NuUMLe oF CHAK'mGuhTHP OER 1AM3 Y,
GV T TAL MUEeRs 0F LANVACEA G TR 1 5M1 ',
§YTUTAL NMUmaRS F CLALDCE™AYS FPIR 17a0MS 'Y
FUTATAL W'hrobe oF PTESQZCNS PFRO10IMI t,
HOTCeTaL Nurach 0F CYRER PER 1Tw™S 'y
BYToTaL & ©F vel 1GER LARVAE PFR 194M) ',
gYInTAL B T Cl«H[~ruE NAUPLLD PEF 192M3 ',
AYTATAL B LOF CITRIFLLUY ZYFR!S PFR 1M E 'y
BYYnTAL # OF PUMAFTIN LARVAE PFS 1743 £
CYTrYAL # oF PRACHY IRAN LAXVAE PEn 127M3 Py
U‘T‘TAi RUMSES OF 2THF R PER 17erS : Ty
E'T3TAL NUsaEuw of 16 EGGS PER 17IM3 'y
FernTAL NUYSES 0F F1SH | ARVAE PER 1eidMd "
a'-iTAL NUSL RS OF HALOPLANKTON PER te2M3 '/

DaTh ((T[TLE(It\I);*~1:8)r‘J 10,341/

PYnTAL NUMSER NP MPROPLANATON PER 143M3 7y
RIPFRCENTAGE ~F CUFEPNDS ',
SYPERCENTALL NF CHar TOGNATS ',
GTPERCENTAGE nF LARYVACEANS ',
BTRTRCINTAGE OF CLADJCERANS ',
ETPERCENTAGF NE PTEROPQDS L
H '“EQ“FNTA;E CF NTHER ',
7IPFRCENTAGE NF VELIGER  LARVAE "
BY'PERCENTAGE nF CIRRIPENE NAUPLTI ',
PUPERCENTAGE rF CIRRIPENL CYPRIS L
A'PIRCENTAGE OF PENAEID LARVAF '
A'ECRCENTAGE oFf BRANHYURAN | ARVAL ',
CrRERCENTAGFE nF OT=ER ',
D'RE RCENTAGE oF F 18w FGGS ',
E'OCRCENTAGE OF P ISH LARVAE Yy
FIPERCENTAGE NF MILAPLANKTON 'y
G'PERCENTAGE NF MEROPLANKTON r/

(9]

READ TI1TLE,
1 READ (2,1g2:£ND298) TITL




32

33

34

3

99

42

PRINT 1E9,TITL
[riMr=y
I s=1
[aTAT 43
TAMLE (l.,1.,300=1,
RKEAN FI9ST ranh,
READ L0, [T, STLL) , GILYUT PIHZ, REVSPM, ROVS, WEY, A4S, IRCP
Nl 22 121,142
PRINT 127, 1T CITIMEY ySTCESTATH) ,DILUT,PIR2,REVSPM,REVS, wEY, 1REP
PEPIR2unEVA/REVEPH /L,
DILUZsNLYT/ 2/ [ ROE
TARLE(ITIHFv!STATN.1)=TAPLF(ITIME-ISTATN.lJOWET/?
D3 SA J=1,1Rep
READ 12, 10W,0ATA0
PRINT 1E8,7T01,DATAD
DG 28 w=22,16
DATAN(KI=DATAN(K)*NATAN(K=Y)
CorTIngE
CoanT e
S MO AL ATON,
N3 22 K=s2,7
MATAN{L7)aNATA{K)«DATANC(LT)
Con i1 aNUE
SUM MERAPLANKTON,
No 2% K=i,1d
MATANCLO) =NATANIK) +DATANILR)
ConTINuE
TATLECTT IME TSTATA 86 = ABLECITIME, IGTATN, 360 ¢NATA(2)
na 42 K=19,44
TAuLE(iTIHK;!STATN.K):TABLE{{TIHE.ISTATN.K)+DATAN(K-16)
CanTINUE
O $1 k=2,18
TA%LE(ITIHFrISTAYN.K)zTAELE(ITIMF.ISTATN.K)*DATAN(K)*DILDE
DATAMEK ) =L,
CowT INUL
CHECK FAR £40 OF A NDATA SFT,
TF (ASEQ,iHe) GO TO 99
READ 408, ITLIYIME+1) W STNEW,DILUT,PIR2,REVSPM,REVS, WwET, AS, [REP
TRCITOITIME S ) UNEGTTCOITIMEY )Y ITIME=]TIME ¢1
00 33 15TATN=1,18
IF (STNEW,EQ.STOISTATNY) GO T0O 34
CONTENUE
NEW STATINN,
[S=2]Sey
ISTATN=I]S
ST{IS)=STNEMW
TASLE(ITIME,, ISTATN,35)=TABLECITIME, ISTATRN,35) 1,
CONTINUE
PRINT TITLES,
Do B2 1=1,18
PRINT 1ﬂ5,I;(TITLE(J.I),J=1.ﬂ).TITLutST(K).K=1.IS)
D0 82 J=1,1TIME
0y 45 K21,15




55

8l

62

gd

82

B4

DIVIDE Y wdmEn 0F T0eS,
IF(TA'NL(Jp?(-\ﬂl_:))ai"’}oh.) Lo Tr 45
Ta LECSaR LT 2Ta L0 {d, <ty ZTRHFOU,X,32)
CoTIwt
e, ovoty np TooAl
PRINT 124, 1T s CTABLELS K1) aKELLIS)
G0 1o a2
PRINT 125, 1700 o CTABLECJI K, 1) e 21,18
Co-Ti~wuk
D B84 1:=219,3¢
PRINT A0S Tt TITLECD DY su=t o P) TTITL A (STIKY)K=L,15)
Dy B84 f=1,1T114E
Dg 62 K=1,15 .
CONVERT Tn PERCENTAGES,
TFCTAULECY K, 3580 ,69,.0,) GO Tn &4
TARLE (JoK, 1y =TABLECS, K, I)/TARLE(,K, 360100,
Ca~1i~Ut
PRINT L6, 1T ) (TABLECI Ky s K=101S)
ConTiNUE
vy $92 =1, 8
na Y2 Js1,1T1~E
Nng 92 k31,18
TArLECS s, Yizyg,
CanTINUE
G TN 1
Ceapl. £XIT
£ 4N




Transect

Transect

Transect

Station 1

Station 2

Station 3

T3

T4

=

o

Transacts,

APPENDIX L, 2A

Station Dives and Beach Stations

at Punta Verraco

Location:
Depth:
Date

Investigator:

Location:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investipator:

Iocation:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investigator:

Location:
Depth:
Date:

Investigator:

perpendicular to shore off Punta Verraco
0 -15m

21 May 1973

V., P. Vicente

parallel to shore off Punta Verraco
5m

22 April 1974

E,M. Yoshioka

parallel to shore at Cerro Toro Canyon
24 - 17 m

21 May 1973

V.P, Vicente

perpendicular to shore off Punta Verraco
i0 - 7m

22 April 1974

F.M. Yoshicka

perpendicular to shore near Punta Verraco
8 -5m

21 May 1973

V.P. Vicente

perpendicular to shore off Punta Verraco
8 - 5m

21 May 1973

V.P. Vicente

reef outside of sand spit off Punta Verraco

Im
6 March 1973
A, Szmant-Troelich

between sand spit and Punta Verraco
& m

21 May 1973

V.P, Vicente

canyon off Cerrc Toro
26 m

6 March 1973

V.P, Vicente




APPENDIX U4.2A (continued)

Station 4
Permanent staticn

(@3]

Station

Station ZA

Staticn 6

[¥p]
t
ot
+
Faa
(@]
o]
~J

B1

B2

Leocation:
Depth:
Dates:

Investigator:
Location:

Depth:
Date:
Investigator;

Location:

Depth:
Date:
Investigator:

Location:
Depth:

Date:
Investigater:

Locaticon:
Depth:

Date:
Investigator:

Lecationt

+pn s
[SR 6

Investigator:

Location:
Date:
Investigator:

Location:
Date:
Investigator:

off Punta Ventana

9 m

12 Feb. 1974, 22 May 1974,

21 August 1974%, 13 November 1974
P.M. Yoshiocka

off Punta Ventana - offshore of
Station 4

12 m

21 Augus.o 1974

P.M. Yoshicka

off Punta Ventana - offshore of
Stations 4% and 5

15 m

13 November 1374

P.M. Yoshioka

off Punta Ventana
7 m

21 March 1973
P.M. Yoshioka

off Punta Vaguero
10 m

& March 1973

V.P. Vicente

sand spit off Punta Verraco
€ March 1373
V.F. Viecente

Cerro Torc beach
28 February 1873
V.P. Vicente

Punta Vaquero
28 February 1973
V.P. Vicente
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APPENDI: s found at Punta Verraco shore stations

Ky
N
[os)
(%3]
ol
A
i_
[14

B1
B2 B3 Verraco Island Shore
Cerrc Torc ‘aquerc Shore & sand spit ¢' - ut
2/28/73 2/28/73 3/6/73
Phylum

Chlorophyta
Caulerpa prolifera X
Penicillus capitatus X
Udotea flabellum
Ulva lactuca X X

kI

Phylum
m3mmom=Mdm

Dictyopteris delicatula X X
Padirna haitiensis X
Padina sp.

Sargassum polyceratium X X

Phylum
Rhodophyta

Acantiophora spicifera

Ararch’ella tenera X
Brvocladia cuspidata

Bryothamnion trijustrum

Ceramium sp.

Chondriz tenuissima

Cryptenemia crenulata

Galawsura cylindrica

Galaxsura marginata

Gonielithon strictum

Gracilaria foliifera

Cracilaria sto.

Cratelcupia gitbesii

Hypnea muscitormis

Pl i i e A
<

>
Coe X

>~




APPENDIX #,2R {(continued)

Phylum
Rhodophyta

Laurencia papillesa
Laurencia sp.

et~

Spyridia aculeata - v. hypneoides

Phylum Spermatophyta
Family Hydrocharitaceae
Syringodium filiformis
Thalassia testudinum

Phylum Cnidaria
Class Anthozoa
Subclass Zeantharia

Order Actiniaria

Phylum Annelida
Class Polychaeta

Eunice rubra
Eurythoe complanata

Phylum Mollusca
Class Amphineura
Subclass Polyplacorhora

ey ol b Ving sorae ~miq
canthorleura granuiata

Acmaez cubensis
Alzo3a Irzerta
Astraea tuler

R2
Cerroc Toro
2/28/73

B3
Vaquero Shore
2/28/73

e

Bl
Verraco Island Shore
& sand spit 0' - 4
3/6/73



APPENDIX 4.2B {(continued)

B2
Cerro Toro
2/28/73

Phylum Mellusca
Class Castropoeda

Cypraea zebra

Diodora cayenensis

Diodora dysoni

Diodora listeri X
Fissurella angusta
Fissurella barbadensis
Fissurella nimbosa
Fissurella rosea
Hemitoma emarglnata
Hemitoma oectoradiata
Hipponix antiquatus
Littorina meleagris
Litteorina ziczac X
Lucapina suffusa

Nerita sp.

Nerita tessellata

Nitidella laevigata

Nedilittorina tuberculata X
Polinices lacteus

Risscina cancellata

Tenna maculosa

Turbo castanea

P -

Class Pelecypoda
Arca imbricata
Cyclinella tenuis
Donax denticulatus X
Pinna carnea
Trachycardium muricatum

B3
Vaquerc Ehore
2/28/73

ol i e

Ea Rl = i i e i L

B1
Verraco Island Shore
& sand spit 0' - &'
3/6/73

=< i

>




APPENDIX 4%.28 {(continued)

B2
Cerro Tero
2/28/73

Phylum Arthropoda
Class Crustacea
Subeclass Malacostraca
Order Stomatopoda

Gonadactylus ocerstedii

Order Pericarida
Suborder Isopoda

Paracerceis caudata

Order Decapoda
Suborder Reptantia
Section Brachyura

Epialtus hituberculatus
Mithrax coryphe
Portunus anceps

Section Anonura
Calcinus tibicen
Clibanarius tricolor
Dardanus venosus

Suborder Natantia
Section Caridea

Alpheus bouvieri

Phylum Echinodermata
Subphylum Eleutherozoa
Class Echinoidea

Echinometra lucunter X

Class Ophiurcidea

Ophiocoma echinata

Bl
3 Verraco Island Shore
Yaquero Shore & sand spit ¢' -~ &'
2/28/73 3/6/73
X X
X X
X
X
X
X
X
X
X
X



AFPENDIX 4.2C, Shoreline fishes of Punta Verraco

3/22/72 4/18/72 5/10/72 12/11/72 2/14/73 3/30/72

MURAENIDAE

Echidna catenata 26r%
Gymnothorax funebris 3r ir
Gymnothorax vieinus ir

CLUPEIDAE
Opisthonema oglinum 1gh®

ENGRAULIDAE

Anchoa lamprotaenia br

MYCTOPHTDAE

Myctephum affinefdast

GOBIESOCIDAE

Tomicodon fasciatus 3g 3r

OPHIDIIDAE
Ogilbia sp. r

EXOCOETIDAE

Hemiramphus brasiliensis 74 12r

BELONIDAE

Strongylura marina 2g #kA 2r

ATHERINIDAL

Atherinomorus stipes 6r

HOLCCENTRIDAE
Holocentrus ascensionis 2




AFPENDIX 4.7C

SERRANIDAL

{continued)

Erinephelus guttatus

CARANGIDALE

Trachinotus falcatus

Trachinotus goodeid

LUTJANT DAL
Lutianus analis
Lutjanus apodus
Lutjanus griseus
Lutianus jocu

Ocyurus chrysurus

GERRE E

—t
)
o

remus SUrinarensis

aurolineatum

Flarolineatum

Haemnulon

plunieri

Faermilon

Haemulon

SPARIDAL

Archosargus rhomboidalis

SCIAENIDAL

Bairdliella czenchus

Odontoscion dentex

I3

Ophioscion

3/22/72

3s

4/18/72

23

5/10472

bg

11g
1g

1g

i2/11/12
ir
ir ir
ir
2r
ir
1r
15r
2r Tr
ir 2r
25
7r

2/14/73

3/30/73

3r
21r

9r

ir

Ir

2r

bp



APPENDIX 4.2C (comtinued)
3/22/72 u/18/72 5/10/72 12711772 2/14/73 3/30/73

CHAETGDONTIDAE

Chaetodon capistratus 3r 4r

POMACENTRIDAE

Abudefduf saxatilis 28
Pomacentrus sp. 1ir

MUGILIDAE
Mugil curema 1g

SPHYRAENIDAE

Sphyraena barracuda 1g

POLYNEMIDAE
Polydactylus sp. 4r

SCARIDAE

s coeruleus 10r Ly

rus croicensis 2r Yy

risoma chrysopterum 3s 4r 6r
iscma radians 19r 15r

soma rubripinne 2

isoma viride 1r

n| | N

O oo
[oh}

BLENNIIDAE

Entomacrodus nigricans 5p
Hypleurochilus aequipinnis 1s

CLINIDAE

Labrisomus hucciferus is
Labrisomus nuchipinnis is
Malacoctenus delalandei ir

Malacocternus gilli 7r 2s
Paraclinus nigrininnis 23 In




APPENDIX 4.2C (continued)

3722772

GOBIIDAE

Bathygobius curacas

Bathygobius soporator

Corvphopterus glaucofraenum

Erotelis smaragdus
ACANTHURIDAE

Acarthurus bahianus

Acanthurus ceceruleus 2s

OSTRACIIDAE

Lactophrys trigonus

TETRAQDONTIDAE

Sphoeroides spengleri

DIODONTIDAE
Diodon holccanthus

* collented with rotenons
% collected with gill net
%%k collected with seine

4/18/72

2s

1s

is

5/10/72 12/11/72

Ar

3r
v

ir

ir

#%%% Jumned into a 17' boat on the night of 21/8/74 about two miles from shore

2/14/73 3/30/73

ir
29s

is

ir

2r



APPENDIX 4.20. Macroinvertebrates and fish of Punta Verraco

Permanent Station Station Station
(s4) 55 S5A

ANTMAL
KIRGDOM

Phylum Porifera

ces Sp.

n
Xestospongla mu
Iothorhota sp.
Desmarssarma anchorata

quumOPQmu61.um 3D,

{L....,
1]
aded
fa el Sl i S T

Phylum Cnidaria

H
o
o
e
:*I
U)
>

m. ST
.nju ‘oeia stokesii X X
Dipieoria labyrinthiformis X
Diploria sp. X X

-4

1




APPENDIX 4.2D (continued)

Permanent Station Station Station
{su) 85 S54A
Phylum Cnidaria (continued)
Subclass Zeoantharia
Eusmilia fastigiata X
Favia fragum X
Meandrina sp. b4
Millepora sp. X X X
Montastrea annularis X X
Montastrea cavernosa X x X
Mussa sp. X
Palythoa sp.
Porites astreoides X X
Siderastrea radians X X
Siderastrea siderea X X
Stephanoccenia sp. X

Permanent Station

12/2/%4 21/8/74

Fhylum Chordata
Subphylum Vertebrata
Class Pisces
Family Holocentridae

Holocentrus sp. X X X
Myripristis jazobus b4
Family Aulestomidae

Aulostomus maculatus X
Family Serranidae

Cephalogphelis fulwsa X X

Epinephelus striatus X ¥ X




APPENDIX D (contirued)

Permanent Station
12/2/7u 21/8/74 S5
Phylum Chordata (continued)

Family Carangidae

Caranx ruber

Family Lutjanidae
Ocyurus chrysurus

Family Pomadasyidae

Haemulon flavolineatum
Haemulon sp.

Family Chaetodontidae

Chaetodon capistratus X
Pomacanthus paru
Holacanthus tricolor

Family Pomacentridae

Pomacentrus partitus X X

Family Labridae

Bodianus rufus

Thalassoma bifasciatum X X
Halichoeres poeyi X
Unid. labrid

Family Acanthuridae
Acanthurus sp. X

Family Balistidae
Balistes sp.

*Sponges were not identified at Stations S4% and S5,

S5A

Eale




APPENDIX 4,2E

Species occurring in 1/4 m quadrat substrate
samples at Punta Verraco, Statioms S1, 56, and Sb4
(Replicates A and B).
sS4y
(Permanent Station)
Repl. A Repl. B S1 S6

Phylum Phaeophyta

Dictyopteris delicatula P o o +
Sargassum polyceratium o o] + o

Phylum Chlorephyta

Ulva lactuca o o + o

Phylum Rhodophyta

Amphiroa fragilissima
Coelarthrum albertisii
Galaxaura cylindrica
Galaxaura marginata
Grateloupla filicina
Hypnea musciformis

000 OO0
000000
+00000
O+ + + + +

ANIMAL
KINGDOM

FPhylum Porifera

Adocia sp.

Geodla papyracea
Ircinia fasciculata
Tethya sp.

Unid. zponge

00o0O0O
00000
+0000
+ + 4+ =+ +

Phylum Coelenterata

Astrangia solitaria o o 3 o

Phylum Nemertea

Unid. nemertean ¢ v} 1 ¢




APPENDIY 4.2FE (continued)

Sy
(Permanent Station)

Repl. A Repl. B

Phylum Annelida
Class Polychaeta

Arabella onalina
Funice fucate

Eunice rubra

Eunice unifrons
Eunice sp.

Turythoe complanata
Clycera tesselata
Glycera sp.
Lepidonotus branchiatus
EEEBFEEE?EE@”EEiéSEE?E‘
Lepldonotus variabills
Lysidice sulcata
Marphysa sp.

Nerels antillensis
Nereis mirabilis
Hicidion kKinbergli
Nicidilon sp.

Onuphis sp.
Baramarphysa sp.
Paraxiothea torquata
Phyllcdice sp.
Phyllodoce papillosa
Pontogenia sericoma
Sabella sp.
Sthenelais sp.
Stylaroides glabra
Syliis prelifera
Terebellz sp.

Unid. flabelligeridae
Unid. lysidicean
Unid. serpulidae
Unid. syliidae

OO RRPROCODOOODOOOCO0DO0O0O0OCODOO0OCCOORrRKOORQ
COoOONOOORODOCOOWO OO0 WDODOoOO0OoOWoOoOMo

Phylum Sipunculoidea

Sipunculid sp. 1
Sipunculid sp. 6

Sipunculid sp.

[= e ]
[gv]

Phylum Arthopoda
Class Crustacea
Ordey Paricarida
Suborder Isopoda
Azecalathura crenulata a 0]
Cirolana parva Q 0

ORNDWOUARNOWRNR OO DB ANOoOD

(WS

oo CcCUOoOFOEFERPEPEONE
FROONOODOOOCCOODOONOOONO WD o o woon o

oo
» oo
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APPINDIX 4.7FE {continued)

Class Pelecypoda

Arcopsis adams
Arca imbricata
Arca zsbra
Barbatia dominrensis
Brachiodontes exustius
Chamna conpregata
Chama sp.

Chicne cancellata

Diplodonta nuzleiformis

Driilia sp.
Gastrochaena hians

Gregariella coralliophaga

Isognomen radiatus
Lima lima

Lithophaga bisulcata
Lithophapa nigra
Lithophaga 3p.
Macoma orientalis
Ostrea equastris
Petricola lanicida
Spengleria rostrata

Phylum Echinodermata
Class Ophiuroidea

Amphiura stimpsonii
Ophlacantha bidentata

Ophiacantha oligocantha

Ophiactis savignyl
Ophiocoma echinata
Ophiccona pumila
Ophiocema riisel
Ophionereis squamulosa

Ophiophragnus sp,
Ophiopsila riisel
Ophiothrix angulata
Ophicthrix brachyactis

Ophiozona impressa
Unid. amphiurid

Class Echinoidea

Echinometra lucunter
Unid. echinoids

Phylum Chordata
Class Ascidacea

Microcosmus helleri

sS4
{Permanent Station)

Repl, A Repl, B 51
0 0 1
0 0 1
8] 0 0
0 3 23
0 1 0
0 0 9
0 0 0
1 0 0
0 0 2
0 0 0
2 0 3]
0 0 1
0 0 5
o 0 1
o] 0 7
] 0 9
1 0 0
0 0 0
V] 0 3
o] 5 3]
0 0 L
o] 0 1
Q 0] 2
¢ ¢ al
0] ¢] 2
1 0 2
6] 0 3
0 0 0
0 3 0
0 2 0
0 0 0
0 2 2
0 0 1
Q 0 1
0 0 3
0 0 1
0] 0 2
Q 0 8]

St
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APPENDIX .20 (contipued)

Phylum Avrhopoda (cont.)
Order [zcaned
Suborder Nat
Sectlion z

A;Phaus anmi:lyonyx
AloHeas

Alpnens

Synalpheus me
Thunor rathbunae

Suborder Keptantia
Section Anomura

idaztylus
galathinus

Domecia hispida
Equganoseus ol
MiThrax pleuracanthus
Parapinnixa bonuvieri
Papsnon gibbes1

na pygmaea
limaciformis

Class Scaphotoda

Dentalium §ntillarum

Class Gastropoda

Bulle striata
Coralliophila carvibaea
Cymatium sSp.

Hipponix antiquatus
Isogniomon radiatus
Persicula pulcherrima

Su

(Permanent Station)

Repl. A

[so B T B o B o B o o]

OO

OO OoCOoooa

= OO O W

Repl. B

QOO OoO0Coo

OO

coorooo

QP OO WL

81
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O O g E ka

O QRO O

O o0 O OO
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SO OO




APPENDIK 4,27

2,1 Eyl

15, 10 30,24

9,4 o

2,8 g

154 o
1,0 2817

2,8
5,4 49,48
13,2 35,63
1.4 6,17
. 34,17

1 40 2,4

10,7 245

i 0.0

= 0,¢

L4 6,0
3L, 45 20421

252 g,0

3,0 1,0
5,19 41,32
4,2 12,11

B 1,0

citrina 0,1 0,0
Pgaudon HoerCS4A 0,1 1,3
americauna Tl 6,11
35,11 8,10

2,8 i,8

iadalupensis i,0 a,o
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NOTICE

“This report was prepared as an account of work sponsored by the United States
Government. Neither :he United States nor the United States Atomice Energy Com-
mission, nor any of thejr employees, nor any of their contractoers, subcontractors, or
their employees, makes any warranty, express or implied, or assumes any legal
ialnlity or responsihility ‘or the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.”







