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PREFACE

This report stems from investigations carried on by the
Puerto Rico Nuclear Center. The studies were designed to pro-
vide 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
upon the environment.

The report represents the combined effort of the scientists,
technicians and support staff of the Site Selection Survey Project.

The authors who contributed to the Tortuguero Bay Site Selec-

tion Survey are:

E. D. Wood, Project Leader Physical, Chemical and
Geological Parameters
Marsh J. Youngbluth Zooplankton Studies 1973
Mary E. Nutt Zooplankton Studies 1974
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 INTRODUCTION

The Puerto Rico Nuclear Center of the University
of Puerto Rico has been under contract to the Puerto Rico
Water Resources Authority since 1972 to conduct site se-
lection surveys and environmental research studies of seven
coastal sites. Experience gained from these investigations
will add to the knowledge about these areas, and provide
useful data which will aid in the assessment of the desira-
bility and practicability of locating power generating
plants on one or more of these sites.

Puerto Rico Nuclear Center scientists have studied
the physical, chemical and geological parameters of the
sites, and the ecological parameters of zooplankton, benthic
invertebrate and fish communities. Plant associations,
except for the Cabo Rojo Platform site, have been included,

The sites chosen for study were: Tortuguero Bay,
Punta Manati, Punta Higuero, Cabo Rojo Platform, Punta
Verraco, and Cabo Mala Pascua. The seventh site, Barrio
Islote, was studied and reported under a separate contract.

The first site reported is Tortuguero Bay, shown in
Figure 1.1-F1. Tortuguero Bay is located in an embayment
on the north coast of Puerto Rico between Punta Marchiquita
and Punta Chivato, about 35 kilometers west of San Juan
(18°28.3'N, 66°28.5'W)., It is somewhat protected from the
dominant wave train by Punta Chivato. There are no mangroves
on the shoreline, and turtle grass grows onlg as single
plants on the hard bottom area. The ocean bottom drops
off unevenly from shore with deep water available within
about three kilometers. A submarine canyon lies just off-
shore with its axis in a NW-SE direction. The entire coast
of this area, excluding the shores of Tortuguero Lagoon,
is composed largely of rocks and cliffs,
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2.1 PHYSICAL AND CHEMICAL PARAMETERS
AT TORTUGUERO BAY

by E.D. Wood

2.1.1 INTRODUCTION

Most of the physical and chemical measurements at
the Tortuguero Bay site were made at or near the stations
shown in Figure 2.1-F1. The transects were spaced at one
nautical mile with the "A" stations located as near to
shore as it was safe to sample with the RMV R.F. Palumbo,.
The "B'" stations were located in excess of 125 m and the
"C" stations on latitude 18°31.8'N in excess of 325 m depth.

2.1.2 TIDES

The tidal waves that affect the north coast of Puerto
Rico originate in the central North Atlantic Ocean and move
counterclockwise, that is, from west to east past Tortuguero
Bay. The tides are predicted for San Juan (National Oceanic
Survey, 1972) and four weeks have been plotted for corre-
lation with currents described in Section 2.1.2. It can be
seen from Figure 2.1-F2 that the tides are semi-diurnal
with a maximum excursion of about 75 cm and a minimum daily
excursion of about 32 cm. The mean daily tidal excursion
is 40 cm.

2.1.3 CURRENTS

The currents at Tortuguero Bay have been measured on
several occasions with the strongest currents to the west.

Currents measured at depths of 0.3 and 6 m on August
14, 1972 were westward with velocities of 0.4, 0.3 and
0.24 knots, respectively, just shoreward from Station TOR-2A,

Dye drops were made on August 15, 1972 and followed
from 0800 to 1030 (Figure 2.1-F3) during a rising tide, and
again from 1500 to 1700 (Figure 2.1-F4) during a falling
tide. The surface currents varied from about 0.2 to 0,45
knots with generally higher velocities during the afternoon.
Several of the outer dye drops disappeared rather quickly
indicating a submergence of surface water over the 25-30 m
depth contour. The currents were generally westward and
tended to follow the coastline.
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Currents were measured from 1600 January 29 through
February 4, 1973 near Station TOR-2A at depths of 4 and 8 m
when storm waves carried the current meters into the surf
zone and eventually on to the beach where the data were
recovered (Figure 2.1-F5).

Currents at both depths tended to be cyclic, being
strongest to the west (15 to 25 cm/sec) and decreasing
(5 to 15 cm/sec) when the direction changed to the east or
southeast. When compared to the tides, (Figure 2.1-F2) it
can be seen that the current velocity decreases and the
- direction changes from westward to eastward or southeastward
during the maximum rising tide. Maximum currents are west-
ward during the falling tides with little or no effect of
the lesser rising tide on the current pattern.

The wind pattern for the north coast of Puerto Rico
can be seen in Figure 2.1-F6 as plotted from hourly data
at San Juan International Airport. The winds are usually
light (2-3 m/sec) from the southeast at night changing to
3-10 m/sec. from the east or east-northeast during the day.
It so happened that the highest wind velocities nearly
coincided with the lesser of the daily rising tides so that
possibly the wind stress on the surface waters overcame the
tendency for the current to reverse its direction. An in-
spection of the wind patterns for the week of Feb. 5-11, 1973
shows the passing of a winter storm with steady winds (ca 5 m/sec)
from the north for about two days. This caused rather high
waves in Tortuguero Bay,

2.1.4 BATHYMETRY

Contour lines for 10, 20 and 100 m are shown in
Figure 2.1-F1 and offset depth profiles of the six Tortuguero
Bay transects are shown in Figure 2,1-F7, The depths were
taken from Chart No. C§GS 903 (NOS, 1972). A broad even
shelf exists along the coast east of Pt. Chivato. The shelf
is also quite shallow and broad just north of the Tortuguero
Lagoon along TOR-3., However, a sharp break in the shelf
occurs near TOR-2 in the form of a submarine canyon with
a longitudinal axis generally in the NW-SE direction. The
widened shelf then continues west of Pt. Marchiquita. The
vertical lines descending from the surface {transect lines)
indicate the relative positions and depths of the A, B and
C hydrographic stations. Most of the soundings indicated
on the chart were found to be accurate, however, the nearshore
regions (<10 m) are not well charted.




'2.71.5 TEMPERATURE, SALINITY and DENSITY

. The physical parameters of temperature and salinity

were measured at the Tortuguero Bay“site on seven cruises
covering four seasons in two years (Table 2,1-T1), Pre-
liminary measurements were made on August 15, 1972 (PRNC-~1972},

TABLE 2.1-T1 Schedule of hydrographic cruises to Tortuguerc Bay

Winter Séring _ . Summer ... Fall
1972 - - 8/15 -
1973 1/29 5/10 8/7 -
1974 1/29 5/22 8/14 -10/30

The hydrographic sampling grid is shown in Figure 2,1-F1,
A maximum of six north-south transects were made on each cruise,
Each transect had three stations, The "A" stations were near-
shore (ca 15 m) with two sampling depths at 0 and 10 m, The
"B'" stations were seaward in about 125 m of water with four
depths: 0, 25, 50, and 100 m. The most seaward sampling was
at the "C" station about 18°31.8'N latitude with ejght depths:
0, 25, 50, 100, 150, 200, 250, and 300 m, The sampling ana-
lytical and data processing procedures are described in.
"A Manual for Hydrographic Cruises," (Wood, 1975a).

Temperature

Temperatures were measured using deep sea reversing
thermometers accurate to better than + 0.03°C. The ther-
mometers were used in pairs or in triplicate when possible,.
Although only one temperature is shown on the computer print-
out of the data (see Appendix 2.1A), it is often an average
of two or three thermometers., Most temperatures below 50 m
were measured using both "protected" and "unprotected” re-
versing thermometers,: A thermometric depth, TZ, was then
calculated for those sampling depths and correlated quite
well with the calculated depth, CZ, obtained from the
pgmount of hydrowire paid out, WZ, and the cosine of the
wire angle, # (Figure 2,1-F8).

The data was averaged by a computer program which first
interpolated between the depths sampled to provide temperatures
at "standard depths". The averaging was done first for all
stations by season, then by type of station (A, B or C)
seasonally (Figures 2.1-F9 through 16),

9
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FIG. 2.1-F7 Offset bottom profiles along the sampling transects
of Tortuguero Bay. Vertical lines indicate relative
positions of hydrographic casts.
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FIG, 2,1-F8 A comparison of sampling depths determined by
thermometric (TZ) and wire angle (CZ) calculations.
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FIG. 2.1-F9 Averaged hydfographic parameters (temperature, T°C,
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Tortuguero Bay.
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FIG, 2.1-F13 Averaged hydrographic parameter depth profiles for

the summer seasons of 1973-74,




S %o 34 35

TeC 18 18 . 20

101 P\

50 -

100

I 4 v mOo

100 -

200 A

300 +

o,mio _ 1 3
PG; pg-atP/lX10

FIG., 2,1-F14 Depth profiles of hydrographic parameters averaged
by type of station for the summer seasons of 1973-74,

3 4

9

5

L)

6
TOR-3




S %o 34 35 36 37

TeC 16 18 20 22 24 26 28 O%
)
100 A ,
D
E
P
T - I
H
m L
200 4 L
300 i
| 4 Ll v T L 1 v T v 1 v T
Gmit 0 _ 1 2 3 a 5 6

PC; pg-at.
04 va QtPl'X"O TOR-4

FIG. 2.1-F15 Averaged hydrographic parameter depth profiles for
the fall season of 1974,

10




O, mi/l O 2 ' '
2 4 5 6
PO pg-atP/IX10

-y
=

¥

TOR-4

profiles of hydrographic parameters averaged

e of station for the fall season of 1974,
21




A comparison of the averaged standard depth temper-
ature data by season is shown graphically in Figure 2.1-F17.
A sequence of events can be seen from this comparison.
Surface temperatures are the lowest-in the winter (25.9°C)
with the deepest thermocline (100 m). It is interesting to
note that the winter mixing transports heat downward so that
the warmest temperatures at 100 to 200 m occur during the
winter months. Little change is seen below 200 m. There
is a steady temperature decrease in the 100 to 200 m region from
winter to fall. No true thermocline exists during the spring
when generally good weather conditions allow heating of the
surface waters with little mixing compared to other seasons.
Surface temperatures are at a maximum in the summer months
(28.1°C) with a thermocline at about 30 m. There is a temper-
ature range of about 2.2°C between summer and winter in the
Tortuguero Bay near-shore surface waters,

A temperature inversion occurs in the fall when surface
cooling takes place. The thermocline is at about 50 m with
a generally reduced temperature below 100 m compared to the
remainder of the year., Surface temperatures generally in-
creased with distance slightly from shore in the winter and
spring, but decreased in summer and fall (Figures 2,1-F10,
12, 14 and 16}, This is probably a result of cooling by
evaporation in the surf zone spray during the dry winter
and spring months and generally warmer land temperatures
and higher humidity during the summer and fall months.

Salinity

Salinity, S °/oo, is the total salt content of water
expressed in parts per thousand., It is used along with
temperature to typify ocean water masses. Low salinity
usually occurs at the surface and indicates dilution by
precipitation, run-off or fresh water intrusions., Salin-
ities were determined to better than + 0,005 °/oo with an
induction salinometer. The averaged salinity data are shown
in Figure 2.1-F18,

The surface salinity at the Tortuguero Bay site is
usually about 35.8 °/oo. It increases with depth rather
rapidly to a maximum of nearly 37 °/oo at about 150 m.

The salinity then declines slowly with depth through 300 m.
The high salinity layer is about 100-150 m thick and is
formed by evaporation in the surface sub-tropical North
Atlantic Ocean. The winter salinity profile (Figure 2.1-F18)
shows a generally low salinity in the upper 150 m and the
deepest maximum in sub-tropical high salinity water. The
salinity maximum decreases slightly between summer and fall
with a thickening of the high salinity layer. The salinity

maximum drops from 150 to 175 m between fall and winter

12
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FIG., 2,1-F17 Averaged seasonal depth profiles of temperatures
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FIG, 2.1-F18 Averaged seasonal depth profiles of salinity at
Tortuguero Bay 1973-74,




with a reduced thickness of the high salinity layer. The
change in salinity is moderate below 25 m. Winter 'salin-
ities are significantly lower between 25 and 175 m with
slightly higher salt content at about 75 m in the fall
profile. The most obvious anomaly is the low salinity
surface water occurring during the rainy fall months. Surface
salinities below 34 °/oo are not uncommon in the fall,
especially near river mouths. The highest surface salinities
occur in the late spring at the end of the dry season. Salin-
ity between 50 and 100 m shows a steady increase from winter
into fall with a rapid drop between fall and winter, probably
as a result of storm mixing of low salinity surface water
with high salinity sub-surface water.

Density

The stability of the water column is a function of the
density gradient. Density,®, is a function of temperature
and salinity (pressure is significant only at great depths)
and always increases with depth in a stable water column,
Density is usually converted for convenience to an expression,
sigma-t, 4

fe=(£€ - 1) x 103, (2.1)

Small changes in sigma-t with depth indicate a well-mixed
or unstable zone, whereas a high gradient is indicative of
a very stable region of the water column.

A comparison of the seasonal sigma-t plots is shown
in Figure 2.1-F19. Sigma-t varies from 22 to 24 in the
surface waters and is highest in the winter months. The
pyconocline occurs at about 100 m in winter because of deep
storm mixing and generally cooler surface temperatures. The
most stable water column occurs in the fall when surface water
density decreases because of dilution. Very little seasonal
change in sigma-t is seen at about 75 m and below 200 m,

An interesting phenomenon is the general increase in
density between 75 and 200 m from winter to fall while the
opposite sequence of events is noted in the surface waters.

A comparison of the surface water density at the
A, B and C stations (see Figures 2,1-F10, 12, 14 and 16)
shows a definite trend toward higher sigma-t values in the
near-shore stations. This can be explained by a slight
tendency for up-welling on the north coast of Puerto Rico
from Ekman transport because of the general westward ocean
flow and Coriolis force. Another mechanism which may produce
higher density water nearshore is the increased evaporation
in the surf zone which produces increased salinity and de-
creased temperatures.

25
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FIG. 2.1-F19 Averaged water density (sigma-t) plotted against
depth by season for Tortuguero Bay 1973-74,
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Averaged sigma-t profiles are plotted by season
with other hydrographic parameters in Figures 2.,1-F9
through 16.

2.2 CHEMISTRY
2.2.1 DISSOLVED OXYGEN

The amount of dissolved oxygen in the water off
Tortuguero Bay was determined by the Winkler titration
method with the analyses usually done on board within a
few hours of collection of samples. Some of the values
were checked with a YSI oxygen probe with results similar
to those reported for Pt. Higuero (Wood, 1974). Oxygen
values are usually good to better than + 1%. However,
some analytical problems were experienced on the 1973
winter cruise. Dissolved oxygen data are included with
the hydrographic data in the Appendix 2.1A in m1/%, mg/ 4
and % sat.

Oxygen saturation is a function of both temperature
and salinity. Since neither shift drastically in the tropics,
little change is expected in the dissolved oxygen content.
Averaged dissolved oxygen values in milliliters per liter
are plotted with other hydrographic parameters in Figures
2,1-F9 through 16 by season and type of station. The highest
values, except for the winter season, are found at about
100 m. Surface values are near saturation with some super-
saturation at depths of 25-75 m because of photosynthesis,
A comparison of seasonal averaged values is shown in Figure
2,2-F1. The oxygen minimum occurs at 200 to 250 m where
much of the organic matter raining down from the surface
water begins to degrade. Saturation values here are about
75%. In the winter slightly lower oxygen values were noted
than during other seasons below 200 m, but this may be due
to the analytical inconsistency mentioned above,

2.2.2 NUTRIENTS

Nutrients are important from two aspects, First,
nutrients are generally low in the tropical Atlantic Ocean
and 1limit primary productivity. Second, the discharge of
wastes from agricultural, municipal or industrial sources
may contain such high nutrient levels that they cause
eutrophication and local ecological degradation.

Reactive phosphate can be determined quickly and
accurately with the Murphy and Riley molybdate complex
method (Strickland and Parsons, 1968) and is a good indicataqr
of pollution. Only limited nitrate analysis has been performed

27
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on the waters off Tortuguero Bay because there exists a
good relationship between phosphate, P03, and nitrate, NOz,
in the open ocean (1:14) (except that nitrate is somewhat
deficient in the tropical and sub-tropical Atlantic Ocean
surface waters). Reactive silica is usually not regarded
as a problem from a pollutant aspect.

Reactive Phosphate

The concentration of reactive phosphate is generally
low in the surface waters (0.05 pg-at. P/1) to depths greater
than 100 m. It then increases steadily to about 0.35 pg-at,
P/1 at 300 m. A slight increase in phosphate was noticed
in the surface waters in spring and fall over the other
seasons (Figure 2.2-F2), at 100 m in the spring and from
225 to 300 m in the fall. The higher than average phosphate
values in the fall at 225 to 300 m coincide with generally
low temperatures and salinities for the same sSeason (Figures
2,1-F12 and 13).

Nitrate

Nitrate was determined by the cadmium-copper reduction
method (Wood, et al, 1967), Samples were analyzed for nitrate
at Tortuguero Bay only for the fall 1974 season. (Nitrates
have been done routinely at the Islote site about 10 km
further to the west and the data are available in Kendall,
et al. 1975),

A nitrate profile is shown in Figure 2,2-F3. It is
similar to the phosphate profile for the same season with
a slight increase in the surface concentration, very low
values to below 100 m, and with a slight "hump" in the
curve at about 250 m,

29
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FIG. 2.2-F2 Averaged reactive phosphate depth profiles by
season, 1973-74,.
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FIG. 2.2-F3 Plot of nitrate vs. standard depth for the fall
season of 1974,
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3.1 GEOLOGICAL PARAMETERS

The sediment in the. Tortuguero Bay region is mostly
medium to coarse sand composed of polished shell fragments
with moderate amounts of quartz and volcanic rock fragments
(Monroe, 1971). Bench deposits exist east from Pt. Chivato,
north of Tortuguero Lagoon and behind the calcareous eolian
sandstone outcrops west from Pt., Marchiquita (Figure 3.1-F1).

The source of sediments in Tortuguero Bay is predomi-
nantly from the beaches, rivers and reefs to the east since
the strongest currents come from the east. The bay receives
some protection from Pt. Chivato allowing sediments to ac-
cumulate between Pt. Chivato and Pt. Marchiquita.

Attempts were made to collect sediment samples at all
"A" stations. Stations TOR-1A, 2A and 5A had hard bottoms.
The only things retrieved at these stations were some bits
of red algae. Samples were obtained at Stations TOR-3A, 4A
and 6A, Portions of these samples were dried and sieved
(ca 100 g dry wt.). The results are shown in Figure 3.1-F2,
A histogram and an accumulative weight percent curve are
shown for each of the three sediments. The size is in phi,

§ = -log, S 3-1

where S is the size (in mm) of the screen retaining the
particular size fraction. Phi size increases with decreased
sediment size.

The sediment from 3A (mean size, #=1.1) is well sorted.
About 92% of the sediment is between 0.25 and 1 mm in diameter.
Pt. Chivato is a high energy head land with only the more
coarse sediments able to settle there. The size distribution
plot in the middle of Figure 3.1-F1 shows this well with the
principal sediment size being #= -1. The mean size is @#= -0.7
with about 97% of the sediment larger than 0.5 mm. The his-
togram for the sediment at 6A is bi-modal, possibly indicating
two types of sediments, e.g. coarse from marine sources and
fine from rivers. The mean size is ¢=0.4 and a range from
greater than 2 mm to less than 0.062 mm.
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FIG. 3.1-F2 Histograms and cumulative weight percent plots of
sediments from Stations TOR-3A, 4A and 6A,
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4.1 ZOOPLANKTON STUDIES 1973
by Marsh J. Youngbluth

4.1.1 INTRODUCTION

The following report provides estimates of the abundance
and density of zooplankton in the surface waters along a
portion of the north 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 3 days during
1973, 29 January, 10 May, and 8 August,

4.1.2 MATERIALS AND METHODS

Field Procedures

Zooplankton were collected with a 1/2 meter diameter
cylinder-cone shaped nylon net. This net was designed to
reduce clogging error (Smith et al. 1968). Mesh size was
'233 microns. The net was towed from a 17 ft 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 each 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 water formalin buffered to pH 7.6. All samples were
gathered during the daylight hours. The volume of water
filtered through a net was estimated with a flowmeter (TSK or
General Oceanics Model 2030) suspended off-center in the
mouth of the net. The volumes usually ranged from 100 to
150 m3. 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 wdy as to collect within and around
the area where thermal alteration is likely to occur (Figure 4.1-F1).

Laboratory Procedures

Within 24 hours after samples were collected the pH
was checked and adjusted, if necessary, to 7.6. If a sample
contained a noticeable conglomerate of phytoplankton or detritus,
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TABLE 4.1-T1. Summary of ratios between the highest and lowest density
values of total zooplanktOn_during_each period

4

DATE 29 January 10 May 8 August
Consecutive Tows 2.3

Nearshore Tows 5.5 2.6

Offshore Tows 10.0 1.0 1.1
All Tows 13.3 5.0 2,2

TABLE 4.1-T2. Total zooplankton {logip transformed) from 3 sets of
replicate tows. The number of replicate tows {n) needed
to detect a + 5 to 40% difference in demsity is indicated.

DATE 10 May 8 August
STATION 1 1
2.49276 2.58771
2.51322 2,71349
2.42160 2.54033
n5% 17 59
n20% 1 m
n40% i 1

#n=t2 ¥ g2 Where (t) is Student's t for the 95% confidence level

a2 (d.f.=2), s is the sample variance based on replicate
tows, and d is the half-width of the confidence interval
desired.

These data indicate that a large number of replicate
tows would be necessary to detect density differences at the
5% level. However, on the average, differences of 20% can
be noted with only 3 tows. Differences of 40% may be revealed
with a single tow. Density estimates larger than 40% were
found within and between nearshore and offshore catches. The
range of density values during a sampling period was from two
to thirteen-fold. Seasonal changes in the abundance of total
zooplankton at any station fell within a small range, two to
five-fold. The average concentrations of all zooplankton
sampled during each period were quite similar and not signifi-
cantly different since the 95% confidence intervals overlapped
(Table 4.1-T3).
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TABLE 4.1-T3. Average density of all zooplankton collected
Total Zooplankton/m3

DATE 29 January 10 May 8 August
Range bg-542 107-554 216-477
Median 294 243 275
Mean 313 26¢ 342
95% C.L. +233 173 107

These fluctuations in density refer primarily to holo-
planktonic organisms since they composed, in most cases, 70
to 90% of the total zooplankton. Meroplankton varied mainly
between 6 to 20% and were most numerous during August. Both
groups tended to be more abundant near the coast, Copepods
dominated the holoplankton and the larvae of gastropods and
decapods formed the bulk of the meroplankton.

Fish eggs in this area constituted a 1 to 20% of the
total zooplankton (Table 4.1-T4). The largest density, 55/m3,
was observed at Station 5 in August. Fish eggs were always
more abundant in the offshore catches and most numerous at
all the stations in August when they averaged 27/m3 . The
majority of the eggs were round and 0.5 to 2 mm in diameter.
Oblong eggs were frequently observed but were never numerous.
It is not known which groups of fish are represented by most
of the eggs.

TABLE 4.1-Th4, Summary of densities of fish eggs from all stations

sampled
STATION
Nearshore Offshore
6 1 2 3 5 4 ALL
Range 17-25 4-23 B-14 5-22 22-55 13-2¢9 y-55
Median 19 5 10 14 32 18 19
Mean 20 11 9 1y 36 20 18
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Copepods usually formed 50 to 70% of the zooplankton
community. Since time did not allow a detailed examination
of species abundance at all stations, one sample at Station 1
from each period was selected for study. The entire sample was
scanned to form a species list and subsampled for quantitative
analysis. A total of 33 species was identified. The species
most numerous, those commonly observed, and others occasionally

found, are listed in Table 4.1-T5.

TABLE 4.1-T5. Copepod populations observed at the Tortuguero Bay Site

§p_eéies usually most numerous { >5 individuals/m3)

Clausocalanus furcatus ‘
Paracalanus spp. (P. aculeatus, P. crassirostris, P. parvus)
Farranula gracilis

' Oithona spp. (0. plumifera, 0. spp)
Acartla spinata -

Species commonly present (observed on 2 or more sampling periods)

Temora spp. (T. turbinata, T. stylifera)

Corycaeus spp. (C. giesbrechti, C. pacificus, C. speciosus)
Oncaea spp. (0. mediterranea, 0. venusta, O. spp.)

Undinula vulgaris - -
Calocalanus pavo
Mecynogcera clausi

Species occasionally present

Calanopia americana
Fuchaeta marina

Centropages spp. (9_. furcatus, C. caribbeanensis)
Corycaeus subulatus -
Scolecithrix danae

Labidocera spp.

Acrocalanus longicornis

Acartia lilljeborgil

Eucalanus spp.

Lucicutia flavicornis

Sapphirina tropica

Pontella plumata

Euterpina acutifrons




4.1.4 DISCUSSION

The variety and abundance of zooplankton observed at
the Tortuguero Bay site were similar at each station and
throughout the year, Holoplanktonic forms dominated the zoo-
plankton community. Meroplanktonic organisms, particularly
the larvae of gastropods and decapods, and fish eggs were
equally numerous. Zooplankton tended to be more abundant
along the coast and fish €ggs more dense further offshore.

Limitations of the Data

The sampling program was designed to provide quanti-
tative estimates of: 1) the standing stock of zooplankton,
2) the variety of major taxonomic groups, and 3) the diversity
and abundance of the more numerous copepod species. The
manner of field sampling determined the variety and biomass
of organisms encountered. The data in this report are based
on collections made in the surface waters during the daylight
hours. The sampling gear and methods were kept uniform, i.e.,
net type, net mesh, towing speed, and depth range sampled.
A small number of replicate tows were gathered at each site
to obtain some measure of the variability between samples.
To obtain a better understanding of the zooplankton community
more sampling with replication should be done at frequent
intervals, at a greater number of stations, at different depths,
during the day and night, and during different seasons for
several years. Information gathered in these ways will be
necessary to interpret fluctuations in standing stock and di-
versity in relation to environmental changes and biotic interactions.
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4
4.2 ZOOPLANKTON STUDIES 1974

by Mary E. Nutt

4,2.1 INTRODUCTION

The following report provides quantitative estimates
of the biomass, abundance, and composition of the zooplankton
at Tortuguero on 14 May, 15 August, and 31 October 1974,
Comparisons are made with 1973 and 1974 samples from two
other north coast sites, Islote (Nutt, 1975) and Manati.

4.2.2 MATERIALS AND METHODS

Field Procedures

Four stations were sampled on each occasion. Station 2
is located in 20 meters of water directly north of the pro-
posed power plant site. This station was sampled with three
replicate tows. Stations 1 and 3 lie on either side of Station 2.
Station 4 is offshore at a depth of 100 meters (Figure 4.2-F1).

Oblique tows from the bottom to the surface were made
with a 1/2 meter cylinder-cone shaped nylon net (202 u mesh)
towed at 2 knots. Oblique tows ensure that all zooplankton
species are sampled regardless of their position in the water
column at the time of sampling. This is important since many
planktonic organisms migrate diurnally and will be found at
different depths during different hours of the day. A 202 u
mesh net does not readily clog with phytoplankton and captures
a wide size range of zooplankton organisms. The net was e-
quipped with a digital flowmeter and approximately 100 m of
water were filtered. Samples were preserved in 4% buffered
formalin.

Laboratory Procedures

Samples were washed to remove phytoplankton and detritus,
and all animals larger than 1 cc were removed. Approximately
24 hours after collection the biomass was measured by volume
displacement (Ahlstrom and Thrailkill, 1962) . Zooplankton
abundances were estimated by subsampling; the sample was poured
back and forth between two large beakers until thoroughly mixed,
at which time a subsample was poured out. Repeated subsampling
of a single sample showed all groups of organisms to be ran-
domly distributed by this method. In all cases, subsamples
contained more than 450 animals., Each animal was identified
to major group and counted. The dominant copepods were identi-
fied to species.
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When replicate tows were taken, confidence intervals
were calculated from the equation,
7 + t9Ys2/n !
where ¥ is the estimated mean, t is Student's t-value, g2
is the estimated variance, and n is the number of samples.

4.2.3 RESULTS

Zooplankton found in Tortuguero samples are listed in
Table 4.2-T1. Copepods are invariably the most abundant
organisms, followed by fish eggs, chaetognaths, and larvaceans.
Other animals such as ostracods, pteropods, and gastropod
veligers are occasionally numerous, but are not always pre-
sent in the plankton.

Copepods were represented by 45 species, but 80 to 90%

. of these consisted of four species (Temora turbinata, Clauso-
calanus furcatus, Paracalanus sp., and Oithona plumifera}.
Seven other species were consistently present (Temora styli-

- fera, Nannocalanus minor, Calanopia americana, Arcatia spinata,
Farranula gracilis, Corycaeus sp., and Oncaea sp.). The re-
maining copepod species appeared sporadically and in numbers
less than 5 per cubic meter. , '

Fish eggs ranged in abundance from 39 to 122 per cubic
meter. Most were clear, round pelagic eggs. No attempts
were made at identification. Fish larvae ranged from 0 to 7
per cubic meter; no identifications were made.

Only one spiny lobster larvae was seen in all of the
samples examined.

Zooplankton abundances at Stations 1 through 4 show no
‘consistent differences and there is no evidence that distinct
zooplankton assemblages exist at these locations. Figures
4.2-F2 and 4.2-F3 show the 95% confidence intervals for the
'more abundant zooplankton groups at Station 2: copepods,
malacostracans, chaetognaths, larvaceans, fish larvae, and
,fish eggs, as well as total numbers, and biomass. Appenélx
4.2A shows abundances of zooplankton groups for all stations
and sampling dates. Appendix 4.2B shows abundances of the
common copepod species for all stations and sampling dates.
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TABLE 4,2-T1,

HOLOPLANKTON

COPEPODS

Calanoids:

Zooplankton from Tortuguero Bay

Nannocalanus minor
Undinula vulgaris
Eucalanus attenuatus
Acrocalanus longicornis
Acrocalanus andersoni
Paracalanus aculeatus
Paracalanus parvus
Calocalanus pavo
Mecynocera clausii
Clausocalanus furcatus
Euchaeta marina
Scolecithrix danae
Temora stylifera
Temora turbinata
Pleuromamma gracilis
Centropages furcatus
Lucicutia flavicornis
Candacia pachydactyla
Paracandacia bispinosa
Calanopia americana
Labidocera sp,

Acartia spinata

Harpacticoids:

Miracia efferata
Macrosetella gracilis
Oculosetella gracilis
Euterpina acutifrons

Cyclopoids:

Oithona plumifera

Oithona setigera

Oithona oculata

Saphirella tropica

Copilia mirabilis

Copilia quadrata

Corycaeus (Corycaeus) speciosus

Corycaeus (Onychocorycaeus)

glesbrechti

Corycaeus (Onychocorycaeus) latus

Corycaeus (Onychocorycaeus) agilis

Oncaea mediterranea

Oncaea venusta
Saphirina sp.

Corycaeus (Corycaeus) clausi
Corycaeus (Agetus) flaccus
Corycaeus (Agetus) Typicus
Corycaeus (Urocorycaeus) lautus

Farranula gracilis
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TABLE 4.2-T1 (continued)

CHAETOGNATHS

Sagitta hispida
Sagitta enflata
Sagitta tenuis
§§gitta serratodentata
Krohnitta nutabbii
Pterosagitta draco

LARVACEANS
Oikogleura sp.

Fritillaria pellucida

PTERCPODS

Limacina leseurii
Limacina retpoversa
Creseis acicula
Styliola subula

OSTRACODS

Euconchoecia chierchiae

1

MEROPLANKTON|

STOMATOPOD
AMPHIPODS
DECAPOD LARVAE
Caridea

Alpheus sp.
Acanthephyra sp.

Penaeidea
Scyllaridea
Palinurus sp.
BGalatheidea
Porcellana sp.
Brachyura

SERCESTIDS
Lucifer sp.
CLADOCERANS

Evadne sp.
T3 T .
Penilia sp.

MEDUSAE
SIPHONOPHORES
CTENOPHORES
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TUNICATES

Thalia democratica

POLYCHAETES

Tomopteris sp.

ECTOPROCT LARVAE
Membranipora membranacea

GASTROPOD VELIGERS
ANNELID LARVAE
CIRRIPEDE LARVAE

ECHINODERM LARVAE

Ophiopluteus larvae
Echinoplutes larvae

FISH LARVAE

FISH EGGS




Table 4.2-T2 shows individual values, means, variances,
and confidence intervals for one set of replicate tows made
on 31 October 1974 at Station 2, Most of the variances are
significantly higher than their means (x“ distribution, vari-
ance 1o mean ratio) which indicates a non-random or patchy
distribution. The confidence intervals are wide but realistic
for marine zooplankton distributions (Wiebe and Holland, 1568)
and must be considered whenever a mean value is used,

TABLE 4,2-T2, Variability among zooplankton replicate tows at
Tortuguero, Station 2, 31 October 1974 (Abundances
in numbers per cubic meter)

Total Chaetog~ Larva- Malacos- Fish Fish
Zooplankton Copepods naths ceans tracans eggs larvae
Tow A 1480 12n8 45 7 33 Lg 7
Tow B 1316 1037 57 25 Ly 57 3
Tow C igh41 1331 . 66 16 50 75 3
Mean 1472 12086 56 16 L2 €0 4
Variance 26481 22948 106 76 71 194 6
95% C.I. 1068 to 830 to 31 to 82 0 to 37 21 to 25 to O to
1876 1582 63 94 10

4.2.4 DISCUSSION

The zooplankton found at Tortuguero is similar to that
found at Punta Manati and Islote in both species composition
and abundance. See Figure 4.2-F4. No important differences
between sites can be seen; when a particular zooplankton group
dominates the plankton at Tortuguero it can usually be found
at the other two sites.

A comparison with Youngbluth's data from the previous
year (see Section 4.1 of this report) shows a substantial
difference in the abundance of the organisms captured. It is
suspected that this difference is due to the differences be-
tween surface tows (taken by Youngbluth) and oblique tows
(taken by Nutt). A comparison between surface and oblique
tows made at Islote (Nutt, 1975) illustrates this difference.
In general, the same zooplankton groups and species were seen
both in 1973 and 1974.
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4,3 BENTHIC INVERTEBRATES AND FISH STUDIES

by Paul Yoshioka

4.3.1 INTRODUCTION

This report covers benthic and fish studies made at
the Tortuguero Bay site from July, 1972 to September, 1974,
Field studies were generally conducted on a quarterly basis,
Study sites ranged from the intertidal zone to subtidal areas
less than 30 meters in depth from the leeward side of Punta
Chivato to midway between Punta Boquilla and Punta Marchiquita,
However, not all areas and depths were studied in all seasons.
The scope of studies ranged from preliminary and qualitative
descriptive surveys to the establishment cf permanent quadrats
and the performance of several field experiments. Organisms
examined in this study ranged from microscopic infaunal popu-
lations to the macroinvertebrates and fish,

During the latter part of this study a major portion
of the effort was placed on the gorgonians, one of the more
visually dominant groups at the Tortuguero Bay site. The
gorgonians appeared to be appropriate objects of study be-
cause their large size contributes much to the physical
structure of their habitat and, as such, probably makes then
a major factor affecting the remainder of the biological
community (Elton 1966), Also, the longevity of gorgonians
implies that they are adapted to long-term environmental factors
and, therefore, they may be useful indicators of environmental
parameters whose time scales are measured in years. In ad-
dition, the Tortuguero Bay site appears to be unique among
other north coast sites studied (Manati, Islote) in the domi-
nance of gorgonians over the macroalgae at depths greater than
10 meters., A study of the gorgonian community would hopefully
reveal those environmental factors responsible for the uniqueness
of the benthic communities at Tortuguero Bay.

4.3.2 MATERIALS AND METHODS

Field Procedures

Field stations at the Tortuguero Bay site are shown in
Figure 4.3-F1 and Appendix 4.3A. Field procedures are divided
into three categories: shore surveys, transect dives, and
station dives.
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Shore surveys. Shore surveys were descriptive in
nature, The larger, more familiar organisms were identified
in the field. Specimens of smaller or unfamiliar organisms
were collected and identified in the laboratory.

Transect dives. Transects were traversed on a pre-
determined compass direction by two divers, either swimming
or propelled by a diver propulsion vehicle (DPV). Notes
were taken on depth, bottom type, topography, and predomi-
nant or unusual organisms. Most transects were run in a
direction perpendicular to shore, thereby transversing a
depth gradient. One transect was run parallel to the shore-
line to observe changes in benthic communities relative to
factors other than depth.

Station dives. Dives were made at various stations,
usually to collect quantitative samples. Algae and bottom
substrate were collected in 1/4 m¢ samples. Replicates were
taken whenever possible. Algae were taken by hand, and bottom
substrate with the aid of a hammer and chisel. Specimens were
placed immediately in plastic bags held adjacent to the col-
lecting site. Algae and/or bottom substrate were collected at
Stations 5, 6, 19, and 20, Gorgonians were collected at Stations
1, 13, 14, 15, and 17 in five mZ (1x5 m) or ten m?¢ (2x5 m)
subsamples Gorgonians were collected from a total area of
10 or 20 m2 at each station. Hard corals were collected from
Station 14 and one 5 mZ (1x5 m) quadrat at Station 17, Stations
8 and 14 were monitored to follow temporal changes in the
fauna and flora.

Two permanent one mZ (1x1 m} observation quadrats were
placed at Station 14 in April, 1974. The gorgonians in these
quadrats were measured, tagged, and identified to the lowest
possible taxonomic level. The collection and observation
quadrats were monitored to reveal the effect of gorgonians
and/or corals on gorgonian recruitment in terms of species
composition and absolute or relative abundance.

Photographs were taken, visibility and time permitting,
to aid in gaining a general description of the area. The
presence and absence of the larger invertebrates and fish
were noted during the latter stages of the investigation.
Relative abundance was noted from time to time.

Laboratory Procedures

Gorgonian samples were dried for several weeks, then
weighed, measured and identified. The more familiar species
were identified on the basis of external characteristics.
Questionable individuals were identified with the aid of
spicule preparations.
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All other samples were sorted into phyogenetic groups
and preserved in 70% ethyl algohol or 10% formalin for later
identification. One-fourth m samples were often frozen prior
to sorting. Taxonomic references used to identify organisms
are listed in the bibliography.

4.3.3 RESULTS

Intertidal area. Both rocky shore and sandy beach
habitats are found at the Tortuguero Bay site (Station 7
and 9). Organisms found,in these areas appear to be repre-
sentative of those found in similar habitats along the north
coast of Puerto Rico (Glynn, 1964), Species observed and
identified in the intertidal zone are listed in Appendix 4.3RB.
Shoreline fishes identified at the Tortuguero Bay site are
listed in Appendix 4.3C.

Shallow subtidal area. Both sand and rock bottom areas
were encountered in the shallow subtidal areas of the Tortu-
guero Bay site. Species observed and identified in these areas
are listed in Appendix 4.3D. Depth at the shallow subtidal
stations ranged between one and five meters, No quantitative
samples were taken.

Deeper subtidal areas. Sand appears to be the dominant
Substrate at depths greater than 20 meters at Tortuguero Bay .
Occasional clumps of the plant Halophila and one patch of
Udotea, and several individuals of the fighting conch Strombus
EuEilis and the starfish Astropecten were observed in this

abitat. The blue runner Caranx Tusus was the only species
of fish observed in this aFea. A sandrock interface with

large topographic relief was usually encountered at a depth
of about 20 meters. The rock walls, almost vertical at places,
rise up to 7 meters off the sand bottom. Sand channels, some-
times bordered by vertical rock walls, extend shoreward from
this area for distances of over 100 meters, and to depths of
about 14 meters. In this area of sand channels and high relief
rock walls the visually most impressive abundance of benthic
and fish life was observed. Fish schools consisting of from

50 to 100 individuals were often encountered. School species
included snappers Lutjanus sp., the French grunt Haemulon
flavolineatum, the porkfish Anisotremus virginicus and the
yellow goatfish Mulloidichthys martinicus. Individuals or
smaller groups of other species (Iisted in Appendix 4.3E) were
quite abundant. These observations are similar to those of
Smith (1973) who found that the greatest abundance of fish

life was correlated with reef slopes or in areas of high topo-
graphic relief, apparently due to the shelter provided in

such areas.
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Gorgonians were quite abundant. Densities of the
larger colonies (greater than 20 cm in height) were estimated
to be between one and four colonies per square meter. Hard
corals and sponges covered from one to 10% of the surface area.

In areas at the western edge of the Tortuguero Bay site
(Station T4) the abundance of macroalgae appear to increase
relative to the gorgonians and hard corals.

Species lists of the larger invertebrates observed
and fish identified in these areas are listed in Appendix 4.3E.

The 10 to 14 meter depth range is characterized by a
flat rocky substrate with relativelylittle topographic relief.
In the immediate area near Punta Chivato, algae dominated by
Sargassum become predominant. Elsewhere, the gorgonian and
Har& coral fauna are dominant and appear similar to those
found in the 14 to 20 meter depth range (Appendix 4.3E). The
average size of these corals and gorgonians appears to de-
crease with the lessening depth.

The most striking difference between this and deeper
areas is the greatly diminished number of both individuals
and species of fish. For instance, 12 species were recorded
in the area of Station 14 located in this zone compared with
22 species at Station 8 located near the sand-rock interface.
Fish schools were noticeably absent in this area.

In the 5 to 10 meter depth ranges, the hard corals,
gorgonians, and sponges seem to diminish both in abundance
and number of species. The abundance of brown and red algae
greatly increases. The dominant alga appears to be Sargassum.

Quantitative Samples

Species identified in the 1/4 m? substrate samples are
listed in Appendix 4.3F. The infaunal populations appear to
be characterized by a very high species diversity. Over 130
species were found in the four samples. However, it is possi-
ble that the 1/4 mZ quadrat does not adequately describe the
structure of the infaunal community. The maximum number of
species any two samples had in common was 11, and no species
occurred in all samples. There was no correlation of the
relative abundances of species between the samples. The
differences between the samples cannot be ascribed entirely
to differences in habitat; samples taken a few meters apart
at other sites have shown even greater dissimilarities,
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The most dominant organisms at depths greater than
about 10 meters were the spcnges, hard corals, and gorgonians,
Measurements of the surface areas of the hard corals col-
lected at Stations 14 and 17 indicated a 2% and 3% surface
cover at the bottom, respectively, which correlated well
With the visual estimates,

Gorgonian species and numbers of individuals per
Species collected at Stations 13, 14, 15 and 17 are shown
in Table 4.3-T1. The relative abundances of species corre-
lated significantly between subsamples at Stations 14 and
15 (Kendall-Tau, p<0.07). No significant correlation was
found between replicate subsamples at Stations 13 and 17,
but this was probably due to sampling variability arising
from the small number of colonies collected. The density
of gorgonian colonies apparently reaches a maximum at depths
of about 12 meters which correlated with visual impressions
gained on transects. The median height of colonies increased
with increasing depth, 4 cm at Station 15 (10 meters), 13 cm
at 14 (12 meters), 24 cm at- 17 (17 meters), and 20 cm at
Station 13 (20 meters). Differences in median heights are
probably due to differences in species composition and re-
cruitment, growth, and mortality rates,

The most frequent gorgonian species found throughout
the Tortuguero Bay area was Eunicea laxispica. 1In addition,
in October of 1974, Eunicea laxispica was the most abundant
species in areas that had been cleared of gorgonians at
Station 14 during the preceding May. Over 60% of the newly
recruited colonies were Eunicea laxispica. Eunicea laxispica
was frequently among the more abundant recrudlited in areas
Cleared at Punta Verraco, also. This 1life history parameter
indicates that Eunicea laxispica is a fugitive or colonizing
species (Hutchinson 19677.

Measurements of tagged gorgonians in the observation
quadrats are given in Table 4.3-T2. The increase in colony
height for all colonies present from June to October 1974
was one inch. Recruitment during this period in the obser-
vation quadrats was 1 and § colonies per m2, respectively,
Mortality as indicated by the disappearance of colonies was
5 and 1 colonies per m2, respectively,
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TABLE %.3-Tl. Gorgonian

collected

species and individuals per species
at Tortuguero

Depth
Date -
Quadrat

Station 15
8m
8/13/74
2(5%2m)

Station 14
it m
5/22/74
2(5x2m)

Station 17
16 m
3/21/74
2(5x2m)

Station 13
18 m
10/30/74
2(5x2m)

FAMILY PLEXAURIDAE

Plexaura homomalla
Plexaura flexuosa
Plexaura sp. A

Plexaura sp. B
Pseudoplexaura porosa
Pseudoplexaura flagellosa

#Colonies /quadrat

FE

Pseudoplexaura wagenaari
Pseudoplexaura crucis
Eunicea laxispica
Eunicea tourneforti
Eunicea calyculata
Eunicea sp.

Eunicea clavigera
Funicea asperula
Eunicea laciniata
‘Eunicea succinea
Eunicea mammosa
Muriceopsis flavida
Muriceopsis suylphurea
Plexaurella dichotoma
Plexaurella pumila
Plexaurella grisea
Plexaurella fusifera
Nuricea muricata
Muricea atlantica

FAMILY GORGONIDAE

Pseudopterogorgia acerosa
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Pseudopterogorgia americana

Gorgonia ventalina
rgonla mariae
Pterogorgia guadalupensis
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TABLE 4.3-T2,

Heights of tagged gorgonians in

observation quadrats at Tortuguero Bay

First Meter Square

SPECIES 5 June 1974 13 August 1974 OQctober 1974

Eunicea sp. 1 1/2n 3n gone
Eunicea sp. L by 1/2" 8 1/2n

Eunicea sp. 4 1/2v 5 1/2n gone

unicea laxispica an 3n 3"
Eunicea Iaxispica 2n 3" 3"

Eunicea laxispica Ak yil 8 1/2n

Eunicea laxispica g" g 9 1/2"
Eunicea laxispica - - i 1/2"(recruit?
Eunicea calyculata 1/2n 1 3/4n gone
Pseudoplexaura sp. 51 b o1/2m yn
Muriceopsis sp. 13 1/2n 13 1/2¢ gone

Muricea sp. (fallen gn gu gone

down) )
Plexaura sp. 7 1/yn gn 8 1/4n
Second Meter Square

Pseudoplexaura 13 3/un 150 le"
Eunicea sp. 3 1/2n 3 3/u4n R V-1
Eunicea sp. 12 12 3/y4» 13 1/2n
Eunicea sp. 10 1/2v 10" 12 1/2n
Eunicea sp. - - 1 1/2"(recruit?
Eunicea sp. - - 3/4"(recruit?)
unicea laxispica - - 1/2"(recruit?)
Eunicea laxispica an 3 1/2"; 3 1/2n
Eunicea tourneforti 5" 5 3/4n 5 1/2"
Eunicea - - 1"(recruit?)
Muricea sp. (fallen 10" 10" gone

* down)
Pseudoplexaura sp. - - 1"(recruit?)
Plexaura sp. 3 3/yn 3 3/4v L 1/2n
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4,3.4 DISCUSSION

The intertidal and shallow subtidal biota of the
Tortuguero Bay site appears to be fairly representative
of areas along the north coast of Puerto Bico (Glynn 1964).

The infaunal populations appear to possess a very
high species diversity. This feature has been found to be
common to all substrate samples taken at all sites around
the island. However, due to high sampling variability, the
structure of the infaunal community could not be deduced.

Fish life at the Tortuguero Bay site appears to be
quite abundant both in the number of species and individuals.
The abundance of fish life is at least partially attributable
to the physical complexity of the benthic terrain at Tortuguero
Bay. Most of the fish were noted in areas of high topographic
relief such as rock walls, ledges, and caves,

Another notable feature of the Tortuguero Bay site is
the presence of such representative benthic coral reef species
as sponges, scleractinian corals, and gorgonians. This is
in contrast to other north coast sites (Manati, Islote) where
the algae appear to be the dominant component of the benthic
biota. This difference is at least partially attributable
to the influence of Punta Chivato which provides protectlon
against the prevailing northeasterly swell and its ac-
companying surge and scouring action. Only a few small gor-
gonians and a fair number of algae were noted at Station 2
which is partially protected by Punta Chivato. Further west-
ward at Manati, the algae become dominant.

Physical disturbance due to heavy swell action probably
also plays an impeortant role in the control of the gorgonian
community at Tortuguero Bay. The only noted gorgonian mor-
talities occurred in the observation quadrats on Oct. 30, 1974,
Also, transect lines which had remained intact in previous
visits from May, 1974 were broken on that date. Just prior
to this period a severe storm from the northwest occurred. Its
associated swell and surge action were probably responsible for
the gorgonian mortalities.

Limitations of the Data

From July 1972 to the conclusion of this investigation,
benthic studies at the Tortuguero Bay site have been directed
by a number of different investigators. As a consequence,
the research emphasis has altered in the course of the study.
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There are little data relevant to seasonal or other
temporal changes in the benthic communities at Tortuguero Bay.
The preliminary portions of this study were necessarily con-
cerned with general descriptive surveys of the Tortuguero
Bay site. In such circumstances, only gross temporal change
in the benthic communities would have been noted. Monitoring
studies at permanent stations began with the terminal portions
of this study, and site visits only occurred on a quarterly
basis. It was impossible, therefore, to distinguish between
seasonal and other temporal changes in the biota.

If the ultimate goal of any environmental study is the
prediction of the effects of a pollutant on a natural com-
munity, many of the parameters which have been examined
(species lists, distributions, biomass, diversity indices)
in this or other investigations though often necessary as
preliminary studies, are inadequate in this regard. Dis-
tributional studies or species lists no matter how complete
provide little insight into the interactions of their com-
ponent species. Diversity indices are highly speculative
In their origin and their ecological implications remain a
source of controversy (Fager 1972, Hedgpeth 1973). These
parameters only provide a static outlook on a community.

What is required is an awareness of the dynamic processes
responsible for the control and regulation of natural communities.
In order to predict the effect of a disturbance such as thermal
pollution, first it is necessary to understand the mechanisms
which maintain the organization of a community, and then how
these organizing mechanisms will be affected by this pollutant
(Dayton 1972). Several studies have shown the ecological
processes such as predation and competition are responsible
for the observed structure of many natural communities (Jan:zen
1970; Harper 1969; Huffaker and Kenneth 1959; Brooks and Dodson
1965; Hall et al. 1970; Paine 1966; Conell 1961; Dayton 1971;
Paine and Vadas 1969; Kitching and Ebling 1961; and Ogden et
al. 1973).

Investigations of the mechanisms responsible for the
structure and organization of the benthic communities at the
Tortuguero Bay site were just begun at the termination of this study.
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4.4 PLANT ASSOCIATIONS

by Michael J. Canoy

4.4.1 INTRODUCTION

The north central coast of Puerto Rico is bounded by
a narrow beach/dune community. The mean height of the forest
is 2-4 meters with coconut palms rising higher.

The Tortuguero Bay area shows typical xerarach-dune
association. Secondary successional associations border the
fields and roads.

The exposed beach and oceanward face of the dunes repre-
sent a continuous attempt by plants to maintain themselves
in a high energy environment. One of the worest things that
can happen to this association is disruption of the dune
integrity. This allows erosion to begin and the association
to be washed away.

4.4.72 MATERIALS AND METHODS

For the adjacent north coast sites (Tortuguero Bay,
Punta Manati and Punta Chivato) a simple survey method was
used. Beginning 1/2 kilometer west of the Manati site and
continuing to 1/2 kilometer east of Punta Chivato, a transect
following the coastal highway was covered. (See Figure 4.4-F1).
Within every kilometer a 10 meter transect was walked on both
sides of the road. The major vegetation along this transect
was noted and unknown species were taken to the Mayaguez labo-
ratory for identification.

At the end of each sample transect a one meter square
was sampled for grasses, forbs, etc. The species list derived
(Appendix 4.4A) was smaller but very similar to the extensive
list derived from the study made at Barrio Islote (see Environ-
mental Report for NORCO-NP-1), therefore it was assumed this
method was qualitatively accurate.

4.4.3 RESULTS AND DISCUSSION

Generally the vegetation can be divided into three zones:
the beach community, semi-xerophytic beach thicket, and the
secondary growth around fields and roads.

1. The beach community is largely composed of Ipomea spp.,
Sporobolus, Kyllinga, and Remirea. This community is a very
vagil entity and expands oTr contracts monthly. In storm periods
it may disappear entirely and return a season later.
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2. Beach thickets more or less extend from the mean
storm wave level into the edge of the pasture and fields.
The seaward edge of the thicket is about one meter in height.
This increases inland to about 5-6 meters. A few coconuts,
almonds, and Tabebuia reach 8-10 meters.

The most important pioneer shrub in the thicket is
Coccoloba uvifera. Chrysobalanus and Scaevola and also such
woody herbaceous plants as Lantana, Randia, and Crotalaria.
The thicket ends where the Shrubs Rauwolflia, Psychotria, and
Plumiera give way to trees such as Tabebuia, Burserea and
Sideroxylon. :

3. Secondary growth is typically composed of human
satellite plants such as Tabebuia, Coconut, Almond, and Black
Olive. Flamboyan and Cassia trees appear occasionally and
Mamey apples have been planted. Around human habitation are
banana, plantains, oranges, and avocados. These plants should
be surveyed for resident background radiation (total beta and
gamma spectrum and total) prior to operating any nuclear facilities.
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APPENDIX 4.1A

Data Reduction Program-12 Mar. 75
TAB
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REAL®s ST,8TvEN
F‘I"ENSION‘ TArLE(?bnli‘er)|IT(?‘))oJT‘1:l)lDﬁTAO‘15’anATﬁ.’(1"\}
Lo "TITLF(R, 4y, 11T (18a)

1449 Fg%HAT({ﬁ,ﬁX,Aﬁc“Y.FF.ﬁer,J,drl“.z,j4X|A].fb}

1¥1 FReMATELOX, AL ,12F4,2)

142 FOMAT(LEAD)

163 FORMAT(O'LY 17X, "TARLF Y, 13X, 0, ¢, 8A5//20X,16A45/2/780%, ' SYATIQNS /777 -
1 14X, DATE 'y 17419)

164 FORMAT('00,123,44F18.3)

165 FORMAT('?!, 03,1 °F14.8)

146 FORMAT('®',123,1:F14a.1)

147 FOrMAT('2?, l&léXJAblersFIB-SIIlﬂ,

128 FORMAT(' ',A%, 15F6,)

1289 FORMAT('1,14A5)

DATA DATAN, TA3LE/981848,/
DATA ‘(TITLE(IlJ)|I=1;8)|J=1|17) /
AVTOTAL BIOMASS QF ZOOPLANKTON (MLZIEZ0M3) !,
2'TOTAL NUMBER OF Z00FPLANKTON PER 1FdM$ ',
STTATAL NUMBEER 0OF CoPEPQQS PER {d7M3 ',
A'TATAL NUMRER OF CHAEZTNGNATHS PER {paM3 1t
SVTNTAL KWUMAER NF LARVACEALS PED 14rMI ',
6'TOUTAL NUMBEFR DF CLACQCEFRANS PER 170M3 Va
J'TOTAL NUM3ER OF PTECQPONS PFR 1:04v3 §
H'TOTAL NUMBER OF OTHFR PER 1f0cM$ ',
B'TOTAL # OF VELIGER | ARVAE PFR 14JM43 ',
YITOTAL # OF CIRKIPEDE NAUPLIL PER tuaMd ',
A'TaTAL # QF CIRRIFEUY ZYPRIS PFR 1uvmg ',
B'TNTAL # OF PEMAELD LASVAE PFR 174M3 ',
C'TNTAL # OF PRACHYURAN LARVAF PER 1B2NM3 Y,
U'TOTAL NUMIER OF OTHFR PER 17egMg )
E'TOTAL NUMRER OF F1Sk EGGS PLR 172913 ',
FYYOTAL NUMRER OF FISH LARVAE FER 1¢éM3 'y
G'TOTAL NUMuER OF HOLOPLANKTOM PER 142M3 '/
DATA {((TITLECI,J),1=1,8),4=21R,34)/
1'TOTAL NUMRER 0F MEROPLANKTON PER 128M3 ',
2'PERCENTAGE nPF COFEPNDS ',
S'PERCENTAGE NF CHAETCGNATHS 'y
4'PERCENTAGE NF LARVACEANS 'y
D'PERCENTAGE 0OF CLADOCERANS ',
6'PERCENTAGFE oF PTEROPQDS ',
H 'PERCENTAGE OF OTHER ',
J'PERCENTAGE NF VELIGFR LARVAE Yy
Q'PERCENTAGE nF CIRRIPEDE NAUPLII 'y
F'PERCENTAGE CF CIRRIPEDE CYPR]S ',
A'PERCENTAGE OF PENAETD LARVAT ',
B'PERCENTAGE NF BRACHYURAN LARVAE ¥
C'PERCENTAGE NnF QOTHER ',
O'PERCENTAGE nF FISH EGGS ',
E'PERCENTAGE 0OF FISWY LARVAE ',
F'PERCENTAGE OF MOLOPLANKTQON ',
G'PERCENTAGE OF MERQPLANKTQON v/

c READ TITLF,

a4 READ (2+1€2:FND=98) TITL




28
30
£

25

32

33

34
50

99

PRINT 109, rITL
ITIME=Y

[3=1

ISTATNS]

TABLE (1,1.,35)=1,
READ FInSTY CARD,
READ 122,]171(1),S7¢(1},

DI 52 1=1,13727
PRINT 127,1T(1TIME)Y, S
£=pIR2iREVS/PEVSPH/1E
DILDZeNiLyT/7/1REP
TARLE(ITIME;ISTATN.l)
00 $8 J=1,IRFP
READ 121,7T0W,DATAQ
PRINT 108,T0W,DATAD
D0 28 K=2,16
DATAN(K)=DATAN(K)*DAT
CONTINUE
CONTINUE

SuM HOLOPLAKKTON,
Do 22 K22,7
DATAN(17)=DATAM(K)eDA
CONTINUE

SUM MEROPL AMNKTON,
DO 25 k=8,1%
DATAN(18J=DkTAN(K)+DA
CONTINUE '
TABLE(IT!ME;ISTATN.36
DO 82 K=19,34
TABLE(ITIME:ISTATN;K)
CONTINUE
D0 31 k=2,18
TARLE(]TIHE:ISTATN.K)
DATAN(K)=Z,
CONTINUE

CHECK FOR END OF A
IF (AS.EQ,1Hs) GO 10
READ 128, IT(ITIME+Y),
lFtlT(ITIME*i).NE.IT(
0O 33 ISTATN=1,1S
IF (STNEW,EQ,ST(ISTAT
CONTINUE

NEW STAT]oN.
15=]Se+1
ISTATN=]S
STLIS)=STNEW
TABLECITIME, ISTATN, 35
CONTINUE

© PRINT TITLES.

DO 82 1=1,18
PRINT 383,51 (TITLE(J,
DO 82 J=1,1TIME
DO 35 k=1,1$8

189

DILUT.PIRZ.REVSPM.REVS;NE?p A5, IREP

TCISTATN) (DILUT,PIR2, REVSPM,REVS, UET, JREP
3. |

=TABLE(!TIHEaISTATN.i)thT/z

AD(K=1)

TANL17)

TAN(18) |
Y=TABLECITIME, ISTATN,36)¢NATAL(2)
STABLE(ITIME, ISTATN.K)+DATAN(K-16)

:TAELE(!TIHE:ISTATN-K)*DATAN(K!“DILDZ

DATA SET,

99
STNEN;D!LUT.P!RZ.REVSPHaREVSawET,AS:IREP
ITIME)) ITIME=]TIME®]

N)) GO YO 34

}=TABLE(ITIME, ISTATN,35) 41,

l)§J=1l8)oTITLJ(ST(K)|K=1,IS)




55

81

60

98

82

B4

9Q
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DIVIDF Ry WUMSER OF TOWS,
IF(TAYLE(Y,K,. %50, EN.7,) GO Tr 55
TA LECJsK, 1) =TATLEC(J,KsT1) ZTARLECIsKL3D)
Co.Tivue
1F (1,6T.1Y o Tn Al
PRINT 194, 1T (N o (TABLECI K1) K=14]S)
Go 10 32
PRINT 185, 1T () o (TABLECJ K 1)aK=ELs18)
COiTINUR
Dy 84 1219,34
PRINT 183,10 (TITLEWIS D) v U3 s RYLTITLW(ST(K))K=1,18)
DO B4 Js1,1TIME
Dy 672 K=1,15
CONVERTY T PERCENTAGES,
IF(TABLE(J,K, 302, ,E0.0,.) GO TN 64
TABLE (JeK, 1) =TABLECJ,Ks])/TARLE(J,K,36)0100,
ConT InUE
PRINT 106, 1T e (TABLE(J, Ky 1) K=101S)
ComMTINUE
Ny 92 1=1,2%
Ny 98 J=1,1TIME
Dg 99 %x=1,18
TABRLECJIK 1) =4,
CUNTINUE
6o 1n 1
caLy EXIT
EnND
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APPENDTX 4. 2A

Major zooplankton groups at each station
and for each sampling date.

Explanatory notes for computer printouts,

PTEROPODS: non-coiled species (e.g., Creseis acicula)

SIPHONOPHORES : siphonophore bracts, not whole animals

THALIACEA: includes salps and doliolids
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ZOOPL AT ITIN

TORTUGTEDR) A e ST

BINIASE Il ‘IL/1CC CUTILC IETERS

ABUNDALICE I #/CUBIC [1ETE=R

STATIN CTATIYS B LTATION FRENATE
¢ 2 ToUS) (3 TSy ( 2T g TOUS)

BIOMASS 9 12 16 11
T0TAL 1206 1646 1111 1515
COPEPQ DS 7€5 1116 551 1232
CHAETOGVATHS 36 64 31 55
LADVACEATS 25 12 1e
PTEROPODS 5 18 21 5

- 0STRACODS 135 79 15 94
GLADOCERANS 2 3 15 2
MEDUSAE 3 2 9 13
SIPHONOPHORES 6 1 3 5
CTENOPHORES ) o @ g
THALIACEA 2 ) o 1
AINELID LARVAE 7 22 32 6
CIRRIPEDE LAR 5 2 5 1
ECHINODERI LAR 6 6 11 4
ECTOPEOCT LAR 4 1 1 2
BIVALVE LARVAE 0@ g 10 2
GASTROPOD VEL 43 92 175 58
FORATINIFERA 3 5 2 5
MALACOSTRACANS 25 47 21 24
FISH LARVAE 2 3 7 4
FISH EGGS 44 57 39 79
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ZOOPLAIXTON s et T 15 aUGUST /74
BIOMASS IN L/ 1ler CULIC IETELRS
ATDUSDHAICZE I1 ss/Cum1IC eTnh

STATION | STATION 2 TETEy 3 OFFSHOLE

1 T2 ¢ 3 TIUS)Y I Tau ¢ 1 oTIW

BIOMASS 17 22 17 g
™ TAL 683 894 422 894
COPEPODS 495 6459 272 653
CHAETOGNATHS 27 53 15 41
LAZVAGEAYS 3g 8 &3 i5
PTEROPGODS @ @ o 1
0STRACODS 2 3 o z
CLADOCERAN S 2 2 @ o
MEDUSAE 1 6 1 7
SIPHONOPHORES 1 4 G 1
CTENOPHORES g o o e
THAL 1ACEA 1 2 i 4
ANVELID LARVAE 4 4 2 2
CIRRIPEDE LAR 1 1 3 %}
TCHINODERY LAR 3 3 B 4
ECTOPROCT LAR @ ! 1 1
2IVALVE LARVAE 4 2 e 1
GASTROPOD VEL 38 13 14 14
FORATINIFERA 7 3 2 9
MALACI STRACANS 18 13 19 13
TISH LARVAE o 3 2 3
FISH EGGS 70 75 54 12¢
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ZOOPL ATKTON TORTUGUERO 51 90Tu.

BIOMASS IN IL/18@ CUSIC METERS
ABUNDANCE IN #/CUBIC METER

STATION ! STATION 2 STATIO. 3 OFFSHIGE
¢ 1 TOW) ¢ 3 TOVS) ¢ 1 TOW ¢ 1 T3
~ BIOMASS 19 | 18 16 19
TOTAL 3892 1472 1680 1282
COPEPODS 351¢ 1266 1341 Q48
. CHAETOGNATHS 93 56 47 25
Laévacm\:s 29 _ 16 35 42
PTEROFPODS e ¢ 3 5
0STRACODS 5 | e ) 2
CLADOCERANS 5 4 3 2
MEDUSAE 5 5 6 e
SIPHONOPHORES € 3 ¢ 5
CTENOPHORES e ] ) @
THAL 1ACEA @ g g e
AINELID LARVAE 20 9 9 7
CIRRIPEDE LAR 0 2 3 2
ECHINODERY LAR @ 8 31 as
ECTOPROCT LAR 15§ 2 e 2
BIVALVE LARVAE S 5 9 2
_GASTROPOD VEL 44 9 69 . 35
FORAMINIFERA 5 3 6 )
MALACO STRACANS 20 42 19 12
FISH LARVAE g 4 - @ 2

FISH EGGS 117 60 75 122
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Z0IPLATKTON TORTHZUIED)
SIOMASS IN L/ 1Ge cropc METERS
ASUNDAVCE 1y JUIBIRS/CUBIC 92T

ok

MEAY VARIAICE
JI0MASS ' 12 g
TOTAL 1645 518425
COPEPODS 1115 2655563
CHAETOGIATHS 64 2374
LATYACEATS 12 3]
PTERJPODS 18 169
O0STIACODS 79 3432
CLADOCERAN S 3 12
JEDUSAE 2 3
SIPHONOPHORES | 4
CTENOPHO RES 2 e
THAL IACEA 2 @
ANNELID LARVAE 22 48
CIRRIPEDE LAR 2 3
ZCAINOGDERT! LAR 6 53
ECTOPROCT LAR 1 1
BIVALVE LARVAE 8 12
GASTROPOD VEL 92 2277
FORAIINIFERA 5 7
MALACOSTRACANS 47 135
FISH LARVAE 3 ' 14
FISH EGGS 57 142

)
|
W)
[
{v
¢t

B TO 6
2 T) &
2 TO @
4 TO €
8 TD 8%
9 T0 5
Z TO 24
2 T 4
g TO 15
g To 211
3Ty 11
18 TO 75

@ TO 12

“

28 TO 87
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ZOOPLAITKTON TIETUGUZND

EIOMASE IN L/122 CUZIC 1ETERS
ABUNDANCE IN NUMBERS/CUBIC METER

MEAY
SI0MASS | 23
TO TAL 894
COPEPODS 669
CHAETO GNATHS 58
LARVACEANS 28
PTEROPODS o
0STRACODS 3
CLADOCERAN S 2
MEDUSAE 6
SI PHONOPHO RES 4
CTENOPHORES ]
THAL IACEA o
ANNELID LARVAE a
CIRRIPEDE LAR 1
ECHINODERY LAR 3
ECTOPROCT LAR 1
BIVALVE LARVAE 2
GASTROPOD VEL . 13
FORAMINIFERA 3
MALACO STRACAN $ 13

FISH LARVAE 3

FISH EGGS 75

VARIAJICE
4
456952
33246
794

192

w O

LV

453

15 AUGUST /74

STATIO &2

3 REPLICATES

«95 Cel.

15 T0 25
356 TO 143z
217 TO 1122
€ ToO 125

@ TO 62

2 TO 2

e TO 1)

@ TO

=

@ TO 13
! TO 7
2 TO @
2 TO 2
@ To 17
@ T0 5
1 TO 6
2 TO 4
€ TO 8
8 TO 18
2 TO 8
g TO 16
2 T0 6

22 TO 128
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ZOOPLAIKTON TORTUGUELEED 31 3CTOBE: 274
EIOMASS 14 ML/ 182 CUEZIC METE2S STATION 2
ABIMDAICE IY JUICERS/CURIC '{ETER 3 LEFLIOaTSY

MEAN TARIAICE «95 Cule
B194ASS 18 1 15 TO 2
TO TAL 1472 26481 1868 TO 1876
COPEPODS 1226 22948 832 TO 1532
CHAETOGNATHS 56 : 126 31 T &:¢
LARVACEAVS 16 76 % TO 37
PTERQPODS 6 2 2 TO @
3STRACODS 2 a o TO @

. CLADOCERAN S a4 5 3 TO 9
MEDUSAE 5 4 g TO 16
SIPHONOPHORES 3 13 @ T0 11
CTENOPHORES 2 e z TO @
THALIACEA e o @ TO @
AINELID LARVAE 9 76 2 TO 3@
CIRRIPEDE LAR 2 2 ¢ TO 5
ECHINODERM LAR 8 26 g To 2¢
ECTOPROCT LAR 2 6 2 TO 8
BIVALVE LARVAE 5 f 4 10 7
Gasraopob VEL 9 12 g T) 18
FORAMINIFERA 3 8 € TO 1¢
MALACO STRACAN S 42 71 21 TO 63
FISH LARVAE | 4 6 2 TO 10

FISH EGGS 62 194 25 TO 94
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APPENDIX 4.2B

Copepod species at each station
and for each sampling date.

Explanatory notes for computer printouts,

T. TURBINATA: Temora turbinata

T. STYLIFERA: "Temora stylifera

SM CALANOIDS: Includes Paracalanus aculeatus
Paracalanus parvus
~ Clausocalanus Turcatus
Mecynocera clabsi
Calocalanus SP,

‘Acrecalanus sp,

other calanoid juveniles
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COPEPODS TORTUGUERD
ABUNDANCE IN #/CUBIC METER
STATION 1 STA’lI‘IOM 2
«( 2 TOUS) ¢ 3 TOWS)
T. TURBINATA 219 477
Te STYL IFERA 9 12
S1 CALANOIDS 279 263
NANNOCALANUS 2 3
CALANOPIA 11 5
ACARTIA 10 az
LUCICUTIA 7 1
FARRANULA 15 39
CORYCAEUS 67 31
01 THONA 136 131

ON CAEA 7 12

STATION 3
( 2 TOWS)
198

5

246

13

1¢

17

83

‘14 MAY /74

OFFSHORE

¢ 2 TOUS)

374
34

257

16
39

143

224
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COPEPODS TORTUGUEROD - 15 AUGUST /74
ABUNDANCE IN #/CUBIC METER

STATION | STATION 2 STATION 3 OFF SHO RE

1 ( 3 TOous) ¢ 1 TOWS) ¢ 1 TOous)

Te TURBINATA 3 181 4 39
T. STYL IFERA @ 19 2 2
31 CALAVOIDS 351 277 285 405
NANNOCAL AVUS 6 6 g 20
CALANOPIA g 12 %] @
ACARTIA 10 12 ) 9
INDINULA 6 ! 1 17
EUCHAETA 1 4 3 3
EUCALANUS 7 12 5 10
FARRAN UL A 19 17 7 21
CORYCAEUS 19 13 5 28
0ITHONA 57 68 15 86
ONCAEA 18 30 17 42
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COPEPODS TORTUGUERD
.ABUNDANCE IN #/CUBIC METER
STATION | STATION 2
(1 ToOUs) ¢ 3 TOWS)
T« TURBINATA ol4 595
T+ STYLIFERA @ 6
31 CALANOIDS 2590 322
NANNOCALANUS %] 3
CALANOPLIA 20 6
ACARTIA 29 21
EUCALANUS @ 5
FARRANULA 49 24
CORYCAEUS 73 43
01 THONA 186 139

ONCAEA 29 is

STATION 3
¢ 1 TOWS)

317

3

719

(4

22

16

9

50

5@

135

22

31 QCTIZED 774

OFFSHORE

¢ 1 TOY3)

264

1 X7

526

42

38

65

47
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GO PEPO DS TO STUGUERD 14 MAY /74
. ‘ STATION 2
ABUDANCE IN NU{BERS, CUBIC METER 3 REPLICATES
MEMN VARIAVCE .95 C.1.
T. TURBINATA 411 132777 8 TO 1382
Te STYLIFERA 12 i 9 TO 14
1 CALANOIDS 263 5236 84 TO 443
NANNG CAL AV US 3 3 @ To 7
CALANGPIA 5 40 6 TO 28
ACARTIA az 184 @ T0 66
LUCICUTIA 1 4 2 10 6
FARRAN UL A 39 3256 8 T0 181
CORYCAEUS 31 89 8 TO S5
01THONA 131 . 6468 @ To 331

ONCAEA 12 84 g TO 34




COPEPODS
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TORTUGUERD

ABUNDAVCE IN NUMEBERS/CUBIC 4ETER

T. TURBINATA
T. STYLIFERA
SM CALAVOIDS
NANNOCAL ANUS
CALANOPI A
ACARTIA

W DINULA
EUCHAETA
EUCALANUS
FARRANUL A
CORYCAEUS

0I THON A

ONCAEA

MEAN

181

16

12

17

13

68

36

VARIAICE

195065
56

1838

122

125

14

92

16

373

1S AUGUST /74

" STATION 2

3 REPLICATES

«335 Cole

€ TO 527
& To 28
[71 TO 383
@ TO 11

g To 39

2 TO 38

£ TO 4

2 TO 13

@ TO 36
12 TO 25
S TO 21
20 TG 116

23 TO 38




COPIPIDS TIRTUEUED 31 2CTIZER /74

STATIU. 2

AIIDAICL LI JUIBYTS/CUSBIC [ETE™S 3 REPLICATEL
AEa VATINAICE e35 Lol
Te TURRLIATA 595 6253 481 T0 ey
Te STYLIFERA 6 11 @ TG 15
31 CALAIDIDS a2z 1655 211 TO 432
NAlINCaALATS 3 5 @ To 9
CALANO2LA 6 1 4 TO 8
ACARTIA 21 372 @ TO a9
SUCALATS S 4 @ TG 14
FARRANUL A 24 ' z2¢ 12 TO 35
CORYCAEUS 43 148 12 T 73
JOITHON A 139 Se 121 TO 157

ONCAEA . = 56 . @ TO 34
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APPENDIX 4,3A%

Benthic Stations at the Tortuguero Bay Site

Station T1
Location:

Depth:
Date
Investigator:

Station 2

Location:
Depth:

Date:
Investigator:

Station 3

Location:
Depth:

Date:
Investigator:

Station T4

Loecation:
Depth:

Date:
Investigator

Station &

Location:
Depth:

Date:
Investigator:

Station 6
Location:
Depth:

Date:
Investigator:

Station 7
Location:
Date:
Investigaton:

Station 8
Location:
Depth:

Date:
Investigator

*Refer to Figure 4.3-F1

Transect

Midway between Pta. Boquilla and
Pte. Marchiquita

15m-6nmn

2/1/73

S. Martin

Station Dive

Off Pta. Marchiquita
10 m

30/10/74

F. Yoshiocka

Station Dive

East of Pta. Marchiquita
10 m

10/5/73

V. Vicente

Transect

Offshore of the Power Plant Site
2Bm - 5 m

11/5/73

V. Vicente

Staticn Dive
Off Plant Site
18 m

1/29/73

S. Martin

Station Dive

Off Power Plant Site
7 m

1/30/73

S. Martin

Intertidal

Sandy beach near Plant Site
8/29/72

5. Kolehmainen

Station Dive

East of Tow Plant Site
12 -17m

6/5/7u, 13/8/74

P. Yoshiocka




APPENDIX 4.3A (continued)

Station 9

Location:
Date:
Investigator:

Station 10

Location:
Depth:

Date:
Investigator:

Station T11
Locatien:
Depth:

Date;
Investigator:

Station 12

Location:
Depth:

Date:
Investigator:

Station 13
Location:
Depth:

Date:
Investigator:

Station 14

Location:
Depth:

Date:
Investigator:

Station 15

Location:
Dezth:

Date:
Investigator:

Station
Location:
Depth:
Date:
Investigator:

207

Intertidal

Rock beach
8/29/72
S. Kolemainen

Shallow Subtidal Station

Bast of Power Plant Site
2 - 5m

8/23/72

S. Kolehmainen

Transect

Between Pta. Chivato and Power Plant Site
28 m - 14 ¢

6/4/74

P. Yoshioka

Shallow Subtida:

Tortuguero Beach
1~-2m

8/9/72

5. Kolehmainen

Statien Dive

Between Fower Plant Site and Pta. Chivato

20 m
10/30/74
F. Yoshiocka

Staticn Dive (Permanent Station)

Between Power Plant Site and Pra. Chivato
12 m

5/22/74%, 6/5/74, 8/13/74, 10/30/7y

P. Yoshiocka

Station Dive

Between Power Plant Site and Pta. Chivato
9 m

8/13/74

F. Yoshioka

Transect

Between Power Plant Site and Pta, Chivato
18 m to 12 m

3/29/74

P. Yoshioka




APPENDIX L,3A (continued)

Station

Lecation:
Depth:

Date:
Investigator:

Station 17

Location:
Depth:

Date:
Investigator:

Station T18

Location:
Depth:

Date:
Investigator:

Station 19

Location:
Depth:

Date:
Investigator:

Station 20

Location:
Depth:

Cate:
Investigator:

Station TZ21
Location:
Depth:

Date:
Investigator:

208

Transect

Between Power Plant Site and Pta, Chivato
i8m- 12 m

3/28/74

P. Yoshioka

Station Dive

Between Power Plant Site and Pta Chivato
17 m

3/29/774

P. Yoshioka

Transact

Eetwean Power Plant Site and Pta. Chivato
22 m - 2 m

S/10/73

Y., Vicente

Station Dive

Near Pta., Chivato
12 m

1/30/73

S. Martin

Station Dive

Near Pta. Chiwvato
2 m

1/30/73

S, Martin

Transect

Leeward side of Pta. Chivato
7m~-2m

5/11/73

V. Vicente
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APPENDIX 4,3B

Tortuguero Bay - Intertidal

PLANT KINGDOM
Chlorophyta

Dictyosphaeria cavernosa
Valonia ocellata

Rhodophyta

Jania adherens

Hypnea spinella

Laurencia sp.
Polysiphonia howel
Polysiphonia sphaerecarpa
Polysiphonia sp.

ANIMAL KINGDOM
Mollusca

Nodelittorina tuberculata
Littorina ziczac

Nerita peloronta
Nerita versicolor
Purpura patula
Fissurella nodosa
Acmaea antillarum
Cittarium pica

Chiton squamosus

Chiton marmoratus
Chiton wviridis
Acanthopleura granulata
Petaloconchus sp.

Arthropoda
Class Crustacea

Coenobita clypeatus
Hippa cubensis
Tetraclita squamosa
Plagusia depressa
Grapsus grapsus
Balanus sp.
Callinectes sp.
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APPENDIX 4,3C

Shoreline fish of Tortuguero Bay

FAMILY

Anguillidae
Anguilla rostrata

Xenocongridae

Kaupichthys disdontis

2 Fedb 72

Muraenidae

Echidna catenata
Echelycore nigricans
Gymnothorax funebris

Clupeidae

Harengula clupeola

Gobiesocidae

Arcos macrophtalmus
Arcos rubrigenosus
Tomicodon fasclatus

Atherinidae

Melanorhinus microps

Scorpaenidae

Pontinus

Grammistidae

Rypticus bistripennis

Holocentridae

Adioryx vexillarius

Lutjanidae

Lutjanus apodus

Pomacentridae

Abudefduf saxatilis
Pomacentrus fuscus
Pomacentrus leucostic

tus

14 June 73

N

58

12 Mar 74

19

9 Apr T4




APPENDIX 4,3C (continued)

21

2 Feb 74

FAMILY
Mugiledae

Agonostomus monticola 28
Labridae

Thalassoma bifasciatum
Scaridae

Sparisoma chrysopterum
Dactyloscopidae

Gillelus rubrocinctus
Blenniedae

Blennius cristatus

Entomacrodus nigricans
Clinidae

Labrisomus nigricinctus

Labrisomus nuchipinnis

Malacoctenus aurolineatus

Malacoctenus macropus

Malacoctenus triangulatus

Malacoctenus versicolor

Paraclinus fasciatus

Stathmonotus hemphilli
Gobiidae

Bathygobius soporator

14 June 73

28
36

o2 s B R e IS ]

oW

15

12 Mar 74

(=]

11

9 Apr 74

23
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Station Station Station Station
19 20 5 6
1/30/73 1/30/73 1/29/73 1/30/73

Phylum Porifera (continued)

Spheriospongia vesparia X
Unidentified sp. X X
Fragments ¥

Phylum Coelenterata

Class: Hydrozoa

Millepora alcicornis X
Millepora squarrosa X X
Millepora sp. X

Class: Anthozoca
Subclass COctocorallia

Eunicea mammosa ‘ X
Gorgonia mariae X

Phylum Annelida
Class: Polycheata

Eulalia quinquelineata X

Eunice sp. X X

Funice rubra X

Glycera tesselata X

Hermenia verruculosa X X X
Leodicidae (unid. fam) X

Leodice binominata X
Leodice mutilata X
Lumbrinereis sp.

Lysidice sp.

Lysidice sulcata

Marphysa sp.

Marphysa regalis X
Nereis bairdii X
Nereis dumerilii X
Nereis glandulata X

Nereis versipedata X

Nicidion sp. X
Nicidion kimbergii X X
Onuphis sp. X

Paramarphysa sp. ; X

o o
=<
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Station Statioen Station Station
1¢ 20 5 &
1/30/73 1/30/73 1/29/73 1/30/73

Class: Polycheata (continued)

Sabellid sp, X
Syllidae sp, X
Syllis sp. X X
Syllis prolifera X X
Unidentifed polychaete
plieces X X X X
Unidentified polychaete
pieces X
Phylum Sipunculida
Unidentified sp. X X
Phylum Mcllusca
Class: Amphineura
Acanthochitona pygmaea X
Balcis sp. X
Columbella mercatoria X
Hipponix subrufus subrufus X
Modulus sp. X
Astraea sp. X
Class: Pelecypoda
Barbatia domingensis X X
Chama macerophylla X X
Codakia costata X
Echinochama arcinella X

Phylum Arthropoda
Class: Crustacea
Subclass: Malacostraca

Gonodactylus ocerstedii X

Order: Isopoda

Accalathura crenulata X
Cirolana parva X




Suborder:
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Station
19
1/30/73

Amphipoda (continued)

Order: Decapoda

Suborder:

Tribe:

Alpheus sp.

Natantia

Macrura

Alpheus barbadensis

Synalpheus

bousfieldi

Synalpheus

mcclendon

Synalpheus

pectiniger

Synalpheus

pandiones

Synalpheus

tanneri

Tribe:

Brachyura

Actaea acantha

Tribe:

Anomura

Calcinus tibicen

Pachycheles ackledianus

Class:

Phylum Echinodermata

Fehinoidea

Eucidaris tribulcides

Classe:

Amphiurid
Ophiactis

Ophiurcidea

brittle star
savignyl

Ophiactis

muelleri

Ophiocoma

echinata

Cphiccoma

pumila

Cphiocderma

rubicundum

Ophiomyxa flaccida

Ophionereis reticulata

Ophionereis squamulosa

Ophiothrix

angulata

Ophiothrix

suensonii

e e 4

Station
20
1/306/73

Station
5
1/29/73

Station
6
1/30/73
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APPENDIX 4. 4A

COMMON PLANT SPECIES LIST FOR TORTUGUERO BAY AREA

Grasses, Vines, Herbs:

Bidens pilosa

Borreria verticillata

Burserea simaruba

Chrysobalanus sp.

Coccoloba uvifera

Cocos nucifera

Crotalaria retusa

Diodia maritima

Erithalis fructicosa

IRomea sp.

Kyllinga peruviana

Lantana involucrata

Plumiera alba

Psychotria undata

Randia sp.

Rauwolfia tetraphylla

Remirea maritima

Scaevola plumieri

Sideroxylon foetidissimum

Smilax sp.

Sporobolus virginicus

Tabebuia pallida

Zamia latifoliolata
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NOTICE

*This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Atomic Energy Com-
mission, nor any of their employees. nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes any legal
liability or respensibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use
would not infringe privately owned rights.”




