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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 environnent.

The report represents the combined effort of the scien-

tists, technicians and support staff of the Site Selection

Survey Project.

The authors who contributed to the Punta Manati Site



Selection Survey are:

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

Geological Parameters

Marsh J. Youngbluth Zooplankton Studies 1973

Mary E. Nutt and Zooplankton Studies 1974

Marian N, Yeaman

Paul Yoshioka Benthic Invertebrates and

Fish Studies

Michael J. Canoy Plant Associations

Report Coordinator: £. D. Wood

Technical Editor: Ferne Galantai

Project Secretary: Pauline Oretega 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 paraneters of the

sites, and the ecological paraneters of zooplankton, benthic

intertebrate 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 was Tortuguero Bay on the

north coast of Puerto Rico. The present site reported is

Punta Manati, also on the north coast, west of Tortuguero

Bay (see Figure 4.1-F1).
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2.1 PHYSICAL AND CHEMICAL PARAMETERS AT PUNTA MANATI



by

ED, Wood

2.1.1 INTRODUCTION

Most of the physical, chemical and geological

measurements at the Punta Manati 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

meters and the "C" stations on latitude 18°31.8'N in excess

of 325 meters.

 

 

2.1.2 TIDES

?The tidal waves that affect the north coast of Puerto

Rico have their anphidromic point in the Central North Atlantic

Ocean with the crest of the cotidal line moving in a counter-

clockwise direction (Anikouchine and Steinberg, 1973), that

{sy from west to cast past Punta Manati. The tides ate pre-



digted for San Juan by the National Oceanic Survey. An ex-

sple of the tidal pattern over a lunar cycle has been plotted

in Wood, et al. (1975b) for Tortuguero Bay. The north coast

tides ave semi-diurnal with a maximun excursion of about 75

cm and a mininun daily excursion of about 32 cm. The mean

daily tidal excursion is 40 em. The tides for the period of

current measurement at Punta Manati have been plotted in

Figure 2.1-F2.

  

 

 

 

2.1.3 CURRENTS

The general current pattern on the north coast of

Puerto Rico is to the west with the highest flows during ebb

currents (PRWRA, 1975). The usually strong afternoon winds

from the east-northeast tend to increase the velocity of the

surface currents to the west. There is a strong correlation

between the current patterns and the tides with modification



by the local winds, the North Equatorial Current and the

direction and amplitude of sea swells impinging on the shoreline.

Measurements at the Islote (PRWRA, 1975) and Tortuguero Bay

(Wood et al., 1975b) sites west and east of Punta Manati,

respectively, indicate that currents of nearshore surface

Waters reach? about 30 cm/sec both east and west parallel to

the coast with a net flow to the west of about 5 cn/sec. There

appears to be some seasonal variation to this pattern (PRNRA, 1975).
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Fig. 2.1-F1 Punta Manati site with depth contour lines and hydro-

graphic sampling transects each with three stations.
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The currents at Punta Manati were measured on two

cgcasions, Ortaber, 10, 192, using dye drops and aertal

photography. The first drop was intended to coincide with

Peak flood current, but was delayed until almost high slack

tide (0940-1230). "The second drop was made at 1600°and photo-

ETgpMed guey2 1920 foward the end? of the/ period of falting

tide. The results are shown plotted in Figures 2.1-F3 and Fé,

A distinct river plume from the Manati River existed

throughout the current measurements, A detached plume was

Seen offshore north of Punta Manati while the river discharge

was spreading to the northwest as shown in Figure 2.1-f5,

Eight drops were made for each of the periods with

four nearshore and four parallel offshore. The drops furthest

offshore moved slowly to the northeast then to the southwest

and disappeared in a convergence. The offshore dye spots west

of the river moved to the west at about 0.2 knots (10 cm/sec).

The nearshore dye spots moved slowly to the west and wore dic

persed in the surf except for the drop in the river plume.



Drop three, in the plume, moved at about 0.3 knots (18 cm/sec)

to the west initially, then increased to about 0-8 knots (40

gp/sec) to the west-northwest. The outer drop just north of

the river plume was seen to partially disappear under the river

plume.

During the afternoon, the turbid water was confined to

the nearshore regions. The river plume flowed to the west

along the shore. The offshore dye? spots moved westward and

Hiely?shoreward at 0,6 t0'0-9 Eases (30 fo dhe Sele) The

drop just west of Punta Manati moved into an eddy toward? the

river mouth. The drop nearshore just east of Punta Nanati

disappeared in the surf after moving west at about 0-6 keats

(30 cm/sec). ?The drop in the innedfate plume was disperced

rather quickly to the west. The outer plume moved west ner

Palmas Aitas at about | knot (50 cm/sec).

The surface currents measured at Punta Manati were weak

to the west nearshore and weak to the east offshore near the

top of the flood. ?When measured near the bottom of the ebb,

they were to the west at 30 to 40 cm/sec similar to those

Measured at Tortuguero Bay (Wood et al., 1975b) and at Tslote

(PRWRA, 1975) as would be expected.



 

 

2.1.4 BATHYMETRY

Contour lines for 10, 20, and 100 meters are shown in

Figure 2.1-F! and offset depth profiles of the five Punta

Manati site transects are shown in Figure 2.1-FS. The depths

were taken from Chart No. C§GS 903 (NOS. 1972). The shelf
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Fig. 2.1-FS Offset bottom profiles along the sampling transects

of Punta Manati. Vertical lines indicate relative

positions of hydrographic casts.
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width is fairly uniform at Punta Manati at about 25 kilometers



to the 100 meter contour. The shelf is a little narrower to

the northwest of the Manati River mouth suggesting a sub-

marine canyon associated with the river. A broad shallow

region exists just west of Palmas Altas with the broadest

portion of the shelf about 2 kilometers west. There exist

a few outcrops near the mouth of the Manati River and off

Palmas Altas, but no extensive reefs are found here, The

vertical lines descending from the surface (transect lines)

in Figure 2.1-FS indicate the relative positions and depths

of the A, By and C hydrographic stations. Most of the soun

ings indicated on the chart were found to be accurate, However,

the nearshore regions (<10 m) are not well charted.

 

2.1.5 TEMPERATURE, SALINITY AND DENSITY

The physical parameters of temperature and salinity

Were measured at the Punta Manati site on seven cruises

covering four seasons in two years (Table 2.1-T1).

 

TABLE 2.1-T1 Schedule of hydrographic cruises to Punta Manat

 



 

 

wrwTER SPRING sues PALL

i973 at s/t12 9/7 7

1974 4/28 8/22 2/1518 uA

 

The hydrographic sampling grid is shown in Figure 2.1-F1.

A maximum of five north-south transects were made on each cruise.

Each transect had three stations. The "A" stations were near-

shore (ca 18 m) with two sampling depths at 0 and 10 meters. The

"BY stations were seaward in about 125 meters of water with

four depths at 0, 25, 50 and 100 meters. The most seaward

sampling was at the *c? stations in excess of 325 meter depths

at about 18°31.8'N latitude with eight depths: 0, 25, 50, 100,

150, 200, 250, and 300 meters. The sampling, analytical 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 #.0,05°C, The thermo-

meters were used in pairs, or in triplicate when possible.
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Although only one temperature is shown on the computer print-

out of the data (see Appendix 2.1A) for each depth, these

values are often the average of two or three thermometers.

Most temperatures below $0 meters were measured using both

?protected? and ?unprotected? reversing thermometers. A

thermoneter depth, 12, was then calculeted for the sampling

depths and correlated quite well with the calculated depthy

CZ, obtained from the amount of hydrowire paid out, NZ, and

the cosine of the wire angle, 0. An example of this corre

lation is shown in Wood et ai., (1975b)-

?The data were averaged by a computer program which first

interpolated between the depths sampled to provide temperatures

(and other hydrographic paraneters) at "standard depths." The

averaged standard depth temperatures and salinities are plotted

By season in igure 2.1-Fe.. The diagonal lines sndicate! density

as sigma-t. Depth is not shown on the plot, but generally in-

Greases to the lower right corner of the plot, i.e., density



increases with depth. Very little change is een seasonally

where signa-t is greater than 25.2, however, a definite change

can be seen in the tower densities (surface waters), The

temperature increases between winter and summer, while salinity

increases between fall and spring.

The averaging for the depth profiles was done first for

all stations by season (Figures 2.1-F7, 9, 11 and 13) then by

type of station by season (Figures 2.1°F8, 10, 12 and 14).

A comparison of the averaged "C" station standard depth

temperature data by season is shown in Figure 2.1-FI5.. A

Sequence of events can be seen from this comparison, Surface

temperatures were lowest in the winter (25.6°C) with the deepest

thermocline (100 m) caused by cooling and deep mixing by winter

storms. This mixing process tends to carry heat to the depths

50 that the highest temperatures between 100 and 250 meters

occur during the winter. (This condition is also part of a

Phenomenon one might call "seasonal lag.) Little seasonal

Shange is seen below 250 meters. There was a steady temperature

decrease in the 100 to 250 meter depth interval between winter

and fall. No sharp thermocline existed during the spring season

as relatively calm warm weather conditions allowed surface warm-

ing to occur. Surface temperatures were at a maximum in the



late summer months (28.2°C) with a thermocline at about S0 meters.

There was a temperature range of about 2.6°between summer and

winter in the nearshore surface waters at Punta Nanati.

 

A temperature inversion occurs in the fall as surface

cooling begins. The thermocline was at about 25 meters with

generally cooler temperatures between 75 and 100 meters than

during other seasons. Very little difference was seen in the

temperatures with distance from shore for any of the seasons.

Bathythermograph traces from the "C" stations are in Appendix

2.14 and surface temperatures were mapped seasonally by serial

infrared scanning (Wood, 1975¢).
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Salinity

Salinity, S*/oo, is the total salt content of water

expressed in patts 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, runoff, or fresh water intrusions. High

Salinities are found in sub-tropical regions and are the

result of high rates of evaporation, The salinities at



Punta Manati were determined using an induction salinoneter

with the readings good to better than + 0.05/00. The

average seasonal salinity data are shown plotted against

depth with the other hydrographic parameters in Figures 2.1-F7

through Fi4. It is immediately obvious that there is a pat-

tern throughout the year for salinity to increase with depth

(as tonperature decreases) toa depth of about 150 meters

where salinity begins to decrease slightly becoming fairly

uniform with depth at about 36°/o0. This layer of high sa-

Linity water with a maxinun of about 37°/oo was forned by

evaporation in the sub-tropical North Atlantic Ocean.

A comparison of the averaged "C" station salinity data

is shown in Figure 2.1-F16. The winter salinity profile shows

@ generally low salinity in the upper 150 meters and the deepest

maximum at about 190 meters. The shallowest maximum occurs

during the fall season at about 125 meters. The fal] maxinum

is lower than during the remainder of the year and the Lowest

Surface salinities (34°/oo) occur during this season. Surface

salinities generally increase from fall to spring (34 to 36°/o0)

then decrease through the summer into fall during the intensi-

fication of the tropical rainy season, A general increase in

salinity was observed in the 25 to 125 meters layer between

winter and fall with almost the reverse true between 150 and

250 meters.



The salinity of the Manati River is near zero, however,

the lowest salinity at the closest "A" stations was about

32°/oo indicating how fast the river water is mixed with the

Sea water. The depression of the nearshore surface salinity

rarely extends beyond the "B" stations. Isohaline lines have

been drawn from surface salinities for the fall of 1974 in

Figure 2.1-F17. The sampling was done during the night and

early morning when wind conditions were light from the east.

The tide during the time of sampling went from a level of 30 cm

toa low of 0 then a high rising tide of about 60 cm. The combi-

nation of Weak easterly winds and weak ebb current followed by

a strong flood current during the rainy season explains the .

extent of the Manati River plune.
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salinity at Punta Manati for 1973 and 1974.
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Density

The stability of the water column is a function of

the density gradient. Density,#, is @ function of temperature

and salinity, and always increases with depth in a stable

water colunn, Density is usually converted for convenience

to an expression signa-t, ©



ome - 1) x 103. Qn)

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 averaged seasonal sigma-t profiles

is shown in Figure 2.1-F18. Sigma-t varies from 22 to 24 in

the surface waters and is highest in the winter months. The

pyconcline occurs at about 100 meters 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. A general de-

crease in signa-t occurred from winter to fall at the surface,

while the opposite was seen at about 100 meters, Very little

seasonal change in sigma-t was seen below about 200 meters,

The tendency for slightly higher sigma-t values in the

" station over the "B" and "C" stations noticed at the

Tortuguero Bay site (Wood et al., 1975b) was not seen at

Punta Manati probably because of contributions from the Manati

River. Sigma-t profiles are shown in Figures 2.1-F7 through F14.

 

 



 

2.2 CHEMISTRY

2.2.1 DISSOLVED OXYGEN

The amounts of dissolved oxygen, D.0., in the water off

Punta Manati were determined by the Winkler titration method

with the analyses usually performed on shipboard within a few

hours of sample collection. Sone of the values were checked

with a YS1 polarographic probe with results similar to those

Teported for Punta Higuero (Wood, 1974). The titration values

were more consistent and generally higher than the probe readings.

The titration values are generally good to better than * Tt;

However, sone analytical problens were experienced on the

1973 winter cruise. Dissolved oxygen data are included with

phe byatographic daca in the Appendix 2.14 in mi/t, mg/t and

?sate

 

Oxygen saturation is a function of both temperature

and salinity. Since neither shift drastically in the tropics

little change in near surface D,O, is expected nor was it seen.
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Averaged D.O. values in milliliters per liter are plotted

with other hydrographic parameters in Figures 2.1-F7 through

F14 by season and type of station, The highest values, except

for the winter season, were found at about 100 meters.? Sur=

face values were near? saturation with some super-saturation

at depths of 25 to 75 meters because of photosynthesis. A

comparison of seasonal averaged values is shown in Figure 2.2-F1.

?The oxygen mininun occurred at about 225 meters for all seasons

except fall where a very pronounced minimun was seen at about

150 meters. Slightly higher D.O, in the surface waters during

fall and winter seasons is consistent with higher D.0, satura

tion with lower temperature and salinity, Generally, very

little seasonal change was noticed in D.0.

2.2.2 NUTRIENTS

Nutrients are important from two aspects. First,

nutrients are generally low in the tropical Atlantic Océan

surface waters and linit 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 ac-

curately with the Murphy and Riley molybdate blue complex

Rethod (Strickland and Parsons, 1968) and is a good indicator

of pollution. Only a limited number of nitrate analyses were

performed on the waters off Punta Manati. The tropical and

Sub-tropical North Atlantic is generally deficient in nutrients,

especially nitrate. Reactive silica is usually not regarded as

a pollution probien.

\ctive Phosphate

The concentration of reactive phosphate is generally

low in the surface waters (0.05 ug-at. P/i), slightly lower

in the summer and slightly higher in the winter as seen in

Figure 2.2-F2. The levels of phosphate were uniformly to

about 200 meters where they began to increase being 0.3 to

0.5 ug-at. P/t at 300 meters, The increase in phosphate

generally coincides with the decreased salinity below the

Salinity maximum. This is because the high salinity water

was formed in the sub-tropical North Atlantic which is deficient

in nutrients. Slightly higher phosphate values were seen in

the nearshore surface waters, especially near the mouth of

the Manati River, probably fron agricultural runoff,
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?FI Averaged dissolved oxygen depth profiles by season,

1973 and 1974,
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Fig. 2.2-F2 Averaged reactive phosphate depth profiles by season,

1973 and 1974,
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Nitrate

Nitrate was determined by the cadnium-copper reduction

method (Wood et al., 1967). Samples were analysed for nitroce

at Punta Manati oniy for the fall 1974 season. (Nitrates

have been done routinely at the Islote site about 3 kilometers

to the west and the data is available in Kendall et al., 1975).

Nitrate profiles for the PMA-3A, B, and C stations are

shown in Figure 2.2-F3. They are similar?in shape to the

phosphate profiles for the sane season except that the higher

Surface values for the "A" and "B" stations are much more pro-

nounced. There is obviously a large source of nitrate in the

Manati River region, possibly from agricultural sources or

from industry.

30
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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 GEOPHYSICAL PARAMETERS AT PUNTA MANATI

by

E.D. Wood

The beach outcrops are Pleistocene cemented dunes

as gre the high grounds on either side of the Manati Riser

(Briggs 1965). Much of the shoreline is composed of way

consolidated sand (Figure 3.1-F1). Some of the sand aoe

posits landward from the beach contain fine-grained quartz

sand and clay, especially near the Manati River,

The cross-hatched area is alluvium deposited by

eriodic river flooding (Hickenlooper 1967). Sediments

in the shaded areas along the shore were deposited by storm

and wave swash and wind (Fields and Jordan 1972),

Sediment deposits largely from the Manati River exist

Seaward and to the west of the river. There is a region just

east of the river mouth that is usuaily hard bottom? this nat

just north of Punta Nanati covered by Station PUA-4h (Figure

2,12F1). It had been reported that sand moves on and off oF

sone of the hard bottom, however, attempts to retrieve sede)

ments from PMA-4A have been fruitless. The ocean bottom



areas shaded in Figure 3.1-F1 were drawn from aerial photo-

graphs taken in August 1973, Sand was visible near Panes

Boquilla and north and west of the Manati River with a tongue

gf sand running west just offshore north of Palmas Altas.

The sand deposits west of Palmas Altas were confined to

several patches. Sediments collected at PMACTA, 2A, Sk, and

SA Were Sieved and the results are shown in Figures?3 12F2

and F3. (All of the samples are uni-modal with the highest

percent of sediment collected on the 38 (125 um) sersens

The statistics for the sediments are in Table 34-1"

TABLE 8.1-T1 Statistics for the Funta Manati sedimente

STATION PMA-14 PHA-24, PMA-3A PUARSA

Median dé 28 28 29 27

Mean Ms 29 2.8 2.9 27

sta. dev. 6 Os 0.6 O68 os

2
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Fig. 3.1-F2 Histograms and cumulative weight percent plots of

sediments from Stations PMA-1A and 2A.
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Fig. 3.1-F3 Histograms and cumulative wei,



Sediments from Stations PMA-3A

 

ght percent plots of

SA.
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The shape of the histogram of PMA-SA differs somewhat

from those sediments west of the Manati River with over

seventy percent of the sediment collected on the 3 f screen

and only 0.48 less than 1 p.

The plume of the Manati River has been observed on

numerous occasions. The dominant pattern is to the west

along the shore as shown in Figure 3.1-F4, With periods

of light winds and a flood current, the pattern changes to

the east with more spreading. On rare occasions (high river

discharge and a near calm sea) the plume may be seen to spread

in an arc several kilometers from the river mouth as a thin

layer of muddy, low salinity water overlying the sea water.

?The river produces very little discharge during the

dry season. The usually turbulent north coast sea conditions

rapidly mix the river water with the sea water so that the



effects (e.g., low salinity) are rarely seen beyond the "A"

stations even? during the rainy season.
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4a ZOOPLANKTON STUDIES 1973

by

Marsh J. Youngbluth

4.1.1 INTRODUCTION

The foltoving report provides estimates of the abun

dance 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 Puerts

Rico Nuclear Center, Ail 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 1975,

29 January, 11 May, and 7 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

Teduce clogging error (Smith et al., 1968). Mesh size was

233 microns. The net was towed from a 1? foot skiff in a cir-

cular path through the upper 2 meters. The speed of the

vessel ranged from 2 and 8 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 seawater with the aid of a battery driven pump (12 volt,

Jabsco water-puppy). The catch was preserved in 4. sea water

formalin buffered to pil 7.6. All samples were gathered during

the daylight hours. The volume of water filtered through «

het 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 150m. The meters

Were calibrated every 2 months. Calibration 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).

oratory Procedures

Within 24 hours after samples were collected the pit

was checked and adjusted, if necessary, to 7.6. If a saxple

contained a noticeable conglomerate of phytoplankton or detritus,

the zooplankton were separated from such material by gentic

38
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filtration through 202 micron mesh netting. Before estimates



of biomass or numbers were made all organisms larger than

1 cm, usually hydrozoan medusae, were removed.

Biomass was calculated as wet volume (Ahlstrom and

Thraikill, 1962). This estinate is subject to considerable

error and? should be viewed only as a rough measure of stand-

ing stock. The measurements were reproducible but are un-

doubtedly biased toward higher than actual values by variable

proportions of interstitial water and detritus,

The total number of organisms was estimated by yolu-

wetric subsanpling with replacenent (Brinton, 1962).? Three

aliquots from each sample were counted, The abundance of

major taxonomic groups of holoplankton and meroplankton were

determined fron dilutions of 300 to S00 organisms. Copepods

usually the most numerous of the zooplankters, were identified

to species.

All biomass and enumeration data were standardized to

a per cubic meter basis or multiple thereof. Data were ini-

tially reduced with hand calculators (Hewlett Packard Model 45)

and more recently with a computer (PDP-10). See Appendix 4.1A

for a listing of the prograr

 



4.1.3 RESULTS

A total of 21 samples was collected from 5 stations

(Figure 4. 1°F1). The densities of several taxonomic groups

of fooplankton at each station have been deterained (Tables

4.1-1°5 through 17). These data are arranged to facilitate

comparisons between sets of consecutive tows, nearshore tors,

ands offshore tows.? The densities of total zooplankton usually

afcered more between catches from aiffictent areas than? be-

tween consecutive samples fron one areas, The degree of

Variation between samples is expressed ds a ratio, forned by

Uividing the Largest total aumber of sooplankton by the. smaa-

est within each set (Table teIeTi)s. The ratios are similar

fo those observed In other coastal regions around Puerto Rico.

Another way of Judging differences between samples was deters

inined by" careulating the variance. between consecutive. samples

tnd estinating the husber of tovs needed to detect various

levels of difference (Table 4<1212)-
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TABLE 4.1-T1, Summary of ratios betveen the highest and lowest density



values of total zooplankton during each period

 

 

DATE 29 January 1 May 7 August

Consecutive Tows 1.2 18

Nearshore Tows

Offshore Toxs 2.9 2.3 1.3

ALL Tows 3.8 2.8 3a

TABLE W.1-T2. Total zooplankton (logy transformed) from 9 sets of

replicate tows. The number of replicate tows (n) needed

to detect a 5 to 50% difference in density is indicated.®

DATE 28 January a1 May 7 August

STATION 1 1 2

2.69197 2.56110 2.33648

2.78675 2.70759 2,18N69

2.73798, 2.71517 2.19988

ast ? se 7

208 1



508 1

 

Were (+) fg Student's © for the 95% confidence level

G2 (dufs2), 62 is the sample variance based on replicate

tous, and ¢ ie the half-width of the confidence interval

desired.

    

 

These data indicace that a large number of replicate

tows would be necessary to detect density differences at the

5% level. However, on the average, differences of 201 can

be noted with only?3 tows. Differences of 50% may be revealed

with a single tow. Density estimates larger than 50% were

found within and between nearshore and offshore catches. The

range of density values during a sampling period was usually

two to four-fold.

4a
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Seasonal changes in the abundance of total zooplankton

at any station or among all samples fell within the sane

range (Table 4.1-T7). The highest concentrations occurred

in January. The larger densities, however, probably represent

the range of variation among tropical zooplankton communities

in the coastal waters around Puerto Rico father than recurrent

Seasonal pulses since the 95% confidence intervals from each

Station overlap (Table 4.1-T3).

TABLE 4.1-T3, Average density of ali zooplankton collected

Total Zooplankton/ad

 

 

29 January 11 May 7 Avgust

Range seu-742 166-464 159-476

Median 550 373 299

Mean 80 340 202



958 Cae #12 aus #365

?These fluctuations in density refer primarily to holo-

planktonic organisms since they composed, in most cases, 60

to 90% of the total zooplankton. Meroplankton formed 3? to

25% and were equally numerous during each sampling period.

Copepods dominated the holoplankton and the larvae of gas-

tropods and carideans formed the bulk of the meroplankton.

Fish eggs were abundant in this area, constituting 2

to 25% of the total zooplankton (Table 4.1-T4). The largest

density, 87/m?, was observed at Station 4 on 29 January 1975.

Fish eggs were? somewhat more numerous in January and August

when they averaged 39 and 33/n?,respectively. Most of the

eggs were round and 0.5 to 2 mm?in diameter, Oblong eggs

Were common. It is not known which groups of fish are re-

Presented by most of the eggs.

TABLE 4.1-TH. Summary of densities of fish eggs from all stations

sampled at the Punta Manati Site

STATION

 

Range 17-98 16-35 3-47.87 21-38 387



Median 2% 8a 2 ot 28

Mean 7 et 3 ot 23

a2
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Copepods formed 50 to 85% of the zooplankton community.

A total of 39 species were identified. Time did not allow

a detailed study of species abundance at all stations, con-

sequently, 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. Using

these data, the species most numerous, those connmonly ob-

served, and others occasionally found, are listed in Table 4.1-TS.

 

TABLE ?.2-T5. Copepod populations observed at the Punta Nanati Site

 

 

Species usually sost nunerous (5 individuals/n?)

Clausocatanus fureatus



Faracalanus spp. (F- aculeatu

   

p,

     

Farranuia graciiie

Ofehona spp-(O- flunifera, 0. spp.)

Keartla spinaca 7

Tenora turbinate

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

Conyeacus spp. (C. giesbrechti, C. pacificus, C. epeciosue, C. subulatus)

Coryeacus, E: embawehes, ©- paciticus, C. spesicous, C- aubutatus)

Onewea spp. (0. Bedi terra jenusta, 0. ?Pi

        

  

 

ai



valgaris

Salocalanis pavo

 

Rocynocera clausi

Species occasionally present

Eucalanus epp. (E- mucronatus, 2. app.)

Tasleutfa flavicomls

ieee

copii

   

Tabidecers spp.

icfa pachydactyla

?Herocatants longicornts Pontella piuats

Eis gracinis

Macrosetelia

   



 

 

3
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4.1.4 DISCUSSION

The variety and abundance of zooplankton observed

at the Punta Manati site were similar at each station and

throughout the year. Holoplanktonic forms dominated the

yooplankton community. Meroplanktonic organisms, particu-

larly the larvae of gastropods and decapods, and? fish eggs

were equally numerous. No obvious patterns of distribution

vere apparent anong the zooplankton sampled along the coast

or offshore.

Limitations of the Da

 



The sampling progran was designed to provide quanti-

tative estinates of" 1) the standing stock Of zooplankton,

2) the Variety of major taxonomic groups, and 3) the dic

Yersity and abundance of the more numerous copepod species

The manner of field sampling determined the variety and bic-

mass" 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, ive., ?net type, net mesh, towing speed, and depth

range sampled, "A snail nusber of replicate. tows were gathered

at each site to obtain sone measure of the variability? be-

teen samples.? To obtain a better understanding of the 200-

Plankton community More sampling with replication should be

done at frequent intervals, at @ greater? nunber of stations,

at different depths, during the day and night, and during

ditferont. seasons for several years. Information gathered

in these ways will be necessary to interpret fluctuations. in

Standing stock and diversity in relation to environmental

changes in biotic interactions»
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42 ZOOPLANKTON STUDIES 1974

by

Mary E. Nutt and Marian N, Yeaman

4.2.1. INTRODUCTION

?The following report provides quantitative estimates

of the biomass, abundance, and composition of the zooplankton

at Punta Manati on 14 May, 1S August, and 31 October 1974.

Comparisons are made with'1973 samples from the same 1o-

cation, and with 1974 samples fron two other north coast



Sites, Islote 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

proposed power plant site, and was sampled with three repli

Cate 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-Fi).

 

 

Oblique tows from the bottom to the surface were made

with 1/3 meter cylinder-cone shaped nets (202 u mesh) towed

at 2 knots" Oblique tovs ensure that alt zooplankton species

are sampled regardless of their position in the water column

at the time of sampling. This is important since many plank-

tonic organisms migrate diurnatly and will be found at Oiffer-

ent depths during different hours of the day. A 202 u mesh

net does not readily clog with phytoplankton and captures @

wide size Tange of zooplankton. The net wag equipped 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 thor-

Oughly mixed, at which time a subsample was poured out.

Repeated subsampling of a single sample shoved all groups

of organisms to be randomly distributed by this method.

5
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In all cases, subsamples contained more than 450 animals.

Each animal was identified to major group and counted. The

dominant copepods were identified to species,



When replicate tows were taken, confidence intervals

Were calculated from the equation,

r+

where is the estimated mean, t is Student's t-value, s? is

the estimated variance, and n?is the number of samples.

4.2.3 RESULTS

Zooplankton found in the Punta Manati 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 gastopod veligers are occasionally numerous, but are

not always present in the plankton.

Copepods were represented by 48 species, but 80 to

90 percent of these consisted of four species (Temora turbi-

hata, Clausocalanus furcatus, Paracalanus sp., and Olthona

unifera). Seven other species vere consisiently present

femora stylifera, Nannocalanus minor, Calanopia americana,

Acareta pinata, ?farranute gracilis, Coryeaeus Spoeand

Sieawa spo). the ronaining? copepod? spores appeared spo-

radically and in numbers less than 5 per cubic meter.



   

Fish eggs ranged in abundance from 40 to 117 per cubic

meter. Most were clear, round, pelagic eggs. No attempts

were made at identification. Fish larvae ranged from 0 to

8 per cubic meter. No identifications were made.

No spiny lobster larvae appeared in the samples.

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 for

the variance-to-mean ratio) which indicates a non-randon or

"patchy" distribution. The confidence intervals are wide

but realistic for marine zooplankton distributions (Wiebe

and Holland, 1968) and must be considered whenever @ mean
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TABLE 4.2-T1.



 

 

 

HOLOPLANKTON

 

?COPEPODS

calanosde:

Nannocalanue ainor

Undtnula vulgaris

Fucalanus attenuatus

Rerocatanus Tongteorats

ierocalanus anderson =

Paracalanus aculeatus

 

 

Clausccalanus Furcatus

?Euchaeta marina



Beolectthnie danse

Tesora septs

   

Tenerepages furcatis

eet Aaeicorie eutla Plavicornte

Candacta p

pachyaactya

  

penal ee

Taptiseara ap

Halopetifs Tongicomie.

Harpacticoids:

Mivacia efferata

Wacrosetella graciiic

Ueuloustella gractTis.

Enterpine acutterons=

cyclopoid:



Ofthona plunifere

?Ofthona setigera

?Oithona oculata

Saphivel Ts topica

Son stasis

Sepia quadrara

SSevensus (eomeamns) easee =

epee ?igetaad Face

Corycaeus (Agetus) Iimbatus
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Zooplankton from Punta Manat

a2 a



us coryeaeus) Latus

Zoryeasus ( jeaeus) agiite

Oneaee ?mediterranea

Saphieine

Farranala
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Table 4,2-T1 (continued)

?CHAETOGNATHS ?TUNTCATES

 

sagitta hispida

Eeptite eafacs Talia denocnati

Sees

Feta serrarodentata Pourourres

fronts Sut



PRerosagitta draco Tonopteris spy

ARVACEANS ETOPROCT LARVAE

Ofkepieura sp. Menbranipora nesbranacea

Peteiiianis peazuciaa

GASTROPOD VELIGERS

PrEROPODS

Linseing leseurii ?ONECED LARVAE

?isscins retroverea CHRRIPEDE LARVAE

seeseie acieats

Sqifeta subule RINODERM LARVAE

ostracons ophteptuteus Larvae

Echinopluteus larv.

 

Euconchoscia chierchiae

FISH LARVAE



?MEROPLANATO FISH B63

[STOMATOPOD LARVAE,

ANpHTPODS

DECAPOD LARVAE

caridea

 

?Apheus sp.

feknthtyra op.

Penaetde

Seyliaridea

PaLicurus sp.

calatheides

Poreellana sp.

brachyara

sencrsrins

Lucifer sp.

cuapoceRans

Bvadne ep.

Fenftfa sp.



MEDUSAE

SIPHONOPHORES

CTEWOPHORES

55
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TABLE 4.2-T2, Vartabitity among zooplankton replicate tove at

Punta Manati, Station 2, 31 October 1974 (Abundances

in numbers per cubic meter)

as

 

Total Chaetoz- Larva-  Malacos-? Fish

Zooplankton Copepods naths ceans © tracane = eggs

Tow A aui2 1132 82 ve 3 7



tow 8 1878 ao12 48 as 6 83

Tow ¢ 1702 1968 25 68 18 108

Mean 1568 am 42 eo 8 82

Variance 21008 15276219, aa eo 519

BE C.T. 1208 to EK to «S$ to 78 $3 t0 107 0 to 29 26 to

1920 1878 139

a

Figures 4.2-F2 and 4,2-F3 show the 951 confidence

intervals for the more abundant zooplankton, groups at Station

2: copepods, malacostracans, chaetognaths, Larvaceaas, fish

larvae, and? fish eggs, as well as total numbers, and biomass.

Appendix 4.24 shows abundances of zooplankton groups for ail

stations and sampling data. Appendix 4.28 shows abundances

of the conson copepods species for ail stations and saapiing

data.? With the exception of fish eggs, the zooplankton is

Somewhat sparser at the offshore station.

4.2.4 DISCUSSION

Im both species composition and abundance, the z00-



plankton at Punta Manati is similar to that at Islote and

Tortuguero Bay (Figure 4.2-F4). No important differences

between sites can be seen; when a zooplankton group dominates

the plankton at Punta Manati it can usually be found in samples

from the other two sites.

Youngbluth's data from the previous year (see Section

fala foERE ReROTE) show substanclally? fewer" tooplankton

than were found in 1974. This discrepancy is probably due

to differences in sampling methods; Youngbluth used surface

tows, Nutt used oblique tows. (See Table 4.2-T3 for a compari-

son Of surface and oblique tows at Islote.) In general, the

Same zooplankton groups and species were Seen both in 1973

and in 1974,
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Fig. 4.2-F2 Zooplankton abundances at Station 2: 95%

confidence intervals for total zooplankton,

copepods, larvaceans, and chaetognaths.
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Fig. 4.2-F3. Zooplankton abundances at Station 2: 95%

confidence intervals for biomass, malacostracans,

fish larvae, and fish eggs.

�

---Page Break---

ISLOTE MANATI TORTUGUERO

 

proms 8 |

 

i

common 0 | ail !

|

J

|

 

 

 

 



Chaetognaths

 

 

Larvaceans

 

 

Malacostracans

 

 

Fish age

I

rome | |

 



 

 

 

 

 

15 May

20 Aus

5 Nov

1 May

15 Aug

ato Le

4 May

15 Aug

31 Oct

Fig. 4.2054 4 comarison of ssoplankton abundances at Tstote,

Panta?Manaet, and Tortuguero. Bay"

�

---Page Break---

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

ue 6e +8 18

car L020 ns or 0 oer crm | on ne on est +10 486

eo eee eet ?a 8 se sure | sete | eoursaey

z se se aw 99 6e ose ceo roy

? ze 5 ze 1 st ne 9 ste0

z zs a of us ee vom 280 080



z ze ¥ 2 su on 908 808 sno

?mos anbTT90

aworol wos 06 03 0 = 60 sae 2 o| exe oro | «3-0 a6

toe o 80m * ezso_ | szeoz_| sourssey

t se or on . est ere wesK

t ee 9 8 ° * att 652 oneo

+ oe % az ° z sor a s260

t an z es ° ° nse *0" st60

seasey usta | sy ysra | oearet avo | spodosasey [spooesasy | _ suseu | epodedoy | trou

2s s00eT eH ~Soi9e4

nox sovzins

(20x0m o¢qno aed soquny) sugt Trady LT

Z uoraess ?mors Ie sMca uoaxuetdooe soesuns pue snbyTqo Jo SoEpaEsaCO Y ?eL-z*y SIEVE

�

---Page Break---

With quarterly sampling it is difficult to assess

seasonality in the plankton at Punta Manati, but the data

seem to indicate changes which repeat themselves. For ex-

ample, the copepod Temora turbinata dominates the plankton

on 14?May 1974, is sparse 0: lugust, and appears again

on 31 October in numbers greater than before, This pattern

is seen also at Islote and Tortuguero Bay, At this time it

is not known whether this repetition is seasonal or random,

and there has been no attempt to correlate these fluctuations



with physical, chemical, or other biological parameters.

 

   

 

As both fish eggs and fish larvae are abundant along

the north coast of Puerto Rico, we recommend that any further

work at Punta Manati involve a? full-scale study of ichthyo-

plankton. Many of the reef fishes produce clear round pelagic

S, but so do the commercially important snapper, grouper,

and Other food and game fishes, It is not known whether the

eggs found in the Manati region are produced locally or by

fish living in other areas of the north coast.

 

The existing data provide little information on the

vertical distribution of the zooplankton. Since oblique

tows capture more animals than surface tows, evidence exists

that the majority of the zooplankton are not at the surface

during the daytime hours. We recomend that oblique tows,

or a combination of surface and bottom tows, be used in the



future. Studies at Islote revealed a significant diurnal

nigration of Brachyuran and Caridean larvae (Youngbluth, 1974).

Future work at Punta Manati should include a study of vertical

distribution and migration.

 

 

6
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43 BENTHIC INVERTEBRATES AND FISH STUDIES

by

Paul Yoshioka

4.3.1, INTRODUCTION

This report covers benthic studies made at Punta Manati

from May, 1973 to August, 1974. The Punta Manati site was

visited, but not on a predetermined schedule during this

interval. Study stations ranged in depth from $ to 33 meters.

The scope of studies ranged from preliminary descriptive



surveys to the establishment of a permanent station. Organisms

examined in this study ranged in size from the microscopic in-

faunal populations to the macroalgae and fish.

 

During the latter part of this study a major portion of

the investigative effort was spent on the macroalgae, Various

aspects of the ecology of the macroalgae were examined as to

distributional and temporal patterns of presence and absence,

abundance, and species diversity,

4.3.2. MATERIALS AND METHODS

Field Procedures

Field stations at Punta Manati are given in Figure 4.3-F1

and Appendix 4.3. Field collections are divided into three

categories: fish collections, transect dives, and station dives.

Fish collections. All fish collections were done in

the nearshore (+ 5m) area. Fish were poisoned with roterone

(PRONOX-FISH) and collected with dip nets. Fish were collected

on four occasions. Sampling sites included both sand beach

and rock areas.

Transect dives. Transects were traversed on a predeter-



mined compass direction by two divers, either swinming or

propelled by a diver propulsion vehicle (DPV). Notes were '

taken on depth, bottom type, topography, and dominant oF un-

sual organisms.

Most of the transects were run in a direction perpen-

dicular to the shoreline, thereby transversing a depth gradient.

Several transects were run parallel to the shoreline to observe

changes in benthic communities relative to factors other than depth.
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Stations dives. Dives were made at several stations

to collect quantitative samples. Algac and bottom substrate

were collected in 1/4 m2 samples. Replicates were taken when-

ever possible. Algae were sampled by hand, and bottom sub-

Strate with the aid of a hammer and chisel, Both were placed

immediately in plastic bags held adjacent to the collecting



site. Algae and/or bottom substrate were collected at stations.

Photographs were taken when conditions permitted to aid

in the general description at the area, The presence and

absence and relative abundance of the iarger invertebrates

and fish were noted during the latter stages of the investigation.

Laboratory Procedures

Aigal, and substrate samples were brought te. the Laboratory

sorted in phylogenetic groups, and preserved in 70% ethyl alcoho

or 10% formalin for later identification. References used in

identifications are listed in the bibliography, The samples

Were often frozen prior to sorting. When sufficiently abundant,

both the dry and wet weight of the algal species were recorded.

4.3.3 RESULTS

Description of the study site. A fine-grained blackish

sand, probably of terrigenous origin, was found to be the

predominant substrate in the immediate vicinity of the mouth

of the Manati River. The same substrate was observed at depths

over 25 meters, about 1/2 mile offshore of the river. No

dermersal fishes were observed in the sandy areas, The only

noticeable benthic organisms were occasionat patches of the

plant Halophila, observed at 25 meters. Other organisms ob-



Scrved on the sand habieat at the Punta Menai sige were. the

sand dollar Nellita sexies perforata, the sea pansy Renilla sp.,

the starfish Astropecten sp., and the crab Callinectes sp

 

 

 

Beachrock is the predominant substrate offshore from

the rocky headlands to the east and at depths less than 15

meters to the west of the Manati River. The substrate is

usually flat, although at places a depth gradient is noticeable.

Occasional rocky outcrops or depressions up to 1.5 meters high,

or deep, and several meters across are encountered.

lard coral fauna exists (<1$ surface cover). Occasional gor-

gonian colonies are found, principally Pseudopterogorgia fol-

ot
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Most of the fish life observed (~90% of the individuals,

2708 of the species) occurred in the vicinity of rocky out:

c£ops or depressions: Also, the urchin Diadema and the deli-



cately colored hydroid Stylaster were found only in such areas.

Shelter appears to be a najor factor deternining the presence

of these animals. Stylaster grows under ledges and Diadena

was found only in crevices.

 

Fish and large invertebrate species observed and identified

at the Punta Manati site are listed in Appendix 4.3B. Fish

species collected at the nearshore poison stations are listed

in Appendix 4.3C.

Quantitative Sample:

Infaunal and epifaunal species identified in the 1/4 m?

substrate samples are listed in Appendix 4,3D. Excluding

algae and colonial forms, a total of 48 species were found

in the three substrate samples. The numbers of individuals

Were quite equally distributed among the species. Most species

were represented by only one or two individuals which sug:

gests that they are "rare" or relative to the quadrat size.

?or instance, the 14 species found in replicate A (Station 3)

were represented by only 22 individuals and the 11 species in

replicate B by 17 individuals. The "rareness" of the species

probably accounts for the lack of similarity between the samples;



only one species was found in common between replicate B (Station

3 and Station 1), and 4 species between Station | and replicate

A (Station 3). ?the lack of similarity between the samples can-

not be attributed to large-scale habitat differences. Replicates

A and B (Station 3) had only three species in common although

the samples were taken a few meters apart. It would appear

that due to infaunal distribution patterns, the 1/4 me quadrat

is inadequate to representively sample the infaunal community.

 

 

A total of 28 algal species were recorded from three

quadrat samples at Station 2 in June 1974 (see Appendix

Only 11 species occurred in all three samples, but

these species accounted for 88% of the algal biomass.? These

Species also showed significant concordance in their relative

abundance in bionass {Kendall Concordance Test, p<0.01), in~

dicating that a 1/4 né sample gives an adequate portrayal of

the algal community structure. The dominant algal species in

decreasing order of abundance ?were Dictyopteris plagiogranna,

Bryothannion triquetrun, coralline algacy Pacocktelia eariegata,

ant Anansia aiTtt fda.? these species accounted ter over BOF

of the total algal biomass, Algal biomass ranged from 182 to

219 g. (wet weight).



 

 

Samples taken at Station 2 in August showed several

differences. Algal species diversity was lower; each re-

Plicate contained 13 species. In June the nunber of species per
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replicate ranged from 16 to 20. The difference is significant

at the 0,1 level (Fisher Randomization Test). No correlation

was found between the relative abundances of species in the

two replicates, consequently, algal community structures de-

rived from these replicates may be artifacts of sampling

variability. However, the more abundant algal species appear

to be coralline red algae, Dictyopteris plagiogramma, Bryothamnion

triguetrum, and Halimeda Giscoigen

 

The two replicate samples taken at Station 4 in August

displayed an even greater amount of variability. Algal bio-



mass ranged from 3.6 to 119 g per 1/4-m and the number of

algal species from? 6 to 15 per quadrat. No correlation was

found between the relative abundances of species in the two

replicates. However, the most abundant algae was Sargassum

polyceratian

A significant correlation between the relative abun-

dances of algal species was found for the two replicates taken

at Station 3 in June (Kendall-Tau, pc.0S), Algal biomass

ranged from 304 to 588 per quadrat which was greater than the

algal biomass at Station 4 in June. The dominant algal species

in decreasing order of abundance were the coralline red algae,

Dictyopteria plagiogramma, Anansia multifida, Bryothamnion

triquetrun and Botryocladia occidentalis, These species ac-

count for over SOF OF the algal biomass,

In summary, no trend was found for algal biomass through

tine or depth. ?Algal species diversity increased with depth

(Stations 2 and 3 in June, and Stations 2 and # in August)

and decreased from June to August (Station 2). However, these

trends were not significant at the 0.05 level.

 



 

4.1.4 DISCUSSION

The most noticeable difference of the benthic biota

between the Punta Manati site and the Tortuguero Bay site, a

few miles to the east, is the dominance of the algal comminity

which is probably associated with the exposed condition of

the Punta Manati site. Most of the Tortuguero Bay site is

sheltered by Punta Chivato from the predominantly northeasterly

swell.

Visual estimates of the cover of the hard bottomed

substrate by algae ranged between S0 to 80% depending upon

station or season, The relatively high abundance of algae

Suggests that competition for substrate space may play an

important role in the algal community. Competition usually

tends to reduce species diversity. However, algal species

diversity was at least moderately high; the number of algal
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species found in any single 1/4 m? sample ranged between 6

and 20. Grazing by urchins has been found to maintain high



algal species diversity in other algal communities (Paine and

Valas 1569, Ogden et al., 1973). flowever, only a few indi=

viduals of? the urchin Diadema were observed, all of which

occurred in crevices oF other sheltered positions, No other

Racroinvertebrate grazers have been observed in the area. The

only other algal grazers observed were schools of surgeon fish,

Acanthurus spss

Consequently, if competition is a major feature of the

algal community and'if the effect of grazers is minimal, then

other ecological processes may be responsible for maintaining

algal species diversity at Punta Manati, One possibility is

the role of physical disturbance. If environmental changes

on a time scale are roughly equivalent to the generation

fine of the competing species, competitive exclusion Will

not occur (Hutchinson 1961). ?Several factors suggest harsh,

possibly seasonal, changes in the benthic environnent at

Punta Manati. The Punta Manati site is exposed to the pre-

dominant northeasterly swell and its accompanying surge and

scouring action. When visited, the rocky substrate at Punta

Manati was always found to be covered by a thin layer (~4 cm)

of sand which suggests considerable sand movement across the

bottom. In addition, Diadema were always observed in crevices

or other protected situations whereas in other less exposed



areas along the south coast they are often found in open water.

The greatest abundance of gorgonians and hard corals was often

found on rock outcrops where they would be less exposed to

scouring action.

 

 

With sufficient physical disturbance in the forn of

surge and scour, the domination of the bottom substrates by

one or more algal species could be prevented. Further long

term studies would be required to test this hypothesis.

Limi

  

ions of the Data

From May 1973 to the present, benthic studies at the

Manati site have been headed by a number of different in-

vestigators. As a consequence, the research enphasis has

changed in the course of this study.

There are little data relevant to seasonal or other



temporal changes in the benthic communities at Punta Manati.

?The preliminary portions of this study were necessarily con-

cerned with general descriptive surveys of the Tortuguero Bay

site. Only gross temporal changes in the benthic communities

would have been noted in such circumstances. Studies at

permanent stations did not begin until the terminal portions

of this study, and with site visits only occurring on a quarter-

ly basis it was impossible to distinguish between seasonal and

other temporal changes in the biota.

o7
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If the ultimate goal of any environmental study is

the prediction of the effects of a pollutant on a natural

community, 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 component

species. Diversity indices are highly speculative in their

origin and their ecological implications remain a source of

controversy (Fager 1972, lledgpeth 1973). These parancters



provide only a static outlook on a community.

What is required is an awareness of the dynamic pro-

cesses 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 @ community,

and then how these organizing mechanisms will be affected by

this pollutant (Dayton 1972). Several studies have shown that

ecological processes such as predation and competition are

responsible for the observed structure of many natural com-

munities (Janzen 1970, Harper 1969, Huffaker and Kenneth 1959,

Brooks and Dodson 1963, Hall et al., 1970, Paine 1969, Conell

1961, Dayton 1971, Paine and Vadas'{969, Kitching and? Ebling

1961, and Ogden et al., 1973),
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44 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 paims rising higher

The prime site at Punta Manati occupies a low hill

just east of the mouth of the Manati River. The area is

predominantly sand, consolidated beach rock and limestone.

Piant communities in and around the plant site are

typical of the area from Palmas Altas to Tortuguero. There

are four distinct major conmunity types. Two of these, moist

asslands and successional "fence row? communities, are

junan artifacts. The other systems, the beach conminity and

Secondary growth mesophytic communities on the two hills are

disturbed but more diverse. Mango, Mamey and Cupey del rio

trees occasionally occur up to 30 feet tall.

The exposed beach and oceanward face of the dune repre-

sent a continuous attempt by plants to maintain themselves in

a high energy environment. Cne of the worst 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.

4.4.2 MATERIALS AND METHODS

For the adjacent north coast sites (Tortuguero Bay,

Punta Manati and Punta Chivato) a simple survey method wa:



used. Beginning 1/2 kilometer west of the Manati site and

continuing 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

Eides of the road. The major vegetation along this transect

was noted and unknown species were taken to the Mayaguez labora-

tory for identification.

At the end of each sample transect a one meter square

was sampled for grasses, vines, and forbs. A common plant

species list for the Punta Manati area is given in Appendix 4.4A.

je area was surveyed for animal species, also. Appendix 4.43
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lists vertebrate and invertebrate species observed during

the study period. None of the species observed is known to

be on any list of threatened or endangered species. The

species lists derived were smaller but very Similar to the

extensive lists derived from the study made at Barrio Islote



(see Environmental Report for NORCO-NP-1), therefore it was

Assumed this method was qualitatively accurate.

4.4.3 RESULTS

Generally the vegetation can be divided into four

distinct community types: beach community, secondary growth

mesophytic conmunities, moist grasslands and successional

"fence row" communities.

The beach community is largely composed of Iponea spp.,

Sporobolus, Kyllinga, and Remirea. This community is a very

wagit entity and Cepands of contfacts monthiy. Ta storm

periods it may disappear entirely and return a season later.

 

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 $-6 meters. A few coconuts,

almonds, and Tabebuia reach 8-10 meters.

 

Mesophytic growth here is typified by Chrysobalanus,



Byrosonima, Naney, Cupey del rio, with undergrowth of Smitax,

Nepsera, Portulaca and-Crototaria? ?The beach xevarch is

typically dominated by Iponea, Remirea, Coccoloba and Lantana.

Chrysobalanus and Tebebula are developing 50 to 60 meters from

the-shores

Secondary growth is typically composed of human

satellite plants such as Tabebuia, coconut, almond, and black

olive. Fiamboyan and Cassia trees appear occasionally and

Maney apples have been planted. Around "fence row" communities

\d human habitation are bananas, plantains, oranges, and

avocados. These plants should be surveyed for resident back-

ground radiation (total beta and gamma spectrum and total) prior

to operating any nuclear facilities.

 

 

 

n
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APPENDIX 4.14

Data Reduction Program - 12 Mar. '75

TAB
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REALes ST, STE

DUVENSEOM TACLE (954 40°530) 4 1T(25) 6ST C150) /DATAOIIS) smATAS( LAY

Le TETLE CA, ty, TTT C49)

188 FUMAT CUBS OR ARE GEN GED, SO SEEM cod Oke ASS TDD

AOL FOMATCL5 xy an, t55

362 Foamarcieas)

MOS FORMATO'TN 7K, TaRLE HI

18x," ate "arated

404 ?FoRNATC##", 123, 42612.3)

105 FOUMATCI>N I>3,3 "FLoray

486 FORMATO 12a, Les er4)

37 FOMATC*2", 16,$x,46,>%65F48,3, 118)

AOR FORMATO HAE, 15F Hy 0D

189 FORMATC!1", L645)

DATA DATAN, TASLE/9¢tae2,/

DATA COTITLECL J) sT84,8) ,J84447) 7

ANTOTAL lowass? OF pOORLANKTON (ML/$@aH3)

2ITOTAL NUMRER OF Z00PLANKTON PER inane



SITOTAL NUMBER OF SoPEPOS BED qaaMs

ENTOTAL Munck? OF CHAETOGNATHS ER 4BaH3

STTOTAL NWuewER OF LeRvaceaus Pea segms

SITOTAL NUMGEP OF CLACOCERANS PER 1sgms

7ITOTAL NUMER OF PTEEQPODS PER dade.

HITOTAL NUMWER OF OTHER PER Louns

SYTOTAL # OF VELICER LARVAE PFA i4ens

PITOTAL # OF CIRRIPFOE NAUPLIT PER ivoMs

ANTOTAL # OF CIPRIFEDE CYPRIS PER 1vams

BITOTAL # OF PEAEID LARVAE PER isem3

GHTOTAL # OF PRACHYURAN LaaVAE PER 1DOn3

DITOTAL MuMaen OF OTHER BER anos.

EVTOTAL NUNAES OF FISH EGGS PeR 199g

FATOTAL NUMRER OF FISH LARVAE PER icons

GPTOTAL NUHSER OF HOLOPLANKTON PER 3B0K3

OATA CCTITLECT J) 124)8),J942)349/

ANTOTAL NUMBER OF MEROPLANKTON PER LO0H3

2tPrAcevTage oe CopEPnOS

SIPERCENTAGE OF CHAETCGNATHS.

4IPERCENTAGE oF LARVACEANS

B'PERCENTAGE OF CLapocesans

G'PERCENTAGE OF PTEROPODS

HW SPERCENTAGE OF OTHER.

ZIPERCENTAGE OF VELIGFR LARVAE

TPERCENTAGE oF CIRRIPEDE NAUPLIT

SIPERCENTAGE OF CIARIPEDE CyPAIS



AIPERCENTAGE OF PENAEID LARVAE

BYPERCENTAGE OF BRACHYURAN LARVAE

G'PERCENTAGE OF OTHER

PERCENTAGE nF FISw EGGS

PERCENTAGE OF FISW LAaVAE

FSPERCENTAGE OF HOLOPLaNKTON

G'PERCENTAGE OF MEROPLANKTON,

c READ TITLF,

2 READ (2ese2erho=98) THTe
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849//20%, 1885/7/52K,

 

STATIOSS*////
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2

32

33

34

0

PRINT 449, TITL

Trinees

than

IstAT ve,

TAVLE ?Chae deaedy

READ FLAS? cash,

ReaO 2295 11(12 ST CL) DILUTsPIR2, REVSPH REVS, MET, AS) IREP

09 92 184, 42720

PRINT 4274 1TCITINE) »STCISTATH) :DILUT, PIR2, REVSPM, REVS, uET,



BEPIRZOHEVS/REVSPH/AID,

Dieurantvyry ay ike

TABLE CITINF) 1STATN 4A) STABLE (ITIMEs ISTATN, 4) ¢¥ET/2

09 $2 Jet, 1keP

READ 491, To, DATAG

PRINT 168, TOW,DATAD

00 28 K=2446

OATANGK)=O4 TANCK) #DATAD( Kod)

comTInuE .

CONTINUE

SUM HOLMPL ANATON,

D9 22 K22,7

DAYAN(L7) SNA TANCK) sDATANCL7)

CONTINUE

SUM MEROPL ALKTON,

D9 25 Kea,49)

DATAN(18) SDATAN GK) ¢OATANGLED

CONTINUE .

TATCECITINE s ISTATN, 6) STABLE CITIME ISTATN) $6) #4TA(2}

Do $2 Ke19,$4

TALE CITIMEs ISTATNAKDETABLE CI TIMES ISTATN,K) *DATAN(K=26),

CONTINUE

Do st K=2,18

TASLE CITING ISTATNG KD ETABLE CITIME» ISTATN,K) SOATAN(K)@DILOZ

DATANGKISE,

CONTINUE



CHECK FOR END OF & DATA SET,

IF (AS.£0,1He) Go 70 99.

REAO 408, 1TCITIME*S) sSTNEW,OILUT

Ree

 

 

 

 

TR2)REVSPM REVS, WET, AS, IREP

 

TECLTCHTIME*S) NEGITCITIMED) ETIMESITIMESd

Do 33 IstaTNea,1s -

IF (STNEM.EQ.STCISTATNY? GO TO 34

CONTI UE

NEW STATION,

Iselser

ISTATNAIS|



ST(IS)#STNEW

TABLE CITIMEs ISTATN, SE )eTABLECITIME, ISTATN) 38) 04,

continue

PRINT TITLES.

09 82 171,48

PRINT 383) Lo (TITLEC Os Ey eJedeR) oTIIbs (ST CK) SK EL) ES)

0 82 Jet, tTIME

00 95 kas

193

�

---Page Break---

 

55

an

cr

98

82

ae



9

 

  

DIVIDE aY auntER AF TORR,

TE CTABLE (JK, $5) 429474) GO Th 5D

Take (SMe E) STATLE CURT) /TARLEC SK 399

ConTINUE

IF UL.cT.a9 co To at

PRINT 404) 1T( 00 (TABLE (Je Ku 1) 0K:

Go 10 a2

PRINT 495, )T(J) 0 (TABLE JoKs Dy

conti yue

Do 84 119,34

PRINT A235 fo (TITLECIe 1) oo8d 08D TIT Ls (STOK) 9 KELVIS)

00 84 Jaa, ITIME

Do 67 Kety18

CONVERT To PERCENTAGES,

TP UTABLEC I,K, 34) £5404) GO TA 68

 



+18)

  

118)

 

   

TABLE (Jiky 1) 2TAGLEC Ks 12/TABLE( J) Ks 360 0400,

CONTINUE

PRINT 106, 1T( J) CTABLECJ/Ky1) /K2L0 1S)

CONTINUE

O92 181,36

09 9a Jetsitime

09 99 katy 18

TAGLECJoKsT) 20.

CONTINUE

ao tat

CALL EXIT



End
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APPENDIX 4.24

Major zooplankton groups at each station

and for each sampling date.

Explanatory notes for computer printouts.

PTEROPODS: non-coiled species (e.

STPHONOPHORES:

THALTACEA:

8-5 Creseis acicula)

Siphonophore bracts, not whole animals

includes salps and doliolids
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ZOOPLANKTON MAvATI

BIOMASS 1 ?1/108 CUBIC METERS



ABLNDANCE IN #/CUBIC METER

 

station 1 statioy 2 station 3

C2 tows 3 ToWS) ce TOUS)

Browtass 16 18 °

toTAL 96a 1635 1206

coPerons 575 1209 785

cHaETOGvaTHS 34 51 36

LARVACERYS 7 24 26

erenovons 36 20 °

ostaacops 30 46 138

cLapocenays =o 1 2

MEDUSAE 23 1 3

SIPHONOPHORES 7 1 6

crevopHonEs 9 ° °

THALIACEA 2 2 2

AUWELID LARVAE 11 ae 1

CIARIPEDE LAR @ a 5

ECHINODERE LAR 10 3 ?

ECTOPROCT LAR 1 a a

BIVALVE LARVAE 1 ° °

SASTROPOD VEL 5S a1 a3

FORAMINIFERA 1 2 3

MALACOSTRAGANS 22 23 2s



SISH LARVAE @ ° 3

FISH EGGS ae aa aa

10.

May 1ar7a

OFFSHORE

©2 Tows>

10

487

2ae

16

39
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aroma ol Mates er

BIAS BE uri pees iste

ABUIDAICE 1 #vcusic TETER

stating 1 statiay 2 remnat 3

Ort cams: C1 tt

Browacs 6 19 ? 13

roTAL asin 198 688 18¢

oPsroas rere an 19s 463

ainetociaTHs se 0 te

manmacsias 2 2 7

Prenopons 3 1 © 2

ostnacans 3 a 2 °

Gapcsnais e ? e

?epusaE s 1 1 2



StPHONO>NORES 8 an v 5

crewruonze e © e

THaLtacea 2 1 1 7

AINELID LARVAE 8 6 4 e

erasrsoe Lar 9 3 1 e

BOHIVODETI LAR Ie 1 3 3

EoTOPmcT Lan @ 1 2 2

SIUALIE LARIAE 15 2 4 2

castors ve. ee ae %

FORAITHIFSRA 15 2 7 7

?ALAGOSTRAGAIS 29 ey 1s 3

FISH Lamar 8 2 2 e

Fis Ecos ts 86 1e 165
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bloMAss 14 aLviee cute



ABINDAVCE 1 4#/CuBIC METER

statias 3

    

 

 

 

 

ere er Be :

siowass 2 2 1 13

ror er 364 asve 861

corerace 1008 ren asie st

a ae 93 2a

Lanvac > sc 2 43

Prenopons 7 ? ° 2

vemaciss 7 2 s ?

GaDoceeals 1 5 2

teousas 2 ° s. 6



?rpvo~o7Es 2 1 ° 2

stevens @ e ° e

maracta ° e °

ANVELID LamAE 15 a 20 4

crnREpese Lan 2 ? . 6

SoMIVO: Tt Lat s e «

ScTDPROCT Lar 4 2 15 2

?SIVALVE LAQAE @ 4 s 2

sasrao=5 7S. 18 ta aa a

PoRAMVEFSRA @ 2 5 e

aLacostoacats 18 ° 2a .

SISK Latuar 2 ° ° °

FISH Ecos 64 a2 a7 18
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ZOOPLAYKTON

Mavart

BIOWASS IN ML/ 189 CUBIC ETERS

ABUNDAUCE IV NUNSERS/CUBIC METER

Browass



qoTAL

corerons

ouazToGvaTHS

LaRvacEANs

-FTEROPODS-?

ostracons

LADOCERAYS

wepusae

SEPHONOPHORES

crEvoPHoRES

?TMALLACEA

AIVELID LARVAE

CURRIPEDE LAR

ECHINODER! LAR

ECTOPROCT LAR

BIVALVE LARVAE

GASTROPOD VEL

FORAMINIFERA

MIALACOSTRACANS

FISH LARVAE

FIsH Ecos

MEAL



18

1695

1209

st

24

20

48

23

aa

VARIAYCE

5

194650

12701

388

set

a

258

10



?

197

15

358

14

aan

MAY 1/74

station 2

3 REPLICATES

195 Cele

12 To 24

ae To 2731

272 To 2187

270

e710

470

8

e



a

870

e70

er

e%

100

6s

36

86

?

?

mn

an

16

12

70

18
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Browass

rota.
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crastocraTa=

LanvACEAYS

PTEROPODS

ostracons

Lavocenais

MEDUSAE

stPHoVoPHonES

CTEVOPHORES

THALIACEA



AUWELID LaRV,

 

CURRIPEDE Lan

ECHINODER! Lan

SCTOPROCT LaR

BIVALVE LARVAE

GastroPop ve.

FORAMIVIFERA

1ALACOSTRACASS

15H LARVAE,
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ens
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DOPLALTOS PUITA iAnaTt 24 act

Boiacs 1) wurise cvste aetens

ABUIDRICE TY VUISENs/cUSIC ?METER

 

Had

  

 

  

 

stones 3 en.

ora. 1564 2ieas

coPerons ten ise76

ae 29 sr

86 tat sam



4 3 ens

osteacops 2 3 ems

avocenass 1 3 ans

MEDUSAE ° ° an

stpnovoprones 1 x ems

cTEvoPHORES ° e on

THaLtacca ° ° ate

AUVELID LARVAE 4 22 e710 16

CIRRIPEDE Lan a 22 eto 15

EOMINODER! Lan 5 12 #10 14

SCTOPROCT Lan 2 12 aru

BIVALVE LARVAE 4 2 ems

sastnoPoD ve. 14 38 eo 70 a2

FORAtINIFERA 2 19 etn

MALACD STRacAWS ° 67 @ 70 29

FISH LARVAE e e a0

FISH Ecos se sis 26 10 135
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APPENDIX 4,28

Copepod species at each station



and for each sampling date.

Explanatory notes for computer printouts-

 

T. TURBINATA: ra turbinate

T. STYLIFERA: stylifera

SM CALANOIDS: Includes Paracalanus acuteatus

Crausoeataul Faveacus

Mecynocera cls pnocera eTaust

Kerocalaniz sp.

and other juvenile

?calanoids
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4.28

coperons sanery

ABUIDRICE IN «/CUBIC METER

STATION 1 statioN 2



C2 > © 3 ToUs

TeTURBIVATA 137 675

TSTLIFERA 3 8

St caLavorns 197 208

caLavorra ' 5

ACARTIA ° 6

nuercutra 1 s

FARRAULA, 1s n

conycneus 38 46.

cETHOWA 104 8

owcaza 18 19

204

station a

©2 TVs)

ais

°

279

n

1



15

or

136

MAY 14/74

OFFSHORE

© 2 TONS)

198
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coPerops

ABUNDAICE IN

?Te TURBIIATA

TeSTWLIFERA

St caLavorDs

ewvoca.avys

cALAVORtA

ACARTIA

wiprswa

UCHAETA

EUCAL ANUS

FARRAUULA



convcaeus

ortHowa

oucaca

eycuate 4ETER

station 1

C1 tow

20

13

692

5

2

45

19

16

6

130

ae

sectart

station 2



© 3 Tous)

a

2

260

2

10

58

16

statioy 3

C1 tw

s7

18

18 ausust 774

OFFSHORE

©1Toy>

323

13



3e

13

33
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oPEPops savatt 31 ocTOBER /74

ABUIDAYCE IN #/CUBIC METER

STATION 1 STATION 2 STATION 9.??OFFsHORE

Citow> 3 tows) Ctr © Ca TOW

TeTunsiwata 173 225 sia st

TesTLirenA 2 ae 5 e

St CALAVOIDS 589 766 290 32a

NawocALauUs 2 3 ° 6

camorta 6 e 20 2

acantta ° 13 2 a

Lucrcurta 13 3 e °

BuCALAUS 9 2 e ?

FARRATULA 1s 24 a9 2s

conrcatus 29 38 a 37

ormiowa 17 169 186 te

oucaca ee 16 29 26
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?operons Mavart May taza



sowrDAIcE 1 wUNSERS/cUBIC 4ETER ?Shepuicares

next vantaice 498 cate

Trussivata ors serees © 70 1562

nermirena . ? or 13

st catavoros 208 130 137 70 an

caLavorta s 2 ime

scantta 6s 7287 210 278

uereurta 5 2 ime

Fansatua " 18 Lm a

conveatus as 198 8 t0 198

onriowa ee 787 14 1 ise

eveara 182 om se
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coperons mavatt

ABLIDAICE IY MIMBERS/CUBIC METER

seav

?Te TURBIVATA a7

TeSTYLIFERA 2

9 cALAVOIDS 260

NawOCALAIUS 3



caLnnorta 2

ACARTIA ae

worwua 2

puciaeta °

Buca aus °

FARRAVLA ey

convcazus te

ormiowa 36

Oncaea 16

VARIANCE

12

2

1573

23

34

18

135

ta

15 august 774

statio? 2



?2 REPLICATES

198 cote

28 10 as

ems

161 10 358

em?

ems

14 70 43

em 20

29 70 86

6 10 25
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coPePons MavaTE 31 ocTaSE7 774

statioy 2

ABUIDAICE IN NUVBERS/CUBIC METER 3 REPLICATES

aeay VARIANCE +95 Gere

T.TuRBL¥ata 225 2907 92 70 959

T.STYLIFERA 12 36 8 10 27

St caLAvorDs 766 sea9 532 1 999

NawocaLavus 3 9 emu



CaLAvoPrA . ° ene

ACARTIA 13 133 © 10 a2

Lucrcuria 3 ° et

BUCALAVUS 2 3 em.

FARRAYULA 2a 38 9 10 40

conycasus 38 3 29 7 46

ortHowa 169 1299 19 10 296

oucaza 18 108 @ 10 4a
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APPENDIX 4.94%

Benthic Stations at Punta Manati

 

 

 

  

STATION 4 east of Manati River (Pt, Manati)

2 January 1973

Depth: 7-208

Investigator: S. Martin

STATION 2 Location: Pe. Manati (East of Manat! River)



Date: 6 June 197%, 1% August 197%

Depth: ae

Investigator: P.M, Yoshioka

STATION 3 Location: Pt, Manati (East of Manati River)

Date: 6 June 197%

Depth: ae

Investigator: P.M. Yoshioka

?TRANSECT A east of Manati River, parallel to

shore

24 May 1975

15-209

P.M, Yoshioka

?TRANSECT 8 Location: Pe, Manati (Bast of Manat River)

31" May. 1973

jo- 179

Investigator: V. Vicente

TRANSECT C Location: offshore of Manati River moxth

Date: 29 Mar, 1378

Deptt 20m

Investigator: P.M, Yoshioka

TRANSECT D Location: wost of Manati River (Palmas Altas)

Date: 11 May 1973

Deptt 0-179

 



Investigator: V, Vicente

?Refer to Figure ¥.3-Fi.
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APPENDIX. 4.34 (continued)

STATION & Location:

Date:

Dep:

 

Investigator:

STATION 5 Location:

Date:

Depth:

Investigator:

 



a Tecation

Date

 

Investigator:

an

Inshore of Seation 2

AW August 197

ae

P.M, Yoshioka,

west of Manati River (1/2 mile W)

31 January. 1973

7 = 20. (15 m)

8. vartin

Rocky area east of the Manati River



mouth

30 January 1973, 14 June 1973,

21 February 197%, 9 Apria 1978

D, Martin

�
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APPENDIX 4.38 Macro invertebrates and fish observed

?at Punta Manat!.

STATION STATION

2 3

?ANIMAL, KINGDOM

Phylum Porifera

Anthosigmelia varians

?Caiigepengla vaginas

?Sinashine caverns

Trefna strobitina



jularfa magca

?Sphaeclospongia vesparia

ae:

Phylum Chidarta

(Class Hydrozoa

ites so * x

Subclass Zoantharia

saricia 9p

ifocetala stoke

Biploria sp.

 

 

    

Phylum Chordata

?Subphylum Vertebrata

?clase Pisce

Fanily Holocentridae



 

Holocentrus, sp. x x

Family Serranidae

Cophatopholia fulva x x

Family Carangidae

Caranx erysos x

212
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APPENDIX 4.38 (continued)

 

statton starrox

2 2

Prylun Chordata (continued)

Fanity botjenidae

coyunus chrysunas x

amity Sotaentéae

Eyuetue sp. x

Fanihy wuitidae



Paudupeneus maculatus x

Fantly Chastodontidne

Setseantias Snlestar X

Fantly Ponacontridae

Fonacentrus partitus x x

Family tabridae

Sotianss ruts x

asses biFosctatum x x

Fantly Acanthuridae

scanthurss op. x x

Fanily Sconbridae

Sconberonorus sp. x

213
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APPENDIX 43D Infaunal and epifaunal speci

in 1/4 n? eanpl

 

 

 

STATION

4

Phylum Annelida

CLASS Polychaeta

Family Aphroiditidae

Eunice rubra

Sabeliidae (family) 2

 



 

sytlidae (Faniiy)

Unid, polychaet © 1

Sylile? prolifera

Phylum Sipunculida

Sipuncuria ep. #2 2

StBnSuLIa op. #7 5

Tae stpmneniota

Phylum Mollusca

CLASS Gastropoda

Vermicutaria knorné

STS ct

?Syaathan poser

?Hissstie maT Ticostata

Trivia ate

CLASS Pelecypoda



Anadare notabiLis

rea imbricata ?

?Diplodonta qucteifornis

Faeete ease

teeta ,

219
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APPENDIX 4.30 (continued)

STATION

Phylum Arthopoda

CLASS Crustacea

SUBCLASS Malacostraca,



Order Tsopoda

Alfctrona hineuta

?Cirelana obtrunest

 

order Amphipoda

Unid. gamaria 2

order Decapoda

Suborder Natantia

Section Caridea

Unid. caridea 1

Synaipheus minvs

Suborder Reptanita

Section Srachyura

Zplattus ditavatus 1

?Fortune sp- 1

 



Section Anomura

Pachycheles ackleianus

Phylum Bryozoa

Unia. Bryozoa ath at

Phylum Echinodermata

CLASS Echinoidea

Bucidaris tribuloides 2 4

Welifta sextesperforata

CLASS Asteroidea

Asterina folius 1

CLASS Ophiurosa

?Amphturidae (famity) 2

ophiactie milter

Ophfocoma echinata

Slots eary 1

Ophfonerefe aquasulocs

 

220
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APPENDIX 4.90 (continued)

 

statron sTartow

3 1

A 8

Phylum Chordata

Subphylum Urochordat

CLASS Ascidea

Unia. ascidian x

 

* 2 species

** 3 unid. bryozoan:

3 different epecies

221
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APPENDIX 4.4A Common plant species Let for the Punta Manat area,



Grasses, Vines, Herbs:

?Bidens pilosa

Burgerea siarab

Chrysobatanus ep.

Coceone

 

 

weitere

Cocos nucifera

crotatanin retusa

Doda narteina

Eeichelis fructtcosa

Ipanen pea-caproe,

Jones sp

Yyltega peruviana

Eantana favolucrata

Plumtera alba

Poychotria undata

Rand



 

=p.

Rawoleia totraphylie

Renirea naritina

Scaevola plunien!

Sideroxyion foetidise nun

 

Snttax ep.

Sporobolus vinginfous

Tabebuta pattica

Hania latiforiolara
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APPENDIX 4.4B Terwestrial species List at Punta Manati,

 



SPECIES

 

Leptodactylus sp.

Anolis crystatelis

 

 

Aves:

Cobunbiganiina passerina

Minus polygottus

Togus nexteanus
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Notics
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