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PREFACE

This report stems from investigations being carried on
by the Puerto Rico Nuclear Center. The studies were designed
to provide data upon which to Judge the suitability of a site
for the construction of power generating facilities and to
allow the determination of the impact of such construction
and cperation upon the enviromment. This report is the
combined effort of the scientists, technicians and support

staff of the Site Selection Survey Project:

E.D. Wood, Project leader Physical and Chemical
Parameters

Marsh J. Youngbluth Zooplankton

Vance P. Vicente Benthic Invertebrates

F.D. Martin Fish

M.J. Canoy Terrestrial Surveys

Aline Szmant Froelich Benthic Invertebrates

Report assembled by E.D. Wood
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EFFIUENT AND ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

PREOPERATIONAL ENVIRONMENTAL PROGRAM

Surface Water

Physical and Chemical Parameters

Physical Parameters

Pta. Higuero commonly referred to as "Rincon" or the "BONUS Site"
is the most westerly point on the Island of Puerto Rico (Fig. 1). Some
environmental work has been done in the Pta. Higuero region related to
the construction and operation of the BONUS-Reactor power plant. Data
from independent studies in the Mona Passage are also available. The
Puerto Rico Nuclear Center has been collecting and analyzing data from
the immediate region of Pha. Higuera for about one year on a regular baéis.

The nearshore currents have been measured on several occasicns.
The factors effecting nearshore currents such as winds, tides, bathymetry,

and density structure of the water column have been studied and are being

presented here,
a. Tdes
The tidal excursion at Pta. Higuero is on the order
of 30 em and its period is semi-diurnal. The tides here
were not measured, bubt can be calculated from the San Juan
tidal data., Calculated tidal data (Fig. 2) are presented
for the period 6/7/73 to 6/8/73 relating to currents
covered ia the following subsection. In addition, a plot
of the tides for the month of June; 1973 is shown in Fig. 3
to cover a lunar cycle.

b, Currents

In general, the currents are toward the west, both

north and south of Puertoc Rico. The current, north of the
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June 24 to show the variation over s lunar cycle

Fig. 3 - Calculated tides for Pta, Higuero for the period May 28 to
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island, eddies around Pta. Borinquen in Aguadilla Bay and
westward north of Pta. Higuero. The current along the south
coast turns northward through Mona Passage and is generally

to the north along the west coast of Puerto Rico with numerous
eddies and reversals in the nearshore waters because of a
complex bottom topography, tides, wind fluctuations and surface
runoff,

These two currents tend to meet at Pta. Higuero and turn
westward, although the convergence has been observed to oscillate
froan south to north depending upon wind and tide conditions. The
cqrrenta off Ptas Higuero have been measured on five different
occasions.

1), 2) In the fall of 1972, the currents were measured

using dye drops and aerial photography. Eight
drope were made on the afternoon of Oct. T, 1972
and photographed periodically for about two hours.
The results are tabulated in the Appendix and shown
in Fig. 4. ‘There was a L.5-5 m/sec. wind from the
south and the beginning of a flood tide which
caused the surface waters to move north at 15-~30 em/ sec.
The Pollowing morning, a similar drop pattern was
repeated and followed photographically for about
two hours Fig. 5. The same current trend was ceen.
The wind had been near calm, then picked up to
5-5.5 m/sec. as the drop began. The tide wag high
slack. The currents north of Pta. Higuero were
sluggish, moving north and west converging with

the north flowing west coast current. The offshore
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Fig. 5 - Dye Study at_Pt}

Higuero Morning of 8-%-72.
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currents were nearly twice as strong as in the
nearshore region,.

Current Meters October 30 - November 2, 1972.
Two current meters were anchored very near
station PHI-4A (Fig. 1) at depths of 3 and 6 m.
The tides (plotted from tide book - appendex)
were semi-diurnal with highs at OhOO-OTOO and
1500-1800; lows from 0900-1200 and 2200-2400.
The average range of the tide for this period
was gbout 33 cm, and the average water level
was about 21 cm., Maximum flood was about 0300
and 1300 with maximum ebb near 0800 and 13900.
It is the convention to describe water currents
by the direction they are traveling and wind by
the direction they are from. However, in order
to correlate wind and currents, both will be
described by the directicn they are traveling.
The station log data in the Appendix retains
the "from" convention for winds.

The nearest source of wind data was Ramey AFB.
The surface winds are plotted in the Appendix.
The direction was to the west northwest at about

3.5 m/sec, The winds were generally strongest

from 1000-1600 at about 5.4 m/sec. and about 1.3

m/sec. during the early morning hours.
A combination of winds and tide should give the

strongest currents about noon. However, the nearly
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three days of continuous recordings (Appendix)
showed that the strongest currents (46 cm/sec.)
were about OMOO to the north at 3 m., The highest
velocity at 6 m depth was 26 cm/sec. In general,
the strongest currents were to the northeast.

The 3 m currents oscillated between NE and S,
while the 6 m currents were between E and W,

the average 3 m current was about 23 cm/sec. and
the average of 6 m current was 1k cm/sec. The

3 m current was about 80% of the ocuter surface
current measured October 7-8. There was a

weak trend for the highest velocitieg (3 m) to
the north to coincide with high slack tide.
Lowest velocities (3 m) were to the south at low
glack tide. The trend was less pronounced at & m.
Currents at 3 m and 6 m were directly opposed on
several occasions. One of these times was of
maximim current when the surface wind at Ramey
was calm. This trend was seen at several times.
It may be that the windsg fo the west over
Aguadilla Bay retard the north bound currents
west of Pta. Higuero so that when the wind calms

it allows high flow to the north.

Current Meters - January 17-19, 1973.
Current meters were suspended from an anchored buoy

at station PHI-4A during the period of cruise PA-021.

The tides were more extreme during this pericd than




during the Oct.-Nov., 1972 sampling periods.

The maximum range was 76 cm with the average

range 43 cm. The average water level was

15.5 ecm. 'The period of maximum flood was 0500

and maximum ebb about 1200. The winds were
generally to the west and northwest at velocities
from O to 7.6 m/sec, Winds recorded on the ship,
together with the Ramey AFB surface winds, are
plotted along with current data in the Appendix
and show only general correlation., There were
several brief occasions when the wind was to the
east during the sampling period. Average velocity
and directions were 2.7 m/sec. to the west.
Surface currents were variable from NNE through
south around to NW. The average velocity and
direction was 27 cm/sec. to the SE, the strongest
currents were U6 cm/sec. to the NNE. The weakest
surface currents were 15 cm/sec. to the south.

No direction was available for the 3 m depth, but
the velocity tended to follow the surface currents
in pattern at about 15 cm/sec, or about 56% of the
surface current value,

Great differences are seen in both the current
velocity and direction between the surface and

6 m depths. The average velocity was 18 em/sec.
about 67% of the surface average. The direction

was varied between NE and SE with the highest

10




5)

velocities to the NE. Flows in cpposing dipections
were frequent between surface and 6 m, Also, when
surface currents were strong, bottom currents were
weak and vice versa. There were periods when the

surface currents appeared to be onshore coinciding

with offshore currents at depth,

The currents at Pta. Higuero were measured for a

2l hour period, noon on June 7, to noon on

June 8, 1973, at four depths with Ceneral Oceanics
inclination meters. The data were recorded on

film at 2 minute intervals. In computer reducing
the data, every nine pcints were averaged to smooth
the data and reduce computer and plotter time, The
data are presented in three forms.

i) Currently velocity and direction are prlotted
separately against time. An independent plot is
given for each depth and each day (Appendix).

ii) A progressive vector for each depth,
combining velocity and direction, is shown in Fig. 6.
The times are indicated. This approach treats the
water Passing the current meter as a point in motion
which may not be exactly correct, but does give the
reader a feel for the extent of water movement. The
four depths are plotted on one page with a land

reference drawn to scale.

11
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iii) The current vectors were summed in 10°
increments and plotted on a "compass rose.
A separate plot for each day and each depth are
given in the Appendix.
The currents during the period measured were
strongest to the north. The changes in velocity
and direction were periodic and appeared to be
related to tide. The afternoon pepiod of north-
ward flow was faster and more erratic than the
morning period, probably due to the influence
of wind.
Surface velocities reached a high of 60 cm/sec.
in the afternoon, but were more camonly 40-50 em/sec.
during the northward flow. During the slack periods
betwean northward flows the currents were weak at
sbout 10 cm/seﬁ. generally southward, but the
direction was sporatic.
In the progressive vector plot, a noticeable trend
toward a right-hand twist to the current with depth
existss This appears to be a coriolis effect.
The RMV R.F. Palumbo was anchored about 150 m west
of the current meters during the period of data
collection releasing dye continuously and collecting
surface weather data. The direction of flow as
indicated by the dye release coincided well with
the data from the surface current meter. The dye
was not traceable for any great distance as it was

dispersed and diffused within about 0.5 km of the




iy

point of release. The release was photographed
from an airceraft periodically during daylight

hoursd.

Summary of Currents

The currents at Pba. Higuero have been measured
on five occaslons during three seasons with varyiﬁg wind
and tidal conditions. The currents are generally strongest
to the north during flood tide. Weakest currents are during
ebb tide to the south. Generally good mixing can be expected
in the waters oSf Pta. Higuero with an ultimate offshore
movement of surface water. The highest currents observed
were 60 cm/sec. (1.2 kt) to the north. The northward
flows were abouh 25-30 cm/sec. while southward currents
were 10-20 cm/sec. At 28 cm/sec. a body of water would
flow about 4 ¥m in a I hour period typical of flood tide
currents at Pta. Higuero. The data also shows that there
may be periods of nearly four hours when very little water
movement occurs.

With this in mind, a heated water discharge should
be far enough offshore so that the build-up of heated
waber during slack periods would not seriously effect
biologically sensitive regions. In addition, the dis-
charge veloclty should be sufficient to cause rapid initial
mixing (150-300 cm/sec.}. An alternative would be a

diffuser discharge.

Current Measurenents
Current measurements will continue at Pta. Higuero

generally on a ¢uarterly basis. The period of sampling




will increase up to about one week at a time and the
points of current meter locations expanded to better
define the currents in the region of convergence off
Pta. Higuero. Dye releases and aerial photography
cqincidental with current meter measurements will be
used to determine flow past a point, path of a point
in motion and mixing characteristics of the body
of water.
¢» Bathymetry

The Puerto Rico Nuclear Center has undertaken no
detailed bathymetry of the Pta. Higuero region to date
beyond that done during benthic sampling. The C&C.S.
chart 901 (Fig, 1) has been found to be adequate for
most work. The narrowest shelf (40O m) on the island
of Puerto Rico is just south of Pta. Higuero in the
regioﬁ of Corcega. The narrow shelf gradually widens
to about 5000 m off the point, then turns east and
narrows to about 300C m north of Pta. Higuero. Now
that & recording depth sounder is available on the
RMV Bultana, detailed bathymetry is plarmed for the
regions The bottom traces will be correlated with

rhotographs taken by swimmers.

d. [Temperature and Salinity

Hydrographic cruises have been made to Pta, Higuero
quarterly since January, 1973 except for the f£all quarter
of 1973. Temperature and salinity were measured at 70

depths on each cruise. Three stations on each of the

15
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transects 2-6 (Fig. 1) were sampled each time
collecting data from the surface to 10, 100 and 300 m
for A,B, and € stations respectively. Fifteen surface
samples were measured for temperature and salinity.
Temperatures are measured using oceanographic reversing
thermometers with readings good to + .03 °C. Salinity
samples are rebturned to the laboratory and determined
with an induction salinometer to an accuracy of * .005 °/oo.
The data for the four cruises (PA-021, PA-027, PA-033,
and PA-036) are found in the Appendix along with the plots
of temperature, salinity and sigma-t versus depth, Sigma-t,
0%, is a measure of the water density, At
ot = (P - 1) x 100 (1)
Sigma-t indicates the stability of the water column.,
A small sigma-t gradient with depth indicates a well mixed
or unstable zone; whereas, a high gradient is indicative
of a very ctable portion of the water column. The near
surface mixing zone varies from 50 m in the summer to about
130 m in the winter as shown in Fig. 7 by seasonal bathy-
thermograph, BT, plots. The BT recorded temperature with
depth as it was lowered and retrieved at the 300 m stations.
The BT data for all cruises are in the Appendix.
1) Temperature
It can be seen from Fig. 7 that there is very
little seasonal change in temperature below about
200 m. The mixing zone is the deepest and the
surface temperature is the lowest in the winter

season with surface warming in the spring. The




Fig. 7 - Corrected bathythermograph traces
from PHI-3C for the sampling quarters:
13-1, 73-2, 73-3 and Tk-1,

17
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shallowest mixing zone and the highest surface
temperatures occur in the summer followed by a
return to winter conditions through the fall.
The winter-summer surface temperature difference
is about 2.5 °C, 25-28.5 °C. Some of the BT
traces show a sharp break in the temperature
gradient at about 225 m which indicates a shear
zone between two layers of water. The shear
zone 1s 30 to 50 m thick,
Surface temperatures vary by less than 0,5 °C
in any one quarter sampling and relate as well to
time of day as to their lateral distribution (Fig. 8)
except for the spring cruise PA-O27 when a ilongue
of warm water appeared north and east of Pba. Higuero
to inelude stations UB, 5B, 5C and 6C (Fig. 9). At
least part of this difference can be explained by
the fact that transects PHI-2 and 3 were sampled
a day after PHI-4, 5 and 6 when the air temperature
was about 3 °C lower than the first day, 27 versus 30.
Table 1 gives an "average" temperature for the
depths measured plus the range over the year. The
wide range near the surface is due to seasonal changes.
A wide range is seen at the 150 m depth also and is
due to high gradient, thermocline, at this depth
and the fact that the depth of the thermocline (Fig.10)
changes from station to station. The range narrows

below 200 m and one finds greater differences between

stations in any one sampling period than between seasons.
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TABLE 1

Temperatures at Pta. Higuero, averaged with depth and
ranges for the yearl973-7h

Temperature, °C

Depth Average Range

W 8 AT

0 27.2(5) 25.8 28.7 2.9

25 27.2(0) 25.9 28.5 2.6
50 27.2(0) 25.9 sicphi 2.6
100 25.9(0) 25.0 2.8 1.8
150 22.0(5) 20.7 23.4 2T
200 19.8(5) 19.3 20.4 1.1
250 17.9{0) 17.6 18.2 6
300 16.9(5) 16.7 1.2 5




Fig. 10 - Temperature, Average, and Range for the year 1973-Th

plotted against depth for Pta. Higuero
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Salinity

The salinity of the surface waters of
Pta. Higuero varied from 35.00 °/qq in summer
and winter to 35.90 °/oo in the spring, reflecting
the heavy runoff from June to November and the
relatively dry season, December through May. The
averages and ranges of salinities with depth are
listed in Table 2 and plotted in Fig., 1l. The
average salinity is constant at 35.5 °/,, in the
mixing zone (50 m) then increases rapidly to about
36.5 °/oo at 130 m. A further increase Lo BT "

is seen at 200 m with lower salinities *o 300 m

(36.2 °/50). salinities at 200 m have been measured
as high as 37.00 °/oo. This is usually at the deep
stations north of Pta. Higuero. The high gsalinity
water between 100 and 250 m originates in the
tropical Atlantic and flows westward north and south
of Puerto Rico. Mixing in the Mona Passage probably
accounts for the generally lower salinities at 200 m
south of Pta. Higuero.
Density |

A8 mentioned above, the stability of the water
column is determined by density differences. Density
expressed as sigma-t (Fquation 1) is a function of
temperature, salinity, and to a lesser extent, pressure,

A plot of temperature versus salinity is shown in Fig., 12,




150

200

250,

300

TABLE 2

salinities for Pta. Higuero, averaged with depth

and ranges for year 1973-7h

Range

.3

24
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Fig. 12 ~ T-S diagram showing visually averaged temperatures

Temperature °C

and salinities for four sampling gquarters at
Pt. Higuero. Diagonal lines show the density
factor. Signma-t.

Salinity %
36
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Each line is the average of the data collected
at the "C" stations for each cruise.

The greatest seasonal density difference is
in the surface waters denoted by "A" on Fig. 12.
A much lower sigma-t is seen in the summer data,
('73~3) where 6% = 22.4., Even though the tempera-
tures and salinities do differ for the winter and
spring data, sigma-t does not change appreciably,
23,1 - 23,3, 'This dry season-webt season difference
in sigma-t probably accounts for most of the
difference seen in the monthly mean tide levels.
The monthly mean tide levels are generally low
in the winter-spring (dry season) and high in the
summer-fall (wet season). The difference in
sigma-t decreases with depth from "B" to "C" and
is nearly uniform throughout the year below "C",

Temperature and salinity measurements will
continue on a quarterly basis at Pta. Higuero to
determine seasonal varistion, and will be expanded
to better explain mixing processes which occur in
the convergence of the west coast current and the
north coast current. More detailed nearshore
temperatures will also be taken. The region has
been scanned on three occasions with an aerial
infrared camera (9/73, 11/73, 3/74). The surface
temperature distribution patterns from the scans

are being worked up.




Marine Geology and Sediment Transport

No PRNC input.

Chemical Parameters

Dissolved oxygen Oo, and reactive phosphate, Poﬁ, were
determined at the same time and depths that temperature and
salinity were oh all cruises to Pta. Higuero as part of the
regular hydrographic work, All of the data are listed and
plotted in the Appendix. Dissolved oxygen is given in
ml/L, mg/L (commbnly called ppm even though it is incorrect),
and percent saturation. Reactive phosphate is given in
ug-at. POL/L.

1) Dissolved Oxygen

The amount of dissolved oxygen in sea water
was determined by the standard Winkler titration
method., In addition, oxygens on the PHI-T4-1 cruise
were measured with a YSI probe on the same samples
that were titrated. A comparison of the two methods
is plotted in Fig. 13. The agreement is fairly
good, however, the titrated values are consistently
higher than the probe values. Since the titrated
valugs are at or near saturation in the surface
waters, they appear to be more reliable, The
oxygeh concentrations were near saturation in the
surface waters (6.7-7.0 mg Op/L). Some super-
saturation was noted at 25 to 50 m due to photo-
synthesis (103%). A typical plot of oxygen versus
depth is shown in Fig. 1k, Below about 100 m, the

concentration of Oo decreased to a minimum of 5.T5

mg Op/L, T0% saturation, at 300 m. The lowest

el




surface Op was no lower than 959% saturation and
may have been due to the BOD of surface runoff.

Reactive Phosphate

Reactive phosphate was determined by the
Murphy and Riley molybdate complex method using
a Beckman DU spectrophotometer. Phosphate can
be determined rapidly with good accuracy. There
exists a good relationship between phosphate and
nitrate in sea water (1:14) so that phosphate
can be used as a nutrient indicator.

Phosphate is very low in most surface waters
of the Caribbean except near very highly populated
regions. Burface values characteristically run

0.05%.05 ug-at. POj;/L from surface to 100 m. A

slight increase in PO) occurs at 150 m, followed

by a steady increase to about .50 ug-at. POi/L

at 300 m. A typical plot is seen in Fig. 1k.
Phosphate ig withdrawn from the surface waters

during photosynthesis, incorporated in biota which

sinks and decomposes using up oxygen and releasing

nutrients into the water column, The turn-over rate

of the near surface nutrients is fairly rapid

to allow what 1little productivity there is to occur,

probably a matter of hours or a few days at most.

The dlstribution of phosphate in the surface waters

seems to be spotty as in plankton. Prcbably low

phosphate conditions exists where productivity is

active.




The chemical parameters of dissolved oxygen and resctive
phosphate will continue to be sampled as part of the quarterly hydro-
graphic work with attention given to diurnal changes and possible sources

of nutrients or BOD from terrestrial sources.,
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and the YSI oxygen probe for 70 samples
1/15/7h

at Pta., Higuero,

Fig. 13 - A comparison of the Winkler titration
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Fig. 14 - Disgodved oxygen and reactive
phosphate profiles typical of the
Pta. Higuero region, 1/15/7h, PHT-LC
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PIANKTON SURVEY AT THE PUNTA HIGUERC SITE, I. Standing stock
estimates of the major taxonomic groups.

By Marsh J. Youngbluth

TNTRODUC TION

The following report provides quantitative estimates of the
biocmass and number of zooplankton collected in the surface waters
near the coast. The data represent one part of an environmental
survey conducted by the Puerto Rico Nuclear Center in the vieinity
of the proposed site for fossil power plants at Punta Higuero.
Smples were gathered on 5 days during 1973 - 17 January, 2 May,

14 August, 3 December, and 11 December.

MATERTATS AND METHODS

Field Procedure

Plankton were collected with 1/2-meter diameter, cylinder-cone
shaped nylon nets of two mesh sizes (64 and 202 microns). These nets
were designed to reduce clogging error (Smith, Counts and Clutter 1968).
The larger mesh netting retains most of the macrozooplankton, The
smaller mesh captures the larger microzooplankton and phytoplankton.

Wets of finer porosity are impractical to use in coastal areas since
the mesh clogs very guickly.

A1l samples were gathered in a standard manner., The nets were towed
from g 17 ft. skiff in a circular path through the upper 2 meters. The
speed of the vessel was about 3 knots (determined with a Sims yacht

speedometer)., The smaller mesh net was hauled for 5 minutes, the larger




for 10 minutes, After each tow, before the cod end was removed, the
nets were thoroughly washed by ses water with the aid of a battery
powered pump (12 volt, Jabsco water-puppy). Samples were preserved
in L% 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 (General Oceanics,
Model 2030) suspended off-center in the mouth of the net.

One tow was made with each net at every station except in the
area adjacent to the proposed site for the power plant (station 2)
where triplicate tows were made with the coarser net. These replicate
samples were used to detemmine the range of variability between suc-
cessive tows and to provide more reliable estimates of the organisms
present, The stations were situated in such a way as to sample within
and around the area where thermal alteration is likely to occur
(see Fig. 1). Station 1 to the north is upcurrent from the proposed
site and should depict a plankton community unaffected by a pollution
source., Flankton populations in areas downcurrent, station 3, and

offshore, stations 4 and 5, may show pollution related stresses.

Laboratory Procedure

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 phytoplankion or detritus, the zooplankton were separated
by gently filtering such material through 202 micron mesh netting.
Before estimates of biomass and numbers were made, all organisms larger
than 1 centimeter, usually hydrozoan medusae, ctenophores, or scyphozoang,

were removed.
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Bicmass was calculated as wet volume (Ahlstrom and Thraikill
19%2). This methc! was employed to measure biomass because it ig
quick and does not damage the crganisms. Conversion factors for
wet volume to wet welght or dry weight have been determined from
other studies of zooplankton along the south coast of Puerto Rico
(see Youngbluth 1975%). These factors are cited in a footnote on
Table 1,

The number of organisms in the coarse net catchés was esti-
mated by volumetric subsampling with replacement (Brinton 1962),
Three aliquots from each sample were counted unless otherwise noted,
The choice of which organisms are counted and identified to species
needs some clarification. Plankton tows collect many different
kinds of organisms. It is extremely difficult and time consuming
to identify all organisms to the species level. Fortunately, this
is not necessary to detect changes in the abundance of the plankton
community. Usually the more gbundant of the most numerous organism
is given primary attention. In the plankton copepods are usually
numerically dominant. In thisg report the majority of these animsls
have been identified to gpecies. Quantitative estimates of their
relative abundances will be the subject of & later report. Te
other fauna have been grouped into two categories, being identified
by life history and taxonomic position. Dilutions were made so that
about 200~400 organisms were categorized into major taxonomic groups.

All biomass and enumeration data were standardized to a per

cubic meter basis or multiple thereof. Data were initially reduced
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with hand calculators (Hewlett Packard Model 35) and, more recently,

with a larger computer (PDP-10). Sce Appendix A for a listing of

the program,

RE ULTS

A total of U6 samples were collected from five sites around
Punte Higuero. Variations in the biomass and number of zooplankton
from 27 coarse net tows are presented in this paper. An earlier re-
port (Youngbluth 1973a) discussed the zooplankton caﬁght in coarse
and fine net tows dﬁring Jamary 1973. For the sake of coampleteness
all data from coarse mesh tows taken at Punta Higuero in 1973 are
included in this report. Because of time and manpower limitations
ne further attention will be given to microzooplankton from the fine
mesh tows for some time.

The range of variation for those subsamples that were counted
three times was always within the range expected for subsamples drawn
from a Poisson distribution. Thus, counts were made on organisms drawn
from randomly dispersed populations. Previous testing and continual
checks on the subsampling technique indicate that there is no signifi-
cant variation between replicate counts or counters. Thus three counts
per sample are now made less frequently.

The magnitude of variation among the replicate, inshore, and off-
shore tows and between inshore and offshore tows during each collection
period was summarized by dividing the highest totgl number of organismsg
by the lowest within each set. Among the replicate nearshore tows the

factors were 2.5, l.4, 1.9, and 1.2 for Jamuary, May, August and December,

37
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These variations are similar to those observed at Quebrada de Toro,
Punta Manati, and Tortuguero {see Youngbluth 1973b). Among the near-
shore tows the differences were 3.k, 3.1 and 6.0 for May, August and
December. The ratio among offshore samples during May was 2,3. Thus
it appears that there is usually more variation between tows from
different stations than from replicate tows at the same station.
Variation in terms of total numbers between tows at different stations
must therefore be greater than 2.5 to be sgignificant.

Zooplankton biomass was usually greater near the coast. The
largest concentrations were found just off the tip of Punta Higuero
at station 2. AVolumes in this area were 4 to 5 times higher in
January and December (Table 1), In terms of numbers per md 6 to 10
times more zooplankﬁon were present in December (Table 2).

Holoplanktonic fauna dominated the catches composing 58 to 97%
of the total numbers nearshore and 61 to 84% offshore. Numbers per m3
are listed in Table 3. During January and December copepods accounted
for about 80% of the zooplankton in either area (Table 4). In May and
August copepods composed around 60% of the zooplankton. Chaetognaths
were abundant in January and May (Table 5). Ilarvaceans, Cikopleura spp.
and Fritillaris spp. were proportionately most numercus in May and
December {Table 6). Cladocerans, Evadne spp., were not conspicuous at
any time of the year. Pteropods, mostly Cressis spp. and coiled forms,
were an order of megnitude more denge in December than in other months
(Table 7).

The abundance of meroplanktonic organisms was low and concentrations
averaging 30 individuals per m3 were common in May, August and December

(Table 8). About half this amount was recorded in January. Brachyuran




59

- 902t 6LTT QLTI SOTL 67€9 9Ll T 96EL EL2TTT
s . 6oz - - B - = £L2TE
- Lyg LT 6y 62¢ 9t9 |, 6E€ 0T9 glgonT
™ 9t 6T€  Sly  agot SOET g6 ot £2502
- - = - TT16 9L6 02T 864 ELTOLT
414 - o€ ot 02 €02 202 o2 ALVQ
] :owwdum SUOTY®RIS suoTyels
SMOT, 9I0YSIJO B MOT, SI0USIRSN SMQL, 23e0trdsy sdoysaway
ms aad uogsusTdocz Jo I3qUMU 78305 ‘2 FIAVI




Lo

- G201 gL0T ©g0T 2189 €209  202L Otel £L2T1TT
= B GLIT = - - - - gleTE
- 0Tl oTt Qe 9GH gné . 262 626 clgonT
Lz€ 80T 662 29E 066 ozt %3¢  teb £L602
- - % - 188 6£6 GHeT  8bn E£LTOLT
05 o ot ot 02 €02 2oe 102 aLva
SUOTH8IS ] no..Bsum. SUOTA4®BIS
gm0l SI0UsSII0 8MO], 2JI0YSJIBaN SMa0], 93801Td9Y SIoysI8aN
cu dod uoqyuerdoToy JO Joqumu TeJOL *C  TTEvVL



8]

= 9g6 EHE ahg G6£9 2866 6989 28.9 EL2T1TT
= - EECT = = # - - 1 FrARY
- G665 oo e h2h 604 0g2 agn £Lg0nT
Ti2 LL 2t 082  oz2g ®O0T 9T 9T €160z
= - - - 828 £68 TOTT  Tiy €LTOLT
26 on 413 oT 02 . €02 22  To2 aLva
8UC19®8 SUOTL RIS SUoT9838
§MOL aI0YSJJ0 §MOL SJ0Yys.IBaN sM0T, 380TTdey sxoysaway
o Jad spodedoo Jo Jaqumu TBIOL ‘v HTIVL




Y2

- €21 €6t 96T als Ti¢ L66 60% €L2TTT
- - 10T - - - = = £L2TE
& £ee 6 g £9 20T . 89 2T £L804T
62 44 9% a2 o 'eld FAYA 2¢€ 669 cL502
- % - - HTHh 122 869 91I¢ €LTOLT
o¢ oh ot oT e - €oe 202 102 qLYT
SUOTYBIg SucT}eIs Su0T3eqs
SM0T, 9JI0Us 130 8 MO OI0USIEdN smo, a3wotTday SIousJIwvaN
g oT +ad syzeuSogseys Jo Isqumu TBIOL °*S FIVL



L3

- s6h 665  69TT  hgb 2TiT 2 60f €L2TTT
o - ™hs = A = - = Y FAR
- hOE 6 3 oY gt . OT= OI= eLgonT
28t 202 ot 6£€ TR 906 BE9  6£0T £L502
- = = - Lh THT OT> OT> CLTOLT
25 oh o€ ot g €02 a2 o2 d1va
SUOT38S SUOT3895 SUOT2®BIg
g M0, aI0Ys JJ0 SMD], SJOUS IBBYN saol 23eorTdsy aToysamvaN
¢m 0T aad suwsdeAIE] ,.Ho Iaqumu TBI0L *9 TTIVL



Ly

ot

- 1E2 €66 000T  ££02 glie HOTT  ®4L2 CLBTTT

- - G - - - - - ELBTE

. con W61 8 99T woe . AT bz €LQOHT
git Th 2eT Lt 042 962 GTIT 6¢E £L502

- - = c 20T oGt w2l L2 ELTOLT
0g o4 o€ 0T 02 - £o2 202  Toe AL Y@

SUOTFEIS SUOT3eTs SUOT3B98

smOJ, SI0YS JJO

SMOT 2I0UsSaEeON

smo] o38oTTdey SJI0UEIEBBN

cu 0T zod spodoxogd jo Joqunu TBIOL *L TIAVL



L5

= LT T2 62 A gt 0T> &§ VX AN
= - 19 - - - - - AR
- e Be 0T> g% 99 61 09 eLgont
¢t oT> o> €€ o e gt 59 4502
_ - - 5 T 12 OTI> OI> €ATOLT
ag oh o€ oT 02 €0z 202 o ALY
SUOT}eg SUoTqeIs SUOT3%I8
SMOL SI0UYSIJQ SMO], SI0YS.IBAN smoT 998oTTdey sIoys.aIway
mE asd uvojyusTdosow JO IaquNu TRLOT *Q TIAVI




crab larvae were abundant in May Ci/103= 30, Table 9). Barnacle larvae
werc preponderant in August (%/103= 123, Teble 10). Caridean shrimp
larvae were most numercus in May and August, particularly near the
coast (%/10°= 82, Table 11).

Other holoplankton and meroplankton observed included: tretomphalus
stage of & foraminiferan (probably Tretomphalus bulloides), myodocopid
ostracods, hyperid amphipods, ctenophores, siphonophores, hydromedusae,
salps, and the larvae of polychaetes, echinoderms, lamellibranchs, and

isopods, These groups occurred in densities of less than 5 indlviduals
per m3,

Fish eggs often ranked as the second most abundant planktonic form,
Fish larvae were much lesgs numerous. The largest densities of fish eggs
and larvae occurred in December (i/m = 64, Tables 12 and 13). Some of
the fish eggs are football-shaped, re sembling the anchovetia egg. It
is not known at this time which fish groups are represented by most of
the eggs.

e 38 copepod and 8 chaetognath species jdentified are listed

in Table 1}-{' .

DIRCUSSION

The zooplankton cammunity in the Punta Higuero area is dominated
numerically by copepods. There are at least 38 species. The majority
are small (1-3 mm), herbivorous populations common to tropical and
coastal oceanic regions (BjOrﬁberg 1971). The chaetognath species

sdentified are conspicuous in the mixed layer of the Atlantic and

Caribbean (Suarez-Caabro 1955, Pierce and Wass 1962, Alvarifio 1969).
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TARLE 14. A list of the copepod and chaetognath species identified
fram the Punta Higuero collections.

COPEPOD SPECIES CHAETOGNATH SPECIES
Acartia spinata Sagitta hexaptera
Acartias 1lilljeborgli Sagitta hispida
Paracalanus crassirostris Soitta enflata
Paracalanus parvus Sagitta tenuls
Paracalanus aculeatus Sgitte serratodentats
Oithona oculata Selitta bipunctata
Oithona plumifera Krohnitta mubabbii
Oithona sp. A Ptercsagitta draco

(lausocalanus furcatus
Temora turbinata
Temora stylifera
Oncaea venusta

Oncaea mediterranea
Corycaeus subulatus
Corycaeus giegbrechti
Corycaeus pacificus
Corycaeus agilis
Corycaeus speciosus
Corycaeus anglicus
Coryeseus clausi
Coryecaeus lautus
Farranila gracilis
Farranula sp. A
Undinula vulgaris
Nannocalanus minor
Centropages furcatus
{alocalanus pavo
Tucicutia Fflavicornis
Calanopia americana
Macrosetells gracilis
Microsetella norvegica
Acrocalanus longicornis
Candacia pachydactyla
Fuchaeta marina
Fucalanus cf. attenuatus
Tabidocera spp.
Miracia efferata
Futerpina acutifrons
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Previous studies of zooplankton in the coastal areas of Puerto Rico
are restricted to the bays and shelf regions along the southwestern
portion of the island (Duran 1957, Coker and Conzalez 1960, Bowman and
Gonzalez 1961, Gonzalez and Bowman 1965)., The species found at

Punta Higuero included many of those mentioned in the papers Just cited
as well as those encountered in several recent surveys around Puerto
Rico (Youngbluth 1973a,b; 197ha,b).

The range of variability between replicate tows is similar to
previous estimates observed in other plankton investigations (e.g.,see
the review by Wiebe and Holland 1968).

The seasonal increase in the gbundance of most zooplankton
repulations during December and January and the tendency for most groups
£0 be more numercus nearshore probably reflect greater mixing of the

water column and g higher level of primary production.

LIMITATIONS OF THE DATA

The sampling program was designed to provide quantitative estimates
of: 1) the standing stock of zooplankton, 2) the variety of major taxo-
nomic 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 bgsed
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 amall 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 mumber of stations, at different depths,
during the day and night, and during different seasons for several
vears. The sum of the information gathered in these ways is
necessary to interpret fluctations in standing stock and diversity in

relation to environmental changes and biotic interactions.
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¢. Benthic

OCCURRENCE AND DISTRIBUTION OF THE MAJOR TYPES

OF EPIBENTHIC COMMUNITIES AT PUNTA HIGUERO

By: Vance P. Vicente

INTRODUCTION

An increase of electrical power has become mandatory in Puerto
Rico, due to population growth and technical advances. A proposed
site for a fossil fuel plant is located at Punta Higuero on the west
coast of Puerto Rico. Sea water from the immediate area will be used
as a coolant and then discharged at temperatures above ambient. In
the past there has been much misuse of coastal waters by power Plants,
and their detrimental effect upon marine 1ife has been well documented
(Zieman 1970; Roessler and Zieman 1969)., To prevent continuing misuse
and subsequent harm, it has also become mandatory to evalnate the ecological
and economic character of existing marine communities before exposing
them to industrial Processes,

The purpose of thigs study was to make g preliminary survey of the
benthic communities at the Punta Higuero site. In order to study benthic
life adequately three important aspects should be taken into consideration,

1) Determination of the types of communities,
populations, and species of a particular area
at a particular time,

2) Natural changes (i.e. seasonal) occurring within
& particular community and within its components.

3) Their tolerance to the forthcoming environmental
impacts,

The present field study deals with the first of these,

For additiocnal information consult a previous study of this

site (Szmant 1972).

o




MATERTALS AND METHODS

Sampling was aone during two periodé - 26-28 June 1973 and
14-16 January 1974. Three stations were designated as sampling
areas: Station A, located north of the dome at Punta Higuerc; Station
B, located perpendicular to the dome and siightly northwest of the
Point; and Station C, located south of the Point (Fig. 1). ~Although
basically the same methods were used during both sampling periods,
:Station B was omitted from the second period due to unfavorable weather
conditions.

The field work involved a total effort of three divers and 69
man hours (48 man hours during the first sampling and 2l during the
second). The survey was done using SCUBA apparatus, underwater
cameras (Nikonos)l, and collecting bags. Data on the types of benthos,
dominant species, types of substrate‘and other geographical characters
of the area was recorded on an underwater plexiglass slate.

Three transects were made. Each transect spanned a distance of
approximately 1 nautical mile; The divers swam along the transects,
taking pictures, saempling and récording data. Benthic communities in
depths from.3—27 m were surveyed in this manner. Duriné fhe second
sampling period four samples were collected with 1/L m2 grid by re-
moving 2ll epibenthic forms by hand. A species list, biomass, and the
relative abundance of each species were cbtained from each of.the samples.

In summary, the results of this study are based on three aspects:

1) Field observations and notes.
2) The samples collected.

3} Detailed studies from the photographs taken of the area.

1. Unless otherwise cited, all photogravhs included were taken '
Vance P. Vicente.
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RESULTS

STATION A - 26-28 June 1973

2&—2712;

SPONGE AGGREGATIONS

Subetrate

The bottom at such depths in Station A consisted of a sandy
substrate except where sponge communities oceurred. The sand
‘consisted of large particles (approximately 1/2 2 mm) and could be
classified as coarse sand, according to the Wentworth scale (Bird 1969).
On the bare spots wide ripple marks (wave length of .3 - .6 m and wave
waight of a few centimeters) were observed, arranged in a westward
direction.

A thin layer of precipitated organic sediments covered the sand.
On some sections, this layer had a green tinge probably due to small

filamentous algal forms.

Dominant Organisms

1. Sponges

As mentioned before, sponges {(Porifera) were the

dominant group, particularly the basket sponge

Xestospongia muta. However, other forms were

quite abundant, including Sphaeciocspongia vesparia,

Neofibularia massa (Stinging sponge), Ircinia sp.

and Verongia sp. (Fig. 2). .
2. Algae
Other groups of organisms were present despite their

limited distribution at such depths. The red algae




Fig. 2.

The sponges, X. muta (basket shaped) and Verongia sp.
(tubular shape in the lower left corner) at Station A,
the dominant forms of benthos at 27 m. Two species

of the queen trigger fish Balistes vetula can be seen
in the upper corners.
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laurencia intricata covered some parts of the

bottom and sometimes covered some of the sponges,
and to a lesser extent the brown algae Dictyota
dentata and others.

3. Corals {(Octocorallia)
One gorgonian was observed at this depth. This

was Pseudopterogorgia sp.

12-18 m:

RED ALCAL COVER; SPONGES

Substrate
The bottom at these depths was practically all covered by algae
and sponges. The substrate is covered by sand but the inner substrate

consisted of hard rock.

Dominant Qrganisms

1. Algae

Most of the bottom substrate was covered by an
aggregation of algae. A sample of this algal
cover revealed that it was composed mostly of

the red algae Amphiroa rigida entangled with

other red, brown, and green algae, but the pre-
dominant form being Rhodophytes (red algae).

2. Sponges
Sponges were dquite abundant throughout the
+pansect. At these depths the basket sponge

¥, muta, Desmopsamma ancherata, Verongla sD,

=wd others, 0 a less e ent, were gulhbe comuon.
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3. Corals
Very few coral formations were observed. Only
scattered small patches of Meandrina sp. were

observed.

16-18 m:
CORAL; GORGONIANS

Dominant Organisms

At 18 m a transitional zone (ecotone) occurred between the algal
and coral gorgonian communitiés. This culminated at 16 m where corals
and gorgonians formed most of the epibenthos (Figs. 3 and k). Many fishes
live among the coral formations.
1. Corals
Various types of coral formations were present.
Gorgonians such as Plexaurella sp., Pterogorgia

anceps, Pseudopterogorgia anceps and others occurred.

Hard corals included Meandrina sp., Montastrea

cavernoss, Diploria sp., and Dendrogyra cylindricus

(Fig. 4).

2. Algae
Some algae were attached to the hard substirate free

of coral formetions; however, the specific dominant

alga.. species were not recorded.




Fig. 3.

A gorgonian garden at 16.5 m at Station A. The
tallest gorgonian at the center is a specimen of
Briareum asbestinum. Other gorgonians such as

Pseudopterogorgogia sp. can be seen in the lower

right corner. The many small blue fish are a school
of Blue Chromis, Chromis cyaneus.
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Fig.

L. A patch of the scleractinian coral Dendrogyra
cylindricus at 16.5 m at Station A.  The vellow

and black fish is the rock beauty, Ho
tricclor.

lacanthue
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FISHES

Many fishes, mostly small ones, aggregated in and around
the gorgoenian coral formations. These included: A school of over

50 specimens of blue chromis, Chromis cyaneus (Pomacentridae);

% adult forms and a school of 30 juvenile forms of the blue head

wrasse, Thalassoma bifasciatum (labridae); 1 rock beauty, Holocanthus

tricolor (Chaetodontidae); a small school of the brown Chromis,

Chromis multilineatus, 1 black durgon, Melichthys niger, (Balistidae);

and 2 schools of surgeon fish, Acanthurus sp., (Acanthuridae).

Four queen trigger fish, Balistes vetula (Balistidae) and

a few bicolor damselfish, Eupomacentrus bipartitus (Pbmacentridae) were

observed in the deeper waters.
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CORATL: SPONGE S; AIGAE
The coral formations were restricted to a depth of 16-18 m.
At 13.5 m coral formations were non-existent except for a few

specimens of_E%erogorgia anceps, Dichocoenia stokesii, and

Meandrina sp. At 12 m, patches of the sponge Anthosignella varians
were observed.
From 9-12 m the bottom was covered by two main types of growth:

1) algal mats consisting mostly of the red algae Amphira rigida and

entangled with other less common ones, 2) large patches of the sponge
A. varians (Fig. 5),
The sediment in thies cation consisted mostly of skeletons of

the dominant algal form (coralline) Amphiroa sp.

3=7.5m

ALGAE

At 7.5 m, the bottom ¢nsisted of algal mat formations, a few
smaller patches of A. varians and a few gorgonians, such gs Muricea gp.

At 6 m, the bottom was practically covered by an algal mat of a
different composition than those found at greater depths. The algal
cover at this depth consisted primarily of the red algae Coralling sp.
and Jania sp., entangled with other algae.

A sandy bottom, and heavily silted water was encountered gt
L5 m. From 3-4.5 m the benthos consisted of miscellaneous forms.
However, patches of algae, primarily Corallina Sp., seemed to be

dominant.
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Fig.

The sponge A. varians (pale patches on lower

right, lowér 16ft end upper right corners)
and red alga in apparent competition for
substrate at 9-12 m at Station A.
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Many other forms of 1life made up the benthos of this shallow

region including Thallasia testudinum, small patches of the coral

Siderastrea siderea, and the sponge Verongia sp. The observations

at this time were limited due to poor visibility.
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STATION A - 14-16 January 197h

The relative distribution of the dominant forms are discussed

below in relation to their occurrence during the first sampling period.

2L-27 m:
SPONGE AGGREGATIONS

Substrate

The substrate was generally unchanged from the first sampling

period.

Dominant Organisms

1. Sponges

The macro-epibenthic fauna consisted primarily
of sponge aggregations {Porifers:Demospongioe).

Specimens of the basket sponge Xestospongia muta

and Ircinia sp. occurred quite commonly. This is

similar to the observations made during June 1973.

Brown algae {Phaeophyta) such as Dictyota sp.

and Dictyopteris sp. were obsgerved growing over

portions of many sponges. This observation was

not made during the previous trip. At that time,

the red alga (Rhodophyta) Taurencia intricata was

observel growing on similar habitats.
3. Corals
The cor:l faina observed were considerably sparse.

There were nc scleractinian corals, and the coral
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fauna was represented only by scattered

gorgonians dwelling among and on the sponges.

BENTHOS
Substrate
Most of the bottom consisted of a hard substrate, occasionally

interrupted by sandy channels and sand holes.

Dominant Communities

1. Algae

A dominant algal community attached to the hard
substrate was observed., The dcminant alga was
‘the red alga (Rhodophyta), existing in a complex

arrangement with other brown (Phaeophy?a) and
green (Chlorophyta) algae.
The most common Rhodophytes included the articu-

lated coralline red algae Corallina cubensis,

Amphiroa fragiliséima, and Jania adhaerens,

However, at 16.5 m, (Table 1) the calcarecus

red algae Lithothamnion ocecidentalis and

- Coelarthrum albertisii constituted a large part

of the total biocmass; while at 7.5 m, the coralline
alga2 were the principal component (Table*E).

At both depths mentioned above most of the algae
and articulated corallines were entangled with the

browa alga Dictyota linearis and to a lesser extent

7L
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TEXT TABLE 1
14-16 January 1974

The relative sbundance of the algae obtained at 6.7 m
in a sample at Station A. The numbers represent the dry welght

cbtained for each species within the 1/h m® sample.

Species Dry
Rhodophyta Weight (g)

Corallina cubensis )
Amphiroa fragilissima) 18.9
Jania adhaerens

Lithothamnion occidentalis 17.6

Coelarthrum albertisii L.,2

Phacophyta

Dictyota linearis T
Dictyopteris plagiograma -

Chlorophxga

Caulerpa vickersiae -
Caulerpa microphysa -

Miscellaneous 1.0

Total ha.b
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TEXT TABIE 2

1k-16 Jamary 1974

The relative abundance of the algae obtained at 7.6 m
at Station A. The numbers represent the dry weight obtained for
each species within the 1/h n® sample.

Species 'Dry

Rhodophyta Weight (g)

Corallina cubensis)

Amphiroa sp. ) 8.8
Jania rubens }

Martensia pavonia -

Dictyurus occidentalis)
Amansia multifida )} .1
Gelidium pusillum )

Cryptoremia sp. «3

PhaethXya

Dictyopteris sp. -
Dictyota linearis .3
Dictyota sp. o

Chlorophyta
Cladophora sp. ol

Miscellaneous algae 2.5

Total 12.8
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by'Dictyopteris sp. and Dictyota divaricata.

A possibility is that a brown algal bloom may
have been occurring at this site, since this
was observed in many locations along the transect.

2. Sponges

The sponges Ircinia fasciculata, Cynochira sp.,

Verongia sp. occurred rather sparsely. However,

the heavily encrusting sponge Anthosigmella

varians commonly formed patches among the algal
mats (Fig. 6).
Several observations were made concerning A. varians:
1) they were less abundant than during the summer
of 1973; 2) coralline red algae (Rhodophyta) and brown
glgae (Phaeophyta) were observed growing within the
patches which is unusual; 3) some of the patches were
surrounded by a layer of mucuous. This céuld indicate
biological interaction within the algae-sponge inter-
face, as many corals and sponges secrete a mucuous
slime when they are cut, injured, or under stress.

3. Corals
Coral formations prevailed principally in areas
of hard substrate that were unoccupied by algae
and sponges., They occurred infrequently, except
at 15 m.

The scleractinian corals Diploria labyrinthiformis,

Montastresa cavernosa, Colpophyllis amaranthus and




Fig. 6.

>

The encrusting sponge (Porifera: Demospongiae)
Anthosigmella varians as in January 1974. The

occurrence of algal patches within them is
unusual.
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Dichocoenia stokesii formed encrustations and

coral heads on the hard bottom.

The gorgonians Funicea laxispica, Funicea sp.,

Pseudopterogorgia americana and Pseudopterogorgia

sp. were obgerved on the hard substrate.




STATION B - 26-28 June 1973

The weather conditions were favorable and there was little wave

action. Water visibility was approximately 16.5 - 18 m,

20-27 m:
BENTHOS
No predominant formatiors characterized the area, except for
possibly the sponges There were primarily two bottom types: a sandy
bottom ard a hard bottom.

Sandy bottom:

1. Substrate - The nature of the sand was the same as that found
near the deep conmunities in Station A, except for the absence of

ripple marks,

Dominant Organisms

1. Algae
Portions of this sandy region were covered by

algae. Amphiroa rigida and A. fragilissima were

two common ones. There were patches of the

flowering plant Halophila baillonis growing over

the sand.

2. Sponge s

The only sponge growing here was tne basket sponge

Xestospongia muta, which was quite common at theése

depths.

i
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‘lard bottom:
This area consisted mostly of coral-sponge aggregations. Many

sponges occurred including Yestospongia muta, Sphaeciospongia vesparia,

Verongis longissima, V. fistularis, and Callyspongia vaginalis. Many

of these were covered by hydrozoans.

The predominant coral forms were the gcrgonians.

18 m:

RED ALGAL MAT
The sandy bottom was nearly entirely covered by algae. However,
there was an underlying hard substrate to which algae and other organisms

were attached.

Dominant Organisms

1, Algae

The algal mat forming most of the epibenthos
consisted primarily of an entanglement of the

red algae (Rhodophyta) Corallina cubensis and

Jania adhaerens; Coelarthrum albertesil was also

Common.
2. §Eonges‘
Sponges were common here. Portions of the bottom
substrate were covered with large patches of A. varians.
Some of the other sponges cbserved were X. muta
(very abundart on the deep benthbs bordering the site),

Sphaeciospongia vesparia, Higginsia strigilata and

Desmapsamma anchorata.




3. Corals
Corals were not abundant in this region, but a

few patches of Diploria sp., Montastrea cavernosa

and 3iderastrea gideres céuld be observed encrusting

the bottom. A few gorgonians were observed such

as Pterogorgia anceps and Plexaurella 8p.

12 m:

BOUIDERS
Boulders were conspicuous. These were spaced between either a
gandy bottom or a hard rocky bottom. There are three bottom types
at this depth: the boulder themselves, the sandy bottom, and hard

bottom between or among the boulders.

SANDY BOTTOM
Substrate
A thin layer of organic sediments covered the sand. The ripple
marks were small and arranged in a capillary fashion, Although there
are exceptions this type of substrate is generally unfavorable for

benthic life.

HARD BOTTOM
Beulders
Mogt boulder surfaces were covered by algal aggregations. A
large amount of organic sediment, polychaete tubes, bryozoans and
hydrozoans was observed. The sponges present were predominantly

Z. muta and a few other such as Haliclona rubens and Callyspongia

vaginalis.
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“eainant Organisms

1. Algae
This hard flat bottom among the boulders

offered good substrate for algal attachment.
A red algal mat composed of entangled Jania

adhaerens and Amphiroa rigida covered most of

fhis substrate. Coelarthrum albertesii was

common but lesg so at 18 m.

2. Sponge s

A. varians formed wide encrustations among
the algal mats. A few backet sponges were also

present.

RED - BROWN ALGAL MAT

Dominant Organisms

1 Algae

Most of the hard substrate was covered by an
algal aggregation composed primarily of two

types: the red algae (Rhodophyte) Bryothamnion

triguetum, and the brown algae (Fhaeophyta)

Dictyopteris delicatula. Less common algae

occurring in this area were: Corallina sp.,

Jania sp., Valonia ventricosa, Halimeda sp.
and a few thalassia leaves. |

2. Sponge s
Patches of A. varians on the algal mat were

cbserved. Verongia sp. and the stinging sponge

Neofibularia massa were also common at this depth.
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3. Corals

wt

1.5 - 3 m:

Two species of gorgonians, Muricea elongata

and' Eunicea tournefort, occurred in reduced sizes.

Occasional patches of the scleractinian coral

Siderastrea siderea were seen. Thig corael seems

to be quite resistant to sedimentation, as it

repeatedly occurred in shallow turbid waters.

It has also been cbserved in tide pools of

increased temperatures, with no apparent adverse

effects.

INSHORE COMMUNITIES

It is known that the inshore benthos are affected throughout the

year by wave action and sediments in suspension; however, detailed

observations on this challow region were not made due to poor visibility.

The substrate

was sandy, and the portions covered with algal mats

were underlined by hard structures.

Dominant Organisms

] 1. Algae

There were two types of algal cover in this range.
At 3 m there was a light algal cover of red fila-
ments over portions of the sand. This algae may
belong to the phylum cyanophyta, which has red
accessory pigments (Phycoerythrin)‘used in photo-
gynthesis. At 1.5 m a different algal aggregation

occurred, consisting primarily of two kinds of red




algae {Rhodophyta): Corallina cubensis, and Jania

adhaerens.
Some green algae (Chlorophyta) were common at
these shallow depths. These included Penicillus

capitatus, Halimeda discoidea, Udotea flabellum

and Cladophora fuliginosa.

2, Corals:
Coral growth are limited in environments heavily
affected by siltation; thus only a few greatly
reduced encrustations of the coral Siderastrea
siderea occurred.

3. Sponges
Only one sponge, a species of Verongia, was near
shore. Much of its surface was covered by bud-
like structures which are probably used in pro-
pagetion.

No patches of A. varians were observed.




STATION C ~ 26-28 June 1973

The weather conditions were favorable and rermitted good water
visibility (18.2 m). There were no bottom disturbances and no wave
action.

The biotic aggregations inhabiting this area were characterized
by coral growths, unlike the epibenthic communities found at Stations
A and B. These cbservations are in agreement with Szmant (1973).

There was a transitional zone at 3 - 12 m, which culminated in a
coral community. The biotic aggregations on the deeper portions of the
transect 24-27 m revealed that there was biotic continuity at this depth.
Shniiar to Stations A and B, the deep benthos consisted of sponge and

algal formations.

ALGAL ZONE ( STYPOPODIUM ZONAIE)

The above description of the benthos present is descriptive rather
than real. It does not mean that this alga covered most of the substrate,
but rather characterized the area by its abundance (Fig. 7).

Substrate
The bottom at this depth consisted of a flat hard structure with

few, sandy pockets.

Dominant Organisms

1. Algae
Bushes of the brown alga (Phaeophyta) Stypopodium

zonale characterized the area. Other algae covered
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Fig. 7.

The brown bushes are specimens of Stypopodium
zonale. They were abundant at 3 m at Station C.
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portions of the hard substrate. These included

Corallina cubensis, Dictyota dentata, Udotea

flabellum.

2. Corals
Corals were common despite the reduced size of
the species at this depth. The hard corals
(Scleractinian) occurred as small patches or
encrustations on the hard substrate. Similariy,
the gorgonians were consistently reduced in size.
This was probably due to heavy siltation or wave
action.
The hard corals which formed reduced patches

or small heads included Porites asterocidegs,

Siderastrea siderea, Montastrea annularis and

cavernosa. The gorgonians included Muriceas sp.
Funicea sp. and Plexaurella sp. They were less
common than the hard corals at this depth.

3. Sponges
Many specimens of Verongia sp., described in
the inshore communities in Station B, occurred,

An ocecasional patch of A. varians was observed.

[oxd
B

TRANSITIONAL ZONE
No particular name was assigned to this zone since the epibenthos
had a miscellaneous composition. An algal mat consisting of tufts of

Jania adhaerens entangled with other algae (e.g. Cladophora fuliginosa)
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covered portions of the substrate. There were hard corals and patches
of A. varians. Gorgonians occurred in'larger numbers and sizes than

those at 3 m (Fig. 8).

Substrate
The substrate was hard, rocky and generelly flat, except a few

coral outgrewths.

Dominant Organisms

1. Algae
Algal tufts composed of Jania adhaerens entangled

with other algae covered portions 6f the area.

Other algae, including Amphiroa fragilissima

and Corallina cubensis, were present.

2. Corals
The hard corals formed wider patches and bigger
formations at this depth than at 3 m. Those

corala present included: Siderastrea sgiderea,

Meandrina sp., Diploria sp., Montagtrea cavernosa,

Millepora sp. (hydrocorallina) and Porities astercides.
3. Sponges |
A. varians was the most common sponge, covering much
of the substrate.
12 m:
CORAL COMMUNITY
The previously discussed transitional zone culminated at 12 m in

a corsl reef community. The corals attained full size and fomed a

s
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varians., Some

The pale patches (center) are A.
gorgonians are also present.

8.

Fig.




~crlex ageregation of organisms (Fig. 9). Also, many gorgonians and
cponges occurred, covering most of the algal aggregations.

Supstrate

Most of the substrate had a calecarous composition, probably formed

by the many corals present, and in some cases forming boulders (Fig. 9).

| Dominant Organisms

A wide variety of corals, gorgonians, SpPOnges, and other organisms
! ;

' occurred; corals were the most abundant. Algae also occurred on certain
areas around the coral formations.

1. Corals {Scleractinia)

There seemed t0 be no predominant form of coral,
yet several types occurred. The corals cbserved

included Montastrea cavernosa, Meandrina sp.,

Diploria sp., Isophyllia sinuosa, Isophyllis

2p., and Millepora sp.

Corals (Octocorallia)
Many gorgonians occurred, and they attained a

greater size than at previous shallower depths.

They included Pterogorgia sp., Muricea elongata,

M. flavida, M. sulphurea, Gorgonia ventalina,

and Funicea tourneforti.

2. Sponges

A great variety of sponges occurred on the coral
formations, some of them typical of coral reef

commnities. There were the following: Gelliodes
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9.

A coral community which occurred at Station C.
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areolata, Callyspongia vaginalis, Sphaeciospongia

vesparia, small specimens of Xestospongia muta,

and Hircinia sp. Other less conspicuous forms
such ag Microcions sp. formed thin encrustations
on the underside of corals and over the surface

of dead corals, and Cliona caribboea and Clicna sp.

harbored the inner calcareous structures.

18-27 m:

DEEP BENTHOS

Sponge aggregations appeared to be the dominant group in this
region; however, these deeper regions were difficult to characterize
due to the limited bottom diving time. |

Despite the limited sampling, three different bottom types weré
observed: 1) sandy flat bottom; 2) boulder-like structures with many
gorgonians and a few coral patches; 3) boulder-like structures with
few gorgonian or coral formations.

Deep sandy bottom

This type of bottom was cbserved at depths of 27 m, 24 m, 21 m,
and 18 m. In contrast to the sandy formation at Station A, there were
no ripple marks observed and the formation was flat in structure.
@imilar to Station A at these depths, there was a thin layer of organic
sediments covering most of the sand. These areas were nearly devoid
of marine life, except for a thin layer of filamentous green algae

covering some of the substrate. There were no starfish, sand dollars,

or any of the commonly found sandy bottom organisms.
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Boulder-like structures with gorgonians. (18 m)

There was a great variety of organisms attached to these structures.
Most common of\these were the gorgonians, along with a few coral en-
crustations and sponges (Fig, 10). As found at Station A, the red algae

laurencia intricata covered many of the sponges and portions of the

boulders. Alsgo, an unidentified species of hydrozoa and a few bryozoans

were on these deep boulders.

The gorgonians observed included Bunicey laxispica, Diodogorgia

nodulifera, Pterogorgia anceps and P. eitrina.

Probably the most common sponge at thig depth was the basket

sponge Xestospongia muta.

Boulder-like structures-no gorgonians (27 m)

The boulders at 27 m lacked the gorgonian formations found at 18 m.

Instead, much of their surface was covered by algae such as Iaurencia

intricata, Coelarthrum albertesii, and Jania adhaerens (Fig. 11).

Only one type of hard coral, Montastrea annularis, was cbserved

growing on portions of these boulders.

Many specimens of the sponge ¥estospongila muta were also found.

FISHES
Fish were commonly found in and arcund the corsl formations.

The observed species included: 3 specimens of Halachoeres bivattatus

(Labridae); 12 specimens of Dupomacentrus partitus (Pomacentridae); 5 adult

blue head wrasses and 2 juveniles of Thalsssoma bifesciatum (Iabridae);

2 queen triggerfish, Balistes vetula (Balistidee); 3 groupers (Serranidae};

5 surgeon fish, Acanthurus bahianus (Acanthuridae); and 3 squirrel ©ish

{Holocentridae).
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Fig. 11,

Boulder-like platforms nearly devoid of gorgonians
at Station C.

93







95

TEXT TABLE 3

1h-16 January 1974

The relative abundance of the algae obtained at 6 m at

Station C. The numbers represent the dry weight obtained for geach

species within the 1/k e sample.
Species Dry

Weight (g)
Rhodophxza

Amphiroa sp. )
Jania sp. ) .1
Hildenbrandia prototypus)

Gelidium pusillum
Martensia pavonig -

Phaeoghzza

Dictyota sp. A

Miscellaneous 2.2

Total 2.8




TEXT TABLE L4

14-16 January 1974

The relative abundance of the algae cbtained at 18 m
at Station C. The numbers represent the dry weight obtained for

cach species within the 1/4 n® sample.

Species Dry
Weight (g)

Rhodophyta

Corallina cubensis)

Amphiroa sp. - } 10.1

Jania rubens _)

Dictyurus occidentalis 3

Coelarthrum albertesii .2

Gelidium pusillum EE

Martensia pavonia : -
Phaeophyta

Dictyota sp. ' 1.3

Dictyota linearis -

Dictyopteris hoytii -

Padina =p. il
Chlorophyta -

Total 12.3
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composed of articulated coralline red algme such as Corallina cubengis,

Amphiros sp., and Jania rubens. Similar to the findings at Station A,

the brown algae, Dictyota sp. and Dictyopteris sp. were observed living

as macroepiphytes and entangled within the dominant coralline red algae.
Generally sparse coral fauna was observed. Gorgoniang and en-

¢rusting cerals were rarely observed on those boulders with available

hard substrate.

gt
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DISCUSSION

Ten different epibenthic associations were observed throughout

the study (Fig. 12):

i) Sponge communities inhabiting the deep benthos at all three stations.
Corals and gorgonians did not occur widely, probablj due to the
limited light penetration at such depths, Light is essential
for the growth of corals since it is required by the symbiotic
algae that assist them in calcification and other physiological
processes;

2) Red algae communities usually among the patches of A. varians.

Tis situation was common at all three stations;

e}
S

Coral communities, encountered at Station A at depths of 13.5 m,
and throughout Station €, particularly at 12 mj

L) Boulders at Station B at 12 m;

5) Red and brown algal communities at 6 - 7.5 m at Station Bj

6) A Stypopodium zonale zone inshore at Station Cj

7) Boulder-like structuree with gorgonians at 18 m at Station C;

8) Boulder-1like structures with no gorgonians at Station C at
b - 27 m;

9) Sandy bottoms with thin layers of organic sediments;

10) Sandy-silty bottoms inshore at Stations A and B, harboring

miscellaneous biotic aggregations.
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There is a tendency towards dominant algal populations north of the
Point, while on the south of the Point there is a tendency towards
coral formations. However, there are coral reef formations slightly
north of the Point, (Station b, 16.5 m) although not as extensive as
those occurring south of the Point. These cbservations, made during
the summer study, agree in some ways with those made by Szmant (1973).
Most of the hard substrata occurring in the deep sublittoral
zone north of Punta Higuero harbor benthic fauna composed principally
of algae and sponges. A major change seemed to occur in the benthos

during the winter expedition. The Sponge Anthosigmella varians formed

large patches, cometimes covering several square meters of hard sub-
strate., However, almost all the patches of A. varians observed during
the winter sampling were smaller than those observed during the summer
sampling. Algal aggregations were observed within the sponge mats

which is unusual. A mucuous slime within the sponge-algal interface

on some patches was observed, possibly indicating biological interaction.

A trangition in which algal communities dominate the sponge for-
mations seemed to be occurring. It is not known if this is a seasonal
phenomenon, since no previous data are available.

One cause of succéssions within the benthic fauna at Punta Higuero
may be the influence of the nearby Afiasco River (Fig. 13). The silt
clay and other terrigenous matter transported to the site would have
some affect on the benthic organisms. However, no statement can be made

concerning the degree of the river's influence without further research.




i

Fig. 13.

Aerial photograph of Punta Higuero taken
during the winter of 1974 illustrating
the sediment transported to the south
around Punta Higuero.

r ey
'if--"' . ,’) .

(E.D. Wood)
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g, Fish

F.D. Martin & J.W. Patus

The fishes of the Punta Higuero site have been sampled
by a number of methods. They have been taken using dip nets
and rotenone and have been identified by swimming through an
area and from photographs taken by the benthic team, Tsble 1
lists the species identified from this area and the method uged
to sample them, Table 2 lists only those species taken by
rotenone and the numbers taken at each station. For locations
of these stations see Fig. 1. .'o samples taken thus far
have turned up species which are unusual for this end of the
island and all species thus far can be characterized as reef,
rocky shoreline, pelagic or sandy bottom dwelling species.
The habitats which these fish prefer are more or less contin-
uous from Cabo Rojo to Aguadilla and all have pelagic larvae
except for the blennies. Wide spread damage to these species
then seems unlikely. Sampling is proceeding on a quarter
year basis and will be continuations of the sampling pro-

cedures above,




Species
Echidna catenata - Chain Moray
Gymnothorax sp. - Moray (juv.)
Harengula clupeola - FPalse pilchard

Jenkinsia lamprotaeria - Dwarf Herring

Arcos rubrigenosus - Red Clingfish

Atheririomorus stipes - Hardhead Silverside
Adioryx vexillarius - Tusky Squirrelfish

Holocentrus sp. - Squirrelfish
Jerranus sp. - Grouner

Malacanthus plumieri - Sand Tilefish
Caranx fuscus - Bluerunner

Caranx ruber - Bar Jack

lLut janus apodus - Schoolmaster
Haemulon parrai - Sailorschoice

Pseudupeneus maculatus - Spotted Goatfish
Pempheris schomburgki - Copper Sweeper

Pomacanthus arcuatus - Gray Angelfish
Abudefduf saxatilis - Sergeantma jor
Abudefduf talirus - Night Sergeant

Eupomacentrus leucostictus - Beaugregory

Eupomacentrus variabilis - Cocoa Damsel

Eupomacentrus sp. - Damselfish

Mugil liza - Liza
Mugil sp. - Mullet (juvenile)
Thalassoma bifasciatum - Bluehead

Unidentified small wrasses
Scarus sp. - Parrotfish

Sparisoma sp. - Parrotfish
Dactyloscopus tridigitatum - Sand

Blennius cristatus - Molly Miller

Entomacrodus nigricans - Pearl Blenny

R,

Stargazer

*Sampling
Method
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*Sampling **Normal
Opecles Method habitat
Cphioblennius atlanticus - Redlip blenny S R
unidentified juvenile blerny 4
Acanthemblemaria spineosa - Sninyhead
Blenny D Rk
Coralliczetus cardonae - Twinhorn Blenny D Rk
Laorisomus guppyi - Mimic Blenny | R Rk
Tabrisomus nuchipirnis - Halry Elenny R Rf, Rk
walacoctenus versicolor - Barfin Blenny R,D Rk
Paraclinus fasciatue - Bended Blenny k Rk
Unidentified juvenile cliraid R
Bathgobius soporator - Frillfin Goby R,D Rk, Rf
Acanthurus bahianus - Ocean Surgeon s,P Rf
Acanthurus coeruleus - Biue Tang 5,P R
Acanthurus sp. larval R
Balistes vetula - Queen Triggerfish B RE
Melichthys niger - Black Turgeon P RY

Rotenone stations, 15 & 16 January 1973

*B.._-
S = Swimming mostly around "Steps", dJuly 1972.
P = Photographs, benthic team samples, January 1973
D = Dipnetting 18 February and 6 May 1972.
**¥Rf = Coral Reef fishes
Rk = Rocky shoreline or Rock Reef area fish
P = Pelagic
83 = Sardy bottom, or sand patch species.
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COLLECTING SITES

Beach near Toflito's Place,

Picnic Rock - g large rock formation on Punta Gordsa.
Splash Pools N, of Dome,

Rock Groin and protected water at the olg Bonus outfall.
Rocky shore between Dome and Lighthouse.

Rocky shore just S. of Lighthouse,

Surfer's Beach

Small channel in the beach rock N. of Steps.

Runnel behind a beach rock outcropping N. of Steps.
Steps
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Runnel just N. of
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would cut the beach at the dock area so there would be a "north beach"

accessible from Aguada and "south beach" accessible from near the gate

to the PRWRA site.

With ready access, adequate oil spill guards, and planting to screen
the area from the public there should be no loss to recreational or

aesthetic values.







Fauna observed in Punts Higuero was restricted.
due to a natural paupacy in local fauns.
not get many of the more shy or rare birds or animals.
trapping and covert observation,

rats, mongoose, cats, and dogs.

pest species,

FAUNA LIST

Reptiles and Amphibians

Ieptodactylid frog
Bufo marinus
Anolis crystatellus
Anclis sp.

Crotophaga ani
Tyrannus dominicensis

This was partially
Also transect observations do
These require
'Macrofauna consisted mainly of pelicans,

All, except pelicans, are introduced

Mimus polyglottos
Quiscalus niger

MAMMALS (native)

Noctilionid bat

127




PROBABLE UNAVOIDABLE ADVERSE EFFECTS

The most probable adverse effects are those physical effects relating
to removal of the vegetation for development and disruption of run-off
patterns. Nothing can be done about the férmer. A partial compensation
can be made by planting fringe areas (Possible Remedial Actions). This
action, plus care in grading, should help in advoiding the bad effects of

disrupting run-off patterns.

POSSIBLE REMEDIAL ACTIONS

Designed Successional Forests:

Many attractive and useful plant species are normal members of the
secondary successional forest. These include coconuts, almendras, mangos,
royal palms, tamarindo, cocoloba, casuarine, spodilla (manilkara),
flamboyan, gumbo limbo, ete. 'These hardy species can be planted along
roads and the perimeters of developed areas. This would serve to (a) promote
natural succession, (b) provide a screen against noise, dust, ambient heat,

etc., (c) cover the plant from public view.

Beach Front Parks: ;

The beach areas of Puerto Rico are cpnsidered public domain. Therefore,
any unsightly, hazardous, or prohibitive developments are undegirable. By
and large, the beach front areas (stippled in Fig.3) are not planned for
extensive development. Much of the scenic beauty and community value could
be preserved by leaving existing natural areas, planting trees along roads,
(by the fences) and between the beach and the plant and water front (dock)

area. Exclusion fences for the PRWRA facilities would be essential. This
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IABIF 3. species 1ist for the secondary successional forest
on the Limestone Hills at Punta Higuero.

TREES IN THE SECONDARY FORE ST

Artocarg_m altilus

Bucida buceras
Busera simarubs
Casearia guianensis
Cocos nucifers
Ficus stahlii
Guares trichilioides

Ma nganifera indice

Piper aduncum
Roystonea borinquefia
Thounia striata
Terminalis cats

Zantho:_c.[lum martinicensze

SHRUBS
Dugge ng hirsuta

ILantana involucrata
L. camara

Solanum torvum
Urena sp.

VINES

Abrus abrus
Ipomea ¢p.
Melothria Egdalumnais

Passiflora sp.

Sti@gmxllon tomentosum
Urechistes lutea

FERNS

Adiantum cristutum
Polypodium sp.
Camphyloneurum &p.
Tectaria heracleifolia




TABLE 3.

HERBS

Anthurium acaule
Borreria laevie

Cassia tora

Crotalaria incana
Desmodium spp.

Lobelia rocbusta

Mimoga pudica

Pilea s=p.

Stachytarpheta Jamaicense
Wedelia =p.

GRASSES

Digitaria sanguinalis
Paspalum =pp.
Sporabolus sp.

(cont.)
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Additions to the Fish Species Lists
for the

Punta Higuero Site
by F. D. Martin

On 12 March 1974 two shoreline rotenone stations were done. One
was at the station designated as Picnic Rock in the 1973 first quarter
report and the other was at a beach rock outcropping between stations
7 and 8 of that report.

Species taken are as follows:

Previously Picnic Station

Species Reported Rock 7.5
Echidna catenata-Chain Moray X
Gymnothorax sp.-Moray (juv.) X
Gymnothorax vicinus-Purplemouth Moray X X
Harengula clupeola-False Pilchard X
Harengula humeralis-Redear Sardine X
Jenkinsia lamprotaenia-Dwarf Herring X X
Anchoa lamprotaenia-Bigeye Anchovy X
Arcos rubrigenosus-Red Clingfish X X
Ogilbia sp. X
Parophidion schmidti-Dusky Cusk-eel X
Atherinomorus stipes-Hardhead Silverside X
Adioryx vexillarius-Dusky Squirrelfish X X
Scorpaena plumieri-Spotted Scorpionfish X \ X
Epinephalus adscensionis-Rock Hind X X

Serranus sp.-Grouper X




Pseudogramma gregoryi-Reef Rass

Rypticus subbifrenatus-Spotted Soapfish
Apogon maculatus-Flamefish

Malacanthus plumieri-Sand Tilefish

Caranx fuscus-Bluerunner

Caranx ruber-Bar Jack

Trachynotus géodei-Palometa

Lutjanus apodus-Schoolmaster

Haemulon carbonarium-Caesar Grumt

Haemulon parrai-Sailors Choice

Pseudupeneus maculatus-Spotted Goatfish

Pempheris schomburgki-Copper Sweeper

Chaetodon striatus-Banded Butterflyfish

Pomacanthus arcuatus-Gray Angelfish

Abudefduf saxatilis-Sergeant Major

Abudefduf taurus-Night Sergeant

Eupomacentrus fuscus-Dusky Damselfish

Eupomacentrus leucostictus-Beaugregory

Eupomacentrus rariabilis-Cocoa
Damselfish

Mugil Liza-Liza
Mugil sp. (juveniles)

Doratonotus megalepis-Dwarf Wrasse

Halichoeres bivittatus-Slippery Dick

Halichoeres maculipinna-Clown Wrasse

Halichoeres poeyi-Blackear Wrasse

Thalassoma bifasciatum-Bluehead

Scarus sp.-Parrotfish
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Sparisoma chrysopterum-Redtail Parrotfish

“nsrisoma radians-Bucktooth Parrotfish

Sparisoma rubripinne-Redfin Parrotfish

Dactyloscopus crossotus-Bigeye Stargazer

Dactyloscopus tridigitatus-Sand Stargazer

nillelus rubrocinctus-Saddle Stargazer

Biennius cristatus-Mbily Miller

Entomacrodus nigricans-Pearl Blenny

Ophioblennius atlanticus-Redlip Blenny

Acanthemblemaria spinosa-Spineyhand
Blenny

Coraliiozetus cardonae-Twinhorn Blenny

Labrisomus bucciferus-Puffcheek Blenny

Labrisomus guppyi-Mimic Blenny

Labrisomus nuchipinnis-Hairy Blenny

><><><‘.><><><><><><
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6.1.4.3 FEcological Parameters

TERRESTRIAL SURVEY

By
M.J. Canoy

INTRCDUCTION

The terrestrial ecclogy of the Punta Higuero proposed power site
ig divided into three broad community regions: (A} coastal beach and
limestone communities, (B) successional plains, and (C) dry limestone.
These are sub-provinces of the dry coastal (Little & Wadsworth, 1946)
province.

The Punta Higuero site and bordering area was surveyed in
February, 1973 and 1974, For this purpose three transects were walked
(Fig. 1) from east to west and three north to south. From these samples,
species lists and locale of plant communities were established. From
color aerial photos of the site, and referring to the surface transect
data, a map of plant communities was drawn. Three spot checks were made
in anomalous areas (marked, Fig. 1) to verify local conditions.

Faunal lists and regiocn of occurrence were compiled by observation.
Avifauna includes the sea birds as well as terrestrial species.r

The structure and appearance of any ecologiéal association depends
primarily on the species present and the relative numbers of each. In a
normal tropical assemblage, the number of species might be very high.
Puerto Rico, however, is a densely populated and severely disturbed area.
Alsc, it is an isolated place in terms of zoogeography. Practically all
remnants of the original forests are gone. In most cases, the "mature”

forests are secondary or tertiary forests.
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Fig. 1. Map of the Punta Higuero site showing
orientation and sample locations.




Much of the island is kept in a permanent state of succession due
te constant interference by man. The Punta Higuero site is no axception
to this.

Te determine the present and possible future trends of succession,
we followed well-esﬁablished ecological techniques, The accuracy and
completeness of the work is more or less dependent on the activities of

man, both locally and "up wind".

HISTORY

The general area is a more or less xerophytic coastal regime on sand
and limestone with a narrow coastal plain of heavy clay. Some 200 Years
ago it was forested with dry country hard woods. When these were cut for
lumber and fuel g secondary forest began. This was cleared off the plain
area for sugar cane and off the hills for fuel.

Sugar cane culture continued until shortly before PRWRA scquired the
land for the Bonus Reactor Project (approximately 1958). The area between
Rincon and Punta Higuero is still in agricultural use fof cane and for
Pasturage.

When PRWRA built the Bonus Reactor all the site not used in con-
struction returned to a tropical old field succegsion. A few large bread-

fruit (Artocarpus altilis), Australian pine (pifiero, Casuarina) and Royal

Palms {Roystonea boringuefia) remained but the major vegetation was acaciag,

vines, and herbs. This grew to cover most of the plain and the lower hillsides.

However, most of it was bulldozed away in January and February, 1974.(Fig. 2).
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Newly bulldozed area on the plain at Punta Higueroc.

Fig. 2.
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PLIANT COMMUNITIES

The Beach Associastion (Map, Fig. 3) at the eite is quite typical (Fig.h).

The dominant trees are the almond (almendra, Terminglig catappa), sea-grape

(uva del mar, Coccoloba uvifera), and coconuts (cocom, Cocos nucifera).
Numerous small shrubs, herbs, and vines form a ground cover under the trees.

Common among these are mother-in-law toungues (Antharium), Iantang involucrata,

Ipomea spp., and Solanum Spp. Other species included are Scaevols, plumieri

Crotalaria retusa, Bidens pilosa, Erithalaris 8p., and_Fugenia sp.

The beach community serveg to hold the sand against wind and water, to
make humus, and provide a basis for successional forests to follow. Also
on & densely populated, tourist-oriented island, such as Puerto Rico, it
sérves to hide less esthetic aspects of farms, barrios, and tndustry from
public view at the beaches. For these reasons it should be Preserved,

On a small rocky point south of the Bonus plant there are a few

Aguave and Plumieris alba. This outerop is sand and clay over a limestone

and beach rock conglomerate,

A list of the major species observed in the beach communitylis seen
in Table 1.

Clay plains at the foot of the hills represent the most disturbed
sector of the site. This area was cut over for timber many years ago,
then cultivated, and finally left undisturbed when PRWRA put in the Bonus
plant experiment. Tt was covered with 0ld sugar can and zancilla (Ieucaena
glauca) (Fig., 5). Well over 90% of the biomass was in these two species.
During the winter of 1973-7h this area was burned and bulldozed by PRWRA in

breparation for construction (Fig. 2).
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TABLE 1. Beach community species list,

TEREES and SHRUBS

Cocos nuciferas
Coeccolobis uvifera
Chrysobalanus icaco
Iantana involucrata
Plumiéria alba
Terminalia catappa
Erithalis fructicosa
Citharexylum fructicosum
Scaevela plumieri
lantana camaras
Solanum torvum

OERBS -and VINES:

Crotalaria retuss
Indigofers, suffruticosa
Stylosanthes hamata
Guilandia crista

Smilax corigces

Ipomea spp.
Stigmaphyllon tomentosum
Anthurium acaule

Casgis tora

Lobelia robusta

Mimosa pudica
Hymenocallis littoralis
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The few large trees left on the plain are casuarina (Casuarina

equestrifolia), panapen (Artocarpus altilis), almendra (Terminalia catalappa),

and palma real {Roystonea borinquefia). The species list for plants is found

in Table 2.
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TABIE 2. Species list for the plant community on the
coastal plains at Punta Higueroc.

TREES and SHRUBS:

lantana involucrata
Leucaena glauca
Artocarpus altilis
Casuarina—equiestrifolia
Terminalis catappa
Randia aculesta

Solanum torvum

HERBS and VINES:

Ipomea spp.
Rauwolfiag tetraphylla

Crotalaria retusa
Indigofera suffruticoss
Bidens pilosa

Anthurium acaule

Cassia tora

Lobelia robusts

Mimosa pudica

Pilea sp.

Strachytarpheta jamaicense
Bymenocallis littoralis

GRASSE 3;

Andropogon glomeratus
Sporabolus indicus

8. porratii

Digitaria sanguinalis
Setaria geniculata
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SECONDARY SUCCESSIONAL FORE ST

The Iimestone Hills plant association ranges from the dry com-
munities on the western slopes of the hills to moist forest stands in
1ow areas of the eastern slopes. This association has not been seriously
digturbed for 15-3C years. Tt may serve as a propagation source for
re-population of the undeveloped portions of the plain area.

Near the base of the hills are Leucaena glauca, Bursera simaruba,

and Zanthoxylum martenicinse. These are over an under-story of Piper spp.,

Dieffenbachia, Pothomorphe, Randia, Urena, and Amaranthus. Young mangos

(Mangifera indica) and Royal Palms (Roystonea boringuefia) are appearing

cn the slopes from a few mature individuals up the hills. The grass and
sugar cane from the flat area grades into shrubs and scrubby trees. No
true demarcation can be made. A return to the mature forest wouid take
a long period of time. A sgpecies list appears in Table 3.

The drier areas of forest do not have a large ground flora but they
are difficult to walk through due to the numerous tree trunks, interlocking
branches, and thorns.

Prominent trees are the gumbc limbo (Bursera simaruba), guebracho

(Thounia striata), and guaranguao (Guarea trichilioides). On the east

of the properties there are two moist valleys. Here are found mangos

(Mangifera indica), panapen (Artocarpus altilus), some of the climbing

-

grasses, lasiacis and Abrus, alsc occur here.
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Dye Drop

[N

Dye Study
Distance
(n.mi) (m)
.5 926
23 982
.39 722
-39 722
T3 1352
2y 1370
e 2037
5T 1685

Pt. Higuero

Time
(min.)

30

Q0

SQ

20

Ave.

390

0

Ave.

T-%-72
Velocity Direction
(xts.)(cm/sec.) (deg)
.33 .1 6
.35 18.2 2
.26 13.L 3
.26 13.4 e
.30 15.5 b
g 25.0 2
4o 25,1 v
273 AT.T 17
b1 .2 I
.58 29.C 1!
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Dye Study

Dye Drop

(e, )

Distanze
(n.mi) (n)
RITS 589
180 1482
1.16 2148
150 2037
.25 W63
.85 | 157h
L.l 2037

Pt. Higuero

Time
(min.)

120

120

120

120

120

Ave,

120

120

Ave.

Velocity
(kts.)(em/sec.) (deg)

8-%-72

Direction

.24 12.3 356
Jbo 20.6 5
.58 29.8 20
55 28.3 36
.33 14 2
.32 16.T 1
il 3 21.9 11
55 28.3 16
.53 27.1 21

*disappeared intc a convergence.

(26)

133




& (*SuH) AvVa 40 EWIL
i g 9 2 2 2e o2 g1 91 1 21 o1 g
L " i A i i i i £ i a L " L "
SaptL . 01
odon3TH "3d
N
b Of
L On
NM.inlN !Om
o2
L On
2L-Ix-L 2L-X-Tt i
L 02
gL-X-1€ 2L-x-08 | O%
b

(mo) IUSTSH SASM TEPLL



Sl=¥-Tf 9PULA SoCjan. 28sg aodoy I1y Lawrwy AWN:JOIV uiL z) 'y
- =X-0

135

8 9 L < He ge o2 BT 1
4 T I o

1 L 1 A 1 L | 1 i I [} 1 ] 3 1 3 m— 3 +.~— 3 N_ I nwﬁ 1 w N

s+
g
— ]
m
o
-S¢1
o]
g 2
o
~ser
n
o

— M
E 3

— CIE

N

)

-
ot ™
r
=]
]
l
<
0T ~
x
d
.- o
~
=1 A




136

ZL-IX~T SPUTA soems Fseg 20J04 JTy Lauey {SunoH) IwWiL BL=X-1E
g g9 % - c L] =3 e T T T e 0

1 A ] 1 ] N | 1 1 1 i 1 [} 2 m i N A 4— 1 L. —__h 1 w N

54
by
-3 »
_a
5T
0
g <
)
—sez
]
o

= M
3

—SIE

N
<
m
Loy
Q
2
-t
A
0T -~
b ¢
<
4
b4

08

- -




SPUTA 0E; S B5uLg 0J0; ITE Kauey ﬂmﬁao_u_v WL

gLl-1x-g el-Ix-1
] g i < fic oc Qe g1 91 "1 cl 0T 194
b 1 — [l — ' — i .— [] h I .m (] _ 4 I— 4 b ] n 1 I-. 3 z
5
9
llu -
~m
(1)
—5€7
o
-g 2%
0
—ser
n
o
~ M
g
—Sie
N
1)
L ™
| g
Q
2
-
A
=0T -~
r 4
<
o 75
S’
_Ion




138

zL-i-1€ (SYNOH) FWdL 2L-%-0t 2i UOTA®IS
a2t o e 3 q g ne 23 02 g 91 71 Al
] ] 1 | v 2 1 1 ! 1 | I 1 ] ! ] 1 .} | SRR TR, SO ] N
-4
— 3
11
- S
BIA4
- M
wg - uzdaqg
YH=Ihd
o.HwSMaM =94 - $1%
N
oo
—$'Q
o'
-

('sLe) ALIDOTIA

(20) dW3d



139

o T

4
i

2i-Ta-1  (SYNOH) IWiL : 2l-¥-1¢

he
[}

24 uoI3Tag
ze 0 oL 91 i 2l
N 1 1 N | N H 1 { 1 i

wg - ysdeq
¥i-IHL
CISNFTH *3d

3

'él LN B |
SLNN) ALIDOIA

LI

| -
w BV w L oz

-
Mo13 4o NOLLIIWIA

w
o~
o

- SIS

°
°

T

(.

(D) dW3L



140

zi-1-z (SYNOH) 3IWIL eL-Ti-T 2l uoTess
2t ot ) 9 Hp z e 2z og 8T 91 "t 2r
] 3 [ { 1 [ 1 } " i 1 ] N 1 N i 1 1 1 | 2 | 1 1 g N
5% ©
~
—3 o
3
R ©
1184
~s 9
A
14 m
we - yadag —M
v-THd
_odandiy cad -Mun
N
oo
- <
- m
" o
o
5% 3
-
3 L, Y
b %
- &
01 Z
-t
- m
o ¢
N
n E ]
[]
- &



i

e\ O

-

zl-x-1€  (SYNOH) WL

e 4 ez
i |_ A “ﬁ 2 .-

wg - yidsag
Vq=IHd
_oJandry ‘9g

R T

-

 UOT3ETE

rF

[»]
b+ |
e,
See
g

(SIn%) ALimO0%3A

QWIL

ey




12

z2b-1x-1 (SYNOH) IWIL 2l ~X-TS

ot g 9 % c we e oe gt 9T 71
| I } 1 ] 1 ] 1 i X { L | K TR | I i ) ] 1 ) S

- wg - ysgdag
Vi-1HdL
oxandTy *3d

L
O B W
-l
Mo13 20 NOILYAVC

w
L2 ]
o

(£ -]

|
")
Q
('5h0i)) ALIPOTTA

<
»
]

tF UOTIE}S

(Ve) dWiL



¢ -7 -c (SYNOH) AL N

A 01 G 2 L € e Qe < . L <.

1 1 L L R 1 3 1 1 1 PR Y f 1 1 s i 4z ! 1 1 1 + N

LS o

n

-3 0

B,

L o

£41 84

-

STt m
wg - npwva — M

Yi=LHI

QIandTH *2g - $I€
N
o0

, — <

\\l/l’l‘)\‘j/“t\)’\!})[ m

e r

e -]

~s0 &

L -5

[ <

~

= =

-

-

. m

3

3

L e

L]

O

=

gr WOTATRL




bl

(*sE) AvQ 40 BHIL ’
2z oe g1 9T 41 a1 o1 g 9 7 2 o
L n ! N .\ = i S /v/ i 1 i L 1 L ] i~ 1 i 1
) J/ -
-

\ ~
I ooy
4
\ Co=1-01
/
) /
L 02
P
o
Ve A
Fa
~ WS L s
N F'd
AN ’
!
P O<

LAPLL
oJatuly ‘4 . vL-I-L1 bl

o

835

anL:.

{=dj 4TI



LiU s Zorldns gay Aoy Awmﬂ OIV cIXIN}

L
e gz gl 91 1 21 o1 g Y z 0
[ 1 | N i 1 ] 1 ] ] " 1 ] I ) i 1 N
—sv
<
|u =
m
o
Lsgr
[+]
g £
2
/ oasuBiy tad 4o puty (PfSTT
P e
- '; o
n/.\\\\\‘unlnai.:. M
. —Ci€
N
0
<
w —~0F M
v
Q
(21
1
<
=0T -~
r 4
-t
T
L
08




(synoH) 3Wil

spuis S0LJANS gy LIWEY £L-1-g1
i [ 0c¢ @l at H1 cl o] % 9 it c 0
1 1 1 5 ] 1 i ] | L | b | s ] ) 1 1 ) i N
i
—3
I
— —5E1
oxendry *aq v i - @ [°®
—~Stt
— M
—Sig
N
0
e, R
« ® :
—0T

I TN PR ST

—0€

1123814

MO3d JO NoO

(HdW) A212013A



STUTe 2081d0S g4y Lomey Awujomv N-)—_-_c

8L 9t 71 , A o1 8
1 i i | 1 ] 1 | . 1 . ; .

LL-1-61

o N
i ey
o

—3
--S£T

—$TT

= A

........ - \\J - ste

—01

-0

MOT4 4O NoOILD3 Mia

(HdW) AL1201 34




(sy¥non} 3L

£L-I-L1
) 3 9
o . 5 s - a1 ﬁmﬁ @ . r \ \ g f N
! .u_n om\ 1 i "“ 5 i 1 i s | 2 i
6% ©
e
—3 ¢
FSET 3
- g w
-
s
ST
£
— M
w, - yadag Y - $1S
L4 Lo
detd g " N
2]
B <
- o
- r
- ¢
ll..\lo =
<
= ~
- P
- X
"
e
2
I o)
=1
—~
o
e




1hg

(SYnoH) IJWii CL-I-g.
e [+ JC 9L L 2L at O
__ _ 1 — — — [} _ * L 2
~ St o
~
-5 u o
.
i o
(1340
-s 2
be 1]
Stz §
£
— M
up - yidag
A - SIS
CIMATY *ad
N
oo
A <
™ m
o L
| o
50 &
= -4
3
B ~
- x
- m
L St
]\Qm\ﬂ
l&
L .m
.
—L T 9
o
0
o O
E

.7 A

[ £




150

(S¥YNOH) IWitL £L-I-61
Zc i SRS gL Lt ci 0t

i 1 } [ 1 2 | 1 1 " 1 N i L | A ] " 1 I 1 L

wy - yadag
wip- 1Hd
04snZ@TH "%d
N
oo
B <
& ™
= ™~
o o
_co &
n -
oL,
- [n)
u k)
- X
or Y
L. ¢
e
‘llll\‘\\' w
]
—L7
Q
|»mﬂn Nt




151

(SYNOH) IWIL , Einte
a6 ¥ o o1 s 2T o ” 5 5 ‘ o
1 1 } 1 1 ) | ! | s 1 : i 1 ) 1 i | L { 1l
e
ar QA 2
IR |

wg - gqadag
vip= THd
OJITETH *3d

MOT13 4o NOILO3BG

| l!-, LENLANE B B I I B |
. °
R 83 3 S
('sLd) AX320713A

i
-

b3 §
{2-) QW31

X




152

(3ynoH) 3WILL
i [ &%

1 ‘ (] m s — ]

-
N
=

El=1"pt

@]

wg - y3dag
Y LHA
SIonBT " hd

T W ] . o
n Ty wn
o
z W 3 0w ez
Mo 14 20 NOLL23IWMD

o
-

._I_l 11

Iq

<O
(SLad) ALYIPOTIA

!
-

: ] [ .|
5 5 ¥ %
{(De) dW3L

B




153

(SYNOHY) IWrL

et
i 1

ot
1

AN
L =T
' 413

QAL [,

~ 3

T
n
3]
w4
MoT13 d40 NOIL23¥Vd

T
3IA

Csind) AL1D0

¥
Y

|
Oy
(2e) dviald

i
| &
(2%




154

. (S¥NOHY IWL €1-1-L1
42 22 0z - 1 91 71 2t ot g z 0
] 1 1 i y ] L 1 ) ' y | i 3 { £ 1 N
a4
- 9
- gel
— S
STt
4
b— AN
ug - yydag L ¢T3
smﬁ-HE 423
oxandty *
H "3 N
[-X-]
B <
- -t
o "
R o
5o &
B 3
L
o —~
= el
K z
4
cae- o.ﬂ/.cv
-5
.
] sy ; - A
N
: g £




155

(S¥NoH) 3L _ £L-1-gT
42 o 02 ot 91 41 2t ot g 9 % 2 0
1 1 ] $ } L i i | 1 | L } N i J ~ ] N }

|

e
@O owoow
-t
3 #e NOIAZaMG

v
+ z

-
~

L)
I
L7, Y
z 3 3 g

ag = uyidag
¥H=~IHd
OISNBTH "ad

{
b
o

{'Sind) ALIDOTIA

-]
»
ha ]

33

1
h .
R |
(9e) dW1L

— e




(S¥noH) IWIL

£L-I-61
e cT co °18 ST ®i FAl QL 8 9 ] c 4]
! 1 1 1 ] L i 1 i r N i 1 1 2 ] N | 1 1 N
2
»
il
o
3
Q
z
-s 2
)
~SYT §
£
— M
g - yydeqg L ¢1¢
Vh=1Hd N
oIan3TH *14
N
{-2-
l!\\/'/l\(\l/l <
- m
. .
-t =
it = N m
. [~ <
™ -~
- Fa)
-
L%
—5C
-7

I
P-
9
{2.) dwil

]
P
L




e

-]
A
L]
B!l
[}
<
(-]
-] °
b
1
|
|
.
[ 3
. @
| .
. A
: 2
B

| .
|
i

e FTIITTTTITY IR T T T F T T I T I T T I T T T -
o L2 ¥S K% [T R i LU -1 o &= o w &

N M S - |
(OJG)HOWJQdO NOILDHHIC
G4

L
N
]
&
L]
[}
]
ole
]
L |
-]
a
]

? .
]
e,

T

p=

—

—
e
e
e
Fes

L]
N

12198 0UT 6- 8-73

M IN & 7-73

1

DEPTH

PHI- 4A

PT. HIGUERO

157

e

2

T
42

TIMECHR)

1

Fe

@ai

T
6

M & e 4 & e
(OIS AL IDOTHA
851




L'*\'"T“‘Tlllll
nOOFL KT B

.J

lIl'I'l‘lIY]l'lII
I3 . B & o

25,

- 5 |
(ggG)HOTA éO NOI LDHSTA
&st

+
™
R
r&
83
2
4
T
—sL\I’_'
r
Pt
—
e
]
2 e
L
e
]
L
. -
e [*
[}
-]
-
&
g
e
-]
T L
e
N

S —

- 73

1218 oUT 6-

7-73

MIN 6

L

[

DEFTH

PHI- 4A

. PT. HIGUERO

®
X
x
X
X
x
X
3
x
X
"
x
X
x
3
x

»
X
x
X

X

X
»
%

158

-]

I

By

—_—
12

T R

18

e oc & &5 & K &
( DISAWHD IALIDOTHA
654

e

Y




159

(a5 AT

id AN > a P i [0 ] L L o [
i 1 i e e A K I H o g ol | PR LEIRD NI 1. o
e 5 x . x i » 2
x x o e b3 x X x
= x
x . x x x ¥
x 5
%, wi-
i <
> X x % %
» = UH
x G .
x Alaa
wD %
=X
&N
o)
™M
s
g
-§
T TTEL8 -9 1IN0 £t £4-4 9 NI W b = Hlddd Vb -IHd  Oddnaly 1d L
. (&H)ENTL .
¥ 2z ac 1% L 1% 118 [ 2 9 + z a
o w i L 1 H I 1 Py 1 = L. TR aN
T2 = “a o
- ]
]
. =
Che
=) mn
i § 3
o . - _m m
® e 5 o
® s & mS..JG._
& L 4 ]
L] - IJ
L
w £
& & G
i
it
o §
& e i3 M
3 -
A Sy S 2 §z
»t R




160

Fl

HYAWTL
s 2 - o 5 - ¥ o - g : F 3
x x X * X x
« - x % x® X xR - -
x " % * .uA.
m
x * ox b -#T
x X x * lelx w
x * B
I—
£
(@)
P
w
as}
IMO
-8
-8
LZ-B -9 N0 £i&L E£4-4 -2 NI W b= HiIdHA v -IHd O¥IN9IH "ld s
i . (H YL L
s s s Ly X o 2 ¢ : : 2 E oz
eauaonaan-tlllwa % ot
_ g
%
Lgm
§
! v n& ;
. P L - mms
1 @ o r
: bod
L - | &
s TE
® ;
2 IMM
it
& ]
RS

[
|
i
i"_t_

L-AN

~

A Mo

654

NOLLOHAIA

2
651



(aH MWLﬂh

[l
g @ = . " o . 2 : ; 2 *
xuxu o xnuunxxanux 4
* . .... ¥
u: - g oo™ |¢m
e 8
rWIl—
.auw
,.m
40
...I\
=
TZ8 © 1IN0 t2Zl TZZ 9 NI W < = RLdX0 Ve -Tnd  O&@OIH Lo i
B _.E » » W @Hain 1 ? : F oz
.l.IllllO.lll
- v
. . 5
- L] u
[ o » i w
- -l
" e . L l.. ﬂﬁvcﬁm
- . M -H_
. 3 R
49
g
- F:
mmN




L3

24

FN

e

TTT T TT T T T T 0 T 1T
. ac er &

YT
as/e BT

. 3
NOT LD381d

162

7 MIN & 7-73 1223 OUT &- B-73

DEPTH =

PHI- 4A

HIGUERO

PT.

x
*
X
X
X
X
»
X
X
®
X
X
X
X
X
x
x
x
X
8
x
X
X
X
X
%
X
X
x

14

TIMEC HR)

B @ & 6 x e
C{OES/WDIALIDOTIA
651

-t

-




163

&
R
R

]

]

.0'_

v

gy
LQFHR IALID0 A

E£B -9 10 98zl w4 9 NI W £l = HIgH

(H w..wfm._.

¥R cIHD L oM3FOIH Cid

[

TTT
13

™Y
&

T

= . .
Eg‘m‘as’ia

'nl‘
i

-

%)
1 do7
85

W

Kgﬁ‘ ~l)'l' *u-'.
©3a WO

a* -

N

oc o ﬁ*




mrws " F E . ' 3 5




165

.-

P

-
J i

wt

Ve

FTy

.‘_.r.m




>, ‘s

)

i~

0

.

= il

JTJI%J?iJi

W L4 4

LIS 1 et e

€ T

PR



167

£

bl =y



168

S il

i xd“rl_

G-

-’

rad



169

-9

L

Lol

L

S

-JL

Ié

= =L

Yir = THd

CHINSIH Clg

N

b

ul

£




170

LN

tL-6

-9 L

———

et

[V

s

-9 NI W

/

2

= Aldiid

Vi - IHd

el

ST}

ol -

"l

!

3



171

Tk

=

110

YA L

Vb ~IH4

= -

"l

Gl



-l

ET

17

P T

-3 LW

W AT sl

P L

- Lel it

vir -ITiHa

JdinAI=

€5



173

i ]

d 4




i7h

1
f)’

i

Y -1

-t av

Sl

e P L & R O |



[ g2 e O A IR L0430 vt 1 T "
= ’ e T
g
|||!..|./ \l!.///
— ot
(] -
/r.,. N s
- = - -
- “ -5 e
L] 1)




176

P

~ HLdU

Vb - IHdd

CHUNATH b

-t

»

bsl



177

“ilvp !

s

-
g4
i
- Y




178

o

"
pr

frt

s ok

! ol

12

B A

L3



179

-z

ol
pey

vi-

=




180

g

i

(o8

-l

N




-t % "SUOTLITIDUOD UTBI
. . SNOLIRA A3 ROTPUL. . Iaquing.- aeiry———
: anoy jeod dup Huplogaaop™
g X T&.m fyr fo aogr 20 Bypuuioy Aypviousi pnol) g0
R RS *(aD) enquiuopumyy <ev--ee- e 8 T S T e e e e TTTTTer oo abunyp . “paifuvia
(33 0 np) MMIRWEND0JILL] Jo snjrungy === +---==== 8 2R aPIVinYD | -un B[0YM D7 uo Ly v nng. 2o
.MP ) SMpunoqrUgN, Tt ee e L adopaap evap Furuosog
lllll - *(0g) snpnuthooyeng 9 AEEmREITIY 6 o8 T 40 BuLAjossID Ajauad spnol) 10
*(8Y) snjvtsay ¢ } ‘spnop lrxs *IIGUAIDSN0 10U 20 pIAlDER
8 pror . waouy - L eangq - TIONAUOPAY ON -qo 08 Jwuwdopasp pnoyy gy
*(oy) shinwnaoypy TR 20 SjqELA UoRNG RN . X - -
o A SNINWNIOLI z.-v o 1 et ;-uwm 368353 “amoqp Juypaaoad 1 ButmMp 4o BOnwLSIRE Jo auny syt Ie azn.oaoa. .m
O, *(D) ENJuLsoIns S R G ot O} emu_w .............. TR —— - BOUF SUITIP 0 WIOWPUW “WieMNp Poj WAIQUPIN o ‘Sl-0
. () cs.—u_U kzz.-#vn O 888 TTTTITTIITTI I ¥e L]
(3 30 9g8) mmensorowig SO emwag vaayg OVEE O3 o8EE 77T ...t¢ ‘uopuAIISgo
(A adts pmozgy S Bz..wmmn“.mmm ...... wmmmnmameiezn eSS JO QWD Q1 1B Gye 9T 3% wopudILA 0N gp-00
h [}

_BA0D 4Kl ANOT—Z

dQ0D YTAOD TNOTO—'F 9[qvL

. .u.wum:sz fyqsty [-=--mmeemm-en 0g 240 | g
L2 fpnqury 1= SOIUL [uolneL 0 | §
“poo? Lnuqspy |- SO [ENNRY 0 | 2
,ﬁ *$JRBPOW AH[IqIELA | Sa[iul [eoyymsL g | g
~Jood Lymrqreyp |-~ Rl [eInNvL Z | §
w10 Sof ujyy, [------- S [Eedhuen § | ¥
" Boj eperapoly -es-m-oeo spes 000’y |
s 8 *PIvA O0F | § -
* Boj oy, [~-oomoe-s spavA 00g | 1
“Soj esup(y |-~------=-- sprel 0g { 0
—v
woRdiong o[t 108 moafqg | PO
) [ormsod ’
——— R eqvwpuv] wsouy Jjo sBuipwas Npug-sdue:

TAOD XITIIGISIA—F 3jqu]

62 A0 FIVIS UYTHLYAM—T S[qeL
ﬂ L i Toestes=- [susouayy [
wm ——— WIwg  Tteeesseereymmfmn | g
................... e o I ) § B
................... - Lt 2 R " P T L]
EET WM [TTTTTTTUomeesveesscoyZnoy -
HZ—¥1 |7 TomTeSmasese. LA ¥
o - W~ s | g
81 M—oi/t T R RATA~—- Y00 g z
01/1-0 [ weddy— g | g
“USS $IY O 4591 0 [|ee———-- fwed—wen | o
- u o —
“J¥EX 0 o371 — sopdimsacy *poD
. *ePEI 0% o211 L L .
i ‘8T H1L 0 901 —
*oFOT 01 456 {81 9pod QM)
H FE 01 08
—— “o¥8 01 QL
BENA oFL 9 .59
4 B
. Sk AN ¥ ©01..8F
. “oFF 01 .58
"oV 0} o0
e ENN T 0 o : syt R o
ol 01,8 Tt S “(usauB aniq J0) woard-ysng - -- v e--ne-
uE) *{anlq B301E J0) aNjQ-YspuBRLE) === === -o-
EEE— PO . ol i
(£29B00 OWM) spazony | R R Gl
W] ‘Bupoverddy By wajSAG DALy guﬁbﬂ E.:“. e Sosdjiang

Bumo|g e) pury 2dvjang YOI AL woLy wopoaing enay, ~
4a0d NOLLDIVIT SSYIINQI—'g o[qe]

00D FAVHE UOWOD WALYM TIHOI—SI Aqy],

TR T R EaEE

i

3000 STZ_"0°H = INNOWY QNY 2dAL ON0TD° A s THTETEIRYWINIVIN
T T T TYORDDaY Wad ...m.._wux NI ¢ 03348 ONTH
*SON0DIAE NI =« g0IN3Id 3AYM
*3Q03 JAYM ONIN Su.omx - :.u_uu wa";
' N0y Ted # WONJ ININOD NOILIIUIG IAVYM GNY ONIM
SHNARE 53 o..._:.un 9810 1M3D3S = AONIHYISNYYL
*6T2 '0'H *31Y08 ¥OT0D HILYN 3804 = NOI05 HILVM
T TYERT & HigIU ONIVAWVE ROWTIVR ¥ HLJ30 *dnVS4XVN
*751v=on NI SINATHINN  ‘"Su3ian N1 38V shid3g v

'e¥2'0*H N1 3TEvi

P

Yy




- »a

. TT' 6899 wv'9 16 v £6 02 hanwon £4'52 pa'e »%1nm 9F @ 66 2ot
P pg' gBes I9°Y SO 2T 82 covGE 65192 #p'd es'98 2T @ el 2%
L 1 oﬁwoo ncmﬁ ouwsnmmhnu souwmm .‘mmm.agmm oa“mu ¢t @ g2 G2
Y gdb ¢tVes TRt el v 68 §7 T¢98'at £4'Y “Ti'92 9f'ez ot @ T 8
vobin 580, ST108, 1008 H0al 2URE L S 1 e A U TR
T NabAXe S T anid tn) HLd30

L66°' WOLIV4 T33HM wdian 989’ ¥aLll N30AXG
§ TNV TEIN 88T HI43Q XKVW V30T EG3T "UAD g'ot NIl Ss3W T USYD

Bt Y0100 b LHOLAN JAVR ¥ T4V ONO13 298 QIRNH Ay R L1948 aND
gcca 430 JINOS 8% 2310 AN 8 3dAl ON0TD g's Ldn endk N 9'p2uET A
. dydSNYEL 6T OFWI0 ONIW ¥ ALTTEISIA B2 AWO w3} o'9%Y ¥NOH
¢ 00judd 3AVM 6@ O0T3IN ONIN I3 CELTY EL I »einT ouve £L/793/1 aiva

¢9232  JONINIIW anyd g2»1Hd NOILVAS Asihud ofKN1IYd A d

* 9p* 38°66 68’9 6L 23°82 yo8° G 99'92 080 99'9C &% ¢ e 0%
(3. H 130§ L
U N8 2

vulIN SOMd  AVEX T/OM /9% L 918 N1VE AYL W 20 Jin
WIOARG T T - @l . (W) MAd3O
, 466" 4olavd 993MN HALIW geo* zurur.zuarxo
T . " ‘3 YONY IR 4% ~HI4I0 XVW TVOUT ZETT 'IHD ¢'6T IWlL S§IW T ASVD -
ot ; %..8 v :aﬁm: JAYN ¥ 'HYONOID  ¥9E  OIRNH T3 M LL9TELY N0
oT8@ 430 2INOS g8 J3MI0 3AYH ¢ 3daj ONOTD  @'4 AIM dWdL N B ez=8T  AY]
. HYdSNYHL .4_:cuq~u.azwa.u:aEIMHagﬂuﬁuﬂs.pwanan A0 dW3E &6 BNOH

& 0ol¥ad JAYA  »Q D073A ONIN_ 26 winyyan  »p3E%  oWvE  s4/e3/% VO

S o PO o O, e v 2B U i

292%2  3ONH3J3Y ONNd vZ=1Mgd NOILViS 2g1NyY  0BWNTYd A B




183

T 29've  62'9 uwb'h §1°2

PR Gr'e6 GE'9 oL'b (1°g2

‘98" T6'46 (B°'Y I8y BTS2

' G0* g@'0eT 8°'9 28'v O1'g2

YHLIN SOMg  L1YSX 79W 1/5W L 918
N3I9AXO

LLG 9D Qu's2 @'
6295 99'92 pu'e
2IPee 24°92 o'
£OL'GE 84°92 9s'9
NITYS 3AYL Wl

di

156" WOLIIVA 3ANM y§IiIW
XYN  IYDQT €£2% 'Lw9 9'9F 3AWIL SS3n

£ 379Ny 3dIM  PeR  AMigdIU

L' £L'vi #T'9 UE'y BE'92
TE* v8'9L O3°9 (2°y gE'92
{e* B6'9L G3'9 ub'y vi'92

. I p0'ce B2'% v’y £9°C2
VELIN SOHd  SV¥SX T/9W 1/77W 4 9IS
N35AX0

¢ 379RY IUIM @BT HIJIU

a1 ¥002 € IHOI3H 3AVM 2
¢Y8@ d30 2InOS £ O03EI0 JAVM g 3
* HYdSNY ML 6T 03410 ONIM ¥ A

9 00183d 3AYM 68 OJ073A UNIM 2¢
p9252  3ON3¥3I43¥ On¥d

yaS'90 #L°9T de'g
PO 9C Y6°'LT P00
TPE'9C 89°6T p2'g
P89 £E*22 28°'2
N1vs AVl Wi

dn

{66° YULIVY TIANM ¥IL3IW  @u9°*

pua'se ot
99'92 21
2L'92 ¢l
2 6292 03
4 N6

34

P89  HILIL N3ISAXC

pe'ot ot
pe'LT 2T
B9'6T ¢t
2 v8'22 ot
14 N8

K S

? &6 221
2 LG s
g 62 14
2 1 @
#1l 23 3alm
(W) Hid3Q
2 18SvYy
2 g0 @et
] geg @se
] 2de Pwe
@ 6T @97
2l £2  3ylIm
{w) Hid3d

H3lll N39aX0

XVA  CTVOUT GpfT *'1AD @°4F 3IWIL BS3IW 1 LSYD

WY QN0 298 @

dal QnoM0 2‘p

d11181siA g'ae
CELPS L) g'evoT

JZ=1nd NUILYLS

1WnKW 13y M ¥'tT=L9 9nNDD
1liM dn3. N $°02~61 Lyl
A0 dnWil 991 Mok
Quvy eL/8121% EFR IV
481Nun  pAWMIVY A @

gy e



™~

LY

.m‘.. - = B AR - - lr.
: o' g8'¢h 98'% m...,.,v Ss'ez pbpog 99'92 gR1B 99'92 ot @8 207 80%
- ' ' ge'le 24'9 8L’y &1'mz CE¥AY WVVZ #O @ g9z 21 @ S 06
v 2p" 9166 90'9 L%y BITEZ evD'sg g9i9Z ge’p £9'9Z §T B ¢z g2
o ¢ zp' TL'GE B9'S JI.F BV'RE ﬂﬁnﬂdﬁa pvT P92 B B 1 ¥ -
YHLIN SOHd  LYSX 9/9W /W L1 9IS NITYS ST 14 N8 24 23 Julm
o NI9AXD FEEF (W) Hid3Q 7
(66° HOLIVJ T2IMM E3AIA 499" HALLL NIDAXO
- - § TNV JETR Q8T HId3U Y _ ¢ EOIWIL SSANT T ISV T
8t 40700 v INOLIM IAYM & WY ONOIDT 199 UIWNH 138 M 2YUTSLe INDD )
9520 d30 DINOS  §f OJ3uiO dAYM 8 3dAl 0RO #°'p LA .xum N G'oze8T AV
- . HYdSNYNL §T 93810 ONIW & —ALPTISTSIA —EBL ARD 4R34 S T ENOR T
I § QOj¥3d 3AYM  p@ D0713A ONIM _.m.m|-..%ﬁEmF:m..,Ewi.E:m CgL/03/%  3eV0
@o2T2z  IONINI43Y ONud  BEelMg NOLLVAS aginud O0BWNIYE A ¥
] ) ] *opp' 96'se €9°9 e9ly ST L2 LML L9'98 98'e (9'92 g% @ o1 9%
¥ ZEY §GTIE ELVRL Y TVET s Ty e Y R T T
VHLIN SOMd  L¥SX V/0W 1/7'9W L 916 NITWYS AYL WL 14 N8 2 20 3ulm
SR ) Y3 {* 2 dNIL (W) Hiddd —
£66' WOLIV4 133MM YA #99° WALLA NIDAXO
2 TSNV TEIN @%  HI43C KVW TYIUT 93T 'URI ¢°0F IN]L $S3k T L8YD
g3 ¥0100 9 LWOT3IN 3AYM ¥ INY ONOTT 99 QOlAWNA 134 M 6'9T-L49 9NOT
430 OINOS  9¢ 93410 3AYM 9 2daj ONOID @@ AdM dW3s N L'@2-8T Y]
. WYJENYNL 8T OIWICQ ONIW @ ASTTIEISIA @°3L ABO dh3l £l HNOH
9 Q0lH3d 3avM %@ 9073A_ONIM_ 28 YAHAVAR G300 gave g£L/8t/% 14Y0
19212  ION3¥3IJdY ONd vg=1Hd NO1LYLS 281Ny OHWNIYd A ©




185

v,

2g!
eg’
12!
¢e!
SOk

éu’
pe’
ep’
£’

VyiIN SOMd

I

80703
LS%9 430 JINOS
HYJISNYN

COIMid 3AYM
65232

‘a_
.
N

PEPL W49 $2°0 Cp'92  vi'we B9'.T B2'e ®p'sY 9L @ adg  Bwt
£6'vL AT'9 (2'y GL'92 oTp°'9¢ 64'ul @B'B  64'wl 2% o we2 2s?
v8'6L TI'9 L27p $E'vZ  $06'9F G<'ET Bu'v Ge'ol GF @ A2 doe
3S Ty 19 LE'p pu'G2Z 2PV'YE 24«2 1482 £('ue AT @ AT byl
4YSY T/79W 177w L 918 DV AV Wi T, N8 21 20 3ol-
NADAXY dh i (n) midil
£66° HOLOVY 91t a3L3w  QPud' wdagli ANIADavy
JIONY 3olM Q4T midIu XYR TYIYT G28T w9 p'hi Nl S<3w 2 [IsYU
9T°86 PE'D ofY Lr'p2 9£T'9P ¥4°SZ B2°0 bL'$? o 2 el dul
P P6 60’9 ¥E'Y 61°02 £TP'wf 04'92 Qu'e @.'92 21 4 ™
§4'86 089 9L'e R1°C2 @PY'SL 24°'92 Pu'@ 2.°'92 ¢t @ 62 ¥4
TL'06 P8'9 vi'p 6.2 G9s'ar G4'9Z 6492 6.'92 o1 @ 1 ¢
LYSE VW9 1700 L 918 ~NDOVs dAY¥) wi 9L N8 oz £3  3ulm
NIDAX0 dWls (W) Hid30
L66° ¥ULUYY 34nm a3i3w Y9’ M4Lll N3IDAXO
39Ny JuIM 208 nldIU xV¥M  IVIU) RGE  TLhO Aty W]y SSIN T fsvo
P LHOLIN 3AVM 4 La¥ GNQI3 L9@ Qlwnm 134 “ 3 T-L9  ONGTT
£ O3uly sAwm & Jddal QnolJ 2'e Lidm anly v ¢'12-81 i¥1
828 03410 uNim 8 AlLlTlglgiA 22 AM0 dnld 6°¢CT MNOH
T84 J073IA uUNIM 24 HiMLy M P'pIRT Davy £L/81/7 3ivuy

A0NIY343Y Inla

JEeINd Nwlivis 481NY0  0BWNIVY A &




N

186

(] os-
» QS.
(] nS-
(] TG—
YulIN SOHd

13 H002
26T2 430 JINOS
» HYdSNY¥L
¢ QolY3d 3AVYM

ge2iz

L] m&-
- ETH
YHLIN SOHe

#

(D7 H003
#10¢ 430 JINODS
» HY4SNYHL
€& 0Dldad 3AVM

Ls2te

e

£9"ps T4'9 b’y gu's2 L6L'sp £3°92 go'n €£2°'9% 9t @ gdt Pat
5G°66 90°'9 o8y G1'82 LIv 6l 69°vC go‘e 69°92 21 @ g6 95
el'fuT @1'¢ L&'y ¥1'EZ wIv S 14°92 ge'e Ti'92 53 0 s2 6
96’86 96'9 «8'y TI'EZ IBL'GE BLIGZ §0°02 vi'92 BT @ 1 '}
1YS% /0K 2N L 9IS NIOYS dAYL Wi 4. Nd 21 Z5 38lH
N39AX0 ; dn3d (W) Hidao
L66" NOLIYAS Rk FLL] U3i3N  g89° mmwup N3ADAXO
I75NY 3WIN  BUT CHLJIT XVW TNOUT ET6 TiAD £'ET FWIL SSIW T iSVD- .
y LHOI3M 3AYM 6 LWy GO €90 QIANM 738 N 2'eTeiy  OND)
Tz 03§1G 3AYM § 3dal Anod g'@ 1dM dwdd N 9'zz@es AV
g 03wlq ONiW @ KITVEISIA B'ts  AuO dW3j 'St HNOH
pa D013 GNIM 28 yIHAVAM ¥ 9TOT _ QuVE §L79%/7 34v0

ON3IYIA3Y Inld

dp=inid NOILVLS

99'9 99'v £1°82 TIR‘6L 16792 00’'e

1g'92 ¢ @

AgiNud OERNIYd A ¥

6£°96 g1 @1
ev'e6 ZE'9 TSV ETIRT TETTEE PV VT EE'9Z §9'9T T ¢ T g -
LYSX 1/9W 7 1 91§ N1TYS FYS T U N8 2L 20 3Julm
NIHAXO . s dnil {w) Hid3d .
(66° HOLOY4 T33MM ZILIW @89' MIL1L NIJAXO
3198y 36IM @F  HL430 X¥A YO0 268 (LD 672% IKIL 5§IW T LS¥D
v LHHLI3WM FAVM ] LAWY angd p9g QInAK 134 M og'9Tely  OND)
@z 23ul1d 3AYM 8 3dal ano13  @'"  13m dWdl N @%2Z%93  u¥1
(@ 03410 GNIM 8 ALIVIBISIA @762 Au0 dniy  6*27T ¥noH
g@ D073A ONIN 20 HIHLYEM  v'yT0% guvd | £L/8%/1 3iva

IONIYI4AY Ondd

vp=Ind NUILVLS

asinuy 08WNIYd A Y



- o -

-

g8s 8o -

BE* GZ'LL ¥E'9 wb'Y GP'OZ ZZVVL Ti°4T OB@ 244 9V ¢
2" 6£'9L ©%1'9 £o'p 0292 wiv'9g £4°07 gR'@ f£L'0T 27 ¢ 962 042
T* (2'9i naﬁc:aquqe«uwa~||mﬁmﬂdunuﬁmua;uqu, 61'6T §% ¢ . @@z wa2 -
05" o9g'se L2Z'9 0%y L2'gZ 269'ep 99'22 pe'2Z se'Z 01 B BGT 9287
YHLIN SOHd  LVSX V/9H 1/ & 918 NLYS  TIAYL O WL L N8B EL 23 JiIm -
NISAXO o o dn34 . {N) Mid3C

- oA .

[

v rEETTEULIVE TIINN WILIN BT UALTL NIJAXO s
@ 319Ny 3uIM @eT . HL¢W XVR 1¥DG1 99T ‘WS 9'6% dWIL SSIN 2 18¥D

L' £8'96 99°'0 29'k ST'yZ 90R'9D €9'SZ g0'R &9'sl 97 O 86 @@t
o' 66'98 mqua‘qquﬂ:umwa«a\uun4mm m@@@«-uuuau.on.au 2y @ &0 B§
88" 2T's86 £8'9 BLYy ©TVCZ oO¥°'GL T4'9Z #p's TL'e2 6T @ 2 2
98' o9b'FUT IV FEHY BT TE TELITRLNTHOTR T B T

YulIN SOMd  LVSX I/OW 1/W L 91§ NITYS JAYA mi I M@ 2420 3WiM

a2t

CNIGAXG T T T dwWid (W) Had3dU

(66° NOAOYS 13IHN ¥ILIN  0E9° ¥ALIA N3DAXO
2T ITONV JHIF @UT HI430 X¥w 17007 T €T TIRT B76F IWIL SSIW Y MEVI T

¥0T05 2 AMSI3N IAVM ¢ lWv ONOTO  T4LH OlWNW T34 M £°6T249 INDT

vi20 930 DINOS ©@ 0J3MI0 IAYM @ 3dAl ONQID  9'@  A3M W3 N S'e2=8F  UYT
SVdSNYYL ~ ©@ 03¥IU GNIM & ALITIBISIA  2°0L ABO dWdl  p'6T ¥NOH =~
¢ 00I¥ld IAYM £a4 00713A UNIM 2y HaHAYAM  ¥'2TET  OWYE  RL/LT/T 0 34YQ

ga21e JON3¥343Y Dnld Jp~lHd NOTLVILS AsiNu3  0BWNTYd A Y




e, “
B L)
Mm o - B} A
4 I ‘
v p3t 99798 9v'9 261y vE'Z 292790 B6"02 00'6 B86'¥E 9t @ 66 o0t
: « 2p' (vTe6 WE'9 6L°h @TEZ syv et o4 ve P e pLtoz 2% @ gs B%
* zg' LRVE6 LL'9 bL.Y g1'cz eei'sh 84'92 809 84192 st 9 gz &2 .
) v bt Na.amg:an»q¥mniﬂ‘ma4a~w=uau4wusﬁuj¢~|da4a~:~a.u« v @ 1 2
YULIN SOHd  4¥SX /IR /'MW L 918 NITYS AV Wi 41 N8 2 25 JInm
. NIBAXO dWil (W) Hud30
£66° HOLOYVd TTIIHM ¥ILIN ge9’  HAL1L NIDAXO .
gz 0 e o 5 TSNV IEIR 89T WI4I0 XVA TWIUT UZET TIRD §IZV 3WIL BSIN 3 ASVD
- 13 w0100 27 IWDIIH FAVW g - LWV ON0IT T T8YE  TINNH 13¥ K §'952l9 IND]
42%0 430 JINOS v@ D38i0 JAYM ¥ 3dAl On0l0 @R %]} uzuw N Pp2esT  AY1
HY4SNYHL §0 OJ3810 ONIM -g- "AlTHetsia  #IE Au0 dwl £ LY ¥NOK .
. ¢ G0Iw3d 3AVA T8 ammuu>|mmmm+r:mm;!;:mmm»mm;in;mhmmmmaz‘.anam BRI 274 T T 3 1 R—
psziz  3IN3Y3SIY ONHd _ggzind NOLLVAE aginud QEWNTYd A ¥
o © op* 9t'ss £9'9 @Lip 2P g2 @98 st g4'92 90'0 fi'92 93 o BT OF
e Vgt eETRE TETY RLIVTIER ‘wﬁq«m;nw..ﬁuﬂdﬁﬂ e v ¥ T
YHLIN SQMd  L¥SX /9N AW 4 91 NITYS JAYL Wi 14 N8 24 23 ulm
N39AXO duil (W) Rld30 -
L66' HOLOVJ T33HM wiLIW 889 ¥aLll N3DAXO
¢ 379Ny 3uls AT hld30 X¥A qvouT 2 ©F w9 @'Ld awll Sg3n T 18VD
13 40700 2 LWOIAM 3AYM & WY Qno13  ¥4@ Glwnn 13d M °9TL9 NG
938p <30 91n0S £@ d3WIC JAYM P 3dAL ONDIY @@ A3 dW3L N §'22-8% Y7
uY4SNYNL £@ J3dIC ONIm 8 ALITIBISIA  @°62 AND dWld LT BNOR
y Q0iy3d 3AVM  vd 3013A ONIM 20 E LTS Z LR A 412 ouYe £L/L%/% =75 1
£GzT2  3ONIYIA3Y Dwdd vg=1Hd NUTLYLS aginyy  08WNTYd A d




189

s 92 gb'GlL 4t'y 2ely BE°92 eRE’eQ L0'4% ge'e LR'(T 97 @ ggg @@t
Y oe3' ef'ec 93'9 IRLY v2i92 $95°9¢ 96'83 Bu@ 9e'9t 21 O gsg BeZ .
Vo2t eGTTE ALY TRP TEST FOE eV aT 0e" s ov'eZ 61 9 002 pee
' TI' p4¥i8 69’9 o'y 68'92 209790 ¥R'92 cB'e2 £2'92 0T 2 2t 043
YYLIN SOMd AVSX 798 /76 1 918 NITVS IAVL WL 14 N8 2L 29 JWIM
N39AXO . dwil {w) Hidal
188° gUIIvI TIIMN 43134 PEY"  ¥ILIL N3IDAXD
2 379NV 3dIM  @pT Hld30 xvw  7v007 gEpt 'LWO 9°8F 3INIL SSIW  Z ASYD
' gt 20%¢8 69 TG'h wvpZ TIP’es Ge'y2 0078 c6'eZ 93 @ (6 2%
! 9" gf'46 L9"9 homv yp'Ee b4t fe*9Z g0’ £g'92 2t o & 2%
» pg' L6 998°9 @'y BI°S2 L0 6e 4 '92 go'e Li°92 ¢ B g2 62
' g alae 98'9 Yy B LY PET'EL yEOE PRV AT 8 T ()
YHLIN SOHd  LVSX 1794 /1w L 91§ NITYS ANYL W 14 NG Zi 22 Jlm
"NI9AXD - ’ dnid (w) Hid3D
£66° MOLOV4 133HA W3iaW 999! ¥aLll N3IJAXO "
¢1 395Ny J¥lnm @pt MI430 XVNW TIVIRT ¥ BT TIND 8% 3NlL §§3IW T LSYD
o3 4000 2 LHOIIW 3AYM 9 IWV UNGI T @94 QIWNR 1348 8 §72T=49  ONDT
6984 ¢30 2In0S  £@ QJ3MIQ 3AVYM ¢ Jdal gngid  B8'¢ L3N dWd: N ('y2eBT AYT
MY4SNVHL €@ 0J3Wl0 ONIM 8 ALTTIETSIA B'yS AHC dWdL 1'83 HNOH
p QOI¥34 3AYM  £2 D073A uNIA 2 CWaHivaM  g'23et oNvE  §L/LT/1 dva
6212 3IINIHI43Y Jwdd J6=1Hd NOLLVLS 38INY3 CBWNTIYY A B




y 3 .
- . 0 "y
&K
—
v ogpt gf'L6 899 w9l¥ ya'ez @6L'ef (v'9Z ge'e is'92 ¢1 @ 6T @07
' pp' £L'66 989 8P 2i'cz 968 'sp 64'98 gu'e o6L'v¥2 21 @ 0% 114
’ go' 16°2<T L6'9 w8 EENT cbi'nf Tv'e2 A0 1p'92 ¢V @ 62 Gé
. 9u* wi'6t 98°9 .B7Y Bofse  IThvtap YuUY? 9u‘92 9g*s2 @1 ¢ 1 ¢
vulIN SOKd LYS% /94 1/ 0n 4 918 «17¥S ahv) nd M1 Nu 2L 29 3ulw
NA9AXU dWdl (W) HldilO
166° wULJY 3 134AM silIn @9t waLll NAYAXU
g 319wy 3@l 0% Midle XV IVIVUT 6¥BT i3 g pb IWIL SSAn T L5VD
pi ¥003 g AHOI3H JAVM 1 iwyY Qo1 gig OlnNp N34 M 6'gT-L9  9OnOT
26T &30 JINOS 2@ J3ulu 3AVYM 6 4ddal 0NON n'p Lim gwdid N B'¢2=81 v
HY¥dSNVHL ¢3 23410 JNIM g ALITIBISIA 62 An0 dwii g'v7T HAIOH
¢ @oiyid 3Avm tp 00738 UNIM 24 MAMLY M A'etidl Quvd CLILY/T divU
16212 3oNINI 438 Ondd d9=1Hd NwlaV¥iS iginyyd  08wNTVY A U
' 91' g6'G6 28'9 LL ¥ 23'%2 TeLse 6v'yZ @p'R 69°'92 rAT 2T 21
' let s2°'gé bh.a YA 23'c2 yBL's¢ 2L's2 Ti%92 2492 &1 @ 1 )
YHiIN SOWd LYSY /798 /W L 91s NIT¥S AAVL Wl 1L NE  Zd 27 3ylm
NIHAXO dnil (w) Mid30
166" ¥OLIV3 133MM §3L3W @d9°* Hapll NASAXC
» 3I79ny IWIm 23 H1d3U x¥W WIS § AT "idd t'p3 3WIL Ss T LSVD
at 8507103 § LH913H 3AYM h 3 Lw¥ QNOIJ 2.8 Glsfin 130 M 2'gT=£9  ONDT
cigp d3g JINOS 29 3uid 3AVM 6 3dal 0NO13 n*a Lim dwld N R'22~81 Y
HYSSNYHL ¢@ J3410 ONIM B ALLVIBISIA @'ge Aol dWil 1'vl TR
¢ u0l¥id 3AVM ¢p 013N uNIM 22 FELIR Z L »*918T Quvd $L/LT1 EFR Y
T TATA IINIB3 438 Jadd ¥9-1mMd NUILVLS dginyy  08wNTIVd A




ie!
pe*

L I )
=
-
-

- YULIN SOH4

- - -
™~
[~

-

VHIIN SOMd

£

2 40700
L0598 430 JINDS
B MYISNYYL

§ Q0lY¥3d 3AVYM
4 TAY

68" 4L
14 A7
T ALY
ve'le

LVEX

39Ny

92795
G6°L6
22'46
£L°66
ivs¥

TNV

PE'Y br'p G602

&2'9 80'p 9¢'92

L'y 2oty 92ty

9T'9 T2k TE'g2

179W 17 L 91s
NI9AXD

IuIm 20t Mid3Q

299 NOb* 89°'¢2
AL el v £3'52
I ETMEINT
99 TE H DTLY
/9% 1/W L1 91s

N3HAXO -

JWIN- 98T WIJIU XVR

£ AHDI3W 3AVE 2

£0 33410 3AVM
§8 J3¥IQ UNIM

»2 J07IA ONIM 29
3ONIYIAIY OnNd

GeR'9L L8°'9T Po's Le'9T ¢F o 662 Qut
G96°9C 69'4T go'e 69'LT 2T 6vz 2g2
ZIETITBN'UT Pu'@  68'8T 9T g 66T due
269'9¢ §8'¢2 ¢o'02Z se'eZ BT @ 26T 04T
NIIYS  3AvL Wi 4 N8 2L 20 3ulw
diWdd (W) Hid30
~ LGB T HVIGYJ YIIHM WILIAN C gE9*  HILIL NIDAXO
XYW  IVI0T 2227 'LWO $°'9% IWIL SSIk 2 ISys
g26°'¢e £2'92 go'e ¢£2'92 ¢T ¢ 02y it
BOECET L9°92 Be'e l9'92 21 0% 9%
TLL'5P 69'92 gu'y 89'92 91 €2 G2
CBIETST 94'v2 64'92 9.'92 @T ¢ T @
NITYS dAYL Wy T4 NE8 3i CA D
CoT o dn3i (W) Hid30
£66° ¥OLDYY 33WM ¥ILIN 989 N¥ILIL NIDAXO
TYIUT ESYT "UWS ¢'6% IWlL SSIw T Llsvd
WY UNDID 899 QIWNK 134 M 6'¢T~L9  9NOT
6 3dAL ONOTY  2'0  L3M dWI4 N 2'g2-BT 4V
& AMTHBISIA  2'1e A0 dW3L  ¢'gT ¥NOH
INIM 20 WAMLVIN  y'y303 ouve  o/L1/1 a4vg
29%Ind .zc::m JSINBY  08WNYYd A u




TR

g
P

3

192

FYoRoCTATION VIRT ICAL pRoFILES FOS TEMPILRATURE,
SALINITY AND CTWMA-T.
TRANSTCT PHI-2. DATE $ /15,77

. 7 =
L 1 H

1 i Y L i 1 1 L L i 1 [ | ()ALINITY

'8 2¢ 22 2% 26
] 1 1 1 1 i L [l | I

. 23 TEMPERATURT

STOMA-T

1.

PN EpEE




-

g

e

193

HYDECﬂTATIGN VIRTICAL PROCTLIS FCR SISO VED
LXYCEN AND %mACTIVE PHY-PHEATE. .
TRANSECT PHI-2. DATT 118,73

'3 . ? P
e t i '! l h!' i 3’ L -lr i r‘? i g
: : POVYOON
v . 2 4 .
] } L f i '(? ] i 1.e

H I ! L i 1 p',_l‘,r‘\f: PLATE

2- T A ] I 1 H i L] i g l 1 ] i
5 {\x
i i

-> ! l ! f i ! L i i i |

!

e

S

] :
g
- G e

= e

o




LaTEMTATION VIERTICAL PRIOFTLLG FCR TREMOLFATURE,
AL INITY. aNDY CTMA-T.

TERANSFUT PHI-T DATD 110003

ir .{._ -z
i ¢ a Y S 3 1 1 i i 1 H ey l‘ | TS TR | L | G ;] ] i Jj ! 1 1 ]
A 3 2 Tt e 2o 26
S i | 1 1 L] i 1 H i i i [} [ !
o 5 s e s e s s : =
o e - 4
;_‘.?» d e o e ke g = e e . .J.;T.v TR ab s ! L
| l :
- |
- ch 4 4
.-‘rt ‘ #\ r ¢.
i
| \ .
l - "\‘- X
\\ s,
. .i T
i
. . A 2 5 i 1 ! !
@ T Ny 3 T
l f
Py q‘ ¥ é
i l
.
UG
4
i
<
/ I
i
* / :'
b {
s - (1 4

194

LALTNITY
MO RATURE

CTOGMALT

e




DRPTE M,

[ I

195

HYDEZC TATION VEPTICAL PROTTLRR FOF 518500 vip
LYTYGREN AND £riar TIVE. PR PRATT. ) -
TRANSECT PRI~ DATL 415,73

- k-i L 1 ] 2! 1 :% i ’? 2 o

| 1 I ] | 1 ONJ g

Lol § ST
' . 3

P L3 I “? i ,r‘;} i Red 1.

1 ] I s L 1 e

= PRI AT
2 - | { 0 H 1 f i i ¢
¢

vy
o]

e o i
o dd ¥
!
ol
S ¥
B fl l
i /
1
o-sj 1 i f ] ! 1 i : i 1 i 2
o ‘ |

[

A

g P
e ""\* ;

i
PR
- B e |

| f
S |
i
3
A * 4




e

pYOD e TAT Jow ATRT D
TALIRI Y (MR LA

TRPANGIUT T I, DRI 1 eieeTl

~1
Y
-
(]

AL -
- T

'196

FOTIM R ATLRT

- b teed AL TNETY
P 3 i | - X =y P
o [] P 4 - e » Cad
1 tl : :J i o s i i t .o “;" i e RATUPT
Eperon-
_%_ 1. ™ [ 1 1 i s i i 1
h’ ’-f\ E ‘_;'
¢ L
.y 1 L l R i i ' o L
w % & o2 i
[}
i
‘. ) | i
!
o : i <
3
Y
; ~ \
-— '\_
: %, ’ :
~,
A= b * L !
— i
i ] ) !

J}‘l
“
de et S

s e

"

[ 1

LX)




EPTE ML

L ™

L X3

197

RYDRICTATION VEPTICAL PRIOTTLIZ FOR SISSCLVED
CNTGEN AND FTACTIVEE PLOSPIATE .
TRANSECTY PRI-4. DATE 114,73

I,
~ )
L)
N
Gt
- h

L L OXYGRN

-
Ly

5
=Y

e 1 PR RHATE

3
) ’=
23 \

Fmr




L

e

198

. mEoe TATIP0 WERTIUAL PFOTTLES FOF TTHOF FATUPT,
cA INITY ANDY T1.MA-T. | ,
T NSEUT PRI-G. DATR 1,17 7R

H
..
2 =2 ! L
'd H H | A 1 1 1 i 1 ] i | ] i 1 I i i ] ! L L ] 1 | H ;-A;‘-.;N;TY
. p
17 s 2¢ 22 73 2 25 TP ATURT
- 1o ' Ty 1 IO VL Lol B ¢
1 ! 1 i L P TP %
: Sl P
s

o
——l
g

:
e )
- ] L 1 | t
D
)
52 -
‘o2

»s

?
!
!
l
&




BYDE X TATION Yt TIVAL PROTTLLG FCR CT8300WED
LGN AND FRAITIVIE P DEPEATIE
TRANSECT PLIg. peth et ? 7

1y

PR

Pk 1,
|

nr
()

5
)

3

e

L 1}

i 12 I A 3 =
1 i L i L 1 L ol ! L i ! ) Y i
3 T 4 ) '-:‘ » ‘3 i . ‘(." .
4 i ] | 1 { i i ! 1 1} { =3 P* ;qr_r_;; AT
I L] i i 3 1 ! - i H ! '
-
I i : i i 1 i ! - ] i 1
d 4
|
T *
i
/
#
‘*’——E—‘— i 1 1 1 i i ! i ¥ L i i |
4 X 4
! /
i
o P
.
g :
-,4' ;
X \
4k *
; ; !
! |
;‘ 1
4 !
: |
] i
A 5
;
' F 4




RymE 2CTATION VIEPTT AL PRCTLERS FCR T PATURT,

AL INTTY AND TTutiA- L.
FaANSTOT PHI-6. DATE 1,47/,77

P R Y S YRR N YO S SR oy s s A INITY
5 2¢ 22 < 20 U TTHRRPATLRT
SToMA-T

~ &

i
‘! 1
L]
g_‘h..z

|
-

1

e T

f e —




PT= oM,

-

et

™,

We

'Y

H‘i‘:")_ﬁ;jc‘TATIO-’! VERTICAL PFICTL IS FOR STIA0LVED
CNYGEN ARD REACTIVE PHOMBEATE Ta30LVE
TPANSELT Pr-I-p. DATE 1,17.77

s~ ¢

i 1 ] \ ; : o
: QUGN

N -
[
N

..-'1
&

-\

3

1 ¥ :
) - PEA R AT

N

i

|
—
+

o E
'




202

e
" 1)

om0

@ ® % 2@ o2 ;L 2 g2 ® v 2! oz gt
0, smyeredmay |

£L=CT-T ‘T-€L-IHd
oJandTy *vd J0J sovrig yderSomrsiyglyreg

w yadaq



g1’

"N

, £p'
] ﬂ&¢

YalIN SOHd

. o . -

"]

pt 40109
2%%@ d30 JOINOS

HVdSNYYL
€ 0Q0ly¥3d 3Avm

124 X%

. £9!
-. na.-
YHLIN SOWd

[ 80700
¢¥02 430 OINOS
HY4SNY¥L

b 00J¥3d 3AYM
grei2

.

9'98  @p'9 Gb'y 99°P2 QGP'9E 95°¥Z 200 92°02 ¥

2 231 @37
esasuneDL'Y T.'y BB°Y  HEI'GE 00'0 Bi2'p 02'e ¢ @ ¢ 26
29'66 ©£4'9 TL'p 9£°C2 208'se €342 gR'0 £3'42 2 @ g2 ¢e
pL%66 CL°9 TP Le'TE OTOWTEL STYLZ BR'E 92 % @ T a
AVSX 1/9W /7MW 4 918 NITVS dAYL WL T NG 2L 73 3blk
NIHAXD T dhid (W) Mid3U
66" MOLOYS TIANM BILIN  QEA'T MALIL NIVAXO
JTONY 3uIM 90T HIJIQ XYW TVIUY vt "iWS £'0T AWIL SS3AW T 1SV
2 LH9I3IM 3AYH 2 IRV ONOGIS  ¥L8 QIWNH 138 M £°91sZ¢ 9n01
T@ 03310 3AVM 8 3dAd ONGID @'  L3M gWIh N 9'@2~8T  4¥1
T8 OJ3HIC GNIM @ ALTIJEISIA  6°42 AMQ dwdl £°'91 Hi10H
(0 D013A uNiM g8 HIMivIM  £'gtel 0uYE /72 /¢ Jivy

3ON343438 InYd 8221Hd NOLLVIS

£8°66 94°9 R4y 68°'22 GL9'Ge SE'(C 06'@ 632 2T @ 27

dS1NuD  0BKNIYd A b

e

Pi'86 TY'Y GYTH BT EZ TOOUTRD ZETLZ 98°L2 6842 TT @ T @
AYSX V9K 19 L 918 NITYS AAYL Wi N N8 3L 20 3Jalk

NASAXD o dWid (W) Hid10

o £66' WOLIVY 33NN Y34 922°'T ¥ILIA NIDAXO

JTONY JWIM BT RIGIT AVW "TYOJT § 2% "LWO $'9% 3WIL $S3w T ISYD
¢ AHOI3W 3AYW 2 IWY QN0 ¥i8 GIWNW T3M M £'9T=i9 INGT
32 23uld aAYM 8 3dAl GNOTD  2'0 L3N dWIL N Z°@2e8T 4V
19 JIWIC UNIM - & AITVIEISIA  @'4Z A¥0 dW3} T'9% HNOH
.92 00713A UNJM  f@  HAHLYIM  G'sTRT ouve  g/2 /s 31¥0
JON3YI4AY DIyl YZ=1Hd NGILYLS ISiNMD  08WNIYY A ¥

-) -,

g g



., * - oW >
' go' T's9 BL'G 66'C gs'92 &91°98 Gv'9% ge'es S¥'9T v D pds Put
ST 7 GGt vhTEY BLIE &8 T 6VO9Z ITTVE JATLT 0006 V'Ll £ B wse  @a?
¢ gz ge2L 08'6 9By 66°62 Gva'9¢ 60°6T 840 6e's6T 2 2 gRz  Ouvi
= —n : *9g' w9'06 B9 697y SGIVT 3BYI9LTWONZ Fed zgeZ 1 0 &% 051
P2%Y 66'86 949 £LY 6482 TYEIeE 91'92 a0°'e 93'92 91 @ ee1 08¢l
- Y 9g' L¥*E6T LUV BLIY THIER -~GYU'EE T6'VC #B'8 T6'9Z T @ g8 @S
S ogp' Gi'e6 94'9 £47v BL'SZ  £08'6S 98'4% po'e 98'LZ 2t @ T 1
o i A £ LT 3 L 1 : _ (18 LAWY AL ] 1 ]
vulIN SOHd  LVSX 79k /1M 4 918 N1IVS Wi W NE 2 zo  3ulm
T ‘ Ce T TUNABAXD T T T T T T T T T Tdndd (W) Hid3d
) £66° NOLOV4 133NN ¥3AIW  20/T MALIL NITAXO
S e SmE T ~F T¥TENV TuTA Bee HL4IT XVN  TVaQY &vd  TiWY @'fE JWIL S$IN T LSYD
- R} @063 b TAOTIH ZAYA YT TWV ONQGID T E48 QIWNH 3 M 2'etale  ONOT
6560 430 OINOS @ 23WI0 3AYM 2 3dAl OnOW B'a laM 4n34 N @8'@2-03 LV
‘ HYdSNY¥L T ODIWICUNIN ~ 8 AITVIEISIA T 94T ANO dW3l §°%% ¥NOH
¢ QOIH¥3d 3AYM  £8 9073A UNIM_ _ £8  ¥aHLV3N  0°6T0% Quve  £4/2 /% 310
6EvL2 FONIHIL3Y ONYd AgiNEY  08RNIVY A Y

22+1Hd NOI4YLS




.-. QQ-

] Qﬁc

] om-

o . MY T
VYuLIN SOMd

23 40709
6322 430 JINOS
HY4SNYYL

9 Q0I¥3d 3AVYNM
1§23 7%

-. ﬂut

YYLIN SOM4

i~ ]

B [ 40703
B . .-6%98 d3Q DINOS
S T ey SN YR
.hnﬂ.!‘.»”.::ooo_mumu><3

(44 T XA

———

845°9¢ 84°'»Z pi'p

9698 Cv'9 WG'y 24°p2 ! fs'vC v 2 vaT et

18°66 €49 TL°p» Ty g2 §6U"ae T4'92 Bo'c 6’92 & @ gé 0g

86°66 LL'9 vi'v SE°C2 pp8'Se £3°42 #0'8 £3°.2 2 - 62 &2

69°00T 08°9 9Ly BR'ST (906 LTLZ WO (2'IZt ¢ 3 #
dvSX /9% /W L 918 NIWWS  BAVL Wi 4 N8 24 22 3uln

N3BAXU ) T dWld (W) Hid3Q
466" - ¥GLOVY 133MM W3L3WN  920°'T HALIL N3ITAXO

IVONY 3WTM oY MI43IT XYW IVIUT 1TIT 'Lw9 2'67 3AWIL SS3IN T iSY)
v LROIGN 3AYR T IWvY QO3 240 CQIWMW 38 M 2°(T<f9 9NO1
88 D3¥I0 JAVM 8 3dAl ONGID  8'@  A3M dW34 N £°12-8T Lv1
20 JIWI0 ONIN & AITTIRISIA  2'92 AMO dW3] 2°'6Y 4non
99 J073A GNIM 28 M3HLV3M  T'g30% ouve pLr2 /g iV

JON3¥A43Y ONMd

o T 4P'eRT 8’9 9Ly lR'SZ w@0e'Se
T TR IV R

LYSX /9R 7/)
Na§Ax0

88 IHd NOILVLS Asinyd 08rNIYd A ¥

FR'4Z 09°0 T3'42 25 @ o

a3
IV I gy A Y rtRETTLIE Ot D
WL als NIWS AVL Wi W N8 g 23 in
. diid (W) Hid3ao

4667 NOAIY4 TIIHA ¥4EW  9ZO°T ¥AL]L NIDAXO

TTIONY 381X 23

P LHIIIN aAWM
2@ 23410 aAYNM

T0 OIC NI
¢ 20713A UNIN

JONI¥I4IE INYd

HIdIT XVR IVIUT ZETT *LWD §°6% IRTL SSIn T i5VD.

3 W onegw TIWNK 138 M L*9%sfe SNO
8 3dal GNOTQ  @'®  1aM dW34 N ¥ 12481 L¥N
TRTALTIIOIRIA CEYE2  ANO dW3IE gY'g¥ ¥NOH
e BaHivaM  £'6T0%  ouvd g4/2 /g 3iv@

VE1Hd NOTLYLS 38IN¥D  08WNTYd A o

l‘ (X 3




Byvil

- - ..\ a - '- *‘ .‘
. I R L5 @G oL Li'S va.Y 20'92 G6R'9L n¢.hﬂ ge'e Ev'il v B 662 Q¢f
) L 1A )«:E uw.qoa ¢ @ pgz 982
o ] e 9’ e6'dl ;.Nn 22 8 gaz 2wz
e T L | 34 wtnfn 92! y ée%e2 ¢ @ gt 0t
o v zg' 20'ge £9°9 ¥I.¥ pp'ez 19398 G9°6Z 00'0 69 42 9% g eo% 001
o S— - T ¢ LegY 6’8 Nad.auq¢1a¢$na. M 1 TMIEAM. pe 0%
W s .-;oa 649 GL'v BY 82 .*..a» £6¥92 99’8 5692 2t ¢ g2 62
el e R T N T [ aa.n«.«q E) 1 8
<¢paz SOHd  AYSX /9W VR 9ls qucm AL 14 NE B zo 34l
. NASAXO : dnii (w) H4id30
Les* uo._az q33MR ¥3A3N 920’ WALIL N3DAXO
T T T -3 TTANV ININ d0E A1V BT TIAD L'H% GWIL SSIW ¥ ASVD
g s—— 13 ¥0103 Hma_uz.u>4= .a‘z.unqsa=a4u1.¢«h- GrWnM 138 N 8'L1%49 ING"
geso d30 OINOS du 03410 3AYM @ 2dAd ONOTD gig LaAmM dH3L z 2'yzegt  AY
i WydSNY¥s 19 J3uld GNIN a.iﬂananﬁaA,\;1u.¢u x40 dWdi  L'¥Y ¥NOH
9 Qol¥3d 3AVH  »@ 30713A ONIM  2¢ YIHAYIN 2'ge0s oyve £4/2 /s 3LY0

[ TN

A RS

AgeiHd zo~r<kw 351N¥0  0BWNIVd A O

30N3U342Y ONYd




207

b2’ 8B'658 P69 £8'y £T'pZ ££2°9¢ ¥9'S2 B0 v5'SZ b 2 281 93
£B° £97@0T §8°9 6% £p°02 TER'GL ¥U'92 P2°F ee'9Z ¢ @ g6 Bs
' IP0'08T 64°9 SL'b Tr'eZ 9L9'Ge 96'92 PR'@ 9s6'92 Z @ a2 82

Y e@' 26'00T ¥i'9 2L'P ST'TT PUUTGE L9'LZ2 00'8 [9'l2 T @ T 2
YULIN SOHd AYSX V/0R I/TW L 918 N1VS AV Wi 11 NB. 2l £3  IHlm
N39AXO dWil (W) Hid3G

466" HOLOVY IIAMM N3LIW  §20°T MALIL N3IOAXO
£ 379NV 3UIM @uwl MidIT XYW IVI0T @ppT TLWD @°'8T 3WIL $S3W T LSYD

01 H0109  © LMOI3M JAVM & LWV ONOII 690 QIWNH TI¥ M F'gTeL9 INOT
¥iT@ d30 DINOS 6T O3WIQ 3AYM 8 ddAl QNOTD  @'@  L3M dW3h N £°22<8T AV
YYASNY¥L 2 D3¥10 ONIM @ ALTVIEISIA  B'TE  ANO dW3i  g'el 4N0H

y QOT¥3d 3AYM 2@ D073A UNIM 28 M3IHLVAM  €'9TI0%  O0HMYB  ©4/% /g 3LV
eSPL2  IONIYIIIM DJwdd ap=Ird NUILYLS 3sINEd  08KNIYY A o

o s PR' 29'66 94'9 SL'v TH'EZ 399'6L 90°'92 22’0 86'92 2t @ et ot
OB vOTLE GR'Y E8TH YEUSY T LLUTSE WTTIZ G2'4P 82'i2 YT @ 1 )
YULIN SOMd  LYSX 178W /W L 918 NIYS  JAVL Wi "\ N8 24 20 dulm
N39AXO S T I (W) Widi0

S o 466° YOLIVJ4 T3AWM ¥ILIW  828'T MELIL NITAXO
¢ JTINY HIA BT TTHIJIT XKVW VI TzeF FUWO 9°8% 3IWIL SSIK T LSV

T4 4003 £ AHOI3M 3AYN 8" 1wV QNMOJD 890 QIWNM 134 M §°9Tsl¢  ONOT
{309 430 JINOS 6T OJ3WIQ JAYM @ 3dAl ONOTD  B'G  LaM dWIy N B'22%8% v
HYJ4SNYYL £E@ J3¥1Q OUNIN ® m._..u.ﬁﬂmamm 2'38 ANC dn3} £t HNOH

(2 001¥2d 3AYM  g@ 0073A ONIM 2@ MaWiVAM  9°'(%@% ouve g4/t /g v
L8042  JONINISAY DON¥d YPRIHd NOILY4S 3SINBD  08WNIYd A ¥



208

B9 £1'24L 16’6 RT'v ZE'9Z S¥S'9e L3'4T ge’e YA 682 Pef
* 98" $67IL 98'g uam«,ﬂﬂqﬂaizqqq;xﬁaa4wa,am. P84T ¢ @ 062 0282
2y 6v'24L 40'G 60'v #T°92 £YE'9g 63°6T na.u 61'6T 2 ¢ 0@32 202
*oe2' l6'sl b6'¢ a«.v oo¢n~ T MLy u«.«m Pute av.«« t @9 PGt 047
" B3 696 L8'9 T9Y LW T2iee L62'9¢ vr's2 g2'0 vy'G2 9T 0 28T 221
. :. ay'aeT 4u'9 :% b 5T 3&2 7AKT 3; bi'92 4T @ pe 06
Y mﬁq GE'00UT 32°¢ 06V 62°8% L29'6b 28°42 Bo'D 2242 2T 0 $2 g2
[ &.» TTIET IS ggﬁﬂ%ﬁé« T2 8 3 0
Y3lIN m LYSX 1/79W /79W L 938 N]VS AVL Wi T N8 2L 23  3IMlm
N39AX0 dWii (W) Midid
466" ¥OlIVJ T3I3HM WILIW  B28'T HALIL NIDAXO
¢ TSNV JUIM 02T  WIJIT XVA  TVOUT 3§46 '4nd C'€T AWIL S83n T LSYD
X3 B0 § LH4OIFN JAVYN 6 IWV ONO u T OIWAN 3¥ M Z2'6T«L9  ONOT
€280 d3Q JINOS 94 DQ3UIQ AAYM @ 3dAl ONOTID 2'9 L3N dWIl N P'R2-81  iV]
HY4SNYMNL JIWIC ONIM & ALTTIEIBIA  @'92 AHO dWI{  G'eT 8NOH
y Q0IY3d 3IAVM 9073A ONIN 2@ M3IHAYAN  G'/38% o¥Yd  §£L/T /¢ 340

OebL2  AONIY¥3I 4N InMd Ob=IrMd NOILYLS asinNyy Q9ouNiv¥g A ¥



209

GO' cP'gRT 69°9 64°v BY'EZ  (96°GD PE'9T gR'Q YEL'92 » @ P21 @ul

£3Y Z9'TAY 36'9 L8’ TH'LT CCU'EPL 2492 po'e 26°92 ¢ ¢ 9¢ 9%

: ¥’ 6T'TBT 98°'9 ve b BL'SZ  BL0'SE £4°42 B2'0 f0's2 2 @ g2 g2

T . S Yoop@* CYITIOT BE'Y GL6 TV'SZ TORVEC LUTLZ 00'0 (g'¢2 1 @ 1 a
YULIN SOMd  AV¥SX /98 1/7W L 935S NIWS  3AVL Wi 4 N8 2l 23 3ulk

N3DAXO dWil (W) Mydld

'
.
'
.- el =

466' HULIOYJ TI3HA ©ILIW  BZO°T YAL1L NIVAXO
@ JIT9NY 3uim got  MId30 XYW VIO 69T "UWO 9°LF IWNIL SSIN T LSV

8% - H0I0D 2 AWOIAM IAYM 6 LNV ONO1D 998 OIWNM 13d M 9'9T=49 9INDT

28T0 430 OINOS 2@ OJ3ulQ0 3AYM B 3dAl GNOIT  2'@  L3IM dWIA N S'F248T UV

o : S , YYdSNYNL J3WI0 UNIM 8 ALITIGISIA  B'PR  AH0 dw3L 84T ¥NOK
o - & Q0ly3d 3IAVM - J0713A ONIM 29 dWANMAY3M  L(*L10% 0uvd  ©L/% /¢ aivo
98042  ION3NI43Y DWYHd . dg~Ihd NOTAVAS AsINEd  08WNIVY A N

S 88'  16'00Y 28'Y L4 8882 Veu'ee £0°LZ PR'9 £0'4Z 2T O 2% 8%
—— S ERTIEGST YRV IE Y VSR VIWGT VLT TFUZ M IF B T 9
VELIN SOHd  LVSX /9K VW L 0IS NIT¥S dAYL WL L N@ FL 25 3JuIm

D , " NFBAXO dW3i (W) Hid3d

£66° WOLDYJ4 TIINM W3LIN  QTB'T MALIL NIDAXO
T T T UINONY TEIR AT WIGAU XVR TVIUT ZIETVIRG LT IANIL 8S3W T ISYD

— | a2 WOT09 2 UWOIIH GAYM 6 LWV UNDTI 698 GIWAH 3@ M 2'9T8L9  ONGT
| €708 430 JINOS 20 O3¥I0 FAYM O 3dal ONOID  B'® L3N oW3 N 9'22%8T AVD
——— e e MYASNYEL ~ 33dIC ONIN  § ALTAISISIA @08 ANO @w3l  pt4t YAoK
o . b QOf¥ad 3AYm  0073A ONIM 2@ WAHIYAM  B8'/T8F Ouvd  £4/% /s 3ivO
GEPLZ  3ONIY3IIIM NN  YE41Hd NOTAVYS ASINND  OEWNYd A ¥




210

9"
T
g5’
o1
2p'
ca'
ga°
2t
YYLIN SOMd

£

ot 80793
GLS¥ d30 IINOS
HYJdSNY ML

€ 00Idid 3Av+
11X ¥4

1138 1
18'2¢L
op'2L
6t'es
»e'86
sP'ent
69'127
61'2ut

LVS%

319Ny

£ i
L0

EFLRT]

1 ] [T )

PR'9 S22 TV'QT 692°'9L Y9'9T Pa'D »9'9I » P 662 Dut
98°'G wTl'y LL'92 22990 20°QT Q8'd 2¢°eT o ] £67 ac?
28°¢ (B'y Cu'92 266°'90 2467 QB 2('et 2 ] eeez @
66°G LZ'b B5°g2 2ZB9°9PL 9L'I2 g0'9 9{°T2 1 ] n¢1 @2sl
GO°9 ol'y Bu'v2 292'9¢ 9L'S2 OR'D 9.°G2 3T 4 0y e
BB'9 9L'v 9v°'C2 THE°'SL €992 209 £e'92 ¢F ¢ 4 Py
L8°9 ﬁowc 62'¢2 1te'ap 23'LZ @R'9 21*L2 2T @ o L
G0'9 &6/°p C2'E2 L28°GP S9°'LZ $9°(2 9912 It ¢ T 2
oW WK L 9IS NITVS  dAYL WY 1 N8 2l PRI
NIDAXO dW3i {w) HMLld
£66° MOLOY4 1I3IMM 3ALIn Q2T NALLIL NIDAXD
FuIM 002 mldIQ XVW  YOUT Le@T 'AnD 8P IWI4L SSIh T ISVD
HOI3IW IAYM 6 LAY ONo10 #4@ GlANK 3¢ FoRtLTI=L9  ONDN
23810 IAYMN 8 AdAl ONC1D  B'Q LAM dgw3i N 9'p2-61 LY |
33410 UNIM L ALITIBISIA 3'62 A0 dnii £'eT Miith
3073A uNiINM 2 HINLVEM 8'LiBTY OavYu YT AN Jivy
3438 H.¥a 26=1rd NV1lVLS 38109 0Bwitiva A o




L2

£o'
ee'
e’
* t&.
VHLIN SQOHd

9g* saﬂ 96'9 sow¢ 69’ nm £96°'6e a'.om gs'e 2v'92 931
96°@2YT L8°9 19’y Sv° nm-!umw.mn BL'92 B0 6.'92 ¢T
9T TOT L6'9 18 % TP 'SZ #Ee°GC P6'9Z @0°8 @6'92 21
GL"10T LU’y ou:. CZUTZ SRUYET UV LZ @2 9942 1T

LVSX /79W 1716 L 9IS NITVS  dA¥L WL 11 NH

N3IJAXO

L66°
Hld

62 FIONY I8N QoY

R #0702
€10 dig JINOS
HYdSNVYL

& 00IY¥id 3AvM
LEvLE

L} “u-
* h&.-
YUlIN SOHd

pe - 40703
9183 d3Q JINOS

HY4SNYHEL
# QOI¥3d 3AVM

vEbie

Z
Za
L0

2e

LHOL3N 3AVNM
03410 3AYM
23410 ONIM
D013A UNIN

3ON3¥3I43Y ONYd

-

2@

dh3i

MNEaaS
-
o~

i 23
(W) Hi

-HOLOY¥4 TA3HM W33 820°T ¥ILIL N3I9AXO

J0 XVR V0T 22T *iwd €'9T 3IWIL SSIW

LWY anQna C @Innk 34
3dAl UNOND 20 dIM dnly
ALITIEISIA  #'PS  Au0 dW34

¥aAMiyan  2'elds Ouve
G9=Ind NOILVLS

M S'GT4f9
N T'y2=81
£'9Y

£L/% /4

91'T0T 96'9 we'y hn £2 .n-.n» ve'ie o' va.am 2% ¢ 2%
1Z'[6 PGV UGV TSUTY  OTHUCEE ZWTLT TTVLZ 25°(2 IT @ 1
LVYSX /794 /°W L 918 NITYS  aAVL Wi T4 N8 2L 20

2
20

NZ9AXO

Lés’
JIONY JEIM BT

LHOI3H 3AYM
0381C JAVM
JIIT UNIN
20734 ONIM

ION3INIJIY DInud

é
8
v

dh3d

(W) Hi

BOLOV2 T33MM 8343w 820°7T MALIL N3IBAXO
HId3U XVR Vo0 #H2T "4iwD ('9F 3IWI) SS3IW T LSVYD

AWY ONOTD @48 QIWNK 13y
ddal ONBI3  8°9  LIAM du3
AITVIETIEIA  9*08  AWO m:u”

_ ¥IHAVIM  ['f30T  Quve

V9=1Hd NU14V¥LS

M 2°GTL9
N 6°22481
L't

£L/Y /8

dig

T 1svD

OnNGT

Ay
ynoH
3ivy

ISINED  08WNIYE A &

23

@

Julm
dig

INDT

iy
dnoH
3iVu

dSINyd 08WNIY¥Yd A N



212

$6°TL 68'6G 2T'p 62°92 gy2'ep TR'LT 'R

* pe’ ! I8'LT » € 662 0uf
BE® G2TEL ST IV OIRIOZ evhIL VWLV eute TeT e o evz @6l
' oge' 9'24 G9'G 68K 62°92 6£G°9L 9v°6l p0'o 9viél T @ 663 o2
v g3Y . g8%6L 26°¢ ¥Ty 2862 gvi'eg v9'22 g0'e ‘22 T 2 eGT 04l
¢ @T' T'ERT LE'P 18"y RE°SZ  960'9C 93'92 gE'R 9392 9T ¢ g8 07
' TT' e8'TeT 06'9 £8.» PEIEZT (B39 98°92 gu'e 98°'92 ¢T 0O 06 0%
" 9p* Te'gRT £0'9 8L’y 68°£Z  200°6L 8B'42 gu'e e8p‘'sie 2% @ 62 S2
YOPTT et deT W'Y 2%y T2TRe 2o8'ee SWTLTTILE V9T 1Y o 1 ¢
YULIN SOMd LV¥S% 1/a9W 1/°9W L 918 NITYS AL Wi 4 N8 2 20 uinm
- NIgAXO T o dnii . {w) Hid30
.  466° HOAOV4 TIIHM ¥ALIA  @28°T WILIL NISAXC
) St Uy T ITANY O3STH Gef ALAA0 XVW IVI0T GE¥T Yiwd 9063 IWIL SS3W ¥ USYO
et U009 £ AMOT3W FAVM. 6 LWV UMDID  £48 QIANW 3u M 6:6Tuie ONO]
086e 430 JINOS 20 O3JWIQ JAYM & ddAl 00010 8'8 1Ak dWii N 8'g2%8% AVT
- ‘ UvdSNYHL  TO0 JFWTO UNTH T @ ALTTIBISIA ~ B'8T AHQ dWdj " 9'4T ¥NOH
¢ aoOl¥3d 3AYM 1@ J073A ONiM 2o yaMivan  e'i3el guve  §£4/% /& alve

eevie

ION3YI43Y INYd 99=1Hd NOIiViS aginyd 0EWN1IYd A ¥



Sx

213

RYDE TATION T T 1o D8 T LTS 7O Te A FAT N
SALINITY aN™ 7 1a. 1

™ D g s 5 -
TUARLIUT 4 L2 AT 5. 2.7

. A _ ~ 7
s SALINTTY
‘ . Y TEewrpar oo
| SLaMA- T

&,

i

P
—




21k

YT T TATION VEPTL AL PRI LS PR 275300 0
YT AN ETALT IV (RANPEAT,
TRANSTCT 2vip-2. DATL by Z/77

RN

s b s

: 2 3 4 > *
’ — : ‘ L CCEN
2 A 8 1.2 :
s : ‘ — : ‘ ' : : D PRATE
1 4':&. :
| é
L . * :
J ] %
I
i
|
[
1]
4

M S S S -

e

X ]




11

S T

[ 2]

215

RYDETCTATION VIIPTICAL PFUF LTS 7CR TEMPERATLR™,
SALINITY AND “IvMA-T.
TPANGECT PHI-3 DATE 5- 2,72

5

|

o 22 ]
&<t
1.

a5 4

-
o -




A

e

T
> .‘
3 E A )
“ 2 s : QYN
; ' 2
? -4 #2 - - LR AT -
b
|
i
4
{
f
." . a
¢
1‘
{ s
in

FAORDCTATION PT ICAL PR T PO
TN AND FTA L TEVIT AR PRATE.

v - - - - —
R SEUT Pha 3 DAY oS LS

FOOTSIMVED

e

216




-*a

B A

it

YOE CTATION ORTICAL PFITILIE FOR TR RATLSN,
SALLWITY AND “[.MA-T,
TPANLELT Prii-n, DATE Ss 1,77

Rr‘ ?{a B /"
~ i : N i " T
& 4 L L GALINITY
1 2 b 1] " oa I [ 1 ~
= :5 3 _g" 2 R el TR PAT T
L4

SIGMA-]

E

; i

W4 e ’

Z, ;

o

-

52 -
|
;‘.
a—
f

2
f
!

e _‘ &
i —

v

b
1
:

o

e g




-

g

FYDRS . TATION VEPTIUCAL PROTTLES FOR
OMYCEN ANDY STACT IV PHPHATL.
TRANGECT PHi-4, DATL 57 1.2%

-
s

IEA0LVEED

i 1 i i
A
4 i . A [ . 1.7
rp d 1
- i
& i . |
e |
. . |
¢ i |
/ - |
% 7 9{ |
52—L \
4 '
3 ?/&?
—_
oL
P
N\
N,
T N
]
! ,/1
1 P |
s

- IOYCREN

S PRDGPHATE

s




ae

DERTE M.

noo

RYDE2CTATION YWEIRTICAL PROCILILS FOR
SALINITY AND ST18MA-T,
TRANSRCT PRi-5, DATE 5/ 1077

TEPLe

!

iy

o
c
U

=) 2 22 g
; i ] .

* SALINLITY

SIchaA-T

o i o

219

. TEMPLPATRE




FOELS TATION VERTIVAL PRIFILES FCR DISSOLVID

CMYGEN AND BREACTIVE P=2CPHATE,
TRANGRCT PHi-5. DATT B/ 1/72

3 4

ut

2 4 .1 . 5

“

FIYCEN

- Pe0ER ATE

-1

e

i e W

B




PTE M

e

@

S

FYDEDCTATION YERTICAL 2ETTLRES FOR TEMPRERATURE,
SALINITY AND ZT.oMA-T.
TRANGECT PHi-6. DATEL 57 173

g ¥ & .
o T T I GALINGTY
- s © B 2 B2 24 20 25 TEMPrPATUAT
: ' — ' . SILMA-T

hd oA

&

bl S
Pye
Ly i

= 1

o5 -
S

{
2
g

) |

:

e E

)

d : e

r E

T { !

]

! '

! i

L

g :

g ¥ B

L




HYOR.C TATION vERTICAL PRIFILES FCR CISSCLVER
CXYGRN AND REACTIVE PRNTPHATE,
TPANSECT PHi-6. AT 3/ 173

-1

¥

-

L Dy

4

-

14

NPT
1
G—-—-—-——m_.//“\

:

e

e

¢ ORYGEN

C PR PHATIL

| B3




223

Enaa

tt

€L-2=6 ‘2-EL-THd
oxendTy *®3d 10J saowvaq ydeiSomrsyzAyzed

19,07

00T

w yzdaq



22k

,- ﬂﬂ-

' 9
() OE.
! 9"

YuLIN SOH¢

é

20402
L9580 430 JINOS
YYdSNYNL

» 0Q0i¥dd 3Avm
¢96Ee

I £0' 20°66 99'9 49’y 96°22 268°sg Lv'eZ P09 (»'82 2T

s - ]

£e*
VilIN SOHd

(T8 69'9 TG’y G °y2

»® L]

TGP S v6'r2 Ap'w

re'e2 o1 ¢ P41 Ak
19°96 Sv°9 Tg'p 20°22 (PL'SE 60'd2 @u'y &¢'82 ¢TI P s gs
¥9%66 249 wl'y ¥6'22 L0f'eR PS'vZ Pe'e Qs'9Z 25 P c2 G2
@9"'12T 98°9 U8y 95'22 Ee'cr 2v'e2 29°B2 9’2 11 @ 1 2
A¥SX /9% /W L 918 NIVS aAVL Wl U ONE AL 20 3dlnm
N3I9AXD T _ dhld (W) Hid30
£466° N¥ULOYA T3INM wILIN 266" MALIL NIDAXO
39Ny 3uim 02T Mld30 XVW TTVOCT @ZET 'UWY ¢'LF 3WIL SSIw T iSVD
2 LHOI3HM 3AVAM £ in¥Y QNed L@ QlmnW 3y M 9'gTsle  INDT
4@ 33ulQ JAYN 8 3dAl ON0T0 2@ . LIM dwdi N S'¢?-9F L1V
60 JIWIT UNIM £ ALTVIBISIA  6°05 AMO0 4wl ¢'(% ¥NOH
2T J073A uNIN g BIRLVAN R 4t0% ouvd  gL/0%/8 Jvu

uuzuzuhuc InNd

dZ<1Mg NOILViE

£8'06 29V ¥9°y DE'EZ «unamu‘nw¢-u 59T syee
AVSX /9% /N L 818 NITYS AYL Wi a1t
NIgAXU ~  — - . dw3l
466" MOLOVS TIIMM w3iIN  266°

381Nu) 0AWNIYY A ¥

et €

b4 | 1 D
N 2i 20 M

(W) Higal

¥3L14 N39AXO

- | 0 FUINy IN 67 RLGITKVW TYOUT PE6  TIND 9'e¥ IWIL $SIw ¥ 4SvD

40709
8¥0e d30 JINOS
SYdSNYHL

S Q0l¥3d IAVYM
K311y

T LH9IIW JAVH
€8 J3uIQ 3AYM
€2 J39IU UNIM
3T JCT3A ONIm

JON3NILIY OnNYe

B IRV UNDTT ~ 248 OIWNH 3N M T'9Taly  ONOT
8 3dAl ONOTID  B'@  LIM dW3I4 N 9'D2e9T IV
9 ALIVIGIEIA  Z2'OT A0 éwW3L  9°'SY 410k
11} CELTS F LI AFAY ) ] Ouvd gL/8t/8 EF

¥2eInd NGIAV.S

A8IN¥) 0AmNIYE £ b



8S' <8'99 99°G 96°C £4'92 cnu 98 64'97 ge'y 6497 y s62 peg

]
. e
— e T Svet el qaqm-uuqqlan¢«~|aqnnqam TOITEBT T84T ¢ @ Sre 062
v Y e8'tTL UL’ ve'y 60 .92 BL6'9L 95'6T 90°0 9g'ét 2z g L6 Du2
- Spt 2028 219 aﬂm« (238148 ,qu~+4muan+mm na.n 98'e2 1T ¢ b1 24T
P23 of‘oes 8Z'y v’y 20'y2 292°9¢ 1092 g0's tp'ez 9t @ 66 @t
* ge 26'86 19'9 LM LTy nq¢q~ nu¢ €r'82 ¢T 0% 0%
" LR’ 9496 £6°'9 Lg¥y 25'22 8987 G¢ $5'92 ge'e Yg'9Z 2t @ 62 &2
e — - e quﬁJ«%ﬁJ:ﬂJj R A TR M I M AT s i ] T
_ YULIN SOMd AYSX 179W /0N L 918 NITYS  dAvL Wy 4 N8 24 22 Jutm
T R NISAXY "~ o T dWii (W) HWidug
h.o. ¢opo<u Auuzz gu»u: «mo. zup_p N39AX0
T T e e o :‘e@a¢u4mzqaumqﬁi nmmiu G twdsqﬂmq:dnfm uzﬂp SS3IN T isvy

SRR 40703 T [FOI3N IAYM ¢ IRV UNGID £90 QIWNH T34 M 8!(T=i5  9NDY

p6P3 d30 JINOS «a A3410 3AYM o _ddAdl ONGTID  2'p  LIM 4K3 N 202897  LV¥1
T T YN COIWITUNIN Y RITTEISIA ~9*92  Avo gzuw MA: 4noH
§ Q0l¥ad IAVM «ﬂ 9073A aNj]M nn YAHAYAN  B43BF  OMYE  eu/vT/8 3uve

= n s o e e R —— e

' £968€  30N3M343H OnYd N...:__& NOQIiViS 51NYY  08WNIYd A ¥

e o —




- o e
-w
el
> ®

VULIN SOMd

T .. . B .J;< . - '

0109
p8%@ 430 JINOS
" YYdSNYML

¥ 00JH3d AVM

143713

ﬁo.mo ov.o Nm » -«.¢u
21'29T 99'9 ouqv ést22
Zr'66 69°9 89°y B9°22
P a1
LVSX V/9W YAl 1 918

i6'66 2L'9
- NadAXC

L68’
JONY JUIF g8T WIdIU XVW

T AHD13IH 3AYN

P8 I3U1Q JAVM

(g 93y1a0 ONIM
9T 2073A ONIM

N1V

£ TWY oo
& 2das 00070
T - AETHEIRIA
T

nun 9¢ um.m« gu'e
.«nu.nn §%°02 g0’
11 M h‘.c« na.n

LVETES Lu'T 95°82
aAVL

cu»n«n TIIMNA HIAIN 266
V30T 662 YiWY 9°4T W11 SsaAW T ISYD-

TLP  UIWNK 3¢

YaHivaN

- 30N3¥343Y ONud

YEe1Hd NO1LVIS

at (1]

wi
;m:mr

B'e LM ¢W3}
{*er  ANO dnd)
9*L%0T  Ouve

i6's2 91
61'9C ¢%
Lr'g2 23
i6'82 31

U Ne

[} BeY Bgel

¢ gs 29

e g2 &

¢ 1 8

2l 220 JiIm
(W) Mid30Q.

zuruh N39AXO

M T'LT=L9
N £'12483
g'Ly
sL/8% /8

9ND
A
HNoH

3ivo

o I968e  IDNINILAY INYd _ He=lnd NOIiVLS 3§1N¥Dd 0BNWNIVd A ¥
n .a. 68’96 86°9 mn. P GE°22 LeR'Gh 99°02 pO°0 9»'s2 2T ¢ "3 1
R S T M { 3 T S T M A T VO Ev a2 662 IV @ 3 9

YNLIN SOMd  1VSX /9 J\Jx 1918 NITVS AVl Wl 14 N8 24 25  uim
- T ONY9AXO T A dWli (W) Hid30

, 166" ¢opu<. Auuza 93430 266 NILIL NIOAXO

- © T ITORY JWIN OY T RIQIT XVH TYOUT €66 TAWT 6'S% IWIL SS3IW ¥ USYD

cem g gET09 3 CIHOTIM AYACCWS CTRVCONOTND  £48 OIWAW 13W M §'9Tsi¢  OINOT

nﬂan 430 DINOS 28. O3M1Q 2AYM 8 dAdAL ONDTD  @*P  L3M ¢W3} N b'T2-81 IV¥]

== HYASNYEL 1@ OFWIT ONIM — 9 th - ¥*PS  ANQ dW3l  6'cT ¥NOH

¢ 0Q0I¥3d 3AYM 6@ 0073A ONIM 6@ WAHLYEM  9°LTET 0uvd  £4/85/¢ Vo

dsiNyd 08BWATYd A b



e27

g6* o1'99 6s'S 16 o'.¢«1 £re'9e 64'LT
%' hq,.,n TToE SEftIE TN

IS* 1T'0L 99°'6 98¢ Nd.ou gér'og 22'e7

12° 9£'0L T4°'G o'y £6°¢Z 929°9¢ o_.ﬂm

' 86'9 19%r Tu'e2 ‘mv.an [-4 28T

S8° G2'lL6 6¥'9 tnu b 3282 ode’r 29142

s0* 28'96 28'9 on:- I9°22 egv'ce 9r'vid

§6'9 TO'H ST G GLL VTN

YULIN SOMd  AVSX /9% /W L 9IS NIWS  #AY)

N39AXO :

- o e @ o @ &
[ -ld
= -
- -
o~ -

b ) !’«-

-
b3 I's
o ﬁ

O
-
o~
~
~
o

(66’ 10pu«u T33HR WILIW  Es6’

N
ée2'e

T ]

08'e
00'e

ge‘e
TN
Wi
dn

2
i

60'4T »
eu'el ¢
ce'el 2
6432 ¢
Zr'g2 o1
2e'Le g3
9v'gZ 21
#9'sZ 13
14 N8

¥aL1L N3OAXD

& JTONV Jelm  det HLd3T XVA~ TVIUT 9pet "4nd @'0% IWNIL SSIw

#0702 g INIIIN YN £ Lav ONOTD  pi@ OIWDH T3W
99v@ <30 JINOS £ 23uI0 IAYM § AdAl 00070 @'s
UVJSNYNA 48 J3WIC ONIN & maégﬂuan* 208 ABO dW3}

$ 00i¥3d 3AVM 9T J073A ONIM nu YIHAYIN  §gTET
Of=1Hd NOILVLS

S VAR,

' L9¢EC  INIMIAAY INMd

i3

1)

N dn34
ouve

@ 862 ©iF
) 6¥z BSe
] 661 QU2
) 69t 94T
-] et @21
8 T 11
g g2 62
@ T ¢
24 0 AuIM
(W) Hid30
T LS¥D
M B'LT=L9  9NDT
N £'32=83 4¥7
‘et HNoH
cL7¥1/8 34vQ

A8INMY 08WNIYe A &

(15




' 228

TL2'9¢ 62°92 po'e 62'92 97

' 60° 29'26 Sr'9 vG'y 26°R2 9 66 0271
YTt 2e'vs GR'9 op’¥ 982l $69°¢p €2'v2 op'e f£e2'82 ¢1 0 gé 9s
T Le® G8'66 2L'9 wl'v 29°22 W8Pl Ly'B2 po'@ Ly'eZ 27 @ ¢  §¢
e ‘ W gt g2'eé €90 99 v Lv*22 GE2'se &¥'eZ 6v'e2 eyl8l 11 0 1 2
YELIN SOHd  LVYSX /9W 1/770W 4 91§ NITvS  dAVL Wi L N8 Zd 20 JulM
N3I9AXO0 S dh3i (w) Midid

(66" YOLDVS 133HM @3i3W 266’ HALlL N39AXO
6 319NV 3WIm 00T HId30 XVW ™~ ¥2U1 £ 2% 'ind T'9% 3NIL S83W T LSVO

40109 ¢ LHOI3H 3AVH ¥ LWy QNGO T48 GILANK 13¥ M 2'8T-~Li9 9nOT

piTa 430 JINQS 3 23410 3AVYM @ ddad GnO Y0 2'e AdM dnid N L2283 v
HYJISNYHL g3 03d9l0 UNIM & ALTIIBISIA T'TE  AHO dW3§  T'9T ¥ynoH

¢ @GO0I¥3d 3AYM 6T D073A UNIM S0 yaHAVAM  L'LT@3 OWYE  £L/RT/8 aive

posass AONIY3 438 DINud dy«ind NOJLVLS dgingd 08WNIVE A U

© et pp'es $9'9 £9'y 96'Z2 668°6E L¥'02 po @ Ly 8T 2T 0 g% 8%
S 1 AR 1 T LA L D A 02 BT WA NI L R T

VELIN SOWd  L¥SX 1/78W 17798 1 o1 NIWS  dAYL WL L N8 gl 2D 3TN
- | | C O UNFsAXC T T T dWld (W) Hid30

L66° ¥OLOVJ 13IHM HALIN 266" ¥3allh N39AXO
T ¢ ITSNV FEIA- @3 TREISIU XVW TVOUT 3IBV 'INT 27HT 3WIL Ss3n T LEYD
T \ 40102 2 1R913H 3AYM & AV ONOIY kL2 GIWNH 13 W &'9t=Ls 9INOT
9¥23 43U JINOS £0 . 23810 3AVM 8 3dAl ONOD g'e LIMN dn3d N T'22487 LA
HVdSNYYL I3 03¥lQ azmxl..ns;»H44wmﬁmm: CUE'EL Ad0 dW3§ 29T YNOH
¢ Qoly3dd InVM T 0073A UNIM ] CELTS LI 210 ouve £L/C /8 3LV0

easie 3ON3¥343Y Jnyd . ‘141wnqm zm~+<hm asiny)d 08wN1Vd A U



gy
N ¢
12!
£
62’
99°
9@’
5
YHLIN SOMd

4

i

4
- %

o 40102
§488 430 DINOS

HVASNYYL
$ Q0IN3d 3AVA

! 996Ee

GE°OL LL'S vR'Y
I6°Y. ¥9°S 6BV
86'GL 04'S 66
66°t8 (@9 g2'¥
89'26 Sv'9 Ty
$L'06 £6'9 L&y
LL'L6  85°9 Te'p
I5'66 21T BL'H
iVSX 1/9W 174
NZJAXO

e SRR

69'92 v62°'9¢ G1'4T gR'0

PETIT OIPUL AT W
96'c2 209°'9p 68’02 9c'¢
g8°g2 2ZPU'ye @822 OR'D
'z 2T9'90 €9'G2 P00
64°22 S£L9°6S 61'82 go'e
66°22 LL¥'ef LP'0T 98'0
V'8¢ GHT'EY vY'we 99t
L 9)s NITYS  dAVL WL
. L e dWs

GT'4Lt
12%81
6802
ve*22
gy'ge
6£° 62
iv'ae
99762

14

1 o L6 gat
F @ (he g2
2 ¢ 861 Pue
T g 6vT  Bo¥
9% @ 66 8ol
6% 0 2% g
A 14 T
T @ 4 -
NE 2L 20 34lm
(W) HLd3O0

£66' WOLIVA TIINN WILIN  266° MALIL N3DAXO

JIINY JWIN  gRC THIGIU XYW TIVOUT TGET TUND 8°LT IWIL SSIW T ISVD

§ LHYIIM IAVH
@ J3WIaQ IAVM

40 Q3UI0 ONIM I AITYIEISEA
&8

g% 073N ONIM

LAY OngD
8 2dAl 0N070 2°9

YIHIYIN  B'gTes

IDNINI4IY ONHd

ap=1Md NOILVS

SR S e TN

240 QIWNW 134
: LM dWd}
FU3L AMC dWl}

ouy

LAl

M G*6T=L9
N P'e2ess
B4y

@ £4/v1/8

TR

4¥7
HNOH

3iv0

A81NY¥D  08WNIVE A ¥



230

L06°6t LE°02 04'R L1'92 9O

80" Lv'Tet G4°'9 L'y ¥i'82 ) ye  B0%
Y gt 1986 2LV GL'v 9&°2Z TOVGL ©¥'UZ @e'e 6v'02 ¢ 0 Ly 9¢
' 9g' @ab'oBT 64°9 L'y 26'22 ER'aC 90’62 @0'0 9v's2 2T 4 »2 G
Y gt 20'66 TL'9 69 9022 @LT 6L 8992 24°92 Lv'8Z YT ¢ 1 ]
YULIN SOMd  4¥SX V/79W /W 4 91s NIOVS  JAYL Wi 14, N8 34 20 3ylM
NIDAXC o dnil {W) M1d30

(66° HOLOVZE 133HM ¥3ILAK  266°  H3ILIL N3JAXO
22 919NY JuIM  @uY  nAdI0 XYW V36T TeI1 TLWO L'GT 3WIL SS3W T LISYD

MOT00 § LH9I3M 3AVM 4 IRY ONDTI  £4¢ QIWNH 38 M 9'9T-L9 NG
p9To 430 OINOS @ 93WIQ JAYM B d3dAl GNOID  0'0  LaM dW3L N Al T AL

Lrat

HNOH

UYdSNYYNL
§ Q0j¥ad AWM

68 23410 ONIM
9% 2073A GNIM

9 ALITTEISIA
6@ __ Y3HivaM

ptps  AU0 dWil
L5073 ouvd g£L/81/8 31wy

agInud O08WAIYd A ¥

666Ee  IONIYIAIY ONYd @G IMd NOLAVLS

' o' e9'ge 28°'9 Se'v £6°22 T9L'se 69°92 @0'e 6v'eZ 2T 2 g% @3
Y pgt  ZTYR8 6V'9 89V TE'CT T EELIGY TWWZ L2 tg'eZ 11 2 T g
VuLIN SOHd  AYSX 179k /9w L 918 NIV GAYL Wi 3L N8 B 23 ylw
_ NASAXO o dwls {W) Hid30

L66° HOLOVA T33Mm w3LAW  266° M¥ALIL N3JAXO
¢  ITONY TUTN BT HIJ3T XYW V00T €267 'IWO 6'vl 3WIL SS3k 3 L8Y¥D

\ N0T00 2 LH913M 3AYM © 8 LWY OROTD  £48 OIWNW 13d A 8°g¥EL9  INOT
o%dz 430 DINOS 8. OJ3IWI0 3AYK @ d3dAL ONOTID @'  L3IM dWdh N 9722981 471

SV4SNYHL L0 O3WI0 ONTM & XEIVIBISIA  9'0E  AMO dWIL  '¥T ¥Non
¢ GOlY3d 3AYM T O073A GNIM  g@  NIHLV3M  8'lTeT  OuYé £u/f%/8 34VC

9668¢  3ON3IYI43Y¥ Ondd vG=1Hd NUILVIS aglned C8WNTVd A ¥




N el
Q R - - s s o s S ]
| o e e ,mw. §1'24 326! uzia » 06 ¢u ﬂon.an 49147 B0°9 40'iT v @ 662 @de
T e 4 »4::da4-.1qwqw o ye'e neqaa ¢ 2 992 0862
Y68 29'2L 69%6 oo¥y L3%92 nn..n ou 6t nu. 63'6T 2 ¢ TSI T
o L L M TR T nam nh*u«. u.*au 08 Ev*32 1 B ev} @et
YoLet ghiee #9'9 g9 Y go'y2 9o’ o» t8'92 .e. ti'o2 o1 66 20T .
y 48 ve'ee 2w ' ﬁm ¥ «u¢u« GIPEE YNz gR'e 9982 g7 9 s 8¢
YR geie 29°9 oY 14 96°22 @Y ct 9V'9Z 09'0 Op'9Z 2T ¢ $2 &2
T T R + 2R ) 47 S 0 28 IV ST ST TR'6Z 9662 3T 0O 3 @
YULIN SOHd  LYEX /9K 4\4: 4918 NITYVE JAVL WL 4 N8 2L 20 Iuim
T o O NIBARO T FTR Y (W} Hid3Q
u.o. ga»uﬁs 4uu== 434N uno._ daL1d NIDAXO
T e .!3.. udﬁ.q.dﬂ: ey mHmwm‘ ¥3u Vo FLLE a.hm dW]L SE3W T LSV
—— .aann B INSTIN IAVK TET Aﬁ< agaga‘ T48 OQIWAK 38 N #'LTei6 aNG
_ #8790 430 SINOS ¥ D3WIQ JAYM 8§ 2dAL ONGTD a.u LaM dW34 N 9%p2Zegr AvI
e o HYISNYNE 9T OIICONIRT L & U938 ANO dW3 O TULE ¥O0H
o § 00j¥3d JAYM 9T D073A ONIM 6@ FRIE L _3'9103 _ ouvEe  gi/vt/e 3ivQ
3

€962 JINIMI4IY INe  98*Ind NOLiViS - 381N¥S  0BWMIYE A ¥




TH
o0’
Ty
R TN
YulIN SOMd

- . =

s2'CBT £8°9 8L 19'22 6%
¢c'ue 85'9 19y £4'22 68

2266 69°9 89'p 95'2Z 06

60'06 TL'G 89°y pR'2Z 9§

LYEX 1/9W 1/29W L 918 N1
N39AXO

L66° MOLOY

L°Ge €062 pR'D 062

9*¢¢ PE'82 gR°@ Rs'ee

geoe GP°u2 908 S'ul

2'gp SL'H2 o€'e2 yp'al

s dAvL Wi 14
dnii

4 133HM d3LIn 266" W

6t 319Ny 3JuIM  BOt - Mid30 XVW 1001 »ITT fAWD 2°6

40103
peZe 430 JINOS
HYJ4SNYHL

» 0Q0I¥3d AWM
gasLe

'oge
[} n&.
YHLIN SOHd

) ¥0403
¢t09 d30 JINOS
HYdSNYNL

p QOTH3d 3AWM
FA114

2 AMOI3H 3AVH 4 WY
pa  23s10 3AYM 8 2dAl
4@ . O3WIC ONIM L ALY

21T DJ073A UNIM 99 o

3ON3NI4AY Jnbd a9

(B'ys 2v°'9 ov'v 6v'ET 20

22107 9R°9 de’y vz 209

LYSX WOW /W L a1s ni
N3I9AXO

L66’ HOLIY

JIHNY TUIN &% HIJIU XV
2 LHOJ3H AYN 6 AWV
ye O3NIQ AAYM
g@ 23410 ONIN
9T 5073A uUNiM 68 W
IONINIIIY InYd Ve

Q013 v4p  dinnW 13
anoid  @8'@ L3N dw3
161§IA  T'TS  ANO dW3
aHLVEM Lttt 0dY

olnd NUILVLS

£ Lv'82 g'0  Lv'eZ
ZUEC LY'E2 (v'82 9’82
1ys  dAYL Wi 1

dnid
4 133KM YILIN 2Ze6’ M
A TYI07 0523 ‘LRO @'+

anp1d
L3N dnl

aHivam  e'ctet Oy
~1Hd NO14VLS

040 dlvnd N3
@ a2dal 0010  2°'e
T “RLIVIGISIA

oF o (6 Bl

¢V @ 6b €%

2V @ T4 ¥4

3t @ 1 @

NE 24 Zo  ylnm
{H) HMid3l

3LIL N3JAXO
T NIl SS3k

¥ M G'6T-49 OINDT
i N 6'£2=8T W)
s 2'el BG
- | £L/781/8 Aivl

asiN¥) 08BWNIAYd A B

T L5YD

A a2t @y

T @ T %)

N8 24 70 3ulm
{w) Hid30

AL1L NIDAXC
T 3WIL SS3IW 3 LSVD

m 2'gT=~L9 INOT
L N 8°22-81 iV}

8°'0S A0 dW3l e'sl RTALY|

¥ YA RTA EFR A

IsiNud OBwNIYa A U



233

Zy'
23
ge’
gat
ge’
-
YELIN SONd

L . T R I

4

¥0100

6iv2 430 SINOS
YVASNYNL

§ Q0j43d IAVM

. peGEe

6cY "

86°'8L »9'G BR’y 692 vE2'9p T4'9T du'e Ti'9T v @ 662 @28

e4'ML il's ﬂuwe 692 uﬁq.qm.uu1nq 06'0 23'¢3 ¢ a gge 98¢

62'0L 04§ n-¢¢ Y98 (469D £6°6T Be'd gc'et 2 @ poe oue

T8°'LL LL°S yR'P 20°g2 ean.om 6%°12 06’0 61°FT2 T @ et 0al

99°%16 n».a 'y nn.vu 929°9p 98°52 M2 9¢'sZ ¢ @ BET @t
@T°L6 &¥'9 vE iy ¥L°22 w#V'ED ivtee us1a iv'8Z ¢t e 2%
»e'¥6 BL'Y 1M4 go'ee ,uo-.mn Br'eZ do'o ev'e2 2T @ 62  &¢
986 g5ty i M2 95 22 6P GE TE'9Z Zu'e? Tg'eZ 1T @ 13 2

4VSX V/79KW /W L 918 NITVS  3AVL Wi 94 NE 2l 22 3uim
NI9AXU dW3i (W) HLd30

466" N0iDV4 Juuxs YALAW  266° HALEL NIDAXO
TTONY JUTR @00 HIJYU XVA TVOUT W22T "UIWD £'0% IWIL SSIW T ASYD

2 IHDI3W 3AVM £ IWy Ono Bi¢ QIWAKW 13§ M 8°¢Tel9  INOT
60 O3MIQ FAVYM 8 AdAi CQNOTD a.n L3N dWd N $'g2#g3 IVD
g8 OJNIU ONIM n‘:u»~4~uﬁu 6'3E AN0 dW3 ¢'91 HNOH
*t 2073A ozmz LIS F L u..ﬂua ouvYe  SL/%%/0 alvu

IONIYZITY INNd -unu~:¢ NUIAV4S 3SINYD  0BWNTYY A ¥

£l -

"I AN




23k

FroF Y TATION VERTICAL PROFILES FOR TIPPLPATURE,
SALINITY AND SToMA-T. o .
CTBANSELS™ PI-2. DaTh 813073

[ ) P I -y
‘3’;‘-.3, "%1?_. ) o L . .
PN U TN S SO T (A L i_, [ | [ WO GVE: W SIS DU NN A S S L. £ [ SALINITT

- 16 § dr B2 P 25 Bo o TEMPRRATURE

i L

B . R

)
Gt .

J—

2 1
4

X

cnsins  nmmeile




Ak

M

DTRTE

-

PADETATION VERTIVAL PROSTLRG Fof

LGN AN L TaCT IR

PraTREATE

[
!'..-

TPANSELT PH .2, DaTR w1 7
i ; 2 i %

w | \ i ; i ¢ ' n
. W b .
= DR

) 5 ” ) N

o Lo sl 9T Lt ; z
P PR AT

e 3 L ] il

e

2 ' i ! 1 i i

W\

4 '
/ |

se | f

' |
f !
; !

e L i

?J‘ L i H i ! !

;

N i

2o - : 4 i

52 - ! |

/ ?

¢ - %
i

i ]

|

; |

1 ‘*’ |

! 1

T \ E
:

4 . §

i

] \*\ i ‘

i

B} § :

| \ !

- : ..L |

Nl

235




SRR e

i

5

TR TATION /ERTICAL PRMILLS FOR TEMOLRATURT,
- SALINITY AND CTIGMA-T.
TPANGELT PHI-3.

-
ol i

813,71

. e, o

". 1 b1} I | P | 1 PR T | [ | 1 I S | 1 i 1 T U B | JALINITY
5 2 22 ot i 2 ERR—
s o8 % 22 fF @ 2P TIMPTRATWRR
: STSMA-T
} i : 1 : T i : : i [
ki hY 3 i
1 1 i ] ! 2 : ¥ i i 1 ] ]
\ /
] \ “.{
. e
/"/’.
i i I‘A 1 1 5 1 ;
‘j
.-f/
. ' ,éa




LY

vk

T T T e IV ) A r -
BooR 2O TATION VR IoAL PECTTLES FOR 2Tas0n

SXILEN AND TAUTIVI SUnRATE

TRANSECT 40 3 CATE a1

< : 2 5
Pl 1 y | 5 ! 3} ! 3 1 i b
] I | i i h';: r,—:){?;._,
y 2 ) ~ - L
ool i ] 1 i ‘? | py toe
e PR AT
L. J'L ~ 1 1 3 f r t ] + 1
i T 7 '
e | T..j_ L H i i H :
) T . 1 | )
. i
52 j \
§ :
.-;'
el A fi
!
= . | 1 [l i
= - ‘;_ ! L L, i
_ i
L T vL l'
£ : i
b l
L ':.\,2' - ;‘
‘.
4 !
\
T X
: d
. x
Y ]
\ ; §
\ | '
v I i
X
Wl 4 %
L 4 -+ b3 L3
g ;
\ .' 5
. ] i
] \ | |
s [
| k :
E A
. i
RCa B }

237




LR NTATIO ATPTIVAL PR OTCL D OROE TN RATURT,

SALINITY AHD U TEMA- !

TANSECT T f. 4 DaTr

) .?-'f' -7
I's g 1 L i ! 3 l 1 1 | ) 2 ] 4 @ ' i i Firoy i) !
. = - .
- e 2 2 27 ?n 2%
i ] \ ) | e i |

- AL INITY

| TTMERATLRT
SToMA-T

- 3 i I i i

£ 3 i £
rid ~ l

-, ! . 1 1

2 b i -{\ 1 i 1 o L i

. i
o ,_
.
- h< \'\ \ ‘
e \ \‘. B '
> ! PR N 11 = i i 4 i

|
1 ot . + !

o {

2 \) :

ik =iy I = .

. . \ 2
7 \\\ /,/
O e, ‘/

- Py i
RN |
9 e |
% :
rd i
= !
< ; .
,’y .
rd : ¢
7 3 :
; { :
1 / ;
— ; i !
i } l




w

Y

:"— .Fr' L

BATEMTATION VRPTILAL PR.CTLES FOR SIS300 oD
LXOCTN AND TTTACTIVIT RO AT
TRPANSFCT P-4, DATR 3-43.73

; 2 T 5 &
~ ik L e (] ) | ! } i i L. § & e {(rr‘i
- e ‘?" L a » 6 ) :' 1 q' .
B B S U R S ST R S
! k3 ) i 1 N 4& i ' .
y e
~
1 i ! £ i : : : 1 N § 4
}.
£,
i
i z 1 £ — , ; ;
i
I
‘F
\\ \
i Y | |
- \a: ; 1 ;
- 5, ‘




2o

AT CRTIOAL FTOTiL s FOR T PATURT,
PaTTe anm CLUvAST

[k

T g

-r

- o

T VR £ PO

s 2 st " 14
' I L : . i ' 1 - "
. ; 5 ; ;
et ,T 4 ;
2 1 - . L i L H i . L : ?- '
\ \
25 s\ ! .
i
= b 2 +
> \ \ .
. 4 J E
i . \ s
; )
2
2 iy = s L . r
- 1
4
| \ |
= i\ 4 T
y k o
2 A
'.:'?. - \.\
; .
\ - ", Jr 4
- -
o \\\ . ’/
g \\\\\ma :
S -
- //
V‘ ¥
b .
. T
VNS
- 4 %
’ 4
" z.
= ] } ’
‘ ;
; ;

VAL Tl TY

AT RATLRY

AT

)

Y




TR oM,

7y

24

TR CCTATION VERTILAL PROTTLES FOR 0T530LMD
LY AGEN AND TTACTIVE () PEATE.
TEANSTUT ™ [ 5. DATH @s12.72

|-
a
g

-}
i

H [ I - - | PH:'" D‘_A"";“

L 1
PRSI
s

R

! \\ :

‘.\ .

\ ;

— : <




I

Pk

LTS

PaTE MTATION VEPTIVAL
SACINITY AND O ToMA-T.
TIEANSRCT Phies. DT

a
il

5
-
=

L& FOR TIMN RATUPT,
3
-

o2

P AL INITY
TEMPERATURT

STUMA-T

- 1 i ] £ I v ] 1 i 1 i i 1 L L 1 t
= | e LD N s iy 2o 22y
1 i ' H 1 i 13 : ! ! i ]
1 1 ] ' - ! { i :
1% v s
@ 3 A L
1 - >
frd i o — i i 1 i} i }
< *

S mT
el

:
i
3
!




243

RYDECTATION VOATICAL PRFTLES FOR ST330L /D
LNYGEEN AND ETACTIVID PHLPHATE,
TPANSELT PhI-6. DATL &-132-73

. 2 3 7 > A
1 i i 1 H 1 A i ] i d i A ) OXYC".-N
. % .4 o 3 1

i | 1 i 1 I i 1 S | T H";-.A"‘-H":ﬁ'rﬁ

s
-
-
-
-
.
|
|
e

H oM,

Y
-

gy

o

"":?_

R




2k

R

L3

w yadeq



P ;
e . O3 sL'es T9'9 ROSH BI'eZ  9TU°L YU'GZ MR'0 vR'GZ e O 80T Bt
R R w0
: 1
. ML MB OO IR M B i :-d-naw.d«-,-.-, 7510 SN B S e
| <¢».z SOMd  AVSX V79K /YW 4 918 NIWE  AAVL W4 W N8 2 22 Iin
T e NIOAND S P T (W) Wid30 -~
o 466° NOLOVS NAIMA NAAIN 6483 ¥ALIA N3ITAXOC
S 6 YYONY IN 0@ WIETU XV WOUT L 62 "4nd T'@ 3WIL SSIN T 4SYD
Eamanr ¥0T09 T LHOIIH AWM ANV ONOJT  B4L OINAM 13 K 9°91s49 ONOT
..a. 430 2INOS 99 23¥1Q AWM dAL ONOTO %L L3M WL N §'02¢8% 4V
S UVISNY¥L (S SIUIC ONJW & ALTTIWISIA  8°8  ANO 4N3§ 8'2 UNOH
i o 9 Q0j¥ad JAVA 99 0073A QNJM 38 NINAYEN  E'eeET OuY8  #l/63/3 YO
o 99998 FINIWI4M OnNd _ aBsing NQlavs a81NVD  0BWNIVY A
88 99'e6 96°% L0'¥ #3'se n*...n Pe'S2 B2°9 ve'sZ 2 9 eT o
ik - o Y et S8'66 'Y ST FTURE awqau 9 54°62T 8 1 ¢
VULIN SOMd  LAVEX T7OW /'MW 4 1S z_d<. AL WL W N8 # 23 Nin
NIDAND F T (3) Kid30
Lee’ ¢a~o<; 122M0 .u.u: 640°% ¥AL1L NIOAXO

T . m TNV WA 9T

80703 JHOTIR JAVR
nu- 430 JINOS 381G JAVYM
UvdSNYEL 1§ AN

98 2073A GNIA

—— et —

IONIVAAIN ONud

 00ju3d IAVA

€899¢

v S

WidIT XV TVOUY &96T 'LwD 9’2 W1L SsIW 3 »n«u

A B R
Lol N 6°Q¢E=

] uu44~“wquu '8 A¥O % sfion

88 UIHLYAN  §020%  OWVE  v4/€T/% VO

VE*1Hd NOLLVLS gINED 0BNNIVY A ¥

*w e




»

4

M
v’
T M
60’
90’
R 1
v gt

- .

YUAIN SOMd

S 5 . & ..

40700

6¥Sa 430 DINOE
YY4EBNYHL

T Q0l¥d3d AWM

2669¢

GG' @8°T( 10’6 4p» TH'9Z G2L°98
TR Y B MBI L B ]
63'84 @B6°s STy £2:°92 TEv9
GB'TR FU'Y »TCY T6IGZ AOVIVE 18032 0002
£0'56 669 ToUy TH 42 Gvd 9k 9¢'s2 g0’
99716 Wi'9 ¥iYy S¥YET  1LVUSR VO W M2

Y58 Bi8°sk 69°€2 09°0

g ILETILNRE YT

99°L6 04°9 vL¥v &t

TITo6 PR Y SEP B kT 9BLTET

LYSX VN /!
" NIBAXD

3 IR9T3H 3AVA
8¢ O3MIQ 3AVA
60 O3WIQ UNIM

90 9073A UN[M
3ON3Y343Y ONMY

Nd 918 NIV

466’

. ¥O040V4 TIAHM WILINW
115Ny INTA T 08F HIGM XVR Woon §EeT

T Iy ONOTD
9 adas QnO70
& FTYETEIA
20 WAHAYaM

9Z=1md NUIAVIS

»m.w« ge'®
$9'61 d8'2

gk LA

£6°¢T »
98'eT ¢
cg'eT 2
fe'32 ¢
9r'6e 93
TN 1E 1
6g'sd 2%

W 4 N8
anld .

Bpl QINNK TN
@'t l1am dWl
" U'g  AHC .zu”

8's223 ouava

§40°% ¥aL1L NIDAXO
viWg §'#Y IWT)L S§3u 3 LSVD

M2 (T=L9
N 2'02%9%
r AL A
YYAATA

B gac ot
'] 242 @ul
-] gdz ol
¢ ‘PeT P&t
("] ges  gul
¢ ¢ 2%
] 62 14
B D ¢ )
Bl 25 Julm
{n) Miadl

N0
v
YNoH

3ivi

asinNys 08WNYYE A ¥



]

¢ 40 49’98 T4'9 oL’y BL'SEZ 199°¢s T6'62 00'2 1s5'GZ s @ 96 203
Yooe' 26'[6 84'9 6. b ZL°ET 662°4C QU'62 B2'9 C9'sZ2 ¢ p 8y 04
; S8 (3766 £6'9 60’y 60°cZ 90B'es 26'%2 00°0 26's2 2z B 92 68
T L GR'  20TOOY WAL C6'F 2¥'e2 G@0'4E T'eZ 02'0 Te's2 1 o L] @
VULIN SOMd  L¥3X I/79W /W L 918 NITYS  BAVL Wi WONE 2 23 34w

N39AXO J diW3d (W) Hid3g

(68° WOLOYY TIIHA WILIN  §LA'T ¥ALIL NIDAXO

9% T9NY JuINM Q0T nmid30 XVA  YVITT §64T YLNWD 6'1¢ NI, SS3IN T ASYD

BOT09 2 UNOI3M AAYR T lu¥ ONOIT  B%( QIANM JH M 2°ZT<L9  ONOO

$8T0 d30 DINOS 9@ DJ3WIQ JAYM @ 3dif On0T2  @'@z LM didl N £'12«83  4¥9
HvdSNYYL (@ J3W10 ONIM L ALTHIGIGIA  2°'G  A¥O0 dWw3i g'€Z UNOH

b Q0l¥ad 3AYN 2T 0073A ONIN 29 HAMLYAM G4BT OuvVE  ¥{/¥3/1 3iv0

2998  IFONIWILIY OINME Ae=IMd NOILV.S dgIny) 0QBWNAIYd A Y

' 88 29's6 96°9 (8'K £1'SZ  ged'se R°'6T 20’0 (e'sZ2 2 ¢ et ot

e e e Al W - i+ = wmms m m R R ‘.. =S “‘.-. . ..\..‘m'a‘d.lg 33‘ g..‘?‘l @ g.ﬂﬂ. “- q. ﬂ P— &
YULIN SOMd  L¥S8X /9w /7N L 918 NITVS AVL Wi 94 N8 2} 22  3ylmM

- | NIGAXG 7T ANt . (W) Hid30

£66° HOLOV4 TIAINN NIAIN  €4D'T ¥ILIL N3DAXO
et B - B 3TONV JWIM BT HLIGND XYW IVIUT LT TAWDDTTZ IWIL SSIW T Lsvd

—_______ WOT00 £ LIMOTIM ZAWYM Z AAY UNOTI0 - BBL QlwnW 138w £'9%ag9  ONDT
62%0 €30 JINDS 92 Q3WIO0 AAVYM 8 ut%% Q610  8°8C LM ¢n3 N 4'B2=81% Y7
e m:mzqﬁanuwﬁcozux‘nimw_gw:.um‘»_qa-xﬂ.m.»u. x:ox

b QO0ludé 3nvm g% 9073A ONIN 28 YINLVIN €°022% OWYE  ws/9t/t 340
vEaIng

——— - e e a

£099¢ 0NIWILY uzmajz zm“_<»n . 481NEd  0BWNIYdE A ¥




e8!
LA
g’
N
9a°
L8’
23’

gom WA W w3 ; » OQO

VHLIN SOHd

- o @ a o & =

e G

40102
@2¢@ 430 JINOS
HYJdSNYREL

T GO0ldid 3IAvA
£649¢

ve'gL 290'c u@’ *.om 92 £858'9¢ §4°97 ga'p .n» Ty @ 962 By
ARy 4975 TTP V9192 9IR AT TA LT Teetd estuIE 8 evz 0l
2lvi tR'9 o2’y @0°'92 aT6'IR os.oa go'e 94'6% 2 8- 667 Bed
6v'T8 O7'9 42y €9°¢2 ¢B9TOL £E'VE po‘e £5°32 % @ 6v1  @st
£0'96 LO'Y 49'p 9u'cZ IR6‘aL 99°'c2 oe'e 99'sZ o1 0 aay  £ul
9B'L6 £4'9 TLh 66782 @8E’EL Ge'sZ g2'0 Ge's2 ¢3 @ es @5
G126 84L'9 ¥L'v ov’sZ IIN'SS 68'G2 dr'e 69'sT 2% 9 g2 &2
¢2'i6 9i'V L'y LT ﬁ:ﬂ. su*s2 gE'EZ SU'sZ T @ 3 )
LYSX 179% 1276 1 91§ N1TvS 3AvL WL 11 N8 2i 23 duinm
NIHAXO dnil (W) HLd30
£66° HOLOVA T3AMM wdiIn G4BT ¥ALlL NIOAXO
319NV JHIA @0§ HLIdIU XVR TVIUT ge2Th TIWD ¢°¢T AWIL S5k T 45¥D
T LHOI3H 3AYM 2 AWy ONOTD STL alWne 138 N L'etele ONDD
e@ 03810 3AYM @ 3dAL 0N0N0  @'eg LM dndg N 2'T2eeT LY
63 33810 uNiIM L ALIBlSIA 2'¢ AdQ dwli e'Ll uMoH
90°713A uNIM - 22 HIMAYIM  G'p2DT ouvd  #l/01/3 ava
JININIJ38 OnHd Je=IHd NGI4VLS 3siNuD OBWNIYd A B




o3l

L} oa.
T L
N 9p’
L) hnu
YUlIN SOHd

9

40102

@93y @30 SINOS
. UVJENYHL

» GOld3d IAYM

96498

! "
] mn.
YullN SOHd

¥0702

6128 d30 JINDS
HYdENYYL

¥ QOl¥3d 3AVYM

099

L1'66
¥2'66
5’06
L8 L6

€9'9 oomc ge'ee
T6'9 ¥0'y
L8°9 38°y 22°g2
TR AT E T
LYSX 179W /W L 918
NIOAXO

g2'82

gSP Gt vS'52 po'D ‘
TARIGY L6762 @00 06’62
603Gt 26762 0’0
I M TN LIM
ANVl Wi "

MET

dWil

o2y
e
14
ﬂ
4 22
(W) Ml

466' ¥OLDV4 MMM ¥IAIN G4BT ¥ILIL NIVAXO »
219NV SHIM 02T MAd3IU XVK YOV GEET 'LND 90°6T AWIL SSIW T LSV

2 1HOLI3W AWM
L0 23410 JAVH
(@ J341Q UNIN
93 2073A GNINM

JONIY3IS3Y Inid

30°'66 T6°9 By ¥1'CZ 89B'SL 69°'62 P0°8 68'¢l 2 2

Y

Ze

4WY 0NB19
@ 3dad 0ngld
L ALINIBISTA
 HaAMAYIN

o

ag=Ind NOILVLS

@3¢ QlKNmM 13y
B'62 LiM dn3i
'@ AH0 dW3}
¢'3eas oyve

M 9'9tuL9
N §'§2=0%
pri2
rL/93/3

o1

T0'66 T5'9 e’y CT'EZ TIR'GL VLT OO'P @e'GZ2 T @ %
AYSX T/79W 1/77W L 91s N1TVS

NASAXO

ANYL NS 1

dn34

N8 2) £2
(W) MY

66" MOLOVJE TITHM HILIN  £46°T ¥ALIL N3ASAXO
HEIT XVR 7 TYOUT 9H9T 'LHWD 9°02 3WIL SSIW

JIONY J¥IM @3

£ LMHI3N JAYM
9¢ J3¥1U 3AVM
{8 OJ3ulQ ONnIM
»% J073A ONIM

3IN3YIIIN ONUd

4

LWy ango

® JdAd ANOD
L ALTTtEIsiA

BIHLYIN

vE>1Nd NOILVLS

BiY OlnNn T
B'62 LaM dwl
gt ANQ dnwl
§°'6%07 oyve

M oBiPTeLe
N G'22R0%
g'22
vL/9¥17%

2%l
P
11

8
341m

did

N0
¥
HNOK

34v0

A81NYD 0O8uWNtY¥e A &

gt
B
Julm

d30

3 LSYD

9NDTY

vl
¥NOH
3ivg

dsINpd 08WNIVd A ¥



é52'

ge'
Ty’
g2
T
iw'
1M
TN
[ ] hﬂt
YHLIN SOHd

- -

_ w, e

. ™

40702

tivg3 430 DINOS
HYdSNYYL

¢ GOolY3d 3AWM

g6'TL 99's 2%,
[97RL Te'9 @iy Teiee TERIeL EETET
c'gs G@°9 vZ,
(88 L2t 6L
ga‘es 89'9 99’
69'66 £6'9 &8
£3°a2% 64°9 o9
£4'00% ¥@'L £O;

LYEX V/9W 77

N29AX0

b 15'92 o299t 94°'97

y B2 (P8'9p 26°0C
b Zr'ge 2EYT9L T4V
p 9482 g£e4°6t 60°62
vy L2852 Je2Ge 66°'62
» L1762 cépist L9'62
p OT'E2 B¥ETEL L¥TEC
Wi 91S NITYS  dAYL

(66" WOLOV4 T3IHM ¥ILIN
918Ny JWTH @O HLGIT XVW IVOOT Ovd

'e 94°9%

go*a e8¢l

ae
ge
1)
ae
ge
(1]

‘g 2g'02
‘g TL'IT
e 6v'el
ma 66'62
g Le'el
‘g2 %082
Wi 14
dnii

N

9t
1]
23
11
NE

2 LM9I13NW 3AVH B LNV QNE19 299 OIWnM 134

(@ O3u10 3AYM R 3dAl ane1e @’
@@ J3ula oniM L Alligigsin 2°
£T D073A ONIMN 29 ¥aHivam  g°'2eod

96698 AIN3IW343Y Indd

(1
2

26=1nd NUl4ViS

L3N dwid
AEQ dWi}

Ouva

o8g
Bs2
gee
sl
ags
1
1
1

4 20

(W) Mi

MBEEERaERSESE

GL'T ¥aLIL N3DAXC
T TIHO £'4F 2WIL SS3N

m £ LTl
N §'p2=8%
p'6T
ve/v3/1

481Nu3  08xNT

g2t
a2
puée
il
Bal
B

14

0
LR
43d

% LSYD

OND T
Lyl
ynan
divl

vd A o

C e Ty oo T ¢



]

e33

CB' 9L'v6 29'9 $£9'v G6'f2
ie' c6'6s @6'9 g8'p p2'0R
CR' BG6'66 v6'9 se'v 8T°g2
2" ¢9'2uT ¥R'L £6°F BT'L2

YHELIN SOMd  4¥SX /9% /W 1 918

N39AX0

(66" ¥
2 379Ny 3§IM @Y Hid3

407700 ¥ IHDL3M 3AVM 1

1420 d30 JINOS 98¢ J3ul1d 3AVM 8
HYdENVYHL 48 9J38l10 GNIM 4

Q01¥3d 3AVM pT  J073A UNIM co

14

]
[}

6669¢ JON343 438 ONYd

92 sR'66 P6°'9 98'v g0'c2
de* 66°'66 95°% (@'y 21'pe

VELIN SOMd  LYSX /9w /W L 9IS

N3DAXO

L6’
2 379NV JWim 23 Hld3

40703 £ AMOI3H 3AVWM 2

2202 €30 JINCS 920 J3WI0 BAYM 8
HYHSNYHL (@ DJ3uIQ UNIM L

gol¥3ad 3AVYM  »T J073A ONIM 20

’

gasse JON3M3I 438 ONYd

g2e'ee 21'62 Qu'e 21'el

66T'ge 26'62 BR'Y 26'G2 ¢

9ET'¢e 26'62 Po'd 26'wl

GPR'Ep GU'GZ PR’ ge'gl

NIIYS  AAYL Wi 14
dWid

VAJVS T33MM H3L3W  €L0°T HJ
O XVw V07 € 9T *in9 p'@C

1W4Y 00019  I3L GInNK 13y
3dad QANO1D P'ge LaM dW3d
ALIVIGISIA 2'a A0 dW3h

HAMiyan  g'p2ey ouva
g9=IHd NOILVLS 3

266y 68'62 PR'0 68'%2

G2B%¢e 99'G2Z 08'2 9g'sl

N1IVS AVl Wi a
dwild

UL0V4 T33IHM ¥3LIN  6LB°T N3
Q Xyw Y007 2g9T 'L4D g'@2

lA¥ QNQ1I ge¢ QlnAKW 34
3dAl ONOIY  0'82 LM dnWid
ALITIBISIA  B'@  A¥O dw3}

RECTS FLINAY-T 1] ouve

V9=IKHd NOILVLS

wat

Ve

c2

ﬂ
i 20
{W) ML

14

(4

$
NB

nmEGE &

114 N32AXO
Jhf) SS3W

M G'uTely
N B'P2ET
gree
vL/¥1/%

slNud 08wWN7

e d 21

1 @ 1

NE 21 73
(W) Hi

l14 N3JAXO
dWlL SS3W

M 2'glef9
N 8'22~-81
¢'ée
L/91/%

BT

g%

&2

2

ylnm
d3id

T ASVD

ONGT

A¥7
gnu
3iV0

Yd A &

2

¢

M
did

T ASY0

anel

i¥7
UnoH
3iv0

dginud 08WNIYd A N



gl

£6’
Ty’
11 %
63!
8e'’
I'M
40’
[} BU-
YULIN SOHd

. - » . .

£% 39Ny J§In gD
& LHOI3W 3AVM

407102

iy 43Q JINOS
HVYdSNYYL

& Q0lu3d 3avym

L6669

B8'0L 96'¢ L1'y G8'92 APR'9L 20'9T Po's 2s'9t
28784 389 w2y VIUOZ HEVTIE SEET go's £2'e3
€L£°¢L T cumq FOI6Y  LeZ'9p v9'6l po'p TAMY
g0'28 4§39 EECY Ly'GZ  LYPTO0 £9°32 go'a Y i1
3666 <9'9 99y B9°8Z 209t T9'g2 Pe's le'g2
49'86 Le'9 T0'y 92'02 gg2'ge 68'42 #0'0 ¢o'g2
29166 969 46y vﬂ.»nymcanxnn_n..nm #2'0 g9'g2
vaIZBY T1TL w6y L2°5TNTIR G be'gz v0'gZ Sg'g2
AYSX V/OW /TN L SIS NIIVE AVl Wi 14
NIDAXO dhil
£66° ¥OLIVJ T33WM w3L3NW

90 0J3u4lQ0 IAVM
42 J3W1Q ONIM
T J073A ONIM

JON3IY3I 434 INNd

Hid30 xVW V30T ¢py%

8 ddAl agnoa
& ALTYIBISIN  B°'p

')

LWY ONOT1D 289 QiwnNM 134
8'es Lam dni}
A8Q dW3)
YIMLYAN g zzeT  ouve

99«IMd NQILYLS

2 262 2

] £ve da2

9 S6%T o

a ¢rt  0gt

R -7 ')

] 6 1

e 62 g2

[} T 2

2l 290 Julm
(W) Middg

§40°'T MiLIL N39AXO
'AND 9'9% IWIL SSIN T is¥D

M R'9Tals
N 2'¢Zep}
ptpz

T2 274:

ONGT
i¥7
YnoH

3iva

4SINMD  OBWNIYY A ¥



';"'mm P R

LT




Y
|
i ?
[
|
K
T
]
..
| = v
B
3
! H
“ . -
| ™
l
i L
WE_ -
& | e - " w0
e : ﬁ "‘_ ES ] ¥ -
L] .
. b |§ P = oE ; .
I
v T ;
. §§ r ] hi ) B‘A g
| ! '-~ i - ! .
.‘ . 4 B "
. Bgped . - "
‘ » !! i E3 % ‘g
I = 5
; n
© T ' L e
" -- r
3 o " = -
. x W = & I‘ - - L]
I 3 = - o 3 .
| £ ;%? ' 5, P ) “ e ' - " i
"ﬁ‘ 4 v L] Fa o u
I a - L - i . § od e g ' - v
] [T '%"‘g b "
. = # ' . ] : - '
. ; - . . . . ] ' .
on - [
E . a ﬁg




RL = =]

T SR i LLakl

-
‘II

g
f

ndl

e

%
1 w
o
L) 2 - =,
: \ 1
1 ® “ =
“ L
¥ 1
- e ¥
. r -
- L
S 1
ics s
1 = i




~ ¥

it

&

e et T

—

W s

i s
DU w - x ey s < 3 S-S

P R,

Y ) -::,,,:,:‘_[,m\u-x e T e T T B = PR ey S N

W




e

RS

PDEPTH (1

20e

HYDROSTATION VERTICAL PROFTLES FOR TEMPERATURE.

SALINITY AND SIGMA-T.
TRANSECT PHI-4. DATE

1/14,./74

~ SALINTTY
. TEMPERA TURE.

516Ma-T

259 |




DEPTH (M)

260

HYDROSTATION VERTICAL PROF ILES FOR DISSOLVED
OXYGEN AND REACTIVE PHOSPHATE.
TRANSECT PHI-4. DATE 114.74

S
N
X

3
N
3

0] ¥

B

25

SN TR U SRR T VN S SU SIS ST T T N

(X3




o fovy

DEPT M

HYDROSTATION VERTICAL PRCEJLES FoR TEMPERATURE .

SALINTTY AND SIGHA-T

TRANGECT PHI-G. PATE vt 0.94
35 23 37
O ' o e S SO SN Y o ———_g i e S e e e .
o 16 18 20 e 24 26 2B
Y T o - e it sy TR
O — oS T . ik ———————s e A
- & o Y

100 4

200 -

SALINITY

__ TEMPERATURE

SIGMA.T

B]




DEF™F (M
g o

IW-

200 4

HYDROSTATION VERTICAL PROFILES FOR DTS$SOLVED
OXYGEN AND REACTIVE PHOSPHATE.
TRANSECT PHI-5. DATE 1.,14/74

1 2 3 4 S é
ey s we sesswe @ 8w wm e e— =~ ORYGEN
.2 4 ) .8 1.0

PHOSPATE

300

%2




¥

N
n‘iﬁ:ﬂr% PR _‘:-l r-?;: o % suaresnhummnsmarbis:

&

P . o DA D i Al on pe—eERE O
%gdﬁnﬁ l:?jf. Mooz 0 e ""’&W‘wﬁwa &&"ﬂa‘gg ‘:‘u%ﬁ
s}w ‘_'eréé o . & ¥ 1

v s

R i T

e i N L BTG, R S e@kgmm ol

e e

L

gli
1

5
:1
y .
« 52 1
il
e
. E
£
o 1]
-
lt
o
F4
2 L
1 e
i
E
s
i " - - 3 | L R i35 mmmem | mow o D
. - - - - R - RS = = .
- - (1
P oAl
" - " 1 v &
] - 5 - . .
N .




g I .
1 %'& . ] v h I P 1:‘.'4-!!1%.“ o [~
| B . : =
o
]I - v
|: . . : " s L]
1
] :
|
1
|
! i >
|
| . "
|| .
| ®
4 k]
B
. =
|
.
i - ) d v
e RGN el e o . . _ Eo ot [ | ot
‘ u ¥ AN etk @ﬁ-ﬂi‘:‘?ﬁﬂ!wl‘g oo P LBy - '!&F‘II !afdas:?zﬂn&dxﬂu.c.ca "ﬂ'&:r gm ag
- = —ﬁig B = L ;;xuwwﬁmgtﬁ; S R R ' ., .
‘ ] . . b3 '
" g
n
.
" Ll
. . 1
N "
LJ
- n
®
i .
a
L4 L'
.
L
* #
. - . n
) EY . ¥, %(r
el e R Il LI .
'y -
n . g, = * .
Eor, - - "




265

‘. /61/T ‘T-fL-IHd fodendTH ‘eid aof veowmay yderdowmisyiAuiwrg

w y3dag



P

w5 iy
(5

s

[RPEFTRAE. .

N s
LT A

ff b

[}
wie

oyt

s
>

Tt 2L

Eire

™,
L

67 3

k2

A

i
.-.,.-3::.._

P e AL pe et e oot an? dane v
o % = o

LEIT LN Ly 34

Fatry

i

L
Py
L
iy .
3 4 '
= '+
pr: ] = ¢

!

ey e s e -




Y]

res

APPENDIX B







g ¢

o

g
= ]

b - o
H ﬂ . & :
% .
x -
ﬁ &

§0 0%

1
© 23
=
w
" s -
1
E
5
- s
N
.
i
— 13 : . ¥ —
. F
o
= - »
f
o . &
. "
4 @ ' '
LA = _ g
2 -~ __,.mw =
X X %
V " :
%
ES
- -
= -
-
u ' I B
w - .
. [
iy v b
b 1]
i ] "
ﬁ = * - » mm
» =
atlow w .
-1
"
X
; S B

b

-
L2
fa
o -
2 4
.
_
- »
= o
: S
D)
%
a
)
.
Ea
&
.

MR ow

j

i

T a "
ﬂ !-. ,.m _\w“ n
: .
i . S on







67

X
X X
X X X
X
X
X
X
X X
X X X X
X
X
X

110G {09 O 02
O NOILYIS

5

10T

X
X

08 09 O O2
g NOILVIS

108 409 .0 .02
Y NOILVIS

€L6T ANAL §2-G2
WOQONTY INVId

10T

unryonbIay UoTUmRTOAIY
TTUpI0389s uoTUWeyjoLIg
snyngia} eoxTyduy

*ds wo.TLydusy

BUBTTTIIUR *dBA BPIITL BOATUAWY
BPIBTI ®u.. MRy

BUISETLIORIF BOI ['yluy
BUBTTTSRIQ BOd {yTmy

BPTITATOW BIs Ry

1eqAydopouy

eTBuU0Z umTpododAng

«ds umessIaeg
wnprexsoftod unswedaely
+ds BTToLYO0004

ds ej0i901(Q

ETXWSUTT ®10£9 010
93EOTIBATD BIOA] DI
BWO30UITP BROAYOL(Q
waequap B8ROLL0T(

§ TUIODTUISD BIOL]OTI(Q
*ds staeqdodiod
Troasnf stasjdofy01a
ey eotep strejdolyorg

teyfudoaryy

LN »a



e

e W

®

a

!
WOR o,

o .

L
5 '
" r
L3
"
L
-
"
1
"
Yl
L0
»
g
r
»
‘a
r
.

L X

L4




29

: 08

09 0P 02

J NOILVLS

0T

X
108

109, 0F

g NOILVLS

02

X X UNUTPNIsa) BISSETRYL
X *ds BissereyL
X BOBY TIWDOIPAY “wey
STUOTTTeq ®TYYdoTEH
01 08 409 .00 .02 .0OT i SOSSEI) QULJIERl
¥V NOILVLS
€L6T FNNP G-
KO@ONIN LNVId



270

a ¥ e

X TI89a9qTe WNIylLBTa0)

T3 I0TIE58 UOTUWSY0LaT

X X *ds woapydwy
X wwss FrIdesy wortydury

X BPEITITRW BESUSWy

shydopoyy wmTAyg

Lol

X *ds wuIped
X X X *ds wej0£307Q
X X 2Ta89UTT 8304301
BIBOTIBATD BJ0L30T(Q

X *ds syrajdofioTq
sueadoTderd staoydof1o1q

X Tr3doy s1ra3dof101q
X BINy80TTep sTIegdodloTq

B3Aydossyy umtiyg

X *ds sTUOT A
X *ds epswyTEH
X *ds wxoydopet)

*ds wdaane)
X 2BTsaaoTA wlzone)
erfydozotm wdasne)
B3RITe3® suamolpsuy

eiplydaoTyy wntiud

]

RS P
-

109 102 109 102
0 NOLLVIS V¥ ROILVIS

71261 XUVONYL 91-HT
WOGONIY INVId

¢ TIHVI XIINIIZY



X X
X X
X
X
X
X X
X
X
109 102
D NOILVIS

b4 b4 b b4 < 5
b

M K

109 1028

¥ NOILVIS

#L6T XUVONVP ST-HT
WOMONIN INVI

poOyI PTUf)

T98uI0q BE3SINYL
TTuoAard BTSUSIIEN
STTBIUSPTO00 UOTWIRYIOUITT
*ds wpusp

BUSqNI BTUEL

suaI2upR BEUEL

«ds ‘@TpuUBIqQUIPTTH
sndLq0q0ad BTPUBLIQUODTTH
*ds smppyred

wnTEsnd mWEpTTsd
BIBUTEIBW BINBXETE)
STTRjUapTOoo0 suamiqoTq
+ds wpmeuoqzdiz)
STSUaqNd BUTTLBIOD

* eqlydopoyy



a




X X X X X
X X X X X
X X :
X
X
X
X
X X
X X
X X
X
X X
X
X b 4
X X X X X X X
08 09 0 02 L OT 0B .8 O 02 40T 108 09 .04
0 NOILVIS g NOILVIS ¥ NOLIVIS
£16T ENOL g2-%
HWO@NIY TYWINY

102

10T

dy wooTuny
80 Tds TXET wWOITUNG
BISZITTNPOU BLBIOBOPOTA
BITTBI000300 SEBTOQNG
BOZOYJUY HEBWE)

+ds wraemiag
¥3B00YL XODPIO

€ *ds ‘prun
g *ds ‘prun
T *ds ‘prun
BOBOI I999%TAIS
*ds wvrodoTTIN
83} BOIYY ISPID
BOZOJIPAH SEET)
ﬁﬂgmunw.moocw_ MTAYL
(eTxepd

¢t *de prun
(ie3BTTRTIg®

9IsuTddTH) 6 "ds prun

8,ds pTuUn

g *ds prun

-y +ds prugn

- +ds wTAuodrogxay
wynm sTduodsonsay

teI9ILa0d



274

108

09 0P
J NOILVLS

07

5< 94

101

108

:09

b

10F 02 W01 08 409 ,0¢ .02
g NOILYLS vV NOILLYLS

EL6T ENNL Q2-92
HOM@OMNIN TYWINY

» B ~

_ *ds erdroBorsig
stsusdniepend eidaolo101y
BULIITD BI8a080i03g

sdooue eraoforeng

*ds ®1B1o8oxs3dopnasy
ruedTISE BYSxoBoxajdonposg
esoxeoe Brdio8oaejdopnasy
*ds e1raInexsiq

BOSLIB B [oINEXS[g

‘ds wvanexerq

eaxnydins stsdoovtany

*ds stsdosorany

er139d stsdosdrang

BPIABLF STSGOAITANY
((eaeBuoie) -ds wodTay
(4uotod Bunok) eyeuurd eedrany
BXBT BOOTIANW

e3B8UOTe BEOTINY

BOTIULTIB BOOLINY

BUTTE3UOA BYUOSX0D

esoumd *} ewiasm eruglion

. -z *ds Booyuny]
(Luotod Bunok) p -ds eootuny
TIIOFSUINO] *J TILOJOLLINIO} BOOLWE
13I0JaUIN0) eadLUNg

» g

BITTRICI0IO0 SSB{OGIG
0T BOZOIUY SSPTD)




E T I T
Mpd

P

08 .09 0¥ .07 0T
J NOILVIS

08

00 .0V
g8 NOILVIS

02

X
X
X X
X
X
X
101 08 09 WOF .02
¥ NOILVIS

€161 INNL g2~
ROEONTY ‘TYWINV

0T

pIaaayN
BIEOINS DIPISA]

(p18I9N JO 95T031dR) STOISUCDIISH

‘o

BSOTNONLIOA B1USTSH
BIBTrOsSoL BADATY
*ds BI9IATY)
BIETYOURIGE BADDATY
 eyeueTdwod 201 A1y
BIGNE 9L
eIBAqUT] ouedAijoulny

BISBYDATOd SSE[D
BPTISUY UNTAY)

*ds smpuec eted

TOpTYIuROZ ISPIQ

*ds ®aI1SRASPIS
BOISPIS BAIISEASPLS
SUBTPRI BAIISBASPLY

SOPTOIIISE. SIAJLIO]
BSOWLIAED BAXISRIUOK
STARTNUUE BIXISEIUOK

*ds euTIpUB

ds e111AYdos]

ds e1101d1g

TTSO03S BTUSOIOPTI(
STOTIpUTTAD BLAF0IpId]

BTULI0BI6108 JADI0
BIXIRYIUROZ SSB1I]NG
BOZOYIUY SSETD
BTIEPTU) UMTAY]



276

108

09 OF

J NOILVLS

02

X
X
X
X X X
X
X
X X
X X
X X X
X
X
X
X
X
X
X X X X
X
101 08 .09 O0F .07 0T 08 .09 0b 02 01
d NOI.Vls ¥ NOILVLS
EL6T ENNT Q2-92

WOOONTY TVWINY

' "

SIOTIUBTIE SNSBUSNEL[OTIS
snnared solnalle
sep13AT0ddAy “ueq
sepranTyduy “uey

TTuReq snaydyy

epodedey aepip
epodoayiry enyAyg

“yoA1ed prup

PIIT2qaIa], PTU)

(e8upds end3qraoa ur) °*ds BI19QOI9]
S1]FI[nuue BIISqard]

*ds SI14S

ezoy1T0ad SITIAS

OBPITIAS “ued

BIORTS Soproxel4ls
sepTIndieg ‘weq
SEPITIaqes “pruf
EDTyTUBEU 93Xe}SeT1eqes
*ds esdydrewezed

*ds stydnup

*ds suouay

*ds uo1p1oIN

(w03 asto3rde) *ds siaaeN
*ds sreraN

SEPISISN "wed

B1OBYDALO0d SSBT)
BP1TOULY uri[Ayy



108

09 0F 02

J NOILVLS

2

101

08

X

09 0 407 0T 108

d NOILVIS

€L6T ENNC gS-S%8
WOGONTY 'TVNINY

109 O0F 402
¥ NOILVLS

qe1o *pruj

(*anf) qexd prpuey ‘prup
PEPTUNIIG] *UR

BSSBID *J ITIsqiay snadouey
sysuspnuraq snadourg

snyuedeanaTd XeIyd Ty

sdddI0] Xeauyl iy

X *ds snedourdAiny
‘ds snyyeTdy

BINAUDRIY XApIogqng

STSUaqND SNTXEUBqL[)

BINWOUY XSPLOYIS

SUETIUEIBU *pPRIf|
TTPUSSUMOl snaydreuds
TIsuue; snoydieudg

*ds snoydreudg
sTuotpued snayd)velg
snutr shaydyeuls
TUOpUSTIOM snaydieuds
TIST[omEZINLY snoydieuds
STIISOXIARIG BIUCAOIG
STUBDTIWE UNii].) 119y

\0T ETIUEIBN XOpingng

Bpodeda(] JOpU)
epodoaiyRay umpAyg

oy, L



X BIETOSBITq BUTTIY

X BIDUTOTINE BUTTIY]

. X BOSOIRIING snyoyony

X esonpou ednig

X eanoTdaeur eTi[14q

X INTPSIAIUT BuoydAD
X 1sqoxy eup11L)

X suadsoDsny BITASTSSET)

X X X X goeqrred erIydoriRio)
| X suor1aqe eITYdoTTIRIC)

X BLIOIBOIDW BITSGUNTOD

X *ds stsdotpra)

X X X INTIBA UNTIITH

X BIBUTIEOTL) SUSIY

X BIBPBIS BIUBATY

X X BLLOOUL BqRTY

Bpodoa3sen ssel)
BISNTTON UNTAYJ

X X X X X X BAOEPIBUB], 19PIQ

X podost ‘prup
X X STBIUSPIIDO UMTUAISUSYG

X BIEPMEY STadadelieg
X zated euR[OIT)

*ds eampuedy

X BIpLINIQUY  13proqng

X X BIRTRUSID BANYIL|EDDY

Eal ]

08 09 .O0F .07 .OT 08 09 0 .0Z .01 08 .09 .0y .02 .0 BPOUOST ISP
epodoayiay unyAyg
2 NOIIVIS g NOILVIS ¥ NOILVLS

EL6T ENNC G2-92
KOMEONTY TVHINY



279

108

09 0 02

5 NOILVLS

101

108

s

D9 00 102

d NCILVLS

X
X
X
X
- X
X
X
X X X
X
X
X
X
X X
X
X
0T 08 .09 ,0v .02
¥V NOILVIS
EL6T ANNC g2-oe

WOTONTY TVWINY

X c13sed piy)
{ oIlsed ‘prip

BIBTUMOL] BULGOY

eaurd0L8Tu BroydLa]

BINUB TN Bloydri]

*ds. e1700TA]

sT118nd snquojg

BIR]ISODOJIBIIIS BUTOSSTY

*ds BUTOSSTY

LISYOSL) BUTOSSTY

TopuEd BSMIY

*ds ®1ISNDg

X Tdotusy Eisng
*ds BInOTSIOY

BuTIIoYDTNd BTND15I9g

X BUTD09]D8 BITAALTQ
SNqIe SNLIBSSEN

‘ds snnpoy

BIBUNT BTTRI)TH

BIBI1SSUIJ BITSIITHY

*ds eryeBuey

STEOINSTq SNOBTI8H

W01 BpOdoa]Sey SSBT)
BOSNTION um[Auyy




280

08 .09 OV 02 0T
O NOILVLS

108

b bl 4

E T o
L]

X
{09 4,07 .02 .01 ,08 .09 O 02 0T

g NOILVLS ¥V NOILVLS

€L6T ENNC GS-9C
WOMNIY TVHINY

eeprantyduy weg

FopTOANIYA) SSELD
pozoxOYINSTH WNTAYdgng
eyeuopouTyod wiiAvd

YPUBLGIpoU “PLY)
BTPUBLJIPIN 15PI0
BTYDIRIQOYISTA) SSEIIQNS

Koated “prun
snuedTISWe SnLApuvdg
SOPTOTNONU STAUSS
SNGUATOD ®11931]

+ds euuig

BOWLEY BULL(

+ds ue129g

Suo1j BaI3SO
STTBIOIR] SNINOSIY
(*anf) euyy ewrl

‘ds sTIUAIATY
STTIITO SOJUOPTYIELY
tsurepe stsdoday
B1BOTIQUL BIIY
snqq18 usjdedinbay

epodAda1ed $SBTD

e71EeSUoTe BUOT TYOOIUBDY

eInOUTYdLy SSBT)



281

108

109 0¥ 40Z- .01

O NOILVIS

X 'y
X
X
X
X
X
X X X X
X
X
X X
X
X
X
X
X
08 .09 OV 4,02 0T 08 .09 0P .07 .OT
d NOILVIS ¥ NOILVIS
€L6T aNnr ge-ge

WOODNITY TYHINY

SuUe0ZOAXq *piyp
¢ *ds ueczofayg
| *ds ueozodiy

BOZOALY UNTAYg

m:wmmoﬁms SNUTYIOYI A
vopTOansTdounn], Xopag
WUBTTIVE BWSPEI]
BOPTOIBUSPRI( I6PL)
SSPIOINQLL} STIBPIOINY

BSPTOILPT) I9pa
BOPTOUTYDH SSED)

TTUOSUAAS XTIYI0TYdD
(anf) *ds xrayiorydp
TTpals1a0 xtayzoTydp
ST3dRAYoRIq XTAYI01YD
BIBTNSUE XT1301YdQ
BEIUBORST BUATISOTYAD
*ds smuBeaydorydp

*ds stexsuoTyd)
rvutdsToned stsdetorydp
TAuB1aBS s130BTYdD

BSPIOINTYA) SSETD
roZoxayInary untiydqng
BIBULLOPOUTYDY UMTAUd




282,

UNIBTTTIUE BULSS]SOIS)SH
X *ds eurTMROTSNbUING
essoadmoo °F smyernsue sTRYAY

vs0qq13 eurdoysiyduy

g pa
»
»<

SISFTUTHRIO]

X X X X X X spodiydure prieuuey

BPOATYQUY SSETD
epododyiay uniAyd

X X X X sprInoundrg prun
.08 .09 .0t .07 .01 08 .00 ,0b .02 0T .08 09 40P .0Z 0T epTOUNdTS UMTAYd
O NOILVLS d NOILVLS v NOIIVIS

€L6T ENAL g2-%E
WOUONTY TVHINY




83

#L6T XUVINVL 9U-HT

*ISTT FATIVIOWND THI OI GHAQV SEIOEIS MEN

n FTEVL




28l

W MMM

109 102
T NOILVIS

109 102

V NOLLVILS

nA6T KSVONYE 9T-4T
WOGONTY TVHINY

f FIEVI XIONEddV

proantydo pPrUN
wBRdue xTIU0TYdD
+3s° wTisdotdo
testia wiiedoTydo
«ds snuBeagdotudo
unpusoyd BurepoTAd)
sTund swoo0THdQ
eepTmiydy ‘wel
woptoanTydo Ss¥TD
SOpTOTNATIY STIBDTONE
BOPTOUTYIH SEBUD

B emIBpOUTYRT WLl

swppqvwoIesyds ‘wej
gpodosT JOpI)
gpodoqemogs Japa)
wpodoayiry vmTAud

snppds Ty XBIYITH
BaInALOBIE UOE3080
epodBoag JAPIY
BOTRISTWYD S98[)D
‘ds snTL108pPOUCH
spodoywuongs I9pID
BOBIJEOORTEN SHBVTOQNY

*dg BURTOITD
gpodado) g3 BLOANS

repodoaygay

L



285

b b4 Pe

109 102
0 NOILVIS

X +ds snoydpeudy
X «ds snaydry
SUOIITINIS TLo snaydly

grquel By JI9pJoqrg

gpodwroeq J9pIQ

BOTRISNID FSVID

spodoaylay WntAyd

*ds ®OI15BASPTS

|BAIDPTS BSIIBISPIS

S2OpPTOIS}8R S99TI0d

BTJIRTNIUE BOI)BBIUOK

s TWIOJTUIUTLLQRT ®EIOTATC
BLABUIUROZ BSBTOQIS

BUTIATO BT3x030I8%d

Bsoxa0w WTII0Boxadopnasd

X *de wrTaIMBXSd
BITTBA0D030 BS80S
BOZOYIUY SYBL)

BTIBPTUD W[ AT

+ds wTIuOdrOE0)

*ds BIBUOIPA

BUTIDTOFOTEOR0d J9pIQ

X B)BTNOTORB] BTUTOL]
X +ds watTyosul)

swTducdsomaq §5%LD

BISITIOJ WA
109 102

¥ NOLLVIS

#L6T RMVONVE GT-HT
WOGONTY ‘TVNINV



286

PSS

109

2

2

014 VLS

109 102

"V NOLLVIS

#).61 AHVONYD 91-4T
WOOONTH TYWINY

BAOBIPTOYY 85u[)
ByBpIoyooan umAydarg
BYBRPIOYS) Wy Ay

goproTnoundrs umpAry

BpIOIAU *WBT
erenyadiod §8®BI)D

epTIauny wnTAyd

BIELTO0UBD JUOTYD
gpodfoaTa] SSBTD

28373 snquoIls
STWIOFFTNQTPUNIUT SNOBETSH
: *ds snuo)
ETTRUTPIBD SNUO)

epodoagsel BE¥VL,)

woRuWBLd wUOTYOOYLUBOY
saneutydmy gse()

EE-W oxy8B87 prup
T339T3I8q BT T iel
BTOOTBT® WM} 148D

epodoaqse) E88TD

BOSUTTON WNTALYS



APFENDIX C






Bulldozer on east side Punta Higuero site.
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New road through Secondary Furest a* cast side Punta Higuerc site.
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PRELIMINARY OBSERVATIONS ON THE BENTHIC
COMMUNITIES OF THE PUNTA HIGUERC SITE

By

Alina Szmant Froelich, Stephen Martin,
Beverly Buchanan, Robert Castro

INTRODUCTION

The Punta Higuerc area is under consideration as a possible site
for the constructicn of a fossil fuel power plant. Sea water is to be
utilized as a coolant and is later to be discharged into the immediate
environment at‘an elevated temperature, This action may have detrimental
effects on the shallow water communities of the insular shelf surrounding
the Punta Higuero site. Unlike fishes and some of the plankton, the benthic
organisms, in most cases, cannot relocate themselves permanently or even
temporarily if they are being adversely affected by the increased temperature.
It is therefore important to determine what benthic assemblages are present,
their areal extent, their sensitivity to increased temperatures, and their
economic importance to the nearby human communities. The insular shelf
surrounding Punta Higuero is very narrow, ranging in width from approximately
one to four kilometers. It is an open unprotected area, influenced by the
large North Atlantic swell north of the Point and by +he Caribbean Sea and
Mona Passage currents socuth of the Point, resulting in a complex current
pattern most of the year. The majority of the coastline in +this area consists
of rocky outerops and unprotected beaches and there are few protected areas.
Also, althcugh no large rivers discharge into the area, it may be Influenced
occasionaily by the Afiasco River south of the Point and the Culebrinas River

ncrth of The Zoint,
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+itial observations in the area (Puerto Rico Nuclear Center, 1972)

«:mcested that the benthic commnities north of the Point might be different
..n those south of the Point. Therefore, cur group first swam transects

-yandicular to shore in areas north and due west of the Peint, and also
wuerved areas south of the Point, to determine the community types present
and specifically the areas that would be sampled in detail. Obgervations
from these and subsequent dives seem to confirm that there is a transition
from & predominately benthic algal community nérth of the Point to a pre-
dominately coral-zsponge community south of the Point. As will be further
discussed later, this may be an important consideration in the design and

location of the plant.

METHOD S

Benthic communities in the near and offshore vieinity of Punta Higuero
were cobserved and sampled from January 16-19, 1973. Preliminary observationsg
began with visual and photographic cbservations approximately one nautical
wile northeast of Punta Higuero, utilizing SCUBA apparatus and swimming a
sransect perpendicular to the shoreline from 60 to 15 foot depths, covering
a bottom area of approximately 4,000 square meters (m?). Similar bottom
~bservations were obtained adjacent to Punta Higuero (20 to 40 foot depths)
sbeerving an area of approximately 2,000 me, and also approximately one
pnautical mile south of Punta Higuero (35 to 45 foot depths) observing an

2 area (Figure 1). Divers recorded basic information relative

approximate 500 m
to benthic community types, dominant organisms, bottom composition, and
physical observations, including current strength and direction, and visi-

bility on plexiglass slates. Also, the area was photographed anC repre-

sen-z*ve orgarismes collected for su* sequen® laboratory study.




et
1 mile(n)

Figure 1.

location of shore and offshore sampiing stations

at Punta Higuero. Shore stations are listed as RS-1,
RS-2, and RS-3, while offshore stations are numbered
R~ through R-5. Observation dives ere shown as O,

to 0.. Dashed .ires represer® 30 and 60 foot contdur
lines.
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A. Station selection:

Based on these observations and on other previous pre-
liminary observations conducted by Puerto Rico Nuclear
Center biologists (PRNC, 1972) five offshore stations

were established for more detailed study: Stations R-1

(25 feet depth) and R-2 (45 feet depth) approximately one
nautical mile northeast of Punta Higuero; Stations R-3

(35 feet depth) and R-bk (65 feet depth) directly adjacent
to Punta Higuero; and Station R-5 (25 feet depth) approxi-
mately one nautical mile southeast of Punta Higuero(Fig.l).
Also, three shore stations were established, one at Punta

Higuero, RS-1, and two others, located one nautical mile

northeast and southeast of this point, RS-2 and R&3,

respectively (Fig. 1).

B. Station sampling:

The sampling techniques at Stations R-1, R-2, R-4, and R-5

were conducted as follows: three divers descended to the
sample area and assembled the two meter-square quadrat
apparatus, consisting of four metal rods, each two meters

in length, and six nylon lines connected to the rods at
one-hglf meter intervals, establishing 16 quarter-meter
square areas. While one diver photographed each small

(1/4% m©) quadrat in sequence and then the immediate
surrounding area, the others recorded observations of bottom
organisms on plexiglass tablets and collected representative
organisms from the immediate area. Then all divers re-
agsembled and removed the benthic assemblage from a re-

pregertative 1/L nequadraz, often using a hammer 2nd chisel
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to remove sections containing encrusting and/or boring
organisms that were impossible to remove otherwise, The
samples were immediately placed in large plastic bags,
held next to the collecting site by one diver, in order to
engure that small free-living forms such as crabe and
brittle stars could not escape. As the bottom area at
Station R-3 was composed almost entirely of sand, with
little biomass, quadrat samples were not obtained but
rather three %00 cm® samples were taken with a standard
Eckman dredge. These samples were sieved through a series
of screens, mesh sizes 1/8 inch to 1/2 inch, and the re-
tained organisms placed in small Plastic vials. As for
the shore stations, benthic organisms were observed and/or
collected from a variety of habitats, including tide pcols,
attached to rocky substrata, and burrowed in sand, Also,
organisms washed up on the beach were collected, usually
from the upper sandy beach zone.

C. laboratory analyses:

All samples were returned to the laboratery, sorted into
phylogenetic groups, welghed, and preserved in 70% ethancl
for later identification. Corals were weighed, subjected
to clorox digestion, dried, and weighed again to estimate
the amount of living animal and plant material present.
Also, large pieces of rock were split apart and various
organisms removed for identifieation. Finally, pieces

cf rubble that remained afier most encrustiing and boring
organisms aad been removed were weighed and the weights
ruleiniied by a fackor obtained From nrevious work (Szmanc,

1572 4o estimat: the totat erganize left in “he ribble saryle,




All major groups of benthic organisms, including sponges,
corals, gorgonians, molluscs, annelids, crustaceans, and
echinoderms were classified to genus and species when
possible., However, due mainly to time limitation, the
classification of sipunculids and other minor phyla was
not attempted. Therefore, information was obtained on
species composition and total biomass for each 1/h n®
quadrat sample ccllected.

D. Photographic anglyses:

To augment the laboratory studies, photographs obtained
from -the transect observations and from station areas
surrounding each guadrat were studied and those with
representative communities were selected for inclusion
in the report. In addition, photographs from the station
quadrats were projected onto specially prepared graph
paper, and corals, sponges, and algae cover outlined.
Then the percentage bottom areas occupied by these groups

were calculated and reported as percent 2 m - quadrat cover.

RESULTS
A total of 27 man-diving hours were spent cbserving and collecting the
wnthic communities. Two transects, one spot check and five guantitative
samples were obtained. In addition, six man hours were spent observing and
collecting organisms from the beaches and rocky shore areas. The results
will be divided into descriptions of the communities observed and an evalu-
ation of the quantitative data obtained.

Deseription of Benthic Comminities:

1. Sandy teottom:

cayy Tew organiers eem o 1ive in or on this betse

o
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type. No sand dollars, sea pansies, sea pens, or

other usual sandy bottom organisms were observed.

This bottom type was found near shore, out to 15-20
feet in depth, and interspersed with higher and harder
bottom types farther offshore (20 to 40 foot depths)

in other areas. In the future, aerial photographs will

be used in determining the areal extent of the sandy areas.

2. gallow algal (soft bottom):

This bottom type was observed in the shallow (15-25 feet)
near shore area north of the Point, Figure 2 is a
photograph of a 1/4 m® section from this area. Tufts

of benthic algae on a sandy bottom characterizes this
community type. Only an occasional sponge or gorgonian

interrupt the fairly l.omogeneocus substratum.

3. Shallow algal (hard bottom):

4. Deep

This bottom type extends outward from the previous cne,
from approximately 20 to 35 feet in depth. Iess sand

is present which permits gorgonians and sponges to
become much more abundant, In addition, loose cobbles
provide many invertebrates (brittle stars, crabs, ete.)
with shelter. Only occasional encrusting coral colonies
were present. This ftype of bottom was observed both
north and due west of the Point in the above mentioned
depth range. Most areas where this community type was
found had fairly irregular bottom topographies.

algal ’hard bottom):

Spcnges become increasingly more important with depth,

Many ¢ the algae In thkis zone are small and encrusiing.
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FIGURE 2. Photograph of a l/h m? area of bottom at Station R-1,

showing macrecalgae cover and comparatively bare sandy
regions. Photography by A.S. Froelich.
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Gorgonians also increase in importance. Occasionsl

heads of Montastrea cavernos and Siderastrea =ideres

emerge from a gently sloping bottom and many fish were
observed swimming in the area, utilizing the corals
for food and protection. The transition between the
three algal zones is, of course, gradual and the
relative extent of each zone depends on the bathymetry
and on the wave pattern affecting each particular area,.

5. Deep gorgonian-sponge-coral.:

This bottom type was found only west of Punta Higuerc,

at a depth of approximately 65 feet, and was characterized
by a sparse overall bottom cover. The area was different
from other coral communities observed because of a much
lower density of cover corganisms. Most of the encrusting

corals, such as M. cavernoss, Diploria spp., Agaricia

agaricites, Favia fragum, Isophyl]_.ia spp., Mussa angulosa,

Porites astreoides and Mycetophyliia lamarkiana were

present, as well as large gorgonians {many Funiceas and
Gorgonias) and several large basket sponges. The bottom
was very irregular with up to 10-foot variations in dept!.
The deeper areas were covered with soft siliy sedimen: -n:
only a few gorgoniane and sporges. . .gure 3 ig a 2/4 “
section of the bottom in this area.

6. Shallow coral-sponge:

This bottom type was encountered south of the Point from
approximately 20 feet to 35 feet in depth. I¢ is not
«nown how far Zowerds shore this zo = contirues, nor how

o

"ar north towards the Point. Figure - 1s & phoicgraph

i
1]
K
Q
¢
i
£y
L
[

of 3 few of the many large spongess this area.
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FIGURE 3. Photograph of a 1/b m %bottom area at Station R-1,
cshowing macroalgae interspersed with oceagicnal
sponges, rubble and hard sandy substratum.
Photograph by A.S. Froelich.




FIGURE 4. Photograph of the bottom at Station R-5. Note the
large sponges, including two large baskel sponges
(Xestospongia sp.) and the smaller sponges at left
center ard lcwer right. The remainder of *the area

is primarily algae con rocky bottom.
Photograph by A. 3. Froelich.
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Iarge heads of the encrusting corgl M. cavernosa,

Diploria clivosa, the Octocoral Briareum asbestinum,

the hydrocoral Millepora alcicornis and the ses

urchin Diadema antillarum are some of the more abundant

organisms present. Small encrusting algae and sponges
covered most of the bottom between the larger corals

and sponges. In additicn, many encrusgting organisms,
such as bryoczoans, sponges, tubiferous polychaeteg, and
gastropods live under large, semi-locse boulders. Reef
fish were much more common here than around the algal
areas and severagl large lobsters were alsc sighted,

This type of coral community probably existe from

around 35 to 4O feet to the edge of the shelf. The

area we examined was 45-55 feet deep, with a few deeper
holes. Figures 5, 6 and 7 show typical scenes from this
area. The bottom is heavily encrusted with M. cavernosa,

Diploris strigosa, Porites asteroides and gorgonians,

and encrusting algae were observed groewing among the
colonies. Topal coverage here was appreximately 50
percent of the bottom ares and is similar to coral com-
munities found on the outer shelf south of Puerto Rico,
Fishes were very abundant, especially large parrot fish,
snappers, surgeon fish and grunts (Table iT). Bottom
depressions or holes contained many large schools of the
grunts ard snappers. A map of the possible distribution
of the above bottom “¥pes 1s presented in Filgure 8,

The gheo c2e T The vialntuy of Pirza Yimiere are 3




FIGURE 5. Photograph of coral formations observed at Sta‘ion R-6
comprised mainly of Montastrea c
Photograph by A.S. Froelich.

2

avernosa and gorgonisns,
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Figure €. Photograph of the bottom at Station 6. Present are two
porkfishes (Anisotremus virginicus), corals (M. cavernosa ang
Porites astrecides) and gorgonians. Photo by A.S.Froelich.

¥i.ors 7. Paotograph of the bottom at Station R-6. Note the pink
d of she eanust*ﬂg coral M. cavernosa, the.coral Divloria sp.,
a Harc, 2igas overed sadstrete.
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mixture of rocky shores and sandy beaches. The observed
rocky shore communities were similar to those of other
rocky shores around the north and eastern coasts of
Puerto Rico. A good description of rocky shore biota,
which applies as well tc the rocky outcrops at Punta
Higuero, is that of Glynn (1964). No large tide pools
were found on the rocks, but tide pool type organisms
were found in the pool behind the breakwater of the old
Borus plant intake.

A shelf of algae-covered beach rock was found s few
meters from shore along much of the beach near the

Bonué plant., It was not possible to adequately sample
this shelf due to high wave action. It was noticed,
however, that much of the algal cover on the shelf con-
sisted of Padina sp. Some invertebrates from this area
were collected by Dr. F.D. Martin (PRNC) while rotenone
poisoning for fish. They are included in Table 1 under
the heading, "Tide Pool".

Finally, a few samples of beach gand from the swash zone
were sieved for beach organisms, however, only a few

individuals of Hippa cubensis were found. We were not

able to examine the sandy area just offshore due to rough
weather conditions. Table II is a compendium of organisms
that were sighted at various times during the dives or
shore work, although they were not collected anc Zderntified

:n vhe latoratory. They are included here for comp_eleness.
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Table 1

Organisme collected at various sampling stetions. (See fig. 1

for station locations). R-1, R-2, R-4 and R-5 are 1/4 n“ gquadrat
stations; R=-3 is from 3 Eckman dredge hauls om a sandy bottom;
"Miscellaneous" are specimens collected washed up on the beach at

3 sites; "Tide Pool" includes organisms collected by Rotenone
poisoning and by hand collecting; "65 ft. Transect"

Tide 65!
R-1 HB-2 BR=-3 R-~4 R-5 Misc. Pool Transect

Algae

Chlorophyta
Anadiomene stellats X X
aulerpe racemoss
Caulerpa sertularioides

4 ed

gulerpa verticiilata
Dictyospaeria CaVernoss
Halimedsa

bl

8D
Halimeda dlscoidea
enicillus capitatus

Spyridia aculeata
USoEea Tlabellum
va lactuca

Yalonia ventricosa X
Phaeophyta

L R

>4 P
>

Dictyopteris =ap.

?ch opteris delicatula X
ict o%a 8D.

Dictyotis Bartaxresii X

Dictyota cervicornls

Dictyota dichotoma X X

ﬁlcfxota divaricata

ictycta iamalcen51s
Dictyotisa lnearls X
Padina D
EEEEEEEEE Bp. X

Rhodophyta
Amansia multifida

X
Amphiroa brasiliang X X
Amphiros fragilissime X X
Amphirog rigids X X
Amphirca tribulus X
FogrxocIaala pyriformis
ryocladia sp.
ryothamnion triquetrum

(

b MR M

2
L]
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2le 1 t.
e (cont.) Tide 65¢

R-1 R-2 R-3 R-4 R-5 Misc. Pool Transect

Rhodophyta
Ceramium sp.
crallina sp. X X X X
orailina cubensis
alaxaura Sp.
acilaria sp. X X X
racilaria ferox
racllaria verrucosa X
GraclIar10251s Bp.
vanla S
Jania adherens
Jania caplllacCea
Laurencia Ep.
aurencia papillosa X

Fonsngonla Sp.
grociadla pinnata
WrangeIla Sp.

Angiosperma

b

bl
batg
Ea T -

PP D b b b

Thalassia testudium = X

Foraminifera

Amphioste ibbosa
Xrchaias angu.latus forma compressa X X
Quingueloculina Bp. X

Porifera

Callyspongia sp.
EﬁongrlIIa nucula

10Na S X
Craniella s

Erylus mlnlstro lus
Eeoaia 5'55erosa

Higginsia strigilata X
Veron 18 flsiufarls X X
Xestosponzia muta a ’ X
Zygomycale parishii X
Axinells sp. _ X

Anthosignella 5p.
ilerocina microchela

R

X
Microcing Sp. X
athring canariensis X
Coelenterata
Hydrozoa

Cnidoscyphus marginatus X X
Diphasia digitallis X




"

Table 1 (cont.)
Hydrozoa
Millepora alcicornis
Serquarel a 8peclosa

Anthozoa

Actiniaria
Zoanthus sp.

Scleractinia
Agar.cia agericites
AsTtranglia solitaria
Biploria CLLVOSE
150D} iz multiflora
Veandrina brasiilensis
Wontasirea cavernosa

Bideras trea Tadians

Qctorallia
Punicea tourneforti
Muricea atiantica
Muriceopsis Tlavida
Tlexaura liexuosa
Plexaurella sSp.
Annelida

Polychaeta
Eunice Sp.
Tunice cariboea
ice tucata
Funice rubra
Glycera Sp.
ermeriia verruculosa
Hesione Tocltochona
aetmonice Elnﬁergli

Teodlice rupra

Tysidice Bulcata
Warphysa regalis
Wereis sp.
Nerelis pairdii
Nereis Jumeriiii
Ricidion Sp.

Nicidion kinbergil

Gnugﬁls SP-
ontogenia sericorna

Tepidonotus branchiatu
Yumbrinerels Tloridana X
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R-1 ERE-2 ER-3 R-4 BR-5 Misc._ Pool Transect

X

b

VIVEEE Sialala

X

P4

R i

4

>

e

VI e
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“ole 1 (cont.)

R-1 R-2 R-3 R-4 R-5

'zlychaeta
Sgbells sp.
gbella a

coloplos sp.
Styiaroides glabra
ngIis EP.

ils prolifera
TereBelEa sp.

Sipunculida

>4 pd

Unidentified X
Mellusca
Amphineura
Acanthopleura ézanulata
Chiton marmorstus

Chiton squamosus

Gastropoda
Acmaea antillarum

Kegulgecfen 5155&8
rcg zeora

Ksirsea sp.

straea tuber

Bulla striata

ellea equestris

Cantharus sp. X
antharus lautus
Cardita gracilis
Colubraria obscura
olumbella mercatoria
LOonus daucus
Lonus mus

Corailliophilae aberrans
nggflum Sp.

Cymatium plleare
Cyphoma intermedium
Cyprea cassis testiculus
prrea cinerea
rea sgurca

ps] 01“& S

Tiodora arcuata
Piodora Tisteri

Driliia Interpleura X

Drupa nedulosa

>4

4 b4 4

Pt M

Misc.

B4 BB PIPADd BB b4 B b b4 B g bd B B e e B
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Table 1 {cont.)

Gastropoda

Epitomium lamellosum
| Fuilima auricincta
Eulima patula
Heliacus bilsulcatum X
Hemitoma ocioradiata

Hipponix antiliguatus
yalina tenullabra
py orina ziczac
Ticapinella limatula
MarglneIIa Sp.
eilampus CcO eus
Witra sp. X
Viira crenata
Miftra nodulasa
Neriia peloronta
KRerita tessellata
Werita versicolor
Ritidells nitida
Wodolittorina tuberculata
Odostomia lzevigatla
Odostomia seminuda
Oliva reticularis
Blivellz dealbata

GIIVGIIE EeElOIlEa
PETBICHIE

8D .
PereTauls Tavalleesns
Persicula pulcherrima
Pefanconchs erectus
Telaloconchus Trioridanus
Prelium sp.
Pisania pusta
Planaxis lineatus
Planaxis nucleus
Polinices lacleus

‘ Purpura patula

r o Pusslia gemmata
Pussisa ﬁanIe 1
Pyrene ovuIa¥a

Y Rissoine muliticostiata
: Serpulorbis decussata
B erpulorois riisel
Smaragdia virides
g‘“"%“"'-"-
trombus gigas

Tirombus raninus
Pt T bl
Mectarius muricatus
egula excavata
Teguiz lividomaculata

by B B

R-2 R-3 R-4 R=5 Misc,

bR a kol

tal e

S ADI B A M4 pbd M A S Moo oM M

R
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Tahle 1 (cont.)

Gastropoda
Thais sp.
Thais rustica

R-]l R-2

Trachycardium muricatum

Tricolia thalassicolsa

Trimusculus goesl

Trivia antillarum
rivia nix

Trivia pediculus

Trivia sulfusa

Trivia gquadripunctata

Tonna maculosa

Turritella sp.
ermicularia orri

Mollusca

Pelecypoda

Anadara lienosa floridana

Anadara notabilis
Arca i1mbricata
Harbatia dominguensis
Banchidontes exustus
Chama sp.
Chama macerophylls
Chione sp.

i1one cancellata
Tolumbella mercatoria
gastrochaena hians
Lyonsiabeana
laima iima

Musculus lateralis

Papyridea semisulcata

Sca¥Io s

Sphenie antillensis

Spondylus americanus
Scaphopoda

Dentalium sp.

Arthropods
Crustaces
Isopoda
Excorallana %R'
Excorallana iricornis

Cirolana parva

X
X

X

X

X
X X
X

X
X X

R-3 BR-4 R-5 Mise,

e

el

El e

P P

PEPAPI PP P PE P

Pe
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Table 1 (cont.)

R-1 R-2 R-3 R-4

Iscopoda
Paracereis sp. X
Paracereis caudata

]

Stomapoda
Gonodactylus oerstedii X

Decapodsa

Reptantia
Alpheus eristulifrons
3 Ipheus Ssp.

g Ipheus apioceros
ynalpheus minus _
cynalpheus rathbunsze

SXEEIEHEUS fammeri
ericlemenaeus sp. X
erlclemenaeus americanus

X
Periclimenaeus schmitti

>4 e

Anomura
Albunea gibbesii X
{oenoblta clypeatus

Hippa c¢ubensis
Paguristies sericeus
Brachyura

Actaea sp.
Eplalius longirostris X

Eurypanopeus sbbreviatus
Wit aa e 222EeVialig
Mithrax orceps X
Pachygrapsus gracilis

Pacthrapsus itransversus
Podochela grossipes X

.- Echinocdermats
Asteroidesn

\ Asterias forbesii X
Echinoides

Echinometra lucunter
Echinometra viridis
Euclidaris tribuloides X X

Ophiuroidea
Amphiura fibulata X
izttt morYert

P4 b pd

k-5 Misec.

X

X

X

X

X

X
X
X
X
X

X
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wsple 1 (cont.)

R-1 R-2 BR-3

Ophiurcidea
Ophiactis savi i
Ophiccoma ecﬁlna¥a
Ophiocomga riisel
Ophioderma Sp.
Ophioderma rubicundum
Ophiopsila rilsel
6EE_ﬂ¥E_*_ Toasi e
11.0thrliX Sp.

Ophiothrix angulata X X
6p510£5rlx suensonlii

b

Holothﬁroidea
Holothuria sp. X

Bryozoa

Unidentified
Schizoporella Sp.

ke

Chordata

Ascidiacea

MicrocosSmus exas eratus
Tiylea EIlCa?a X
Trididemnun SD. :

R-4 R-5 Misc.

bals
Ll R o
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Tide 65
Pool Transect

Total #spp. 268 collected 49 49 2

48 62 108

17 13




Table II - Organisms sighted at the Punta Higuere site.

Porifera:

Callyspongia sp.
aliclona sp.

Coelenterata:

Anthozoms: Hexacorallia
Pa.lythoa caribaorum
D1p¥or1a sirigosa
Tiploria iabyrinthiformis

Favialra
Montasirea arnularis

blderasirea slderea
Fusmilia fastigiatla

Colpophyllia natans
Maricing sp.

Weandrine meandites
Dichocoenis STOKESidi

Wycetophyllia lamarkiana
Tsoph, EIastrea rigida
Yussa gggquSa

Agaricia agaricites
Porites Eorlfes

Porites asteroldes

Wadracis decactis

Octocorallia
Eunicea laxispica
Plexaura nomomells

Plerogorgia guadalupensis

OTEONL bellium
Pseuﬁogfero%oréig;gp.
riareumn gsoestlnum
Annelida
Pomastegus Bp.
pirobranchus 8p.
Arthropoda, Crustacea

Panulirus argus
Grapsus grapsus

Fish

Melichthys niger

Balistes vefﬁﬁa
canthurus Spp.

DCarus spp.

Thalassoma bifascliatum

ichoeres bivittatus

Balichoeres pictus
Bodianus rufus

Chromis spp.

325




Table II (cont.)
Fish

Tomacantiue arcau cautus
TPoma.can thus paru
Thaetodon str;a ue )
Inlsofremus v1rg1n1cus

B.emu on._gg
Tutjanus joc
Euflanué _EE
comberomorus regalls
aranx ruber

Tephalopholis fulva
HoEocen%rus Spp -

Eupomacentrus partitus
Eﬁadﬁacenfrus gﬁscus
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Quantitative data:

As yet the quantitative data ccllected is not sufficient to make
conclusions from them about the communities present and the differences
between them, At most, only one sample was collected from each bottom
type and in some cases none were collected{ The bottom types for the

five photographed and collected gquadrats were as follows:

Station Bottom Type

R-1 Shallow algal (soft bottom)

R-2 Deep algal (hard bottom)

R-3 Sandy bottom (dredge sampiles)
R-4 I Deep gorgonian - sponge - coral
R-5 Shallow cceral ; sponge

Total biomass for the stations were (in gms. net weight /4% m2).

Station Biomass
R-1 320.8
R-2 1667.6
R-3 3.6
R-4 1173.6
R-5 2346.55

The biomass estimates indicate that the sandy and shallow soft
bottom algal communities were much lower in biomass than the coral and
deeper algal communities. However, the number of species present was
approximately the same for all samples except R-3 (Table 1). Insufficient
data is available at the present time to lock at distribution of biomaés
among the variocus phylogenetic groups or to compile trophic level diagrams.
Examination of the results of the photographed quadrats Table IIT) shows
the predominance of algae at Stations R-1 and R-2. The category "scattered

algae" includes all areas where encrusting or folisceous algae were growing




sie III - Percentages

of bottom cover for the Rincon 2x2 m quandrats

Trganisms Station Number

R-1 R-2 R-4 R=5

% % %
Algae 49 49 7 12
Scattered algae*¥ 50 33 65 55
Sponge 0.3 9 T
Montasirea cavernosa .1 16
Montasirea annularis o3 o1
Porites asireoides 1
Siderastirea siderea .é
Diploria strigosa 5
Diploria clivosa 2
Favia fragum .1
Dichocoenia stokesii 1
Isophyllia strea rigida o3
Isophyllia multiflora 2
Isophyllia sinuosa 1
Millepora alcicornis .1
Briareum asbestinum o2 o2
Gorgonians 1 1
No coverage o

Total 99.3 99.3 99.° 10¢.0

## This includes areas where

diffuse to distinguish and outline themn.

amount of algae/area varies in this category,

difficult to guantify.

the algal tufts were 100 little or too

but it would be very
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in very small patches so that it was not possible to distinguish the
actual areas covered by algae and the areas where nothing was growing.
Most of this area had around a 30-50% algal coverage on it. Therefore,
around two-thirds to one-half of the category "seattered algae" could be
added to "no coverage". Although Station R-2 had a few corals, R-4 and

R-5 had much more variety in the corals present there.

DIXUSSION
Although the existing data are insufficient for an in-depth
analysis of the situation, it is apparent that the benthic communities
north of the Point are mostly algae; while in those south of the Point
corals prédominate.
Algae are usually considered fairly resistant to thermal alter-
ations, while corals have been shown not to be. Alsoc, siltation can

usually be overcome more easily by algae than by corals. Since the

mejor possible detrimental effects to the environment by the plants would '

be 1) sediment disturbance during construction of the plant, 2) sediment
disturbance and suspension at the discharge channel of the plant, and

3) discharge of heated sea water into the enviromment, care should be
taken that the heat and sediment laden waters do not affect the coral
areas which are of more economic importance to the nearby inhabitants

as fishing grounds. Therefore, it is recommended that the discharge
channel be well to the north of the Point where it will have time to

1) cool off thru mixing, and 2) drop its sediment load before crossing

the highly productive coral - sponge communities.
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“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 responsibility for the accuracy, completeness or usefulness of any
information, apparatus. product or process disclosed. or represents that its use
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