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ABSTRACT

A total of B0 plankton samples were obtained from La-
guna Joyuda during March, 1877 to February, 1978. The re-
search area is a shallow tropical brackish water lagoon.
It was observed that the species aiversity of the plank-
tonic members of the community is very low. The copepod

Acartia tonsa is the dominant holoplankter followed by

porcellanid larvae, a member of the meroplankton. A vora-

cious predator, the ctenophore Mnemiopsis gardeni, was

found in the lagoon. It attained bloom proportions on
several occasicns reducing considerably the density of
smaller zooplankton. The species present in the plankton
seem to be cifcumscribed to Laguna Joyuda. There appear
to be indications that the planktonic populations are
biologically accommodated although physically controlled
conditions may also play an important role too.

The water system of the lagoon seems to be homogen-
ecur vertically and longitudinally in regard to temperature
and salinity. The implications this homogeneity may have
in providing A. tonsa with more efficient ways of elimina-
ting other species of copepods are taken into considera-
ticn. Physical factors which include: temperature, sali-

nity, turbidity, tides, surface currents and wind velocity

2re also disnussed.
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INTRODUCTION

Zooplankton plays an important role in the aquatic food
chain. The energy from the sun which has been fixed through
the photosynthetic action of the phytoplankton is made a-
vailable to those aquatic forms higher up in the food chain
by the zooplankton. The latter form links the primary pro-
ducers to the consumers along higher trophic levels.

Although most members of a planktonic community are
microscopic, not larger than 1 mm., organisms such as the
medusae can grow up to 1 m. in diameter. The latter only
comprise a small percentage of the total plankton.

Biological, physical, chemical, and geological factors,
or a combination of these, have a definite influence on the
distribution of organisms. TFactors such as temperature,
salinity, dissolved oxygen, nutrients, predation, among
others, have some impact over planktonic populations
(Hopper, 1962; Jeffries, 1962; Reeve, 19643 Lock and MclLaren,
1968). The degree to which one or mcre of these factors
affect the structure of a population may determine its
survival. Even in environments with similar physical con-
ditions, population distributions are not identical (Jeffries,
1962).

By looking at the species composition together with
concurrent observations of the physical factors, as well as

the biological factors, the distribution patterns and




population dynamics of the planktonic organisms can be de-
termined. Thyough studying the oceanic and neritic water
plankton, manv investigators have described and analyzed
different components of an ecological system and their
interrelationships. (Jeffries, 1958, 1962a, 1962b; Heip,
1873; Grahame, 1976; Heip and Engels, 1977.) By determining
the composition and population dynamics of a community the
system can be described as biologically accommodated, phys-
ically controlled or a combination of both (MacArthur, 19565,
1965; Hutchinson, 1959; Xlopfer and MacArthur, 1960, 1961;
Connel and Orias, 1964; Sanders, 1968).

Therefore, the purpose of this investigation, under-
taken at Laguna Joyuda on the west coast of Puertoc Rico
(Figure #1), is to describe the planktonic species composi-
tion and population dynamics. Physical processes were ob-
served in order to determine the control factors: whether
the lagoon has a physically controlled or a bioclogically
accommodated community or possibly & combination of both.

Except for some short time studies related to the eco-
logy of this lagoon (Erdman, 1963; Pagan and Austin, 1967;
Bennett, 1969), no detailed investigation on plankton has
been carried out as to this date. This investigation is the
first attempt to describe the planktonic component of the
lagoon. Attention was focussed on both the holoplanktonic
and the meroplanktonic members cof the community. Of parti-

cular interest was the free-living fraction of the order




FIGURE # 1. Study Area Site Localization.
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Copepoda (kope, oar; pod, foot), as they comprise a major
portion, usually from 80 to 85% of the total planktonic
community. These microscopic crustaceans have a very wide
distribution in all oceans and fresh water bodies of the
world.

The results of the investigation might have a practical
objective: generated information will be useful if the
lagoon should be considered as a mariculture site in the
future. Actually, from 80 to 85 families derive benefit
from the different fish and shrimp caught in the Laguna
Joyuda.

The study might also give an insight in some of the
ecological problems which take place in analogous environ-

ments in other lagoon systems of the island.

DESCRIPTION OF STUDY AREA

Laguna Joyuda is a tropical lagoon situated on the west
coast of Puerto Rico at Lat. 18 09' N, Long. 67°11' W, about
five miles south of the city of Mayaguez (Figure #1). It
has a surface area of approximately 300 acres (Pagan and
Austin, 1967) with a mean depth of 1.5 m., with two deep
holes of 2.5 and Zz m. respectively (Figure #2). Bennett

(1869) concluded that the lagoon developed from the ac-

cretion of two sand banks which enclosed the bay and formed
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The sediments are composed of a grayish-black mud with
varying amounts of chell debris (Bennett, 1969). Sediments
have a distinctive HQS emell. Bermnett (1969) alsoc mentions

that becsuse of the activity of burrowing organismns there

bty

15 no vercepiible siratification of bottom sediments, and

thaet nmengrove svanp naterial is ihe major source of fine

ediments.
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west and gouth coast shores of the lagoon. It's banks are

75% fringed by the red mangrove nizovhora nangle.  The tree

-

end 1ts prop roots provide habitats for many forins

The lagoonal water system could be consicered as a mixo-

polynaline iype (Venice Symposium, 1958) with salinities

réanging from 18 1o 30 °/,,. FErdrman (1963); Pagan znd Austin
(31867), and Zcrnett (1969) renort salanity values that
renge phom Boto 84 o SoTeraiure values of proxirately

releizvely short 3 g in part to the island
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cozstal region renges from 75 1o 80 inches.
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he distvrihution of rainia'l can be euprecved in torms

of a relatively wet and dry season, albeit no absolute dry
LEAS0ON COCUrs. The relstive wel scason owtends from the
month of May to November. Ths dry scason extends from
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(U.8.4.8. %an Juan, P.R.).

Lagoon water 1s of a daep grecen color on a vear round

basis. Az stated by Wilson (1863), nutrients tend to be
concentrated in lagoons. The geomorphological character—
istics of the lagoon tend o prevent nutrients from being

exchanged with other systems outside the lapoon. Organic
matter is deposited on the hottom and bactcria and fungi
convert it into more nutrients .hich are difussed through

the water column.

MATERIALS AND METHODS

Field Procedures

aooplankton samples were o lleated by towing & conical

shape net with an opening o¢ 0.% m in diameter and a mesh
size of 202 um. A propeller type flowmeter was attached to
the net to determine the volume of sca water filtered. During

the towing procedure, which lasted five minutes, the power

of the boat was reduced until the net was just below the

-

b

surface. Towing speed rang:sd from 2 to 3 knots. At the
end of each tow the net was hauled in and rinsed with sea

water. A 12 volt battery pouwered pump was uvsed for 1his
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surposc. In this way the animale were concentrated at the
codend of the net, in a 400 rmt collecting jar. The =amples
were proserved with 4% Luffered formalin sea water solution.
Occasionally, ctenophore blocms made a normal five minute
tow impocsible; reducing the duration of the tow did not
help either. When the crencthiores were present, 15 second
tows were made followed by a wcareful counting of the cteno-
phores in the field. This was neccessary because quantifi-

cation of these animals in ihe laboratory was impossible as

they become an amorphous gel a few minutes after preser-

i

vation. During the month of July ctenophore pepulations
reached bloom proportions throughout the lagoon, yet 1t was
noticed that a station had a relatively low number of cteno-
phores. At thils stetion (B-?) & regular plankton tow was
possible in conirast with tows attempted at stations with
heavy populations of ctenophores.

During October 20-21, 1977, a total of 30 zooplankton

samples were taken in Ths

{n

tudy area. AT zach of the frive
stations (see Figure #3) a tow was made every four hours
over a period of twenty-four hours. Parameters like temper-
ature, salinity, water Trancparcncy, wind velocity, and
tides were observed. Other observations which included a

study of surface currents of the lagoon took place during

the norning and afternocn oi Cctober 20, 1977, as opposed

-

vo repuler sampling during the year which included one tow

per month 2t zach of the five stations. The

foellowing
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paraneters ware alco cbserved con o monthly basis: temper-
ature, salinity, water transparency, and dissolved oxygen.
Surface currents at the lagoon were measured on two

different occasions during Geteber 20, 1877 in order to ob-
o

serve whether they have any lnfiuvencs on the distribution
of plankton at the lagoon. The following procadure was un-

dertaken. Banboo stekes 4 1w, long were driven in the sandy-

mud at a fixed location within the lagoon. A small drogue,

Lk

previcusly balanced with lead weights, was dropped next to

4

bamboo rod #1 and the starving time recorded. Additional

rods were placed along the trajectory of the drogue. Time

L

and distance covered were rcgistered simultaneously. The
angle with respect to north, 2t which the drogue had drifted
was observed and recorded. Wind velocity was monitored
simultaneousliy.

Tlow measurements at the channel which connects the
lagoon with the @l wele pade ian arder 40 ddWirnane Lhe Sea-

lagoon watoy exchuange. A unal. dropec was bur it for ihas
purpose but could not be used since the channel 1s too
narrow (1-7 m.), shallecw {(approximately 5 cm. 1n some

places), and 1its banks are completely fringed with the red

mangreve Rhizeophera mangle. Although the drogue could not

be used, the current was measured using a small floating
object.

Tide measurements wera made every hour for iwenty-
*

four hour periods 1n order to Cetermine tidal influenze on
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the domumt of g 1in end out of the lagoon and

nrton and nutrients from the sea.

i

A mezter stick placed inside & clear plastic tubing 90 x 5 om.
provided with a small 0.078 cm. perforation on the bottom
Tor water ewchenge was employed. The tide gauge was secured
to & bamboo stake which was <riven into the nmud On a man-
grove protected embayment (Figure #3). The initial reading
and time were registered; hourly observations were made
thereaiter for ‘woenty-four hours.

Temperature neasursments were made using either a ther—
mistor (Y.S.I. model 57, accouracy of 0.5°7) or a4 mercury
thermometer (accuracy of (0.1°C). Particular attention was
paic to surface measurements, although temperature vs. depth

profiles were made.

.

Salinity measurements were taken using a portable in-
duciion salinometer (Y.S5.I. model 33, accuracy of 0.5 L iy Me
A hend-held refractometer (American Optical, temperature

compensated, acvcuracy o 1.7 ©/ ) was also used.

The use

of the latter was restricted to the surface. Salinity (8
©/oe) vs. depth profiles were made. Dissolved oxygen (D.0.)
measurements were taken using a temperature compensated meter
(Y.S.I. model 57, accuracy of 0.1 ppm.J). Measurements were
taken at the surface, mid-depth, and bottom. Instrument
malfunctioning affected the continuity of the data. Ac-

corcing to manufacturer specifications all electronic

by

i1nsTraments were calibrated prior to each field trip. Light




Transm 8Siaen wasy oottt ad WEing a

Seecch: 214k at each of

Flankton samnles were taken wo the labopratory and
washed with filtersd sra wates by gentle filtration through
202 um. netting in ordee to ceuove any debiris {phytoplank-
ton, plant material

&, eTo.). Before estimates of

v RTER

bicmdss were made, all orzenisms larper than 1 om. were

sy
e

removed (95% of

ware diedll Phyllorvbees, o Medusae].

e

Bromass was estimated as we t volUle. Samples were trans-

rErred Td 8 gradustews wuyldrmer D10 gE-LEv- 5aE mk., depending
on amount of piankton) to conform 1o & prefixed volume. The
sample was then poured throoch 202 um. netting into another

raduated cylinder
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and left

s
-~

. drain by gravity
for periods of 1-5 minutes. The difference in volume WAasg
expressed as mi of zooplankton.

Densities of planktere were e teyined bv volumetric
subsampliing with replacemet . h L procedure involves
bringing the sample to a known volume (250 mi). With a
calibrated automavric pipetve, a 2 m¢ aliquot of the homo-
geneous sample was placed con a Bogorov counting chamber. A
Bausch = Lomb 1X-7¥ binocular dissceting microscope facili-
tated tne r1dentification and counting of the wpecimens.
Once all the animals in the counting tray were ldentified,

each reprecentative of ihat species was count+d. The ~liquot
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Then

WAas retuined to the amnie 1arn. jar wias shaken to
assure & homogereouns and anciher alioguot removed.
Three alliquots from encn vuste were ccunted.  The mean zoo-
plenkton denzity and standars deviartion of the mean were
caleutated from theoe ohr Pl ansd O .

Estimaiion of the vol e ol sca water filiered by the
net was carriecd cut by means of & propeller type flowmeter
attached at 1/4% of the disztence from the center of the ring,
in order to prevent turbulence-induced errors. Calibration
of the Flowmeter was conducted or a swimming pool where the
distance and time were observed [nr a known distance. The
flowmeter was calibrated three times during the year. It
turned approximately 35.3 revolutions per cublic meter of
water that was [iltered. Mcan was 35.29 and standard devi-
ation 8.5. Knowing the revoiutions the flowmetier turned
during a known time and by means of the {ollewing formula,

ol Fa il i

the volune Toroed

calculated:

The

Sea wotor 1,‘=’,f" C.U"L?i(,‘ metor can be
= T JJJ
R/’N
radive of the ring
= 35,3
number of rev ﬂlutions The
flowmeter turned
B 3
kiters p m” were calculated by mul-

individuals 1n 1 m@ of the aliquot
that nwunber by the volume of water
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faltered by the ye. for that fow as shown o5 the following

expresslon:

where I
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e
o
=

Laguna Joyuda Plarnktonic Comnosition

Table #1 shows the types of

s
5}.
3
P
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w
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found during this
investigation. A total of 80 plank*on samples were obtained
throughout ‘he vyear, b4 of them during the monthly sampling
procedures, and 26 samples on a twenty-Ffour hour study con-
ducted during QOctober 20-21, 1877. Samples were taken for
all months except for March when the amount of the cteno-
pligre "mamnopsis gardens Chps azd wse 50 Tlek 188t no

plankton tows could be made.

As seen in Tab'e £1, Acariia tonsa {Dana). the larvae

of porceilanid o and other decapod zoea were present in

all samples taken. Naupli; were present 90.9% of the time.

This :ncludes all nauplii fcand in the samples ., although

99% of the latter were barna-le naupijus. Tish eEgs were
prezent 81.8% of the time. 'nze yncluded both round ancg

elcngat=2¢ types of eggs.
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36.6% of the

+ e i Ram

the lasti part

e the study. PThis spesisg a9n

seen drifting a-

rciund the surface. Ths. ey o ropyesented as small
ephyrar and as odn i vAviLg a0 ldometer of up to 0.3 m.

vive of the largest zooplankton, was

the largest ol al: ¥ of the plaskionie mommunity.
Lt aloo aecours on the nzeis o wagers outside the lagoon. It

R opaEm ug o n L B W 81 Eeier Gutside e

Zis

Lagoon Dut never ol

wyuda . Amphipoda

were present 27.2% of thoe 1 beginning of the

sampling season. Barnacle oypris wers present 9% of the

time; a rather 1ow number com

«d to the percent of time

nauplii were preg

Plankton Analysis

YeR U7 DLt peer meter cube Tr vepresented
in Figure #4. A star peprescnts iue mean vaiuve of the five
g oo i s i i . . _ 3

stations sampled. e eXtreme ranpe 1n total plankton/m
noted throughout the year was f{rom 71.0 in January, 1978 to
6,565 animals/m” in September, 1977, Although there are

many fluctuations definite peaks are obscrved in which

‘ oo . . T 3
Sseptemher has the highest densiiy of plankton/m

3
h
i+

the plankton availabie in *he Laguna Joyuda, the

nant one. A,




PIGURE #%. Number of Plankiers per cubic meter.
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tonsa was represented in all samples taken. Not only does
it attain the highest densities but it is the only copepod
which 1s present regularly. During a sampling done in the
sumner of 1877, a 12 volt pump with a hese was run along and

across a Ruppia maritima bed and another copepod was found,

a calanoid of the genus Pseudocvclops. Tt is suspected that

1t stays close to the bottom thus aveiding the net as it
passes by. No other plankters were found during this
vacuun-cleaning process that differed from the ones already
mentioned, which shows that the towing procedures were ade-
quate and the net was sampling a representative catch of the
plankton of the lagoon. The porcellanid larvae came second
in density, from 2.0 to 369/m3 (Figure #5). Some crabs
sampled from the lagoon were taken to the laboratory and
identified. Porcellanid crabs were represented. A small

crab of the species Petrollites armatus was found living in

the mangrove roots. Large numbers of these crabs were found
3n the field, which could account for the high densities of
porcellanid larvae present in the piankton samples.

Figures 6 to 14 show the densities of A. tonsa/m3 and
densities of porcellanid 1arvae/m3 for each of the five
stations sampled. Arbitrarily, we give a #1 to the station
with the highest density value. A #5 to the station with
the lowest density value. By adding up the column under
each station and to this final value, we give a #1 to the

station with the highest density and a #5% to the lowest,




FIGURLE #5.

Acartia tonsa and Porcellanid larvae per cubic

meter per month.
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FIGURE #6. A. tonsa and Porcellanid 1arvae/m3/station
(April).
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FIGURE #7.

A, tonsa and Porcellanid larvae/m>/station

(May).
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FIGURE #8.

A. tonsa and Porcellanid larvae/ma/station
(June) .
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FIGURE #39. A. tonsa and Porcellanid larvae/ma/station

(September).
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FIGURE #10.

A. tonsa and Porcellanid larvae/m°/station
(October).
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FIGURE #11. A tonsa and Porcellanad 1arvae/m3/station

(November).







FIGURE #12,

A. tonsa and Porcellanid larvaelms/station
(December) .
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FIGURE #13.

A. tonsa and Porcellanid 1arvae/m3/station

(January).
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the followinp pattern can be observed. Although greater
fluctuations are seen for each station, Station A-3 gets the
highest density values for both A. tonsa and porcellanad
larvae, and Station C-1 the lowest. There seems TO be no
apparent pattern found for Stations C-3, B-2 and A-1. The

total density of Acartia tonsa and porcellanid larvae for

each month of the year, can be seen of Figure #5. The same
three peaks observed in Figure #4 can be seen here for A.
tonsa, although not as clear for porcellanid larvae. High
and low population densities of A. tonsa coincide with high
and low population densities of porcellanid larvae, indica-
ting that they possibly have no direct influence on each
other.

On October 20-21, 1977 plankton tows were made every
four hours for twenty-four hours. Figure #15 shows the re-
sults of such sampling period. It 1s clear that the plankton
density rose drastically during the evening of the 20th.
This rise in density could he attributed to planktonic ver-
tical migration. It is a well-known fact that mest plank-
tonic members of a community rise from deeper waters during
nighttime and then return to deeper waters during daytime.

Wind piling of water masses is also suspected. As the
waters are piled up against land, so are the plankters con-
tained :n this water, making them atiain higher densities in
this locality. If the wind blows from the southeast, as 1t

usualliy ooes at the lagoon, it covers the path along




FIGURE #15.

Total Plankton/m3 for 24 hr.
October 20-21, 1977.
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Stations C-1, BR-2, and A-3 (Figure #3). If the wind 1is
continuous, it may push surface water against Station A-3.
If this process prevails for a considerable amount of time,
water as well as plankton may be concentrated around Station
A-3. Since the lagoon is shallow it seems more probable
that water piling should account for the increase in plank-
ton densities.

During the month of February 1978, a series of four
samples were taken on the outside of the channel, which
connects the lagoon with the open sea (see Figure #16).
Table #2 shows the species composition outside the channel.
It 15 clear that the plankton species density in the neritic
waters outside the Laguna Joyuda is higher than that for the
lagoon. The guestion raised is why there is such a big dif-
ference in species diversity between the lagoon and the sea
waters immediately outside the lagoon. A possible explana-
tion might be the following.

if we take 1into consideration that the lagoon is: (a)
rather small body of water; (b) that it is vertically as
well as longitudinally homogenecus, (matter which will be
discussed later under temperature and salinity), as shown
by the salinity and temperature data; (c) that the cteno-
prere 1s a top effective predator; and (d) that Acartia is
the only copepod present, we have a consistent framework
that ¢an serve as an explanation. For example, A. tonsa

1¢ found cdominating all over the laspoon. This fact, coupled
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FIGURE #16.

Channel and Qutside Stations.
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to the homogeneity of the lagoon, indicated that there is no
provision of other hideouts in the lagcon for othep copepods
to evade the effective competition of A. tonsa; therefore,
the latter can eliminate other nopepod species in the lagoon.
A. tensa has been the object of studyv by Gonzdlez (1973},

Barlow (1852), Ketchum (1951}, =nd it is known that A. tonsa

has very high reproduction rates, which makes it possible
for them not just to occupy the lagcon system but tc main-
tain an endemic population in the lagoon. The effectiveness
of A. tonsa as an outstanding compeiitor can be corroborated
by the fact that, when the ctenophore populations increase
in the lagoon and A. tonsa populations decrease (which

would leave space available for other copapod speciesl)., no
other copepod species are seen to flourish. This brings an
apparent contradiction with the theory that: "lLocal species
diversity is directly related o the efficiency with which
predators prevent the monopolization of the major environ-
menta. reguisites by one species”, Paine (1966). However,
the Laguna Joyuda seems to have much simpler predator prey
relat:onships. Another poscible fact that may contribute teo
the low species diversity present is ithat the channel whichk
connects the lagoon with the open sea is very narrow and
shallow, prov:ding somewhat of a physical barrier (refer +o

channsl flow analysis). In addition, a Piological barrier

rt

o zooplankton may be provided by a2 coral reef and a

hz_zec 2 bed system ilmmediately outside the channel.
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Planktonic orpanisms which have TO Dass through these sys-
tems in order to go into the lagoon may effectively be
reduced by predation.

Throughout the year, the ctenophore Mnemiopsis gardenil

was present, attaining blcom proportions on several occa-

sions. The density range of Mnemiopsis/m3 found in this

study was from 0 to 60/m3, The largest density of the
ctenophore was observed for the month of March. The values
for this month are higher than 60 individuals/ma. As shown
in Figure #16, the graph was extrapolated according to the
highest number of ctenophores actually counted in the field,
which was 60/m3. During the months of April, May, and June
1977, no ctenophores were found in the samples at all. Fig-
ure #17 shows the general trend exhibited by the ctenophore
population throughout the year in addition to the fluctu-

ations in density per cubic meter of the ctenophore Mnemiopsis

and total number of plankters throughout a 17 month study.

The general trend exhibited bs the graph ig that, a5 the
population of ctenophores increase, the other smaller members
of the planktonic community show a population decrease.
Mnemiopsis 1s a carnivore and its importance as a zooplankton
predator has been studied by Williams and Baptist (1966);
Bishop (1867); Burrell (1868); Miller (1970) and Kremer (19753.
Little attention has been focused on the biological importance
of the ctenophore as peorle have been concerned more about

how to solve rhe sarpling ¢:fficulties of catching smaller




FIGURE #17.

Total Plankton and Total Mnemiopsis

per cubic meter per month.
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plankters when the ctenophore is around. The extreme range
in density of the ctencphore throughout the year was observed
to be from close to 0, (O.l/ma) to up to 100/m3. We must
cempare these numbers with the ones presented by Kremer in
1978 in a study on the distribution and abundance of the
ctenophore Mnemiopsis leidyl in Narragansett Bay, Rhode
Island. She reports having observed very low numbers in

winter of 1 to 2 Mnemiopsis/10 m° and up to 100/m° during

the summer. This study reveals that very high numbers of
the ctenophore (up to 100/m) were observed during the months
of March, July and Aupust and very low nuwibers for the
months of April, May and June. Questions such as the fol-
lowing may arise: Are the smaller plankton going down be-
cause of ctenophore predation, or is it +hat the phyto-~
plankton is not available to the zooplankton, so the latter
can not flourish, as well as the Ctenophore that predate

on them? These questions can be answered, at least partial-
ly, 1f we consider that the Phvtoplankion dece not tend to
be a limiting factor in the lagoon. The water has a very

deep green color all year round. The fact this water has

a deep gr.en color indicating large amounts of phytopliankton
may not be significant as the phytoplankton present could

not be readily available to the zooplankton.

It has been pointed out (Xremer, 1976) that Mnemiopsis

is not only important for its predation on zooplankton, but

it also plays a major role as nutrient PeCyClérs ih Tthe water




column. The impach The

on
phorus in the water coiumn

{(1976). She moman

Combrnied
welght-specific excretion
(Kremer,

levels 1n the water during a

Her calculations demonsirate
ammonia by Mnemiopsis Lexjndery

1% of nutrients in ithe watloer

turnovey of i

I e

=

3

heen chuaserved by

25 Timate:s

[

trogsn and phos-

Kremer

determinations of

4l various temperatures

1975a), znd estimates of averdage ambilient nutrient

period of ctenophore abundance.

that the daily excretion of

alone accounts for more than

column.

organic content {(dry weight of

1976), ctenophores do not lock up nutrients

but act more

into the water column.

bpecause of their low

3.4% of live weight; Kremer,

in structures,

48 nurtrient pumps, rapidiy recycling materials

Kremer, indicates also that nearly

half of the ctenophore nitrogen excretion may not be im-

mediately available t¢ the algae.
sumably may regenerate these compound

returning the nutrients to the systen

Bacterial action pre-
8,

thus gradually

in a more usable formn.

In this sense, the ctenophore have both an immediate and

an indirect, positive feedback to the phytoplankton.

An~

Other way of stimulating phytoplankton growth 1is by preda-

tion on the zooplankton community of the system.

filter the water as they go by, eating

They Jjust

almost all they can

find in their path; although obkservations done by the fol-

lowing researchers: Lebour,

1822, Bishop, 1967, Burrell,

1868; Frazen, 1870; Rowe, 1971 and Hiruta, 1974, tend to

indicate civenophor

I
i

s profer

The

smaliler zooplankton. Bishop




(1967) show: that 1he comb jellie can account for 52% of
the mortality of Acartia tonsa (in vitrc measuremen‘s).
Therefore, the data presented herein tends to exhibit
an inverse proportional relationship between the ctenophore
Mnemiopsis gardeni and the smaller members of the plank-

et isahasils raleiale}

tonlc communities.

Acartia tonsa (Dana), a calanoid copepod of world-wide

distribution has been found to tolerate water temperatures
from -1°C to 22°C (Gonzdlez, 1973). Jeffries (1862) attri-
buted the success of A. fonsa to such a wide array of en-
vironments, to i1ts efficient osmoregulatory mechanism,
which permits the animal to go into neritic waters and even
inte enclosed lagoons. Altinough during this investigation
the temperature and saliinity in the lagoon did not vary
drastically as stated in the temperature and salinity sec-
tion, previous investigators report extreme changes in both
temperature and salinity. This could also imply that the
Laguna Joyuda is g physically controlled system. Such sys-—
tems are characterized by drastic changes 1n its physical
parameter like temperature and salinity. Sharp drops or
rises in one or both of the latter can make a population
become totally or partially eliminated. Although the
changes were not observed cduring this study, they seem very
likely to occur if we consider the physical characteristics

cdiscussed in the following sections

T
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Gonzalez (14714) informs tThat the invasion of A. tonsa,
é@ successiul tpecies in areas of high predictability, into
a physically controlled environment (a Proeess of low
probability according to Slobodkin and Sanders, (1969)), does
not seem to have resulted in the elimination of other popu-
lations of this species from tenperate anu boredal regions.
He also mentions the fact that £. tonsa has developed a
rather complex physioclogical adaptability to conditions in
predictable environments that hes made 1t possible, through
successional interaction with cengeneric forms, to tolerate
the new conditions without totally replacing others.

Observations conducted in the Laguna Joyuda show that
A. tonsa is not just the dondnan+ copepod, but the only one

present, with the exception of a copepod of the genus

Pseudocyclops found in heds of Ruppia maritima.

Even though A. tonsa is found dominating, which would
imply that it is in a rather confortable envirorment, it
exhibits a size cmaller tharn those ftound yei eloewhepe.
Table #3 shows the size in mm. for males and females at
each of the five stations for eash month. Dash lines re-
present samples not taken. Even though the statistical
population is small (10 specimens, 5 males and 5 females

from each sample were measured), the general trend is +that

of A. tonsa being smaller than in any other place. If we
compare the standard deviations obtained for the lagoon with

these of Bahie Tosforscente end harrzpansett Bay, the results
e Y
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appear to be ciose (Table #4). The animals were measured
from the front tip of the cepnalotorax to the tip of the
caudal ramus, in order to compare values with those obtained

previously by Gonzdlez using the same method.

Salinity
Variations in salinity values (at 12 cm. from the sur-

face) observed at Laguna Joyuda during this investigation

dre shown in Figure #8. Salinities were measured in the

morning hours. The extreme range in salinity noted threwugh-

out the year was from 2% to S22 o 2

Salinity values increased from April to May; the waters

becoming slightly less saline for a short period to increase

again until August., as shown in Figure #18. TFrom the month

of September to January, 1977. the general trend is that of

a slight drop in salinity. Another increase is observed

for Fcbruary.

On Cctober 20-21, 177, a twenty-four hour study wasg

conducted in which salinity was observed every hour, start-

ing at 9§ A.M., October 20, and ending at 9 A.M., October 21,

1877, Salinities (Figure #9) did not vary for that day,

remaining around 29-30°/,,-

Figure #16 shows the channel that communicates +the

lagoon with open sea. Salinities of 34.0 /o0 Were observed

at the mouth of the channel (lagoen side) when the tide was

G@C.30E AR. Un all ofhsy stedbdons LS Balinith waluss wpns




TABLE 4 ACARTIA TONSA SIZE TN “I.. FOR THREE
DIFFERENT LOCALITIES

NARRAGANSETT, R.I.

Temperature, ¢ Tale Size Standard Female Standard
(mm) Deviation Size (mm) Deviation

20,0 1.26 G 1.27 - 0.08
gy O = - 1,28 0,01
2.5 1.20 0 1.28 0.08
1.0 - 0.04 1.32 0.06
3.0 1.18 0.03 1.28 0,04
7.0 1.158 0.05 1.28 0,03
14,0 1.08 0.05 1.00 0
21,2 0,98 0.07 1.09 0.08
2.0 0.90 0.03 0.836 0.02
20.5 0.93 0.06 0.98 0.08

BAKIA FOSFORECENTE, P.R.

28,0 0.82 £.02 0,62 0.08
28.0 0.77 0.02 0.89 Q.02
30.0 0.76 0.02 0.88 0,03

- 0. 77 0.02 0.87 0.02
26.3 0.77 0.02 0.86 0.02
35.0 0.74 0.02 0. 74 0.02
29,0 0.80 0.01 0,94 0.03
29,5 0.75 0.02 0.88 0.03
32.0 0.73 0,02 0,82 0.03
25,8 0.73 001 0.80 0.02

LAGUNA JOYUDA, P.R.

23,9 0,65 0402 0.070 0.04
2¢.0 0.68 0.04 0.76 0.03
30.1 0.66 0.03 0.80 0.02
28.7 0.69 B, 02 0.84 0,02
30.1 0.68 0.03 0.78 0.03
27.2 0.65 0.03 0.76 0.02
26.1 0.66 0.19 0.78 0.20
2k g 0.63 0.01 0.71 0.03
29,8 0.65 0.0 0.79 0.0

30,4 0.77 0.0 0.86 0.0




FIGURE #18.

Temperature °C and salinity °/,,

per month.
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more or less (1 °/_ ). constant for the day, the measure-
ments taken.

Salinity vs. depth profiles were taken on several oc-
casions. On August, 1977, at Station B-2 (Figure #3 for
station location) the deepest of all five stations (1.5 m.)
had the following values of 30.5, 30.2, 30.2 °/__ at surface,
-75 m. and 1.5 m., respectively. Lagoon water was slightly
more saline at the surface but fairly constant throughout
the water column. The same small change throughout the
water column was observed again 1in November, 1977, with
values of 26.8, 26.5, 286.5 °/oo at surface, .75 m. and 1.5 m.,
resvectively.

Previous investigators reported salinities which varied
considerably with respect to the ones observed during this
investigation. Erdman (1963) reported a fish kill at
Laguna Joyuda caused by what he claimed to be natural
stresses. He concluded that very low salinities were one of
the factors which caused the 7isgnh Kill, but gives no values
for the salinity during that period. Pagan and Austin (1967)
reported another fish kill thought to be caused by natural
Stresses; this time they considered that the most important
factors were very high temperatures (35°C) and galinities
of 43-L4 °/, .. Bennett (1969) rzported salinities of 35°/_,.
Barcia (1976) and Carvajales (197g) reported salinities of
20-C °/,,. respectively. Salinity r:asurements tiken at

Lapuse Jorude during this study indicate that i1he legocn




is homogeneous on a vertical and longitudinal plane. This

1s so because uf the shallowness of the system (1.5 m) coupled

with the continuous winds from the southeast which effectively

mix the waters.

Temperature

Variations in surface water temperature ohserved at 17
cm. below surface at Laguna Joyuda during this research are
shown in Figure 18, based upon temperatures measured during

the morning. The mean range in temperature noted throughout

the vear was from 23.9 to 30.4°C, calculated from five station

measurements for that day. Temperature data for this study
(Figure #18) show the highest values occurred during the
summer months of June, July and August. However, a high
temperature of 30.4°C was observed in January.

On October 20-21, 1977, surface temperatures were ob-
served every hour for twenty-four hours (see Figure #19);
readings were initiated at 9 A.M. of the 20th, and ended at
9 A.M. on the 21st. The extreme range in temperature for
that day was from 28.5 to 31.5°C. As expected, highest
temperatuvres were observed during noontime, and the lowest
temperatures early in the morning on the 21st.

When temperature vs. depth profiles were taken, vari-
ticne ranged from 0.0 to 0.8°C, indicating that the lapoon
does not sesm To be stratified in regards to temperature.

Tem: ctuvc-wis:s, shzrp drops or ises were never cbse-ved
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indicating thui the temperatures are fairly constant, which
provides the biological populations with a less changing,
more stable environment. Wind, again, plays a major role
in maintaining the lagoon waters mixed. However, under
certain circumstances the temperature of the waters may go
up to 35°C and probably higher if low wind speeds blow for
a series of days, together with the fact that very little
rain pours down during the dry season. Although the rain-
water itself cools the water to a certain extent, it is the
long summer days with clear skies and little wind which are
of major importance in raising the water temperature. Another
factor to be considered is depth.

Figure #2 shows the bathymetry of the lagoon. Mean
depth of the lagoon is 1.5 m. The shallowest part of the
lagoon being on the east side and the deepest parts include
two holes of 2.5 and 3.3 m on the northwest and west side

of the lagoon. Therefore, the lagoon is fairly shallow.

which makes it easier for the wind +o mix the waters. The
ratio of exposed surface to depth is rather large, 300 acres
with a mean depth of 1.5 m. This exposes a lot of surface

area to radiation which makes it easier to heat and cool.

Water Turbidity Measurements (Secchi Disk)

fmount of suspended matter in the water column is re-
portved in Tables #6 through #17 and Figure #20. Extreme

varuvas poted throughout the vear wepe from 0.3 to 0.6 m.




FLGURE #20..

Water transparency.
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These values show very cleariy the high amount of suspended
matter in the water column. Although sediments and organic
matter can be resuspended in the water column very easily
by the turbulence created as a result of the wind and the
shallowness of the lagoon, a big portion of this suspended
material seems to be phytoplankten. The year-round deep
green color of the water supporte this assumption. The
greatest turbidity was observed when winds were blowing up
to 20 km/hr. This was also observed by Bennett (1969) who
states that the highest values for turbidity were observed
when water level was lowest and winds were blowing from the

south or southeast. Winds from this direction cause the

highest waves in the lagoon since they travel along the entire

length of the lagoon. Bennett (1969) also reports that tur-

bidity in the Laguna Joyuda is due primarily to resuspension

of bottom sediments and does not necessarily reflect the rate

of sediment influx from streams and swamps of the drainage

basin.

Surface Current Analysic

Surface currents were observed at Laguna Joyuda on
two occasions in order to try to obtain information on the
possible effects water currents may have on the distribution
of the planktonic members of the lagoon. Table #1 showus

the data obtained during October 20, 1977. Wind direction




and waves forued were observed to come from the southeast
(Table #24). Wind blowing from this direction is along the
trajectory covered by Stations C-1, B-2, and A-3 (Figure #3).

Table #75% shows surface current velocities which varied
from 0.05 to 0.1m/sec with wind speed ranging from 9.6 to
14.5 km/hr. These measurements were done in the morning.
Afternoon measurements gave surface current speeds from 0.01
to 0.05 m/sec with wind velocities from 0.0 to 19.8 km/hr.
Surface water seems to be piled up against Station A-3. No
bottom current study was done. Tt is speculated, based on
visual observations, that the water sinks and is deflected
to the east towards Station C-3, or goes under and back

towards the southeast (Figure #21).

Channel Flow Analysis

On March 5-6, flow measurements were done in the channel
that connects the Laguna Joyuda with the sea. A flowmeter
was placed in the water at .275 m. from the surface: the
bottom was at .55 m. at that place, the deepest part of the
chennel. The mean depth of the latter is .35 m., with a
width of 3 m. According to the tides predictment (Tide
Tables 1878) of March 5-6, 1978, for Puerto Rico, this is
the closest place to the lagoon in which tides are actually
measured. The maximum range for that day was 445 m., how-
ever, date obtained by placing two tide gauges, one in the

mouth ol the channel (lapoon side: Figure #3) znd the other
é 3 E




FIGURE #21.

Possible path for currents.

Lighter broken lines represent surface current.

Black line represents bottom current.
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tide gauge at the north =nd of the lagoon, showed that during
the twelve hours the tides were observed on hourly intérvals,
the tide only rose 0.3 c-.

Jater movement observations at the channel were started
at 2000 on March 5; however, the bPlace we were stationed
did not provide a suitable place for observations. At 2200
the flowmeter was installed at a new site close to the mouth
of the channel (sea-side). Water movement was zero. Objects
floating in the surface were still and sediment stirring
provided indications that bottom water was also still. At
0030, water started moving in the channel; however, it alter-
nated directions. This was observed for ? hours at the end
of which the flow was almost unidirectional into the lagoon.
At 0447 of March 6, actual measurement was started using a
floating object, two rods, and a chronometer. Table #25
provides the time and velocity in m/sec from §hlL7 to 0851 hrs.
Velocities ranged from 0.0 m/sec when water was still at 2200
on March 5 to up to (.2l16m/sec at 0620 on March 6.

From the observed data, it can be estimated that the
amount of water coming intc the lagoon for that period was
3H68m3. This amount of water was not very significant if
we consider the total volume of water in the lagoon, which
is 1.82X106m3.

Tide restriction is attributed to a ©ill at the mouth

of the lagcon (cea-sgidel. As seen from the dimensions of

The crzmiel i:n the Tinst perasraph of this secvion, it is




a shallow and narrow channel which cannot provide the lagoon
with any considerable amount o sea water. Thus, the channel
itself is a physical barrier for the organisms in the lagoon,
making it hard for them to go out of the lagoon. Likewise,

plankton and nutrients from the sea are prevented from coming

into the lagoon in any considerable quantities.

Dissolved Oxygen

Dissolved oxygen (D.0.) vs. depth measurements data
are shown in Tables #15 and #17. Instrument malfunction
Prevented a large set of data. The values for December,
1877, and February, 1978, indicate extreme range in dis-
solved oxygen for these two months (1.% to 8.6 me/L, re-
spectively). A value of 6.6 me/L was the highest, but normal
D.0. values ranged close to 5 mL/4. The value of 1.4 me/2
could be attributed to decxygenated water coming from a pig-
Pen near the station (A-1) or to other unknown causes. At
a temperature of 26.1°C and a salinity of 30.8°/__, the water
should exhibit saturation at .66 (Richard and Corwin, 1956).
Therefore, according to their method of calculation, at the
surface we get a value of 9443 saturation, at mid-depth
85.8% saturation, and at the bottom (1.5 m.) 77.68% saturation,
which shows that the lagoon is rather weill oxygenated. How-
ever, under speciel cases. iike the ones enumerated below,
Oxyzen deficient water can become a limiting factor. A

CORDIievion of wwe or morc =i these f: 2tcre could inake oxygen




unavailable to +he aquatic organisms of the lagoon.

1. High water temperatures.
High salinities (43-uyyo/_ ).

2]

3. High densities of phytoplankton. Late at night,
Just before sunrise, the oxygen utilization by
the phytoplankton can be so high that the water
can become deoxygenated. This also happens in
fishponds with an overload of nutrients due to
careless fertilizer management.,

.  Low grazing pressure of zooplankton on the bhyto-
plankton.

o
.

Resuspension of anoxie sediments by heavy rains.
6. Predation of ctenophores on the zooplankton
indirectly stimulating high phytoplankton popu-
lations.

CONCLUSTONS

As a result of the observations made from March, 1977,
to February, 1978, the follewing conclusions could be arawn:
1. The =zooplankton of the Laguna Joyuda has been
described for the fifst time,

2. The species diversity in the lagoonal system is
very low.

3. Acartia tonsa is the dominant holoplankter.

5. The veracious predatior “nemiopsis 1is present in
the lagoon ancd, from time to

time, attains bloom proportions.

It 1

9

careble of controlling A. Tonsa populations.
: A SLILEa DPOo]




7€

®. The species present in the plankton are endemic

te the Laguna Joyuda.

6. Plankton-wise, the Laguna Joyuda is a vepy unigue
system, having a rather simple predator-prey relationship.
7. It seems that the Planktonic populations are
biologically accommodated, although physically controlled

conditions are not disregarded.

8. Temperature and salinity measurements indicate
that the lagoonal system is homogeneous on both planes.
This homogeneity provides no hideouts for other copepods

to exploit, which facilitates +he exclusion of other species

by Acartia tonsa.

9. Physical parameters, mainly temperature and sa-

linity, were not limiting factors in regulating the popu-

lations of the planktonic community. However, the physical

characteristics (area, depth, location, etc.) tend to imply

that these factors could become limiting ones if:
(e) temperature OS5 Mp to 359C,
(b)  salinity goes up to 3I3-uye/ .

(¢} salinity goes down to 6°/

oo *




APPENDIX A

Data from March, 1977 through February, 1978.

Includes Tables #6 to #16.
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AFPENDIX B

bata of itwenty-four hour study for October 20-21,

Includes Tables #17 to #272.
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APPENDIX C
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TABLE 523 YWIND SPEED DATA FOR OCTOBER 20, 1977

From e Speed km/hr Direction
1052 1101 9.6 ~ 12.0 S.E.
1101 1111 9.6 - 12,9 S.E.
1111 1118 11.2 - 14.5 S5.E.
1118 1124 11.2 - 14.5 S.E,
1124 1150 11,2 -~ 34,5 S.E.
1150 1157 1¥.2 — Yy S.E.
1157 ________l204 8.0 - 11.2 S.E.
1515 1530 16,1 -~ 19.3 S.E.
1550 1557 11.2 - 14,5 S.E,
1557 1603 9.6 - 11.2 Se B
1603 1609 9.6 - 12.9 S.E.
1609 1615 6.4 -~ 9.6 S.E.
1615 1631 Balt ~ B.D S.E.
1651 1654 4,9 - 6.4 SsEa
1654 1703 6.4 - 8.0 S.E.
1703 1706 0 - 0

1706 1714 B - 0

1714 1751 0 - 0

TIDE DATA FOR OCTOBER 20, 1977
Readings in Centemeters

Time

Reading

0948
1042
1133
1150
1258
1351
1450
1550
1719
1946
2220
0020
0120
0220
0520
0620
0720
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TABLE #25 CHANNEL WATER VELOCITY DATA FOR MARCH $-6, 1978

TIME VELOCITY(mm/sec) DEPTH(m)
DL}[;? 0.0575 0.29
oLug 0.0771 0.29
QL4 0.0658 0.28
0349 0.3827 0.29
Emi:: 0.0798 0.29
U?;n 0.1349 0.29
0516 0.1308 0.29
80517 0.1392 0.29
D518 0.1660 0.29
D520 0.1599 0.29
0521 0.1349 0.29
B524 0.1660 0.29
g5u3 0.1660 0.29
0600 0.1468 0.292
06072 g.31101 0.2%
0603 0.1458 0.29
0605 0.1340 3.29
0606 0.1270 0.28
0608 G.1255 0.29
0609 0.1349 0.29
6610 0.1501 .29
8212 0.1439 0.29
0.1366
0ei2 0.1383 g:gg
0613 0.1439 0.29
0614 0.i660 0.29
0615 .14 39 0.29
0616 0.1439 0.29
0619 L.1270 D.289
0620 U.1660 0.29
0700 0.1542 0.29
0701 0.1542 £.29
0702 0D.1553 0.29
0703 0.1439 0.29
0704 4.15u72 0.29
0705 0.1599 0.29
0?05 0.1520 0.79
G706 0,1u88 0.29
0716 0.132 0.29
@717 §.1262 8.29
0?25 95.1270 0.29
0727 n,1255% 029
0738 0.1470 0.29
07349 0.1542 0.29
G740 0.1270 0.720
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