ON THE PLANKTON SUCCESSION OFF
CHANGI POINT

By
ROLANDO BALICANTA EDRA

INTRODUCTION

arine plankton of Singapore waters was pioneered
He studied simultaneously the food
and feeding relationships of the fishes, the physical, chemical and
biological characteristics of Singapore Straits, and established a tenta-
tive plankton calendar. Later, Wickstead (1958) gave an account
of Singapore Straits’ larger zooplankton. ‘

and marine plankton of Singapore waters
mic exercises, ie., diploma

The study of m
by Tham (1950, 1952, 1953).

Recently, the estuarine

have been the subject of some acade
project reports, theses and dissertations, a few publications. The only

academic exercises which were in a series of plankton studies ap-
e those of Chua (1967) and Khoo (1967) who, in their
dissertations, accounted for the hydro-biological conditions of an
estuary (Ponggol River), and the Serangoon Harbor in Johore Straits,
respectively. Tham, Khoo and Chua (1970) presented an overall
comparison of their studies of the hydro-biological conditions o

Singapore estuarine and marine W
Straits to Johore Straits, in turn, t

Lately, Tham et al. (1972) discusse
the Singapore Straits from April 1968 to Mar

with the previous studies.

pear to b

The present study de
ponents in relation to hydrologica
Changi Point. Since all marine life depen

ciation of phytoplankton,
of the species, genera or groups to get

assessment of

18

aters, i.e., the effect of Singapore
o Ponggol estuary and vice versa.
d the distribution of plankton in
ch 1969 in comparison

als with the sequence of plankton com-
1 and meteorological events off
ds ultimately on the asso-
special attention was given t0 the succession
a more or less accurate

the coastal fishery environmental conditions in the area.
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DESCRIFTION OF THE SURVEY AREA

: Figure 1 shows the coastal waters off Changi Point and its vicini-

ties. East Johore Straits is like a big pond with two main gates, one
between Changi Point and the southern shore of Pulau Ubin, and
the other on the north of Pulau Ubin, known also as Nanas Ch;nnel.
The former is relatively shallow, having an average depth of 14 m
in the middle. Its water current is tidal in nature.

MATERIALS AND METHODS

& Tke systemati.c collection of data of the present study was limited
to important physical-chemical-biological parameters. Innovations were
made on the collection method of Tham (1953).

Plankton and water samplings

; Ihe water sampling during the 52-week survey was carried out
y with the use of an ordinary outboard motor boat (9.9 hp)
- :.2 shows the sampling stations off Changi Point during tht;
from late February 1974 to mid February 1975. Comparison
andom d.is-:tti‘bution of parameters between off Changi Point and
est vicinities was made in December 1974 as shown in Figure

e ly sampling was undertaken in the daytime during high
T_ghara type water bottle was used to collect one liter of
- near the surface of 20 stations 0.57 nautical mile apart
- water temperature of the stations was calculated. Samplc;
zooplankton were collected from station 1 to 20 by towing
ol? net with a mouth diameter of 45 cm, length of 140
h size of 0.263 mm near the surface at a towing speed
‘ knots. The net was fitted with a flow-meter at the
of the mouth. Water straining coefficient of the flow-
aluated monthly.

.2-0-lite:r compounded water sample, a volume of 200
for s.ah.nity and phosphate-phosphorus (PO,-P) content
remaining volume was vigorously agitated by an aerator
drawn five liters for smaller zooplankton and one
.t.o?_sar'nples. Left over was set aside for pre-
_.k@qitiflcatlon of plankton components in the living
Wwas to spot components in bloom and facilitate iden-
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tification of others later in the preserved state. All plankton samples
were preserved in 5% neutral formalin, Identification of plankton
components followed Lebour (1930), Subrahmanyan (1946), Wood
(1954), Davis (1955), Shirota (1966). and Migita (1967).

Samples of phytoplankton and smaller zooplankton were preserved,
sedimented and respectively reduced to 5 and 10 ml concentrated
samples from which were drawn aliquots for enumeration. Preserved
larger zooplankton was subsequently divided by a plankton splitter
until a 16th portion was obtained for enumeration. Subsamples of

plankton were enumerated into generic or group level though phyto-
level in times of

plankton sub-samples were enumerated into species
bloom. Attention was not given to bacteria, the fragile groups of

flagellates, and Chlorella.

Qualitative and quantitative comparisons of each plankton genus
or group between aliquots of the same sample were made occasionally.
Although complete duplication of the quantity of each group between
aliquots was never attained, it was gratifying o find out that the
qualitative orders of abundance among plankton groups were generally

similar between aliquots.

Tidal and meteorological aspects of sampling area
The heights of high tide during the sampling days were referred
from the Tide Tables for Malaysia and Singapore (1974 & 19759
having East Johore Straits — Sembawang Shipyard (1°28'N; 103°
50°E) as the reference. station. ]
Being one mile from
pheric temperature data at Changi
Meteorological Service Singapore.
were estimated to begin and en
of 5°N latitude Singapore from January 1974 to February 1975 ar
as follows (NE-northeast, SW-southwest ) :

NE monsoon ended 5 Apr 74
NE-SW intermonsoon

SW monsoon began 13 May‘74
SW monsoon ended 10 Nov ‘74
SW-NE intermonsoon

NE monsoon began 4 Dec 74
NE monsoon ended 5 Apr 75

Changi Point, monsoon, rainfall and atmos-
Airfield were obtained from the
The dates on which the monsoons
d over the South China Sea, south

R
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From the rainfall an ;

d atmospheric temper
: perature data, weekl
average and monthly mean values were calculated e

Statistical analysis

b 'f':leh)[:gia:ni{to‘n 1succilssicm off Changi Point was analyzed in rela
ological and meteorological fluctuation i :
on. s. Correlati -
eiﬁcietx'lt (r) Tzas used to measure the association of two paracrz:at:fs
?1 9aml)me.com pe \'Talue cf’f r \éras calculated as described by Campbell
) ) arison of random distribution of '
7 Com of ra . parameters betw
off. Chang;l P?mt and vicinities was accomplished by applying Kendaij’l:
m‘_k correlation coefficient whereby association between t?vo ranked
parameters was measured at a time. e

RESULTS

PHYSICAL-CHEMICAL ENVIRONMENT

._wel:kly mean .height of high tide during the sampling period
m having maximum and minimum values of 3.7 m (January

and 24 m (May 1974) respecti :
i ctively.
 heights of high tide. pectively. Figure 3 shows the

ﬁg ﬁa having a dominant semi-diurnal type of tide, mean
Ay mlatlei:;l as a matter of interest. The mean of ,weekly

sampling period was 2.9 m while the mean of monthl
3.0'111. The monthly mean was maximum in Decembi
13:115 ai:d February 1974/75 (3.1 m) and minimum :n
ot .igur:r 3'974 (2.8 m). The monthly mean hLeights are

um w'ez.ek'ly average rainfall was in February 1975
‘t"he minimum were in March and April 1974 and
,tmegs of rainfall). The mean of weekly averages for
riod was 6.2 mm while the mean of monthly means
morfr.hly mean was heaviest in February 1974/75
t in April 1974 (2.7 mm). Weekly and month-
in rainfall are shown in Figure 3. :
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Atmospheric temperature

The maximum weekly average atmospheric temperature was in
May 1974 (29.0°C) and the minimum were in October and December
1974 and February 1975 (25.7°C). Weekly and monthly means of
weekly averages for the sampling period were both 27.2°C. The
monthly mean was maximum in May 1974 (28.0°C) and minimum
in February 1974/75 (26.2°C). Figure 4 shows variations in atmos-

pheric temperatures.

Water temperature

The maximum weekly water temperature Wwas in May 1974
(31.0°C) and the minimum were in February and March 1974
(27.6°C). The weekly mean for the sampling period was 29.1°C.
The monthly mean was maximum in May 1974 (29.9°C) and mini-
mum in February 1974/75 (28.0°C). The mean of monthly means
for the period was 29.1°C. Weekly and monthly mean variations in

water temperature are illustrated in Figure 4.

Salinity
The weekly mean value of salinity during th
was 29.22°/0o having maximum and minimum va

(March 1974) and 25.14°/00 (September 1974) resp
mean of monthly means for the period was 29.26° /oo having maxi-
mum and minimum values of 31.86°/00 (March 1974) and 27.43° /00

(September 1974) respectively. Figure 5 shows weekly and monthly

variations in salinity.

e sampling period
lues of 32.62°/00

Concentration of PO,-P
The weekly mean concentration of PO,

od was 0.84 pgatom/1 having maximum and minimum values

peri
of 251 pgatom/1 (Novemb

1974) respectively. The mean o
as the weekly mean being 0.84 ug-
maximum in April 1974 (1.16 pg-
1974 (0.42 pgatom/1). Weekly an
PO,P concentration are shown in Figure 5.

Tables 1, 2 and 3 show the values of mean, standard deviatiof
(SD) and coefficient of variation (CV) of the foregoing physice

and chemical parameters.

f monthly mean values was the same
atom/1. The monthly mean wa
atom/1) and minimum in Ju

d monthly mean variations in

ectively. The

P during the sampling

er 1974) and 0.20 pg-atom/1 (June
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PHYTOPLANKTON

Composition

The most conspicuous principal groups of the phytoplankton con-

sisted of diatoms and dinoflagellates. Less obvious were green algae,
silicoflagellates and detritus.
Melosira, Hyalo-

The diatoms were represented by 48 genera:
Leptocylindrus,

discus, Skeletonema, Stephanopyxis, Dactyliosolen,
Guinardia, Coretbron, Schroderella, Lauderia, Thalassiosira, Coscino-
discus, Cyclotella, Planktoniella, Actinoptychus, Hemidiscus, Asterom-
phalus, Rhizosolenia, Bacteriastrum, Chaetoceros, Biddulphia, Tricera-
tium, Cerataulina, Hemialus, Lithodesmium, Ditylum, Eucampia, Clima-
codium, Streptotkeca, Fragilaria, Asterionella, Thalassionema, Thalas-
siothrix, Striatella, Grammatophora, Rbhabdonema, Licmophora, Clima-
cosphenia, Plagiogramma, Cocconeis, Navicula, Diploneis, Mestogloia,
Pleurosigma, Nitzschia, Amphora, Surirella and Campylodiscus. In ad-
dition, there was a group of unidentified diatoms; it was enumerated

as one genus/group.

The dinoflagellates were classified into 13 genera:
Dinophysis, Orinthbocercus, Ampbhisolenia,
Pyrophacus, Gonyaulax, Goniodoma,

Prorocentrum,
Noctiluca, Gymnodinium,
Peridinium, Ceratium, Oxytoxum
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group occurred in the samples from 50 to 52 :
common (from 40 to 49 weeks). 0 52 weeks) and occasionally

E TheI common diatoms were Coscinodiscus, Nitzschia and Chaeto-
5. It was found that Coscinodiscus occurred in all kI
samples. e

: _Occgf;onallylr common representatives were Thalassionema, Rbizo-
solenta, J gc.zmoszm, Leptocylindrus, Navicula, Pleurosigma, Skeleto
2 _

nema and Ditylum. The rest were rather occasional or rare.

3 )
L ‘Amoni‘lthe dlnc.)flagellates, the common representative was Peri-
sz_m, while occasionally common ones were Ceratium and Dino-
physis. Others were rather occasional or rare.

Maximum weekly and monthly abundance (cell no./m®) of each

and Triposolenia.

The three groups, green algae, silicoflagellates and detritus were
not identified into generic level. Thus, they were enumerated in-
their group levels. Nevertheless, the obvious elements of the silico-
flagellates were two genera: Dictyocha and Distephanus.

Abundance and occurrence
The most numerous groups of phytoplankton were diatoms a
dinoflagellates and the less abundant were green algae, silicoflagellates
and detritus.
Based on the 52 weekly samples, general occurrence of planktor

was classified intc two classes: common (when certain genus

Weekly
_ . Plankl?n No./m" x 10* (%) date No./m' x 10* (%) Month
%é;mie]r of magnitude: . -
hvioplankton 6 642 095 12 S
hutop 2 Sep 74 2 075 567
B O i e a2 2 7
Din 364 8 6 Nov 74 218 414 (298
een algac 31 200 (49.38) 13 Jun 74 9 819 { 1}5; rﬁ?:
{piece no./m") 17325 { 153) ' 24'Ocr 74 3 750 (121 O
iole G T e 26 ( 01) ia?
In order of day, week and month (NS — not significant): '
el F e 1) 2 Tan 15 Not maximum
12 500 ( .89) 10 Jan 75 2998 ( 87)
304 21 410 Jan' T3 753 {2}
125 ( 90) 10 Jan 75 275 ( .08)
15 838 (11.88) 16 Jan 75 5 343 ( 1.56)
963 ( 1:60) 30 Jan 75 323 (09) Je
(200 (33) 30 Jan 75 @by
06) 30 Jan 75 7 :
Not maximum P e
Not maximum 4 zgg (( 13”
; e
375 (/- 53) 21 Feb g4 12510 .37
1 350 (. 21) 2] Feb 74 TGS
d Not maximum ZT;M”‘U'“
Not maximum 6 (el e
Not maximum 1"(2 é (:);])
/ A
3 075 (13.79) 1 Mar 74 765 ( L15)
475 ( 2.13) 1 Mar 74 248 ( .37)
8._}2 (370) 1 Mar 74 165 ( .25)
01) 7 Mar 74 i5 (0
10 838 (51.27) 14 Mar 74 2 168 E 3'.3‘;])
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Asterionella
Triposolemia
Leptacylindrus
Rkabdonema
Orinthocercus
Tricerativm

Striatella
Hemialus
Camprlodiscits
Grysenlindinni

Dinofbysis
PyrapFacus
Campylodiscus
Oxytoxum
Coceonels
Amphara

A n,vf:t’)i_\'rn'('r.'m
Cyclotella
Chactoceros
Cocconeis
Mestogloia

Navicula
Cocconeis

Planktoniclla
Skeletonenta
Noctiluca
Proracentrun
Thalassiasira

Dactyliosolen
Corethron
Lauderia
Climacosphenia
Eucamipia
Rhizasalenta
Triceratium
Nitzschia
Gontadonra
Peridininm
Licmophora
Surirella

Gomvanlax
Guinardia
Hemidiscus
Ceratinm
Biddu!phia
Climacaditim
Goniadonra

Granrmiataphara
Asterom phalus

Thalassionema

Hyalodiscus
Lithodesmiun
Ditvlum
Biddul phia

THE PHILIPPINE JOURNAL OF FISHERIES

788 1 3.73)
75 ( 35)
197 100 (81.07)
17 525 (46.76)
500 (- 1.33)
Not maximum
338 ( 1.08)
72500 391
25 ( 03
30 750 (32.04)
35500 196)
8 00, 0F)
29 ( .20
25 (  .20)
TEOEINST)
200 {-. 1)
50 ( .35)
975 ( .03)
3 142 500 (98.71)
F94TNR)
150:;( NS )
17 313 (82.98)
75 1 105
3 ( J0)
3 646 250 (54.90)
220, 10, NS )
150 ( 1.03)
325 800 (19.86)
2250 0T
213 (.0
3 000 ( 143)
15 00
350 ( 3.02)
91 RON [ B.13)
150 {019
315 675 (27.94)
60 (01
3 B4R [ .34)
b o S R
2541 13
Y230 )
50 (1 .22)
o S
864 000 (55.58)
213 ¢ A0
73 (03]
Not. maximum
525 ( 1.80)
135 1 2%
31 288 (62.27)
25 { 09)
475 31)
57 588 (37.72)

Not maximum

14 Mar 74

14
22
29
29

3
)
17
il

13
13
20
20
28
28
4
11
11
11
11

1
22

5
12
12

)

24

Mar
Mar
Mar
Mar

May
NMav
May
May

Tun
Jun
Tun
Tun
Tun
Jun

Jul
Jul
Jul
Jul
Jul

Aug
Aug
Se L
Sep
Sep

Sen 7

Sep

Oct
Oct

Qct 7

Qct
Oct
Oct
Oct
Ot
Oct
Ot
Oct

Oct 7

Nov

Nov 7

Nov

Nov 7

Nov
Nov

Dec
Dec
Dec
Dec
Dec
Dec

74
74
74
74

74
74
74
74
74
74
74
74
T4

74 .

74
74
74
74
74
74
e
74
74
74

4
74

74
74
74
74
74
74

263 ( .40)
Not maximum
39 495 (59.57)

3 775 569)

100 -.13)

33k 0%)

208 ( .09}
260 ( .12)
Not maximum

7 325 ( 3.26)

Not maximum
16 ( NS.)
10 { NS )
6 ( NS )

Not maximum
66 €' 01)

13- (1NS )
253 ( .02}
1 222 975 (97.83)
3 M)
38 (.NSY)

Not. maximiim
Not maximum

T

1 288 438 (62.08)
Not maximuom

60 ( NS )

137 782 ( 6.64)
s45 ( 18)
50 (. 02)

Not maximum
30 ( 01)
98 (03}

21 010 ( 6.75)
33 ( .01)

70 605 (22.69)
Not maximum

1074 (33
15 ( N§ )
18 (.01}
56 (.01}
s1000 N5
724 0N

217 326 (29.67)

Not maximum
15 (NS )
14 i N5:)

153 ( 24)
41 ( 06)
12 822 (19.71)
10 ( .01)
119 ( .18)
14 482 (22.26)

116 ( .18)
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Mar ~ Weekly and monthly variations and blooms
The maximum number of weekl i
Scptiember 1974 (6 642 x 10° cdls/i’;oiﬁdpglfotﬂiﬁsg ::'a:; :Ir:
Apl"ll 1974 (2 x 10° cells/m®). The weekly mean for the samplin
period was 548 x 10° cells/m®. The monthly mean was maximum ixg1
September 1974 (2 075 x 10° cells/m") and minimum in April 1974
(8 x 10° cells/m®). The mean of monthly means for the period was

557 x 10° cells/m®. The values of mean, SD and CV of ph
ton fluctuation are shown in Tables 1, 2 and 3. of phytoplank-

May

Jun

‘The maximum weekly diatom number was in S
. _,@é 641 x 10° cells/m®) and the minimum was in April ef;;?b(elr x19170‘t
/m*). The weekly mean for the sampling period was 526 x 10°
/m®. The monthly mean was maximum in September 1974 (2
X 10° cells/m*) and minimum in April 1974 (5 x 10° cells/m®)
ean of monthly means for the period was 533 x 10° cells/m®. ;
weekly dinoflagellate number was maximum in November
(865 x 10° cells/m*) but nothing in the first week of May
‘The weekly mean for the sampling period was 1 932 x 10°
The monthly mean was maximum in November 1974 (2
0° cells/m*) and minimum in April 1974 (18 x 10° cells/m®).
f monthly means for the period was 441 x 10° cells/m®.

Innd monthly means of green algae; silicoflagellates and
: fm’md to occur on and off. Nevertheless, green algae
y detritus was found to occur more frequently than silico-

shows the values of mean, SD and CV of the foregoing
plankton.  Figure 6 shows striking variations in phyto-
r. Weekly variations in total phytoplankton were
on the changes in abundance of its principal groups.
yeekly samples, correlation coefficients (r) were cal-
vs (where r = 0.2732 at 5% significance level):

toms | Dinofla- | Green Detritus | Silicofla-
gellates algae gellates

| 0.1354 | -0.2116 | -0.2518 | -0.1698
| phytoplankton was found to depend on total
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31
In the linear regression analysis of each group, significant cor-
: = z % relation between toral diatom and every representative was found
— c ) N .
LN L A e e Lo d g dominantly among the following genera:
4 AR 2 2L 1wl BIRCR .
HK Chaetoceros 0.7722 Lauderia 0.3243
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D ool o b Lhasew W & o cohi ; ;
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—Chaetaceros—cum—Nitzscbia bloom
-Cbaetoceros—cum—Nitzsebia major bloom

Ceratium bloom
-Cbaetoceros—cum—Nitzscbia minor

October 1974
November 1974

January 1975 bloom

Composition of conspicuous species during the blooms was as

follows:

May 1974

Gymnodinium bloom (weekly sampling no. 13); Chaetaceros

spp. — 37.919% most of C. sp. and least of C. laciniosus Schutt
and C. decipiens Cleve; Gymnodinium Sp. 32.04%:; _S/eele‘
tonema costattm (Greville) Cleve — 19.24%:; Leptocylindrus
danicus Cleve — 5.70%; Nitzschia spp. — 1.35% most of N.

longissima (Brebisson) Ralfs and N. seriata Cleve; Stephanopyxis
ow — 1.06%; others — 2.70%.

palmeriana (Greville) Grun
Chaetoceros bloom (weekly sampling no. 15); Chaetoceros

SPpPu=t 95.75% most of C. sp.
C. laciniosus; Nitzschia spp. — 3.76% most
and least of N. seriata; Gymnodinium sp- —

— 0.11%.

June 1974
Skeletonema bloom (weekly sampling n
costatum — 99.27%; Chaetoceros spp. —
€. P
decipiens (Grunow) Jorgensen —
0.14% most of N. seriata and N.
sionema nitzschioides Grunow — 0.13%; others — 0.14%.

July 1974

0.15%; Nitzchia spp-

Chaetoceros major bloom . P

Weekly sampling no. 21: Chaetoceros spp. — 98.71¢
most of C. sp. and least of C. didymus Ehrenberg var angs
(Grunow) Gran, C. affinis Lauder var. Willei (Gran) Huste
C. lauderi Ralfs; Skeletonema costatum — 0.99%; Rbkizosolen
setigera Brightwell — 0.07%; Nitzschia longsissima — 0.04%
others — 0.19%. Weekly sampling no. 22; Chaetoceros |
98.289% most of C. sp. and least of C. didymus; C. affinis &
C. lauderi; Rbizosolenia setigera — 0.73%; Leptocylindrus d

and least of C. decipiens and
of N. longissima
0.38%; others

0. 19); Skeletonema
0.17% consisted of

C. decipiens and C. didymus Ehrenbersg; T halassiosira

delicatissima Cleve; T halas:
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cus 0.48%; Nitzschia longissi

: gissima — 0.26%; Skel -
tatum — 0.219%; others — 0.04%. o i 1

- August 1974

Skeletonema-cum-Nitzschia bloom i
Skeletonema costatum — 87.21%; g\}:::fl:‘g:agﬁmim; 92:9)5,
most of N. seriata and least of N. longissima; Cbaetoceras: sp
— 4.85‘%_) most of C. sp. and least of C. affinis, C. lauderi axfci
% . la.renzmnus Grunow; Thalassiosira decipiens — 1.76%; Le
~ tocylindrus fianicus — 0.10% Bacteriastrum byalinum Lauc’ler E
0.04% ; Rbizosolenia spp. — 0.02% consisted of R. setigera and
R. stolterfothii H. Peragallo; Thalassionema nitzschioides —
0.02%; Ditylum sol Grunow — 0.01%; others —‘0.03%
nber 1974
| Skeletonema-cam-Chaetoceros bloom (weekly sampling no
. Skeletonema costatum — 69.95%; Chaetoceros spp —-
% fnost of C. sp. and C. affinis and least of C. dz'dy.mm
nzianus and C. diversus Cleve; Thalassiosira decipiens e
C;_ Nitzschia seriata — 1.35%; others — 0.07%
~ Chaetoceros-cum-Skeletonema bloom (wee | i
Chaetoceros spp. — 47.56%; most( of IC(‘I.ys:H}i}\;ngofng"
- and least of C. affinis and C. lorenzianus; .;'keleronema.t
= 30.87%: Thalassiosira decipiens — f9.86%- Nifz-
s — 9.95%; Rkizosolenia spp. — 0.45% co;nsisted
Is&a{ferfotbzi and R. bebetata forma semispina (Hensen)
‘Rbabdonema arcuatum Kutzing — 0.10%; others —

.-.rqs-cum-Nitz:cbia bloom (weekly sampling no. 36);
v %3 ;— .‘5,’3.76% most'o'f C. sp., few of C. lorenzianu;
_ 7; _:a-rpzen.s", C. affzms and C. didymus; Nitzschia -
949 ; Rbhizosolenia hebetata — 8.13%; Lepto-
g 4.34% ; Skeletonema costatum —’3.21%'
a(tfhfe:{berg) pujardin — 0.35%; Peridinium spp,.
ssiosira decipiens — 0.23%; others — 1.70%.

@m-N:’tzsc&ia major bloom (weekly sampling no.
os spp. — 91.01% most of C. sp., few of C.
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lorenzianus and C. didymus and least of C. decipiens and C.
affinis; Nitzschia seriata — 5.50%; Skeletonema costatum —
— 2.11%; Ceratium furca — 0.29%:; Leptocylindrus danicus
— 0.21%; Thalassiosira decipiens — 0.189%%; Peridinium spp. —
0.13%; Gymnodinium sp. — 0.11% ; Thalassionema nitzschioides

— 0.10%; others — 0.36%.

Ceratium bloom (weekly sampling no. 40): Ceratium furca
— 55.58%; Chaetoceros spp. — 17.37%; most of C. sp. and
C. lorenzianus and least of C. decipiens, C. affinis and C. didy-
mus; Thalassiosira decipiens — 14.56%; Skeletonema costatum
— 6.75%; Leptocylindrus danicus — 4,749 Coscinodiscus spp.
— 0.32%; most of C. excentricus Ehrenberg and rare of C.

radiatus Ehrenberg;
Rbizosolenia bebetata — 0.16%; others — 0.28%..
Nitzschia minor bloom (weekly sampling

Chaetoceros-cum-
p. — 91.54% most of C. sp., C. loren-

no. 47); Chaetoceros sp
zianus and C. didymus and lea
Nitzschia seviata — 2.83%; T
Leptocylindrus danicus — 0.89%;
0.89%; Navicula membranacea — 0.68%;
— 0.59% most of C. excentricus and rare of C. radiatus; Tha

sionema nitzchioides — 0.36%; Streptotcheca thamensis Schrub
sole — 0.27%; Skeletonema costatum — 0.25%; Diploneis
splendica (Greg.) Cleve — 0.09%; others — 0.70%.

balassiosira decipiens — 0.91%0;
Bacteriastrum byalinum

SMALLER ZOOPLANKTON

Composition

The principal groups of smaller zooplankton
laria, Ciliata, Calcarea and Rotifera (Rotatoria).
zooplankton were represented by 26 genera, and a group of
tified ciliates was enumerated as a genus.

Radiolaria were classified into six genera:
phimus Dictyocephalus, Gazelleta and Collozoum.

Ciliata were represented by Peritricha and Holotricha (Tin
noinea). The former consisted of Sticholanche and Zoothanium |
the latter consisted of Codonella, Tintinnopsis, Codonellopsis, .

consisted of R ,u}"-
All in all, small

Aulosphaera, Dicty

Navicula membranacea Cleve — 0.24%;

st of C. affinis and C. decipiens;

Coscinodisctts spp.
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- semella, Cyttarocylis, Dictyocysta, Favella, Metaéy!z'.r, Rbabdonella

Amphorella, Amphorellopsis, Dadayi 3
> 2 ayiella, Eutinti inti
della and unidentified ciliates, : Kems TP
The only representative of Cal
: carea (Homocoela) Le
lenia and Rotifera wa vy
e s represented by Keratella, Notholca and Tricho-
Abundance and occurrence
The common representative
i ‘ of smaller zooplankton was Tinti
sis and occasionally common one was Codonellopsis. Ak

Maximum weekly and
y and monthly abundance 3
s v noted o Lollos: (no./m*) of the fore-

nkton No./m® x 10° Weekly date No./m® x 10° Month

r;miu of day, week and month:

188 21 Feb 74 63 Yeb
18 1 Mar 74 4
1 600 1 Mar 74 328
68 1 Mar 74 14
50 29 Mar 74 10 Mar
250 29 Mar 74 70
1850 29 Mar 74 375
Not maximum
31 Apr
150 17 May 74 Not maximum P

225 17 May 74 45 May
5 6 & 13 Jun 74 3

30 13 Jun 74 8 Jun
5 20 Jun 74 1 ——
5 4 Jul 74 1 Jul
50 8 Aug 74 19

402 28 ﬁug 74 193

2 Aug 74 ) Al

5 22 Aug 74 1 =
33 12 Sep 74 13

110 26 Sep 74 Not maximum Sep

g 26 Sep 74 154
5 16 Oct 74 1 Clc
1 800 7 Nov 74 894
20 7 Nov 74 5

22 Nov 74 13 N
28 Nov 74 438 i
27 Dec 74 58

27 Dec 74 56 Dec
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Weekly and monthly variations
In view of weekly variation, the maximum number of smaller
zooplankton was in September 1974 (4 298 x 10°/m®) and the
minimum was in April 1974 (60 x 10°/m®). The weekly mean for
the sampling period was 935 x 10°/m®. The monthly mean was
maximum in September 1974 (2 182 x 10°/m®) and minimum in
January 1975 (228 x 10°/m*). The mean of the monthly means for
the period was 936 x 10°/m*. The values of mean SD and CV of
smaller zooplankton fluctuation are shown in Tables 1, 2 and 3.
Weekly variations of smaller zooplankton seemed to depend on

the changes in the abundance of its representatives. Out of 52 weekly

samples, the significant correlation (r = 0.2732 at 59 significance
esentative

level) between total smaller zooplankton and every repr
was found among the following genera:

Tintinnopsis 0.7567 Amphorellopsis
Codonellopsis 0.5207 Eutintinnus 0.3289
Favella 0.3701
Weekly and monthly variations in smaller zooplankton are shown.
in Figure 7.
LARGER ZOOPLANKTON
Composition

The general representatives of larger zooplankton were

phyla viz: Coelenterata, Annelida, Arthro
Brachiopoda, Chaetognatha, Phoronidea, Echinodermata and Chordata

Specifically, they were classified into 44 genera/groups: Hydrida,

rvae, Evadne, Penilia, Podon, Aster
d, cyclopoid, harpaticoid, Balanus, sto

A

Siphonophora, polychaete la
Conchoecia, Cypridina, calanoi
topod larvae, Mysis, Hyperia, decapod eggs, penaeid larvae,
adult, Lucifer larvae, Lucifer adult, caridean larvae, caridean
anomuran larvae, brachyuran larvae, gastropod larvae, lamellibrane
larvae, cyphonautes larva (Bugula), Lingula larvae, Sagitta Actif
trocka larva (Phoronis), Bipinnaria larva (Asterina), ophioplute
larva. echinopluteus larvae, Auricularia larva (Holothuria),
illaria, Ciona, Pyrosoma, Salpa, Thalia, fish eggs and §

Ct

pleura, Frit
larvae.

0.3205

poda, Mollusca, Ectoproct )
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Abundance and occurrence

. The common representatives of larger zooplankton were calanoid
caridean larvae, brachyuran larvae, Sagitta, cyclopoid, Balanus i i
larvae, Lucifer larvae, fish eggs and fish larvae, whil:: the och i cetl?
common ones were Hydrida, gastropod larvae, Siphonoph i
pleura and cyphonautes larva. : phora, Oiko-

Maximum weekly and monthly abundance (no./m®) of each

genus/group occurred maximum as follows:

- Plankton No./m*
s 0./m Weekly date No./m®
| i M
asderr of day, week and month: s -
ophora 94.1 25 Jan 75 25.7 Jan
34.7 1 Mar 74
larvae 2383 1 Mar 74 165f§ Mar
B e 368.0 14 Mar 74 100.4
0.6 29 Mar 74 Not maximum ———
4.2 4 Apr 74
larvae 233 - i
‘ 18 A i
Sac. e pr 74  Not ma'gmzxum Apr
2 187.0 3 May 74 4735
541.9 3 May 74 0.6
7.8 9 May 74 Not maximum May
0.4 24 May 74 0.1
299.6 31 May 74 75.9
224 6 Jun 74 7]
38.0 6 Jun 74 95  Jun
194.0 6 Jun 74 Not maximum
6.3 13 Jun 74 1.6 —
4 419.3 19 Jul 74
Not maximum : i 738’;; 1
Not maximum 88.4 ¥
183.9 8 Aug 74
43.4
67.7 22 Aug 74 Not maximum 5
99°2 5 Sep 74 311
195.8 5 Sep 74 129.
29.1 12 Sep 74 % =
0.8 19 Sep 74 0.2
50.1 9 Oct 74 1
56.7 9 Oct 74 02
9.6 9 Oct 74 33
70.4 16 Oct 74 16.7
67.3 16 Oct 74 1555
1.0 16 Oct 74 0.2

28.5 16 Oct 74 16.4
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, g8 16 Oct 74 26  Oct Addendum copepod nauplii
Hypeﬂapod Lo 109.8 16 Oct 74 4;; Although its number was not included in the larger zooplankton,
Sp 3305 ‘24 0as ' od nauplii d dded i
Stomatopod larvae 2 54 Ot 74 1.4 the group of copepod nauplii was treated as an added representative.
f::;:lsh b‘i‘;l;h e 430 24 Oct 74 1?% Weekly abundance was independently enumerated from samples of
\ 4.7 24 Oct 74 : smaller zooplankton.
Auricularia larva 74 6.8
F;Jsh larvae 1%; ﬁ &tt 74 0.6 Maximum and minimum weekly numbers both occurred in March
Aciinc‘}’;mt‘;hala}:?: Not maximum 74 1974 having 1 625 x 10°/m® and 32 x 10°/m® respectively. The
Fmcws 783 7 Nov 74 350 weekly mean for the sampling period was 381 x 10°/m* (327 x 10°
Podon 1 Tarvae 39 14 Nov 74 ég SD, 0.86 CV). The monthly mean was maximum in March 1974
Penaeid farv 1.0 14 Nov 74 . b s = : TG
Thadlia 214.1 14 Nov 74 759 Nov (905 x 10°/m®) and minimum in January 1975 (191 x 10°/m?).
Lucifer larvae 08 28 Nov 74 0.2 The mean of monthly means for the period was 371 x 10°/m® (194
gg}‘;ﬁw Not maximum 212‘; e Bl 10° SD, 0.52 CV). The monthly SD was maximum in March
0.6 27 Dec 74 . ‘
Pyrosoma

Weekly and monthly variations
" The maximum number of
variation was in July 1974 (5

for the s:
anuaty 1974 (111/m®). The weekly mean _
{vasaiy478/m“). The monthly mean was max:mw;n,m . e
(3 360/m*) and minimum in April 1974 (467/m?). e mea
3
montkly means for the period was 1 49(?/m .
and CV of larger zooplankton fluctuation are s

and 3.

Weekly variation of larger ?ooplankton was
the changes in the abundance of its representamlr:s. o 2
samples, significant correlation between_ total larger z tie oo
everf representative was found dominantly among 9

larger zooplankton based on week%y
159/m®) and the minimum was in -
ampling period
in July 1974

genera/groups (1 = 0.2732 at 5% significance level):

i 0.8678  Evadne
E::;‘lezldlarvae 0.6705 Gastropod larvae
Sagitta 0.6686  Cyphonautes larva
Hydrida 0.5729  Acetes larvae
Cyclopoid 0.5166 Balanu:v
Fish larvae 0.5058 Hyperzc.z ;
Caridean larvae 0.4997 Harpa'ucmd
Anomuran larvae 0.4927 P..enaeld larvae
Lucifer adult 0.4910  Fish eggs

Polychaete larvae 0.4642

Weekly and monthly variations in larger zooplankton are she

in Figure 7.

The values of mean SD“
hown in Tables 1, 2

found to depend on
Out of<52 WCEkI

4 (675 x 10°) and minimum in May 1974 (69 x 10°). The
nthly CV was maximum in October 1974 (0.83) and minimum
» May 1974 (0.25). The weekly mean by season was maximum
NE monsoon having 427 x 10*/m* (446 x 10° SD, 1.04 CV)
by SW-NE intermonsoon and SW monsoon having 424 x 10°/
x 10® SD, 0.90 CV) and 363 x 10°/m® (237 x 10" SD,
CV) respectively and minimum during NE-SW intermonsoon
241 x 10*/m® (130 x 10*® SD, 0.54 CV). Table 5 shows
kly and monthly relative abundance and occurrence of cope-

.r
'w

ICAL-CHEMICAL-BIOLOGICAL RELATIONSHIPS

of 52 weekly samples, a correlation coefficient was used
the relationship between two parameters at a time. Table

es the parameters having significant coefficients.

g evident from Table 6, higher weekly height of high tide
 related to the higher value of salinity and the abundance
orethron, Lauderia, Bacteriastrum, Biddulphia, Hemialus,

Thalassionema, Pleurosigma, silicoflagellates, Siphono-

d brachyuran larvae. On the other hand, the inverse rela-

found in the following parameters: PO,-P concentra-
wytoplankton, total diatom, Chaetoceros, Tintinnopsis,
Acetes larvae, echinopluteus larvae, Qikopleura and

n rainfall was directly related to total smaller zoo-
trum, Stenosemella and fish eggs and inversely
atmospheric temperature and penaeid larvae.
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il | 1 POINT
Ii.‘\'l fifti Direct relationship was found between weekly mean atmospheric found between salini d 2
temperature and the following parameters: Water temperature, Evadne, fasik ty and total phytoplankton as well as la
zooplankton. The fluctuation of total phytoplankton was al as larger
as also inverse-

cyclopoid and gastropod larvae. However, inverse relationship was y
found between mean rainfall and the following: Thalassiosira, Cosci- Qi isted to POP conoentration.
nodiscus, Biddulphia, Thalassionema and Stenosemella.

Higher weekly water temperature Wwas directly related to higher
mean atmospheric temperature, abundance of Gymnodinium, Codo-
total larger zooplankton, Hydrida, polychaete larvae, Evadne,
calanoid, cyclopoid, Balanus, Lucifer larvae and adult, caridean larvae,
anomuran larvae, gastropod larvae, cyphonautes larva and Sagitta. On
the contrary, an inverse relationship was found in salinity, Thalas-
siosira, Coscinodiscus, Biddulphia, Lithodesmium, Streptotheca, Diplo-
neis and Siphonophora.

Higher weekly salinity was directly related to higher height of
high tide, the abundance of Biddulphia, Hemialus, Fragilaria, Asterio-
nella, Thalassionema, Codonella and Siphonophora. The inverse rela-
ship was found in water temperature, total phytoplankton, total dia-
tom, Skeletonema, Leptocylindrus, Lauderia, Chaetoceros, Striatella,
Prorocentrum, Gymnodinium, Eutintinnus, total larger zooplankton,

PHYTOPLANKTON-ZOOPLANKTON INTERRELATIONSHIPS

~ Weekly wvariations of th j
f . e major plankton groups are sh i
I Bigure 7. la'In']}:c correlation coefficients between the Eveekly \Sirai')i‘::tril 5
ytizp-gnif_ton, smaller zooplankton and larger zooplankton w‘v.?:rrls
. wsignificantly to be positive as follows (r = 0.2732 :
ance level of 52 weekly samples): : R

nellopsis,

Smaller zooplankton Larger zooplankton

0.1710
zooplankton TE
0.1445

] CUEff]'Cle'nts bet“een‘ most dcml!lal!t IEE esentatives Df

Hydrida, polychaete larvae, calanoid, Balanus, Acetes larvae, Lucifer

larvae, Sagitta, echinopluteus larvae and Oikopleura. Tintinnopsis Calanoid
The weekly concentration of PO,-P was inversely related to height 0.0027

of high tide, Corethron, Ditylum, Rhabdonema, Pleurosigma, Nitzschia, ; ggg‘;;

Pyrophacus and cyclopoid. On the other hand, the direct relations

ship was found in total dinoflagellate, Gonyaulax, Goniodoma and

copepod nauplii.

The monthly mean correlation coefficients between the abundanc

of plankton and each physical-chemical parameter (water tempera id
salinity and PO,-P concentration) were recognized as to be significa of phytoplankton i : .

(r = 05529 at 5% significance level): M&kz_ pA s::ill;: t:z;:g;:::iy’ 1}: vy VLY. thfee., four,

- also noted. p-betveen. calanpidh deed

Larger zooplankt

0.6938

_ta_nces of correlation were noted between phytoplank-
2 ;oop;ankton as -well as between Chaetoceros and cala-

and 9 respectively). In Figure 8, it seems reason-
that peaks of larger zooplankton were noted to lag

Phytoplankton o Sk
ean coefficients between two major plankton groups

st dominant representatives were found as follows

5% significance level):

Water temperature

Salinity
PO,-P concentration

Smaller zooplankton | Larger zooplankton

0.2176 0.8276
0.1410

As shown above, direct correlation exists between water t
perature and total larger zooplankton. The inverse relationship:
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Tintinnopsis Calanoid
Chaetoceros -0.1680 0.6062
Tintinnopsis 0.0135

The abundance of larger zooplankton was directly correlated with
the abundance of phytoplankton and calanoid with Chaetoceros like-

wise, and Figure 10 shows patterns 0
‘HYDRO-BIOLOGICAL OBSERVATIONS IN

A stational comparison among three stations,
(station A), off Changi Point (station B)
C), was undertaken in December 1974 as shown in Figure 2. Table
7 shows details of observations made in these stations.

Variations in water temperature among stations were very little
(0.01 CV), station C being slightly warmer, in all tidal conditions.
Salinity was found to be in a slightly decreasing trend (0.01 CV)
from station A to C in all tidal conditions. Concentrations of PO,P
wepe varied as follows: 0.26 and 0.45 CV during high tide, 0.24

and 0.57 during low tide, and 0.43 and 027 CV between high and

low tide on 12 and 27 December 1974 respectively. Decreasing con-
o C was also found.

centration of POP from station A t
Random distribution of plankton components Wwas measured be-
tween stations, i.., A — B,A—Cand B— C, at the same tide level
and between two tidal levels at the same station, ie., A (high tide)
— A (low tide) and in a similar manner for B and C.
Phytoplankton and larger zooplankton sampled during the month
were selected for comparison of their random distribution. The repre:
Leptocylindrus, Th.

sentatives of phytoplankton were Skeletonema,
siosira, Coscinodiscus, Rbizosolenia, Chaetoceros, Ditylum, Nitzsch

Peridinium, and Ceratium. The group of larger zooplankton wer
calanoid, Balanus, Acetes larvae, Lucifer larvae, caridean larvae, an
muran larvae, brachyuran larvae, Sagitta, fish eggs and fish larvae.

Table 8 shows the coefficients of rank correlation between tH
— 0.746 at 1% and 0.564 at 5% significar

f their fluctuations.
THREE STATIONS

outer vicinity

stations at a time (r

levels).
At high tide on 12 December 1974, the relationship of ph

plankton composition was only significant between B and C at!l
level, However, A and B were significantly related at 5% le

and inner vicinity (station

rF’

PLANKTON

Johore St. and
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Larger zooplankton (no./mj)s

260.451
73.395
5.554
17.258
3.967
0.595
18,448
6,149
8.133
1.389

195.776
36,047
12,303
17.916
10.577

1,943
30.003
6.907
5.180
0.216

Brachyuran larvae

Sagitta

Anomuran larvae
Fish eggs
Fish larvae

Caridean larvae

Calanoid
Acetes larvae
Lucifer larvae

Balanus
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Relationship of A and C was insignificant at both levels. On 27
December 1974, the relationship of phytoplankton between two sta-
tions at a time was all significant at 1% level.

At low tide, phytoplankton composition between B and C was
all significantly related at 1% level while A and B as well as A and
C were insignificant. At 5% level, however, the relationships were
all significant.

The relationships of phytoplankton composition between tidal
levels at the same station Wwere significant only at A and C on 27
December 1974 at 1% level. Others were all insignificant.

Zooplankton composition between two stations at a time Wwas
closely related at 19 significance level except C (between two tidal
levels) on 12 December 1974 which was significant at 5% level.
Irrespective of the significance level, the rank correlation co-

efficients of plankton components between two stations at 2 time

were all positive.

DISCUSSION AND CONCLUSIONS

As mentioned in the materials and methods, innovations were
made in the collection method of Tham (1953) which was followed
by Khoo (1967) and Chua (1967). Though comparative observations
are useful when data are collected in the same area and season, me
thodical innovations were made in the present study to improv
plankton observations to make interpretation more clear.

The particular collection method used in the present study
mitted the sampling of plankton components nearct to their possibl
peaks of abundance and occurrence which is in line with the quit
rotation of plankton generations in the tropics and sub-tropics
pointed out by Riley (1941). It is also useful for the selection
samples at random taking into consideration the patchy distribu (
of plankton. Furthermore, though axiomatic, it is available to
tke phytoplankton sample more fully trepresentative of the populat
especially very small diatoms (length and/or diameter of less t
50 @) which can readily spare collection by filter net having m
opening of 50 p or more. The mesh selectivity of the net for
above-mentioned diatoms is remarkably important. It is relatec
the biological phenomenon of quick rotation of plankton generd :

b3
I
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This phenomen
on, coupled with th
by cell divisi : e asexual reproduction :
p:)fpdati;ilvmzll tihfesuits in a decrease in the average cell sic:;fz Chfatc’l-:n
n. . o
not continue i dof]'-lg!.1 :he above -mentioned reproductive process c;ne
B i b L}:D fexmtety because the original cell size is comm 1“
y the formation of so-called auxospores, it is a prec ‘:;Y
) aution

against distortion of representati
B through filtration. ive sample of the phytoplankton popu-

In the i
b aff;:;ets;ntt }:vo;k, it was stxggested that the influence of tides
 sieh planktoﬁ ; op}:l(lir;)-blol_oglcil parameters responsible for the
i ; ation in the oo 0 i
b out changes in salinity, PO,-P concentra:irea gldal move'mems 5
i o on and the density of plank-
~ As the area is not f;
| ar from the Johore River i
€ area : of Mal
m ;Edu];::;n:ts 'gezerzﬂy c;lhgoha]jne seawater (17-30°/oo)a{xsrll1ai’chthiz
ained by the weaker inflow of the ri
_ ] i e river and the
e:n ::gﬁ:ﬁgg water from the open sea. However, the are: ter:d:
__ e seawater (30-34°/oo) during the NE monsoon as

mn:;ng of water from the open sea is accentuated by the mon-
a:;ii s151331.1b]e<:.t to rapid changes in PO,-P concentration. The
s | ring in lower_concentration seawater from the open
| b going tides bring out higher concentration f th
ortion of the straits, derived from inland tributaries s s
> direct lf'eIatlonship between higher heights of high‘tide and
gmzpssoze tIlz;lémkton groups suggests that incoming tides
el ar'e;. The inverse relationship of total
el specific groups of plankton shows that in-
£ ring in lesser density of plankton population.

Cor;::aSt, based on the stational comparison of three

o n;l r 1974, the quantity of the same quality of plank-
qyui t:rtoplanlfton,‘ at low tides is more or less double

g gea:ul;ljgth tide. This suggests that local conditions
g s are favorable for phytoplankton growth.

ty of plankton is then carried down to the area during

nce of benthic organisms such as some genera of har-
ce suggests tidal turbulence in the area
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The inverse relationship between weekly salinity and total phyto-

plankton, together with Jarger zooplankton, shows that salinity is the
limiting factor off Changi Point. It suggests then

alinity is generally conducive to rapid plankton
bloom of some species.

most important
that prevailing lower s
growth, resulting in the

RED TIDE ORGANISM

Gymnodinium sp- is a red tide organi
1974 is due to the prevailing conditions W
rapid growth. As mentioned in
related to salinity and directly related to water temper
the local conditions during
ot monthly SD (0
are the lowest for
monthly mean of salinity (27.97°/00) in

(27.43°/00) for the period. On the
of 29.9°C is the warmest tempera

0 characterized with su

ature.

the period. In addition, record sho

temperature
The month of May is als
of PO,-P, having 0.89 pg-atom/1 which
means (0.84 pg-atom/1) for the period. The foregoing conditi
coupled with considerably low mont
of high tide, maximum and minimum MmO
ing 0.12 and 0.04 respectively,
that particular month.

It is worthwhile mentioning
species was troublesome because ©
method of preserving this fragile organism W

comprehensive study.

In addition to the combined effect of the above mentioned pa
metical standing among the genera or groups of phy
ortant tole in the hierarchy of succession.
shown in the results, the blooms ar¢ dominated by 2 small num
of species and/or one form. Generally, it is either Chaetoce 08
Sheletonema. 'The main reason is that they happen to have 2 b
start numerically over the others. Thus, when local conditi
come favorable for rapid growth they can easily forge ahead,
in a bloom. Moreover, it appears that Chaetoceros and

are most favored by local conditions.

ill contribute to its futt

meters, the nu
plankton plays an imp

sm whose bloom in May
hich are favorable for its
the results, each species is inversely
Tracing
the red tide bloom show that the values

40) and CV (0.01) of salinity flucruation 1n May =
ws that the

in May is second to the lowest

other hand, monthly mean water
rure for the peric d.

fficient concentratiol
is above the mean of montily

ply CV (0.07) in the
nthly CV for the period b
favored the Gymmodinium bloom i

here that the enumeration of th
£ its fragility. Finding a spect
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The genus of Ch
aetoceros is com i

mostly domin posed of different i
ceros ydeZz’lz’s aét;:vby (}:{bﬂe“’“—"m‘_ sp.  This species resembﬁ:mgzaliut
i onl i-n owever, it may not be identified specifi e; g
. th? own in the temperate regions. A detailed cally
) is particular species is of special interest ed study,

The b ]
e bloom of Ceratium furca in November 1974 is also int
erest-

[ i g a (8) atio:

Diverging into th
s e meroplankton, it is i :
 the weekly mea ) et , it is interesting to kn
- toypenae?drt:iaﬂ is du'ect_ly related to fish egzs but iz:er:};;u
. :~.1f:.1-1 The direct relationship of fish eggs se ;
% common ca : tof-t e spawning behavior of some inland f_e}r!n .
e m:g, cat ISI:z (Clarias), etc. The spawning peri dls es
the invers On}y - Olnqde with the rainy season. Onpflll? ShOf
1. 01: relationship between rainfall and penaeid IarvOt e
servations of Poernomo (1 sl
Bl Accordin o (1968) and Prawirodihardj
s Pg fto them, the two peaks of abundance in th:ni]z
B raris; yat ]akartaT]]iay coincide with the beginning
season. ese observatio 1
; : ns a

s.pawmng periods of penaeids in the region G s 1
view of ot j
ical odifl;i::kmn association, the remarkable morphological
bt i howe‘l:ces among the components necessitate further

Son;ehow ;"’ A C_OUJPICX subject that needs to be studied
l'epresenta,ti:rez ma]zlrdgr]:“PS, together with their respective

co e analyzed. Th :

Bas 4 . yzed. e cortelat

z:;101 ?reel:{kly fluctuation in abundance show chtlonh ?}
e msf' a?ﬁ ton and Chaetoceros-calanoid interrelatioisgi:;
n gnificant, however, monthly interrelationships are

down :
e givie mzlrpl?ologlcal and ecological differences
B :0 t::ffmterrelationships of Chaetoceros anc{
7 ant coefficient based on thei
surprising. It appatentl e e
i y suggests that the in i
L teraction
oweverpl:ogress whereby no form of relationship can
k- _C;Izt was _noted .that there were instances where
e - angld intermittently lagged behind peaks of
i in Fi :
B ca]anoilgu're Cl9. Such intermittent relationship
is dependent upon its association with
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The inverse relationship between weekly salinity and total phyto-
plankton, together with larger zooplankton, shows that salinity is the
most important limiting factor off Changi Point. It suggests then
that prevailing lower salinity is generally conducive to rapid plankton

growth, resulting in the bloom of some species.

RED TIDE ORGANISM

Gymnodinium sp- is a red tide organism whose bloom in May
1974 is due to the prevailing conditions which are favorable for its
rapid growth. As mentioned in the sesults, each species is inversely §
related to salinity and directly related to water temperature. Tracing
the local conditions during the red tide bloom show that the values
ot monthly SD (0.40) and CV (0.01) of salinity flucruation in vay
are the lowest for the period. In addition, record shows that the

monthly mean of salinity (27 97°/o0) in May is second to the lowest
(27.43°/00) for the period. On the other hand, monthly mean watet
temperature of 29.9°C is the warmest temperature for the period.
The month of May is also characterized with sufficient concentration
of PO,-P, having 0.89 pg-atom/1 which is above the mean of monthly
means (0.84 pg-atom/1) for the period. The foregoing condition:
coupled with considerably low monthly CV (0.07) in the heights
of high tide, maximum and minimum monthly CV for the period be
ing 0.12 and 0.04 respectively, favored the Gymnodinium bloom i

that particular month.

It is worthwhile mentioning here that the enumeration of th
species Was troublesome because of its fragility. Finding a spech
method of preserving this fragile organism will contribute to its

comprehensive study. _
In addition to the combined effect of the above mentioned pat
the genera or groups of phy

meters, the numerical standing among
he hierarchy of succession,

plankton plays an jmportant role in t

chown in the results, the blooms are dominated by a small num
of species and/or one form. Generally, it is cither Chaetocero:
Skeletonema. The main reason is that they happen to have a |
start numerically over the others. Thus, when local conditions
come favorable for rapid growth they can easily forge ahead,
in a bloom. Moreover, it appears that Chaetoceros and Skeleto

are most favored by local conditions.
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The genus
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g 1s com d 7
most] posed of diff i
E .. Ydifbl;l.maét;d by Chaetoceros sp.  This species ::::;bslpecg; i
15 eve. However, i €s aeto-
I s it is: onl by o S be identified ifi
P e oo th¥ knov:rn in the temperate regions. A det;lpc:flflcally
s ,bI is particular species is of special interest ed study,
e bloom i . g
- h:: iera{tuﬂff furca in November 1974 is also interest
- o significant correlati R o
and chemical parameters. lation with important physical

Diverging in
g into the meroplankton, it is interesting to know th
at

related to penaeid 1
arvae, The direct relati :
suggest similari 4 ationship of fish
cog:zmo; C;flty to.the spawning behavior of some in‘leagf; Sf?e}rxns
” P, catflsl:l (Clarias), etc. The spawnin ! fishes
es commonly coincide with the rainy seas g periods of
| the inverse relationship be ; ason. On the other
to the obser'.raticons [lf) P tween rainfall and penaeid larvae is
s of Poernomo (1968 ;
5). Accordi ) and Pr ihards
zc Of‘cclc;;fimg to them, the two peaks of abundani:ui.zdlhhard}o
& i)f I?}Z‘IP fr_y at Jakarta Bay coincide with the beti; oc i
e e rainy season. These observations apparenﬁ 15
g periods of penaeids in the region y sug-

n view of tats

e dif}f)ii:i(ton association, the remarkable morphological
- C

It is howeve:s among the components necessitate further
o th, a C_OIHPICX subject that needs to be studied
l‘epresenta,ti e major groups, together with their respective
- V"l-‘:f could be analyzed. The cortelation co
W - . ;
bﬂs"dzooplaii y fluctuation in abundance show that phyto-
| e ton and Chaetoceros-calanoid interrelationships
i icant, however, monthly interrelationships are

down i
e givzlrllet m:)hrp]?ologlcal .and ecological differences
- o the }r{terrelanonshjps of Chaetoceros anci
sm'pgmflri ficant coefficient based on their weekly abun
sin ;
- gl.‘o It appatently suggests that the interaction
-Howeverpit gress whe‘;ebg no form of relationship can
; , it was noted that there were i
e /85 | i instances whi
lﬁho:fnca.tlan;{d intermittently lagged behind pe:iis e:?f
i C:Jr;n }gu.re 9. Such intermittent relationship
. oid is dependent upon its association with
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Undoubtedly, the correlation  coefficient based on
monthly means shows that calanoid is directly related to Chaetoceros
which is clearly seen in Figure 10. The strikingly unique abundance
of calanoid in June 1974 is apparently sustained by the Skeletonema
bloom which occurred in the same month.

The intermittent relationship also apparently indicates that the
grazing effect of calanoid in the rapidly growing Chactoceros is rather
slow, hence it requires a considerable lapse of time before a clear
collapse of Chaetoceros becomes evident.

The intermittent collapse of Chaetoceros may not be attributed
entirely to the grazing of calanoid.

to play an important o
of its weekly concentration and the inverse re
abundance of Chaetoceros.

Chaetoceros.

concentration with the
parently indicates that the supply of PO,
continuous growth of Chaetoceros for quite some time.
latter apparently indicates
the collapse of Chaetoceros. In short, it appears that the in
collapse of Chaetoceros is caused by the impoverishment
concentration coupled with the increased
tive of the effect of salinity.

termitten

Since calanoid is the most Jominant group of larger zooplankton,

it is interesting to compare the present study with other studies mad
in nearby vicinities. Tham (1953) reported three peaks of copepo
adults in Singapotre Straits; July, October and April of 1948 and
Khoo (1966) reported four peaks in East Johore Straits; July

October of 1965 as well as February and April of 1966. Chua (1

reported four peaks in Ponggol estuary; October and November 8
1965, and February and April of 1966.
Matching the above-mentioned, the calanoid, cyclopoid and h
paticoid data of the present work were combined forming a &
of copepod adults. The combination shows four peaks; June, Ju
October and November of 1974. These peaks can fit in with t
results except June. It is noted that the number per cubic metél
copepod adults in their results is much higher than the present W0
The remarkable difference between their results and the present Wi
may be attributed largely to the difference in the methods of collee

Accepting the phenomena of vertical migration of zooplankton,

The concentration of PO,-P seems
le as indicated by the insignificant relationship
lationship of its monthly
The former ap-.
P is abundant sustaining the
And the

the impoverishment of PO,-P supply causing

of POP
grazing of calanoid, irrespec
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collection of cope
pods by pumpin
ferent depths surcly gave muci Iio‘:ater sal?lples at nighttime at dif-
present study where samples were ob: _qusnttjny of copepods than the
ton net in th : ; = ORtNet- Ny surfac g
B et th:t daytime during high tide. There is ;:0: mf agbise
ureIDark;ble bulk C?Pe];:ods comprise the bulk of zooplaen‘}ct e
R e
Bve ond g y 'acoepted. To reach w ¢ :
~ tained by ;:;il:tltanve conclusions in their presence (t)}rl'f::h:;hr;lel i
ples of three ma?:r I;;:;e goo? enough because re’presentatig:ss :n‘t;_
R s: calanoid, cyclopoid o ;
E&s‘:‘;ill‘:z:sfe by t.he plankton net as well aspthe ::ij:a:pan(imd e
e : ; am
‘occurrence of 1pfla:Skm‘:‘:&wury to emphasize that the abundangeﬂ:' ﬁt
ot in absolut nl ton components in the present study i e
B e vahues but relative numbers of each typz :Jsf P;ﬂsinted
out =
- ginera]_l; eclilermdd of water sampling, the blooms :faght(;n-
ollapsed in less th s
tes that 1 " an a week. This a
B o e:;;l f:ondmons are not alarming yet givin sltJPI:Ireme
i ogical succession to set in. However tgh able op-
ms T : t e .
e presenatpzteaély signs of excessive eutrophicatic;n whisflfradlc
eady state of ecological succession off beam so:)n 4
ner

ﬁef. us 4 more COIIlple]lenslve tu y S]l()l[l[l ])e Ill(l\alial{ell
l .
I ) S d
! . il e

o

reasonable to consider thi? ttlilﬂ final analysis, it seems to be
TR e necessary f

sampling is : ry Irequen of
tatrijve gsam ;;eryfthieee days during high and lowqtrides f;llture

e of the population i : » DG

ossible peak i n is obtained ne

! peak or change in its abundance and occurrence st .

SUMMARY

Records of wa ini
3 abundanz:r :::perature,.siahmty, PO,-P concentration
m | Crndnd Ucogl.posm‘on were based on weekl};
e ub igh tide near the surface of 20
e p . Sequence of_ plankton components was cor-
> P grg'all‘laS an;l meteorological factors. Interrelationshio ;
F tireso W[:ia;nktoﬂn, together with their respectif::
g v ,param measured. Stational comparisons of
o e deters .betwcen off Changi Point and
arried out in the daytime during high and




S —
i

56 THE PHILIPPINE JOURNAL OF FISHERIES

2 Dominant genera of diatoms were Chaetoceros, Leptocylin-
drus, Nitzschia, Thalassiosira, Skeletonema, Lauderia, Striatella, Rbizo-
solenia, Corethron and Hemialus. Dominant genera of dinoflagellates
were Peridinium, Ceratium, Dinophysis, Gymnodinium, Prorocentrum,
Gonyaulax and Goniodoma. Overall, dominant genera of phytoplank-
ton were Chaetoceros, Leptocylindrus, Thalassiosira, Skeletonema, Nitz-

schia, Prorocentrunt, Striatella, Lauderia, Gonyaulax, Goniodoma and
s sp., Skeletonema

Hemialus. Blooms were dominated by Chaetocero
costatum (Greville) Cleve, Gymnodinium Sp. and Ceratium furca

(Ehrenberg) Dujardin.
3. Dominant groups of smaller zooplankton were Tintinnopsis,

Codonellopsis, Favella, Amphorellopsis, and Eutintinnus.
4. Dominant groups of larger zooplankton wete cal

muran larva

coid, penaeid larvae and fish eggs.

5. Weekly height of high tide was directly related to salinity,
Biddulphia, Hemialus,

Melosira, Corethron, Lauderia, Bacteriastrim,
Asterionella, Thalassionema, Pleurosigma, silicoflagellates, Siphono-
phora and brachyuran larvae, but inversely related to PO,P con en
tration, total phytoplankton, total diatom, Chaetoceros, Tintinnopsis
Codonellopsis, Acetes larvae, echinopluteus larva, Qikopletira and cope
pod nauplii. The former suggests that incoming tides bring suc

groups to the area and the latter means that incoming tides bring i

lesser density of plankton population.
6. Weekly mean rainfall was directly related to total small
vooplankton, Prorocentrt, Stenosemella and fish eggs, but inverse
related to mean atmospheric temperature and penaeid larvae. ‘
direct relationship of fish eggs seems tO suggest similarity to
spawning behavior of some inland fishes like common caIp, cal
etc., since the spawning periods of these fishes commonly coind

with the rainy season.
7. Weekly mean atmospheric temperature was directly el

to water temperature, Evadne, cyclopoid and gastropod larvae.
inversely related to mean rainfall, Thalassiosira, Coscinodiscusy

dulphia, Thalassionema, and Stenosemella.

anoid, Lucifer

larvae, Sagitta, Hydrida, cyclopoid, fish larvae, caridean larvae, ano-
e, Lucifer adult, polychaete larvae, Evadne, gastropod
larvae, cyphonautes larva, Acetes larvae, Balanus, Hyperia, harpati-
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8. Weekly water temperature was direct] .
mospheric temperature, Gymnodinium, CodoneIIZp;;httzciafolarngl::nz::
plankton, H)rdrida, polychaete larvae, Evadne, ca{anoid cyclopoid
Bdanus, Lucifer larvae and adult, caridean larvae, anom:J.ran larvae’
sa,gtropod larvae, cyphonautes larva and Sagitta but inversely relateci
to salinity, Thalassiosira, Coscinodiscus, Biddulphia, Lithodesmi
Streptotheca, Diploneis and Siphonophora. : R

9. Weekly salinity was directly related to height of high tide,

i Biddulphia, .Hemz'alus, Fragilaria, Asterionella, Thalassionema, Codo-
~ pella and Siphonophora, but inversely related to water temperature

total phytoplankton, to.tal diatom, Skeletonema, Leptocylindrus, Lau-
, Chaetoceros, Striatella, Prorocentrum, Gymnodinium, Eutintin-
wtaIAlaigerIzooplanI]fto?, Hydrida, polychaete larvae, calanoid
. Acetes larvae, Lucifer larvae, Sagitta, echin ’
. g opluteus larvae
10. Weekly concentration of PO,-P was directly related to total
‘ ate, Ganyaz.:lax, Goniodoma and copepod nauplii, but in-
ly related’ to height of high tide, Corethron, Ditylum, Rbabdo-
Pleurosigma, Nitzschia, Pyrophacus and cyclopoid.
. Maximum monthly mean water temperature, low values of
¢ mean, SD arfd CV of salinity fluctuation, and sufficient month-
Cc;n.ceng;m})ln Ef PO,-P, coupled with considerably low
CV in eights of high tide, favored the G ini
May 1974. hcin o
m;d on monthly mean values, water temperature was
ated to larger zooplankton. Salinity was inversely related
kton and larger zooplankton. Concentration of PO,-P
ely related to phytoplankton. Larger zooplankton was
ed to phytoplankton and calanoid to Chaetoceros likewise.
t}mt there were instances where striking abundance of
rn 'ttent]'y lagged behind peaks of Chaetoceros. Such in-
uo.nshlp.seems to indicate that calanoid is dependent
ation with Chaetoceros.

plankton components of the area were

#idnitia:. but phytoplankton components ;Lorsedgatﬁ;fcd

mc blooms are perhaps early signs of excessive
h may throw the present steady state of ecological

eam sooner O later. Thus, a more comprehensive
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study should be undertaken in the area and its vicinities. It seems . Development Center through a fellowship for local staff of the B
to be quite reasonable to consider that the necessary frequency of of Fisheries and Aquatic Resources, and was supported by graitslifi:z

future water sampling is every three days during high and low tides, the Japanese government.
hence representative sample of the population is obtained nearest

to any possible peak or change in its abundance and occurrence.
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Coastal walers off Changi Point and its vicinities.

Figure 1.
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Changi Point

Figure 9. Patterns of weekly relationship of Chaetoceros and calanoid off
from late February 1974 to mid February 1975.
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