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ABSTRACT

Samples of phytoplankton were collected from 58 stations in the Viethamese waters from
30 April to 21 - May, 1999 on boat M. V. SEAFDEC. The total of 508 taxa, which consisted of
1 genus, 3 species of Cyanophyta; 1 genus, 2 species of Silicoflagellata; 63 genera, 283 species
of Bacillariophyta and 34 genera, 220 species of Pyrrophyta were identified. In the Cyanophyta,
Oscillatoria (mainlyO. erythraea was the frequently dominant speci@&acteriastrum
elongatum, Bellerochea malleus, Chaetoceros cinfimslassionema nitzschioidesd
Thalassiothrix frauenfeldivere dominant species only in some stations of the coastal region
of area A, B and D. Average cell numbers of phytoplankton in the different parts of Vietnamese
sea waters were in the range 5.984-53.570 cells/I.

The indices of species diversity were in the ranges:
-R:from 0.70t0 2.5
-H': from 2.49 to 2.32
- H'max: from 6.67 to 6.80
-J: from 0.37 t0 0.48
-Dv: from 1.21to 2.07
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Introduction

Phytoplankton in the Viethamese waters has been collected the specimens since 1920 by
Maurice Rose. He is the first scientist, who published the list of 42 species of phytoplankton in
the Vietnamese coast and the Gulf of Thailand in 1926.The study surveys on the number
distribution and species composition of phytoplankton were carried out in the Vietnamese
waters as in 1959 -1962 was the Vietnam - China collaborative research program and in 1960
- 1961 was the Vietnam - Soviet Union collaborative research program in the Gulf of Tonkin;
from 1962 to 1965 and from 1976 to 1978 were the study survey in the West of the Gulf of
Tonkin; in 1978 - 1980 was the survey in the Thuan Hai - Minh Hai sea waters, etc...

The above mentioned surveys which were used the phytoplankton net with mesh size is
100uM.

Phytoplankton was collected by the sampling equipment of Van Dorn sampler and filtered
through net of 20uM mesh size in this study survey.The objectives of this study were:
- To identify phytoplankton species and their distribution.
- To study phytoplankton abundance.
- To describe the diversity indices of phytoplankton.
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Materials and Methods

Phytoplanktorsampling surveys were carried out on board M. V. SEAFDEC at 58 stations
in the Viethamese waters [Fig. 1] from 30 - April to 21- May,1999.

The Viethnamese waters can be divided into four areas:
A - The Gulf of Tonkin
B - The Central sea waters
C - The South - East sea waters
D - The South - West sea water (The Gulf of Thailand)

The samples were collected by a 20 liter Van Dorn water sampler at Om, 50m and 100m water
layers.

Forty liters of water samples were filtered though a phytoplankton net which its mesh size 20uM
and preserved in a 3 - 4% sea water formaline solution.

The samples were concentrated by precipitation. Cell count and identification were 0.09ml in 5
- 40ml of precipitive samples. Number of phytoplankton were calculated into cells/Il. Regions with
different density were drawn by defining the isoplankta. Statistical analytical indices of phytoplankton
were described following the methods in Shannon - Viener (1963).

H = Z PlogR
The diversity can measure species evens (J):
H _ H _
\] = Iog2 S H lmax (PI”OW, 1965)
Value of diversity index (Dv) can also measure:
HIZ
Dv=H'".J oMo S (Chen Qing Chao, 1994).
09,S

S
The richness index (R) measured by: Rfﬁ

Where: Pi A , N =The number of individuals of the i th species; n = The total individual
number; S: The total species.

Results
Identification

In the Viethamese waters, the total of 508 taxa consisted of 1 genus, 3 species of Cyanophyta,
1 genus, 2 species of Silicoflagellata; 63 genera, 283 species of Bacillariophyta and 34 genera,
220 species of Pyrrophyta were identified.

The taxonomic list is given in Table 1. However, some other species of phytoplankton
have not been met in this time.

The occurrence of phytoplankton species in the different areas was also given in table 1. In
the Area B, which had highest species number was 387. The number of species in the area C, A,
D were 320, 271, 218 respectively.
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Table 1. The taxonomic list of phytoplankton identified at the surface layer in the different parts of
Viethamese waters(April-May, 1999).

A: The Gulf of Tonkin +: Present
B: The Central sea waters ++: Frequent
C: The South - East sea waters +++: Abunda

D: The South - West sea waters (The Gulf of Thailand)

Species | A| B| C| D
No. Cyanophyta
1 |Oscillatoria erythraeg Ehrenberg) Geitler sl and Ihand Ehans
2 |O. contortumWille Ll A A
3 |O. thiebautii(Gem) Geitler L R I
Silicoflagellata
4 |Dictyocha fibulaEhrenberg Al s B B
5 |D. octonariaEhrenberg +
Bacillariophyta
6 |Achnanthes brevipesgardh +
7 |Actinoptyclus crassus tHeurck i L
8 |A. hexagonu§&runow +
9 |A. splendengShadbolt) Ralfs ++
10 |A. stella v. thumiA Schmidt *
11 |A. trilingulatusBrightwell A
12 |A. undulatugBailey) Ralfs N
13 [Amphipleura pellucidd&utzing +
14 |Amphiprora alataKutzing A B B B
15 |A. gigantea Grunow v. sulca{deara) Cleve LA I I s
16 |A. surirelloidesHendey +
17 |A. sp. +
18 |Amphora graeffi v. minoPeragallo +
19 |A. lineataGregory +
20 |A. ovalisKutzing ++
21 |A. quadrataBrebisson L R B B
22 |A. ventricosaGregory +
23 |Asterionella japonic&leve LA L I
24 |Asterolampra grevilleiWallich +
25 |A. marylandicaEhrenberg A R B B
26 |A. vanheurckil. Brun +
27 |Asteromphalus clevean@®@unow L A I B
28 |A.elegansGreville A
29 |A. flabellatus(Brebisson) Greville S I
30 |A. heptactigBrebisson) Greville LA L
31 |A. robustuCastracane +
32 |Bacteriastrum comosuavillard A IRan B as Ehan
33 |B. comosum v. hispid&€astracans) Ikari L I R
34 |B. delicatulumCleve A +
35 |B. elongatunCleve e
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Table 1(Continued).

Species

Al B| c| D

No.

Bacillariophyta

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

. hyalinumLauder

. hyalinum v. princefCastracane) Ikari
. mediterraneunfavillard

. minusKarsten

. variansLauder

Bellerochea malleuéBrightwell) v. Heurck
B. indicaKarstein

Biddulphia aurita(Lyngbye) Brebisson & Godey
. dubia(Brightwell) Cleve

. granulataRoper

. longicrurisGreville

. mobiliensiBailey

. obsuteKutzing

. regia(Schultze) Ostenfeld

. reticulatum(Ehrenberg) Boyer

. sinensisGreville

Brebissomia boeck{Ehrenberg) Grunow
Caloneis linearigGrunow) Boyer
Campyloneis grevilleGrunow
Campylodiscus biangulatuSreville

C. brightwellii Grunow

C. echineisshrenberg

C. fastuolosu&hrenberg

Ceratalus tugidughrenberg
Cerataulina bergoniPelagallo

C. compactaOstenfeld

Chaetoceros affinitauder

. affinis v. circinalisHustedtt

. affinis v. willei Hustedtt

. anastomosanSrunow

. atlanticusCleve

. atlanticus v. neapolitangschroder) Hustedtt
. atlanticus v. skeletofschutt) Hustedtt
. borealisBailey

. brevisSchutt

. castracaneKarsten

. cinctusGran

. coartatus_auder

. compressukauder

. constrictusGran

. covolutugCastracane

. costatusPavillard

. crinitus Schutt
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Table 1 (Continued).

Species A| B| C | D
No. Bacillariophyta
79 |C. curvisetu<Lleve R B I B
80 |C. debilisCleve +
81 [C. decipienLleve R B I B
82 |C. decipiens f. singulari&ran L L s
83 |C. densu<Lleve Aand B
84 |C. denticulatud_auder SRS s S I
85 |C. didymusEhrenberg R ol
86 |C. didymus v. anglicéGrunow) Gran LAnd B * +
87 |C. didymus v. protuberar@ran & Yendo +
88 |C. distansCleve R A
89 |C. diversuLleve AR and R as Ihany
90 |C. eibeniiGrunow R +
91 |C. indicumKarsten + +
92 |C. laciniosusSchutt A I B +
93 |C. laevisLeuduger - Formorel R L A B
94 |C. lauderiRalfs A *
95 |C. lorenzianugsrunow AR IRl I B
96 |C. messanensiGastracane Al anl R N
97 |C. muelleriLemmermann A
98 |C. nipponicalkari +
99 |[C. paradoxuLleve R B + +
100 |C. pelagicuCleve LA I I
101 |C. penduluKarsten SRS IRl I
102 |C. peruvianusBrightwell AR IRand RS B
103 |C. peruvianus f. robustéCleve) Hustedtt LA R B It
104 |C. pseudocurvisetugargin R + +
105 |C. pseudodichaetkari +
106 |C. radicansSchutt A
107 |C. rostratusLauder A
108 [C. seychelarunKarsten L e I
109 |C. siamens®stenfeld + + +
110 |C. similisCleve A +
111 | C. simplex Ostenfeld R B
112 |C. socialisLauder R + +
113 [C. subsecundu&runow) Hustedtt R ol
114 |C. subtilisCleve +
115 |C. teresCleve L +
116 |C. tetrastichonCleve R +
117 |C. tortissimusGran Al nan IR
118 |C. vanheurckiGran A *
119 [C. weissflogiiSchutt L
120 [Climacodium frauenfeldianur@runow LA IRl I
121 |C. bivoncavunCleve AR IRl I B
122 |C. moniligeraEhrenberg +
123 [Coconeis scutellurkehrenberg +
124 [Corethron hystrixHensen i e ERaasl e
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Table 1 (Continued).

No.

Species

Al B

c| D

Bacillariophyta

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

C. pelagicumGrunow
CoscinodiscusrgusEhrenberg

. bipartitusRattray

. curvisetuCleve

. centralisEhrenberg

. curvalutusGrunow

. curvalutus v. minorn(Ehrenberg) Grunow
. divisusGrunow

. excentricu€hrenberg

. granii Grough

. janischii A. Schmidt

. jonesianustenfeld

. lineatusEhrenberg

. marginatusEhrenberg

. oculatug(Fauv.) Petit

. oculus-iridisEhrenberg

. radiatusEhrenberg

. sub-bulienslorgensen

. subtilisEhrenberg

. spinosu<Chin

. thorii Pavillard

. wailesiiGran & Angst

Cymbella naviculiformig\uerswald

C. turgida(Greg) Cleve

C. ventricosa&Kutzing

Cyclotella stylorunBrightwell
Dacttyliosolenmediterraneu$eragallo
Denticulasp.

Diploneisbombus Ehrenberg

D. crabroEhrenberg

D. elliptica (Kutzing) Cleve

D. fusca(Gregory) Cleve

D. lineata (Donkin) Cleve

D. notabilis(Grevill) Cleve

Ditylum brightwellii (West) Grunow
D. sol Grunow

Donkiniarectatiferv. intermediaDonkin
Eucampiacornuta(Cleve) Grunow

E. zoodiacu€hrenberg

Fragilaria construengEhrenberg) Grunow
F. crotonensiKitton

Guinardia flaccida(Castracane) Peragallo
Gossleriella tropicaSchutt
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Table 1. (Continued).

Species A| B| C| D
No. Bacillariophyta
168 |GyrosigmabalticumEhrenberg A I I e
169 |G. spencer{Quekett) Cleve Al B I I
170 |G. strigile Smith i +
171 |G. wansbeckii(Donkin) Cleve +
172 |Grammtophora maringLyngbye) +
173 |G. undulataEhrenberg +
174 |Hemiaulus hauckiGrunow AR I B B
175 |H. indicusKarsten L I I B
176 |H. membranace&leve R B +
177 |H. sinensigGreville Aans and R as I an
178 |Hemidiscus cuneiformig/allich i + +
179 |H. hardmannianugGreville) Mann N A B
180 |LauderiaborealisGran L Il el B
181 |LeptocylindrusdanicusCleve A Easl R I
182 |Mastogonia heptagonghrenberg +
183 |Mestogloia minutaGreville +
184 |Melosira distans v. lirat§Ehrenberg) Bethge +
185 |M. juergensiAgardh + +
186 |M. mummuloide¢Dillw.) Agardh +
187 |M. sulcata(Ehrenberg) Cleve N +
188 [Navicula atlanticaSchmidt +
189 |N. cancellataDonkin + +
190 |N. barberiBarber + +
191 |N. crucigera(W. Smith) Cleve Al
192 |N. cruciloidesBrockmann + +
193 |N. directa v. remot&leve +
194 |N. elegandV. Smith N
195 |N. forcipataGreville *
196 |N. granii Jorgensen +
197 |N. hennedyiiW. Smith +
198 |N. lanceolataVN. Smith +
199 |N. linearis(Grunow) Boyer +
200 |N. marinaRalf +
201 |N. membranace€&leve L I I I
202 |N. menaianadendey +
203 |N. rostellataKutzing +
204 |N. septentrionaligGrunow) +
205 |N. tuscula(Ehrenberg) Van Heurck +
206 |N. vanhoffeniiGran +
207 [Nitzschia angularissmith +
208 [N. bilobataSmith +
209 [N. closteriumSmith +
210 [N. delicatissma&leve sl e e
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Table 1 ( Continued).

233
234

236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253

235 (R

Pyxidicula weyprechtiGrunow
Rhizosolenia acuminat@eragallo) Gran
. alataBrightwell

. alata f. curvirostridGran

. alata f. genuin&ran

. alata f. gracillimaCleve

. alata f.indica(Peragallo) Ostenfeld
. alata f. inermeg¢Caster.)

. bergoniiPeragallo

. calca-avigMl. Schultze

. castracanelPeragallo

. cleveiOstenfeld

. cochleaGrunow

. crassispingchroder

. cylindrusCleve

. delicatulaCleve

. fragilissimaBergon

. hebetata f. semispirfelensen) Gran
. hyalinaOstenfeld

. imbricataBrightwell

. imbricata v. shrubsole{Cleve) Schroder
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Species A| B| C | D
No. Bacillariophyta
211 (N. frigida Grunow + o
212 [N. longissimgBreb.) Ralfs ARas Inanl B B
213 [N. lorenzianaGrunow + +
214 |N. paradoxaGmelin) Grunow Ll B B s
215 [N. pungengsrunow S B B B
216 [N. pungens v. atlanticu@runow L I
217 [N. seriataCleve *
218 [N. sigma(Kutz) W.Smith +
219 [N. vitreaNormann +
220 N Sp +++ | +++ +++ +++
221 |Pinularia ambignaCleve +
222 [P. cruciformis(Donkin) Cleve +
223 |P. rectangulatgGregory) Rabenhorst + +
224 (Planktoniella soWallich) Schutt L Il B
225 |Pleurosigma affinédsrunow sl Il I s
226 |P. angulatun{Quekett) Smith L + +
227 [P. formosumV. Smith Rl I I s
228 |P. naviculaceunBrebisson L B
229 |P. normaniiRalfs +
230 |P. pelagicumPeragallo R B L i
231 [P. rectumDonkin L A I
232 |Pseudocunotia doliolu@Nallich) Grunow A I s
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Table 1 ( Continued).

Species A| B| C | D
No. Bacillariophyta
252 [R. imbricataBrightwell AN and ERa il Ian
253 |R. imbricata v. shrubsole(Cleve) Schroder Ot L
254 |R. robustaNorman sand Il IR A hans
255 |R. setigeraBrightwell A B B I
256 |R. stolterfothii Peragallo R I I B
257 |R. styliformisBrightwell Al aad BRa il I an
258 |R. styliformis v. latissim8rightwell s R B
259 |R. styliformis v. longispinblustedt L L
260 |Schrodelladelicatula(Peragallo) Pavillard + + +
261 |Skeletonema costatuf@reville) Cleve Ll IR B
262 |Stauroneis amphyoxy@reyory +
263 |Stephanopyxis palmerian(&reville) Grunow O +
264 |Stigmophora rostratawallich L R R B
265 |S. turris(Greville & Arnott) Ralfs
266 |Streptotheca indic&arsten + o
267 |S. thamesiShrubsole L I +
268 [Suriella amorican&eragallo +
269 |S. fastuosd&hrenberg i +
270 |S. ovataKutzing +o|
271 (S. ovalisBrebisson *
272 (S. smithiiRalfs *
273 |Synedra acus v. radianéutzing L +
274 |S. gaillonii(Bory) Ehrenberg ++
275 |Thalassionema nitzschioid&€unow R I I B
276 | Thalassiothrix delicatul&Cupp +
277 |T. frauenfeldiiGrunow ARAS I ans IERAA N B
278 |T. longissimeCleve & Grunow R I I B
279 |Thalassiosira condensa{&leve) + + +
280 [T. nordens kioldiCleve ot +
281 |T. pacificaGran & Angst A s
282 |T. subtilis(Ostenfeld) Gran Al aad BRa il I an
283 |Trachyneis asperéEhrenberg) Grunow s B B
284 |Triceratium favus€hrenberg + + +
285 |T. formosunBrightwell + + +
286 |T. pentacrinudVallich +
287 |T. pentacrinus f. quadratBeragallo + +
288 [T. shadboldtianunGrelle +

Pyrrophyta

289 |Amoebophyra ceratiiCoppen) Cachon +
290 [A. fursimormeMartin *
291 |Amphisolenia bidentat&chroder Sl Il e B
292 |A. globiferaStein + +
293 |A. palacotheroide&ofoid *
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Table 1. ( Continued).

Species A| B| C | D
No. Pyrrophyta
294 [A. schauinslandiLemmermann + +
295 [A. thrinaxSchutt + +
296 |A. sp. +
297 |Ceratium arcuatun{Gouret) Pavillard L L B
298 |C. areticum(Ehrenberg) Cleve + +
299 [C.arietinumCleve +
300 |C. beloneCleve L
301 |C. bigelowiiKofoid +
302 |C. breve(Ostenfeld & Schmidt) Schroder L + +
303 |C. breve v. paralleluniSchmidt) Jorgensen L +
304 |C. breve v. curnulturorgensen L +
305 |C. bucephalum v. heterocamptudargensen L
306 |C. candelabrun{Ehrenberg) Stein +
307 |C. candelabrun{Ehrenbergy. dilatalum(Gourret) + +
308 |C. carienseGourret LA A I
309 |C. cariense v. volan&leve) Jorgensen + + +
310 |C. cariensdGourretv. volans f. ceylannicugschroder) LA R
Jorgensen
311 |C. cephalotunfLemmermann) Kofoid +
312 |C. contortum(Gourret) Cleve L R +
313 |C. contortum v. saltafSchroder) Jorgensen L L
314 |C. declinatum(Karsten) Jorgensen L
315 |C. densOstenfeld & Schmidt +
316 |C. digitatumSchutt *
317 |C. extensun({Gourret) Cleve sl nand B asdl B
318 |C. furca(Ehrenberg) Claparede & Lachmann s nan Bl B
319 |C. furca v. eugranundorgensen S I I
320 |C. fusugEhrengerg) Duraidin L +
321 |C. fusus v. setéEhrenberg) Jorgensen LA R
322 |C. fusugEhrenberg)y. schuttii Lemmerman L
323 |C. geniculatum(Lemm.) Cleve +
324 |C. gibberum v. sinistrur@ourret L +
325 |C. hirundinellaO.F. Muller u
326 |C. horidum(Cleve) Gran +
327 |C. humileJorgensen L
328 |C. incisum(Karsten) Jorgensen + +
329 |C. inflatum(Kofoid) Jorgensen +
330 |C. inflexum(Gourret)Kofoid +
331 |C. karsteinii v. robusturdorgensen +
332 |C. kofoidiiJorgensen S IR I s
333 |C. lamellicorneKofoid +
334 |C. longinumKarsten +| +
335 |C. longipegBailey) Gran +
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Table 1. ( Continued).

Species A| B| C | D
No. Pyrrophyta
336 |C. longirotrum(Gourret) Jorgensen +
337 |C. lineatum(Ehrenberg) Cleve + +
338 |C. lunulaSchimper +
339 |C. lunula f. megacero¥orgensen aal
340 |C. macrocerogEhrenberg) Vanholf s Innnd +
341 |C. macroceros(Ehrenbergy. gallicum(Kofoid) Jorgensen| + | * | ** | **
342 |C. massiliens¢Gourret)v. armatum(Karsten) Jorgensen | *
343 |C. nipponicunmOkamura +
344 |C. palaeotheroideKofoid +
345 |C. Palmatum(Schroder) Schroder +
346 |C. palmatum(Schroder). ranipes(Cleve) Jorgensen +
347 |C. paradoxideleve +
348 |C. pavillardii Jorgensen +
349 |C. pennatunKofoid L
350 |C. pennatunKofoid f. falcata Kofoid N
351 |C. pennatunKofoid f. propria Kofoid N +
352 |C. pennatunKofoid v. scapiforméKofoid) Jorgensen N +
353 |C. pentagonun&Gourret LA I B B
354 |C. platicorneWon Daday +
355 |C. pulchellumSchroder + +
356 |C. reticulatum(Pouchet) Cleve +
357 |C. reticulatum(Pouchet). spiralis(Kofoid) Jorgensen N
358 |C. schroderiSchroder A
359 |C. sclunidtiJorgensen +
360 |C. strictum(Okamura & Niokikawa) Kofoid L B I s
361 |C. sumatranunfKarsten) Jorgensen + +
362 |C. tenugOstenfeld & Schmidt) Jorgensen +
363 |C. tenue f. inclinatunjKofoid) Jorgensen +
364 |C. teresKofoid +*
365 |C. trichocerogEhrenberg) Kofoid LR I B B
366 |C. tripos f. atlanticunOstenfeld L
367 |C. tripos f. balticunSchutt +
368 |C. tripos var. neglectéOstenfeld) Paulsen +
369 |C. tripos typica(O.F. Muller) Nitsch N
370 |Ceratocorys horrideéstein A
371 |Cladopysis brachiolatur(Stein) Pavillard L +
372 |Cochlodinium pellucidl.ohmann +
373 |Corythodinium globosurfKofoid) +
374 |C. compressurtKofoid) +
375 |Dinophysis acutd&hrenberg +
376 | D.diegen¥Kofoid v. caudataPavillard +| +
377 |D. exiguaKofoid & Skogsberg +
378 |D. expulsaKofoid & Miche + | +
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Table 1. ( Continued).

Species

Pyrrophyta

379

381
382
383
384
385
386

387
388

389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419

380 (D

D.hastataStein

. homuculusStein

. intenmedidPavillard

. ovumSchutt

. parvula(Schutt) Balech

. schuttiiMurrays & Whitting

D. rapa(Stein) Abe

Diplopsalis lenticulataBergf. asymmetricgMang)
Steid.,Davig& Will.

Diplopsalopsis sp.

Distephanus speculatum octonariumEhrenberg)
Jorgensen

Glenodium danicunPaulsen

G. apiculata(Penard) Entz.

G. gymnodiniunPernard

Gonyaulax polygramm8&tein

. heighleii(Bailey) Ostenfeld

. kofoidii Pavilard

. levanderiLemmermann

. pacificaKofoid

. polyedraStein

. spinifera(Clap & Lachm.) Dies

. triacanthaJorgensen

. turbynaiiMurray & SW
Gonyodoma ostenfelddaulsen
Gymnodinium abbreviatuikofoid & Swezy
. crassunPouchet

. gacileBergh

. heterostriatunKofoid & Swezy

. lohmanniPaulsen

. sp

. spirale(Bergh) Kofoid & Zwezy

. vestificiSchuft

Histioneis hippoperoideKofoid & Mich
H. mitchellanaMurray & whitting

H. pulchraKofoid

Mesocena polymorphghrenberg

M. polymorpha v. bioctonariéEhrenberg) Lemmermann
Murrayella punctataCleve) Kofoid
Ornithocercus heteroporusofoid

O. magnificusStein

0. serratuKofoid

0. splendidusstein

O 000

OOOO00060

OOO0000O
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Table 1. (Continued).

Species A| B| C | D
No. Pyrrophyta
420 |O. steiniiMurray & Whitting +
421 |0O. quadratusSchutt N +
422 |Oxytoxum diplocunuStein + +
423 |0. gladiolusStein +
424 |0O. laticepsSchiller +
425 |O. milneriMurray & Whitting + +
426 |O. nanumHalldal +
427 |O. parvumSchiller *
428 |0. reticulatum(Stein) Schutt + +
429 |0. scolopaXStein Al B
430 |O. subulatunkofoid +
431 |O. tesselatuniStein) Schutt + +
432 |Parahistioneis paraurray & White + +
433 [Peridinium abePauls +
434 |P. achromaticuniLevander +
435 |P. balticum(Levander) Lemmermann +
436 |P. brevePaulsen LA B
437 |P. brochiiKofoid & Swezy N
438 |P. cantenatumLevander +
439 |P. cerasudauls A IR I B
440 |P. clavusAbe A
441 |P. corniculumKofoid & Micher +
442 |P. crassipesofoid A *
443 |P. curtipesJorgensen +
444 |P. decipienslorgensen *
445 |P. depressurBailley ++
446 |P. divergen€hrenberg N
447 |P. elegan<leve + +
448 |P. Facocerogaulsen +
449 |P. faltipesKofoid L
450 [P. globulusStein +
451 |P. grandeKofoid + +
452 |P. hemispheriunibe Laad B aasl Ieans
453 |P. heteracanthur®. Dangeard +
454 |P. logipesKarsten +
455 |P. majusP. Dang +
456 |P. marukawaiAbe + +
457 |P. oceanicunVanhoff L B B +
458 |P. oceanicum v. oblongu(urivillius) Cleve A e B B
459 |P. orbicularePauls A
460 |P. pallidumOstenfeld A A
461 |P. parahistioneis pardMurray & White +
462 |P. paradoxunGaarder +
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Table 1 (Continued).

Species A| B| C| D
No. Pyrrophyta
463 |P. parallelumBroch u
464 |P. pentagonum v. depressuhe
465 |P. quarnerenséSchroder) Broch +
466 |P. rectumKofoid L s Rt B
467 |P. roseunPaulsen +
468 |P. rotundataAbe At I B
469 |P. sphaeriunDkamura L A s
470 |P. spheroide®. Dangeard LAl R I
471 |P. spiniferumSchiller + LA
472 |P. steiniiJorgensen L
473 |P. temissimuniKofoid +
474 |P. thorianumPaulsen *
475 |P. trochoideun(Stein) Lemmermann L
476 |P. sp. +
477 |Phalacroma cuneuSchutt *
478 |P. doryphoruntStein + +
479 (P. mitraSchutt A
480 |P. parvulum(Schutt) Jorgesen +
481 |P. porodicumStein Aand R B
482 |P. rotundatum(Claparede & Lachmann) Kofoid & L I

Micherner

483 |P. umbonatun®tein LR
484 |Podolampas bipeStein AR
485 |P. palmipesStein paid nand B assl e
486 |P. spiniferaOkamura S I I B
487 |Pronoctiluca pelagicdabre-Domergue +
488 |Prorocentrum compressu(Bailey) Abe’ & Dodge +
489 |P. cordatum(Ostenfeld) Dodge +
490 |P. gracile Schutt +
491 |P. lenticulatunt Matzenauer) + +
492 |P. micansEhrenberg L +
493 |P. minimum(Pavilard) Schiller +
494 |P. pyriforme(Schiller) Hasle + +
495 |P. rostatumStein +
496 |P. scutelunSchroder +
497 |Protoceratium reticulatuniClap & Lachm.) Butschli +
498 |Pyrocystis fusiformidiurray HF +
499 (P. hamuluLlevev. inaequalisSchroder A
500 |P. lunulaSchutt L R
501 |P. noctilucaMurray S el I s
502 |P. obtusaPavillard + + +
503 |P. robustaKofoid +
504 |Pyrophacus horologicurStein sl el e T
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Table 1. (Continued).

Species A| B| C | D
No. Pyrrophyta
505 |Pseudoamphiprora stauropte(8aley) Cleve +
506 |Scripstella trochoide#Stein) Balech A B a s B
507 | Triposolenia bicorniKofoid + *
508 [Warnowia schutti{Kofoid & Swezy) Schiller +

Phytoplankton abundance

Phytoplankton densities in the surface layer were hight abundance in the coastal area (A, B, C
and D).The highest cell count was 204,342 cells/| found at the station 57 in thel8&258;ells/|
at the station 3 in the area A; 62,420 cells/| at the station 37 in the area C.

At the station 10 in the off - shore of area B, the highest cell count was 147,186 cells/I [Table2,
Fig.2].

Average total cell number of phytoplankton in the same abundance which have been found in
the area Aand D 77,301 and 66,153 cells/I. In the area B and C phytoplankton abundance was mostly
lower than thatin area A and D - 11,287 and 8.585 cells/I (Table 3).

In general the distribution of phytoplankton was concentrated at the surface water layers and
decreased at the deeper water layers [Fig. 2 -5].

The average of cell number of phytoplankton in the Viethamese seawaters was 24,804 cells/| at
the surface layer, follow up 3,226 cells/l and 1,264 cells/l at the 50m and 100m layer [Table 3].

It was observed that total cell number densities of Cyanophyta were concentrated at lower
area A, upper area B and all area D.

In the upper area A, central and lower area B and C, total cell number densities of Cyanophyta
were relatively poor. Its distribution was concentrated at the surface layer and at the same time densities
decreased at the deeper water layers. [Fig. 6 - 8].

The average cell number of Cyanophyta, Bacillariophyta and Pyrrophyta in the different water
layers of the Vietnamese sea waters and its areas are given in Table 3.

In the above mentioned table, the cell number is shown that total cell number densities of
these phytoplankton were concentrated at the surface water layers and decreased clearly at the
deeper water layers. Figures 6-14 are shown the abundance distribution of these phytoplanton at
the different water layers.

Cell number abundance of Silicoflagellata was relatively poor in the Viethamese sea water.
Dictyocha octonariavas only appeared at some stations in the area B.

High cell number densities Dictyocha fibulavere found in the coastal areas A, B and C.
The distribution of densities of this species at the different water layers in the Viethamese sea waters
were given in Figures from 15 to 17. These figures and Table 3 were shown that at the 50m
water layer cell of number densities of this species was more abundant than at the other layers.

Occurrence of dominant species.

In the Cyanophyta, Oscillatoria (principal@ferythraeapresented at all the study parts from
areas A to D with abundant number and the frequently dominant species. The relative abundance of the
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Oscillatoria was 11.09 - 99.07 % of total phytoplankton number while other dominant species
reached only 9.31 - 55.63 %.

Bacteriastrum elongatum, Bellerochea malleus, Chaetoceros cinctus, Thalassionema
nitzschioides and Thalassiothrix frauenfeld@re dominant species only in some stations in the
coastal region of area A, B and D [Table 4] and distribution of these dominant species was shown in
Figure 18.

For Pyrrophyta, there was no high percentages of occurrence.

Table 2 Cell number density of phytoplankton at the surface layer in the Viethamese sea waters
(April - May 1999).

St. cells/| St. cells/| St. cells/| St. cells/|

1 3,876 16 4,420 31 1,182 46 3,974
2 87,779 17 1,398 32 1,143 47 5,387
3 185,258 18 934 33 4,733 48 7,913
4 148,500 19 1,863 34 8,803 49 17,598
5 504 20 2,797 35 1,463 50 6,046
6 5,036 21 2,036 36 6,440 51 11,359
7 110,158 22 2,787 37 62,420 52 21,614
8 1,504 23 592 38 22,566 53 13,393
9 2,865 24 2,567 39 2,426 54 28,184
10 147,186 25 2,333 40 3,154 55 9,656
11 5,595 26 3,845 41 5,601 56 15,830
12 1,583 27 2,918 42 8,483 57 204,342
13 21,108 28 2,269 43 1,904 58 170,050
14 25,001 29 7,635 44 1,567

15 1,443 30 786 45 4,806

Table 3. Average cell number densities of phytoplankton in the different water layers in Vietnamese
sea water (April - May 1999).

Cells/I
Area | Layer (m) Bacilla- Pyrro - Cyano- Silico- Total
riophyta phyta phyta flagellata | Phytoplankton

0 42,001 446 34,853 1 77,301
A 50 2,745 83 1,212 30 4,070
0 2,303 256 8,720 8 11,287
B 50 1,838 199 1,715 9 3,760
100 616 85 670 4 1,376
0 4,291 257 4,036 1 8,585
C 50 769 114 1,392 5 2,280
100 721 69 282 1 1,073
0 36,515 473 29,162 3 66,153
D 50 1,040 93 3,115 4 4,251
0 12,011 305 12,484 4 24,804
Areas 50 1,385 155 1,679 7 3,226
100 655 79 527 3 1,264
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Table 4. Average abundance of phytoplankton from 100m (or the upper bottom) to surface water
layers in the Viethamese Waters (April - May 1999).

st Jho;s)l_ Dominant species Associated species

(cells/l) Species (%) Species (%)
1 3,293 | Oscillatoria 18.12 | Guinardia flaccida 13.81
2 67,467 | Oscillatoria 15.37 | Chaetoceros paradoxus 6.31
3 | 146,990(Bellerochea malleus 31.40 | Oscillatoria 2.01
4 78,787 | Oscillatoria 74.13 | Chaetoceros compressus 5.75
5 2,487 | Thalassiothrix frauenfeldii 9.74 | Oscillatoria 9.41
6 3,981 | Oscillatoria 72.79 | Climacodium bivoncavum 4.19
7 | 56,210|Oscillatoria 98.04 | Bacteriastrum hyalinum 0.22
8 1,391 | Oscillatoria 62.91 | Climacodium bivoncavum 7.66
9 2,941 | Oscillatoria 69.57 | Climacodium bivoncavum 6.71
10| 59,981 |Oscillatoria 99.07 | Podolampas palmipes 0.11
11 2,586 | Oscillatoria 88.84 | Peridinium cerasus 1.53
12 1,371 |Oscillatoria 74.76 | Thalassiosira subtilis 3.63
13| 22,020(Thalassionema nitzschioides  9.31 |Rhizosolenia styliformis v. latissima 7.34
14| 13,930 Thalassionema nitzschioides 11.43 |Asterionella japonica 8.49
15 1,261 | Oscillatoria 85.06 | Rhizosolenia calcar-avis 2.55
16 1,929 Oscillatoria 74.30 | Thalassiothrix frauenfeldii 3.05
17 1,418 Oscillatoria 34.38 | Thalassiothrix frauenfeldii 5.71
18 2,491 |Bacteriastrum elongatum 15.66 | Oscillatoria 15.16
19 1,392 | Oscillatoria 42 .55 | Peridinium cerasus 6.23
20 1,573 | Oscillatoria 38.68 | Thalassiothrix frauenfeldii 7.37
21 1,284 | Oscillatoria 11.09 | Thalassiothrix frauenfeldii 10.34
22 1,284 | Oscillatoria 77.68 | Peridinium cerasus 2.22
23 599 | Oscillatoria 45.30 | Thalassiothrix frauenfeldii 5.35
24 1,257 [ Oscillatoria 74.32 | Thalassionema nitzschioides 1.86
25 2,102 | Oscillatoria 39.02 | Thalassionema nitzschioides 7.90
26 1,798 Oscillatoria 86.15 | Peridinium cerasus 2.37
27 1,252 [ Oscillatoria 78.79 | Peridinium cerasus 2.48
28 1,804 [ Oscillatoria 46.30 | Chaetoceros curvisetus 4.08
29 4,740 Oscillatoria 77.44 | Peridinium cerasus 1.61
30 579 | Oscillatoria 31.38 | Thalassiothrix frauenfeldii 7.98
31 622 | Oscillatoria 53.20 | Peridinium cerasus 7.88
32 546 | Oscillatoria 72.20 | Peridinium cerasus 6.49
33 3,548 Oscillatoria 87.05 | Chaetoceros tortissimus 1.77
34 5,268 | Oscillatoria 81.78 | Chaetoceros messanensis 1.73
35 990 | Oscillatoria 79.87 | Dacttyliosolen mediterraneus 4.61
36 6,857 | Thalassiothrix frauenfeldii 15.75 | Oscillatoria 14.29
37| 41,452|Nitzchia pungens 6.53 | Chaetoceros diversus 6.25
38| 17,657|Chaetoceros cinctus 55.63 | Thalassionema nitzschioides 8.27
39 1,925 Oscillatoria 70.40 | Thalassiothrix frauenfeldii 457
40 1,986 | Oscillatoria 94.29 | Dacttyliosolen mediterraneus 0.55
41 3,648 | Oscillatoria 94.11 | Peridinium cerasus 0.65

281



%QF?C Southeast Asian Fisheries Development Center

Table 4. (Continued).

st Jho;zl. Dominant species Associated species

(cells/) Species (%) Species (%)
42 4,766 | Oscillatoria 80.25 | Chaetoceros curvisetus 1.71
43 2,026 | Oscillatoria 50.86 | Thalassionema nitzschioides 10.98
44 1,191 | Oscillatoria 81.34 | Peridinium cerasus 3.23
45 2,785 Oscillatoria 86.85 | Pleurosigma naviculaceum 1.82
46 2,574 | Oscillatoria 89.59 | Peridinium cerasus 1.65
a7 3,165| Oscillatoria 86.03 | Peridinium cerasus 2.81
48 9,079 Oscillatoria 56.11 [ Rhizosolenia calcar-avis 8.71
49| 22,248|O0scillatoria 32.84 | Chaetoceros laevis 5.74
50 4,852 Oscillatoria 59.23 [ Thalassiothrix frauenfeldii 4.28
51 7,397 | Oscillatoria 88.85 | Thalassiothrix frauenfeldii 1.79
52| 12,698|Oscillatoria 91.97 | Thalassiothrix frauenfeldii 1.87
53 9,266 | Oscillatoria 36.17 | Nitzchia paradoxa 5.49
54| 25,650|Oscillatoria 61.44 [ Chaetoceros pseudocurvisetus 3.55
55 6,792 | Oscillatoria 80.70 | Gyrosigma spencetri 1.06

Species diversity indices

All species number at different water layers of each station were summed, total cell number of
phytoplankton and number of each species at different water layers were summed and calculated in
average of each station for calculating the species diversity indices [Table 5].

Table 5. Species diversity indices of phytoplankton in the Vietnamese sea waters (April - May, 1999).

Total | Total number of| Richness . .
St species| individuals indices (R) H J H max Dv
(cells/l)

1 117 3,293 2.04 4.97 0.72 6.87 3.58
2 110 67,467 0.42 5.20 0.76 6.78 3.95
3 190 146,990 0.50 3.24 0.43 7.57 1.39
4 109 78,787 0.39 2.07 0.31 6.77 0.64
5 101 2,487 2.03 5.28 0.79 6.65] 4.17
6 87 3,981 1.38 2.21 0.34 6.44 0.75
7 90 56,210 0.38 0.25 0.03 6.49 0.0%
8 61 1,391 1.64 2.66 0.44 5.93 1.17
9 64 2,941 1.18 2.33 0.39 6.00| 0.91
10 89 59,981 0.36 0.12 0.02 6.48 0.00p
11 97 2,586 1.91 1.07 0.16 6.60) 0.17
12 106 1,371 2.86 2.12 0.31 6.73 0.66
13 137 22,020 0.92 5.48 0.77 7.10 4.22
14 129 13,930 1.09 5.52 0.79 7.0] 4.36
15 89 1,261 2.51 1.40 0.22 6.48] 0.3]
16 104 1,929 2.37 2.15 0.32 6.70 0.69
17 132 1,418 3.51 452 0.64 7.04 2.89
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Table 5. (Continued).
St Total | Total number of| Richness N 3 H Dv
species| individuals indices (R) mex
(cells/l)

18 112 2,491 2.24 4.72 0.69 6.81 3.26
19 115 1,392 3.08 4.22 0.62 6.85 2.62
20 147 1,573 3.71 4.55 0.63 7.20 2.87
21 161 1,284 4.49 5.89 0.83 7.33 4.89
22 112 1,284 3.13 2.06 0.30 6.81 0.62
23 97 599 3.96 3.95 0.60 6.60 2.37
24 89 1,257 2.51 2.18 0.34 6.48] 0.74
25 92 2,102 2.01 4.00 0.61 6.52 2.44
26 97 1,798 2.29 1.29 0.20 6.60 0.26
27 113 1,252 3.19 1.94 0.28 6.82 0.54
28 158 1,804 3.72 4.36 0.60 7.30 2.62
29 129 4,740 1.87 2.12 0.30 7.01 0.64
30 119 579 4.95 4.85 0.70 6.89 3.4(
31 104 622 4.17 3.51 0.52 6.70 1.83
32 97 546 4.15 2.29 0.34 6.60 0.78
33 106 3,548 1.78 1.25 0.19 6.73 0.24
34 131 5,268 1.80 1.64 0.23 7.03 0.38
35 92 990 2.92 1.76 0.27 6.52 0.48
36 120 6,857 1.45 4.72 0.68 6.91 3.21
37 105 41,452 0.52 5.45 0.81 6.71 4.41
38 86 17,657 0.65 3.26 0.51 6.43 1.66
39 104 1,925 2.37 2.45 0.37 6.70 0.91
40 85 1,986 1.91 0.63 0.10 6.41] 0.06
41 92 3,648 1.52 0.65 0.10 6.52 0.07
42 147 4,766 2.13 1.86 0.26 7.20 0.4
43 134 2,026 2.98 3.56 0.50 7.07 1.7
44 103 1,191 2.98 1.69 0.25 6.69 0.4
45 76 2,785 1.44 1.23 0.20 6.23 0.2
46 82 2,574 1.62 1.02 0.16 6.36] 0.1
47 81 3,165 1.44 1.26 0.20 6.34 0.2
48 108 9,079 1.13 3.17 0.47 6.75 1.4
49 103 22,248 0.69 461 0.69 6.69 3.1
50 100 4,852 1.44 3.18 0.48 6.64 1.53
51 75 7,397 0.87 1.05 0.17 6.23 0.19
52 98 12,698 0.87 0.81 0.12 6.61 0.1¢
53 117 9,266 1.22 4.48 0.65 6.87 2.91
54 116 25,650 0.72 3.03 0.44 6.86 1.33
55 107 6,792 1.30 1.82 0.27 6.74 0.49
56 97 32,257 0.54 0.32 0.05 6.59 0.02
57 110 144,077 0.29 5.25 0.77| 6.79 4.04
58 91 144,253 0.24 4.26 0.66 6.51 2.81

Average 17,410 1.93 2.88 0.42 6.71 1.60

High diversity indice$!’ of phytoplankton were found at the station No: 2, 5, 13, 14,21, 37, and
No 57, and corresponding value of these stations were 5.20, 5.28, 5.48, 5.52, 5.52, 5.45 and 5.25.
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High evenness indices J of phytoplankton occurred at the stations No 2, 5, 13, 14, 21, 37 and
No 57 which had corresponding value: 0.76, 0.79, 0.77,0.79, 0.83,0.81 and 0.77.

Lowest diversity indices of phytoplankton occurred at the station No 7, 10, 40, 41, 52 and No
56 corresponding value 0.25, 0.12, 0.63, 0.81 and 0.32.

Lowest evenness indices were found at the stations No 7, 10, 40, 41, 52 and 56 which had
corresponding value 0.03, 0.02, 0.10, 0.10, 0.12 and 0.05.

As the above mention description, it showed that the change of indices were high.
Richness indices R reached high value in the station of area B and C.
Maximum diversity indiced' ., were relatively stable in the range 5.93 - 7.57.

Value of diversity indices Dv were changed in the range from 0.002 at the station 10 to 4.89 at
the station 21.

The average of species diversity indices of phytoplankton in the different areas of Vietnamese
sea water were shown in the Table 6.

Table 6. Species diversity indices of phytoplankton in the different areas of the Viethamese waters
(April - May 1999).

Total number| Richness| Diversity | Maximum | Evenness | Diversity

Area | Total of indices indices diversity indices value

specieg individuals (R) (H indices ) (Dv)

(cells/l) (H' max)

A 271 51,316 1.02 3.32 6.80 0.48 2.07
B 387 5,984 251 3.17 6.73 0.46 1.84
C 320 6,517 2.03 2.49 6.67 0.37 1.21
D 218 53,570 0.74 2.85 6.71 0.42 1.67
Areas | 508 17,410 1.93 2.88 6.71 0.42 1.60

Discussion and Conclusion

1. According to the data from Nguyen Tien Canh (1996), the phytoplankton collected by Van
Dorn water sampler were reacher than that by phytoplankton net [Table 7].

2. Tendency of distribution of phytoplankton of this cruise was similar to the distribution of
phytoplankton in the Viethamese seawaters in the past years.

3. Diversity indices and their application to aquatic studies were described by Washington (1994)
and Metealfe (1989) [in Mason (1995)]. The most widly used indices of diversity which were those
based on the information theory, the most frequent measure was being used by the Shannon index
which assumes that individuals are randomly sampled from an indefinittly large population:

H'= Z PI |Og FI) .
The I(:jiversity indicdd’ of phytoplankton is to show the occured frequency at one of areas, it

mainly related to the number that the character vietics of diversity phytoplankton had to relationship
with the variation of number and of phytoplankton composition.

In order to have the index that refected typical characteristic of diversity, Chen Qing Chao
(1993) calculated diversity value Dv for tropical marine regions:
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Dv =H'". J or Dv H'7l0g,(S)
And provided level of diversity in Table 8.

Table 7.Average cell number of Phytoplankton sampled by Phytoplanton net (1959 - 1986) (1) and

by Van Dorn water sampler (1999) (2) in the different areas of the Viethamese waters.

Area
Sampler A B c D
Q) 1,926 437 827 5,549
2) 51,316 5,984 6,517 53,570

Table 8.Field of phytoplankton diversity value in Viethamese waters.

Value of phytoplankton
diversity (Dv)

> 3.5 Richness diversity I

Level of phytoplankton diversity Form of diversity

26-35 Rich diversity I

16-25 Fair diversity 1l

06-15 Normal diversity v
<0.6 Low diversity V

According to the above mentioned issue, the diversity value of area A reached 2.07 (form Ill),
which was the fair diversity area, the other areas that were normal diversity were from 1.21 - 1.34
(form IV).
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Fig. 12 Pyrophyta population density (cells/l)at the Fig. 13.
surface water layer in the Viethamese

waters (April-May, 1999).
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