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PREFACE

PR "E

At preeent when the world s;tuatlon is making rapid progress
and development there is no good reason why the study of the
oceans and lakes accountlng for approx1mate 2/3 of the earth may be
left behind the times., It should be .said to be quite significant
that the event of Internation, Geophysical Year has recently been
1naugurated and the unknown regions as well as the areas not fully
surveyed heretofore are belng exp101ted and revealed one by one,

The study of number of floatlng animals and floating plants
living in water, that 1s, zoo—plankton and phyto-plankton has
been prosecuted by many 1nvest1gators, as a result of which it
turned out that they also affect the human life directly or in~
dlrectly, and thelr 1myortance 15 now being recognized increasing-
ly.

. ﬁt the request of Viet-Namese Government the author proceed-
ed to lead the planktology for the Viet-Namese students as the
Expert of Japan under the Colombo Plan in Saigon University in 1963.
The researches in plankton had just been instituted in this coun-~
try. and. therefore the author was obliged to start with the most
fundamental subgect of what kinds of plankton are living there in
whet- dlstrlbutlon pattern. A large number of literatures pertain-
ing to plankton in the world are published, but those dealing with
planktons in Southeast-A31a are not many in number. Further, the
author. keenly felt inconvenience in that no well~compiled reference
materlals concernlng plankton were available in Viet-Nam,

The motlve which actuated the author as a young and immature
scholar to dare the survey of one country and undertake the publi-
catlon of this book can be attrlbuted on one hand, to the author's
greet affectlon for Viet-Namese students and research workers
sllently contlnulng their studies’ under the present iragic situa-
tion in Viet-Nam as well as the author's great joy of co-operation
in the same science. In the meantime, while working for Saigon
University (1963-1965) and Nhatrang Oceanographic Institute (1965-
1967), the author received a vigit from a number of experts of
UNESCO, FAO, USOM and COLOMBO including the research workers from
abroad speclallzlng in the same subject as well as the prominent
Persons of various universities. They gave the auvthor many helpful
advices as well as encouragement and desired the immediate publica-
tion znd introduction of Viet-Namese plankton, which greatly moved
the author.... .-~

Trough this book is mostly based on the unaided surveys by the
author himself and may not entirely be satisfactory, it would be
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the greatest pleasure for him if it should serve as a guide for
the young Viet-Namese students and be utilized also by the re-

search workers in the Southern Asian countries, by making up its
deficiency, and contribute towards the basic studies as well as
the oceanic and lacustrine development and researches including

those related to fisheries.

The author hereby expresses his heartiest thanks to the Di~ *
rector of Viet-Nam Fisheries Bureau, Dr. Ngo-Ba-Than; the direc-
tors of the respective local fisheries bureaus; Dr. Le~Van-Thoi,
the former Dean of Faculty of Science, Saigon University; Dr.
Hoang-Quoc-Truong, Professor of Zoological Laboratory, Science
Department of Seigon University; the Professor of Botenical La-
boratory, Dr. FPham~Hoang-Ho:; the ex-Director of Nhetrang Ocea-
nographic Institute Dr. Nguyen-Chung-Tu, the former Director Dr.
Hoong-Ngoc-Can, the present Director Dr. Nguyen-Hai, the Assistant
Director Mr. Tran-Ngoe-Loi, the Chemical Laboratory assistant Mr,
Nguyen-Thuong-Dao for their kind assistance, as well as to all the
staff of the University and Research Institute for their co-opera-

tion.

The author also extends his thanks to Dr. Chikeyoshi Matsu-
daira, Professor of oceanography at Tohoku University Agricultural
Department, for his kind offer of electron microscopic photographs
and Dr, Teiji Kariya, Professor of fisheries and biology at Tohoku
University Agricultural Department, for his encouragement, Final-
1y, the author expresses his deepest thanks to Director Generel
Mr. Shinichi Shibusawa, the former Chief of External Operation Di-~
vision, Mr. Kohei Yoshida, the former Chief of Experts Assignment
Section, Mr., Yasuichi Uehara, and also Mr. Michio Tekeda, and pre-
sent Chief of Experts Assignment Section, Mr. Moriya Miyamoto, re~
spectively of Overseas Technical Co~operation Agency taking charge
of the furnishing of experimental equipments as well as technical
aid to Asia, Africa, Middle end Near Bast, Central and South Ameri-
ca, ete, and at the some time interested in the publication of this
book, and to the staff of 0.T.C.A. for their kind officesn.

At Fhatrang Oceanographie Imstitute,
March 6, 1966

Akihiko Shirota
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FRONTISPIECE

These pictures (2, 3, 4)
show Skeletonema costatum_
(marine Diatom), they are
taken by the Electron-
microscope (made by Hitachi
Co. in Japan ... 1) at the
Laboratory of Oceanography,
Department of Fisheries,
Faculty of Agriculture,
Tchoku University in Japan

on June 2, 1960,
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Pictures 5. 6. Plankton cultures at the laboratory of
Planktology, Oceanographic Institute of Nhatrang,
south Viet-Nam; 1964,

Picture 5. Artificial cultures of Marine Zoo and Phyto-Plankton.

Picture 6. Artificial culture of the Marine Phyto-Flankion.



Mass culture (1 ton) of
u . Plankton at the Oceanographic
G % =~ Institute of Nhatrang,
i Viet-Nam; 1965. .

Picture 7. Outward appearance
of the culture's box.

Picture 8. Mass culture of
Digtom in the aerated
condition.




Out-of-door
mass culture;

1965.

Pictures 9. 1l. 12,
Setting place of
Mass culture's

box.

Pieture 10, Filtration jar and the mass culture's box.




Current-rip ocecurs at the open sez
of Nha-Trang (Pictures 13. 14. 15.).

The place is very important for
fishery, because it isrich in plankton,
as well as in small and younger fish
as food for the big fish which have the
economic value.

Pictures 14. 15. Current-rip. (Air view)




INTRODUCTION

South Viet-Nam is located on the east side of Indo~China
Peninsula, adjoins North Viet-Nam in the north at N.L. 17°,
borders on Cambodia a2s well as Laos in the west, facing South
China Sea in the east,oand has long shorelines in the south ex-
tending down to N.L. 8°30', The year's temperature ranges from
26 to 30°C and under the influences of tropical monsoon, a year
can be divided into dry and wet seasons subject to certain devia-
tions according to the areas.

Though the major reports so far published on plankton in
South Viet-Nam are enumerated in Chapter I, no reporits are aveil-
able on fresh water plankton except only a nominal part of Erotozoa
while in respect of marine plankton, the existing reports deal
chiefly with the classification of plankton in specific areas and
it may be said that up fto the present no reports have been publish-
ed perteining to plankton over the entire area (coastal region) of
Viet-Nam. As for the culture of plankion, no reports have been
nade before 1963.

The author has had opportunities to conduct the survey of
plankton in prineipal inland water and coastal regions of Viet-
Nam in and after 1965. However, in the case of inland survey, it
was possible to wisit only the limited areas and a thorough survey
of seasonal variations of plankton in various areas could not be
made. In the meantime, however, the author classified Viet-Namese
fresh water and marine plankiton according to the samples related
to these regions and indexed approz. 1,700 kinds of plankton.

This book is chiefly based on the results of above-mentioned
researches, but it also incorporates the following items., The
contents of this book are as follows:

1, The principal studies made so far of plankton in Viet-Nam as
well as the trends of planktology being currently pushed for-
ward are intrpoduced in Chapter I, to which some of the author's
personal comments are added. By knowing the particulars of
reports made by these pioneers, it would be possible to de-
termine a policy concerning the types and methods of research
and study to be made in future in that country.

2. About 1,700 types of fresh water plankton in lakes, marshes,
ponds, culture ponds and streems in various areas of Viet-Nam
as well as marine plankton in the coastal regions as indexed
out by the author are described in Chapter IIT, while their
distribution is shown in Chapter IV, The Chapter IV also
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provides a paragraph related specifically to the plankton in
hatcheries, in which plankton obtained from various fish ponds
are compared and evaluated.

The itinerary of above survey and the brief memoranda pertain-
ing to the survey sites are compiled in the form of tables in
Chapter II.

As the study of plankton in Viet-Nam has so far been directed
chiefly towards their classification, no reports were avail-
able concerning the relationship betweéen plankton and their
habitats. For the purpose of grasping the causes of increase
or decrease of plankton depending on the environmental condi-
tions, the author took an example of Whatrang in Central Viet-
Nam and made comparative analysis of the relations between
plankion biomass and the environments in Whatrang Bay and its
open sea in dry and wet seasons., The result thereof is describ-
ed in Chapter V.

For the purpose of information, part of the Report on Naga Ex-
pedition carried out in 1959~1861 to determine the character-
istics of the current along Viet-Namese coasts and in the
ocean, especially the South Chine Sea, and monsoon winds is
extracted and described in Chapter VI.

In Chapter VII, the conclusion is drawn pertaining to South
Viet-Namese fresh water and marine plankton on the basis of

the results of sbove-mentioned survey conducted by the author
snd at the same time, the author's opinion is given as to the
course to be taken in future application and development relat-
ed to plankton in consideration of the geographicel conditions
in South Viet-Nam.

In Chapter VIII, the plankton in the southern region (low
latitude zone) is observed from various angles and compared
with the plankton in the northern region (high latitude zone )
and their environments. The utilization of plankton is also
briefly deseribed and further, as to the ‘culture of plankton,
the world's major culture methods are outlined for both fresh
water and marine plankton. I hope that these data will con-
tribute to the future development of plankton physiology and
culture.

The sketches of South Viet-Namese fresh water and marine plank-
ton are shown in Chapter IX., These sketches were made by the
author with an intention to mske the beginners familiar with
various types of plankton.

-2 =



The pictures contained in Chapter X are those of stations and
places token by the author in course of survey of various
arsas. From vhat places had these plankton been collected can
be clearly seen from the pictures, which indicate that in the
case of survey of fresh water lakes, marshes and rivers, the
characteristic color of water comes to the fore. Aerial photos
are attached to the pictures related to the survey along the
rivers in cities, etc., for better understanding of the condi-
tions in the viecinity. These pictures are included in the hope
that they may be of some benefit to those who are interested
in the place of collection.



CHAPTER I THE HISTORY OF PLANKTOLOGY IN VIET-NAM



The prineipal researches and studies of plankton which have
been and are being conducted in Viet-Nam are introduced together
with the author's comments as follows:

A. TFresh Waker Plankion

The first study of fresh water plankton in Viet-Nam was in-
itianted by M. Lefevre (1933). His report is concerned with phyto-
plankton collected from the pond in Saigon Botanieal Garden,
Hoong-Q-Truong (1960) examined- the free living Protozoa in Saigon-
Cholon area and classified them into 110 kinds. Though his report
deals with a biological classification, the survey seems to have
been made bearing in mind the study conducted in Viet-Nam by C.
Boisson (1957a, 1957b) as to Protozoa parasitic on men and animal.
A. Shirota (1963a) investigated into fresh water plankton at the
fish culture stations in Cholon, Saigon, Thu-Duec, Dalat, Nhatrang
and Hue as well as in the lakes, marshes and streams, and classi-
fied them into 175 types of phyto-plankton and 55 types of zoo-
plankton. This report may be the firsi one on the fresh water
plankton in Viet-Nam in that it 1) deals with both phyto-plankton
and zoo-planktgn, 2) employs gquantitative representation (gram or
number per 1 m } and 3) takes into account the relation between
plankton and fish culture., Subsequently, i. Shirota and Hoang-Q-
Truong (19652 in press) made a survey of fresh water plankton in
the principal areas of Viet-Nam and obtained many new informations.
Tran-thi-Hanh has been studying the seasonal variations of plank-
ton at Thu-Duc fish culture station in and after 1964 while Rhuyen-
Thoung-Dao also started in 1966 the survey of the distribution and
seasonal variations of Rotifera in the lakes and marshes in Dalat,

B, Marine Plankton

In respect of marine plankton, M. Rose (1926) made the first
survey of plankton in Nhatrang Bay of Central Viet-Nam. There-
after, C. Dawydoff (19%6) exomined quite in detail the plankton
in Nhatreng Bay. This report furnishes the most valuable data in
the past. The said report was prepared during the five yeors from
1929 to 1935 while he stayed at Nhatrang Oceanographic Institute,
and describes 500 odd types including the classification of sam-
ples and benthos in the Gulf of Thailand. In addition, salinity
and water temperature, though not complete, are also contained
therein. R. Seréne (1937) published a list of marine invertebrata
living along the coast of Viet~Nam.

Serene (1948) investigated during the period of 1938 to 1942

-5~



into plankton (except Diatoms and Protozoa) in Nhatrang Bay. His
report indicates the plankton appearing throughout a year in
Nhatrang Bay in the number of individual per group and month, re-
cording both day and night data. Specially interesting is that
by providing the upper part of plankton net with electric lamps,
plankton was collected 3 times, 30 minutes each, from 7 p.m. to
4:30 a.m. from the surface layer of 25 to 30 cm. As a result;.
Crustacea (Ostracoda, Copepoda, Cumacae, Schizopoda, Isopoda,
Amphipoda, Zoea, Megalopa, Decapoda, Stomatopoda), Chaetognatha,
Folvchaeta, Nematoda and pisces larva were caught scores of times
or depending upon the species, Several thousand times as many as
a daytime 30 minute catch. For instance, in the case of Copepoda,
the data of 193%8-1939 set forth a daytime catch of epprox. 1,400-
10,000 (3,000 individuals on an average) from morning (6:30 a.m.)
#i1l evening (5:30 p.m.) as against 3,000-80,000 (53,000 individu-
als on an average) from evening {7 p.m.) till early morning (4:30
a.m.). Such tendency of markedly increased catch of plankton at
night as compered with daytime could be observed similarly each
year, On the contrary, Coelenterata including Medusa and Siphono-
phora as well as Tunicata (Salpa, Appendiculata) rather showed a
decreasing tendency.

Needless to say, the fact (that the greater number of individu-
als are found at night) may be interpreted in terms of the influ-
ence due to phototaxis of organism to a certain degree, but clarify-
ing it with regard to such environmental aspects as the distribution
in the respective layers of dissolved oxygen, water temperature,
salinity or chlorinity, difference between the cases of employment
and non~employment of the lamp, relations with fishery, and to other
agpects not taken up by him, will be a significant problem to be
solved in future. Alsc, the question of the use of the lamp is
quite interesting in connection with the fishery of pisces strong
in phototaxis, such as squid, and is considered to be applicable
quite extensively. In Japan, T. Suzuki (1963) published a detail=
ed report on his studies made of the relations between squid migra-
tion and plankton, etec. by means of the meteorological radar and
fish finder during daytime and at night.

M. Hamon (1956) made a survey of Chaetognatha in Fhatrang Bay
while M. Yamash® ta (1958) investigated during the period of 1957
to 1958 into plankton in Nhatrang Bay and reported thet the month-
1y maximum was 36.6 cr'/m3 in May, 1958 with the minimum of average
0.28 cc/m in February, 1958, and that the increaze at the time
when the maximum of plankton was reached was due to phyto-plankton
(chiefly Diatoms and green-aslgae) instead of zoo-plankton. The
"oreen-algae" as termed by Yamashite is considered to be Trichodes-
mium Thiebautie and T. erythracum falling under Cyanophyta accord-

ing to the author's survey.
-6 -



M, Rose (1955) classified plankton on the basis of data of
Nhatrang Bay plankton collected by H.G.Renson during the period
December 1953 to January 1954. The region surveyed was the small
water area in the western part of Nhatrang Bay encompassed by the
Islands Hon Lon, Hon Mieu, Hon Tam, Hon Mot and the Oceanographic
Research Institute. This report does not contain any novel in-
formation, In the meantime, the said survey region is a calm sea
located behind the large island called "Hon Lon" and not affected
by strong northeast wind even in the rainy season, (His report
is related to rainy season).

Hoang-Q-Truong (1962) directed his attention to phyto-plank-
tons, especially Diatoms, in Nhatrang Bay and classified them into
154 species. This report is the first one made in Viet-Namese
language by a Viet~Namese in investigating into Viet-Namese marine
plankton (zoo-plankton not included).

A. Shirota (1963 b) conducted researches in the plankton
biomass and environmental conditions in Whatrang Bay and open ses
(all the prior researches had dealt with the Bay only and no open
sea survey had been made) and made clear the characteristics of
Nhatrang plankton as follows; that is to say, plankton biomass in
the dry sesson is 2.7 times higher in the Bay (0.88 g/m3 on the
average) than in the open sea (0.33 g/m3 on the average, about
15 km from the beach) whereas in the rainy season, it is lower in
the Bay (0.65 g/m3 on the average) than in the open sea (1.49 gﬁ@
on the average or 2,3 times that of Bay), a tendency entirely con-
trary to the case of dry season having been thus confirmed. He
further drew the conclusion that the maximum plenktor biomass in
the open sea in the rainy season was higher than the maximum in
Bay in the dry season and that the plankiton fluctuations in dry
and wet seasons were attributable to the influence of fresh water
flowing from the two rivers into the Bay upon the sea water chlo-
rinity.

He further points it out that discussing the Nhatrang plank-
ton on the sole basis of the Bay date may lead to an erroneous
conclusion and especially in case of taking into acgount fishery
in Nhatrang (411 the fishing boats are less than 1 ton and the
area 10 to 20 km from the beach constitutes the principal fish-
ing zone vwhile the fishing operation is carried out quite seldom
in the Bay in both dry and rainy seasons), the survey of open sea
in comparison with the Bay data is indispensable.

In respect of an ocean survey and especially that of South
China Sea, Naga reports {1961, 1963) incorporating the results
of the recent Gulf of China and South China Sea Expedition (1959-
1961) are available. This expedition was undertaken under the
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auspices of the University of California and Scripps Institution
of Oceanography of U.S.A., in which several Thai and Viet-Namese
staff also participated. This survey was made, as mentioned in
the "INTRODUCTION", for the purpose of the development of unex-—
ploited or not fully surveyed areas from the viewpoint of the ex-
ploitation of protein resources with consideration for overpopula-
tion in Southeast Asia as well as for the purpose of development
of fishery. Im point of, plankton data, the survey was mainly- di-
rected towards zoo-plankton or the secondary producers living on
phyto~plankton or the basic producers and therefore the said re-
port does not deal with phyto-plankton. Among the zoo-plankton,
Copepoda, Euphausia, Petropoda, Chretogratha and Siphonophora
presenting useful water mass indices in many oceanic areas and
being also important feed for commercial fish were taken up in
the report.

According to the said report, the zoo-plankton biomass in the
South Viet-Nam area is, if compared in terms of *the standing crop,
equivalent to 1/3-1/5 of plankton in the Gulf of Thailand coastal
waters while the plankton biomass in the South China Sea is said
to be corresponding to the plankton volume as measured in the open
tropical Pacific by King and Demond (1953). The report says that
the plankton in the Viet-Nam coastal region often accounted for
more than 100 cc/1,000 m), whereas the mean value in the Total
South China Sea Area ranged from 36 cc/l,OOO m3 in December 1959
4o 68 ee/1,000 m® in September-October 1960.

Dividing the South China Sea facing South Viet-Nam into 4 parts
on the basis of the said report, it could be said as follows:

1. Zoo-plankton in the coastal waters from Hue (N, Lat, 16°30')
up to E. Long. 110 including Nhatrang and Phan~Rang amounts
to 0.1 cc/m .

2. 0,15 ec/md in the waters within the range from Phen-Rang to
the soutgern tip (east gide) of Ca-Mau Peninsula and up to N,
Lat. 5-6".

3, Varying depending on the season in the coastal water from the
southern tip (west side)of Ca-Mau Peninsula to Phu-Quoc, that
is, 1.0-1.1 ce/m’ during the April-May period and 0.3-0.5 ce/m?
during the Auvgust-January period.

4. 0.05 cc/m? or less in the external water farther to the east
of 1. (Bast of E. Long. 110°).

According to the result of survey made by A. Shirota dyrin
the period o% 1963 to 1965 in the Viet-Nam cgastal waters {(within

-8 -



10-20 km from the beach), the plankion biomass inciuding phyto-
and zoo-pl%nkton recorded less than 1.0 g/m3 with the mean value
of 0.3 g/m?, while the maximum reached 2,0 g/ﬁ3 in Central Viet-
Nam in the rainy season. In the meantime, Shirota examined the
plankton in the coastal waters to the west (abou? 15 km from the
beach)of CaMau Peninsula at Phu-Quoc and Rach-Gia from the mid-
dle to the latter part of September, 1964 and obtained the values
of 0.6-0.8 g/m3, though one cannot discuss the plankton in the
waters west of Ca-lai Peninsula regarding these two places as re-
presenting the entire area. The said period falls on the closing
period of rainy season, but the above values are two to three
times higher than the mean plankton bicmass in the Viet-Nam coast-
al waters facing South China Sea. Accordingly, this tendency of
higher plankton biomass in the waters west of Ca-Mau Peninsula as
observed by Shirota coincides with the conclusion of Naga expedi-
tion., The difference in mass is consider:td to have heen caused
in that the places more than about 100 km from the beach were sur-
veyed in the case of Nage expedition whereas Shirota surveyed the
places only about 15 ¥m from the beach. In the meantime, in re~
spect of the survey at the same place, th higher plankton biomass
in the rainy season than in the dry season is demonstrated by the
result of Naga expedition covering the Ca-Mau Peninsula waters
(higher biomass in the March-September period which falls on the
rainy season).

C. Environmental Survey

As for the oceanic environmental survey, the reports by C.
Dayydoff (1931-1933) and R. Serene (1935, 1949) are available and
they drew the following conclusions concerning surface salinity
and temperature in Nhatrang Bay of Central Viet-Nam. That is,
they observed that in the Nhatrang Bay, the mean water temperature
ranged between 28°¢ and 2900 in the April-October period (dry
segson) Witg the maximum of 31-31,47°C, while it ranged beiween
23°C and 24°C in Jenuary and February (rainy season) with the
naximum of 21-22°C and salinity ranged between 33 and%59/y, (the
maximumis 36.669/p according to N. Hai), but it decreased down %o
25~28°A30in&herainy season., Further, N. Hai, ete. (1960) and H.
N, Can (Not yet published) made 2 survey of Nhatrang Bay as to the
entirely same factors as above and deduced the entirely ssasme con-
clusions.

Mentioned above are the survey results obtained in respect
of Nhatrang Bay, but as to the survey of the open sea and the
South China Sea, the reports by Shirota (1963 b and the one not
yet published) and Naga expedition (1959-1961) are the only ones
available. Table 1 shows the results of survey by A. Shirota
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(1963),95Qﬁhatrang Bay and its open sea, but no researches have
so fan been conducted into nitrate, phosphate and siligatg,;etc;a

Dpeﬁ\gedf(frqm._"
Bay ‘beach .15-20 km)
Dry Rainy Dry- - Raiqy -
season | season | season . -|seasord»
Hater oo | Surfage | 29,0 | 27.95 | 29.1 | 285 |-
Temp?%g) ¢ 15 @ 56.4 | 28.45 | 28.35 | 28.5- .
Oxygen Surface 4,33 4.35 . 4.38 4,33 -
(ce/L) 15 m 4.40 4,22 4.43 4,22 |- .
13.2n| 5.6m 13.15w| 1315w [
Akalini Surface - 50.05 - . |.36.5
Cc02 (mg/zg 15 m - 34,0 - . |"36.5
Chlorinity ~ Surface 20,09 14.81 20.35 19.13
®/00 15 o 20,0 19.87 | 20.0 19.96
Salinity Surface | 36.29 26.76 36.76 34,56
(°/00) 15 36.13 | 35.89 | 36.13 | 36.06 - -
Table 1: The enviromment in the Dry and Rainy season in

Nhatrang Bey and the open sea, Centrzl Viel- .
Nem (by A. Shirota, 1963 b)

The result of oceanographic surveyof the South China Sea is
described in the aforementioned "Naga Expedition® reports,

b.

The Culture of Plankton

ot
[

- .

It will not be too much to say that a study-of culture has.not
been made at all in Viet-Nam. Pham-H-Ho of the Saigon'University
vreviously tried the culture of marine algae and. ulva {though not
being plankton); Also, he and a few collesgues initiated the cul-
ture of Spirogyra, Zyegneme and Mougetial, ete. falling under fresh
water Zygnemataceae. In respect of animal, Hoang-Q-Truong is now
undertaking the culture of Protozoa. - ' .

As the study of culture is also the study of pﬁysiology and

ecology and possible artificially to create an optimum environ-

ment for that species, so the study can develop:to-en applied re-
search. 10



-In the Planktology Leboratory of Nhatreng Oceanographic In-
stitute, the following cultures are in progress:

1. Fresh Water Plankton

The author et al. carried out a pure culture of Scene-
desmus dimorphs of Chlorophyta by means of Matsudaira medium.
Scenedesmus is one-of the most popular species and has been

- studied by a number of specialists. In this country, how-
ever, it may be' the first time that such systematic culture
has been undertaken.

Scenedesmus dimorphus employed is the one purely sepa-
rated by A. Shirota in the Saigon University. According to
Le-thi-Ngoc-Anh and A. Shirota (unpublished), the number of
individuals reached 2 x 106/m1 on an average and 4577760 in-
dividuals/nl asthe maximum during the culture. (These values
were obiained in an experiment to change the volume of nitro-
gen in Matsudaira medium). In the case of aeration, the mean
value reached 5 x 106 individuals/ml which is 2.5 times as
high as the value in the case of still water experiment,

As for zoo-plankton, the culture of Moina affinis of
Cladocera was undertaken {by A. Shirota and Tran-D-An. 1966 g,
in press). In this experiment, a satisfactory result was ob-
tained employing Scenedesmus dimorphus as feed and therefore
mass culture was tried. Using l-ton box and four 40W fluores-~
cent lamps and under continuous day-and night illumination,
Moina affinisg was placed in a 1 ton water tank in which Scene-
desmus had been caused to multiply beforehand, and the multi-
plication process was observed. As a result, the number of
Moina reached a meximum of 8560 individuals/L in about 10 days.
This value (8.6 individuals/ml) is a high one as the experi-
mental value in mass culture, In the case of experiments on
the culture of Daphnia of Cladgeera in a glass container of
less than one lifre, the value of 12 individuals/ml is he
maximum obtained es far as the suthor knows.

The culture of Rotifera {(Brachionus and a few other
species) is being carried on by Neuyen-Thuong-Dao at Dalat
under the guidance of the author..

In the meantime, no applied experiments have so far been
conducted on pisces larva in Viet-Nam.

2. Marine Plankton

Similar to the case of fresh water plankton, the culiure
) - 11 ~



of marine plankiton is still in a rudimentary stage. The au-~
thor et al. are carrying out pure culture of Chaetoceros
Lorenzianus and several species of Diatoms utilizing Miquel-
Allen-Nelson culture medium, The culture of Diztoms has re-
cently made a remarkable progress and also in respect of its
culture medium, new ones have been invented and are being em-
ployed, that is, successful results have been achieved using
EDTA (Ethylene-Diamine-Tetra-Acetic-Acid), TRIS (Tris-Hydroxy-
nethyl Aminomethane), Glycerophosphates, NTA (Nitro-Trio-
Acetate) and Vitamin Bjo, ete., but the culture by means of
such media has not yet been conducted in Viet-Nam.

On the other hand, the culture of naturally caught zoo-
plankton is not yet undertaken, but in respect of Artemig
galina (A. Shirota introduced dry eggs first in Viet-Nam in
1963), egzs could be obtained in about 5 to 6 days by feed-
ing Artemia with cultured Chaetoceros and Coscinodiscus and
through an aeration for about 10 days in still water (water
temperature: 2800), and could be bred repeatedly through ten-
odd generations. At the same time, many permanent eggs could
be recovered successfully. (A. Shirota and Neuyen-T.-Dao;

Not published yet). Further, the author and others are study-
ing the 1ife history and breeding of Mysis (Mesopodopsis siab-
beri) by means of such cultured Artemia.

E. The Relstion Between Plankton & Fishing-Ground

It is often observed that when supersonic waves are emitted in-
to the water, reflectinns from the positions other than the sea
bottom or the school of fish are recorded and appear as if they re-
present the sea bottom or the school of fish, With the progress
of study in various countries on the cause of such phenomenon, it
has been found that such layer can be observed at every place in
any sea of the world and inasmuch as it is the layer which scatters
sound waves in the deep sea, it has been designated as "Deep sea
Scattering Layer" or in short "DSL". i

H

The cause of formation of DSL is being studied by many researchi
workers and so far it has been confirmed that it consists of plank-:
tons and especially 1) it comprises zoo-plankton serving as feed '
for principal pisces and Mollusca (especially Decapoda = squid), ‘
2) they can be observed abundantly in current rip and 3) the schooll
of fish moves in accordance with the daily cycle of zoo-plankton !
movement (to rise at about sunset and fall at about sunrise), and i
go the move of fish school can be detected on the basis of such
chenges in DSL. Accordingly, it is confirmed that a place where i
DSL exists constitutes comparatively good fishing-ground in many

- 12 ~
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cases,

Such studies by means of fish finders are carried out mostly
in the high latitude zones (due also to an abundant existence of
planktons% and this kind of study seems to be conducted gquite
seldom in the southern areas. ©Such researches have already been
carried out exhaustively in the East China Sea, but the survey
of the South China Sea seems to have not yet been undertaken.

At the advice of Dr. Xinosuke Kimura, Professor of TOHOKU
University, and with the cooperation and support of Dr., Hai, Di-
rector of Nhatrang Oceanographie Research Institute in Viet-Nan,
the author started to tackle with this problem and is now continu-
ing the researches.

- 13 -
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STTUATION OF SOUTH VIEI-NaM aND THE AREA OF RESEARCH
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THE PLANKTON RESEARCH ON FRESH WATERS
OF SOUTH VIET-FAM

Flaca @ Sampling Station H Date H Note
Hue :  Fish culture station : July 23, 1963 : ZBOCO = 5,8
:  Perfumes river : Mar. 10, 1964 H 24,7¢C ©pH= 5,2
Da-Nang :  Buong river : Mar, 11, 1964 : 25,9°C Brackish
Quang-Ngai : Drir river : Mer. 13, 1964 : 24,1°C  prackish
0-Loan Dam : Bay : Apr. 10, 1964 : 30,9°C Brackish
Pru-Huz ¢ Fond * May 12, 1965 : 30°0 = 6,4
{Ngoc~Diem): : :
Nhatrang : Fish culture station : May 13, 1963 H 29,0%¢ Brackish
: " : Jun. 18, 1964 : ag,sgc p= 8,0
: " : Dec. 5, 1964 3 29,1 ¢ pH=8,0
t HRiver {Cus Be Nhatrang) : Jun. 20, 1964 H 26,8°C  pi= 5,0
t+  Ponds :+ Nov., 6, 1964 H 26 - 30°C
Da-lat  : Cam-Ly river : Apr, 16,1963 @ 24,0°C pH= 5,5
: Fish culture ponds (:-Apr. 16, 1963 : 26,0°C  pi= 6,0
: (:-aug. 30, 1964 : 28,7.C pH= 6,2
:  Pond of Premn : Apr. 18, 1983 : 23,06 ¢ pl= 5,5
1 Than-Tho lake s Apr. 17, 1963 : 25.0°C pH= 5,5
:  Me-Linh leke + Apr, 17, 1963 : 24,0°C  pH= 5,5
:  Van-Kiep lake : A 19, 1963 : 24,2°%c = 5,6
:  Fuan-Fuong lake : Apr. 22, 1963 : 24,3% D= 5,8
Song-Fha : Dam of Da-Fhin : Apr. 20 - 21,19653 25,6°C  pH= 5,8
: : Aug. 31, 1964 : 28,2°% pi= 6,7
Phan-Thiet : River : May 21, 1954 : 29,0%  Brackish
: : Jan, 28, 1955 : 26,0°C Brackish
Bien-Hom ¢ Dong-Nai river : Feb, 21, 1964 : 26,0°¢ pi= 5,0
: : Sem, 27, 1964 : 28,4°% pH=5,2
Thu-Due  : Fish eulture pond t Apr. 9, 1963 : 28,0  zH= 5,0
: t Dec. T, 1963 : 28,2% pH= 5,0
: : Jen, 8, 1564 : 27,4% pH= 5,2
: : Aug. 11, 1964 : 29,3‘;0 pE= 6,0
H t Mar. 2, 1965 s 29,0°C pH= 5,5
Saigon :  Saigon river : Mar, 22, 1963 F] 25,8 pH=5,8-6,2
: : Aug. 3, 1963 : 28,0°c H= 6,2
Cholon :  Fish oculture pond T Mar, 26, 1963 H 31,000 pE= 7,6
:  Fieu-Tong Muoi : Mar, 26,1963 :  29,5°C pH-7,4
:  River, ponds : Feb. 7, 1964 : 28,6°c pH= 5,8
: : : 28,3°¢c p= 4,0
Can-Tho ¢t Mekong river t Nov. 16, 1963 : 28,0°c trar;gparancy
* 20em
:  Pond of Adrport : Sep. 10, 1964 : 31,4° = 5,8
Ca-Mau : Fish culturs pond 1 + Sep. 12, 1964 : 27,9°C pE=6,8
H " 2 3 Sep. 12, 1964 2 27,8 ¢ pi=T7,2
River : Sep, 12, 19564 : 28,4% pH= 4,5
: lLake : Sep. 13, 1964 : 27,7°C  pH= 6,4
Rach~Gima : Fish culture pond + Sep. 16, 1964 : 29,5%¢ H= 6,0
:  River and pond og field : Bep. 16: 1964 H H?.;'zr is 1I:rack:’lsh
: Lake  WT, 29,5% : : Pond 29,2%¢ pH= 5,8
Phu-Quac : River :+ Sep. 18, 1964 : 28,4°C  Brackish
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THE PLANKTON RESEARCE ON SEA WATERS
OF SOUCH VIET-NAK

. Sampling . .
Plage t Station : Date : Note
Thusn-An : 15-20 Km  : Mar. 9, 1064 : W7, 22,5%
from beach

Da-Nang  : " : Mar. 11, 1564 : 25.2%
Quang-Ngai : " : Mar, 13, 1964 : 24.4%
Qui-Nhon " : Apr. 12, 1964 : 26.8%

:  (Bay) : : 28.1%
Tuy-Hoa : n : Apr. 9, 1964 : 28.1%
0-Loan :  Bay : Apr. 9, 1964 : 31.0%
Phu-Huun : Brackish : Apr. 17, 19, 27, 1965 :

:  river : May 20, 1965 : -] -]

: : Tum. 10, 1962 ; 29-32°C 3 €1(%/p0) 7.7-15.5

: :  Aug. 18, 1965 H
Ngoc-Diem : Bay : Apr. 17, 27, 1965 : 28.4°%¢ 3 01{%/00) 19.8

: : May 20, 1965 : 28.5-30°C
Kha-Trang : Bay and :  Apr. 25, 1965 H

:  Open Sea :+ May 20, 21, 1963 :

: + Jun. 11, 1963 :

: : Oct. 1, 2, 1963 :

: :+ May 12, 1964 :

H : Jun. 17, 1964 H

: + Aug. 28, 1964 H

: : Dee. 16, 1963 H

: : Dec. 12, 1963 H

: : Apr. 15, 1965 t

: : Jun. 15, 1965 :

: :+ 8ep. &, 1965 H
Cam-Ranh : Bay : Jun. 14, 1963 : as.ogc

: : May 12, 1964 : 29.3°¢C
Phan-Ranh : May 20, 1964 : 29,2%
Phan-Thiet : 15-20 Km  : Mar. 30, 31, 1963 : o

: from beach : May 21, 1964 $ 29,2°C
Vung-Tau @ : Sep. 12, 1963 s 30.620

: : Apr. 10, 1964 : 29.2°C
Rach-Gia 1 " : Sep., 16, 1964 1 30.4%
Fhu-Quoe ¢ " : Sep, 18, 1964 : 28,2%
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CHAPTER IIT. CLASSIFICATION:OF. THE -FRESH WATER AND
THE MARTNE FLANKTON IN SOUTH VIET-NAM



A,

FRESH WATER PLANKTON

) P Dizmeter
Col. D, —————- Diameter of a Colony
F, —————o— Female
. Male
[ S — Female
B e Male
Hy ——mememem— Height
| P — Length
Wo meec e Width

Leg 5 ——w—memem 5 th. Leg



PHYTO--PLANKTON

Phylum CYANOPHYTA

Order CHROOCOCCALES .

Family CHROOCOCCACEAE e
Chroococcus giganteus WeSt D.SO ceerrrcenovocaocsss
" limmeticus Lemmermann D.8-10p «:c-esees
Coelosphaerium Kutzingianum Nageli D.48-90p -+ec-c0ns
Aphanocapsa pulchra (Rutz.) Rab, COL.D.60N evaeeerns
Merismopedia elegans A.Braun Col.D.50-60p --eevecees
Polyeystis incerta Lemm. D.60-T0p evaceccvrseecans, .

Synechocystis aguatilis Sauvageau D.4p seeecrrroree-

=10V

Order OSCILIATORIALES
Suborder OSCILLATORINEAE
Family OSCILLATORIACEAE
Arthrospira Jenneri (Kutz.) Stiz. W.5-=Tp s+eesee-c-. 8
Lyngbya contorta Lemm, ..eeesvererancranacncnnenes .. 9
" Birgei G.M.Smith W.20-24p «.evceevencisess.]0
Dscillatoria formosa Bory W.7-8p +.eveecrvsssesaes.1l
" limosa Ag. W.l4=1Ti ccecevvrnriraesnnsenl?
" princeps Veucher D,16-90p ¢rsesessceree13
Phormidium autumnale (AG.) Gomont W.7-10y ev------.14
Phorphyrosiphon Notarisii (Menegh.) Kutz., W.25-30p 15
Spirulina major EKutz. W.3-4u P X 2
" princepus (W&G.S.West) G.S.West D.10-14p 17
Symploca muscorum (Aig.) Gomont D.5-8j sceoerervneas 18
Trichodesmium lacustre Klebahn W.7p «-ccevecevvers.s19

Suborder NOSTOCHINEAE
Family  NOSTOCACEAE
Anabaena circinalis (Kutz.) Rab, seceevvecesas. reee20
" Levanderi Lemm, W.51L svcevc-ns seesessasansnl
Anabaenopsis Elenkinii Miller W.4-5f crecevccerre... 22
Aulosira implexa Bornet & Flahault W.8-10u -+e-v....23
Aphanizomenon flos-aquae (L.} Ralfs W.51 earas-uucaea2d
Nostoe Linclda. (Roth.) Born., W.3=41 ceeevescianeee.25
" Sphaericum Vaucher tesasensreresnnacsscsssseseb
Nodularia sSpumigena DMert W.16=18p r-cecvvoaceceran. 27
" " var. minor Fritsch W.6-8p «-¢eveeee....28

Family  SCYTONEMATACEAR
Flectonema Tomasiniana (Xutz.) Born W.17-204.....--29



Phylum CHRYSOPHYTA
(lass BACILLARTACEAE (DIATOMS)
Order I CENTRALES
Suborder I DISCINEAE
Family 1., MELOCIRACEAE

Melosira
1

Agugsizii ...«

R RN N N N N NN R E I

distans Kutzing D.4-20p Ho4-9Y% cveeoeraas

granulata Ralfs

D.5-21p H.5-181 vevvvsans

" yar, angustissime Mwll D.3-5p L.30-50u,
fo. spiralis D.15-25y H.4-8Bp .......

" yar. mMuzZzZanensis
valida s.seess

n

srrrsbtr e s i rdedborRaea

----- IR NN NN N EERER NN

islandice O, Mull D.7-27p H.4-21p cevenans
italica Kutzing D.5-28p H.B8-21p ...... e
MAlayensis cieieccrrrcensocnss veeesnas treee

varians

Family 2. COSCINODISCACEAE

Agardh D-8_35p- H' 9"“13” LRI A A AR R )

Cyclotella comta ZKutzing D.15-50p .e.veveenn. cocas
n Kutzingiana Thawaites D.10-45% eevevess
" Meneghiniana Kutzing D.10-30p .e..c.e. .e
Stephanodiscus Hantzschii Grunow D.8-20p ...... e

Suborder TII SQLENTINBAE
Family 3. RHTIZOSOLENTACEAE
Rhizosolenisa

eriensis

longiseta Zacharias

Suborder III BIDDULPHIINEAE
Family 4. CHAETOCERACEAR

Chaetocero

8

Muelleri Lemmermann

Family 5.  BIDDULPHIACEAE

Attheys Zachariasi

Order II PENNALES
Suborder I ARAPHIDINEAE

Family 5. FRAGILARIACEARE

Asterionella formosa Hassall L.40-130y Wel=2i venee

n
Fragilaria

n

1]
Synedra

n

H.L. Smith D.6-15p

L.40‘-150u LR A B )
D.4-10p L.70-250p ..

Wh=301 sovunnnss .

J. Brunow W.12-40p ....inveenns

gracillima (Hant,) Heiberg L.40-1304 .,...
capucina Desn L.25-100p ......... veses
construens Grunow L,7-2%5p W.5-12u .......
crotonensis Kitton L,40-TOU .ovevenss seas
acus Xutzing L,100-300p W.5-6y ........ .
" var, angustissima L,500p W.1-2y ...... .

radians Hust

- 21 -

W.2~4p L.40-200y ...

30

41
42
43
44

45
46

47

48

49
50

52
53
54
55
56



Synedra
1t

affinis (Kutz) L.60-15p W.2-5p veeuunnn..,
" var. fasciculata Grun. L,20-100p W.3-Tp .

cumingtonl .seviveereanirerenrecoerressanaes

Pulchella wvar. 1lanceolata 0'Meara

L.33-1501 vivvuuss

tabulata Kutzing L.25=2001 vevevcvvrrneeee
" var., grandis Meresckowsky L,250p ......
ulna Ehrenberg L.50-3501 W.5-91 .....uu...

Family 7. TABELLARIACEAE

Tabellari

1t

11

it
Diatoma

[1}

n

a fenestrata Xutz.

L.30-140p W.3-9y .....

" var, asterionelloides ...eeceecersenn.

*om intermedia
frocculosa Kutsz.
elongatum Agardh
linearis Grun, ..

LR R N I I B A N I N PO ar

L.12-50p W.5-164 ,....
L.40-120p W.2-4p .....

CEEE I I I I B B I R R A

valgare Bory L.30-60p W.10-13p ........
" yar, brevis Grun., L.20-30p .........

Suborder II MONORAPHIDINEAE
Family 8. ACHNANTHACEAE

Achnanthe

t

Cocconeis
1M

n

Suborder IIT

se coarctata (Breb)
lanceolata (Breb)

GrUuloW +eeeveeserenans
Grun. seieeeereeneas

pediculus Ehrenberg L,15-56p W.10-37p

placentula Ehr.

L.11-70p W10-40u ,....

" var. klinoraphis Geitler .........

BIRAPHTDINEARE

Family 9, WAVICULAGEAE
cuspidate Kutz, LBO-1501 ..eviviivveennnnnen
gracilis Ehr, L.36-60p W.6-100 ..0vvuu...
gastrum Hustedt ...ocvvveicrrernnnnaseinnas

Navicula
n

L]
1]

placentula Grun. L,

30-~70p W,14-28) ......

" form  Jjenisseyensis Meister L.80 p .
" " lanceolata GruN,: .seceeeeveees.
" " latiuscula Meister ............

" " rostrata

Meyer seeesevresenscee

radiosa Kutz. 5L.40-120p W.10-19y ......

rhynchocephala Kutz.

Amphipleura pellucida Kutz,

Amphora

Cymbella
mn

1t

L.35-60p W,10-13u ..
L.80-140p W.7-9n .....

hendeyi n. sp., L.39-401 viiveeevivannanes

Ovalis seeveveinanan

cistula Grun., L.35-

LA I I R I R I B AR Y

180k W.15-361 vuvunn. .

lanceolata Van Heurck L.70-210n W,24-34yn
naviculiformis Auverswald L.30-50n

obtusiuscula Grun.
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Cymbella
"

Frustulia
Gomphonema
Gyrosigma

Mastogloia
Neidium

"
Finnularia

n

L1}

Stauroneis

parva Cleve L,25-70p W.8-12¢L .........
turgida Cleve L.30-100p W.9-25u ......
ventricosa Kutz. L.10-40p W.5-12u ....
rhomboides (Ehr.) Toni L,70-140p ....
acuminatum Ehrenberg L.30-70p ....... .
attenuatum (Kutz.) Rabh. L.150-240p
W.23-260 ...
danseii EThwaites) W. Smith L.40-65p .
affine
* yar. amphirhynchus (Ehr.) Cleve ...
gibba Ehro L080“90u PEs e s Pt e bbb
splendida Hust, L.451 ccvvivnccrnrane.
nobilis Ehr, L.230-2601 ..vvevevsecens
anceps Ehr, ..eceseveses seststatetnans

Family 10. EPITHEMIACEAE

Epithemia

1
n

Bhopalodla

argus Kutz. L.30-130p W.6-15u ........

" yar, alpestris Grun. ............. .
turgida Kutz, L.60-100p W.15-18p .....
gebra Kutz. L,30-150p W.7-14p ....... .

" yar, porcelius Grun. ...c.cecosnes.

" " gaxonica Grun. L. 15-70p
V.8-101 vvvnnss
gibba (Ehr.) 0.Muller L,150% eovvvvv..
ventricosa (Kutz.) O.Muller L.80y ...

Family 11. NITZSCHIACEAE

Hantzschia amphioxys (Grun,) L.35-601% ......... ..
Nitzschia acicularis W.Smith L.50-150p ......... .
" actinastroides ......c.vvvn... sressssnrs
" filiformis Hust L.20-100u W.4-61 .....
" Tonticola ... .iieiniincersonnsonans .
" brebissonii W.Smith L. 200—250u eeene .
" nyassensis ......i.iiiirtrcececrtnceanes
" Philippinarum .. .c.ieevenrrnnnrnnnrnnns
" ricta Hantsch .....c.cvivinervinnnnenss
" BUbroStratas .iiiiieciiirer e e
" vermicularis (Kutz.) Grun, L.90-250p

W-S-?H s

Family 12, SURIRELLACEAE
Cymatopleura solea (Breb) W.Smith L.30-300p

W.10-40p .....

Campylodiscus hibernicus Ehr., L.80-1301 vvvveesenn

Surirella

1]
"

biseriata Brebisson L.B80-350p

W 30—80u s pmbaa
elegans Ehr. L,1%50u W.40-901u ......
ovalis Breb. L,40 g On -0 .
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97
98

99
100

Ehr.) Pfitzer L. very variablelOl

1p2
103
104
105
106

107
108
109
110
111

112
113
114

115
116
117
118
119
120
121
122
123
124

125



Surirella robusta Ehr., L.150-400p W.50-150p ..... 131
" " var, splendida L.75-250p W.40-60p ... 132
" stristulia Turp. L.110-2401 veevvennn., 133
" tenera Greg, L.100-150n ....... craevses 134

Class HETEROCONTAE (XANTHOPHYCEA)
Order HETEROCOCCALES
Family 13, PLEUROCHLORIDACEAR
Botrydiopsis arhiza Borzi L.10-40p v.vevvevenvs.. 135
Leuvenia natans Gardner L,30-50p .......c...n.. .. 136

Order HETEROTRICHALES
Fanily 14. TRIBONEMATACEARE
Tribonema bonbycinum (AG) Derbes and Sol D,15p .. 137
Bumilleria sicula Borzi D.10-131 +eveveneeevesan. 138
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Phylum CHLOROPHYTA
Class CHLOROFPHYCEAE
Order TETRASPORALES
Family PALMELLACEARE
Asterococcus limneticus Smith Cel.D.300-130wn .... 139
Palmells miniata var. aequalis Nag., D,18-25p .... 140
Sphaerocystis Schroeteri Chod. Col.D.30-55p ..... 141

Order CHLOROCOCCALES
Family CHLOROCOCCACEAE
Chlorococcum humicola (Nag.) Rab. Col.D.28-35p .... 142
Oophila Amblystomatis Lambert D.15-181 ........ .o 143
Trebouxiaz Cladonie Smith D.8-131 cvevecreeeseee.. 144
Desmatractum indutum (Ceither) Pascher L.76-84p . 145

Pamily MICRACTINIACEAE
Acanthosphaera Zachariasi Lemm, D,10y¢ ........... 146
Golenkinia paucispina W. & G.S.West D.15-20p .... 147
Micractinium pusiilum Fresenius Col.D.15-20p .... 148

Family CHARACIACEAE
Schroederia setigera Lemm. ....... treesasssanana . 149

Family
Coelastra cambricum Arch, L.28=35H seceevcencrnee 150

Family DICTYOSFHAERIACEAR
Dictyosphaerium pulchellun Wood L.70-100¢ ....... 151

Family HYDRODICTYACEAE
Pediastrum biradiatum Meyen L,1200 seeeeeeseseres 152
n Boryanun ver. longicorne Raciborsky
D.BO-IOO tie e an 153
" sinplex var. duodenariun {Bailey) Rab.
L.120R vvveeeee. 154

Family OOCYSTACEAE
Ankistrodesmus faleatus {Corda.) Ralfs Col.D.

40-T0p ... 155
Chlorella variegatus Beijerinck D.5-104 ......... 156
Chodatella subsalsa Lepm. L,10-15p ......... eeee 157
n quadriseta Lenm, D.10-15f s.e.e.ev.... 158
Cerasterias irregulare G.M.Smith L.45-58u ....... 159
Closteridiun lunula Reinsch L,10-154 ........... 160

Closteriopsis longissima var. tropica W. & G. S,
West L,260-280u .... 161
Franceia tuberculata G.M.Smith D.17-22p ........ 162
" Droescheri (Lemn.) G.M.Smith D.10-l4p . 163
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Echinosphaerella limnetiea Smith L.50p .........

Oocystis Bo

I'gei SHOW. L.30"‘401‘- LI B R R B B I N R R

" Eremosphaeria Smith L1.40p ............
Flanktosphaeria gelatinosa G.M.Smith D.13-15p ..

Pachycladon

Selenastrum
it

Treubaria ¢

Tetraedron Jlobatum Hansgirg var. Subtetrraedricun

Family SCENEDE

Crucigenia
1

Scenedesmus
n

umbrinus Smith L.80-100R ..........
gracile Reinsch L,10-18p .........
Bibraianum Reinsch L,15-20 ,,.....
rassispina Smith L.100p .....euve...

Reinsch L.25-30p .....

SMACEAE
fenestrata L.15-181 v.ovvvvrrvessecnen
tetrapedia (Kirchner) W. & G.S.West
L.I5SW .......
quadrata Morren L.l21 ...eivevuenn..
rectangularis (¥ag.) Gay L.10p .....
abundans Chodat L.B-10y .....0vvenv..
armatus G.,M.Smith L,10-14p .........
bijuga (Turp.) ZLagerh L.,12-15p ....
denticulatus var. linearis Hansg
L.11-24u ..
dimorphus {Turp.) Kutz. L.20-25y ,..
hystrizx Lagerh L.13-I15p ...vevevenns
obliquus (Turp.) Kutz, L.15p ......
quadricauda var. quadrispina Smith
L.12—14u L I I R A R

Order ZYGNEMATALES
Family ZYGNEMATACEAE

Mougeotia
n

scalaris Hass., D.27-300 ....vevvennn.
viridis (Kutz.) Wittr. DO vevessenans

Mougeotiopais calospora Palla D.14=161L .rvveevw.

Spirogyra
"

Zygnemopsis

ahmedabadensis ..vvveveveancereannnnns
BZYFHEOSPOTE  savvsnenrcnescossacosnannnns
e )
Prolifics seveiveesscivsnsncnnncennnes
protecta Wood D.30U sevevrrnvrenvses
amgricana Transeau D.9-10p ........

Family MESOTAENTACEAE

Gonatozygon

Family DESMIDI

Arthrodesmus
1]

1t
1

aculeatum Hast. L.160-220p ........

ACEAR
apiculatus Joshua suseseeseccevurons
convergens ENr. ...cceevetvecvcecens
curvatus Turner var, latus ,.......
arcuatus JoShUZ c.eveeeerenoconenans
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Closterium Acerosum Ehr. fa. rectum fa.nov.
L.GBOW wvveneen.. 199
" calosporum Wittr. L.90p ......p.e..... 200
n cornu Ehr, var. javanicum Gutw,
L2201 civeennsnas 201
" dianae Ehr, var. minus (Wille)
Schroder L.103u., 202
n ehrenbergii Menegh L.420-428p ........ 203
n gracile Breb. L,140-180p ...ecev..... 204
u moniliforme (Bory) Ehr. L.290-320p .. 205
" porrectum Nordst L.180-200p .......... 206
" " yar, angustatum West & West
L.1I0SY soveivnn-o. 207
" rectimarginatum sp. nov, L, 202-212yn .. 208
" setaceum TEhr., L.2921 .cvvacrcncrreses 209
Cosmarium exasperatum Joshua L.30p ......cee0..0.. 210
" granatum Breb. var. rotundotum Krieg
L,24-251 weeerenass 211
" indentatum Gronbl var, ellipticum
Scott & Gronb L.30p ... 212
it nymannianum Grunow L.361 ....ieiseas. 213
" phaseolus Breb ver, omphalum
Raciborski ....... 214
" pseudopyramidatum Lund var., oculatunm
Krieg sp. L.50-55p ..... 215
" vitiosum Scott & Gronbl var. oriental
L4043 wivsviasinnseas 216
Desmidium  bengalicum Turner D.251 s.eeevsrv.... 217
" Aptogonum Breb var. tetragonum
West & West D.25p ...... 218
" swartzii Agardh D.25%-30p ......-0.... 219
Eyalotheca mucosa (Dillw.) ENT. evvevvvuvsnsn.. 220
" dissiliens (J.E.Smith) Breb W.25p ... 221
Hicrasterias ceratofera Josh. L.200-235p ....... 222
" foliacen Bail L.82p W.B8TH .evvvvns... 223
" mehabuleshwarensis Hobs var., surculifera
Lngerheim ............. 224
" torreyi Bail. var. crameri (Bern.)
Erieg L.370-400p ...... 225
Onychonema laneve Nordst var, micracanthum Nordst . 226
Pleurotaenium baculoides (Roy & Biss) Playf
L5431 wevvevveocansees 227
Sphaerozosma nitens Arch. var. triangulere
Turn. fa, Javanicum Gutw. L.20~25p..+ 228
" granulatum Roy & Biss L.13-15p ,.... 229
Spondylosium planum (Woll) West & West v....oe... 230
Staurastrum acanthastrum West & West L.33p W.75p . 231
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Staurastrum anatinoides Scott & Presc var.
javanicum L.33p W.50u ...
i corpiculatum Tund var, variabile

Nords
" conmatum (Lund.)
L.20-
" cuspidatum Breb
" var, divergens

t L2730 vernneenns
Roy & Biss

25u IR RN N EE]
L.o22u WolTH wovnnnns
Nordst fa. minus

fa. nov, L.20-251u .......

" dejectum 3Breb L

& Pre

.15_18u s 0 AP e saa

gracile Ralfs var, elongatum Scott

SC L-29“32u St eas e

" indentatum West & West L.42-46p
W.ll—lZ‘[,L LR RE I B R A B N N ]

" megacanthum Lund

e Lu2TH seveveaneanas

" " var. kalimantanum var, nov.
L027—40u W.Gsu LRI BN B )

i orbiculare Ralfs
Roy &

var. depressum
Biss L.24-2T1L av.v.

" pseudopachyrhyncum Wolle L,31p

" punctulatum Breb

" rhynchoceps Krie
nov,

" smithii Teiling

Vo291 weevnnnnns
L.50p W.3510 weeues.
g, var. curvatum var.
L.45-501 cevevnnoan
L.22p W.601 cuvanns.

" tohopekaligense Wolle fa. minus

Scott & Presc

L.22-30p ¥.18-21y .

n trissacanthum var. dissacanthum

" wildemanii Gutw,
" " yar, unispini

L.250 coanase
L.50-60p W.47-63u .
ferum Scott & Presc.

" woltereckii Behre L.25u W.33U .oneus

" zonatum Borges.

var, ceylanicum

West & West L.40-45p .......
Xanthidium  burkillii West & West L.451 .s.eevens

" spinosum (Josh.)
1 sansibarense Hie

Order ULOTRICHALES
Suborder ULOTRICHINEAE
Family MICROSPORACEAE
Microspora Willeana Wittr.

Family PROTGCOCCACEAE
Protococcus viridis Agardh

- 28 ~

West & West
L.50-551 seuvieas
r. fo. asymmetricum.

Dill-131 vevuvnnnness

Do 14-16] vuvevnrnnons
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235
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246

247
248
249
250
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252
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254
255
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Family TRENTEPOHLIACEAE

Trentepohlia aurea var. polycarpa Hariot D,7-8u ..

Family ULOTRICHACEAE

Ulothrix zonata (Weber & Mohr) Kuts. D.17-20p ..

Suborder SPHAEROPLEINEAE
Family SPHAEROPLEACEAE

Sphaeroples annulina (Roth) Agradh D,17-1%1 ....

Order ULVALES
Family SCHIZOMERIDACEAE

Schizomeris Leibleinii Kutz.

Order CLADOTHORALES
Family CLADOPHORACEAR

D'25"32p- sP e s adPERS

Basicladia Chelorum (Collins) Hoffmann & Tilden ..
Rhizoclonium hieroglyphicum (Ag.) Kutz. D.35¢ o....

Order  QEDOGONIALES
Family OEDOGONIACEAE
Oedogonium crassum (Hass. )
" crispun {Hass.)

Wittr,
Wittr.

Bulbochaete gigantea Pringsh ......

Order  SCHIZOGONTALES
Family SCHIZOGONIACEAE
Schizogonium murale Kutz.

- 29 -
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Dl15-17u a2 s v
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?hylum PROTOZOA
Class MASTIGOPHORA
Subclass PHYTOMASTIGOPHORA (PHYTOFLAGELLATA)
Order CHRYSOMONADALES
Family MALLOMONADACEAE
Mallomonas caudata var., macrolepis Conrad L.50-75y.
" producta Iwanoff L.34-361 .ceieceees..

Family OCHROMONADACEAE

Dinobryon divergens Imhof L.30-351 sueucvvvvsens
" sertularia Ehr., L.30-3Th ..veevaevees
" Stipit&m Stein L- 55"'641»1- Ss s s de s e

Epipyxis utriculus Stein L.27-30L +vicvvevnne.
Uroglenopsis americana (Calkins) Lemm, D.15-18n .

Order CHRYSOCAPSALES
Family CHRYSOCAPSACEAR
Chrysocapsa planktonica (W. & G.S. West)
Pascher Col.D.50p ....... .-

Order RHTIZOCHLORIDALES
Family STIPITOCOCCACEAE
Stipitococcus urceolatus W. & G.S. West
LIO-1T7H evvananas

Order RHIZOCHRYSIDALES
Family RHIZOCHRYSIDACEALE
Chrysamoeba radians Klebs W.23-251 .ivvcvvvvarses

Class CHLOROPHYCEAR
Order CHLORCCHYTRIDIALES
Family CHLOROCHYTRIDIACEAE
Pedinomonas minor Xorshikov L.2-Th svessavecssasa

Order POLYBLEPHARTIDALES
FPamily POLYBLEPHARIDACEARE
Dunaliella salina Teodor L.20Pp sevisavssscnns P
Heteromastix angulata EKorshikov L,7-10p .....44..
Pyramidomonas tetrarhynchos Schmards L.30p ......
Stephanoptera gracilis M.Smith L.15-1TPE seescues

Order VOLVOCALES
Family CHLAMYDCHONADACEAR

Chlamydomonas COMPLEt: sveeerrererene veverterrans .
" chrysomonadis seveeversvecrevreveree
" cingulata Pascher L.23-251 .cvevquse
" inhabilis seeeevessesssacrcnreane .
T kvildensis Bt e s vt ronceraanae s easqa
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280
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Chlamydomonas PraecoX .esesess setrssaass sressess. 288

.’ Rodhei a9 95 & F a0 I B I R BE NN B B BE BN N B A N ] 289
Chlorogonium elongatum Dang. L.50-55% ........ 290
Polytoma uvella Fhr, L,18-200 c.vveere... 291

Family HARMATOCOCCACEAE
Haematococcus lacustris (Girod.) Rostaf
L.36-40p s a0 00 ag 292

Family PHACOTACEAE
Pedinopera granulosa (Playf.) Pascher L.38-40p 293

Family SPONDYLOMORACEAE
Pascheriella tetras Korshikov L.18-25p ...... 294

Family VOLVOCACEAE
Eudorina elegans Ehr. D.180-200p (Colony) .... 295
" unicocca G.M.Smith D,40-45p (Colony). 296

Gonium formosum Pascher ..vieeascscssssocesss 297
" pectorale Muell, D,35-40u (Colony) .. 298
Pandorina morum Bory .......... erssscsnesernss 299
n MINOdL secscasearrernosncs secesern eeees 300

Pleodorina californica Shaw. D.240-260p
(Colony) .... 301
Volvox aureus Ehr., D.250-300L .aceeseeesss 302

Order  DINOPHYCEAE (DINOFLAGELLATA)
Suborder  GYMNODINIALES
Family GYMNODINIACEAE
Gymnodinium neglectum (Schilling) Lindem L.30p. 303
" aeruginosum Stein L.39% L......... 304
Gyrodinium  pusillum (Schill,) Kofoid & Swezy
L.24y ...... 305
Massartia Musei (Danysz.) Schiller L.24-30p ... 306
" vorticella (Stein) Schiller
L.28-354 ... 307

Suborder DIROCOCCALES
Family PHYTODINIACEAR
Hypnodinium sphaericum Klebs L.508 ........... 308

Suborder  PERIDINIALES
Family CERATIACEAE
Ceratium hirundinella (0.F.M,) Schrank
L.200~250p. . 309

Family GLENODINIACEAE
Bernardinium bernardinense Chodat IL.17-18p ... 310



Glenodinium berolinense (Lemm.) Lindem
L.28-34}l eSS e v sasveraa 311
" kulczynskii {Woloszynska) Schiller
L.20"30u- eE st rr R e et 312
" penardiforme (Lindemann) Schi. L.20p .., 3153
" quadridens (Stein) Schi, L.37-40p ... 314
" uliginosum Schilling L1.2% vie0ves... 315
Hemidinium nasutum Stein L.25-301 cevevevences.. 316
Sphaerodinium ecinctum Ehr. L.40-460 ....vevevn... 317

Family GONYAULACACEAR
Gonyaulax apiculata (Penard) Entz, L.45-52p ... 318

" palustre Lemm, L.35-37p t.ivcveevns. .. 319
Family PERIDINIACEAE
Peridinium aciculiferum ......... essavrcesassearse 2520
" africanum  .s...vievrvernranana sevireneas 521
" gatunense Nygaard L.46-48p .eiv.se... 322
" palatinum Lauterborn L.48-52p ....... 323
n SPIniferunl seiovesensrvaaviass cresaess 324
u SEriolatim seveeerveceresrrvrrronennnns 325
" umbonatum Stein L.28-30p ............ 326

Order CRYPTOPHYCEAE
Suborder MONOMASTIGACEAE
Family MONOMASTIGACEAE
Monomastix opisthostigma Scherffel L.2lu ....... 327

Suborder CRYPTOMONADALES
Family CRYPTOCHRYSIDACEAR

Cryptochrysis commutata Pascher L,20-25u ...... .. 328
Family CRYPTOMONADACEAR

Cryptomonas erosa Ehr., L.40U seevepreeversnsncens 329

Chilomonas  Paramaecium BEhr. L.40-451 .......... . 330

Order EUGLENALES
Family ASTASIACEAE
Astasia Dangeardii Lemm. L.30-35U ..oceveea- . 331

Family EUGLENACEAE
Euglena acus FEhr, L.52-1751 D.8-18p .svv.vsn. . 332
" " yvar, rigida Hubner L.109~126u
DaT-9% wuvsvsaas 333

n acutissima Lemnerman L,.120-150u
D.9-11p +.uue-.. 334
" " yvar. longa n. var, L.220-350u
D,10-135k ..... . 335



Euglena

Cryptoglena
Lepocinelis
"

Phacus
It

anabaena var. minor cebasssssases .
ceudata Hubner L,90-120p D.27- 50p e
deses Ehr. L.86-170p D.11-21p ......

" ygr, tenuis Lemm. L.95-140u
D.811p ...vu..
ehrenbergii Klebs L.190-400u
D.13-30p vuuuns
geniculata .e.sevseens sereeearanarras
gracilis Klebs L.35-55u D.8-22y ...,
grenulata Klebs L.60-95p D.18-27p ..
hyalina .eveeeceecvecscsarscasssas ciee
intermedia Klebs L 85-130p D, 8—12u .
klebsii Mainx L.45-85p D.5-8p .....
MiNIMA sevvesassaasassssaasssas cesens
oblonga Schmitz, L.52-70p D.25-40y .
oxyuris Schmarda L.140-450p
D'19-38p‘ L
pisciformis Klebs L.21-34p D.5-8u ..
polymorpha Dangeard L.57-92p
D¢15-251J- 200
proxima Dang, L.55-75¢ D.19-30u ....
pseudospiroides Swirenko L.95-150p
D,15-221 ..... .
p3eudoviridisS ec.vevecscoccncsace P,
rostrifera n, sp. L.90-140u
D.18-48p ......
rubra Hardy L.76-167u D.25-36p .....
sociabilis Dangeard L,65-112y
D.16-30p ......
spirogyra Ehr. L.80-126p D.10-35u ..
" var, abrupte-acuminata Lemm,
L.130-145y D.15-1Ty .
spiroides Lemm, L,75-164p D.12-16y .

splendens Dang, L.74-110p D. 21—27p .
spirogyra var, marchica ......... ies
terricola Dang. L.68-93p D.8-17 ...

tripteris Dujardin L,90-120y ...... .

velata Klebs L.80-115p D.25-35u ...,

pigra Ehr, L.15-18p D.10R vovvvennnn
fusiformis Carter L.50p ....... seens
ovum (Ehr.) Lemm. L. FOU cevennerene

acuminata Stokes L.30-40p D.20-30y..
" var, iowensis no. var. L.28~33%
D.L7-201 ..vu..
alata Klebs L.28-40p W. 21-2B1L s.i...
longicauda (Ehr.) Dug. L.120-170p

45-T0u
pleuronectes (0.F,M,) Dua L. 40—10 n
- 33 - T W.29-T0u ......
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Phacus quinquemarginatus Jahn & Shawhan
L.35-52p W.25-40u..... 374

n lismorensis ........... ceecsneona eers 375
n rostafinskii Drezepolski L.70u W.40u.. 376
" torta Lemm. L.80-100p W.40-44p ...... 377
Trachelomonas armata Stein L.30R vvveveveesveno... 378
" higpida (Perty) Stein IL.45p ........ 379
" lagenella Stein L.254 .....v.0ev..... 380
" volvocina Bhr, L.20-25f +.....vv0e... 381

Family PERANEMACEAE
Anisonmema ovale Klebs L.l0=131 vevurvunvovnrennn . 382
Petalomonas absecissa (Duj.) Stein D.10-135p ..... 383
Peranema trichophorum (Ehr,) Stein L.48-50u .... 384
Urceolus cyclostomus (Stein) Mereschkowslky
L.30-36l vevannas 385



ZOO-PLANKTON

Phylum PROTOZOA
Subphylum PLASMODROMA
(lass MASTIGOFHORA
Subclass ZOOMASTIGOPHORA (ZOOFLAGELLATA)

Order

PROTOMONADINA )
Codonodendron ocellatum L,15-25f covveve.san e

Monas vivipara Ehr., L.20p ..evesvennss

" coronifera Skuja. L,20-24p .....
Qicomonas termo (Ehr.) 3.Kent L.5-20p ...
Physomonsas vestita ST0KkeSs secrevecresceneee
Polyoceca AUIMOSE sevucssscans recssrerssrens
Salpingorhiza pascheriana Klug. L.15p ........

Class SARCODIKA
Subclass RHIZOPODA

Order

Order

AMOEBINA (AMOEBAEA)
Amoeba guttula Dujardin L.35p cocvevevienes
" Polypoidia .svevsensrovene crecbnateenas
Astramoeba radiose Ehr, L,1COu ...... cesssnes
Chaos diffluens Muller L.300-600u .......
Pelomyxa  palustris Greeff L.1500-3000y ......
R villosa Leidy L.500k ..cevvecanacs .
Rugirpes bilzi Schaeffer L.300L ..eeccearsss
TESTACEA

Arcella rolypora Penard D.80-150p .....ccc..

" discoides Ehr. D.90-1461 .seveeerens

n megastoma Penard D,190-3651 .c.....,

" ng&ris Ehr- D.loo—lsZu ssavesesvrayn

Assulina muscorum Greeff L.28=5010 .evveeunr..

" Seminulum Eh.r- L. 60-90]-': ses s s er P

Centropyxis aculeata (Bhr.) Stein D.120-150u.
" constricta (Ehr.) Penard

L.120—150p. L ]

" ecornis (Ehr.) Leidy D,200-275..

Chiamydophrys minor Belar L.16-201 ..uevvesves

Difflugia wurceolata Carter D.200-350p e..vv..s

" acuminata Ehr. L.100-300p eeveeesans

" corona Wallich L.180-230p ..vveseess

" lebes Penard L.400L ...vessasvesess

" oblonga Ehr., L,100-3001L s.eeeceeses

Euglypha cristata Leidy L.33-841 veveeeneanns

" laevj-s Ehr- L-E?"ESP- AP vsanenanssse

" tuberculata Dujardin L.45-100p .....

" mucronats Leidy L.108-140p ........
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Heleopera rosea Penard L.90=-135p .vo.eevevnnn. ‘e
Hyalosphenia elegans Leidy L.75-1001 ....e.v.n.s
Lesquereusia modesta Rhumbler L.100-1501t ......
=] EhI‘. Loll5""l4‘0p- deerenevrsns

Nebela collari

" flabellulum Leidy L.72~96y

L NN A N

Pontigulasia vas Leidy L.125-170P eecevecsscess
Sphenoderia macrolepis Leidy L.27-451k ceevcens
Trinema enchelys Ehr, 5L.40-100p
Tracheleuglypha dentata Vejdovsky L.42-52u ....

Subeclass ACTINOPODA
Order ACTINOPHRYDTIA

Actinophrys sol Ehr., D.40-50i .euveeerncsees .o
Acanthocystis chaetophora Schrank D,.35-60u ....

Actinosphaerium eichhornii FEhr.

Subphylum CILIOPHORA
{lass CGILIATA
Subclass EUCILIATA
QOrder HOLOTRICHA
Suborder GYMNOSTOMATA
Family HOLOPHRYIDAE
Enchelys simplex

Enchelyodon elegans Kahl L.180p

Holophrya simplex

" wvar, majus Penard
B.500-7804n ....

(Kahl) I1.85n ....

Schewiakoff L.6O0p

Lacrymaria olor O.F.Muller L.120u
Microregma sudubcni (Smith) 1.50p
Paradileptus robustus Wenrich L.150p ..
Platyophryae  verax Xah®! L.60p ....

LN ]

D.,200-300p ....

--------------

crses s

Plagiocampa mnutabilis Schewiakoff L.40u
Placus luciae (Kahl) L,50u ..

Prorodon discolor Bhr., L.I120p ssseeecsrereses
" teres Ehr, L.200p ......

Pseudoprorodon ellipiticus

Spasmostoma viride Kahl L,60p ....
Trachelophyllum apiculatum (Perty) L.516% .....
Urotricha farcta Caparede & Lachmann L.22y ....
(Roux) L.T51  seesresconvease

Ileonema ciliata

Femily ACTINOBOLINIDAE
Actinobolina radians (Stein) L,125u

FPamily AMPHILEPTIDAE
Amphileptus claparedei Stein L.250p
Acineria  incurvata Dujardin L,120p

Loxophyllum helus

(Stokes) L.220p
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Family CHLAYDODONTIDAE

Chilodonell

Family COLEPI
Coleps el
n hi

Family DIDINI
Didinium

a uncinata (Ehr.) Led2p ceeve.sn .e
DAE )

ongatug Ehr. L.50W ...cecvveceensens
rtus (0.F.Muller) L.60R cocesvsvess

IDAE )
balbianii (Fabre-Domergue) L.SOp ..

Family DYSTERIIDAE

Trochilioid

Family LOXODI
Loxodes

Family NASSUL
Chilodontop
Cyclogramma
Nassula
Orthodon

Family SPATHI
Homalozoon
Spathidium
Spathidioid

es recta (Kahl) LudOp civevorcsnes

DAE

magnus Stokes L.500R sevecersennass

IDAK

sis depressa (Perty) L.74u ..... .
trichocystis (Stokes) L.60p ...
omata Ellr. L.125u -8 S PN EE S L
hamatus Gruber L.180L sieeecees

DITIDAE

vermiculare (Stokes) L.450p ...
spathula (0.F.Muller) 5,120 ,..
es sulecatum Brodsky L.758 sevesnss

Family TRACHELIIDAE

Branchioece
Dileptus
Lionotus
Paradileptu

Suborder TRICHO

tes gammari (Penard) L.125u .....,,.
anser (0,F.Muller) T,1551 eeeeerses
fasciola (Ehr.) L.140h ......... ves
s robustus Wenrich L.350p .......

STOMINA

Family COLPODIDAE

Colpoda cucullus O.F.Muller T.861 ..eavee.

Bresslaua vorax Kahl L,30p .ceevsvcrsscrnrsnsa

Bryophrya bavariensis Kahl L,100p ....eveeaee

Tillina magna Gruber L.135¢ ..... rerercoas .
Family CONCHOPHTHIRIDAE

Conchophthirus anodontae (Ehr.) L1351 eveeess
Pamily PARAMECIDAR

Peramecium aurelia Ehr, L.165p ,...... vervne

Caudatu.m EhI'. Lnglo‘l Crssertaviann
maltilicronucleatum Powers &
Mitchell L.27T9 eveaws
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Pargmecium trichium Stokes LeOOB woevnvrneess. 477
Physelophrya spumosa (Penard) L.240p .,...... 478

Family PLAGIOPYLIDAE
Plagiopyla nasuta Stein Lol25p wiiiennnennnn. 479

Family TRICHOPELMIDAE
Pseudomicrothorax agilis Mermod L.54p ........ 480

Suborder HYMENOSTOMINA

Family FRONTONIIDAE
Colpidium colpoda (EBhr.) L.100W sueveewwo...... 481
Dichilum platessoides Faure-Fremiet L.1351 ... 482
Frontoniella complanata Wetzel L.110p eeuv.e... 483

Glaucoma  scintillans Ehr, L.50p0 .ee.u..... .es 484
Leucophrys patula Ehr, L.180E seevevenee.... .. 485
Leucophrydium putrinum Roux L.130p ........... 486
Tetrahymena pyriformis (Bhr.) L.50p ........ .. 487
Uronemopsis kenti (Kahl) L.80p ,...... tereren. 488

Family PLEURONEMATIDAE
Ctedoctema acanthoorypta Stokes L.250 ........ 489
Cyclidium glaucoma O,F.Muller L.28p ......... 490
Histiobalantium natans (Claparede & Lachmann) ., 491
Pleuronema coronatum Kent. L.551L veuevevecven.. 492

Order SPIROTRICHIDA
Suborder HETEROTRICHINA
Family BURSARTIIDAE
Bursaria  fruncatella O.F.Muller L.775fk ....... 493
Bursaridium schewakoffi Lauterborn L.250p ..... 494
Thylacidium truncatum Schewiakoff L.80p ,..... 495

Femily METOPIDAE
Bryometopus sphagni (Penard) L.80p .eveeen.... 496
Metopus es (0.F.Mull.) Lol351 seieennncennns. 497

Family REICHENOWELLIDAE
Balantidioides bivacuolata Kahl L.100p ..,.... 498

Family SPIROSTOMIDAR
Blepharisma lateritum (Ehr.) L,180p eeeee..... 499
Phacodinium metchnikoffi (Certes) L,100p ..... 500
Pseudoblepharisma crassum Kahl L.200p ,........ 501
Spirostomum minus Roux L.900-20001L ...esevsss. 502
n teres Claparede & Lachmann L.500un . 503
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Family STENTORIDAE
Climacostomum virens (Ehr.) L.280n

Stentor
n

ignaeus Ehr. L.500n .....
roesali Ehr. L.540p .....

Femily HALTERUDAE

Halteria

grandinella (0.F.Muller) L

Family TINTINNIDAE
Tintinnidium fluviatile Stein L.180p .eecvnv...
psis cylindrata Kofoid & Camphell

Tintinno

Suborder HYPO

L

TRICHINA

Family ASPIDISCIDAE

Aspidisca

costata (Dujardin} L.32p

Family EUPLOTIDAE
eurystomus Wreniowski L.118-124y ....

Euplotes

patella (0.F.Muller} L.20p

Family EPALCIDAE

R R RN AN ]
R EEE RN N

rev s e P a0y

0‘2711- LI L )

.451-1 LI N

sSe R TS ases

s om0 00t

Discomorpha pectinata Levander L.79% +e..... .
Pelodinium reniforme Lauterborn L.45p .....
Family OXYTRICHIDAE
Amphisiella oblonga Schewiakoff I.160p .....
Balladyna elongate Roux L.30-361 .,seesees
Histrio histrio (0.F.Muller) L.160p ....
Holosticha vernalis Stokes L.180p .,.......
Hypotrichidium conicum Ilowaisky L,120p ......
Kahlia acrobates Horvath L.ISOE .evevaccees
Kerona polyporum Ehr, L.1651 .eevevesosnone

Onychodromopsis fTlexilis Stokes L,1000 ...e..,
Opisthotricha procera Kahl L1100 .....ce000.0. .
fallax Stein L.150p ..coveevvvees

Oxytricha
Parsholos

ticha herbicola Kshl L.170p

Pleurotricha grandis Stein L.260p

Steinia

candens Xshl L,175f .eevees

Strongylidium crassum Sterki L.145p
Stylonychia mytilus Ehr, L,150p ....

Trichotoxis fossicola Kahl L.160y ..
Tachysona pellionella (O.F.Mullerg

L

LIC I N R R

s s s v av e
----------
CRCRCRE I I A

LRI NI R B

. 1001 ....

Uroleptus piseis (0.F.Muller) L.200p ....... ces

Urostyla

i

grandis FEhr. L,350p .....
trichogaster Stokes L.200u
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Order PERITRICHA
Suborder MOBILIA
Family URCEOLARIIDAE
Cyclochaeta  spongillae Jackson L,601 ......es. 535
Opisthonecta henneguyi Faure-Fremiet L.160u ... 536
Trichodina sSP. eeeees casane emsesesssnsrrananss . 537

Suborder SESSILIA
Family ASTYLOZOOWIDAE
Astylozoon faurei Kahl L,4AOL .ecececescesssnas 538

Family EPISTYLIDAE
Campanella umbellaria Limnnaeus L,18-y ......... 539
Rhabdostyla pyriformis (Perty) L.30p vvevvev... 540

Family OPHRYDIDAE
Ophrydium eichhorni Ehr. L.2600 ...cseecsesseses 541

Fanily VAGINICOLIDAE
Cothurnia imberbis Ehr. L.7T7T0L seseecooscensr 242
Vaginicola ingenita (0.F.Muller) L.55p ,..... 543

Fanily  VORTICELLIDAE
Vorticella canmpanula Ehr. L.10OW s..cvevs.... D44

Class  SUCTORIA
Order  TENTACULIFERIDA
Femily PODOPHRYIDAE
Podophrya fixa (0.F.Muller) L.42% ....eeeec.. 545
Sphaerophrya pagna Maupas L.38U ciesevscsads 546
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Phylum ARTHROFODA
Subphylum MANDIBULATA
Class CRUSTACEA
Subclass ENTOMOSTRACA
Order PHYLLOPODA
Suborder CLADOCERA
Tribe CTENOPODA
Family SIDIDAE

Sida crystallina (O.F.Muller) F,3-4mm
M.1.5-2.0mm .... 547
Latona setifera (0.F.Muller) F.2-3mm

M.1.50m evvssees D48
Diaphanosoma brachyurum (Lieven) F.0,8-0,9mm

M.O,4mM vevseses 549
Pseudoside bidentata Herrick F.1.8-2.0 mm

M.0,9mm sevnvess 950

Tribe ANOMOPODA
Family PROSMINIDAE
Bosminopsis deitersi Richard F,.0.35mm
M.0.25Mm +.00000 551
Bosmina longirostris (0.F.Mull.) L.0.46-0,6mm. 552
" " var. cornuta L.0,5-0.7mR e.oevevesass 353
" W yar., brevicornis I1,0.4~0.5mm ....... 554
" corggoni Beird L.0.45mR ....cv00veeens 555
Grimaldina brazzai Richerd P,0,%m M.0.5mm ,.. 556
Ophryoxus gracilis Sars F.2.0mm M.0.9-1,0mm.. 557

Family CHYDORIDAR

Alona affinis Leydig F.1,0mm M.O.7mm ......., 558
n costata Sars F.0,5mm M.0.4mm ,........ 559
" karau King F.0.45Mm ..evvrvasoesecsss 960
n monacantha Stars F.0.35-0,4m8 ........ 561
U rectangula Sars F.0.35-0.43mm ........ 562
Alonella dadayi Birge F.0.25-0,3mm M.0.2mm ,. 563
" dentifera Sars F,0.4mm M.0.35mm ,... 564
" diaphana (King) F.0.5mm M.0.4mm .... 565
" globulosa Daday PF.0.3-0.4mm ,....... 566
Camptocercus rectirosiris Schodler F.1.0mm ... 567
Chydorus barroisi (Richard) F.0.4mm ,........ 568
" gibbus Lilljeborg F.0.5mm ,..e..... 9569

" sphzericus zO.F.Mull.) F.0.3-0,5mm
M‘O.amm aeso e P des 570
Dadaya macrops (Daday) F.0,3MM svevseesssss 571
Furyalona occidentalis Sars P.1.0mm M,Q,7on .. 572
Kurzia latissima (Kurz) P.0.6mm M.O.4om ... 573

Leydigia acanthocercoides (Fischer

F-l.o-l-smm ]’I- cTEl-m sm e e+ 574
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Oxyurellis longicaudis
Pleuroxus denticulatus

(Birge) F.0.5-0.6mm .....
Birge P.0.5-0,6nm
M-0.36mm sssevs e e

" hamulatus Birge F.0.0MM cevvseesnees
" striatus 8chodler F.0.8wm M.0.6mnm...

Family DAPHNIDAE
Daphnia rosea Richard L,F.1.2-2,0mm M.0.8mn.
" cetawba Coker L.,1.0-1.0MM ..eveesses
" iongispina 0,F.Muller F.0.8-1.2mm ..
" pulex Richard F.3.0-4.0mm

M.1,0-2.5m0 sevsaes

Ceriodaphnia rigsudi Richard P.0.4-0,5mm M,0.4mm.
" reticulata (Jurine) F.0.6-1.4mm

" megalops

n l

M 0 4-0 81:!1131 L N R Y

Sars F.1.0-1.5 mnm

M.0.,6-0.800 seveeee

acustris Birge F.0.8-0,9mn ......

" quadrangula (0.F. Muller) F.1.0mn
M.O.6MM covvavsvoas
Moina brachiata (Jurine) Fl.OMM covvanccccsne

" macrocopa Straus F.1,8om M.0.5-0.6mm ...
" rectirostris Leydig F.1.0-1.6mm

M.0.8-1.001 evavoee

Moinodaphnia macleayii Herrick F.l.0mm .......
kingi Sars F.0.8-1.0mn

Scapholeberis

Sinocephalus vetulus

Family MACROTHRI
Macrothrix ro
L la

CIDAE

M.0.5mn1 s..00. R

Schodler F,.2.0-3.0mm

}I. 1.0mm S e b e s s

sea (Jurine) F.0.66nm M.0.4nn ...

ticornis

Tribe ONYCHOFODA
Family POLYPHEMIDAE

Polyphemus pediculus

Order COFEPODA
Suborder CALANOIDA

Family CENTROPAGIDAE
Osphranticum labronectun S.A.Forbes

Sinocalanus

F-1¢7-2

(Jurlne) F.0.5-0,7om
M.O0. 3 Q.40 wseesee

(Linne) F.1,5am M.O,8om..

osmm M'1‘4"2'3m sae s aa

ginensis Popper var. tenellus

Kikuchi
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Family DIAPTOMIDAE
Acanthodiaptomus pacificus (Burckherdt)
F,1.3-1.5mm M.1,1mm ..eeee tesasses 599
Diaptomus connexus Light ¥.0.9-1,5mm
M.0.9~1.5MM sucevesssss 600
" kensi M.S.Wilson F.2.0-3.0mm
M.1,8-2.5MM sevevesasss 601
" mississippiensis Marsh F.1l.2-1.50m
M,1l.1Mm sovevcoavracens . 602
" pygmaeus Pearse F.1.0-1,1mm ¥M,1.0mm. 603
" siciloides Lilljeborg F.1.0-1.35mm
M.1,0-1,1M0 eoeusesrsess 004
" reighardi Marsh F.l.1-1.2mn #.1.0mm, .605
Eodiaptomus japonicus {(Burckhardt) L.1.0-1.4onm, 606
Sinodiaptomus chaffanjoni (Richard)
L.l.7-2.0mm EE N RN XN N 607
" Sarsi (Rylov) F.1l.8-2,0mm
M. 1.7-1.800 seveeeesesa 608

Family TEMORIDAE
Eurytemora affinis Poppe F.1.45mm M.1.3mm .... 609

Suborder FPODOFLEA
Family CYCLOPIDAE
Cyclops magnus Marsh L,1.85-2.50MH ceccceses 610
" bicuspidatus-thomasi S.A.Forbes
F.0.9-1.2mnm M.0.8mm ...... 611
n stranus Fischer F.1.5-3,0mm M,1,6mn, 612
" varicans-rubellus Lilljeborg
F.O.5—l.0mm M.0.5mm FE N RN 615
" vernalis Figcher F,1,0-1.8mm
M.O.S—l.smm o.--c’ccco---o 614
" vicinus Uljanin F.1,7-1.9am
M.l.g-g.omn svan s st s s 0 615
Bucyclops agilis (Koch.) F.0.8-1.5mm
M.0,7-0.8M0 +vvasrencecsos 016
" mecrurus (Sars) F.1,1~1.4mm
Ma2.0”2-5mm1o----oooooc-a- 617
n parasinus (Fish.) F.0.8-0.9mn

I{OO‘Tmm e s et RN IIR G L ) 618
" prionophorus Kiefer F,0,7-0,95mn
M-O.Smm ses s s rans s sers 619

n serrulatus (S.FPish.,) F.1.3om
MeOoOM wsvvvorcesecessses 620

Macrocyelops fuscus (Jur,) F.3.0-4,0mm
Me2.0-2.500 eoerevnroesnes 021
Mesocyclops Leuckarti (Claus) L.1.35mm ...... 622
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Mesocyclops oithonoides (G.0.Sars)
F-OaB-Oogmm Mo0-6_007mm L I A I RN A B ) 623

Tropocyclops prasinus (Fischer) F.0,5-0.9mn
M.0.55=0,60M .uveevensrnns 624

Pamily CANTHOCAMPTIDAE
Canthocamptus staphylinus Jurine ¥.0.6~0.%n
M.O.G—O.amm ss s R s T IR LR TR 625

Family ERGASTLIDAE
Limnoncaea genuina Kokubo F,0.8mn M.0.75om ... 626
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Phylun TROCHEIMINTHES

Class ROTIFERA (ROTATORIA)
Order BDELLOIDEA
Family PHILODINIDAE
Rotaria citrinus Scopoll L.1000-15001 ........
Fmbata  commensalis Bryce L.600E cceveeceveens.
Moecrotrachela quadricornifera L.600R vevsevens .
Philodina roseola Ehr. L.5000 cececvevoacecans

Order MONOGONONTA
Suborder PLOIMA
Family ASPLANCHNIDAE
Asplanchna priodonta Gosse L,900-1500p .......

Asplanchn

opus myrmeleo Guerne L,700-1000p ....

Fomily BRACHIONIDAE

Brachionu
n

Colurella
Dipleuchl

s bakeri (Laut;) L.160-250p eeevunn..
bidentata L.250-45u I EEE RN NI RN
calyciflorus L.300f .ivevcvccvonnss
faleatus Zacharias L.150-300p .....
havanoensis seeesecrecvscrcacasvanvae
plicatilis Pallas L.350 ceseesasee
pala FEhrenberg L.250-4001 .ecveeevs
quadridentatus Hermann ..cevereeree
adriatica Bory L.BO-1O0W seearvsese

anis propatula BeauchffD sesvvssssocas

Diplois daviesisme Gosse L,300-370U ,ecvvevvans

Epiphanes
N

i

Euchlanis
Kellicott

L

Keratella

Lepadella
1t

Notholea

Platyias

t

brachionus Ehr, L.350-5001L covvenvee
clavulatas Ehr, L.5-- vceveceacsces
senta (Hydatina) Ehr. L.500-420p,.
dilatatz Ehr. L.500L .s.ceeveevvvone
ia bostoniensis L,150-170f ...evveuvon
longispina Ahlstrom L.150-2001 ...
cochlearis Bory ; Vincent L.100u..
hiemalisS ...evescncrcorsnocoassnoes
quadrata (0.F.Mull.) L.135u ......
stipitata sevevvsvocioerenses remrrne
VOlEE sesersnnincecassrvans [
serrulata Gillerd ....copvesnnvoss
patella St.Vincent L.I00-200u .,...
ovalis L,I100-~2001% cvsecenrccene
acuminatz Gosse L.180p ...........
polyacanthus Harring L.2500 +.....
patulus L.200-2201 sevsveecvescsnne

. %gadricornis L.180-2001 scevencuses
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Family LECANIDAE

Lecane
1t

Monostyla
1]

elasma L,90-120p

luna Nitzsch. L.

B S EANISEEB S PEEND

100-1501 seevennen

bulla Ehr. L.110-1400 ..eececsee .
Junaris L,120-1501L sesvcvsrovrrena
quadridentata L.120-160U ssvevessvsas

Family PROALIDAR

Proales

decipiens Gosse

Family DICRANOPHORIDAE
typhylina Duj. L.150pR seevvrescraves.
Dicranophorus forecipatus Nitzsch L,250-300u ..
felis Ehr. L.110-1301 seivecescsnsvse

Albertia

Encentrum

Family GASTROPIDAE
Ascomorpha ecaudis Perty L.2001L s.cvevevrucsccoss

Gastropusa

stylifer Inmhof.

Family MICROCODONIDAE
Microcodon clavus Ehr. L.180-240p seiveveses. .

Fanily NOTOMMATIDARE
Cephalodella megalocephala St. Vincent L,250u,
auriculata St. Vincent L,150u ...

"

Resticula

Secaridiun

nelandocus Harring & Myers

L0200_400u [ NN EN]

LolSO"l?Op CICRC R B

e

“ow

L,400u

longicaudum Ehr. L.4521% sevcecees

Family SYNCHAETIDAE
triacenthun Herrick L.130-160p .....
L,220~2501 seveesene
lenticulare L.200R seueesescvesssssas
Polyarthra euryptera L.200p ceevevssss snrsnee
vulgaris Ehr, L,110-1301 seveess .

Ploesoma
n

It

truncatum Herr,

Panily TETRASIPHONIDAE
Tetrasiphon hydrocora Ehr.

Family TRICHOCERCIDAE
Ascomorphella volvocicola Wiszniewski L.120u..

Elosa woralli

L.850~1000p .....

L]

Lord L.go-loou BN N EENENNENNNN KN

Trichocerca cylindrice Laparck L,280-300u ....

10ngiset& L.320‘—340p e e st s p A e

simiiis L,100p
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Order FLOSCULARIACEAE
Family CONOCHILIDAE
Convehilus wunicornis Hlava L.400-600p sveceres

- Fomilsr HEXARTHRIDAE
*+*Pedalia mira Hudson L.300-400L sevecevversvnss

Family TESTUDINELLIDAE
Mlinia hrachi&ta L.100—125]J. seBserrassereneioan
" longiseta 8t, Vincent L.140=165¢ ...,
. OpolienSiS 1‘10190—250‘1 (R RN RN RN EEREREEN
n terminalis Plate L.70R eevecccccsssres
Pompholyx sulcata Gosse L.120W secevececncess
Voronkowia mnirabilis Fadeew DL.200p .eecevscss

Order COLLOTHECACEAR

Family COLLOTHECIDAE
Collotheca gracilipes Harring L.BO-850 .......
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Phyto-FPlankton ({Fresh water)

Phylum
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Cyanophyta
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Nostochineae
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Scytonenataceae

PR B 1

7
12
g
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Chrysophyte

Bagillariacesae

Centrales

Pannales
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[YRrTs

Discineas

Soleniineae
Biddulphiineae

Araphidineae

Monoraphidineae
Biraphidineae

R T R R e LT

Melociraceas
Cogeinodiscaceae
Rhizoscleniaceas
Chaetoceracease
Biddulphiaceae
Frafilariaceae
Tabellariacene
Achnanthaceae
Naviculaceae
Epithamiaceas
Nitzachiaceas
Surirellacess

R L R I S R P T
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Heterocontae
{Xanthophyceae)

-

.

Heterococcales

Heterotrichales

i

FPleurcchloridaceae

Tribonemataceas

Chlorophyta

Chlorophyceas

" e

Tetrasporales
Chlorococcales
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Claedophorales
Oedogoniales
Schizogonialea
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Tlotrichineae

Sphaeropleineae
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Palmellacens
Chlorococeaceae
¥icractiniaceae
Chavaclaceaes
Coelagtraceae
Dictyosphaeriaceas
Bydrodictyaceae
Oocystaceae
Scebedesmaceae
Zygnenataceae
Maesotaeniacene
Desmidiaceae
Micreosporacese
Protococcacene
Trentepohliaceae
Tlotrichaceae
Sphaercpleaceas
Schizomeridaceae
Cladophorateas
Qedogonincens
Schizogoniaceaa
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MARINE PLANKTON
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e T Col; D. ——wcw=—e-~ Diameter of a Colony

F. Female

M. Male
® Female

3 Male

“H. -~ Height
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Phylum CYANOPHYTA
Class CYANOPHYCEAE

PHYTO~PLANKTON

Order HORMOGONEAE
Fomily OSCILIATORIACEAE
Trichodesmium erytheraeum Ehr, L,-1000 ..eeev.e 1
u Thiebauti Gom., W.5-16 L.{(Col.)-6000p.. 2

Phylum CHRYSOPHYTA

Class BACILIARIACEAE (DIATOMS)

Order CENTRALES

Suborder DISCINEAR
Family MELOSIRACEARE

Melogira Juergensii Agardh D.IO-38Bp civvesevas
" nummiloides Agar. D.10-40p c.veecean.

Hyalodiscus

WA

stelliger Bailey D.30-851L weveess .

Family COSCINODISCACEAE

Actinophychus
Aectinoeyclus
Asterolampra
1]
Asteromphalus
1t
1]

Coscinodiscus
n

Cyclotella

undulatus Ralfs D.20-1501 ..ecce. B
Ehrenbergi Ralfs D,50~3001 eevseee 7
Grevillei Wallich D.T70-125¢ ..v.. 8
marylandica FBhr, D.50-1501 .cieaee 9
Cleveanus Grunow D.40-TOn ....... 10
flabellatus Greville D.40-60p ... 11
hepaticus Ralfs D.42-175f seevew. 12
asteromphalus Ehr., D.80-400p .... 13
curvatulus Grunow D.40-100p .... 14
excentricus FEhr. D.20-100p ...... 15
gigas Ehr, D.150-3001 sieviveeess 16
" var. praetexta Hustedt

D.BOO"‘GOO”' Se s v aes 17
Janischii A.Schmidt D,115-250p .. 18
lineatus Ehr, D,30-1501 .vevvvsa.- 19

narginatus Ehr., D,200-3754 +..e.. 20
nitidus Gregory D.25-100p ....... 21
nobilis Grunow D.325-490P vseee.. 22
nodulifer Schmidt D.20-100p ..... 23
oculus-iridis Ehr, D.100-3001 ... 24
perforatus PFhr. D.90-200p ,...... 25
radiatus Bhr. D.30-1801 .c..c.... 26
Rothii Grunow D.40-1751 .c.secees 27
stellaris Roper D.60-175U ss:evs. 28
subtilis=fasciculata Ehr.

D.48-901 4.useaas 29
striata (Kutz.) Grunow D.10-50p.. 30

- 51 -



Cyclotella striata var. ambigua Grunow

Dc20—30u U I N N A Y 31
Ethmodisecus Gazellae Janisch D.2000p

H-SOOOP drv st e s et bras 32
Gossleriella tropica Schutt D.120-250p ....... 33
Hemidiscus cuneiformis Wallich D.40-110p ... 34
Planktoniella so0l Schutt D.10-60f .evesvereee. 35

Family CORETHRONACEAE
Corethron hystrizx=(criophilum) Castracane
D. 20”33u L 30-50“ seesnae 36
" pelagicum Brun D.90-150p L.100p . 37

Family LEPTOCYLINDRACEAR

Dactyliosolen antarcticus Castracane D.15~T5p.. 38
" nediterraneus Peragallo D.10-35u.. 39

Leptocylindrus danicus Cleve D.6-12p
L.80-130u...... 40
Guinardia Blavyana DPeragallo D.40680 ...... 41

" flaceida (Castr.) Perag.
D.25-90p L.80-150p42

Family SKELETONEHACEAR
Skeletonema  costatum (Grev.) D.18-35p
L."loooop LR N N ) 43
Stephanopyx1s nipponica Gran & Yendo D,27-40u.. 44
palneriana {Gran) Grunow
D 35“150” [T EEN] 45
" turris (Greville) D.10-T5U.e..... 46

Fanily THALASSIOSIRACEAR
Coscinosira  QOestrupi Ostenfeld D.10-20p ..... 47
Lauderia borealis Gran D.30-50p .......... 48
Schrodella delicatula Peragallo D.18-30p ... 49
n schroderi {Bergon) D.13-40p ..... 50
Thalossiosira condensata Cleve D.17-30p v..... 51
" rotula Meunier ...eeeevvecescasss D2

Suborder SOLENIINEAR

Family RHIZOSOLENTIACEAR
Rhizosolenia acunminata Gran, D,35-225u
L.1000K seeees 53
" alata Brightwell D.7-15u L.700n . 54
" " fo. curvirostris Cran ....... 55
" " gracillima Grunow D.5~Tu
L.TO0L vsevesas 56

u " " indica Ogtenfeld D.20-50n 57
" " " inermis (CastT.) sessee.e. 08
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Rhizosclenia
"

1]

arafurenris C(astracane D,120u....
Bergonii H,Peragallo
DJIOOR LSOOI wevenasnrnane
calcar-avis M.Schulitze
D.BO-lOOp L I BN N B N A BB B R B
castracanei H.Perag. D.150-200p
L.600-10001 veveenearscoras
clevei Ostenfeld D,36-85
L.275-405P sddasluavsnedane
cylindrus Cleve D,12-50p L.300p .
delicatula Cleve D,10-20p
L.30~100u IR R R E R R RN
hebetata fo. semispina Gran
D.5-151 L.300-T501 suiveavas
imbricata Brightwell D.100p
L‘Soop esd e s et o s vrsasderes
" yar, Schrubsolei Cleve
D.10-301 L,200-5001 suveses
robusta Norman D.50-400p
L.500=10001 vivvevaceinanea
setigera Brightwell D,6-251 .....e
Stolterfothii H.Perag.
D-15-45p LQZSOu dedsenracsw )
stvliformis Brightwell D,100p
Lo190t vvrvvecvcrecnccnnenn
" yar, latissima Bright.
D-60—150u e eRerderrsarsan .

Suborder BIDDULPHIINEAE
Family BACTERTASTRACEAE
Bacteriastrum comosum Pavillard D, 5-10p

L015—35u sevevravavesntadie
delicatulum Cleve D.IOH cvevvess.
elegang Pavillard D,.15-28B1 ......
elongatum Cleve D,10-201 ........
hyalinum Lauder D.13-561 ...0se4s

" var, princeps (Castracane)

Tkari D.15-601 sesucesesa
mediterrananeum Pavillard

D-28—32u L.28-30u es A b re
varians Lauder D,10-30p L,.15-35u.

Family CHAETOCERACEAE

Chaetoceros
17

L

affinis Lauder VW.9-301 tecvsucsaane
brevis Schutt W.10-401 sevecensvans
coarctatus Lauder W.30-451L ceeevees
compressusg  Lauder W,10-24% seeuvene

- 5% -
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65
66
67
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69
70

71
72
73
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75
76
77
78

79

80
81

82
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Chaetoceros
L}]

n
n

costatus Pavillard ¥.23-27p ..... 86
curvisetus Cleve W.10-30p ....... 87
dodayi Pavillard W.10-28p ....... 88
denticulatum Lauder W.24-30u .,... 89
decipiens Cleve W.10-80p +....... 90
didymus Ehr. W.12-34u desseasenes 91
" yar, anglica W.10-401 .<....... 92
¢ var, protuberans Gran & Yendo.. 93
distans Cleve W.10-50p socvvceees 94
diversus Cleve W.8=121 seeeceeece 95
hispidum Brightwell W.,30-40p ..... 96
indicum Karsten W.20-30p +.veeess 97
laciniosus Schutt W.10-42p ...... 98
" yar, peragicus Cleve W.5-8p .. 99
Lauderi HRalfs VW.18-241 eevuvevasra 100
leavis Leuduger-Fortmorel
W.5‘12p ....-........101
Lorenzianus Grunow D.10-40p ,....1l02
mesganensis Castracane W.12-40u,,103
paradoxum Cleve W.20-45% ........104
pendulus Karsten W.9-18¢ ........105
peruvianus Bright. W.10-30p .....1006
" fo, gracilis (Schurod) Hust,
W.l0-151 wwveoassess 107
pseudocurvisetus Mangin W,15-50p.108
seiracanthus Gran W,12-24p ,.,.,.109
setoensis Ikari W.30p ooo-oo-oo.cllo
siamense Ostenfeld W.25-60¢ .....111
tetrastichon Cleve W.lOD sep000..112
Van-Heurekii Gran W.12-36¢ ......113
Weissflogii Schutt W.36~TOf .....114

Family BIDDULPHIACEAE

Belleroches
Biddulphia

Cerataulina

malleus Van Heurck W,80-11Cp....,115
aurita var. obtusa Hustedi

w-40‘60“ cotcoo.oooa.ccllG
dubia (Bright.) Cleve IL.42-65p

H30—45u ..o-.so:n-oooaall?
longicruris Greville L.45-55p ...118
mobilensis Bailey L.45-80p ......119
pulchells Gray L.20-150pn

w30-45u coo.o..o.ca-nccl20
reticulata FRoper W.59% eovvaes...l21
regia Ostenfeld V,90-310p .......122
sinensis Greville W.90-250u......123
Thuomeyi Bailey L.40-70u ........124
Bergonii Peragallo D,18-50p.....125
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Cerataulina compacta Ostenfeld .evveecvecres. 126
Dithylium Brightwellii Grunow D,25-100u
L.BOLL sStevsstanantanny 127
n sol Grunow D.40—225‘[l wdgevsssudauds 128
Hemiaulus Hauclkdii Grunow L.B=TH) seseescecesa. 129
" indicus Karsten sesveeescvscsssseese 130
i membranacus Cleve W.67-9TI eeeseses 131
n ginensis OGreville IL.12-90U ecoeceees 132
Isthmia nervosa Kutz, L,170-240p W.240u... 133
Lithodesmium undulatum Ehr, L.40-901 .c.eee... 134
Triceratium arciicum var. D.80-150% veceees.. 135
I favus Ehr, L.40-3501 .cicvevrvives.. 136
" alternaus Van Heurck L.27-344
W.32—39u Seep et s tarae 137
" reticulum Ehr, L.25~801L seeceeseres 138
" revale A.Schmidt L,140-180p ,,....., 139

Pemily EUCAMPIACEAR

Climacodium biconcavum Cleve L.60p

W.35=651 vvavenrceres. L40
" Frauvenfeldianum Grunow

L.20-30p W.T75-2251 vavesesse 141

Bucampia  cornuta Grunow L,100-160n
TI-‘T.30~401L A ¢ Pod oo daredpa 142
" zoodiacus Ehr, L,10-60U ceusesevess 143
Streptotheca indiea EKarsten W.200p ,...0..... 144
" thamesis Shrubsole L.60-120p ...... 145

Order PENNALES
Suborder ARAFPHIDINEAE
Femily  FRAGILARTACEAE .
Asterionella  japonica Cleve L.,50-1001 s.uv.. 146
b notatz Grunow L.50-1051 seus... 147
Fragilaria interrmedia Grunow L,15-60y
We2.5-51 wuvecanvesss 148
n oceanica fo. typica Cleve
L.8-60p W.3-84 44s... 149
Pgseudoeunotia doliolus Grun., L.40-60u
Waé—au gastsanosnsrnas 150
Synedra fulgens W.Smith L.170-450p sevve... 151
" " var, mediterranea Grun., L.}70-
440p Y 152
n Gaillonii Ehr., L.210-270f sc.sceeeer 153
Thalassionema nitzschioides Gru, L,10-110n
We2~31 civseeneesess 154
Thalassiothriz delicatula Cupp. L.1500-170C0u.. 155
" Frauenfeldii Gru. L.8-200p
W-2~4u tesdeviadrere 156
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Thalassiothrix mediterranes var. pacifica
L.580‘750u FE N RN NN NN

Cupp.

Family TABELLARTACEAR
(limacosphenia moniligera Ehr. IL.300-600n

Grammatophorsa
n

Licmophora

Plagiogramma
Rhabdonema

Striatella

W.25—35u...-...........

angulosae Ehr, L.14-35p ........
marina Kotzing L.18-100p

W.B—lsu 29 svsdtntbar e

serpentina Ehr. L.25-150p

qug-lsu sasaerasdaaraee

abbreviata Agardh L.20-110up

w.4"8u N RN RN RN NN

flahellata (Garm) Agardh

Luloou PR R I N R I A I B I

vanheurckii Grunow L.20~351 .ees
adriaticum RKutz. L.25-150u

w-?-lo“ sed s es e ladrred

unipunctata Agar. D.35-1&

Suborder MONORAPHIDINEAE
Family ACNANTHACEAE
brevipes Agar, L.50-T0p

Achnanthes

Campyloneis
Cocconeis

W-B—ZO}L etnsstvavrnrra

W.20~25u S e s R O PrF R EEPS

longipes Agar, L,70-120p .......
Grevillei Gru. L.44p W.13) ....
scutellum Ehr. L.20-60u

Suborder BIRAPHIDINEAR
Family NAVICULACEAR
alata Kutz. L.60-160p

Amphiprora

u

Amphora

Diploneis
Gyrosigma

W.12-40u IR NN EERY]

Wc3o*60u dPsavpesaansen

gigantea Grun, var, sulcata (OMe)
hyalina Kutz, 1,90-130p

W025~34u St s rrevtgr e

lineata Greg. L.57p W.l3p eue...
lineolata Ehr. L,30~60p

W.l3-28u degesvsribosrrnun

quadrata Breb., var. L.67p W.42u..
Crabro Ehr. L.SO—lOOp. renaBe e
acuminatum Rabh., L,100-200u

balticum
spenceri
strigile
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175
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177

178
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Mastogloia minuta Grev. L.18~-20p

Navicula
1]

n

W.B—lO}L PR PR PR A WA P R WY
cancellata Donk L.52p seevvrevecras
elegans W.Smith L,.60-115y

W.ZO-jOp. TR RN N RN N E N NN
lyra Ehr., L.B0=1900 covvivvvnnancens

Pleurosigma affine Grun. L.120-150p

Trachyneis
Tropidoneis

1'1.17_33]-]- tecscspesdanseq PP
angulatum W.Smith L.150-360n
W.36-501 vovrvnennnnnnns .
compactum Grev. L.28lp W.62u ....
elongatum W.Swith L,1%0-380n
Vo20-301 sevvvonnnnnnnnnnnn
fageiola W.Smith L.90-1071t ...,
intermedium VW.Smith 1.230p W.12p.
neviculaceum Breb. L,79u W.lop ..
nicobaricun Grun. L.130p +..... .e
Normanii Ralfs L.1274 W.244 .....
pelagicum DPerag, L,194p W.24u....
rectum Jonkin L,142p W.12p ......
rigidum var, incurvata Brum.
L.2001 W.301 saevunvevenans
galinarum Grun. L,90-130u
‘f.l}-l?u s bPrr s P rLar s e
aspera (Ehr.) Cleve L.100-200u ..
lepidoptera Cleve L,65-1001 .....

Family NITZSCHIACEAE

Nitzschia

n

closterium W.Smith L,3%2-260u
Wo2~DOl voveensuvsenvsacsnnnna
hingarica Grun. L.80-1201 «.vvs..
lanceolata W.Smith L.100-200y
U.lTu rtsbssssasras ceecsae
longisgima Gran, L. 250—300u erenn
" yar, reversa W.Smith
L.lIS=-2201 sucvsvenncscanas
peradoxa Gmelin L.60-150u
"Io4-8p. CSes st st st e s sy
pacifica Cupp L.80-1404 ........ .
plana W,Smith L.TO0W ssveveencsass
pungens var., atlantica Cleve
Lolj?p P N A N Y N R XN W
seriata Cleve L.90-100p W,6p ..
sigma W.Smith L.50-100p WV.4-15u.
" yar., intercedens Grun, L.300p,
spectabilis Ralfs L,150-450p
"Inlo_lspt R N I N R R N P N
vitrea Norman L.90-1201 .icvevss.
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Fanmily SURTIRELLACEAE
biangulatus Hantsch L.60-80p ...

Campylodiscus
(1}

Surirella
1t

daenelianus Grun,

gcheneis Ehr,
ornatus Grev.
undulatus Grev.

norvegica Elu,
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Phylum PROTOZOA

200-PLAWKTON

Class MASTIGOPHORA
Order CHRYSOMONADINA
Family DICTYOCHACEAE

chtyocha fibula Ehr.
" var, stapedia Heack.

1t

Distephanus

L 10—451’- PN I I B I N BB ]
L.l5-45u--.

" yar., major Rampi L,15-50p ......

speculum var. pentagona Schulz

L024—35u ' EEEEENENN]

Order DINOFLAGELLATA

Farrily PHYTODINIDAE
Pyrocystls elegans .iseeacesre
fusiformis Murray L 100-1501 weeuas

L

hamulus var., inacquelis

-------- .e

noctiluca Murray D.1.7n ....

Family PROROCEWNTRIDAR
Prorocentrum micans FEhrenberg L.1.5-2.0p ....

Family PERIDINIIDAE
Amphisolenia bidentata Schroder L.70-80p .....
thrinax Schutt L.900-1000f sesvoaes

Amphidoma

Ceratium
[}]

1]

steini Schill., ..ecveccracscaaces

sews s

Schroder ...

axinle Kofoid L.570-6104 cvvvveenes

arietinum Cleve .
breve Schroder ..

sersrasssa 0w

sa s B BT et

belone C(leve L.58-TOL .....

candelabrum (Ehr.)
" var., dilatatunm

Stein LI N
(Gouxr.)

IR ]

s Esaans

Jorgensen L.190~200u TR NN NN N ]
t o, conrune BONM seeecesesvrsvesne
% fo, curvatulun Schiller .

carriense Gourret

s s easse0

deflexun (Kofoid) Jorgensen

L.420-450pn
declinatun Korsten
extensun {Gourr, )

aeses e

RN N NN R

Cleve

ta s

L.950=12001 sevsvsveanccececa
faleatun (Kof.) Jorg. .....
furca (Bhr,) var. berghia Jorg.

L, I70-2001 veveveanss

" yar, eugranma JOTE. esees
fusus (Ebr.) var. setz Tschirn ....

gibberum Gourret
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Cerctium  gibberun fo, Sinistrum Gourret

L.].SO]J. PRrEr I AT I A B BRI I R

n gravidum Gourret ...eecccccrsreesns
" inflexum (Gourret) Kofoid

L.BOO“lOOOu ar @Rt &S OO ES

n intermedium (Jorg.) Jorg.

L.SOO_GSOP- TR N RN NN E NN

" knrsteni Schiller seeccecerecrocscss
" longirostrun (Gourret) JOTEs srsses
" longipes Gran. L.51-5Tp s.ceevenees.
L maeroceros (Ehr.) Cleve L.350-400p
" massiliense (Gourret) Jorg.

L,600=6501L ssvuncasorsose
" yar, protuberans L,370-500w .....

" molle Kofoid L-360_385u ss o s e s
" pentagonum (Gour.) var. robusta

JOTE: seseosssavvecsncces
pennatum Kofoid var. scapiforme
L,600~8001 svevovoannnsss
pulchellum Schroder 1.380-450p ....
setaceunm JOTEe ccescevavosncsssenes
strictum (Okemura & Nishikawa)
KOfOid L.9OO-950u YRR
sumatranum (Kars.) Jorg.
If.500—550u sss s st bedaannad
" yar, recurvum L.2500U ...cevenees
tenue (Ostf.; Sche.) Jorg.
L.500~6501 vouvrsecssonnans
" yar., buceros (Zacharias) Jorg.
L.58B0-6601 vavessessaaranss

teres Schiller ..ieieeaeose sresaena
trichoceros (Ehr.) Kofoid
1.630-6801 ...... ceservacaa

tripos (0.F.Muller) Nitsch,
L0300"3501J' trcssessrncrensnasn

n vultur Cleve L.490-5101 ...vevvvens

Ceratocorys
it

Cladopyxis

horrida Stein D.B5-92p ..v.vveann
gourreti Paulsen L.85-95u .......

brachiolatum (Stein) Pavillard
Led3l vevevenosccnnrsreccns

Dinophysis homunculus Stein L,90-100p ...v0...
2]

Diplopsalis
1]

hastata Stein L.43-90p cveevenaes .o
ovum Schutt L.44-621 sevvivivenoness
sphaerica Stein L.44-4TH veveievees
tripos Gourret T1,95-~105iL seveveevse
lenticula Bergh D,95-~1001 cv.v...
" fo. asymmetrica (Mangin)
Li20-T701 tiivenovevencannns
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Goniaulax polyedra Stein L.40-65u D.48u ....., 286
n polygrammn Stein L.42-754 c....o... 287
Goniodoma polyedricum (Pouchet) Stein
LAB=601 wivevseesossa 268
n sphaericum Murr,; Vhitt L.35-50p ... 289
Gymnodinium moguelonnense Biecheler .......... 290
n gracile Berg., L.90-1301 ...cevcvcsss 291
Gyrodinium glaucum labour L.40-56p ceevveereess 292
Heterodinium mediterraneum Pav., L.65p ....... 293
Mieracanthodinium setiferum Lohmann
L-4‘O"‘45p’ es e s s s B a B 294
Orinthocercus magnificus Stein IL.120~160p ... 295
" splendicus Schutt caeveseirreaes 296
Ozytoxum milneri Murr, & Whitt L,126-131p ... 297
" scolopax Stein L.112 ...ceeven-ees 298
u tegselatum (Stein) Rampi
L.58-60Y vovvevorens .o 299
Parahistioneis spheeroidea Rampi ...c.veves... 300
Pachydinium mediterraneum Rempl .e.cvvevevenss 301
Peridinium Brochi Kofold; Swe eoesvrersenaes s 202
" breve Paulgen L.30=751 secveesvees 303
" conicun (Gran) Ostenfeld & Schmidt.. 304
" depressum Bailey D.75-851 ...... .o 305
" diabolus Cleve L.85-1801 eu.ses... 300
" divergens Ehr, L,80-84p .......... 307
" Qranii Ostenf. fo. mite Pavillard . 308
" leonis Pavillard L.65-95% .e.eev.. 309
" lenticula (Bergh.) f. asymmetrica
(Mongin) L.30=75% ceecevosses 510
" oceanicum Vanhoffen var. oblongum
Auriv.  eeeaas eeees 311
n paulseni Pavillard L.45~50p ...... 312
" pellucidum Lebour L.36-T0p ....... 313
" pentagonum Gran D.115-120n ..... .. 314
" steini Jorg. L.39-8Bp ........ eees 315
Phrophacus horologicum Stein D,155-165% e.... 316
Phalocroma circumsutum Xarsten L,75-80W ..... 317
" doryphorum Stein L,54-86% ........ 318
n parvulun  (Schutt) L.5OW eevveannns 319
" porodictyum Stein L.32-48p ....... 320
Podolampns elegans Schutt L.90R s.venvvvenenn 321
Protoceratium reticulatum (CL & L.) Lebour .. 322
Ptychodiscus inflatus Pavillard L.75-100p .. 323
Heterodinium de tonii Rampi L.20-40p ....... 324
Spiraulax jollifei Kofoid cessvseansanans . 325
Triposolenia bicornis Kof. L.110-1308 caeaes 326
" truncata Kof. L.109-145% a.ec... 327
Podolampas palmipes Stein L.65 «...c... .s 328
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Class SARCODINA
Order FORAMINIFERA

Femily GLOBIGERINIDAE

¢lobigerina bulloides

a'0rb, D.300-800u ....

Globigerinoides conglobatn Bready D.T7500 ...
Globigerinells aequilateralis Brody D.B40p.

Hastigerina pelagica

Orbulina universsz (d'Orb)

Family CYMBALOPORIDAE

Tretomphalus

Order RADIOLARTA

bulloides {(d*

Family ACANTHOCHIASMIDAE
Acanthochiasna rubescens Krohn D.600p
L.Sp.lBOO"’lSOOu 'R AN IEE NN

Fomily ACANTHOPLEGNIDAE
Acanthocolla eruciata Haeck, D.Sp.700 D.60u

Amoebophrya

acanthonetrae

(d10rb) Rhumbler

D.840p- Beass e s
D.840}l P ER NN RN ]

Orb) D.560W sess.

Koeppen D.50n ..

Leanthoplegnma krohni (Haeck) D.Sp.300-380n .

Family ACANTHOMETRIDAE
Acanthometron pellucidum Mull, D.Sp.240w ..
Amphilonche elongata Mull,

3 belonoides Hkl, L.400-1000p ...
Anchylometra (Acanthometra) pellucida Mull,

L.2401 evuvannee eee

Dromospheera polygonalis Haeckel D.410-450p

L.Sp.1500-20001 seearevecss

Family AMPEILITHIDAE
Amphibelone hydrotomica Haeck, D,250-300p..
Amphilithium eclavarium Haeck. L.200p +.....

Family AULACANTHIDAR
Aulacantha scolymentha Haeck., L.100-250p ..

Fomily AULOSPHAERIDAE
Aulosphaera trigonopa Haecker D,.2200p .v...

Family CYRTOIDAE

L-GOOP- ses s mane

Cyrtoc lpis wurceolus Haeck, D.60R sevieeees

Acanthocorys umbellifera Haecker Cevesenaeny

Dictyophinus

tripus Haeck.
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Dictyocephalus mediterreneus Haeck.

LBO-1301 sevveosovsvoncns ses 351
Lychnocanium Sp. Lo170-2001 eevesssvsnacnens .o 352
Theoconus zancleus Haeck. ....caeee.es P . 353
Family COELODENDRIDARE
Coelodendrum gracillimum Haeck,
D.1000~12004k +evevvosseoosans 354
Family SAGOSPHAERIDAE
Sagena tenaria Haeckel D,1500-2500p ...-. . 355
Family DISCOIDAE
Heliocladus (Heliodiscus) asteriscus D.150p . 356
Family DORATASFIDAE
Lychnaspis undulata Haeck. L.260-3601 s4.se. 357
Stauraspis steuracantha Heeck. D200 esases 398
Family GIGARTACONIDAE
Anphiacon denticulatus Haeck. L.160-240¢ ... 359
Gigartacon mulleri Heeck. D.sp,90-1204 «..... 360
Family WEDUSETTIDAE
Gazeletta hersnems Haeck., 1.30-40p ¥.60~T0u 361
Medusetta armata PRorgert. L.45-501 seeoeeen 362
Pamily PHYLLOSTAURIDAE
Acanthonin crux Cleve L.170-2001 .esceevcc.e 363
Trizona brandti Pop. L.400-450p .....ecnn 364
Family PLECTOIDAE
Plectacenthn sp. Popfsky D.800-1000p «euvenss 365
Family SPYROIDAE
Pylospyris trinacria Haeckel cseececerconcss 366
Family SPHAEROIDAE
Acanthosphaern acufera Haeck. D.80R «cev.e... 367
Arachnosphaera myriacantha Hoeck. D.100p .... 368
Hnliomma capillaceum Haekel, D.200p ...ceee.. 369
Heliosphaera echinoides Haeck. D.OOR covseees 370
Hexalonche amphisiphon Haeck. D.15010 severns . 371
Rhizosphaera trigonacantha Haeck. D.2504 .... 372
Family SPHAEROZOIDAE
Sphaerogzoun geminatum Haeck. D.250-2B0L +..0e 313
Collozoum inerome Muller D.90-100p ceceveecneen 314
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Fanily STAURACONIDAE
Stauracon pallidus Clapar D.Sp.100-1600. 0 c0e. 375

Family ASTROLITHIDAE
Heliolithium aureum Schew. D.Sp.190R eecvee.. 376

Clagss CILIPHORA -
Subclass CILIATA
Order PERITRICHES
Family VORTICELLIDAE
Sticholonche zanclea Hertw. D,180-5001 ...... 3T
Zoothemnium pelagicum G.Du Plessis ..eceeness 378

Order  HOLOTRICHA (OLIGOTRICHA)

Suborder TINTINNOINEA
Family CODONELLIDAE

Codonella aspera (Fol.) Lon. L.85k evevsen.. 379

" amphorella Bied., L.90R suevevevesne 380

Tintinnopsis lobiancoi Daday L,180-300p ,.... 381

" aperta Brandt L.45-501 ......... 382

" engulata Daday L,50-110W ....... 383

" beroidea (Stein) L.45W sevees... 384

" butschlii Daday L.130R svevese.. 385

" cylindrica Daday L.250p eeee.... 386

" mortenseni Schmidt L.,50-80p .... 387

" nordguisti Brandt L,115-130p ... 388

u nucula Fol, L.7O0W sevevrosnoness 389

" radix  (Imhof) L.200-300% «...... 390

i subacuta Jorg. L.45p D.25p ...... 391

Family CODONELLOPSIDAE

Codonellopsis morchella {(Cleve) L.90p se...... 392
" anericana FKofoid L.80-90% ...... 393
n orthoceras Haeck., L,200-300p ... 394
" ostenfeldi (Schmidt) L.100-120u. 395

" parva Kofoid; Campbell
L-150-350v; asvredae 396
Stenosenella mnivelis (Meunier) L.35-70p ..... 397
H ventricosa (CL.;L.) L.80p .ee... 398

Family COXLIELLIDAE
Helicostomella subulata (Ehr.) Jorg.
L.120-190p- LRI N ] - 399
" edentata Faure-Fr. L,145-170u. 400
Coxliella faciata (Kof.) L.250-5001 v.eean... 401
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Family CYTTAROCYLIDAE
Cyttarocylis cassis (Heack) L.180-200p ...... 402
L plagiostome Dad. DL,140W veeaeee. 403

Family DICTYOCYSTIDAE
Dictyocysta lepida Ehr. La65=T51 eeaceuseanss 404
u mulleri Brandt. L.,54-62y ........ 405

Pamily EPIPLOCYLIDAE
Epiplocylis blanda (Daday) L.120-135p ....... 406
n undella (Ost. & Sch.) L.110p ..... 407
" » yar, constricta Kofoid &
Campbell L.130-1501 seccencces 408
Family PETALOTRICHIDAE
Petalotricha ampulla (Fol) 5L.100p seveees-.s. 409

Family PTYCHOCYLIDAE
Favella  adriatrica (Imh.) L,120-145p ...... 410
" azorica (Cleve) L.90-117 s.ecves.. 411
" campanula (Sch.) Jorg. L.155p .... 412
n ehrenbergi (C. & L.) L.300-4C0p «.. 413
" figtulicanda Jorg, L.1550 eecreese. 414
n markuzowskii (Dad;% L.250-450¢ +.... 415
Poroecus apiculatus (Cleve) TL.1151 eevevven . 416

Family TINTINNIDIDAE
Tintinnidium neapolitanum Dad. LoI1TE wessese 417

Family RHARDONELLIDAE
Protorhabdonella simplex (Cleve) L.50-60p ... 418

Rhadbonella amor (Cleve) L.88-105f c.vvon... . 419
" glegans Jorg. L.110=125} «sccanses 420
" spiralis (Fol.) L.270-355¢ ...... 421

n striate (Biedermann) Brandt
L.200-2501L cvevcesee . 422

Rhabdonellopsis, apophysata (Cleve) L.300-350n 425
" minima Kofoid & Campbell L,175-230n 424

Family TINTINNIDAE
Amphorellopsis tetragona (Jorg.) L.,125p,..... 425
Dadayiella gonymedes (Entz SR,) L.85-105u .. 426
" pachytoecus (Jorg.) L.100-105p .. 427
Eutintinnus elegans Jorg., L.150-190W....c.... 428
" fraknoi Daday L.350-500W....s.0.. 429
1 latus Jorg. L.350-400W...ce0000.0 430
" lusus-undae Entz Sr. L.210-230p . 431

" atramentus Xofoid _& Gampbell
L.200-3001 «us.. 432
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Ormosella trachelium (Jorg.) L.100L secosecee 433

Salpingella attenuata Jorg. L.255-435¢ eeesse 434

" geuminata Cl. & L. L.200-380¢ ... 435
Steenstrupiella steenstrupii (Cleparede &

Lachmann) L,90-95% seereves 436

Tintinnus inquilinus IMuller L.90-95% «..... 437

" punctatostriata (Dad.) L.207w ... 438

" striats (Dad.) L.220-225p ....... 439

Family UNDELLIDAE
Proplectella angustior Jorg, L.57-651 «ovu... 440
n acuta Jorg, L.60=TOp vevoevecs.a 441
R biorbiculata L.70-801 ...... eeass A42
Undells attenuata Jorg. Lol75%We.eecscoo. 443
v hemigpherica Laackmann
L60-651 vevevsronss 444

Family XYSTONELLIDAE
Xystonella longicauda (Brandt) L.250-280p.. 445
" lohmanni EBrandt) L.330-510p ... 446
" treforti (Daday) L.360-470u .... 447
Xystonellopsis heros (Cleveg L.550-590 «.... 448
n scyphium Jorg. L.125-150u .... 449

Phylum PORIFERA
(lass TETRAXONIDA
Order ASTROMONAXONELLIDA
Family CLIONADAE
Mectona millari Carter & TopsenRt ..eicuversess 450

Class CALCAREA
Order  HOMOCOELA {ASCONOSA)
Family LEUCOSOLENIDAE
Leucosolenia blanca Miklucho Maclay

L.3150-1801 ¢ovvvveonsoes 451

" complicate (Montagu) L.150-170p. 452

" faleata (Haeckel) L.(sp.L.)
150180} sevrsonscnseces 453

" reticulum (0.Schmidt)
L.{sp.L.} 80-100p ...... 454



Phylum COELENTERATA
Subphylum CONIDARIA
Class HYDROZOA My
Order HYDROMEDUSAE "
Suborder ANTHOMEDUSAE
Bougainvillea bitentaculata Uchida -
Ho2mm Do1.7mM eecevssaseasrees 459
u ramosa (Van Beneden)
H02-5"4mm TR YRR A E N N A A ] 456
Bythotiara murrayi Cunth. H.20mm ..eee.s.. 457

Cladonema radiatum (Dujardin) H.4mn ..... 458
Corymorpha nutang Sars H.5mm D.%mm ....... 459
Dipurena ophiogaster Haeckel H.5mm

D.AMM evveacesnsssacasoransoan 460
Ectopleura dumortieri (Van Beneden)

H.5mm D2.5MM esescessvssonsnse 461
Buphysa surata Forbes H.6mm D.4,.5om ... 462
Leuckartisra nobilis Hartlaub H.20-27mm .... 463
Qceania coccinea Davis H.4-5mn D.4mn,.. 464
Podocoryne areolata Alder D.2-3.8m2 ...... 465

" carnea oSars fo. exigua
H&BCkel H-3.5mm erdsvasoantip 4‘66

Sarsia prolifera Forbes H.2~3nn D.2nn, 467

Tiaranns rotunda (Q. & G.) D.22pm ...... 468

Zanclea sessilis (Gossg) H.1l.5na D.18mm 469
Suborder LEPTOMEDUSAE

Aequorea pensilis (Heackel) D.25mm ..... 470

Clytia mnoliformis (Mac CTadyY) sveceesasassess 4TL

Firene viridula (Peron & Lesueur) D.20-30mm,. 472
Fucheilota cirrata (Haeckel) D.168M ..evvesss 473
Eutina bitentaculata (Q. & G.) H.8~10mmn
D,10-1200 evvvomcor . ceeaneans 474
Helgicirra schulzei Hartlaub D.25-3000 easess 475
Laodicea undulata (Forbes & Goodsire) D.20mm.. 476
Obelia geniculata Allman D.6mm sieeevesvcsnce AT
" SPe  seecesssccernase crerdpenenieaas eeee 478
Octocanna funeraria (Q. & 6.) D.30-50ma ..... 479
Octorchis gegenbauri Haeckel D.20mR +eevcvcece 480
Tima lucullans (Delle Chizje) D.60mR essees... 481

Order TRACHYLINA
Suborder TRACHOMEDUSAE
Agulaura hemistoma TFeron & Lesueur
H.A-6mm D.3—40M sveosvesens-ae 482
Cunina rubiginosa (Kolliker) H.8mm D.17mn .... 485
" vitrez Gegenbaur H,6-8mm D,12-57mm ... 484
@aryonia proboscidalis (Forskal) D.35-80mn .. 485
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liriope rosanea BEschscholtz D.15-30mm ...s0.. 486
" tetraphylla (Chamisso & Eysenhardt)
H-10“15mm D.16-30mm MY TEEEERE NN 487
Rhopaloneme funerariun Vanhoffen D.7-10mn ... 488
" velatum GCegenbaur D.8-15mm ...... 489
Solmaris solmaris (Gegenbaur) D.25-35mm... 490
Solmissus albescens (CGegenbaur) H.6-Tmn
D.25—30mm .ood.ooc-co-o--ooaano 491
Solmundella bitentaculata {Q. & G.) var;
pediterrenea Muller D,20mm... 492

Suborder LIMNOMEDUSAE
Gonionemus vertens Agassiz H.1Smm D.15mm ... 493
Odessia mosotica (Ostr.)} D.4-6mm s........... 494
Olindias phosphorica {Delle Chiaje) D.bmm ... 495

Order SIPHONOPHORA
Suborder CALYCOPHORAR

Abylopsis tetragona (0tto.) L,10-30mm ....... 496
" eschscholtzi (Q. & G.) ssvevsovennsss 497
Bassia bassensis (Q. & Go) vorveceennersnass 498
Chelophyes appendiculata Eschecholtz ceeeesse.. 499
Diphyes appendiculata Eschs., L.4-10mm ..... 500
" vojani (Chun.) L,15~20mm .......... 501
" dispar Chamisso & Eysenhard ........ 502
Eudox0ides SPiTalisS .eesescasccsssrevsscsesoreas 203
Buneagonum hyalinum {Qo & Cu) vuvrvrensaaannnses D04
Hippopodius hippopus Forskal L.50-T0mm ...... 505
Lensia conoidea Kef. & Ehler. ....o.eeee... D06
" fowleri BiZeloW eeevivveccronrscase 507
n pulticristate HOSET .evvsevesvsesss 208
" subtilis (Chun.) .icvveavnensonsn-- 509
" subtiloides Lens, & Ven Rim ........ 510
Muggieen atlantica Cunn., L.,3-5mm ........... 511
" Kochi (Will) ..eievivnveroneinecnsas 512
Lilyopsis rosea ChUn, seesveeseavevevosrersass D13
Rosacea  cymbiformis (Delle Chiaje) .eveeess. 514
n plicatz Quoy & Gaimard .....cseveaee 515
Sulculeoria biloba (SETS) wevvseveereerocensss 516

" quadrivalvis = quadridentata
Ql & Go NN N EE R R RN ] 517
turgida Gegenbaur ..e.iceesceserss D18

Suborder PHYSOPHORAE
Agalma elegans SATS seeeeecescsanrsorssnee D19
" okeni Eschscholtz ,........0000004.. 520
Forskelia contorta Milne ZEdwards ...eeeve-.. 521
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Holistemma rubra Vogt. eecuvcecscrscorssccrencs 522
Physophora hydrostatica Forskal L,30-60mm .... 923

Suborder CYSTONECTAE

Physalia  physalis (Linne) wesscesseasnsanssee D24
Rhizophysa filiformis eeesssscree-cococcnccsran 525
Sphaeronectes kollikeri Huxley D.6-Tmm ...... 526

Suborder DISCONECTAE

Class
Order

Order

Order

Subphylum
Order

Qrder

Order

Porpita umbela O0.F.Mull., D.40mm cevecvcesns 527
Yelella jata Cham. & Eysenh, D.50mm ....... 528
Porpita 8Pa. ettt ecsanbsssasrraanns ssasess reas 529

SCYPHOMEDUSAE
CUBOMEDUSAE
Charybdes marsupialis Per. 8 LeSe eesesassess 230

SEMAEOSTOMAR
Aurellia surita Lamarck D.300-500mn
H-loo-lasmm IR N NN N RN 531
Cyanea capillata Esch. D,120w230MM0 eesoesae DIZ
n nozalii Kishinouye D.500ER .eseeee- 533
Dactylometra pacifica Goette D.150-200mn .... 534
Discomedusa lobata Claus H,40mm D.150mm .... 535
Pelegia noctiluca Per. & les., H.30m D.50mm.. 536
" panopyra Peron D.BOMN vanecsvccoances D31

RHIZQSTOMAR
Mastigias papua
Rhopilena esculenta Kishinouye D.500MA .ueees 538

C'TENGPHORAL
CYDIPPIDEA
Euchlora rubra Chun, H.5-10m0 s.eeceececce- 539
Hormiphora palmata Chun. L,18.5~43MM saeeve-.a 540
n plumosa Agassiz HoS5=200M asvesssros D41
Lempetia pancerina Chun. H,20-50m0 .eeeesass 542
Pleurobranchia DileUS cesecessscnsescccsseces . 543
n rhodopis Chun., H.6~Tmm eees..- 544

LOBATEA
Bolinopsis mikado Moser L.25mI .ecececcacen-es 545
Leucothea japonica Komai L.53=120M0 evsocssss 86

CESTIDEA
Bolina hydatina Chun. H.25—40mm FYEER NN NN ) 547
cestus (Cestum) amphitrites Meriens

L,80-100M0 seaccors . 548
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Order BEROIDEA
Beroe cucumis Fabricius L,150MM secsasoseses D49
" forskalii Chun. DL.56MD eeesercrvscace 550
" ovata Esch., H.160mm ..cevvevresccacce 551

Phylum PLATHELMINTHES
Class TURBELLARTA
Qrder POLYCLADA
Planocera pellucida Lang, (Muller's larva)... 552

Phylum NEMERTINI
Cerebratulus natans Pun. (Pilidium larva) ... 553

Phylum TROCHELMINTHES
Class ROTIFERA (ROTATORIA)
Order MONOGONONTA
Suborder PLOIMA
Femily SYNCHAETIDAE
Synchaeta oblonga Ehrenberg ........... .es D54
" pectinata Ehrengerg L. 400—600p eses 955
n stylata Wierz. L.24-300p sv.veo.... 556
" tremula Ehr. L.180-3001 +ieseesnsesr 997

Family DICRANOPHORIDAE
Eucentrum felis Ehr, L,110-130u .....ccuue . 558

Order FLOSULARIACEAR
Family SINANTHERINIDAR
Megalotrocha socialis Bory & St. Vincent
L.BOC-10001 wvuvwrecnss . 559

Phylum ANNELIDA
Class POLYCHAETA
Suborder NEREIDIFORMIAB
Family PHYLLODOCIDAE
Lopadorhynchus appendiculatus
-7 -
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Lopadorhynchus uncinatus .....eeeeversvevcnces
Moupasia  COECRB  es-essessscrvereses ceensana sae
Pedinosoma cUrtUll seevvvrecsvossscvascccns rarrene
Pelagobia longicirrata Greeff L7500 saesveee
Phalacrophorus pictus .....c.cesececnvens aeraa

Family TYPHLOSCOLECIDAE
Sagitella kovalevskyi N.WAgNeTr .evrssserssess
Typhloscolex mulleri Busch L.4.5mm ..ueeann .

Family ALCIOPIDAE
Alciopa cantraini Delle Chiaje L.100mm
Wlamm "lll.-..‘lll"ll..l..

Callizona japonica Izuka L. %8mm W.l.8mm .....

n Moebii sevecccsoosnsasanene cesnsveas
Rhynchonerella fulgens Greeff L, 20mn

Wl B0 eovenvocacersns vevssee

Vanadis crystalling ...ece00e erescavsseves .o

n TOTMOSE esssesvssccasossronvssnacsons

" grandis Izuka L, 400mm ....... casrs

Family TOMOPTERIDAR

Tomopieris levipesS seeeercccscrcvroncccvocnccs .

" Kofersteini .eieeeeevcecasces cesensan

" nisseni RoSA .s.eseeseres eveaannces .

" pacifica Isuka L.13 W 1.500M vaonas

" sp. L.50MM +vasceconavannnssss .

" glegans Chun L.15mm s.eeccocncees

Larval stage of POLYCHAETA

futolytuas prolifer .......... seesnirseennenras
Ceratonereis imperfecta N. SPe eecevercnercce
" ineisa e SPs  serscssscsvacssces
" gsingularis Treadwell
L.1O-15EM sseosesacsanvsne
Fulalia ViridisS cesvscvcsnrrccseneas serecane
Glycera AlDE  seesscsersssssrrsononans ceereve
Harmothoe inbricatse secccececsssserrencaaeees
Nereis Aiversicolor s.ceeeressenasseveence .
N kerguelensis Maec Intosh. eccec-ve..
" pelagicd veceoeereons eeeossrrnaesas .
Nerine FOLiOSE esevvsvvsvsecacsacnrssenreans
Platynereis Dumerilii (ﬁudouln & H,.Milne-
EAwards) ceeeeeesens veeenes
" polyscalma Chamberlin L.15-17on
Polydora Clligt8 secoscsvsenssssassscasoncs
Polynoinien {Iarva) ...eeeeseecsecss P
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Pseudonereis gallapagensis Kinberg

Sabellaria

Unice anhroditois

Sipunculus

Phylum CHAETOGNATHA
Class SAGITTOIDEA

glveolata ..eeeeecces

gsrerar e

P N I

(Trochophora 18TVA) +evvssrs

nudus (Trochophora 1ATVA) covssens

Family SAGITTIDAE
bedoti Beraneck L.14-30mm «.ocv-ee.
bipunctata Quoy. & Caimard.

Sagitta

L. 6-15mm 4

crassa Tokioka L,10.5-22mM iseevave
% fn. naikaiensis Toldoka

L.6-1Cmm ..

IR RN N

decipiens Fowler L.7=20mm ..oaeeas
delicata Tokioka L.5-Tmm .eecevass
elegans Verrill L.21-31mm ........

enflata Grassi L.6-30mm

PRI NI B R R

feror Doncaster L.B-15mm s.ceecsee

frideriei L.11-15mo ...

P RN

hexaptera Orb. L,20-60mm .........
hispida Conant L.11om .....ccvcevee
ik shigi K 72 R L L

lyra gazellae .........

P IR N ]

" typica ¥rohn L.15-40mn .....
maxima Chun., L,90mm ..eecesecrcvns
nacrocephale Fowler L.7-20mn .....

minima Grassi L.4-Smon
neglecta Aida L,6-10mn

sevsaserhe s

PR

planktonis Steinhaus L,9-40mm......
pseudoserratodentata Tokioka

L.6.5—9111m L]

R N NN A ]

pulchra Doncaster L,6-17Tmm .......

regularis Ajida L,6-10mm

Qs s s s

robusta Doncaster L.6-20mm ,......
gserratodentata Krohn L,5-15mm .....

gsetosa L.20mm ....e0..
tumida Tokiokas L.4-Dmm
zetesjos L.40mm ......

Pterosagitta draco Krohn L.5-%mm

Spadella
Krohnitta

s e v s ws sy

earr e s s

cephaloptera (Busch) L.2~4mm .......

pacifica Aida L.6-15mm
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Phylum MOLLUSCA
Class GASTROPODA
gubelass PROSOBRANCHIA
Order MESOGASTROPODA
Tribe EETEROPODA
Family ATLANTIDAE
Atlanta fusca Souleyet L.3-10mm ..ceensreve 631

" gaudichaudi Soul. L.5-10mm ....... 6%2
n helicinoides .s.ieeeevscecesosssas vees 633
" jnelinata Soul. seveesssacsarcrecss 634
n lesueuri Soul. L.3-8mm ...eeeee.. . 635
" peroni Lesueur L.10-1llmm across .. 636
" QUOYANA  evvaseessnssosoaraascscsasses 637
Oxygyrus rangi Soul ...eeeececcirnaerienens 638
Family CARINARIA
Cardiopoda Placenta se.eecssecccssacrcronanves 639
Carinaria lamarcki ssesesccses heressananrnenen 640

Family PTEROTRACHEIDAE
Piroloida desmaresti ILesueur ...cceqcvcveacce 641
Pterotrachea mutica ...cccceveieass eevsrsasrens 642

Tribe PTENOGLOSSA
Family JANTHINIDAE
Janthina globosa Swainson H.30mn W.10mm .... 643
" janthina Linne H.20mn W.25mm ..eeas 644

Tribe NUDIBRANCHIATA
Family AROLIDIDAE
Glaucus linentus Reiphaldt L,15-20am ..... 645

Family PHYLLIRRHOIDAE
Phyllirrhoe bucephalum Per. & Les.
L.20-3000 seeevcrvaanes ees. 646

Subelass OPISTHOBRAWCHIA
Order PTEROPODA
Suborder THECOSOMATA
Family LIMACINIDAE
Limscina  trochiformis d'Orb. L.1.SEM sueeeses 047
n inflata d4'Orb. cescean- tresreesaane 648

Family CAVOLINIDAE
Cavolinia gibbosa gibbosa Rang ...ceccevc-ee 649
" globulosa Reng L.7mm  .eccececeee-- 650
" inflexa (Lesueur) L.4.5-5mm  ...... 651
" longirostris (Lesueur) L.4~5mm .... 652
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Cavolinia
n

Creseis
1

Clio
Cuvierina

Diacria
L

Euelic
"

Hyalocylis
Styliola

Peraclis
"

Desmopterus

tridentata (Forskal) L.8-9mD coesee-

uncinata

(Reng)

acicula Rang L.33mm
conica Eschscholtz

virgula

1.6.0-8.0mm
virgula Rang

1,6.0-10.0mn
pyramidata Tesch

AL

cnvunoono--o-cl-'--

IR R R RN

P T E R R R

P Y R A

P L I I R

columnella columnella (Rang)
L- 7-8111!3

quadridentata

ses s nssw o

(Lesueur) L.2.5mm ...
Les.

trispinosa trispinosa

cuspidata Bon.
(Pfeffer) L.7-l4mn
L.21mn

P I I A L

polita

pyramidata Tesch.
striata Rang

L,l6mn

ameaness v boan

PR E R NN

[N R RN E

PR I R

subule Quoy. & Gaimard L.5.7mm ...,

Femily PERACLIDAE
bispinosa Pelseneer L.11lmon
Tesch L.3nm

moluccen
reticula

Family CYMBULITDAE
Cymbulia peroni Blainville
papilis Chun.

Suborder GYMNOSOMATA

Phylum

sis

se sE e ewES

ta (d'Orbigny) L.50T soveee

Family PNEUMODERMATIDAE
Prneumoderna mediterransa

Fompily THLIPTODONTIDAE

Thliptodon Gegenbsuri

Larva of MOLLUSCA

PR R IR I NN L]

L.0.5-~1.0mn

assesasntas e s st

B E R s ER BRSSPI B AR rtaN

Oyster larva (Veliger 1aTVA)  seeerensrcnsonaee

Nodilittorina granularis
Nerits albicilla (Veliger larva)
Larva of LAMELLIBRANCHEL

MOLLUSCOIDEA
Bugula neritina Linnaeus

Lingula lingula (

Phoronis

australis

-~ T4

egg)

PR E NI N LR

(veliger and Post
larva}

(Cyphonautes 1arva).
la  larva)

Li?ﬁ;

CC I

tinotrocha larva).:::::
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Phylun ECHINODERMATA
Asterias

Asterina
n

glacialis (Bipinnaria 18TVE) seeees
pectinifera (Bipinnaria larva) .....
" Brachijolaris larva)....

Ophioglypha albida (Ophiopluteus 18YVE) wevess

Ophiothrix
Ophyarachne
Holothuria
n
Synapta
Bchinocardi
Spatangus
Strongyloce

Tripneustes

fragilis (Ophiopluteus 1aTva) 4...
1la gorgonia (Ophiopluteus larve)..
leucospilota (Auricularia larva)..
tubulosa (Auricularia larva) .....
digitata (Auricularia 18TVE) voavass
wm  cordatun {Echinopluteus larva}.
purpurens (Echinopluteus 1arva) saee
ntrotus lividus (Echinopluteus
18TVE) weeeene
gratilla (Echinopluteus larva) ..

Echinocyamus pusillus (Echinopluteus larva) ..

Phylum ARTHROPODA

Class CRUSTACEA
Order PHYLLOYO
Suborder CLADOC

DA
ERA

Family TOLYHEMIDAE

Evadne

n
Penilia
Podon

n

spinifera P.E.Muller L.0.4mm
H,O,BEM .evvusssnces
tergestina Claus ....c.eeeevose tesns
schmackeri Richard L.0,8-1.3mm ....
leuckarti G.0.Sars L,1.0mm .......
polyphemoides Leuckarti L,0,6~0,8mm
schmockeri Poppe L.0.7-0.8mm .....

Order OSTRACODA
Family HALOCYPRIDAE

Asterope
Conchoecia

Cypridina
n

Halocypris

marine

daphnoides (Claus) F.5.9
M.3.2=3.3M0 sseeenes

imbricata (Brady) F.2.8-4.8mn
M.2.6-3.0MM sevenvss

obtusata Sars F.2.0mm Ml.4om ....

noctiluca Kajiyama .sececccacccsaes

mediterraned ..ceeerseccssrerrsoass

globosa (Claus) F.3.0mm M.2.5mm..
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Order COFEPQDA
Suborder CALANOIDA (GYMNOPLEA)
Family EUCALANIDAR
Bucalanus attenuatus (Dana) F.4.2-5,0mm
M.3.0=3.500 sesosseeosas TOT7
" crassus Giesbrecht F,2.9-4.0mn
M.2.7=3.50M eceseansnsas 703
n elongatus (Dana) F.4.4-8.5mm
M,3.6~5,0M0 seresscaass 109
Mecynocera clausii Thonpson F,0.8-1,2mm ,,.... 710
Rhinealanus nasutus Giesbrecht F.3.8-5.4mn
M.3.5-5.0mm ..eceveeess 711
" cornutus Dane F.3.6mm M.2.7mn .. 712

Family CALANIDAE
Calanus brevicornis ILubbock F.2.3-2.%mm
M.2.3-2.4mm LR N B I A BB I Y 713
" darwinii Lubbock F.2.0mm M.1.8mm ., 714
" helgolandicus Claus F.3.0mn
Me2,800 cuvsescncocness 115
n minor (Cleus) F.1,6-2,0mn
M,1.5-1.8M0 seveesceses 716
" tenuicornis (Dana) F.1,%-2.5mn
M.1.9-2.0 R RN R NN N NN N 717
" vulgars Dana F.2.6mm M.2.4mm .... 718
Neocalanus gracilis (Dana) F.3.0-3.9mm
M.2.5-2.500 ssvanonscssne 719
" robustior Giesb, F.3.2om M.2,8mm ., 720

Family PARACALANIDAE

Calocalanus pavo {Dana) F.0.9-1,2am M,1.1lmm,. 721
" plumulosus Claus 7,0,9-1,1lmn ..., 722

" styliremis Giesb. F.0,6-0,9mm
M.0,6M0 svvescarensones 125
" tenuis Farran P.1,2-1.%mm ,,,... 724
Paracalanus aculeatus Giesb. PF.0.8-1.2mm ... 725
n nanusg G,0,S5ars P.0.6mm ......... 726
" parvus Claus F.0.8-1,0nn M.1,0mm. 727

Fanily PSRUDOCALANIDAE
Clausocalanus arcuicornis Dana F.1.2-1,3%mn
Mo1,1-1.2m% .us.vusanene 728
pergens Farran PF.0.9-1,1mm ,... 729
Ctenocalanus wvanus Giesb, F.0.9-1.2mm
M.1.2-1.7m0 seveeenee.. T30
Drepanopus bungei G.0.Sars #®.1.%mm ...... eee 131
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Family AETIDEIDAE
Aetieus armatus Boeck F.1.8-2.0nn
Mol|4_1-5mm 'R R EEE R NN N 732
Aetideopsis multiserrata (Wolfenden)
F.2.7-2.BO0  soveenaaseoras 133
Chiridiella macrodactyla G.0.Sars F.2.7mn .. 734

Chirundina streetsii Giesb. F.4.1-5.7%om
M.3.8*4-4mm Y EER AR RN N] 735
Chiridius gracilis Farran F.2.4-2.8mm ... 736

Euaetideus giesbrecht (Cleve) F.1,5-2.2mm.. 737
Euchirella rostrata {Claus) F.3.0-3.lom
M.2.5-3. 000 eoeecncansaens 38
brevis (- amoena) G.0.Sars
F.35.5-4,0MM ceevscrnanacrs 739
" curticauda Giesb. ¥F.3.5-4.4mn
MoABOM  weevocsvacsassasss (40
" maxima Wolfenden F.6.8-T.4mn
M.5.6~T.0MB sevesecnsenesee 141
messinensis Claus F.4.7-6.2nm
M-4¢0“5-5mm ' AP L E R EN NN NN N 742
" pulchra (Lubbock) 7.5.0-4.4mn
Mo3-7mm RN AR R N R A 743

Gaetanus kruppii Giesb. F.3.6-5.7mn
M.3.7~5.6mm PR EEREEERR NN RN 744
" Eliles G‘iesb. F03l5—309mm ------ 745

" minor Farran PF,1.8-2.4mm ...... 746
" pileatus Farran F.5.6-6.2om .... 747
Pgeudochirella cryptospina (G.0.Sars)
F.4.7-4.%00 M.5.300 ....... 748
" notacantha (G.O.Sars)
F.4.7-4.9on M.5.3mm ...... 749
" obtusa (G.O.Sars) F.5.3-5.8mn

MG BEM  suvesocveassacsss . 750
" pustulifera (G.O.Sars)
F.7.3=T,40M .cvvecesvevees 751
" scopularis G.0.Sars F.3.0-4,0
mm ... 7952
Undeuchaeta major Giesb., F.4.5~5.5mm

!'106.0-6,6mm ERE RN 753
" plumosa (Lubbock) 7.35,0-4,.2om
M'3.2m .O..lll...l..ll'.. 754

Family SFINOCALANIDARE
Monacilla tenera G.0,Sars F.l.8.2.7mm ....... 755
" typica G.0.Sars F.2.0-2.4mm

}1.1-6-2.3[!113 e s e svaNcsan TN 756
Spinocalanus caudatus G.0.5ars P.l.5mm .seeavs 197
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Spinocalanus spinosus Farran F.1.8-2.4om ....

Family MEGACALANIDAE
Bathycalanus princeps (Brady) F.10.0-12,0mn

H

Megacalanus

M.E1.0mm coeenvnas wessue
richardi €¢.0.Sars F.9. 0-11.2om

¥.7.8-8.2M0M ,enceesvass
princeps Wolfenden F. B.8-11. Smm

M.7.9=10.0m0 s.caaeas .

Family HETERORHABDIDAE
Heterorhabdus Clausi Giesb, F.2,4mn

M.2,2~2.408 ,e0ereen
papilliger (Claus) F.1.9-2. 4mm

M, 1.8-2.3M0 avevovensns
vipera (Giesbr.) P.2,6-2.8mn

M.2.6-2. TR cevvesasne .e

Family ACARTIIDAE

Acartia

L)

clausi Giesbr. F,0,9-1.2mn
M.1.0—1-2 RN RN N
donae  Giesbr. F.1.1-1,2mn

M.0.7-0.800 sesvesroesns
disecaudata Giesbr. F,1.0-1.2om

M.l.o—l.lmn LI N R R O B NN
negligens Dana F.1.0-1.5om

M.O.B—l.omm sET eI acvrr L]
tonsa Dana F.1.3-1.5mm
Mol O=1olml cevevevravee

Family METRIDIIDAR
Pleuromanma  abdominalis ILubbock F.2.8-4.0om

0

M.Q.B-B-Bmﬂ s s o e s RT TS
gracilis Claus F.1.9-2.3mm
Mol.5-2.200 svevraceaene
robusta Giesbr. F.3.0-4,%mn
MaB3.0-4,000 wvveenceres
xiphias Giesbr, F.4.1-5.4mnm
Mc4no-4-7mm sesv s snanns

Family EUCHAETIDAE

Euchaeta

marina Prestandrea F.2.3-3,.9mm
M.3.0-3.2MM .vovnnnronne
acuta Giesbr. F.4,16-4.3%mm
MaB.5-4.8m8  vuvevnnnnes
hebes Gieasbr. F.2,9-3.0mn

Me2.8M0 weewoscces
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Euchaeta  spinosa Giesbr., F.6.4mn

M.603m R N NN I NN N N R R B 777
" pubera G.0.Sars F.4.0mm .e..e..... 778

Family ~PHAENNIDAE
Cornuealanus simplex Wolfenden F.6.3mn ...... 779
Heteremalla dubia T.Scott F.3.7mm M.3.5mnm .. 780

Family SCOLECITHRICIIDAE
Scaphocalanus magnus T.Scott F.4.5-5.0mm
MoA.5M sassesneeevsaveasssaee (8L
Scolecithrix dane (Lubbock) F.2.2mm
M.2.0-2.2I0 seeesecnancrserss 182

Fanily CENTROPAGIDAE
Centropages aucklandicus Kramer
F.1.5-1.7om M.l1.5m0t ........ 783
n Kroyeri. Giesbr. F.l,3-1l.4mm
M.1.2M0 sesesoscccnnsssnvesse (54
" orsinii Giesbr., F.1l.2-1.0mm
Mel.2=1.4M0 s.vevaoscesnnenee 785
" violaceus (Claus) F.1l.8-1,9mm
Mel.5=1.,800 .+ovecesnnconncans 186

Family TEMORIDAE

Temora discsudate Giesbr. F.1,9-2.0mnm .... 787
" stylifera Dana F.1.5-1.9mm

1'1-104—105mm A E R RN s e 788

" turbinata Dana F.l.4-1.7Tmm ...... . 789

" longicornis O.Fr. Miiler
Fol-o—llsrﬂm M.110_1-4mm 'EE RN 790

Fanily CANDACIIDAE
Candacia armata Boeck PF.2,0-2.7mm

M.1.7—2.7mm TR R EEE NN NN 791
" aethiopica (Dana) F.2.1-2.8om
M-2¢0—2¢3mm S SN P 4SS FE TR 792

h bipinneta Ciesbr. F.2.4-2.6mn
M'2‘4mm I...l'l".!.‘llll'..ll 793
" bispinosa Claus F.1.9-2.0mn

M.1.8—2.omm srd P d sV e il 794
n longimana (Claus) F.3.6-~3.9mn
M301-3-5mm e st et s s as e v L] 795

" pachydactyle Dana F.2.3-2.8mn ..... 796

n ginplex Giesbr. ¥F.1,9-2.1mm
M.1.8-2,0M0 eoeocossanosecsss (37

" varicans Giesbr. F.2.%mn M.2.lmn .. 798

- 79 ~



Family LUCICUTIIDAE
Lucicutia atlantica Wolfenden F.3.5mm

M.3.4mm teacessesanateny

" flavicornis (Claus) F.1,4-1.8mm

M.1‘3—107mm R NN NN N )
" longiserrata Giesbr. F,2.3-2.2m ,.

" ovalis Giesbr. F.1.3-1.4mm
M.1l.2-1.30M seossoraos

" tenuicavda G.0.Sars F.5.2mm
M,5.0MM cevvvanvevonss

Family AUGAPTILIDAR
Augaptilus anceps Farran F.3.6-3.8mm .......
Euaugaptilus affinis G.0.Sars F.5.4mm .....

" bullifer Giesbr., F.4.9M0 <escevnvs

n fagilis Farran F.5.4-5.9mm ......
" filiger Claus ¥F.4,9-6.8mm

M.4.l—6.5mm R EEE N TN
" gibbus Wolfenden F.2.8-3.4mn

M.2, 73,20 seasnsses
" elongatus G.0.Sars F.6.7mm

M6, BME  weveceassvonnns
" nodifrons G.0.Sars F.5.4mm

MeD.2DM  sessoreracen .o
n oblongus G.0.Sars F.7.4mm M.7.2mm,
" palumboi Giesbr, F.2.3mn ........

n squamatus Giesbr. F.6.3-6.8mm ,...

n truncatus ¢,0.8ars PF.7.6MM sseees

HBaloptilus acutifrons Giesbr. F.2,6-3.2mm ...
n angusticeps G.0,Sars PF.3.5mm .....
" longicornis {Claus) F.2.1-2.5mm

M.2.0mM weerevnans ceoaa

" mucronatus (Claus) TF.3.6mm
M,2,1-2.7M0 s0cnvveans
n tenuis Parran F.4,.4mm M.4.2mm ...
Heteroptilus acutilobus G.0.Sars F.4,lmm
M‘4.0mm B4 & % e 498 s dsEs
u attenuatus G.0,5ars F.5.700 eeevss

Family PONTELLIDAE
Ancmalocera patersoni Templeton F.3,2-4.1lnn

Me3.0-4.0M0 sovvenvoas
Labidocera acuta Dana F,3,0-3.4mom
M0208“3o4mm roesssdane
" acutifrons Dana F.3.7-3.9om
Mr3'8"309mm svecsnas e

n detruncata Dana F.2,1-2.8mm .....
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foabidocera Kroyeri Brady F.2.4-2.5mm
M.2.0MM sevvesensnacs . 827
L pave Giesbr, F.2.lmm ....oecc-a.. 828
u wollastoni ILubbock F.2.2-2.3%mm ... 829

Pontellina plumate (Dana) F.1.7-1.8mm
] M.1.5~1.6mm ses.0... 830
Pontella chiercheae Giesbr. PF.3.3mn M.3.0mm 831

" Lo Biancoi Canu. F.4,0-4.2mm

Me3.3=3.80M ensnssees 532

Pontellopsis vregalis Danz F.4.0-4.4mm
M.3.4=3.5M0 seeees.s 833

Suborder PODOPLEA {CYCLOPOIDA)
Family MORMONILLIDAE
Mormonilla phasma Giesbr. F,1.6-1,7mm ...... 834

"Family OITHONIDAE
Oithona nana Giesbr, F,0.5-0.Tmm

M.0,5-0.68M sssaeree. 835

b plumifera Baird F,1.0-1.5mm
1,0.8-1.000 sevesen.. 836

" robusta Biesbr. F.1l.6-1.7om
Mol.2MM ceesnnvoncss 837

" setigera Dana F.1l.2-1.9mm ...ev.... 838

Family ECTINOSOMIDAE
Microsetella norvegica Boeck F.0.4~0.5mm
M.0.3-0.40M +eeeeass 839
" rosea Dana F,0.6-0.9mm ........ 840

Family MACROSETELLIDAE
Mscrosetella gracilis (Dana) F.1l.4-1.5mm
M.1l.1-1.%mm weeeses S41
Miracia efferata Dana F.1.5-2.0mm ...... 842

Family TACHYDITIDAE
Eyterpe acutifrons Dana F.0.5~-0.8mm
MOOOB-OOGM PR 843

Family CLYTEMNESTRIDAE
{lytemnestra scutellata Dana F.1.0-1.2mm
M.1,0-1.3M0 ssevssses 844
" rostrata Brady F.0.6-1,.0mn
M.0.8~0,9MB eseseves 845
Laophonte brevirostris Claus F.0.7mm .... 846
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Family ONCAEIDAE
Lubbockia mninuta G.0,Sars P.l.3M0 eceseesons B4T
B squillimana Claus F.l. 51, 6mm
M.1,8-2.1mM seenveses.. 848
Oncaea media Ciesbr. F.0.6-0.8mm
M.0.6—0.7mm FE RN AN N 849
n noditerranea Claus F,1,0-1,30m
H,0.7-1.1m0 seseeveesss 850
1 minuta Giesbr. F.0.5-0.6mm ..4.... 851
" vernusta Philippi F.1l.1-1.3mn
H.0.7-1.000 ssvesveeess 852

Family CORYCAEIDAE
Corycaeus brehmi Steuer 7,1.0-1,1pm 1.0.8nm, . 853
" Clausi F,Dahl F.1.6-1.7oo
M.1.3=1.5MN sesasasesee 394
" flaccus Giesbr. F.1.7-1.0mm
I'I- -4_1 Tm-m PRI I R 855
" giesbrechti F.Dahl F. 0.5-1,0mnm
M.0.7=0.000 .eoeeeesess B850
" lautus Dena F.2.8-3.0mm

M.2,1-2.5MM <ereveevsse 857

" latus Dana F 0.8~1.2mm
1,0,7-0.0mm, eeveveansess 858

" limbatus Brady F.1l.4~1,5mn M.1l.2mm. 859
" ovalis Claus F.0.8-1.0mm

M.0.7-0,%mm .. weeess 860
" speciosus Dana F.1.9-2.2

M.1.7=1.0m0 eeeveevasss 861
" typicus Kroyer F.1.6-1.7mm

M.Ll.2=L.600 .,0eenaeesss 862

Corycella carinata Giesbr. F.0,8-0.9mm

M.0.8-0.90m c.eeenee... 863

Family SAPHIRINIDAE
Sapphirina angusta Dana F.2.5-5,5mn
M.4.0-7.0m0 ..veuseness 864
" bicuspidata Giesbr. F.2,3-3.0mn
M.2,6=3.4M0 +eeseeeaass 865
" gastrica Giesbr. F.2,3-2.Tnm
M.2,202.TME +eeveevaess 366
n gempa Dana F.2,1-3.7mm  M.2,3-4.5mm 867
" intestinata Giesbr. F.1.6-2.8mm
M.1.6-2.0MM vevenuseee.. 868
n iris Dana P.5.2-7.4nm M,5.9-7.5nm,. 869
u loctens Giesbr, F.1.4-1.6mm
Mele5-1.700 .vesveasess 870

~ 82 -



Sapphirina metallina Dana F.1.7-2.5nn
M.1.6“‘2.6m s s e e bR 871
" maculosa Giesbr., F,1,8-2.2mn
M.2, 7N eevvevovsvas 872
" nigromaculata Claus F.1l.5-2.8mn
M-l,?"B.OIﬂm RN NN N 873
n opalina Dana F.2.1-4.2mn
M.2.4-4,4mm ........ 874
n sali Farran F.2.3-3.1lom M.2,.0-2.8mm 875
" scarlata Giesbr, F,3.%-4,.7mm
M.3.4-4.900 ........ 876
" opalina var. Darwini Haeckel ..... BT7
Copilia mediterranea Claus F.3.2-4.4mm
M.4.5-6.1mm ,....... B78
" mirabilis Dana F.2.2-4,lmm

M¢3-2—6.]-mm ae e e wee » 879
" guadrata Dana F.2.2-4.4mm
M,3.5=5.THOM covsvsees 880

n vitreas Haeckel F.3.2-5.4mn
M.S.S-g-omm A EERE R ENEE] 881
Parasitic COPEPODA

ASCOMYZON DAYVUIL sevescressscracvcctsossansse .. 882

Order CIRRIPEDIA

Balanus amphitrite (Nauplius 18T7VA) +eroes.. 883
" balsnoides (Nauplius 1arve) seeeeo.s 884
u sp. (Cypris 1arva) .eeepsvecenssaess 885
" SD. (Metanauplius larva) eseecssseas 886

u tintinnabulum (MNauplius larva) ..... 8B7
Lepas anatifera (Nauplius 18Tva) ce.es .... 888
Lepadidae's larva (Nauplius 18TVA) seeessecesss 889
Sgcculina sp. (Nauplius 1arva) .eeeseesecsesss 890

Subclass MALACOSTRACA
Order AMPHTPODA
Family ANCHYLOMERIDAE (PHROSINIDAE)
Anchylomera  Blossevillei Milne Edwards ..... 891
- Buprimno  mBCTODPUS seeasscsssevsnoarcssroacoscs 892
Phrosina =emilunata ..c.eviesceaas seceeeraans 893

Family HYPERIIDAE
Hyperia lotigsima Bovallills cecesecvvscsess 894
n sibaginis Stebbing L.3.0-4.0mn .... 895
n achizogeneios Stebbing ...ecveveees 896

Hyperioides longipes ChevreuX ....cecsevec-: 897
Hyperoche KroveTri cevsesscess teerresnasaass BIB
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Futhemisto bHispinosSa ecsescssecsrerccrorecccace 899
Parathemisto oblivia sseesvrerareracvoresncerens a00
Phronimopsis spinifera Claus eeeecvcerveccenes 901

Family LYCAEIDAE
Brachyscelus  CrUSCULUM c.coessrcesransvnncnecs 902
Lycaea PULEX seeesvessnercasanrvoscsevcsens 903
Pseudolycaes pachypoda s.eecereevrevroracvonns 904

Family OXYCEPHALIDAE
Glossocephalus Milne-Edwardsi s.scecvrccsscccs 905
Oxycephalusg porcellus Claus ...ceeseecerens 906
Phtisica MATINA ..eresecsssvessasrrassvncaans 07

Paendolirius Kroyerl ..everveecrcsccrvnnsanane 908
Rhabdosoma SDs  eescevssescssecrsesranseseane 909
Streetsia Challengeri e.eecosessssssrersass J10

Family PHRONIMIDAE
Phronima  Sedent2rif .eeeececrscssccrvrvasssass 911
" pacifica Streets 1.10.0mm ........ 912
Fhronimella elongata ClABUS .ecercrsreasverass 913

¥amily PLATYSCELIDARE
Lycaeopsis themistoides ..eeveivencsasoncrevnns 914
Platyscelus OVOideS ..eeccoscsvsnasrsccccnnnos 915
n SErTALULUS sevevevovsacssavoansass IL6

Family SCELIDAE
Parascelus  typhoides s.vesessssersossecsvenss I17

Fomily VIBILIIDAE
Vibilia viatrix Stebbing 1.8.0-9.Cmm..... 918

Order FUPHAUSIACEA

Fapily EUPHAUSIDAE
Buphausia gracilis Dana L,9.0-10.0mm ...... 919
" pellucida Dana L,10,0-11,0mm .... 920
Stylocheiron carinatum G.0.Sars L.10,0-11.0mnm. 921
Meganyctiphanes norvegica (Furcilia larva) ... 922
Meganyetiphanes norvegica (Metanauplius larva) 923
" (Calyptopis 18rva) veeeeevers.. 924

Order MYSIDACEA

Mysidee's larva

Mesopodopsis slabberi P.J.Bened L.8,0-9,0mm ,. 925
Neomysis 1oNZicOTNIS sivevevesscrnccssasess 920
Siriella clausi G.0,88T8 tvvvavvcvansaanase 327
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Qrder DECAPODA.
Suborder MACRURA (REPTANTIA)
Lucifer BCESETR  sevvesvasssrsonnresnsacacars 928
" raynaudii Bate I1,7.0-12.0mm ....... 929
" sp. (Zoea 1arva) ceeeveeeon. veeenes 930
" n (Mysis 18TVAE) ecescvasecrevesaass 931
Palinurus's larva (Pyllosoma 1arva) .eeo.-e... g32
Shrimps larva (Zoea larva) ....ccceeee.. veees 933
" " (Mysis 18TVA) sessrsrorrrrnssans 934
Suborder ANOMURA
Paguridea's larva (Glaucothoe larva) ......... 935
Suborder PBRACHYURA
Eriphia spinifrons {Zoea larva) ........ eea. 936
Inachus sp. (Zoea TATVE) seeveevosconncn .o 937
Maia sp. EZoea TATVA) verevssorsnrsssass 938
Macropodia sp. Zoea larva) ciseseecvseensnane 939
Porcellana longicornis (Metazoea 1arva) ...... 940
Portunus  sp. (Zoea 18TVA) ceceeveereesascones 941
Order STOMATOPODA

Squllla s larva L.10,0mm

n

Stomatopoda's

 Phylum PROCHORDATA
Subphylum UROCHORDA
Class

(Alima 1arva) coo.oe..
L.9.0-10,0mm (Alima 187va). ...
larva (Erichthus 1arVa) eeveons

(TUNICATA)
APPENDICULARIA

(COPELATA)

Family KXOWALEVSKIDAE

Kowalevskaia

tenuis Fol. Trunk L.0.5-1.0mm..

Family APPENDICULARIDAE

Appendicularia sicula Fol. 7T.L.0.5mo ......
Fritillaria pellucida Busch. 7,L.1.0-2,0nn. .
" borealis acuta Lohm. T.L.1l,3mn,

" " truncata Lohm,
P.L,O.OEM veveanes
" formica Fol, T.L.1.5MM ecrvevess
" fraudax Lohm. c.ecsavcccrencecas
" haplostoma Fol. T.L.1. Omm .
n megachile Fol. T.L. 0.9-1, Omm cae
" tenells Lohmana T.L.1.2mm ..... .
" venusts Lohm, T.L.l.lpm .......
Qikapleura albicans Leuck. T.L,5.0mm ......
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Olkopleura cophocerca Gegenbaur T.L.l.4m ,... 957
dicica Fol, T.L.,1.3DM sevecesceses. 958

n fusiformis Fol, T.L.1.5OM sevesee.. 959

n labradoriensis Lohm. T.L.2.4mm .... 960

" longicauda Vogt., T.L.l.2mm su...... 961

" parva Lohmann T.L.0.8mm ..cvecvsvss 962

" rufescens Fol. T.L. 1.501 ceeeeess. 963
Stegosoma magnum Lohmann T.L,1.5-3.5mm ...... 964
Ciona intestinalis (Appendicularia larva) 965

Class THALIACEA
Subelass MYOSOMATA
Order SALPIDA
Family SALPIDAE
Cyclosalpa affinis ChamiSS0 .ecesscocecssosess 966
bokeri Ritter L.3.0-5.0 vevececaess 967

" pinnata Forskal ..c.eeeeeecensecs.s 968
n virgula Vogt. seaessevencasessaaes 969
Iasgis zonaria Pallas Pallas L.3.0-6. Omm g70
Ihlea punctata Forskal ........000.0.. seee 971
Pegea confoederata (Forskal) .......cee.. 972
n " yar, bicaudata Quoy & Geimard .. 973
Salpa fusiformis Cuvier IL.3.0-6.5mm ..... 974

i naxima Forsksl 6.5.0-15.0mm ,,..... 875
Thalia democratica (Forskel) L.15~25,0mm,.. 976
Thetys vagina (Tilesius) 15.19.0 .......... 977

Order DOLIOLARIA
Family DOLIOLIDAE
Doliolum denticulatum ¢, & G, L.9.0mm ..... 978
" gegenbauri Uljanin L,9.0mm ....... 979
" " yar, tritonis Herdman L.17.C0mm. 980
" mulleri var. krolmi Borgert L,7.0mm 981
it nationalis Borgert L.3.0mm ........ 982

Subclass PYROSOMATA
Order PYROSOMATIDA
Family FPYROSOMATIDAE
Pyrosoma atlanficum Peronl ...eecsevecensesss 983

Larva of PROCHORDATA
Balanoglossus misakiensis (Tornaria larva).... 984
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Phyto-Flankton (Marine)

Fhylum : Class t Subclass :  Order : Suborder : Family “zmwwwm.uww
Cyanophyta : Hormogonese : : 0Osecillatoriaceae : 2
Cyanophyta ¢ Bacillariaceae : Discineae = : Melosiraceae H 3

(Diatoms) : (oscinodiscacese : 30
: Corathronaceze H 2

:  Leptocylindraceass ¢ 5

: Skeletonemaceae H 4

: Thalassiosiraceas 6

; Soleniineas : Rhizosecleniaceae : 21

: Biddulphiineae : Bacterimstraceae : 8

¢ Chaetoceraceae H 33

: Biddulphiaceae : 25

:  Eucampiaceae H 6

: Pennales + Araphidineae 1 Fregilariaceae H 12
: Tabellariaceafe H 9

: Monoraphidinese : Acnanthaceae : 4

: Biraphidinese : Naviculaceae : 30

i+ Nitzschiaceae s 14

: Surirellacese : 8

Total apecies of the marine phyto-plankton ......ccvvvvevcnrcnenas
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A. FRESH WATER PLANKTON

The fresh water plankton in Viet-Nam can be divided into
the following four kinds according to the places they live in,

1. Eulimno-plankion ,..,, this kind lives in the lakes,
which is also used for the fresh water fish culture, at
Da-Lat, Rach-Gia, and Ca-Mau,

2, Potamo-plankton ,.,, this lives in such large rivers
as the Saigon and the Mekong, and be used for fish and
fighery indirectly.

3. Helo-plankton ..., this lives in small ponds and pools,

4. The plankton which grows in a cultivating farm artifi-
cially controlled at Thu-Due, Da-Lat, Cholon, and Hue.

Even when the same kind of plankion lives in several places,
its ugse differs according to the place where it lives. Except
the kind of 3. these plankton have the value as plankton,

Fresh water plankton differs from marine plankton. In the
case of fresh water plankton, quite different types of plankton
are sometimes found even in places which are very near to each
other., This is apparent from the distribution of plankton in
each lake at Da~Lat, This is characteristic of fresh water plank-
ton, which are largely influenced by the circumstances of the
place they live in, especially by the quality of the water,

Here are some important fresh water plankton from the ones
we have recognized in South Viet-Nam.

1. PHYTO-PLANKTON

The important types which are found in South Viet-Nam are
the following three phylums: (1) Chrysophyta (2) Chlorophyta
(3) Cyanophyta.

(1) Chrysophyta

The diatoms such as Fragilariaceae, Coscinodiascaceae,
Melosiraceae, Rhizosoleniaceae, Tabelariaceae, Achnanthaceae,
Surirellaceae, Naviculaceae, and Nitzschiaceae are found quite
commonly in all areas. Among them, Fragilaria, Melosira glanulata,
Navicula lanceolata, Nitzshia paradoxa (Bacillaria paradoxa),
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N.nyassensis were sometimes found in great guentity.

(2) Chlorophyta

Selenastrum gracile, S,Bibraianum, Staurastrum tohopekali- E
gense, S.wolterechii, Crucigenia fenesirate, Franceia tuberculat:
Arthrodesmus apiculatus, A.cuvatus are the sorts which are com- P
monly found. 851

Ankistrodesmus falcatus, Staurastrum smithii, Spirogyra &
prolifica, Pandorina mincdi, Mougestia, Dictosphaerium pulchellu_g
Scenedesmus armatus, and S.dimorphus,S.Bijiga, are found in greatis
quantity at certain places in a certain season. 2t

(3) Cyanophyta

Spiruline princeps is found everywhere, md Anabzena cir-
cinalis, Anabsenopsig Elenkinii and Oscillatoria limosa are the [3H
kinds which are found so abundantly at every fish farm as to makeldH
the water look dark green. 1)

2. ZQ0-FLANKTON

Among the zoo-plankton which are important are (1) Protozos, |3
especially Euglenoidea, Dinoflagellata (2) Rotifera (3) Crustacefs
ete.

(1) Protozoa
Protozoa as fresh water plankton is not so abundant, but sorf 3

kinds, such as Buglenoidea, Dinoflagellata, Infusoria ete. are ing
portant from the quantitative point of view. E:

Buglena deses, Cryptoglena pigra, Peridinium striolatum ete. fad
which belong to Phyto-mastigophora are found in huge quantity at j:
places. Besides, of the 161 kinds which were found in Viet-Nam, E3
at lenst one kind is always to be found, Dinobryon, Glenodinium, 3
Chlamydomonas, Peridinium, Buglena, Fhacus etc. are scarce in
quantity but rich in variety.

Trichodina pediculus, Holophrya simplex, Spasmostoma viride, F
Pleuronema coronatum etc, which belong to Zoo-mastigophora are
sometimes found in large quantity.

(2) Rotifera

Rotifera (Rotatoria) is widely distributed everywhere in
- 91 ~



viet-Nam, snd is important as natural living food for small fresh
water Tish., Rotifera ususlly grows in small ponds and is some-
times found growing in large mass. For instance, Brachionus
bakeri and B,urceolaris were discovered in the pond in the Airport
of Can~Tho, and they proved to be excellent.

Rotifera multiplies rapidly in ifs season. It appears in
abundance at & time, and vanishes suddenly. It changes its form
according to the environments, Brachionus urceolaris (Can-Tho),
Keratella aculeata (Ca-Mau) etc. are found in large quantity.
Keratella valga, Filinia longiseta, Monostyla quadridentata,
Lepadella patella etec. are also found very commonly.

(3) Crustacea

Most of the fresh water crustacea is Phyllopeda, especially
¢ladocera, Copepoda is comparatively searce. This is quite the
opposite to the case of marine crustacea, where Copepoda is by
far the greater in quantity. -

(a) Copepoda

In Viet-Nam, Cyclopidae and Diaptomidae make the most part
of Copepoda, and are found comrionly everywhere.

Cyclops strenuus, C.bicolor, Pseudodiaptomus marinus ete.
are widely distributed. Cyclops vicinus (Da~Nhim), C.vernalis
(Da~Nhim), Mesocyclops lenkarti (Xuan-Huong lake, Dalat),
Diaptomus reighardi {Da-Nhim), Eodisptomus jzponicus (Da-¥him),
Sinodiaptomus Sarsi (Xuan—Huong lake, Da~Lat) ete. are the sorts
which are found abundantly. Osphranticum labronectum, Diaptomus
kenai are found in various places, though not in large quantity.

The identification of Copepoda is determined by the forms
of the first antenna and the fifth legs, but even within the
same kind some differences are seen in its forms according to
the environments,

{(b) Cladocera

The importance of Cladocera in fresh water is greater than
that of Copepoda. In ordinary circumstances, most of its kinds
inerease by parthencgenesis among fenales. Because of its
ovoviviparity it multiplies rapidly, which makes it important
in point of productivity. What is more, its ability to swim is
inferior to that of Copepoda, which makes it easier for Pisces at
level stage to feed on it.
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In South Viet-Nam also, as many as 50 kinds were founq of
{ladocera, while of Copepoda only 30 were recognized. It is
found in large quantity in such alpine lakes as those at Dalat
(1300 m above sea level), but more varieties and larger quantity

of it can be found in lakes and ponds on lowlands.

Also commonly found are: Daphnia rosea, Moina macrocopa,
Pseudosida bidentata, Oxyurells longicauda, Alona, Bosmina etc.
Chydorus sphaericus, Moine brachiata, M.macrocopa, Sida crystallina
etc. are sometimes found in great mass.

The elassification of Cladocers is difficult like that of
Copepoda aond as even the same kind differs in its form according
to the living enviromnments, much care must be tzken not to make
mistakes (which is especially conspicuous with Daphnia and Bosmina)

B, MARINE PLANKTON

The marine plankton is more complicated than the fresh water
plankton from the taxonomical and morphological points of view.
For in the sea, there are numerous kinds of creatures, which are
not to be found in fresh water, at their different stages: larval
stage, metamorphosical stage, heterogenesical stage, These live
in the sea in large quantity together with their adults.

Of the marine plankton, 1. Diatoms and 2, Copepoda are the
important kinds and are found in plenty. Along the coasts of
Viet-Nam, the following kinds are also easily found and are con-
gidered valuable as food for pisces and crustaceans:

3. Dinoflagellata 4. Chaetognatha 5. Appendicularidae
6. Siphonophora 7. BRadielaria 8., Cilliorphora

These will be explained in the following.

1, PHYTO-PLANKTON
(1) Cyanophyta

Of this type, PTrichodesmium Thiebautie and T.erytheraeun
are found in abundance along the coasts of Central Viet-Nam, in-
cluding Nhatrang, regardless of the seasons., In Nhatrang there
are times when these two kinds alone amount %o as much as 0,5
g/m3 to 0.7 g/m3.
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L(z) Diatoms

Tnis is considered to be the most important;ef the whole

Hparine phytoplankton. About 200 kinds of this were discovered
4 along the coasts of Viet~Nan. r}

Chaetoceraceae and Bacteriastraceae are the mos%fasual kinds.
the following are found gquite commonly at any time along all the
coasts of Viet-Nam:

Rhizosoleniacene, Cogscinodiscaceae, Thalassiothrix,
Thalassionema, Bucampia, Asterionells, Nitzshiaceze,
Biddulphiaceae.

5, Z00-PLANKTON
(1) Dinoflagellata

This includes the most important kinds of Protozoa. Es-
pecially Ceratium can be seen most plentifully along the area
from Phan-Thiet to Nhatrang. 41 kinds of it was found in the
yhole area. Also to be found all over the area are: Peridinium,
gymnodinium, Glenodinium, Gonyaulax, Dinophysis {ebundant in
Whatrang and Cam-Ranh), and Ornithocercus.

(2) Radiolaria

Though not abundant, this plankton has a large variety.
41 species of it have already been discovered, and its distribu-
tion covers the whole area. Of these gpecies the most commonly
found are: Amphibelone hydrotomica, Acanthocolla cruciata,
Amphiacon denticulatus, Amphilonche elongata and Cyrtoidae

{Theoconus zencleus, Dictyophimus tripus, Acanthocorys um-—

bellifera).
(3) Ciliophora

Of this class, too, numerous species (72) have been found.
Tts distribution covers the whole area, but its quantity is
small, The most commonly seen are: Tintinnopsis butschlii,
Codonellopsis morchella, ¢.mortensenii, C.ostenfeldi, Stenose-
mella nivalis, Favella markuzowskii, Epiplocylis blanda,

Xystonellidae, Eutintinnus fraknoi, E.latus, E,lusus-undae,

B.elegans etc.
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(4) Coelenterata

Among the already discovered species, Hydromedusae,
Trachylina, Siphonophora, Scyphomedusae etc. are the important
ones, Of these, Siphonophora is most abundantly found, and is
distributed almost all over the area. Leptomedusae {Octorchis
gegenbauri, Eirene viriduls etc.) and Liriope tetraphylle ete.
sometimes choke the cock of a plankton-net.

(5) Chaetognatha

This phylum is the largest of net-plankton that can be seen
with naked eyes, sometimes reaching 50 mm, It is found over the
whole area, though its quantity is more or less different at eact
place, The greater part of it is Sagitta, and 31 species of it
have been identified along the coasts of Viet-Nam.

Chaetognatha is valuable not only as the food for fish, but
also as an index to the study of the sea currents, being related
to the sea temperature and the salét.

(6) Prochordata

This phylum is also distributed all over Viet-Nam and is
especially abundant in the middle and the south of South Viet-
Nam. It includes Oikepleura, Fritillaria, Doliolidae, Salpidze,
and is important as the food for fish.

(7) Copepoda

This is the most important onimal plankton of all the marine
plankton. 176 species of this have been found along the coasts
Viet-Ham.

(a) Calanidae
This includ s 9 species, among which are Calanus,

Canthocalanus, Neocalanus ete. All of these are commonly
to be found.

(b) EBucalenidae

This is o somewhat large kind. It includes Rhincalanus
and Fucalanus, and can be seen very commonly everywhere.

(c) Paracalanidae

This includes Caloecalanus and Paracalanus, It is
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emall and can be found in all areas, though not in large
guantity.

(d) Pseudocslanidae

This has a characteristic that its female lacks the
fifth legs, which makes it easy to distinguish it from
another family by looking at its side. It is found
throughout the country not in large quantity.

(e) Aetideidae

This is rather & large species. Though small in
quantity, it is rich in kinds, and commonly %o be seen.

(f) Acartiidae

A small coastal zoo-~plankton to be found quite com-
monly.

(g) Metridae

Though originally a deep-sca plankton, this is com-
monly found along the coastal areas as well.

(h) BEuchaetidae

Large size and a pointed head are the characteristics
of this kind, Rarely to be found.

(i) Phaemnidae

Of its species, Cornucalanus is commonly found.

(j) Centropagidae

Though not found in large quentity this can be
commonly found throughout the country.

(k) Temoridae
Also commonly seen throughout the country.
(1) Cendaciidae

The characteristic of this is that the front part of
its head is more of less sgquare-shaped. o be found very

T



commonly along the coasts.

(m) Iucicutiidae

Of this family, Iuecicutia longiserrata, L.lucida,
L.atlantica are commonly found.

(n) Augaptilidae

19 species of this have been discovered. They can
commonly be seen along the coastal areas.

(o) _Pontellidae

11 species of this have been discovered so far, among
which is Pontelle Lo Biancoi, & beautiful, blue-colored
one, They are commonly found along the coasts of Viet-
Nam, though not in quantities.

(p) Oithonidee

An important species of a small size commonly found
in the coastal areas and in the open sea.

(q¢) Eetinosomidae

A species of o small size, of which Microsetella
norvegica and M.rosea can be most commonly found, some-
times in quantities, along the coasts of Viet-Nanm.

(r) Macrosetellidae

Like BEgetinogomidae this can be found very commonly,
though not in abundance.

(s) Oncaeidae

Oncaea and Iubbockia of this family are commonly
found in the open sea and along the ecoasts as well.

(t) Corycaeidae

This can be seen most commonly along all the coasts
of Viet-Nam. 11 species have been found so far.

(u) Sapphirinidae

The body of this plankton is flat. With the male it
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is flat and in the shape of a leaf, and it emits fluores-
cence. It is quite common along the coasts of South
Viet-Nam. 18 species including Sapphirine and Copili=a
have already been discovered,

(8) Decapoda

Lucifer raynaudii and L.acestra of this group can be al-
ways found in abundance, especially in Nhatrang and in the
Central Viet-Nam.

(9) Mollusca

Of this phylum, the most often found are those which be-
long to Cavolinidae, such as Creseis aciculata, C.virgulsa
conica, C.virgulas virgula, Styliola subula, Euclis etc.
Atlantidae and Limacinidae are also found throughout the whole
area.
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Table 2

Distribution of Fresh Water Plankton

in South Viet-Nam

Note: (Regions) (Researching Places )
A region ...... Rach-Gia, Phu-~Quoc, Ca-Mau, Can-Tho.

B region-...... Cholon, Saigon, Thu-Duc, Bien-Hoa,
Phan-Thiet.

¢ region ...... Da-Lat, Da~-Nhim (Song-Pha).
D region ...... Nhe~Trang, Phu-Huu.

E region ...... Hus, Da-Nang, Quang-ligai.

CCC weurevoenns Abundant (a5% )
cc ..:... ..... . Frequent (30%)
Covvrnnnnn ..... Common (15%)
R eveveerononoe Rare ( 8%)

BR eovevecnnose Very rare ( 2%)
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Family or Genus

CYANOPHYTA

Chroococcaceas
Oscillatforiaceae
Nostocaceae
Plectonema

CHRYSOPHYTA

Melosgiraceae
Coscinodisgcaceae
Rhizosoleniacedae
Chaetoceros
Attheya
Fragilariacesae
Tabellariaceae
Achnanthaceae
Naviculaceae
Epithemiaceae
Nitzschiaceae
Surirellaceae
Pleurochloridaceae
Tribonemataceae

CHLOROPHYTA

Palmellaceae
Chlorococcaceae

Mieractiniaceae
Schroederia
Coelastram
Dictyospherium
Hydrodictyaceae
Qocystaceae
Scenedesmaceae
Zygnemataceae
Gonatozygon
Desmidiaceae
Microsporsa
Protococecus
Trentepohlia
Ulothrix
Sphaeroplea
Schizomeris
Cladophoraceae
Oedogoniaceae
Schizogonium
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Family or Genus A B c

PROTCZOA
(Phyto-Mastigophora)

Mallomonadaceae
Ochromonadaceae
Chrysocapsa
Chrysamoeba
Stipitococecus
Polyblepharidaceae C
Chlamydomonadaceae C c
Haematococcus
Pedinopera
Pascheriella C
Volvocaceae C
.Gymnodiniaceze
Hypnodinium
Ceratium R
Prorocentraceac C
Gonyaulacaceae
Peridiniaceae
Monomastix C
Cryptochrysis
Cryptomonadaceae
Astasia
Euglenaceae C
Peranemaceae

a
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2 G aaa maoaaaamuax
QA Qe =) 3o (o]

(Zoo—Mastigophora)
Zooflagellata
Bhizopoda
Actinopoda
Ciliophors c

Gy Caca
cacaq
A EQ
Qoo

TROCHELMINTHES
Rotifera ccoe v ¢ o

ARTHROPODA

Cyclopidae
Calancgida
Diaptomidae

Daphnidae
Sididae

Bosminidae
Chydoridae I
Macrothricidae

ao oG aaa

aQaQ@a Qaa
(]

o aQaao aaa

Qo 2aa Haa

- 10

poer
1



- . Table 3

-ﬁistribution of Marine Plankton
S T in South Viet-Nam

Yote: - - {Régions)

llllll

"Aregion ....., Rach-Gia, Phu-Quoc, Westcoast of Ca-Mau

B‘;"eg‘ion ve.... East coast of Ca-Mau, Vung-Tau,
Phan-Thiet.

C regimm +..... Cam-Ranh, Nha-Trang, Phu~Huu, Tuy-Hoa,

o - Qui-Nhon. '

D region ...... Thuan-in (Hue), De-Neng, Quang-Tigal.
€CC,S...enne.., Abundant (45% )

va'CC seseeesee.s Frequent {30%)

W isereenanes Common (15%)
R suveeeessesss BATE (8%)

" RR” siieeieeess VOIY rare ( 2%)



Family

CYANOPHYTA

Oscillatoriaceae

CHRYSOFHYTA

Mslosiraceae
Coscinodiscaceae
Corethronaceae
Leptocylindraceae
Skeletonemaceae
Thalassiosiraceae
Rhizosoleniaceae
Bacteriastraceae
Chaetoceraceae
Biddulphiaceane
Pucampiaceae
Fragilariaceae
TPabellariaceae
Acnanthaceae
Naviculaceae
Nitzschisceae
Surirellacesze

PROTOZOA

Dictyochaceae
Peridiniidae
Globigerinidae
Cymbaloporidae
Ascanthochiasmidae
Acanthoplegmidae
Leanthometridae
Enphilithidae
Aulacanthidae
Aulosphaeridae
Cyrtoidae
Coelodendridae
Discoidae
Gigartaconidae
Medusettidae
Phyllostauridae
Plectoidae
Spyroidae
Sphaeroidae
Sphaerozoidae
Stauraconidae
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o

Family

=< I e

Astrolithidae
Vorticellidae
Codonellidae
Codonelliopsidae
Coxliellidae
Cyttarocylidae
Dictyocystidae
Epiplocylidae
Petalotrichidae
Pitychocylidae
Tintinnididae
Rhabdonellidae
Tintinnidae
Undellidae
xystonellidae

PORIFERA
Clionadae
Leucosolenidae

COELENTERATA

Hydromedusae
Trachylina
Siphonophora
Scyphomedusae
Ctenophora
PLATHEIMIIFTHES

Planocera (Larvae)

NEMERTINI

Cercbratulus (Larvae)

TROCHELMINTHES

Synchaetidae
Dicranophoridae
Sinantherinidae

ANNELIDA

Phylledocidae
Typhloscelecidae
Alciopidae

Tomopteridae
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Family

Polychaeta Larvae

CHAETOGNATHA
Sagittidae

MOLLUSCA

Heteropodsa
Ptenoglossea
Nudibranchiata
Limacinidae
Cavolinidae
Peraclidae
Cymbuliidae
Pneumodermatidae
Thliptodontidae
Mollusca Larvae

MOLLUSCOLDEA

Larvae

ECHINODERMATA

Bipinnaria Larvae
Ophiopluteus Larvae
Auricularia Larvae
Echinopiuteus Larvee

ARTHROPODA

Polyhemidae
Halocypridae
Eucalanidae
Calanidae
Paracalanidae
Pseudocalanidae
Aetideidae
Spinocalanidae
Megacalanidae
Heterorhabdidae
Acartiidae
Metridiidae
Euchaetidae
Phaemnidae
Secolecithriciidae
| Centropagidae
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Family

Temoridae
Candeciidsae
Lucicutiidae
Augaptilidae
Pontellidae
Mormonillidae
Oithonidae
Ectinosomidae
Macrosetellidae
Tachydiidae
Clytemnestridae
Oncaeidae
Corycaeidae
Sapphirinidae
Cirripedia {Larvae)
Amphipoda
Euphausiacea
Mysidacea
Decapoda (Larvae)

Stomatopoda (Larvae)

PROCHORDATA

Kowalevskidae
Avppendicularidae
Salpidae
Doliolidae
Pyrosomatidae
Prochordats Larvae
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Ll
cantr Pond of TOA-Y0 | KELTNR Ys-rtEp m-mers | ba-wiax
o Laky Lake lake Taxy [na

T

CTAROPIITA
Oaeillatorin princere 25
spirulics prirceps %

CERTSOFYIL  {biatoas)
Arkaanthes poarviats 548
Aaphara gvalis 167 184
pacillaris paradsza 4759
var, teatfuls 63
Cratalla naviealifornis 528
.

PArT 1336

Diatowa vulgare 204

Fragilarin capacine H s
constTuana a3
pinats b3} 1t
wubsaling 468 ™
utersohll 1000
Tirescens 1m

3p-
Ksloalra Aguasdsii Kt
glanulate 105
Havioula Plagantule e
war. lancsolata T2
radlosa a2 207

Witsachis Fonticola bl
nyasssasls &7 082
serlsts 540

Rhizosolenis longlaats €5

Rhopaledin gibba

Surirells eplendida

Synedra faasiculate 50
Hta

rnchly
Tritonsat angustissismum 9

b3

CHLORGTHEITA
Acanthasphasre Zecherjsai 7%
Ankistrodegma Talcatus 486
Thodatalla pubsalea 8
Cospariua fndentatus 53

TymARnd wum Kid

phaseslus 122
Echizoaphagrella limnatica 16
Mougeotis viridia 28 7
Xouguoticpsia calespora 474 10z
Osdoguniuk criapom 5
Pachycladon nmbrizus 153
Pandorina minedi 26387

Rhircclonjus Mercglyrniua 103
Schizogonium tiirele B2
Sphasrecystis schrosterl 317
Sphaeroplee anoulice Eyrd
SpirogITA AXFESADOTR 813
iondn 4215
prolirica ™15 115
pasudacylindrica 1358
Staurastrun indsntatun 2680
salthil 9352
Treubaris craseispine 13
Zygnana inaighy 3

TROTOZOL {Phuyto-Naetgophare)

3
)
¥
¥8

Dinsbryor divergens 324

Rexidinia namybum 154
Peridinium atriclatum 152

(Zoo-Kastigaphora}
Bryosetopus sphagnt 1w
FiorsonoZas veatita 47
Yorticells canpamily 4 ki

‘TROCEELNINTEES

Filinle longiseta 12
Sotholea scumipata a
Flatyie quadricornin k18
Folyarthra vulgarim 10

ARTHROFODA {Copapoda)
Cyclops atremus 33
vyarmalia 12508
vicims 9369
Daptoous kasaf 2512
relgbardl 17 45558
Eodiaptaous Japonlcus 26687
Magucalumus princeds 13
Mepocyeleps Leuckartl
Sinadisptomus Sarsl 1015
{Cladocars)
Alona minocantha 635
Cariodaphais negors
rignudl 15
Chydorus sphaaricuy 3858
Paghnia roash 1122
Hoiza trachiste g’g
nu:oe:p\
Oxyurslis Jonglesudin
S3a crystalline nz 29292
Sigopsthalud wetulus 1

3206
4163

3V

870

Tebls & The plankton in sach lake of Dalat
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(¢) THE PLANKTON OF FISH CULTURE STATIONS

The Table 6 shows the result ofmy survey of the plankton
in several fish culture stations in Viet-Nam. This is a mere
survey of plankton and does not deal with its relationship with
the productivity of fish, but in comparison with the ponds and
lakes in general in Viet-Nam may at least be able fo draw from
this the following conclusions.

1. The rate of production of plankton (numbers/m3) is 5 to
15 times higher than that of the lakes and ponds in general,
The author thinks this is because of the fact that the
remnants of the food for fish (rice or rice bran) and the
excrements of fish are decomposed into such catabolic matters
as ammonia and nitrate, which in turn are fed by the plank-
ton.

2. The PH is as low as 5.5 except at Cholon (PH 7.6) and
Nhatrang (Brackish). This is the average PH of the lakes
and ponds in general,

3. The following table (Table 5) shows the representative

plankton groups developing in each of the fish culture sta-
tions.
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Mwwwwmwwwnum Cyanophyta | Chrysophyta | Chlorophyta Avr%w01MMMHMwwwonmu Copepoda Culture wwmwzowww t.a.nonu
mwmwmaaouw Muoi) O nmnwwwww3 7.6 31.0
— O Epmwmw. 5.0 | 28.0
wmwﬂmp stage) O O Carp, 6.0 [ 26.0
wwwwmmmu stage) O O Carp. 5.5 25.8
fue mu Carp. - -
ﬁwwwwwmi O ulaple e |80 | 28:0

:iTable 5.
.

The representative plankton groups vhich have developed in ponds of esch fish culture station,
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Tt is cleer from Table 5 and 6that the formation of the
plankton in one culture station ig different from that in
another. Generally speaking, each kind of the marine animals
jives on its own food suitable for itself. The natural living
food varies in its kind according to the species of the animals
and the palces they live in, and the quantity of the food has
influence on the production of the marine creatures, It is
natural, therefore, that where there is much food there is &
rapid growth and a great production of useful animals.

On the other hend, fish culture stations should be put under
a good management, that is, we must try to provide the fish with
such food and environments as &Te Necessary and proper for their
growth.

For example, in the case of Tilapia mossambica and Chanos
chanos (generelly called "milk fish") which are commonly culti-
vated in Viet-Nam, the phyto-plankton is given for food at their
larval and younger stages.

(According to W.H. Schwester, 1952, 50% to 70% of the con-
tents of Tilapia intestine is phyto-plankton, and 11% to 17% is
zoo—plankton.) It is, therefore, necessary to take positive
measures to increase phyto-plankton for these herbivorous fish.

In multiplying ordinary fish such as carp, it is necessary
not only to provide them with suitable living environments
(that is, to make dissolved oxygen, PH, and water conditions
suitable for them) but also to pay full attention to such
matters as the menufacturing and compounding of food based upon
nutritive chemistry, the making of a food which is quick of
digestion and absorption, the frequency of feeding in one day,
growth rate, and an economical quantity of food to be given to
fish,
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- DALX -
. T DALAT
fg_own THI-Bie {Hatched atage) ' (Younger ntage) HUE (g:ﬁ:)
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mh:ﬂﬁ‘ 2899 | o152 velata \ ‘ a2 u7
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num
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Naridien eireulars 1 | 2 Feriaint teulif | 244
Naricula lanceolata 1 4 s122 e m‘”’ ac erus . 651
plagentula 334 2538 ! m;;nun 35
Nitsachia seicularis | ' apinifenin 61
5078 atriclatua 184 195
astinastroides i } 108 Fhacus longicauds I 300
:‘Il:::;;iuu:. t 125 i Frotochrysia phaecphycearua \ATI ‘L
nyasaenaia ] 748 ! 451 “{Zoo-Maatigophora) Acanthocyatia chastojhors ! 34
pilippisarua ! a4 Actinaphrys aol . T
subrostrata ! ™ Ctedoatama acanthoerypta “ 583
Phasoglosa mucosa i =5 H Cyelidium glaucoma i 651
Pipzularia sp. i 94 Didiniua sp. | 100
Rhibdenens adrinticum 4636 Puploten patella | 585
Rhopalodia gldba i 58 Gastronauta wembranacsa | 150 169
! Surirslls robusta ! i 15137 Claucopa acintillana ! 250 12306
Synedra affinis ; ! 2589 Hologhrya simplex 1
acus i 1 526 ! Pleuronsza coranatuz 1 a8 11184
eunningtoni =8 Spaszostoma viride | 4951
! famciculata 284 54 ! Steinia candeus | 169845 '
lanceolata a5y ! Trichodina sp, | e
TEOROPHTTA ! Ankiatrodasmue falcatus B143 51300 i =" TROCEELMINTEES Brachionus urceclarls ‘ %

i Arthrodeszus spiculatus 35800 ! Colurella obtusa %0

‘ arcuatus 6276 | Dipleuchlanis prapatuls 0

‘ curratua 20530 , Keratella cochlearis " ' 308 .

Closterium menilifarce 2214 valga 52 ol
setagam 068 lepadslls patella 24
Closteriopsia longlasina a4 Noneatyla quadridentata ) : —
Coslagtruz canbricun 367 . CRUSTACEA Acartia Clausi 130
Coszarivn exasparatun 531 Calanun sp. b
i phaveolus 3 Cyelapa tdeoler . |
Frassarmm 501 stremmue 84 !
. Crucigenia fanuatrata 6359 11672 | verpalis , 111 M i
quadra 374 i Disptoms reighardi ! . pit |

1 Dasmidiun bengalicvn i 19 Eodfaptomms Japonicus ! i }

I Dictosphasriun palchellun 95958 , Kesoeyclops lenckartl 65 . ! | |
Echinosphasrsll liznetica 20 i Gaphranticun latronectun X 33T | 1a7
Francsia tubarculsts 11414 Pasudodiaptcaus marimus \ ! 515 J
Gezinella interTupts 13 Sids eryatalline I ... S B AU RSy
Hyalotheca =p. 18 ! — -

H Mierasterias cahatulnabvarsnzis ! 12
Nicrospora emcana ‘} 786
Kougrotia op.

Pachycladon ubrizun 67 128531 Table 6 The plankton apecies was taken frem the ponda of sach Fish culture statien in VieteNam.
:ﬁ::t:“:‘:::‘:ilm 237 ’?gi 120 (unEt uevseo. the yumber of Individusls per Cubic zeter {n/=>) )
Pleugodisgus parpursus 438
! Protecoccus yirddis 172
Sceneduszus armatus 468 15192
djnarpiue 3367 7mns
Schroederia netigera 3322 u7
Selansatrun Eibraismum 11810
gracils 4352
Spirogyre ahmedabadensis 554 .
prolifica 296
Fotacta 110
Staurastrum acanthastrun 175
apatinsidsn 2933 120
cormiculatua 50 2214
kalimantanus 2014
tohopekaligense 8as8
wariablle 2952
woltersckii 12179
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CHAPTER V

ENVIRONMENT AND PLANKTON BIOMASS IN THE
DRY AND_THE RAINY SEASON IN NHATRANG BAY

AND THE OPEN SEA, CENTRAL VIET-HAM

A



4.  RESFPARCHING STATIONS AND RESEARCHING METHODS

1., RESEARCHING STATIONS

Ten researching stations were established (Fig. 1) in Nhatrang
Bey and the open sea {about 14 km. from the beach) around Hon Lon
(Lon Island).

2. RESEARCHING INSTRUMENTS
(1) Mercury thermometer (35°C)
(2} Kitahara water collecting equipment.

(3) Hydrometer.
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(4) Medicines are used to the fixation of dissolved oxyge:
(MnClp and KI + KOH solutions)

(5) Oxygen bottles (about 100 ce Volume).
(6) Secchi plate for the measurcment of transparency.
(7) Plankton nets.

{(2) Phyto~plankton net {Mullergaze No. 5)

for the horizonta ~--~— Diameter 30 cm.
for the vertical —~~——- " 25 cm.

(v) Zoo-plankton net (Mullergaze No. 25)
for the horizontal ~--~ Diameter 30 cm.
(8) Solution for the fixation of plankton
FOrmarin ————m—————=ma= 4 - 6 % neutral
(9) Ropes. 100 ®m., 20 m., 10 m., ~-—— Diameter 6 mm.
(10) Pouches and bottles for the collected samples.
(a) Pouch: Nylon or Vinyl ---- Size 20 x 30 cm
(mainly, it was used to the water samples)
(v) Bottles: Plastic bottle; D. (5.5; 3.5; 2.7 cm)
H. (11, 8, 7 cm)
3. ITEMS OF THE RESEARCH
(1) oObservation at the same station on one day.
(a) Station —--- St. I
(b) Date and Time

Dry season -—-- May 20 - 21, 1963

Rainy srason --- QOct. 1 ~ 2, 1963
from sunrise to after sunset ——— 5:30 a.m. to
8:30 p.m.
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(c) Measurement: Tempersture, Dissclved oxygen,
Density, Alkalinity, Chlorinity and
Salinity, Transparency, and Horizontal
and Vertical distribution of plankton
to each depths,

{(2) Observations in Nhatrang Bay and in the open sea.
(a) Station —~--—- Sts. I - X

(b) Date ~—~—~m—m Dry season May 21, 1963
Rainy season QOct., 2, 1963

(c) Measurement: Temperature, Dissolved oxygen,
Density, Alkelinity, Chlorinity and
Salinity, Transparency, Quantity of
plankton (phyto- and zoo-plankdon)
at each station.

PREPARATION OF CHEMICALS AND THE METHOD OF ANALYSIS OF THE
SAMPLES

(1) Determination of specific gravity -- the water was

taken to the laboratory, as it is difficult to get & correct
determination of the ship because of the rolling and pitch-
ing., Density of the sea water is determinad by the Akanuma's
specific gravity meter. As it varies with the temperature,
the densitg determined in any temperature is converted into
that of 15°C ((35) and is compared. This conversion is
made according to Makalof's list (Appendix Table I).

Here is the formula used in the conversion of the
gravity by the Table .

dis = (¢ - g') m + 1,0260

g is the standing density; g' is the density of the standard
sea water at t °C obtmined from this Table; m is a multi-~
plier obiained from the Table; and 1.0260 is constant.

(2) Determination of dissolved oxygen —- Winker's method.

(2) Method of getting C1 (0/00), 5 (0/00) fror the Density
=--~ the relations among the Density, ¢l and 3 can be known
from Krudsen's table {Appendix, Table II). Th. values of
Chlorinity and Salinity in this report arc obtained from

~ 115 -



this Table. Although the determination of Chlorine by
means of the AgNOz solution is no doubt accurate, it is

not used here. The relation between Chlorinity and Salinity
is given by Knudsen in the following formula,

S = 0.030 + 1.8050 C1
S is Salinity; Cl is Chlorinity.

(4) Determination of Alkalinity -- The fixed quantity of
carbonic acid and carbonate in the sea water, called "the
determination of Alkalinity" was formerly indicated with
the milligram of COs or CC but is now indicated with the
ng/atom/L or milli-eqiv/L of HCL which is necessary for the
neutralization of carbonate, The following is the method
of determination. The carbonate of Ce is determined by

the following method, as it does not show the color reaction,

Add HC1 to the water containg CaCO3, and HCl neutraliz-
ed by CaCO3 diminishes in quantity.

CaC03 + 2HCL = CaCly + Ho0 + COp

leasure this decrease of HCl by means of Iodine method.
This is celled the determination of E., Ruppin, and is
chiefly used for the determination of the sea water.

First, add a certain amount of HCl to a certain amount
of the water, and after removing COpo by boiling it, po-
tassium iodide and potassium acid iodide are to be added.
Then I, equivalent to the amount of HCl remaining in the
water, will be separated throught the following reaction,
and it is to be titrated.

KIO3 + BKI + 6HC1 = 6KCl + 3Ho0 = 31
(a) Reagent .
(i) N§/20 HCl

(ii) N/20 K10z ..... Dissolve 1,784 g. of KIO3
into distilled water, mak-
ing it 1 liter.

(iii} Dissolve 10 gr. of pure KI into distilled
water, making it 100 GC¢, and store it in
the dark.
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(iv) N/10 FeySy05
(v) 1 % starch solution

(v) Operation

Take 100 CC of the ses water into a hard flask,
and 1.5 CC of N/20 HCl to this, and after removing
€0z with a few minutes boiling, cool it until it be-
comes of the same tempsrature as that in the room.
Then, add 7.5 CC of N/20 KIOz and 5 CC of 10% KI,
sealing it up and keeping it in the derk place for
more than ten minutes, and I will be separated, Use

starch solution for the indicater, and titrate it with
N/10 NaySo0s-

(c) Calculation
If X CC of N/10 KapS5203 was necessary,
C0p par 1 L, =X x 2.2 mg x 10
(5) Determination of plankton
(a) Balance.of plankton
Samples Tixed by formalin (about 4 - 5% neutral

farmalin) are collected and balanced through the
following process {Fig. 2).
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éﬂ Nylon or Vinyl bag

;smple

Distilled

Water

filter paper
(3) washing and
Coljection
Funnel plankton

(2)_Filtration

ﬂ Pincette

{4)_R
Filter paper Fllter paper
watching dish

Flankton \ Planicton

(5)_Balapcing
Cherdcal

Fig. 2 Balsncing procesa

balence | & of plankton.

In filtering the samples fixed by formalin, the
plankton left on filter paper should be from time to
time washed down with distilled water so as to make
it gathered at the bottom. It must be done immediately
after filtering the water, for after it gets dry,
plankton will be stuck to filter paper and won't
come off. Twenty or thirty minutes later, open
filter paper and, picking up the gathered plankton
very carefully and quietly, remove it onto the
wateh dish. Then by press a piece of filter paper
to the gathered plankton, remove water out of it,
and weigh it with the micro-balance. (Weigh it to-
gether with the plate, and later deduct the weight
of the plate.)

{b) The method of determination of the individual
number.
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As for plankton, even among the same species, the
size vories with the growth and the degree of repro-
duction, {sometimes it is influenced by the environment
of water), so it is almost impossible to convert its
number into quantity. It must be remembered that, if
it done, there will be an error to a great extent,

(c) Measurement of the volume of plankton

Put the collected plankton into the mes-cylinder,
and the amount of plankton precipitated after certain
hours will be the whole volume. What we have to have
in mind this method is that the error in the volume
will be procuced by the specific gravity of the sea
water, by the difference in sedimentation veroeity
among the different species of zoo~ and phyto-plankton,
and also by the varieties of aperture during the pre-
cipitation caused by the different sizes of the species.
Measurement must be done, therefore, taking these things
into consideration.

Another method is to precipitate plankton by cen-
trifugal separation and measure its volume. It is
convenient, in this method, to convert the centrifugal,
the volume, and the weit-weight beforehand.

(@) Determination of organic nitrogen in plankton.

This is the most accurate method to measure the
quantity of plankton, and is generally used in Japan,

(1) Filter the samples fixed by formalin,
and then remove formalin.

(ii) Wash plankton several times with dis-
tilled water.

(iii) Reverse the filter paper, and pour plank-
ton gently into the Kjeldahl's decomposition
bottle with distilled water.

(iv) Add concentrated sulfuric acid three to
ten times as much as the amount of the
semple (sometimes use catalyser) and boil
it from ten to twenty hours.

(v) Taling a certain amount of this liquid,
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B.

make it gasified ammonia by Kjeldahl's dis-
tilling method, and put it into the precise
normal solution of HCL., Titrate it with
N/100 Na,So0s, using starch solution as the
indicator. %he above is a rough summary
of the operation, and the details will be
obtained in the chemical books.

The author himself has determined the quantity
by the halancing method {a).

RESULTS

Comparison between the dry season (May 20, 21, 1963) and
the rainy seanson {October 1, 2, 1963) was the chief object of
this survey.

THE OBSERVATIONS AT THE STANDING POINT., (AT ST. 1)

1.
(1) Atmospheric temperature and water temperature,
The results are shown in the Table 7, Table 8, and
Fig. 3. In the dry season stmospheric temperature in the
daytime is usually over 30 C, which occurs less often in
the rainy season.
a,m. P.o. Hean
Time §:%0 8:00 11:00 14:00 18:00 20:301 Tenm,
a.r. (°c) |26.4 28.5 30.8 31.4 29.8 28.9 |29,3
By
g & Depth (m)
§'* 0 28.4 28.9 29.6 29.5 28.9 29,0 | 25.]
o a ?6T3 5 28.6 28,9 29.0 29,0 29.1 29.1 | 29,0
gyt 10 26.4 26.7 26.8 26,7 26,3 26.9 | 26,6
15 24.9 25.0 24.8 25.1 24.9 25,3 | 25.0
|
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&.m, p.m. Mean
Time 5:30 8:00 11:00 14:00 18:00 20:30| Tem.
A7, (°c) | 24.8 28.9 29.6 29.5 28.9 29.0 | 29.1
Depth (m)
0 28.4 28.4 29.0 29.2 28,3 28,5 | 28.6
Wl 5 29,0 29.1 29.1 29,2 29.1 29.1 | 29.1
el 10 28.8 28.9 29.0 29.0 28.8 28.9 | 28.9
15 28.8 28.4 28.0 28.0 28,1 28,6 | 28.3
Table 7. Atmospheric temperature (A.T,) and Vater
temperature (W.T.).
LT (OC) W.T. (OC) Devia-
e 0Om 5 m 10m 15m | tion (°C)
Dry season 29,3 | 29.1 29.0 26.6 25.0 a1
Reiny season 27.4 | 28.6 29.1 28,9 28.3 tos

Table 8,

Average A.T and average W, T.
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Dry oeason Rainy saeaaon

{sC °C
30
g
o
g
526
Q
»
[}
o
B
222 22

S S RS VIR S T 5 14 Ir 20

a.m. Pelle [-H-N Polte
{ time } { time }
Fig.3 The relation batwean the depth and the water temperature

at 5t. I.

The average temperature of the dry and the rainy seasons was
resprctivel 29.300 and 27.400, and the difference between them
was about 2°C.

In both the dry and the rainy seasons, the water temperature
ig found to have a tendency of falling according as the water gets
deeper. But, compared with the rainy season, this tendency is
more remarkable in the dry season. The difference of temperature
by about 4°C was recognized between the surface and the 15 m.
layer. As the water mass between the surface and the 5 m. layer
shows nearly the same degree with the average atmospheric tempera-
tures, it is considered that the water temperatures suddenly falls
under 5 meters. “In the rainy season, however, the water tempera-
ture from the surface te the 15 m. layer was higher than the
average atmospheric temperature, and the average difference of
water temperature was very small -- 0,8°C.

The water temperature in the early morning is higher than the
atmospheric temperature. This shows the keeping-warn quality of
the sea water.

: The fact that the difference in the water temperature between
the surface and the 15 n. layer varies with the seasonal change,
i.e. 4.1°9C in the dry season, and 6.8°C in the rainy seascn, has
a great influence upon the vertical distribution of plankton,
which will be mentioned in the later chapter.
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It neans that the circulation between the surface and
the underlying water is not easily done in the dry season,
and that, accordingly, the distribution of plankton veries
in quality and quantity with the different depths of the
water. In the rainy season, on the contrary, the circulation
is easily done, and so it is supposed that the plankion is
almost equally distributed throughout. The tenperature of
the surface water was found to fall in sone degree at sun~
rise and after sunset. This shows that the surface water
is likely to influenced by the atmospheric temperature.

As Tor the change fron the dry to the rainy season in
the average difference of water temperature, it will be ecx-
plained that the temperature which has been falling during the
rainy season of the preceding yeor, rises on and near the
surface in summer (i.e. the dry season) because of the strong
sunshine, while in the rainy season the sunshine is weak, and
the surface water and the underlying water become easily
mixed because of the wind and the rain.

(2) Dissolved oxygen.
The anount of dissolved oxygen obtained ot the different

hours at each depth at the same stending point, and alsc the
average anount of oxygen at each depth, are shown in the

Table 9.
Depth O o, 5 . 10 m. 15 n.
Tine D.3. R.S. D.S. R.S. D.S. R.S. D.5. R.S.
5:30 4.39 4.49 4,37 4.34 4.53 4.28 - -
8:00 - 4,42 - 4.28 - 4.35 - 4,28
11:C0 4,49 4.35 4,60 4.49 4.72 4.2 4.69 4.28
14:00 4.37 - 4,23 4.42 4.57 4.35 4.48 4.21
18:00 4-47 4035 - 4‘-4‘0 4070 4-35 4‘057 404‘2
20:30 4,36 4.56 4.61 4.28 4.61 - 4.61 4.35
Hean
|_(ee/L)

Table 9. Dissolved oxygen at each depth at the
sane station (8%, I
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’

;Jt was known from this Table thet the amount of dis-
solved oxygen at the sane depth on the sane dey changed in
gome degree as the time goes on.

dissolved oxygen
4.0 N °4 2 48 4.6  cc/l}

10t

depth

15
s
N N 2 ' —
25 26 27 28 29 (ec)
water tenperature
0= Dry 802800 o o —o— Try season
Do Ovmgas Reiny " +Te__g.— Ralny "

Fig. 4 The relation anong the Dissolved
Oxygen, Water Temperature and
Water Depth at the same atation
(st. I).

In the Figure 4. are shown the average amount of dis-
solved oxygen at a certain depth on a certain day, and also
jts comparison with that of different depths and with the
average water temperature.

This figure shows that the average amount of dissolved
oxygen at each depth is greater in the dry season than in
the rainy season. That is, in the rainy season, the amount
of oxygen decrcases as the woter becomes deeper, and reaches
the constant value (4.3 ce/L) at the depth of 10 ~ 15 meters,
while, in the dry season, it conversly shows the tendency of
inereasing, and gets the constant value 4.5 cc/L also at the
depth of 10 -~ 15 meters.

. In both season, however, the amount of oxygen of the
surface woter is about the same, and the fact is common to
both that at the 10 - 15 m. layer, there is not a sudden
change in the amount but the value is almost constant.
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In order to explain the difference of the two seasons,
water temperature may be considered as one of the factors.
In the dry season a sudden fall of water temperature under
5 meters was observed., This may mean that at the lower
depth than 5 meters, the amount of dissolved oxygen in-
creases, for it is known that the lower is the temperature,
the greater ias the amount of the oxygen in the water. This
was proved by observation.

In the rainy season, having no sudden changes of water
temperature and the water being mixed, not much differcnce
was observed between each layer, but the amount of dissolved
oxygen was seen to decresase gradually, from the surface to
the 10 m, layer. This may be because the water of this
season is muddy (whose trangparency is small, probably owing
to the influence of the rivers), and may have some relation
to the consumption of oxygen by mierobes and organisms, which
are the cause of the mudiness of the water.

(3) Transparency

The fransparency at the Station I. inside Nhatrang Bay
was 13.5 - 14.0 Meter in the dry season, while in the rainy
season it was 5.5 - 8.0 m., which was much lower than the
other. The particles of mud carried by the rivers are con-
sidered to be the cause of this phenomenon. In Nhatrang Bay,
the influence of mud carried by the rivers was observed one
or two days affer the rainfall, and the gradual change of
the sea water from deep blue to muddy yellow was seen with
the naked eye. Recovery of transparency generally takes
5 - 7 days, but in the rainy season, owing to the constant
rain at the upper streams, recovery is either very slow or
does not take place at all,

(4) Alkalinity

The average alkalinity in the dry and the rainy seasons
at the Station I. was 35 and 50 mg/L respectively (as to the
surface water). The vanlues of alkalinity of the surface and
of the 15 m. layer water are almost the same in the dry
seagson, but in the rainy season, alkalinity of the surface
water and that under the 5 m. layer differ in value, This
is because on the surface is the sea water with the lighter
(specific gravity) density (influenced by the rivers), and
these two masses can be distinguished. The Table 10, shows
alkslinity of the surface and at the 15 m. layer, and the
Pigure 5, the change of alkalinity within a day during the
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rainy season.

et

(wnit .... mg/L)

15 m. layer
' Surface Watler Water
i Dry season 35 35
Alkalinity | -
l Rainy season! 45.8 - 55 35

Table 10. Alkalinity of the surface and at the 15 m. layer

From this Figure may be known the difference in the
quality between the water mass of the surface and thot under
the 5 m. layer.

s50r
0 ma
3
~40f
- 10 m.
4 *igfﬁfy-qzizn
ply " . R s ek
? 5 m,
30
o
33

3 1§ a7 20 ()
: 1% -1 P.o.

Pig. 5 The change of slkalinity within
a day during the rainy season.

(5) Density

The Table 11. shows the density of the surface water and
the 15 m. layer water, in both the dry and the rainy seasons.
The density of the sea water { 15) ususlly lies between
1.0000 and 1.0310. It is known from this Table that the
densities of the surface and of the 15 m. layer are nearly

~126: -



the game in the dry season, but that in the other sesson
the difference is very great.

Dry season 1.0250 - 1.0274 1.0265 - 1.0275

Rainy season 1,0180 ~ 11,0190 1.0265 - 1.0270

Table 11, Density at the same station.

As in the case of alkalinity, this is undoubtedly by
the influence of the rivers in the rainy season - i.e.,
inflow of the fresh water, and it is proved that in the
rainy season there lie two water masses of the different
qualities, on and under the surface.

(6) The yield of plankton

When an investigntion was made as to the amount of
plankton living in Nhatrang Bay, in the water with the
above qualities, the results obtained were as shown in the
Figure 6. It shows the verticel and the horizontal plank-
ton biomass ot each hour in both seasons by g/m3, wvhich
vas obtained through the night and day observations at
a standing point (St. I).
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Fig. 6 The plankton biomass at the same station (St. I)
on one day.

Comparing these two seasons, it is seen that the vertic:l
and the horizontal plankton biomass is greater in the dry
season, and that the difference between the two (i.e. the
vertical biomass and the horizontal biomass) ig also smalier
then., For in the drg season the average horizontal plankton
bi~mass was 1.15 g/m and the vertical biomass 1.01 g/m5, the
difference being only 0.14 g/m3, while in the rainy season
the average horizontal biomass, 0.97 g/m3, the vertical bio-
nass 0.63 g/m3, and so the difference was 0.34 g/m3. 1In this
case, contrary to the dry season, the vertical bionass was
greater than the horizontal one. Thinking about this dif-
ference, it is sonsidered that in the rainy season the fresh
water of the small (light) density covers the surface, (be-
cauge there alkalinity is found to be greater and the density,
sualler), which nakes the water unsuitable for the existence
of plankton, and consequently brings about the poor yield.
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Through the observation of the change in the plankton
bionass collected at certzin tine, a big difference was
recognized in both seasons between the vertical and the
horizontal yield before sunrise and after sunset (Fig., 6).
The vertical distribution rate of plankiton in the surface
vater and the under layer water is designated in the Table
12, in percentage,

(Tine) nean
layer {n){ 5:30 8:00 11:00 14:00 18:00 20:30| %

D.S. 0-1 60 53 52 51 51 53 55
R.S. 0~1 35 41 41 46 38 35 39
D.S. 1.- 10 40 A7 48 49 49 47 45
’.5. 1-10 65 59 59 54 62 65 61

Table 12. The vertical distribution rate of plankion at
the same station on one day. (D.S.--Dry senson;
R.S.--Rainy season)

The average rate of the horizontal distribution in the
surface water (0 - 1 n.) was 55 % in the dry season, and
39 %inthe roiny season, The re-son why it is lower in the
latter is that the environment is not fit for plankton be-
cause of the inflow of the fresh water., In both seasons,
however, the nmount of plankiton inhabiting the surface water
between 0 - 1 n, was found through this table to be much
greater than that inhabiting the lower part.

2, THE OBSERVATICONS IN NHATRANG BAY AND IN THE OPEN SEA

Here is the results of the survey in the dry season (May 20)
end in the rainy season (Oct. 1), at the ten stations. Hon Lon
(Lon Island) is the principal one, in Whatrang Bay and the open
gexn,

(1) Wind verocity

Iry season ——————- south or south-west wind.
Rainy season ———-- north or north-east wind.
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(2) Atnospheric temperature and water tenmperature. The re~
sults are shown in the Fig. 7.
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Statlion

I 1 TIVY VIV XX
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Flg.7 Atmospheric tempersture snd Water teaperature at each

Stotion.

The average atmogpheric temperature was 30.4 ®¢ in the
dry season, and 27.9 "C in the rainy season, the difference
being 2 °C which is nearly the sane with the difference of
temperature observed at the standing point, mentioned earlier.

The average water tempegature of the surface was 29.1 °c
in the dry season, and 2§.2 C in theorainy season. At the
15 n. layer it was 27.0 C, and 28.25 C respectively.

The temperature of the surface water is higher in the
dry scason than that in the rainy season, while with the 15 m.
layer it is conversly higher in the rainy season. This nay
be explained that, in the rainy season as the comparative
temperature of the water is high, the temperature ~f the sur-
Tace water gradually falls under the influence of the atmos-
pheric tenperature, while that of the under layer rises, in-
fluenced by the high tenperature of the surface water.
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(3) Dissolved oxygen

Tha arnount of dissolved oxygen obtained through the survey
at each station is shown in the Figure 8.
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Fig.8 Dissolved oxygen at each station.

In the dry season, the average amount of oxygen was
4.46 ce/L with the surface water, and 4.56 cc/L with the
15 m. layer. In the rainy season, it was respectively
4.42 cc/L and 4.33 cc/L.

There is & great variety in the amount of dissolved
oxygen with the surface water, the cause of which seems to
be the waves on the surface. (The sample was taken with
Kitahara's apparatus at 0.3 n. level from the surface.)

From this nay be concluded that there is 1little dif-
ference in the amount of dissolved oxygen in the surface
water, between the dry and the rainy seasons, though, with
the 15 m. layer, the difference does exist, its amount of
oxygen surpzssing that of the surface wvater in the dry
season and vice versa in the rainy scason. This is an in-
teresting fact in the light of the above-mentioned water
temperatures. (As stated before, it is a general rule
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that the lowver is the water temperature, the greater is the
apmount of dissclved oxygen.)

{(4) Transparency

The Figure 9. shows the transparency in Nhatrang Bay
and in the open sea both in the dry and the rainy seasons,
Tt wos known from this Figure that the transparency of both
scasons greatly differs one another.
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Transparency in the dry season was from 12 m. to 14.7 o
. The station II showed the lowest value of all in this senson,
probably because it was near the estuary and so had the in-
fluence of the turbidity of the river. Meanwhile, in the
rainy season, transparency differed at each station, and here
again the S%. II showed 1.2 n,, which was the lowest through-
~ut both seasons, probably influenced by the rivers again.
St. I, II, IIT and VIII, IX, X had the lower itransparency
than that in the dry season, but St. IV, V, VI, VII showed
13 m., which is nearly the sanme with the dry season.

It is concluded from this that at the 8t. IV, V, VI, Vil
in the open sea transparency is almost constant throughout
the two seasons., But at every station inside the Bay is
found the strong influence of the rivers, and this influence
is seen to decrease as we get nearer to the open sea, ac-
coqpanying the growth in transparency.

(5) Alkalinity

Through the neasurenent of alkalinity can be obtained
the anount of carbonic 2cid in the sea water, which of course
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hag much relotion to photr-synthesis, i.e. the growth of phyto-
plenkton,

Alkalinity of the surfaoce water and of the 15 meter layer
in the dry season was from 30 t» 37 mg/L, the under layer hav-
ing the tendency of being greater. In the rainy senson, as
shown in the Figure 10, the difference in the wvalue of 2lkalinity
between the surface and the 15 o, layer is apparent. Alkalinity
of the 15 n. layer water had nearly the constant vaolue of average
35 na/L, while with the surface water, excluding the St. VI, VII,
VIII in the open sea vhere the value is conparatively stoble
(about 35 mg/L), high alkalinity was found at every station.
Eepecinlly at the St. II nrar the estuary, the highest value of
53 nc/L vas vbtained. This is reverse to the case of trans~
parency, but the cause may be the sane —— the influence of the
turbidity of the rivers.

(mg/L)
50r

Totsl GO,
B

T m v v vIiw WX 4

' Station

Fig.10 Alkalipity at each station in the
g %Biny aeasog.

(6) Density and Chlorinity

The difference between the surface water and the under
layer mater, which was mentioned before in relation to the
influence of the rivers, vas alao confirmed through the
neasurement of the density of the sea water. As is shown
in the Figure II, there exists between then an apparent
difference in quality. Besides, different water nassas
were found in the dry and the rainy seasons.

In the dry season, Density ( 615) of the surface woater
wag 1.0267 - 1,0274, while in the rainy season the nearer to
the estuary was the station in the Bay, the lower was the
value of density, and at the St. IT which was the nearcst
tc the river; it was 1,0183. The value grows higher as the

- 133 -



station gets nearer to the open sea where (sts. VI, VII, VIII,
IX) it had a constant value of about 1.0265. As to the 15 m,
layer water, v 15 Was 1,026 ~ 1.0269 throughout all reseorch.
ing areas, so the water mass was found to have nearly a con-

stant value, without any influence, it seens, from the rivers
or the fresh water.

The values of Chlorinity and Salinity calculated fronm ¢ 5
shown in the Table 13, and the Pigure 12, are as in the case
of density, high in the open sea, and in the Bay was found a
sirong influence ~f the rivers. It has been proved fron these
results that there exist apparently different water nosses in
the dry season and in the rainy season, and that in the rainy
season the surface water and the underlying water (15 n. laye)
differ in quality.

(s 0 m.{ Dry season }

V.
10270} growe R, I

3..0260}
15 m.{ R.5. )

1.0250¢
1.0240}

2.0230 l‘

%’1.0220
H1.0210
(=1

0 m.{ Raihy saascon }
1l.0200}
1.0190 |

LR YT T W v VI W W XX
Station
PFig.1ll Dansity at each station.
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" . s .
. Jepth Densit Chlorinity Salinity
3 n
Station esso (m ( 15§ (O/oo) (o/oo)
D.S. 0 1.0270 20,08 36,27
. " 15 1.0275 20.08 36,27
R.5, 0 1.0185 14.00 25,30
" 15 - 19.90 35.95
D.S. 0 1.0269 20.08 36,27
II R.S. 0 1,01835 13,86 25,04
L 15  1.0267 19.86 %5.88
D.S. 0 1.0270 20,11 36,33
L R.S. 0 1.0191 14.40 26.02
T 15 - — -
D.S. 0  1.0267 19.86 %5.88
v R.S. 0 1.0215 16.13 29.14
" 15 1,0267 19.86 35.88
D.S. 0  1.0274 20,39 36.83
v R.S. 0  1.0237 17.73 32,03
" 15  1,0265 19.74 35. 66
D.S. 0 - - -
VI R.S. 0 1.0268 19.96 36.06
" 15  1.02695 20,07 36,26
D.S. 0  1.0273 20,32 36.71
Vil R.S, 0 1.02645 19,70 35.59
" 15  1.0269 20.08 36,27
.8, 0 1.0272 20,25 36.58
ViTi R.S, 0  1.02645 19,70 35.59
" 15  1,0268 19.96 36.06
DS, 0  1.0269 20.08 36,27
ix R.S. 0 1.0267 19.86 35,88
v 15  1,0268 19,96 36.06
D.S. 0 1.0269 20.08 36,27
X R.S. 0  1.0227 17.00 30,72
1 15 — - -

Table 13. Density, Chlorinity and Salinity at each station
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x 20

- Surface layer

-

Chlorinity ( $=) in the dry season, in ihotrang Bay and the
onen ser,

- . Surface layer

15 m. layer.

Chiorainity ( %0} in the rainy season, in Hhatrang Bay and the
open sea.

Fig 12. The variction of calorinity in the dry season and the
rainy se~son, in fhatrang Bay and the open sesz,
{( A -- Cai River; B -- Cua Be River; I ¢ —- Lon Island
I ~= Oceanographiec Institute of dhatrang
% -- Resecarching Station )
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(7) Plankton biomass

{g/5”)
2.0

g1.5
i
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Fig. 13 The quantity of plankton in the dry and
rainy season at each station.

R.p-p. shows Phyto-plankton of the rainy season.

R.z-p. shows Zoo-plankton of the rainy season.

gtation I 11 IIT IV v VI VII VIII IX X

Y 1.42 0.28 0.7 0.59 0.52 0.32 0.15 0.37 0.77 1.12
season

Rainy

censon | 0-39 0.55 0.59 0.82 0.98 1.48 2.01 0.82 1.0 1.10

Table 14. Total plankt
season at ea

Figure 13 eand Table

. and rainy season at eac

on biomass in the dry and rainy
ch station in the Nhatrang (Bay

and the open sea). (Unit shows g/m3

14 shows plankton biomass in the dry

h stetion by the wet wel
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The plankton biomass in the dry season ranged between
0.15 and 1.42 g/m3, higher in the Bay (St. I, II, III, X)
and decreasing towards the open sea (St. v, VI{‘VII). The
paximum in the dry season was 1,42 g/m3 at St:"T and the
pinimum, 0.15 g/m’ at St. VII. On the other hand, in the
rainy season, the plankton biomass was within 2 range of
0.%5 to 2.0l g/m3, higher in the open sea (St. Vv, VI, VII)
and decreasing towards the Bay. The maximum in that season
amounted_to 2,01 g/m3 at St. VII as against the minimum of
0.35 g/m3 at St. 1.

Further, it turned out that the mean plankton biomass
total mean plankton biomass up to 15 km from the beach) in
the dry ond rainy seasons was 0.56 g/m? in the case of dry
season as against 0.97 g/md in the rainy season or 1.8 times
as high as the value in the dry season.

As above, it beczme apparent that plankton biomass in
Nhatrang Bay and open sea presented the Telations complete-
1y reversed in the dry and rainy seasons. To bring to
light the cause of such relations, the environmental factors
at the respeective survey stoations as mentioned above were
taken up and the data averaged per Bay (st. 1, II, III, X)
and open sea (St. V, VI, VII) were compared with plankton

m biomass, the result of which is shown in the Table 15.

" Boy Open sea
1, II, ITI, X v, VI, VII
Season Dry Rainy Dry Rainy
hﬂnnkton biomass 0.88g/m3 0.65g/w | 0.33g/m3 1.49¢/m?
Water
Surface {29.0 27.95 29.1 28.5
Te‘f@gmme 15 m 26.4 . 28.45 28.35 28.5
Orygen - | Surface | 4.33 4.35 4.38 4.33
f {ec/L) 15m 4,40 4,22 4,43 4,22
Transparency 13.2 m 5.6m [13.15m 13.13 m
Mknlinity Surface | - 50.05 - 36.5
Elico, (mg/L) 15 m - 34.G - 36.5
lohtorind ty Surface |20.09 14.81 20.35 19,13
(9/00) 15 m 20.0 19.87 20.0 19.96
Salinity Surface |36.29 26.76 36,76 34,56
(0/50) 5w  |3%.15  35.89  |36.13  36.06

“Tble 15. Average plankton biomass and the environmental condi-
: tions in the dry and the rainy seasons in Nhatrang Bay

' the open sea.
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In the above Table, the mean measured values in the 15
for information only and the mean values

cm layer were added a :
4 er only come into question in this cese,

for the surface lay

In the dry season, the mean plankton biomass in the
Bay is 0.88 g/m? or about 2.7 times as high as the case of
open sea (0.35 g/m3). If the envirommentel conditions are
examined to eccount for the cause of the above mentioned
water temperature, dissolved oxygen and transparency re-—
present gimilar values for both Bay and open sea while
chlorinity (as well as salinity) is higher in the open
sea, but these cannot be considered as the major factors
affecting plankton biomess and it is assumed that the
increase of Bay plankton in the dry season may be due o
the quantity of organic matter which was not measured in
that case, but might be increassing towards the beach.

On the other hand, the mean plankton biomess in the
rainy season is 0,65 g'/m3 in the Bay as sgainst 1.49 g/m3
in the open sea, that is, the biomass is about 2.3 times
higher in the open sea as compared with the case of Bay.
The environmental conditions in that case were as follows:

(a) The water temperature in the Bay is 0.5% lower
on an average as compared with that of open sea. (b) In
respect of oxygen, it may be said that little difference
exists betwern the Bay and the open sea in the surface
layer, (e) Transparency in the Bay is 5.6 n or more than
1/2 lower than in normal cases. (d) Alkalinity in.the
Boy is 50.05 which is pretty high as compared with the
open sea (36.5) and indicative of the existence of large
volume of orgesnic matter in course of deconposition. %e)
Chlorinity is ordinarily about 20 ©/so (Salinity : 35 -
36 °/55)s but the mean velue in the Bay is 14.81 %/ 00
(Salinity: 26.76 °/50) which represents a considerable
decrease. It became apparent from the above that in
the roainy seasons, the environmmental conditions in the
surface layer of the Bay are different from those of the
sea water at normal times. This is definitely due to
the influences by the two rivers (Cai and Cua~Be Rivers)
flowing into Nhatrang Bay. On the other hand, chlorinity
in the open sea is about 0.9 ©/,, lower as compared with
ordinary times, which, however, may be considered- to be
approximately equivalent to the environmental condition
in the dry season.
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Such being the case, in the rainy season, plankton de-
creased in the Bay whose environmental conditions were in-
appropriate for plankton to live in, but multiplied in the
open sea whose environmental conditions were similar {o
those of the Bay in the dry season. That is to say, it can
ve considered that the plankton production in the Bay moved
towards the open =ea.

As to why the mean plankton biomass in the open sea in
the rainy season surpasses that of the Bay in the dry season,
a conclusion may be drewn that the influences of the river
are conirolling also in that case.

Total average plankton biomass |Ratio of plankion biomass
(from beach to 15 km)

Dry seasg% Rainy season Rainy season/Dry season
0.56 g/m 0.97 g/m3 1.8

Maximum of the average plankton|Ratio of plankton biomass
biomass in Nhatrang

Bay Open sea Rainy season/Dry season
(Dry season) | (Rainy season
0.88 g/m’ 1.49 g/m 1.7

Table 16 Ratio of plankion biomass between the dry
and the rainy seasons in Nhatrang bay and
the open sed.

As indicated in Teble 16, the ratio of mean plankton
biomass between the dry and the rainy seasons in Nhatrang
is 1.8 with the rainy season representing a higher value.
As deseribed above, the ratio between the maximum plankton
biomass observed in the Bay and that in the open sea is
higher in the rainy season or 1,7, which is near the former
ratio of 1.8. From this, it is assumed that dissolved
organic matier transported by the river water in the rainy
seagon brought about a result in favor of the nultiplica~

tion of plankton.

Finally, the distribution of plankton bionass in
Nhatreng (including the Bay and the open sea) is sumnmarized

in Fig. 14,
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(1)

(2)

Rainy season.

Fig. 14 The distribution of plankton in Nhatrang Bay and the
open sea, in the dry and the rainy season.
A<- Cai River; B -- Cua Be River; C-- Hon Lon;

Jumber shows the quantity of plankton ( g/m3 ).
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In the meantime, the result of measurement of plankton
biomass per zoo-plankton and phyto-plankton is as indicated
in dotted lines in Fig. 13, which is listed in terms of
percentage in the following Table 17 which indicates that
phyto~plankton is larger in quantity than zoo~plankton in
both the Bay and the open sea, with zoo-plankton showing
a tendency of =light increase in the open sea than in the

Bay.

L Stationj I 11 III | IV v VI
Phyto~ g/w’ |0.29 | 0.52 | 0.55 | 0.66 | 0.74 | 1.21
plankton % 85 94.5 | 95 80 76 82
700w g/m® 10.05 { 0.03 | 0.03 | 0.16{ 0.24 | 0.27
plankton % 15 5.5 |5 20 24 18
-

Station| VII VIII X X
Phyto- g/m |1.25 | 0.66 | 0.84 ] -
plankton % 59 80 84 -
Zoo- g/w> lo.es | 0,16 | 0.16] -
plankton % 41 20 16 -

Table 17 Ratio between zoo- and phyto-plankton
at the respective survey stations (Rainy
season

C. SUMMARY AND CONCLUSION

As a resuli of survey made in the dry season (May) and the
rainy season (October) of 1963 in Nhatrang (Central Viet-Nam) Bay
and the open sez as well as the environmental conditions at the
gtanding points, the author obtained the following conclusions:

1, The observations at the standing point in the Nhatrang Bay
The following conclusion could be drawn from the fizxed-point/

fized-time observation from 5:30 a.m. to 8:30 p.m, of the same
day:
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As a result of survey made by taking an example of St. I in
the Nhatrang Bay, it was found that both water quelity and plank-

ton biomass were changing constantly.

As for the quantity of plapkton, the horizontal biomass,
in the dry senson, was 1.15 g/m’ and the vertical biomass 10 g/m’,
the difference being very small, while in the rainy season, the
hor%zontal biomass being 0.97 g/m3 and the vertical biomass 0.63
g/m”’, the difference was great compared with that of the dry
season., Investigations into the cause were made through the
analysis of the water, and the difference was found in the rainy
season between the density of the surface water and that of the
underlayer water. (In the dry season the density of both was
nearly the same, and the density of the 15 m, layer water in the
rainy season was about the same with that in the dry season, )
The density of the surface water in the dry season was 1,0260-
1.0274, while in the rainy season it showed very low values,
1.0180-1,0190. This means that there exists over the surface
the fresh water flowing in from the rivers, and the difference
of the quality of the surface water and the 15 m, layer water
is considered to have influenced the growth of plankton, bring-
ing about the difference in the yield,

2. The observations in Nhatrang Bay and in the open sea

(1) The mean surface water temperature in the Bay reached
29,0°C in the dry season and 27.95°C in the rainy season as
against 26.4°C in the dry season and 28,45°C in the rainy
semgon in the ease of 15 em layer. On the other hand, the
mean surface water temperature in the open sea was 29.1°C
in the dry season and 28,5°C in the rainy season as against
28.359C in the dry season and 28,5%C in the rainy season
in the 15 n layer.

Thus, it was found that the difference in water ten-
perature between the surfece and the 15 m layer was larger
in the dry season than in the rainy season.

(2} In respect of the mean dissolved oxygen in the sur-
face layer, similar values were recorded for both the Bay
and the open sea (4.33 and 4,35 cc/L respectively), except
that in the open sea in the dry season (4.38 ec/L). The
corresponding values in the 15 m layer were 4.40 and 4,43
cc/L for the Bay and the open sea respectively .in the dry
season as ageinst 4,22 and 4.22 ec/L in the rainy season.

(3) Transparency measured in the dry season was some 13%.2
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m in both the Bay and the open sea whereas it varied re-
markably in the rainy season, that is, 5.6 m on the average
in the Bay.

In the rainy seanson, especially soon after rainfall,
transparency decreased in certain cases down to 1 n or less
at St. IT loceted near the river mouth in the Bay while in
the case of open sea, even the transparency of B m was re-
corded at St. VIT {observed in December),

(4) Alkalinity showed a result completely contrary to the
cage of transparency. That is, the alkalinity in the sur-
face water showed a tendency of decrease from the Bay (50,05
on the average) towards the open sea (36.5 on the average).
However, in the 15 m layer, little differences were observed
between the Bsy and the open sea,

(5) The density in the Bay and open sea in the dry season
was approximately constent in both the surface and 15 m
layers, that is, 715 = 1,0270. The sea water demsity in
the rainy season was same in both the Bay (mean chlorinity:
20.0 9/oo) and the open sen (mean chlorinity: 20.0 %/00).
However, in the rainy season, the density in the surface
water presented prominent variances similar to the case of
transparency, that is, the minimum value of 15 = 1.0183
(c1: 13.86 o/00, 8: 25,04 ©/,,) was recorded especially
near the mouth of river, and he tendency of increase in
density towards the open sea, gradually approaching the
normal condition in the dry season or 35 = 1.0270, was
observed. 1In the meantime, the mean chlorinity in the
gurface layer of the Bay in the rsiny season was 14.81 9/00,
bein§ quite different from that in the 15 m layer (20.0

°/00

(6) The mean plankton biomass in Nhatrang is as follows:

Bay: 0.88 g/m3 in the dry season and 0.65 g/m? in the
rainy season.

Open sea: 0,33 g/md in the dry season and 1.49 g/m’? in
the rainy season. :

The mean plankton biomass in the Bay decreaged gradual-
ly towards the open sea in the dry season, showing & value
about 2,7 times as high as that in the open sea., As for
the cause, it is considered that small quantities of filth
from river, fish market and houses, ete. constantly flew
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into the part of the Bay near the beach and exercised in-
fluences upon plankton.

On the contrary, in the rainy season, the plankton
biomass in the open sea was about 2.3 times higher than
in the Bay. This is considered to have been caused by
the environmental conditions, especially chlorinity and
alkalinity in the Bay which varied remarkably as compared
with the normal conditions and as a result, plankton
multiplied in the open sea presenting the similar (ordinarﬁ
environmental conditions as in the Bay in the dry season,
That is to say, the plankton production in the Bay de-
creased with the worsening of environment while it in-
creased in the satisfactory ordinary environment in the
off-ghore open sea.

In the meantime, within the range from the beach to
the open sea (15 m), the mean plankton biomass in the dry
and the rainy seasons was 0.56 g/m> and 0.97 g/m® respectiv
iy, thet is, 1.8 times higher in the rainy season, while
the maximum plankiton biomass observed in the Bay and open
sea was 0.88 g/m’ (dry season) and 1.49 g/md (rainy season),
that is, 1.7 times higher in the rainy season, from which
it ecan be concluded that the total plankton biomass in-
creases in the rainy season as against the dry season,

The cause of such increase is considered to be the dis-
solved organic matter conveyed by the rivers.

Based on the above conclusions, it can be said that
the measurement of orgenic natter (nitrate, nitrite and
smmonia) and phosphate, ete., will have to be made in future
for further detailed exmination.
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D. APPENDEX TABLES
a® 19 2° uo Ao mo &° qo g° mo m

15% 26,00 25.98 25,95 25.93 25,91  25.88  25.86 25.84  25.82 25.79 | 1,000
156 25,77 25.75 25.72  25.70 25.68  25.65 25,63  25.61 25,59  25.56 1,003
17 25.54 25.52 25.49 25.47 25.45 25.42 25.40 25,38 25.35 25.33 1,005
18 25.30  25.27  25.25  25.22 25.20  25.17 25.14  25.12 25.09  25.07 1,007
19 25.04  25.01 24,99 24,96 24.94  24.91 24,88 24,86  24.B3 24.80 | 1,009
20 24.78  24.75 24.73  24.70 24.68  24.65 24.62  24.60 24,57 24.54 1,011
21 24.52 24,49  24.47  24.44 24,41 24.39 24.36  24.33 24.30  24.28 | 1,013
22 24,25 24,22 24.19 24,16 24.13 24,10 24.08 24.05 24,02 23.99 1,015
23 23.96 23.93 23,90 23.87 23.84 23.82 23.79 23,76 23.73 23.70 1,018
24 23.67 23.64  23.61 23.58 23.55 23.53 23.50  23.47 23.43 23,40 | 1,020
25 23.38  23.35 23,32 23,29 23.26 23.23 23.20  23.17 23,14 23,11 | 1,022
26 23,00 23.06 23.03 23.00 22.95 22.93 22,90 22,87 22.84 22,81 1,024
27 22,18 22,75 22,72 ap.68 -22,65 22,62 22,59  22.56 22.5% 22,50 | 1,026
28 22.46 22.43 22.39  22.36 22.33 22.29  22.26  22.23 22,20  22.16 1,027
29 22.13 22,10 22.06 22,05 22.00 21.96 21.93 2r,90  21.87  21.84 1,029
30 21.80  21.77 21.72  21.70 2L.67  21.63 21,60  21.57 21,54 21,50 | 1,031

Appendix Table I. The converasion table of marine denaity. {by xmwmwomu
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01(o/g0)  5{0/50) G |C1{%%0) 5(%00) Ui |0U%ca) (a0}
14.0 25.30 18.55 17.0 30,72 22,70 20.0 36,13
14.1 265,48 18.69 17.1 30,90 22.84 20.1 36.31
14.2 25.66 18.82 17.2 31.08 22.98 20.2 36.49
14.3 25,84 18.96 17.3 31.26 23.11 20.3 36.67
14.4 26.02 19,10 17.4 31.44 23.25 20.4 36.85
14.5 26.20 19.24 17.5 31.62 23.39 20.5 37.03
14.6 26.38 19.37 17.6 31.80 23.53 20.6 37.21
14.7 26,56 19.52 17.7 31.98 23.66 20.7 37.39
14.8 26.74 19.65 17.8 32.16 23,81 20.8 37.57
14.9 26.92 19.80 17.9 32.34 23.9¢4 20.9 37.75
15.0 27.11 19.93 18,0 32.52 24.09 21.0 37.94
15.1 27.29 20.07 18.1 32.70 24.22 21,1 38,12
15.2 27.47 20.21 18.2 32.88 24.36 21,2 38.30
15.3 27.65 20,35 18.3 3%.06 24.40 21,3 38.48
15.4 27.83 20,48 18.4 33.24 24.64 21.4 38.66
15.5 28,01 20,62 18.5 33.42 24,78 21.5 38.84
15.6 28.19 20.76 18.6 33.60 24.92 21.6 39.02
15.7 28.37 20,90 18.7 33.78 25.06 21.7 39.20
15.8 28.55 21,03 18.8 33.96 25.19 21.8 39.38
15.9 28.73 21,18 18.9 34.14 25.34 21.9 39.56
16.0 28.91 21,31 19.0 34,32 25.47 22.0 39.74
16.1 29,09 21.45 19.1 34.51 25,61 22,1 39.92
16.2 29,27 21.60 19,2 34.69 25,74 22,2 40.10
16,3 29,45 21.73 19.3 34.87 25,89 22.3 40.28
16.4 29,63 21.87 19.4 35.05 26.03 22,4 40.46
16.5 29.81 22,01 19.5 35.23 26,17 22,5 40,64
16.6 29.99 22,15 19.6 35.41 26.31 22.6 40.82
16.7 30.17 22,28 19.7 35.59 26.45 22.7 41,00
16.8 30.35 22,42 19.8 35.77 26.58 22.8 41.14
16.9 50453 22,56 19.9 35.95 26.72 22.9 41,36

Appendix Table II. Knudsea's Table
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CHAPTER VI. VARIATION OF CURRENTS AND MONSOON WINDS

IN THE SOUTH CHINA SEA
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Tt seems to be very important to kmow the characters of the
China Sea, which faces Viet-Nam; especially its currents, winds,
salinity and the mutual relationships among then.

Pherefore, in this chapter the results of Naga Expedition
(1959 - 1961) is quoted as reference.

The character of the winds indirectly influences the life
in the sea. Southeazt Asia is dominated by two seasonal wind
patterns; the northeast (Pigure 15) and the southwest monsoon
(Figure 16).

In summer the land mass, especially the area north of the
Arabian Sea, is more heated than the sea and becomes a large,
low-pressure area. This condition creates southwest monsoon
winds, which generally blow from over the water toward the land
or from the southwest. The stress of these monsoon winds on
the water estzblishes the horizontal and vertical currents of
the Southeast Asian marine environment,

In winter the land, especially the Plateau of Tibet in
South China, becomes colder than the sea, and the wind direc-
tion is reversed as the air blows from the northeast toward the
tropical seas. Since the winds are reversed, their effect on
water circulation is nearly reversed, The west coasts of land
masses then become upwelling centers and areas of mutrient enrich-
ment.

The charts of the transports are constructed for every
second month and are presented together with the charts of the
surface currents, (Figures 17-22). The numerical values of the
transports in the different current branches are given in the
following Table 18 and Table 19.

Current Feb, Apr. June Aug. Oct. Dee.

South Asian Waters

Iuzon Strait, west-

wards positive +2.5 0 -3.0  -2.5 +0.5 +3.0

Macassar Strait,

southwards 1.5 1.0 1.0 1.5 1.0 0.5

China Sean, off Viet-
%gm southwards posi- 45,0 +1.5 =3,5 3.0 42.0 +5.0
ive
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Current Feb, Apr, June fug. Oct. Bec.

Java Sea, east~
wards po;itiva +4.5 +0.5 -3,0 -3,0 +0.5 +4.0

Flores Sea, east-
wards positive +6.0 42,0 =2.5 =2.0 +1.0 +4.%5
Banda Sea, upwell-

ing positive sink- -2.0 -0, +2,0 +1.5 -0.,5 -1l.0
ing negative

Timor Current, _
westwards 1.0 1.5 1,0 1.5 1.5 1.5
Halmehera Seas,

southwards 2.0 +1.0 +3.0 +43.5 +2.0 =1.5
positive

Table 18 Transports (millions m3/5ec) of different currents
in the Southeast Asian Waters. {by the report of
Naga Expedition)

Current Feb. Apr. June  Aug. Oct. Bec.

Pacific Ocean
North Equatorial
Current s..vssc00e 41 32 41 39 37 37

Mindanao Current.. 12 8 9 10 9 12
Tormosa Current... 24.5 37.5 35 0.5 27 21.5

Indian Ocean

Source of the

South Egquatorial

Current,......eos 16 12 8 10 14 14

South Equatorial

Current (southwest

of the Sunda Strait

resultant flow from

the Indonesian.... 20.5 19,5 16.0 16,5 16.0 17.0

Table 19, Transports (millions mﬁ/sec) of different currents
in the Southeast Asian Waters. (by the Naga report
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Three almost -separate circulations are distinguished., The
rirst is the circulation in the Pacific Ocean, which affects the
oastern parts of the region, but enters the Eastern Archipelago
only in the range of the Celebes Sea. The second is the circu-
1ation of the Indian Ocean, where only the South Equatorial
turrent is included but which has no influence on the Southeast
Asian Waters. The third is the circulation within the Southeast
isian Archipelago, which is determined by the monsoons. This
mongoon circulation, as it might be called, is connected with
the cireculation in the Pagific Ocean to a small extent and linked
vith that of the Indian Ocean only by the Timor Current.

The monsoon circulation develops chiefly along the China Sea ~
Flores Sea - Banda Sea line, because these regions lie with their
axis almost in the direction of the winds during both monsoons.

During the full development of the north monsoon the trans-
port of the Monscon Current through the Java Sea is about 4 mil-
lion m / sec. In the China Sea the transport of the strong
current branch off the coast of Viet-Nam is larger, because the
transport of the eddy in the central parts of the China Sea has
been added. The water masses of the Monsoon Current come during
the north monsoon out of the North Equatorial Current and enter
the China Sea chiefly through the Luzon Straii, smaller parts
enter through the Philippines and the Sulu Sea. A relatively small
transport of water occurs also through the Formosa Strait.

During the change from the north to the south monsoon in
April, the whole circulation within the Southeast Asisn Vaters
is only weakly developed, (Figure 18). In the China Sea two big
eddies are found with a transport of 1 to 2 million m3/ gec each,
The current still flowing eastwards in the Java Sez transports
only 0.5 million m /sec, joins the water coming out of the
Macassar Strait and forms along the north coast of the Lesser
Sunds Telends a rather strong current of 2 million m’/sec.

From the Pacific Ocean a weak transport occurs through the
Philippines and the Sulu Sea into the China Sea.

During the south monsoon the conditions are nearly inverse
to those during the north monsoon, but the average transports of
the Monsoon Current are smaller. In the southern China Sea a
snall eddy exists, but its transport is weak.

Tn October the change from the south to the north monsoon
takes place over most of the region, and over the northern China
Ses the north monsoon has already strated with considerable
strength, The Monsoon Current along the coast of Viet-lam is
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already developed and transport 2 million m3/Sec southwards, byt
er turns northwards before entering

the larger part of this wat
the southern China Sea and is transported back along the coast

of Borneo.

In December (Fig. 22) end February (Fie. 17) at the full
development of the north monsoon 2 strong southward transport
takes place in the whole China Sea, but not all its water can
flow into the Java Sea. Consequently a pilling up of water
occurs in the South Chine Sea and causes the development of
counter-currents in the central and eastern parts. The de-
flection of the current to the right and the pilling up of
water along the Asian coast with the highest sea level in the
Gulf of Thailand are clearly seen. In the South China Sea
at the equator where no slope exists, the currents are pure

wind drifts.

Summerizing, the transport chart for October shows the
formation of the Monsoon Current in the north monsoon season
end the chart for April, the decay of this current. The
Monsoon Current of the south monsoon season is formed in May and
decays by the end of September. (Figure 15 -22).

The variation of Salinity in the China Sea.

The China Sea as the largest in these waters has a more
oceanic character than the other seas. This is indicated by
the relatively small annual variations of salinity in its nerth-
ern and southern parts. The northern part receives water
of high salinity from the Pacifiec Ocean during the northeast
monsoon. These waters spread from the south of Formosa to
the west and later along the coast of Viet-Nam to the south,
The salinity gradually decrease in the direction of the flow,
which gives the typical picture of a tongue-like spreading.
The relatively dry air masses of the strong northeast monsoon
also cause a considerable evaporation, which exceeds the rain-
fall from October %o Merch, so this period has a surplus of
evaporation of 620 mm, This would be sufficient to increase
the salinity of a TO m thick homogeneous layer by 0.3 o/oo.
But the observed increase during this season is 0.7 9/40,
which shows that influx of water of high salinity alsc con~
tributes to the increase of salinity. With the beginning of
the southeast monsoon and the rainy season in May, the waters
of high salinity are pressed back to the north, and their
salinity is alsc decreased by the rain. The excess of the
rainfall during this season is about 820 mm, which corresponds
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to & decrease of almost 0.7 °/oo in salinity in a homogeneous
jayer of 40 m during this season. Off the south coast of China
and along the coast of Viet-Nam the annual variation is larger,
e to the river discharge and to the increase of rainfall to-
yards the land.

In the central parts of the China Sea the annual variation of
sglinity is higher than in the regions north and south of it.
rainfall and evaporation can no longer be regarded as the domi-
nant factors, especially as evaporation decreases rapidly towards
the south while rainfall increases, so currents produce the varia-
tion of the salinity. The central parts of the China Sea are
alternately filled with waters of higher and lower salinity. With
ihe northeast monsoon, water of high salinity is transported along
the coast of Viet-Nam to the south, In the central parts there
is & counter-current flowing in the opposite direction and carry-
ing less saline water to the northeast, This effect can clearly
be seen in the chart of February {Figure 23). During the south-
west monsoon the situation is reversed, that is water of about 32.5
°/yo is transported along the coast of Viet-Nam to the north, and
in the central parts a counter-current carries water of above 33.2
0/,:,0 to the southwest (Figure 24). Because on the average the
reinfall exceeds the eveporation in this region, the salinity of
the passing water is continuously decreased, though only by a small
smount, The relatively big anmual variation of about 1.1 %/5q is
caused by currents carrying water of different salinities during
the two monsoons.

Off the mouth of the Mekong the annual variation increases
to more than 2 ©/,,, whereas in the Gulf of Thailand it omounts
to about 1,3 D/oo, although this value is still uncertain because
of the small number of observations, The salinity in the Gulf
of Thailand varies between 30.5 0/s0 in January and 32.0 O/oo in
September. This means that the maximum occurs at the end of the
rainy season, after which a decrease of the salinity is observed.
Bat the maximal discharge of the rivers normally occurs at the
end of the rainy season, which may explain this variation. On
.the other hand the waters of low salinity, formed off the nouth
of the Mekong, are pressed by the winds into the Gulf from Octo-
ber to January and cause a low salinity.
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It may be concluded that in South Viet-Nam, fresh water
plankton and marine plankton are abundant in species, but not
in quantity.

A,  FRESH WATER PLANKTON

From the results of the survey made by the author in and
after 1963, & conclusion can be drawn that the mean plankton
biomass in general lakes and marshes in South Viet-Nam is below
1.0 g/m) with 0.3 g/ud as the average.

Recorded as the greater plankton bionmass were 14.3 g/m3
(mostly Cladocera and Copepoda) in the case of Da-lhin Dam in
Dalat, over 40 g/m3 (nostly Ruglena) in a small reservoir at
Cholon and 28,5 g/m3 (mostly Cyanophyta) et Ca-Mau, the average
being 8.0 g/m3. The places at which such higher rates of bio-
nass were observed are dams, small reserviors containing ac-
cunulated dusts or ertificial swemps made by damming up & stream and
and fall under the category of "special environment". In respect
of PH, it was 6,5 (water tenperature: 25,69¢) in the dam at Delat,
7.9 (water temperature: 32.0%C) in the reservoir at Cholon and
7.2 {(water temperature: 27.89C) in the artificial marsh at Ca-
Mau, all of which are pretty higher than the.average PH of 5.8
for the entire Viet-Nam, and even by nerely judging from the above
mentioned PH values, it is apparent that phyto-plankton exists in
great mass ot these points (except the dam at Dalat) and photo-
synthesis is being carried on actively.

Though lakes and marshes having a low PH value of 4.0 can be
found on rare occasions in South Viet-Nam, the mean PH 5.8 of
lakes and marshes for the entire area is a lower volue compared
with the mean PH 6.8-9.0 in the case cf other ordinary lakes and
marshes, Generally, the range of PH suitable for plankton is
7.0 to 8.0. From such low PH, it can be judged that plankton
biomass in Viet-Nam is smaller. It is therefore assuned that such
low PH is adversely affecting the multiplication of plankton in
the lakes and marshes, entailing the decrease of fresh water
plankton biomass in Viet-Nam.

The cause of low PH in the fresh water lakes and marshes are
not elear, but such acidic water is congsidered to be originating
from organic corrosive acid or inorganic strong acid. However,
even in the lakes and narshes having such low PH adversely af-
fecting the multiplication of life, it is possible to promote
normal multiplication of life by addition of lime, etc. to make
neutral the water of such lakes and marshes.
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Though the author did not apply neutralization test to all
the waters having low PH, he tried the addition of l?ue, Ncho3
NapSp03, ete. to 2 few lakes and marshes and ascertained that
the normal multiplication of phyto—planktons(Scenedesmus) and
zoo-planktons (Euglena of phyto-mastigophora and Moina as well
as Daphina of ¢ladocera) could be achieved thereby. Needless
to say, there may exist certain waters which do harm to life
oven after neutralization treatment, but in cases where it is
desired to progressively oultiply plankton as feed for larvae
of fishes in a fish pond or to brerd fish utilizing a lake or
marsh, the PH of water will be one of the important problems

%o be considered.

B.  MARINE PLAWKTON

According to the survey (1963-1965) by A,Shirota, the
plankton biomass in the South Viet-Namese coastal water (15 to
20 km from beach) is 1.0 g/m® or below, with 2.0 g/m3 as the
maximum and 0.3 g/md or less as the average., On the other hand,
it was found that the plankton biomass (in September) or the
west side of Ca~Mau Peninsula, that is, in the Gulf of Thailand
including Rach-Gia and Phu-Quoc was 0.6-0.8 g/m3, a value 2 to
3 times higher than that in the South China Sea coastal water.

Tn the meantime, according to Naga Expedition (1959-1961),
the plankton biomass in the South China Sea more than 100 km
off-shore from the beach is 0.1 cc/m3 in the case of zgo~planktm!
in the coastal waters ranging from the Hue (N. Lat. 16930!) to
about E, Long. 110° including Bhatrang-Phan-Rang, G.05 ce/m3
in the further off-shore water and 0.15 cc/m’® in the water with-
in the range from Phan-Reng to the southern tip of Ca-Mau Penin-
sula which falls on N. Lat. 5-6° whereas the plankton biomass
in the coastal waters ranging from the southern tip of Ca-Hau
Peninsula to Phu-Quoc varies with the seasons, that is, 1.0-1.1
cc/m3 in the rainy season (April, May) and 0.3-0.5 cc/m3 in the
dry season (August to Januaru).

Combining both results, it was found that the plankton bie-
mass in the coastal water west of Ca-Mau Peninsula is 2 to 5
times higher as compared with that on the east side, that is,
in the range from Hue facing South China Sea to the southern
tip of Ca-Mau Peninsula, thus possessing a higher productivity.

The cause is considered to be lying in the topography of
Ca-Mau Peninsula which is different from other areas. That is,
28 is clear from the pictureinecluded in Chapter X, it is con
sidered that nutrient salts conveyed by numerous canals or river
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minning lengthwise and crosswise through the Peninsula exerted
influences upon the multiplication of plankton in the coastal
waters, The tendency was more conspicuous in the rainy seasons,

Though the climate i% South Viet-Nam is characteristic in it
that the dry and the ralny seasons are controlled by monsoon, the
quantity of plankton is also influenced thereby. Taking Nhatrang
Bay and its open sea as the examples A. Shirota {1963b) looked
jnto the chenges in plankton biomass as well as the environmental
econditions at the standing points in the dry and the rainy seasons
and confirmed that (1) the plenkton biomass in larger in the Bay
in the dry season than in the open sea, (2) in the case of the
rainy season it is larger in the open sea than in the Bay and (3)
the totzal plankton biomass including both the Bay and open sea is
larger in a rainy season as compared with the case of a dry season,

\

Though the species of plankton are similar to those in the
temperate zone, Trichodesmium of Cyanophyta are found in the
entire area, which often accounts for more than 80% of the total
sample and is considered tc be onme of the characteristics of the
southern zone. Further, Salpa, Doliolum, Oikopleur?2 and Sagitto
are the species able to be found most commonly while luminescent
Sapphirina and Corycaeus too are discovered commonly ovexr the
entire area.

¢. PROSPECT FOR THE FUTURE

It is generally said that the plankton biomass in the southern
zone, that is, low latitude zone is approx. 1/5-1/10 as compared
with the high altitude zone., This also applies to South Viet-Nam.
If the volume of resources of fresh water and marine pisces, crus-
tacea, mollusca, etc. is estimated on the basis of the above-
nentioned plankton biomass, it may be given as a conclusion that
the volume is quite small.

At present, some 1 ton fishing boats account for the greater
part of the total fishing boats in South Viet-Nam and the fish
cateh amounts to 500,000-600,000 tons a year. If, however, the
fishing industry mekes progress and a modern catching method comes
to be adopted, inland water and .marine resources will be exhausted
quite quickly. And yet, the recov.ry capacity of fishery re-
sources after haul is considered to be quite small judging from
the small standing crop of plankton, Accordingly, the future
of South Viet-Namese inshore fishery is not very bright.

If, however, one revievws here again the following geogrphical
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environments of South Viet-Nam, that is,

1. Climate and natural features are subject to monsoon and em
be divided clearly into the dry and the rainy seasons;

2. The temperature difference as well as water temperature
difference is smell throughout the year and the temperazture

is high;

%. The woter temperature of 25-28°C affords an environment
suitable for the growth of many aquatic animals; and

4. No typhoon nor natural calamity and little gale, it may
be said that the above conditions are quite favorable in
connection with the utilization of ocean, lske and marsh
and especially with the fishing industry in it that the
temperature is not so low as in a high latitute zone and
the possibility of calamities due to typhoon as in the cos
of Jopan does not exist in South Viet-Nam.

In short, the question is how to utilize these favorable
conditions and the author thinks that the key to the solution
of this question is breeding under positive artificial manage-
ment., Of course the organism coming into question in this
case should be (1) the species suited to the taste of people,
(2) costly and (3) well manageable and further, in the sense
of acquisition of foreign currencies, {4) the ones exportable,

For instance, in South Viet-Nam, the crustacea can be said
to be the rmost promising species meeting the above requirements,
The crustacea is cne of the species most difficult to be cul-
tured in the world. The difficulty consists, needless to say, i
the environmental conditions in course of growth and especially
in the feed to be furnished at the larval stage, and the survival
rate of larvae of crustacen is determined depending on the quanh
of plankton serving as their feed. It is said that naturally oo
than 95% of hatched larvae die. 1In the area abundant in plankto
in South Viet-Nam, that is, on the west coast of Ca-Mau Peninsul:
not only pisces, but also considerable quantities of crustacen ar
caught and they were exported to the adjoining countries, U.S.4,
etc. in former times while at present too, some crustacea are be
ing exported, The fact that even & natural catch leaves a margit
for export tells that if artificisl culture were undertaken, the
rroduction scores of times higher could be expected,

Aercordingly, the possibility of culture of plankton, es-
Ppecially Diatoms, Phyllopoda and Copepoda to serve as feed for

£

vi
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the larvae can be said to be one of the keys to the success of
crustacea culture. In this sense, the culture of plankton in
jerge quantities has a great significance and in connection
therewith, economical and low~-priced feed will become the problen
for future. For that purpose, the study of the physioclogy and
primary production of plankton itself mst be pushed forward
actively.

1f it were pgssible, in this way, to kmow the physiology of
the organisms in ghestion, utilize the favorable environmental
conditions in Viet-Nam and progressively menage and breed such
organisms, the future of the marine product industry of Viet-
Kam would be quite bright and at the same tine, the developnent
of oceanographic and limnetic studies could be expected.
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