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Huziiefiwulwiludssmalnadae
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minutissima  SUEER simmusemswisuulewasamwiiadan  @a  Cocconeis
placentula, Gyrosigma nodiferum, Nitzschia dissipata Wax Gomphonema augur
Tumidsiianansamnudsaunasdaauitruazauennalugld 11 2
%'mfiumwi'w"lu Division Cyanophyta tas Chlorophyta
ﬁagaﬁl@”ﬁnnmuﬁﬂﬁaxﬂﬂﬂLﬂuﬁagaﬁugm’lumsﬁw monograph 284
unasraauiis uwasimeudad laazaaniuisnhuszsmhennalugosumanhuui
gemagluumnaiisslaaiifainmmandiigndss  Usenaudedussnudnuaveio
(description) taNETENEY wazmMwUsenavadamu neraawed  undsiied
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tdaywivazaldassa
niddelulassimsiidnudivndunm 3 Wis aasfagnaulawenauihnuids
ludhufiowesiuiionoy  Jamuarglassaidezniuhbinadn  wafibudymadeud
Tildhmin  dwmdudnaamdiagludagiu  Jamussglassedindnazgenanlag
astdanaail
-y at ! =l cde, = of Voo Qv r_'l cg’ ¢2 or
1. Jgwmlumsitadedaidioaubessausildd windwanSasiifluGamanuas
. & o o o i, s o Y £ ¥ oa 1w va
nuideusndiusasieniige fivalannmuduaimeny; fadadudeimamean
Ao o = v A & e
ffasdne Feilesumsmganzdnamalesims BRT naaeasanan fidadlama
& o - y efatoy v ot o pa] o ot
wulzFenmnaludasddiiamaillulssmeraun  Weawnn@anday  wazilang
WumelduEnwuazsusumPilansdeiiiewa i dssnarnaiande  saunemsas
o P LT | P ' o o Ao W o
specimens  lUaTRERUANINGNADNATITdEaUsng  FeRduhlimeifiansded
e ) 1 o v & @ o, e & & 1w e oote o o ar f
#ngndasuiuiasanuisulaldidelanniy wa sl falfiednunnaitaly
& A @ ! dlee L2 ar =M v ar
NI LG muLuaqmnm"m;fi’mﬂmuﬁwmcﬂﬁwuﬁ’luﬂ‘szmﬂmm%’aumu'lumﬂuﬂ
d Aﬁ' o - | o a T ar
AEs Hanuiansasueatindssnaumsdnmndaideodine willudndsanansgs
flimin eglsimunanuiivhnfeadiudsslanidamsannaeidiaomuil ludszmea
J ¥ = d o - o al A 4 1
gaaINnwasNams  luSasiinaud lapdededasduasulwiimsanmnitaiEaeiinaluin
ar é a W‘ Y ¥ 4;’ L =
#nszaznil asasyh lmmsauiinhamndun ey
2. MawsAmuwastesuiy swhemnalvauarleszaauiiuianih afiu
ar ar s 4:{ o, e 1 1) d' a d’
PunudnuaemeiugnisuliudneaehiiEle deiivssgradszadinnms Suiean
d’ - a[n 9 dl o : o 4 ¥©v .
nneasiianiiudadddifiar freezed-dry vesdeifiofuenliifuelddideon ( axenic
culture ) Tagludnwaudssuiuddeitinatadeniun #awnies Lyophilizer 2789
madnEaine audnenendas wminendudadlnal ladsadunmeamnuuasilagiu
a N ~ w o ' P ot o
daldansoudlalildldmuind  Sedpaiudadnlilujuudadfiduiimaniialuns
& o doa W 1 ' v a ' 4 & staa g . o
Huiiiesenanuasaisuaimsuag  Fedeiizinuneseediitu axenic culture WdH
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1. 330TINIZE B UWIN A aUNT

Thuwasriaaumndsuialilaailadidie) (axenic culture) Tagiamsdadaluil:-

1. ThunafaauRTrnmsnIadasmeunaasuInEauua ST lfnzAe
fa Joworski’s medium (IM) LL‘E‘!"JLLﬂﬂiﬁLﬂuﬁﬂ%ﬁLﬁﬂ’ﬂﬂﬂag streak plate #
GRl N ﬂ%y'q%ulﬁtﬂu axenic culture

2. thunwasrmaudizdildnnta 1. ndadenwadlagld micropipete NAENYA
wagamumiEy 1 waduis 1 Wuse wis 1 lalail minmafnmeandes
an33@UUUY inverted uwdrhan@asluams Joworski’s mediom thlunelug
WE SPRUEMTIERIY LUDIMTANNET

2. mIwzidgdlaasaaniiunaii

ndathelapzaafiudauififiven  thnasesuunsemensasbiiviinaenniu
wdah I @eeuna1s Diatom Medium (DM) wanlwiily axenic culture 19838 streak plate
wIafadanaalayldnaaganssAmiluy inverted

3. MIWLBEE NI BUUI0 150

ar v ' o & o g v 1 pr gy =
- ;nehedamnmnna ngfifuineinso@sldamzamheifanuadula
° v S0 v v a o v - 3
Tafi  inlalaflsassvhoani iidussusnaannniy udadslildduaadenanidoly

5§03 Joworski’s medium wipamarlfidusarasamneniudiin streak plate MaE <

Z 4 v .
ﬂimwaﬁlﬁ'lﬂ 1$lu axenic culture

21M13g@7 Joworski’s medium (7N Culture collection of Algae and Protozoa Section, Institute
of Freshwater Eology, Windermere Uszinaannzaianing) dgnsmaiaIouasil:-

Nutrient Quantities (g)

1. Ca(NO;).4H,0O 2.000
2. KHyPO4 1.240
3. MgS04.7H,0 5.000
4. NalCosz 1.590
5. EDTAFeNa 0.225

EDTA Naz 0.225
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Nutrient Quantities (g)
6. H;Bo; 0.248
MHC12.4H20 0.139
(NH4)5M07024.4H20 0.100
7. Cyanocobalamin (Vitamin B12) 0.004
Thiamine HCI 0.004
Biotin 0.004
8. NaNOj 8.000
9. Na,HPO4.12H,O 3.600

go3915 1-9 TieSendiu Stock solution Tuhnau 100 wa. Lieazldlvga Siock

solution anaeNaz 1 wa. USulSinasgamnehnaulviidu 1000 wa. USu pH Tiuiiu 7

mm‘sgm Diatom medinm

Grundgloeodinium II solution (for freshwater forms in acid oligotrophic habitats)

KNO3
NazHPO4
MgSO;4
CaCl,.2H,0
Si0,-Sol
Nap,EDTA

50.55
1.42
247

- 0.147

12.01
0.744

mg.l'l
mg.l'I
mg.l"
mg.l’1
mg.l'1
mg.l'1

Freshwater WC medium (Round et al. 1990 81988 Guillard & Lorenzen, 1972)

CaCl,.2H,O
MgS04.7H;0
NaHCO3
K2HPO4
NaN03
NaZSiO3.9H20

Trace
Na;EDTA
FeCl3.6H;0
CuS04.7H,0
ZnS04.7H,0
COC12.6H20
MHC12.4H20
Na2M004.2H20
H3BO;

Vitamins
Thaimin.HCI
Biotin

B2

36.76
36.97
12.60
8.71

85.01
2842

4.36
3.15
0.01
0.022
0.01
0.18
0.006
1.0

04
0.5
0.5

mg.1™!
mg.l”
mg.l?
mg.I”
mg.1"
mg.I"

mg.l'1
mg.I”
mg.]”
mg.lﬂ1
mg. 1™
mg.1"
mg.1"
mg.l'I

mg.I?
ugl”
pgl”
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Psanmaandaufiasaelni (mel™) ATUUMINATFIN
NN 8 0.1
7-8 0.2
6-7 0.3
5-6 0.4
4-5 0.5
3-4 0.6
2-3 0.7
1-2 0.8
0.5-1 0.9
Uasni0.5 1.0
ﬂ%mmaanﬂﬁ‘tauﬁ:fgﬁun%ﬂ"lﬁ’luﬂﬁsiaﬂ AZUUUHIATFIU
dansaaun3d (BOD) (mgl )
Yeand 0.25 0.1
0.25-0.5 0.2
0.5-1 0.3
1-2 . 0.4
9-4 0.5
4-10 0.6
10-20 0.7
20-40 0.8
40-80 0.9

N80 1.0
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@ idih (psem™) ATUUUNINTI I
Yagnd 10 0.1
10-20 0.2
20-40 0.3
40-70 0.4
70-100 0.5
100-150 0.6
150-230 0.7
230-400 0.8
400-550 0.9
AR 550 1.0

Wanalwasnulasay (mel™) ATLUUNINTFIU
Hasnd 0.05 0.1
0.05-0.1 0.2
0.1-0.3 0.3
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1.5-3.0 0.6
3.0-10.0 0.7
10.0-20.0 0.8
20.0-40.0 0.9
Nnnd 40.0 1.0

USanawaalaiianlulasiay (mgl™) AZUUUNINIFIU
vasnd 0.1 0.1
0.1-0.2 0.2
0.2-0.4 0.3
0.4-0.8 0.4
0.8-1.5 Q0.5
1.5-3.0 0.6
3.0-5.0 0.7
5.0-10.0 0.8
10.0-20.0 0.9
nnnd 20.0 - 1.0
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SN2 Soluble Reactive Phosphorus (mg.lal) ASLUUNIATI U
Wasnd 0.05 0.1
0.05-0.2 0.2
0.2-0.4 0.3
0.4-0.8 0.4
0.8-1.5 0.5
1.5-3.0 0.6
3.0-5.0 0.7
5.0-10.0 0.8
"10.0-20.0 0.9
RN 20.0 1.0
USinmeaalsied ta (ugl™) ASUUUNINTIIY

Wound 0.05 0.1
0.05-0.2 0.2
0.2-1.0 0.3
1.0-2.5 0.4
2.5-5.0 0.5
5.0-10.0 0.6
10.0-20.0 0.7
20.0-50.0 0.8
50.0-150.0 0.9
AAATT 150.0 1.0

& o ' e o ar A P [ =
nmiazhmsuiuqumwih Teglddweimganarsandiuld fs 0.1 uasgeged

q
3

msasdiuld da 7.0 Fadunsmazusaniily 7 S1eu lasilanudivniu uinamMWIN
ueazaau aedallil

0.1-0.9 Qmmwﬁﬁmmﬁﬂuwh hyper oligotrophic status

1.0-1.8 AaumwififiBu oligotrophic stams

1.9-2.7 ﬂﬂlﬂ']Wli"lﬁﬂ'lUﬂﬁ’N tfisuwh oligotrophic-mesotrophic status
2.8-3.6 aoumwiithunans gt mesotrophic status

3.7-4.5 qmmwﬁmmﬂqu audade fisuwi mesotrophic-eutrophic status
4.6-5.4 qmmwﬁnﬁﬂ UL eutrophic status

NN 5.5 QMAITWUNEINA LHiguLm hypereutrophic status
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fathadu Tumsdnmnaumwihlusadubhoewd sminndadednl Tudiou
woumnay 2544 lauagail

0y DO 6.8 mg.l"

@ BOD 0.3 mgl”

amathldih 91 ps.em™

USinaluesniulasiau 0.25 mgl™

USinawasludisnlulasey 0.48 mgl”

USinmuaaslawaaa w38 Soluble reactive phosphorus 0.19 mg.l_1

USinumaslsiade 7.8 pgl”

dlahemmanniimedan 4 nwSeufisutuasuanasuisarmiy sxlded
aziuUA DO = 0.3

AZULUUAT BOD = 0.2

pzuuuammanlwi = 0.5

pzuuulsunaduaslulasiau = 0.3

pzuuulSinauanludflaniulaseu = 0.4

psuuulSinneaslswaaiia w50 Soluble reactive phosphorus = 0.2
azuunUSinaaaalsiladia = 0.6

AsLULINe T INTINaINTINGY 2w ld = 2.5

Fatugammhlusiaud aminendadeddml szagluin 1.9-2.7 dufiaqummb

=4 = L} . . =
ahunany thaum oligotrophic—mesotrophic status
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DIVERSITY OF PHYTOPLANKTON AND BENTHIC ALGAE IN
MAE SA STREAM, DOI SUTHEP-PUI NATIONAIL PARK,
CHIANG MAI

Yuwadee Peerapornpisal, Trai Pekthong, Prasert Waiyaka and Sakorn Promkutkaew’

ABSTRACT

The diversity of phytoplankton and benthic algae in Mae Sa stream, Doi Suthep-Pui
National Park, Chiang Mai Province, was assessed from April 1997 to February 1998. Eighty-
seven species of phytoplankton were found which could be classified into 5 phyla, 8 orders,
19 families and 31 genera. The majority of the phytoplankion were diatoms in the Order
Pennales and the most abundant species were Melosira varians Agardh, Fragilaria ulna (Nitzsch)
Lange-Bertalot, Cymbella tumida (Brébisson) Van Heurck, and Nirzschia linearis (Agardh)
W. Smith. .

A total of 172 species of benthic algae were found, of which 68 species had never been
recorded in Thailand before. They represented 9 families and 25 genera. The most abundant
species were also diatoms in the Order Peanales. The majority of the species belonged to the
genera Navicula (38 specieé), Nitzschia (23 species), Fragilaria (16 species) and Gomphonema
(15 species).

Key words: benthic algae, biodiversity, diatom. Doi Suthep—Pui, phytoplankton, stream algae

INTRODUCTION

An investigation of the diversity of phytoplankton and benthic aigae was carried out
in Mae Sa stream, located in Mae Rim District, Chiang Mai, Thailand. The purposes of the
study were to investigate the diversity of algae and the species composition of phytoplankton
and benthic algae communities in relation to water quality.

Although study of phytoplankton diversity in Thailand commenced at the end of 19™
century, the present state of knowledge is unsatisfactory. According to available literature,
green algae (Chlorophyceae) have been throughly studied with regard to freshwater
phytoplankton. Marine diatoms and dinoflagellates (Bacillariophyceae and Dinophyceac)
are considered to be adequately known, in terms of systematic studies. The first publication
of a phytoplankton study in Thailand was by SCHMIDT (1900-1916). He published “Flora
of Koh Chang,” based on materials collected by the Danish Expedition to Siam 1899-1200,
in which 161 genera, 1,001 species, 287 varieties and 63 forms of Cyanobacteria, Chlorophyta
and Chromophyta were reported (WONGRAT, 1998).

Other forms of algae in streams include benthic algae, the attached form of algae,
associated with different types of substrata {(CoX, 1996). The terms periphyton and aufwuchs
are also applied to that community of organisms growing on submerged objects (aquatic
plants, rocks, etc.) (BOLD & WYNNE, 1985). Most benthic algae in freshwater habitats are
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Received 1 July 2000; accepted 20 November 2000.

193



194 YUWADEE PEERAPORNPISAL ET AL

“bluegreen algae™ {Cyanobacteria), green algae (Chlorophyta), diatoms (Bacillariophyta),
or red algae (Rhodophyta) (HYNES, 1970; PHILIP, 1986; STEVENSON ET AL., 1996).

Diatoms generally have the highest species richness among benthic algal communities.
The total number of diatom species worldwide may be at least 20,000, comprising 200
genera, about 50% more than for bluegreen, green and red algae (ROUND, 1973; BOLD &
WYNNE, 1985).

The diatom flora of Thailand has been investigated by foreign scientists for a hundred
years, according to a checklist of algae in Thailand (LEWMANOMONT ET AL., 1995). A total
of 46 genera, 385 species, 144 varieties and 43 forms have been recorded. The diatom flora
has been covered by the following papers, published by foreign scientists.

OsTRUP {1902) recorded 81 different diatoms from Thailand’s second largest island
(after Phuket), Koh Chang in the Gulf of Thailand. PATRICK (1936) reported 185 diatom
species in the intestinal contents of tadpoles from Thailand and the Federal Malay States.
Material collected by the Joint Thai—Japanese Biological Expedition to Southeast Asia
1961-1962 was identified by Hirano. In 1967, he published an account of 143 diatom
species, 114 of them from Thailand. Most of these samples were collected in the Chiang
Mai area and the others from localities in central and southern Thailand (HIRANO, 1967).

In freshwater material collected by Foged in 1966 in central and northern Thailand,
about 378 taxa were published. Among these, 8§ new species, 5 new varieties and 2 new
forms were additional records for Thailand (FOGED, 1971).

From 1971 to date, Thai scientists have also worked on diatoms but not very intensively.
Most work has been done on plankton. Collections have been made from all parts of
Thailand but mostly from the North and Northeast (WONGRAT, 1998).

STUDY AREA

Established in 1981, Doi Suthep-Pui National Park is located in Chiang Mai Province,
northern Thailand, and has an area of 261 km?. Doi Suthep (elevation 1,601 m a.s.l.) and
Doi Pui (1,685 m a.s.l) are part of a geologically ancient ridge forming the western
boundary of the Ping River Valley. The forests on Doi Suthep—Pui can be divided into
deciduous and evergreen forest types. Some 2,000 mm of rain fall on the park each year,
mostly from May to October. The dry season comes between November and March. The:
average annual temperature, recorded near Phuphing Palace, is 20°C with maximum and
minimum average temperatures of 24°C and 17°C respectively. The Mae Sa Watershed is
situated in Mae Rim District, Chiang Mai Province. Part of the watershed lies within Doi
Suthep~Pui Nationai Park, which is one of the world’s greatest arcas for biodiversity,
where natural forests and other wildlife resources are protected. (GRAY ET AL., 1991).

The Mae Sa watershed is becoming heavily impacted by increasing agro-industrialization
and tourism development. The results of this survey of diversity of phytoplankton and
benthic algae can be applied to monitoring changes in water quality in the future.

Twelve sites were studied once per season over one year from April 1997 te February
1998. The sites were selected along the Mae Sa stream (Fig. 1). The name and details of
each site are given in Table 1. ’ .
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Figure 1, Map of the Mae Sa Stream showing the [2 sampling sites.

Figure 1. Map of the Mae Sa Stream showing the 12 sampling sites.

Table 1. Site names, altitude {m a.s.1.) and descriptions.

Site name Altitude (m) Description

1. Kong Hae Village 1,075 agriculture and residential
2. entrance to Kong Hae Village 1,000 agriculture and residential
3. Pong Yang elephant camp 960 tourist attraction

4. Sri Muang Kham Village 760 agriculture and residential
5. Huay Dee Mee 700 residential

6. Queen Sirikit Botanical Garden 650 tourist attraction

7. Mae Sa elephant camp 550 tourist attraction

8. Mae Sa waterfall 390 tourist attraction

9. Mae Rim bridge 340 residential
10. Cholaprathan bridge - 330 residential
11. Pa Muang Village 330 residential
12. Mae Sa Luang Village 340 agriculture and residential
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METHODOLOGY
Sampling and Preparation

Phytoplankton samples were collected for identification using a plankton net of mesh
size 10 pm. Samples were preserved with Lugol’s solution and were kept cool and dark
before observation under a light microscope.

Epilithic diatom samples were scraped from 3-5 stones at-each site. In the laboratory,
the samples were cleaned by boiling for 15-30 minutes in concentrated HCI or HNO, and
H202. Naphrax was used for mounting (BARBER & HAWORT, 1981; ROUND ET AL., 1990).
Light micrographs were made with an Olympus BX-40 microscope. Scanning electron
micrographs were made with a JEOL JSM-840A. microscope, operated at 8-20 KV. Black
and white film was used.

Identification

The taxonomic classification systems of the Stifwasserflora Mitteleuropas by KRAMMER
& LANGE-BERTALOT (1986, 1988, 1991a, 1991b), KRAMMER (1992, 19972, 1997b), LANGE-
BERTALOT & KRAMMER (1989), LANGE-BERTALOT (1995) and REICHARDT (1984) were
followed. In some cases, however, the relevant keys in books or theses of some tropical
studies such as FOGED (1971, 1975, 1976), PODZORSKI & HAKANSSON (1987), VYVERMAN
(1991) and BENAVIDES (1994) were used.

The features of the diatom frustule are very complex and fine details are hard to see
under the light microscope. SEM was used to investigate valve shapes (diameter, length,
width), striae patterns (striae frequency in 10 pm) and other features (raphe, puncta, areolae,
fibulae, nodule, septa, costae, stigmata, rib, spine, wing and canals) for species that were
difficult to identify (BARBER & HAWORT, 1981; ROUND ET AL., 1990).

RESULTS
Phytoplankton Investigation

Eighty-seven species of phytoplankton were found which could be classified into 5
phyla, 8 orders, 19 families and 31 genera. The majority of the phytoplankton species were
diatoms in the Order Pennales and the most abundant species were Melosira varians
Agardh, Fragilaria ulna (Nitzsch) Lange-Bertalot, Cymbella tumida (Brébisson) Van Heurck,
and Nitzschia linearis (Agardh) W. Smith. Some cyanobacteria, Anabaena, Pseudanabaena,
Lyngbya, Cylindrospermopsis, were also found in planktonic form, Some green algae such
as Ankistrodesmus, Closterium, Cosmarium, Isthmochloron, Monoraphidium, Pediastrum,
Staurastrum, Tetrastrum and Scenedesmus were also present. The phytoplankton list is
presented in Table 2.
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Table 2. Species list of all phytoplankton and benthic algae in Mae Sa Stream, Suthep-
Pui National Park, Chiang Mai. (P = Plankton, B = Benthic algae)

Phytoplankton and benthic algae Form Site distribution
CYANOBACTERIA
Order Oscillatoriales, Family Oscillatoriaceae
Lynghya circumcreta West, G. S. P 5,12
Oscillartoria acuminata Gomont B 1,2,7,10
Oscillartoria spp. P, B 2,3,6,7.8,9,10,11,12
Planktolyngbya limnetica Lemm. P 10,11,12
Spirulina major (Gomont) Kiitzing P 12
Order Nostocales, Family Nostocaceae
Anabaena sp. p 1,3.4,5,6,7,8,10,12
Cylindrospermopsis raciborskii (Wolosz.) Seenayya & Subba P - 10
Nestoc spp. B 1,2,10,12
Nostochopsis sp. B 1
Psendanabaena sp. P 1,2,4,6.8,10,12
Family Rivulariaceae
Gleotrichia sp. P 2
CHLOROPHYTA
Order Volvocales, Family Volvocaceae
Gonium sp. P 2
Order Tetrasporales, Family Tetrasporceae
Tetraspora sp. P 11
Order Chlorosphaerales, Family Oocystaceae
Ankistrodesmus sp. P 34,5710
Monoraphidium sp. P 11
Family Scenedesmaceae
Coclastrum sp. P 7.8
Scenedesmus javanensis Chod. P 57
Scenedesmus spp. p 1,479
Tetrastrum sp. P 12
Family Hydrodictyaceae
Hydrodictyon reticulatum (Linn.) Lagerheim B 2
Pediastrum duplex Meyen P 1,89
Pediastrum simplex Meyen P 1,9,12
Pediastrum sp. P 10
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Table 2. (continued).
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Phytoplankton and benthic algae Form Site distribution

Order Chaetophorales, Family Chaetophoraceae
Stigeoclonium spp. B 2,10,12
Order Oedogoniales, Family Oedogoniaceae
Oedogonium spp. B 2
Order Siphoncladales, Family Cladophoraceae
Cladophora spp. B 1-12
Rhizoclonium spp. B 1,2,7,8,10,12
Order Zygnematales, Family Zygnemataceae
Spirogyra spp. B 1,2,3.4,5,7,10,11,12
Family Desmidiaceae
Closterium sp. P 1,3,5,10
Cosmarium reniforme var. compressum Needst. P 10,12
Spondylosium panduriforme (Heimerl) Teil,

var. panduriforme f, panduriforme P 11,12
Staurastrum sp. P 237
EUGLENOPHYTA
Order Eunglenales, Family Euglenaceae
Euglena spp. P 1,2,3,4,7,10,11,12
Phacus pisciformis Klebs P 1,3,6,11,12
Trachelomonas volvocing Ehr. P 34,7912
Trachelomonas spp. P [,5,11,12
DINOPHYTA
Order Dinokontae, Family Gymnodiniaceae
Gymnodinium sp. P 1,2,3,11
Family Peridiniaceae
Peridinium cunningionii Lemm. P 8
Peridinium sp. P 1,3,4,5,11
Peridiopsis cunningtonii Lemm., P 1
Family Ceratiaceae
Ceratium hirundinella (O.F. Miiller) Schrank P 1,5
RHODOPHYTA
Family Bratrachospermaceae
Batrachospermum macrosporum Montague . B 1
Ceramium sp. B 1,2,10,11,12
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Table 2. (continued).

Phytoplankton and benthic algae Form Site distribution
BACILLARIOPHYTA
Order Centrales, Family Thalassiosiraceae
Aulacoseira granulata (Ehrenberg) Simonsen P.B 1,2,3,5,6,7,8,10
Cyclotella stelligera Cleve & Grunow B 2,5,6,7.8
Cyclotella spp. P.B 13,6
Melosira moniliformis (O.F. Miiller) Agardh P 1,2.4,6,7
Melosira varians Agardh BB 1-12
Order Pennales, Family Fragilariaceae
Fragilaria biceps (Kiitzing) Lange-Bertalot B 12
Fragilaria bidens Heiberg B 6,11
Fragilaria capucina Desmaziéres P.B 10,12
Fragilaria elliptica Schumann B 2
Fragilaria pinnata Ehrenberg var. pinata B 12
Fragilaria uina (Nitzsch) Lange-Bertalot PB 1-12
Fragilaria uina var. acus (Kitzing) Lange-Bertalot B 3
Fragilaria spp. P,B 1-12
Synedra ulna var. aequalis (Kiitzing) Hustedt B 12
Family Bunotiaceae
Eunotia bilunaris (Ehrenberg) Mills var. bilunaris B 1
Eunotia minor (Kiitzing) Grunow B 7
Eunotia spp. P 1,2,4,10.11,12
Family Achnanthaceae
Achnanthes chlidanos Hohn & Hellermann B 23
Achnanthes crenulata Grunow B 34,5
Achnanthes exigua Grunow var. exigua B 1,2,34,11,12
Achnanthes helvetica (Hustedt) Lange-Bertalot B 7
Achnanthes lanceolata (Brébisson) Grunow B 1,2,3,4,5,6,7.9,10,12
Achnanthes minutissima Kiitzing B 1,2,3,4,5,6
Achnanthes oblongella Oestrup B 7
Achnanthes spp. P,B 1,2,3,4,5,6,8,2,10,11,12
Cocconeis placentula Ehrenberg P.B 1-12
Family Naviculaceae
Caloneis bacillum (Grunow) Cleve B 24,5
Caloneis lauta Carter & Bailey-Watts B 12
Caloneis sp. B 12
Diatoma ehrenbergii Kiitzing B 11
Diatoma vulgaris Bory B 12
Diploneis litoralis (Donk.) Cleve B 45
Diploneis subovalis Cleve B 2,3,5
Diploneis spp. : P,B 2,12
Frustulia vulgaris (Thwaites) De Toni B 1,2,34,5.6
Frustulia spp. P,B 1,2,3,4,6,10,11
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Table 2. (continued).

Phytoplankton and benthic algae Form Site distribution
Gyrosigma kiitzingii (Grunow) Cleve B 2,36
Gyrosigma nodiferum (Grunow) Reimer B 7
Gyrosigma scalproides (Rabenhorst) Cleve B 1,234.56
Gyrosigma spencerii (Quekett) Griffith & Henfrey B 2
Gyrosigma spp. P 1,3,4,5,6,7,8,9,10,11,12
Navicula amphibola Cleve B 7
Navicula bacillum Ehrenberg B 11
Navicula cohnii (Hilse) Lange-Bertalot B 1,23.4,5,6
Navicula concenirica Carter B 1
Navicula cryptocephala Kiitzing B 1,2,3.4,5,6,7
Navicula cryptotenella Lange-Bertalot P.B 1-12
Navicula disjuncta Hustedt B 1,2,3,4,5,6,11,12
Navicula exigua (Gregory) Grunow B 1,2,3,11
Navicula gastrum (Ehrenberg) Kiitzing B 11
Navicula gregaria Donkin B 7
Navicula joagii Meister B 3
Navicula laevissima Kiitzing var. laevissima B 1
Navicula lanceolata {Agardh) Ehrenberg P.B 7,8,10,12
Navicula microdigituradiata Lange-Bertalot B 7
Navicula mobiliensis var, capitata B 12
Navicula mutica Kiitzing B 12
Navicula mutica Kiitzing var. mutica B 3
Navicula placentila (Ehrenberg) Grunow B 7
Navicula pupula Kittzing var, pupula B 1,2,3,4,5,6,12
Navicule schroeterii Meister B 11
Navicula subplacentula Hustedt B 12
Navicula tripunctata (O. F. Miiller) Bory B 7
Navicula viridula var. rostellata (Kiitzing) Cleve B 12
Navicula viridule (Kiitzing) Ehrenberg B 1,2,3,4,5,6,10,11,12
Navicula spp. P.B 1-12
Neidium affine var, longiceps (Gregory) Cleve B 7
Neidium ampliatum (Ehrenberg) Krammer B 7
Neidium dubium (Ehrenberg) Cleve B 6
Neidium productum (W, Smith) Cleve B 7
Neidium sp. P 1,2,5,6,11
Pinnularia acrosphaeria Rabenhorst B 7
Pinnularia braunii (Grunow) Cleve B 12
Pinnularia brevicostata Cleve B 7
Pinnularia interrupta W.Smith B 1,2,34,5
Pinnularia mesolepta (Ehrenberg) W. Smith B 2
Pinnularia subgibba Krammer B 7
Pinnularia viridiformis Krammer B 3
Pinnularia viridis (Nitzsch) Ehrenberg B 1,2,36
Pinnularia spp. P.B 1-12
Stauroneis angustevittata B 12
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Table 2. (continued).

Phytoplankton and benthic algae Form Site distribution
Stauronefs smithii Grunow PB 1,2,3
Family Nitzschiaceae
Hantzschia amphioxys (Ehrenberg) Grunow B 1,2,3,6
Hantzschia distinctepunctata (Hustedt) Hustedt B 7
Nitzschia bremensis Hustedt B 7
Nitzschia brevissima Grunow B 2
Nitzschia coarctata Grunow B 1
Nitzschia dissipaia (Kiitzing) Grunow B 1.2.4,5,6,12
Nitzschia fonticola Grunow B 34,12
Nitzschia granulata Grunow B 3
Nitzschia levidensis (W. Smith) Grunow B 10
Nitzschia linearis (Agardh) W. Smith PB 1,2,3,4,5,6,789,11,12
Nitzschia palea (Kiitzing) W. Smith B 1,24,7,12
Nitzschia sigmoidae (Nitzsch) W. Smith B 1,7,8
Nitzschia subacicularis Hustedt B 3
Nitzschia spp. PB 1-12
Family Cymbellaceae
Amphora coffeacformis (Agardh) Kiitzing B 7
Amphora dusenii Brun B 2
Amphora libyca Ehrenberg P.B 1,2,349,11,12
Amphora montana Krasske B 1,2,3,4,5,6,11
Amphora ovalis (Kiitzing) Kiitzing B 1,2
Amphora spp. B 12
Cymbella affinis Kiitzing B 7
Cymbella amphicephala Naegeli B 2
Cymbella aspera (Ehrenberg) Cleve P.B 1
Cymbella cistula (Ehrenbere) Kirchner B 3
Cymbella hustedrii Krasske B 12
Cymbella naviculiformis Averswald B 1,2,3
Cymbella silesiaca Bleisch B 1,346
Cymbella tumida (Brébisson) Van Heuick P,B 1,3,4,5,6,7,89,10,11,12
Cymbella turgidula Grunow B 1,34,56,7,12
Cymbella spp. PB 1-12
Gomphonema affine Kiitzing B 1
Gomplhonema augur Ehrenberg PR 1,2,34.,5,6
Gomphonema augur var. furris {Ehrenberg) Lange-Bertalot B 1
Gomphonema carolinense Hagelstein B 2,346
Gomphonema clevei Fricke B 1,245
Gomphonema contrictum Ehrenberg P 26,10
Gomphonema gracile Ehrenberg B 14,56
Gomphonema lanceolatum Fhrenberg B 23,5
Gomphonema micropus Kiitzing - B 2
Gomphonema minutum (Agardh) Agardh B 3,4.5,6,7
Gomphonema parvulum var. lagenula (Kiitzing) Frenguelli B 3
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Table 2. (continued).

Phytoplankton and benthic algae Form Site distribution
Gomphonema parvilum (Kiitzing) Kiitzing B 1,2,3,4,5,6,12
Gonphonema pumilum var. rigidum B 7,12
Gomphonema subclavatum Grunow B 3,5
Gonphonema spp. P.B [-12
Family Bacillariaceae
Bacillaria paradoxa Gmelin P,B 6,8,10,11,12
Family Epithemiaceae
Epithemia sp. P 12345
Rhoicosphenia sp. P 1,3,5,6
Rhopalodia gibba (Ehrenberg) O. Miiller var. gibba B 2,10
Rhopalodia sp. PB 29,10,11,12
Family Surireltaceae
Cymatopleura salea var. epicolata (W. Smith) Ralfs P.B 9,10,12
Surirella angusta Kiitzing B 11
Surirella bifrons Ehrenberg B 11
Surirella biseriata Brébisson B 2,11,12
Surirella capronii Brébisson BB 1,2,3,4,5,6,7,10,12
Surirella elegans Ehrenberg B 12
Surirella spiralis Kiitzing B 7,10
Surirella tenera Gregory B 2
Surirella spp. P.B 1-12

Benthic Algae Investigation

A total of 172 species of benthic algae were found (shown in Table 1). The most
abundant were also diatoms in the Order Pennales. The majority of the species belonged
to the diatom genera Navicula (38 species), Nitzschia (23 species), Fragilaria (16 species)
and Gomphonema (15 species).

The most abundant species were Navicula viridula (Kiitzing) Ehrenberg, Nitzschia
palea (Kiitzing) W, Smith, Fragilaria capucina Desmaziéres, Cymbella tumida (Brébisson)
Van Heurck, Gomphonema parvulum (Kiitzing) Grunow, Fragilaria ulna (Nitzsch) Lange-
Bertaiot. The common species were Aulacoseira granulata (Ehrenberg) Simonsen, Cymbella
tumida (Brébisson) Van Heurck, Cocconeis placentula Ehrenberg, Achnanthes lanceolata
(Brébisson) Grunow, Gemphonema parvulum (Kiitzing) Grunow and Melosira varians
Agardh,

Filamentous macroalgae such as Oscillatoria spp. (cyanobacteria) Hydrodictyon sp.,
Spirogyra spp., Cladophora spp., Rhizoclonium spp., Stigeoclonium spp. and Oedogonium
spp. (green algae) and Batrachospermum macrospermum Montague and Ceramium spp.
(red algae) were recorded.
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New Records

Sixty-eight diatom species were considered to be new records for Thailand, belonging
to 9 families and 25 genera (Table 3). The species list of diatoms was compared with the
checklist of freshwater algae in Thailand by LEWMANOMONT ET AL. (1995).

Table 3. New record species of diatoms in Mae Sa Stream, Suthep-Pui National Park,

Chiang Mai.

ORDER CENTRALES.

Family Thalassiosiraceae

Cyclotella stelligera Cleve & Grunow
Stephanodiscus sp.

Thalassiosira weissflogii (Grunow) Fryxell & Hasle

Family Hemidiscaceae
Actinocyclus normanii (Gregory) Hustedt

ORDER PENNALES

Family Fragilariaceae

Digtoma ehrenbergii Kiitzing

Diatoma meniliformis Kiitzing

Diatoma vulgaris Bory

Fragilaria biceps (Kiitzing) Lange-Bertalot
Fragilaria bidens Heiberg

Fragilaria elliptica Schumann

Fragilaria ulna (Nitzsch) Tange-Bertalot

Family Eunotiaceae
Eunotia bilunaris {(Ehrenberg) Mills var. biluraris
Eunotia minor (Kiitzing) Grunow

Family Achnanthaceae

Achnanthes chlidanos Hohn & Hellermann

Achnanthes exigua Grunow var, exigua

Achnanthes helvetica (Hustedt) Lange-Bertalot

Achnanthes lanceolata ssp. lanceolata (Brébisson)
Grunow var. haynaldii (Schaarschmidt) Cleve

Achnanthes undata Meister

Cocconeis plucentula var. pseudolineata Geitler

Family Naviculaceae

Amphora coffeacformis*(Agardh) Kiitzing
Amphora dusenii Brun ’
Amphora libyca Ehrenberg

Frustulia weinholdii Hustedt

Gomphonema affine Kidtzing

Gomphonema augur var. furris (Ehrenberg) Lange-
Bertalot

Gomphonera minutum (Agardh) Agardh
Gonphonema pumilum var. rigidum
Navicula amphibola Cleve

Navicula cohnii (Hilse) Lange-Bertalot
Navicula concentrica Carter

Navicula cryptotenella Lange-Bertalot
Navicula elginensis {Gregory) Ralfs var. elginensis
Navicula jaagii Meister

Navicula laevissima Kiitzing var. lzevissima
Navicula mutica Kiitzing var. mutica
Navicula subplacentuln Hustedt

Navicula tripunctata (0. F. Miiller) Bory
Navicula trivialis Lange-Bertalot

Neidium ampliatum (Ehrenberg) Krammer
Pinnularia subgibba Krammer

Pinnudaria viridiformis Krammer

Sellaphora pupula (Kiitzing} Mereschkowsky
Stauroneis producta Grunow

Family Epithemiaceae
Rhopalodia gibba (Ehrenberg) O. Miiller var. gibba

Family Bacillariaceae

Hantzschia distinctepunctata (Hustedt) Hustedt
Nitzschia acula Hantzsch

Nitzschia angustatula Lange-Bertalot
Nitzschia bremensis Hustedt

Nitzschia brevissima Grunow

Nitzschia coarctata Grunow .

Nitzschia dubia W .Smith

Nitzschia granulata Gronow
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Table 3. (continued).

Nitzschia literalis Grunow
Nitzschia palustris Hustedt
Nitzschia subacicularis Hustedt

Caloneis lauta Carter & Bailey-Watts
Caloneis silicula (Ehrenberg) Cleve
Cymbella amphicephala Naegeli
Cymbella hustedtii Krasske

Cymbella silesiaca Bleisch

Cymbeila sinuata Gregory

Cymbella turgidula Grunow
Cymbellopsis sp.

Nitzschia fonticola Grunow

Family Surirellaceae

Cymatopleura solea var. apiculata (W. Smith) Ralfs
Surirella bifrons Ehrenberg

Surirella spiraloides Hustedt

Surirella splendida (Ehrenberg) Kiitzing

DISCUSSION

The survey reported here extends our knowledge of biodiversity in Thailand, with
regard to phytoplankton and benthic algae as valuable natural resources. Studies of freshwater
algae in Thailand started at the end of the 19" century and were carried out by foreign
scientists, A checklist of the freshwater Algae in Thailand (LEWMANOMONT ET AL., 1995),
compiled from 53 publications, lists 161 genera, 1001 species, 287 varieties and 63 forms,
reported from the Divisions or Phyla Cyanophyta (Cyanobacteria), Chlerophyta,
Chromophyta (divided into four classes: Bacillariophyceae, Chrysophyceae, Dinophyceae
and Cryptophyceae) and Rhodophyta.

Additional studies on freshwater algae have been done by Thai scientists since 1977,
but it is obvious that Thailand is making slow progress in freshwater algae biodiversity
studies (LEWMANOMONT ET AL., 1995).

Al present, the status of phytoplankton and benthic algae diversity in Thailand deserves
serious attention. The comparison between the number of algae species known in the world
and in Thailand implies that there are many more species waiting for discovery and study
in detail (Table 4).

Table 4. The number of algae species known in the world compared with the number
known in Thailand (BAIMAIL, 1995).

No. of species

Algae group No. of species No. of species expected to be

known in the world | known in Thailand discovered in

Thailand

Chlorophyta 7,000 1,500 1,000
Phaeophyta 1,500 300 600
Rhodophyta 4,000 ° 400 400
Chrysophyta 12,500 700 500
Phyrrophyta 1,100 300 600
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Figure 2. Light micrographs showing some newly recorded species of diatoms in Mae Sa Stream, Suthep—Pui
National Park, Chiang Mai (scale bar = 10 ).
1, Actinocyclus normanii (Gregory) Hustedr, 2, Fragilaria biceps (Kiitzing) Lange-Bertalot;
3, Fragilaria uing (Nitzsch) Lange-Bertalot; 4, Diatoma vulgaris Bory; 5, Eunotia minor (Kiitzing)
Grunow; 6, Achnanthes exigua Grunow var, exigua; 7, Achnanthes helvetica {(Hustedt) Lange-Bertalot;
8, Amphora libyca Ehrenberg; 9, Caloneis lauta Carter & Bailey-Watts; 10, Cymbella amphicephala
Naegeli; 11, Cymbella hustedrii Krasske; 12, Cymbella turgidula Grunow
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Figure 3. Light micrographs show some newly recorded species of diatom in Mae Sa Stream, Suthep-Pui
National Park, Chiang Mai (scale bar = 10 u).
13, Cymbella silesiaca Bleisch; 14, Cymbella sinuata Gregory; 15, Frusmlia weinholdii Hustedt;
16, Gonphonema pumilum var. rigidzfm; I'f, Navicula cohnii (Hilse) Lange-Bertalot; 18, Navicula
- Taevissima Kiitzing var. laevissima; 19, Navicula mutica Kiitzing var. mutica; 20, Navicula subplacentula
Hustedt; 21, Navicula tripunctata (O. F. Miiller) Bory; 22, Stauroneis producta Grunow; 23, Nitzschia
bremensis Hustedt; 24, Cymatopleura solea var. apiculata (W. Smith) Ralfs; 25, Surirella spiraloides
Ehrenberg; 26, Surirella splendida (Ehrenberg) Kiitzing '
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Figure 4. SEM Micrographs (scale bars = 10 p)
1, Thalassiosira weissflogii (Grunow) Fryxell & Hasle; 2, Melosira varians Apgardh (valve view);

3, Coceoneis placentula var. euglypta (Ehrenberg) Grunow; 4, Cocconeis placentula var. pseudolineata
Geitler

N
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Figure 5 SEM Micrographs (scale bars = 10 {1)
5, Achnanthes lanceolata (Brébisson} Grunow? (rapheless valve); 6, Achnanthes lanceolata (Brébisson)
Grunow (raphae valve); 7, Nirzschia sp.; 8, Navicula elginensis (Gregory} Ralfs var. elginensis
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Figure 6. SEM Micrographs (scale bars = 10 W)
9-10, Cymbellopsis sp.; 11, Navicula sp.; 12, Surirelia sp.
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Most work in Thailand is on piankton and most research has been done in lakes and
reservoirs. Benthic algae are more significant in river than in lakes. This work was done
on both phytoplankton and benthic algae. The present study reports a total of 87
phytoplankton species and 172 benthic diatom species. Among these, 68 new diatom
species records have been added for Thailand.

ACKNOWLEDGEMENTS

We sincerely thank Assoc. Prof. Dr. Eugen Rott and Dr. Peter Pfister, Institut fiir
Botanik der Universitit Innsbruck, Austria, for his interest and advice during the workshop
“Use of Diatoms for Environmental Monitoring” held on the institute during 3—11 November
1997.  arn deeply grateful to Prof. Dr. Erwin Reichardt for help with checking identification.
I also thank Dr. Stephen Elliott for giving some comments on writing the manuscript.

This work was supported by TRF/BIOTEC Special Program for Biodiversity Research
and Training grant BRT139015.

REFFERENCES

BaMar, V. 1995. The Status of Biodiversity in Thaitand. Department of Biology, Faculty of science, Mahidol
University, Bangkok. (in Thai).

BarBER, H. G. and E. Y. Haworth. 1981. A Guide 1o the Morphology of the Diatom Frustule. The Freshwater
Biological Association, Scientist Publication.

BeNAVIDES, M. S. 1994, Algal Periphyron in Two Rivers in Costa Rica with Special Reference to Diatoms
Organic Pollution and Altitudinal Differentiarion. Ph. D.Thesis. Institute of Botany, InnsbruckUniversity,
Austria.

Borp, H. C. anp M. J. WYNNE. 1985, Intreduction to the Algae Structure and Reproduction, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey.

Cox, E. J. 1996. Identification of Freshwater Diatoms from Live Material. Chapman & Hall, Londen,

Dixr, 8. 8. 1992. Diatoms: Powerful Indicators of Environmental Change. Environ. Sci. Technol., 26 (1); 23-32.

GraY, D., C. PIPRELL AND M. GRAHAM. 1991. National Parks of Thailand. Communications Resources (Thailand)
Ltd., Bangkok.

FoGep, N. 1971. Freshwarter Diatoms in Thailand. Odense Publisher, Denmark.

Focep, N. 1975. Some Littoral Diatoms from the Coast of Tanzania. A. R. Gantner Verlag
Kommanditgesllschaft. Vaduz.

Focep, N. 1976, Freshwater Diatoms in Srilanka (Ceylon). Odense Publisher, Denmark.

HirRaNO, M. 1967. Fresiwater Algae Collected by the Joint Thai-Japanese Biological Expedition to Southeast
Asia 19611962, Nawre and Life in Southeast Asia I.

Hynes, H. B. N. 1970. The Ecology of Running Waters. Liverpool University Press, Liverpool.

KraMMeRr, K. 1992. Pinnularia eine Monographie der europdischen Taxa. Gebriider Borntreger
Verlagsbuchhandlung.

Krammer, K. 1997a. Die cymbelloiden Diatomeen Eine Monographie der weltweit bekanuten Taxa Teil 1.
Allgemeines und Encyonema Part. Gebritder Borntreger Verlagsbuchhandlung. Sturrgart.

KramMmer, K. 1997b. Die cymbelioiden Diatomeen Eine Monographie der weltweit bekanuten Taxa Teil 2,
Encyonema Part., Encynopsis and Cymbekkopsis. Gebriider Borntreger. Verlagsbuchhandlung. Sturrgart.

KRrAMMER, K. AND H. LANGE-BERTALOT. 1986, Bacillariophyceae. Teil 1. Naviculaceae. Siipwasserflora von
Mitteleuropa, Bd. 2, berg. Von A. Pascher. Gustav Fisher Verlag, Stuttgart. .

Krammir, K. AND H. LANGE-BERTALOT. 1988. Bacillariophyceae. Teil 2.Bacillariophyceae, Epithemiaceae,
Surivellaceae. Sifwasserflora von Mitteleuropa, Bd.2, berg. Von. Pascher. Gustav Fisher Verlag, Stutt-
gart,



DIVERSITY OF PHYTOPLANKTON AND BENTHIC ALGAE 211

KRAMMER, K. AND H. LANGE-BERTALOT. 1991a. Bacillariophyceae. Teil 3. Cenrrales, Fragilariaceae, Eunotiaceae.
Siifwasserflora von Mitteleuropa, Bd. 2, berg. Yon A. Pascher. Gusiav Fisher Verlag, Stuttgart.
KramMER, K. AND H. LANGE-BERTALOT. 1991b. Bacillariophyceae. Teil 4. Achnanthaceae. Kritische Ergiinzungen
i Navicula, Siifwasserflora von Mitteleuropa, Bd. 2, berg, Von A. Pascher. Gustav Fisher Verlag,
Sttgart.

LANGE-BERTALOT, H. 1995. Jcorographia Diatomologica Amotated Diatom Micrographs. Koeltz Scientific Books,
Germany.

LANGE-BERTALOT, H. and K. KRAMMER. 1989, Achnanthes eine Monagraphie der Gattung. Gebriider Borntreger
Verlagsbuchhandiung.

LEE, R: E. 1980. Phycolegy. Cambridge University Press. London.

LewMaNOMONT, K., L. WONGRAT AND C. SuPaNwaNiD. 1995. Algae in Thailand. Office of Environmental Policy
and Planning, Ministry of Science, Technology and Environment, Bangkok.

Ostrup, E. 1902. Freshwater diatoms. Jn: Flora of Koh Chang Contributions 1o the knowledge of the vegetation
in the Gulf of Siam. Schmidt, J. (ed.). Part VII, reprinted from Botanik Tidsskrift.

PATRICK, R. 1936. A taxonomic and distribution study of sotne diatoms from Siam and the Federated Malay
States. Proc, Acad. Nat. Sci. Philadelphia, 88.

PHILIP, S. 1986. A Biology of the Algae. Wm. C, Brown Publishers, Dubuque. Iowa.

Popzorski, A. C. anD H. HakansSON, 1987, Freshwater and Marine Diatoms from Palawan (a Philippine
island). Gebriider Borntreger Verlagsbuchhandlung.

REeICHARDT, E. 1984. Die Diatomeen der Altmiihl. A. R. Gantner Verlag Kommanditgesllschaft. Vaduz.

Rounw, F. E. 1973. The Biology of the Algae, 2™ Edition, Edward Amold Ltd., London.

Rounp, F. E., R. M. CRAWFORD AND D. G. ManN. 1990. The Diatoms: Biology & Morphology of the Genera.
Cambridge University Press, Great Britain.

ScumipT, J. 1900-1916. Flora of Koh Chang. Contributions to the vegetation in the Gulf of Siam. Copenhagen.

STEVENSON, R. I, L. B. Max anD L. L. REx. 1996. Algal Ecology: Fresiwater Benthic Ecosystems. Academic
Press, San Diego, California.

VYVERMAN, W. 1991, Digtoms from Papua New Guinea. Gebruder Berntraeger Verlagsbuchhandlung.

WONGRAT, L. 1998, The status of phytoplankton diversity in Thailand. Advances in Microalgal and Protozoal
Studies in Asia, Global Environmental Forum, Tsukuba,






Chiang Mai J. of Sci. 28(2):97-112, 2001

Fifty One New Record Spemes of Freshwater

Diatoms in Thailand

Trai Pekthong and Yuwadee Peergpompisal

Department of Blology, Facully of Science, Chiang Mai Universiiy, Chiang Mal 50200, Thailand.
(Received : 4 May 2001; accepted : 1 October 2001)

ABSTRACT

Diversity of benthic diatoms in Mae 8z stream, Doi Suthep—Pui National Park, Chiang Mai was
carried out from April 1998 to September 1999, Two hundred and twenty two species of benthic
-diatormns were found, fifty one species of these have never been recorded in Thailand before. They
were classified into 9 families and 24 genera and were described. The species list of diatoms was
compared with the checklist of {reshwater algae in Thailand published in 1995.

INTRODUCTION

Diatoms are microscopic unicellvlar algae
which range in size from approximately 5 im to
500 um and live in any moist habitat, even on
soils. The division Bacillariophyra beloags to the
diatoms and js characterized by an cxquisitely
sculptured part of the cell wall composed of
silica, which is highly resistant, vsually remaining
long after the death of the cell and decay of its
organic contents {1].

Diatoms are interesting organisms, the first
described of diatoms occurred in the latter half of
the 18th century and given Latin binomials. The
work of O. F. Miiller is worth a special mention
because it was one of his species Vibrio paxillifer,
that served as the type of the first diatom genus
Baciflaria Gmelin. To Miiller, . paxillifer and the
other Vibis species were animals; he called them
animalcula infusoria. Along with ciliates, amoeba,
Velvox, dinoflagellates and others {2]. The serious
study of diatoms began early in the 19th century,
with work by Ehrenberg (1838,1840), Ralfs
{1843), Kitzing (1833,1844) and Willam Smith
(1853-1856), and was contnued by numerous
others, including Grunow (1860,1884), Cleve
(1894), Schmidt (1873-1959), van Heurck (1880-
1885) and Cleve-Euler (1934, 1951-1955) [1].
During the 20th century Hustedt published many
works concerning freshwater diatom floras,
mainly in German; only two of his publications
are in English [3]. Foged’ has alse produced
numerous works identifying diatoms, including
“Freshwater Diatoms in Thailand” in 1971 [4].

. The diatom flora of Thailand has been
investigated by foreign scientists for a hundred
years from a checklist of 2lgae in Thailand by
Lewmanomont ¢ 4/, in 1995 . The checklist of
algae has been prepared through compilation of

various publications include survey reports,
scientific papers to results from the Environment
Impact Assessment supported by Office of
Environmental Policy and Planning (OEPP) and
Danish Cooperadon on Environmenr and
Development (DANCED) [5].

The checklist of the Algae in Thailand
compiled from 53 publicadons, lists 161 genera,
1001 species, 287 varietes and 63 forms. The
checklist reported matrine algae and freshwarer
algae separately. The diatom flora was reporied in
Division Chromophyta Class Bacillariophyceae. A
total of 46 genera, 385 species, 144 varieties and
43 forms have been recorded. The diatom flora
has been covered -by the following papers
published by foreign scientists.

Ostrup in 1902 recorded 81 different
diatoms from the island, Koh Chang in the Gulf
of Thailand [6]. The material was collected by the
Danish Expedition to Thailand during 1899-
1900.

Ruth Patrick in 1936 reported a total of 185
diatom species in intestinal contents from
tadpoles from Thailand and the Federal Malay
States [7].

In 1961-1962 the material collected by the
Joint Thai-Japanese "Biological Expedition to
Southeast Asia was identified by Hirano. In 1967,
he published an account of 143 diatom species,
114 of them were found in the samples from
Thailand. Most of these samples were collected in
Chiang Mai area and the others from localities in
central and southern part of Thailand [8].

In freshwater material collected by Foged in
1966 in central and northern parts of Thailand,
about 378 taxa were published. Among these, 8
new species, 5 new varieties and 2 new forms
were additional records for Thailand [4].

From 1971 to date, Thai scientists also
worked on diatoms but not as intensively as



before. Most work has been done on plankion
and reported in “The status of phytoplankion
diversity in Thailand” by Wongrar (1998) [9]. The
material studied was collected from all parts of
Thailand but mostly from the northern and
northeastern parts of the country.

Further more, there are some works in Thai
about the used of diatoms in aquaculture for
feeding molluscs and crustacean, report by
Powtongsook (2000) and published in the report
submitted to the Thailand Research Fund in the
title “Ultilisation of Alpae: A Research and
Development Potential in Thailand”. They use
Chactoceros  muelleri Lemmermann,  Chastoceras
caleitrans Paulsen, Skeletonema costatum (Greville)
Cleve, Thalassiosira prendonana Hasle & Heimdal,
many species of Nitgrepia spp. and Navienla spp.
to feed molluses and crustacean [10].

Several ongoing projects on diversity of
phytoplankton are presently underway in
Thailand. Most projects are supported by
Research Orpanizations in Thailand, parricularly
Program for Biodiversity Research & Training
(BRT) financed by MNational Center for
Engincering & Biotechnology. These research
will extend the knowledge on diversity of
freshwater algae in Thailand by Thai scientists.

A P,

Site Characteristic

The Mae Sa Watershed is situated in Mae
Rim District, Chiang Mai Province. Part of the
watershed lies within Doi Suthep—Pui Natonal
Park, which is one of the world’s greatest areas
for biodiversity; where natural forests and other
wildlife resoutces are protected [11].

Doi Suthep~Pui National Park is established
in 1981 and has an area of 261 km? Doi Suthep
(elevation 1,601 m a.s.l) and Doi Pui (1,685 m
a.sl) are part of a geologically ancient ridge
forming the western boundary of the Ping River
Valley. The forests on Doi Suthep—Pui can be
divided into deciduous and evergreen forest
types. Some 2,000 mm of rain fall on the park

,each year, mosty from May ro October. The dry

season comes berween November and March.
The average annual temperature, recorded near
Phuphing Palace is 20°C with maximum and
minimum average temperatures of 24°C and 17°
C respectively.

Five sites were studied once per month over
18 months from April 1998 1o September 1999.
The sites were selected along the Mae Sa stream
(Figure 1). The name and derails of each site are
given in Table 1.

Chiang Mai

Bt

T

Figure 1. Map of the Mae Sa Stream showing the sampling sites (1-5).



Table 1. Site narnes, altitude (m a.s.1.) and descriptions.

Site name Altirude (m) Descripton
1. Kong Hac Village 1,075 agriculture and residental
2. entrance to Kong Hae Village 1,000 agriculture and residental
3. Mae Sa elephant camp 550 tourist attraction
4, Cholaprathan bridge 330 residental
5. Mae Sa Luang Village 340 agriculture and residental

MATERIALS AND METHODS
Diatoms Collection and Preparation

Epilithic distom samples were scraped from
3-5 stones at each site. In the laboratory, the
samples were centiifuged for separated diatom
cells from gravel and sand. The diatom frustules
were cleaned by boiling for 15-30 minutes in
concentrated acid, HCl or HNGO; and HaO» .
Mounting agent, Naphrax and Dyrax, weres used
for moundng in permanent slide preparation.
Light micrographs were made with an Olympus
BX-40 microscope. Scanning electron
micrographs were made with a JEOL JSM-840A
microscope, operated at 820 KV. Black and
white film was used (Kodak Verichromepan ISO
125).

Diatoms identification

The taxonomic classification system of the
Sifwasserflora Mitteleuropa by Krammer &
Lange-Bertalot (1986, 1988, 19914, 1991b) [12-
15], Krammer (1986, 1992, 1997a, 1997b) [16-19],
Lange-Bertalot & Krammer (1989) [20], Lange-
Bertalot (1993, 1995) [21-22] znd Reichardt
(1984) [23]), Huber-Pestalozzi (1942) [24], Hustedt
(1937) [3} were followed. In some cases, however,
the relevant keys in the books or theses of some
tropical studies such as Foged (1971,1974, 1975,
1976) [4,25-27], Podzorski & Hakansson (1987}
(28], Vyverman (1991) [29] and Benavides {1994)
[30] were used. Some small Gomphonema species
were followed Reichardt (1997) [31]. Hand-
drawings weze followed Barber & Carter (1996)
{32]. Fresh material of some species were
investigate follow Cox (1996) [33]. The features
of the diatom frustules were described in English
follow Barber & Haworth (1981) [1] and Kelly
(2000) [34]. Structural dara presented such as
diameter, length, width, striae, striae frequency in
10 Lm and other features (raphe, puncta, areolae,
fibulae, nodule, septa, costae, stigmata, rib, spine,
wing and canals) were observed under light and
scanning electron microscopes.

RESULTS AND DISCUSSION
Taxonomic Notes

The diatom description of ¢ach new record
species was described. The diatom list was shown

in table 2. The structural data are abbreviated as
follows, D: Diameter, L: Length, W: Width, Str:
Striae, Cs: Costae, Li: Lineolae, Pr: Puncea and
Fb: Fibulae.

Order Centrales
Family Thalassiosiraceae
Cyclotella sielfigera Cleve & Grunow (Krammer, K.
and H. Lange-Bertalot, 1991a, Figure 49: 1a—4.9),
Figure 7:1

D: 93 pm, Cs: 10-14/10 pm. Valve
¢ircular, flat and with shallow mante (seen in
girdle view), valve margin without spines, valve
face with outer zone of striae (alveoli) and central
area unmarked. Distribution cosmopolitan.

Thalassiosira weissflogii (Grunow) Fryxell & Hasle
(Krammer, K. and H. Lange-Bertalot, 1991a,
Figure 77: 3—4). Figure 6:1

D: 17 pm. Cells discoid, wvalve circular.
Areolae polygonal, arranged in radial rows. Valve
mantle with spine. Most species of this genus are
marine, although Thalassiosira weissflogii has been
recorded in freshwater it is described to be a
halophile freshwater species. This is a genus
where most of the morphology has been
determined by electron microscopy.

Family Hemidiscaceae
Actinogyelus nermanii (Gregory) Hustedt (Krammer,
K. and H. Lange-Bertalot, 1991a, Figure §1: 1-5;
82: 1-7). Figure 2:1

D: 68 um. Centric form with shallow
mantle, valve domed, mantle or margin of valve
appearing striate (in valve view). Marginal tabules
(strutted processes) visible, without spines. Small
refractive area usually visible at or near the valve
matgin. Hexagonal areolae are equally spaced in
straight rows of variable length. This is a
freshwater species.

Order Pennales
Family Fragilariaceae
Diatoma ebrenbergii Kiitzing (Krammer, K. and H.
Lange-Bertalot, 1991a, Figure 97: 2). Figure 7:4

L: 523 um, W: 8.1 pm, Cs: 9-10/10 pm.
Cells elongate, rectangular in girdle view, valves
narrowly linear with broadly rounded slightly



capitate apices (truncated). Distribution cosmo-
politan.

Diatorna moniliformis Kiitzing (Krammer, K. and .

H. Lange-Bertalot, 1991a, Figure 96: 17). Figure
2:4

L: 26 pun, W: 5 um, Cs: 8/10 pm . Valve
isopolar, cells elongate, outline linear elliptic or
linear without capitate ends.

Diatoma  pufgaris Bory (Krammer, K. and H.
Lange-Bertalot, 19912, Figare 93: 10). Figure 2:5

L:28.2-72 um, W: 7.9-12 pum, Cs: 7/10 pm
. Valve elliptic lanceolate with capitate ends.
Isopolar and isobilateral. Thickened transapical
costae, striae fine. Axial area (pseudoraphe)
present on both valves.

Fragilaria  bicgps ~ (Kiitzing)  Lange-Bertalot
{(Krammer, K. and H. Lange-Bertalot, 1991a,
Figure 121: 1-5). Figure 2:2

L: 125 tm, W: 4 pm, Str: 16/10 pm. Shape
needle-like, valve linear, isopolar, with rostrate
ends. Striae parallel and absent from the central
area. Distribution cosmopolitan  especially in
oligotrophic habitat.

Fragilaria bidens Heiberg (Krammer, K. and H.
Lange-Bertalot, 19%1a, Figure 111: 20-21). Figure
7:2

L: 209 pm, W: 3.5 pm, Ser: 15/10 pum.
Valve linear, isopolar, with rostrate ends. Central
area a wide rectangular, obviously swollen on
both sides. Axial area narrow Distibutdon
cosmopolitan.

Fragilaria eliptica Schumann (Krammer, I and H.
Lange-Bertalot, 1991a, Figure 130: 31-32). Figure
7:3

L: 3-10 pm, Wt 3-6 um, Sex: 11-16/10 pm.
Valve round to linear elliptic with small spine on
margin. Distribution cosmopolitan in freshwater
and brackish.

Family Eunotiaceae
Eungtia bilunaris (Ehrenberg) Mills var. bilunaris
(Krammer, K. and H. Lange-Bertalor, 1991g,
Figure 137: 9). Figure 7:6

L: 23 pm, W: 6 um, Sec: 15/10 pum. Valve
arcuate or crecentic with almost straight” ventral
margin, convex dorsal margin and slightdy
protected  apices. End  broadly rounded.
Shortened raphe present on each mantle. Striae
transapical, punctate.

Eunotia minor (Kiitzing) Grunow (Krammer, K.
and H. Lange-Bertalor, 1991a, Figure 142: 8).
Figure 2:6

L: 40 um, W: 9.5 um, Se: 7-9/10 pUm .
Valve crecendc with almost straight ventral
matgin, convex dorsal margin and slightly
protected  apices. End broadly rounded.
Shortened raphe present on each mantle. Striae
transapical, punctate,

Family Achnanthaceae
Acdhnanthes  chlidanes  Hohn &  Hellermann
(Krammer, K. and H. Lange-Berralor, 1991b,
Figure 12: 25-26). Figure 7:7

L: 18 um, W: 6 pm, Str: 22/10 pm. Valve
linear elliptic, isopolar. Central area an zcute-
angled sub-fascia. Striae fine.

Acbnanthes exigna Grunow var. exipna (Krammer,
K. and H. Lange-Bertalor, 1991b, Figure 23: 3-7).
Figure 2:9

L: 12.8-15 pm, W 4.6=7 Um, Str: 17-24/10
pm. Valve broadly linear elliptic with distnct
broadly rostrate apices. Central area a wide
transverse fascia.

Achnanthes  belvetica  (Hustedt) Lange-Bertalot
(Krammer, K. and H. Lange-Bertalor, 1991b,
Figure 10: 12-15). Figure 2:10

L: 7 pm, W2 7.3 pm, Str: 23/10 pm. Valve
linear elliptic. Axial area linear. Central area an
acute-angled fascia. Distnbution cosmopolitan.

Achnanthes lanceolata var. bayei (Oestrup) Lange-
Bertalot (Krammer, K. and H. Lange-Bertalot,
1993, Figure 41: 11-13). Figure 2:7-8

L: 20-22 pm, W: 8 pm, Str: 9-11/10 um.
Valve linear lanceolate with horse-shoe shape
thickening in one side of rapheless valve, Valve
with raphe, central area an acuie-angled sub-
fascia. Striae radiate throughout.

Achnanthes undata Meister (H. Lange-Bertalor,
1993, Figure 35: 8-10). Figure 3:11-13

L: 45-55 pm, W: 13-16 um, Str 9710 pm,
Pr: 10/10 pm. Valve lanceolate. Edge crenate,

central area 2 narrow transverse fascia.

Cocconeis  placeninla  var.  psendofineata  Geitler
(Krammer, K. and H. Lange-Bertalor, 1993,
Figure 35: 4). Figure 6:2

L: 15 pm, W: 9 pm, Str: 22 /10 pm. Pt
18/10 pm. Valve oval to elliptic lanceolate,
isopolar and isobilateral. Apical axis straight,
transapical axis bent (as seen in girdle view).
Strise  patterns  radiate.  Puncta  coarse.

*
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Distribution cosmopolitan. Forms attached to
plants or rock material.

Family Naviculaceae
Amphora  coffeasformis  (Agardh) Kiitzing  var.
coffeagformis (Krammer, K. and H. Lange-Berulot,
1986, Figure 151; 2), Figure 7:8

L: 40 pum, W 15 pm, Str: 22/10 pm. in end
and Str: 20/10 pum. in central of dorsal side.
Valve semicircular or crecentic in valve view. In
girdle view they are wider on the dorsal side than
the ventral one. Isopolar and dorsiventral
(bilateral). Ends capitate. Raphe threadlike,
slightly curved, lying close to the venral edge.
Axizal area narrow.

Amphora dusensi Brun (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 152: 7--B). Figure 7:9

L: 20 pm, W: 8 um, St 22/10 pm. in
central of dorsal side. Valve semi lanceolate,
isopolar and dorsiventral. Ends rostrate. Raphe
threadlike, slightly curved, lying close to the
ventral edge. Axial area narrow.

Amphora libyea Ehrenberg (Krammer, K. and H.
Lange-Berralor, 1986, Figure 149: 4.7). Figure
3:14

L: 25-32.4 pum, W: 6 pm, S 12-15/10 u
m, in central of dorsal side. Valve cresenuc,
isopolar and dorsiventral. Ends round. Raphe
threadlike, slightly curved. Slightly finer strize
interrupted at the centre on the dorsal side of the
valve. Central area 2an acute-angled fascia.
Distribution cosmopolitan.

Caloneis lanta Carter & Bailey-Watts (I<rammer, K.
and H. Lange-Bertalor, 1986, Figure 173: 2).
Figure 3:15

L: 285 pm, W: 6.7 pm, Str: 20/10 pm.
Valve lanceolate, isopolar and isobilateral. Ends
rounded. Raphe straight, central and treadlike slit.
Central area a wide transverse fascia. Seriae fine
and parallel throughout.

Caloneis sthienfz (Bhrenberg) Cleve (Krammer, K.
and H. Lange-Bertalot, 1986, Figure 172: 7).
Figure 7:17

L: 18 pm, W: 9 um, Str: 20/10 um. Valve
linear elliptic, isopolar and isobilateral. Central
area lanceolate. Strine “fine and  parallel
throughout.

Cymibella amphicepbala Naegeli (Krammer, K. and
H. Lange-Bertalot, 1986, Figure 142: 7). Figure
316

L: 34.3 im, W: 10 pm, Str: 10/10 pum in
dorsal side and 16/10 pm in ventral side. Valve

semilanceolate, isopolar and dorsiventral. Ends
capitate.

Cymbella bustediii Krasske (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 140: 15-17). Figure
317

L: 23.2 ym, W: 7.9 pm, Str; 12-14/10 pm
in dorsal side and 14-15/10 pm in ventral side.
Pr: 25/10 pm. Valve semi lanceclate, isopolar and
dorsiventral, dorsal convex, wventral slightly
convex. Distribution cosmopolitan. Present in
oligotrophic habitat.

Cymbella turgidela Grunow (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 126: 4-7). Figure
3:21

L: 28-40 um, W: 10.7-13 pm, Str: 7-13/10
um., P 22/10 pm. Valve dorsiventral, dorsal
convex, ventral convex, ellipdc lanceolate, ends
cunate to rostrate,

Cymbellopsis cf. lanceolata Keammer (Krammer, K.,
1997b, Figure 195: 10, 197: 9-13). Figure 6:3—4

L: 13-19 pm, W: 4-5 pm, Su: 14-19/10 1
m. Valve semicircular, isopolar and dorsiventral,
dorsal convex, with the outline raphe struciure,
near the ventral margin, straight and threadlike.
Ends of the raphe curve to ventrzl side (opposite
1o Cymbella).

Encyoniema  silesiacum (Bleisch) D.G. Mann
(Krammer, K., 19972, Figure 4: 11-12, Round,
F.E., R.M. Crawford and D.G. Mann, 1990, Page
490-491). Figure 3:18-19

L: 19-23 pm, W: 6 pm, Ser: 14-18/10 pm
in dorsal side and 15-19/10 pum in ventral side.
Pr: 25/10 pm. Valve strongly dorsiventral. Raphe
parailel to ventral margin. Engyonema are small
group recognised by Krammer (1982) [2] as a
subgenus within Cywbella, were prefer to
separated at the generic level. Live cells are easily
identified because of the ventral plasiid and
dorsal nucleus. The whole cell interior and the
orientation of the raphe system are opposite in
Engnema and  Cymbella  relative  to  the
dorsiventrality of the cell.

Frustulia weinboldii Hustedt (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 97: 12-14). Figure
4:22 ’

L: 32-60 pm, W: 6.5-10 pm, Str: 30/10 p
m. Shape narrow elliptic, isopolar and isobilateral.
Ends rounded. Raphe central, straight and
treadlike, set on a thickened ridge differentiated
from the narrow axial area which is produced at
the apices. Striae parallel and fine.



Gomphonema affine Kiitzing (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 161:1-3). Figure
7:10

L: 52 pm, W: 8 um, Su: 12/10 pm. Valve
heteropolar, clavate to rhombic but isobilateral.
Raphe central, central area one-side with one
stigma. Distuibution in  Trophic-subtrophic
region.

Gomphonema angur var., turris (Ehrenberg) Lange-
Bertalot (Krammer, K. and H. Lange-Bertalot,
1986, Figure 158: 6). Figure 7:11

L: 32 pm, W: 11 pum, Ser: 13/10 um. Valves
markedly heteropolar, tapering evenly to the
rather acute foot pole, broadening towards the
head pole which often bears a blundy rounded
apical projection.

Gonpbonena minutsn (Agardh) Agardh (Krammer,
K. and H. Lange-Bertalot, 1986, Figure 159: 5).
Figure 7:16

L: 1520 pm, W: 5-6 pm, Sur: 10-15/10 p
m. Valves narrowly heteropolar with bluntly
rounded apices, foot pole only slightly narrower
than head pole. Striae more widely spaced at
centre of valve. Stigma one one-side.

Gomphonena pumitum var. rigidum E. Reichardt et
Lange-Bertalot (Reichardt, E., 1997, Figure 1.7,
3:1-41, 4; 24-25), Figure 4:23

L: 21 pm, W: 4.2 pm, Str: 12/10 pm. Valve
linear to linear lanceolate. Central area a wide
transverse fascia with one stigma separated from
the central nodule. Typically with broadly
lanceolate axial area. Striae transapical, slighty
radiate.

Navéenla cohnii (Hilse) Lange-Bertalot (Krammer,
K. and H. Lange-Bertalot, 1986, Figure 63: 1.
Figure 4:24

L: 22.6 pm, W: 7.8 pm, St: 20/10 pm. Pe:
15/10 pm. Valve broad elliptic to linear elliptic.
Central area an acute-angled fascia with central
pore. Distribution cosmopolitan,

Naviewla concentrica Carter (Krammer, K. and H.
Lange-Bertalor, 1986, Figure 36: 10-12). Figure
7:13

L: 45 pm, W: 10 Um, Stz 9/10 pm. Valve
lanceolate with sharp ends, isopolar, isobilateral,
Axial area narrow. Strize radiate. Raphe line a
little lateral,

Navienla cryptotenelia Lange-Bertalot (Krammer, K.
and H. Lange-Bertalot, 1986, Figure 33: 9-11).
Figure 4:25, Figure 6:6 .

L: 267-34.3 pm, W: 58-7 pm, St 14—
15/10 pm. Valve lanceclate to rthombic

‘lanceclate, tapeting to acutely rounded apices

which are only very slighdy drawn cut. Striae
radiating in the central part, paralle] at the poles.
Distribution cosmopolitan.

Naviewla efginensis (Gregory) Ralfs var, elginensis
(Krammer, K. and H. Lange-Bertalot, 1986,
Figure 35:5). Figure 6:5

L: 20 pm, W: 8 pm, St 20/10 pm. Pe
60/10 pum. Valve broad linear to broad elliptic.
Ends stump. Striae radiate.

Navienla jaagri Meister (Krammer, K. and H.
Lange-Bertalot, 1986, Figure 79: 18-21). Figure
6:12

L: 25 um, W: 5 um, Str: 32/10 um. Valve
broad linear to lincar elliptic. Ends capitate to
rounded. Axial area narrow linear, central area
elliptic to rhombic. Striae fine.

Navieda  laevissima  Kbrzing  var.  laevissiora
(Krammer, K. and H. Lange-Bertalor, 1986,
Figure 67: 6—10). Figure 4:26

L: 20 ptm, W: 6.7 pm, Ser; 21/10 pm. Valve
linear, isopolar, isobilateral. End broadly rounded.
Axial area narrow, central area rhombic. Striae
fine and curved around the central area.

Naviewla mmntica Kiitzing var. mutica (Krammer, K.
and H. Lange-Bertalot, 1986, Figure 61: 1). Figure
4:27

L: 19-20 pm, W: 7.3-7.8 pm, Str: 18-21/10
pm. P 15/10 um. Valve rhombic elliptic to
broad elliptic. Axial area linear. Central area an
acute-angled fascia, Striae radiate.

Navigiila sabplacentufa Hustedt (Krammer, K. and
H. Lange-Bertzlot, 1986, Figure 50: 5-8). Figure
4:28

L:23.8-25.9 pim, W: 9.6 Jim, Str: 9-12/10 W
m, Valve elliptic lanceolate. Ends stump. Axial
area linear, central area elliptic. Striae radiate.
Distribution Africa, Europe and Asia.

Neidiunr  ampliatmm ~ (Ehrenberg)  Krammer
(Krammer, K. and H. Lange-Bertalot, 1986,
Figure 105: 2). Figure 4:29

L: 127 pm, W: 24 pm, Po 16-24/10 pm.
Valve broadly linear with bluntly cuneate to
broadly rostrate apices more than one-third valve
width. Strize fine parallel. Ends smump. Central
area elliptic. Distribution cosmopolitan.

Reimeria sinuata (Gregory) Kociolek & Stoermer
(Krammer, K. and H. Lange-Bertalot, 1986,

§



Figure 148:10-17, Round, F.E., R.M. Crawford
and D.G. Mann, 1990, Page 500-501). Figure 3:20

L: 15 pm, W: 5 um, St 12/10 pm. P
45/10 pm. Valve slightly dosiventral with a slight
unilateral expansion. Dorsal convex, ventral
slightly convex. Valve linear to linear-lanceolate,
subcapitate asymetrical about the apical axis.
Striae distant biseriate, absent from the ventral
. swelling, opening internally berween prominent
ribs. Between the central raphe endings, or
slightly to the dorsal side of them, is a single
isolated pore (stigma}, which is unoccluded both
internally and externally. This recendy erected
genus differs from Cymbella in the unusual shape
. of the valve and the ventrally displaced apical
pote field. The simple stigma, ceniral internal
raphe endings and pore field are also very
reminiscent of many Gomphonema species. This
desciibed species was trasfer from Cywbella sinnata
Gregory [2]. Distribution cosmopolitan, fresh-
water, associated with stone surfaces particularly
in rivers.

Sellaphora  pupula  (Kiitzing)  Mereschkowsky
(Krammer, K. and H. Lange-Bertalot, 1986,
Figure 68: 1-21). Figure 4:30

L: 27 um, W: 8 pm, Ser: 20-22/10 pm.
Valve linear elliptic to lanceolate, usually wich
blunely rounded or capitate poles. Valve face flar,
curveing fairly gently into shallow or moderately
deep mantles; often grooved near the raphe
externally. Striae uniseriate, containing small
round poroids occluded near their internal
apertures by hymenes. Raphe system central,
straight. A large genus, containing many of the
small naviculoid diatoms placed by Hustede
(1927-1966) in Napicnla sect. Bacillares and
Minuscilae. Examples of species transferred w
Sellaphora are S. pupiia, S. bacillum, 5. laevissima, S.
semiinninm, 8. digncta. Plastid structure must be
examined before a species can be reliably
allocated using light microscope to this genus, or
indeed to the other genera we have split from
Navicwla.  Sellsphora is easily separated from
Navicila sensn stricts by the plasdd, areola and
raphe structure. Plastd and cell division have
been described in detail by Mann (1984a, 1985}

2}

Family Epithemiaceae
Rhbopalodia gibba (Ehrenberg) O. Miiller var. gibba
(Krammer, K. and H. Lange-Bertalot, 1986,
Figure 111: 1-13). Figure 4:31-32

E: 60-74 um, W: 18-22 pm, Stz 9/10 pm.
Valve linear with crescentic cunate ends. Isopolar
and dorsiventral with dorsal edge slightly gibbous.
Raphe system situated along the dorsal margin of
the wvalve, External central raphe endings

expanded, sometimes deflected slighdy towards
the ventral side, internal endings simple. Axial
area very narrow, central area absent. Transapical
costae present.

Family Bacillariaceae
Hantzschia  distinctepunciata  (Hustedt) Hustedt
(Krammer, K. and H. Lange-Bertalot, 1988,
Figure 88: 8-10 ). Figure 4:33

L: 45 pm, W: 6 um, Str: 12/10 pm, Valve
slightly asymmerrical with respect to the apical
plan, valves are either dorsiventral or slighdy arc
shaped. Strize fine and parallel. Raphe on ventral
concave margin of valve supported by prominent
fibulae. Distribution cosmopolitan.

Nitgschia brevissima Grunow (Krammer, K. and H.
Lange-Bertalot, 1988, Figure 22: 1-6). Figure 7:14

L: 37.5 pm, W: 3 pm, St 32/10 pm, Fhb:
10/10 pm. Valve broad linear, slightly sigmaoid.
Striae fine and paraellel along the transapical axis.
Distribution cosmopolitan.

Nitgschia coarctate Grunow (Krammer, K. and H.
Lange-Bertalot, 1988, Figure 38: 14-15). Figure
7:15

L: 50 pm, W: 12 pm, Ster 10/10 um, Po
15/10 pm. Fb: 6/10 pm. Valve panduriform,
isopolar, isobilateral with cunate ends. Striae
coarse in central area and slighdy curve in the
ends. Distribution cosmopolitan.

Nitzschia hantgsehiana Rabenhorse (Krammer, K.
and H. Lange-Berwmlor, 1988, Figure 73: 18}
Figure 5:34

L: 17 pum, W: 3 um, Str: 20/10 pm, Fb:
7/10 pm. Valve elliptic linear lanceolate, isopolar.
Ends stump. Distribution cosmopolitan.

Family Surirellaceae
Cymatoplensa salea var. apienlata (W. Smith) Ralfs
(Krammer, K. and H. Lange-Bertalot, 1988,
Figure 118:4 -8). Figure 5:35

L: 62—67.5 pm, W: 22.5-27.5 um, Fb: 9/10
um. Valve linear, often constsicted about the
central portion, isopolar and isobilateral Ends
apiculate. Valve surface undulate. Raphe system
on petipheral wing {ala) developed from the valve
margin and supported by ribs. Strize very finely
punctate, the patterns sometime varying from
apical to transapical in direction, corresponding
to the undulations.

Surirella roba Leclercq (Krammer, K. and H.
Lange-Bertalot, 1988, Figure 148:8 ). Figure 5:36

L: 37 um, W: 9 um, Fb: 50/100 pm. Valve
linear lanceolate, isopolar. Ends stump.



Surirella  spiraloides Hustedt (Huber-Pestalozzi,
G.,1942, Figure 617). Figure 5:37

L: 60-62 pm, W: 25-27 um, Fb: 15/100 pn
m. Valve spirally twisted, heteropolar. Raphe
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Figure 2. New record species of diatoms in Mae Sa Stream, National Park, Chiang Mai, Thailand.

(scale = 10pm)

1- Actinoeyelus normanit (Gregory) Hustedt, 2- Fragifaria biceps (Kiitzing) Lange-Bertalot,

3- Fragilaria #lna var. nina (Nitzsch) Lange-Bertalot, 4- Digtora moniliformis Kitzing, 5- Diatona

wfgaris Bory, 6- Eunotia minor (Kintzing) Grunow, 7-8- Adhnanthes lanceolata var. boyei (Oestrup)
Lange-Bertalot, 9- Achunanthes exigna Grunow var. exigna, 10- Achnantbes helvetica (Hustedt) Lange-Bertalot
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16- Cymbella amphicephale Naegeli, 17- Cymbella bustedsii Krasske, 18-19- Engyonema sifesiacim (Bleisch)

11-13-Achnanthes undate Meister, 14- Amphora libyea Ehrenberg, 15- Cafoneir fauta Carrer & Bailey-Warts,
D.G. Mann, 20- Reimeria sinnata Gregory, 21- Cymbella trgidula Grunow

Figure 3. New record species of diatoms in Mae Sa Stream
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" Figure 4. New record species of diatoms in Mae Sa Stream, National Park, Chiang Mai, Thailand.
(scale = 10pm)
22- Frustulia weinholdii Hustedr, 23- Gomphonema pumilum var. nigidum B. Reichardt et Lange-Bertalot,
24- Navienia cobnzi (Hilse) Lange-Bertalot, 25- Navienla eryprotenella Lange-Bertalot,
26~ Navicula lacvissima Klzing var. laevissima, 27- Navicnla mutica Kinzing var. matica, 28- Navienla
subplacentnta Hustedr, 29- Neidinm ampliatnm (Ehrenberg) Krammer, 30- Sellaphora pupula
{Kiitzing) Mereschkowsky, 31-32-Rhgpalodia gibba (Ehrenberg) O. Miller var. gibba, 33- Hantzschia
distinetepunetata (Hustedt) Hustedt
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Figure 5. New record species of diatoms in Mae Sa Stream, Nadonal Park, Chiang Mai, Thailand.
(scale = 10pm )

34- Nitgschia hanizschiana Rabenhorse, 35- Cymatgplenra solea var. apiculata (W.Smith) Ralfs,

36~ Surirella roba Leclercq, 37~ Sarirella spiraloides Hustedt



Figure 6. Scanning Electron Micrograph (SEM) of new record species of diatoms in Mae Sa Stream,
National Park, Chiang Mai, Thailand.

1- Thelassiviira weissflogii (Grunow) Fryxell & Hasle, 2- Cocconeis placentnia var. psendolineata Geitler,

3-4- Cymbellopsis ¢ lanceolata Kramarer, 5- Navicula elginensts (Gregory) Ralfs var. efainensis,

G- Navicila crypiotenella Lange-Bertalot
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Figure 7. Hand-drawing of new record species of diatoms in Mae Sa Strearmn, National Park, Chiang
Mai, Thailand. ( scale = 10um )
1- Cyclotella stelligera Cleve & Grunow, 2- Fragilgria bidens Heiberg, 3- Fragilaria elliptica Schumann,

4- Diatorma ehrenbergit Kittzing, 5- Diatoma vuigars Bory,

6- Eunctia bilunaris (BEhrenberg) Mills var. bifunaris, 7- Achnanthes chlidanos Hohn & Hellermann,
8- Amphora coffeagformis (Agardhy Kiitzing var. caffeagformis, 9- Amphora dusenii Bron, .
10- Gomphonema affine Kiitzing, 11- Gomphonema angur var. turris (Ehrenberg) Lange-Bertalot,
12- Nasienia jaagii Meister, 13- Navicula concentrica Carter, 14- Nitgschia brevissima Grunow,

15- Nitgschia conrctata Granow, 16- Gemphonena minntum (Agardh) Agardh,
17- Caloneis sifienla (Ehrenberg) Cleve



Table 2. New records of diatom species found in Mae Sa Stream, Suthep-Pui National Park, Chiang

Mai .

Order Centrales

Family Thalassiosiraceae
Cyelotefla stelligera Cleve & Grunow
Thalassiosira weissflogii (Grunow) Fryxell & Hasle

Family Hemidiscaceae
Actinocyelus normanii (Gregory) Hustedt

Order Pennales

Family Fragilariaceae

Diatorma ehrenberngii Kiitzing

Diatoma miontlformis Kitzing

Diatonta vitlaris Bory

Fragilaria bicepr (Kitzing) Lange-Bertalot
Fragilaria bidens Heiberg

Fragilaria effiptica Schumann

Family Eunotiaceae
Eunnotia bifunaris (Ehrenberg) Mills var. bilunaris
Enuotia minor (Kitzing) Grunow

Family Achnanthaceae

Acdbnanthes chiidanos Hohn & Hellermann

Achnanthes exigna Granow var. exigna

Achnanthes helvetica (Hustedt) Lange-Bertalot

Achnanthes lanceoiata var. boyei (Oestrup) Lange-
Bertalot

Achnanthes nndata Meister

Cocconeis placentila var. psendolineata Geitler

Family Naviculaceae

Amphora eoffeatformic (Agardh) Kiitzing var.
Coffeagforniis

Amphora dusenii Brun

Anphora fibyca Ehrenberg

Caloneis lanta Carter & Bailey-Watts
Caloneis silionla (Ehrenberg) Cleve

Cymbella amphicephala Nacgeli

Cymbella hustedtii Krasske

Gymbella turgidula Granow

Cymibellopsis cf. Lanceolata I rammer

Engyonema silesiacun (Bleisch) D, G. Mann
Frustulia weinholdi{ Hustedt

Gomphonema affine Kiitzing

Gomphoniesna angnr var. turris (Ehrenberg) Lange-
Bertalot

Gonphonema minutnp (Agardh) Agardh
Gonphonenra pumitlon var, rigidum B. Reicharde et
Lange-Bertalot

Navienla cobnit (Hilse) Lange-Bertalot

Navienia concentrica Carter

Navicnla eryprotenella Lange-Berralot

Navienla efginensis (Gregory) Ralfs var, elgiwensis
Navicnla jaagii Meister

Nayienla lagvissima Kiiezing var, laevissima
Navienla mutica Kitzing var, matica

Navicula subpplacentunla Fustede

Neidinm anppliatum (Ehrenberg) Krammer
Resmeria sinnat{Gregory)kaciolek £ Stoermey
Sellaphora pupula (Kiitzing) Mereschkowsky

Family Epithemiaceae
Rhbepalodia gibba (Ehrenberg) Q. Miller var, gibba

Family Bacillariaceae

Hantgichia distinetepunciata (Hustedt) Hustedt
Nitzsehia brevissima Grunow

Nitgsehia coarctate Gruonow

Nitgschia hantyschiana Rabenhorse

Family Surirellaceae

Cymatoplenra solea var. gpiculata (W. Smith) Ralfs
Surirella roba Leclercq

Surirella spiralotdes Hustedt

Discussion

The survey reported in this publication
extends our knowledge of biodiversity in
Thailand, with regard to freshwater diatoms as
valuable natural resources. Additional snidies to
the freshwater algae that have been done by Thai
scientsts.

At present, the status of phytoplankton and
benthic algae diversity in Thailand deserves
serious artenton. The comparison berween the
number of algal species known.in the world and

in Thailand implies that there are many more
species waiting for discovery and study in details.
Studies of the diatoms in Thailand have
started since the latest year of the nineteenth
century. Most of early taxonomic studies were
done by foreign scientists. The checklist reported
about the papers of diatom flora published by
foreign scientists such as Ostrup (1902), Patrick
{1936), Hirano (1967) and Foged (1971). Among
the additional records for Thailand from 1971 to
date, works on diatoms have been carried out by
Thal scientists in  varlous universides and



institutions, but not deep in details, Most works
are the studies on planktonic diatoms.

The results from the study of diversity of
benthic diatoms in Mae Sa stream, Suthep-Pui
National Park, Chiang Mai, gives a total of 222
diatom taxa. Of these fifty one species have never
been recorded in Thailand before. According to
the reports, it is obvious that Thailand has slow
progress in the studies of freshwater algae
biodiversity and include marine algae. If we
consider the aquatic environment more
intimately, we will see that the most important
producers are algae cither planktonic or benthic
forms. Therefore, extensive biodiversity of
freshwater algae is urgently needed as supportng
knowledge for all biological sciences and for the
development of the country as well.

Diatoms especially benthic diatoms possess
a number of attributes which contribute to their
suitability as biological indicators in the running
water because of the highly sensitive to water
chemistry changes, abundant in  aquatc
environments, largely cosmopolitan in
distribution and have a well-studied taxonomy
and ecology. Application of the use of benthic
diatoms have to intend in taxonomic study along
with the ecological studies. Measurements of
physical and chemical parameters should have
been investigated to assess the water qualicy.
Furthermore to looking for relationships berween
benthic diatoms and quality of the water are
necessary.

About the situation of environmental risk
crisis for extincton species. The Convention on
Biological Diversity (CDB) has encouraged
governments. to focus awenton on  the
conservation of biodiversity. Currently more than
127 countries have ratified the convention.
Although Thailand is preparing to ratify the
convention, it has not yet done so. Preparation
for eventual ratification of the CDB, however,
has encouraged the government of Thailand to
establish several institutions to implement

-biodiversity conservation, including monitoring
programmes of phytoplankton, although progress
has been slow. Such programmes include the
Biodiversity Research and Training Program
(BRT), financed by the Naticnal Center for
Genetic Engineering and Biotechnology, which
has supported several projects to monitor
phytoplankton. The Biodibersicy Research and
Training Program was established joinly by the
Thailand Research Fund (TRF) and BIOTEC.
The aim is to provide support and funding for
research into and meanagement of Thailand’s
biodiversity resources. This work was also
supported from BRT grant. The results from this

work may be expand our knowledge, at least to
record the discovered species in the checklist.
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DISTRIBUTION OF MACROALGAE AND WATERQUALITY IN MAE
SA STREAM, DOI SUTHEP-PUI NATIONAL PARK,
CHIANG MAI PROVINCE
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ABSTRACT

A study of the distribution of macroalgae and the water quality in Mae Sa stream,
Doi Suthep-Pui National Park, Chiang Mai province was carried out from March 1998 to
April 1999. The samples were collected from five different sites along the stream. Forty
species of macroalgae were found and classified into 3 divisions: Cyanophyta,
Chlorophyta and Rhodophyta. The most abundant species were Cladophora glomerata
Kiitzing, Spirogyra spp., Rhizoclonium spp. and Oscillatoria spp. At the water resource,
macroalgae in Division Rhodophyta; Batrachospermum macrosoprum Montague and
Nemalionopsis shawii Skuja were found indicating clean water quality. The assessments
of water quality of the stream revealed that it was oligotriphic to mesotrophic.

KEY WORDS :

Mae Sa stream, macroalgae, water quality, bioindicator, oligotrophic,
mesotrophic, freshwater red algae

INTRODUCTION

Algae are the main primary producers of most aquatic ecosystems. This research
intended to study the distribution and identification of macroalgae to obtain a database for
biodiversity and the correlation of species with the water quality. The Mae Sa stream was
chosen for the study site, as it is the major running water in the Doi Suthep — Pui National
Park. The stream is economically very important especially for tourist industry including
mountain resorts and elephant camps. It was anticipated that the activity around the
stream would be direct impact to water quality of Mae Sa stream.

. Each section of Mae Sa stream had different characteristics, The impact of
domestic effluent, runoff from agricultural areas, degraded land and wastes from elephant
camps effected the water downstream. The different water characteristics not only
appeared as physico-chemical factors, but also biological factors . Algae are the first
group of organisms effected by the contamination. There have been many proposals to
use algae for environmental monitoring. The macroalgae are the principal recipient of
such impact in the stream ecosystem thus the composition and diversity of macroalgal
communities are related to water quality and some of them can used as bioindicators. An
understanding of the local and seasonal variation in macroalgae is essential therefore
biological monitoring programs.
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MATERIAL AND METHOD

Site characteristics

The Mae Sa stream is one of the major water resources in the Doi Suthep-Pui
national park.This stream receives water from Kunsa watershed. The stream is twenty -
six kilometers long and includes 16 small streams in Mae Rim, Mae Tang, Sa Moeng and
Hang Dong districts. Five sites were studied monthly over a 12 month period from March
1998 to April 1999. The sites were selected to cover the stretches of river which from
previous studies by Pektong(1998) and Wiyaka(1998) had indicated the highest diversity
of the algae. The S sampling sites (Fig.1) and there elevation were as follow.

Site 1 Kong Hae Village 1075m Site 2 Kong Hae bridge 1000 m
Site 3 Mae Sa elephant camp 550 m Site 4 Mae Sa irrigation bridge 330 m
Site 5 Youth Retention Center bridge 300 m

Physico-chemical parameters analysis

The conductivity of the water was measured in the field by a conductivity meter
while temperature and pH were measured with a pH meter kit. Chemical analyses of the
water were done according to the method in APHA (1992) as follows. The quantity of
dissolved oxygen in the individual samples was measured using the azide modification
method. Total alkalinity was measured in the laboratory by endpoint titration with
Methyl-orange as an indicator, nifrate-nitrogen by the cadmium reduction method and
ammonium nitrogen by the phenate method. In addition, soluble reactive phosphorus and
total phosphorus (after acid hydrolysis) were analyzed by the ascorbic acid method. For
colorimetric detection, the spectrophotometer “Generys 5” of Spectronic Instruments
USA was used. '

Sampling and preparation of macroalgae

Stream macroalgae can be defined as those species occurring in flowing
freshwaters and having a mature thallus which is benthic and recognizable by the naked
eye. Morphological forms include mats, colonies, gelatinous and free filaments, tissue-
like thalli, tufts and crusts (Sheath et. al., 1996). Macroalgae samples were scraped from
the stone in the water and from the bank ofthe stream around the sampling sites, and kept
in plastic boxes at low temperature (5-10°C). In the laboratory, the samples were
separated for fresh sample identification and preserved with 2 % of glutalaldehyde. The
macroalgae were identified systematically for each division and photographed using an
Olympus BX-40 microscope.



RESULT AND DISCUSSION

Water quality

The water quality in Mea Sa stream Doi Suthep - Pui National Park, Chiang Mai
province undertaken during March 1998 to April 1999 was slightly different in each
month. Site 1 was found to be very clean, but Site 2,3,4 and 5 the had significally higher
nutrition than site 1{see Table. 1).

Table 1 the average of physico-chemical and trophic status in Mae Sa stream(March 1998- April 1999

Sampling DO BOD pH Conductivity Alkalinity Turbidity Nitrate-N Ammonia- SRP Trophic
sites  (mg/l) (mgl) (us/cm) (meg/1) (NTU)  (mg/) (mT;/I) {mg/l) status*
Sitel 6.5 12 74 78.6 0.8 21 0.8 0.25 0.02 Oligotrophic
Site2 6.2 1 171 105.2 13 5.7 42 0.28 0.  Oligo-mesotrophic
Site3 7.5 21 83 3106 276 48 5.1 0.39 0.4 Mesotrophic
Site4 7.6 1.2 75 298.5 2.7 14 2.9 021 0.09 Mesotrophic
Site5 6.9 09 175 270.5 244 59 3.1 0.16 0.6 Mesotrophic

* According to Lorrine and Vollenweider (1981)

At the site 1, the water resource is on the a higher level than the villages around
the stream and it was not disturbed by human activities. The second, forth and fifth sites,
the stream runs through the large communities and effected by the domestic waste water.
At third site (elephant camps), there was plenty of waste from the elephant and tourist
garbage. After rain, the wastes on the ground were discharged into the stream. However,
the assessments of water quality indicated that the stream was oligotrophic to mesotrophic
status. According to the standard surface water quality (Announcement of National
Environmental Committee 1994), the Mae Sa stream was in the second to third category,
the water being relatively clean for household consumption when it was properly treated.

Distribution of Macroalgae

A study on the diversity macroalgae in Mae Sa stream revealed 3 division
(Chlorophyta, Cyanophyta and Rhodophyta) and 40 species. The macroalgae was
different in each site. The red algae (Rhodophyta) were found only at site 1 but
Compsopogon coeruleus (Balbis) Montague was present at all sites. At sites 2,3,4 and 5
thirty seven species of green, bluegreen and red algae macroalgae were found (see Table
2.).

The relation between distribution of macroalgae and water quality

Almost of red algae only found in site 1, the Mae Sa stream resource. The
majority of red algae species were the marine algae and the minority was the fresh water
algae. Fresh water red algae was then very rare species. The red algae that were found in
the water of oligotrophic status, and could be used as indicator for the clean water
(Prescott, 1970 ; Round, 1973 ). Thus some species of freshwater red macroalgae could
be used as indicator of water quality in Mae Sa stream especially Batrachospermum



Table 2. Distribution of maceoalgae in Mae Sa stream (March 1998 - September 1999)

Taxon Loction* Substrate*®* R**#*
Division Cyanophyta
Calothrix  sp. 1,2 s +++
Cylindrospermum majus Kitzing 4,5 I,g,5 +
Cylindrospermum stagnale Agardh 4,5 T.8,8 +
Gleotrichia sp.1 2.4 Lgs -+
Lyngbya aeruginosa Gomont 23,45 .g,s +
Nostoc carnium Agardh 1,2,3,4,5 I,g,8 +
Nostoc commune Vaucher 1,24,5, r,e.8 +
Nostoc muscorum Agardh 1.2,4,5, r.gs +
Nostochopsis lobatus Wood 1,2,3,4,5 r ++
Oscillatoria lacustris Geitlur 2,3,4,5 2,5 +
Oscillatoria meslini Fremmy 1 rgs A+
Oscillatoria princeps Vaucher 5 g8 ++
Oscillatoria quadripunctulata  Kiitzing 4,5 LE.S +
Oscillatoria sp.1 34,5 T,g,5 +
Oscillatoria sp.2 3,4,5 r,2,s +
Division Chlorophyta
Cladophora fracta (Dillw.} Kiitzing 3 1,8,8,5d +
Cladophora glomerata Kiitzing 2,3,4,5 r.g,s,sd +++
Hydrodictyon recticulatum (L.) Lagerhium 2 1,g,8 F++
Mougeotia scaralis Kiitzing 2 r,2,8,5d,b ++
Mougeotia sp.1 2.4 1,2,5,5d,b ++
Microspora pachyderma (Wille)Lagerhium 2 1,2,5,5d,b +
Qedogonium kjalimanii Prescott 245 r,£,5,5d,b +
Oedogonium sp. 1 2 r,g,s,5d,b +
Palmella mucosa Kiitzing 4.5 1,g,8,8d +
Rhizoclonium crassipelitum West & West 2,3,4,5 r,g,s,5d +
Rhizoclonium sp. 2,3,4,5 r.g,s,sd +
Spirogyra sp.1 1,2,34,5 1,8,5,8d +
Spirogyra sp.2 2,34 r,g,5,8d +
Spirogyra sp.3 2,345 L,£,5,5d +
Spirogyra sp4 2,34,5 1,g,5,5d +
Spirogyra sp.5 4,5 r,2.5,5d +
Stigeoclonium flagelliferum Kiitzing 4,5 1,2,5,5d ++
Stigeoclonium lubricum (Dillw.)Kiitzing 4,5 1.2,8,sd +++
Tetraspora cylindrica C.A. Agardh 4.5 I.2,8,5d +
Ulothrix sp. 1,2 LE +++
Pivision Rhodophyta
Batrachospermun macrosporum Montague 1 r.g +++
Compsopogon coerulen (Balbis) Montague 24,5 1,g,5,5d,b A
Nemalionopsis shawii Skuja 1 g ot

* sampling site
*** Type of substrate

r = rock
g = gravel
s = soil
sd = sand

b = bryophyte

*¥%* reliblity of indicator
+++ = very good
++ = good

+ = fair



macrosporum Montague and Nemalionopsis shawii (Balbis) Montague, found only in
olgotrophic water (Palmer, 1977). B. macrosporum and N. shawii could be found in site
1 in the winter season eventhough the water quality in site 1. was very clean all years
because these species require low light and low temperature(15-20 °C) for growing
(Dillard, 1966). In addition to the 2 species of red algae, Calothrix sp., blue green algae
(Division Cyanophyta) was recorded, this is a species of macroalgae that could be found
especially in clean water.(Round, 1973). The green algae, Cladophora glomerata Kii
tzing, Ulothrix spp. and Stigeoclonium lubricum (Dillw) Kiitzing (Division Chlorophyta),
were found in every site indicating oligotrophic and mesotrophic status (Wetzel, 1983).
Hydrodictyon reticulatum Langerhium appeared frequently on the bank of the stream at
site 2 in winter and summer seasons. H. reticulatum could be grown in mesotrophic
water and indicate low alkalinity and low nutrients(Entwilse, 1989) In the Division
Cyanophyta, the most diverses species were Nostoc spp. and Oscillatoria spp. In the
present work, 6 species of Nestoc were found. Their growths were mainly in the subliteral
zone where the gelatinious colony could be seen. Oscillatoria spp., blue green algae was
also recorded in every site. Some species of Oscillatoria has been used as the dirty water,
but in present investigation Oscillatoria meslini Fremy was found only in site 1.
Therefore algae indicators for water quality were different in the individual species. Some
species in the same genus were not used equal as water quality indicators. The algae used
for environmental monitoring and water quality indication need to be identified to species
level. Generally the species composition, high species number and abundance of
macroalgae in Mae Sa stream were directly related to the turbidity, slow velocity of water
running and attachment to rocky substrate.

CONCLUSIONS

A study on the distribution of macroalgae and water quality in Mae Sa stream, Doi
Suthep-Pui National Park, Chiang Mai province was carried out from March 1998 to
April 1999. Forty species of macroalgae were found and classified into 3 divisions:
Cyanophyta, Chlorophyta and Rhodophyta. The most abundant species were
Cladophora glomerata Kiitzing, Spirogyra spp., Rhizoclonium spp. and Oscillatoria
spp. Macroalgae in Division Rhodophyta; Bafrachospermum macrosoprum Montague
and Nemalionopsis shawii Skuja were indicating clean water quality. The assessments of
water quality of the stream revealed that it was oligotriphic to mesotrophic status.
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* 4 species of fresh water red macroalgae in Mae Sa Stream, Doi Suthep-Pui
National Park Chiang Mai, Thailand

Yuwadee Peeraporhpisal and Tatporn Kunpradid

Department of Biology, Faculty of Science,
Chiang Mai University Chiang Mai Thailand

Abstract

A study on the biodiversity of fresh water macroaigae in Mae Sa stream, Doi Suthep-Pui
National Park, Chiang Mai province was carried out from March 1998 to April 1999. The samples were
collected from five different sites along the stream. Fourty species of macroalgae were found and
classified into 3 divisions: Cyanophyta, Chlorophyta and Rhodophyta. At the water resource, the 3
species of Division Rhodophyta, Batrachospermum macrosporum Montague, B. vugum and
Nemalionopsis shawii Skuja were found. Compsopagon coeruleus (Balbis) Montague was found all the
stream . The 4 species of red algae had never been reporied and collected in Thailand.

Introduction

Red algae (Rhodophyta) is one of major division, red algae were a eukaryotic
but they had a some cycle and component different from the others. Red algae was not
flagellate stage and allmost pigment were phycobilin, photosynthetic lemella. Fresh
water red algae have the typical characteristics of the division Rhodophyta Member
process chloroplasts with single thylakoids covered with phycobilisomes, floridean
starch and cell wall containing cellulose oxylan fibrils embedded in an amorphors
metrix of sulfated gelactans ( Sheath, 1984). More than 4,000 species of red algae were
marine algae but a few were fresh water red algae.

The marine red algae have ability to growth at greater ocean dept than other
algae. Such an ability has been attributed to presence of the red pigment, which absorb
the shorter wavelength (Flint, 1960). The light is seem to be the regulation of red algae
growth not only marine red algae but also fresh water algae. The appropriate condition
for fresh water red algae is the zone where canopy surrounding, the stream open up but
the water is not to deep or turbid to support growth.

Mathodolégy
Site Characteristics

The Mae Sa stream is one of major running water in Doi Suthep-Pui national
park. This stream received water from Kunsa watershed. Mae Sa stream is twenty-six
kilometers long and include 16 small tributary in Amphur Mae Rim, Mae Tang, Sa
Moeng and Hang Dong. Five sites were studied monthyl over a 8 month period from
March 1998 to Sep. 1999. The sites were selected to cover the stretches of river which
from previous studies by Pektong (1998) and Wiyaka (1998) had indicated highest
diversity of macroalgae. The 5 sampling sites (Fig. 1) were as follow;

Site 1 Kong Hae Village 1075 m (asl.)  Site 2 Kong Hae bridge 1000 m (asl.)
Site 3 Mae Sa elephant camp 550 m (asl.) Site 4 Mae Sa irrigation bridge 330 m (asl.)
Site 5 Child’s confine area bridge 300 m (asl.)



Physico-chemical parameters analysis

Conductivity of water was measured in the field by a conductivity meter while
temperature and pH were measured in the field using a pH meter. Chemical analyses of
the water was according to American Publics Health association (1992) as follow; The
quantity of dissolved oxygen and biological orange demand in the individual samples
was measured using the iodometric titration method with azide modification. Total
alkalinity was measured in the laboratory by endpoint titration with an indicator
(Methyl-orange). Nitrate-nitrogen by the cadmium reduction method and ammonium
nitrogen by the phenate method. In addition soluble reactive phosphorus and total
phosphorus (after acid hydrolysis) were analyzed by the ascorbic acid method. For
colorimetric detection, the spectrophotometer “Generys 5” of Spectronic Instruments
USA was used.

Sampling and Preparation of macroalgae

Stream red macroalgae can be defined as those species occurring in flowing
freshwaters and having a mature thallus which is benthic and discrete structure
recognizable with the naked eye the rocky substrate the red macroalgae were almost
growth. Morphological forms include mats, colonies, gelatinous and free filaments,
tissue-like thalli, tufts and crusts (Sheat et al., 1996). Red macroalgae samples were
scraped from substrate and kept in a plastic box at low temperature (20°C). In the
laboratory, the samples were separate for fresh sample identification and preserve for
permanent samples (with 2% of glutalaldehyde). The macroalgae were identified
follow the systematic for each division and photographed by light micrographs using an
Olympus BX-40 microscope.

Result

A study on the diversity of macroalgae in Mae Sa Stream, Doi Suthep-Pui
National Pakr was carried out from March 1998 to September 1999. From 5 sampling
site along the stream found the 4 species of red algae. The red algae was not appered in
the same time and place. Batrachosperman macrosporium Montagae,
Batrachospermum vugum Agardh and Nemalionopsis shawii were Found in only site 1
and Compsopogon coeralens (Balbis) Montague were found in site 2, 4 and 5. The
characteristic of water quality of site 1 (up stream) was very clean, low nutrient low
temperature and the bank environment were still the bracket, then the part of stream
were cover by the canopy. At site 2, the stream runs trough the hill tribe village but the
stream was not effect from the drainge water from the village. From site the stream
were discharge from many waste water such as the elephant camp in site 3, the large
communities at site 4 and 5. The average of some physical and chemical parameter
were in table 1.



Table 1 the average of physico-chemical and trophic status in Mae Sa stream(March 1998- April 1999

Sampling DO BOD pH Conductivit Alkalinity Turbidity Nitrate- Ammonia SRP Trophic

y N -N
Sites  {mg/l) (mg/l (usfem)  (meg/) (NTU) (mgf) (mg1) (mgl status*®
) )
Sitel 65 12 74 78.6 0.8 2.1 0.8 025 0.02 Oligotrophic
Site2 62 11 7.1 105.2 1.3 5.7 42 0.28 0.1 Oligo-
mesotrophic
Site3 7.5 21 83 3106 2.76 48 5.1 0.39 0.4  Mesotrophic
Site4 76 12 75 2985 2.7 14 29 0.21 0.09  Mesotrophic
Sites 69 09 75 2705 2.44 59 3.1 0.16 0.6  Mesotrophic
* According to Lorrine and vollenweider (1981)
Table 2. Distribution of macroalgae in Mae Sastream (April 1998-March 1999)
Taxon Location* substrate***
Division Rhodophyta
Batrachospermun macrosporum Montague** 1 rg
Batrachospermun vugum Agardh 1 g
Compsopogon coeruleus (Balbis) Montague 1,245 r,gsdb
Nemalionopsis Shawii Skuja. ¥* 1 g

* sampliing site

#¥ dominant species

*** Type of substrate
r =rock s = soil
g = gravel sd = sand
b = bryophyte

Disscussion

Fourth species of red macroalgae were benthic from all most of them growth on
the gravel and the velocity of water about the red algae were the Batrachospermum
macrosporum Mantague were dominant species in rainy and winter season. When the
late winter B macrosporun was decrease and Nemaliopsis shawii were in state of B.
macrosporum also. Normally the appropiate condition for B. macrosporum were 10-15
C and not bright light ( Entswisle, 1989). The light intensity is the one major factors
affect the distribution and seasonalily of fresh water Rhodophyta (Witthon, 1995;
Sheath, 1984). Not only the light intensity in different season but also the canopy of
tree was important. At site 1 the stream were cover by tree canopy all year but in the
late winter the climb plant would died then the light can be let to the water. But if the
stream had a unappropiate condition such as brown water or high turbidity B.
macrosporum and B. vugum were found in high intensity. Another limit factor for fresh
water red algae were temperature, the temperature were influence altitude and altitude
(Sheath, 1984).

Some specis of fresh water red algae are restricted to tropical and subtropical
regions such as Compsopogen spp. and Batrachespermum spp. (Kumano, 1993;
Sheath, 1974). Mae Sa stream resource (site 1) were 1,075 mater high above the sea
level then the average water temperature were not more than 20 C. The cool water
temperature was encouraging the Batrachospermum spp. growth. In contrast



Compsopogon coruleus (Balbis) Montague had a high photosynthetic rate at 30-35 C
(Sheath, 1984) and C. coerulus found as dominant species species in site 4 (330 meter
above sea level) Kramer (1983) suggested that the relationship between temperature
and net photosynthesis was one of the major factors affecting distribution and
seasonally of fresh water Rhodophyta (Sheath, 1984). Another factor that import the
distribution of macroalgae were chemical factors. Firstable is the dissolved oxygen, DO
were fluctuate each season from water level and velocity. Some species of fresh water
red algae were increase in occurrence with increasing concentration of DO.
Conductivity were directly to the solubility of nutrient in the stream. The conductivity
can be assume for the nutrient soluble and could be indicate to from the soil element.
Fresh water red algae can be found at the nutrient concentration, such as less than 1
mg/l SRP (Martin and Witton, 1987 and 1981; Sheath et. al., 1992; Goldman and Hom,
1983). At resource of the stream (site 1) the water quality were very clean and low
nutrient, the 3 species of red algae were found and one of them Batrachospermum
macrosporun, B. vagum and Nemaliunopsis shawii skuja had been reported for a clean
waterqualily indicater ( palmer, 1970 )
Four species of Red algae had never been report to Found in Thailand Before.

7
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Diversity of Phytoplankton and Benthic Algae in Mae Sa Stream
Doi Suthep-Pui National Park, Chiang Mai.
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ABSTRACT. This study of the diversity of phytoplankton and benthic algae in Mae
Sa stream, Doi Suthep-Pui National Park was carried out from April 1997 to February
1998. Eighty seven species of phytoplarkton were found which could be classified
into 5 divisions, 8 orders, 19 families and 31 genera. The majority of the
phytoplankton were diatoms in the Order Pennales and the most abundant species
were Melosira varians Agardh, Fragilaria ulna ( Nitzsch ) Lange-Bertalot,
Cymbella tumida ( Brébisson ) Van Heurck and Nitzschia linearis ( Agardh ) W.
Smith. There were 172 species of benthic algae found. The most abundant were also
diatoms in the Order Pennales. The majority of the species belonged to the genera
Navicula ( 38 species ), Nitzschia { 23 species ), Fragilaria ( 16 species ) and
Gomphonema ( 15 species ). The most abundant species were Navicula lanceolata
( Agardh ) Kiitzing, Nitzschia dissipata (Kiitzing ) Grunow, Nitzschia palea
( Kiitzing ) W.Smith, Fragilaria capucina Desmazieres, Gyrosigma scalproides
(Rabh.) Cleve, Cocconeis placentula Ehrenberg, Achnanthes lanceolata

( Brébisson ) Grunow, Cymbella tumida ( Brébisson ) Van Heurck, Gomphonema
augur Ehrenberg, Gomphonema “parvulum ( Kiitzing ) Grunow, Surirella capronii
Brébisson, Surirella ovalis Brébisson and Surirella spiralis Kitzing,

This work was supported by NSTDA ( National Science and Technology
Development Agency )
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INTRODUCTION

. Established in 1981, Doi Suthep-Pui National Park is located in Chiang Mai Province,
northern Thailand, and has an area of 261 Km?®. Doi Suthep-Pui ( elevation 1,601 metres )
and Doi Pui ( 1,685 metres ) are part of a geologically ancient ridge forming the wester,
boundary of the Ping River Valley. The forest in Doi Suthep-Pui are deciduous and evergreen
forests. Some 2,000 millimetres of. rain fall on the park each year, mostly from May to
October. The dry season comes between November and March. The average annug]
temperature, recorded near Phuphing Palace is 20°C, with maximum and minimum average
temperature of 24°C and 17 °C respectively. The Mae Sa Watershed is situated at Mae Rim
district, Chiang Mai Province. Part of the watershed belongs to Doi Suthep-Pui National
Park, which is one of the world’s greatest area of biodiversity;, where natural forests and other
wildlife resources are being preserved and protected. Doi Suthep-Pui has beautiful scenery
and good climatic conditions and is considered to be one of the famous tourist destinations
in Thailand and a productive area for high value crops like vegetables, cut flowers dnd fruits.
Mae Sa watershed is expected to increase of affects due to the increasing activities leading
towards agro-industrialization and tourism development. The results from the survey on
biodiversity of phytoplankton and benthic algae can apply to use in monitoring the changing
of water quality in the future.

MATERIALS AND METHODS

Site Characteristics
Twelve sites were studied once in each season over a year period from April 1997 to
February 1998. The sites were selected along the Mae Sa river ( Fig. 1 ). The site’s name and
details of each site are as follow:
site 1 Kong Hae Village: Altitude 1075 a.m.s.1, Agriculture and Residental
site 2 Entrance of the Kong Hae Village: Altitude 1000 a.m.s.l, Agriculture and Residental
site 3 Pong Yang elephant camp: Altitude 960 a.m.s.1, Tourist spot
site 4 Sri Muang Kham Village: Altitude 760 a.m.s.l, Agriculture and Residental
site 5 Huay Dee Mee: Altitude 700 a.m.s.], Residental
site 6 Queen Sirikit Botanical Garden: Altitude 650 a.m.s.1, Tourist spot
site 7 Mae Sa elephant camp: Altitude 550 a.m.s.1, Tourist spot
site 8 Mae Sa waterfall: Altitude 390 a.m.s.1, Tourist spot
site 9 Mae Rim bridge: Altitude 340 a.m.s.1, Residental
site 10 Cholaprathan bridge: Altitude 330 a.m.s.1, Residental
site 11 Pa Muang Village: Altitude 330 a.m.s.1, Residental
site 12 Mae Sa Luang Village: Altitude 340 a.m.s.1, Agriculture and Residental

Measurement of Chemical and Physical Parameters

Water samples were collected for Chemical and Physical parameters for example
BOD:s, Alkalinity, Turbidity, Nitrate-nitrogen, Nitrite-nitrogen, Ammonium-nitrogen, Soluble
Reactive Phosphate ( SRP ) and Total Phosphorus ( TP ) ( APHA, 1992 ). About temperature,
Conductivity, pH, DO and Total Dissolved Solids ( TDS ) were measured among the field
( APHA, 1992 ).
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Sampling and Preparation

A plankton net, mesh size 10 um was use to collect phytoplankton . samples g,
identification. Preserve the samples with Lugol’s solution. Keep the samples cool and darg
before observe under light microscope.

Epilithic samples were scraped from 3 -5 stones at each site. In the laboratory,
the samples were cleaned by boiling 15 - 30 minutes in concentrated H,0,. Naphrax
was used for mounting. The light micrographs were made with a Olympus BX4g
microscope. Scanning electron micrographs were made with a JEOL JSM-840A
microscope, operated at 8-20 KV. The black and white film used was a Kodak
Verichromepan ISO 125,

RESULTS

Diatoms identification

The taxonomic concept follows the SiBwasserflora Mitteleuropas by Krammer &
Lange-Bertalot ( 1986, 1988, 1991, 1991a ). However in some cases the key book or thesis of
some tropical studies such as Foged ( 1971, 1975, 1976 ) Vyverman ( 1991 ) and Margarita
( 1994 ) were used. The structural data such as diameter, length, width, striae, striae
frequency in 10 um and the others features are observed under light and scanning electron
MICIOSCOope. ‘

Phytoplankton Investigation

Eighty seven species of phytoplankton were found which could be classified into 5
divisions, 8 orders, 19 families and 31 genera. The majority of the phytoplanktons were
diatoms in the Order Pennales and the most abundant species were Melosira varians
Agardh , Fragilaria wulna ( Nitzsch ) Lange-Bertalot , Cymbella tumida ( Brébisson ) Van
Heurck and Nitzschia linearis ( Agardh ) W. Smith. Some bluegreen algae, Anabaena,
Pseuanabaena, Lyngbya, Cylindrospermopsis, were also found in planktonic form. There
were some green algae such as Ankistrodesmus, Closterium, Cosmarium, Isthmochloron,
Monoraphidium, Pediastrum, Staurastrum, Tetrastrum and Scenedesmus. The only diatoms
list 1s shown in Table 1. Filamentous macroalgae such as Spirogyra spp. , Cladophora spp.
Rhizoclonium spp.( green algae ) Ceramium spp. ( red algae ) and Oscillatoria spp.
( bluegreen algae ) were also found.

Benthic algae Investigation

There were 172 species of benthic algae found. The most abundant were also
diatoms in the Order Pennales. The majority of the species belonged to the genera Navicula
(38 species ), Nitzschia ( 23 species ) , Fragilaria ( 16 species ) and Gomphonema ( 15
species ). The most abundant species were Navicula lanceolata ( Agardh ) Kitzing,
Nitzschia dissipata ( Kiitzing ) Grunow, Nitzschia palea( Kitzing ) W.Smith, Fragilaria
capucina Desmazieres, Gyrosigma scalproides ( Rabh. ) Cleve, Cocconeis placentula
Ehrenberg, Achnanthes lanceolata ( Brébisson ) Grunow, Cymbella tumida ( Brébisson )
Van Beurck, Gomphonema augur Ehrenberg, Gomphonema parvulum ( Kitzing ) Grunow,
Surirella capronii Brébisson, Surirella ovalis Brébisson and Surirella spiralis Kiitzing
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-5- Centrales : 2-3- Cyclotella sp. , 4-5- Melosira varians

6- Fragilaria biceps
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Light micrographs. Figs.2
Figs. 6-12- Fragilariaceae :

9-11- Fragilaria capucina

minor

13-

Figs. 2

» 1-8~ Fragilaria ulna var. aequalis ,

» 12- Synedra uina , Figs.13- Eunotiaceae : 13- Eunotia

. Scale bars equal 10 p
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Figs. 14-34- Light micrographs. Figs.14-34- Achnanthaceae : 14-26- Achnanthes lanceolata ,
27- Achnanthes sp., 28- Achnanthes crenulata ,29- Achnanthes oblongella |
30- Achnanthes helvetica? , 31- Achnanthes sp. , 32-34- Achnanthes  exigua

Scale bars equal 10 p
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Cocconeis placentula ,

41 - Cocconeis sp. , Figs. 42-48- Nitzschiaceae: 42-43-Bacillaria paradoxa ,
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Figs. 35-48- Light micrographs. Figs. 35-41- Achnanthaceae: 35-40-

Scale bars equal 10 p

44- Nitzschia dissipata , 45-48- Nitzschia sp.
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63 - Hantzschia sp. , Figs. 64-72- Cymbellaceae: 64-72- Gomphonema parvulum

sensu lato.
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Figs. 49-72- Light micrographs. Figs. 49-63- Nitzschiaceae: 49-62- Nitzschia sp. ,
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Gomphonema parvulum

93- Cymbellaceae: 73-79-

Figs. 73-93- Light micrographs. Figs. 73

88-

Gomphonema pumilum var rigidum , 89-92- Cymbella silesiaca , 93- Cymbella

3

sensu lato. , 80-81- Gomphonema gracile , 82-87- Gomphonema sp.

Scale bars equal 10

sp..
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Figs. 94-106- Light micrographs. Figs. 94-106-

Cymbellaceae: 94-99- Cymbella tumida

100- Cymbella aspera , 101 - Cymbella amphicephala | 102- Cymbelia

Scale bars equal 10 p

naviculoformis , 103-106-Cymbelia sp.
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Figs. 107-125- Light micrographs. Figs. 107-115- Cymbellaceae: 107-111- Cymbeila wrgidula
112- Cymbella hustedtii , 113- Amphora libyca , 114- Amphora dusenii , 115-
Amphora sp. | Figs. 116-125- Naviculaceae: 116- Stauroneis smithii , 117-

Stauroneis angustevittata , 118- Stauroneis sp. , 119- Caloneis lauta , 120-

Neidium sp. , 121-122- Caloneis bacillum , 123-Navicula laevissima var.
laevissima , 124-125- Navicula disjuncta

123 124

Scale bars equal 10 ;2
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Figs. 126-139- Light micrographs. Figs. 126-139-Naviculaceae: 126-131- Gyrosigma

132

Scale bars equal 10 p

scalproides , 132-135- Navicula bacillum , 136-138- Navicula exigua ,
139-Navicula sp.
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Figs. 140-153- Light micrographs. Figs. 140-153- Naviculaceae: 140-149- Navicula viridula ,
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Scale bars equal 10 p

150-152- Navicula cryptoteneila , 153- Navicula sp.
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3

7
Figs. 154-178- Light micrographs. Figs. 154-178

1
172-173- N. subplacentula , 174- N. gastrum , 175- N. mobiliensis var.capitata,

var.pupula , 168- Navicula sp., 169- N. cohnii , 170-171- N. mutica var.mutica,

164- N. schroeteri var. symmetrica

176-178- Navicula spp.

172
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Figs. 179-193- Light micrographs. Figs. 179-184- Naviculaceae: 179-184- Navicula spp. ,

Figs. 185-186- Epithemiaceae: 185- Epithemia sp., 186- Rhopalodia sp.,

Figs. 187-193- Naviculaceae: 187-188- Pinnularia spp. , 189-191- Pinnularia

Scale bars equal 10

mesolepta , 192-193- Pinnularia spp.
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Figs. 194-203- Light micrographs. Figs. 194-203- Surirellaceae: 194-197- Surirella biseriata
198- Surirella capronii , 199- Surirella bifrons , 200-203-Surirella angusia

Scale bars equal 10 p
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Figs. 204-207- Scanning electron micrographs. 204-Achnanthes lanceolata rapheless valve
showing the horseshoe-shaped thickening ), 205- Cocconeis placentula, 206-
207- Bacillaria paradoxa ( showing central keel or fibulae ).

Scale bars equal 10 p
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Figs. 208-211~ Scanning electron micrographs. 208-211- Cymbella wmida ( 208- showing
rounded or rostrated ends , 210- showing capitate ends . 209 and 211- showing
isolated puncta and circular central area )

Scale bars equal 10 p
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Figs. 212-215- Scanning electron micrographs. 212- Cymbella mmida, 213- Cymbella cistula®.
214- Cymbella affinis?, 215- Gyrosigma scalproides ( lanceolated sigmoid
valve with fine parallel striae)

Scale bars equal 10 u
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Figs. 216-219- Scanning, electron micrographs. 216- Navicula margalithii, 217-218- Navicula
cryplotenella, 219- Surirella biseriata ( showing wing canal or ribs)
Scale bars equal 10
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Table 1. Species List of diatoms found in Mae Sa Stream

—

Centrales

Arlacoseira granulata ( Ehrenberg ) Simonsen
Cyclotella stelligera Cleve&Grunow
Melosira varians Agardh

Fragilariaceae

Fragilaria biceps ( Kiitzing ) Lange-Bertalot

Fragilaria bidens Heiberg

Fragilaria capucina Desmazieres

Fragilaria elliptica { Schumann sensu ) Lange-
Bertalot

Fragilaria mazamaensis ( Sovereign ) Lange-Bertalot

Fragilaria pinnata Ehrenberg var.pinata

Fragilaria ulna ( Nitzsch ) Lange - Bertalot

Synedra wlna var.aequalis ( Kitzing ) Hustedt

Eunotiaceae

Eunotia bilunaris { Ehrenberg ) Miil var bilunaris
sensulato

Eunotia mipor ( Kitzing } Grunow

Achnanthaceae

Achnanthes chiidanos Hohn & Hellerman
Achnanthes crenulata Grunow

Achnanthes exigua Grunow var, exigua
Achnanthes helvetica( Hustedt ) Lange-Bertalot
Achnanthes lanceolata { Brébisson ) Grunow
Achnanthes minutissima Kiitzing

Achnanthes oblongella Oestrup

Cocconeis placentula Ehrenberg

Penales

Naviculaceae

Caloneis bacillum ( Grunow ) Cleve
Caloneis lauta Carter&Bailey-Watts
Diatoma ehrenbergii Kiitzing

Diatorma vugaris Bory

Gyrosigma nodiferum ( Grunow ) Reimer
Gyrosigma scalproides ( Rabh. } Cleve
Gyrosigma  spencerii ( Quekett ) Griffith&Henfrey
Navicula mobiliensis var.capitata
Navicula mutica Kiitzing

Navicirla mutica Kittzing var. mutica
Navicula placentula ( Ehrenberg ) Grunow
Navicula pupula var.pupula

Navicula schroeteri var.symmetrica
Navicula sellaphora ? '

‘Cymbella affinis Kittzing
.| Cymbella amphicephala Naegeli

Navicula subplacentula Hustedt
Navicula tripunciata( O. F. Miiller ) Bory
Navicula viridula var.rostellata ( Kiitzing ) Cleve
Navicula viridula Kiitzing

Neidium affine var. longiceps

Neidium ampliatum ( Ehrenberg ) Krammer?
Neidium dubium ( Ehrenberg ) Cleve
Neidium productum ( W.Smith ) Cleve
Pinnularia acrosphaeria W .Smith

Pinnularia braunii { Grunow )

Pinnularia brevicostata Cleve

Pinnularia interrupta W Smith? -

Pinnularia mesolepta ( Ehrenberg )} W. Smith
Pinmilaria subgibba Krammer

Pinnularia viridiformis Krammer?
Pinmularia viridis { Nitzsch ) Ehrenberg
Stauroneis angustevitiala

Stauroneis smithii Grunow

Nitzschiaceae

Hanizschia amphioxys ( Ehrenberg )
Hantzschia distinctepunctata ( Hustedt Y Hustedt
Nitzschia bremensis Hustedt

Nitzschia brevissima Grunow

Nitzschia coaractata Grunow

Nitzschia dissipata ( Kitzing ) Grunow
Nitzschia fonticola Grunow

Nitzschia granulata Grunow

Nitzschia levidensis ( W.Smith ) Grunow
Nitzschia linearis ( Agardh)

Nitzschia palea ( Kitzing )

Nitzschia sigmoidae ( Nitzsch ) W.Smith
Nitzschia subacicularis Hustedt?

Cymbellaceae

Amphora coffeaeformis ( Agardh ) Kiitzing
Amphora dusenii Brun

Amphora libyca Ehrenberg

Amphora montana Krasske

Cymbella aspera ( Ehrenberg ) Cleve
Cymbella cistula ( Ehrenberg ) Kirchne
Cymbella hustedtii Krasske
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Table 1. ( continued )

Cymbella naviculoformis Auerswald

Cymbella silesiaca Bleisch

Cymbella tumida ( Brébisson )} Van Heurck

Cymbella mrgidula Grunow

Gomphonema affine Kiitzing?

Gomphonema augur Ehrenberg

Gomphonema augur var. turris ( Ehrenberg ) Lange -
Bertalot?

Gomphonema gracile Ehrenberg

Gomphonema micropus Kiitzing

Gomphonema mimutum ( C. Agardh ) C. Agardh

Gomphonema parvulum var,lagenula ( Kiitzing )
Frenguelli?

Gomphonema parvulum ( Kiitzing ) Kiitzing

Gonphonema pumilum var.rigidum

Bacillariaceae
Bacillaria paradoxa Gmelin

Epithemiaceae
Rhopalodia gibba ( Ehrenberg ) O. Miiller var. gibh,

Surirellaceae

Cymatopleura salea var.epicolata (W.Smith ) Ralfs
Surirella angusta Kitzng

Surirella bifrons Ehrenberg

Surirella biseriata Brébisson

Surirella capronii Brébisson

Surirella scalproides ( Rabenhorst } Cleve
Surirella tenera Gregory

Surirella spiralis Kitzing

DISCUSSION AND CONCLUSION

The diatom flora of Thailand were investigated by foreign scientist for a hundred
year from a checklist of algae in Thailand ( Lewmanomont et al., 1995 ). A total of 46
genera, 385 species, 144 varieties and 43 forms have been recorded. About the diatoms flora
the following papers published by foreign scientists are as follows: E. Ostrup ( 1902 )
recorded 81 different diatom from the small island, Koh Chang in the Gulf of Thailand. R.
Patrick ( 1936 ) published a total of 185 diatom species in intestinal contents from tadpoles
from Thailand and the Federal Malay States. The material collected by the Joint Thai-
Japanese Biological Expedition to Southeast Asia 1961-1962 was identified by M. Hirano. In
1967, he published a total of 143 diatom flora, 114 of them were found in the samples from
Thailand. Most of these samples (7 of 12) were collected in Chiang Mai area in the northern
part, and the others from other localities in the central and southern part of Thailand.

In freshwater material of which N. Foged collected in 1966 in the central and northern
part of Thailand, about 378 taxa were published 5 year later in Nova Hedwigia. Among these,
8 new species, 5 new varieties and 2 new forms were additional records for Thailand.

From 1971 to date works on diatom have been made by Thai scientists but not as
intensive as before. Most works are plankton studies . The materials studies were collected
from all parts of Thailand, mostly from the northern and northeastern parts of the country.

The present study gives a total of 172 diatoms taxa. One hundred and twelve taxa that
could be classified into species were shown in the species list ( Table 1)

Planktonic community in running water was much discuss in many studies and it was
general dominated by diatoms. The phytoplankton genera found in river occur also in still
water, that many of them are of benthic origin, and that those that are true plankters must
originate from still waters in the drainage basin. The truly planktonic diatoms such as
Melosira and Fragilaria were presented and dominated in this studied.
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Benthic algae which are frequently found in large numbers include the genera
Syncdra, Nitzschia, Navicula, Diatoma fand and Surirella.

Diatoms especially benthic diatom possess a number of attributes which contribute to
their suitability as biological indicators in the running water because of the highly sensitive to
water chemistry changes, abundant in aquatic environments, largely cosmopolitan in
distribution and have a well-studied taxonomy and ecology.

Measurement of physical and chemical parameters has been investigate to assess the
water quality. Furthermore to looking for the relation between benthic diatoms and quality of
the water. From this study benthic diatom which are characterised as tolerant towards
eutrophication , organic pollution and high turbidity are Gomphonema parvulum ( Kiitzing )
Grunow and Nitzschia palea ( Kitzing ) W.Smith. The tolerant groups are Navicula
lanceolata ( Agardh ) Kutzing , Fragilaria capucina Desmazieres , Achnanthes lanceolata
( Brébisson ) Grunow and Surirella ovalis Brébisson. The sensitive groups are Cocconeis
placentula Ehrenberg , Gyrosigma nodiferum ( Grunow ) Reimer , Nitzschia dissipata ( Kit
tzing ) Grunow and Gomphonema augur Ehrenberg. The specie that is characterised for
unpolluted waters with a low concentration of nitrogen is Achnanthes minutissima Kitzing,
Krammer & Lange-Bertalot { 1986, 1988, 1991, 1991a ) and Margarita ( 1994 )
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Biodiversity of Phytoplankton in Some Wetlands of The
Chiang Mai - Lamphun Basin

TATPORN KUNPRADID , PRASERT WIYAKA and YUWADEE PEERAPORNPISAL

Department of Biology, Facully of Science, Chiang Mai University, Chiang Mai 50200, Thailand

ABSTRACT The biodiversity of phytoplankton in some wetlands of Chiang Mai - Lamphun
basin was studicd during September to December 1997, The water samples were collected from 12
reservoirs at : Mae Taeng(l), Nong Kee poli(2), Nong Jog(3), Nong Mae Yuak(4), Nong Bua(5), Huai
Lan(6), Num Ti(7), Mae Teeb(8), Ban Nong Hoi(%), Huai Huag(10), Huai Pok (i1) and Wang San(12).
One hundred and twenty eight phytoplankton species belonging to 6 divisions, i.e. Chlorophita,
Cyanophyta, Cryptophyta, Euglenophyta, Chrysophyta, and Pyrrhophyta were found, the most widely
distributed was Chlorophyta. The most diversified site was Wang San where 65 species were found
followed by 59 species in Nong Mae Yuak, 50 species in Huai Pok, 38 species cach in Nong Bua and in
Huai Huag, 37 species in Nong Kee Poh, 36 species in Huai Lan, 32 species in Nong Jog, 30 species in
Mae teeb, 28 species in Num Ti, [4 species in Mae Tang and 12 species in Ban Huail Huag. The dominant
species varied at each sampling site i.e. Navicula sp.3 at site 1, Planktolyngbya limnetica Lemm. at site
2, Staurastrum  gracile Ralfs at site 3, Trachelomonas volvocina Ehrenberg at site 4, Dinobryon
sertularia Ehrenberg at site 5, Cylindrospermopsis raciborskii (Wolosz.) Seenayya and Subba at site
6,7, 8 and 9, Tetraedron caudatum (Corda.) Hansg. at site 10, Cosmarium contracium Kirch. at site 11
and Dictyosphaerium sp.1 at site 12. Assessment of the water quality indicated that the twelve sampling
sites were mesotrophic to cutrophic. Considering the water quality according to the standard surface water
quality, the twelve reservoirs were in the second to the third category, the water being relatively clean for
household consumption when it was properly treated.

INTRODUCTION

Plants, animals and microorganism are used in daily life, but without good
management these may be losses of these living things to which it is hard to assign an
economic value. So the study of biodiversity is very important for preservation and to find the
way for maximum utilization. In this research we are focused on the diversity of
phytoplankton, the microscopics plants which float in the water. By the way some of
phytoplankton are found in everywhere, but some are found in temperate and tropical area.
However the study on phytoplankton diversity in tropical area is very famous which similar
or different from to temperate area. |

This study investigated the phytoplankton of the Chiang Mai — Lamphun wetland
basin. This basin has a variety different habitats for phytoplankton, due to a range nutrients,
physical factors and chemical factors. _

The Chiang Mai — Lamphun basin is located between the Thanontongchai mountain
Tange and the Peepunnum mountain range. This wetland basin is very important for people
in Chiang Mai and Lamphun provinces. The main river in the basin is the Ping river. The
waters of the tributaries flow into the Ping river at different samples site, the important
tributaries are Mae Tang, Mae Cham, Mae Ngad, Mae Kuang, Mae Ta, and Mae Lee rivers.
The territory of Chiang Mai — Lamphun wetland basin is in Amphurs Meung, Doi Saket,
San-sai, Sankumpang and Amphur Ban Ti Lamphun province. These are natural reservoirs
that are used for agricultural supply, irrigation and household usage.
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STUDY SITE

Twelve reservoir were collected in Chiang Mai wetland basin area. Each sampling

site is follow ; o '

1.Mae Taeng reservoir (Chiang Mai province) '

2.Nong Kee Poh reservoir (Chiang Mai province)

3.Nong Jog reservoir (Chiang Mai province)

4. Nong Mae Yuak (Chiang Mai province)

5.Nong Bua reservoir (Chiang Mai province)

6. Huai Lan reservoir (Chiang Mai province)

7.Num Ti reservoir (Lamphun province)

8. Mae Teeb reservoir (Lamphun province)

9. Ban Nong Hoi reservoir (Chiang Mai province)

10. Huai Huag reservoir {Chiang Mai province)

11.Huai Pok reservoir (Chiang Mai province)

12. Wang San reservoir (Lamphun province)

Climate of the study area ‘
The northern part of Thailand is situated in the Indochina Peninsula within the
- monsoonal belt. There are 3 seasons: the rainy season (June-September), the cool dry season
(October-February), and the hot dry season (March-May).

METHODS

Collection of water and net samples

Water samples for chemical analysis and phytoplankton studies were collected from
the shore of the reservoir. All phytoplankton samples were taken as 10 1 of water from the
surface and filltrated throught the plankton net. A plankton net (mesh size 10 pm) was used
to collect phytoplankton samples for identification. Plankton samples were preserved with 3-
6 drops of Lugol ’s solution per 100 mi sample.

Physico-chemical parameters analysis

Secchi depth was measured with a black and white disk, and pH and temperature
were measured in the field using a pH meter. Conductivity of water was measured in the field
by a conductivity meter (WTW company). Chemical analyses of the water was according to
APHA (1992} as follows. The quantity of dissolved oxygen in the individual samples was
measured using the azide modification method. Alkalinity was measured in the laboratory by
endpoint titration with an indicator (Methyl-orange). Nitrate nitrogen by the cadmium
reduction method and ammonium nitrogen by the -phenate method. In addition soluble -
reactive phosphorus and total phosphorus were analysed by the ascorbic acid. For

colorimetric detections, the spectophotometer “Generys 5” of Spectronic Instrument, USA
was used. X
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Phytoplankion investigation

Identification of phytoplankton from the net samples was based on relevant texts
(Huber-Pestalozzi, 1938, 1955, 1968, 1983 & Prescott, 1970). For detailed identification of
the genera and species, several special publications from tropical environments were mostly
used(see Peerapornpisal 1996). For counting and biovolume estimation the samples were
fixed with Lugol’s solution, and sedimented were studied with a Lund chamber and
compound microscope {Benson-Evans and Griffiths, 1985). The chlorophyll content was
determined by the ethanol method (ISO 10260 1992).

RESULT AND DISCUSSION

From the samples of the 12 sites, the physical and chemical parameters lie with
the standard of water Quality as defined by the standard surface water quality of Thailand
by the National Enviromental Committee(1994). The 12 reservoirs were in the second to
third categories, thatis the water is sufficiently clean for house hold consumption when
properly treated. The average water quality of the 12 sites as mesotrophic(see table 1).
The physico-chemical parameters in each site were different and related to the comunities of
phytoplankton . '

Site I, Mae Tang Reservoir was mesotrophic water quality status, and 14 species
of phytoplankton in Cyanophyceae and Diatomophyceae were recorded. The majority
group in this site is Diatomophyceae (96 %) and the dominant species were Navicular
sp., Fragilaria sp.4, Gymnodinium sp. and Cymbella sp.

Site 2, Nong Kee Poh reservoir was pure water and was not effected by the

“community thus the status of this site is oligotrophic. Thirty-seven species of phytoplankton

in the Cyanophyceae, Cryptophyceae, Dinophyceae, Diatomophyceae, Chrysophyceae,
Chlorophyceae and Euglenophyceae were recorded. The dominant species is desmids e.g.
Staurastrum  chaetoceeras (Shrod) G.M. Smith, Staurastrum sp.6 .Both of the desmids
usually found in clean water (Round, 1973).We found the more number of Planktolyngbya
limnetica Lemn., that usually found in mesotrophic to cutrophic status (Wetzel, 1983),
however the number of P. limnetica is less than the desmids.

Site 3, Nong Jog reservoir was a mesotrophic status. Thirty-seven species of
phytoplankton in the Cyanophyceae, Cryptophyceag, Dinophyceae, Diatomophyceac,
Chrysophyceae, Chlorophyceae and Euglenophyceae were found. The dominant species
were Staurastrum gracile Ralfs, Peridinium sp.5, Planktolyngbya limnetica Lemn and
Dinobryon sertularia Ehrenberg,

Site 4, Nong Mae Yuak reservoir was also eutrophic status. However this site was
greater diversity of phytoplankton, The species recorded were distributed from these clean
water quality indicators to the opposite. Fifty - nine species of phytoplankton in the
Cyanophyceae, Cryptophyceae, Dinophyceae, Diatomophyceae, Xanthophyceae,
Chlorophyceae and Euglenophyceae were found. The dominant species in the Euglenophyta
were Trachelomonas volvocina Ehrenberg and Euglena pisciformis  Klebs., and in the
Chlorophyta was Dictyospherium sp.

Site 5, Nong Bua reservoir was oligo - mesotrophic status. Thirty - eight species of
phytoplankton in Cyanophyceae, Cryptophyceae, Dinophyceae, Diatomophyceae,
Chrysophyceae, Chlorophyceae and Euglenophyceae were found. The dominant species is
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in the Chlorophyceae ie. Staurastrum sp.3, Dinobryon sertularia Ehrenberg, and
Planktolyngbya limnetica Lemn. In Cyanophyceae.

Another oligo — mosotrophic reservoir, site 6, Huai Lan reservoir, is a famqnyg
recreational area in Aumpher Sankumpang. Thirty - six species of phytoplankton in
Cyanophyceae, Dinophyceae, Diatomophyceae, Chlorophyceae and Euglenophyceae Were
found. The dominant species, Staurastrum gracile Ralfs. Desmid group in the Chlorophyceze
is the oligotrophic status indicator (Wetzel, 1983). However the we found the a greater
number of Planktolyngbya limnetica Lemn and Cylidrospermopsis raciborskii (Wolosz,)
Seenayya and Subba of Cyanophyceae, although the physico-chamical factors indicated that
the water quality was oligo-mesotrophic status.

Site 7, Nam Ti reservoir was mesotrophic status. Twenty - eight species of
phytoplankton in the Cyanophyceae, Dinophyceae, Diatomophyceae, Chlorophyceae angd
Euglenophyceae were found. The dominant species is in the Cyanophyceae,
Cyindrospermopsis raciborskii (Wolosz.) Seenayya and Subba, Plankrolyngbya limneticq
Lemn,

Site 8, Mae Teeb reservoir; has a mesotrophic status. Thirty species  of
phytoplankton in the Cyanophyceae, Dinophyceae, Diatomophyceae, Chlorophyceae and
Euglenophyceae were found. The dominant species is in -the Cyanophyceae,
Cylndrospermopsis raciborskii (Wolosz.) Seenayya and Subba and Cylidrospermopsis
philippinensis (Taylor.) Ka. '

Site 9, Ban Nong Hoi reservoir, was mesotrophic status. Twelve species of
phytoplankton in the Cyanophyceae, Dinophyceae, Diatomophyceae, Chlorophyceae and
Euglenophyceae were found. The dominant species are Planktolyngbya limnetica Lemn and
Cylindrospermopsis raciborskii (Wolosz.) Seenayya and Subba in the Cyanophyceae. The
low number of species in Nam Ti reservoir is due to the turbidity of the reservoir .The
turbidity of the water prevents transmission of the light, which is the critical limiting factor
for growth of phytoplankton.

Site 10, Huai Huag reservoir, was mesotrophic status. Thirty - eight species of
phytoplankton in the Cyanophyceae, Cryptophyceae, Dinophyceac, Diatomophyceae,
Chrysophyceae, Chlorophyceae and Euglenophyceae were found. The dominant species in
the Chlorophyceae were Tetraedron candatum and Dinobryon sertularia Ehrenberg,

Site 11, Huai Pok reservoir, was oligo - mesotrophic status. Fifty species of
phytoplankton in the Cyanophyceae, Dinophyceae, Diatomophyceae, Chlorophyceae and
Euglenophyceae were found. The dominant species is desmids, Cosmarium contractum
Kirch. _.

Site 12, Wang San reservoir, was mesotrophic status. Wang San reservoir is a
famous recreational area in south Chiang Mai. This site has many rafting and tourist
operating (restaurant and camping) to the waste and this activity may be an effecting the
water quality and the diversity of phytoplankton. Sixty - four species of phytoplankton in
the Cyanophyceae, Dinophyceae, Diatomophyceae, Cryptophyceae, Diatomophyceae,
Chrysophyceae, Chlorophyceae and Euglenophyceae weré found. The dominant  species
are in Cyanophyceae, Cylindrospermopsis  raciborskii  (Wolosz.) Seenayya  and
Subba and Dictyospherium spl. In Chlorophyceae.

In sites 1, 3, 4, 7, 8, 9 and 12, mesotrophic status (Table 1), many species of
Cyanophyceae can be found. Also the phytoplankton Planktolyngbya spp., and
Cylindrospermopsis spp. that are usually recorded in moderate of water quality (Round,
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1973). In sites 2, 5, 6,10 and 11 which are oligotrophic, groups of desmid (clean water
indicator)(Round, 1973 and Wetzel, 1983 )were found. In this research, covering 12 sites in
the Chiang Mai - Lumphun basin, 128 phytoplankton species were recorded belonging to 6
divisions, Chlorophyta, Cyanophyta, Cryptophyta, Euglenophyta, Chrysophyta, and
Pyrrhophyta. The phytoplankton varied in both diversity and abundance between site,
because of the differances in water quality and enviromental factors (Fig.1). Water quality
change from waste discharge and correlated to the distribution of phytoplankton .
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Biodiversity of Phytoplankton and Macroalgae in Mae Sa Stream,
Doi Suthep-Pui National Park, Chiang Mai Province

TATPORN KUNPRADID AND YUWADEE PEERAPORNPISAL

Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand

ABSTRACT Study on biodiversity of phytoplankton and macroalgae in Mae Sa stream,
Doi Suthep-Pui National Park, Chiang Mai province was carried out from March 1998 to
September 1998, The samples were collected from five different sites along the stream. Fifty-nine
species of phytoplankton were found and could be classified into 5 divisions : Cyanophyta,
Cryptophyta, Chlorophyta, Chrysophyta and Euglenophyta. The majority of the phytoplankton
were diatoms and the most abundant species were Fragilaria spp., Nitzschia spp. and Nevicula
spp. Twenty-two species of macroalgae were found and could be classified into 3 divisions:
Cyanophyta, Chlorophyta and Rhodophyta. The most abundant species were Cladophora
glomerata Kutz, Spirogyra spp., Rhizoclonium spp. and Oscillateria spp. At the top of the
stream, Bratrachospermun monifliforme Roth in division Rhodophvta was found, which was
reported and collected once in Thailand by West and West in 1902 .

INTRODUCTION

Phytoplankton and macroalgae are useful natural resources which can apply in many
ways. This research intended to study the distribution and identification of phytoplankton and
macroalgae use to produce a database for further studying. We chosed the Mae Sa stream
for the study site, as it is the major running water in Doi Suthep — Pui National Park. The
stream is economically versy important especially for tourism trip (e.g. mountain resorts and

“elephant camps). It was anticipated from the activity around the stream and poor land use
management, that there would be direct impact to water quality in Mae Sa stream. The Mae
Sa stream had different characteristics in each section of stream. The impact of domestic
effluent, runoff from agricultural land, degraded land solid wastes and waste from elephant
camps affected the water downstream. The different water characteristics not only appear as
physico-chemical factors, but also biological factors. The phytoplankton and macroalgae are
the principally impacted in the stream ecosystem thus composition and diversity of
phytoplankton and macroalgal communities is related to water quality and some of them can
used as bioindicators.

MATERIALS AND METHODS

Site Characteristics

The Mae Sa stream is one of major running water in Doi Suthep-Pui national
park.This stream received water from Kunsa watershade. Mae Sa stream is twenty - six
kilometers long and include 16 small stream in Amphur Mae Rim, Mae Tang, Sa Moeng and
Hang Dong. Five sites were studied monthly over a 6 months period from March 1998 to
September 1998. The sites were selected to cover the stretches of river indicated as having
highest diversity from previous studies (Pektong, 1998 and Wiyaka, 1998). The 5 sampling
sites were;
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Site 1 Kong Hae Village 1075 m(asl.) Site 2 Kong Hae bridge 1000 m(asl.)
Site 3 Mae Sa elephant camp 550 m(asl.) Site 4 Mae Sa irrigation bridge 330 m(asl.)
Site 5 Child ‘s confine area bridge 300 m(asl.) . These sites as shown in Fig.1

Sampling and Preparation

All phytoplankton samples were taken as 10 | of water from the surface and filtereg
through a plankton net(mesh size 20 um) for identification. Plankton samples were preserved
with 2 ml of Lugol ’s solution per 100 ml sample ; Identification of phytoplankton from the
net samples was bascd on relevant texts(i.e. Huber-Pestalozzi, 1938 and Prescott, 1970). For
detailed identification of the genera and species, several special publications from tropical
environments were mostly used ( Peerapornpisal, 1996). For counting and biovolume
estimation the samples were fixed with Lugol’s solution, and sediments were studied with a
Lund chamber and compound microscope (Benson-Evans and Griffiths, 1985). The
chlorophyll content was determined by the ethanol method (Nusch, 1980).

Macroalgae samples were scraped from around the sampling site. The macroalgae
were kept in a plastic box and at low temperature (20° c). In the laboratory, the samples
were identified and photographed by light micrographs using an Olympus BX-40
microscope.

Physico-chemical parameters analysis

Conductivity of water was measured in the field by a conductivity meterf(WTW
company). Temperature and pH were measured in the field using a pH meter. Chemical
analyses of the water was according to APHA (1992) as follows. The quantity of dissolved
oxygen in the individual samples was measured using the azide modification method.
Alkalinity was measured in the laboratory by endpoint titration with an indicator (Methyl-
orange). Nitrate nitrogen by the cadmium reduction method and ammonium nitrogen by the
phenate method. In addition soluble reactive phosphorus and total phosphorus (after acid
hydrolysis) were analysed by the ascorbic acid method. For colorimetric detections, the
spectrophotometer “Generys 5 of Spectronic Instruments USA was used.

RESULT AND DISSCUSSION

A study on the diversity of phytoplankton and macroalgae in Mae Sa stream, Doi
Suthep - Pui National Park, Chiang Mai province was undertaken during March 1998 to July
1999.  Five divisions and 44 species of phytoplankton, and 3 division, and 27 species of
macroalgae were found(Result as shown in Table 1 and Table 2). Majority of phytoplankton
were diatoms, however green algae and blue green algae were also present.

The macroalgae were green and red algae. Several species might be indicators of
water quality especially Bratrachospermum monifliforme Roth., the red algae that is found
in water of oligotrophic status(Round, 1973 and Prescott, 1970), and can be used as an
indicator of the clean water. B. monifliforme was reported by Lewmanomont(1995) as
being found only once in Thailand on Chang island, Trad province in 1902. In addition to B.
monifliforme, Calothrix sp. were recorded, this is a species of macroalgae that can found
especially in clean water.(Round, 1973). Another interesting macroalgae is Cladophora
glomerataxutz, which found in every site in oligotrophic and mesotrophic status. Jlothrix spp.
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gite 1 Kong Hae Village 1075 m(asl.) Site 2 Kong Hae bridge 1000 m(asl.)
gite 3 Mae Sa elephant camp 550 m(asl.) Site 4 Mae Sa irrigation bridge 330 m(asl.)
gite 5 Child ‘s confine area bridge 300 m(asl.) .These sites as shown in Fig.1

Sampling and Preparation
, All phytoplankton samples were taken as 10 1 of water from the surface and filtered
through a plankton net(mesh size 20 um) for identification. Plankton samples were preserved
with 2 ml of Lugol s solution per 100 ml sample ; Identification of phytoplankton from the
net samples was based on relevant texts(i.e. Huber-Pestalozzi, 1938 and Prescott, 1970). For
detailed identification of the genera and species, several special publications from tropical
environments were mostly used ( Peerapompisal, 1996). For counting and biovolume
estimation the samples were fixed with Lugol’s solution, and sediments were studied with a -
Lund chamber and compound microscope (Benson-Evans and Griffiths, 1985). The
chlorophyll content was determined by the ethanol method (Nusch, 1980).

Macroalgae samples were scraped from around the sampling site. The macroalgae
were kept in a plastic box and at low temperature (20° c). In the laboratory, the samples
were identified and photographed by light micrographs using an Olympus BX-40
MICTOSCOPE.

Physico-chemical parameters analysis

Conductivity of water was measured in the field by a conductivity meter(WTW
company). Temperature and pH were measured in the field using a pH meter. Chemical
analyses of the water was according to APHA (1992) as follows. The quantity of dissolved
oxygen in the individual samples was measured using the azide modification method.
Alkalinity was measured in the laboratory by endpoint titration with an indicator (Methyl-
orange). Nitrate nitrogen by the cadmium reduction method and ammonium nitrogen by the
phenate method. In addition soluble reactive phosphorus and total phosphorus (after acid
hydrolysis) were analysed by the ascorbic acid method. For colorimetric detections, the
spectrophotometer “Generys 57 of Spectronic Instruments USA was used.

RESULT-AND DISSCUSSION

A study on the diversity of phytoplankton and macroalgae in Mae Sa stream, Doi
Suthep - Pui National Park, Chiang Mai province was undertaken during March 1998 to July
1999. Five divisions and 44 species of phytoplankton, and 3 division, and 27 species of
macroalgae were found(Result as shown in Table 1 and Table 2). Majority of phytoplankton
were diatoms, however green algae and blue green algae were also present.

The macroalgae were green and red algae. Several species might be indicators of
water quality especially Bratrachospermum monifliforme Roth., the red algae that is found
in water of oligotrophic status(Round, 1973 and Prescott, 1970), and can be used as an
indicator of the clean water. B. monifliforme was reported by Lewmanomont(1995) as
being found only once in Thailand on Chang island, Trad province in 1902. In addition to B.
monifliforme, Calothrix spwere recorded, this is a species of macroalgae that can found
especially in clean water.(Round, 1973). Another interesting macroalgae is Cladophora
glomerata, which found in every site in oligotrophic and mesotrophic status. Ulothrix spp.
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Table 1 Some physico-chemical parameters and trophic type in Mae Sa stream

Gmpling DO BOD pH  Cond  Alkalinity Turbidity Nitrate-N  Amonmm-N  Ortho-P  Trophic Type

ste  (me) (mgl) (uS.em’™) (meq./) (NTU) (ug/) (mg/l) (mg/)

Gitel 65 1.2 736 786 0.80 2.1 0.8 0.25 0.02  Oligotrophic status

gite2 6.2 1.1 7.12 1052 1.30 57 42 0.28 0.1 Oligo-Mesotrophic
status

gited 7.5 2.1 825 3106 2.76 48 5.1 0.39 0.4 Mesotrophic status

Sited 76 1.2 754 2985 2.70 14 2.9 0.21 0.09  Mesotrophic status

gite5 6.9 09 748 2702 2.44 59 3.1 0.16 0.6  Mesotrophic status

——

Table 2 Species list of macroalgae found in each sites of Mae Sa stream.

Species of macroalgae Site1 Site2 Site3 Site4 Site S
. Chiorophyta
Cladophora frocta * . +
Cladophora glomerata Kutz. + s e +4 ++
Hydrodictyon spl. -+
Micrespara spl. it
Mugeotia crassipellitum b
Oudogonivn inchesum Him. +
Rkizoclonivm wp. s
Spirogyra spl + ++ + 4 +
Spirogyra w2 + + + +
Spirogyra sp3 + * + - +
Spiragyra spd 4+ + ++ +
Stigeoclonium hebricim (Diltw) Ktz ++ ++ +
Stigeoclonium spt ++ -+
Ulothrix gegualii Kite . 4
Divislen Cyanophyta
Calotrix spl. -+
Nastoc coervleurn Lyngh. + +
Nosto apl. + + +
Nastoc sp2. + + +
Nestochopsis lobatus Wood. +
Qsciflatoria spl FreY + +
Oscillatoria sp2 e + +
Oscillatoria sp3 ] o+
Division Rhodophyta
Bratrachcspermurm morifiiforme Roth. S

+++ frequency species ++ moderate species +
rare species

and Stigeoclonium tenue were found frequently in site 2. Oscillatoria spp. is a macroalgae in
Cyanophyccae, and was recorded in sites 3, 4 and 5.
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Table 3 Species list of phytoplankton found in each sites of Mae Sa stream.

sSpecies ol phytoplankion

oite | oite Z

Site 3

Division Chrysophyta

Achnanthes  wp.
Aphanisomenon %,
Asterionella  ap.
Axlacosira  gromulata
Cyelotella wp.
Cymbella ap.
Epithemia  sp.
Fragilaria  sp.
Gomphonema  sp,
Gyrosigma  wp.
Hantzrschia  sp.
Navicsdar  sp.
Nitzschia  wp.
Pimddaria  wp.
Surirella spl.
Surirella  sp2.
Synedra .

Diviston Chlorophyta

Arnkistrodesmus  sp.
Botryococeur  3p.
CHlorella  =p.
Clamydomonay  sp.
Cesmearium  sp.
Clasterium  sp.
Monoraphidium  wp.
Qocystis  sp.
Pediastrum  sp.
Scenedesnats  sp,
Staurastrum  sp.
Staurodesmus  sp,
Tetrastrum  sp.

Tetraspora  sp.

Division Eugienophyta

Phacus  sp.
Euglena sp.
Strombomonas  sp.

Trachelomonas  sp.

Division Pyrrhophyta

Peridinium  sp.

Division Cryptophyta

Rhodemonas  sp.
Crytomonas  sp.

Chroomonas  sp.

Division Cyanophyta

Lynghya  sp,
Merismapedia  sp.
Osclllatoria  sp.
Pseudoanabeana  sp.

+ +

+

+

++

+++

++

oie 4 T Sigy—

++

et

+++ frequency species

++ moderate species + rare species
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Fig. 2 Bratrachospermun monifliforme Roth in division Rhodophyta found in Mae
Sa Stream, Doi Suthep-Pui national park, Chiang Mai, Thailand.
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~ The Mae Sa stream investigations found 6 Division and 44 species of phytoplanktq,
The majority of phytoplankton in the stream are diatoms and green algae. The domingy
species of diatom were Fragilaria sp. and Navicular spp. which were found in every
sampling site. The green algae of Mae Sa stream were found in some samples, in sites 1 and
2 which have clean water quality. In these 2 sites, desmids, Closterium spp, and
Staurodesmus spp. were found, they can be indicators to the oligotrophic status (Palmer,
1977). In sites 3, 4 and 5 in down stream can be found the several species of phytoplankton
(Table 3) but in less of number than lake and reservoir similar to report of Hynes(1971),
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USE OF DIATOM FOR MONITORING RIVER IN MAE SA STREAM,
DOI SUTHEP-PUI NATIONAL PARK, CHIANG MAI, THAILAND
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ABSTRACT

The study of diversity and their application in monitoring water quality of diatom in Mae Sa stream, Doi Suthep-Puyij
National Park was carried out from April 1997 to February 1998. The purposes of the study are to investigate
biodiversity and the species distribution of benthic diatoms and to apply the diatom index for assessing the trophic
status of the stream for the water monitoring. Two hundred and twenty two species of benthic diatom were found,
The most abundant species were diatoms in the Order Pennales. The majority of the species belonged to the genera
Navicula, Nitzschia, Fragilaria and Gomphonema. Benthic diatom those are characterised as tolerant towards
eutrophication, organic pollution and high turbidity were found. The tolerant groups, the sensitive groups and the
specie that is characterised for unpoiluted waters with low concentration of nitrogen were also found.

KEYWORDS

Bacillariophyta; biodiversity; biomonitoring; diatom; Mae Sa streams

INTRODUCTION

Benthic diatoms could be used successfully in practical work. The diatom indices are based on
diatom composition. These give more precise and valid predictions than benthic
macroinvertebrates because they react directly to organic pollutants ( Whitton et al., 1991).

The first and most essential criteria in using benthic diatom to monitor the water quality in the
river is the group of organisms used. The suitable group of organisms should be present
throughout the river, grow in a specific well-defined habitat, easily sampled and present in
abundance, found in the river at all stages of life cycle, highly sensitive and rapidly react to water
chemistry changes, largely cosmopolitan in distribution and have a well-studied taxonomy and
ecology. ( Round, 1991 )

Site Characteristics

Mae Sa Stream which is situated in Doi Suthep-Pui National Park, is selected for this research.
The watershed of Mae Sa stream is located in Chiang Mai province, northern Thailand, and has
an area of 261 Km’”. Doi Suthep-Pui ( 1,601 m.asl. ) and Doi Pui ( 1,685 m.asl. ) are parts of a
geologically ancient ridge, forming the western boundary of the Ping River valley. The forests in
Doi Suthep-Pui National Park are deciduous and evergreen forests. Some 2,000 millimetres of
rain fall on the park each year, mostly fall from May to October. The dry season comes between
November and March. The average annual temperature, recorded near Phuphing Palace is 20°C,
with maximum and minimum average temperature of 24°C and 17 °C respectively.
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The Mae Sa watershed is sitvated in Mae Rim district, Chiang Mai Province. Part of the
watershed belongs to Doi Suthep-Pui National Park, which is one of the world’s largest area of
biodiversity, where natural forests and other wildlife resources are being preserved and
protected. Doi Suthep-Pui has beautiful scenery and good climatic conditions and is considered
to be one of the famous tourist destinations in Thailand and a productive area for high value
crops like vegetables, cut flowers and fruits. Due to the increasing activities leading towards
agro-industrialization and tourism development, Mae Sa watershed is expected to be increasingly
affected. Basic information on benthic diatom diversity may be applicable in assessing the
change of water quality .

Twelve sites were studied once per season over a one year period from April 1997 to February
1998. The sites were selected along the Mae Sa river. The name and details of each site were as
follow:

Site 1, Kong Hae Village:altitude 1,075 a.m.s.], agriculture and residental

Site 2, entrance to Kong Hae Village:altitude 1,000 a.m.s.1, agriculture and residental

Site 3, Mae Sa elephant camp:altitude 550 a.m.s.1, tourist attraction

Site 4 Cholaprathan bridge:altitude 330 a.m.s.1, residental

Stte 5 Mae Sa Luang Village:altitude 340 a.m.s.1, agriculture and residental

METHODS
Sampling and Preparation

Epilithic diatom samples were scraped from 3 - 5 stones at each site. In the laboratory, the
samples were cleaned by boiling for 15 - 30 minutes in concentrated HCI or HNO; and H,05 .
Naphrax was used for mounting. Light micrographs were made with an Olympus BX-40
microscope. Scanning electron micrographs were made with a JEOL JSM-840A microscope,
operated at 8-20 KV. Black and white film was used (Kodak Verichromepan ISO 125).

Measurement of Chemical and Physical Parameters

Water samples were collected for Chemical and Physical parameters for example BOD:s,
Alkalinity, Turbidity, Nitrate-nitrogen, Nitrite-nitrogen, Ammonium-nitrogen, Soluble Reactive
Phosphate (SRP) and Total Phosphorus (TP) (APHA, 1992). About temperature, Conductivity,
pH, DO and Total Dissolved Solids (TDS) were measured among the field (APHA, 1992).

Diatom Identification

The taxonomic classification system of the SuBwasserflora Mitteleuropas by Krammer&Lange-
Bertalot (1986,1988,1991,1991a) was followed. However in some cases, the relevant books of
some tropical studies such as Foged (1971,1975,1976), Vyverman (1991) and Benavides (1994)
were used. Structural data presented such as diameter, length, width, striae, striae frequency in
10 um and the other features were observed under light and scanning electron microscopes.



RESULTS
Diatom Diversity

Two hundred and twenty two species of benthic algae were found. The most abundant were also
diatoms in the Order Pennales. The majority of the species belonged to the genera  Navicula (38
species), Nitzschia (23 species), Fragilaria (16 species) and Gomphonema (15 species). The
most abundant species were Navicula lanceolata (Agardh) Kuetzing, Nitzschia dissipatq
(Kuetzing) Grunow, Nitzschia palea (Kuetzing) W.Smith, Fragilaria capucina Desmazieres,
Gyrosigma  scalproides (Rabh.) Cleve, Cocconeis  placentula Ehrenberg, Achnanthes
lanceolata (Brebisson) Grunow, Cymbella tumida (Brebisson) Van Heurck, Gomphonema
augur Ehrenberg, Gomphonema parvulum (Kuetzing) Grunow, Surirella capronii Brebisson,
Surirella ovalis Brebisson and Swurirella spiralis Kuetzing, The species list of benthic diatom

have shown in Table 1. SEM micrograph of some diatoms have shown in Plate 1.

Species List

Table 1. Species List of diatoms in Mae Sa Stream Doi Suthep-Pui National Park,

Chiang Mai, Thailand.

ORDER CENTRALES

Family Thalassiosiraceae

Aulacoseira granulata ( Ehrenberg ) Simonsen
Cyclotella stelligera Cleve&Grunow
Melosira varians Agardh

ORDER PENNALES

Fragilariaceae

Fragilaria biceps (Kuetzing ) Lange-Bertalot
Fragilaria bidens Heiberg

Fragilaria capucina Desmazieres

Fragilaria elliptica Schumann

Fragilaria mazamaensis ( Sovereign ) Lange-Bertalot
Fragilaria pinnata Ehrenberg var.pinata

Fragilaria ulna (Nitzsch ) Lange - Bertalot

Synedra ulna var.aequalis ( Kuetzing ) Hustedt

Eunotiaceae

Eunotia bilunaris ( Ehrenberg ) Mill var bilunaris
sensulato

Eunotia minor ( Kuetzing ) Grunow

Achnanthaceae

Achnanthes chlidanos Hohn & Hellermann
Achnanthes crenulata Grunow

Achnanthes exigua Grunow var. exigua
Achnanthes helvetica( Hustedt ) Lange-Bertalot
Achnanthes lanceolata ( Brebisson ) Grunow
Achnanthes minutissima Kuetzing

Achnanthes oblongella Oestrup

Cocconeis placentula Ehrenberg

Naviculaceae

Caloneis bacillum ( Grunow ) Cleve
Caloneis lauta Carter&Bailey-Watts
Diatoma ehrenbergii Kuetzing

Diatoma vugaris Bory

Gyrosigma nodiferum ( Grunow ) Reimer
Gyrosigma scalproides ( Rabenhorst ) Cleve
Gyrosigma spencerii { Quekett ) Griffith&Henfrey
Navicula amphibola Cleve

Navicula bacillum Ehrenberg

Navicula cohnii ( Hilse ) Lange-Bertalot
Navicula concentrica Carter

Navicula cryprocephala Kuetzing

Navicula cryprorenella Lange-Bertalot
Navicula disjuncta Hustedt




Table 1. ( continued )

Naviculaceae

Navicula exigua ( Gregory) Grunow
Navicula gastrum ( Ehrenberg ) Kuetzing
Navicula gregaria Donk

Navicula jaagii Meister

Navicula laevissima Kuetzing var.jaevissima
Navicula lanceolata ( Agardh ) Ehrenberg
Navicula microdigituradiata Lange-Bertalot
Navicula mobiliensis var.capitata

Navicula mutica Kuetzing

Navicula mutica Kuetzing var. mutica
Navicula placentula ( Ehrenberg ) Grunow
Navicula pupula Kuetzing var,pupula
Navicula schroeterii Meister

Navicula sellaphora

Navicula subplacentula Hustedt

Navicula tripunctata( Q. F. Mueller ) Bory
Navicula viridula var.rostellata { Kuetzing ) Cleve
Navicula viridula { Kuetzing ) Ehrenberg
Neidium affine var. longiceps ( Gregory ) Cleve
Neidium ampliatum ( Ehrenberg ) Krammer
Neidium dubium { Ehrenberg ) Cleve
Neidium productum ( W .Smith ) Cleve
Pinnularia acrosphaeria Rabenhorst
Pinnularia braunii ( Grunow ) Cleve
Pinnularia brevicostata Cleve

Pinnularia interrupta 'W.Smith

Pinnularia mesolepta ( Ehrenberg } W. Smith
Pinnularia subgibba Krammer

Pinnularia viridiformis Krammer
Pinnularia viridis ( Nitzsch ) Ehrenberg
Stauroneis amgustevittata

Stauroneis smithii Grunow

Nitzschiaceae

Hantzschia amphioxys ( Ehrenberg } Grunow
Hanizschia distinctepunctata ( Hustedt ) Hustedt
Nitzschia bremensis Hustedt

Nitzschia brevissima Grunow

Nitzschia coarctata Grunow

Niizschia dissipata ( Kuetzing ) Grunow
Nitzschia fonticola Grunow

Nitzschia granulata Grunow

Nitzschia levidensis { W Smith )} Grunow

Nitzschia linearis ( Agardh ) W. Smith
Nitzschia palea ( Kuetzing ) W. Smith
Nitzschia sigmoidae ( Nitzsch ) W. Smith
Nitzschia subacicularis Hustedt

Cymbellaceae

Amphora caoffeaeformis ( Agardh ) Kuetzing

Amphora dusenii Brun

Amphora libyca Ehrenberg

Amphora montana Krasske

Cymbella affinis Kuetzing

Cymbella amphicephala Naegel

Cymbella aspera ( Ehrenberg ) Cleve

Cymbella cistula ( Ehrenberg ) Kirchne

Cymbella hustedtii Krasske

Cymbella naviculiformis Auerswald

Cymbella silesiaca Bleisch

Cymbella tumida ( Brebisson ) Van Heurck

Cymbella turgidula Grunow

Gomphonema affine Kuetzing

Gomphonema augur Ehrenberg

Gomphonema augur var. turris ( Ehrenberg ) Lange -
Bertalot

Gomphonema gracile Ehrenberg

Gomphonema micropus Kuetzing

Gomphonema mimitum { Agardh ) Agardh

Gomphonema parvulum var.lagenuia { Kuetzing )
Frenguelli

Gomphonema parvulum ( Kuetzing ) Kuetzing

Gonphonema pumilum var rigidum

Bacillariaceae
Bacillaria paradoxa Gmelin

Epithemiaceae
Rhopalodia gibba { Ehrenberg } O. Mueller var, gibba

Surirellaceae

Cymatopleura salea var.epicolata ( W.Smith ) Ralfs
Surirella angusta Kuetzing

Surirella bifrons Ehrenberg

Surirella biseriata Brebisson

Surirella capronii Brebisson

Surirelia spiralis Kuetzing

Surirella tenera Gregory
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Plate 1. SEM micrograph of some diatoms in Mae Sa Stream Doi Suthep-Pui
National Park, Chiang Mai, Thailand. ( 1- Fragilaria lanceolata ( Kuetzing ) Reichardt,
2- Melosira varians Agardh, 3- Cymbella silesiaca Bleisch, 4- Achnanthes lanceolata
( Brebisson ) Grunow
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Diatom Index

Index systems are based on indicator species lists, which contain information on the
autecological preferences of species towards one ecological variable (e.g. pH, orgamc pollution,
nutrient concentration). Information on the autecological preferences of species is based either
on the analysis of a large number of samples (several hundreds of samples) of diatom species
composition and environmental variables e.g. Schiefele & Kohmann (1993) or on a review of a
large number of publications and personal experience with algal ecology e.g. Van Dam et al.
(1994} and Rott et.al. (1997).

The attempt to applied the diatom index of Schiefele & Kohmann (1993), Van Dam et al. (1994)
and Rott et.al. (1997) were done. The investigate of benthic diatom those are characterised as
tolerant towards eutrophication, organic pollution and high turbidity were found. The tolerant
groups, the sensitive groups and the specie that is characterised for unpoiluted waters with low
concentration of nitrogen were also found. The results of the trophic status of Mae Sa stream are
mesotrophic.

DISCUSSION

Studies of the diatom of Thailand has started since the latest year of the nineteenth century. Most
of early taxonomic studies were done by foreign scientists. Lewmanomont , ef al. (1995)
reported about the papers of diatom flora published by foreign scientists such as Ostrup whom
recorded 81 different diatom from material from the Chang island in the Gulf of Thailand,
Patrick published a total of 185 diatom species in intestinal contents from tadpoles from
Thailand and the Federal Malay States in 1936 and Hirano published a total of 143 diatom flora
in 1967, 114 of them were found in the samples from Thailand. Most of these samples were
collected in Chiang Mai area in the northern part, and the others from other localities in the
central and southern part of Thailand.

Among the additional records for Thailand from 1971 to date, works on diatom have been
- carried out by Thai scientists in various universities and institutions, but not deep in details. Most
works are plankton studies made by Lewmanomont , ef al. ( 1995 ). However the sample were
collected from all parts of Thailand, mostly from the northern and north eastern parts of the
country. There were also some studies about phytoplanton and benthic algae from Chiang Mai.
Pekthong ( 1998 ) reported 87 species of phytoplankton and 172 species of benthic algae in Mae
Sa stream, Doi Suthep-Pui National Park, Chiang Mai. Waiyaka ( 1998 ) report 102 species of
phytoplankton and 106 species of benthic algae in Mae Sa stream, Doi Suthep-Pui National Park,
Chiang Mai. Diatoms were found to be the majority of phytoplankton and benthic algae of both
studies. According to the reports, it is obvious that Thailand makes slow progress in freshwater
algae biodiversity studies. If we consider the aquatic environment more intimately, we shall see
that most important producers are algae either planktonic or benthic forms. Therefore, extensive
biodiversity of freshwater algae is urgently needed as supporting knowledge for all biological
sciences and for the development of the country as well.

There are many applications of the taxonomic information >f i algae especially diatoms group.
As the bioindicators, algae were used to indicate the truphic status of the -lake and river.
Biological methods are used for monitoring water quality for a variety of reasons, most of which
have been well documented ( e.g. Hellawell, 1978 cited by Whitton et a/., 1991 ). Routine
biological monitoring is carried out in many rivers to complement or supplement chemical
monitoring in order to assess pollution. For instance, straightforward use of the saprobien system
provides data about organic pollution parallel to that from water chemistry. Saprobic index



values are available for most common algae of flowing waters. Benthic diatoms have the
advantage over most other algal groups in that their taxonomy is better studied. The diatom
index based on benthic diatom composition give more precise and valid predictions because they
react directly to organic pollutants. Diatoms have been extensively used as indicators of
environmental changes e.g. eutrophication, acidification, metal contamination, salinification,
thermal effluents, forest fires and land use changes. ( Dixit, 1992 )

Being the main primary producers of most rivers in temperate regions, so the algae have beep
used for monitoring environmental contamination or long term change. Many countries such ag
Austria, Denmark, Finland, France, Germany, Hungary, Italy, Netherlands, Norway, Spain,
Sweden, Switzerland and United Kingdom use algae to monitor environmental change.

( Whitton et al., 1991).

There are some studies on the biodiversity of diatom and their applications for monitoring the
water quality such as Pfister ( 1992 )} studied on the phytobenthos of 2 natural, fast flowing
mountain streams in Tyrol. The main subject covered in this paper is the taxonomy of diatoms ag
the group of algae with the highest number of species, 163 taxa of diatoms have been found. The
largest part of the species is well known from oligosaprobic, nutrients poor, fast flowing
mountian streams in the Alps. Schiefele and Kohmann ( 1993 ) assessed the trophic state of
running waters and developed a trophic index with chemical, physical and biological data from
31 different sampling sites of 5 western German. In total 389 different diatom taxa were found. It
was possible to classify 105 of them according to their tolerance of ammonia, nitrate, phosphate
and total phosphorus. Applying these classified algae it is possible to value the trophic state of
rivers and streams. Aim of this new index is to complement the German Saprobic System, which
indicates the degree of organic pollution in running water and the biological oxygen demand.
The Trophic Diatom Index (TDI ) is the trophic counterpart of the Saprobic Index ( SI).
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DISTRIBUTION OF MACROALGAE AND WATER
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ABSTRACT

A study on the distribution of macroalgae and water quality in Mae Sa stream, Doi
Suthep-Pui National Park, Chiang Mai province was carried out from March 1998
to April 1999. The samples were collected from five different sites along the
stream. Forty species of macroalgae were found and classified into 3 divisions:
Cyanophyta, Chlorophyta and Rhodophyta. The most abundant species were
Cladophora glomerata Kuetzing, Spirogyra spp., Rhizoclonium spp. and
Oscillatoria spp. At the water resource, macroalgae in Division Rhodophyta were
found indicating clean water quality. The assessments of water quality of the stream
revealed that it was oligotriphic to mesotrophic.

KEY WORDS

Mae Sa stream, macroalgae, water quality, bioindicator, oligotriphic,
mesotrophic

INTRODUCTION

Algae are the main primary producers of most aquatic ecosystem, such as lake, pond,
river and stream. This research intended to study the distribution and identification of
macroalgae to obtain a database for biodiversity and a correlation of some species
with the water quality. Mae Sa stream was chosen for the study site, as it is the major
running water in Doi Suthep — Pui national park. The stream is economically very
important especially for tourist industry such as mountain resorts and elephant camps.
It was anticipated from the activity around the stream and because of poor land use
management, that there would be direct impact to water quality of Mae Sa stream.

Each section of Mae Sa stream had different characteristics. The impact of domestic
effluent, runoff from agricultural area, degraded land and wastes from elephant camps
effected the water downstream. The different water characteristics not only appeared
as physico-chemical factors, but also biological factors . Algae are the first living
group of organisms effected by the contamination. So there have been many proposals
to use algae for environmental monitoring, The macroalgae are the principal recipient
of such impact in the stream ecosystem thus the composition and diversity of
macroalgal communities are related to water quality and some of them can used as
bioindicators. An understanding of the local and seasonal variation in macroalgae is
essential for biological monitoring programs.
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METHODOLOGY
Site characteristics

Mae Sa stream is one of the major running water in Doi Suthep-Pui national park. This
stream receives water from Kunsa watershed. The stream is twenty - six kilometers
long and includes 16 small streams in Mae Rim, Mae Tang, Sa Moeng and Hang
Dong districts. Five sites were studied monthly over a 12 month period from March
1998 to April 1999. The sites were selected to cover the stretches of river which from
previous studies by Pektong(1998) and Wiyaka(1998) had indicated the highest
diversity of the algae. The 5 sampling sites(Fig.1) were as follow.

Site 1 Kong Hae Village 1075 m(asl.)  Site 2 Kong Hae bridge 1000 m(asl.)
Site 3 Mae Sa elephant camp 550 m(asl.) Site 4 Mae Sa irrigation bridge 330 m(asl.)
Site 5 Youth Retention Center bridge 300 m(asl.).

Figure 1. Map of the Mae Sa stream showing the sampling sites

Physico-chemical parameters analysis

Conductivity of water was measured in the field by a conductivity meter while
temperature and pH were measured with a pH meter kit. Chemical analyses of the
water were done according to the method in APHA (1992) as follows. The quantity
of dissolved oxygen in the individual samples was measured using the azide
modification method. Total alkalinity was measured in the laboratory by endpoint
titration with Methyl-orange as an indicator, nitrate-nitrogen by the cadmium.
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reduction method and ammonium nitrogen by the phenate method. In addition,
soluble reactive phosphorus and total phosphorus (aiter acid hydrolysis) were
analyzed by the ascorbic acid method. For colonmetric detection, the
spectrophotometer “Generys 57 of Spectronic Instruments USA was used.

. Sampling and preparation of macroalgae

Stream macroalgae can be defined as those species occurring in flowing freshwaters
and having a mature thallus which is benthic and discrete structure recognizable with
the naked eye. Morphological forms include mats, colonies, gelatinous and free
filaments, tissue-like thalli, tufts and crusts (Sheat et. al., 1996). Macroalgae samples
were scraped from the stone in the water and from the bank of the stream around the
sampling sites, and kept in plastic boxes at low temperature (5-10°C). In the
laboratory, the samples were separated for fresh sample identification and preserved
with 2 % of glutalaldehyde. The macroalgae were identified systematically for each
division and photographed using an Clympus BX-40 microscope.

RESULT AND DISCUSSION
Water quality

The water quality in Mea Sa stream Doi Suthep - Pui National Park, Chiang Mai
province undertaken during March 1998 to April 1999 was slightly different in each
month. Site 1 was found to be very clean and Site 2,3,4 and 5 the water quality was
worse than that of site 1(see Table. 1).

Table I the average of physico-chemical and trophic status in Mae Sa stream

(March 1998- April 1999)

Sampling DO BOD pH Conductivity Alkalinity Turbidity Nitrate-N Ammonia-N SRP Trophic

sites _ (mg/l)(mg/l) (uslem) (megl) (NTU) (mgfl) (mgfl) (mg) status®

Sitel 65 12 74 78.6 0.8 2.1 08 0.25 0.02 Oligotrophic
Site2 6.2 l..i 7.1 105.2 1.3 5.7 42 0.28 0.1 Oligo-mesotrophic
Site3 75 21 83 3106 276 48 5.1 0.39 04 Mesotrophic
Site4 76 1.2 715 298.5 2.7 14 29 021 0.09 Mesotrophic
Site5 69 09 75 270.5 2.44 59 31 0.16 0.6 Mesotrophic

* According to Lorrine and Vollenweider (1981)

At the first site, the water resource is on the a higher level than the villages around
the stream and it was not disturbed by human activities. The second, forth and fifth
sites, the stream runs through the large communities and effected by the domestic
waste water. At third site (elephant camps), there was plenty of waste from the
elephant and tourist garbage. After the rain, the wastes on the ground were discharged
into the stream. However, the assessments of water quality indicated that the stream
was oligotriphic to mesotrophic status. According to the standard surface water
quality, the Mae Sa stream was in the second to third category, the water being
relatively clean for household consumption when it was properly treated. ¢5 ud
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Table 2 Distribution of macroalgae in Mae Sa stream(April 1998-March 1999)

Taxon Location*
Division Cyanophyta
Calothrix sp. 1,2
Cylindrospermum majus Kuetzing 1
Lyngbya retzii (Ag.) Gom 2,3
Nostoc carneum C.A. Agardh 1,2
Nostoc commune Vaucher** 1,245
Nostoc lincka (Roth} Bommet & Thuret* 1,2,4,5
Nostoe muscorum Agardh
Nostoc sp.1 2.4
Nostoc sp.2 1
Nostochopsis lobatus Dillw. i
Oscillatoria acuminata Gomont** 1,234
Oscillatoria meslini Fremmy** 1
Oscillatoria sp.1 34,5
Oscillatoria sp.2%* 34
Division Chlorophyta
Cladaphora glomerata Kuctzing** 1,234,5
Cladophora fracta (Dillw.) Kuetzing ** 1,2,.3.4,5
Cladophora sp.1 245
Gloeocystis ampla { Kuetzing) Lagerheim 24
Gloeocystis echinulata (J.E.)Smith P. Richler 24
Hydrodictyon recticulatum (L.) Lagerh, 2
Palmella mucosa Kuetzing 4.5
Rhizoclonium crassipellitum West & west 2
Chaetophora sp. 124
Microspora pachyderma (Wille) Lagerheim 5
Mougeotia scalaris Hassall* 2
Mougeotia sp.] P
Oedogonium inclusum Witir. 2
Oedogonium sp.1 2
Rhizoclonium sp.1** 1,245
Spirogyra sp.1** 12345 .
Spirogyra sp.2*+ 1,2,34,5
Spirogyra sp.3 1,2
Spirogyra sp.4 2
Spirogyra sp.5 1
Spirogyra sp.6 1,245,
Stigeoclonium lubricum (Dillw.) Kuetzing** 1,2,4,5
Stigeoclonium sp.1 2
Strigeoclonium subsecundum Kuetzing 2.5
Ulothrix sp. 1,24,5
Division Rhodophyta
Batrachospermun macrosporum Montague** |
Compsopogon .coeruleus (Balbis) Montague 1,245
Nemalionopsis Shawii Skuja ** i

** dominant species
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Distribution of Macroalgae

A study on the diversity macroalgae in Mae Sa stream revealed 3 division
(Chlorophyta, Cyanophyta and Rhodophyta) and 40 species. The macroalgae was
different in each site. Almost of red algae (Rhedophyta) were found in site 1 except
Compsopogon coeruleus (Balbis) Montague. At sites 2,3,4 and 5 thirty seven species
of macroalgae found were green, bluegreen and red algae(see Table 2.).

The relation between distribution of macroalgae and water quality

Almost of red algae only found in site 1, the Mae Sa stream resource. The majority of
red algae species was the marine algae and the minority was the fresh water algae.
The fresh water red algae was then very rare species. The red algae (Division
Rhodophyta) that were found in the water of oligotrophic status (Round, 1973 :
Prescott, 1970), and could be used as indicator for the clean water. Thus some
species of freshwater red macroalgae could be used as indicator of water quality in
Mae Sa stream especially Batrachospermum macrosporum Montague and
Nemalionopsis shawii (Balbis) Montague, found only in olgotrophic water (Palmer,
1977). In addition to the 2 species of red algae, Calothrix sp., blue green algae
(Division Cyanophyta) was recorded, this is a species of macroalgae that could be
‘found especially in clean water.(Round, 1973). The green algae, Cladophora
glomerata Kuetzing, Ulothrix spp. and Stigeoclonium lubricum (Dillw) Kuetzing
(Division Chlorophyta), were found in every site indicating oligotrophic and
mesofrophic status (Wetzel, 1983). Oscillatoria spp., blue green algae was also
recorded in every site. Some species of Oscillatoria has been used as the dirty water,
but in present investigation Oscillatoria meslini Fremy was found only in site 1.
Therefore algae indicators for water quality were different in the individual species.
Some species in the same genus were not used equal as water quality indicators. The
algae used for environmental monitoring and water quality indication need to be
identified to species level. Generally the species composition, high species number
and abundance of macroalgae in Mae Sa stream were directly related to the turbidity,
slow velocity of water running and attachment to rocky substrate.

CONCLUSIONS

A study on the distribution of macroalgae and water quality in Mae Sa stream, Doi
Suthep-Pui National Park, Chiang Mai province was carried out from March 1998 to
April 1999. Forty species of macroalgae were found and classified into 3 divisions:
Cyanophyta, Chlorophyta and Rhodophyta. The assessments of water quality of the
stream revealed that it was oligotriphic to mesotrophic status.
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USE OF BENTHIC DIATOM FOR MONITORING
‘MAE SA RIVER IN NORTHERN THAILAND

Trai Pekthong , Yuwadee Pecrapornpisal
Department of Biology, Faculty of Science, Chiang Mai University,
Chiang Mai 50200, THAILAND

ABSTRACT

The study of diversity and their application in monitoring water quality of diatom in
Mae Sa stream, Doi Suthep-Pui National Park was carried out from April 1997 to
February 1998. The purposes of the study are to investigate biodiversity and the
species distribution of benthic diatoms and to apply the diatom index for assessing the
trophic status of the stream for the water monitoring. Two hundred and twenty two
species of benthic diatom were found. The most abundant species were diatoms in the
Order Pennales. The majority of the species belonged to the genera Navicula,
Nitzschia, Fragilaria and Gomphonema. Benthic diatom those are characterised as
tolerant towards eutrophication, organic pollution and high turbidity were found. The
tolerant groups, the sensitive groups and the specie that is characterised for unpolluted
waters with low concentration of nitrogen were also found.
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USE OF MACROALGAE FOR MONITORING MAE SA STREAM,
DOI SUTHEP-PUI NATIONAL PARK,CHIANG MAI THAILAND

Tatporn Kunpradid, Yuwadee Peerapornpisal, Sakormn Promkatkaew
Department of Biology, Faculty of Science, Chiang Mai University,
Chiang Mai 50200, THAILAND

ABSTRACT

A study on the distribution of macroalgae for monitoring Mae Sa stream, Doi Suthep-
Pui National Park, Chiang Mai province was carried out from March 1998 to April
1999. The samples were collected from five different sites along the stream. Fourty
species of macroalgae were found and classified into 3 divisions: Cyanophyta,
Chlorophyta and Rhodophyta. The most abundant species were Cladophora
glomerata Kutzing, Spirogyra spp. and Oscillatoria spp. At the water resource,
macroalgae in division Rhodophyta were found, which has been clean water quality
indicators. Some species of macroalgae correlate with the water quality and the
assessments water quality of stream were oligotriphic to mesotrophic status.
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Diversity and Morphology of
T. Pekthong - - Benthic Diatoms in Mae Sa Stream,
Y. Peerapornpisal ' Doi Suthep-Pui National Park,
Chiang Mai

Department of Biology, Faculty of Science,
Chiang Mai University, Chiang Mai 50200, Thailand.

Most benthic algae in freshwater habitats are bluegreen algae, green algae, diatoms or
red algae. Benthic diatoms are the most varied in species among the benthic algae group. The
total number of diatom species worldwide may be at least 20,000 comprising 200 genera. They
are about 50% much higher than bluegreen, green and red algae.

The features of the diatom frustule are very complex, hard to see the fine details under
the light microscope. The attempt to use the SEM to investigate through valve shapes, striae
patterns and the others features ( raphe, puncta, areolae, fibulae, nodule, septa, costae, stigmata,
rib, spine, wing and canals ) were done. _

Silica cell wall morphology of diatoms was investigated under the scanning electron
microscope ( SEM, JEOL JSM 840A ). The samples of benthic diatoms were collected from
Mae Sa Stream, Suthep-Pui National Park, Chiang Mai. The samples were air drying, mounting
on stub, coating with gold 5 minutes.

This work was supported by TREF/BIOTEC Special Program for Biodiversity
Research and Training grant BRTS41079



1- Cocconeis placentula Ehrenberg var. placentula ( The striae are the series of line occurring I
on the valve, they vary from coarse to very fine, sometimes too fine for resolution under R}
the light microscope )

2- Nitzschia bremensis Hustedt ( The perforation s on the valves were not merely holes but (

were formed by quite complex structures within the valve walls, although an electron
microscope is necessary if one is to understand these structures correctly )




