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Environments! Quatlty Factors in Nam Poog Basin Thalland

Nirumon Sangpradub, Yoryong msene, Chatims Hanjavanit and Uraivwan Inmoong
\
Abstract

Six replicates of bemthic sacromvertebrate fhuna and weter chemistry smples wers
solleatied by quantitstive method ot cach ssmplieg site along the Pang river (23 aned) and Chi
rrver {3 siten) bimonthly for ons year  The resubs showed that the henthic comrmmity strocture
varies through time sud space over the studdy sies, most bonthic taxe were ghundent i Jess
itnpacted upntrenm waters bt doclmed m downsweam water disturbed by eavily organic
poliunion. ‘The seasonel Hooding cauned » sigmificant decreans in faxs and the sbundance of st

The multivariste snalyses were testod end (be resulis revealed that cleasification of e
based oo benthie fin comtent wnd were well related Io certain physioo-chermcal Gactors of watcr
quality. Certain maylly and caddiafly larvie wire occwrring very restncied w0 geod
eorvirommental Bt (Le., hgh DO and low BOD), Diperan lsrvae Chuironomidss were found
wn water disturbed wilh orpamic poliution snd Cheoborur sp. coowred in water wath lagh
condurtivity. Oligoohictes were stundsnt =xd tlemted to beavily organis impact pollutioe. The
stsatisticnl ressll of quantitasive sampling metheds was very significanaly higher than the
qualitative samples and dats of fassly level provided a same result as genenc amd species jevels.

BMWPIASPT seores sindior EPT index and diversity indices, Shammon-Wemer s index
were significantly cormeisted to organic water poftution. Due to BMWPASPT scores o5 not fitted
o the benthio fans of Theiland. Therefore, this study dovelops 2 ok indices 0 classafy the
qualiry of freshwater as foflowmg: (1) Pong index bmsed on Tamily levels of benthic fauma
distmbution and water quality 3t exch sempling sit= The index scores wsipned o 10 (low
mm1hm:ﬂmwh¢ﬁmm1ﬁs.lnlﬁamgmnpsjnﬂlhﬁ:mﬁ
tlessés of biokic groaps; {2) Q index hased oo geneci pattems of orgmsm 1olerance and rane of
mﬁbnmﬂ:nfmpniﬂmmbmﬁtmmumatumpllngmnﬂihbmhm

classified water quality into 6 categones-



in addition, taxonoemical stady of adult frsects of 3 onders was condused  The resulis
showed 6 familiés, 16 species of Order Ephemernpera, | family, | species of Onder Plecoplera
end 8 funilies, 28 specics of Order Trichoptery were reconded, respectively, The preliminary
keys to order of agquatic insects snd keys to fumilics of Ephemcropieran, Plecopteran sod
Trchopteran larvae were constrocied.
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Abstract

mm&mmm-mﬁmmmm
macroinvertebrate fumas This study result is the first series of research activities
mammmmmmnﬁmmmh
the northeast respon of Thailand The faunal abundance, community strisceure amd
Mﬂﬁwmm&m’mmmmwmﬂ&:ﬂym
and recorded in Thailand. The Pong catchment of northeast Thaifand is selected 1o he
the region investigated Distribustion of benthic taxa st & basin wide scafe with
Mymﬂﬂmwmhmmm

e aquatic maeroinveriebrates are ssmpled, of shallow waters by the US Standard
Surber where at decper waters the US Standard Ekman Grab is used Sk replicates
are applied at each sempling site both with faung and waler chemistry samples. The
benthia specimen iz identified to possibly at lowest tixonomic leved by avadable keys
All of the discovered species are recorded, and establishing them s u specimen
collection at Department of Biology, Khon Kaen University, for later uses. Water
piysicochemical analyses fullow the US Public Health Associstion standard mathods,
The umvariate analyses are used to generalize the benthic tics variations  Carrent
multivatiate analysis methods are applied, in which the beathie taxs are classified by
the polythetic divisive clusienay (TWINSPAM) and ordinated by the semi-nirong
bybrid musltidirmensional scaling (SSH)L The reiationships between henthic taxa
nssemblages and envirommental factors use the correlation analvses

The study explores n certain facts of our native benthic mEcTOIMVEnchrate species
which deterinined by some environmiental variubles, All species of Perdidae, some
Ephemeroprers and Trichoplen species are occurring very restricted to good
environmmtal quality. The physseal factons, for examples, discharge, river dimensicing
substrate types and turbidity have major influences on benthiie kssemblages. The
BOD, DO and nitrate, phosphate 2nd dissotved chloride ion are chenueally revealed to
have a very eritical efects on benihic taxa communities. The aquabc benthec taxa are
remporally and spatially varving in species occurrence and commmunity patterns. There
15 a clear distinct diffecence between benthic species and comnuisity structure of the
imipacted andd less impacred sites. The benthic taxa, by using both indicatur spacies
and community compostion, can be effectively applied in quantifying the desrees of
envirommental impact at @ site through me and space

The mulliviiriate proceduses, the TWINSPAN and S8H, are tested, and the results
reveal that they can perform effectively in grouping the sites based on faumal content
Moreaver, the reference sites can be evidently created by these two techniques. The
grouped sites amunged by the TWINSPAN and $5H are well reluied 1o certain
environmental (actors. The meensity of cach environmental factor due determine o1
the benthic community can be drawn from the resulis of the TWINSPAN and 55H
Crtically, the multivariate procedures show the more pristine sites having mose
diverse species while the severe impaceed sites occapymy only mimte species
numbers: This is viewed that the multivariate procedure will be & very much weedisl
tool in quantilying the desree of “bindiversity”

However, what is Iound by this study is only at 2 sta riing siazc i thes ares of research
in Thailand  There are ve! 10 be 3 series of research neededd (o he dome by this study




umwmmmmmmmmﬂq
[Bave never been comprehensively sindies before. it is expected that such the next
saimcfiﬁamrﬂmﬂdﬂamdaﬂﬁﬁnh@mmﬁﬁafam
wroup of thess taxa, Allso, the appropriate investigations which may include the
bioassessment method. Aﬂiﬂmmmmmmw:mumpum
and research funds. As the country lacks knowledge, experiences snd several
availahle techniques i this sres of research, overseas experts are also expected o
actively institutionally pariicipate and assist our studies.
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- 1 An overview

mmpnﬂﬂanmd,!tﬂmm,mmmpnnufv&nimfmmdmﬂmﬁ:ﬂfﬂrﬂf
bentine macroinvertebrate reconnaissance of northeast region Thailand  This research is
m ¢t bemng one of the pioneer gudies in freshwater fauns research of the cowntry, as
currently with a very few smdies done in Thailand  The result by this reporn is expected
to contribute sipnificant knowledpe principally associated with macroinvertebrate fauna
existing of the country, particulsrly in northeastern region of Thailand  Further, faunal
distribution pattern i3 analysed and any feasible correlations between falinal structure and
ervvironmental fictors are examined

UCertain pattern correlation from dats analysia i3 snticipated to charsclense some forms
of species being determined by emvironmental antnibutes, Some indicator species of
Ephemeropiera, Plecoptera and Trichopter (EPT) for examples are well understood by
OVETSENs nalure conservation authontics that theve species can reveal degrees of “healthy
eoosystems”. It is almost certanly that wherever any healthy ecosystems existed these
species are relatively much more sbundant  Currently, most European and Narth
Amencan nations they adopted a routine programs assessing their wates resources
towards this end, In response to such notion, this study then necds 10 genermte particula
hypatheses in the following years whether we can assess pur healthy envirormment via aur
nntive benthic faung or vice verer  Prier 1o doing this exercise, our native benthic fung
conmmurities have to be surveved and recordied  Their correlations resociated with
ervironmantal varisbies are hkewise fundamentally to be inderstood

Even a large numbers of document published by overseas researchers, who sudying
taxonomically aboul freshwater benthic fauna and their uses i environmental impact
assesament, i iy of & very limited publishad papers foumd (o date within Thailand
Knowledge of benthic fauns taxonomy in Thailand b= very limited, and thus this causes o
hardship for anvone wha likes to study bethie species distnbution and their abundanée
a1 both tocal and regional scales. More recently, as this approach is internationally
becoming one of common tocls used in quantifiing biclogical resources availability
‘withani & country, and that to o magor extent namely "biodiversity”, the stutdes pssociare|
with freshwater benthic animals in Thailand have been increasingly receved much
artention

Applymyg benthie fauna both communimes and species methods for ologcally assessing
willer resources as praciicmg mternatonaily, this would be viewed not easily possibile
application within Thailand as due 1o such limited preceding available studies: Nor only
Thailand which faces difficulry in studying this faunal group but also a5 1o manv Asian
countries which recently Rundle e af. (1993) once concluded thal knowledee of
Ireshwater invertebrate fauna in Asa is still very scaree in terms of hoth conmuminy
ecology and laxenomy

Cnly taxonomy and biology of freshwater molluse group is ar present beme well
published and avaitable for later study (see more detaily m Brandt 1974, Upratham et a/
P95 5), aquatic insect farva, however, 25 2 major eroup ol henthic fiving fauna are very
rarely documented. Thus, any attempl dssogiated with studving aguatic lzsects wathim
this country will be very importan? lssue 25 such that exercise will sgnerzie sionificant
knowledge of our native benttne fanna contrbuting 1o the country OF amons biological



disciplines in Thailand Bimai (1995) reported that aquatic enfomoiogy is now at the top
priority, and thus the country nesds to develop quite a large rumber of scholars m order
to placing them in emomologcal diverstty mvestigation works.

This study is attempting to investigate dstribution of macroinvertehrate frina snd also
their toconomy. Even such spprosch by this study is rather difficult but with 2n
increasing need for nature conservation in Thailand, this type study is considerably very
essential. Most recently Inmuong ef al. (1996) noted that the biclogical method by usmg
benthic macroinveriebrate funa is proved o be an effective tool in assessing waier
pollution degrees in Thailand.  Howewver, what they concloded is from the data collected
Iimited to only one of the waterways and they recommended tit & catchment wide study
15 still needed. Unlike internarional practices, biological methods other than coliform
bacterial counts have never been employed to assess water quality in Thailand  Thia
study may be viewed us the first attempt of the country in investigating whether benthic
macrotnvertebrale commumities would characierise a reliable information relatmg to
vinous enviconmental siresses. Further, knowledge of benthic fauma trmonomy and
community is anticipated to be imtially subsequently achieved by this study, and that
their applications 1o ecosystems and water resource conservations can later be spplied

The term "bemhiv macromvertebrate fauns® wsed here, and as agreement 10 what stated
elsewhere, is referred to aquatic feunal groups consisting mainly of insect larvae,
molluses, erustacenans and squatic earthworms.  All of these fauns some spend all of their
life in waters, and others inhabit panly m waters while thewr nduli szage living on
terresimals.  These aquatic fauns oy be grouped by orders 1.¢. Ephemeroplena,
Plecoptera, Trichopters, Odonata, Hemiptera, Diptera, Coleoptera, Megalogrers,
Lepidoptera, Isopoda, Decapoda, Mollusea and Oligochaeta. Nevertheless, nope of
these fauny are well understood in Thailsnd, it is only & lew number of papers corrently
availible which relating to Trichopteran adults studied in Chiang Mai Thailand by some
investigitors (see for examples in Chantaramongkol and Malicky 1989, Malicky and
Chantaramongko! 1993), At larval stage, largely there is only u fow preliminary studies
appeared recently s being the fourth-year student projects and some are master's theses
{for examples in Rajchapakdee 1992, Thanee 1994, Panreamsaon 1995)

A basin-wide scale study by looking at » dstributicn of squatic fuwne in Thailand has
pever been exisied so far even currem publications revealed that (ks approach can be
applied as one of the major tool in measuring focal and regional rodiversty, In addibon
to this, information from these Gunal distributions can be used to assess degress of
hiological (emironmental) imegrity (qualkity) of the landy, as similar 1o what are
practicing in UK and USA (see for examples in Locb and Spacies 1994, Bunce 1994)
Maorenver, benthic macromvertebrate fauna method i currently included in the
standardised methods in 2ssesung water quality impacts by human and natural
disturirances in North Amenican and most European countries, or even develop 1hem 1o
be the biotic scores avuiable for ecosystems quality classification, sll of these approaches
are lately summarized by Roscoberg and Resh (1993)

This study is then tailoring to mees what is lacking in this arga of research within the
country by Brstly attempting 10 reconndissance distribution of benthic Gune at 2
carchment scale. The Pong river catchment locating in northeast Thailand s selected 10
be the site investigated



Secondly, siate-of-the-art of dats enalysis techniques are al=o used to charactense datz
pattern which later can be epplied for mierpreting the research results Ht should be
noted that such available techniques ere also worthy 1o test whether they would probably
be working when applying in the Thai enviromment. It is also expected that the results
from these spatial and temporal surveys by this study will considerably contribute the
facts of the numbers and speces of squatic fauna inhabiting within this catchmem  Also,
most importantly, it will be significantly leading to the devilopment of knowledge and
understanding of our native aguatic macroinvertebrates

2 Sampling site description

Twemy-seven sampling sites are established from upstream highlands and downstream
lowlands, and all of the sites are locating spreading over the Pong catchmenz  Fig |
shows detailed locations of the sampling sites. All of the sampling sites fie between 16°
00'-17" 15" N and 101* 15"-103* 15" E with altitudes moge from 600 1o 100 M S 1
Three mam rivers are sampled namely the Pong, Cheon and Chi Upstream sites are
HOT-FI04 which of the Chean niver and PO1-PO3 of the Pong river, where stations NOI-
NO5 and PO4-POS are locating m the imermediate zone of the Cheon und Pong rivers,
respectively, Other sites (PO6-P15 and CO1-C03) aro classified s downstream lowland
sites

Among all sites, the site HO (Fin Lek Fai) is the only site which having minimal human
perturbition s it locates i the Nam Nao National Park while the other sites are received
vanous degrees of impacts through the year from both hutan and natural disturbances
The lower sites, particularly the sites which locating close 1o ciry bpundary, are relatively
much more disturbed than the upper sites

The upstream lands are modified mainly for agricultural furme, while the lower
downstream sites sre of mixed extensively uses for rice aml cassava fields, barge 1o small
mdustrial establishments and commumity renidences

River waters of the catchment are regualated and sbstracted for agriculral, industrial
anid community uses, particalurly of along the lower parts of the river length  Channel
marphology of both the Pomg and Choon nivers are relatively narmonw st upstream
ighlands with comparatively rapid current, while their channels become much wider =
Ipwland downstream with somewhat slow speed The river depths are shallower at
upstream and relatively desper at lowland sites

Vegctation community along the nver banks are refatively dense a1 upsiream while
dowmstream zones the nipanan flors are growing rather sparsely. Except the site HDN,
all of the rentaining sites the river banks ate modified for plinting crops and or partly
being cruising ramp. At some river streiches, the banks sre well protected by vesetation
community and thos less solf erosion can be observed, for examples at sites POB and PO9
In contradictory, at upstream sites where the banks are heavily modified. for examples at
stcs HOZ {Huay Chan), HO3 (Ted Fa). P01 (Na Noi), PO3 (Pa Nokao), surface run-off
from the lands to river walers are immense

The Pone river ongnules from the scepage spring which locating almost 21 the cemter af
the Phu Kradoeng Naticnal Park. The first st of the Pong rver 01 locates
3



approximately 30 km_ from that onigin. The subsequent sites of the Pong river locate all
ﬂ:m:g!nmﬂmnmhgﬂltﬁlhehnm P15 (Kok Noi) which 16 315 km. from the
river origin. The Pong niver drens southwesterly passing through agriculiurs! lowlands,
industrial areas and varioes commumties, i e district towns, suburbs and city centers.

The Cheon river onginates from the Nam Nao National Park, the first sempling station
HO! locaves 35 km. from the river origin in which the waters upflowing from underncath
the Tham Yai cave. The Cheon river Bows southwesterly through extensive com fields
at highlands and lange lowland rice Gelds, md eventually draiming mio the Pong
TESETVOIr.

The water networks of the lower catehment where beyond the Ubolratans Dum forming
mto only one main channe! also mamedy "the Pong®. The Pong river is eventually joined
by the Chi niver at about the vicmity where locating immediately above the Muhasarakam
Dram (see Fig 1),

The flowing waters of the lower Pong catchment are almast entircly regulsted and
influenced by three Dams operations, the Ubolrutarna Dam, the Nong Whai Weir and the
Mabusarukam Dam. Thus, the fluctuation of the lower Pong water levels are mostly
depending on the functions of those theee Dams
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3 Material and methods

Six replicates (sampling units) are sampled 2t each sampling sites following the replicato
numbers carulation method recommended by Elliot (1978). A certain aresch of river
waters of each sampling site with spproximately 100 m. length is merked and thar six
replicates are sampled randomiy 2¢ this sretch.  Sampling both benthic fauma and water
chemistry is conducted bimonthly, from October 1995 1o August 1996

Benthic fuma are sampled foflowing the methads recommended by Davies (1994)
Sampling equipment for recovering benthic fauns at upstream sites uses the US Standard
Surber Sampler with 0.30%0.30 m. opening and 500 pm. mesh size. The US Standard
Ekman Grab with 0. 15x0.15 m. opening is used to sanyyle benthic animals in deeper
veaters at downstream sites. The boat is also used 1o sample snimals snd water
chemistey of thut decper waters. Sampling river waters uses the Van Don Bogtle at mid-
depth water column where the faumsl sampling unit located. River flow-raie s also
mcasured at mid-depth range of the nver chanmel.  All of water chemisiry snalyses
fallow the standurd methods descrbed in APHA (1992)

Benthic samples (fauna plus sediments) recovered are beforehand preserved with 90%
cihyl alcobol and kept in polyethylens plastie bags which later brought to the laboratory
Sieving benthic fauna uses the US Standard Sieve with 500 pum. meth size screen
Benthic smnples are then placed on white travs and sorted by eyes using the forceps.
The specimens are preserved with T0% ethyl alcohol contnined in visls snd eventually
labeled. All of the specimens are tried to identify them 1/l 1o possibly at lowes
tonomic level, and funher kesping and establishing them as a specimen collections fior
luter references at Department of Biology, Khon Kaen University

All available keys are used, these are of the North American Keys (Lebmikuhl 1979,
MeCnlTerty 1983, Merrit and Cummins 1984), European Keys (Bdington snd Hildrew
1981, Wallace eral 1990), Chinese Keys (Morse eral. 1994), Malayan Keys (Fermando
and Cheng 1963) nnd Thei Keys (available only molluse) (Brandt 1974, Upratbam ef af
1995), Most of fiunal specimens can be identified a1 best lowest taxonomy to generic
level by using these keys

4 Data analyses

As faunu! data are from two capture cquipment sources, the Surber and the Grah, thus
the average orgamsm density per square meter 15 calculated prior 10 apphvng any
stutistical analyses

[rata analyses wse both univariate and multivanate techniques. Al dats are statigtically
examuined, and transformation 1 spphicd when necessary as 1o improve normafity. Water
chemistry and faunal variables sre senerally described and compared by conventional
univanate gralyses, both parametric and non-parametnic procedures (c g ANOVAL
regression, Kruskal-Wallis exc)



All multivariate data analyses use the sofiware PATN (Belbin 1995, The sampling sites
are classified using Polythenic Divisive Hierachical Clustering method, namely Two-Way
INdicator SPecies ANalysis (TWINSPAN) in PATN, these classification results are
based on faonal family composition &t & site. Also, all of the sites are ordinated using
Semi-Strong Hybrid Mulfidimensionsl Scalfing Method (55H).

Significant associations between the TWINSPAN grouped sites and environmental
attriburtes are emploved the Kroskal-Wallis test. Spatially and temporaily correlznon
between the SSH axes and environmerntal variables gt a site is analyzed using the
Pearson-Product Moment method.  The vectors of species (familics) und emvironmentai
variables are created by the PCC option m PATN. Thesa vectors will be featuring the
mnfluences of the attributes (fuinal families o environmental variables) relating to the
sites’ position of the plot. '

Initial assumption should be made here is that all of the faumal dats used for muinvanaie
anihyses are limited 10 using only family level data (present and absemt). However, some
forms of analysts results will use faunal data at generic level, The “genus®™ here also
means *species” whero the voucher system is established to differentinte all specimens
collected. The multivariate data snalysis is aimed at secking lor a generazion of data
structure of macroinvertebrate fiuna a5 which varying by time and space. Such faunal
datn reaults ereated by the multivariate procedures will be later analyzed for amy
relationships between taxs inhabiting versus environmental variables

5 Results

5.1 Spatial and temporal veriations of macreinvertebrate faounas

Sixty-four famlics with one hundred thirty species are explorved and recosded by this
study from five sampling occasions during October 1995 1o June 1996 The numbers of
Families and species are higher at the upper sites and these numbers decrease significantly
al downstream sites.  Sampling benthic fauns in February 1996 apparently yelds
comparatively highest avernge mumbers of both faunal species and individuals,

Abundance of mocroinvertebrate funs of all fve sampling occasions 18 markedly varying
by time and spice. Of all 27 sites mvestigated. the density of individuals of
macroinvertebrate fauna, on the average, ranges from 233416 10 4946 9| organismém”
which the maximum occurs in February and the minmum m Aprl (Tsble 1), Fiz2
shows the abundance of macromvertcbmie fauna of all 27 sampling stes.
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The minimum of ganism per m’ belongs 1o the site P13 (Pra Kuae) in June 1996, 44 44
organism/m’ | while ihe site Pl;iﬁ (Nong Tae) has the maximum density in the gme

Table 1. Bimonthly averuge individual densities and species mumbers by combumng ail
of the sampling sites.

Month Density of MNumber of species Nuenber o sites
aTganisms (Mean = 1) (N}
[Mean = SD)

October, 1995 FI11.52 = 6059 26 ITe34z 27

Deécember, 1995 4131 68 ¢ W9 3> B0 46 21 T

February, 1996 F6 V] & a4 5] 10,155 718 It

April, 1096 1134 15 2 2617 66 798 £ 404 6

June, 1996 4186 = 929767 R29 638 1T

50 = Staneird devistinn

Species abundance is also very diverse from upsream to downstream locations Frg 3)

The ANOVA test shows s very sigmificant bimonthly varlation of species mmbers

(P pm=8.37, p<0 0001 The maximum species number ocours since ever sampling is

29 sgecies, which is at site H03 in December 1995 and at HO4 in June 1005 Of amoma
=9 benthic species Inhiabited a1 H103 in December 1995, the major t3xa are Trichoplers




;ﬂmﬁﬂmmmp&ﬂl'hpﬂdﬁvdi:&.mm&gfwmspeﬁﬂnfmmuﬂqﬁju
mrmbers. The site HO4 in June, that similar highest taxa number, 79, slso belonas to
thess groups, bul they increase in mumbers with each of & Trichoptera and
Ephemeroptera species has been foond.

The site HO3 (Tad Fa) locates almast st the top of the south Nam Nao valley, 620

8 5L where most of the lands heve been deared for com fieids Vegetaiion smips
along the stream bank sre relatively plenty and thns becoming & buffer zone for aquatic
faunal reproduction. Eﬂmﬂyﬁmmhmmwﬂymmﬁm
The water of this site is relatively clezr during December and Febeuary with
comparatively low levels of biochemical oxygen demand (BOD), averaging 1.77 and

4 75 mg/L, and high dissolved oxysen (DO) Jevels, with the mean 7 8 and 7.65 me/l.
The waters also have rather steady jow current speed at this time of the year with
spproximately .16 and 0.00 m/s (non detectable by the flow meter),

The site HOS, like other sites, has 3 coruin trend of species numbers fucruated
throughout the year. The specics munber increases from October with 14 species found
rill reaching the maximmem member 29 species in December 1995 and lastly the species
suibers begin (o decrease with a mininain of 13 species found in Apnil 1996, The last
sammpling month in June the number of species found |s increased up 10 I3 species

Omee ot a sampling time in December 1995, one organwm of the mehopteran goenid
Goera ap, s explored from six ceplicares m this e This is the rare spesies which s not
narmally found in lowland wess. The other sensitive species found are of the mayfiics
groups, these are heptagenisd Hepeagenss sp., (7.41 specimen/m’ ) leprophiebid
Choroterpes 5p. (1481 specimenim’) and two ephemerids [itahrancha sp. (3 70
m*i-mm’m’] wndd Ephemern sp (11222 specimen/m’)

It shatild bo noted that the above assigned sensitive i may be trouliesome 1o
saithenst Asian tropical emaronment  Grading senmilvity of those faxa groups are
oreliminarily following the ranges of rolerant values of each faunal famnily and the score
are given to 4 group of familics, ihus fimlly leading (o eatnblishing several ssmular indices
for ontegarizing these faunal frmbes, foe exsmples, the scores ésappetred Hilsenhoif
( 1588), BMWP (Spellerberg 1991) and Chessman {1995)  Those scores wre m fact
similar i fnture and they appear to be widely sccepied by many countnes. for instances,
in continental Eutope, South Afrrean eountries, some states of U S A, {for exampies
Maine, Oregon, (o, Idaho) and Austrafiquan plus some south pacific countries
However, such a consensus of the scores of among those countries i indeed resulting
from the agreament as those countrics have extonsively studics therr native
macromvertehirates, md in particuisr the ecatomicalogy have besn tested auamst cach of
henthic faunal farmily

This stuily, at this stage, s then considesably likely to lend the thove catezonzed lanmbes
by which using them for penerafizng our macroinveriebrate taxa in selation Lo
emvironmeital factors  Mujor rezson s that our discovery reveals 3 certain facis of
findings the occurrence of thosa fannhes are principally determimed by differsm
snvirommental qualitics, and this is largely following the overseas notes  [In other wards,
the sesitive taxa are fieguently found i the pristing areas or &t the gopd emvirenmenti]
quality sites, the more tolerant taxs are normally discovered widespread. smd anly a
certan Family found at the severe pofiuted sues.

&



We find that most of the scored taxa meationed above are likely to be applied m our
environment, but there seems to be 2 mitation of nsing that scores in some t=xa For
are classified s sensitive species in the comtinenial Europe, but mther they do not appear
mhewagpﬁmduﬂtmﬁﬁmspnﬁnhth-mmunﬂiﬂﬁ;ﬁxmh.ﬁmﬁn
(see Chessman 1995). By this study, we discover these taxa rather widespread in our
cetchment, especially in rainy season at some lowland sites. 1t may be worth (o have a
fisrther stmdy about this type of taxs whether they are very much sensitive or not such &5
in the tropical environment.

As mentioned earlier that we often find these taxs group in lowlands especially during
ﬂmdingpuﬁd,puﬁmﬂulyﬂwhmr:hﬁvﬂydwwumbmmnﬂﬂehﬂm
sbsolutely good quality &s such This may be the case in raising the point of
recateporizion these ta score into the rather moderate wolerant taxa as in the tropical
eovme, rather than putting them into the very pnstine high quality enviromment, &5
appeared n other counines. However, many research neoded 10 be dome within topical
countries assotiated with this issue. What are doing here, it s just 2 tentative record for
mmﬂyhylmdimgmnihhhmfmmwmnmgmmﬁﬂm&rmﬂﬂ
that we have been discovered

When considering the viriations of macromvertebrate species ncross the catchment. A
more widespread trichopteran species found from this site HO3 to other lowland
upstream siles is Scnomus sp. (Ecnomidae) and Falyceiropss sp. (Polycsntropodidae)
while Ephemeroptern species are Ephemena 1., {Ephemenide) Beenis wpp. (Bactidae)
and Litatranchea sp (Ephemenide)  Hydropsychidae is another trichopleran family which
inhabiting almost everywhers particularly at the site having not very tich poliution

The most wbundani organism of tichopteran species at HOA in June 1596
tdropsvehid Coratopsyele sp. with its density 10,37 specimmim’ Two well known
sensitive Irichopteran taxa are also discovered a1 this iite, thepe are lepocenid,
Promemocies wp, (1111 specimenfm’) and melannid, Molanaa sp.(1 85 specimendnr)

The higghest miry{lics taxa density cocurred at this site i ephemerid Ephemera sp , (8859
specimenm’). Apart from ephemenid taxa iself which included in the high sensitive
miayllies specien, this site also kas the fragile sensitive heptageniid, Hepiagena sp

(46 30 specimen/m’)

This sire, HOA, is just reiumed from drought, particularly st the very dry period February
1o April, and the waters are only availabie about 2 month or <o Relerring to the donsity
values and m_shivclnmnhuuﬂﬁlit:i:mhwnmmhamﬁm microhahitats for the
mayflies species reproduction diring this time of the year. This site siso hes very much
shading, and the substrate i mainly bed rocks. Subsequently, cenain mayfiies larvae arc
wreatly sbundance

The most severe impacted site 15 P13 which had highest BOD (see more detais in
Appentlix 2) since it i3 greatly affected by onganic pellution disclarzed from Khon Kaen
clty, it t5 much obvious that Dipters Chironomidae is the only srapor taia dweeflms in this
site {see Appendix 1), Plafkin et al (1989} documented thal Chironomidae s the
specific taxa can be used to charsctense orgame poliotion

The site HOZ {Huay Chan) even recerves markedly rmpacts by srlace munoffs fiom
nearty comn felds, it 15 almost always discovering Sinlis sp. (Sialidas] inbabifino a1 this
10



site of all sampling occasions. Tt is worthy to note that all of the three sampling sites
where {inding these megaloprerans sre rather locating at high altiode and the weather &1
these sites is quite cool =il yesr round. The possible hypothesis may probably be mised
here is that whether the climate and landscape are far conditioning fourishing this type
of taxa rather than the water poliution per z=.

The ocaurrences of other fumsl groups except caddisflies, mayilies and stonefies are
rather widespread both at isghlands and lowlands. Hemiptera fauna, for eampies,
Taﬂﬁﬂrp.(ﬂﬁﬁdﬂ}nﬂ”ﬂumﬁmﬁm.{ﬂﬂﬁdﬂﬂmlbmd&ﬂﬂdm
n almost all sites.

Odonatan Gomphidee family found mostly elsewhere, Coenagrionidae, is mamly
discovered only limited to upstream places

Coleoptera groups especially rifile bestles Elmidac Sitenelmis sp., Hexooylivepus sp. and
Cleptelmis sp. are also plemifil at upstream sites where scarce af dowmstrean: reaches.
Coleopteran Gyrinid especially the shiny {{metius sp. and water-permy Psepbenidae are
only inhabiting at upstream clean waters

Another rarest aguatic insect taxa is Megatoptera. Two tumilies ol Megaloptern are
exploced here Sinlidae alderflics and Corydalidas dobsonflies. Only three sites HOZ,
HO3, HO4 are finund Megaloprers fauna dwelling. Two species are reconded here Sialis
sp. (Sialidae) and Neochauliodes sp (Carydalidae), the first species is dincovered
frequently where mhabiting at sites HO2 and HO3 while the latier species is limited to site
Hi

Unlike North Amearican snd Enropean researchers, for examples a8 in Lebmkubl (1979,
who document that the blackflies dipteran Simulndae larvae are very common and
widespread in their waters, by this study, in contrast, this faunal group m found dwelling
anly at upstream élem waner highlands. Only one Sirmulid species 18 discovered so far
which s Simliunt 5p. This family is inhabiting in clean waters (Hellawell 1978)
Common erneflies { Tipulidae) is snother dipteran tis explored where inhabitmg only ar

upsirean sites

Anather interesting dipteran taxa phencmenon 15 that (he occurrence of the phantom
midge Chaoborns sp.(Chaobondac). This taxa is found being very tolerant to high level
of BOD, conductivity and totsl dissolved solide (TDS). As & high level of both
conductivity and TDS in this study is maindy fom chlonde content (see Appendie 23 In
fuct, the causes of chioride contamination in water bodies are from both domestic and
ntutral induces

The sites jocatmg close (o the aiy. for examples, P12 (Lueng Ple), P13 (Fra Kuea) and

P14 (Ta Hin) are impacted by commumity sewage discharges. and these stes also have
comparatively high BOD and TSS values.

High chlonide levels of other sites, i €01 (Don Bom), COZ (Ta Pra) and 003 (Ton).
are influenced by natural canse which mainly resulting from rock weathonng. as some
parts of the land are geomarphologically beanng by rock salts, Even waters are alfected
by critical contaminants from buman and natural mduces. however. the { Taoborms sp
can dwell tolerantly to high chioride. BOD and T55 contents, and thas being ope of
amoane ndicator speces associating with pollution Fumd by his swudy



OF all dipteran taxa_ at this stage, it can be summarised that both Chironomidas and
Chapboridae are highly tolerant to gross organic poliution and heavy dissoived solids.
Further, it ix more interesting that from all of sampling occasions there have never been
found any Chaoborus sp. existing in il upper catchment sites except NOS (Nong Pal)
and PO5 (Kok) which are the last upper sites locating immediately sbove the Ubolratana
Dam. Mons speeifically, n June 1996, the most impacted site P13 discovers only
Chaaborns sp. dwelling,

5.1 Nitex comparison

All of the sampling sites can be divided, according to their locations, into the upper and
lower catchment sites, the upper sites are H's and N's of the Cheon niver and PO1-POS of
the Pong river, wheress the remaining sifes (PO6-P13 und C01-C03) we classified as the
Yower catchment sites. The statistical t-test shows a significant difference berween the
fiunal density of the upper and lower catchment sites (110,538, p=<0.001)

The upper watershed grouped sites have an average 10 94 species occupying whereas on
the average only of 6 28 species inhibiting in the lowland sites When considenng the
rrend of the species deposited a1 all sites, it is obviously clesr that the sites of the upper
Cheon river particularly HO1, HO3 and HO4 have far gronter numbers of species than of
the Pong (P*s) and the Cha nvers (C's), Fig 3, Both sites of the Cheon river HiX1 and
HO4 have outnumbers of species mare than any other sites
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Figure 3 Average number of species abundance of all 27 sampling sites
(195% Confident Interval)

Even the two sites HO3 and HO4 have comparatively higher numbiers of species
assemblage but their temporal range of species of these (wo sites are distinctively large.
The site HO1, in contrast, has a rather less deviated species numbers, and aiso the mean
species number iz glso comparaoively ligh. The site HOZ even locates i the same plam
of the H's sites but this site 15 severely affested by fand modifications for comn felds, 1has
the number of species appears markedly decreasing, The mean species of HOZ 1s
approximately similar to amy lowland sites which having extensive mpacts from human
Echivihes:

The statistical i-test shows no significan: difference between the upper Pong niver sies
{POI-POS) and the Cheon tiver siles (TIOT-FIDL and NOI-NOSY L= .05 P=0 03
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and lgs=0.38, P>0.05). Even the mean species number of the Cheon sites
(Mea=15.64) is comparstively bigher than the Pong sites (Mean=10 92), but the
number of species of the Cheon sites is fairly deviated with its higher standard deviation
(SD=12.04) than thar of the upper Pong sites {SD=5.88),

The site which having minimal deviation of species number is H0 (Fig 7). This site also
reveals a rather consistent species numbers inhabiting through a!l sampling regimes (522
alio Appendix 1) The rarest bentine taxa plecopteran family Perfidac is very often
found at this site, Two species wished 10 be recorded here, Neoperla sp_ and
Phanoperla sp, These “commen stoneffies™ are evidently known to occur lmited to a
high envirommental quality, The occurrences of Perlidas taxa are also somewhat
restncred (o some sites, Le. PO], PO2, PO3, P04, HO1 and NOT (Wat Thambkayaat),
where P04 (Huny Sammung) is the lowermost site which found this taxa inhabiting [sec
Fig | and also Appendix 1)

The Perlidue is found quite limited to & cenain times and places of the yesr. 11 is also
obvious thit this taxs likes to dwell in cool and clean waters Whenever sach that
environmental quality prevailing, there may be & high probability 1o find this taxs, and
almost certainly that this type of coadition will be available at the upper cstehment sites
The weather at these upper sites ate much cooler than any other sites and the waters are
miostly impacted by naturl disturbance

The moat seriking madimum minhet of the perlid taxs caught i a1 Wat Thamkayasit site
in December 995 when found & roml of Perlidae Meaperhs sp. 77 spocimens frsm all of
six replicates combined  The water at this site in December is quite clear and rather
Ready slowly Towing and the waters sre about just 10 reéover from flooding worms. A|
PO in October 1995, ane speciman of Menperla sp. is discovered at this site, the
weather is relatively cool and again (he water column is quite clean There have never
been any Perlidae existing at lower catchment sites as ever samplings

The upper Cheon river sites (HOL-HOH) bas no significant difference in faunal density
when compared to the lower Cheon sites (NO1-NOS) . =199, P>0 053, but the species
mimber of the upper sites is significantly greater than the lower sites (12 84, P<00])
Fhe site HOL 15 relatively postine conserved and administered by the Nam Nao National
Park. The mean number of species m HOD 15 less than HO3 and HOD, which the later
twor are claspified as the National Reserve Lands managed by the Nam Cheon Upsiream
Conservation Unit, This part of the lands is largely used for growing crops, mainly coms
and chili. The sites HOT to HOG are locating a2 the altitudes rangine From 6§10 1o 730
M.5.L. Asthe site HO1 has less species number than HO3 and HO4, this may be resuliing
from the stream orders. Ward (1992) finds that the very pristine sites of the first or
second $tream orders are often found less numbers of macroinvertebraze specics than the
sites of the |uter stream orders. (n contradictory to the H's sites, taxa shundance
decreases markedly in NS sites due o the fact 1hat the lands have boen cleared
seasonally for yrowing crops and hevime very Bw percent of forest eover

There has no significamt difference m both density and species iumbers betwesen the
upper Cheon river sites (HO1-HO4) and the uppermost Pong sites {PO1-POIY (1,~0 06,
P.0.05 and t;35) | 16 P=0.03, respectively)  The speass composition of the opper Cheon
nver sites'is similar 1o the sites POT-POS. But it differs from the lower Cheon rver sies
(MOT-NO5Y az due to their differens physical environment, for cxemples, denth and
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substrate types (see Appendix 2). Ward (1992) documentéd that one of the major
ﬁﬂmﬁm&nﬁmﬂmimimmﬂuﬂmnﬂﬂ:ﬂm
PMMWMMMMWhMum
sites. These taxa usually occurin clean water (Hellawell 1978, Wand 19¢2)

The lower Cheon river sites (ING1-NO5) and the upper Pong river sites (P01-P0S), which
Incating M'ﬁmhaﬂndqhwmﬁﬁhm.dﬂﬁmmhhmhmdmﬁymd
spedies numbers (Lu=1.76, P>0.05 and yegm=-1.23, p=0, 03, respectively), However, the
MWMEMMMMWMW
disappear in the lower Cheon river sites. The hypothesis merged here may be that
whether physical environmenta conditions possibly play more important role than the
chemical parameters.

The site P04 and POS, which locaie w the intermediate zone of the Pong niver, have
camposition similar te the lower Cheon river shes, and the mumbers of individuals m
both sites ure not different (Lay=1 2, P>0.05 and Layy=-0.22, P>0.05, respectively), They
are maimnly composed of mayfiies mymiphs Baetidae and Caenidae caddisflies larvas
Hydropsychidae, Ecnomidac and Polycentropadidie and also riffie beetle Elmidae. in
which all of these taxa sre widespread in all sampling sites:

Ihe numbers of individuals in Chi fives sampling sites are not different from the lower
Prong river sites, but the dipters Chacbaoridae is more abundant in the Chi fiver sites.

Among the lower Pong river catchment sites, the site P13 is the most gevere impacted
ute Bloadwarms (Diptern, Chironomidae) and Oligocheate are frequently found in this
site, this is featuring its severe pollution condition as confirming to the results stated by
many researchers (for examples, Hellowell 1978, Pinder 1985, Plalkin ef of 1989, Ward
1992 and Willins and Feltmate 1992)

However the sites POB (Kood Namsai) and P09 { Bueng Kae) show some improvements
af water quality which characterized by the increnses of both snimal densities and tpecics
rumbers, The sensiive mayfiles Hepragemo sp, including other may Mes nymphs and
caddisilies larvae, which found in the upper Pang river cafchment sites, are slso
presented in these two sites Less soil erosion in these sites can be observed, this fs due
to the existing ripanan vegetation stretch alomg stream bank which acting as & taffer
zone preventing the land despoliation. Williams and Feltmate (1992) document that
many overseas research confirmed that it 15 necessary 1o left 0 30 m. of riparian
commuity along the nver bank as being a buffer zone to prevent the soil erosion and
sediment! deposition into the stream, which consequenily protecting stream
macromvertebrate community from that disturbance.

The density of macroinverichrates in the lower Pong river sites (POS-P15) does not differ
to the sites PO and P09 (Luy=1 43, P>0.05) but the number of fiing is sipnificantly
difference (tsg=-2.63, P<001) The common mayflies, Ractidae, Cacnidze, tnchopteran
famihes; Hydropsychidse, Eonommdae and Polycentropodidae, the rifile beetle Elmidae
and the widespread dipteran, Chironomidae and Ceratopogoridae are inhabiting in these
sites. Chaoboridae the phantom midges larva is widely distributed in all sites except the
site PIL. The fauna abundance increzse markedly in sie POS and P09 as proviously
mentioned.  The presont of sensitive mavfly Heptageniidas and cranefly Tipulidse
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madicates that the enviromment of this grouped sites is better than the rest sites of the
lower catchment part.

The lower Pong river sites and the Cin river sites (COT to C03) have no significant
difference in both organism density and species number (1:=1.97, P>0.05 and
Yez=1.62, P>0.05, respectively). Both individual and taxa numbers in the lower Porg
river sites are more diverss than these of the Chi river.

Regarding the absence of common taes in some sites, for examples, as clearly appearsd
in sites HOZ and N's, such condition indicated that these sites are very vulnerable It is
also found that the higher levels of suspension solid, soil erosion and chemical

disturbances all have eritical effect oo aquatic nsect commumities, by reducing species
diversity and significamly changing species compodition (Williams end Felrmats 1697),

5.3 Indicator taxa

Am overview

Indicator species related 1o environmental pollution is widely applied elsewhere
(Rosenberg and Resh 1993) The mudy discovers some ficts sbout our astive indieatar
taxi that generally sgreed to soch overseas application, This study shows that the
aquatic macroinvertebrates which are possibly initially used as biotic iehicators in the
Pang catchment are some familfies of Ephemeroptera, Plecoptera, Trichoptera,
Coleoptern, Odonnts, Diprera, (Migochseta and Decapodi. A brief description of what
are found about our indicator taxa will be defineated. The cceurrence of indicstor 1axa
groups associating with various sites will be described

I'quimr Mgty
Vfirvilies

From the study, sensitive orgamsm of Ephemeropters is Heptapeniidse which i one of
the most sensitive aquatic insects (Flellawell 1978), This taxa disappears from highland
sites where disturbance oceurs. Leptophlebiidae is widely spresd in the upper catebment
sites. and also in some highland sites. 1t is ahsent in the tower catchment sites, and in
some highland sites which the lands are extensively modified lor agricubtural purposes,
with g very few ripanan strips east.  Among the widespread taxa, the Raetidac is loss
iolerance than other muyily mymphs. 12 Caemidac and Ephemendae The Bactidae is
emegorized as one of the most tolerant mayflies (Hellawell 1978, Brittain 1982}

NeemnefTien

Perlidae is the only one family of Plecaptera which is found Immited 10 4 cool and clean
waters. 1 appears in the upper catchment sites HOT. POI 1o P09 and NOI. but @ is more
abundant 1n the site HOH.  As the sionefhes fike to present in 2 pristine arces. thus the
stomeflies are then used to characterize the degree of environmental quatity [Hettawell
1978)



Caddisflies
Trichoptera larvae of families Goeridae, Leptoceridae and Hydroptilides sre mainly
found in rocky substrates. They are absent in the disturbed sites, for examples, the sifes
HOZ, PO1, POS and the N's sites. The net-spinning caddisflies Hydropsychidae snd
Polycentropodidae are in contradictory to those three mayflies species m which having
quite a large toleranca range to water contamination. In some lowland sites, for
examples, a1 POR, P14 and P13, some Hydropsychidse, Polycentropodidse and
Ecnomidae species are explored. These sites are in fact classified as mild t0 moderate
perturhation. Once when the sites ure heavily organic impacted, none of these taxa sre
found Mackay and Wiggins (1979) and Edington and Hildrew (1581} smate thst
Hydropsyehe and Cheumatopsyche of the family Hydropsychidae are the first caddisflies
taxa 1o reappear when the water quality of the polluted sites improved. These two
senera are also the last caddit taa thar will disappear from the polluted sites

Warer beetlex

The whiriligig beetle Gyrinidae only inhabits in the upper clean highland stes and
disappenrs from highland sites where disnwbances oceur. This beetle may be an
indicator faina of the highland  Rifflz beetles Elmidne are widely disinbubon, but they
do not inhabit in the severely polluted sites. Whenever the elmids reappear i could
dicate that the environmental condition 15 markedly recovered,

Deagonfiivs

The elubtail dengonihies Gomphidae sre widely distribution, but they do not inhabit in
severcly polluted sites. Whenever this funa presents, it may imply the moprovement of
envitonmental condition

Frare Fltex

The cranefly Tipulidae inhabizs in less polluted sites, this may Wiow a possibility of usng
it a5 mdicator species. The bloodworms Chironomidae can tolerate to viry severs
polluted site (P13). The chironomd can be used as o biotic indicator for organic content
mereasiog (Pinder 1986, Ward 1992, Willinms and Felunae 1992) The bitting nudges
Cormtopogomidae appears n almost all sites except the poorest oxygenated site (P13)
The phantom midge Chaoborwdaee m found abundant in lower catchment sites especmlly
of the Chi sites. This taxa & found bemg very high tolerant 1o high level of BOD.
conductivity and TDS. High levels of bath conductivity and TDS in this study is mainly
from both domestic and nastural mduces, the chloride content shares the major part of
these lwo valuey.

NPt IRSecty
{resfnner garthnocrms
The freshwater earthworms Ofigocheata are foumd in ull sampling sites, end mone

specifically they are greatly abundan: i & very severe pollmed site (P13), This fauna can
be used as an indieator taxa (or palhuied aquatic environment.
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Freshwater shrimp

mmmm&mmm has a wide renpe tolerarion to water
impairment and it is also shsent ia many glossy polhited sites.

meﬂ:ﬂntﬁngf&ﬂh:nﬂdiﬂrhn,mﬂhmqﬂiﬂﬁnmwﬂhimﬁmnrmmd
und Gyrinidae, which are oaly foand in very clean (unpolluted} waters Leptophlebiidas
and Psephinidae inhabit in clean waters with less disturbed environment  Bastidas,
Caenidae, Ephemendas, Hydropsychidas, Eenomidae, Polyeentropodidae, Elmidae,
Comphidse, Tipulidae and Palsemonidas present in moderately polluted stes. The
Sppearznce abundant numbers of Cerstopogonidae and Chachoridae shows that these
taen eould tolerate 1o severe water pollation - While the presemee of massive mumber of
Chiranomidae and Oligochseta slso indicate the grossly heavily organie water pollution

5.4 Mucroinvertebrate fauna variations implicated by multivariate dara analyses

Prior w documenting all rmitivaniaie dum anabysis cesults explored by this sy, some

umportant prefiminary premises sssaciating with these data analysis methods shoatd be
acddressed here. These are as followings

Firstly, the macroinveriebrate faunal data of all sampling sites prosented here. as the first
year of jnvestigation, use only presence (1) and absence (0) of family leve! data

Handling dutn analysis technigues theough all multivariate analysis procedures are partly
asaisted by Dr Peter McQuillan, Unrversity of’ Tasmania, Australia. All of the methods
ueed for these data analyses ace conforming to whatever fechnigues currertly applied in
community ecalogy siudies as appesred in most update nternational joamals Indeed,
such methods are very much too new o the Thal academicians Fven sll of that methods
are proved very successful in analyzing biolowical dara of both loeal arved regonal fauna
and flora distributions an any parts of the world, nevertheless they have nover been
mitermively fested withm Thattand

Secondly, the elassification method cmployed here, the TWINSPAN (Two-Way
[Ndicator SPecies ANalysia), is one of the classification mothods origimally created by
Cornell University in 1979, and this effective method is aurently being used by rmaany
Molowical investigators. The dendrograms from TWINSPAN are then drawn snd firther
providing indicator families (species) that conditioning the dichotomy split levels Nog
only the grouped sites produced by ihe TWINSPAN dendrogram are ecologically
comparatively profitable, but these indicator species revealed by the TWINSPAN also
shivw ur pirferd species classification selated to anvitonmental variables

Thirefly. the Semi-Strong Hybrid Multidimensional Sealing (SSH) which is claimed to be
the mog effective ordination meshod to date (Belbin 1995) applying bere will reflet all
of the-sites based on their frungl composation The ordination resalis produced by thie
S5H will then display these data patierns m multidimensional aspect. The plots berween
the axes will indicate the postions of the sites in the space iplot  The biplois created by
the SSH will feature the proxiesties of the sites based on their similarnity (or
dissimilanity). For this instance, the paired! sites with maximum dissimmarity are
separated farapar in the plots. while the more similarity sites are lpcated Jose 1o each
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other Such proximity of the sites revealed by the SSH bipiot will then aflow us to group
the sites in the: biplot.

Fourthly, as those two methods both produce grouping of the sites, in this aspect the
erouped sites created by the TWINSPAN can be seeked for their concordancy through a
certain axes biplot of SSH. In this manner, the precise sepuration of the sites grouping
can be reconfirmed wice versa through the two methods.  This 13 thus lesding high
robustness of the sites separation which characterising a certain set of sites based on

Fiflhly, the faunal familics assembinge ot & site of all sampling staons of esch sampling
month will also be ordmated, and leading 1o the positions of different families in those
SSH biplots which relating 1o the site space. The vectors can then be drawn m such
these biplots where showing the directions of the families relating to the sies” pasition in
the biplot

Sixthly, correlations between faunsl dats wnd physicochemical factors are explared by
examining any mergmg relationships betwesn the ordination axes and those
environmental variahles. Varistions of physicochemical parameters according 10 the
TWINSPAN grouped sites are slso able 1o be delineated

Lastly, the bimonthly physicochemical data of the sampling sites are ordinated by the
SSH and their dirsctions associstod with the sites’ position in the sume plot are
predented as the vectors  These vectors radinted via the centroid of the plot will show
the directions and infloences of vanows environmental hetors relating to the sites
pasition in that plot

All of the correlation analyses handling sre tested For statistical significant by the Monte-
Carlo Randomization, this tess method s conducted through the available procedure in
the PATN software.

5.5 Bimonthly sites anid species clussifications and ordinations

hrober 19935

The first data set is of October ssapling month, the sites are classified and grouped by
the TWINSPAN into fous main grouped sites (Fig 48). The grouped sites rotained as
show in Fig 4a are the grouped sites divided by the TWINSPAN at levet 2 which are
very much comparatively ccolomcal meammgiul. Importam indicator famifies which are
used o split the sites grouping are also shown in Fig4a  Among those mdicator
families, mterestingly, on the pogitive side (n=16) of the first division indicztor famiies
are (ligochaete and Ceratopogomdas  On the ather hand, the negative side {in=11) the
indicator families are Elmidse, Gemphidae, Caenidag, Palaemonidae and Leptocendae
Of the first split sites here, following the indicator families. it is more clearer that the
sites locating on Lhe negative Sde are much less tmpacied znd having a relatively more
numbers of environmesntal sensitive families than the positive sids

Tabie 2 indictes the averape physscochemical profiles of the grouped sites A to D The
wrouped sites A have comparatively less average values of all physicochermical
parameters. this 15 excloded the 10 vafue where the average DO shows = markediy
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higher level than the rest grouped sites. When referring to DO and BOD values of the
two gronp sites (A plus B versus C plus D) there is a clear differentiation of BOD values.
between these two grouped sites, 25 the TWINSPAN negative end hss the mean DO
value 6.38 mg/l., whereas the posifive end has 441 mg/L.  The BOD of the negative side
is averaging 1,18 mg/L, wihile the positive direction is 1.6 me/L.

Fable2  Average values of selected physicochemical varibales in October
1995,
Environmental variables Grouped sites
A B C D

Air temp,(*C) 2547 | 3121 | 3056 | 3070
Water temp, (*C) 2533 | 2748 | 2911 | 2820
Vielocity (m/sec) 050 | 085 | 073 | 043
Width (m) 567 | 2038 | 5667 | 3257
Depth (m) p43 | 374 | 704 | 334
{Discharge {eu misec) 10 | 4905 | 21260 | 3250
Alkatinity (mg/L. ) 7733 | 10350 | 8444 | 8043
Condugtivity (microSicm) 1153 | 19926 | 21169 | 21517
DS (mg/l.) FI450 | 167,06 | 15598 | 12994
TS5 (mg/L) 159.00 | 70.39 | 4058 | 749
{Ortho-P (mg/1.) 002 | 006 | 005 | 005
Nitrate (mg/L} 0.13 gie | 019 | 044
DO (mgfl) 673 | 600 | 484 | 3W7
BOD {mp/L) 127 | e | 120 | 191

There have been o murked differences of certuin environmertal values between the
TWINSPAN grouped sites (A to [3) when tesiing them by the Kruckal-Wailis These are
river widih (He| | 43, P<0.01), depth (H=11.02, P<0,05), discharge (H=1619,
P<0.001) and DO (H=8 38, P<0,05) This is indeed the major emdronmental vanables
that discriminating the TWINSPAN grouped sites. ' All of the first three vanables are
iereaing from grouped sites A 1o B, and firther to the other ead O the other hand,
the DO &5 reducing from A le D Such these varintion resulrs will later be testod for
correlations between the ordination axes and ail of the environtmental varables
Moreover, if the axes of the ordimation plot reveal any conform correlation results 1o
such of the TWINSPAN, then it can be concluded that those certamn environmenial
varables are commonly affimmatively relating 1o faumal groups of imeres

The second level is splitted imo twe grouped sites at each end.  Baeridae and
Leptophlebiidae (-} and Tipulidae (=) are indicator families are used to divide the firsy
group sites (n=11), These fumilics mdeed reflect the more subtle emvironmental changes
of among sensitive famifies. The Beetidae. with only limited to some species i thes
wroup, while the others have & large range of toleration, and Lepraphiebidae are very
mich sensitive to pollution, the Tipubdae, however, 15 relatively more tolerant when
compared to the former sroups.

The second level split of the other aroup (=16} is divided by indizater (zmilies
Polycentropodidae () amd Hydropsychidie () OF these less sensitive sies, i can yet
make a-comparnison between these sites, the negative ond at this leve! (0=3) 15 consisting
all of the sites which having mmily members moderate sensiiivity 1o pollumon, fhese sies
also indicate quite 4 diverse masrmisveriebrate fun: Enhah:'l:n“ than of the dthes emd
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(n=7). This latter site, the major faunal group found is mainly Dipters wiich s mors
toleram to water poliotion.  Preliminary conclusion according to sites clasaification by
‘the TWINSPAN in October is that the sites are well successfully classified by the
TWINSPAN as grouping them into less impacted to much impaired sites, and thess
grooped sites can be also simply comrespondingly expressed by chemical variables.

Fig 4b shows certan positions of 1he sites arranged in the space and the most cleares
arouping of the sites according to the TWINSPARN is the hiplot fiom the SSH between
wxis| and axis3. The sites can be grouped into four major grouped sites (Fig 4b). The
most well separition is of the last grouped sites (D) where having relatively much water
pollution than the others. Fig 4¢ also cxhibits the families assemblage arrangement in
redation 10 the sites” position (Fig 4b). The occurrence of all Bunifies m the beplol with
respect to the site-pollution classification are clearly apparent, Fig. 4c Mos2 cleaner
water macroinvernebrate fauna required occur fimited to the grouped sites A and B
These are, for examples, Leprophishiidae (LEP), Hydromilides (HYDT), Somuliidae
{5IM), Sinlidoe (SIA) and Perfidse (PER) 1t is very obwvious that thess family groups
never beeur in the grouped sites € and D This is also in contrast to Oligochaste (OL1)
which is most abundant in the grouped site D and never exist in the grouped sites A aml
B

Correlanons berween ordimanon moces and environmental variables by the Pearson-
Product Mament reveal that axis] negatively correlates to discharge (r= <052, 1on=
3,06, <000 ) and positively relares 1o turbidity {r = 0.49, ts = 285, P<0,01) and TSS
(r=044, tgy, = 248, P<005) Axinl is gremtly ngnificantly negatively related 10 DO
{r =<0 76, 2= 5.92, P<0.001) 3od positively associted with water tempersture (r =
053, g = 314, P=0.01), width {r = 047, tax; = 267, P<0.05), depth (r = 0.5, oy =
301, P<0.01) and discharge (r = 0,43, Ly = 2,35, P<0.05). There % no relationship
berween axind and any water qualiy varables

As the results from Kruskal-Wallis shown earlior that our maln environmental varisbles
are contributed to the variation of the TWINSPAN grouped sites, the SSH axes also sill
reveal & consistent resull to TWINSPAN output. 11 now can be concluded that in
Octuber these foir environmental variables are primaniy conditioning the existence of
the faunal groups winch dividing by the TWINSPAN analvsis

To be much more clear about the correlanon of thmily-site and emvaronmental variabiles,
this can be shown by grasping two extreme environmentil variables, | ¢ discharge and
DO The former is highly relatimg 1o axis1 (P<0.01), this can be seen in Fig 4b that the
trend of discharge is incressing from the right 10 the lefl hand side of the plot. Fig 4c
shows some fiacts ol benthig antmals with much susceptible to discharge positioning on
the night end of the plot whereas the ammals capable of resisting 1o high discharge are
placed on the far lefi. for examples, 1he families Polycentropodidae and Ecnomidae

Such this explanation associating with environmental variables sad S5H axes would then
be applied to interpret the results onwards unless otherwise not mentionod

The DO level g very much sienificantly related 1o axisd (P<0.001) The DO value is

apparenily reducing from the bottom 10 the lop along axis5 of the plol. Fig 4¢ reveals &

cortam fact dssocating with this DO profile by reflecting the disunctively different

besbee faumilies positionme slong a0s3, the families require high dissolved oxygmn, for

examples. Leptophietiidae Leptocendae. Hepiazeniidae and Perfidac. asm Fiz 3¢, wre

clearly placed towards the bottom znd of the ploy whilis the Jess sensitive families to DO
20




jevel are positioned at the upper part of the plot. This is also showing how (ke
environmental varisbles are refating 1o the particular fiuna and the TWINSPAN grouped
sites.

Fig4d shows the vectors of environmental variables radiating from the centroid, and
relating to'the sites” position. The most outstanding features sbout physicochemical
vanables which selected to presemt bere are BOD, width, depth and nitrate  These
varaibles are pointing towards the impacied sites which having fees mumber of animals
deposited  In comtrast, the sites with more animal numbers are Jocated in the opposits
end of these vectors. The DO, afkafinity and TDS vectors are obviously rummng scross
the sites with high niambers of animals assermbilage, and they are 2l locating a1 upstream,
Also, at this month the upstresm sites show being influenced by the TSS, wurbidity,
velocity levels, and thus these varsbles never affect the downstream sites such ag P12,
P11} and PL5
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Classafication and crdigation analyses (Og¢tober 1993)

{a) Resulis from TWINSPAN analysis:

{b) Axis] v& Axis? biplot of sampling sites by S5H ordination

fc) Axisl va Axis3 biplot of macromvertebrate fauns by SSH ordination
{d) Axis| vs. AxdsZ biplor of physicochemical variable by SSIT ordmation
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Drecemberidvs,

Linlike the October phenomena which features a late rainy condition and that sull
recsiving & dramatic flooding effects, in December the water environment is considerably
retumning (o rather static siste. The TWINSPAN and SSH can both successfully clsssfy
the sites into five major groups A, B, C, D and E, as shown in Fig 53 and Fig 5h,

The indicator families conditioning the split of the first TWINSPAN level zre Baetidae
(-1, Gomphidae (-), Leprophlebndas {-) and Tipulidae (=) with no positive side family
mdication. The second level of the negative side (n+9) 1 then sphited mio two mam
grouped sites A (n=5) and B (n=%$) with only family Elmidae (-) is an indicator, Fig 5a
Indicator family on the positive sde (n=13) is Chaohoridae (+) and on the negative sde
is Polycentropodidas which dividing the stes into two grouped site=s, C (r=10) and D
plus E [n=8) sites. The thind Jevel is a split berween the sites D (n=3) and E (n=13) which
indicator species is Ephemendae (-)

All of the sies divided by the TWINSPAN at the firmt level on the negative end are
Incating at upstream urcas, except the site POY. These sitos hive more
macroinvertebrale fumal mumbers than othes remaining sites. Since the site PO is
miluded within the uppermou highland sites, this 19 wainly from its family mumbers
content, This site bas.cergin indicator families inhablted, 1. Gomphidee and Elmidae
These familics nre tn fact also used 1o characterise a relatively less polluted waters

Table3 shows some distinctive physicochermcal values companing between the grouped
stes A to B The grouped sites A and B, referring to Table3, have less impacts from
phvsical factors, | velocity, depth, discharie, turbidity and TSS, while the remaining
grouped sites are notably distusbed by these envirommental factors. The averzee DO and
HOD levels of the sites also reveal some facts of chemical vanables aswocaating with the
TWINSPAN grouped sites, i e the grouped sites A and B have distinctively average
high DO and low BOD values.

Table 3 Averige values of sclected physicochenrical variables in December 1995

Environmental viriables Grouped sites

A B [ b I E
Velocity {m/sec) 086 | 640 | 022 | 037 | 028
||Ek.-prh£m‘,- B34 | 021 | 305 | 406 | 356
[hscharge (cum/sec) 374 | L3 | 2908 | 5207 | 40.57
Alkafimnty (mw/L) Io08 | 128 | 1354 | 1144 | 4782
Turbidity (NTU) 0o8 | 908 | 15.08| 1480 | 1494
755 {(mw/L) 7.54 | 540 [ 2080 | 30.88 | X5.84
Nitrate (mu/L) DOf | 003 | 044 | 012 | 2%
DO (mwfL) 500 | 796 | 610 | 725 | 6.67
[BOD (m/1.) 106 | 178 | 380 | 218 | 280




Seven environmental vanshies reveal being major contribudon 1o the vanzton of the
TWINSPAN grouped sites. The resalt from Kruskal-Wallis test portrays thess prime
variahles, they are water temperanure (H=1149, P<0.05), velocity (H=10.12, P<0.05),
width (H=12.13, P<0.05), depth (H=17.63, P<0.01), discharge (H=12 93, P<01.05),
mitrate (H=11.16, P<0.05) 2nd DO (H=12.86, P<0.05). These seven environmental
parameters are thus acopunting for the differentiation of the grouped sites sccording to
the TWINSPAN analysis, Fig 5

The best ordination result comesponding to the TWINSPAN groups is revealed by the
biplot between axis2 and axisd. Five major groups can be drawn from the plot A, B, €,
D and E, Fig 5b. The grouped sites A and B are the sites with Jess disturbed while the
erouped sites C, [ and E are rather much impacted.

There are six envirommental srribotes wivich relating to axis!, these are conductivity (r =
-0.34, 1w = 248, P<.05), water iempernture (r = -0 45, tos, = 253, P<0.05), velocity
(r =038, tay = 3.54, P00l ), phosphate (r=-040, lpy = 2,19, P<D 0S), nitrate (r = -
0.59, teg, = 3,72, P<0.01) andd DO (r=0.70, tan = 4,92, P<0.001), Axis2 is associated
only with water temperature (r = 0 44, gy, = 243, P<0.05), and sixsd is correluted with
width (r= 067, tgm = 4.52, P<0.001), depth (r = 0,78, tyy = 6.28, P<0 001), discharge
(r=0.59, yz9y=3 58, P<0.01), TSS (r= 053, tasy = 311, P<D.01) and water
temmpersture (r = 0,53, tan = 3.09, P<0.01)

All of the seven vanables used to differentiate the TWINSPAN grouped sites shown
above are included in the SSH axes comrelations, 1t is also worthy to note that the
assaciations delimented by the SSH 2xes are obviously including more mimbers of
etvironmental fictors than merely the ones which eonfbrming 1o the TWINSPAN"s
vartables. Thus, the SSH comelations are likely to show mare robustness by embracing
additional environmental variables other merely from that appearing in the TWINSPAN
In ather wards, the correlation berween the SSH axes and environmental factors thus
renders 4 more cfficient detection of environmental changes along the space rather than
by the TWINSPAN

Fig. 3¢ mdicates the positions of macroinvertebeate families in the space, their places are
mdicated n correspondingly to the positions of the sites in Fig 5b, The grouped sites A
and B reveal having more numbers of sensitive families than any other grouped sites
The directions of sensitive familicy of the grouped sites A and T csn be spparently seen
from the veclors of the plot in Fig.S¢, and that most of sensirive famifies wre extended o
the bottom of the plot. These famili=s fined 10 the bottam end are never found i the
vpposite direction sites, i.e. grouped sites D and B In cantrast, it i also very obvious
that families Oligochaete (OL1) and Chacboridas (CHAJ, which indicated by the vectars
valy exist imited 1o the grouped site C where these sites are extensively polhuted

Comrelations between environmental variables and the sites can be seen from the vestors
radiated a5 showin m Fig 5d Mnﬂﬂfthpuuumdmunmmlhmmhrhghhv&mf
BOD, wrbidity, TSS and other physiczl morpholowical features of the river, i e

discharge, width and depth. The grouped sites A and B locate in the opposite direction
of these environmental vectors.  The alkalinity and DO vectors however line across maost

of the sites in groups A and B Such thar influences of the alkaliniy and DO vectors to
the TWINSPAN grouped sites are also simalar 1o the results revealed in October

mreestisating month
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Classification and ordiralion analyses {December 1993

(a) Results from TWINSPAN analysis

{b}_ Axis2 w5 Axis3 biplot of ssmpling sites by S5H ordination

fc) Axis? ve Axis3 biplot of macroinvertebrate fauna by SSH ordimation
{d) AxisZ vs Asisd bepiot of phwsicochenmical variables by S5H ondomtion
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Fiebruary 1996

All of the mvestigated sites are divided into four major groups, Ato D, sccording to the-
TWINSPAN analysis, Fig6a. Ounly two families, ie. Gomphidse (-) and Baetidse (-) are
the indicator farmlies used 1o split st the first level, with no positive family indicator. At

the negative end the sites are splited into two main groups, A (n=5) and B (m=1), which

indicator families are Elmidse (), Psephenidae (-) and Ecnomidss (+)

On the positive direction {n=17), the sites are divided into two levels. The first level
cansists of two main grouped sites. L2 C plus D (r=14) and E (1=3). The only indieator
Tamily used to split the sites =t this firss level is Ecnomidae (+).

Most of the sites in groups A and B locate at upstream lands, except two sites, P06 and
P08, which locating downstream befow the Ubolratana Dam. These two downstream
sttes at this month, unfike previous months, found having more mumbers of fatsal
familics dwelling Gomphidae, Libellulidse, Ecnomidas, Caenidse snd
Polycentropodidae are common families discovered inhabiting at these two sites,
wheress these families are not exploted in any other lower sites.

The grouped sites C and D are rather disturbed sites, where the sites group €, which
consisting of the maximum members of |4 sites, are 10 larger extont impatred
Ceratapogonidae and Chiropomidss funilies are extensively abundant here The
prouped sites 1) however is not very much disturbed, the faunal funilies being 1olerant
fram mild to moderate pollutions can be found at these sltes, for examples, Ecnomidaee,
Cacrudas and Gyrinidae

What i3 esaential 10 note here is that the site P13 is not incladed io any specified groups
andd this site i fur well separated from the remalning sites. This site in fet has only
pollution preferential fumily depossed-the Chironomidie During samplisg occasion the
eutrophication occurs profoundly at this site which can easily be seen by eves with very
much heavy abundance of umcelulsr slgae Anacysiis sp

Fable 4 shows some important essironmental factors which relating to the TWINSPAN
grouped sites. There is & certain differentiation of environmental varisbles between the
grouped sites A phis B and C plus D The two grouped sites obviously have different
leweld of temperature, turbidity and TS5 Also, the grouped site A, which comtaining the
et numbers of benthic families, has armimal water depth and discharne when
compred (o the other groups, but this group his an avernge high value of alkaliniy

The most impacted sites in terms of BOD value is the grouped sites € which has the
BOD vahie, averaging 2 30 my/l., whereas the other sites have lower BOD levels. At
this sampling month, the DO value of the grouped site A is at comparatively highest
vithue, averaging 7.61 mg/L. Similardy, all of the sites in this ssmpling occasion also
reveal high DO values, in wiich DO of each site is equal or greater than 7.00 muw/L

‘The site P13, irsell is at this time, expenencing severe impacts from water pollution
The two nutricnis eutrophic factors measared by orthuphosphate (P) and nitrate (N) are
mising up as highest levels at 1.4 mw/l. amd 20,0 ma/L, respectively - The BOD level is
ais0 reaching at highest value of @ 26 mp/L this is almost maximum BOD lovel as
cormipared 10 sny sampling sites mvestipated in this month, Indeed, it is one of the mos
savere cases m hght of water pollution consideration where this site exhibiting a clear
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evidence of only discovering the family Chironomidae dwelling with & very few aumbers
of specimens foumd {five individuals from six replicates). What is inding here in this
mnmmgwﬂﬁmhﬂuﬂmmmm&ﬂmm

Tabled  Average vahues of selected physicochemical variables in February 1966,

Envirenmental variables Grouped sites
A B C b
Water temp, (°C) 2172 | 2166 | 2444 | 24469
Depth (m) 02t | 260 | 377 | 184
ischarge (cu.mfsec) 0.24 5223 | 3700 | 1672
Alkcalinity (ma/l-) 17800 | 12200 | 127.50 | &8.00
wrbidity (NTL/) 003 | 391 | 1912 | 10426
S8 (me/L) 672 | 358 | 1451 | 2947

To be more rigorous anslyss rather than presenting the general trend as appeared in
Table 4, there are five envirommemal factors being contributed 1o the disenmimation of
the TWINSPAN grouped sites. The results shown by the Kruskal-Wallis test are width
(H = 10.59, P<0),05), depth (H = 1240, P<0.01}), discharge (H = 1123, P<0 05),
rarbidity (H = 9 24, P<0 05) and phosphate (H = 8 93, P<0.05). This is apparemly
nﬂ’muglhnthmndmumhdngthm:vmmuchdfmsmth
differentiation of the TWINSPAN grouped sites

The biplot from the S5H, as m Fig 6, is also conforming 1o the resah anabysed by the
TWINSPAN. A and B, the grouped sites with less distutbed, are also well sepatated
fram the grovped sites C and D Disregarding the site P13, the grouped sites C a1 which
relatively impocted are Jocating towards the hottom of the plot while the lesa npaired
sites are pluced st the upper pant

Significant assocations when relating the SHH axes with ervironmental vanabies appenr
statispeally only fimited 1o two axes, 1o axis | and axis 3 with na corretanon oocurred
to axis 2. Axis | Is significantly relared to water temperature (r=-0.5%, 1, = 335,
P<0.01), width (r =<0 72, 130 = 5 03, P<0.001), depth (r=<0.79, g =620, P<0O0] ),
lﬁ’.‘lﬂhﬁl‘ﬂﬂ& =)7L Leasy = 4.92, P<0 01y, I:tll'h‘i.l.lil]" {r =041, =218, P<0.05) @l
TSS (r=-056. L3 =332 P<D01) Aocis T 1s markedly correlnted with only ons
environmental varieble, Le. depth (r = 043, 1p,= 235, P<0.05)

The corelation results of the S5H shown above 18 mostly compramising io the anabyss
produced by the Kruskal-Widlis of the TWINSPAN, 11 remains one of the
smaronments) vatiables, i ¢ phosphate not being meluded in the S5H asspciations.  This
is int fact the phosphate variation berween the TWINSPAN grouped sites analvsed by the
Kruskal-Wallis is rather statistically interval marginal with the H value = £ 92, sad thus
leading to no statistical smanificant i the S5H correlation ouiput by the Pearson-Produc
Maoment method  Additional advariage should be noted here is that even the
emvironmental vanables cannot be detected by the TWINSPAN grouped sies analvsis:
through Kriskal-Walliz, the S5H results are able 1o i) (s gap by enbodying all of

stgmticant variables relasme 1o the site-space
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which correspondingly shown by the SSH plot in Fig 5b. Interestingly, these two taxa
never exist in the grouped sites A Al of the faumal families oceur in the upper part of
ﬂmpkxﬂwhmlhtgrmpdﬂuhnﬂﬂhmhgﬂﬁ:hﬂm!uthﬂm.wmdﬁﬁ
A and B are likely relatively being less disturbed.

mmmulmmhpmdﬁmmﬂmmsufm_mwﬁhmﬁngn
the upper part of the plot in Fig 6. Psychomyiidae, Sialidae, Elmidae,
Cﬂmﬂm?ﬂmﬂhm“mﬂmmpﬂmﬂ
grouped sites A and B. The: moderated impaired grouped sites D (NO4, P09 and P11
are explored having some families dwelling, for examples, Gynnidae, Palsemonidae,
Caenidae and Ecnomidse

Fig. 6d shaws the vectors drawn from the centroid indicating the effecrs of
environmental varisbles relating 1o the sites” position, Al this late cooler month,
Febrary, dissolved mineral ions measured by conductivity and TS values show
relatively high concentrations at the upstream sites, particalarly ot P01, PO2 and PO3.
This is mainly duse to lower level of river waters Apart from thess meneral salia,
alkalinity and to o lesser extent the DO have influential effects on the upper sites which
can be seen from the upper el hand of the plot in Fig, 64

Sull, at the lower sites the discharge and river channel dimensians expense the large
effects on those sites which shown at the lower right hand side of the plot, Fig 6d This
15 thus leading ro a higher levels of turbidity and T5S as previoudy shown by the SSH
axes-environment correlations
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Fiure & Classification and ordination analyses (February | 954)
{a) Results from TWINSPAN anpalvsis

(b} AxisZ vs. Axis3 biplot of sampline sites by SSH ordination,
(chAxis2 vs. Axis3 bipfor of macromvertebrate fauna bv SSH ordination
{d) Axis? vs Axis3 biplot of physicachemical variable by SSH ordination:
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April 1996

Mﬁmﬂhmmmummmmmrmmﬂr@m
fnto more groups, i.e, up 1o five groups A to F as shown in Fig. 7. The first pvel is
splitted into two grouped sites A plus B plus C (0=16) and D plus E (o=10) by four
indicator families Polycentropodidae (-}, Elmidse (-), Gomphidae {-) and Chaobaridae
{#). The sites on the negative end are relatively less impaired whereas the other end

ﬂnhngﬁmﬁq.ﬂtmdhdiﬁ:ﬂiuapﬁtﬂdhﬂwﬂﬂhWA[ﬁ}
and B plus C {r=10) at which the indicatos families nre Elimidae (-}, Ceratopogonidae
(+) and Polycentropodidse (+). The therd level split is a separation berween the grouped
sites (1=5) amdd C (n=3), 8t this division the only indicator famiy is Ecnomidas {-).

Of the pasitive end (r=10), two main groups ane m;ﬂﬂ[rﬂuﬂE{r]jh:.rWhi:h
wsing two indicaior fumilies, Cermopogonidae {-) and Chasbaridas (+). These grouped
sites are cxtensively polluted wioch are mainly from human activities. There & & very
fiew benthic animals found st these sites. For examples, the sites P13, HOZ and €01 all
are discovering only two families of fauna inhahiting which are mainly dipterana. The
most diverse faunal families found. in contrast, are of the grouped sites A, and 10 8 minor
extent of the grouped sites B and C.

Table 5 shows some discrete important exrvironmental trends. Much mterestingly, such
trends can be scen a very fiar differentistion of the slies grouped A and the remaining
grouped sites, Effects of river chammel morphology are still conditioning the upper sites
conditian as similar 1o other provious investigating months. The water temperaiure ol
the sites grouped A ks, on the average, lower than the lower grouped sites. Occasional
storms occurring during this month lead 1o refatively high levels of marbadidy rnd T35,

ilowever, this situation cannot be referring to orgmnic pollution origin, but miher it s
very much involved mainly from siltation caused by natural induce. The grouped sites D
and K, on the other hand, even festure low walues of turbidity and [SS they both have
high BOD levels when compared to the grouped sites A, Alkalinity is slso found
compuratively reaching at higher kevels at the grouped sites A, this ke similar to the
refative high trends of alkalinity of this grouped sites in previous sampling months.

Table 5 Averuge values of selected physicochemical varishles in April 1956

Eavironmental varinbles Grouped sites
A 1] C D E

Water temp. (°C) 27.88 28.30 26.71 30.75 30.41
Veloeity (mfsec) 0.46 0.21 (.34 0.12 0.12
Width (m) 532 45.20 33,80 40.60) 1667
Depth (m) 0.23 331 2.06 4.22 291
Discharge {(cu.m'sec) i 20 987 13.92 t8.20 14.97
Adlcalmity (mg/1.) 110.67 26,40 7520 9280 24 00
(Conductivity (microSicm) | 22637 | 210078 175.62 | 785.6) 611.53
TDS (migll.} 145.87 138.67 117.06 | 61101 £07.10
Turbidity (NTL) 2070 | 30010 30.04 6256 96,35
T83S (mg/L) 166.17 | 26,50 29.40 38.57 531.50
BOD (mg/L.) |38 172 1.34 9] r
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Significant variations of environmentsl Srtors across the TWINSPAN groups show four
variables which are distinctively different by the Kruskal Wallis tast. Velocity is
uagmﬁ:m:ly@ﬂym (H=14.91, P<0.01), the other three diverse fctors are
;ﬁh:fhu.ﬂ, P<0).05), depth (H = 10.50, P<0.01) and discharge (H=11.76,

01).

Even Table 5 reveals o merkedly different vahues of several physicochemical variables,
bat the varistion of within TWINSPAN groups is evidenily greater than of the between
groups, In this instance. it is thus leading to po significantly statistics] variation oceurred
from among the groups tested. Such this phenomenon occurs in most of the sampling
months tested as presented so far, where tho general physicochemical trend is varying
due exphiations associsted with that case can be made similar to this case by
determining the extent to which whether the ofF-sct vartation within or between groups
which one is greater than the other.

The result from the S5H plot is also clearly exhibiting & well separation of the sites in
concordmoe with the grouped sites shown by the TWINSPAN, Fig. Th. The grouped
ﬂﬂﬁ.Bml{.‘mlm:mhgtnm:dsihhuﬂnmnt'lh:phmhhthtmh:nwmm
[} und E being extended 10 the top of the plot. The fiurthest group, E, with severely
impacted is located at the uppermost of the plot. 11 is essentinl 1o note here that as the
site HOZ is indeed apparently separsied from the other sites on the SSH plot, and also it
i well splitted from the grouped [ at the third level (+) of the TWINSPAN analysis.
What logical imtention in this sspect is 1o rotain the grouped sites 51 the secand sphit level
of the positive sule of the dendrogram, as this for lending them to implying a more
ecalogical meaningful sense.

All three uxes ure reluted 1o emvaronmental factors. Axls | i cormtlatod with velocity (¢
- I']_Sﬂ.‘ Ly = 3';1]. |"":ﬂ_ﬂ”., dqﬂh (r= -‘l"‘.‘. sty ™= :,21. p“:ﬂﬂﬁ'l_ ﬂﬂﬂlﬁ (r=-A1L47,
taa) = L34, P<0.05), allalinity (r=(0.59, tayy = 3.60, P<0,01) and nitrate (r = 0.64, toy, =
4212 P<0.001), Axix 2 is assockuted with velocity (r=-0.41, tgr, =222, P<D.05),
width (r = 0.58, lyzy = 3.56, P<0.01), depth (r=0.59, 12y = 3.62, P<0.01) and
discharge (r = 0,55, tey = 3,12, P00 Only two varizhles are comreluied 1o axs 3, Lo
corsluctivity (r= 043, Iy =237, P<0.05) and TDS (r=0.44, i3y, = 2.36, P<11.05),
Such these correlativng roveal phiysical environments, for examples, velocity, depth and
discharge, still being major factors disturbing the sites,

Families disuributed along the sites in the space, Fig. Th, are very ruch evident sccording
to their directions radiated. Importun families show cortain directions extending to the
Ieft hand side of the plot, which & very much indeed corresponding to the grouped sites
m Fig: 7b. All of the families in that direction are never foumd existing i any sites of the
different ends. These familiss are, for examples, Elmidae (ELM), Philopotamidse (P111),
Leptophlebiidac (LEPT), and Heptageniidse (HEP)., Chaoboridas (CHA) and
Chironomidae (CHI), evon the former family is discovered inhabiting 2t abmoss all sites
but jts direction is imoving Jowsrds the grouped sites E; und the Chaoboridae i
forwended to the upper pant of the plot where the grouped sites E jocated.

OfF among the sites which considering having moderste impacts, the grouped sites B and
C, the Polycentropodidae (POLY), Dytiscidas (DY'T), Potamantidas (POT) and
Ofigochaste (OLI) are the common Smilies showing apparenthy § distinctive location in
refanion to these grouped sites.
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Regarding the variations of environmental variables across the sites, it s noticesbly that
the grouped sites A are less influenced by any physicochemical varishles. Nevertheless,
i i just only the amount of nutrients, phosphate and nitrate, that might be the case as
can be seen from the right hend side of the plot, Fig. 7d, This grouped sites have
sverage vatues of both nutrient variables, .38 mg/L and 1.11 ma/L., respectively. Itis
sxpected that such high nutrisat levels will be resulting from first occasional run-offs
diffused from the agriculturs] lands in (s area

Thse BUD vector runs across the ates NUZ, PO9 and moving forward 1o the directions
where the sites P12 and P13 located  This can show the direction of organic pollution
occurved across the sites in the space. The sites locaring at the upper right hand of the
plot also indicate encountering much disturbances from natural cause, which can be seen
bry the TSS and turbidity vectors lining upon them

A very mtemie levels of conductivity ts also occurmnng i this sampling month  The sites
Cal, €02 and CO3 have highest mnges of conductivity from 1218 50 microSfem to
1690 33 microS/cm. In Get, thess sites belang to the Chi river and when the water Jevel
decreasing, particularly in Apni, the high lovels of conductivity und TDS would be
expected. OF the very high conductivity values prevailing at these sites, only four
furmifies found bewng uble (o inhaba, these are; Chaoboridae, Coralopogonidee,
Uligochaete and Chironomidae. Chioride from rock weathering is the main csuse of thes
chemcal pollutant. 1115 observed thar of smong orher wxa, Chacbondas i the one that
is much tolerant 10 high levels of chioride
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Clagsification and ordination anslysss (April, 1996)
fa) Results from TWINSPAN analysis,
(b) Axis2 vs. Axis3 baplot of sampling sites by $5H ordination
o) Axis2 vi AxisT biplot of racroinvertebrate fauna by SSH ordination
{d) AxisZ? vs. Axis3 biplot of physicochemical variable by S5H ordmation
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