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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.



Table of Contents

Pa
Abstract 1
List of Tables m
List of Fizures v
List of Pictures v
L An overview |
2 Sampling site deseription 3
3 Matenal and methods 6
4 Dats analysey &
5 Results ?
5.0 Spotind and temporal vanations of macromvertehrate founn 7
5.2 Sies comparson 12
53 Indicator taxa 15
$4  Macroinvertebrate fin varintions implicated by mullivarmte 17
distay rmlynes
55  Bimonthly sites and species classilcntions and oodinations I8
6 Concluding remarks and discussions
Henthie macroinvertebmte species distribution iR
6.2 Fasnal diversity and grouping of the sites demonstrated 42
by multivariate analyses
6.3 Clusters of the sites 43
fud  Ohverall synopses 45
References M)
Appendiz | 58
Appendiz 2 e

llusirated specimen pictures jexamples) a2

zZe




Tahle

Tahie |

Table 2

Tabde 3

Table 4

Table 5

Table 6,

List of Tables

Rimonth} sbvidoal dessitis o seci
numbers by combining all of the swmpling sitea

Average values of selected physicochemical variables
m October 1995,

Average valoss of selected physicochemical varbles
in December 1 995,

Avernge values of selected physicochemmical variahles
in February 1994

Average values of selected physicochetnical varinbles
n April 1996,

Averge valocs of sclected physicochamcal wanables
in Jung | 996,

27

30

35



Fipoe |

Figure 2

List of Figures

Location map of sampling stes across the Pong 5
carchment.

Density of mscroinvertebrate organisms from &
all sampling occasioms at all sites of the Pong eatchment.
Average number of species sbundance of all 12

27 sampling sites

Classification and ordination amalyses (October 1995). 22
Classification and ordination analyses (December 1895) 24
Classification and ordination analyses (February 1996), 29
Classification and ordination analyses (Apnl 1996), 33
Classification and ordimation mnalyses (June 19496) 37



List of Pictures

Mayfly nymph family Heptagemidae
(Order Ephemeroptera)

Stoneily iymph fmily Perfidas
(Order Piecoptera)

Caddisfly lsrva family Hydropsychidae
(Order Trichoptera)

Bloodworm larva family Chironomidse
(Order Dipters)



- 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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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.

=1



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

E 4
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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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This is the last sampling month of the study when entering the early phase of tropical
monsoon period, the TWINSPAN can still be capable of separating the sites into five
major groups, Fig 8a indicates the TWINSPAN groups A to E. The first level firstly
divided the sites into two groups A (n=1) and the other group (s=26), the indicator
family is Sialidae (-). On the positive end the sites are further separated at the second
level which dividing the sites into two main groups, B plis € (n=17) and D plus E (7=9),
a1 which the indicatar families are Hydropsychidae () and Tipulidse (+)

O the negative side of the scoond level which lster dividing the sites into two sub-
araups B (n=1), C (r=16), the indicator family is Chironomidae {+). On the positive end
the sites are splitted into two ssb-groups, D (6) and E (n=3), Baetidee (-},
Ceratopogonidae (-) nnd Heptaseniidae ()

The grouped sites D and E ure less impacted sites while the other sites are very much
aifected by mmnly narursl disturbances Of amang all sites, the sites HD3 and HO4 are
greatly abundant with many benihic funal families whils the site HO2 hias only one taxa
discovered-the Sialidae. The site P13 is explored also hnving only one family inhabiting.
the Chasboridae

Certain feanble comparisons of the sites due 1o water physicochesical variations can be
e within this mvestigating month At first sight, of the TWINSPAN groups A and i,
inr.'m:tnnthgmupmnﬂn:':nrl‘ﬂﬂgnmm:.i.n_[-mzandl'li.mmi!.-ﬂy_ These twa
uites are woll separated by both the TWINSPAN dendrogram (Fig, Ba) and the S5H plot
(Fig 8b). Even they both have far different values of BOD, TDS, DO, nitrate,
canductivity, alkalinity, discharge and depth, these two sites however reveal visnlly
mtpacted in which ench of them has unly one Bunal fomily dwellimg.  The site HOZ of
ugstream highlands where the lands nearby have been cleared, thus considerable amous)
af surface soils being discharged into water bodies. Such fine earth is bwer partly
suspending and its considerable smount passing 10 downstream. The rematning
suspended residues are evenmually anking to the stream bed. This leads 10 o substantial
modification of this habitat and that not suitably for benthic funs wsemblage, even this
site has a considesable amount of DO which is as high at 6.53 me/l. Such high level of
DO, bowever, is in fict largely from the reaeration caused by water current

The site P13, in contrast, is clearly indicated the impacts which onginating from hurmian
sources. As this site locates within city boundary and with a very extremely high BOD
lewvel, 12.80 mg/l., consequently such this water environment is not providing suitable
habitat for most benthic animal larvae. Also as noted eatlier that Chasbordae 15 more
talerant to high level of condootivity and this appears to be snother confirm case that the
site P13 in this morth show such smilsr phenomens, Le. discovering only family
Chaoboridae inhabiting and the measured conductivity is at preatly high value

Possibly six main witer chemustry vanables can be drawn to compare betwesn the
grouped sites C, D and E, these are pH, conductivity, TDS, turbidity, TSS. DO and
BOD, Table 5. The most abundant Gl families cecurring at the grouped sites D, and
these grouped sites have relatively low furbidity and TSS levels when compared to the
other two grouped sites ' The grouped sites D also have 5 markedly highest level of DO,
595 my/l., and lowest Jevel of BOD. 1.03 mo/L.
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Similarly to the grouped sites D, the grouped sitéed E also have higher levels of DO and
lenwer level of BOD, Table 6, this grouped sites likewise have higher mumbers of Sunal
tamilies inhibiting However, the water quality of the grouped sites D are still superior
to the grouped sites E, as when they appear with lower levels of nrbadity, TSS,
conductivity and pH. One special sote to the grouped sites C is that they all have higher

Teble6  Averape values of selectad emvironmental vaniables m fune 1996

Environmental variabies Groaped sites
A B Q D E

Velocity (mv/soc) 62 | 012 | 033 | 043 | 036

(m) a21 | 120 | 333 | 1S | o7
ﬁ:mm misec) 025 | 835 | 3464 [234) | 588
pH $20 | 860 | 821 | 180 | 795
Alkalinify (mg/L) 3600 | 130,00 | 90.50° | 92.00 | 10267
Conductivity (micro$/cm) 6243 | 31120 [220.95| 167 16{ 182,94
TDS (my/L) 4160 | 22213 | 148.10]111.34] 12008
Turbidity (NTU) 6200 | 2400 | L1852 2517 | 11725
TSS (my/L) J150 | 3850 | 9409 | 1533 131 08
Orzho-F (my/l.) ND | 040 | 0.03 | 003 | 0.03
Nirrnie (my/l) 000 | 110 | 042 | 0490 | 0,38
DO (mg/L) 6.53 180 | 612 | 695 | 650
BOD (mg/L) 123 | 1z80 | 2058 | 103 | 1.50
WD = non detectable

Velosity (H « 974, P<0.05), Jepth (H = | 1 94, P<0.015), discharge (H = 9.64, P<0 05)
and TDS (H = 10,64, P<t 05) are four main variables significantly telated to the
TWINSPAN grouped sites as being revealed by the Kruskal-Wallis 1esz

The SSH plot as shown in Fig 8b reveals a well-defined groupmmg of the sies in the
space  The sites HOZ and 13 are far separmied from the rest, they both have & marked
mmpacts occuming but by different sources as mentioned earlier.  The mos cleaner water
quality sites, group D, and bemyg abundantly colonized by most aquatic larvae are
extending 1he right hand side of the plot It closet neighbors locating 2 linle nonthward
to the plot ks the srouped sites E which have subartinate numbers of faunal families to
the grouped sites D). The grouped sites € are locatineg approachmg to the bottam of the
e

Only two 55H axes, axis! and o032, are corvelated with séveral physscochemical factors
Axis] is significantly telated to velocity (r = 032, 5, =227, P<0.05). pH (F=-060,
bosy = 227 P<O.01), phosphate (v =042, L =226, P<D.05), DO r=087_ o, =
4 39, P<0.001), width {r=-04%, 2= 273, P<0.03). depth (r=-050, 1, =279
P<0.85yand BOD (r= 0.4z, =230, F<0 05) Axis) is associated with an
temperature {r= (54, tas= 3 15 P<0 01, water temperature {r= 070§, - 374,

e



P<0.001), width (r =0.60, teq =367, PD0.01), dépth (r=0.54, 1z, = 3.16, B<D.01),
discharge (r = 0.66, s = 4.25, P<0.001), conductivity {r =0.65, tas, =4.17, P<D 001)
and TDS (r=0.64, tpy =405, P00,

This month is ¢haracterizing as the first month of rainy season of the reion and thus
leading 10 almost all physicochemical variables rising up at high leyels. Surf .
mEMWN_MMMHﬂMHF

environmental variables messured in most of the waterways. The SSH axes are then

Fig. 8¢ shows the family vectors extending to several directions which i fact refaring to
the sites in Fig. 8b. It is very apparent that much more numbers of families are directed
to the grouped sites D and E. The indicator families forwarded 1o the groaped sites D
are, for examples, Potamantidee (POT), Heptageniidae (HEP), Ehnidae (ELM),
Leptophiebiidae (LEPT), Calsmoceridae (CAL), Corvdalidse (COR) 2nd Molannidae
(MOL). The second highest shundant family is of group E, where the veetors slso
mndicate u larger numbers of indicator famifies, these are, for instances, Leptoceridae
(LEP), Hydropsychidae (HYD), Caenidae (CAE) and Curculionidas (CLUR)

The grouped sites C which sre influenced by discharge show a eertain types of indicatar
families which most of them prefer deeper waters. These are, for instances, Ecnomidae
(ECN), Polycentropodidae (POLY) and Potamantidee (POT). Some pollution indicatur
famibes are also extending 1o this end, for examples, Oligochaete (OL1),
Cemtopogonidae (CER) and Chironomidse (CHI). The family Chaoboridas (CHA) s
pbviously pointed forward to the site P13, where the Sialidae ($1A) i lined directly 1o
the site HOL

There are some cerain correlations between ordination axes and envirommental
vanabies, which some of the vansbles significantly associnting with axist. There It no
significant association between phyvsicochemical parsmeters with axis2

I'he pedination axis) & very highly postively correlated with DO (1 = 0,65, ts =436,
P<0.00L). This u indeed corresponding to whirtever the sites are srranged in the plat,
the sites having lower levels of DO are placed on the left hand side of the plot, while the
fugh DO sites located on the opposite end  The pH s strangly negatively sssociated
with Axisl (r=-060, tey =371, P<0.01) The trend of pH is then increasing from the
night to the left of the plot slong pasi

Chther environmental factors which negatively correlated with axis | are air tempesature
(1 =0 38, lay = 2.08, P<0 05), phosphate {r = -0.41, tsy = 2.26, P<i. 05), width (r =

049, by = 273, P<0 05), depth (r=-047, ty, =265, P<0 05) and BOD (r=-0 48,
L, = 1.03, P<D03), while water velocity is positively associated with axisi (¢ = 042,

L = 2,29, P20.05)

The intluence of physicochermcal vanables due on the sites 15 shown in Fig 8d  Most of
the emvironmental factors do affect mmst of the sites where locating at the bottom of the
plot. At the upper part of the plot wher= more numbers of faunal fmilies flourishing,
ithese sites are comparatively less impucted by environmentil factors  In other words, the
sites al the upper part of the plot have low level (intensity) of environmental variahles
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Figure 8 Classification and ordination anahyvses {fune 1994).
{8) Results from TWINSPAN analysis.

(b) Axis2 vs_Axis3 biplot of sampling sites by $SH ardmsation
(€) Axis2 vs. Axis3 biplot of macromvertebrate fauna by S5H ondination
(d) Axis2 vs. Axis3 biplot of physicochemical variable by SSH ordination
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6 Concluding remarks and discussions

&.1 Benthic macroinvertebrate species distribution

Distribution of beathic macroinvenebrae species are varying through vanous types of
lsnidscape in the Pong catchment The upstream lands have more numbers of benthic
species, and becoming less shundance st lowland sreas. The two prime factors which
&Bmﬁgﬂumﬂmihﬂhcmm{ljmr:pmﬁmmdmhﬁm
disturbance.

(1) Habitat specification

Cermain benthic spocies mhabiting at a site is the first issue to bo discossed here This s
the case of hubitat specification preferential for particular species. For examples, most of
the sensitive Ephemeroptem, Trichopern and Plecopiera taxy ere abundant at upstream
highlands. The stream resch uplands are relatively shallow with the average minimal
depth less than 0.50 m. The water quality of these uplund sites are relatively clean with
less levels of contaminunts. The stream beds of the upstream sites are mixed but momby
undoriam by bed rock, boulder and cobble.  Also a1 those sites, along the stream bunks,
thading is largely provided by the abundant trips of native vegetation. All these habitat
charncreristics are preferred by certain aquatic macroinvetebrate species

There are many Instances found a correspond to such a habitat specification criterion
These are, for examples, two obvious mayilies groups, Heptageniidae and
Leptophlebidae, discovered them dwelling only in a good environmental places. which
inchiading clean waters, cool tempersture and rock substrates, Ceraun trichopteran
groups favor to inhabit st such above spetific habitut sre Psychomyviidee, Goeridae,
Leptoceridae, Odontoceridae, Hydmptilidae, and Calamoceratidae  Some dipteran
groups ditoovered which limiting 10 dwell at such refuge are Rhagionidae end Tipulidae
Coleopteran groups corresponded to such habitat are Gyrinidae, Elmidae and
Hydrophilidae. Perfidae s the only one stonafly family discovered in this catchment_ its
living is also restiicted to the upper pant of the catchiment. Gomphidse i the only
edomatan taxa which often found fving at Wghlands. The mesalopteran Sialidae 15, the
only fmily diseovered, existing ot the uppermost upstrenm linds Unfike others, the
hesrpteran families are all wide spresd throughout the Pang baskn

The more epidenme tnchopteran taxa sre Hydropsychidae, Philopotamidac,
Polycentropodidne and Ecnormdae.  These taxa groups are very often found imbabiting in
lowland deeper waters 11 the waters becume clean, some mayfhies groups are also
widespread throughout the csichment both shallow and deeper streiches, these are
Potemanthidae, Caenidac and Epbemenidae. Most abundant diptéran taxa throushout
the catchment re Chironomidae and Cerstopogonidae Odonatan Lebellulidae and
Macromiidae groups are found simost everywhere The Corbiculidse bivalves and
vivipandac are giso abundant elsewhers

T'he moare specific taxa dwellers at pollmion sites are of mainly dipleran groups, Le
Chwronomidae, Ceratopogomdse, Chasburdie, and OMigochaete, Some sites with heavy
orzanic poliution, the oaly fving Laxa wroup explored is only of Chironemidae Bmity.
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As this study recovers animal samples from river sediments, all of the animals discovered
are limited to organisms that Eving ooly on river beds. The high requirement oxygen
taxa would not expectedly to be found in the deeper water samples with less amount of
assemblages above is then primarily mvalved tn the findings of whet taxa depositing at
the river bottam sediments. Such these delineation about benthic larvae groups have
never been published elsewhere in Thailand  Thus, the preliminary findings by this sudy
will contribute the significant inowledge of biology of the Thai native macroimvertebrate
fauna, which will be available for later references or more specific smudies.

Dilemma of eross comparisons between benthic taxa assemblages versus sites?

Species richness is generally recognized a3 a primary “metrics™ that used 1o chamcienze
the degrees of biological quality of sny emvironment of concern. To compare the species
richness acrags all of the sites without regardig taxn-habitat (site) preforential
interaction, therefore this is less relevance Recent research recommended 1o the ane,
who s inevitably going to use this typs of “metrics”, huve 1o modify thar dais through
some orts of what is now called “multimetrics”™ (Lenat and Barbour 1998) This is in
fact the late develapment to datc mssocating with “metrics approsched” as its main ides
s 1o combine all of the results from severnl metrics by forming mto wholly one reliabie
biolagical result

However, It is clsimed that such “multimetrics™ approach is not always vahd as being
npplied to all several habitars ihroughout the catchment (Morris 1995) Onlby the habitats
with similar physical emargaments may be lareely appropriate to use this type of
Sruiltimetrics™ analysis, which such wliles habitats are recently calied “ecoregion™

In summary, all ol ile metrics being used now, the multimetrics recently sapershade the
conventional species richness measure and other similar indices. Nevertheless 10 use
this multimetrics with biological data, there will be 4 certain limitation by only applytng it
restnicted to each ecoremon and that any comparisons can thereafter be made through
amilar habitats in that ecoregmon

At this stage, the number of spestes found by this study is then contributing only 1o
lesting the findings of species (or wenera) which inkiabiting in the Ponig catchment region,
rather than making a cross comparisoes of amony the sifes in the catchmen?
Nevertheless, as this study encounters the time constraint on report due submission. such
exercises associated with multimetrics would then be now not succesded. The high
stacks of data collected by this cxamination will thus be later snalyzed by the
malltimetrics approach in the following yesrs  The multimetric is indeed very much
steresting, and It seems to be readiness to further handle by this study when the tme
span allowsd  As this year all of quantitstive data set have been Umely already
systematically stored, additionally most of the times of the firgl vesr investigarion ars fiw
fickd samphings and specimens identificanions

Descniptions of average number of species assemblages of il sites versus umes would be
principally sufficient at (his stage. The minimal average mumber of specics ocours in
April (Table 1), while the masionen s in Fébnusary, The bl-month (o recorded by this
stiady indeed Implies some factz szsocianes with life cytle of squatic macroinvetebrate
taumi of the region.  Accordm 10 bimombly sampling, larse numbers of
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macromvertebrate larvae are discovered in December and February {the cooler months),
wiule the least numbers found in April (the hottest month). When disregarding
crvircmmental impacts to the oumbers of txxa, this is generally iIndicating thet most of
the aquatic mecroinverichrates at this summer time go on to adult stage

Cross comparisons by using species numbers, which only being prefimirarily analyzed,
number of species deposited at the upper Pong and Cheon nivers” sites are not different
Thus would congiderably indicsze a common environment that underiying betwesn them_
&5 most of themn are locating et upstresm lughlands - However, the maore msighfidl
Imvestigations about species sssemblage at each site through time is still peeded by this
study,

The density of ndividuals (organssms) is another data set thar would be expested to
show a certain trends which relsting ro the orgamsme-site vanations. [nterestinglv, the
average dengity of individunls is rising up at higher level in cooler months (December and
February) whereas the hottest month {April) it becomes decreasing (Table 1) This

phenomena is mmmeNmnmmngmthm:pmmmhut
However, the density of organiem values reveals very varying of each month data set

(2) Habitae dismirboamee

Sotne facts revealed by this sudy are principally about the consequences of habia
disturbances. When cotisidering the benthic species depositing at a site through time, i
impliet & set of causes that mle the habitat not suitable for benthic antmal dwelling
The disappearance and reoccurrence regimes may be the case for diccussions bere  The
study results show two main sources of impacts emerged 1o water dwelling animals, ie
physical and chemioal factors.

Of the upper catchment sites the physical factor is prome to be the mejor imperus which
disturting the habitat at a site. This is leadmg to the dissppeamnce of some benthic
species which unable to resist that changes, for examples, heavy dischange, high turbidicy
caused by surfhce run-offs ete. Thus, all of the fragile irvae are wiped out by the river
flow. [n contrast, once when the nver waters return to normal stie, these laraae are
then resppeannge. This can be obviously seen from nost of the sites of the upper Pang
catchment

Another impartant note about physical effect is that between the sites which lying ar the
sime altitude, some sites have different taxa compositions.  Certain examples can be
drawn from the stidy is about the differences between the lower Cheon and the upper
Pong sites. The two grouped sites have different physical environments, for examples,
water depth, discharge, nparian vegetation and substrates, these factors are mamly thus
determmmng the oecurrence of certain bemthic species

Some lower tites of the carchment are also shawing such above parsdex e POR, P09
and P1]. The three sitex here are not only affected by physical source but also from
erganochemical origm  The frst two sites focating at main stream channel, very often
that once when the water quality changed duc to organic pollution discharged from
upsiream, certam [axa assembisoes becotne rapdly declining. and finally all desppearme.
Whenever the water quality is relatviely improved. that taxa begin to meresse m
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For examples, the ﬁnrmhmﬁufwmmmﬂmw bicdogy of 5 certam
taxa which being based on what i3 imitiatly found by this stiudy, The Andings of such a
pecies wherg it anly inhabits in & certain site, the sie with particular prevaifing
emaronment Species and habitas conservation at that site muy be goother topic to
comtmue.

The second mity pose many hypotheses relating to the theme 0f present and shsent of 4
species al a site. For ekamples, it might be profitable to see thal 0 what specific level of
BOD thar will allow such 8 SPECICS 10 survive an asite i the tistural shiation A certan
covelation between that two ends iy be found and that lendmg the resulis 1o adjust the
smbeent BOD standard which can be sctually applied to the real situstion in Thailand.
rather than using overseas standard zs presently practiced

-
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mcluding TWINSPAN are applied appesring in Thailand ag masters research, but rather
eesminely understanding about the theorizs behind them |s very limited Thys any
conclusions dhie magde may be less valid



ordination procedures, i.e Factor Anslysis (FA) Principal Component Anshysis (PCA)L
Principal Coordinates Analysis (PCoA), DExrended CORrespondence ANAlysis
(DECORANA), with biclogcal (community) data have to be extremely carefirl

Later, Belbin {1995) found that the bess it ordination analysis procedure 1o biological
data is of the semilinearity type, and 1hus leading to the creation and the use of Semi-
ma-wwmhﬁmﬁsﬁhmm]hﬂamﬂfmm
mentioned. Most recently Noris (1995) reviews and reaffirms the spproprisieness of
35H which agreesble to thay of Minchin (1987), Thus, the ordination resulrs, by using
thase former ordination procedures, recently presented by some investigators in Thailand
would produce some distortions of the samples/sites in the space biplots  Any
hﬁ?wemﬁmufmn&nmmmu'mmwm;m&m

The classification type-the TWINSPAN, on the ather hand, 1s still effective in cinssifying
eammmmnity dats fo date. However, the use of this procedure is slso nessled very much
critical congideration. As the TWINSPAN applied the Chi-pquared distance to generate
the resulty which emphasizing the rare species by disregarding the total shundance of s
wpecics. Predetermination design about the data input into the TWTNSPAN program
then have to be initially carefully made. If not, the outputs as the grouped ol
sites/samples and species wre 10 be not efectively valld, The bivariste fumily data
{present and absent) by this study i then free from that limitation, and thar expected 1o
contribute a entical lopical results

Dhacussions made here about the TWINSPAN and S5H results nnnlvzed by this study
will be falling o three main sspects, firstly grouping ol the sites based an these two
tiethods will be disputed, secondly key macroimvertebrate species assemblages at each
grouped sites aro briefly discussed, and lastly, uny relationships berween the erouped
sites und environmental varisbles sro pecessarnily fundamentally concluded

6.3 Clusters of the sifes

1) Refervmce wites

As can be seen from Figs. 4 to 8, there have been o vonsiderable shifting of the sites
between the TWINSPAN groups through bimonthly vadation. Attractively, the sites
HO1, HO3, P02, PO3 and PO4 have always been attached to the same 2nd of the
TWINSPAN dendrogram i every sampling occasion.  These sites locate relatively of
upstream highlands.. The sites HOJ and HO3 are situated st higher altitude of sbout 600
M S L, whercas the sites P02, P03 and P04 are markedly m lower focations with
altinede of aboul 200 M.SL.

It appears that these sites can be classified a5 reference sites of the Pone catchment, the
sites that with the relative pristine conditions can be Jater used for comparison by other
‘sites of concern. The SSH biplots also show 3 well separation of thess sites, may name|
“reference sites”, in concordance with the TWINSPAN results. Thus, it is promising
that these sites are well charactenzing s certain enviranmental state m which through the
year maimtaiming a condition sttribuiable fu squatic macroinvertebrate dwellne
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faunal taxa that can be found throughout the year at these reference sites. 1t is very
mch well known bout the beptageniid and leptophlebild taxa that they afl require quist
grouping the tixs sccording to their tolerant values 1o envirommental sress, assigned
these two taxa, like most other sensitive taxa, at highest score (10) (Spellerberg 1991)

Ehﬁdanhmhﬁmmﬂﬁthhnﬂmﬁmndhmmﬂﬁ My
European researchers siate that the elmid t2ea is quite common everywhere in European
continent, but this is rather much different 2= in Asinn enviromment here. What is found
hythhﬂudyiugrmdmhnhnniﬂﬂthdt{lﬁi}ﬂmmﬂmmtdmﬁﬁﬂu
beetle can be used as indicators of water qualiry, and also featuring & condition of
endanuered habitats in this pan of the world. They note that these o most frequently
discover dwelling nt fast Bowing high saturated forest streams, The etmids thus ke 10
dwell in the relatively elean water habitat  European score applied for the cimid, 5,
which implying its moderate tolerast to pallution, i3 therefore not likely to be used with
Asian tropical environment.

However, there miy be some genera of Elmidae that may follow the European case a3 by
this sudy some elmids are found inhabiting downstremm. This might be the case of
speties specific. Blology of this taxa group in Thailand will still be nesded a1 10 fulfill 3
more understanding of this femily. Asother important observation likely Lo nate here is
that we very often find the elmids gradually recover when the water environment become
impeaved, bul they dissppesr rapidly once I the waters begin 10 degrade

it s mot slways the case that the beptagenids can only be discovered nt highland cool
streams, bul in some particular reaches of lowland river we still find them dwelling as
when the water quality are conmderably improved. To this ond, the presest of this taxa
can aldo be used ns another indicstor species. However, It |s true that most abundance of
these tixa are at Wighland cool streans. Possible interesting ypothesis may pote here
that whether the genera and species of heptageniids are the same in those lowland and
highland habitats. Taxonomie studies about this species is thus further needed.  Anather
point of concern may be that of what additional factors other than water quality which
conditioning such a txe to lve

{2) Temporal franslocation af the sies

There have been certiin ten sites that transferting from one to another of between two
TWINSPAN sides by the first level sphit, these are CO2, NO3, N4, P06, POT, POR, POS,
P10, P11 and P14 These moving about sites are needed more elarifications here.

in October, even most of the sites st iowlands are extensive affectad by high rver flows,
there are still three siles that a certam numbers of families had been explored, COZ. NOd
and P10 The faunal zroups that determine these sites shifting to be included n the

better cnvironmental guality sites of this month. groups & and B as in Fig 42 these are
Elmidae, Caenidae and Ephemeridae.  These faunal groups are commeon taxa that nang

i these groupisd sites

The more sisbtle split betwesn the better environment grouped sites A and B is by using

the sbsence of indicator families, Baetidsc and Leptophlebiidac Special attention woukl

then place on the absence of Leptophlebiidae where this taxa has been never found a1
2



lowlands. Bastidas is however shble to be discovered almost every site in the catchment
As stated earlier that the Jeptophlcbnds are typed as good environment dwellers. The
grouped site A is thus charcterizing & much better envirommentsl quality than any other
grouped sites.

On the other end of the TWINSPAN result in Oetober, Oligochaete and
Ceratopogomdae are the taxa indicating the groups C and D. The sites PO1, NG|, NOZ,
ING3 and NOS of he upper catchment are placed in these groups which rather much
impaired groups. The determming factors forcing translocating those sites which
revealed by corrolating environmental factors with TWINSPAN groups and S5H axes
are physical factors, | e discharge, river morphology and turbadity. These sies at thes
time of the year are very much affected by physical disturbances and thus drang them 10
be grouped with most of the Jowland mmpacted sites. Fig, 4d also confirms the effects of

When congidering all of the sites in terms of bindiversity, the grouped shes A have far
greatest diverss numbers of faunal families Fig 4¢, while the grouped sites [ have the
least. The maximum diversity site is HOS (Tad Mok) with 14 families while the minnmal
is 2 fumilies of PO1 (Na Noi), In fsct, the waters at Tad Mok is temporsily availshie, it
will be eventually dried up in February and Apnl, However, the substratum of thas site is
ted rock and well protected by a dense nparian vegetation. While, the site PO1
characterizes a fist turbulent fows dunng October as this site receives the watens
Mushing steeply from the Phu Kradueng National Park where the Pong rives originated

However, it cun be concluded at this stage that the findings sssociating with biodneersity
al i site by thig study i in fact very exsential as we can quantify the degroes of
bedversity of the lands (sites) across 1he carchment st 4 eertam bme of the year

In December, one obvious ste, PO, of the lowlands is included in the bester
environmental quality grouped sites. The site PO9 is discovered o lurge mumbers of
Eaunal families deposited when at this time of the year the waters ai thiz site restore to
normal condition  Leptophlebndae is still bemg an important faunal species mdiosting
the first TWINSPAN splitted level.  All of the lower sites of the Chaon river are well
separnted and grouped imto the mmpacted grouped sites,

Besides the physical factors, e.x discharge, which conditioning the faumil sssemblage ot
a site, in this month the other pnime conditioners are DO and pumente. All of thow
lower Cheon sitey hive been grestly affected by nutniest inzensity, Fig. 54  Even the DO
vectar in Fig. 54 does not show a clear association about the influence of DO (25 4
fimitation of the selected axes 1o be ploned), but the DO i3 very highly symbicantly
velated to axiz|, This means that i this month the D€ values have s grear mfluence on
discnimination of the site groupings

The topmost (sunal diversty is HO3 which 26 families found, while-the least 1 P13 with
only 2 families. According lo Fig 3¢ the much more degrees of biodiversity sites-are
the sites located at the bottom of the plot, ie the grouped sites A [t can easify nobee
that the site P01, formerly moluding in the impacted sites in October, then a1 this moath,
returns o nofmal state by having 8 faunal famiies discoverdd  Morsover, the most
striking fact is about its fetnal family contents between the two months. Ooober verius
December, thus only iwo families accured in October, Chitonomidae and
Ceratoposonidas, bt in December found cxght tamilies: Further. the ate POT with siok:
25




hﬂﬁmd'ﬂmwm,fﬁurm;ﬂiw-hiﬁu also appear, thess are
Heptageniidae, Pimhpmpmnbﬁhandhrﬁmmmtmﬂﬁnghﬂasim
POl izi mm:anﬁtj',mﬂ“&hﬁghrfaﬂlivﬁﬁyhﬂﬁa
month

Mﬁprsmwmmcmh@mmﬂnﬂmmmm
Tﬂnﬂ@awmﬁmﬁtﬂwﬁgﬂﬁmm&w These two
ﬁﬁummmhﬂmﬁmmsmwhﬁmmmdmm
pellution, and the result explored here is also agreed to that-the pollution indicator
species

in this instance; it can be summerized that the high DO level (Table 3) is being the firgs
enhanced factor that Im&gmr}uﬁghwwhmimﬂmfuMM

dﬂamgﬂmirinmuiry_thcmbemuﬂlmumi once again it is able 1o mediate
mhﬂmm%nm&%iﬂﬂumdﬂeml.

mFd}nmry,thnmwﬂﬁtﬁnflhmﬁnﬁm{Hmwﬂﬁjmﬁﬂbﬁnghthﬂudm
the impacted sites of the TWINSPAN groups, Fig. 60, Two of the lower sites. PO and
m.mmmdmndmhﬁﬁuindhmmlhnpmmdupnmmu These are two
vahuamﬂmmmnﬂhum&ﬂmuwnﬁmmmnpmmmmﬂ.ihihhih
m&mhwuffnumlﬁﬂﬁlimmmﬂnnﬂundhmuindimw&uiﬁu Both of
ﬂwnhvemmunmhu:ufﬁuiﬁhhtmﬂmﬁu Potamantidae iy one of the
most sensitive forms which found st site POS

The most diverse funal familics are of PO2 and HO), both have the sume sumbers as 20
familics. In this instance, the site P02 may be used as the refefence site fis COMpATISON
with any sites with the same plain (200 M S L), while the site HO3 5 used to distimguish
Eaumal diversity of among the higher whitude sites (600 M. S1)

HO3

AneminMwﬁchmh:hmnfmmemﬁumﬂlmmy
mveshgation that these sites (PO2, P03, HO1 and HU3) are always binding together
ﬂumrm:,wcm';sh:nmmﬂmmnﬂwwldbem;wﬂmmgmh
that grouped sites firstly 1o be reference sites rather thin using only 2 simgle e

Further, sisch reference grouped sites can then be divided o sub-groups with differem
altitudes and other physical environments. Tius second divisive groups of each is then 1o
be compared by any sites of interest, the test sites which having similar epvironmental
attribures 1o that sub-group sites. All of the reference sites firstly constructed are
dﬂivmﬁnmthedmﬁﬁtﬂhnhyﬂmmﬂmmﬂmdummﬂ further reconfirmed by

The site P13 in February is wirtually polluted  Both BOD and mtsizats are a1 nghest
values idhis month: There is only one fagml family dwelling in this sic 1e the
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pollution mdicator Chironomidas. Comequently, the site P13 is far well excluded
locating beyond any other groups by the SSH biplot, Fig. 6b. The famsl diversity
positions obviously revesl, Fig 6, lining towards groups A, B and D Most of the
faunal families are extended 1o groups A and B. Such this instance, the sites m groups A
and B can be assigned as reference sites. These is indeed a well mivmure of highland and
lowland sites which can be determined for later comparison with other sites at this time
of the year.

In the hottest month, April, the mmmber of fannal family beging to reduce mn mos: sites.
Interestingly, the site HO! s now becoming the sit¢ having the maximum number of taxi,
|6 farmifies, Most of the remaining sites are affected by several environmemal factors as
shown by their high comelstion 1o the S5H axes. Abundant faunal famifies of the

The grouped sites A illustrate the masimum diversity of faunal family == clearly indicated
by their positions in Fig. Te. The sites PO1 to P03 of the upper catchmeont are tied 1o this
grouped sites, At this time of the year, the site P04 of lowlund ares of the uppes
catchiment i3 included in this grouped sites. At the site NO T, the environment i well
improved and subsequently made tbe site having more munber of families, thus bndrmg it

1o this group.

The site HO3 which is used to have the moss diverse faunal families, it now bécomes the
site which well separated from the faunal topmost grouped sites. However, it 1 still
countable to be included in the less impacted sites when compared to the uther sites, Fig
7a. As the sites HOY and HO1 line on the same altitude, but each of them haa far unequal
amount of forest covers, the site HD1 has more than ninety percent forest caver while the
stte HOJ has less than ten percent, this consequently leads to differem degrees of
capacity in nourishing forest.water related animals

Adgditional example i of the site HO2, which s on the same plain as HO1 and HO3, In
April, this site 1s now beoarming stagnant with less amount of waters availsble. On one
sicle ol the stream bank the lands have been extensively cleared for corn fiekds and thus
varnishing almost all of the trees, durmg summer thiy site becomes stagnant, The ste has
comparatively the ieast faunal family munbers discovered when sampling. e only two
fammilies

According to the sbove evidences, it can be concluded (hat the degrees of fores:
abundance can play a major role in supporting aguatic animal commumities. Th is
exactly right as in our tropical environment, and it 18 becoming obwiously cntical
situation particularly dunng summer month

To this end, however, we currently still do ot know the fact of detailed life cycles of ou
native aquatic macroinveriebrates. What we found by this study dow it is just merely
being the bepirming step of explonng the variations of structure and sbundance of our
native aquatic macromvertebrates through time snd space. There are yet 10 be several
thousand topics needed to be firther mvestizated, e g. biology of cach faunal groups,
detailed sensitivity of each species 10 emvironmental changes and so many on.

I Jurte, [he sarly rainy moath, larger smount of waters become availsbie at the dnest
site, HOS, and 1t becomes wet with much waters avaitabile. Macroinveriebmie Fauna
increase i numbers in 2 certan stes, particularly the sites where locating @ appermos!
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catchment, ie. HO3 and HO. These two sites have 10 and 0 (no waters svaiiable) family
numbers in April, in fune contradictorily they have 18 and 21 families respectively. The
site FIO4 now becomes restoration with rather healthy scosystems after it had gone
through an abrupt harsh enviromment for almest four months  In this monch, the site
mw-mmhﬂgmmmmmmm Four
mmmﬂwmmmmmwmm
discovered abundantly ar this site.

The number of faumal family is also increasing st site HO3, 18 famifies. The sensitive
Potamantidae which once appesred in April also beina discovered in Jure The sites
HO3, HO4 and P14 are bound 1o be the only one grouped sites in thiz month that
chﬂtﬂlﬂi:ingthemnﬂtﬁvﬂmfmnulﬁnﬂrlw Fig. 8¢ clesrly ilhistrates the
hughest diverse families extending 1o the grouped sites T

Two muin extremely pollisted sites in June are HO2 and P13, and clearly being separated
from the remaining sites, Fig 8 Faunal diversity at these two sites are comparstively a1
lowest numbery, Fig 8¢, HO2 recsives = considerable first stonm effect which
subsequently wiping aut all of depositing enimals. While in the lowlsnd aress. the sites
are just about 1o be affected by this event Thewr waters are not yel receiving much
disturbiance by storms like the uppermoss sites where the water dilution very much
prevailed ﬂw:thuhe?ljmrwmﬂnmﬁnmd@unnIWﬂrpdhﬂnn
impact, its BOD level rising 5p to 12 80 mg/l. There is only Chaoboridae faunsl family
discovered inhubiting ot this site

The site P14 (Ta Hin) of the lowlands in June is inchsded in the most diverze fainal
Farmly sites FIO3 and HiM. OF smong Gaunnl families inhabiting in this site, the sensitive
fatm Elmiidie in also discovered  The site POS is also bound to group E which iy also
relatively less impacted. The TWINSPAN groups I3 andd E in this month are less
umpacted and indicating much sbundant fiumal families Inhabiting, Fip. 8o These less
polluted sites clearly have been mininal impacted from discharge, width and depth, Fig
Bd. The DO value is the highest influential factor that conditioning the positions of the
mies in the SSH plot, Fig. Bb. These three sites. HO3, HO4 and P14 in Fig. Bb are clearly
shown such high DO levels which relating to axis|

It appeary that, in June, both the TWINSPAN and SSH are highly senstive which being
capable of differentiating the sites, particularly the extreme sites, such as 02 and P13
which chameterizing severe water pollution accurred and atso the least fimesl farmaties
thwelling.

6.4 Everall synopsis

Indeed, even this study intends to reveal a cormin resuls that have heen discoversd oaly
lmited o the first vear of investigation  But, the authors fn fact found that very muogh
enitical effiorts have been spent on te sescarch prior 1o attaining the overall rescarch
obyectives set forth so far. Several points that have been raised on the way through this
repott so far, and that may meed thoussnds of studies to be furnish in arder 1o achieve
well understancing abowt our native macroinvenebrate fauna This is a5 2 result of the
lack oF eritical research done associating with these faunal groups in Thatland for
decades.
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However, important findings according to this study can be shortly summarnized a3
followings.

(1) Macromvertebrate taxa dismbution across the catchment are very much diverse. The
environmental factors that determiming them assemblages at & site are both from physical
and chemical sources. These two main determinants are originsted from both human and
natursl induces..

{2) The oceurrence of benthic fauna ane being conditioned by two main minnsic modes,
namely, habitat specification and habaat disturbance. The former mmplies the favar of s
macrainverichrate species likely to dwell at a certain site at which that site has 2 unigoe
snvironment appropriated 10 such o species. While the latter revesls the consequence of
sssamhblages

(3} Taxa abundance and community composition are both well clearly refated to
environmental changes both by tme snd space. Disturbances from both human end
martgral 3ources cn be charactienzed by macromvertebrile taxa variations

(4) The less impocted sites reveal having the more degree diversity of macromvencbrate
tais than that of the impacted sites.

(3) Macroinvertebrate comnumity at a catchment wide seale can be successfully

clasutied and ordinared to form different groups of sites by multivanate snalyses
methods, thus enabling us (0 spatially and temporally compare among all of the

IvEstIrating sites,

(6) The anulyses by multivariate methods can lead to & construction of any reference
sited, which later these sites can be used for comparison with any sites of concern. The
wroup of reference sites is more encouraged than only assigning 10 & single site

{7) Most indicator species published internationally which beung able to indicate water
pallation, this findings also discover most of the results agreed 1o those publications
However, there are still some taxa being noticeably placed in doubs as raised by this
study. This is mainly from our native raxa are of tropical environment in which to some
extent they characterize some forms of differentiation from those i temperate zone  Fon
example, Foropein reseacchers found ther Simmilinm sp. everywhere soross the
landscapes, but our native Siomeftver sp. 15 only limited (o the upstresm coollands.

(8) The degrees of emvironmental quality factors at & site; even only a resuilt from one
year of research, it is clear that, such degrees can be assessed by using macroinvershrate
fauna venation results. This will fead to 2 critical issue in nature conzervation and
resloration at g particular sites or cerain landscapes.

(%) The “biodiversity” ceraily as agreed 1o imernational approach can be zssessed by
this ammal group. To include mecroinvertebrate approach in “biodiversiny * quantifyine
methods is the most appropridte way as claimed by many international investiszstors
The findings by thiz study i also agreced 1o that statement 25 these tava ars wates-
forestry related animals in matore,  The more posting areas the mom macromecricbraie
taca will be; this is what we actually asceram.
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Macroinverrebrate fanma of the Pong catchment in December, 1995 (comtimue)
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hﬁuumvutehuhﬁ:m of the Pong catchment in Decemberber, 1995 (contimue)
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caichmen! in December, 1995 (conninue)
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fauna of the Pong catchment in Febroary

1996 (continue)
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Macroinvertebrate funa of the Pons catchment in Fébruary, 1996 (continue)
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Macroinverichrate fauna of the Pong caichment in February, 1996 (continue)
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1996 (continue)
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Macrowvertebrate Gona of the carchment in Februsry, 1995 {contmue)
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The performance of biotic scores and indices in assessing water pollution: 4 case
study in the Pang eatchment of north-east Thailand.

Abstract

Estimates of family diversity were made at the scale of the catchment, three reglons
along the catchment (upper, mid and lower) and at individual sitez. Both methods
vielded similar estimates of whole catchmemt family diversiy (31-34 families),
However ths differed at the scale of the regions within catchments for streambed
grab samples (4.1-12.3 familics) but not edgewater somples {7 3-8 | families), and at
the seale of the sites within the regions.

Families were unevenly sampled by the 2 methods st cach site. Uremnidac, Bactidae,
Comadsee and Protoneuridae dominated the edge samples, while sireambed grab
samples were rich in Chironomidae, Hydropsychidae and Corbiculidas

These results suggest that scale is sn imponant consideration whey determining an
appropnate sampling profocol.

Among indices #nd scores tested measures of species richness, famlly nichness, and
EFT richness best-reflected water quality. Shannon-Wiener index most significamly
comrelated 10 waler pollution. BMWP/ASPT system was significantly comrelated 1o
organic walsr pollution

Introduction

The assessment of water quality using benthic macromvertebmie data 15 currently
applied via two main approaches; firsily, by applymg various indices and scors
systems, and secondly, by employing multivanate analyses of community strutilre
The index ardl score sysiems (gometimes called “metncs™, particularly i North
Amenica) are more popularly used among water suthoribes w copinentl Europe and
North Ameria (lohnson ¢ ad  1993),

The imdex systerns were first developed nnd denved from the classical German
method-the Ssprobien system invented by Kelkwitz and Marssen m 1909 (Metcalte
198%). Water quality according 10 this systemn is classified into polysaprobue, alpha-
and betwemespsaprobic amd  pligosaprobic #ones in which each waler body
respectively, mnges from highly polluted {o saturated exygen with very diverse fauna
The imdicator taxa used in the Saprobien systern are mainly bactenia, algse, protoroan.
rotifers and some benthic macroinvertcbrales

Later, the Trent Blotic Index (TBI) was created by Woodiwiss in 1964 for monitoring
wates gquality in the United Kingdom (Johnson et @l 1993) This index i3 mainly
derived from the Saprobien system, bul it focuses on  using  benthic
macroinveriebrates as indicator taxa, Modified versions of these two systems are
now 1n use 31 reonal and local levels throughout Eorope.

flowever. the above index systemy have a member of limitstions. Firstly, they are

effective only in local geographical areas, and secondly. taxa wdentification LI-E!.IHH\-
requires expert personnel  As an aliermative  the index system, the score system
was later developed The first cra of the score system is marked by the development
al Chamdler’s Bintic Score [CBS) system in Scotland (Chandler 1970), fallowed by

I o mT—



Chuner {1972) who proposed the use of a scoring system (The Chutter Score) For
14

Sull, with the shbove two score methods, the indicator taxs mevitably require species
ievel identification, and this only apply to the species which existed mn a certain
bocality, Their Inter use are still in question, for example, the CBS tested and found
by Able (1985) that it was effective in detecting organic wamter pollutins, while Pinder
and Farr (1987) determined it to be insensitive. Research binlogisty focused more on
the neceszity of high toconomic resolution for more procise inferential information in
asseszing water pollution.  Water quality manngers, In comrast, require rather ropid
binjogical methods (like the chemical) which are time-efficient and cont-effective.

To meet the above gap, the Biological Monitoring Werking Party system (BMWP)
whis then invemted,  This score sysiem uses benthic macroinverichrte s dentified
ul famuly level (Armitage eral. 1983), Each macroinvencheate family is assigned the
tcore socording to its relative wlermnoe value (the score mnges (-10). Later, the
BMWP score was discovered to vary less with season and sampling methods if
divided by the txa (femily) numbers, und becoms the Average Score per Taxon
(ASPTL The BMWP was found (o be more sensitive in detecting organic pallution,
bt less sensitive in unpolluted waters (Bargos er al 19940).

The BMWP b still in use tn the United Kingdom snd kas influenced the shoncoming
of the seore systems. The Hilsenhol™s Family-Level Biotic Index is widely used in
North Amenicn (Hilsenhoff 1988). In Australia, the SIGNAL (Stream Invertebrate
Crrade Number-Average Level) wos proposed by Chessman (1995). The first method
wacs valy witwropod txes while the sccond takes inlo account all macroinvertebrate
grotps.  Both methods are designed for rapid bionssessment of water quality, The
larier was roernily tested, and was found o be quite promising (Growns «f al | 995).
Howsver, these two scoring methods require more tests conducted in other “rivers”
apart from “shallow streams” in mounlainous areas, for exampie, the deeper rivers in
tropical chmates, Consequently, these score systema will be fested in this study

Unlike the score system which was primarily based on pollution tolerant values, the
indices systom (sometimes called community structure indices) emphasises on the
variation of a species in o community sample. Washington (1984) reviewed eighteen
inchices most commonly used (c.g., Shanoon’s, Magalef's, Simpson's, Menhimck's
etc. ) and he found that each index has limited uses, and all indices require extensively
tests with respect to, for example, seasonal regime, sampling methods, ssmple size,
durmion of sampiing mnd taxonomic level. Among those indices, cven the mosi
recommended  index-the Shannon-Wiener Index (UNEP, WHO, UNESCO and
WO, 1992) for Washington (1984) to be less relevant noted use m water quality
asszssment. Sorprisingly, indeed, current publications about the performarncs of these
indices in evaluating water quality = rare,

In addition to the sbove scons and indices systems, the mulimeinc {multiple indices)
was now recently proposed for use in the United States (s== more detsils in Resh
pl 1995 and Barbour ¢f al 1995 and references thereind,  This new approsch was
mifuenized by the mapid bigassessment method crested by Plafkin 20 of (1989). The
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rritimetric spproach was developed as to rectify the former individual metrics which
‘many claimed 1o have limitations in use (¢.g., a5 in Normis and George 1993). [n fact,
the multimetric approach to date s the combination of the former indices traditionally
used Its 2im i35 to reduce the weakness or increase the strength of individual indices
by combining them together. [t is also cizsimed that proitiple indices can conmbute
more masningfinl and effective ecalopical information for water resource planning
(Barbowr 2f al 1993),

To date, the most commonly used multimetrics are richmess messures, meluding total
species richness and Ephemeropiers, Plecoptess and Trichopiers (EFT) taxa
sixmdance (see demils in Barbour ¢r al 1995), In sddition 1o the EFT, individual
metnes for Ephemeroptera, Trichoptera or Diptera abundance was also been adopted
(DeShon 1995), All these are based on the conventional potion that degradation of
waler quality will also reduce the number of benthic species, particulerly sengitive
uea (Spellerberg 1992, Resh 1995 ef ol 1995). As benthic lurval assemblages arc
sedentery 1n nature, changes tn their community structure or population or specics
lovels may well reflect water quality alteration (Rosenberg and Resh 1993, Norris and
Narris 1995)

However, there has been very limited use made of beathic macoonvensbrate score
mﬂindaqﬁun:inmﬂmmhquﬂhrmﬁmmm These countrics are
under rapid cconomic growth and suffer much from water pollution Eumqmtjr
development of aquatic pollution meanitoring methods is urgently reguired in this

region (Dudgeon er al 1994),  Recently, Resh (1995) proposed cermain
macromvertebrate txd metricy (mostly mixed with multiple indices) which mught be
used for monitonng water quality in newly indusinahsed countres

Alms of study

We explore the performance of some current score and index systents and winh 1o test
some of them with the Pong calchment water condition, northeast Thadand, These
n:mumdmdbcummnwdhﬂwm:mdiﬂucmmﬂmamdﬂh.t&
qualitative and quantitative samples. The main aim here is 10 test whather the
qualitative will be reliably effective when compired 10 the results derived from the
eonventional quantitative sampling. The data from two sampling types will also be
evalumted via multimetnics, scores and indices systems.

Study site description

The Pong catchment is located on the northeastern platesu ef Thadland (Fig.7)
between 16°00°-17°15" N and 1014157-103°13" E. T has an srex of 15,190 km" and
ranges in altitude from 88 to 300 meters shove sea level. The Pong system consists
of two mam tributaries, the Pong and the Cheon. These two rivers receive ‘waters
flowing mostly from headwater sticams located in the Phetchaboon mountain range.
Three large doms that supply water for cultivated linds, indusinial zones and
commumitics within the eatchment repulate the maim channel ol the Pong

Twenty-one sampling stations were established acrods the Pong Roodplain. Site POI-
P08 is in the upper Floodplain above Ubolratana dam, while sites PO9-P21 ane located
in the lower catchment area. The land of upper catchment pan (PO1-F05) 1= mamly




moedified for agriculture. MME_MMFMPH‘PBWMH%M
factory i Southesst Asia located close 10 the riverhank and discharges its sevwage inlo
the Pong River berwesn site PO9 and P10. Rites P14-P18 arc located in the lowest
part af the carchment The river receive discharpe mainly from aly sewage,
arti e river reach from sites P15 onwands. The final sampling site on the

Materials and methods
Oscalinarive versus quantitorive sampiing

inimﬁwmnplummﬂmmwwmuhwmmﬁugm
in February lﬁﬁuaingnpmdm{ﬂﬁxﬂ.?jmwnhmnmmﬁ} The method
wias mndnnﬂhndbyuﬁugﬁﬁummhﬁnmp&h;mmﬁmhﬂu:sim. Six
[uantitative samples were randomly taken from the riverbed at ench site. Sampling
m&gfmuupmmmmhuumdlﬁmhmﬂnmiﬂm:nlﬂmhﬂhimﬂ
m mesh npn'ﬂ#:}wiﬁh-mpl{ng‘hidwpﬁrummmm necessitated use of
an Elanan Grab. wmwﬂuidm'ﬁﬂudmthhmmicl:vﬂmﬂﬁh,
cemmued and preserved in 70% ethanal. These iwo ditn sets will be tested through
spplication of multimetrics, scores and diversity indices

mmwmquulitrpmmmmﬁumphdnwm1mulhc
nmacroinveriebrate ssmpling,  These were water electnicnl canductivity (EC), total
suspension solid (Total 58), phosphate (POW), aitrate (NOs), dinsolved oxygen (DO}
and biochemical nxygen demand (BOD-5day). The methods ueed 1o mmple and
aialyze all waer quality varigbles followed the standard methods described in
GEMS/WATER (UNEP, WHO, UNESCO and WMO (1992) and APHA (1992)

The score syaiem

HilsenholT s which used only 100 organisms m:g]ﬂisi.&:diuiﬂ:rmhihin thiz study
we used the toml mumber of insect individusl cuagin instead.

The diversity Indices system
The diversity indices system applied here selects some st commonly wsed indices

n waler gquality assessmant These are Simpson's, Margalef's, Shannon’s and
Hurtbert™s PIE. All are shown us follows:



(2) Simpson” 3 Tndex - Znin-1Vn{n-1)
(b) Margalels ndex - S5-1log.n
(c) Shannon Wienerindey = =X {n/n log. n/n)

(d) Hurlbert's PIE = (wo-14(-T (ndn))
Where S=the number of species in & sample
rthe mumber of individuals in & sample

n~=the number of individuals of & species 1 in o semple

lesting the score mnd indices yystems

Al each site the six replicates from guantitative sampling were sgeregmed a3 one
sample. Similarly, the specimens collected qualitatively from both siverbanks were
also combined 23 one sample. These two data sets will be analysed by various
fundumental indices: the richoess measurcs (the so-cailed multimetrics), these are
munber oF individuals, species richness, famly richoess sod EPT o richness.
Secondly, the score and mdices systems were med.  All these roslts will be
compared between quantitative and qualitative sampling

The score and indices results from both sampling methods were correlated 1o major
water quality varianbles using Pearson-product moment, This was done &y 10wz the
water quality varialdes as the relerence frume of comparison between soore and
indices systems produced from the two sampling methods. All data were ramsformed
10 log (x+1) when necessary to improve notmality prior to statistical analyses

Results
Multmetric approsch
Genthic ammal abundance

The specimens collected by the two methods were different in 1ot mmiber(izp+6.00,
FP<D.001) and taxonomic identity, The six replicates taken by the Ekman grab had o
combuned total of 4215 specimens while the edge sampling yielded 1208 specimens.
The gmb samples were composed mainly of Diptera (58.5%), Trichoptern (15.8%)
anid Epbomeroptera (9.3%), whereas the edge samples were dominated by Hemiplera
(43.2%), Ephemeroptern (19.4%) and Odonata { 16,2%),

Toxw richoess

Although the cumulative pumber of taxa recordsd by cdpe sampling (r=60) was
similar to the sircambed grab sammpling {P=33, tpw=2.05, P~0.05%), 1he composilion
differad preatly. The edoe zamples mainly tonsisted of Hemipters and Odomate
whereas  grab samples  yielded a high selative sbundance of Tnchoptem,

tphemeropters and Odonata (Table 1),




The mean number of taxa from edge samples did not differ over the 3 broad regions
in the cstchment profile (upper mean taxa richness + SD: 12.352 3, middle 10.6:3.0
and lower 10.783.5 respectively, Fi1p=0.810, P<0.46). In comtrast, the benthic taxa
nchness recovered by grab sampling differed over the catchmens
(F2197.96, P<0.003), Fig2a. The upper catchment had grester richnass (13.547.2),
than the middie and lower catchment 7.442.6 and 4141 5 taxa respectively,

Overzll =t the whole catehment scale, fimily richness estimutes from edge-water and
sireambed samples were very similar (31 and 34 families respectively).

Benthic families taken by the grab method varied between catchment regions (Fy =
5.237, P<0.003). Streambed samplcs from the upper region contsined more families
{12.325.9) than thoss from sites in the middle (7.4£2.6) and lower carchment (4.1
1.6). The sdge-water samples, on the other hand, did oot revesl any significant
difference in family diversity over the catchment profile. The upper, middle and
lower catichment sites bad R.1423, 76429, 73254 [amilies respectively
(Fay=0.183, P=0.83).

The obviows difference hetween the results: dertved from two sumpling methods is
ftexa tichpess, Families with the greatest number of individuals taken by edge
ampling were Gerridae (21% of all specimens), Bactidae (17%), Conxidse (16%)
and Protopeuridas  (13%) while prab sampling yielded large muntbers of
Chironomidae (47T%), Hydropsychidae (13%) and Corbiculidas [6%). More
specimens were present in edge-water samples from middle and downstream sites
than upstream, whereas the streambed grab sumples yielded most individualy in
upstream sites.  The fondamental metncs, species mnd family richness of the two
differewt sumpling methods are quite different from each other,

Correlution berween raxa richness and water guality wariables

fhere was no significant comelation between species richness from cdge-water
samples and major water quality parameters. The species richness from quantitative
datn revenled sigmficant negative relation with POy, NOy and positive with DO
(Tuble 2).  The most polluted site was P16, lis average BOD rose 10 9.3 mp/L,
muirient levels were also high with NOy 2.0 mg/L and P 1.4 mg/l. Ounly 3
Chiromomid lsrvee were found from six-replicate riverbed samples, while eight
specics of macioimverichmtes were in ffom edge-water. There were the mayily
Baetis sp., the water bug Clentpocoris 5p., Mesovelia sp., Micronecta sp. Halobates
sp., damsclilics behnurs sp. and Prendogion sp. And the freshwater shnmp
Macrobruchiuvm [anchesteri, The DO level in site P16 vas considerably high,
averszing 7.8 mg/l, and resulted from the photosynithesis of uniccliubar algae
Microcystis. In this aspect, the high DO level did not zlways necessarily correspond
to bemthic tsxa sbundance or diversity, Four water quality parametess were related o
the number of families recovered by guantittive samples, but there was no
significant correlation found from qualitative data (Table 3)

Ephemeropiera, Plecoptéra and Trichoptera (EPT) index
Twenty three species of EFT were recorded fom streambed samples, whereas only 9

spreies were recovered.  The qualitative data had 6 EPT families, while a mtai of 13
familics were recover from riverbed samples(Table 4). Ondy two major witer gualily




parameters, BOD and DO, showed & significant relationship 1o FPT taxs richness in
streambeds sampies (r=0.77, P=0.001 ad =023, P=0.108 respectively).  There was
M'wmmmmﬂﬂmdmmmm
cther major water quality pollution parameters, such as conductivity, nitrate,
phosphate and total suspension solid Percent EPT composition (% EPT
MMm-MLmaH'mmjw'mﬁqmﬂym Percent EPT
taxa composition from quantitative samples shows sssocistion with BOD (r=0.49,
P=0.012), conductivity (7=0.53,P=0.007) and POS [r=0.45P=0.021), but not with
TS5 and NO;. There was no significant correlation between percent EPT texa from
qualitive ssmples and any waler quality pewmeters. EPT femily richmess from
quanitative samples was also positive correlated to DO (r=0.427=0.028), and
negsnvely related w BOD (=-0.39,P=0.042) There wae 0o comelation betwesn
quantitative EPT rchness and TSS, NO; and PO The EPT family richness from
fualizative dats did oot significantly relats to any water quality parsmeters.

The scoring rvatenty

All biatic scores from quantiuitive samples tended 1o sgrec with tends in watsr
pollution, they showed different comelntion values with poilution prrameters [Tabls
5). Only BMWP/ASPT and SIONAL scores were significantly negatively relaied 10
organic pollute (BODY),  DMWP/ASPT shovwed positive comelation ta [
HilsenbofT's score showed high association with NO3 and PO4 fevels. All three
score systers were well related 1o POy levels.  All of three scores failed to deteet
irosganic pollutants (EC and T58). The scores from qualitative dits did s
obviowsly relate to spatial water qualily variation {Table 5)

Dhscussion

The qualitative sl quantitative methods made very different resulis. The results are
clearly suggested that the qualitative method cannot replace the convennonal
quantitative methad in the Pong catchment Ihe use of & pond net to coliees
macroinveriebrates faunn was shown to be effective and recommended elsewhere
(Furse er al. 1981, De Pavw and Vanhooren 1983, Wright et sl 1988, Hellswell 1985,
Lemat 1988, Abel 1989). This sampling method can be an imegrzl camponent of
ripid bioassesument (Resh and Juckson 1993, Resh 199%), However, the tesults from
this study ﬂnwmydif&rmmi;u eamposition from the two different sampling
methods 8o, for relisble results, the quantitative =mpling method is recommend in
the Pong.

Richexy meazures

Conventional indices using tixa richness measures were effeetive, but in this study,
such. messure have (0 be derived from quantitative date.  Almost all-major winer
pollution variables were correlated these quantitative fichness indices. The much
polluted the water are, the less number of benthic taxa nchness found. When relating
macroinvertcheate family richness to waler yuality patarmeters, the resulls were
sumlar to tha! when using the speeies rchness o, it is cleaily 10 conclude thin
femily level identification to quantify water pollution in the Pong catehment is
satisinctony




EPT imdices

The EFT index that is widely wied in Nonth Americs also revealed sipnificant
differences between sampling methods and hahitat charasteristics. The EPT collected
from edge-water zamples had fower sensitive taxe. Most were Bastid mayily which
generally known s5 3 widespread taxon with a wide tolemtion mnse 10 water
pollution (Hellawell 1986). In contrasi, the EPT species richmess data from
streambed was strongly negatively correlated to BOD, which is the cntical water
quality problem currently, encountered in this region. Thus, the EPT taxa richness
from qualitative samples did not reflect any vanation in water pollation variables,
whale the EFT richness from riverbed samples did, and can possible save cost and
time by not having to include other taxa groups. The study found that the EPT taxa
richness also relates w0 DO level. So, the EPT contributed anather sdvantage a8 it
reflected the healthy aquatic ecosysiems, However, bigh DO content does not slways
indicste clean waters, because it can result from algal bloom which cocurs frequently
in 1k jower reaches of the Pong. The correlation of EPT family richness and percent
EPT abundance/Total wbundance o water quality in this study sre considerably
iriferiar to the EPT spocics richness measure.

Biotic score yystemy

All three score systems examined by this siudy performed similarly in relation 10
water poflution. Thus, all three scoring methods are well comrelated to organic water
pollution, Only macroinvertehryle [imilies taken from the riverbed contributod
micaningful results in relation to water quality. Data from edge-waler showed no
significant comrelation to any water quality parameters. The BMWP/ASPT score was
relatively relnted 10 DO, BOD and POs. BOD and POL are critical waer guality
pollutsats in this catchment, particularly where the river receives 2 high qumﬂ'l;.r of
sewage discharges, resulting in very low BMWP(ASPT scores for these river
uret:ha The BMWP/ASPT s senuitive o organie pollution: this results is broadly
the smme as repoited clsewhere (Murphy 1978, Bargos o al. 1990, Rossaro snd
Pictrangelo 1993). Ancther advantage of BMWP/ASPT score is that most fuailics
listedt in BMWP are also found in Thailind, Even the BMWP/ASPT containg benthic
macroinvertchrsts families'soores base on their tolerance valuss text in Great Brimin,
bt to some extent this can practically be applied lo the tropical Pong river.  Anyway,
this study found that the low score families listed in BMWP which mesn High
tolerant also inhahited in very polluted ared in this region, while the High-score tnxa
{lcss tolczant) wore found mostly in: minimally impacted sites. Resh and Jackson
(1993) recommended that this score might need modification for use n different
wm The study suggests that only slhight adjustment may be required to
apply this BMWP score system for assessing water quality in the Pong catchment
The SIGNAL score system only significantly related to wo varisbles. BOD and POy,
and Lmﬂu&mdmugmmmgmﬁm“mmm oo,
Hilsenhoff's had poor performance in detecting organic pothution because it had no
significani mlahm o BOD. lHowever, this score system has h:gh scositivity 10
nutrient fevels (NOy and PO,). This system [ailed 1o discriminate between fmpact and
less impact sites in the Pone catchment, while both BMWE/ASFT and SIGNAL dud.



Diversity indices

Dniylmﬂﬂnﬁmﬁvuhduhwﬁ'ﬂgniﬁmmdﬁmhmqﬂhywﬁaﬂm
The Shannon Wiener index showed significant comrelstes to DO md BOD.
Simpsan's and Huribert's PIE indices both showed significant correlation only with
=y water parameters. So, the Shannon Wikner index performed well in relation 1o
changes in water quality, The H' value was correlated with BMWP (r=0.6T), The H*
nocds species level identification while tha BMWP score system requires family
level In this aspect, the BMWP is more advantage than the H' when one wants to
maoailor water pollution mpidly,

In summary, the assessment of water quality in the Pong catchment by mean of
benthic macroimvertebrate data summitrised indices and scores are quits promising
mmmmunﬁwmﬁn;mﬂdm-dhﬂchmdmmqﬂhf
chinges. Richness measures, both at species and family level, were superior to ather
indices and scores in assessing water quality changes. EPT richriess measures are
also valid in & similer way to taxa richness, The BMWP/ASPT score system was
mote relishle in detecting organic pollution while other scoring methods performed
poordy. Of the four diversity indices tested, the Shannon-Wieter index (H') was
more sensitive o water guality variation thih the olhers
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Tsbls | Species composition between quantitative and qealitative sampling methods

Taxz Quantitative Qualinrive
of species | percent  [No. of specics | percent
Coleopeera 7 13 5 10
{Decapods | 2 1 2
Diptern g - 3
Epbemeropiera o 9 7 2
Hemipers 9 24 40
{Odansta 10 19 15 25
{igochacta I 2 0 a0
epidoptera 0 0 ] 2
Flecopters I 2 ] 0
Trichoplera 12 23 1 3
Veneroida [ 2 2 3
Toeal 53 100 Bl 100




Table 2

{(* indicate significant correlation)
varishlcs r lp valus T p value
EC {micro Sicm) 01782 | 022 | 02418 | 0145
INOD;y {me/L) 0.5357* | 0.006% | 0.0312 | 0.847
POy (mg/L) -0.6615* |0,001* | -0.024 | 0459
TS5 (me/l) 3173 | 0.081 | 00122 | 0479
D {mg/L) 0.4312* |0011*| -0.1%61 | 0.197
Log BOD (mg/L) -03396% |0.006* | 0639 | 0392
Tabie 3 Correlations between number of family from edge-water
and streumbed samples und major water quality varishies
(* indicate significant correlation)
Major water gquality | Quantitative Qualitative
varabics r pr vinlue r p value
EC (micro Slem) 1706 | 0230 | 02202 | 0.169
NGy (mg/L) D57TI0" | 0.003% | 00522 | 0411
PO, (mg/L) Q.6E07* | 0001 | 00164 | D472
TSS (mg/L) 43305 | 0.072 | 00881 | 0385
DO (mg/L) 04102 | 0022* | .0.1¥2% | 0107
Log BOD (mg/L) 0.5525 |0.005* | 00460 | 0421




Tahie 4 Comparative percent composition of EPT individuals

Ephemeropters. [Baetidas 92 4.8
|Canidae 16.7 55

[Ephemeridac 16 0

[Hepiageniidae 0.1 0.1
[Leptophlebiidae 6.5 34

[Pommantidas 27 i

Plecoptem [Perlidae 03 I
Trichoptera  |Calamoceratidae 02 0
Ecnomidae 3 [i
Hydropsychidae 523 04

[Hydroptilidae 2.1 0

Leptoceridae 0.5 13
Iycentropadidas 3.1 0

Psychomyiidie 2.1 0
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quality variables when using {a) quantistive data md (b} geslitsifve dats

{a) (e e

Water guadiey | BMWPS | SIONALS | HilsenholTs H Huriberfs | Margalefs | Simpson's

varizhles PIE

fLog BC D3068 | 00453 | -0.0742 | 0.1650 | -0oeE | D003 | DoEd
P=0%5 | P=dlé P=375 P=236 | P=361 | P=317 | P=341
027 | -03576 | 0.32* | no93s | oiz® | o0l | 029
Pelbl | P=036 | P=0000 | P=343 | P=293 | P—AT8 | 7= 293

O, 04312° | -D.5787* | 06308 | D283 | Do0l2 | 00009 | 00012
P23 | P00 | T=.000 | P=I35 | P=498 | P=498 | P=Av8

Log TSS A6 | 03515 | 03387 BIsd | 02835 | 02436 | 0.2B%H
P=082 | P=071 P=067 | P=052 | P=005 | P-148 | P~ 105 |

ED 03574% | 02777 | 03153 | 04496 | odmes | Gom | D40
Pe008 | P=I1] | P=.16] | P=020 | P=029 | P=190 | P=029

Lug BOD Lt | 05260 | 03300 | DRt | 03768 | oeriz | o076
PeO2S | P=DON | PO | PeDG | Peilz | Pe380 | P=112

(-1

Waner quaality | BMWT™ [ SIONAL'S | HilscahofPs | 1T | Huriberty | Margalefs | Simpaon

caraties Pl

Loy EC D602 | 01399 4051 D693 | 01448 | 1538 | D.1416
P=438 | P=3557 | P=008 | P=263 | P=352 | P=420 | P=a32

NG, 0335 02571 01021 24E) | 0T9ss 4m06 | 02996
P=305 | P27 P=660 | P=278. | P=193 | V=529 | P=190

PO, 00095 0.351 0.1371 BEE33 | 0TI L0422 | D17
=147 =19 P=553 P=326 r=232 =354 p=2313

oG 755 0.0167 | 01028 | 02563 | 01476 | 03228 | 02153 | 03234
=345 | P=657 P=262 | P=53 | r=1% | P=342 | P=18

Do 03988 | 0086 | -B.0173 | 02745 | D224 | 0287 | 02283
P03 | P=£39 P=613 | P=2m | P=311 | P=301 | F=21%

Loz BORF B R ] 0o 01528 n374) 0.3 007 I et 1]
P=21% | P<405 | P-308 | P-095 | pP-ui6 | P—7&3 | P=078







Effect of Headwater Catchment Degradation on Water Quality and Benthic
Macroinveniebrate Conmmunity in Northeast Thailand
MNamumeon Sangpradub® Yanyong Inmupng** Chmtima. Hanjavanis® end Umiwen [nmoong***

Abstract

i replicates of benthic macrorronelnss el SEeam water were smpling tvmombdy for
mecrdimertebrde fnina composition sl weer phyabeochemdstey analysin from =i sempling v dloeg be
Chece hendwatee catchnent in oosthess) Thasdeed from October 1995 10 Augint 1996, The simy of this ey
were loexwming dhe cafchosenl water physioochemical quolity vaniotion as well it sguarie benthle
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siermesd by frnaly wisre less nffect by dusface rusad?, sesulting us. high DO and low BOD level The 130, AOD
wd 55 levels resiltng from land clesang have mfluanisl effocts oo mmooweenchraies.  The
s bruly pnbyeis shiig aicureeely  ieflecisd ibhere fmpacts 5o b s e sdiee
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ikt dlen.  The ibejfree-of fami compostion b disiurbeil sess vadied secotdg b b exiem ol kel
shemug  Among the benihi merrmratebesss fmum, Scbopieran was thy mon dusscave mion which wan
sore ibuindant n very peldline sie thes the other e The petgplining eoddin inree and rrifle bettie
gt forie wp. chearly showad wignifcerse of oot fore cover condbtaom o higgh (43 level  While sonasier
Meptagend anid Ephemerid mayilies mymph seore oo onby sicictly i microhsbitats with high 0 bevet b
moe wrongly relsied in fares cover of bad clemmng  Ohigachacte, diptermm wnd mollnse wore sbandaer
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Dmmipﬂcmﬂfmcmmcaﬂm
Thﬂnunumrmiihmudmlhnmﬂumnphmufmﬂﬂkmmﬂ
Bangkek and has in ares of 727 kilometers. Tt fies betwseen 16'30"16'S4N, 101"35-101"s5 B
ﬂdimﬂlitudnmpﬁmﬁﬂ-ﬁnm mmq{lﬁ:&mhmﬁmﬂjm
ﬂﬁhﬂﬂﬂm.ﬁﬁnﬂhiﬂtmmmmmﬂuﬂﬂmﬁ-m Moy of the
mma-mmmwmmﬂ;mﬂﬁ-wm
ot land slopes wich sw mostly clegred, The mainfall mgime of the citchmens differs. with the
wmwm.mmmﬂm.mmu%.mm
huﬂhu'n'mluiunﬂﬂbmuhmnmmymﬂuuhw_ Iex sverape somunl rminfat|
hMmﬂﬁrﬂMﬂuﬂﬂﬂm%ﬁ:Mﬂwﬂphﬁnmﬁmmﬂm The
m&mmn:MhpmmﬂﬁaﬂhmthﬂﬂthﬂﬁmhMﬂlﬁ.m:hﬁul
Mmmﬁﬁmﬂmdhhrlvmmiﬂﬂﬂtlhmhn menth aversge 267 'C in
December
l:uHmh.:h:nupnﬁm“ﬂﬂumuumhi.hmmmmnulukr-m.
Empﬂnunn':.-lhrmwhnm During this tite of the yoas, the bush Bres end
fmm&um::gm-hulhhm.umnmmy. March jo early Apil in the time whes the
Rn!mhuqmulihﬂymrhhhﬂhﬂuﬁqm.
fhmuﬂﬂmuhmhmufmminlmmlm:nﬁmdwmh
periods ﬁmﬂpﬂWdhﬂmmﬂmhmﬁyﬂumwnﬂ-hﬂ
mostly coivists of sanduone, shate snd silisone sibsrain The wrface sofle with s sverage
m:nmmuplhafﬂ.&.m.mnﬁud-ﬁmdrlltdthmlmmmﬂhdnrqh:dum
Foap-red yellow podsolic soil, mmutmmmin:msmmhﬂum
hh.hhmmmhyirmhmfuﬁhmﬂm“mmhﬁﬁm:mwﬂ
mﬂhﬂhﬂmmﬂmﬂhmwmmmﬁmwdmhqmm
by this snpdy. Ihurmmlﬂuﬂ:hnmﬁﬂnunﬂﬂmmwpﬂhmymﬂ:ﬁd.w;
sarmng the rainy sesson The stresoms fum particularly scross 3 [Endscape whers thers i bes
‘et cover, and both coarse #nd fine sl Effusion damatically affecred theit Walers
Although larps ancas of the calchment land Bave veeu modified for massive crop plasting, these
Wil rrmains mmnent vegetation wilia the matchment Mo vegelution parches wee stapding
=ecs and shiybs which ling the river Sanks Thess puchy trees art \hus dpected io have 2
seBgtantzl rode in sUppoting the squetic scorystem function within this caichmenl. Ako, thge



ime the carchment streams.
Em'hmmﬂwmﬂﬂ.mmthmmmdh&u
vegetation, the waler appeurs lo be relatively clesr and less turbid, particulerdy daring the ssoem
sson. Such viparinn vegetstion coriders sre mostly of mixed vegetation communties, mainly
docuduans ond dry evergreen trees. The locals seem inclined 10 preserve theis vesettion
wripe, especially those in the upper catchment However, at the lower catchmens, the leesls
sontines to gz the Tiparian zone for growing cTop up 10 tie stream cdge.

The cnly rmmaining lamge srcs of forest b focased in the nonthwest of (he Cheon basts (Figs 1)
The vegetation conimunity here is usinly dey cvergreen foress and covers approcimascly 15%
af the wtal cutchmant aren. This is whess the frar sampling stotlon was cimblished, s i1 i
muznded 1o be 4 reference site for comparisan with other snmpling sites. The fores soenmunisy
of this site s relatively pristine and well prosectad by the Mum Muo National Prrk,

Study site descripion

The sinsa were cablihed ar prisine, modersts and seversly disturbed locations, = well =
Lot i socam reaches. There were s sampling sites o tofal.  The reference wite (A] was
sirusteed in 3 prottcled ares of desse floress, bocaned 30 kin from Mem Nao Districe.  This see.
b pasticular, was (o be compared with ether hnman dismebed sites (B to Fin Fig 1) Sis= B
was about 10 km noohenst of site A, but was comaiderably affreted by nesrby lesds which
were heavily modifisd for cornfielis. Sie B had o iniube dpitinn strip epprocisaety 13 o
witdth. These two sampling sies wee jocat=d ia the secood order streams which e tibutasies
of the Cheon river. Both ziics € and D werm locaied in the northeast pan of the carchment,
md were seeond ordir Alreams. The bmds sround site C© wers mostly cleard for comflelds
md only some buffer vegeiation strips were Jeft along the ripavian 2one, Site [ wet located
the sieam thal fons acrofs o Bhoddit monssiery ames The vegetation in this site s relativety
protected, and Max s dense buller sihip covering the sweamside. Site E was locamd = the
somtbeasiem seetors of the catehment, and is chamectenstic of tha fowland Chean waler conrss
Hers the river channe) morphology become wider and deeper, particularly during exdry monthes
A parch of standing vepctation also cxised, [ocared spareely sfong the fiver bank  The watsr
serrenr somistimes dppesred to be slow and sidgnont, podidilély durine summer.  The

sirrounding lands of this sile vwere clered for massive sugar ciné plantation:



The lasr sampling site F was locsted immedistely shove the Pong Jowsr flood plain This river
soech was similer to site B, but e sdiscest lands were nsed mainly for resiestial and
sgricultural gurmoses,

Local communities inhabited the riverbeaks o site F whers they also grew & larpe varieey of
vegetahles

Materials and Methods

Sampling was contucted imonthly & e siv sampling sitex, from October 1995 m Asges
1§86, Six replicates were applicd o cumple beathis animals 88 cich sampling site. A eniform
szetch of fver waterwaly ot each sumpling site spproximataly 100 m In Jeogih way marked, and
nx epleates were gampled randomly within it Waler phyiicochemristry dafs  wers
coscurrently collectsd on the sume date of bepthic fauna sampling.

Sempling water physicothemisry ased the van Don boude o the mid depth of waer codumm
whers cach of the faunal sampling unht were Jocsted, The Integrated witer ssmple tocknique
wiad dpplisd by micing those six water wmples i order 1o represeny the water physicochesnusery
giaility a2 » mile. Preservation and scalysis of water anmples followed the stundzrd meshods
doscrtberd in APHA (1992),

Waser curresit end dischargn wemn messared m the field  The water Tlowsrate sad ducharge
wers meanueed applying the conventionsl hydeclogical methads as described in WMD (1940}
andd discharge valoos were calculated Al Beld practices for sampling water physhcochemistry
followed the guideline methads described in the GEMS/WATER operniions]l puide by LUINEP,
WHO, UNESCO and WO (1992). Detailed hobitnd condfition af a site of each visit wax aisn
ol

Seresiieen water physicochemical variables wers exammined in the field and laborssey. The
vaiables messured in the fickd were waser velocity, stream depth and widih, discharge, waser
temperanire, electrical conductivity (EC), dimolved salids (TDS), dissolved oxygpen (DO) and
pH. Those witer physicochemical varables snalyaed in the liborathry werr sikabinity,
mrmdity, swipended zolids {55), orhophosphate (PO)), seactive dissolved mitrss=-miticzes
(M0}, biochermical oxygen demsand (BODY, chioride (C1) and sulfat (56,3,

I tkis study the S5 leve) wais used 10 indiretly quaniify the magnitde of surfsce mnollE, and
&isr fhe sediments input into stroamy frofn wurounding lands.  The 55 was expected to comes
rmcrokaberal aitcraion: débrimental for macminvercheate colonization.

L




Turbidity was selected b messues the visual properties or wansparency of water The murbidiny
fevel wag expected 1o condition the degeee of Jight penetration within 3 water calams, Further,
e magnitude of wurbidity level wold determine the extent of photosynthests available for
benifie faunal community &5 allochonows Faod joures.
Thm&mdﬁcmmﬂm#i&umﬁmmmmmm.mﬁm
mesnement of each dissolved lon coald nor be made.
MMwnm%mmhmmww
Hellawell (1986). Emphqhﬂhnﬂﬂhwuprmdedlhhﬂmpﬁ
(0.30x0.30 m with 500 jim mesh spermes) Az Eleman grab (11560015 m) wis wssd 1 sample
bershic animals in deeper waters =t dowssrear gited.
ﬂuhnmn;ﬂmhhmmﬂmwmmmmdmmwbmhjhuﬁInEhﬁlﬂ
preacrved with G0% sthyl aloohol mbmhi:mphwmu:unhm;nmﬂuhhmm
nh:ﬁrwmmhdudﬂnﬂnﬂ;:ﬁﬁndmhﬂﬂaelmmhhmm
refzined wis at SO0 pm ineth soreen '
mmmmmmmuﬂummlm All specymeny were
#mﬂmlmlh:hwmpnﬂhwhuluﬁjulﬂnmhp The specimeny wesr
Turtker enuimermed wind lastly preserved with 0% ethyl aleohal, All of the pecimeny were
febelied andl conubi In vialy

Data annlysis

Description
Tmmiwm.mdwmmmunrmmlmmm
descriptive atatistics Flmmmmﬂmmpinmmmﬁm
Unreariate wialysis was also epplied o the witer guality dotn ser Al descriptive and
umavasiate analyszs employed the SPSS peckage (SPSS 1994), All of the dits were sested for
normal dismbution. Log. ransformaticn s tised shehever OECEsiary ue 10 ingrove oormality.
e (Guna snd eovimomental date st were firther acalysed by tmildvariste a=zlyris
‘ecamiques. The sofiwere wscd wax PATN (Belbm 1923)



Classification

The sampling sites based on watér physicochemical data were clustered by fhe hisarchical
agglomentive clusiering UPGMA, (Umerighesd. Pir Group arithetic Avermging. Sresth 2nd
Sokal 1973).

As waier physicochermiical varishics kad different seale of mexsnrement, peior to wsing UPGMA
clapermg method, they were fine sandsdised by meanfuandord devistion  The water
plyvicochemitry data were clustered bused o Eaclibean distanes association metric.

The fauna dats wore classified wsmg TWEMSPAN (Twoowny lodicsor Species Amslysial,
Concordunce between TWINSPAN classificsiog site groapings and sits ordination pesternd was
sis0 explored  Discriminmnt fusction snalysts (DFA) wes uged to find combinssions of
precetemuned significant. envitonmesisl verishles which bemt prodicis the TWINSPAN sise
woaps (Wright 1995), This significance level oct for i) analyzes was 0.05 confidense interval.
wileds otherwise speeilied,

Ordinarion

EMMHIWWWMIMWMWMnL'

Belbin 1995). using the Bray.Cuntls astociation wmetrie, Assoclations between fauma! avdination
unudmmmmmhmmmw-iqhu:nupmhmmmm.
mhﬂmmaMMmuundmmu:immuhuﬁuhnﬁm
ﬁmﬂﬁmmﬁmmwmﬂﬂumwﬁdruummmﬂuﬂmm
ordinating gues,

Results

Water physicochemistry
Sﬂmﬂlﬂmnﬂhﬁﬂuﬂmmmﬁmm}rw site (Fyoi=B63, p
<0001 | ﬁ:mﬁmﬂmmﬂhwmdﬁmmpnthcanﬂﬁﬁhm
st sites ﬂ:mmnmnﬂﬂy'dhdwpd:hnuhnmmhndlmummﬂmhr.
the Tam rainy month, with an sverge of 331 cumfec. The mintmum dischares waz m &
codier ind dry month in Febroary with i fowest level, |32 cumfsec  The water sischarse
beved of ihe catchment sites. were also spnificantly pusitively comelated fo suspended sobids
(=058, p=1.00%), wrhidity (1=0.49. p=003} and velacity level (=044, p=0.009)



Wmvﬂmy}-'mmmﬁmmmﬁﬂ;m:fm-_mmmmﬂmdh
muﬂmwﬁmpm Ihl‘mg:mﬂmumﬂshvﬂ.lnpnﬁnh;m
hﬂéﬁuhl?ﬂﬂmﬁknﬁnﬁnmhﬁ:h&hmlﬂmmﬂ_ The highest S5 level
was mainly resulting from = hugh simoeel of miface dischirge flux along fhe oschment
walirwiye mmumm-ﬂwhmmyunﬁumquﬂmﬁqﬂuhm
ﬂmm&mmmmnmmm The upsoesm sty had
mwﬂmlmmmﬁmMm;wmmﬁmdnﬁ
=gl respectively, Wmvnhdrwmﬂnﬂrm;hmmmﬁu.u:m
whmaﬂhymmijmmmmmuhhm The watey
mmﬂmlhmmmﬂ mssmwﬂmmmmm
bullhcrmdlhulrpﬁlkllﬂﬂﬂ‘ﬂm mssmmmnpukmuhﬂum.
mml?limﬂ.whlhruuhwhymmlm:mumumhﬂhmtﬁim
of 713 NTU. '
Mmﬂmmem muppndhhldmniﬁmurthw
Fenpenize than W lower aites, which nged fiom 20.4-24,5 °C snd 27,8376 'C reapectively
{1=296, padlO]) Awmmﬂmumpﬂuﬂunruhﬂlmhmhﬁpﬂ.
I?.ﬂ'i:.ldﬂn&npphulﬁlmiuu:nmnﬂuunur.ﬂ.i't

Fhe water temperanue i o bs bighos fevel 25,1 Cin April und then decrased o 8
miizem 172 'C i Decomber. The siééam sites oosed in wress with desider forest cover (A
mmmhmwuump:mmmmqmm
1mmmummmwi@tﬁnuﬂywﬁmmm Th PO,
ma.mgairmmmmmhmﬁm.mmﬂl.xummmmm:
myl The NOy levels mnped from non-Geiestabie valve 10 the highes) Jeve! 052 mai. with
the mesn 015 mg/l. The NO, levels varied agaificanily betwesn months (F, , =3,14, pet,05%
13:.:?ﬂ},mwhr-hmuhﬁrdjﬁghrmﬁhmy.mﬁpﬂ.%bnﬂwyﬁwﬁmm
0.2} mgA. respectively.” Tho lowest isvel of NO, measured (.02 mg/L was in fhe menimal
discharge mimth of December, The snmust versgs NOy level uf ihe Cheon was £.15 meil.



The PO, kevels of the Cheon varied significantly betwee momss (Fy,=1521, p0001), bt
mot by sites (Fo =033, po0.08), The average PO, leved of ofl memiing sites wes 011 mg/L.
In wet scason, ihe avemge dissolved PO, kovel wan higher, 642 =<1 while durmg dry period
w25 0.04 mgll. Like NOy, the PO, incremsed 19 its pesk iovel 3 Azril, the fisst mainy month,
sveragimg 0.56 my/l.

Vhe Bighes average TDS lfevel, 170.84 mefl. wes in Fefrary ind Secrensed 10 an aversge of
106.36 mg/l. in Juse mnd October. The site A =d B bat Sprerreely lower TDS vidos than
ofher mmpling sites. TDS level verled significanily bets=en oo (F, o, =3.62, p<0013. The
EC values of ull the snmpling sites ranged from 62,4 10 523 S, with & mesn of 2073
jiSfkm. The BC levels in December and Febvuary wers sismvsly Szher than in other susihe
Skes A and B had distinctively lower TDS snd EC thes oS m—ciing sitcr. The alkaliniiy
vilued pa CaC0); in nlf sampling sees Boecmased mmiles 0 TOS a5t EC jovels. sad tweged
from 340 o JI8.0 mgl. The worge alksimity boedl af =3 zcthment water was (006
mp Allalinity levels did not very between motts «F,oe0 20 po0.05), bt they wers
spatially different (F, . =9.16, peOi0il). Site A B snd F ! owe Cicilinity levely which wers
733, 520 and B5.0 mg/L. respectively. Sites C. D a=d E = spmwit, had ielatively higher
alkaliminy velues, which were 109.7, 100.0 snd 1767 g L. remessaly,

The pH levels waz Insignifican between stz (F, el 75, <02 and months (F, =231, p
<105). The pH levels of all sites nnged from 6.2 w 8.5, wid & == of 7.5, The 30, lovzis
moged from 05 w 22.) mgf., with the mean kevel J0Y =gt The SO, 'svel &8 ane
significsily diffor between sitex (F, =131, pp008), 53 b S—rtvely untied by monithe
(Fyw=63, p001). The SO, fevel wis higher in we: Sors = 6 dry seasoh, Similar 1o
SO, value, the CL lovel was mlstvely Jow, which mnge o= 25 2 (39 mpl. The O fovad
maned significantly between sites: (F,=7.56, p<001), = 2 3 =oaths (F=1.33, p005)
= Mshest T level ooturred in Decamnber. The DO leve. v=2: smificantly berwsen montha
Fypy=iil, peOl0S), The lowest level, avesaging 49 =gl == = Aprl and the sresasitie
highest level was T8 g/l in Dicember. The DO valiss wicz zazzively comelated with 88
= O7Z, p=0.001) and TDS (o= 77, &=0001). The BOD =z4:l of the cstohment water
vaned significantly belween seasors: (F) (=435, pdi. = = = season the mexm BOD
ievel was 1.7 mg/l., while in the rainy period f was 12227

&



Site clustering by wuler physicochemitry data
ﬁmlm_:htdmhrmimmhmwﬁmm!m
physicochenical data mammm-mmmmﬁumm.
and largely Tollowing seasom! regime (dry and rain). Water samples taken from Both dry snd
mmbmhmﬂwmhmm.inﬁﬂhnm“uqmﬁyhﬂnﬂ
i not chiadge in cither sesson
mmmmmnmmmhmmmmhw
mu-mww.aﬂ,mmmwmmmmma}mw. (Kreakal-Wallis
<7208, df=2, p=li0272). mwhmymmmdmmnmmmmmmm
levels when compared to the dry seasos, Fie A, the less distrbed site, = partculer,
comparatively well segreguied from other sites in both sessons,

Bm;hkmﬂmm:hruhﬂnmuy ani their speciey variability
Eﬂﬂhi:ﬂﬂ*ﬂdﬂﬂﬁhmtum:hﬂlﬂfﬂﬂdﬂﬂﬂhmﬂhﬂmm
discovered, ﬂ:&un_mﬂrhcmuﬂlmm.m:mnmdnlwmm
Th-:mﬁvmhm!hlcmmuumlhn:lddld'lhnudmnmﬂﬂnmn:hmd
mfmhﬁﬂhﬂmhuﬂ%mﬂﬁwnw Muyftizs comtizmie the
moond logest group, with 17 species Ambng maect larval species, the rarest specics are
Iq:idupmnmdndummmmuﬂiﬂimm Dhpteran tany have the Mghest
sbundance with ity deasity of 21105 spocimentm’, The next must doimisiast larval tars sre
caddisflies ind riayTies, with average deasities of 1783 xnd 118.9 specimenin’, ripeerively.
Fhe controf site A has the highest bearkie anbmal density with 2148 specimenin’ Sk B 1 D
kave 817, 1269 and 176 dpecimenfim  The downsimam siies, E und F, have relasively
minitnal individual density, which-sre 7.2 and 172 specimentn’, respectively

The benihic density aund species nechness vaned betwees months. Both benthic species richeess
and densities ingreased in he dry-cool moaths, pamcularly m December and February. Draring
April. the firm pilmy mmm&@dﬁ:ﬁmmquﬁydsﬂhmdgﬂﬂnﬂhmmm
=nd of lbe monsoon seison in Octobor The hizhest intividua] deasity ocourred m December.
2175 orgamamiin | and lowest i Ociober 525 orpsafivhe The oesies. rickucss. abo
hhﬁ&mmmmmdwuhwmmﬂub&iﬂsmimMi:m@m
E7 specien

i



Reference site A, located In i hesithy foeest, bas sotably the largest density of michostersns,
319.16 speciinensin . while sites B 10 C bave lower cadifis individuil density, Gasmopod,
bivalve and Oligochaets B were sbecne from sie A during the oneyesr sampimg.

Oligochasss, in particulr, fs sbandsnt in sits C, 1806 specimensim , oventhough fis she was-

located in the same plain 2s sits A. Texs richness of sites A to F are 41, 19, 57, 48, 16 and 14
txs, mespotively. Taxa richness und density declinos dowsstream, Comparing betwess
apazream (A to D) and downsozam (E io F), the bpper tites lmve benthiic 96 species with &
memn individeal dessity of 128.9 specumen , whils Jower sites have 21 specimens and 17.2
setteidualin

The less disturber site A, has e highsst macminvensbeate fmms dennity, end (he maxm
number of caddisfly species. The mom commes in slie A were the bichopiorn
Cheumatopsyche misluysicnsis, with 18518 arganismim , Syaspropsyehe bskshins. with
1Imml.nndmmmmmm9m7wm=. Site
B locz=d next to sito A, has 2 106l of 19 benthic species identified, Most sbuodant species
were dipteran Chiranombilee, the odonatas Sinogompher sp. il the maytly Ephemora s with
densities of 2400, 16,7, and {66.7 oeganismim , respectivaly. In siie ©, the mow docsims:
pecies e the mayflies Choroterpes s, Eplemers 3, and e eaddisfly Polyeestropus .
with densifics of 283.3. 233 snd 1833 orgamismim , respectively. Site D, (be inmempiness
mmam, i domunanied by mayfiies Ephemens sp., Fepagenia sp. and Chirononmiicdss with 338.9,
1556 sad 3750 individualim’, respectively. The two lowlind sites, E sod F, xre dominanted
by dipterams, Olignchaety and bivalves. The individual deasities of Oligochmers and bivaive
Coebiculs henswdiand which domipale site £ wre 1426 and 1317 eepaniimin, The domiannt
species of site F oure Chimoomidee snd Olignchaets, which have the sune density of 389

. ?
e EAnTETAT |

Multivariate analyses of benthic community data

The result of TWINSPAN classificedon esing fennal density data is shown m Figume = Exgit
smple groupings we sphit at the fhird lovel of TWINSPAN division, The smpies enilecied
from site £ and F are separnted st the (owt division.  However, gie of the upsress sooples,
B6. t= included o this group. The mdicater species contributing to the ‘split on the positive
sade 15 Ofigoctnels, wiile on the neganve sde 1w mavily Cacnis gpl.
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Ehlt:nwﬁuiﬂ:lhﬂllﬂqﬂzﬂmn@hmaﬂtiﬁnfﬂwmmlml.
Indicator specics at leved 2 ix cphemeropseran Habrophlebiodes sp. At kevel 3, indicator species
mmmmw-mﬁﬂMmmﬂﬁmﬁmmmmm
msgalopeeran Sialis 5p.

COn the positive side: at lovel 2, indiesine spocies are the dipieran Bezzia wp., bivalve Corbiculs
brandiuna, Qligochnem and elmid colsopionm Steaelmis sp. Al lovel 3, the indicstos saxs sre
mmﬁmmmmwm
Elm#:mwﬁmmm“ﬂbmmdhmmmqwmuHMI
(group 5 w0 8), eventhough these samples were collected tn different months. The indicstors
mmdmmmmmmmmmmm The profonds)
mwrﬁhﬂ.mmﬁmﬂmmmmmm
inkibic dowrmieam siles.
mmﬂmwwﬂmmwuﬂmemmm. Beizia wis often
lonind by upssream site € For cxmnple, i April, the firt monsoon month, site ¢ ke the
pmﬂmhm.dnuhrlﬁ&ﬂpmhlnhhhwuﬂuhmwdnmirydﬁhmh‘
all siz=n. At thi thine, site " alio had high averge BOD, BC and TDS level, which wee 4.3
mgf. 313.58/cm and 2085 mg/L. respostively.
Likrﬂmn:p.fﬂﬂpﬂmummmmmrmmuﬁmﬂmﬂmmm
mmmmummmpaudm The comtrast between
mh&nhmﬂut:ﬂﬁhwriuthdﬁshmmzmuﬂmﬁw}
466.7 organiamim while there was 90 Ofigochasss b bite A.
mmmm..u:mmmmmmmma:mmﬁ
within groep 4, This species war foosd & two sites. B and O Site € had 3 maxionam
sburdsnce of Sialls in December of 1333 oeganismis
Wm@:mylﬂhhdﬂmﬂmﬂbﬂmmMmmm&mﬂ
end trbidity (B, =3430, peO08, ¥, =7.157, pellDS, Fio=1115 peD0d respectively).
Th‘[ﬂSERNgrmplmdlhuimnmbchﬁwurnluuﬁw. Algo, both grovps bad mor
species sichness thae the otber grosps The finer differouce. botween sample groups 3 md 4
mmﬂkﬂdhlﬁ:pmﬂﬂ&ﬁ&ﬁhﬂhﬁq:.hgrmpl Watess in group 3 had
mrﬂﬂwﬂqn.ﬂsmmﬁdﬂ:lﬁdﬁwmmL,lmg.r[..lg.!mgﬂ_indlu
NTU. sespectvely.

|




Of oll TWINSPAN groups, sampls grosps | @ 4 had cleaner waler qunlity snd higher speciss
richness than group 5 to . Waser discharpe and 85 werc identified by DFA to be the most
significant variables. The DFA cxn predics end separate the TWINSPAN groops | so £ cleardy,
with 100 percen: success (Fig. 4). The water quality varlables of sample groop 3 indicated ‘=ss
impsated than group 4, and the difference betwesn these groups wee alen reflected in the
kenthic fams

TWINSPAN group 3 wes mostly comprised of sensitive species 12z tolesant (0 envirommental
wess, ncliding thoss Hsted in Hellawell (1586) and Lenst (1993) Thess e the
trichoptesans:oers up., Hydropeils sp., Tioodes sp., Molanna sp., Anisocentropes sp., Climers
op.. Oryothia sp. and Trisvodes sp. (e coleopeerans: Clapitlmis sp, and Dinconn o the
cphemeropierus: Thraulodes wp, Epbemers s, Peraldptophichia sp. end Heptagenis sp. and
Ve degreran Sitilim sp.

TWINSPAN group 4 hod (e highest specizs achmesy (Table 1) it had less sbandagst seasitive
fpesies than group 3. Sensitive specics of group 4 oo the idchopiersas; Chimarma sp,
Trisnodes sp. und Ecnomus s the sphemensns: (horoterped sp. md Potamanther 5p.2 ead the
coleopteran Steredinis ap

Ordination resnlts

The sample wrdination results penerally resemble those produced by the TWINSPAN. The
surples from lass impocied sites sve podered a1 the pomnive end of ordination e 1 (Fig. Sa)
This group of samples corretpends with TWINSPAN gonp 3, The samples bom fmpacied
sites (B, £ and F) mre distinetly sepamated fram the 1231 in the afdination spoce.

The ordination result con also idenify the sample with more diverss species, Sesple AY, in
ptticular, Jocated ai the Nighest positive value oo axis |, had the Mighost species detinzss (21
species] suggesting that axis | may be & nehness vector.

Figure 3b shows the species vectors that kishly comeleie with the ordination space, a3 derved
From the Monte Carlo test. There s stromg agreements between TWINSPAN indicator species
(g 3 and HMDS ipecies vectors (Fiz 41 The two mow impomant inficsior specses
produced by TWINSPAN, Casoiy spi and Oligochaciz. are alsy clearly ideatifind s influensisl
by the HMIIS.

Caerus spl 1 the mdicetor specics of the fire TWINSFAN division and s identified by the
HMDS to have & high conslstian with the ardination spece (=0,72), The Caenis spl veetor
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points inwards sitmsfsamples A, C 288 D, 3t tne middle of the plot, Caends zpl was 3 common
species that cccmred i upsteam e Ofigocheata also highly cotélatcs with the oedizetin
spacs (r=0.81), and its vector points to dowrstream samples/eiles,

The cimld Cleptelnis sp. vestor inceeases in the dintction of sumples of site ‘A and D, where
this zpecics was whundant. It was =vident that the riffle betfle Cleptelmis sp, was shendant
enly In clear and clean waters, 22 in TWINEPAN goup 3. Thus, the Clepelods 5p. voctm
ideniificd by HMDS s also confirmed by the indicsior species produced by TWINSPAN.
Others species which highly commlue with the adinstion spuce s the mayfly Fphemen g and
the alderfly Siulis vp. Ephemers sp. was shandant in site A pod D, while Sislis 1p. was ofien
foend in site B, All thess species vectors point 1 their comesponding sampling sseplesiues
tes the prdination apnee. Sialis gp. was often found i site B, Al these specics veston poit m
ket comesponding samplesfsites in the ordinadon space. Sialls sp, s alio te indicstor geces
which TWINSPAN wed w split the smmple groeps 3 and 4. Ephemers g, ob (he otherhand,
s ot ldcotificd an iaflvential by the TWINSPAN, Pearson prodoct-mbment correlstion lest
swoned that altitude (re0 78, pet001), Limd wae stegory (0,71, pe0.001), buffer srip width
[re 0157, petlOOLY, stionim depth (r=071, p<0.001). stisam widih (r0.65, peD.001) asd waicr
phvaicochemistry: water discharge (Fe0.68, p<0.001), mrbidity (r=0.40, p<D.01), 55 (=088,
p<001) and woter temperarure (r=044, p<ii0l} e all sigitifcmily comelaed w axs |
Hubler sup (r=0A8, p<fL01) and TS (re£37, pe09) aim conelnted (o axls 2

Discussion ans conclusion

Enviromental impact water quafity variation

The varintion of water wmmwmmﬂwﬂ:mmwﬂj Inllowsd the
measocnal cycle. l.ik:mrumﬂﬂn:mﬂuﬁmﬁ=:ﬁﬂrmﬂm=ﬂmh#
sty of sedimers diffosed froms the sdiscent land suifice i streama (Dudgess 1993)
The highdow Aow togine dmmatically shered the stream. conditions and besthic faunal
hepitats, reflocied: in mﬂmumﬂuﬂmﬂ.ﬂnfmmm}- between wet and dry seasom. 05
sisrence sils A which locited in the projected forest acea of Nam Moo Natiorml Park, the wates
guality diud not ssgmbreaniy vary, whizess the sites in bare lands eritically suffered from. bed
mrois -

The fmpeet of fand use was clear when comparing bebiveen sites A to T) which were i jocaeed

=t the same’ aliinde and belbag to the: sam=s smmam order, ‘The waler quality in the for=st land




sit= was Jess impacted than st exposed git=s. 35 was the most significant wades impemly b this
carchment The sites with thick vegetamssion strips bad relatively lower 88 levels than the sites
The ambsent smd water tempersture were lso influenced by the magnitmde of the surrotading
foresl. The nir and water tempersrres a8 well vegetated dparlan siics wers lower than af ibe
b sites,

The most serinun dissolved muirient problem of the CThesn wis doe to PO,, which flucnsted
beiweeh semsom [t wes very high in the wet season (0.04 mg/L), snd minimsl in de dry
season (004 mp/l). The NO,, however, did ool vary by sexsonnl regime, 1 levels wers 015
g/l and (.73 mp/l. i wei ond dy sesaons, respecovely, In this insmnce, ihe resuisy seggesad
that the NO, could be transformed lmo other forma ander the nitrogen cyck,  The sczomal
exinfall i Apell was 3 major cause off diffeesd pusrient bound tediment frim sgriculvral landy
extering into the aresm,

Average TDS, EC Chisede trid SO, level of the Choon wiler was celatively low and did not
ndicar= much impact. The levels of pil snd adalinity were relatively high Bot the valoes sill
fall within scpeptable range of narsmal watzrs. The alkalinliy sourse of the Choon was mauly
bzrbonate son,

Laryely, the wates samples collected from the Cheen bad DO and BOD level thar e the
naticnal standard value of 6.0 and 1S sl respectively (Minilitry of Scietice, Techholgy xnd
Environment-MSTE 1997), Bot when oconsdermg DO and BOD values betwesn sream sites,
these Two varables had shown clear water quabty mmpacia. The wiers n inpacted sites had
refatrvely lower DO content and highe BOD than the lexs disturbied sites

The Muctiation of DO values between W was closely comrelated with 1wo combimed fatvors;
wessomal regime and 85, Puring beavy rmnfall, the stream shiey locaied io the clezred lands
were much impscted from surface nisoffa. thos yielding very high S§ levels. The dilfussd
sedarnent further chused the DO deplenon within the water column.  Like Do vsices, the BOD
of khe Cheon wale varled betwoen mics. The nmpecied sites from land cleansg had high BOD
fevels.  Diffissed sediment from the bnd surface by the major cause of high BOD within the
wares column.

The rosult fiom UPGMA ideniified that 55 and PO, were thie two most ignificant waler
quzlity impunties of the Cheon waiers.  Both values were denived [rom diffused: sediment, znd

mare infensive agriceilons. pamcelarty = the syzam sitez Jocaled @ cleared fands  The
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m?g:imd:nfm'qﬂﬂﬂrhpﬁh&-m wai greatest Juring the firit rainy mont,
April

Reganding witer physicochemistry condinon, it can be summansed that the Cheon headwates
streams showed appesrent water quality impacts from land use The streams. located in the
bace lands received much impser from diffused solids, whigh led (o high BOD and jow DO
levels  The waters in sweam shusied in forsatland were less impacted: from surface nooffs,
sesulting bn high DO and low BOD. Thess two watsr quality parameters are in [sel, unpoetans
dererminanits which infloence aquatic tnimsl Gfe. The benthio macrunveliehrsies we snumils
which ore tensilive toowaker qualiny chonges, The DO, BOD asnd 55 levels reaubing frioss Land
glesnmg, have influential effecs an masrosverisbra=s

Environmental impact; the presence of indicator species

The semarkeduble appeamtit betwess the control tad finpact sites is that the selersnce sus has 3
large number of species different from 1he dlsnubed sues, Disturbed siex with diflerent
deyrees of fmpact !:lm had differen spross Composition.

Both sonaitive and tolemant specees were resinesd fe different siles amd timze  Ameng the
mscroipvertchrate funa, Trichopeers was he mont distinctive taon which way meee stiundant
i whe A Amplipsyche mesdiats, Cheisatopsyche malaysictsyy, Tmodes sp., Swnopryche
sidmensis, Mydropsyiche sp.. Nesreclipee sp. amd Synaplopsyche Alukatuns.  Slow of lbess
weeies were found dunny Peormbe, the post-flooding period with n rathey ool climate.
These caddiafly sperics bull thewr fied reuwal o cobhles,  The walers @ gi= A dunng
December weore very Clean with & bigh DO level of 8.3 mgfl. and & modesate camrent speed Of
00 miwe In this instance, § suggesed thal the peosence of tiese caddnfiy speces was
mpsbeiated with sedkonul regime, DO ghd [orest cover

Some caddis specins th sue A showed 3 periodic occomence folicwing seasemal g A
mendiapa was the First spocies whish sppearsdl unly #fter the posi-flooding peried  The
emeérgence of A méridiant wis alio repemed o recovery srenms afier floods in iadeoest
iBoan |984)  Similacly the hvdopsyehid O malaysiensis and flydopsyche sp weve &iso
Foaind b dite A after the Tahny scdson  Thess throe filter-feeder candis busll (e fixed reioeas
oo submergs cobbles m sue A Thissis had reladvely clea water Thess caddis spegies ware
classed % mildly 0 moderately inlerent specics by Roux el al, (1992Y A merdizns and C

TRy ST A1 mhﬂ.‘t'-'i:.;d I ¥oknics epd Phromiasag streami of Mani W30 Maiossl Park, 200 km




from the Cheon, with also relatively clean waisr (Sangpradub and Maknan 199T: 3 ssggesied
mat the presence of thess spacies was 240l refaded o mild perturbiiion.

Another distinctive caddisfly in sz A was the polycenoropid MNegreclipsis sp. This eet-
spiming caddis |y alvo sensitive to orzmnic poflation (Hellawell 1986). Tinodes sp. and &
siamensis were found ooly in she A Both caddis specis preferred 10 imbiabit in oocl, shaded
smeam with high DO level in site A These tw species wers mare in (his catchment, but the
fire gpecies waz shomdant in privtine stoesms in Phukadueng MNetional Pok. 50 km from the
Cheon (lnmoong 1997), Both cadd spacies were found in Yakmes and Phromiseng sweam of
Mem Nao Natonal Pak 8, siomeasis semsd o be Testicted to Phombeng swesm
{Sangpradub and Nuknas 1997},

Aliboagh almost 0o studics 1o dae zssocisle any gingle codidisfly spevies with esvironmantal
factors in the Aslan tropics, the restriction of these oet-spinner specics 1o site A may indicale
prapee water condipone.  Fuomher, the exivence of these eaddisflios ciesrly ahowed 1he
signtfance of foren cover  the e and adjacent lands, Comsequently, wafies o the
infleencs of land clesdng o stream watess might vie the preacnce ol et-spinner caddisflios of
& lsological indiontor.

Mayflies also ahowed remarkedably different distributions betwesn slien.  Potsmanthos gp. wia
partciilardy abondont in ute A The BMWT score (Hellawell 1986) mangned a score of 10
fhaghly scosinive) to all Pourmantddae snd Lemat (1993) classmil Potanumting sp. & a sensisive
pecies o Sater polltion, Thly spotsts was very comman sprawling en the steam bottom s
site A, but earcly found in other sites  Heptugeais sp. and Epbemens g, which wese found i
varbous mmpling occisions in sie A to L These species were found only i stresmy where
the waiers had # high DO level These two mayfly nxa aré widespread and recognised
elsowhers assennitive species which requure bighly dissoived oxygen (HilsenhofT 1955)
Unlike caddisities, the distribotion of these two mayflies wis not strongly relsted o forest
syver oo fand clearing, but rather reflocred the dispersion of microbabitate with high DO Jevels
within the sitreams. This suppests that, within 3 modified stream rearh, there may be still
cxrtinn mmcrohabntats that could be ocoupied by these high oxygen-tequinng [arvae

Onily =tmd becile species, (Tepteimis sp. was relped 10 the degres of impact between sies
This bestl= family was classed 3s moderse toloent species in Grest Britsin. Bz fzch and
Widads ({995) Aoted that most clmids in Asia coold be wsed 10 liditste good water quality
This it temforced by this smdy sinee the nific beetle Clapielntis wius more sbandaret i high



sxygenated waters both in rffle and res sreas i dite A It waiz mostly limited 1o site A, and
like met-spinnip caddis, is @ member of the indicator fauna of high DO and good forest cover
eoadinon. ’ |

Stoneffies arc another tion commonly #sed 10 incicate gocd water quality (Baumann 1979,
Harper 1994). Plocopteran wors very rase in i catchment, and only two species of Polides
wers fornd.  Meoperls sp. is widespeead (Sives 1984) while Phanoperls sp. i aivepdact in
sropical Asin (Horper 1994). Perfider bt besn claimed v be & family senditive 1o pollution
(Hilsenhoff 1988, Stewnrt 1997). These stonefly species were found in both leis impact stz A
asd impacted downstream site B So, o was jess refinble w0 be ag mdicator species for waser
pollsson in this catchment  Uchida (19900 and Harper (1994) roponed ths Asisn perfidae
cexapicd bath highland and lowland sresmms aed wees well silspted ty envirommenal changes,
Is conmast (o the sensitive species approch, the presence Of tolerant speciet 2t & siie wes foond
b be sndiher valuable budicur capuble of ‘dilferentisting degrecs of impact. Thia cisdy
coafimmed the ssitun of Oligockeets, Cerstopogostides and Chironomidse as pollution isdicatoe
exxa, a3 afl thren groups were abundem s impacied malives '

Eavironmental impact: the implication of macruimvertebrale density

Qeantifving freshwiter catchrnent impacty using the presence of inlicator spesiey wes guits o
grosiising approch e discussed shove, The demsity data, in sddition, sllvwed mose figodou
sealysis in the cool manth of December, while (he Impacted dited hod the preatest iodividual
denaity u: the first rainy month of Apal. The |ess impacted siics wore dominsted by caddusily
snd mavily apecies, while the tmpacied siey wore doonnated by dipleram, Oligochsss md
matlars.

Micromvershrste individug) desmity fectusted maskedly folluwing the sessonal climate
lepely dus to the Hooding ropimme. Within & site, the variation of individual density through
timie showed a clear rolationahip with phiysicel water propertizs, cspeaally dhscharge, 55 and
wrbidity. Berween siies, differsnces m mdbesdusl densines were assoctated with lemd ise and
the mamre of the tpanan buffer smp The dominan: cawse: that dommatically vedeced the
dividus density was land cleating which ed w the elévated waler dischirpe aod high S5 and
norbidisy within waigr column.  Finally, e Babits wes alicred @nd bécame unactable o
macroiivedichnte colonisstion 5 proviocsly foond by Dudgeon (1993), Geaemlly, ihe 1otal
mdividuz] density -taea from mullipie tabw= sampling can meflect the magninids of impaces on
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sites.  More precisly, & high individuz! density of comain taxa, particulsrly caddisfly esd
mzylly, can indiois more pristine wetsr = = sits, wheress high individusl densifies of

g filed

Classification and ordination resnits

The indicator species produced by the TWINSPAN classificatinn also confirmen the ouom=s
when asing individual demeity dats sy discoset shove.  Boeht pollution toloramt and senstive
species fadicsted by the TWINSPAN showed & clesr relutionship with the magnimde of wpecial
and sempera] impacty st a site.

Indicater apecies from the TWINSPAN peovide ivvaluable inforniotion a8 these species smogly
telate tw the covironmental mpacts berwssh smpledizes For example, Figure 3 (llustrazes the
classificanan resulls from all samples comsbined from all monthe and sites, and i & very
Sifficult to separats samples within groeps 3 and 4 |f uslng specics richnces end individanl
dengiyy dacs ‘
Tha exiuetce of indicator spocied. for sxmmnple, Beszia 3., lod to the discrimmsbon iween
sarples groups 3 and 4, The presence of fhe Key stone specicy, Bexzia sp., signifies ihe
enviranmental impoce occorring mn samplesies, 23 n the case of site C which hay Beczis op.
stundastly present in Pebroary when the wassr wees severely pollited with maximum levels of
BOD, BC s TS,

The impact of dischwrge and 53 from everiond Oow on apecies composition la each
TWINSPAN group bn alse sbvisus. For instance, ssmples of group 3, in parvcdiar, had
relatively  Isst polluted walers and had migh  somive specics  pehincss s a8
irchopteransi(Goera sp., Hydroptily ., Todes spe, Malmns sp., Anlsoceniropuy o5, Chimara
s Omuthir sp. Trisenodes wp. = coltepeerns: Cleptelmiy ap., Dincutis sp. the
ephemeropterans; Thosulodes wp., Ephemers sp. Paraleptophlebid sp., Heptigenie .. and the
digteran: Simurbium sp.

The most wseful resulls produced by TWINSPAN are the indicater speties since these provide
ecolagically meaningful dms regardms swvrommenial siress.  Both “sengitive” or "pallmisa”
mtcator species ¢ be obisined intrecily from the TWINSPAN qutjut while toleam sore
hﬂl#ﬁ;ﬁmmﬂu;@h:gﬁmﬁmyﬂmﬂm
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TWINSPAN effectively clessified the less impacted and impecied ssmpleiiies.  The
_ordination results 2la conformed o the TWINSPAN ouput Hentifying those sampleafites
uﬁm-mmmﬁmumhmmummwwm:nm This
ﬁmﬂmﬂrhuﬂpmw:rﬂshdnnmmh:m-hmwﬁaﬂrmm
Enelyses.
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Figure 2 Dendrogram from Werardiicsl sgeiometive clustertig oF all siies seasonally
zampling sites based on physicochemica] verisbles

Figuee | Location of sampling siies »-E in the (heon beadwatet carchment, with local names
in parentheses (redrawn fom Tangssm mad Admpen 1995)

Figere 3 Clussification of Cheon cambmest sempies by TWINSPAN, Groopiogs s remized
3t the 3pd lovel of division, luchding indicaror gecies

{Seiezr1 represent dibe coded, ninmbers staad for suspling monthy, 1=Cciobier 1993, J=Decorsber 1994, 3=
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Disiyipution of Caddisfly Larvae in relation to Environmentsl Changes in the
Pong Catchment of Northeast Thailand

Abstract

Caddisfly larvee were quantitatively sampled bimonthly from twenty-one siations
across the Pong catchment for wwo years (1996-1997), Caddis taxon richness was
highest in the upper part of the earchment but markedly decreased downstream.  The
distmbution pattern of caddisflics in the Pong highlighted soms specics-landscape
phetiomenn. Certain taxa were limited to upstream walers, sotably Anisocentropus,
(ioera, Leptocerus, Poeudonewreclipsis, Oxyethira and T inodes. The most widespread
caddisflies were Polycentropis and Dipseudepsis. The density of caddis larvas was
clamely correlated with waler temperature, water velpclry, alitude and alknlinity, The
averall results sugeesied they could be another indicative of water pollutivn impacts
v the eatchmenm caused by humans and which beenme espocially apparent during the
|z dry season

lntroduction

Knowledge sbout stream and river ecosysterns in woutheast, Asia i3 still in i infancy
and, in particular, there has been few publications addressing spatiotemporal varation
of the benthic fauna in nverbeds (Dudgeon 1995). Bistribution panierns of aquatic
macroinvenchries through time and space can contribute information useful in
assessing water resource degrodation (Resh ef al, 1993), bt have been rarely npplied
in Asia, particularly Thailand, due 1o the poor state ol knowledge [Sangprodub o

af 1997

Caddisfies are & Key aquatic group in Asta und an imporant costituant of the EF
(Ephemeroptera, Plecopien and Trichoptemn) metrie, known 10 be refated 1o changes
in water physcochemistry (Lenat and Barboir 1994, Reah, Noeris and Barbour 19931
at least 1 the temperate zone. I tropizal Asian inkand waters, enddistly distrrbution
pittterns and their association with environmenta] Inctors regums rigch more research
(Dudgenn ef @l 19494) before their utility can be demonstrated.

The aims of this study. were threefold. Firtly, to investigate the sputinteniporal
distribution of the caddis larvae assemblage in 1he Pong catchmeit rivers of northeast
Thmland Sceondly, to amlyze and quantify changes in the major environmental
viariables, mainly water physicochemical parumeters, in the Pong Lastly, to expiom
cotreiutions berween caddis lrvas abundanice in termad of density and taxon Hehness
andd environmerital vanables



Physical geography of the Pong catchment

The Pong catchment is located on the northeastem platzan of Thailand (Fig.1)
batween 16%00°-1715" Nand 101°15°-103%15° E. It has an ares of 15,190 km® and
ranges in altimde from 8% (o 300 metres above sealevel. The Pong system consists of
rwo main Iribumanes, the Pong and the Cheon. These (wo nivers receive waters
flowing mostly from headwater streams located in the Phetchaboon mountain moge.
Tha main channel of the Pong is regulated by three lurge dams which supply water for
cultivated lands industrial zones and commmities within the catchment.

The climate within the catchment is charscterized by a marked contrast in seasonal
rainfall, with the wet season (May-October) hnving & mean momhly rainfall of 266.9
mm, while the dry sesson (November-Apeil) has a mean monthly rainfall of 2.7 mm,

Sampling regime

We established twenty-one sampling sites (PO1-P21) which represented 4 moge of less
disturbed and impacted arens (Fig. 2). Caddia larvae were quantitatively sampled
bimanthly over two years (1996-1997) - Smx samples (replicated) were modomly
inkenfrom the stueambed at each site, Sampling benthic fauna st upstresm renches
used n Surber sampler (0,30 m x 0.30 m with 500 yum mesh spesture), while snmpling
in decper waters downstream necessitated use of an Ekmuan Grabs.

Major water quality variables were sumpled at the sume time as the caddis sampling.
These were waler velocity, chimnnel depth and widih, discharge, tempemiure, pli,
wlkalinity, electrical condugtivity, 1otal dissotved solids, total suspended solids (TSS),
turhidity, phosphate (POy), nitrate (NOy), dissolved oxygen (DO), biochemical oxygen
demand {BOD-5day), chlonde (C1), and sulfiee (S04), The methods used 10 sumple
anid analyze all water quality variables followed the stundard methods described in
GEMS/WATER (UNEP, WHO, UNESCO and WM (1992) and APHA (1992),

Benthic samples were sorted by hand an white irays using loreeps. All eaddis
specimens were identified using svailable keys (o the lowest poessible tvonomic level,
mastly 1o genus  The identified specimens were counted and preserved n 70% ethyl
aleohal. All of the specimens are archived mn the Department of Biolegy. Khon Kaen
Limiversity, Thailund.

Data analysis

Multivariate metheds were used to simplify and visvalise the relationships between
sampling sites based on their caddis fausa.

Weused caddis larvnl density as the raw dars input for multivanate analyses, however
Jeg transformation (log £+ 1) was applisd to the raw data, if necesssry, to improve
pormality, The PATN software packaps for detecting putiem in ecological data
(Bethin 1995) was used for most of the analysis.

Qrdination of the ssmpling sites employsd Semi-Strong. Hybnd Multi Qimms.ipnnl
Sealing (HMDS) via the Bray-Curtis association measure (Marchimt 1990, Clarke



1993, A ==mply sites were then classified using the Unweighted Pair Group
srithMelic Averaging (UPGMA) method {Snesth and Sokal 1973, Gaueh 1583} 10
\dentify the degres of similarity/dissimilarity between sampllng sites which wete
arranged inlo proximal groups. These groups wers further clarfied via the GDEF
option in PATN. The ordination and classification were both applied for faunal
anslysis 0 a5 to confim or ¢ross check the result of each method.

Significan correlations berween UPGMA grouped sites and environmental vanasbies

were examined using Discriminant Funcuon Asnalysis (DFA) (Green 1993, MNarris and
Georges 1993) via the Discriminant option in SPSS (1994),

The Principal Axis Comclation (PCC option in PATN) and Monte Carlo
Wandmmisation with o= 100 (MCAD option in PATN) was used 1o tesy which
catdisily genera were significantly comrebated with the ordination space. A
significance level of 95% was applied throughour this unless otherwise specified

[Cesulls
Water gualiny variafion within the Pang fleodplan

Bimonthly exmmination of wuler physicochemmstry in the Pong showed that sotne
variables vired significantly during the yeat, mos! notibly discharge, Bow rute, TSS,
wirkidity, DO and T

The Pang waters had different mean disciiarge, Mlow rate, TSS and wrbidity between
catchment zones. The sited located jn the Upper 2ofic (PO1-POS) had the lowest mean
discharge (20 4 comdeec) while the stations in the middle (PO9-P17) and lowermaos!
part of the catchment (P14-121) hnd discharges which increased substantially (101.2
el T cu misec, respectively), As expectid, the mean discharges alsa varied
markedly between seasons. In dry season, the mean discharge was minimal in the
Pong main stream (24,6 cuamiseel, but increased threefold dusing he wet season (V7.0
Clrn/aee)

The importance of siltation on the Peng wilers was apparcnl it the T35 and turhichty
levels Genemally, the meun 1SS ol the upper sites was higher than the middle amd
et stitians (1358, |29 and 42.3 my/L, respectively) Similatly, mean mrbidity
was higher i the uppet sitey thin an the middle and lower sites (55,9, 106 and 611
NT1I, respectively). The Pong walers wers very wurbidl during the wet season (79,7
WL but relanvely clear in dry season (435 MU

In penernl, the upsireany waters weie less affocted by orgame poilution than the
downstream siies. There were temarkable impacts frpm organic pollution in some
stretches, particlarly where the fiver flows through the city. The mean ROD level 2
site 16, for example. was very high o 15 2 my/ L (Fig.3). The mean DO of the Fong
witters varied significantly between scesons, and wiis relatively higher (4.3 mg/L) in
the dry season than in the rainy (nonths (26 meL).

R B



Dissolved oxygen in the Pong waters differred spatially, with upstream sites having
higher mean DO levels than sites locatad in the middle and lower catchment (7.0, 6.8

and 3.2 mg/l respectively).
Spatioternporsl variation of caddis larvae
Cuddis lorvae abundance

Cauddis taeon richness peaked in Februsry when |7 genera were detected. The moss
diverse caddis larvae present in this month belonged to the families Hydropsychidae,
Hydroptilidse snd Leploceridae. The net-spinning hydropsychid genera included
Chetummopcyehe, Hydropsyche, Leptonema and Macrostemum. The fragile case-
caddis hydroptilid larvae were only abundant in upstream waters and included the
gencrs Hydropitla, Orthrorrichio and Cxyething, Leptocenidae larves were rare in the
Pong catchment gonerally and Leptocerus and Trigenodas weee both found only in
February in upstream waters, Psychonyiidae was another femily seldom found in dis
cotchment and only a single individual of Tinodes was discovered in site PO in
Februnry 1996

The most widespread caddis larvae in the Pong were Ecnomus, Polycentropus and
Dipswuddopyis. These were fiequently found in mthor docper waters, but wiere abseéiu
n very orgamcally polluted waters, such as ot sites P15 and P16,

Caddly larvwe destity

The mean caddis larval density peaked in December (150.7 larvas/m’), The tixs
found in highest densities during this mouth were Cheumatopsyehe (2707 4 larvas/m®)
and Macrostemint (209.9 larvae/m®). The formier taxon was reswicted 10 upstream
sites (PO1 wo PO3), while the latter was mither widesprend, Mocrostemum, in partcular,
inereased in numnbers murkedly uller the catchment waters recovered from sovere
fleoding.

Mulliveriaie waslysy

Multidimensioml scaling adequately separated the sampling sites in the ordination
spice (Fig4). The less organically poliuted sites which supporied a more diverse
cuddtisiy fauns were clustered separately from the impacted sites. The less impacied
sites can be subdivided into three minor groups; M0, PO2 1o PO4, and 06 and POS,
Caddis taxcon richness was highest in site PO1 (12 genera), foliowed by sites PO2 10
P04 (9 generai and sites POSKLPOS (8 genera). The remaining sites with relatively
impacted waters hud much lower richness

All caddis taxa which correlared sigmficamtly to the amrengement of the sties i the
ordmation space are shown in Fig.4, Dominant caddis farvas limned to upstream
warters, includine Anisecentropus, Goera, Leptocerus, Newrsclipsis, Oxyethira and
Tinades appsar in the lower part of Fig4. The frec-living caddis larva Polycentropo
was mostly indicanve of Jowland sites (top Icfi in Fig4).




Significant corrclations between sites grouped by UPGMA classification (based on
caddis larval density data) and environme=niz! variables are shown in Table |. The
most influential environmental variables which significantly related 1o the UPCGMA
groups were waler temperature, water velocity, altitude and alkalmity.

Conclusion and discussion

Seasonal flooding, a cyclical enviranmental event, was the key fsctor influencing the
cecurence of caddisfly larvae in the flowing watcrs of the Pong catchment, During
mid-rainy period very limited numbers of caddis larvas were recovered from the
benthic samples. Of these, the most abundant taxa were Polycestropur and
Dipyeudopsis, suzgesting that these rwo gener sre tolerant to very high flow
conditions. During the wet season, the density of caddis lurvae did wot differ
sipnificantly betwesn smtfons in the opper and lower catchment zoves.  Elsewhere in
Asin, assemblages of caddis larvae are also knowt 10 be miueh affected by heavy
tropical spates particularly during the moensoonal months (Dudgeen 1995),

During the dry s2ason, ol the sampling sites were Jes impaoted by natural events, but
were much affected by human distrbance. Both taxon richness and density of lurvee
viried gubstantially between sites, acconding to the prevailing eovironmental impacis
The leam orgamically polluied sites had the highest cuddis taxon nichness and larval
density, The relatively polluted sites, in contrast, had low taxon richness and minimal
batvl density, The effeet of organic pollution upon ¢addie larval abundance in the
remperate pone ks well documented (Hellawell 1956, Lenat 1993, Barbour er al. 1995,
Wright et al, 19953 However, similar evidence is 30 far very scarce from tropital
regions. This study contribuites a new data st from this region which supporty the
passibility of ustng caddis larvae for assessing water poilution. The results further
suggest that these measures would be most effective if used to assess organic
pollution in the drner months.

Thi orditistion amd classification results showed the caddis communities at the
sampling sites also relate to percent forest cover and riparian vegetstion. Forest cover
and riparion sirips could both contribute 1o the richnessof caddis wxa, and also affoer
watcr quality. The upstrearn sites with the most forest cover ond thickest buffer
supported the moee diverse caddis taxa. Barling and Moore (1994) also noted a
significant influence of forest and buffer strips upon benthic fauna sssemblages and
water quality, Within the Pong catchmend, those sites with more forest cover, low
warter temperature, high DO, but low BOD, were the most prefersd habitats for
caddisflies

Indicator 1axa can be deduced from the correlation analysis. At lowland sites m both
shallow and desper water, the dominant caddis larva was the free-bving [orm
Potveeniropus, which was also found 1o resppear soan sfier the stresm begine 1o
recover from severe spates and organic pollution. [n contrast, the indicator taxa
pstrean waters Were mare diverse, meluding many hydroptilid snd hydropsychid

il

Some caddisflies responded {6 an improvement in-waler quality tollowing severe
pillution by urhen sewage.  Downstneam of the city at «ite 18 for example, #sihe DO




level incressed and BOD reduced, the first caddis larvae to resppear were the fTce-
living forms Ecnems, Dipseudopsis, end Polycentropus, and the net-spinming
Macrostemum. Also, the caddis taxon richness spatially fluctusted i concert with
BOD and DO levels (Fig3). Thus, it was clear that these two water quality variabies
had a marked effect on the distribution of caddis larvae in the Pong catchment.

As this smdy conducted sampling mestly in cleared parts of the catchment, forther
investigntions in pristine forest stream in the Pong region are still needed. Detailed
taxunomic studiss of caddisflies, especially larvae and their coology, are still essential
needs in Thaitand  Even this smdy showed lavels of arganic pollution was associsted
with differences in caddis larvae abundance, b more long-term studies should be
¢ncournged to establish the causes.
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