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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.

Acknowledgments

We would like to thank the Thailand Reszarch Fund (TRF) and Khon Kaen Universiy
whtich kindly funded this research. We thank muny friends and colleagues from the
Department of Biology, Khon Kaen University, Thailand, for their encourngoment and
support during the study. We are also very grateful 1 the stail of the Environmestal
Henlth Cemter Region 6, Depariment of Health, Thailand, for help in collecting
specimens in the fold.




References

American Public Health Association (APHAJ, lﬂ?ﬂ.mmﬁrﬁt
Examinarion of Water and Wastewater Including Sedimenty and Siudges, 18" Edition,
American Public Health Associanion, American Water Works Association and the
Water Enviromment Federation, Weshmgton DC.

Barbour, M.T., Stribling, LB, and Kar, LR, 1995, Multimetric Approach for
Esmblishing Biocriterin and Measuring Biological Condition, in Davis, W.5. and
Simen, T_P. {eds), Biological dssessment and Criteria: Tools for Water Resource
Planning and Decision Making, 63-67; Lewis Publishers, London.

Barling, R.D. and Moore, LD, 1994; Role of Buffer Strips in Mamgement of Water
Pollution. A Review, Emvironmental Managemeny, 18 (4), 543-558.

Belbin, L., 1995; PATN Panern Analysts Package, Division of Wildlife and Ecology,
Commonwealth Scientific and Research Orgunization, Canberra

Clarke, K.K.. i993; Non-Parametric Multivarinte Analyses of Changes in Commumty
Stuucture, Awrrafion fournal of Ecology, 18, 117-143,

Dudgeon, D., Arthington, AH., Chamg, W.Y.B,, Dovies, )., Humplrey, C.L, Praron,
R.G. and Lam, P.E.S , 1994, Conservation and Management of Tropieal Asian and
Australlan Inland Waters: Problems, Solutions and Proapects, Mirtedlugen
Internationale Vercinigung fuer Theoretische urd Angewandte Limnilogie, 24, 369-
186,

Dudgeon, 1D, 1995: The Ecology of Rivers and Streams in Tropical Asia, in Cushing,
C.E., Commires, 1<.W. and Minshall, G.W, (eds), Ecosyaterss of the World 22: River
el Streden Ecosyatems, 615-657T; Elsevier Publishing, Amstentam,

Gawch, MO, Jo., 1982 Multivariate Anaiysiy in Community Ecolagy, Cambrider
University Press, Cambridge

Cirean, R.H., 1993; Relanng Two Sers of Vamables tn Environmental Studies, i Panl,
G.1". and Rao, CR. (eds), in Midtivariate Environmental Statistics, 149-164; Nonh-
Holland Scries in Statisties and Probability, Volume 6, Elsevier Science Publishess,
Amsterdam.

Hellawell, 1M, 1986: Bislogical lndicators of Freshwater Pollution and
Envirgnmenicd Management. Elsevier Applied Science Pubbshers, London.

Lemt, DR, 1995 A Biotic Index for the Southeastern inted States, Derivation amsl
List of Tolerant Vahees, with Criteria for Assigining Water-Quality Reiings, fourso! a7
North Americen Benthological Society, 12{3), 279-290.

Lenat. DB, and Barbour, ML T 1994; Tismg Benthic Mmumm-mhmm:t;'qmmum:}'
Structure for Rapid. Cost-Effective, Water Quality Monitonng Rapid Diosssessmmmt,




in Loeh, $.L. =nd Spacies, A. (eds), Siological Monitoring of Aquatic Systems, 187-
215, Lewis Publishers, London.

Marchant, R, 1990; Robustness of Classification and Ondinstion Techniques Applied
to Macroinvenzbeates from the La Trobe River, Victoria, dustralion Sorrna! af
Marine and Freshwater Research, 41, 493-504.

Morris, R H. and Georges, A, 1993; Analysis and Interpretation of Benthic

Macromvertebmte Surveyy, in Rosenberg, DM and Resh, V.. (eds), Freshwater

ii‘ffﬂmﬂn#wﬁgnﬂﬂnuﬂﬂc Macroinvertebrates, 234-286; Chapman & Hall, New
nrk.

Resh, V.H, 1995; Freshwuter Benthic Macroinvertebrates and Rapid Assessment
Procedures for Water Quality Monitoring in Developing and Newly Industrinlized
Countries, m Davis, W.S, and Simon, TP {eds), Biological drzessment and Criteria
'."'::fr:d:;;ar Water Resource Planning and Decislon Making, 167-177; Lewis Publishers,
Lo .

Sangpradub, N, Inreueng, Y., Hanjavanit, C. and Tmuong, Y., 1997, A Correlation
Stuchy berween Freshwater Benthic Macroimvertebrate Fauna and Exviranmental
Oualiry Factors in Nam Pong Basin Thatlamd Parr [, A Research Report Submitied

to the Thailand Reseurch Fund, Bangkok

Suesith, PHA and Sokal, R, 1973; Mumerical Taxonomy, W.H. Freeman, $an
Frnneiseo

LINEP, WHO, UNESCO and WMD), 199%; GEMS/WATER Operational Guide, WHO
Collsboniting for Surface and Groand Water Quiality, National Water Research
Institute, Canada Cemtre [or Infund Wstees, Buerlinglon, Ontare.

Wright, LA., Chessman, B.C., Fairwether, .G, end Benson, L1, 1995; Measunng
the Impact of Sewage Effluent on the Macuinvertebrate Conmmmity of an Upland
Stream: The effect of Different Levels of Taxoromic Resolution and Quantification
Austrollan Journal of Ecology, 20, 142-149






Fulp mill faetory - Fony catchmenr
%= Sewnge
= Plo from Nam Pang distries
Irregation cimul || “""”‘T’ e —
Fii -
Casaava provessing plant -+ € Sugar milly plant
Piggery farmn -+
Khon Kaen Cigy
City sewagy -»
M
¥2i F20 19
Chi ryvgr v
|| Mahssarsiam wer
Fig. 2



20

——

|\
|
f
A
AR
|
10 4 ! T
_m BOD
| (i1}
\
13
(/L)
] capns
0 SPECIES
31 1: P Piz 130 P2
Moz P4 oG o8 P "2 Mia Ms "4 20

@%Hh:_m. mwl,m






Srifnmimiumsiasumnguamimaiinm
S ibiinssgnifundanhaluginimes

Biotie Index for Biological Classification of Water Quality
Using Benthic Macroinvertebrate in the Pong Catchment

Unfn e

- L3 g
AR miTiul i ngn g e lugud mos ) iqnﬂmunﬂmmnu
Inzuuundefmum runumuinyan yeen Bundd unsnaAvio @R useanguiad
- - s - - J.ll
W irsanfeprudeilutinrzandundmdduniunrinszen o wtiinihaouwns

- - - 'J L] - 1) r
MIFNuNI 1;33 !Wﬂm1l"“1ﬂl l-'l-lﬁ'l‘ﬂﬁ -
#9i

nam i rudiewiinmaud s de o sgnfundmhRud i@ nRuw
Lipuidntitanive ) un:‘Tiﬁ:r}nmm [qualitative ) un:nL1!n?lm'nl'..l:1r11ﬁ\m1:uu1:u1|u':14ﬂﬁﬁw
nglulizmmateg  wiTweweFandnm sotada T i R Wndni udnle
Fmfummsemsis Rz animsan s Amoura st dess s AMWHP
[inlagicnl Monisorng Working Farty) ¥890M1 1900 rimatwiu AT I e e
1 |1-Eﬁui‘m_.|u-:ml¥wﬂmjm.':1wm'1|ﬂ {Sangpeadub wi ol 1997) unssinwamanm luun
. 2s3g2539) mun Insserdupemnefa Dulinszanfun S iulinnududu i
n1'm|1"|:um|1.|mqu.n méiu mﬂnu'ﬁuduﬂrmm (Sangpradub o1 al. 1998) mﬁmnnitqﬁ'ﬁiﬂq
':J:tn;ﬂ'i'*i_t:ﬁ:uriﬁ'ﬁnmﬂmiuini-umnﬁmmmi Mugmimeelned® (1) Wezais

Azl aas 120 e apenaia
FEnIAnE

IR UL U

VINAREHLEY BMWP (Armtsge ¢ =f, 1983) MATOUATAEINUTEUY BMWRASE]
ar : - _ o [T, uk -
mma T et madnunenmut | 3% fievneiiEa e ofeummnda

W - : - - . = o - W T
AU A Y symnEr TMNRT e Tan iR 3 aguen Tl nes e dng (e



richness) WROUBBINY (Songoratid o ol 1996) wo (1) ARTIUMEANATIVB AR YY
Inrsisyafeiiafuodieiy ) AR TR me I Uy sz UL
BMWPASPT fiudwiufazedludnimes uasRensssAuir v meiiieg e
lumafadurmmnmmd maed e

& maftvnenlarad e iinszgadomdontiig
mnﬂmﬂnﬁﬂmﬂfmﬂhﬂﬂﬂmqnﬁmﬁmﬁmﬂimmm
ﬂmmjﬁ'eumhqum#mmimmunimf  Cangpradib e l,,'1996) Whurlangudn iy
inszgnifumSeonifunonidu 5 ngulng mnon ey s sefyrqueadnNiting=an
iy fe
nguiii ﬂ:rmi'uﬂhﬁmumﬂ1uﬂtmtmrh1ftﬂ1ﬂqnllmu Ward  Fadnvin:
TR (Plecopress) Fatouitun Silsy s Hepegeniidse 102 Triccevthidie A90nuYn
wvnamumilosmdviitinen (cased aaddia) NN onused Leproceridse #08uimnag
TN Corydtidee
miuﬁ: ﬂ:mnuﬂmi‘ﬂftwmﬂmﬁxuﬁunimﬁﬂqnnmu Wir & devmmanuna
#1l5u1299 Leprephiebiidue Artauvenammssutlesmi i ludann (eancless cuddiy) yn
WA Ecmersidun RS Phpscadopidas uneRoeuwn v lnlasd Siatidee fs
Wl Gyvinidae 00 (Pacphenidse) Frdommumstloluned Cotdslegasnridie Gomphillss
10 Micromizlse i‘.lim-fmi 1S itnilsicac) mtn"ui:ruuunﬁmuugu Tigsilidar)
Agui thenewdwdafimunnhaioefiinmbilouomsiodd Wikdainies
InITUSTTRE  Bactidag fannuvesmnmunynandrd Leptoceridae  Line
Hydrmpsyciidus Fardvinn (Elmidse) W208uuunln 136 Libelufitss §1 (Patsemonidae] ins
Ha (Yivipasides)
ngasite 1|==mﬂnﬁu{ﬂmm1n1uﬁlmﬁ‘ﬁnuﬂmﬂwmmmﬁunﬁﬁmhmm TR
Ardemsls TR Comidee  FmpusBIGmIMUBIINE 1998 Ectiomidae  (ifz
Dipsendopsidue
ngriis mmmﬂwﬂﬁﬂﬁu:.rmlmﬁnwﬁﬁnmbulﬁnuumrmEuﬁ&'rpmmmm?nﬁrh
mnhgeiuisnnninmsasnivesiunds lus R Thun WUBUIRS
({Chimnomadas ) iﬂiﬁui‘.mfmfﬂu (Chiobeatides) RI0BIAY (4031 (Cersropomiradasy uneldidny
S (Olignchactal
darmunsdnisasngulumauniles  aumoisvunmanmomnn e Susadl

AN 3

Pl



a4
BT s 5N

1. sEuummsuuy

izt BMWRASPT mnwﬁuiﬂ:{nﬁnﬂuﬁﬂmmﬁnuqmﬁu{
2539 neufefumstaiuunngueorifodoyanunmin Frrnamatanield
mil wnsinradenadn g (axe odmes) Tufsudo iy Messumsandesunmnns
T AeTEnmiuenmiaiu (mnd 1) suhmssadsunngueoRaetey s
Annnnmosndssiunsiatiunmife  BMwRASET  deReainatuunsod
Aaizuy BMWRASPT nRmifioufuiiu eadad (nes debees) TulluFinid st
Hlumaafrudisua i owof i Tandaduund eraedsnadadilu 1 ndu
Ao nguits T 125 200 ngudt 2 Sy 610 318 unengud 2 Sina 11-20 207
Adaf munmil lugeandoninne 5 5 aamim Wdmenge eeeeinmseaun et
wfilongly  eMwraseT  Youmsiudndinudmimes  Audafineadin
peuugaiuhiuasdatmaadinmesnud vin Wiion S rufnudun e nnd s sdad
Tugmiinie

iufuiﬂ-ﬁﬁ i e e bniunda luiing sendundmdiwu lanemdn

yodn Thinseandundmihiuiidudasnsf e dn et 25382539 Wi
witmuas s e 1410 Waidafimaz niminsnizsialusnsamdiun s mes
Tnnfindounenid Faiiin sz Whgnmniuen s diiuda S amsmm 8l
AT dA S as TRminziwauds vu 1Aaoudee ({Higochaeta) BREWDYIIN §
(Chironombbse) Snirrszawognnmn £73 Wasiuniinn dofasw dafmas
indiiEn S0 a5 1nu'i'r‘lu1]‘-ui'-'|ﬁqwnmm i AT Bai e rsonn dmumanes
nraedr 1M A Sasim s AN musuERg Sad i nsis 1 ues 2 T
i Sruesrmumunsaudir 3 smomo i @@ o fadhdaifinmm
wnfigRIBIRsTReN uELA 1o St gl s R s WA RsusuEd fa s

RURIN




RunTAvD T ]umﬂ BMWRASET [mﬂ s |md
i 3 LT LS Puﬂm b (Tadlen
nin3 flade 2 [l SR ——
g 3 Tmnnay 333 (Tnonow ¢ pruneity
njuz snify 167 = 4 I:laﬂnu
njus s e husurh s s
g 2 Wosiud 43 et < [russin
i 2 szl 43 [runaity 5 Tannamn
ngu 3 Jaun L85 Ilq-mfﬂ:l 5 nIzAD
ngu 2 T i) $ Tuuwannl 6 |
g 2 e 5 mrziin 1 Tty i
g ! Tl sn o £t prusl
ney | winill s |wigm » pivily
N | Wy LR 0 [wunad
e | W S8 wimalin o |t:m.ilﬂn
gy | |ﬂjm s ienmenls i |1.qu
s | —— " !'H‘I'IIﬁl 14 jifhﬂwm'h
nejar | unlng B 14 lmmm( " lnmnul' l
g | Yuin 646 Ismw?h 0 |n'f_-rm




Wi 2 nfenafoureuuysizein BMWP Sl mes

ASitiu BMW mrtsliwes
|Chrysometidae 5 _
Claminitse 3 -
Comeubiomidas 3 3
Dieyilelas 5 .
[Dratiacciclss 3 >
Elmidae L] L]
!ﬂmmdu 5 7
Haliplidas \ z
hmmm 3
Hydropghdiidee ] i
(Hygrobiutae &

Nuvittue 6 .
S ds - 7

A eumasmndiin Dipens
Alhietizides 1
Cermngagimians i
Clultlrmriadas 1
Chisroriampdee F H
Sirmaliktee 5 ]
Tipailidos | ¥
FTORIB TS Epbererpen

Baetidae L i
Carnidoe 7 4
Epbemereilidoes in

Fjhcinendas in &
Heptagemndas 1 i
Lgpoplibebtidaz 11 j
Pt hedoe I 3
Siphiloizrade {u »

Al



mITIR 2 o R YR T m.lwﬁm-'.:numfmn (im0

feiuY BatwE

PSR L T

hfﬂmpm

iﬁaﬁnumunmnq

‘B-ﬂlunmh

ot

ly

[{Gerridas

h.

Hydroimctrades

Misnvehidss

apyclas

[Nepidse

Ll B B ]

Innmnmj.du

IPteldas

A mmotserhaiinlr Megalopsess

PErnt yidalules

in

Rislidns

Fabeuieimit Pyralitoe

[ Pyralidee

dsruamatlo Odonnes

Aeshnieleg

LitcHulidas

Iibeilulide=

Mwmmudu

Plabyepeirintidee




AR 1 o esarsin BMWE ﬁmﬁmq;ﬁm

ALY BMWE AzuvI T
ArExun Tmurte 1o Plscopuss
|Capiiase 10 _
Chioeojpeiids 10 -
Lewotrides 10
Memnourmis= 7 I
Peerkichae ] {1
[ Perlodides I in
Plinaridas i
At tnsdas ol Trichetsiers
Hrachycomruse v T
£ alasniateratidas . @
[ Dhipstisdongnitae 4
Heeiwimillas 4
Einnrifae In ¥
ek v - o
Hysdrapaythistae A f
Wysrerpitisian: & i
lepidonogmatides [ I
| epioceridas [[] 1
L ininephihitas i
Maolammidae fis I
Oilantocenilae fik th
Pyl srniitae 5 in
[P0l yermiropodiae 7 4
 Pryshommyiides g i
Biritnatematulne [ =
I dkiclas f
738 Falsernomidas 3
V&S e Cligackacss | ;
5 ¢ Hrudmme 34




TR Mmmw&mmrﬁmmimm:

AU BMWE Al mas
lelssn luopos
Ascllidas i -
|Gzt & =
tesmal i Cinatropad
Ancylidas & -
Lynusseidas 1 }
Physidse 1 -
Plaiobidse ] 1
Viviparidae f 5

ﬁ'n*iﬁ'umwnumuumiummmimsﬂuwmﬁqtmEﬁuwﬁnuuuimn=ﬁa{ﬂﬁn1umu
muﬁmﬁnﬂmmuﬂpﬂunwﬁiu dondmenuuiih fnznaimes Raumnily
maiailz ffususenAnman frikimes (Yong Blaile Index) Fadhunsinlaai et
Whinsezmordliifufuoniiodmdile  Aoddingluvae 110 Tnivsnossumss
nenuudt TR wmasilfaesms wmwe e saeiinen

Ll
Aylidmns < uasmvsinzsuesn rdnn afew e i me

vnemuRy i mpady faTlumsignonsnnigmeRs  guenuvianil

WUTT (s RgTG sz uginimos osandiulTdvnanm R GD

Tunn hmﬂdtﬁaﬂmummﬁlﬁﬁ‘mm VinnRaara 3

rmirﬁ&mummﬁmnﬁﬁﬂi-lﬁrﬁninh:;unqmmwﬁmu'ﬂh{rﬂnfﬁ sine
il ﬂmnfmf \

£.5-10 Al
5664 G

1555 AL
1645 nalf
I6-35 mwmlan

io2s gntlanu




AT 3 mﬁﬂﬂnﬁrﬁﬁmbﬁmﬁﬁnhiu@mm dismunun g 2539

ol B tiomin
wninn 5,79
I3 5.04
i far7
AECTRTTTE 42
LN ST 3.0
WD .13
Wit 93
nung'l 140
wunaif 3,45
Taivivwin 1.14
1l1ﬂ11'11uﬁnu 3
Tl T
BT 10
Tnnnes >3
(R 10
Haiilou 10
nithe s
HUBAIY 1)

VINHEATIR 3 ﬁ11§mmﬁ:ﬁu§mﬁuﬁm'ﬂ'ﬂumﬁmuﬂ'muﬁu#ﬂuqunhﬁ
Fanngoint nunhimumminsud i ﬁu.'t'mu-:i:m'iﬁ#nmfunfnﬂﬂhﬁ:
shomusai e (nunsd-gaiiim grindwuniremlinsul mgmammeld uosdimes
s mssu B s (Gain-nuesiu) geinimun g m i
Apgalintizombimon u‘fﬂnﬁwuﬁﬁﬁ'mﬁﬁﬂiﬁﬁﬂuhﬁuﬁwu UTEL pE RTIEEY
TP SEEES Eun#ﬂwuun.uui-rri:pu:ﬁqﬂﬁiﬁﬂ.*lrmqmi-nmqﬂuumﬁwﬁd"L

WYY d1En Jugnrruansymgnssagnarimurhlguamiion Seretenn e e



drmnifguamasudaiodd emeimmamumsabessd s ugnomnisnnw

agf luingesia

a4 somnemoudvihfmes i wsmenudsndonszfs greniranii
HeEqMUT RGN Toenduumieilitud e dnd

ererl [Feidnng
|gnemaianigeazit (quimiug 2539)

T tey
ditweg 9
[ Tves T3
[ESTITRY 1
T L]
e | &
fren R
Y g3
p sl sy RO (nqAinio 2€1)
g undo € 20
Watinainds 58)
gOE TR R iU T ey 2540)

Waowzna .53
it amuss [0

2 numenenleraefuguvudo Ul zgndundnnhay

vnianguia T liirssgadurdanbAumudegamadong uroriinumves
:ju:i'mmnnm"ru 3 T hugﬂ1miuiufﬁuﬂriqummmﬁiinﬁun;51 dammun:
P duissnduiniumngun s I 5 sy doeh dil o Thodes
diau o1 vt g3 muﬂi‘:mﬁﬂiﬂlun'hqmnmmt%m:i'ﬁmﬁum'lﬂiuﬁa'lﬂ;ﬂm

e -
Asurilumiysn s

H



—r —

& - ftomnn O=Jmn =1|'nrnln4 O = fieud v

WH1R S nametnnbzneudnd e fudaznguiudst o

il Q niu nRsz P e g
sl Proegesran. cassdeyy coddis  Haeniriue £ Cremidas Chirohorsidas
dcusicala (cBmomide Eptemaidie  Disswbomidie  Oligochese
(st Lepmcariduc) Hydropsychitae  Loptocondss Ecomemie -
Hepmgmides  Dipsepdopeidsr  Hydmpsychidoe  Coommpriomids
Coryrialides Leptophlebmiss  Eimidae [ T ——

OOO0.0
mOOOOO
* o O 00
¢ o O O
. O

s AR AR saM ey

O

Ll
WM exi “t&‘dfu'ls_ﬁ"'ﬁﬂ'l"ﬁh‘ﬂﬂﬁj e TR Y BlBan I d AT Twis ey 1T

T




[

nEL A
Q1 M

Q2 #

Q2 wald

O rmbn
Qs ambymnn

uﬁmﬁuunniﬂmunqnm:fﬂuiﬂ?mwmhﬁi:fmm unedyld o Taua
A 6
"R 6 mnﬁmﬁmfnfwmnmﬂmih?mﬂuﬁuﬁm ey v
Mz nAgnazite Kefei mosmedi o

Al i s I T Sy, S
danllae 2 o5 LGV

Hanilun 2 Q5 b

Tanrns -] o4 nmim

WInaIA 3 ot Wl

uLnaiiy i o amlin

I Y a O Al

ELT 32 Qs [ambm

it 44 o4 |amlm

it 389 ar  |wald

il 43 ez |weld

wlmaAn 4.33 o) wuld

Wunaud 4,45 09 weis

fiaun 463 o3 wa'ld

. 493 @ |dedEar welE Bl
Fiu 504 Q2 inudef & B
Y 57 @ |fmuie B

wiling 579 R

l:-mm'r"f-u 81T o2 &




w5 nnfmedsusiauenge e g By e TR

mtlnmmﬁwﬂﬂﬁMQ{ﬁm
|#enid Fathies Fdo euniAeTrm, Falio)
WA 529 a2 rinuhi.i
rmsnds 583 @ |

Furem 868 o [
il B4 at |F.u1'|
iyl 6.70 an |ﬁm

[irmo 8,77 coQy  (Awan, Rfn
Trceani 7 (1] i
[arnbui r | @ar  fen sl
nEta y.oa Q2 |i||.nr|.I-ihm
b 7 o1 P;nn

nnRoudeudiliarsann el faiummissfudediunhysnm
et iunelddemmilsnun Endulugudmes aoihinds iy mzfusen s fyil
15mH!‘ni*umni‘rqunmﬂ-wfmmmiiﬂrinuiwi Tuvnisfdri @ Sadwunaoiihinkod
unmnn 4o dmﬂﬂ;mmrﬂmmﬂaqnmmuniﬁﬁuqmmi Vil
sl mpiatumndh 6 1@y dde @ infwunile $ sefufio deRuioudiad e
ifunrshamdiegniadmunl Nundunoriiiiqummassed Baeosaoiidnios
Wb agninfun higunmbnidaguaio un=qunmfnu::;w1uuﬁmﬁq
mztigniatuneglunaeid-dnmesin  niemznfouReunrmroun s iniuun
Kaudeiidamesfvt 0 musadniumnRasdoan indmloo

mnrmmmmmﬁuﬁu{mi:ﬁﬁffmm uneswil @ fuilsfogunmand
Afndunsimuds mwied) DO uks BOD N :mﬁnﬁuﬁnh:ﬁuﬁﬁmﬁuiﬁﬁq
st (EyliTwes: #1 DO =0T25 P=0.001, #1 BOD r=-0.492 P-0.058 HRsAvE Q: i1 DO =
2716 Pe000t, A7 BOD 716 B-0054) Fanniheetimndn o lmonan s
Funit uony ml':uuiuiuﬂmm'hiﬁ-.irmu sipsand o Teomrhmulfunnissone: 9

ir=—0.966, P-0.000)

rl




ToTaiNEmE

AIRZIMUSSUL BMWPRASPT insfmsmanimes

mrm RS TIY BMWP Timrsauidegavoadadludnimesin
lﬁm"nin'ﬁmﬂﬂ'ﬂﬁmmrﬁmuﬁuhm1uﬁﬂ3mahnuﬁfuﬁuuﬁﬁmiﬁ
i i ey Bidrng lussing BMWP unzemzivuverdn inmifganiod vy
nimihidaesadniimunszoosgludnimes Witz BMWP lfufmidann
rmn'm1w1i’m#qﬁm1wnnﬁhiwqiﬂ1=mnun=qﬁummmﬂr=mn1nuhﬂn11mum
A uaiFindan (Covieh, 1986) Fmmuuuszun BMWD sl inodunnenafy
il

2t (Cateoptera) #3453 1H0) (Emintiidae Wi Eimadse) snsRasiin (Gyvieidset
itz s BAWE oy 4 windoyntusndmea IR Ry 6 unz 7 ey
sty ues Vot Psephenides 321y B30WP wvetstrn L Siom wnawmas
finsusn iy 7

njumsmanestln  Opea) T SMWP Sunosoeddn 3wl Munuies
(Chironomsisae) FaSauT ik (Sl iidae) UOSRVSORAIN Fristhsnaghs (Tignilicdae) Tngainin 2. o
lne § winifioRl e furnaimauda B 2 efliansndoaiuteyovesinein fo Tuinis
men.-i*uuﬁuumﬂni&duufwiﬁnmﬁmﬁnfmmuuhmwlhﬁnuﬂui U
iR enumeshumnp S Fesuudy 8 une 7 sudwu sesdinnuve s
anaflnitwunsevennn humdnihTayes Inofn Srdouiudmine (Clssbretdae) IREA AR
LU T —— dndieooeadimumsvwngluimdad mrsisozdaindu
mioowuhlinnuduRuddnantun s iveah sl Winmeinm
nyfinwnd sty 3 rﬁmu1nt;§i1nnu'£uqnmﬁtﬁltﬁumumuﬁ1um1Eﬁun
mvwssniAndss i Ll sm s naudliminoueee ummnnifatou
VHIMUTIT UL Athericidae) Fa LTl BMWE widhinTudn eeuues Ing 18 TToh
U 7 RS

nLRITlTT (Ephemercptery #nunnilanumtandoniy Guws onifu &
mouiumideannss st (Coenidsel wosewilzvidly (Bectidae) nnzdIpoutlsun
Wi (Siphlomndas) ABoMIAaTIsw = Tlsansdimdlsy ndalinnizson
n*’hm‘mmumﬂiﬂuﬁufmuﬁmmmﬂ Tdnmitambsnasteummn s
Fulrurida 2 1:-5&1:1&]’:&&1:1'3:13‘1 Tusaed amwp Tircuvourssmunmsslevs

raz Tusa iy 7 e Faumseduiudafinunmnutiatey unlud ndm BIMU TN

1




Hutmﬁil'mﬁi‘nﬁﬁﬁnhﬁmumﬁu 3 ez MR s aumme
Aol 4 dssnmunszesha RSgunmmmeniiedEnd; T U120 Boerides
iﬁ:mmi‘tﬁ'ﬁﬁnmﬂmiaummnﬂfﬂﬁnn (Hellawsll  1985) sudnrunums
E'Ll':'mHu‘ﬂlir#dumﬁmﬂmmrhﬂwmrﬂﬁmmmuﬂmmﬁﬂmuu
A 10 dnulinimomniatouseslsn i hadoud B s
e Taduvedin $ebiidhy 8 Az

AT (Hemipters) Tussfuadamandnusnemnives BMWE fioTATin i iy
AU M RRmIR v en S wnhungudaifedospuiimfini e
unsyilnedssghudmsiaadudndy s Friusomaintuns it edens (73
Wanun ) maimfuFdouiwn e wmnloonTolsmuns tunsneui Wnmaifiugs
odvaFsTinm inifoaihizdn

Aunmenls (©doanta) Femuunn s Coenngridss TR THmUM MR A
meviegmmnendah e binsuudy ey et
uumﬂnmﬁfifm:mwmﬂmnm-l msoumnnleiy  (Libelllides)  nesed
Platyenemididse - nszvingus e nin sty 6 TR sttt aftiniine
sz W W rainngTusss 79 seouu

Asptu Tmarme (Stonefly) FdungsritdniinonmdBnmmunat BN
nﬁmuﬂmmi'nmﬁw mm:mnuiﬂlim'luﬂnuum'lm:nrhi.';1n1nnﬁunnmﬁm
i 'Inuﬁmru'.imirl1m‘i‘rmimfﬁ:ﬂqunqﬂimnrﬂ'flﬁwhﬂuﬁnuﬁmﬁu‘fu w3
rim:m.mmﬁfm‘lmﬁummﬁmumnnﬁnm1ﬁmﬁ:hﬂm1mmﬁnﬁn§u
IITTTETLLL T I S 0 S ot swad s nditldgasinaunte
graunauiosds WnsintTu 1o

Faouunamyntilannd (Trichoprera) (unafalsznouda Thifing sgndun S
iuﬂﬁ:gnlimﬁahmnﬁ:ﬁ-ﬁﬂmtﬁn’uﬁﬂhnmnnrﬂmmmfnﬂuhu:mnmiuﬁu A1
unmmnmunmJnmnfmﬂwuiumanmwmmﬁmmﬁs wmumamueuilron
i {1 cptocender) ﬁﬁﬁ‘;'mrrutnnImm‘iununwwﬁmiﬁmmuﬂhﬁu 10 R
lrnn'mﬂ1H'trnq"lwmriaﬂ'*li{i:'nmlu1ﬁnunnm15un?ﬁiunﬂjmi'mm‘|ﬁ1um1inumi:qf;':i
Wnznndly 7 ﬁ"ninmmmumruﬂnamfﬁ:h (Polycentropentickes) fHLOTIATERIBADUSIE
m'uﬂT.ln'mnw'm'luuﬁmﬁqfﬁrmﬂmﬂumiuu{uu 't NESAIERUVDIB I NG
vnnniraa 5 uy winwns BMWPASET Rt R AT e snn 2 1 fn um
v s wrs (Ecnomidac) ummnmhm]nmt{n Vs (Dip=mdopsidae) f60Y

uasunusynsmimsma ANy nEmsassemn e deeg 1S a i



tufewusn mﬂﬁmhu?mﬁrmluﬁiamﬁwmﬁnmﬂmﬂﬁiﬂuél
S Auagminiu Armsnnamusalnend e Al Wiz 4 new
ﬁﬂﬁﬁnﬁhﬁimﬂﬂﬁﬂh&tﬁnﬂiﬁéﬂﬂﬂﬂmuﬁmﬁnﬁmmﬂﬁmﬂm
Aunwiandeyhuginimosde RISTuNBALRITNT  Ratmwmoman Tauawnsss
dnuinarustalanmy ﬂ?ﬁiﬁ'uﬁrﬁumnmﬁu EPT wisngu ET fenniidowuins
mimmmesanorrinousndalos (Smgpadub e af. 1996, 1997) Fodunai1Esuns
Euﬁu'nnnfm'iﬁmqmmﬁfmmfulmwdnhﬁ S TUTML 2540 mnnnRI s
'iﬁi‘m::gnﬁuuimﬁﬁunmmtuﬁuimmiuﬂ B funmu 2540w lussnouney
s huiioy AatemnFlserins IUe (Coenir ) Bdeuiilzvrm il
(Povills  sp)  Frsoumioutloomiviy Weptocerur  sp)  Ea8muwuenlnanmite iy
(Ecnamidss) upsdsdoumunnlanminfome (Dipseudogass wp.) Toufndndviiniiun ud
1r|ﬁaui'l':mﬁ':ﬁnnr:r1Imﬁnu'laidnnnﬁdummmmﬂmmn:hlinuuunqﬂunuﬂnun
v Tuvme s ot Artoununanmatin uesfedoodonanifog I umeniy
Wi (mumode naznamy gy 260) ﬁaqﬂﬁémwmnﬂw:ﬁﬁw
WY nmhmrﬁ'rﬁanﬁndmmﬂ u&?&*ﬁnnunﬂ (Sangpesdub of al. 1996) unznis
dranfounsngim W, 2541 nUTWIsRRYDRAnGuRInG vnEne G i R
unznummindouduity unnt'rmi'm*.lHnutnnuuqnmirmﬂmiumriain'[n:mhqn
wutn hifinssgndundanhify nuﬂu‘unu‘iwmﬂﬂn‘rrd{mﬂmﬁdﬂnqhﬁammm
‘i‘ﬂtwmiﬁnnumﬂnnmﬁuﬂnﬁh-:muu?nmnr:i’-:ﬂnm tuwmz iufirsunn
mazdnloiidn e iioioag 1 unzdlefmudndvnlemridsauen muowmloon
e Diptectdegts sp ri‘wwnhuﬂi tyspniioT Yo nuRanedmi) mqnﬂﬂ'ﬁa
I'IEHniﬁffiﬂﬂﬁu'Ii'ﬁi‘lﬁ'nmmu-ﬁ]]nmuiﬂfummmﬂuﬁuﬂnumf‘lﬁh'nmmmu
vnsAnnInEmsnvosiacmfoshaodn unzmmTel e Thiin segndund sl
monlfwlimalsdhmTifaugenmmsni T8 wwnrnt s dannh Ao
wnsinarumalenmiwalume Diptendopss sp. unsRIDBMURSTUOUYDON AL
Senomes s, Tunn Wi exdhidniasst by (Locstl icindicster] 1&::j.u1.fmm;ﬂnnm
dahudnfngussnidringddndean i douiufuian s ldsmnm
iradmimng iurﬂw.vmnﬁn1inmmﬁuﬂuuﬁmnmﬁiun"nmnummakﬁ'mﬂmiu
e I arfudn T ilimsgn@mdanh R umnnoyagedios Y@ HniH Wil 2
M TE T Ine Ams innmaaT uwTme e eiun
dirmmannsfaiiuninanmisdnveaman ARG ne: Gemid

B | . = .-! L e - 30 : : L} J l: J'l‘.I - [}
iR iimsa A Aridowdhei feduin 5 Jull Srds s meiny

L1-]



dealinenenivnendnficid Siussuituiithudesns
@Aemunsdarsinrmuniudwen dfvmsirsslonmomananh Wy faseu
uBan B eMITTEY 1A Eencmidse DmiTAss nmﬁ':lun'huuin';ﬁﬁﬁrmmm1m
t'&u'lua"r:ﬂqmmn:ﬁmignwidthuﬁauudnfm?nmi'ﬁnnﬂuéﬁﬂmn’luﬁﬁ"mm
Fmumauenlranitn s 336 Dnpsandopsidse ASBummaNlzyufy (Bestides)
usedeumesleingeTass (Casmdes) %ﬂm:#ﬁz‘.ﬂmmmmmﬂmm dni
ﬁ*ﬁﬁﬁ'ﬁmﬂﬁmﬂﬂu 34zt wenimilovmdaed i Wadnudsis
ﬁnmmmnmnﬁﬁnm:nwnﬁﬁuﬂuﬁu#rﬂﬂﬁwwmmﬁwﬁaﬁ D
uifszanenivlusminiuive e Vmeumibiduyfids fdivai wird
117'111mH?rﬁﬁwiﬁuﬁﬂnimunlmrhﬁ.rﬂﬁqnnmﬁqum&:ﬂﬂnm i it
s ofnduninmmnmi v i rug a1 Inermsauomy T
maﬂuﬁimiunﬂqamn wsdiomhaleuvesmnmnisinn nezuTmdnm
ﬂulﬂw“mﬁuﬂﬁhmﬂmmnnﬁﬂi i-'mhnm:infmi‘nmﬁnnﬂmmnui‘nﬁn'n
mdlﬁwnﬁumﬂ’nﬁm:mﬁuﬁiﬂuﬁﬁn wusuiae: Fdeuduningng ey
i S aiinzireang e 143 neti nivilszogluaie 128 lusesihdoafinmiuo
1Innn'.i‘rl:‘rmtlri'#nﬁmnu_-.'-'1:.’1uﬁui:ﬁnmmnﬁﬂ=u1m=‘lﬂ:: (Caonidag) Filzwrady
(Haetidae)  umnsmumaloomindy (Eenomidae)  nnzuunsnumutlonnd wTim
(Dipseodopsidsat Fhifu d’n'ﬁﬂﬁ*uffﬁmuuuﬁﬁlui"u 45 mewn WFAwilimgetharudn
woolsmmmointwunegnunzngy 14

Wl @ YWnemmmanduisfimunszewludnimesTeem@i S g imas
funvfimuadmenanimes  nvdad hl.l..II'IuH'I.'iﬂ'lf'l'l.lTl'.IHuﬂrﬁiﬂ']ﬂmﬂ'l‘lf1ﬁnl"lﬂ-ﬁ'ﬁ
oW indidsaiu vty e s Q fnrmfiuitugaonifoums ves H
Fuili mmsndvi Q AailrudmriuiondhisdiyiaFineeeniouase 1o (00) uss
At 80D Tnedaymduiuriouh 0o swmed fmbisie fooes 70 Wittt mownzdei o
wallunndnussuy  BMWPASPT  Finonuhummmlbsveh namnieatunis
(Murpliy 1978, Bargos e al. 1990, Rosssro 1D2 Pletningele 1993) faaihmanm fniuungu
mﬂ&mﬁmmfﬁtﬁﬁqmﬁnﬂﬁﬂﬂﬁ:ﬁume unRl O Tarrataiunluyes
sentunmrmssimidsiiinzimi R St uuntesty muludmaves
mm-rmninﬁ.ﬂ;m:ﬁﬂﬂniﬁ'nmm?rwﬁ!ﬁgmmu:‘nq"l'tm:ﬁni';"m}mnmﬁtﬁ' uHiredn
funsoedsl @ widmngnisiusiivisi 0201 Wsssidwmduwm Wams
amundussdn o iiuﬂﬂq-iﬁqmnmf-ﬁ' nﬁi'iuuﬂnws_miniwunlmzﬁfu Q201

& A o W B - w a & o
ibswndindruEnd nvsadadnguiasenun | Aloominfungu da S filarmmmm



Yooy dwwRmdniinduaniniammemuiesd i naonanfnduda mmoms
muffasnn Fassdlussdy Q2 uersmmshtmedlnguir s memierondy
fnmdsuinnn Refeudlussiy 1 S ldTadumntlegisnie Q1 unz Q2 wAhs
natneRngudainEnmmmomeiemnn i wrunnninguds rmmmdaneis

o

duundiy Q1 Tuwusiim 1SEyit meniudoninmems Wesununadda iy Tan
fiiivhdniemivssiimounts fofuludmmimes@Eninaediide i mes
sxinduuneglur=AuRmiuio qum*nnf‘ﬁmﬂ

donBeuisuledussfofoovesiyidmosfivivll ¢ mrdnismdviidemn
nnfeymuTimasinafin Winkemziimnioe Sodensiyid modio Taniluds
inviransanlonod e e dwivi Q ﬁuiuuunfaﬁuﬁuwiﬁ{uimmiu!ﬁ:ﬂu
TlanAtfimmmld dosofonvsisnaiefuleimnnghezivln seedadoduit s 3
tﬂ'unﬁu‘ﬁﬁﬂwmnnﬁqﬂfﬂumm'finﬂmmﬁmnn‘hﬂﬂmjuﬂuﬂ Tumanenen
ﬁfhuwrfﬁnéﬁuqﬁtminEmi-:mmfainﬁuﬁwﬂﬂﬂurﬁﬂﬂhnﬁmmhn
du dndoRwesint o flo gumeddunn oonitendiidnalsnouensdal
rinBafums sehdnoaudadwme ek

Frliimasnsdnll @ wnmel$iaiuunimnd ludnimeslf winozd6lus
|f1rr1uﬂuq1unl:=|'Itn'lHuE-:J.'uanummnnumm:’iinﬁnﬂmmt:ﬁﬂuﬁhf'lﬂuqnﬁn
dhudn unddniuitesiviintunos eson Windafeadmatus wemnmIoiangy
dnd W onemuiudadimludnhmotug  fatudadiemmeSnm Timdsumiostutu
wdaiwsemmiet i dus e amalsmmiun ldiiunsesa e
Waztnufesurtalzimmn i

vyt mesunsdll © e liswndoindn fiduiondnTidnfneits
il €4 1IN Surber sampler 107 Ekiman grab Fieudumentuniosdisiu
shdnmsAvsn R e e T linsmnindedouiEEnitioiadummit
rv 14rer 3 51ﬁl’fﬂ‘mimﬁuﬁuﬁ:ﬁ{i‘wﬂw@ﬁnﬁﬁﬁmﬁu?ﬁﬂnﬁﬂ'Iﬁ' AR A
vinmmdnRe Tt e nneduF s rssalumsimn. Fioonmimiziiindun
Hiranfsdnadis hineRoudesnn lumnssidnunenlsaree sflimsn e
ahanfenu i Tuisasints hlusyrmissanamyitusssimduhiinuuas ooy
insladesiiaiy mednzmnsoiw Elumssasuingmmanasd) Bauiugains
mfnsanTIINe :m:nnm'j_ﬁrwmiaﬁnﬁr'nﬁfﬁﬁuﬂjﬁ{uw‘iummmhﬂﬁfhuunhu‘i‘r
muuﬁanﬁniﬂmﬁ:nn'luuuﬁ;ﬁi@mﬁnﬁu (Fi5ns irREL 2320) Gufumsisgsinmy

13




ﬂ?ﬁﬁﬁﬂnumﬂmfﬁmwmmﬁﬂmbﬁmémﬂ drfifnen

miT3iean

s nniEnm

iz srver e tinmnBM T e sz e s ey 3o
ionaradiana

pavovul ArEws RS, 2540 sesumlumspdngmreiinimnesluaeih
nnadio il  fuanu 2540

AT e 2540; n'nmln1mﬁmmu1u1fﬂﬂuﬁﬂ1w:ﬂ'uﬁmin¥wmuui-tqnmu

e R TYTS viorwin o peInsinem noisThemnad
U TRt Y.

Armitage, P.D,, Mo, D, Wright, LF. sod Furss, M.T., 1983; The Performionce of o New
Binlogical Water Quulity Score Syaters Based o Macroinveniebrames over & Wide Rangs of
LUnpolited Running-Water Sites, Water Research, 17, 133347,

Birgon, T., Mesangn, LM., Basaguren, A snd Otive, B, 199 Assestng. River Water Quality by
Me=ms of Multifactorial Meothods Using Macroinvertebritm: A Crmpamative Smdy of Main

witer Conzrses of Hiscay, Water Resvarch, 24, 1410,

Murphey, PML. 1978, The Temporal Varability in Biotic Infices, Enviroamenied Pollumon. 17,
22713

Rossare, BR. amd Fiomangelo, &, 1993 Macromnvencbrae Daymibunon o Stresmas A
Comparmen of CA Ordination with Biotie Indices, Aydrahislorm. 263, 109-1 18,

e




Sangpradub, K. Inmuoog, Y., Hanjsvamil, C. and lomuong, U, 15956; 4 Correlation Sudy
MFWBHMHWFMﬁM@WﬂFM
e Nam Poug Basin Thailind Pare I, A Research Report o The Thailand fessarch Fund

Sangpradub, N.. Inmueng, Y., Hanjsvenit C. end tmmwong, U, 1997, 4 Carrelation Snady
berween Freviowgter Benthic Macrodrveriebeals Fauna and Exvroemental (uality Facors
in Nom Pomg Basin MMMH,&MRMMWWM&FMS

gb






FInhmIMmETs uAN Tt lens el
iazusaainalan m'l'*ﬂmjmi*;m
Diversity of Ephemeropteran Mecoptoran snd Trichopteran adults
i the Pong Catchment

UNAGEES

Fufidovsiuuniilsen waseTauimounzuwossilssm TuguimosgriTag
n1s 1iuinurs rhenongnan Talmes Tudoufiinuusstnoey w2541 nuduiuds
vouneFizyT 6 9 16 wiin uussmuoialaenii & 23 28 vils Fnnnnanlaude ey
| il s runndmidd nonon W sssdused 44w

Ani

nflidntzgndunFambiuinulunsnoufoniivedudmesdnanniuis
doumnaiwirfases o dlosvmis WilpFnwdmiuinonssddnauenhdndy
YrzmaIneb hinanruonfnveifeoaiiuhlhoushsdnnn  dsunneansaiy 186
L TR | -funﬂnﬁmnhljm;mh 1ﬂuwﬁ‘dmmmmnm1mﬁuﬂui'ﬁu¢um
wnumanhesann oo hidnumdeurenmnnniainemeeein oo wn
rrnnrnr:mn}uH?ﬂﬂﬂ#u:mnﬂmﬂmmﬁm:ﬂm‘fummunmﬂrini'fHu:iuﬁﬂ
wivsrinoed dinssmsiite i eazyriinensenednon1d Sadnafinufndsiy
Suvowanaonariite s ndiein wiszvianszneeguioelahs sezitalHiosmy
Hhfzsswiedndufofuideus i bionnsnsrievssdaoen Wufge

Tambrzman

F
WememmmmveeR v Tomenit 3 SuRu Mo unasiiews
(Epbemerpiers) uunsd launnin (Plecopten) unznupawunudemits (Trchapes) Tu

VT TR




pinssiunsTmAnn

Faawmanionh @ soride weaguimosgrits hwRsuTi sy
2541 Wmﬁﬂ:mmﬁmﬂmhﬁwmﬁnh-m1m (Chanteremangiont
unEhEs 199%) nnnlssmmEnan: idgeen 1988, 1989s, 198sb) Tannvs 18Fudnums T
waorénan b lomalunsnemo fihuzazom 12 $2T Kus e 1200 - 06,00 wiiim
Faoai Wi enme iy e amasileyn nman Taumouasin sumalnss
T apsdzntnme R Wi Tnasenorodn T foons 70 waniuhmsen
dnuimelfnderyansimimant lednsfuoynasismmmgant it 18

HON A

swRehainrAaR s umr Irudnodios | AR amons T
nuyseie lmmsonrendmal R Auduimossmdlesussamnmmnioad
s 14 20 44 wiln ToazBonditie

i3 ey (GuRY Ephemecopters) w629 16 wiin
I ¥l Blactidee Whi 4 iR

Acrrtrafis sp

{locon s

Procloin wp. unz Thmunnzyeoniin | +is
2. 33 Caenidee W1 2 WA fiD

Caeuis 3.1 UNE Casnix sp,2
A 9 Ephemeridae 71 2 THA fiD

Hexogesiu gp. WOE Ephemera sp.
4 2 Heprageniidoe WU | 1ik8 Whraisnssyagald
5 330 Lepiophlebiidas W11 4 ¥R AR

Cloroterpes .|

Cherotrrpez 502

Pirmleder spd

Thramlodes w1




|

6 33 Polymitaryidss Wil 3 SRS
Povill a sp.
Tarempur sp. Une irmosyoge i) sia

uunmuﬂmfmf:tﬁhiurrﬁmiw:ﬂmm‘h
I 23f Hellconpehidos I | SUAAD
Heliccdyche
T 39# Hydeoptilides W1 4 wilafe
Hudropails s |
Clrthotrichia 52 |
Crthotrichis sp.1 uos Tomossyanald | wila
3 33 Hydropsychidae M0  wiTARD
Chewmasopsieha bt

Polymorphanti aigricornis
Synaplopsyche
4 I Lpoccridas W1 13 WiTnAE

Lepriocerss wp |

Leptocerus 32

Lepiocesus wp )

Lepeocerus ap.d
‘Lepeooeras apf

Choenr g |

Criy sp.2

Ocuns 5p.3

Ocerir spd

Oyt an d

Aizstes -3

Seimatar gy




5. 29 Limnephilidee wy) | yiinRs
Lepuophyiatsp.
6. 3 Polycentmpodidse wu 1 ¥ia annsszyugeld
7. 2% Psychormyridas Wil 2 ¥iiA
Tinodes sp. unxhiemnsessyann’f | wia
8. 2 Usoidse Wi 1 iln Wimnnssrsyigald

JorrniennrIAng

Srnnfunsviinvesddeinmsdhion o lnmoonsunmumaionn
R I hiunnsisesindatng. wunslssrmudiy f A |6 wiim RI0BUNY & 2R 19
YR insn Inusmimudadtude § v Saiouny | 3062 yie umzia oM pemi
fiiuie 8 3 28 vl udseun 13 39 26 viin (Sangpeadub UHSAWE |996) wAd Ty
seneivonamausios Jriunnd iy 9 wusmuptlanmd Leptoceridae WUR 180G 3
a3 wia Fwiadonn 4 ano 12 sdadhely Toyptud v inesam sty
sz Inohiivasdoulaiee i wweranneswonn e fi
(Chnsramongkol — unzpws  1993)  Aududivasnslsrimudaunniurees
subismmage. uagihudadlnh W hlnweorsyein Winkis suledufuugsmunsdson
1f1nui:u'iuum‘$ﬂﬂ|iuﬁu vnrhAenses i e aun Ty inssues
ﬂumfmxfwufmhﬁmﬂﬁﬁmsﬂulﬁnﬁnn:mlﬂmhin-h Fausiilianmensy
ilauszmmuondommd i ssowmsani ol hith=summuduindoinnds
oov himunveiFineg Whifonl§@on worhlavofsnunssaih oo
fu dauusnamnloend iy 2 s Tsimnnuiainudn e Limnephilidee nossn
Utioidlae d-ui'lu'hl'[i*;fwmﬂuiﬁu{ulmmri:ﬁ111=1nﬁﬁnu§uifﬁuumﬂlrﬂ'lﬂﬁtﬂtﬁu
wunanusntloand g Leptoceridae WUAIAE 2 WOR Imnamusutapn TR
mIET R ﬁafur‘;’mnsmmnﬂqmi'nuﬁn'lﬁimﬁunq"luﬁumnfmiuh =
Wmmmusgunmensn Fandn i Fonueeassudaents 2 s
hitnTuidseudnunluiimendreiinmnidewsssuniinnie el
Ecnomidss ANz 3 Dipseudopsidse 1 wAs fom i ol By fedoidinl nssaznms
iuetrnn tmasduon iy ows samaitnl - msfmesisig binnge fed
misAnuIeone lidn é-i'iﬁ‘mmt:ﬁ}unnn:ﬁumﬁﬂ1miﬁtiﬂ‘ihmnﬁ:ﬁamuhmh
wridihe o W Turznein 1)




fistansrnlicmg

nafiosvsunuininauns Ui unEHH mmBesmatui iy s 5

CTT e ST

Chontarsmenghol, ¥, MeQuillan, P, snd Promintiouerw, S, 1998 ByTy Amalysls of Ligh
M.mmmi‘mm-sm-rﬂmnmm
Thailend <10 Jsnuary 1998,

Dudgeon, D, 1mmmmummmnmxmgrmnﬂnmz.

Macrossematings (Hydropsychidae) and Stenopaychidse (Trichoptera), Auntic lnmecn, 1o
J5-5)

Dudgean, [, 1988, Lifs Cyele, Production, Microdlsmibuzion and deet of e dmmmellly Exshes

decosnts (Odonate Euphiacidos) 6 & Hong Kong Forest Swesm, Jowrnal of Zoodogy
fondom_ 217, §7-72.

Dudgeon, 1. 185 Gomphid (Odsnats: Antiopiees) Life Cycle and Produserion in n Hong Kong
Formas Strmsm, dechiv fir Hydrobiodogie, 114, 53]-536

Sangprailub, N, lmmmong, Y., Hagvam, C and {nnmong, U, 1996: 4 Correlaton Shuy
betwwes Frevkwoter Benthic Macrotreertibrate Fauna and Environmerral Quality Fociors
in. Nem Pong Bosie Thailand Part I Disteibution and Commiuniy Struciirs of
Mucroinverichinte Analyies, A Resoarch Repoqt 10 The Thailsed Resssrch Fird







unfnds

;ﬁlﬂdﬁuﬂu!:ﬁufﬂﬁﬂ‘lﬁﬁmﬂ1 Pivnudowusedinivesiidon
unn ke s s Taurin i unsuussruernlannd meadsmetng alasy e dy
juﬁﬂmumimnfﬂﬂuluﬂmm'mu snmihsneulpRaumseniaohs
sialasaiimndogemsmidm iy rsnm

il

ﬂﬂnmmnmtftﬂmmﬁmﬁui'ﬁmmmfmn und Liinmdwideuusman
inldalsx TembmafnidhrzY o winznurm i o szmetnbogiah
W i st fiveyneuTen vnsans o feans s nrhadn il
unszgriundombRuiuildgunwi sosSouly limfwm e sionniog i
dnfliiinzandundngu difom S ssumnnihin st S it
sthan Ashoonnsed mriinwruﬁau’mﬁﬂmi‘uﬂﬂnm{i witgIne fes
hldmsathoeffuidauonaeninn e Tomifudse 1

gusiesTEnmafnn

i’mﬁﬂﬂi:ﬁwuumﬁnmﬂuﬁﬁalﬂﬁnﬂ?ﬂm windu s lugro s
Wit e QT MRENIEAT Lnspenu seanvy lussduduRugadumiing
woudnuues Fagninm feed oy v sfurssusud nismbsznouzdisng
nwldndnagemamineeT to T Svnrmn e (e lusda)

i I;tﬁrrun'inﬁui:ﬁ‘uuﬁmqiﬁaum ertider iy wmen Trudmis unzuun:
H'I.\\I'Iuﬂm'l-m;‘l Vo MR UL TR N U AT TR RN T e Tal

Teuannuhuimmun el TInurduiusy



|

sfisuiesriumms s auuranilubzinalne

v v
#bbetun abdnud Ielurnjuinek Sbgeks sunslinuen @
Arssu FmudnRanfudoh wlandLll Al S S
| | ==
sunailin 12 s im 46 i e m‘Lqum& 2%, ReibEmetusRanii
nuflusanradten SofliEnde |
mnlnmumqn

~ a{leh-

RERIWHRAN Collarmols
nguﬁﬂmﬂM vﬂtﬁﬂﬂ
s iunsine "*‘Lﬂﬁm‘ﬂ’mﬂl I
hadhhngailsun
‘ﬂmﬂ__ mnnﬂ-.um;rmwwﬁ-ﬂ.l vind B wrnfiannn
sispaafariey sl

WHRSNTEYAY ARUAY Crthogiim g ﬁn} 11&4:4:&:&1 ﬁnm;tbiug{

ingRii ]

unssdilzyn mu‘huﬂnn
uinathesitu Oconats  Ephemerooiesy  Pacopters

funimnsdds it T T
W | wideutelh i sl e
Snfmiimder LRt |
1 ol l
e Fasfadien 7.8 18y regite il WS Hymenoptora
. Urngaanadiilie 2 4 Uevasesslifieteln 1 g TirDutiriin
ety whsuiaunn 1 By |
S . irn% 'ﬁqmﬂn’*iha
BfanmeRy % % wwnadl 1 Bes  wnedinnem e
& o fa .
sec T N ¢
A i 2
g
WHBIARILN

Diplasa

Tormrminen
!



It

;ﬁsnufmmmqﬁthm

m'ﬂﬁwmhi‘mmﬁtﬂmurﬂlﬁ o Bvrming 'lnt!-uﬂﬁmrﬂm
i i
nnp:_rmm!m'mhu m&w—immm ﬂ:ﬂnﬂ_-[r‘h Mﬂmfﬂn
R ezelives wfang v ],
nrTfady rrssnAntnoy tudy LETT) 0 (. sirtactharm Fom i wsini T gl
LT P N N R Podeuvinfs  Twdaruifies
Ay wdafwiy ﬁ wxanoumy Tlvimiunrinazmge
%;ﬁ., 1
s aErwiet mlfy
P, iy it
mﬂﬂn‘rhrﬂn lilllﬁﬁnnlimnu msidihvimnldn  warikyomii
Fotamsnihdiles Eptiuctiven belir Cushlas Titewryifuides

.;Eh @ mmnhinhlniu EL T tr-hi'n-;#mﬂﬂm

LR li'qtlum:mn

: I
W iihemess mise #xpyilisrisy
H s attondnamy T f@

eunsFtlrynlsils i

iy T WuREer 3 df
armn oy i frndy

@ _M}

Leptuphlelvittae

?
i
% =—aizl)]]

T

PPN, S

ez A




;.::h:.."t ek — = e e
| TR it et ket
= S = @ _.:_%-% =4
e T e
= aall s ‘Lm.:- O
gy

e i e e

v

Ldmad 2 anavldls wntormien wwe ehrcisbshe unand i -.h-l:-n-q;urﬂl




Vo ﬁﬁ
Lifiwilunting erilnn

unnealnurrmis
Paridon

nArwldineyeion demniimdom s

i
g.

W

¥
&






