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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
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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




Tshis3 Mwmﬁ@@Mﬁhmﬁmﬁnﬂmm

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
ruscroensetiehride coilimunky and St el sl el environmend lsstoes. B owm ol i
gopratiticdi of the Chesn hendwaser win evidet by wiier phiviieochcimien]  parprmeery snd  bethic
macroiyertebiler  The water gualicy b the Sppe ed sited won [es. degraded thug @ Besed guigs  The
appare degradutton: oF witcr gualey oty cuchment wa coipies] by cleanng v sghciitsre The suria
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
prymcochomnry  The ypechey nohasss end sbundarce 1 i douired Gres wers B8 diverse ey o tbs
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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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examining - the nﬂuhnmntuiquuﬂymm (ii) corresponding 6F wares
physicochemisity 10 aqustic benthic mazoinvenshoates comnunity change (6 to capler
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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

e




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

1E




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

o




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=
February |006, S=mApell 20006, S=luss 1966 sud S=togust 1996)

Figure 4 A hiplot betwesn distcrimizsnt function | and 1. the legend groups comesponding 1o
the TWINSPAN groups in Figse 3.
(Fasztiont | snd 3 arv dlpaifiven ohen esied by Wiln' heabda, pal0), pal0f, respectively)

Figure 5 Biglots betwean axes | and 2 of (2) wmples ondination by HMDS (siess (L1625) and
ib) sigmficsnd specied veston which sttongly cottelite 1o érdinition space.

[Fipsre %, letters ropresent site codis, sambern s for ssmpling months, |=Ocmber 1953, Jnlocmmbe
19938, 3=Fehouary 19946, 4=Ajril 1999, Satene 1996 sad S=Aigust 1796,

Figare T, AtherisstAtheriz 1p., Camminl oCamssy ), Dhsromom=hamomidas, Choroser=Charssopet 55
CarrineCloptelmis 8p ., Fenomm=Sowmiss 5 . Erpetegom—Erperopompiur 1p.. Ephomers=Epbemers
. Dfigacka=Oigacharss nnil Sislia=Sishi az
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Table | MNumber of specics per TWINSPAN groug
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Figare | Location of sampling suzs 5-E m the Cheon headwater catihment. witk local mames
m parenhises (redrewn from Tanzam and Abmpan 1995)
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Figare 3 Classificulion of Cheos catchaent sspples by TWINSPAN, Groupings ae rembned
it Bra level of division, inclading indicass species.

(leSrry sepoesnn sox codes, muschers mand for ssmapiag months, feOctober 1593, Znllecember 1993, i=
Pebriary (996, d=Apiil THO04, Snduns 1908 and AuAngen [956)



