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

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

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

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

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

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

Teble6  Averape values of selectad emvironmental vaniables m fune 1996

Environmental variabies Groaped sites
A B Q D E

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

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

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

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

Only two 55H axes, axis! and o032, are corvelated with séveral physscochemical factors
Axis] is significantly telated to velocity (r = 032, 5, =227, P<0.05). pH (F=-060,
bosy = 227 P<O.01), phosphate (v =042, L =226, P<D.05), DO r=087_ o, =
4 39, P<0.001), width {r=-04%, 2= 273, P<0.03). depth (r=-050, 1, =279
P<0.85yand BOD (r= 0.4z, =230, F<0 05) Axis) is associated with an
temperature {r= (54, tas= 3 15 P<0 01, water temperature {r= 070§, - 374,
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P<0.001), width (r =0.60, teq =367, PD0.01), dépth (r=0.54, 1z, = 3.16, B<D.01),
discharge (r = 0.66, s = 4.25, P<0.001), conductivity {r =0.65, tas, =4.17, P<D 001)
and TDS (r=0.64, tpy =405, P00,

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

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

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

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

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

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

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

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

L = 2,29, P20.05)

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

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

&.1 Benthic macroinvertebrate species distribution

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

(1) Habitat specification

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

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

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

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

Dilemma of eross comparisons between benthic taxa assemblages versus sites?

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

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

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

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

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

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

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

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

(2) Habitae dismirboamee

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

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

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

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

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

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



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

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

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

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

6.3 Clusters of the sifes

1) Refervmce wites

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

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

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

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

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

{2) Temporal franslocation af the sies

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

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

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

i these groupisd sites

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

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

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



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

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

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

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

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

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

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




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

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

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

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

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

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

HO3

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

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

The site P13 in February is wirtually polluted  Both BOD and mtsizats are a1 nghest
values idhis month: There is only one fagml family dwelling in this sic 1e the

el



pollution mdicator Chironomidas. Comequently, the site P13 is far well excluded
locating beyond any other groups by the SSH biplot, Fig. 6b. The famsl diversity
positions obviously revesl, Fig 6, lining towards groups A, B and D Most of the
faunal families are extended 1o groups A and B. Such this instance, the sites m groups A
and B can be assigned as reference sites. These is indeed a well mivmure of highland and
lowland sites which can be determined for later comparison with other sites at this time
of the year.

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

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

1o this group.

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

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

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

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

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

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

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

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

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

6.4 Everall synopsis

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

AR



However, important findings according to this study can be shortly summarnized a3
followings.

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

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

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

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

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

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

IvEstIrating sites,

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

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

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

(%) The “biodiversity” ceraily as agreed 1o imernational approach can be zssessed by
this ammal group. To include mecroinvertebrate approach in “biodiversiny * quantifyine
methods is the most appropridte way as claimed by many international investiszstors
The findings by thiz study i also agreced 1o that statement 25 these tava ars wates-
forestry related animals in matore,  The more posting areas the mom macromecricbraie
taca will be; this is what we actually asceram.
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Appendix 1

Macroinvertebrate fauns of the Pong catchment in October, 1995
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catchment in October, 1995 (continue)
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fauna of the Pong catchment in Febroary

1996 (continue)
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Macroinverichrate fauna of the Pong caichment in February, 1996 (continue)

|Site Code|  Order Fumily | Species nwilim:llqﬂinq-t}l-slmpd
[P0z |Dptera Tipaabicee | Limmophils sp. o o o
Vencroids  |Corbiculider [Corbicsks blandiana = H| 3 m 11
2 [Decxpods  [Pelsemomidss  |Mecrobyachium lanchester] of 1] o o o o
POt |CHignchners [ Ofigache |Thgochuers ol 3 3 & 3 7
PO : |Canmichac JCacnis p i o of 3 aof 4
(M3 Ephemermpien [Caeniise |Cmtroptiinm s of of 1} o o
703 [Ephemoroptes [Lepepiieies | Corrcrpes sp I
43 |Epbemeropiers [Fphemendss [Epbemens of 3] o = o o
o3 Trichopiern  [Hydypswchidae attioge }651 1 ml ] ui 58
P01 [Trichopicrs | Hydropsyckitee | Mscmsemum smilion 16 o of of 3 =
PO3 Trchopters.  [Leptorendse | [risessdcs of o i o o n
a3 Trichopters  [iivdrogeitidse  |Ocheotrcki= ap. of o of 4 o o
13 Plecopicrs [Perlidee | Phaitoperia o, | of 1 o o
ro3 [Odmtn |Gemnpiictoe m# a i 5 3
e Iﬂm . o 4 o o
L (T ' i o 1 o o o 0
) |Odonnia | Frovomenradae m# i) of of o o
T ETT 0 ssf o 3 # 3 o
PR [Calespters ]Ehﬂh [ Sscrebines of o & o af v
0y [Coltoplers  [Paplumstae Esbryumry il of o o &m
Pu} [Coloopters  |Intimaiee Emaup. | of a o of n
II:Z.‘ e |Dutiscidac iEwtiocu sp 4 _q ol of of v
F'ﬂ'l' Diptera | hisonmmitac Em“u of o W oo W
] Eiphﬂ Clanmewmise [ Tomypodioos ! J;i al 1 4 0
R} [hipters Coratopmpesiae  |[Hotzas s # 1 i
P03 |Dhphenn Tpmlhta [—_ - ¥ o mf E
AL {2iptca |C bl ﬁ-ﬂm—w 0. I ol o u u
Ll Vingrowda  (Corbecwlidoe  [Corhiuls barsdimnn o i
(P0) Iecapodn  [Pelacmsmscies  [Macrobroctimm laschener of o o | @ o
Epbemeroptors |Cacnike Caezsi . | W 3y of a4 N 2
Pt Ephemeropiera | netilac mp.i of ) o of 2 [
M2 |Ephemeripter: [{lopmngonidac  |Hoptagiia 5 of o of o o 1
Y [Fobermerpiom [Loplophictestss € hurrterges =p | of O] o 7 ¥
P Trichopler [Faremmldes Tormmms 4, n 2 i 1 3 I
T {Odoriatn Diipbacobes. 1 oo i o U
[Fhomaptern  [Corinidac bt cerun 5 s o o e d
i Hhemiptees [Cierrades |Lirmogows np of o of ¥ o o
Py Ehpitern [Clurowocudes [ Churonomitue asl o W s 0
| Hptors [Dhirsmneloe | Tasypoadme te & 5 5 nf &
(P Utphzrn Conuergugunber | Berrs g i o o W oo v
i (Dipteza - [ snmophila g 1o o 1 IR
i Vel Corbizuiijding T owhmstefa brionehinem LIE Woow
FaL [Docupoly  [Prlocmonade | Masrobeschinm lanchesten o H o o =
e Wfigochiin  |(ipochacts (U pockmels 2 u{ i o6l
s Ephemeroptem |Ephosmeda { sobaimcha nf of of o o i
(e {Diptera FChirooomade: Chemmscnrinne I i o 1 ;T
= frplern [Chitommsndee | Tamypodisn: of of A W o
txis [Uhipecrs i hnoborsse: e S I
i Voneroidi Corbnulbse |Gttty Imian of  w o i daf o
P s [CHimochacts [ Fipschosia i Hinachamrt 1[ W o W




1996 (continue)
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Macroinvertebrste fuma of the catchment in: 1996 (contine)
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Macromvertebrate fzuna of the Pong catchment in June, 1996
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