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Thesis Title Aquatic Insect Functional Feeding Groups as Indicators of
Stream Ecosystem Attributes and Water Qualities in Doi
Suthep-Pui and Doi Inthanon National Parks

Author Mr. Artit Nuntakwang
M.S. Biology
Examining Committee Dr. Pomntip Chantaramongkol Chairperson
Asst. Prof. Dr. Narit Sitasuwan Member
Dr. Chitchol Phalaraksh Member
Abstract

When streams are polluted, part of self-purification is accomplished by aquatic insects.
As consumers, aquatic insects change and transfer organic matter into energy in stream food web.
The ratio of aquatic insects feeding groups can be used to indicate some properties of stream
ecosystem quality. This work was conducted from July 2000 to June 2001. In this study, 79
families in 9 orders of aquatic insects were found in 3 streams: Mae Klang (Doi Inthanon), Huay
Kaew and Palad (both Doi Suthep-Pui). All of the streams were heterotiophic where the food type
was fine particulate organic matter (FPOM), in the form of suspended particulates and benthic.
Substrate stability was high to medium. The number of predators in Mae Klang stream were
higher than those in the other two streams. It was found that feeding groups of aquatic insects
were different at each study sites. Streams running near or through inhabited areas, tourist spots,
and agricultural areas had low quantity and less diversity of feeding groups than undisturbed
streams. Seasonal change affected the quantity of feeding groups. From statistical tests of
physical, chemical and biological parameters, the study sites could be divided into 3 groups



which correlated with elevation and pattern of human activities in the area. Water temperature,
turbidity, and water velocity positively correlated with the insects families Hydropsychidae,
Heptageniidae and Nymphomyiidae (P < 0.05). Dissolved oxygen positively correlated with
families Baetidae, Corduliidae and Tanyderidae (P < 0.05). Total dissolved solid significantly
correlated with conductivity (P<0.01). Ammonia, nitrate and phosphate did not significantly
correlate within group (P>0.05) but were significantly different (P<0.05) at each study site.
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nszuenh wnSusy Trichoptera JinuduRUfiBauiugungll d2uuNaduUAY Odonata,
Hemiptera, Coleoptera, Lepidoptera iag Collembola liifinymdunusiuynileiomamuonn
ugua  (2542) ANNINITATLIIBVOIAIBOULNAINGY  Ephemeroptera, Plecoptera Wag
Trichoptera (BPT) ludnmsduihmnng Susenifounile Tusrafounquniny 2541 -
WOUAIAY 2542 WUAIBBULAZAUALTVES Ephemeroptera 10 29 23 ina 25 ¥ila Az
Trichoptera 19 291 39 @10 88 ¥ilA AU Plecoptera WUIRWIZIZEEABOUTINIU 4 1 Tuivn
mamile 18gAmnAnfuaainnnwemuns Tasmniz luwagneniuvismnanesdu
nMuuRLasENIMUIMINARDIINK-1fu AaTuYes dudad (2541) Rawanuvainvaouas
$iincumamueuloemiiaiia Limnocentropus spp. mna"m‘nﬂfﬁﬂ'nuqaﬁmszﬁ'u‘lé’ufi
ﬁ"wﬁnuou"v';szﬁ'nﬂmuqq 600 WA uazﬁ’wmujmﬁeﬁ;szﬁnmmqa 1,200 was luwa

UUTUUMITIRRBEBUNULY  wuhinnTguesdisauuuaveresdissiinnuuand iy



b d
fesutunmusulaemiwewhwauueudiusila L. hysbald wuludeufunau-iiquisu
sezanuduazauduionulusadoungumau-ninginy  daufaonsomasaiiuyiia L.
auratus  frosunuluRoungaSnou-wusussezanudny lu@ouihnnu-wnsuiasda
PuTonulusiafounquaau-ningiay  NInMsHIMUAUBIMIYeIRIBOULLAINLEY
1 4 b d L d
dneniwlia Limnocentropus spp. wususoouuuanineagy1dh@eeu Limnocentropus
spp. 111 predator 2F3auduuuy univoltine  Base (2541) 1RAny1TiavewmnuBy
1 4 [ K] v
AUnemhiin Ugandatrichia maliwan wazfuawiihmamnivninaluagnenuuvana
ABLOUNUUN WU U, maliwan 1095 3ailuuuy non-seasonal 8M15v0eAIB0U 1RUA
A o o o a 1
detritus, green algae LA diatom AUNAINVAWYBITUARUANTOWY 15 A 55 Fiia 1N
(Au 1Aun Hydropsychidae, Philopotamidae a2 Psychomyiidae A& WU 29f Hydropsychidae
[ d v
fianuduiusiuguugiiuazanu§anssumiy 2 Odontoceridae  HAMMFURUS Y
1 4
QUMM AN TN (2543) AnwianunainvalsyesmsauLasmusulasminn
61517 3 1Y NITALANNGUANANAULUGNIMUUITRABUIMN-1[u WURIBBULNAMUBY
: ¢ o 4 o « a 4 1 s 1 a : a [
daomit 15 WA TImsnseawdrvuduriavesiuiieg Tnsndiegusnanilvadn 1dus
» v ¥ . v '
Brachycentridae 29U lunSnaiii maes 14uf Ecnomidae 2efwulunSnafiiag
LAY INNY 1AUA Molannidae 1azfanudNIT Philopotamidae msp.8.1a TAIuFURUT
b 4 } 4
meaufiy anunineesdins anudiassuni wazanugulaveni Tanudutusne
o 1 * : J ° o o’: P e’ &8
winfusmanuiiuaveanh smsth W PSinaeadaionuaiazasln wenluide-
| a : Ao o ¢
Tulasiounas Twasn-Tulasunazawhah  msfnndiavesisouuuasmusuilasn
v ]
nriiadnfuudiegaiy nudiesiindialimiloutu uaseou (2542) Tdhmsfnunda
[ d b d
Pdvenmamusutaemilugnenuvian@assgmn-js wuuamusulaeminm 18
d a o ° A : aAfe o Aot o’ Py (]
NA 153 $ia nnsnlSudisudisisiih vasaseiliudissiiih nafisansge wo
v y . v
N5 vassesiifinnunainnaisyeriiauaz S urudrvesmasnusutasnih
t_o da : P U c‘: o A dda L
winpndissiiith lvafennesas enianua 18 1 3§ 6 wAnlaUManMaBYeIYiin
mnﬁqﬂ fio Philopotamidae 1ta¥ Hydropsychidae soaeu laun Polycentropodidae,
. - epe . .. L I'd @ o ]
Lepidostomatidae, Rhyacophilidae 0 Psychomiidae MR IR NUFURUTITHIN
1 4 1 4 L d
wiasnueuaemiWaduofuguamii wudnammueutaenied Odontoceridae 1oz
o e @ ot v ° oy - ] : 4 e’
Polycentropodidae fuWustius BOD, mmsnih Wiy, USunavesdaianuanazarhnh,
[ 4 ] Y
quugihhuazguugisinia uaz Tuiasn-lulasisuiiazaslnit Jasdm (2542) fawms

[ 4 1
Mnguunahdafuguamihnndssuugnonusnaaesgqmm-jslusrafiouumen



2542 fia woAlmeu 2543 AiszAUALGI 950, 800, 700, 650 AT 550 WAsMTlEIZAUN A W
14 N

LA 9 SuAY 62 29 MINMINIAN % correspondenice NUINILAUAMNGY 650-700 AT

v ] v
mieszAuniinumanasveumanigeliqe uay sTRuANUQE gemaunazms 1
1 d v i d

Au Umadenguuuanimesguamihludiss  asanviaguammimidnwlasldngy
v Yy ¥

usaniufudsiifinnuaeandesfuguamminiinemen izl daumsfnenisiu

1 d y

voumasludlseme Ingdalidfnulinmin - uenniniimsasaeugaamimiameniwn
a (XS g o * o’ o o d ¥ & A

wazindindugAumsthudednuuanihnmusoven ldndadagulamunsa ldifludetian

g 4 ° 3 Q' e 4 o
amwlduazifudeyoRuguiiisinnlfilszneumshuunuunsfassfuriald  fidwy

v
o W sAamuasreasuanmszuuiinmirtinaluszezenala
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é ad
ginsaluaziITnnaasy
(Y} d
Jaqgilnsal
gunsaifinmnainy
1] g o 1
1. AAUAIE1UNaY (pond net)
2. WIAAUAIBEN (vial)
3. nI¥AMLaLUA (label paper)
4. manTenzazil (tray)
AudmTuRuLaY (forcep)
ganana@nle (plastic bag)
v
forhudad S uusa20674 (cooler and ice)

v2nii lof (BOD bottle)

© o N w

UL W (para-film)

10. n3ea3anuiiunsa-ae (pH meter)

11. inoeTagangdl (thermometer)

12. w3oeiammair i (conductivity meter) uag HasvoaSsiazareluil (TDS meter)
13, infesinnudanszumi (velocity meter)

gunseifinmlurtesfiiims

1. Yalavura 1 ml uag 5 ml

2. NAvIAIABS 19 (stereo microscope)

3. ndosganssmiuuuaudiseney (compound microscope)

4. ULA3 (petri dish)

bl

nszanalaswdenuruilaslide and cover slip)
A4 o
RTDINTIIDINT spectrophotometer DR2000

¥y lawsn DO, BOD wag alkalinity

© N o

4
Juidouuas
gledwunuuas

10. ndestogiluasad



act
M INAAY
A dx s w1
1. Wuifnywauiuiieeg
° L) ° o g o l : :‘ ° J P b 4
¢ Yimsdisrsuasimuagafnywasimsiiudesuwaniuazihdisslu 2 #un 18
UA WARNETUUYINARBEBUNUUY 1 §15717 UATgMETULYITARDIqMN-1fs 2 G1513
y ¥
Taawisgainuuaziiudaet §151502 3 A 32uMedU 9 gAfnEN
QNENUITITIARBEDUNUUY
’ v y 1 d
Wil Sisswinan@snahendsgl) fszauanugs 1,300 wasmiloseduni
o o ! 4 oy oA Y - J
nzia (Coordinate 18°32° N 98° 31° E) anmiuiifuthiieglndfuguauanaw Sduldtuln
[] 1 ) a o a S’J 9 o ﬁld'l ° df o P=d
AquuA Truuiun Surslinenghuthalszlse fsnldouaslyudgiss fudissd
& 3 o - a & a 4 ‘& a 4
neduidiuTvariu Aounsaa Awau uag Aunse Tusnunduusdadirmannneld Wl
9
Al % o o A [} _ -~ b
azeueg Imsiihnndismsiwetih il 1$lunmsgllne 15Tan uazmsinuas waziimsdsy
{ 4 w A do o 4
anwinui idluauihwe 1ifunwnrdeuveninvieuiion
f b 4 []
w2 Hsswinan@uanvenhandigll) fiszauanugs 1,200 wasmileszdy
v b4 ] v )4 )
imeia (Coordinate 18°32° N 98° 31° E) anmiufidiudsisiiegaaruiuiimiz Ugauazifiu
o P ' ay wud a o a v 4
a9 Inoduuaunuasynuilasyesanaen Hduldulnaquihuna Suikiinenghau
= ﬁ -3 4 o M . o~y 1
thedszlse fsnlfuachiludiss Audsedningdiulvafiunnalvg  uazfou
1 d v
n3n Unszumit Ivaussaaenll USunaly1dHseasludissinles
1 ] i
w3 Ssmsina@Tnuiauwey) Assiunuges 600 wasmiloszaini
. \ 1 { U J A 'o’:
nia (Coordinate 18° 31° N 98° 39° E) anwiwunidluthidla fidulddumnniuSuflauddu
. . (-] ) "l J 4 o M v
Fougen lilAurvensminaquiists Suddinendghiuthalszdse fudssdulngdiu
winuriy Tvarwdeslng Aounstauaznse TusnandusznouwouuasTiewluly feld
PRSP, B S
'ﬂ;'ﬂUUqU INY
neNUUHITIAABHINN-1J8
3 i d ] v
Wil Sriesdisudauinuhanuuanss) isedunugs 700 wasmilessaui
N21a (Coordinate 18°49° N 98° 55° E) atn il uiluthweundaly dsudrelilie Suasunndes
° O’ : : v -y 1 1 Q '
fanerunas  anmdssdumabilvamamben  sulvadiudeslng Audissdau
[ a o 1 v & 1 a
ngflulvafiu nsrethimsw Tusnaiduussdaiiuiiasauvesaznou wwlulfuesi 'l
° P a g as J t 4
Tudrsrsiivnn Sudafineduthaluna
v 1 d v
w2 Sinssuiiuinududnvenhnnuanss) ALAUANUge 600 WA

v o’ () o U ? o « J U]
milosgAvimela (Coordinate 18°48° N 98° 55’ E) anmilidluthwerundaly du1dvuetis



iy ldeeudhesnuasaiy uaaadeiadisstios anmwdissi lvasiunnaes
ngj Aounan uay Aunse Suikiifetuthahunans Vel lSuasAe i ludisss
1hunan
wit3 SsnhsufiinuduaudaiFeln) fiszduaimgs 360 wasmile
s2fuimeim (Coordinate 18°48" N 98° 56" E) ﬁé’uiﬁﬁuﬂnﬂqusﬁnﬁau an s naru
nendad luarudadiFos lmiuaz ey ‘ﬁuﬁw'ﬁdauinq‘hﬂumw fifounsaatlziuthudn
Plov Wsnanemannda 1 Wl uagves Tudssihunas-ann Sutliifetuthahunats
qafi4 drmmmainumileiansengaesgnn) fiszduaawgs 1,200 was
mileszdnimea (Coordinate 18° 54’ N 98° 49" E) stamihifuthwerurdaly Sl auei
oy fasfuhendiss g anmwérmsdiulvafiudhi nameaana Tvadud
Gosamuihusun Mgy Tvaiudesing Assuilunzalalu I udssidos
qafi 5 Ssmaesnahanntan) fiszfunamga 700 wasmileszaimeia
(Coordinate 18° 45’ N 98° 55° E) aimmtlufiushwerundaly ﬁéfuiﬁ'ffuﬂﬂﬂqumuﬂma e
LAATDINDAUATS ﬁmwﬁwmﬁuhﬂﬁuﬁﬁ’ﬂﬂamnzammmhﬂﬁuﬁﬁmﬁaﬁmﬂu%uﬂ
ﬁvuﬁaﬁmﬁdqu“lnqjﬁ'lumiuﬁuﬁﬁ'uﬁunnﬂmm FrsufaasSinaly g siides
wiie Ssmmauinududianain) ﬁszﬁ'nmmqa 600 wasmileszAunh
121 (Coordinate 18°47 N 98° 56’ E) enmihidiuthseundaly S8 i8S umnmiutunais
JuaAndoINeauAII t’fmwﬁmmi‘luwmfnﬁnq Tnaru Tvaiuiidosrathusu mifad
ssfiunsanthumse Binaey il Al ludssthunan Sisnsuiahadntes 929
whuda i na
o hmsfudietrunai1ne3E Kick uag Pick Method Tuninaniite vilva uazusin
fishen 1o 1550 1Y Lﬁalﬁﬂsanﬂquﬁ’numzﬁ'uﬁaghuamnmxfuwiazntjmﬂunm 5w
2 Fmilousunngaiiugedi deldFredmdanonnluly Al wazfounsineen

b d ] ]
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° T A °  ad
1.5 AWNUATU-GUILNVOIAWHUINNY
2. M9 uUNLAEZMSINUSNEIAI0e NN
oW 0] : 3 9 - [ X% o A ¥ ] 9
o hderuwanihuuenAea1eg  sanlvmasuafiuas  Tuvah laudeanisla
= A o ] ° -9 i ] M .
ndesiaes loroganuargline uazswunluszauied Tasldgiiedwun wu Aquatic
Entomology (McCaferty, 1989) etc.
o [ 1 o o o 9 v = o . -3 o o ] 9/
e iiaregeunaInIad wmunud v laluvianudlsdauaziiuinyialied 1913 u
woanssadudu 70 WosiHud wiouviaAn label AIT9AU FosudULAz Ho 9

3. N39S MUNUNLINAITAUYBIUUAINING 1

hidveNdUNABIMI S WUALNLMATI AU gut analysis TasthdumaAuemsves
14 b d
o a [ A
wanhu@aswunseend lasudadesdiondssgansismiionssgeisenouvesomis
- a 14 o £ Y A4 a o 9 ‘ % P yy a o '
Nuuasfiu udratiunndeyaamouiudoyalumidenldswdulsznoumsduunngu

k4 ’
nnMiuSamdad e aumnnguag udidinseinanuasei 1

4. nsanLaeudayanIMeMNIazniive i lua 1513
o : : A ° B =y .
® matfiudiedhah 19470 BOD funinwerinninsieimysunn dissolved oxygen (DO)
v v
- - -3 o A -
Uz biochemical oxygen demand (BOD,) l¥wiminfiuniuiednswinameamenuas
o g o 1 =) a’: A
@l INuAIBERBUAE 1 ASY NABU
¢ mansedaduliemag
NUNBAIN ATI9TAM
a : a o o 4
- guuginiwazgungioms laslfmes ludiwes
[] k4
- Binavewdsiinzarsluiuag mmsihIndh Taeld 9 Test Kid Ciba Coming u
Check Mate 90
- awamyu Taeld spectrophotometer DR2000 (HACH)
Ed
- anudanszuani Taeld current meter
< ° b} a
- anuphatazanuinuesdins Taeldmemasda
e’ a v ] o dy o 9 o o 9/ o
- e lnademisonar  Tassauniniufinhdavesdissguaionauis,
1 4
nszuai
manil A52193aM
- dissolved oxygen (DO) 1o biochemical oxygen demand (BOD,) Taolnmsade3s
azide modification (APHA, 1992)
- A alkalinity Taolnmsadae7s phenolpthalein methyl orange indicator
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- M pH 1o 14 electrode kit pH meter iu check mate 90
- 1 ammonia nitrogen 1433 nessler method
- Nitrate Nitrogen 1473 cadmium reduction method (APHA Standard methods,1992)
- orthophosphate 197% ascorbic acid method
- aulfate 197% sulfa Ver 4 method
o myimswvideya : 11’11%'83;,:1uumt{masﬁ]mnmtfn’:'mwmwuazLﬂﬁnﬁmﬂ:ﬁmmm
dUWUS (correlation) wATIANGY (cluster analysis) lnoldlilsunsy SPSS (statistical
package for social science) {ta¥ Tusunsy PATN (pattern analysis package)

5. szaznNNIT UM SAnET

wnsAnuufudieduazsiusudeyaludiudou nsnginy w.a. 2543 fle Tguieu w..
2544 unzdnerimalusiafou nsnginu e Famau w.e. 2544 523 14 Hisu Taoifiudd

1 4 ¥ b4
stauuasiuazAediathangafnumnou Wouas 1 a3%
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31 4 9afinn#i 3 VTnasruIBLTITERUANGS 600 ATMiTeAUIMEA
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31 12 dszme msfiasdudmrronuhmadverms

1) A. urmaems1ongar diatom Aidhuemisveas
nquiitiiu scraper.

71 B. usasdnuaizyes TFPOM fidluemisves
usasnguiitiiu filterer collector.

7t C. usAsdnuaizues BFPOM fifluemmisves
uasnguiitiiu gatherer collector.

31U D. uﬁmtﬁm‘;uﬁ'mﬁvﬁ&luamquuumndu
shredder.

JE. uapamssud e uIasiitue s ves

UNAINGY predator.



unii 4

HaN1SANE

m3finsdunnumannaisveunanh

mﬂmisﬁué‘mdmmau‘i’ﬂuizﬂtﬁuﬁa‘athwhaq nunaaiLA 9 orders 79
families @91/52n0uTE0ILAY order A9 Sait Odonata, Ephemeroptera, Plecoptera,
Megaloptera, Hemiptera, Coloptera, Lepidoptera, Diptera i8¢ Trichoptera d1% ﬁu.ﬁﬂmaqmm
uvianAnosBunuuY afnei 1 (1{1%8?@) fiszRunug 1,300 wasmiloszduimea
wuaathanun 9 orders 58 families RN 2 (9711161@1{1%3?@) fszAuANugs 1,200
wasmideszdnimeia wutwaaivienun 9 orders 45 families wozyadnuii 3 (Msauuew)
fiszfunamigs 600 wasmilessduimein wuuwaniwienu 9 orders 51 families QN
whan@nesqmw-lu dissieuda dnnd 1 Ghanuaniss) fiszdunauga 700 was
milessduimeia wuumaniwianun 8 orders 51 families AR 2 @ndaihmnunen
51%) fszAUAIIGS 600 wasmileszdnimeia wuuaainianin o orders 56 families waz
i 3 (uaadadiSodlm fiszAuawge 360 wasmileszAuimen wunwaah
WAVUR 9 orders 41 families  §1515W107 gefnf 1 (nilefivinsgnenug) Asduanu
91,200 wasmilessAimem nuwaniianie 9 orders 52 families ARnT 2 ahann
aA) fszRunaugs 700 wasmileszdutimeia wuuaaiianun 9 orders 44 families az
ANl 3 Fudeiaman) fissduaugs 600 wasmilessduimen wuuwanivi
YR 8 orders 39 families TavfiRasouNGuUULRTIZYT Fnumnnanesiinnyafudeisld
UA 291 Hepatageniidae, Leptophlebiidae 1tag Baetidae (A31WH 37) AIDoUNGUUIAAUNIZ AU i
nuwnanestingafiudiedia1dun 2 Perlidae (N3 38) FrBounguuvamueuasn
ih finusnnaaeailynyadiudaec1e18un 29 Hydropsychidae 1Ag Lepidostomatidae (N5 1A
39) meﬂfiummf1 ﬁwmaaﬂ?]uﬂqmﬁuﬁ'mthe'lﬁ'u,fi 2 Gerridae (N3 40) unaangy
& finuaneniinyaitudaednldun seeouluad Eimidee (nsmifi 41) AavouUngu
unastounzunasody ﬁwunaaﬂ"ﬂnmﬂLﬁuﬁméw'lﬁ'ufi 2 Gomphidae, Coenagrionidae
a2 Calopterygidae (N5 42) ﬁ"afiauuumﬂdwueu?yu 04 BuaIy ﬁwmaaﬂﬂnﬂqmﬁu
#218619 1A 2eff Simuliidae U Chironomidae (37 43) unz Mdeunguuwawnerdu

wuaneailynyanudIe619 18UA 29 Corydalidae (N3 1WA 44)
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1SANHIINLINMI TOUYR AN
91AM3M gut analysis iNBAITI99OIALILNBUYDIDMITALLAINU WUTIELITOULIS

aquuwaseaniiiu 5 ngu 1AUA NG scraper ATIINLIANANYDIANIIWNGY benthic diatom
AU filterer collector ATIINUDYNINALDIAUDLIAVYINYBININIWAGN diatom NGU gatherer
collector ATIINUALNBUAUTIUUAZIALAINYBIN NS WA diatom NGY shredder ATITNY
wuFudnveaiedeiy QU predator ATIINLTUA VB IAY (Uit 12) daudszian
o lungumsiume foglu asnfi 12 NS auesnmulsznmmsiu
(57 16 4 24) wudwmasngu collectors Funguiinuanniunngganm uazdanuuls
fuluser sudorfuuaslunguarsiudun uezdedfoudhunlediduddmvennani
Tuudazngunsiuluserilvewdozyaiftufee (nsd 28 B¢ 36) S1rmwinas wu
Lmauiym'cju scrapers BYITNTN 8 — 18 % NQYU filterer collectors 7 — 20 % NN gatherer
collectors 49 — 56 % AQY shredders 3 — 5 % WATAGL predators 10 — 18 % A1513MEUAD N
uumﬁqu'n scrapers BYIENIN 3 — 20 % QU filterer collectors 16 — 29 % NQX gatherer
collectors 31 — 59 % NQW shredders 4 — 5 % KALNYN predators § — 25 % AIFITHIAIA WLLUAY
1{1ﬂ’q'll scrapers Béiz'ﬂ’hd 14-25% ﬂi’]'iJ filterer collectors 21 — 45 % N gatherer collectors
27 — 47 % NQW shredders 1 —8 % UALNQY predators 4 — 12 %
nslfunuinmisivveausailsedivanmszuutinadiss
o @mmsiinan qa'?; 1 : &wrsiiam iy heterotrophic aaeeil esgmtueglugl
FPOM 1au¥ani1 CPOM usluioununiius 2544 CPOM fSnaiuduann PAUGIT
yoa FPOM ludisiseglugyl BFPoM dludaulngilasmmizsiuneungaimou o
Fumnw 2543 BFPOM TifSanagaann ualudounsngiay 2543 pluudidi TFPOM
wugann ﬁuﬁ’:ﬁwwsﬁmmﬂmuqqlusﬁau ASAQIY 2543 SunAN 2543 unzihou
e 2544 Sanuamudihufiounainy 2543 unsian 2544 uag Suny 2544 Gl
soudhannlusiafeuiueou fis gaiay 2543 uaziRsuiuliag 2543 B9 o 2544
(@13 3)
® dimnninaN qaﬁ 2 : dmsfianidiu heterotrophic ualuiRoumey 2544 15758
wa Tz autotrophic e1msgAftueglugy FPOM wWusandt cPoM anesitl g1l
wvyuves FPoM ludisseglugl BrroM Whudulng uanfimsifueglugl TFPOM
fanihludounsngian 2543 Woutunay 2543 uazlusiRounquainy da figuisy

y
2544 anunanuvesiuidinsinglugndeunsngian 6 fussu 2543 weu
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fuAw 2543 9 unTIAN 2544 UnzIRBLLIYBY D fiquisu 2544 finrunmudilusaa
Wouga1ny B9 neadmou 2543 alilSuannnlugrudeou Tuiny 69 nqumay 2544
(a3 4)

fmsinag Qaﬁ 3 : &wnlian iy heterotrophic aneall emsgaueglugl
FPOM taudanin CPOM ieunuamiug 2544 FPOM TifSunaigann ualusnidou
fueou G ganay 2544 ewnsludisiseglugy cPoM edndatiu Jaluuuves FPOM
Tudrsseglugl BrroM dludaulng uadfinmifuegluzyl TFPoM Fanihludeou
fiUgIgu uaswgesmeu 2543 ﬁuﬁaﬁwwﬁmmﬂmuqﬂu%mﬁeu noAtnou s
fumay 2543 Weuquaius, waou woziiguisy 2544 Anumaususudeu
nsngny B doman 2543 falilsnannlusaiReunsagian fa gainy 2543 @eu
Funan 2543 LarFIuABULEIEU T TQUIOU 2544 (15190 5)

dmsaud) qﬂ"?i 1 : ds1sfiern i heterotrophic udluiRounguMAN 2544 §15153)
anmidlu autotrophic 013 gnRUeylugl FPOM iWusandt CPOM aaentl guluvuves
FPOM ludisiseglugl BFPOM daulngiludeuiuenou 2543 rafoungasnmou
2543 B9 QUATRUS 2544 uazimeuiiquion 2544 eglugl TFPOM daulugjlusdeu
Aguiou f demau uazaniny 2543 uaz lusrsdounuou 69 HOUAINY 2544 ANUAS
nmuvesuidsngafeunaestl sndulufeuiumou 2543 Siamhunane Qe
Suuganeail (@1579% 6)

disseui qm"; 2 : §rsrsfiantidiu heterotrophic ualudBunguAIAY 2544 F113d)
anmwiiu autotrophic 8MIgnIAUBg Uzl FPOM wWiudand CPOM ualudeuiumiou
2543 fiundwomsludisrsidiu CPOM Fauni FPOM piluuuves FPOM Tudsiseg
Tugy BFPoM daulngluReugain 2543 uasyrieuiivny s fiquisu 2544 sglu
51 TFPOM daulngilusradeunsngiay G fuseu 2543 uasTRoUNgAAIEY
2543 D QUATAUT 2544 ﬂ'nummwmﬁuﬁ'zﬁnnq\uﬁwﬂaaﬁﬂ snduludounnnou
2544 fisnTnanud gafifSuugenaeall "TNRT)

amnheufy qait 3 : disstanmiily beteorophic Aaostl pmsganueglugl
FPOM iudiand1 CPOM naeall Tasmwizhudeunsnginu 2543 FPOM TSinaigaunn
sUuvuves FPoM udisiseglugyl BFPOM dhudaulng) udlusraufousunny 2543
e quATRUT 2544 uaziRouiiquiou 2544 U3na TFPOM Tinnndh BFPOM ataniuld
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AUATUS 2544 unziRBuiiquiou 2544 Mufndmsinnuamudilusadoudunay
fia fiugou 2543, Woungalnion 2543 uazgaudeuiinny fa woumay 2544 Ysnag
anlimigeludeunsnginy, FruReuiueou fia goian 2543, weudiviny uazliquiou
2544 (31471 8)

disHg Qﬂ'?; 1 : dassfianmudiu heterotrophic anenll emsganiueglugyl FPOM
WUFANT1 CPOM aaenil Tagmwiz hudsudsmiay 2543 FPOM HSuinagann giluuy
vee FPOM ludrmsseglugyl TFPOM dludaulng udludsunsngiau 2543 uazgas
wounuamius de Huinw 2544 1Sua0 BFPOM Tinnnd1 TEPOM sdeiuldda an
ﬂmummﬁuﬁ'sﬁwﬁqquﬁauaaeﬂ‘ﬂ snduludounuaiug 2544 fisnnuamuihu
nane Wsunadafisgelugaaudeudemay e qainy 2543, Wouquaius uazumou
2544 (M3 9)

@msma gaf 2 : dssdanidiu heterotrophic udlugadeuiiviay e oy
2544 dasstian i autotrophic MsgRiReglugyl FPOM Wudanii CPOM aaes
Y puuuves FroM ludisiseglugl BFPOM daulngludeugainy fis sune
2543, FrufvuRBUAUATRUT B Tuiay 2544 uazsunguniau 2544 g lugil TFPOM
doulvglugra@eunsagian G Ausou 2543, WouunsIAY, wWrey wazliquisu
2544 mmmwwmﬁ’uﬁ'aﬁ'msqaﬁamaaﬂ’ﬂ sadulu@outuainy 2543 Tisanung
mnhunan  gidumtedseudeauqadaasatlonduludounmney 2544 Feddd
WSinaigs (i 10)

@rsnma gafi 3 : Sssian il heterotrophic aaoeitl emsgnifivegluzyl FPOM
wugand1 CPOM aaeatl j1uuuves FPOM ludmseglugal TFroM dudaulvg ud
luideunguniny 2544 FPOM oglugll BFPOM mnndtedaiiuldda armmenuyes
f‘fuﬁaﬁmsquﬁeuaaaﬂﬂ snduluifeunguniay 2544 isaausanuuna §a
fumterouduaugadanentluniuluieungrdmon 2543 unzdeunuamius 2544
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1 Phnawewdsfiavalinh (TDs): drsrswinarsgadt 2 S1s19viaoudaged 3 uasdasas
mmﬂqa’v’} 2,3 ﬁﬁwqmiwﬂ?fnméuqaémﬁu'lﬁ%'ﬂ (ns 1) Teelianuaenndosnumms
117 (conductivity) Tuns o 2

2. AIQaNgiieINIA (air temperature): ¥ 3 Ssrstiun Ty lufemaiteatu sndulu
&msuinanegadi 3 finualsfunaniyafnmdug luserdl (sl 3) dau ﬂ'1qmnqs‘31§1
(water Temperature): a"mﬁﬁ"muf’hs;ﬂﬁ 3 ﬁﬁwqqniwﬂéuq ¥ 3 Ssrsinn Tl lums
@gau (N3 4)

3. miveaina (phosphate): fimgenyafinuludeungainiou ey uasliguiou uazil
wn Wyl ludema@ondu (as 5)

4. A HATN (nitrate): n"wmsmamqaﬁ 2 ﬁthanciwﬂﬁﬂmsuq dmluaﬁmsﬁwﬁnﬂﬁ
3 fimdnnlu@euusniifinu (ns 6)

5. fweulutiy (ammonia) : HsigeluRougaiay funau 2543 uaznou 2544 NagA
Arwdiuus Tulumafioadu onduluieunsagiay 2543 Ss1swaoudagadl 3 oz d151s
mmalu@oufusnou 2543 fiflehgann(nsd 7)

6. mFamn (sulfate): TA0GlUTN 0-1 mgn ngadiudrein Tasdisrsteudiged 1
MSAUYOA sulfate TuRounsnginy noetnou 2543 waz quiou 2544 (n3 W 8)

7. AINNYY (turbidity): Tegeungas ludimsioudagei 3 Sissmaaged 2 uag 3
(3 9) Fudanniiunnuazinh nanainlusrafudaednh MldenugugaRalnd
8. feendtoufiavaelnh (DO): Simmhsudagai 3 Sidgaludadeuquaniug &
U 2544 daugafnuduaiiu ulufema@ieatu (s 10)

9. ﬂ'meno?mu?iqaun?eﬂﬂumm’aﬂmwmsﬁun?é @B0D): ImgaluRoungalnioy
2543 QuATIUT tasnquninn 2544 uatiuun Ty lufima@orfuyngafine (0 11)

10. MAuilua (alkalinity): Tegelugrufoutiviag fe o 2544 uasiuua llulu
naniRgItunnyafam (n3 12)

1. manudunsa-d pm: Tagealu@@oungstaou uaz diguiou wasiiuvu Wulusin

mMuReaiuyngafiom (ns 13)
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12. saudInseumin (water velocity): S1ssuinaiiaigeluioudminy 2543 uay

[~ ) ° dy P T o P I's P

waou 2544 Tasesiuanuuananvesdisislu 2 wuildus disslusssdunuuriesil
i hiudannnd s lusssgmu-1jons 14)

U : = v . 9 L% L] A =2

13. mif3mnanit (water discharge): Usigeuazasudiusiulusivdeunsaginy fe

b 4 [
SUIAY 2543 N3 3 §1515 A lwPouunsny He Tguiou 2544 dr51swinangad 2 uaz 3 &

. ' A .
frganiganudug (s 15)
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Order Family Feeding Group
Ephemeroptera (Mayflies) Heptageniidae Scraper
Leptophlebiidae Gatherer Collector
Ephemerellidae Gatherer Collector
Baetidae Gatherer Collector
Caenidae Gatherer Collector
Siphlonuridae Filterer Collector
Ephemeridae Gatherer Collector
Prosopistomatidae Scraper
Oligonuridae . Filterer Collector
Plecoptera (Stoneflies) Perlidae Predator
Peltoperlidae Shredder
Nemouridae Shredder
Leuctridae Shredder
Odonata Gomphidae Predator
(Dragonflies and damselflies) Libellulidae ‘ Predator
Corduliidae Predator
Cordulegastridae Predator
Macromiidae Predator
Aeshnidae Predator
Petanuridae Predator
Coenagrionidae Predator
Calopterygidae - Predator
Protonuridae Predator
Hemiptera (Water Bug) Naucoridae ' Predator
Notonectidae Predator
Gerriddae Predator
Veliidae Predator
Hebridae Predator
Pleidae Predator
Nepidae Predator
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Order Family Feeding Group
Hemiptera (Water Bug) Corixidae Predator
Hydrometridae Predator
Megaloptera (Dobsonflies) Corydalidae Predator
Coleoptera (Water Beetles) Elmidae(Larvae) Shredder
Elmidae(Adult) Gatherer Collector
Dryopidae(Adult) Shredder
Limnichidae(Larvae) Gatherer Collector
Ptilodactylidae(Larvae) Gatherer Collector
Gyrinidae(Larvae) Predator
Gyrinidae(Adult) Predator
Hydrophilidae(Larvae) Predator
Hydrophilidae(Adult) Gatherer Collector
Psephenidae(Larvae) Scraper
Dytiscidae(Larvae) Gatherer Collector
Dytiscidae(Adult) Gatherer Collector
Helodidae(Larvae) Gatherer Collector
Chrysomelidae(Larvae) Shredder
Chrysomelidae(Aduit) Gatherer Collector
Hydraenidae(Adult) Gatherer Collector
Notridae(Larvae) Gatherer Collector
Hydrocapidae(Adult) Gatherer Collector
~ Curculionidae(Adult) Shredder
Lepidoptera (Moth) Pyralidae Shredder
Diptera(True flies) Simuliidae Filterer Collector
Dixidae Filterer Coliector
Chironomidae Gatherer Collector
Tipulidae sp.1 Shredder
Tipulidae sp.2 Predator
Athericidae Predator

Tanyderidae

Gatherer Collector
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Order Family Feeding Group
Diptera(True flies) Belphariceridae Scraper
Tabanidae Gatherer Collector Shredder
Culicidae Predator
Ceratopogonidae Predator
Stratiomiidae Gatherer Collector
Psychodidae Filterer Collector
Emphididae Gatherer Collector
Ehydridae Gatherer Collector
Sciomyzidae Gatherer Collector
Nymphomiidae Predator
Scraper
Predator
Shredder
[richoptera (Caddis flies) Hydropsychidae Filterer Collector
Philopotamidae Filterer Collector
Polycentropodidae Filterer Collector
Ecnomidae Filterer Collector
Goeridae Scraper
Glossosomatidae Scraper
Helicopsychidae Scraper
Calamoceratidae Shredder
| Leptoceridae Shredder
Lepidostomatidae Gatherer Collector
Odontoceridae Gatherer Collector
Molannidae Gatherer Collector
Brachycentridae Gatherer Collector

Rhyacophilidae

Predator
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A137 13 uaaen vl seieg iasredaluudasqaiudledialuyae Hevnsngian 2543 - iquion 2544

TDS Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Juo-G1 Mean
Int 1 175 158 134 155 159 163 18 208 218 239 18.2 195 18.05
Int2 36.1 432 267 39 407 48.7 60.6 704 7.4 86.4 513 44.1 5205
Int3 225 103 20.7 226 215 203 20.6 22.7 222 233 224 23.7 21.06667
Hk1 17.7 15.1 i5 14.6 15.1 16 162 16 176 222 15.8 16.1 16.45
Hk2 17.7 16.1 155 149 15.4 159 16.1 165 19.6 221 16.6 163 16.89167
Hk3 23.2 25.4 26 26.2 352 404 515 555 64.2 709 73.1 36.1 43.975
Pit 244 245 23.1 224 255 282 334 36.8 26.5 25.6 23.6 25 26.58333
P12 739 58.8 63.2 60.7 71 77 502 395 858 130 78.6 75.1 7198333
PI3 232 60.8 586 55 698 77.2 55.6 80 918 - 41.6 707 62.20909
Cond Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar Aprit May Jun-01 Mean
Int 1 354 31.4 263 29 31 323 354 41.7 43.1 476 363 37.8 35.60833
Int2 717 87 53.8 64.2 773 993 1232 1404 154.5 173.1 102.4 88.1 102.9167
Int3 449 403 414 428 445 404 41.2 45.6 44.6 46.6 449 45.1 43525
Hkl 35.4 303 331 303 288 31.8 31 318 352 45.6 321 321 33.125
Hk2 352 32t 369 324 30 32 31.6 334 395 44.1 327 33 34.40833
Hk3 46.5 50.6 513 50.6 524 81 90.8 1104 128.1 213 146.7 75.6 91.41667
Pll 49 49.8 50.6 474 447 528 65.7 733 535 51.1 46.7 503 52.90833
PI2 1463 114.7 1227 1209 1212 153.6 166 179 173 259 157 150.8 155.35
P13 151 122 130.14 1S 1099 154.4 1595 161 183.4 - 82.7 1408 | 1369364
A-temp Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int 1 28 22 205 20 20 20 23 23 235 27 21 19 22.25
Int2 24 24 22 20 235 183 21 20 23 25 215 19.5 21.81667
Int3 24 29 25 26 285 235 17 24 38 30 24 24 26.08333
Hk1 235 24 22 20 20 14 18 19 235 23 237 24.5 21.26667
Hk2 24 24.8 2 20 21 14 18 20 24 23 24 235 21525
Hk3 27 285 253 22 23 26 27.5 305 29 265 245 215 26.44167
Pil 215 22 23 2 22 16 19 22 22 21 24 22 21375
PL2 2438 245 235 23 23 21 226 265 29 245 25.6 26 245
P13 25 213 28 24 22 155 204 23 24 - 28 245 23.79091
W-temp Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int1 20 20.1 195 18 17 138 19 16.7 19 19 20 19 18.425
Int2 20 20.5 195 185 178 163 17 186 20 21 213 19 19.125
Int3 20 26 24 225 212 19 15 187 23 245 24 23 21.74167
Hkl1 229 238 20 19 195 125 155 165 235 23 235 225 20.15833
Hk2 22.8 235 20 19 195 13 155 17 205 23 225 225 199
Hk3 26.1 265 245 20.1 22 20 235 24 27 265 24 26 24.18333
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W-temp Jut-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Pil 212 213 20 19.4 20 16 19 179 205 21 21 21 19.85833
P12 233 24 216 203 20 165 17.8 19.7 23 24 248 235 21.54167
P13 245 25 2438 227 20 15 20 236 23 - 27 24 22.69091

Phosphate Ju-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int} 024 02 0.18 0.14 022 02 0.14 0.13 05 03 0.14 0.29 0223333
Int2 0.41 036 02 024 028 021 0.17 0.21 039 033 046 024 0291667
Int3 035 0.25 0.25 026 032 029 0.17 0.17 0.62 0.17 0.14 038 0280833
Hk1 041 0.36 041 0.42 0.96 0.81 0.65 04 0.76 03 036 054 0531667
Hk2 0.13 023 037 0.47 043 033 0.19 0.15 0.75 0.24 0.26 053 034
Hk3 037 038 053 0.6 0.84 0.55 0.49 0.57 0.82 053 0.69 0.66 0585833
Pl 088 03 0.64 0.89 0.72 0.64 056 038 0.76 0.25 0.17 036 0545833
P12 039 057 0.71 0.82 1.06 092 0.8 0.83 1 054 0.6 0.74 0748333
P13 038 05 058 0.63 059 0.44 0.4 056 0.57 - 0.57 118 0581818

 Nitrate Jul-00 Aug Sept Oct Nov Dec Jaa-01 Feb Mar April May Jun-01 Mean

|

- Il 1 11 12 13 11 1 1 09 19 11 12 11 1.158333
Int2 11 12 13 14 1.6 13 12 13 12 23 2.1 2 1.5
Int3 07 0.8 1 11 12 1 07 1.7 11 L1 1 L1 1.05
Hk) 07 0.6 07 08 14 12 1 0.6 1 09 08 09 0883333
Hk2 09 05 0.7 08 2.6 15 13 11 1.1 11 0.7 11 1.116667
Hk3 o 05 08 09 17 13 15 15 14 1.4 17 12 1158333
Pil 0.6 06 09 13 15 12 1 09 1.6 15 L1 11 1.108333
P2 24 11 15 21 12 12 2.1 3.1 24 2 25 16 1933333
P3 1.7 0.7 i 2 12 1.4 16 19 1 - 1 23 1436364

Ammonia Jut-00 Aug Sept Oct Nov Dec Jac-0% Feb Mar April May Jun-01 Mean
Intl . 0.3 0.15 0.24 038 0.03 026 034 0.1 0.0 03 0.01 013 0.165
Int2 0.05 0.09 0.12 0.16 0.08 031 04 0.04 0.02 0.13 0.06 0.01 0.1225
Int3 024 026 029 033 0.19 022 026 008 0.06 0.12 0.09 048 0218333
Hk1 0.12 0.1 09 o.11 0.09 0.14 ‘ 02 0.18 0.09 0.17 02 02 0208333
Hk2 0.1 0.1 0.1 02 0.17 024 031 0.18 0.t 0.26 0.09 01 0.163333
Hk3 179 0.19 023 03 0.12 035 029 028 024 033 0.12 0.17 03675
Pil 021 0.1 0.15 0.18 0.12 0.15 0.14 0.11 0.06 0.43 0.01 0.03 0.140833
P2 o1 0.15 0.19 022 012 | 017 0.15 0.13 0.06 0.13 022 0.06 0.141667
P13 12 0.18 0.15 0.14 0.17 02 0.17 0.14 005 - 039 0.06 0.160909

Sulfate Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar Apiil May Jua-01 Mean
Int1 1 0 0 ] [} 0 0 0 [ 0 0 1 0.166667
Int2 1 0 0 0 0 0 0 0 0 0 0 1 0.166667
Int3 ] 0 ] 1 [ 0 0 0 0 0 0 1 0.166667




13191 13 (de)

42

Sulfate Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jua-01 Mean
Hk1 0 0 0 0 1 0 0 0 0 0 0 1 0.166667
Hk2 0 ] 0 o i 0 [ 0 0 0 0 1] 0083333
Hk3 0 0 0 0 (] 0 0 0 [ 0 0 0 0
Pll 1 ] 0 1 [ 0 0 0 0 0 0 1 025
P2 0 0 0 ] [1] 0 1] (] 0 0 (] 1 0083333
P13 H [} 9 o 1 ] [J 4] [ - 1] 1 0272727

Turbidity Jul-00 Aug Sept Oct Nov Dec Jan-0t Feb Mar April May Jun-0t Mean
Intl 3 5 7 9 5 7 5 3 1 6 9 16 6333333
Int2 2 7 9 10 12 10 1 13 5 1 6 5 7583333
Int3 42 19 15 11 9 8 14 11 9 2 12 70 185
Hk1 20 13 15 17 it 12 9 9 15 14 13 12 13.41667
Hk2 26 21 16 17 10 15 it 8 16 25 14 17 16.33333
Hk3 1535 25 2 24 11 12 13 10 32 18 26 22 145.8333
P11 50 70 46 21 16 14 9 H 10 15 13 10 .25
P12 36 48 31 28 161 57 27 10 12 17 16 29 3933333
Pi3 46 330 68 31 22 20 20 21 14 - 34 42 59
DO Jul-00 Ang Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int 1 96 8.1 85 16 84 92 96 9.6 9.2 10 938 8 8966667
Int2 92 89 84 7.6 8 9 92 92 8.6 92 92 68 8608333
Int3 9.1 89 8.1 76 82 838 9.1 9.1 9.6 9 94 8 8741667
Hk1 83 86 85 72 8.4 8 9.2 10 9.6 9.8 84 8 8666667
Hk2 88 9.4 838 72 8 8 9 9.8 9.2 838 8.8 74 86
Hk3 74 85 8.1 68 7.6 74 82 4 438 4.4 8.8 6 6841667
Pi1 8 83 8 76 8 84 9.4 9.6 8.8 9.4 8.6 7.6 8475
P12 74 76 78 6.6 7.8 8 9.2 9.4 9 8.6 82 84 8.166667
PI3 6 6.6 6.6 68 7.8 82 88 94 8.6 - 74 74 7.6
BODS Jul-00 Aug Sept Ot Nov Dec Jan-0t Feb Mar Aprif May Jun-01 Mean
Intl 0.4 03 05 14 29 04 0.4 0.6 1 05 12 02 0816667
Int2 0.6 05 05 1 29 04 0.4 16 0.6 03 1 0.6 0866667
Int3 0.7 05 05 3 26 04 05 03 0.2 02 1 0 0.825
Hk1 03 04 05 06 26 1.1 02 24 08 04 12 02 0891667
Hk2 0.1 03 04 0.7 18 02 04 0.6 12 04 16 1} 0.641667
k3 04 0.6 0S5 02 16 16 05 2 34 1.2 1.8 0 115
Pil 0.6 03 04 12 25 0.4 04 1.8 1 04 1 [ 0833333
P12 14 02 0.4 1 27 0.6 06 22 1 05 0.4 1 1
PI3 0.8 1.6 11 22 22 04 a4 18 22 - 1.2 1 1354545
ALK Jui-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int 1 13 15 1 12 15 15 16 16 70 22 16 16 19.75
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ALK Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Int2 31 27 20 23 33 30 29 29 21 22 34 37 28
Int3 16 20 n 27 17 15 15 15 20 7 18 21 235
Hk1 9 1 10 13 7 10 13 17 17 18 15 2 135
Hk2 16 13 13 14 12 11 14 16 17 20 17 53 18
Hi3 16 20 24 27 26 24 38 45 49 76 58 52 3791667
Pl 19 15 12 e 19 15 18 25 21 19 21 19 17.66667
P2 49 45 “ 40 39 35 44 57 51 90 56 17 4725
P13 54 53 40 :] 40 38 52 65 61 - 3 30 46.09091
PH Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jup-01 Mean
Int1 8.7 85 83 77 8.8 855 798 7.47 7.64 77 82 8.4 8.161667
Int2 85 83 79 7 82 794 755 7.68 752 7.89 8 8.4 7906667
Int3 8.6 83 8 1.77 84 7.87 743 7.18 737 7.11 83 9.1 7.9525
Hk1 8.6 8.1 ‘8 75 82 8 79 7.7 733 7.08 8.2 8.6 7934167
Hk2 79 83 8.1 755 83 8.1 7.79 7.89 737 7.05 8 89 7.9375
Hk3 73 77 79 78 83 8 7.42 7.07 6.88 6.73 84 78 7.608333
Pli1 8.6 8.1 8.1 79 89 8.5 8.12 7.13 7.08 7.06 8 82 7974167
P2 8.1 83 8 7.7 8.1 84 8.05 739 7.46 734 84 82 7953333
P13 82 83 8.1 79 82 8.05 7.69 7.78 7.84 - 82 85 8069091
Velocity Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01 Mean
Intl 0.41 14 108 067 034 0.63 051 0.65 045 3 036 025 0.8125
Int2 0.44 14 123 093 04 045 0.43 0.55 03 1.2 052 099 0.736667
Int3 045 12 096 0.64 05 039 05 0.42 0.61 3 047 0.47 0.800833
Hk1 0.27 0.42 052 0.66 0.89 0.63 0.71 044 039 036 037 0.76 0535
Hk2 0.6 0.49 056 059 0.69 041 0.53 031 031 0.81 02 0.59 0.5075
Hk3 0.22 025 03 03 03 0.58 0.6 026 035 0.21 0.19 047 0335833
Pi1 0.19 031 054 0.74 092 038 057 0.54 039 042 039 03t 0.475
P2 0.22 0.6 0.7 09 107 0.19 03 027 035 04 032 0.64 0496667
Pi3 0.13 023 04 05 0.61 0.17 0.15 0.11 034 - 059 0.6 0348182
Discharge | Jut-00 Avg Sept Oct Nov Dec Jas-01 Feb Mar April May Jue-01 Mean
Intl 0.123 0.672 0351 | 01541 | 00374 | 0567 0.051 0.052 0.0405 0081 | 0.11088 | 0048125 | 0.190667
Int2 02365 | 0805 | 098277 | 05115 | 0.096 0.18 |0142975| 0.165 | 033858 | 0.456 0299 | 0051975 | 0355442
Int3 0.95625 0.6 0864 | 05184 { 035075 | 012285 | 0.1375 | 0.1512 035 036 | 036801 | 0040585 | 0401629
Hk1 0.102 G.169 | 02405 | 0.1485 | 0.12815 | 0063 {0.115375( 0.099 0092 | 006786 | 0.124875 | 0268318 | 0.134882
Hk2 0.1122 | 0196 | 0252 | 0.874 | 012558 | 00738 | 00954 | 0062 | 005425 | 0058323 0072 | 028556 | 0.131209
Hk3 0.058 0063 | 009225 | 0.14418 | 007935 | 004524 | 00312 | 0.0078 | 00105 | 001155 | 0006175 | 0.085188 { 0.052869
Pll 0014 00275 10091854 | 0.112665 | 057868 | 0.029688 | 0.07125 | 0.084375 | 001521 | 0.05985 | 0051188 | 004123 | 0098124
PI2 0.0508 | 0.195 10027216 | 0.19431 | 0.09844 | 001045 | 0.0297 {0034425| 00252 | 0018 | 004872 | 009408 | 0068862
P13 0.00845 | 002415 | 00544 | 0065 | 008052 | 05294 | 0108 | 00033 | 001088 - 0077438 | 004845 | 0082981
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Phosphate Value (mg/l)
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Ammonia-nitrogen Value (mg/l)

Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01

Month

P . v g4 o 1 1 A 2 a
3141 19 3 ammonia Tunsiazgaiuded e lugrudou nsngiau 2543 A iguiou

2544

Sulfate Value (mg/)

Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mar April May Jun-01

Month

311 20 N3 sulfate TuuAazyafiudedialugrufou ningIAY 2543 - liquiou 2544

~—=Int1
—&— n2
Int3
== Hk1
—¥— Hk2
—@— Hk3
o= P11
o

i P13

== (it 1
—= |nt2
INt3
== Hk1
—¥— Hk2
—— Hk3
el 1Y

oo D12

T ]




Turbidity Value (FTU)

DO Value (mg/l)

48

Jul-00 Aug Sept Oct Nov Dec Jan-01 Feb Mer April May Jun01

311 22 A5 dissolved oxygen unAazyaduAIBd 19 lUTIuADU AIAGIAL 2543 e

NQuILU 2544

—=Int1

~- In2

g Py




49

BOD Value (mg/)
N &

-
o

31/ 23 N3 biochemical oxygen demand TundazganudIedn lugudou nsngiaw 2543
99 AguIou 2544

——int1

i In2

= H

Alkalinity Value (mg/)

JuH0 - Ag Sept Oct Nov Dec Jan01 Feb Mer April May Jun-01

3111 24 N3 alkalinity lundazyafudiedialusadou nsngiay 2543 B liguiou 2544



50

——Int1

- In2

¥~ Hk1

=¥ HK

pH Value

~8— Hi3
-+ P

— P12

111 25 nsl pH Tundazgaiudedn lugrudou nsngiau 2543 fa liguiou 2544

~=Int1

~& In2

== Hk1
=¥ Hi
~— Hk3

e D1

Water Velocity Value (m/sec)

— P2

P

3041 26 n3 M velocity Tundazyanudiesalusudou nsngiaw 2543 fia liguiou 2544



51

P11

Discharge Value (cm /sec)

311 27 N3 discharge TunAazgatudecalugrudou nsngiau 2543 s fiquiu 2544



52

400

350

300

250

Number 200

Scraper
Feb

Month May Jun-01

D.

Tugrupeu nsngiay 2543 s iguiou 2544

gy
"

Api
Month MY unot

I scraper

M Fitterer Collector
[ Gatherer Collector
[ shredder

M Predator

Shredder

Feeding Group

1 4 ]
3171 28 na s nuvesmanhnwlsuanmsiulugaudiediei 1 Sissuinans

| Scraper

M Fitterer Collector
[ Gatherer Collector
[ shreader

M Predator

Feeding Group

1 ° : a 3 o ' 1 ° ] 1
31 29 namnuvesaahmlszamasfulugafiudecei 2 Srrswinans lusas

1AoU NINYIAY 2543 Ba Tguiou 2544



53

H scraper
M Filterer Collector

[ Gatherer Collector

Feeding Group

April
Month May  juno1

1 k4 .
3111 30 urass e wwanhalsuanmsulugaudeted 3 Sissuwinans Tugas
Aou NINgIAY 2543 fa lguiou 2544

120

i ] Scraper
M Filterer Collector
Number 60 [ Gatherer Collector

[ shredder

40 M Predator

20

Feeding Group

= ° :. a g oA ° 9
310 31 asminnuveswanhaunlszanmsiuluganudiediei 1 Sssvouia

Tugaudeu nsngiaw 2543 Ha diquiou 2544




B scraper
150 M Fitterer Collector
O Gatherer Collector

: O shredder
100§

B Predator

Shredder

Feeding Group

Scraper

Juk00
A“Qsepg Oct Nov
Dec ;.0

Month

] v [
317 32 asmsouvesuianhnunlszanms v lugaiudediei 2 Smsvouda Tugas

(ADY NTNYIAN 2543 — Tiquiou 2544

[ ] Scraper
M Fitterer Collector
[ Gatherer Collector

[ shredder

W Predator

Shredder

Feeding Group

v (4 v
717 33 naminuvesuuanhnlszanms v lugaiudedien 3 Simsiouda Tugas

(Aou NINYIAY 2543 — Tiquiou 2544



55

250 -l

2004

[ scraper

150 M Fitterer Collector

Number

[ Gatherer Collector
[ shredder
100
B Predator
50
Feeding Group

Month May  yuno1

1] v ]
3N 34 namauveaanhmnlszanms iulugafudedian 1 Sis1smana Tugaa

1ABY NINGIAY 2543 — TiquIou 2544

7] Scraper

M Filterer Collector
[ Gatherer Collector
O shredder

M Predator

1] ok v 1
3141 35 naminauveaanhnunlszanms iulugaiiudediei 2 sissmana Tusa
(ABU NINGIAY 2543 — Tiguou 2544




56

450

400

350
H scraper

300
M Fiiterer Collector

£ [ Gatherer Collector

Number : ¢
200 . [ shredder
150 -4 M pPredator
Shredder
Jul-00 pug ot Feeding Group
Dec Jan Scraper
Feb Mar Apri
Month M2y un-01

’ i v
711 36 uapsianvemanhmnlszanmsiulugaudediei 3 S1smaa lugas
1AoU NINYIAY 2543 — HiguIou 2544




57

0.2090 0.2904 0.3758 0.4612 U.5466 0.6320
| | | | | |
Intl ( 19
Int3 ( 3) |
Int2 ( 2) |
P11 ( 7) [ |
Hkl ( 4) _ |
Hk2 ( S5)1 |
P12 ( 8)__ |
P13 ( 9) I I
Hk3 ( 6) |
| | | | | |
0.2050 0.2904 0.3758 0.4612 0.5466 0.6320
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3 nqulAun nqu 1 Int 1, Int 2, Int 3 a2 P11 A 2 Hk1, Hk2, P12 uag P13 nguil 3 Hk 3

1.
P11
Nymphomiidae .
Hygropsychidae i
£ 0 8“ Nephidae L3
Pl 3 Heptageniidae Chhogml e O
Ecnomidae 0 @)
Hk 2 O Cl;k !
0.0 ® Q .
= Kieorhilides O Toaeyoiies
(2]
:
-5
Int 1 Corduliidae
-1.0 O ©
Tanyderidae
-1
-1.5 -1.0 -5 0.0 D 1.0
AXIS III

v v
319 38 wamsrnuduRuTVewwaNiNAAIY fugauRaed1e (P< 0.05)
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1.
W-temp Turbidityo G Ammonia
Nymphomiidae Hydropsychidae
g O O Nephidae
Heptageniidae O O
Ecnomidae @) Chironomidae
Phosphate~, O O
O O¢—_ Alkalinity
& Rhyacophilidae") U
= Polycentropodidae
2} ' 0O
é . Conductivity Baetidae Velocity
Perlidae 8 (@)
-.5s
Nitrate
Corduliidae )y DO
-1.05 ®
Tanyderidae
-1. . :
-1.5 -1.0 -5 0.0 5 1.0
AXIS III

» ¥ 4
7UN39 uapsiamANuduRuTvesuuanifa1e fuganwi (P< 0.05)
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10% 18%

0%

i Scraper
M Filterer Collector
[ Gatherer Collector
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i 2 urmeddninmanmengushigafingi 3 dwmininmdhsed)

18% 15%

% [ Scraper

M Filterer Collector

[ Gatherer Collector

3\];;“| a o . - 1 = "lo ﬁ ﬁ,’ 4'

1%
2%

.Smpu'
I Filterer Collector
[ Gatherer Collector

&%
: B Predator




pismaiinsusmepeiehapimisimbaihood]

fadmnvhadhonil

A n g ) T T

.Su:pa

[ Stredder

B Procsor

B Flirer Colector

[ Gatherer Collector

.Smpa-

B Filterer Collector

[J Gatherer Collector

[ Stvedder

W Predaor
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3 & L) 4 .
11 46 naasdadusuuaanguag Tugadmni 1 Sssmaalusend

12% 14%

I Scraper

M Filterer Collector
[ Gatherer Collector
[ Shredder

M predator

i 47 uamedd s nnansangueehigarnini 2 swmnaehieril

P 2%
2%

] Scraper
B Filterer Collector
[ Gatherer Collector
[ shredder

7% : B Predator

21%
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1“m'“uvﬁ lliﬁd‘i i ql

Do

B Scrper

I Filierer Collector
[ Gatherer Collector
[ Stredder

H Procsor




P ' @ 1 3
N3N 37 namsdad Ui UV IRIBBUINAFE¥1129FA 1Y

o Prosopistomatidae

1 Siphlonuridae
B Ephemerellidae
[ Ephemeridae
M Oligonuridae
[ caenidae

[ Bactidae

B Leptophlebiidae
[ Heptageniidae

Intl Int2 Int3 Hk1 Hk2 Hk3 Pl1 P12 PI3

Sites

A5 38 uaasdaduiuauvesiIsuuNANMETLIAA9Y

[ Leuctidae
D Nemouridae

M peltoperlidae

[ Perlidae

Int1 Int2 Int3 Hk1 Hk2 Hk3 Pl Pi2 PI3

Sites
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3 v
N30 39 uaasdaduimuvesiiseuuamusulaeninadieg

Intl Int2 Int3 Hk1 Hk2 Hk3 Pl1 P2 P13

Sites

B Ecnomidae

| Brachycentridae
M Helicopsychidae
B Polycentropodidae
[ Molannidae

B Hydroptidae

B Goeridae

M Odontoceridae

[ Rhyacophilidae
M Glososomatidae
[ Leptoceridae

[ philopotamidae
M Lepidostomatidae

E Hydropsychidae

] i
N3 40 namsdadusnuveaasnguInuinedaieg

Int1

Int2 Int3 Hk1 Hk2 Hk3 Pl1 P12 P13

Sites

M picidac

[ Nephidae
[ veliidae
M Gerridae

B Notonectidae
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Il i d
N3 41 uamsdad s IuveaINGUAINIIAANRA : A = adult, L = larvae

Intl Int2 Int3 Hk1 Hk2 Hk3 Pl1 PI2 Pi3

Sites

N3 42 uarasdadauinnuvesiiseunuasnguuuaslenaziuuaedineding

Intl Int2 Int3 Hkl

Hk3 Pl1 P12 P13

[ Chrysomellidae-L
[ Chrysomellidae-A
M Helodidae-L

M Hydraenidae-A
M Dytiscidae-L

M Dytiscidae-A

M psephenidae-L
M Curculionidae-A
[ Hydroscapidae-A
M Hydrophilidae-A
M Hydrophilidae-L

] Notridae-L

M Gyrinidae-A

[ Gyrinidae-L

M piilodactylidae-L
[ Limnichidae-L
[ Drypidae-a

M Eimidae-L

H Eimidae-A

(] Cordulegastridae
M Protonuridae
Petanuridae

B Coenagrionidae
[ Libellulidae

W Macromiidae

[ cordutiidae

[ Gomphidae

M Aeshnidae

[ calopterygidae
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. kd
A3 43 uaaedadus nuvesiigeuuasngurueuu g uuasiu 2edENg

100%

80%
60% 1
40%
20%
0%
1 2 3 4 5 6 7 8 9
Sites

N3N 44 uaasdad i uvesRIseuLNaIRell iU (Corydalidae) oy #vounuouiide (Pyralidae)

100%
90%
80%
70%
60% ¢
50%
40%
30%
20%
10%

0%

Pl

Inti Int2 Int3 Hkl Hk2 Hk3 P2 PI3

Sites

B Nymphomiidae
B Enhydridae

O Sciomycidae

B Empididae

M Psychodidae

B Ceratopogonidae
[ Dixidae

| Stratiomyiidae

M culicidae

M Belphariceridae
[ Tanyderidae
B Athericidae

[ Tipulidae-P

[ Tipulidae-S

M Chironomidae

[ simuliidae

M Pyralidac
[ corydatidae
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1 d
duiuinnada wudh qungihiuasqumglionme fanuuandeiulugadudaod
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(P < 0.0nuA litinuuandrsiulundazifou mnnuyuiianuuanasluudazidou (p
< 005) audawesnszumifinruuandalugadiudied @ < 0.0s) uazfnanil
ﬂQmu,ﬁmhaﬁ’a'Iu‘QﬂLﬁnﬁ"mtimsaziuudazLﬁau (P < 0.01) Tﬂﬂmqmﬂqﬁﬁyumzﬁw
anuuiinnudusius lunwnfuuuasluled Hydropsychidae, Heptageniidae fi1A213
ﬁuuazmwm?qmzuﬁﬁw inasouuafe 511'iywﬁm1mjumﬂuumn'cju scraper 13U NF
Heptageniidae FeiuwanamsweziSinatenilesnnamiieidsuuasdioz s
Fuasedomnsdosas luvazfinguiidu collector 14un 298 Hydropsychidae, 23
Bactidae i filter foeder 1tz 29% Nymphomyiidae #u§1u gatherer collector 92 3i1/Su7as
sl FPoM hwiihnniu ﬁqﬁwﬂmm&fanizumqueﬁﬂﬂmsmm
91113 mnﬁwmsﬁé’mfﬂﬁﬁ'umju collector Aoz gamn11AdY
f]mmwﬁymwmﬁ dedmszimanmuuanais luudas paiftudiedauas duRuims
0@ WUA1 alkalinity, ammonia, conductivity, nitrate L% total dissolved solid ¥nuuan
ﬁ'nﬁv@luqmﬁuﬁ'mtimmzluuﬁaznﬁau (P < 0.01) 11 phosphate Uag DO UAANATL
Tugafiudiede (P < 0.01) ud liuandn luudaziiou daus1 BODS, pH wag sulfate 1aidl
ﬂ:’nmmﬂﬁhavfﬂusgﬂLﬁué'mthmaﬂutﬁauﬁsﬁn f1 DO finnudiuimeniuuung
29 Baetidae, Corduliidae 1A% Tanyderidae 49921 1U habitat Filnaduozuss ugas
ﬁaswaqﬂfjuﬁ'ena'nﬁmsﬂanﬁumﬁ'amsn.l?;ﬂuuﬂawmszﬁ'vaan@mulu% A1 TDS
WAz conductivity SAMUFURUSTuedniedfy (P<0.01) tiesnind TDS figeseiis
vondsmsidssivewdefiazaneinnn Falaodnilngjszuanda i leeeudn
suhudiedammaih i (conductivity) FJuindimgeaua TDS sensomis laud
ammonia, nitrate ¢ phosphate LiifinuduRusedalifvd iy (P>0.05) udiinauuan
mvetuihfod iy (P<0.05)lugaiiudietrauasifioudidnut Taoe phosphate azAeudns
geludrmsmme uardisshsufaiisefunnugs 360 was sl 3 Myl
329 1 - 1.9 mg/l dauA1 ammonia % 3 §151504 1452 0.1 - 02 mg! Wdnsmiaoudndi
$AUATNGY 360 wiAs DA ammonia Quniidistsdulasmwizlusdifivim
discharge 1A velocity #1 ABAAUARBYU Fu21AY NOUAIAY F151990 3 URTIINY A1
sulfate §137178¢ 115249 0-1 mg/
ﬁwqmmmf'xmmwmwuazmﬁ wn:ha;j‘lumtucv'\’uwﬁg1uﬂmmwxma'u{ﬁﬂﬂszmwﬁ 2
dauﬂmﬁuﬁﬁéuqi’lﬂ'm;j'luai:;wmﬁ’mmﬁssumﬁuaz;humtucv'fmmgmf]mmwﬁyﬁﬂ

sz 2
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6. MIARTIMIUUAGY  eanTadanqueafnuimudnyuzmsiuveswaeen idily 3

4 o o S
NN ﬁmmﬁaﬂﬂﬁ'ﬂannﬂszmmmmmiLmzﬂ’nuqamﬁaisﬂummm
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VIIMIYNIU

UAIBDU WILR, 2542, AN MINTE YR AATUE A MR Y
SorndissfosRuanuqeieiy uugneuLInAnsgn-ts S Tadoeln.
TneniinusInamansumiiadia, yinoduFesnd, Foslng.

Fadnuel mafeseq. 2541 ms lnqudatmbaulunsdaduguniminnndisstu
vinuurTineadedint. dgmaseinnmoasiuda AR50 aug
Invenaas uInoaudosing

1137 Boanily. 2531, swauuruAIsiamsgnEMUUImAnssgmn-1s Madoysng
e angaumaad umInedonuasmans.

ugua werelsEan. 2542, ASANYININIE 918989AIBBULLANNGY Ephemeroptera
Plecoptera Q¢ Trichoptera (EPT) ludisisduriininas Susenivanile. mstlsga
Smstse$7l Tasams BRT adaf 3, malng), aevan, nih 97.

wszswﬁtyﬁjadqLﬁ?mmz%’nmf}mmwéaumﬁ'ﬂmmwﬁ. 2535 UsemAnuLAIIUMS
Funadeuuvand atufl 8 (nA2537) God f‘imuﬂmmgmﬂmmw%Lmziaff“uﬁ's
u. nsudaaSugunmdanaden

Tosant MwWtuAs. 2542. mﬂa’s’mjmmaaﬁ’ﬂumiﬁﬂﬁuﬂmn1w1f1mnﬁ1ﬁm'iymqumu
uramansgmn-1jo. lgnmemnmaasduda, unInededesn, @ealn,

auSed aumay. 2541, AnummnuatounsSinovesamusuaemiiia
Limnocentropus spp.ilmﬁwmﬁfr‘fimmqmaﬁzﬁu‘lumﬁqmmuﬁamaﬂaﬂ

- Bunuwd. Inntinuiinnmansuniiuda, uminodededn, Gealu.

auon Aandey. 2543, AMUMAINMAEIAL AMINSENEYELAMUB e R T
mna‘ﬁmsﬁszﬁnmmqadnﬁu VUGNINUUMINARBEIMN-)s  Sandndoain,
Innfiwuiimnmaasuniudia, uminododosIn, Foalnd,

Sase 5161, 2541, 25 Iveauaanuswlaenmiiia Ugandatrichia maliwan {0
atumm{ﬁiﬁ1mﬁfmﬁﬂmdﬁwaqwmuLm'ﬁnﬁﬂeuﬁu‘nuuﬁ. Ineniinug
Inneaasurinds, unneandes v, Foalnl.

QuIMULUYIARBIEMN-1fo: Msdamsuazmseydnd.sienumstlseguidalfianms
(2537) unTinodudoalni. wih 1

guf Uszaeulmefa fined. 2531 dneine. Tnelaumaiisd. ngamwumuns.
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nmsdszneumstsemduiuinsvieafisrgnenurnanessunuuy. 2543, Tase
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s

ANV IMUNUNAIUT (MacCafferty, 1989)

INSECTS

THORAX POSSESSES THREE PAIRS 4/1\" THORAX LACKS THREE PAIRS OF SEGMENTED Cont. .80

OF SEGMENTED LEGS (LEGS ARE LEGS (PROLEGS OR PROTUBERANCES MAY
SOMETIMES MINUTE OR FUSED " SOMETIMES BE PRESENT ON THE THORAX)
TO THE BODY)

EXTERNAL WINGS OR WING PADS  cont. p. 84
ARE COMPLETELY ABSENT

Ly
T

A\\\S

WINGS OR WING PADS ARE PRESENT (FORE Fipots g i Ao il conl. .60
WINGS MAY BE FULLY DEVELOPED, RUDIMENTARY,

OR VESTIGIAL; FULLY MEMBRANOUS, WITH OR
WITHOUT SCALES OR HAIRS, PARTLY MEMBRANOUS,
LEATHERY, OR HARDENED AND PLATELIKE;

HELD FREE FROM THE BODY OR VARIOUSLY
APPRESSED TO IT)

THORACIC LEGS ARE
FUSED TO THE BODY

%
P E%Q =JD>
)
ONLY ONE PAIR OF DEVELOPING A

WINGS IS PRESENT TWO PAIRS OF DEVELOPING
WINGS ARE PRESENT

S
=]

Lepidoptera .

2ol

s
=€
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HEAD IS INDISTINCT, ENTIRELY
cont, from P.79. —" OR PARTLY LACKING

\ HEAD IS DISTINCT AND I TTTTTR
WELL DEVELOPED

PROLEGS ARE OFTEN PRESENT ON Diptera
EITHER THORAX OR END OF ABDOMEN OR
BOTH; IF PROLEGS ARE ABSENT, THEN
CONSPICUOUS HAIRS AND/OR DISTINCT
PROCESSES ARE PRESENT AT END OF
ABDOMEN, AND BODY IS EITHER VERY
SLENDER, HEAVILY SCLEROTIZED, OR
DIVIDED INTO SEVERAL DISTINCTIVE REGIONS
ey I
‘\Z“‘ I PROLEGS ARE NOT PRESENT; BODY IS
“ EITHER THICK, FLESHY, AND C-SHAPED
“ OR POSSESSES DORSAL SCLEROTIZED
PLATES ON THORACIC SEGMENTS AND
ABDOMINAL SEGMENT 8
Diptera
cont, from p. :
%
\ Colcoptera
ABDOMEN ENDS IN
THREE TAILS
ABDOMEN ENDS IN ONE,
; TWO. OR NO TAILS
17

MOUTH IS NOT IN THE FORM
OF AN ELONGATE BEAK OR
CONELIKE STRUCTURE_

cont. p. 81

MOUTH IS IN THE FORM
OF AN ELONGATE BEAK OR
CONELIKE STRUCTURE

Ephemeroptera
‘/1\‘ Y ST 1
AQUATIC FORMS THAT HAVE GENERALLY TERRESTRIAL FORMS
WING PADS AND GILLS THAT HAVE FULLY DEVELOPED WINGS m\:",.a

Hemiptera
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cont. from p.:80

LABIUM (LOWER LIP) IS MODIFIED INTO LABIUM (LOWER LIP) 1S NOT MODIFIED
A LARGE MASKLIKE STRUCTURE THAT INTO A LARGE MASKLIKE STRUCTURE
WHEN AT REST COVERS THE OTHER (AQUATIC AND TERRESTRIAL STAGES)
MOUTHPARTS FROM BELOY (AQUATIC) :

HIND LEGS ARE ENLARGED AND
MODIFIED FOR JUMPING (FORE LEGS
ARE MODIFIED FOR DIGGING IN SOME)

Zaas n::ssa-_-m_‘?g

’1’/\‘(

% O
T T 10

>

Odonata

HIND LEGS ARE NOT
ENLARGED FOR JUMPING

WINGS ARE FULLY DEVELOPED, AND FORE

WINGS ARE ENTIRELY MEMBRANOUS, Orthoptera
ALTHOUGH THEY MAY BE VARIOUSLY CLOTHED

WITH HAIRS OR SCALES (MOST FLYING,

GENERALLY TERRESTRIAL ADULTS)

FORE WINGS ARE EITHER REDUCED,

SHEATHED IN CASES, PRESENT ONLY COPGeps 82
AS PADS OR BUDS, OR MODIFIED INTO
PROTECTIVE PLATELIKE COVERINGS

SR

cons. p89 4
TWO PAIRS OF WINGS ARE PRESENT
(HIND WINGS ARE SOMETIMES MUCH
3 THIRD THORACIC SEGMENT POSSESSES
ONLY ONE PAIR OF SMALLER TH e o) A PAIR OF SMALL PEGLIKE OR
WINGS IS PRESENT

— KNOBLIKE STRUCTURES

THIRD THORACIC SEGMENT LACKS
A PAIR OF PEGLIKE OR KNOBLIKE
STRUCTURES (ABDOMEN ENDS

IN LONG TAILS)

Diptera

Ephemeroptera
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FORE WINGS ARE NOT MODIFIED
INTO PLATELIKE COVERINGS

FORE WINGS ARE MODIFIED INTO
PLATELIKE COVERINGS (SOMETIMES
SHORTENED BUT USUALLY COVERING
MOST OF ABDOMEN)

ABDOMEN DOES NOT END IN A
PAIR OF SEGMENTED TAILS

(BUT SOMETIMES IN A PAIR OF
UNSEGMENTED ANAL PROCESSES)

ABDOMINAL GILLS ARE ABSENT
IF PRESENT, ARE FILAMENTOUS
AND RESTRICTED TO FIRST FEW
ABDOMINAL SEGMENTS

Coleoptera

‘ Cont. from p.381

Plecoptera
WING PADS OR SHORTENED WINGS
ARE PRESENT ONLY ON THE SECOND
THORACIC SEGMENT (ALTHOUGH PEGLIKE
OR KNOBLIKE STRUCTURES MAY BE
PRESENT ON THE THIRD

GENERALLY TERREST
THORACIC SEGMENT)

WING PADS OR SHORTENED WINGS
ARE PRESENT ON THE SECOND
AND THIRD THORACIC SEGMENTS

Diptera

ANTENNAF. AND LEGS ARE
DISTINCTLY FREE FROM BODY

ANTENNAE AND LEGS ARE HELD
CLOSE TO THE THORAX

/\ AQUATIC FORMS

LEGS ARE FREE FROM THE BODY AND
FUNCTIONAL (GENERALLY TERRESTRIAL)

ABDOMEN ENDS IN A PAIR
OF SEGMENTED TAILS

OR,

MOST ABDOMINAL SEGMENTS
POSSESS LATERAL GILLS

RIAL FORMS

Ephemeroptera

ANTENNAE ARE USUALLY LESS THAN
HALF THE LENGTH OF THE BODY
(NUMBER OF ANTENNAL SEGMENTS
1S VARIABLE) (GENERALLY
TERRESTRIAL, RARELY AQUATIC; p. 89

cont.

ANTENNAE ARE ONE-HALF OR MORE
THE LENGTH OF THE BODY (USUALLY
NEARLY AS LONG OR SOMETIMES
LONGER) AND HAVE MORE THAN 12
ANTENNAL SEGMENTS (AQUATIC

OR TERRESTRIAL)

Trichoptera

LEGS ARE TUCKED UP NEXT TO
BODY (GENERALLY AQUATIC)



cont. from p.81
WINGS AND BODY ARE CLOTH! \WINGS AND BODY ARE NOT CLOTHED IN
FLATTENED SCALES lmRMIXEEg = FLATTENED SCALES, ALTHOUGH SOME
WITH HAIRS (MOUTHPARTS USUALLY ARE HAIRY AND HAVE INTERMIXED SCALES
INCLUDE A LONG COILED TUBE) (MOUTHPARTS LACK A COILED TUBE)
=
WINGS ARE COVERED
WITH HAIRS
WINGS ARE NOT
COVERED WITH HAIRS
Lepidoptera Trichoptera
HIND WINGS ARE ABOUT
HIND WINGS ARE DISTINCTLY
SMALLER THAN FORE WINGS THE SAME SIZE OR LARGER

THAN FORE WINGS

ABDOMEN ENDS IN TWO
LONG, SEGMENTED TAILS ABDOMEN DOES NOT END IN TWO
LONG, SEGMENTED TAILS

ANTENNAE ARE SHORT, SLENDER,
AND INCONSPICUOUS (EYES ARE
GREATLY DEVELOPED)

ANTENNAE ARE
WELL DEVELOPED

Ephemeroptera

ABDOMEN DOES NOT END IN TWO Odonata

TAILS (TARSI ARE FIVE-SEGMENTED)

HIND WINGS ARE PLEATED /‘\‘ HIND WINGS ARE NOT PLEATED
LENGTHWISE WHEN AT REST, AND LENGTHWISE WHEN AT REST AND
THEY ARE BROADER AT THEIR ARE SIMILAR IN SHAPE AND SIZE
BASE THAN ARE THE FORE WINGS TO FORE WINGS

ABDOMEN ENDS IN TWO TAILS
(TAILS ARE SOMETIMES VERY
SHORT) (TARSI ARE TWO- OR
THREE-SEGMENTED)

Plecoptera

Megaloptera
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cont. from p. 79

MOUTH IS NOT IN THE FORM OF A BEAK, -

IF MOUTHPARTS LONG AND SLENDER, /\ SEAx P TORMOE L,
THEN THEY PROJECT FORWARD; EYES < AT B o T
ARE ABSENT OR CONSIST OF SINGLE OR g

GROUPS OF SINGLE SPOTS OR FACETS

ABDOMEN USUALLY POSSESSES A /\, ASTOMEN LACES A
FORKED JUMPING ORGAN THAT JUMPING ORGAN
ORIGINATES ON ITS UNDERSIDE
(MINUTE SURFACE-DWELLING

ARTHROPODS)
MOUTH NOT MADE UP
OF LONG SLENDER RODS MOUTH INCLUDES LONG SLENDER
(AQUATIC OR TERRESTRIAL) RODS THAT PROJECT FORWARD;
WHEN HELD TOGETHER, THEY
Collembola FORM A SUCKING TUBE (SUBMERGENT)

ABDOMEN POSSESSES PAIRS OF SHORT, ABDOMEN LACKS PAIRS OF FLESHY
FLESHY, LEGLIKE STRUCTURES ON LEGS ON THE UNDERSIDE THAT
THE UNDERSIDE; THESE STRUCTURES END IN SERIES OF TINY HOOKS
END IN A SERIES OF TINY HOOKS

63'18555559554. Neuroptera

ABDOMEN ENDS VARIOUSLY BUT ABDOMEN ENDS IN A PAIR OF
: NEVER IN A PAIR OF PROLEGS EACH SHORT TO LONG PROLEGS
Lepidoptera HAVING A SINGLE HOOK IF (SOMETIMES FUSED TOGETHER)
TERMINAL HOOKS ARE PRESENT, THEN THAT END IN A SINGLE HOOK

THERE IS A TOTAL OF FOUR HOOKS)

ABDOMEN POSSESSES WELL-
DEVELOPED LATERAL FILAMENTS

Trichoptera

. ABDOMEN LACKS WELL-DEVELOPED

LATERAL FILAMENTS
ABDOMEN ENDS VARIOUSLY BUT NEVER WITH ABDOMEN ENDS EITHER IN A
A SINGLE, UNFORKED, ELONGATE FILAMENT SINGLE, UNFORKED, ELONGATE
AND NEVER WITH A PAIR OF PROLEGS EACH FILAMENT OR IN A PAIR OF .
HAVING A PAIR OF HOOKS ‘IF FOUR TERMINAL PROLEGS, EACH POSSESSING
HOOKS ARE PRESENT, THEN TWO PAIRS OF A PAIR OF HOOKS

TERMINAL FILAMENTS ARE ALSO PRESENT) .

-@@:%\éé%% @%@@» QI

oo

Coleoptera

Coleoptera Megaloptera
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cont. from p. 82

FORE WINGS ARE THICKENED,

FORE WINGS ARE NOT THICKENED,
AND ANTENNAE USUALLY HAVE AND ANTENNAE USUALLY HAVE
11 OR FEWER SEGMENTS 12 OR MORE SEGMENTS

MIDDLE AND HIND LEGS LACK MIDDLE AND HIND LEGS POSSESS
SWIMMING HAIRS (MANDIBLES A FRINGE OF SWIMMING HAIRS
ARE WELL DEVELOPED) (MANDIBLES ARE POORLY
Coleoptera (GENERALLY TERRESTRIAL) DEVELOPED) (AQUATIC)

L

Lepidoptera

BODY MEASURES BODY MEASURES LESS
OVER 12 MM THAN 10 MM

N

Neuroptera

Megaloptera
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MATURE EPHEMEROPTERA LARVAE

THORAX ROBUST WITH NOTUM FUSED
BETWEEN FORE WING PADS FOR AT
LEAST HALF LENGTH OF PADS; GILLS
ON ABDOMINAL SEGMENT 2 EITHER
ABSENT, CONCEALED, OR OPERCULATE

FORE WING PADS FREE, SEPARATE
FOR HALF THEIR LENGTH OR
MORE; GILLS ON ABDOMINAL
SEGMENT 2 PRESENT, VARIABLE, BUT
NEVER OPERCULATE

é[ﬁllllm

THORACIC NOTUM ABDOMINAL GILLS 2-7
CARAPACELIKE AND THORACIC NOTUM %B%%gcﬁclm
COVERING MUCH NOT COVERING
OF ABDOMEN MOST OF ABDOMEN
GILLS ON ABDOMINAL ABDOMINAL GILLS 2-7 NEVER
SEGMENT 2 ABSENT DOUBLE, ELONGATE, AND
FRINGED IN COMBINATION —
GILLS ON ABDOMINAL Cont.p. 87
SEGMENT 2 PRESENT
AND OPERCULATE
GILLS ON ABDOMINAL ~
SEGMENT 2 ROUNDED
OR TRIANGULAR
{ .
/) HEAD WITHOUT TUSKS
Ephemerellidac .
GILLS ON ABDOMINAL HEAD WITH ANTERIORLY
SEGMENT 2 QUADRATE PROJECTING TUSKS )
Behningiidae
Tricorythidae
GILLS ON ABDOMINAL GILLS ON ABDOMINAL
SEGMENT 2 FUSED SEGMENT 2 NOT FUSED' TUSK WITH NO SPINES TUSKS WITH
ALONG MIDLINE BUT OVERLAPPING IN DISTAL HALF DISTAL SPINES
Cont.p. 82

Ephemeridac

Neocphemeridae
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— GILLS ON ABDOMINAL SEGMENTS 2-5 FORKED OR
DOUBLE AND ELONGATE OR WITH FINGERLIKE
PROJECTIONS OR IN CLUSTERS OF FILAMENTS,
AND NEVER VENTRAL

Leptophlebiidac

Cont. from p- 86

FORE LEG CLAWS DIFFERENT FROM
MIDDLE AND HIND LEG CLAWS

TUSKS WITH OUTER KEEL
AND OUTCURVED TIPS

FORE LEG
CLAWS CLEFT

y 3 O

Metretopodidae

Palingeniidac

TUSKS WITH SCATTERED OR
— INNER SPINES AND DOWNWARD-
INWARD CURVED TIPS

LEGS AND GILLS OUT-
SPREAD LATERALLY

LEGS ROBUST;
GILLS DORSAL

FORE LEGS WITHOUT 2
ROWS OF LONG HAIRS

FORE LEG CLAWS
SIMPLE, WITH BRISTLES

Ametropodidae

GILLS ON ABDOMINAL SEGMENTS 2—5
USUALLY PLATELIKE AND OFTEN
WITH BASAL GILL TUFTS OR FLAPS,
ONLY RARELY POINTED

FORE LEGS WITH 2
ROWS OF LONG HAIRS

Oligoneuriidae

DISTINCTLY FLATTENED BODIES
WITH HORIZONTAL HEADS AND
OUTSPREAD LEGS

/!

»H
B

BODY ELONGATE, STREAM-
LINED; HEAD VERTICAL

Heptageniidae

CLAWS ON ALL
LEGS SIMILAR

WITH 2 OR 3 WELL-DEVELOPED
TAILS; IF 3 TAILS PRESENT, THEN
W7 ANTENNAE 2x TO 3x HEAD WIDTH

WITH 3 WELL-DEVELOPED
TAILS; ANTENNAE SHORTER

THAN 2x HEAD WIDTH

Polymitarcyidae -

Potamanthidae

s

Siphloauridae

Baetidae
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Order Odonata
MATURE ODONATA LARVAE
ABDOMEN ENDING IN (___,___———1\, ABDOMEN WITHOUT
CAUDAL LAMELLAE CAUDAL LAMELLAE
Iy
LABIUM FLAT
SEGMENT 1 OF ALL SEGMENTS OF
ANTENNAE VERY LONG ANTENNAE ABOUT EQUAL
- —""' LABIUM SPOON-SHAPED g
S
Q
Calopterygidac
ANTENNAE 4-SEGMENTED,
b SEGMENT 3 VERY LARGE
AND NARROW A
LABIUM WITHOUT A NTENNAE WITH 6 OR 7
LONG, NARROW BASE SAHORT SEGMENTS —
g "
7 = Gomphidac
‘\Q\ Lestidac
TERMINAL ANTENNAL
SEGMENTS SLENDER
CAUDAL LAMELLAE WITH ANTENNAL SEGMENTS
VERY THICK BASAL AND ——===—xx{ = THICK AND WITH HAIRS
THIN DISTAL PORTIONS
CAUDAL LAMELLAE LEAFLIKE, eai: e Sesiaer
NEVER STRONGLY DIVIDED P=== = W
Cocnagrionidac - Petaluridae
Protoneuridac
LATERAL LOBES OF LABIUM
HEAD WITH ERECT FRONTAL WITH LARGE, IRREGULAR,
HORN; VERY LONG LEGS LATERAL LOBES OF LABIUM JAGGED TEETH
WITHOUT LARGE AND JAGGED TEETH '
LATERAL SPINES OF %
ABDOMINAL SEGMENT 8
ABSENT OR SHORTER
THAN MIDLENGTH OF
HEAD WITHOUT AN ERECT SEGMENT 9
Macromiidae FRONTAL HORN, RARELY WITH "
A FLAT TRIANGULAR PROCESS Cordulegastridac

LATERAL LOBES OF LABIUM WITH
VERY SLIGHT INDENTATIONS

7

Libellulidae

LATERAL LOBES OF LAB[UM
WITH MODERATE INDENTATIONS

v

LATERAL SPINES OF
ABDOMINAL SEGMENT §
AS LONG OR LONGER
THAN MIDLENGTH OF
SEGMENT 9

i

Libellulidae

)
W

~
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Order Plecoptera

MATURE PLECOPTERA LARVAE

ROACHLIKE; THORAX WITH LARGE
NOT ROACHLIKE, THORAX SHIELDLIKE PLATES COVERING

NOT GREATLY ENLARGED BASES OF HEAD, LEGS AND

ABDOMEN, AND WITH OVERLAPPING
?_/J\‘ PLATES VENTRALLY

NO BRANCHING GILLS BRANCHING GILLS

BEHIND BASES OF LEGS BEHIND BASES OF LEGS

Peltoperlidac

BODY OF LABIUM BODY OF LABIUM D[Vlm‘ SOME BRANCH[NG\ BRANCHING GILLS

COMPACT WITH 3 FROM THE OUTER MARGIN GILLS ORIGINATING NEVER ORIGINATING
NOTCHES ALONG OUTER INTO ONLY 2 PARTS, FROM BASAL FROM BASAL
MARGIN, PALPS THICK PALPS SLENDER ABDOMINAL SEGMENTS ABDOMINAL SEGMENTS

§ i Pteronarcyidae

I

T~ WING PADS DIVERGENT; \ WING PADS PARALLEL; TAILS
TAILS LONG USUALLY SHORTER THAN ABDOMEN

Cmw—"  (Sgmr=—

Perlodidac Chloroperlidae

THORAX ROBUST WITH
DIVERGENT WING PADS

THORAX CYLINDRICAL-SLENDER
WITH PARALLEL WING PADS

Sae3

LATERAL LONGITUDINAL
FOLD OF ABDOMEN NOT
LATERAL LONGITUDINAL EXTENDING BEYOND
TARSAL SEGMENTS 1 AND 2 TARSAL SEGMENT 2 FOLD OF ABDOMEN EXTENDING SEGMENT 7

ABOUT THE SAME LENGTH  MUCH SHORTER THAN 1 THROUGH SEGMENT 8

"EEEE T
ST DY) \BEOS0u0D>7Z 2800000z

Taeniopterygidae Nemouridae Capniidac Leuctridae
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Order Hemiptera

UNDERWATER AND SURFACE HEMIPTERA

BEAK SHORT, /k

TRIANGULAR,
AND NOT SEGMENTED

HIND LEGS VARIABLY
SHAPED, WITH
PAIR OF CLAWS

ABDOMEN WITHOUT
CYLINDRICAL

Corixidae BREATHING TUBE

ABDOMEN WITH
TERMINAL ELONGATE
BREATHING TUBE

; Nepidae

BODY SOMEWHAT FLATTENED,
USUALLY GREATER THAN 3 MM

HIND FEMORA NOT
REACHING OR REACHING
ONLY SLIGHTLY BEYOND
TIP OF ABDOMEN

Veliidae

BODY HIGHLY CONVEX,
LESS THAN 3 MM

&

HIND LEGS OARLIKE,
ELONGATE-FLATTENED,
WITHOUT CLAWS

Notonectidae

BODY NOT STICKLIKE;
WITH A SHORT HEAD

ANTENNAE CONSPICUOUS,
LONGER THAN HEAD

CLAWS OF FORE

LEGS PREAPICAL CLAWS OF ALL

LEGS APICAL

T e

HIND FEMORA REACHING
WELL BEYOND
TIP OF ABDOMEN

m——
mE

Gerridae

e g

STICKLIKE BODY;
'WITH ELONGATE HEAD

Pleidac
WINGS FULLY DEVELOPED WINGS NOT FULLY LEGS WITHOUT
DEVELOPED SCATTERED
BLACK SPINES
Herbridae ;
. Hydrometridac
MEMBRANE OF MEMBRANE OF FORE
FORE WING VEINED WING NOT VEINED
LEGS WITH SCATTERED
BLACK SPINES (AT LEAST
1 OR 2 ON FEMORA)
WITH PAIR OF DORSAL
ABDOMINAL SCENT GLANDS
Belostomatidae Naucoridae
Mesoveliidae
WITHOUT PAIR OF DORSAL
ABDOMINAL SCENT GLANDS
Belostomatidac Naucoridae
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AQUATIC COLEOPTERA ADULTS

WITHOUT LARGE HIND
COXAL PLATES
WITH LARGE COXAL PLATES

COVERING BASES OF HIND
LEGS AND ABDOMEN

WITH ONE PAIR OF WITH DORSAL AND
UNDIVIDED EYES VENTRAL PAIRS OF EYES

HEAD WITHOUT SNOUT

BODY STREAMLINED; DORSAL Gyrinidae
AND LATERAL LINE OF

PRONOTUM AND ELYTRA

USUALLY FORMING SIMILAR

CONTINUOUS CURVE; HIND

HEAD PROLONGED INTO LEGS WITH SWIMMING HAIRS

DISTINCT SNOUT BODY NOT ESPECIALLY

STREAMLINED; HIND Cort.p-92
LEGS WITHOUT SWIMMING
HAIRS (NONSWIMMING)

ANTENNAE NOT

CLUBBED
& v&\\n.- N

Curculionidac

ANTENNAE CLUBBED

SCUTELLUM CONCEALED SCUTELLUM EXPOSED
ED e A :
Hydrophilidac Dydsddac

SIZE VARIABLE, WITH SWIMMING
HAIRS ON HIND LEGS

LESS THAN 2 MM; WITHOUT
WELL-DEVELOPED SWIMMING

HAIRS ON HIND LEGS
FORE TIBIA WITH CURVED Noterida
PROJECTION OR SPUR AT REICAE
APEX; 2-6 MM

FORE TIBIA WITHOUT CURVED
PROJECTION OR SPUR AT TIP;
SIZE VARIABLE

Noteridae Dytiscidae
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ANTENNAL CLUB 3-SEGMENTED;

USUALLY OVER 2.5 MM
ANTENNAE CLUBBED WITH RN ——
CUPLIKE SEGMENT AT
BASE OF CLUB Hydrophilidac

ANTENNAL CLUB S-SEGMENTED;
NOT OVER 2.5 MM

ANTENNAE VARIABLE BUT NEVER
WITH A CUPLIKE SEGMENT AT THE
BASE OF A CLUB; IF CLUBBED,

THEN WITH LONG TARSI AND CLAWS

Hydracnidac
ALL TARSI 3-SEGMENTED:
Cont . from p. 91 NOT OVER 2 MM
ALL TARS! WITH MORE THAN Hydeascaphsdac

3 SEGMENTS; SIZE VARIABLE

ALL TARSI APPARENTLY
4.SEGMENTED, ACTUALLY §

ALL TARSI DISTINCTLY @Z@C
5-SEGMENTED

Chrysomelidae

{

LONG LEGS WITH LONG CLAWS,
AND TARSAL SEGMENT § USUALLY LEGS, CLAWS, AND TARSAL
ABOUT AS LONG AS BASAL 4 SEGM'ENT § NOT ESPECIALLY
SEGMENTS COMBINED; 1-9 MM ELONGATE; LESS THAN 2 OR

MORE THAN 10 MM

ANTENNAE WITH PECTINATE CLUB ANTENNAE VARIABLE, NOT
WITH PECTINATE CLUB

‘ q
m\\\\“'ﬁ‘-‘.. M L
11-16 MM LESS THAN 2 MM
\ Amphizoidae Noteridae
SONA S

Dryopidae Elmidae
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AQUATIC COLEOPTERA LARVAE

BODY MORE-OR-LESS ELONGATE,
NOT DISCLIKE, NOT WITH
CONCEALED HEAD AND LEGS

WHEN PRESENT
BODY DISCLIKE WITH DORSAL
PLATES COVERING HEAD AND LEGS

THORACIC LEGS PRESENT NO LEGS
Curculionidae

Psephenidae
LEGS 6-SEGMENTED LEGS s-SEGMENTED Corl.p.94
{INCLUDING CLAW AS SEGMENT) (INCLUDING CLAW)
ABDOMEN 8-SEGMENTED * ABDOMEN 9- TO 10-SEGMENTED
LEG CLAWS DOUBLE LEG CLAWS SINGLE
BODY WITH BODY WITHOUT
LATERALLY LATERALLY
EXPANDED PLATES EXPANDED PLATES
M f
T (LE . 3
1 L\ Gyrinidae Haliplidae
Amphizoidae
30DY ELONGATE,
/ >ARALLEL SIDED WITH
! SHORT THICK LEGS
v

BODY USUALLY TAPERED AT ENDS, 4

WITH SLENDER LEGS; OFTEN WITH 2 [D:ID:D

VARIOUS ABDOMINAL FILAMENTS NG

AND SICKLE-SHAPED MANDIBLES )

Dydscidae

Noteridae



WITH VERY LONG
MULTISEGMENTED ANTENNAE

ABDOMEN 8-SEGMENTED;
USUALLY SOFT BODIED

Helodidae

ANTENNAE SHORTER THAN HEAD

AND PRONOTUM COMBINED
ABDOMEN 9-SEGMENTED;
USUALLY HARD BODIED
— HEAD WITH WELL-DEVELOPED, - A NDIBLES INCONSPICUOUS
TOOTHED MANDIBLES PROTRUDI
Cont from §.23 FORWARD; NO SHARP SPURS FROM ABCVE, PAIK. OF
END OF ABDOMEN
KT B OF ABDOMEN
‘Hydrophilidac
Chrysomelidac
SEGMENT 9 WITHOUT

ABDOMINAL SEGMENT 9 WITH
GILLS (SOMETIMES RETRACTED
INTO CAUDAL CHAMBER)

VENTRAL GILLS

Pilodactylidae

ABDOMINAL SEGMENT 9
WITH VENTRAL OPERCULUM ABDOMINAL SEGMENT 9
WITHOUT VENTRAL OPERCULUM

Ptilodactylidae

ABDOMEN WITH SUTURE LINES
ON SEGMENTS 1-6 TO 1-8 OR

SUTURE LINES INDISTINCT ABDO WITH S RE

C g i E « Limnichidae

Elmidae
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AQUATIC DIPTERA IMMATURES
BODY WITHOUT 3 PAIRS OF
BODY WITH DEVELOPING WINGS; THORACIC LEGS AND WITHOUT
3 PAIRS OF THORACIC LEGS DEVELOPING WINGS (ALL AQUATIC
FLY LARVAE AND PUPARIA)

APPARENT (MAY BE FUSED TO BODY)

BODY DORSOVENTRALLY

DEVELOPING ANTENNAE DEVELOPING ANTENNAE NOT

ELONGATE AND LYING LYING OVER EYES, NOT FLATTENED WITH 6 DEEP

OVER EYES REACHING BEYOND WING BASES LATERAL CONSTRICTIONS;
6 REGIONS WITH VENTRAL

ATTACHMENT DISCS

{ =
BODY NOT DIVIDED INTO 6

Nematocera Pupac
P Brachycera Pupac OR 7 DEEPLY CONSTRICTED
REGIONS AND WITHOUT Blephariceridae
VENTRAL ATTACHMENT DISCS

HEAD FULLY FORMED, HEADLIKE,
AND DISTINCT FROM THORAX

PROTHORAX N |
HEAD INCONSPICUOUS, INCOMPLETELY

WITH PROLEG(S) ©
FORMED, OFTEN REPRESENTED BY A
MERE TIP OF ANTERIORLY TAPERED

T ‘g
@;—: @ BODY, AND/OR RETRACTED INTO THORAX
PROTHORAX
WITHOUT PROLEGS BODY MORE-OR-
LESS CYLINDRICAL,—
NOT LEATHERY

DISTAL THIRD OF DISTAL THIRD OF
ABDOMEN SWOLLEN ABDOMEN NOT SWOLLEN

f;.ﬂ”

BODY SOMEWHAT DORSOVENTRALLY
FLATTENED AND LEATHERY

cERiERREEES

Cort. p-96

Simuliidae
FLESHY PROCESSES OR
BRISTLES DORSALLY S
ALONG BODY Secaciomyidas
THORACIC SEGMENTS DISTINCT, __
NOT BROADER THAN ABDOMEN
BODY WITHOUT FLESHY THORACIC SEGMENTS FUSED,
PROCESSES, SOME Ceratopogonidae USUALLY SWOLLEN BUT NOT ALWAYS
HAIRS AT MOST Q@:[I
PROLEGS pé(u:\ PROLEGS COMPLETELY /\
ONLY SLIGHTLY AT TIP) UNDIVIDED ANTENNAE WITH ANTENNAE WITH
. SHORT HAIRS ONLY TERMINAL BRISTLES
Chironomidae Thaumaleidae

Chaoboridac

Culicidae
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BODY WITH TAIL-LIKE PROCESSES, ELONGATE
TERMINAL SEGMENT, TERMINAL PROLEGS,
BLUNT OR BULBOUS ENDS, OR ANY
COMBINATION OF THE ABOVE CHARACTERS,

BODY NOT ENDING POSTERIORLY
BODY SPINDLE-SHAPED, TAPERING IN A SINGLE BREATHING TUBE,

(a)

AT BOTH ENDS; WITHOUT TAIL-LIKE NEVER TAIL-LIKE AT END
PROCESSES OR TERMINAL PROLEGS

SeaBERRBED BODY ENDING POSTERIORLY
IN A SINGLE BREATHING TUBE

BREATHING TUBE TAIL-LIKE,

BODY WITHOUT 2 MINUTE ALTHOUGH SOMETIMES SHORT
SHARP SPINES POSTERIORLY

BODY WITH 2 MINUTE
SPINES POSTERIORLY BODY STRONGLY

BREATHING TUBE SHORT, BLUNTED ANTERIORLY;
NOT MUCH NARROWER THAN TAIL NEVER DIVIDED
PRECEDING SEGMENT, WITH

Ephydridae MINUTE TERMINAL LOBES

Scomyzidace

BODY HAIRY, WITH RINGS 7/
OF TUBERCLES; POSTERIOR .
END NARROW WITH SMALL Syrphidac
TUBERCLES, BUT NOT POINTED

BODY WITH SERIES OF FLESHY

RINGS ENCIRCLING BODY;

POSTERIOR END POINTED BODY NOT STRONGLY BLUNTED
AT ANTERIOR END; TAIL

— Selnangeiise QEEEEET P SOMETIMES WITH 2 EXTENSIBLE

. BREATHING TUBES WITHIN IT
Tabanidac

-(.oh't..ffom p-95 e 5
Ephydridac

BASAL ABDOMINAL SEGMENTS
WITHOUT PROLEGS

|

/ - BODY SEGMENTS WITH 2
OR 3 SECONDARY DIVISIONS

BODY SEGMENTS
NOT SUBDIVIDED ORI e

Psychodidae

TERMINAL TERMINAL

PROLEGS PRESENT PROLEGS ABSENT BODY VERY SLENDER

Ceratopogonidae
BODY TERMINATING IN TERMINAL PROCESSES BODY BROAD,
SEVERAL LONG PROCESSES SHORT OR ABSENT BROADER THAN HEAD

_-&\_{ Ceratopogonidae | CEEEEEEEEBF

Tanyderidae Stradomyidae

AT LEAST ABDOMINAL
~ SEGMENT 1 WITH PROLEGS

coat. p. 97

W

(b)

cont. p.97
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WITHOUT DISTINCTIVE
TERMINAL PROLEGS (SOMETIMES »
WITH WELTLIKE PROLEGS) Cort. p.G8
ABDOMEN NOT _
i PITLIKE POSTERIORLY. ™
snt, from 9 T~ mm&lix.m:fgl_‘!{:%s ‘
ABDOMEN CONCAVE
POSTERIORLY, AND THIS
PIT IS SURROUNDED BY
SHORT POSTERIORLY
ABDOMEN NOT ENDING DIRECTED LOBES

ABDOMEN ENDING IN LONG
TUBE DIVIDED AT END OR WITH
PAIR OF RETRACT!LE TUBES

AT END; TERMINAL PROLEGS
USUALLY HOOK-SHAPED

IN ELONGATE SHEATH
OR ELONGATE PAIR
OF BREATHING TUBES

Dolichopodidae
e PROCESSES OR BREATHING :
; TUBES AT END OF ABDOMEN
USUALLY NOT LONGER THAN
. TERMINAL PROLEGS

Ephydridac
ABDOMEN ENDING IN PAIR
OF CILIATED PROCESSES ABDOMEN ENDING IN VARIOUS ABDOMEN ENDING IN PAIR C
THAT ARE LONGER THAN PROCESSES OR LOBES; MINUTE SHORT, SOMETIMES POINTED
TERMINAL PROLEGS HEAD DISCERNIBLE BREATHING TUBES; NO HEAC

s sy DISCERNIBLE
Athericidae
Empididac Muscidae-
Anthomyiidac

6 OR MORE PAIRS OF WELL-
DEVELOPED PROLEGS PRESENT

ABDOMINAL PROLEGS ABDOMINAL PROLEGS
BROAD AND LATERAL SLENDER AND VENTRAL ABDOMEN TERMINATING IN
LONG BREATHING TUBE

(G i

Nymphomyiidae
Deuterophlebiidae Ptychopteridae
b
cont. from p 96
- ABDOMEN NOT TERMINATING
IN LONG BREATHING TUBE
WEAK ABDOMINAL PROLEGS

ON NO MORE THAN FIRST 3
ABDOMINAL SEGMENTS

P ersapanm e

Dixidae
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SMALL TO LARGE LOBES
RIMMING AT LEAST PART
OF END OF ABDOMEN
TERMINAL LOBES VERY SMALL;
ABDOMEN NOT ENDING HEAD NOT DISCERNIBLE
IN DISC OF LOBES

ABDOMEN ENDING IN PAIR
OF BREATHING TUBES

Sciomyzidac

ABDOMEN NOT ENDING IN
PAIR OF BREATHING TUBES

BREATHING TUBES WELL
DEVELOPED (SOMETIMES
RETRACTED WITHIN
ELONGATE SHEATH);
PROLEGS ABSENT OR
WELTLIKE

BREATHING TUBES ABDOMEN WI1TH VARIOUS

SHORT TO MINUTE; KRM'NM‘-_S%%ﬁg
TERMINAL PROLEGS ﬁgﬁ: fL O GMENT
SHORT, OFTEN WELTLIKE GTch T ATEND

Musddae-
Anthomyiidae

Tipulidac

Ephydridae

END OF ABDOMEN WITH
CIRCLET OF 5-8 LOBES AND
OFTEN SEVERAL ELONGATE
FLESHY PROCESSES; PARTIALLY
HARDENED HEAD RETRACTED

Tipulidac
TERMINAL SEGMENT OF
ABDOMEN SOMEWHAT

BULBOUS WITHOUT
WELL-DEVELOPED PROCESSES

Empididac
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Order Trichoptera

MATURE TRICHOPTERA LARVAE

3 THORACIC SEGMENTS THORACIC SEGMENT 3 MOSTLY
COVERED DORSALLY WITH FLESHY DORSALLY OR WITH SMALL R
WELL-DEVELOPED PLATES SEPARATED PLATES ONLY
H o
3 ]
4 a
e
§
ABDOMEN WITHOUT ©
GILLS; SMALL
Hydroptilidae
ABDOMEN WITH BRANCHED
GILLS AND SCATTERED HAIRS
DORSAL THORACIC SEGMENT 2
DORSAL THORACIC SEGMENT 2 WITH WELL-DEVELOPED PLATE
FLESHY OR WITH SMALL, OR CONNECTING PLATES
SEPARATED PLATES ONLY (SOMETIMES LIGHT)
ABDOMINAL SEGMENT 1
Hydropsychidae WITH HUMPS; USUALLY LARGE
WITH STRIPED HEAD
b
ABDOMINAL SEGMENT 1
WITHOUT HUMPS; BODY
GENERALLY CURVED Phryganeidac
BODY NOT
STRONGLY CURVED
BASAL HALF OF ANAL MOST OF ANAL PROLEG FREE
PROLEGS BROADLY AND WELL DEVELOPED BODY STRONGLY CURVED
JOINED TO ABDOMINAL
SEGMENT 9
ABDOMINAL SEGMENT 9 Helicopsychidae
Glossosomatidae WITH DORSAL PLATE
ABDOMINAL SEGMENT 9
WITHOUT DORSAL PLATE TROCHANTIN

BROAD AT APEX

LABRUM MEMBRANOUS Rhvacophilidac
AND T-SHAPED

LABRUM NOT

HIGHLY MODIFIED
TROCHANTIN Psychomyiidae
POINTED AT APEX :

Philopotamidae Polycentropodidae
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ANTENNAE SHORT AND
INCONSPICUOUS

ABDOMINAL SEGMENT 1 WITH NO
DORSAL HUMP AND NEVER WITH

ABDOMINAL SEGMENT 1 WITH

DORSAL HUMP AND DORSOLATERAL
BRISTLES VARIABLE MANY DORSOLATERAL BRISTLES
ANTENNAE RELATIVELY LATERAL HUMPS NO LATERAL HUMPS ON
PRESENT ON SEGMENT 1 ABDOMINAL SEGMENT 1

LONG AND CONSPICUOUS,
AT LEAST 6x WIDTH

Leptoceridae Lepidostomatidac
Brachvcentridace
ABDOMINAL SEGMENT 1 ABDOMINAL SEGMENT 1
WITH SEVERAL WITH FEWER THAN §
DORSOLATERAL BRISTLES DORSOLATERAL BRISTLES PRONOTUM WITH
HIGHLY CURVED RIDGE

PROSTERNAL HORN PRESENT ;‘}8,’;’&“&;‘\‘,",';".8825
(SOMETIMES SMALL); ANTENNAE

HALFWAY BETWEEN EYE AND
ANTERIOR MARGIN OF HEAD PROSTERNAL Beracidac
HORN ABSENT CLAW OF HIND LEG
Odontoceridac NOT HIGHLY MODIFIED
EACH ANAL PROLEG CLAW OF HIND LEG STOUT
WITH LESS THAN WITH SHORT BRISTLES, OR
10 LONG HAIRS LONG AND FILAMENTLIKE

Limnephilidae
DORSAL THORACIC
SEGMENT 2 WITH PAIR

OF DARK, CURVED LINES B =

Molannidae

EACH ANAL PROLEG WITH
ABOUT 30 LONG HAIRS

DORSAL THORACIC
SEGMENT 2 WITHOUT
PAIRED DARK LINES

LABRUM WITH ABOUT
16 BRISTLES

Sericostomatidace
LABRUM WITH
FEW BRISTLES
SOME SMALL MEDIAL
PLATES ON DORSAL
THORACIC SEGMENT 3 ‘\
i PROSTERNAL HORN PRESENT Calamoceratidac
i (SOMETIMES SMALL)
. -‘- “
Limnephilidac s @
‘ ON DORSAL THORACIC PROSTERNAL
SEGMENT 3 HORN ABSENT
Odontoceridae

Phryganeidace
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UG

giladuununummsnuvsIngudas bilinsrgndundsvinalvigluunds

111112 ( Hauer and Lamberti, 1996)

KEY TO FUNCTIONAL FEEDING GROUPS
+— +——————— indicates size or range of sizes

1. ANIMALS IN HARD SHELL (Phylum Moflusca)
a. LIMPETS (Class Gastropeda) © <

SCRAPERS

Snails are generalized (1acultaiive) feeders
and can also funtion as Shredders.

c. CLAMS OR MUSSELS (Class Pelecypoda)

g B

FILTERING COLLECTORS
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2. SOW BUG OR SHRIMP-LIKE ANIMALS

(Class Crustacea)

SHREDDERS

Generalized, can also function
as Gathering Collectors.

3. LARVAE IN PORTABLE CASE OR “HOUSE"
Go to KEY 2

4. LARVAE IN FIXED RETREAT
. WITH CAPTURE NET

Note: Care must be taken when collecting to observe nets.
Go to KEY 3

5. WITHOUT CASE OR FIXED RETREAT

a. WORM-LIKE LARVAE
: WITHOUT JOINTED LEGS
Go to KEY 4

b. NYMPHS OR ADULTS
WITH JOINTED LEGS
Goto KEY S

6. DOES NOT FIT KEY 5 EXACTLY. GO TO KEY 6
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KEY 2

= LARVAE IN PORTABLE CASE
Caddisflies (Order Trichoptera)

CASES ORGANIC CASES MINERAL
28 Leal, stick, needle, bark Sand, fine gravel

FIRST LEVEL OF RESOLUTION

g 4
ESA Lt : \
’.
Familics Limnephilidac tin part).
Lepidostomatidac (in part). Familics Glossasomatidae, Limine-
Phrygancidac. Leptoceridac (in part) philidac tia pact). Helicopsychidae

Familics Ephemerellidac (in part),
Cacnidac. Tricorythidac

It 1arva has spines along lateral
margins it Is a wood-eating
Shred

Lobed body
Ventral suckers

&5

GATHERING
COLLECTORS

Family Siphlonuridac
oy

ﬁabo - X

FILTERING Fotomicics  GATHERING
COLLECTORS l COLLECTORS

SCRAPERS
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KEY 3
FIRST LEVEL OF RESOLUTION

LARVAE WITH FIXED RETREAT
2 AND CAPTURE NET
Note: Care must be taken when collecting to observe nets.
;Czddisﬂia (Order Trichoptera) ; Truc Flies (Order Diptera)

COARSE NET FLATTENED SOCK-LIKE TUBE WITH SILK STRANDS
IN “SCAFFOLDING™ OR TRUMPET-SHAPED STRUNG BETWEEN

NET OF FINE MESH TERMINAL PRONGS

Familics Hydropsychidac. Philopatamidace, Polycentropodidac

FILTERING COLLECTORS

SECOND LEVEL OF RESOLUTION separates {rom free living larvae those net spinning caddisflies that may
have been inadvertently collected without being associated with theit nets. .

NET SPINNING CADDISFLIES FREE LIVING CADDISFLIES
Frequently separated from thelir nets Non net spinning i

HEAD LONG, SMALL,

HEAD AS WIDE
AS THORAX AND NARROWER
: THAN THORAX

. tdae (beight yel- Rhyacophifidac (often bright gre=mns

Especially Philopotam
fow) and Hy vehidae (bright green
ofb«_nm)

FILTERING COLLECTORS PREDATORS



105

KEY 4
ARST LEVEL OF RESOLUTION

WORM-LIKE LARVAE
WITHOUT JOINTED LEGS
LARGE SMALL
targer than —————{ smalier than  p———med

LONG AND SLENDER BOWLING PIN SHAPE

Head retractile and poady developed 3:::;;&13 base usually fastened
to substrate

Caudal lobes with eye-iike spiracies .
Cranetlics (Family Tipwalidac in part)
SHREDDERS

True Midges (Family Chironomidac)

Note: Subtract 10% of count for Predators. Blackflics (Family Simuliidac)
GATHERING FILTERING

COLLECTORS COLLECTORS

. SECOND LEVEL OF RESOLUTION considers some common worm-like Predators that would be misclass-

ified in the abcwe key.

WORM-LIKE LARVAE ;
WITHOUT JOINTED LEGS .
Prolegs poorly developed

LARGE SMALL or absent
—l — Jaws well developed
Very active

Postert gment swoll Prolegs along entire length
Head retractile Head visible

Family Tipulidac (Dicranota o p<

Family Athericidae (Atberix)

Family Tipulidac (Ersc<era type)

PREDATORS
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| KEY 5
1ST LEVEL OF RESOLUTION
NYMPHS WITH JOINTED LEGS
-3 (or 2) TAILS (FILAMENTS) AT BACK 3 FLAT PADDLES OR POINTS AT BACK
NO EXTENDIBLE LOWER LIP (LABIUM) EXTENDIBLE LOWER LIP
[—3 (OR 2) TAILS WITH 2 TAILS WITHOUT

LATERAL ABDOMINAL GILLS LATERAL ABDOMINAL GILLS 3 FLAT PADDLES AT BACK POINTS AT BACK
Mayﬂie;'(order Ephemeroptera) Stoneflies (order. Plecoptera)

Body shape cylindrical

Body shape ovoid
Round In cross section

Flat in cross section

l Bright color pattern  Dull brown of black
Very active Sluggish
\ LT R
v - .
Oamselilies Oragonfiles
(suborder Zygoplera) (subarder Anlsoplera)

Families Buﬁdu. Leptophlebiidae, -
Ephermaereliidas (in part),

Familles Heptagenlidae, Ephemeridae ol
cphemereliidae (inpart) GATHERING: SﬂI?ulpIu\ Sloneflles  Fllipalpian Staneflies

SCRAPERS COLLECTORS PREDATORS SHREDDERS ~ PREDATORS
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KEY 6

SECOND LEVEL OF RESOLUTION considers some falrly ‘common insects that do not fit in the above key or

would be misclassified on the basis of body shape alone.
RVAE OR NYMPHS WITH JOINTED LEGs;'

LA
$ - WITHOUT CASE OR FIXED RETREAT
WITHOUT LONG TAILS

WITH LONG TAILS S
Mayflies (Order Ephemcroptera) B3 Beetles (Order qucopu:rn)
Body shape ovoid . -
Rear end often erected W Disc shape
scorpion-like when disturbed Head and legs totally concealed beneath

\/
\\//

{.

Water Pennics (Family Psephenidac)
Slender
T lar in cross

Hard, yellowish brown covering

Body shape cylindrical
Long hairs on inside of {ront legs
Often with stripe down back

Familics Ephemergllidac tin part), if lgrva has spines a! lateral
Cacnidae, Tricorythidac margins It 3 v:::g-oallng
A Shredder.

Lobed body

GATHERING
COLLECTORS

Family Siphlonuridac

£

FILTERING Fovesdciac  GATHERING
COLLECTORS COLLECTORS

SCRAPERS



A

¥o

o’ -1 = -
M woudl ina

sz ¥amsainun

fegilagiu

E-mail Address

108

a o o

wweiad unvi
19 FuNAY 2519

¢ < [ Y = g @ e @
- §uFemsfnmszduisoudawan TssSeusadesainods Tania
= .
1@ea vl w.A. 2537
- S amsAnuszAudSoanes WSygrinnmaastinda 0132
a o J L o o 1 L
Tnen auinnmaa umineduFoslmi Imsdnu 2541

1 [] é’ -4 ) . °

T 21073 vy 1 Tuduis Suamiiesdt ouu Gealnd - Gy
dune ios SanTadmu swalulsudid 51000

nuntakuang@yahoo.com





