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ABSTRACT

Keywords: Waishuang Stream , Yangminshan Nation Park ,
aquatic insect

Waishuang Stream is one of the tributaries of Keelung River. The
catchment, located at the southeastern part of Yangminshan Nation Park,
is close to Taipei City and has been one of the important recreation
areas for the residents. Abundant fauna and flara were recorded in the
catchment. The objective of this study is to.survey and monitor the
aquatic insects by routine sampling of aquatic insects at sampling sites
in Waishuang Stream. Five sampling sites are selected in this study,
and data of the aquatic insects and the related environmental factors,
such as velocity, pH value, river-bed width, slope and temperature, from
the Waishuang Stream are recorded. This study present the results of
aquatic insects fauna and related ecological studies conducted at 5
sampling sites in the Waishuang Stream . The environmental factors and
the aquatic insect.composition were investigated monthly to define the
relationship between aquatic insect community structure and
environmental parameters by using the analysis of PCA (principal
component analysis) ordination technique.The results reveal a great
diversity of aquatic insect fauna. The environmental factors affecting
the distribution of aquatic insect and their longitudinal and temporal
changes were more obvious by the biplot of the PCA ordination. The
results of this study are used to postulate the trend of the environmental
changes as reference to the program and management in the stream for

the administrator of Yangminshan National Park.
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ERKERAR 2@ g TR A o« LR N RRELFERDL AT
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& Stewart, 1998; Sabater et al., 1991; Shieh et al., 1999; Weilguni &
Humpesch, 1999)~ %t & ~ +7 (correspodence analysis, CA) (Richards &
Host, 1993; Brodersen et al., 1998; Shieh et al., 1999)%2 % ‘& =% R <
A& (multi-dimensional scaling, MDS) (Kedwards et al., 1999) % = ;= -
A Ed R A HBEXRIR > AR TG R iE Y
#oH#¢ 5 B R (MDS)T '1? [ % 4p i TR i £ R
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76 % (clyclicity) » = v £ R HE - R A 8 p P 51 T MDA 7L
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22-1: % 3B F R F R ERAREA (P4 F % 5,1997-2000)

%P ol MAapik THFR HAHEHBR EFFE| EXKFR
: % x AR ’FTA,\L‘- AR AR
1?2 269.3 20 11.7 88 15.3 9.2
2" 277.3 18 12.2 89 15.8 9.6
32 240. 3 18 14.6 88 18.8 11.7
4 » 207.8 15 18.1 87 22.4 15.1
b 2 275.3 16 20.9 87 Vi 9 18.2
6 * 294.7 14 23.5 87 2D 20.9
TR 248. 3 10 24.8 84 29.4 21.9
8 2 446 13 24.5 84 29 21.8
9 2 588.1 15 22,10 85 26.9 20.3
10 ® 837. 3 19 19.8 87 23. 4 17.7
11 521.9 21 16, 4 88 19.7 14. 2
12 ® 320.1 20 13.3 88 16.8 10.9
& 31 4526.4 1991 18.5 86| 22.5 16
°°)J‘§; 1971-2000{1971=2000{1971-2000/1971-2000{1971-2000{1971-2000

¥ - &8 3 2

- R ERR

AFFEN?P REAAERY B 2 HF VRO L ff ok
(Surber‘s Net Sampler) (50 cmxb0 cm) &+ it & R =& 7Kg &
ﬁiﬁﬁiﬁ%%@iﬂﬁﬁﬁiéwil SRR A
PR L AR RE- X CBEAERLIF T R - X TAREER
oo AT & PR R S R R T e BT B 2 1R A B Y T0% FHE A o
Y PR FEFHEL A ETLE S Merritt & Cummins
(1984)\ & (1985) ~ 7 (1992) ~ Wiggins (1996) 12 » p 2 ek & ;
e x h(1977)~ 1 % (1980, 1986, 1990a, 1990b) ~ 5 (1992) -
B (1993)% g (1997)2 % & » &2 2 ek s o m FE2Z AP &
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(3) &Z

P R e P e FET KRR E AN 2 FT
2 B2 & (1985) ~ #(1992) ~ Merritt & Cummins
(1996)% Wiggins (1996)2 » p &~ 2 ¥k 8 % | &
BgE s ER kLD LA o AW B R E (1994) - 5E
(1992) ~ B (1993) ~ g (199T) 2 #h =~ 3R £ o & 8 F T 2
LECE S TS N A S R
moE LR E AR T A #F 2 hE Mk % (possible

lowest level) 7 4 o
(4) 3%

F T (s 2. LR (taxon) A W) & 3 #c s B3 oo e
ﬁﬁuﬁ%*ﬁii%%&éﬁ’%7%9ﬁ@g
(Coleoptera) 2 = Bt L3t Zinenfsg et » H i & p 12
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a. -k 8 (temperature) ! Delta OHM HD8705 Microprocessor
Multiiuse pH/mv/ °‘C Meter; US PAT 5373346 StowAway XTI
Internal / External Timperature Logger -
b. pa4k & (pH): Delta OHM HD8705 Microprocessor Multiiuse
pH/mv/°C Meter; AQUA Micro pH-Pen -
c. o (velocity) : Global Flow Probe FP101 Digital Flow
Meter -

d. 4 % (dissolved oxygen) : PINPOINT™, American Marine Inc.,
Dissolved Oxygen Meter

e. ¥ R % 3 + (total dissolved solid) / ¥ % &
(conductivity) @ HANNA HI9635 Portable Waterproof
Multi-Range Conductivity / TDS Meter -

f. & & (burbidity) : HANNA HI93703 Microprocessor Turbidity

Meter -

g. % i+ & B 7 = (ORP) : Delta OHM HD8705 Microprocessor
Multiiuse pH/mv/°C Meter

h. # & (hardness) : HANNA, HI3811, HI3812, HI3815, HI3822,
HI3834 & * -k Fipl T e o
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a. ~E#H ¥R (&% &) (Taxa richness)

LR ARk e A2 RN o g R

LR TR B R
b. % &

MR TR R R RASAR B EE S L
Rz fEfew T E P BT Ao 2 50emx50cm 2 =
GAEk® s ol o HAEHS A5 0.5 x 0.5 = 0.25
m2) = d %R EZ % ARD) =4 B88EN) /0.25
(4 /= 2 2)

c. B% # (Dominant species)'* i

ST BRERAT L EHEY > THRER MRS 2 E
Ao M RAE 2 BAECR UK R A2 LB

5

Bl L i AN O IO
d. 3% & (Diversity)

RN SRS AN T S R
Boen A A AR S ~ L ABREAS G
355 HBBRET A OHETERSELE T
BB R2ZFELIR AR EDETE S
Shannon’s diversity index & %] > ni # & #% & 2k
CE TR R N L kT L
k48 5 A 3% 1 %8 &> B Shannon’s entropy function:
H = - ( pi x log pi )



Pi =ni / N
e. 33 B (Evenness)

BIREAML EEEKY kA REEAEELELR
LREHEY A G R o H22E 3 3812 Pielou
evenness index & %] ¢ Pielou evenness index:

I’ =H / 1n (S)
HY SEFHEBFETHREZ KBRS b5 Hc -

b dp gt B gt E o R F AT REERE S
I TN E R o
2. K=o it
o2 Fdg % (Family-level Biotic Index, FBI) :
Hilsenhoff (1988)z # & # + 35 % (FBI)# Hilsenhoff #
P 4p % (Hilsenhoff‘s Biotic Index, BI)- tk » i & * 3= -k
27 475 4 (Hilsenhoff 1982, 1987) -
FBI value = 2(aixni) /N
AP ai @ % ik EREAZAERLRE
ni : %1 fkER A2 B
Noo pFFEERRAE 28 BHE
AL PR R T R EER S - BT
B gt E oA KR s dorer ] o

Family-level Biotic Index at each site

Sitel site2 Site3 Site4 Siteb
FBI value 5.82 5.34 4.72 4.48 3.92
i Fairly )
Water quality Poor Fair Good Good Very Good
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IR FwmgZi

¥ -3 gz
= % R e

FEIHF P 2006 7 10 2 2005 & 12 7 TR B ok IR
Bz ok SR sE 9P 45 #£ (R 87D & AK A
FEL A2 APk o BRREAHEEY F G F LA B
PRI EAFTH y

Kk AEENT E R B B

P esp “TIEAEELBF VEXG R > RS HicE
Z ke

KT a0 R F R VAT RAL LA LRI G
AR Rt o j_Hilsenhoff # & dp k2 # &+ 7 &
(Hilsenhoff,> 1988) - * # -k ¥ % % % Very good %" § Kk
Moo ok F e EA B RR Fﬁﬁ%?k’i’*‘%’%ﬁlwﬁ%
PP ERKFTE %S Good B L Bk REHT o T
PERR R b E2 G F o e b A BRI 05 A RH 4
K FE &L s L Fairo # 1 MR Fair poor B 8 ~ a-* Kk
kA A

~p 20057 1% % 2000 & 12 % B E MR REEA
AP ER LM GL D TS EERE 21.33; TR MKk
= 796.73; T35 3 & L 0.678; Shannon” s &t £ & 4y #ic
(Shannon’ s index of diversity) i 2.06(% 3-2) » # ¢ 1 x %
] =k S ﬂ&&%’a%fﬁﬁa044%ﬁgﬁwﬁ9rﬁ&g
B X EF A RB(23) A LT HE m¢ﬁ’“%ﬂ%&ﬁ
(19): $ 1 225 3 43 MF2 L8 > o %508 @ #
#»7m5 BEF2 L3 (p<0.05) -

B EFREE LY E N2 P85 Beatidae o
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Chironomidae ~ Hydropsychidae -~ Heptageniidae -~
Philopotamidae ~ Stenopsychidae # Euphaeidae % - # (%
3-3) o M G- P HET BHRBPARANSFREIFRY - FRER
s R IId REfReba® RS RApT (B 3-2:53-3) @ &
o Fk R A F R R A R R DB sk RUR
o
AT Lkt PEEAST I IR FE (L 3-4)
AR T LR FT RN 2 L o LT Sl KB BF
20232 3P ERRTTE N AL ERETRT EF2 4R
(p>0.05) o fadk B & T P4 b L o
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P A RS R T EaAR 4 i+ (Sabater et al., 1991)
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31 EEASTREZ KRR A B

TAXA

Common name FFG

TAXA

Common name FFG

EPHEMEROPTERA fi7 i} |

Heptageniidae
Afronurus sp.
Epeorus erratus
Rhithrogena sp.

Ephemeridae
Ephemera formosana

Ephemerellidae
Cincticostella sp.
Torleya sp.

Caenidae
Caenis sp.

Baetidae
Baetis sp.
Baetiella bispinosa
Pseudocloeon sp.

PLECOPTERA A [ |
Nemouridae
Nemoura sp.
Perlidae
Neoperla sp.
Peltoperlidae
Leuctridae

ODONATA s |1
Euphaeidae
Euphaea formosa
Coenagrionidae
Platycnemididae
Megapodagrionidae
Calopterygidae
Lestidae
Aeshnidae
Gomphidae
Corduliidae
Cordulegastridae
Libellulidae

COLEOPTERA i |1
Psephenidae
Psephenoides sp.
Elmidae
Grouvelinus sp.
Zaitzevia sp.
Dytiscidae
Laccophilus sharpi
Hydrophilidae

i

P |

i |
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i 4
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= I R

TRICHOPTERA =< #[!

Stenopsychidae
Stenopsyche sp.
Hydropsychidae
Cheumatopsyche sp.
Philopotamidae
Chimarra sp.
Hydrobiosidae
Apsilochorema sp.
Rhyacophilidae
Rhyacophila sp.
Leptoceridae
Ceraclea sp.
Xiphocentronidae
Phryganeidae
Polycentropodidae
Polycentropus sp.
Psychomyiidae
Psychomyia sp.
Ecnomidae

MEGALOPTERA ?ﬁ,@ fI

Corydalidae 7 u5G%]|
Protohermes costalis

DIPTERA &= ||

Chrionomidae
Simuliidae
Simulium sp.

Tipulidae

Tipula sp.
Culicidae

Culex sp.
Dixidae

Ceratopogonidae
Athericidae

HEMIPTERA f ¥}

Gerridae
Gerris sp.
Corixidae
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3032 AR REL AR FER Sk
:
J

%@?ﬁf CI T BT Sh%nnon’ s IR !

S N J' 1-Lambda’
31 17 972 0.623148 |1.765512
32 18 843 0.737621 |2.131999
33 15 680 0.729194 |1.974693
34 17 752 0.779538 |2.208598
35 19 514 0.783019 |2.305552
41 21 1531 0.663468 [2.019943
42 21 967 0.707223 |2.153157
43 19 794 0.674487 |1.985986
44 23 787 0.654461 2.052058
45 24 578 0.706888 . |2.246528
51 21 1015 0.5933 1.806315
52 28 619 0.561647 |1.871522
53 23 681 0.677148 |2.123194
54 27 601 0.635044 |2.093
55 27 617 0.643032 |2.119328
Tty 21.33333 796.7333 0.677948 |2.057159

% 3-3 MEIELAKSET AR AR ZFEE (P AE 80%FE)

Average similarity: 80.67

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
Beatidae 478.33 39.39 6.97 48.82 48.82

Chironomidae 247 .33 15.35 5.39 19.03 67.85
Hydropsychidae 126.33 7.67 7.21 9.51 77.36
Heptageniidae 67.00 4.53 3.21 5.62 82.98

Philopotamidae 67.00 4.43 7.89 5.49 88.46
Stenopsychidae 38.33 2.55 3.43 3.16 91.63
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Similarity

60

701

804

904

1004

T352
T411
T412
T513
T511
T512
T413
T421
T422
T423
T532
1543
T551
T552
T452
T553
T533
1542
T432
T421
7531
T453
T443
T451
T433
T441
T442
T541

1522
T521

1523
T331
T332
T342
T3zl
T341
T351
T3zz
T343
T353
T3l2

T323
T333
T311
T313

FI3-1 B G% % = 3 1835 A 3 W
% 3-4 hREIE L AR R R B S 4T
R Significance Possible Actual Number »>=

Groups Statdstic Level % Permutations Permutations Observed
1, 2 0.072 15.4 24310 999 153
1, 3 0.352 0.2 24310 999 1
1, 4 0.423 0.1 24310 999 0
1, 5 0.446 0.1 24310 999 0
2, 3 0.111 8.8 24310 999 87
2, 4 0.219 2.1 24310 999 20
2, 5 0.243 0.2 24310 999 1
3, 4 0.156 4.7 24310 999 46
3, 5 0.202 1.1 24310 999 10
4 5 0.114 7.4 24310 999 73

~
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35

45
54
44
55
- 34
53 33 32
43
42
31
51
41
7/ taxa
A3 -2 = [ ) KRR RURARR 5T ) -
Stress: 0.12
54
55 44 35 33
45
34
52 53
43
32
31
42
51

41

qgﬂ 3-3 FE %J’J,‘;i ooy KR e fﬁi?‘i?ﬁl r%ra 33 ﬂJ =2 3]] qﬁl
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i &4~

Hilsenhoff % ?U%’F’,%(Biotic Index)==E| 7k & %’*’J?‘F’VF%?

(Family-level Biotic Index)#[ 73 I 4= TT3 3k == A1)V 174 fif

(Hilsenhoff 1987, 1988)

Water Quality

Bioticlindex Range Family-level Bl Range

Excellent 0.00-3.50 0.00-3.75
Very Good 3.51-4.50 3.76-4.25
Good 4.51-5.50 4.26-5.00
Fair 5.51-6.50 5.01-5.75
Fairly Poor 6.51-7.50 5.76-6.50
Poor 7.51-8.50 6.51-7.25
Very Poor 8.51-10.00 7.26-10.00
fRF& = PR & fPfJP%“ [’F‘[iik I11(Rapid Bioassessment Protocol I1)f[1 - ﬁ

PR LR 5T #EE (Plafkin et al. 1989)

Biological Condition Scoring

Criteria
6 4 2 0

1. Taxa richness >80% 60-80% 40-60% <40%
2. Hilsenhoff biotic index >85%  70-85% 50-70% <50%
3. Ratio of scrapers/fil. collectors(a’c) >50%  35-50% 20-35% <20%
4. Ratio of EPT and Chironomid >75%  50-75% 25-50% <25%
abundances(a)

5. % contributionofdonimant taxon™  <20%  20-30% 30-40%  >40%
6. EPT index?) >90%  80-90% 70-80%  <70%
7. Community loss index <0.5 0.5-1.5 1.5-4.0 >4.0

(a) Score'is‘a ratio of study site to reference site x100.
(b) Score is aratio of reference site to study site x100.
(c) Determination of Functional Feeding Group is independent of taxonomic

grouping.

(d) Scoring criteria evaluate actual percent contribution.
(e) Range of values abtained.

TR fP’JF:'E fﬁ, # 111 (Rapid Bioassessment Protocol I11)57

53 I AR SRR AR D P 5T Efif (Plafkin et

Biological condition Category % Comp. to Ref. Score

Non-impaired
Slightly impaired
Moderately impaired
Severely impaired

> 83%
54-79%
21-50%
<17%
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