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Abstract

A seasonal survey of water quality and benthic macroinvertebrates was conducted for a mountain
lake Chia-Lo and three mountain ponds, Che-Tui, Hao-Mai, and Wei-Tan, in the northeastern Taiwan,
2002 to 2003. A total of 14,719 specimens of benthic macroinvertebrates were collected. They were
consisted of 22 taxa, of that seven taxa belonged to Odonata, six taxato Diptera, three taxato Tricoptera,
two taxa to each of Hemiptera and Coleoptera, and a taxon to each of Oligochaeta and Ephemeroptera.
Notonecta saramao and Sympetrum speci osum taiwanumwere found to be the endemic species. Relationships
between the water quality and the benthic macroinvertebrate assemblages were assessed with the co-
inertiaanalysis. The results showed that turbidity and ammonia were related to water saprobity, and pH
and total hardness to water acidification. They were the most important water quality variables that
explained the formation and distributional pattern of macroinvertebrate assemblages in the mountain
ponds. Oligochaeta was recommended as a bio-indicator for the water saprobity, and Dicrotendipes sp.

and Cloeon sp. for water acidification.
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Py B KR B o PR RS 1L IR R R
58 AR AH BRI A (SR 2002) - {HIK
I B A AN - H— i T E AR 1E D Al
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(N 4 i) 5344 1,500-3,000m A i FA 11 v
(FESY K5 K 1934; k% 1987, 1988, 1989,
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1992b; #£ ki 1992) -

HPA AR > HAREKE (B &
ok 1934; Kkt 1987, 1988, 1989, 19923,
1992b; AR [l 1992; HiZE 1994; fAZE 2006) ~
JEE'E (FK S i 1992; Liew and Huang 1994; %
1994; i< 1997) B il i) (Rt <5 1987, 1988,
1989; ## < 1994; BASF 1998) » H B i K AU fiit
FHEEN V) HCE D o JCH R H i HOIE R
FHEBNYIE KLt A W) B EnE g
(F£5% 2006) » SN R » Rt 2 S hniEE
THIRSE o f5 1 i 18 FR g R T JE A A JE
HEBYY)AERE > AHFSTE E A BRI 2 () 5 18
SLAR B A BRI R AT A HAVIERL
TN 360 o 7K B e A KA S T HE B W) BL
o S ERET KCE B A HE DY) RE R R AR 1 -

MR %

T T EE 67 1 L Tl 5 K T] 00 Bl i A A2
Fi 2 IR 111(2,319m) B 3 - th 5t 2 A5 BV 1L
(2,792m) f] At #0111 2 KA LR 5L 7 i
b Sl A 18 R K N v 8 B N i 4 (PR e
B 2002) o 7S S fig i vy 4595 % 55 (2003) #i
SN ARG 2002 FE BTN > &K
1 AW EIREE R 6.0°C > frEim 7 AR
IE RS 15.1°C o fERHM T » @A AL HH
#I f& (Chamaecyparis formosensis) ~ & & 7
(Chaemacyparis obtusa var. formosana) ~ ¥ &
##2 (Tsuga chinensis var. formosana) % & & %
MR > IRIRRIIESE » [REMARE RS /L - B
S AEY) - 2 F A\ F B s AR ElE
A DURLAG J 5 i A2 5 % -

175 A{EFAMEALE - HUR it (Che-
Tui Pond) (& 2)72% LI 38 5 —{EE 20 ki -
A 1t WA R > KR N R 7K i
€ 0 RBAHERER - SRS ET—
Fe K AE AV IR R K o 5538 it (Hao-Mali
Pond) ([ 3) {37 1R R AL 75 ) 300m » &

oK B — M B R R OK B - & &t (Wei-
Tan Pond) ([ 4) 1 5% &t FE /7 £ 220m g » it
Bl Kt R 1R 2 & K A REY) o WWATRIBHRE Y
&I (Chia-Lo Lake) (& 5) » i i & & ithrg /7
7 300m i » £ — P AE MY R A i E K
R o BGE LLR ROBIEE G E T BT ~ Ji & &
HRE(E D)

K B e R AR ME BN 1) > 2002 4 9 ~
12 A ¢ 2003 3 ~ 6 A &Rtk LR - WhEKE
&£ LL CYBERSCAN-310 figji & 2+ ~ CYBERS-
CAN-1005 4% =it ) HACH-CO150 & FE & 2 »
FC & BT E H 9-13 Il E pHE ~ IH4
H (dissolved oxygen) ~ & & & (conductivity) ~
Vs i [ 4 (total dissolved solids) Bl ki o 53
U FKHE Rl B B e i > SRS LA 0.45 um
P HERBHE DR A ISR > A REVR IS B (Suspended
solids) » 37 LA /i 3 < I 5 FH A g 5 (total
akalinity) » EDTA i 7€ 12: I & #& i i (total hard-
ness) o & fE (turbidity) ~ & % (ammonia) ~ fifi{t
Py(sulfide) ~ &k i EfE (total phosphorus) ~ &3]
X # (total Kjeldahl nitrogen) 1t 2 & & &
(chemical oxygen demand) HI]{&t HACH DR/2000
IKE DT 2R IIE - IR a2 LA
€10 cm ~ £ 50 cm Z BB B HREE 0 X
HUBRAE 7K ZE#) 30 em R A » FaFE AL 10 cm
GRRVERE bk on 4 A > i HIR L 4 B GL &
R —EAEYR G - KERSAE 0.5 mm i H
i tH RS A HE BN V) 1% - SEAS S%4HE K FRIE 2
FHHELR] o HEIRIRYBR A S LAKYE BE - 75 DAUATIR FH
REV PR H BN PIEAR » EAEE R E A
BOYOI KGR AT o JERHE AU M A B 0 B E 22
223 Wiederholm (1983) ~ $#£(1999)% -

JEAR RS HE B PO AR o (E AL D 3 e
AR » AT ELRRE ~ AR ~ 2 BRI FEH(Shannon-
Wiener'sindex, H)Ed}5) =) & 58 (Pielou's evenness
index, €) « % BEPHEBA L « H=-3 P logo P
P | TS RULH > S BB 1
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Fig. 1. Locations of Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds (solid circles) in the

northeastern Taiwan (solid lines, contour lines; dotted line, footpath).
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Fig. 2. Che-Tui Pond.
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fia] 3. 5658 ith -
Fig. 3. Hao-Mai Pond.

fial 4. {5 &t o
Fig. 4. Wei-Tan Pond.
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Fig. 5. Chia-Lo Lake.

# L HoR ~ SHl ~ EE - IR SR I WP R R i

Table 1. Abbreviations, elevations, shapes, shoreline lengths and surface areas of Chia-Lo Lake, Che-

Tui, Hao-Mai and Wei-Tan ponds

Site Che-Tui Hao-Mai Wei-Tan Chia-Lo
Abbreviation CT WT CL
Elevation (m) 2,213 2,259 2,246
Shape Narrow Orbicular Triangular
Shoreline (m) 26 75 313
Surface (m?) 30 280 2700

CIEHEH AL « e=H/logo S » H 5% Pk
o SEHMEE -

TR B A AE B o AT AR T T
HI 2 R & BRGR H SEA TR - HOKERIX A
FEEAFR A EIER - EAYBOKE R R
FIREHE & » 288 0 i 2 R Fe Bl (ordi-
nation techniques) & T A i Rk F Y /7 1% A&

Tt 5t LARE #634 [ 734 (detrended correspondence
analysis, DCA)ETTAAE » i SREA/R A VIRER
1 I DCA Fif Bl R B 47 Il 5 1.8 Jx 1.5 4%
#& {l5 7= (standard deviation, SD) » £/[\j2 2SD »

% R E & AR R 2CR 2 5l 73 73 7 i (prinei pal
components analysis, PCA)3E 1T 1% #& 43 #7 (ter
Braak 1995; ¥ 4= 2003) ° {45 & KHHJ PCA
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i B RESY RS e i B
FERHE S logio (X+1)iH - It - R E
G TEVEFAEIR » RER TR 2D 1E 211
Aokl B ELAE S RS 191 17 ()R » H2X »
TEEIGE B PCA 73 /710 » 14 KB E R
5 UE (L iE H4 (normalized transformation) %
AT o AYIERHELER BTN & R IS PCA
gyt > B DL RS 73 # % (co-inertia analysis,
CIA) V) BLER B T AHAS PCA Al REE S
RS AR — R » W e MY A L B AHRR AR K > DL
JE1S38 RAHE R F]#EH (co-structure) (Dol edec
and Chessel 1994; Dray et al. 2003) - {4 ¥y 8d
BURE RHE I FRS iR e 252 720 F - mliER
AR E V) BRI CIA E#E (£ CIA S 1
B 2 Wil AR 1 b o S DUR S b e R S R A
—i » MR R AR RIS » R
AR ACRAEY) & BB R &R RS A — B
REMRAEA—E - DL 8 E o £ 8l

Fl ADE-4 E= &gt 1758 & 4 E] (Thioulouse
et al. 1997) -

2 R

* 2 5 4 K ELE 4 AT
fi > HrokiE /r > 14.6-16.5°C » & &= /T2
3.3-4.4mg/l > pH 11> 4.5-5.2 2 [&] - BEE
fi% 8.9-16.4 uSlem ~ VAR I 11 > 4-8 mg/l ~
PR AR 1.1-2.0 mo/l ~ JEERE A A 2.1-3.5
mg/l o 5 B AL VDR iR BEAE N RR IR AR > o)
JlF% 0.12mg/l Bl 2 ugll » SEE MR 7B
1.56 mg/l B 9ug/l - i HA B BUEES) - (&
e ~ ARG E ~ B R R S LR
TERJTIH - MR 7 HEWIREE - RRVRE S
Ot > HAE 2HURRAKAE o FHECH - ST A {E
i o T H A B EE) o

%2 f{uRh ~ SEl ~ EEM - NEEIKE (abbr. {URFGE ; meantSD » n=4)

Table 2. Water quality measurements (meantstandard deviations, n=4) at Chia-Lo Lake, and Che-Tui,

Hao-Mai and Wei-Tan ponds, 2002-2003 (abbr., abbreviation)

Water quality variables Abbr. Che-Tui Hao-Mai Wei-Tan ChiaLo
Water temperature (°C) Temp 14.6+4.6 16.2+5.6 16.4+6.7 16.5+6.9
Dissolved oxygen (mg/l) DO 44414 3.3t1.0 3.9+1.9 4.0+£1.3
pH pH 4.6+0.2 5.2+0.5 4.5+0.3 4.7+0.2
Conductivity (uS/cm) Cond 10.5+0.2 16.4+14.1 8.9+0.8 9.2+1.7
Total dissolved solids (mg/l) TDS 5+0 87 4+1 4+1
Total hardness (mg/l) Hard 1.2+0.5 1.1+0.2 1.1+0.2 2.0+11
Total alkalinity (mg/l) Alk 3.4+0.9 29+15 2.1+0.6 3.54+0.8
Ammonia (mg/l) Am 0.34+0.15 1.56+1.98 0.26+0.03 0.12+0.04
Sulfide (ugll) Sul 3+2 9+11 4+2 242
Total phosphorus (mg/l) TP 0.18+0.08 0.24+0.14 0.11+0.02 0.13+0.03
Total Kjeldahl nitrogen (mg/l) TKN 25£1.0 4.1+35 23t11 1.8+0.5
Turbidity (FTU) Tur 14+4 47+50 1242 6+2
Suspended solids (mg/l) SS 6.8+6.2 7.8+7.7 3.6+3.6 5.5+4.8
Chemical oxygen demand (mg/l) COD 27418 50+47 30+20 815




JIE A KR A A A il ) PR 2 e (1 nsec-
ta) ~ & E£#i(Oligochaeta)s: 2 ] 7 H 13 £} 22
fifi(taxa) 14,719 € - H b 5 w5 45 H (Odonata)
aF 7R - (GREAEAEEY) 31.8% - #E 1 H (Diptera)
6 f#(31.8%) » T H (Trichoptera) 3 #(13.6%) >
2 H (Hemiptera) ~ #4384 H (Coleoptera) 5 2 fi
(#% 5 9.1%) > & EAH - ¥74% H (Ephemeroptera)
B L (7% 5 4.5%) o gl P > #H 11,618
EiR% o GG R 78.93% > £ EAH 2,080 &£
(14.13%) » Wiz H 608 £ (4.13%) » iBiG H 184
££(1.25%) - M H 171 €(1.16%) » EMH 53
(0.36%) - “P3UH 5 (0.03%) g5 HHIM S
I Rl 2 Xy (Dicrotendipes sp.) 5,444 £ &
% » Ry (Polypedilumsp.) 3458 & » &
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& By (Chironomussp.) 1,101 € » [tk 548 5
FEEEBIY 92.12% o

7 3 5 4 g 22 f e KU A HE )
YIREER A > H AR E A ~ DY EF i (Cloeon
p.) ~ X IEEE (Orthetrumjaponicuminternum)
fifi A v A ik (Limnephilus sp.) ~ i % (Agabus
fulvipennis) ~ B /5 &5 #%7E 4 (Cybister tripunctatus
orientalis) ~ #2450 ~ & FEI Bl [ RIS 8 ML AE 4
{IE i RO Bk R ASER AN AR o ERFZHE
& (Ceriagrion fallax fallax) ~ & fi £ 1 (Lestes
cyaneus) ~ £ Kt I WE (Sympetrum speciosum
taiwanum) ~ Wy ~ FH i $5 i (Pentaneura sp.)
%5 il HAEH Y 3 (EE SR o Rk
(Oligotricha sp.) U7 5% i it Bil {5 th 2 &3t v
I o 1Ay 2 1 5 8k (Limnephilus alienus) Bi &
KMk %5 (Notonecta saramao) J-U7E 5% 8 ith Eil
IFRES 2 (i S8 3 - 282 WE (Aeshna petalura
taiyal) ~ B# 2 (Anax nigrofasciatus) ~ Jx 2
% 7E (Orthetrum melania) ~ K 7k #E(Aquarius
elongatus) ~ B M54 (Culex mimeticus)Zs 5 f&
(EAE L{EtE s B

A{EHE > R i E R A 2 A R
FHEBY) 240 7 H 9 R 131 5,529 £ - Lt
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2 7 H 9F} 16 f 2,750 & - {E&ith 240 6 H
11} 17 7 566 € - JngEl 248 7 H 9 R 15 f
5,874 % (3 3) - JEHEATY HEF HEBVIRE RT3
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BT R > (LT I A SRR (R 4) -
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5 28l BB RS AR FL ) 60.4% ~ 25.4% - 55 1
i F SR ~ WL B S B AHE -
Bl ~ AR RS 2 BB (E 6) o 25 2 W
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R > FLAEWE R A8 B SR A RS
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B TR AR I P R gy b RgsE R o pedt
TR VA B {5 L TR 7 3 A1 B R 1th Bl 5858
R - BUREERS A S Hi Ry 5 |
TR VA B {5 v R B St /] - LR
EEEHN S - EERMER o A 3 (]
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# 3. HuRth ~ STl EEM - IR 2 E RS HE B P R A (abbr RR ) (AT :

/16 EEEA » 1k 4=314 cm?)

Table 3. Total number of individual benthic macroinvertebrates from 16 samples, each 314 cm?, collected
at Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds, 2002-2003 (abbr., abbreviation)

Taxa abbr. Che-Tui Hao-Mai Wei-Tan Chia-Lo
Oligochaeta Oc 1455 2 1 622
Ephemeroptera
Cloeon sp. cl 10 263 23 312
Odonata
Ceriagrion fallax fallax Cf 12 5 8
Lestes cyaneus Lc 4 2 1
Aeshna petalura taiyal Ap 1
Anax nigrofasciatus An 1
Sympetrum speciosum taiwanum Ss 1 1 1
Orthetrum japonicum internum Oj 4 83 33 26
Orthetrum melania Om 1
Trichoptera
Limnephilus alienus La 1 1
Limnephilus sp. Li 11 10 22 2
Oligotricha sp. ol 2 4
Hemiptera
Aquarius elongates Ae 1
Notonecta saramao Ns 3 1
Coleoptera
Agabus fulvipennis Af 57 5 2
Cyhister tripunctatus orientalis Ct 4 48 25 30
Diptera
Chironomus sp. Ch 909 109 63 20
Polypedilum sp. Po 2888 366 130 74
Dicrotendipes sp. Di 1299 8 4137
Procladius sp. Pr 110 547 227 644
Pentaneura sp. Pe 64 10 11
Culex mimeticus Cm 2
Total 5529 2750 566 5874
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4 ORI ~ S0EW - BEM IR EE RSB ER - BT~ SRR B R
# (mean+SD » n=4)

Table 4. Number of taxa, density, diversity, and evenness (meantstandard deviations, n=4) of benthic
macroinvertebrates sampled at Chia-Lo Lake, and Che-Tui, Hao-Mai and Wei-Tan ponds, 2002-2003

Lake and ponds No. of taxa Diversity (H) Evenness () Density (no./ m?)
Che-Tui 8.8+15 0.52+0.15 0.56+0.17 11005.5+9117.6
Hao-Mai 10.5+1.3 0.68+0.07 0.67+0.10 5473.9+4334.9
Wei-Tan 11.5+24 0.71+0.07 0.68+0.08 1126.6+162.1
Chia-Lo 9.8+1.7 0.43+0.06 0.44+0.09 11692.2+3199.2
d=02

il 6. 5 BRALER 4 118 L 580 4 (8 4Rk H B9 14 (HEREE A 115 CIA | 2 filf1.2 73 An Bk Pl (BR B 1K 1
ZEERK2) -

Fig. 6. Ordinations of 14 environmental variables of 4 mountain lake and ponds in northeastern Taiwan,
2002-2003 (co-inertia analysis) (abbreviations of environmental variables denoted to Table 2).
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7. R A LR 4 1 L s A 4 (8RR H 8 17 MBI CIA §iT 2 fill.2 70 A Hk e [ (V)12
EUESOR

Fig. 7. Ordinations of 17 taxa of benthic macroinvertebrates collected from 4 mountain lake and ponds
in northeastern Taiwan, 2002-2003 (co-inertia analysis) (abbreviations of macroinvertebrate taxa denoted

to Table 3).
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HM1

HM2

8. JLAH M A S LB A 2 ik - BRUSEE R BOR AU A  ME B ) R IR RO AR MR (L - R TR
S TR A AR A M (%7 1 R e P ) B KR A8 5 AE Bh W) B R AR YE AL (B (R BE) (i iR R 3R 15 B
F 1-4 3 HIRERK ~ 2~ B~ B AEFH) -

Fig. 8. Standardized co-inertia scores of the environmental and macroinvertebrate data projected onto
the 1%t and 2" axes of co-inertia analysis (arrows linked between environmental scores (arrowtails) to
macroinvertebrate scores (arrowheads)) (abbreviations of ponds denoted to Table 1; numbers 1 to 4,
respectively, autumn, winter, spring and summer).

WA TSI B PP o0 A0 73 BOCE SR 2 il - 20 HIRERHY A KL [ A 5 8 Iyt JE AR K R M A

85 5 o SU(EMARGEE K pH L8 o )7 H 8 Rl 17 HE - BLASHE A MIFRIN S 4 (EhiE
7 H 13 R} 22 f@ AL > FEAEIEE o ATHEACHE
I & IR A FERERSR » WAH VD

B FERIRERAA REAAF  HR - fES B B0
PR35 (2000) At 5 1 18 Sy 2,900-3,200m FETITE 5 AT AR Sk O ML HEEE IR - R



S A Y2 B EFFE(TW J. of Biodivers.) 13(1): 37-51, 2011 49

FEIL ~ FEUL > PRI ~ OORE B W it AR
FH o RAEZWE ~ A S AECE R & E0L
[ > 2B ~ DB ~ AR R N
W ARG IS R - HR o B
POSVERHEL » B ke bk (1992) % 381k 44 1,050m H
ol e SR AR K AR B - B SR (Pisidium
casertanum)ZE i H %H O fili - KRS 9 H 36
FHK) 50 i - ELEEH ~ v HR L [ A Y
) > HEVIRE TS - (£ AR B AR 0 4
KA WA T A B A
(Ceriagrion sp.) ~ %hi& 5 (Lestes sp.) ~ #k =it
J& (Anax sp.) ~ 7R i E & (Sympetrum sp.) k2 55
Ok RE RS o (RILL » DRI A A MEEH D)
T & LR B AR TR o R o
SUHE K E T > HRR 4 EE K E
AR > WA S MR 2 ERE L KEHEE =
oo B EER R FEMI 2R ~ i1k
Yy~ HEREIREE - SRHLNA ~ W LR A E
5o HLHAD 3 fEvthE A S OREE R o L [K 2003
F 3 AKkEFE S > EEBMEYE kA EY) AR
KE TE H A 3 HME TS - RIEEA
IR = 4.5 mo/l ~ FEFLK A 9.16 mg/l ~ (L £2
T A 119 mo/l » FLIRIA 2= A s b oA 1
PR SRIE A B EA K32 > (/07 1 A R IR Ay -
JKE B JEAR A A B oy AT AHRR T VT 1
PR (2006) 15 LA B R4 I 73 472 (canonical cor-
respondence analysis, CCA) % & #n b FE ik H
WPYIAE 77 < 578 1% (heterotrophy) R AF » [
IESE S TR~ B 3 KA (saprobity) o A
gerdt - HA CIASE 1l th BERH YA E R
RREKER S » MER ~ At s % 2 1E
FHER - 1M Bl 2 2 EUHBE > BER CIASE 1
IV A Y HERE 77 e i RE 1 - BIVEC R oK 1
'H o WA ECIAS 147 /7y 528 > 15 11E
FEfrm » WOKEBEREEE » Bol — & LR
Pl R A SR KB BIGRL A5 v - 76 CIAZE Liilids 7 %4
[ 775 rYIE - SIS ~ s 58 A
W~ BRI - BREIEWESE - [z 0 CIAZE L

T2 75 W INFR S SRRt - 15 R R -
WEEN )55 Y0%E » Q& EM - HR > HCIA
55 2l F 2B SR K Ca? B Mg+ 45 i + %
B it - O REBE BE B pH A o B AHEA - BEUR
CIA % 2 i QR WIH IR (L2 B (acidification) -
BV CIA 25 2l 57 2 HUR M ~ B - K
WAL R s o WA B R > SR
JER PR o 75 CIA 55 28l N /7 2 558 M ~
DIFEN - WK B AL A2 AR > = B i Ve
F195 V0 » W0 SCHE ISR DY Ef R o

FS KBRS 5 » (3@ 2 = LS R
A s BT HE RS o Hra ikt
- B i 55 AN K8 T 2 A A 7 s e 1 A Y I L B
R DUk A B HERE 7> A 7 2K T A AL (humi-
fication) IR » O DT am (FEEF ke 5k 1934,
KEREE 19923, 1992b; #h K fifi 1992; 5% 1994;
FAZE 2006)  AffF5EH > IIFEMIREECIAZE 1
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