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Abstract

The Taiwanese macaque (Macaca cyclopis) is protected by Wildlife Conservation Act in Taiwan,
but crop-raiding by the species hinders conservation of the endemic primate. To assist local governments
in developing management strategy to reduce this human-monkey conflict, we surveyed the population
distribution and density of and crop-raiding by monkeys in Tainan County in southermn Taiwan in 2007
and 2008. We surveyed mountainous areas in the whole county for any evidence of occurrence of the
monkey and crop damage. Seventeen line-transects with a total length of 100.5 km were established to
estimate density of monkey troops. We interviewed farmers encountered in order to survey the location,
crop type, and ownership of the raided farmlands. We found that the Taiwanese macaques were
distributed in 24 mountainous villages of ten townships. Monkeys damaged crops in 13 villages of seven
townships. Density of monkey troops in the county’s broadleaf forest was 0.637 troops/km? (95%
confidence interval: 0.524 - 0.751 troops/km?), a little lower than average in Taiwan (0.722 troops/km?).
No evidence supported an association between density of Taiwanese macaques and the degree of crop
damage. Population size was estimated to be 100 troops (95% confidence interval: 82 - 118 troops) all
over the county, accounting less than 1% of the whole Taiwanese macaque population. Mango was the
most frequently damaged crop as reported by 76% interviewed farmers. Ownerships of 64% raided
farmland were national forest, which are not supposed to be used for crop production. It is important to
consider the probable extinction of local populations and the legality of producing crops in raided
farmlands while managing crop-raiding by monkeys in Tainan County.

BRGEAR - oA~ B IREE - BREMIEE - AREZE
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Table 1. Code, location, length, and elevation of the line transects designated to estimate the density of

the Taiwanese macaques in Tainan County

Code of Location

Length  Elevation

transect  Township Region (km) (m)
1 Baihe (HI{$R) Zhentou Mountain (FZHE (L) 6.9  290-585
2 Baihe South Bank of Baishuei River (- 7K1 &) 32 169 - 281
3 Baihe Dadong Mountain (A 5[L]) 12.0 502 -1,244
4 Dongshan (R [LI4F) Erjian Mountain (Z22111) 27  613-873
5  Dongshan North Bank of Zengwen River (& SZ1L/F) 55  118-186
6 Dongshan Jialinhu (ZZFKi47) 7.6 199 - 682
7 Dongshan Kantou Mountain ($8E[11) 59  590-977
8  Nanxi (fiiFG4¥) Outside of Nanxi Tunnel (i FGF&iE 1) 09  192-282
9  Nanxi Huaban Mountain ({E111) 41  149-841
10 Nanxi Mazhuhu (/77 14) 1.9  234-541
11 Nanxi Nanshan Forest Road ([ LIF£3) 44  205-619
12 Nanhua (F{L4F)  Wushan Hiking Trail (51L& 1L2558) 125  144-735
13 Nanhua County Road # 179 in Guanshan Village (B [LF} 179 ##5&) 15.4  235- 423
14  Nanhua Shuangdong (B£%) 48  188-263
15  Nanhua Pingkeng Productive Road (ZFHUE#£:E1) 57  237-359
16  Nanhua Jiaxian Forest Road (FF1{Iliff;E) 35 251 -734
17 Nanxi & Nanhua  Sanjiaonan Mountain (=R 111) 36  918-1,035
Total 100.5 118-1,244
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Fig. 1. Map of the 17 line transects (in red lines)
designated to estimate the density of the
Taiwanese macaques in Tainan County. The
codes of line transects are shown in Table 1. The
underlying map is the true-color image of earth
taken from airspace. Green areas include forests
and farmlands with green plants.

AMEAT [ E BRARAR I - DURIS AT (/)
IRFAE 1-2 km) ~ PIHRELEE T S SR B - ol
DS e B o U 2 ) 77 2K - = s Y A ) {1
8 o FEHUBRINE - SCERINEM ~ BoE ~ s
TRERR ~ AHRIFIR IE AR ~ K7 F A ~ R A
TREHIRETR K GPS JEATE - A\ M IR IE AR EE A2 5

15 PR 5 JE R R R R Bl

T i v 25— Sk E MR B (B B S A Y
EAREE A > DL S BSIIEE AR (Bushnell
Corporation, USA) #Il & o /KA & fe i & Bl
Mok ¥ o TP B 1L VK 2P T L B[] 7 A i
AR o PRI A R B R SE 5 BRI e 1
BAOKZFRIRI A A o B SRR AR ~ KR
F7 R AREAIY 8y ] Bt B A B B[] 7 3 A AR AR A
IKZP T b0 e R PR o 1 GRIE] E RRAR AT
3 KA > FHAEIAM 2 AIE : 2008 4 2 H 4 H
FAAUH-4A2HE7TH4AHKTH?2
HE8H?21H -

] E AR A A R R LK etk 2 B
11 W Z AT 4 2 W28 K A0S » LI & 1
FHROE IR > RIS 176.6 /)\EF o
RRTTH LG R 2R 1 > 28 KIHEE
A o FHNAK - HAZEM S ~ SRR
PR > HIERE A o BLTIRIRERN A2 RF - kAT
TrEAEIEE) - AR SRR (A
2R) e

BATEH A EIN - LORER I R 8k
TTHER PR > Wl A Sk 5 R AR (S R A
REEMIELAT] o a0 - ABATIE E AR 100 m > 1Y
R RAREMR G BRREZEM 100 m s FFERAR N
R 2% 5 Rl B A SE A > Bl SR ] B A S PR Rl
17 ~ B FA G B E REE 25% 0 HI| & A
WIREEE S 50 m s 5 3 fEBtAEA ~ BT
EEAIES R 25% > HI 3 & AT VR 7 33.3
m o [F]— i & A [ R oy SR 9 EL L
EHIEET o 5[5 E Bt A &= 1) T
TE&HELT 3 R » AR 2R 151 -

Y~ R AL

EE R AR RN - R R R K
L E M ~ BEAR B R R A - T TR AR
R B H TV AL Ak B 1 YE AR o RS R



EEEYIZ B ERTSE(TW J. of Biodivers.) 15(3): 165- 183, 2013 171

LY - BASHERBA DG » KL LU fE
TRV E R IR 2 B B R o B G 1R
FE LR EEMM (255 2000) > [KIEANT
Fedd BN e BRI B 2 DA 4 TR R Bk
iR H AR BE R & e R RE S A e
5204 > BAEIERASERR g B Mo w] LA
TR o HIUKR IR (2328 FH [8] <8 i o el S PR #
(B B A R BRI o

B R[] 7E B SRR 22 2 A0 R B LA O [ 3k
(ZE 5 ~ A R PRI BB — ) EDUAR [ ol
Z FEABEMRFT T ERARIR RS » BT B AT HURR R
W EE = > DAL R B A B (B
Ikm) o FHEFE 5 RIREVE 2 st [ T e i it L)
EHIRYE (Ross and Reeve 2003)  [& € BEARAY
3 KRB 3 REM - LTS R 3.0.0 4
1788777757 (ANOVA) » A&l 5% th i R R
FEA 72 B o 7 A2 B HI P Tukey 2 8L
5 > DAR HIFEAT 22 AR o s SR 2 AR i
FHE % B L AR T R T8 5 T > DARE &
HRE AT T K -

BG RS EEE (FF/km?) > ZH SRR
E AR TR A S B S R > LIRS S80I
MIEfE (5% 2000; ff<F 2011)
BRHGERTEE = BEERMEE x A3

PHEE x 2

“x 27 IR [] 7 A8 A AR W {25 s DU
HilE o

A RSB PR 7 B mT A A ) e LR
OB o TR LB B B e R ) s A
N T B[] o A R E K 7R T A R R O
BIRE R SR IR I 2 B RS (BF 2000;

P arey

% 2011) ©

T~ BASRECER
AETT 2 R A L] R AR R AR - BRECER

R H S SRR - REiciina s
BIHTBREEE ~ BRI - (BRI o ARk
HIEBIE R - RBUR RV G SR e E R
VEVIRIARBRRR At (A ~ ARl SO E IR <)
IR —PFRCER - (ERBRIRfE & BN - Tk
HIFEE T HZAR ~ R/NL A1 o FREE
AIERIEITEERURE: SR U TNIS R prn s danh 3 oy
A 10 SrEERIR=IE > HUGCER IE B
& HEERRE > ARCERSH RER - BRIRE
IR RIZ KR BV SR EIRE R © 5
It RAEVINICHIIRET ~ WRE Gk s &
F= BT & HE R AR I 1 5 IR VR A
B% o

N~ BRI

AEAT [ B AR L[] 7 bR AR A - 73
IR > DUASERGRRY )70 - G R R B
RS & A B E R e EF RIEVIRING H 5%
4o FA - AR SRR F RO ~ 2F
W VEVIRERE SR R BT B REB MEF A - T
B R RIS A2 i - ER ATREIN 2
TCEHABRGR - BRI B RS A — - A
WA A A [ E AR A B A B[R - i
R 7 18 MR KB G EWREER
TEVINITEDL -

¥ X

— ~ 2R

ik 1 2 R i A B[] B R A H R
HRPTRERL - GRS ra RN A
{TBURALAE KA ~ ZSH ~ o8 ~ B~ 59
SR~ BIAL ~ FL ~ fPY R REIRT 3 10 {E4ER -
s 24 R (£ 2: 8 2) o B FE B E
FEE FRREEN = ARE AR © ()& SOKEHPE



172

(AR (BNER 3 22 A LK) » iR gREEa H
)~ B~ AR R~ R ERCE T s ()E
SOKEERA ~ Fa LR EPEHNLAR (AN 3.2 B
AR) » RS ARG PE ~ TH Rl s (2)
FAL/REERNLAR (RNER 3 .2 C LK) i)
SRSRESF ALAR - RELL » iR £ 2 AhfE
LR A TSR P B ) AR AR o - A KRR 2R %
WAL T B0 RARRE - It 3 BrILINR < JRAFHE
R K SBE B - ST L7 R 2R st T e L
NIRFFIE B AFE 2 2 m] REPERR R » DRI IE R A S0 A
A 3 BRI LIRS 3 (= e o o= TR Ok o AT
o RVAN|

15 PR 5 JE R R R R Bl

RIGLEMfE REFAE R - HEWI 5 4050 6
R GEMRTREAE ABIE (R 2) i
BIZ E R RS ()i (i Be B
Do SR 1-2 8 (C)HBIREAGEE EESE
RFI 5 SR s TR BB s (M) /&
REIFEAL o H AT RANEE 3R By JL s L st
I~ TR SR L~ I B R (L SRR T LAY
BRURAR 55157 T 1A H B 2 R M1 5 /SR
B LA B BRI R F BE AR AT 5 AEE A L 1 - 5
ithfm RIS A BELCAER) N R H 2 - B
ENDESE

K 2. BN GBI ) An B 5 A B G R YR AR R B AT L

Table 2. Townships and villages with the Taiwanese macaques and crop-raiding in Tainan County
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*C: calling, E: sighting, F: food remains, I: interviews, P: facilities for pest control, S: scats, T: camera trapping
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Fig. 2. Localities of the Taiwanese macaques
verified by sighting (yellow), camera trapping
(orange), calling (green), food remains (blue),
scats (brown), interviews (purple), and facilities
for pest control (red) in Tainan County. The
underlying map is the true-color image of earth
taken from airspace. Green areas include forests
and farmlands with green plants.
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Table 3. Relative density of the Taiwanese macaque troops in Tainan County

Count of Length of
Mountain Region** Code of monkey transect in Relative density (troop/km)
range* transect +xs  Droadleaf forest
troop (km)
1 0(0,0,0) 4.22 0
Al 2 0(0,0,0) 1.48 0 0
3 0(0,0,0) 5.23 0
A 4 1(0,0,1) 1.98 0.168 0.064
5 2(1,1,0 3.63 0.184
A2 6 2(4,0,1) 4.56 0.146 0.109
7 0(0,0,0) 4.59 0
8 0(0,0,0) 0.50 0
9 3(1,0,2 2.16 0.463
10 0(0,0,0) 0.65 0
B B 1 0(0,0,0) 1.85 0 0.186 0.186
14 1(0,0,1) 2.54 0.131
17 1(0,1,0) 175 0.190
13 2(0,1,1) 8.50 0.078
c C1 15 2(2,0,0) 1.88 0.355 0.111 0.179
16 0(0,0,0) 1.66 0
c2 12 8(1,5,2) 10.34 0.258 0.258
Total 22 (6, 8, 8) 57.52 0.127

* A: mountain range on the west of Zengwen Reservoir (% X 7K ); B: mountain range on the east of
Zengwen Reservoir (& 3{7KJ&#); C: mountain range on the west of Nanhua Reservoir (7 1L 7K E).

** A1: Zhentou Mountain (f5E (L) and Dadong Mountain (A 111); A2: Erjian Mountain (—-42111) and
Kantou Mountain (¥25H[11); B: mountain range on the border between Nanxi (% 4) and Nanhua (Fd1t);
C1: mountains in northern Nanhua; C2: Wushan Range (f111).

*** Total counts by three samplings, followed by each of 1% sampling, 2™ sampling, and 3" sampling in

parentheses.
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Table 4. Estimated density of the Taiwanese macaque troops in Tainan County

Estimated density (95% confidence interval) (troop/km?)

Mountain range Region ] ]
Region Mountain range

Al

A 0.318 (0.193 - 0.443)
A2 0.546 (0.332 - 0.760)

B B 0.931 (0.201 - 1.661) 0.931 (0.201 - 1.661)
C1 0.554 (0.282 - 0.825)

Cc 0.894 (0.456 - 1.332)
C2 1.289 (0.150 - 2.429)

Total

0.637 (0.524 - 0.751)

* Mountain range and region codes are annotated in Table 3.
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Fig. 3. The shortest distances from the Taiwanese
macaque troops observed to the line transects.
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Fig. 4. Frequency of crops damaged by the
Taiwanese macaques based on interviews with
farmers. Types of crop: A, Mangifera indica L.;
B, Euphoria longana Lam.; C, Citrus sinensis
Osbeck; D, Carica papaya L.; E, Musa sapientum
L.; F, Cucurbita moschata Duchesne ex Poir.; G,
Psidium guajava L.; H, Phyllostachys makinoi
Hayata; I, Sechium edule Sw.; J, Cordia dichotoma
G Forst.; K, Artocarpus heterophyllus Lam.; L,
Litchi chinensis Sonn. (N=17)
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Effects of arthropod abundance on nestling growth and
survival of Taiwan Barbets (Megalaima nuchalis)
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Abstract

Food abundance in the environment influences nestling growth and survival in birds. In urbanized
areas, nestling survival is likely to decrease due to low arthropod abundance. We investigated the
fledgling success rate of the Taiwan Barbet (Megalaima nuchalis) and the causes of fledgling failure in an
urban green space and a natural habitat. In the two sites, arthropod abundance, arthropod provision rates
by parents, nestling growth states were recorded. The results show the less arthropod abundance, the
lower arthropod provision rate, slower nestling growth and more premature death of nestlings in the urban
green space. Furthermore, the clutch with nestlings of distinct body size differences had lower arthropod
food provision rate and more premature deaths. The results indicate that arthropods are a vital food
resource for nestling growth of Taiwan Barbet. Insufficient arthropod abundance in the habitat will likely
cause slow growth and premature death of nestlings. To enhance arthropod abundance in urban green
space, appropriate habitat management is needed, and any damage to the arthropod community and its

habitat should be prevented.
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200
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Fig. 1. Monthly abundance of insects collected from Taipei Botanical Garden (TBG) and Yang-Ming
Mountain (YMM), each of which was placed with three Malaise traps during the Taiwan Barbet’s

breeding season.

1. BACHEYE B ALt T o S BB B AR (R NRE )z s
Table 1. Comparisons of food provision rates (times/hr) of Taiwan Barbets between Taipei Botanical

Garden and Yang-Ming Mountain

Taipei Botanical Garden Yang-Ming Mountain " "
(n=12/182 hr) (n=21/182 hr)
Fruits 1.9+0.7 1.1+0.8 2.88 <0.01
Insects 1.3£0.7 2.3+0.8 3.76 <0.01
Unidentified 0.5£0.4 0.1£0.1 4.86 <0.01
Total 3.6£1.3 3.5£1.0 0.26 0.79

*student’s t test
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Fig. 2. Relationship between parent food provision rate of Taiwan Barbet and the nestling’s age as the
first green feather emerged on its back neck. (n = 30, fruit provision rate and nestling’s age: r* =0.05,

2 = 0.23, p < 0.01; total food provision rate and

p=0.22 ; insect provision rate and nestling’s age: r° =

nestling’s age: r* =0.05, p=0.25)
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Fig. 3. Causes of nestling mortality of Taiwan Barbets in Taipei Botanical Garden and Yang-Ming

Mountain.
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HIEE S IUHEYIE S S 18 725 AT Re g R R
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MSERBENRRRMERY) B4Rt T it
BARFEHENE S - 2012 £ &R
BRIt Tt 5S mT R I B e A 6 H DB
EEEIE - FRFECERERZME 17 SRy
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EmES hORNBER VE
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Chamberlain et al. 2009) ° & R 5 & IR 3 %
ERESHAR ~ R R HE B S B RH R AR I
BUR B E IR R » (BT R A7 206
7% 35 (Tremblay et al. 2005; Mennechez and
Clergeau 2006) © 38 L& R IT B A i 784G SR AH
{LL > B AR ER 0 S T e LA 1Y) SR B A HE
FrtHE R B R (HEE KR B AR
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AR LT - it HH B AR B A N
{5 > LIRS SR SRR S B at A BB B R A
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I TS R IR E - BIAEEGEE ~ 1
A ~ eSS - Dol & LA R 5 Al e
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E5 U A SR H AT (Mnais tenuis)2 R F3 1L A 2 AU » TSR BRS¢0 — AUPE - R
HIE —E = A ORI AN FFE o LA ZERT H 8952 LUE E0753% - Wi smissa ot i 2 7l
T > LURAIPH LB R AR A E A RE B2 T - 2 2012 4 3 % 4 A{EREILAR K 286 £hL
e - R M SUSEN R ~ A% R B as AR T =R RERFE - UG LUABLE L) 7347 A
HHEAIEA R o 5 REUR IR RS TR ) 8 TEAR ) R - iR A DERA ) A
P o MERERE I = RS o DU BT K. Mann-Whitney U test » 53 7l L I = R Ko 47074 LB
A EE =R RE R LAY 72 52 » il R RETS 528 A T R SA e vi  BL  A E57 2/ | S T [ Bt
BT MENS (p < 0.001) - SATLZE WL ANl B MR AL A 72 B2 (p > 0.05) ° #ilid —REAAUI S » Ay
SRR B R A LR B (p < 0.001) o T35 5% I B S 3L FT i U A Pl A A
SR FHEE L) IS S R bR 2 P S 7 52 (p < 0.001)
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Abstract

The damselfly Mnais tenuis adults in Taiwan are reported to possess intra-sexual polymorphism in
wing color. Male adults have two wing-color forms, but female adults have been indicated with doubt to
have one to three wing-color forms. Therefore, this study was aimed to quantitatively examine wing-color
polymorphisms of Mnais tenuis and to determine the differences in morphological features of adults
between the teneral stage and mature stage. A total of 286 Mnais tenuis adult individuals were collected in
northern Taiwan from March to April 2012. The features of these individuals, such as wing transparency,
wing area, and body size, were measured, and the discrete distribution of wing-color morphs was
examined according to wing transparency. A total of three morphs were identified from the discrete
distribution where the males can be classified as the “orange-winged form” or “clear-winged form”, while
the females classified as a single “clear-winged form”. Furthermore, the analysis of variance (ANOVA)
was used to compare these features among the three morphs, and Mann-Whitney U test between teneral
stage and mature stage. The results indicate that the wing area and body size of clear-winged males were
significantly lower than those of both orange-winged males and clear-winged females (p < 0.001). But
there was no significant difference in wing transparency between clear-winged males and females (p >
0.05). The mature adults were heavier than teneral adults for all three morphs (p < 0.001). However, the
significant differences in wing transparency and wing area were found only between mature and teneral
orange-winged males (p < 0.001).
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W A5 Syt o it Ja 1 AN [RIHY AR AU (Mayr - and
Ashlock 1991) = # R Z AU B 1 Bl 72 5 2

% AV (polymorphism) & 45 [F) F A4 W f B e Itk — U1 (sexual dimorphism) » 55 7E i 1
[R] I A7 7E —f8 50 2% F A~ [R] 2 RE (morph) i CRE AU oI 1 At A M A 2 B PR 3R SR (intra-sexual
(form){IE G IR R o Bil— fRk {1l S [0 e A A B polymorphism) » P Hig 5% . o DUEIS H B &
AN[E] > 2 BUPE TG A AN AR VA SR - K BLRERE(E B o MM 2 BN E sl - (H
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eV SOME TR e SRS a2 BRI 2 /L - Al
1 FERY 150 fE i S H B & ARG Al
T ¥ 535 {2 B B 8 (Minaais tenuis) ~ R FESR
18 (Orolestes selysi) ~ # i fl| % (Paracercion
calamorum dyeri) ~ & £ #fl ¥ (Ischnura
senegalensis) ~ Y B #fl # (Mortonagrion
hirosei) ~ #% %) (Chlorogomphus risi) ~ %5
fE ZJ BE (Chlorogomphus brevistigma)% 7 f&
(Lieftinck et al. 1984 5 i jziE 1997 : ¥ 2000 :
HESE 2006 5 Ml 2008 5 H 2011) o

fif SR UGS H B Eh i s e N %
RUPESIGANE R o {H R E R A K AT AR
(marking) » H A= 5817 AR B R BIEE > i
W AE B H A& K (natural selection) i 14 7K
(sexual selection)®f &) ¥y (1 % B 52 By
Mg EM o Kl B g in B A5 an H
(Zygoptera) ] 54 (damselfly) » [KIFR1T /75
g7 LIS B 0 B i VB G B i A B E A
B £ o ANINIERL Mnais J8 S0 & FH R e
Wt % AU B 22 i SR (mating strategy) fifF
%% (Watanabe and Taguchi 1990 : Watanabe
1991 ; Tsubaki et al. 1997 ; Plaistow and Tsubaki
2000 5 Tsubaki 2003 ; Hooper et al. 2006) »
B Ischnura J& SR HIT A VRS (2% B 5%
(Robertson 1985 ; Cordero 1990 ; Andrés et al.
2000 5 2 [ 2008) © % AUMEGER BAHY)
fEE (e ~ S B S B B (HE o JEbT
FEA R IRF - T P BELAE P 7 3 (33 B YR 50 B
BLE PG - e oy MBI E R - IEAY o Bt
i sk 5 €0 T B A T A > A ORI RN e )
{t#f (teneral stage)ZE ik (mature stage)ftF
Bt - fERSEIUE A S A 3L -
DRI - SR s H B aaiE (a2 RIMEIRSE > B &
PRITAS T T 72 JB I B M B AN S A 1 5
5o BRI E REECEIT I > JTRESE RS

AIERAA -

A2 2 HHRIHINEE (Mnais tenuis)/E X127
PERBISHR » 75 G 7 i LA R %
R aR R A ESITE 3 & 5 H(Lieftinck et al.
1984) o FR{ETESSL » £ 43 AT /> o Bl 34 B 55 3
(Lieftinck et al. 1984 ;: Hamalainen 2004 ; T
2007) o DRI A Shnvel 24 ¢ A SR A - 5 RRAS T A
O MR C L HHE o MEEERE 7 -
Lieftinck et al. (1984)¥5 it HA —#a A
55 K v (1997) B VF (2000) i 8L ffE b B 537 AU
(clear-winged form) i & 34 #!l (orange-winged
form) » WEWAE A E AT ~ 48 0 1 B 0 AU
(brown-winged form) ; i (2011) ¥ 3& fiff ik Bl it
WAYS B AR BRI o Haméldinen (2004)#
A e (o] i A8 A 7 A P S 0 e i L A 5 S A Bl
AR > A @ 3 A 5 F (2007)45 HiTFE
B AT - G B R B B A R Y
AR B i o8 2 T A o #F B BiTA
B A R S s B A A RO
WA (0 HIA BE AR ~ — AU B = AP S RN [E
% o

A1 & i 9 5 A 3 2 0 2 E
A A RARE BFE)T AR S o A5
FEAL & T BOR BB ERER > IR E I E
(morphometrics) 73 AT (148 5L » Aifi USSR AN
SEAEVEVE R A AU BRI o HR » HLIRCAN[F]
A2 HERIR N » S FH SRR BT - BEETHA
ey~ A B A FE SRR I RA (%R o AR LA
B AR RS T RE 22 B2 /R —OF fam o

HH S 5
— ~ RERE

2012 - 3 £ 4 AR GELER 7HREERGELT
HRER > BFRHT AL 7T (Shimen) ~ 3 L (Wanli) ~
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##£7% (Shuangxi) ~ 1% (Pingxi) ~ YE#£ (Pinglin)
LRSIk (Toucheng) (1&] 1) o BF/MHREIRI B &5
fan o Jo ik aEk iS5 B IR e o) £ W) 1L 1
(teneral stage) & ik Z4 I (mature stage) — 4= 1%
1 o H R AA b Rl e e B B B AT R 3

* 1 RECELALE BLER S E A

A S0 408 € 25 R

BK - B A LA R BT ERARE A A > #RTAE
PFILEATHIE (Corbet 1999) o FRIERR B HEIL
APUAHRLS » HE [T B DL 20°C iR IR AF
REE H B R B A R R 1

Table 1. Locations of the sampling sites and sample information

Site Location Collection date Number of specimen (life stage, sex and individual)
Shimen 25.26° N, 121.58° E 2012/03/22, 2012/04/12 12 (matured7, teneral 32, matureQ2, teneral 1)
Wanli 25.17° N, 121.62° E 2012/03/23, 2012/04/12 99 (matured 76, teneral 36, mature 216, teneral @ 1)
Shuangxi  25.08°N, 121.85°E 2012/03/29 16 (matured3, tenerald'3, mature®5, teneral @ 5)
Pingxi 25.03°N, 121.73°E 2012/04/11 49 (matured42, teneral 30, mature @7, teneral 9 0)
Pinglin 24.94° N, 121.68°E 2012/03/28 72 (mature38, tenerald 11, mature @ 11, teneral 212)
Toucheng 24.94°N, 121.87°E 2012/03/29 38 (matured31, tenerald'3, mature 94, tenera{0)

Taiwan Strait

Shin!en Pacific Ocean

[ ]
Wanli

u
m  Shuangxi
Pingxi

. L]
Pinglin Toucheng,
Taiwan Island

10 km

1. GEICECH R G -
Fig. 1. The sampling sites of Mnais tenuis in
northern Taiwan.
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Fig. 2. Detecting area of left forewing for
relative transparency (open square).
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(Z) ZERPAAE HiE (wing area)

FERT A A &2 Ll Epson Stylus
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52 o A AARARAIAEHEE - DU T A A e
fifit (Lieftinck et al. 1984 5 5RK&yE 1997 : VE
2000 ; Hamalainen 2004 ; £ 2007 ; ¥ 2011) »
WHPIB R -
(=) BRCEAHALE ~ S B AT i

LB K158 B2 8073 # (analysis of variance,
ANOVA ) & I ~ MR 2% 2 e AU A S 3
FHELEARE ~ B i B Rz S IR 22 58 > 47
IS RES 5% KUE - F DR NI
FLHIES (least significant difference test, LSD)3t
TTRCETELE o BEAIAE TS 5 SPSS 13.0 ©
(=) WAL BB R AR T2 g

RS )M C R A et Bt /) o K] I
R#faT 5 2 2 -E5 T2 U HIBE (Mann-Whitney
U test)fi € #) 441 LI B Bl 2 8 S (S B AH 2T
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AT RS SPSS 13.0 ©
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— -~ RERE

e HART A AL & 1 7 PR B IR EE MR S
ARk & 286 £ o H AR IR N 197 £
PIVMEHALESE 25 € - R AARERE 45 £ > Y77
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o Al LS 144 S (RS o) A (AR E A
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Sy ATl EE AR o 45 EMENE(EEE ) AT 76-86%
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S 1 8 5 2 R AR 8 (Mayr and Ashlock
1991) » ANHFSE Ha T WA ELAS A o e {5 B
M - 2EH7T BRI 1997 5 1
2000 # 2011) > AIHFCIHE B — 0 Al »
YT P 28 TP 4% (34-56%) Y b A (1 7 ik
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Fig. 3. The histogram of relative transparency for
mature male and female wings.
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IS H B S 3 HIATE (pterostigma) ~ 3#
Ak (wing vein) LA Bz H S I Ffr /62 (22 £ 320 2= (wing
cell) TR o IS AE ~ ANRELA = & B HEH
o FEF e M I TR S = o SATERA
0K B e eSS T S A EAAE B > A%
SRHSAE R (i A & B RS A A3
18 S SIS E B 0 FH ) IR (ki 58 B Rk
A AT (1 o WU RIS HE F5 25 1 €5 (Oguma
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2011) o FH S > SR B 25 A B A ddkgdi ek >
AEH » —HBROE SRR K o Firl L
6 F RIS MIK(Oguma 1913 : £ 2007) » 1
= BB IR - HRER (B T RERS BEA 1 ]
B < 3688 2 75 R b 08 B IR 1 20 F 1 o8 (i
JeiE 1997 5 ¥E 2000 ;5 £ 2007 ;s # 2011) 0 A
REfeiT o N B == — F BAOASIR o K52l
BELE AR (AR - #% Tsview 6.0 52 {5 FHER
HE¥T 6 E{ERS M AL R » = AR
1 91.1+1.1% - ANR(E(G 8.9+1.1% » EAHHIE
AR BTRR - SR IBA = FF L o

JBIAAS A A SN 2 BRI 5 > SE R
il R fE B Y B L A o 1 B 1 (Mendelian
inheritance) (Mayr and Ashlock 1991) ° 41
Tsubaki (2003)# & /2 fi> H A% H 3 6 8T B i
BERE TR ~ ST — TR o ERETS TR B R
Z Mnais costalis JlI » H A s E SR —
FE IR (locus) — #HEH FE K (allele) » & (B B XI 5
SR PR A TP IR0 LA © ER S T A S
Eil Mnais costalis Jii& 5L A #H[RA AR > AT
REMEHGEENE -

= ~ BRAUILE ~ MR R R LR

R 2 EITER O R IR U R L ~ 5B
AU e B S e S EE IR ~ s
T RGBS - OASAAEWIE I S - fd

A S0 408 € 25 R

RUBHENE RS 41.9+3.6% » B MR HHEIE 77 82.7£1.9%
» SERIMERA S 82.1+1.5% o #EBE K] -8 FL U
537 (one-way ANOVA)fEF » TEAHEHE AR
3R B 7 B (F=5362.5, p<0.001) ° %/)\§l
& 72 BGS (LSD)R T ELB G L » AE 7R T
B3R HEREE (P<0.001) » BICRE A fffie Bl 75
R (P<0.001) » A FEH HE 2R« [H
J 375 420 U Py i up L 0 P (p=0.336) FlIJ 48 3
FERL(ER 3) T Z o TEHEEIAK I - B
7 PR AR Y SRR ] B Rl — R > SHELERARY
BTN ~ WESERRAAE R — BT S B o

TESABR A - o 3B A bl B NS T
f#H (2.41£0.16cm?) » 1A [ (2.72+0.16cm?)
B AU HE A (2.7620.18cm?) R IR (36 2 |5
E57) o FE B IK] 88 BB BTG SR 0 SRS AHENE
AR 3% FII5A 72 5 (F=81.5, p<0.001) ° /)
S 72 S BE RIS EE RS SR » (B A I R
B 5 0 7R e AR L (p<0.001) B Bl 375 3 7 jfk it
FHE (p<0.001) » TE A HIFA b8 A I K B 72
S5 FEAT e B 57 U R IR R (p=0.165) HIl 41
g 2R (R 3) o (EiSHZE b B MR E
1(34.0+5.8mg) » & AR LHENE (49.8+7.4mg) Hil 35
Y MW (51.2411.6mQ) B (FE 2 B ER
1) o FS B[R] - 88 BB BTG SR - st E
HH 3 7% 5L (F=83.1, p<0.001) ° f/ N 7% F il
B S S LS SR - 375 PR Ty A iy B R S A e
W& FH . (p<0.001) Bk Bl & 4 AU M W AH Eb
(p<0.001) » TERERZEE FETHIEREIE 225 s 1
S L T i S S0 R 0 P (p=0.313) FIJ 48 B 2
FERL(ER 3) o K E AU HEIERE AR N 0 K
SRR [0 T AT W T BB K o

AR S 7 S T e A A e | > R ST e
R AR R R o th Rt BHIY) Mnais /&
) L I SR = Tant - WO es 2 ih s sl
PEIF I (territorial)2E 5E 5RIE (mating strategy) B[l
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A A5 B STt B 28 1% Sl ) 4% S L T e B
AU (Watanabe and Taguchi 1990 ; Watanabe
1991 : Tsubaki et al. 1997) o FH A {1 eI 2
PRI R TE R R S H b HOE A A T
% {8 (Plaistow and Tsubaki 2000) » [A] [ 1
W AR 2 PR L SR (9380 E (5 % (honest
signal)(Hooper et al. 2006) ° .2 » #&%/|\1)35
AT Jife oA S A SHERE 35k 14 (non-territorial) 2E 5 TR
W > BNk A ARSI AR S A S L T 0l A 3 0
33 R PR UM T 3CHC > £ /i 3827 (sneaker)
%2 hid 77 28 (Watanabe and Taguchi 1990 ; Watanabe
1991 ; Tsubaki et al. 1997) °

FH 7 Mnais J&8 Sl G — i St EL A S Al
375 R NS > R A € R B LA QSR AN Rl Ik
A B A S A A i SRS 5 L FE T (Watanabe
and Taguchi 1990 ; Tsubaki et al. 1997) o Afff 52
B PR o B TR R T ) B e £ S 7 LS S R
EwE > BRI AT - 18etE B E ¢ 718
1265 5 )5« 3BE3EE 5 AR« 288 14%E 5 PRMA ¢
27812048 5 GEYK : 208164 (B SRS WIL
JB RS AR ) o P 25 PR AR B ) TR (0 1 L
1ol 72 B K > R UAUAE 11% %2 86%(H] » B
1E14%7E89%IH] o HI S HRER B E R 122 2K
o BRI RS - 2R IRIRY R E RS -

2R 2. YA B YA RS e ~ ST [ L S e 2 SMBAHBHE WL ~ A S i fg

HRHZE (n=FR i3 s AP E AR R 2 )

Table 2. Wing relative transparency, wing area, and dry weight of the orange-winged male, clear-winged

male, and clear-winged female in teneral and mature stages (n=sample size, meanzstandard deviation)

Stage Wing-color formandsex n  Transparency (%)  Wing area (cm?) Dry weight (mg)

Mature  Orange-winged male 144 419+ 3.6 2.72+0.16 498+74
Clear-winged male 53 82.7+1.9 2.41+0.16 34.0+£5.8
Clear-winged female 45 82.1+15 2.76+0.18 51.2+11.6

Teneral  Orange-winged male 13 62.6+ 4.2 2.61+0.20 20.2+ 438
Clear-winged male 12 826+1.1 2.32+0.15 171+ 4.8
Clear-winged female 19 81.4+23 2.68+£0.20 194+6.1

3 3. R/ NEE RS CH L BCHE A BLEVY - RS SR 2 A R (P28 p (H)

Table 3. Pair-wise comparisons for wing relative transparency, wing area, and dry weight based on least

significant difference (LSD) test (mean difference with p-value)

Pair-wise comparison

Transparency Wing area Dry weight

Mature orange-winged male versus mature clear-winged male

-40.8 (p<0.001) 31.1 (p<0.001) 15.8 (p<0.001)

Mature orange-winged male versus mature clear-winged female -40.2 (p<0.001) -3.9 (p=0.165) -1.4 (p=0.313)

Mature clear-winged male versus mature clear-winged female

0.6 (p=0.336)  -35.3 (p<0.001) -17.2 (p<0.001)
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Y9 ~ 1L BASE R AR S E L

7% 2 BRSNS ~ E Y e B R
BB RSB (F 2 BT8R 5 ) S L RA (3% 2
N ITERGY e BiSA AT E AL ~ /e i A [
THELRERZ B - BUHELEE M S - iy
L HATHENE RS 62.6£4.2% - FEHHRY Rk AU LA
41.9+3.6% * #% Mann-Whitney U test > —#&E
HIEH B 22 5 (0<0.001) (3£ 4) » HIke iy i
S B RE R I B I (8] 4. A, D) © tHIX
> FEE BRI M b BT (82.6+ 1. 190) Bil ji 24
A (82.7+1.9%) ] (p=0.732) » LUK E HAIY)
M AL HA M W8 (81.4+2.3%) B R 2 HA ME W
(82.1+1.5%)[H1(p=0.314) » ML FE A T L5 ML QE %
FEFR(R 4) 0 Bl ZAVEIZ A 2 B BCERA
HRRE (& 4. B, E; C, F) ° Hooper et al. (1999)F!| ]
[ 3B 8¢ Mnais costalis FIMEA (G55 H » S527
1o S AU e S == HLA (554 1l BEAY) (precursor) Y
HERE > (EZE AU SRR I RE o [RTLEY > ARSI
SR R A 58 S R B (0 R MR R

B > 2 o 3BT R CE AV LT B i 2T 5
BEFH M E 2E -

TEMBm RS L o 1A W) A b 1 e
(2.61£0.20cm?) B % U 7l Bl BT e 018 (2. 72+
0.16cm?)f] HL A J 72 52 (p=0.038) (3 4) ° {HTE
B AR A A e (2.32+0.15cm?) Bid 535 A Y
Fl B 1R (2.41+0.16m %) [ (p=0.140) » LI K%

A S0 408 € 25 R

AT )74 b 1 WIS (2.68+£0.200m?) B 37 A A 5§
S JE 1 (2.762£0.18cm?) [ (p=0.183) %5 it FH &
FER(F 4) o WS Z o HERRAHR B I
BHEOMMCIE K > (BTEM AT L AR
8 B JH 3 7% B - Matsubara et al. (2005)# &
Calopteryx atrata ¥ LfEwe » 15[ 4 fin B
E% (age class) » ¥ % A fH O MEBH E A5 AR
(p=0.1980) ° AHfFFTH » 37 Y e B 375 S AU
i iR S B2 1 i A BH A8 (L Bl Matsubara et all.
(2005) 38 —Ey - {EL Y b e 2 HA A 85 9
PHCIHEREWOR » I B2 & B W) L AR 2
R A > afEE— DT -
TERS sz 8 & > 1R W) AL HA ffe i
(20.2+4.8mg) Bl 1 3 1 1 24 4] B W (49.8+7.4
mg) ] (p < 0.001) » & W W) A 1t HA Kff 8
(17.1+4.8 mg) B 37 B AU BY 24 HA I 4% (34.0£5.8
mg)[Hl (p <0.001) » LA k% 3 B0 41 b HA fe i

mg)fHl(p<0.001) » HHIFHEIE AR GEK 4) °
652 » BCAMRRE AU SEW ~ 575 H ffE Al Bl
37 AU SRR BRI AL AN
25~ 2.0 Bl 2.6 {5 o B3 T E B LI IEERK
RHVATEAE > I EEA AL ~ IG5 ~ b
7 5 (EHERERE(L1L - heE TR A M 2B
14 =5 M9 1 R 4R (Plaistow and Tsubaki 2000 ;
Matsubara et al. 2005) °

4. 2-HFE U HIBRACH LLBCHEATEREWIRE ~ S ImTE S REaZ B2 72 B (U 82 p fiE)

Table 4. Pair-wise comparisons for wing relative transparency, wing area, and dry weight based on

Mann-Whitney U test (U score with p value)

Pair-wise comparison Transparency ~ Wing area Dry weight
Mature orange-winged male versus teneral orange-winged male 4 (p<0.001) 611 (p=0.038) 4 (p<0.001)
Mature clear-winged male versus teneral clear-winged male 297 (p=0.732) 230 (p=0.140) 12 (p<0.001)
Mature clear-winged female versus teneral clear-winged female 358 (p=0.314) 336 (p=0.183) 9.5 (p<0.001)
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Fig. 4. Left forewing of Mnais tenuis. A: mature orange-winged male; B: mature clear-winged male; C:

mature clear-winged female; D: teneral orange-winged male; E: teneral clear-winged male; F: teneral

clear-winged female.

FESRE AR R AR b 2 L4511 (2.0 %)
BITE RIS (2.5 15) B LB HRIMENE 2.6 )
H AR - #8 Mann-Whitney U test #4487 17
TR TERSHZE L o BRI b e B R
RV EHA IR (0=0.137) » DL BB 7 1)
A I e e B 375 S U 4140 1 L A M A P (p=0..367)
BERREE 2= 5 B CIAG & A E e i
W BB CH R o (HAERVIINERZE o B
ST i BT A ] (p<0.001) > LUKGE Y
Tl fife iR L7 S 7R I R (p<0.001) A5 5 JE
W AR 3) 0 tEb @R RS A e
HERZ 2 Bl 0 AR B o AR > B
SRS ER R IR DA S = - MO - 1
ST eI B 57 TR IS - 4B 2 E AL
) 87 & L (Mann-Whitney U test #4870 47
p=0.495) 5} /& 11 A% AR fHZ 25 HL L (p=0.313)

(G5 3)FMERAE A2 T - DR AL e R EE e R
HRREST LLE AT MEWE o Anholt et al. (1991)48 H
MEREIE T IS H s > IR BB EE
TERIL A & B8 B PR i e o AT I 8 R M
o (EUE AR O ek U B e S B BT o R
ger - SE R e F ) o R R e
FIT MRS » B A Anholt et al. (1991)5F Al
R LIE AR SR AU A € IR R X 2 i A
PE PR B R 2 A T SRS LU A 3 > SRR
WIAT BB B T AT R - SR
SMTRIHSCRER Z -

51 SRR

EXAB © 2007 T RIBHEEBEE - IR
Bt -
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Effects of Clothing Color on Flight Initiation Distance of
Black Drongo (Dicrurus macrocercus)
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Abstract

Human activities are a known disturbance affecting the survival and reproduction of wild birds. For
instance, clothing color can affect bird activities as well as cause discrepancies in bird surveys. As such
this study uses flight initiation distance (FID) as an indicator to investigate bird tolerance in different
clothing colors. Five clothing colors (black, military camouflage, white, red and orange) were used to
measure the FID of Black Drongo (Dicrurus macrocercus) in an experimental farm of National Taiwan
University, Taiwan. The FID of Black Drongo when encountering red clothing was significantly larger
than black clothing and military camouflage clothing. The FIDs triggered by high colorfulness were
significantly greater than that of low colorfulness ones. The FIDs caused by high brightness were
significantly greater than low brightness ones. The results support the species-confidence hypothesis. The
Black Drongo showed higher tolerance in black and military camouflage clothing and lower tolerance in
red clothing. The results suggest that it is important to wear clothes of low colorfulness, low brightness,
or in colors similar to the surrounding environment during bird watching and surveys. The results also
show that when managing a conservation area, it is important to take the degree of bird tolerance into
consideration before designating core zone, buffer zone and recreation area.
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Key words : clothing color, flight initiation distance, optimal escape theory, species-confidence hypothesis,

Taiwan
Wt HHA 2013 4 05 A 21 H B HHEA : 2013 %08 A 05 H
Received: May 21, 2013 Accepted: August 5, 2013

BN\
%
3
>
@
=
N
o
H
\’.\2
HET
i

q.
H“ﬁ
>t
@1
f?E
Mk
=4
cd
i

28
NER R H AR R @ ) 85 8 T RS E) 2 @J #f @? E ) fF% E"J o7 'E. E'JE féﬁ %M & =%
M BB EA TN THE.Z— (van der (Sekercioglu 2002; Weston et al. 2012) °
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IRF o 38 W) B K i 2 AT RO B R 5 28 R
(flight initiation distance)(Ydenbery and Dill
1986) > LA AR EEHE AT R T E I A AR o
> ERSAH B R T 1 3 AR ) 6 Mok S R 1%
(trade-off)1) Fe{H 5RME A (Ydenbery and Dill
1986; Lima and Dill 1990; Cooper 1999; Cooper
2000; Broom and Ruxton 2005; Cooper and
Frederick 2007) o fx{# 23 (optimal escape
theory)(Ydenbery and Dill 1986)7H:Hl : & 774k
il R LB S A R MR 4T FE A AR > ARk
ORI MR » IR B i PR - A8
5 B 36 fE 7R B B (optimal flight initiation
distance) © [K It - 48 & 10 % REEEE » 2
VA AF R B R o BRI B e N R S B
AT T BRI ANE S R A GRS A K] 1
SEHEE TR ) 522 (Cooper et al. 2003) » 41K
M FEXE (McLean and Godin 1989) ~ KR
{35 FEE (Cooper 1997) ~ A2 [ LU e sk i i
(1 PEEfE (Bulova 1994) -

Bt R L BB EEALE 2 —
(Osorio and Vorobyev 2008) » &4 & & a1
(A 02 % R F 8 (Gill 1995)FITB 15t 5+
# (Metz and Weatherhead 1991)f1"){f¢ 15 » th ] BE
B ERS LR RS TP Y (ZE (Rohwer 1985) ~ it
{H5284 (Noble 1936; Burley 1981; Burly 1986a;
Burly 1986b; Ballentine and Hill 2003) £ f£ £5ic
#JB#H 1% (Frankel and Baskett 1963; Goforth and

Baskett 1965) ~ BJH Y T2 % (Weatherhead et al.

1991; McGraw et al. 2001) ° Burley(1986b)#¢ !
Yt (3 BB (species-confidence hypothesis)
PO B B A R B A (A RO S S 8 - el
R A 02 FRERR (RS o VIR S fE iR th
[& 12 E F AT FE S 481755 (e.g. Rockwell et al.
1985; Weltry and Baptista 1988; Gould et al.
2004) » JC H 9 HEK T AHBHE i 22 (McLean

and Godin 1989; Bulova 1994; Cooper 1997;
Cooper et al. 2003) > Gutzwiller and Marcum
(1993)# B 4 1117 (Parus cardinensis) ~ 35
JE\ 55 [l 48 (Parus bicolor) B 3% i 4 ## 4
(Carduelis tristis)¥ e B i (0 28 2 A 5 210
HEFRTE - RO E BT » P2 9T USRI
TR P E 1 775 I KR T 35 7 25 0 8 U F5 A2 (Kinight
and Temple 1995; Larson 1995; Riffell and
Riffell 2002; Sekercioglu 2002) ° I HEE 1
TR T A R AR A B B » RGN
B K R EH gy 68 38 A4S IR A A R 2
(Gutzwiller and Marcum 1993; Riffell and
Riffell 2002) -

it bt » AHF5E H AR LU R PR
R DRI » BRETANRIBAE ~ R B e
g% > B RIEEN 28 - RIF5ELIK
B (Dicrurus macrocercus)f3ifFFEEI R » 2008
BN 2R ER RS RS T o DUETRER
it £ {10 8885 (dependent variable) » 3fi 73 Hl| LU ER
HHEBWNEG ~ P - DIseE SRR
37848 (independent variables) » I & EA
HARBRERIEAE 2 -

HH S 5

o e,

3 & K B R 2E B R 8 (25902 N,
121%3'E) (i 1) (S i RZE 7 218K
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555 2008 ) © AL G A RE M BT EA S HH /I &R 1
FEGABIEMEE X~ SEEY ~ K~ |
R o N SR AR ESR Af 0 BR K
AR E o M E KR B ) S R R
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Fig. 1. Aerial photo of the experimental farm, College of Bioresources and Agriculture, National Taiwan

University.
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Fig. 2. Variation of flight initiation distances of
Black Drongo when encountering researchers
with five different clothing colors. The bars of
different colors under the same horizontal line
indicate non-significant differences among them.
Each error bar indicates standard error, and the

numbers above the bars are sample size.
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Fig. 3. Variation of flight initiation distances of
Black Drongo encountering researchers with
high clothing colorfulness. Each error bar
represents standard error, and the numbers above
each bar indicate sample size.
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Fig. 4. Variation of flight initiation distances of

Low brightness

Black Drongo when encountering researchers
with high clothing brightness. Each error bar
represents standard error, and the numbers above
each bar indicate sample size.
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Abstract

Avian pox has been reported in a wide range of avian species, yet nothing has been published about
its prevalence and distribution in resident passerines in Taiwan. We used banding data from the
Monitoring Avian Productivity and Survivorship, Taiwan (MAPS Taiwan) program from 2010 to 2012 to
evaluate the prevalence of avian pox-like lesions. In total, 50 resident passerine species and 1,591 newly
captured individuals were included in this study. Prevalence of avian pox-like lesions was 0.75% on
average. Individual white-tailed robin Cinclidium leucurum, white-browed bush-robin Tarsiger indicus,
rufous-capped babbler Stachyridopsis ruficeps, and gray-cheeked fulvetta Alcippe morrisonia, were found
with lesions, and the number of cases and prevalence of avian pox-like lesions were 9 (9.78%), 1 (3.23%),
1 (0.37%), and 1 (0.28%), respectively. In contrast to most of the bird species studied which all showed a
relatively low prevalence for pox virus infection, the white-tailed robin seemed to be easily infected by
pox viruses. From data collected from recaptured cases, the lesions appear to last longer than two years at
least. In case of an unexpected outbreak of avian pox, systematic monitoring programs of wild bird
populations, such as MAPS Taiwan, would assure early detection of any such increase in the number of
infected birds.
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Fig. 1. The map shows the locations of each
banding site operated by MAPS Taiwan program.
(1) Sikanshui, Xindian, New Taipei, (2) Wushikeng,
Heping, Taichung, (3) Hehuanshan, Xiulin, Hualien,
(4) Ruiyan, Renai, Nantou, (5)Huben , Linnei and
Hushan, Douliu, Yunlin, (6) Shekou, Jhongpu,
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Table 1. The first captured records of the individuals with avian pox-like lesions from 2010 to 2012

Species name Band Number pae Locality Sex Age
(year/month/date)

[LIL58 (Stachyridopsis ruficeps) K05374 2010/8/24 1L (Hushan) Male  After hatching year
H 248(Cinclidium leucurum) B45105 2010/3/5 {5111 (Hushan) Male  After hatching year
H R i(Cinclidium leucurum) Unbanded 2010/12/12 YR 7K (Sikanshui) Female  After hatching year
H 38 (Cinclidium leucurum) B45118 2011/3/6 1514 (Huben) Female  After hatching year
F E2 B (Cinclidium leucurum) A47057 2011/9/4 Hii#5 (Ruiyan) Male  After hatching year
H R #(Cinclidium leucurum) A4T7059 2011/7/7 Fiti (Ruiyan) Male  After hatching year
H EE B (Cinclidium leucurum) A47060 2011/7/7 Hii & (Ruiyan) Male  After hatching year
F E2 8 (Cinclidium leucurum) B25403 2012/5/26 Hii 5 (Ruiyan) Female Second year

H 38 (Cinclidium leucurum) B27797 2012/5/26 Hifi#5 (Ruiyan) Male  After second year
F EE B (Cinclidium leucurum) B27798 2012/5/26 Hii 5 (Ruiyan) Female  After second year
4 fE KB (Tarsiger indicus) A45320 2012/9/1 &1L (Hehuanshan) Male  After hatching year
IR 238 (Alcippe morrisonia) A33534 2010/8/12 1L (Hushan) Unknown  Hatching year
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Fig. 2. A case of inactive avian pox-like lesions recorded from an after-hatching-year female white-tailed
robin (Cinclidium leucurum) in Sikanshui, Xindian, New Taipei on December 12, 2012.

(b) April 13, 2013

(b) April 13, 2013

3. 1 8 & EAERY F S (Cinclidium leucurum) (BR%% @ B45118)ME B ke Hoypisdiy 2011 %
2013 fEHyEL -

Fig. 3. A case of a banded female white-tailed robin (Cinclidium leucurum) with active avian pox-like
lesions captured in 2011 and recaptured in 2013. (Band number: B45118)
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(a) September 3, 2011

(e) September 2, 2012

(b) September 3, 2011

B 4. 1 & HISE SIS RER R 98 (Cinclidium leucurum)ER%5E : A47057) it B I Hosgt ey 2011 - 2 2013

R o

Fig. 4. A case of a banded male white-tailed robin (Cinclidium leucurum) with active avian pox-like
lesions from September 2011 to April 2013. (Band number: A47057)
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White-tailed Robin, A47059, July 7, 2011 White-browed Bush-Robin, A45320,
September 1, 2012

Bfdk 2. Hgk 4 & MBS I A MR fCEknfag -

Appendix 2. The other four individuals with active avian pox-like lesions have been photographed.
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Colonization Patterns of Aquatic Insects after Typhoons
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Abstract

To understand the colonization patterns of aquatic insects by the impacts of typhoon, an intensive
investigation was carried out after typhoon hits from April 2007 to March 2008. The study found that the
structure pattern of the aquatic insects community shifted back toward that of pre-typhoon period. The
pre-typhoon dominant taxa Baetis spp. and Ecdyonurus spp. were replaced by Pseudocloeon spp. and
Rhithrogena spp. after environmental impacts by a typhoon. Baetis spp. and chironomids distributed in
slow running water, while Hydroptila sp. scattered amongst filamentous algae at the bank. Among the
functional feeding groups, a higher ratio of predators was found in the early stage of colonization after
typhoon disturbance. The proportion of predators decreased gradually with an increased abundance of
scrapers, followed by an increase in relative abundance of collector-gatherers, which subsequently caused
a decrease in scraper ratio. Population density of collector-filterers was also found to be lower than that in

the pre-flood period while the ratio of piercers increased.
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Introduction

Taiwan is frequently hit by typhoons in the
summer and autumn. Continuous and intensive
rainfall causes an increase in discharge, and
community structure of aquatic insects is
vigorously altered (Huang 2005; Yang and Wong
2005). Contemporary climate change scenarios
predict an increase in extreme weather events,
which include changing precipitation patterns
resulting in severe floods and droughts (IPCC
2007). Flooding is the most important natural
disturbance in stream environments (Sagar
1986; Giller et al. 1991). Taxa abundance and
population density of macroinvertebrates are
reduced by increased discharge (Sagar 1986;

Scrimgeour and Winterbourn 1989; Fritz and
Dodds 2004). Despite the subsequent occurrence
of small floods following the large flood,
community structure of benthic macroinvertebrates
recovers rapidly (Scrimgeour et al. 1988). Time
required for recovery following a large flood
varies, depending on factors including stream
type, magnitude of disturbance and other factors
under investigation, ranging from a few months
to a year or more (Fisher et al. 1982). Rapid
recolonization by macroinvertebrates after
flooding is attributed by the utilization of refugia
and interstitial habitats (Angradi 1997), drift
from undamaged areas (Williams and Hynes
1976; Scrimgeour et al. 1988), and oviposition
by aerial adults (Gray and Fisher 1981). Nearby
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areas of the flood-affected areas, such as
tributaries, calmer areas and deep substrates play

an important part in maintaining the resilience of

aquatic ecosystems (Minshall and Petersen 1985).

The relative abundance of invertebrates in nearby
areas is higher since these areas might be less
affected by floods. Scrimgeour et al. (1988)
discovered that deep pools formed during
flooding provided shelters for invertebrates,
which act as important sources of colonists when
the pool reconnects with the main channel.

The aim of the present study is to describe
the aquatic insects’ response to flooding caused
by heavy rainfall, discriminate the characteristic
and dominant species, and discuss their
assemblages under different hydraulic conditions.

Materials and Methods

(1) Study Area

The study was carried out in Shakadang
Stream, the first tributary of Liwu Stream basin,
located in Taroko National Park in eastern
Taiwan. Shakadang Stream flows 17.2km and
drains 60.11km? directly eastward into the
Pacific Ocean. The gorges of Shakadang Stream
are mostly steep wall crags and the riparian
vegetation is rich, comprising subtropical
rainforest formation, with Ficus plants
(Moraceae), large-leaved machilus (Machilus
kusanoi (Lauraceae)) and red bark slugwood
(Beilschmiedia erythrophloia) as dominant
species.

Two sites were selected for sampling and
designed to stable hydrological gradients across

the Shakadang Stream, as aquatic insects there
are susceptible to extreme hydraulic impacts.
The sites were located about 1km (Site 1) and
1.6km (Site 2) upstream of the Shakadang Bridge
respectively (Fig. 1).

.
Sanjianwu

. Shakadang Stream -
site 2 Hualien
Wujianwu Sioulin Township

o Site 1
Shakadang Bridge N
o~ N
3 \Liwu Stream :ﬁ
8 —

Fig. 1. The locations of the sampling sites
(Site1-2) along the Shakadang Stream.

(2) Collection of environmental variables
Environmental variables were sampled in
each site, totaling three samples for each variable.
Current velocity and depth were measured with a
Global Flow Probe FP101 for each sample.
Conductivity, dissolved oxygen, pH, temperature,
and turbidity were measured with portable
sensors in each sampling occasion. We used a
modified Went-worth scale to record the
dominant grain size class in the quadrat (Surber
sampler 50cm x 50cm), ranging from gravel to
boulder (gravel 0-2cm, pebble 2-5cm, small
cobble 5-10cm, medium cobble 10-20cm, large
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cobble 20-30cm, boulder >30cm).

(3) Collection of aquatic insects

Samples were collected at both banks and
the middle of the stream at monthly intervals
from April 2007 to March 2008 using a Surber
net sampler (50cm x 50cm, mesh size 0.7mm).

Besides the above sampling design, we also
took three replicate samplings at each site (along
the left stream bank and 1m from the shore)
between 12" August, 2007 and 24™ November,
2007 to compare the distribution and abundance
of aquatic insects before and after typhoon hits.
After typhoon Pabuk hit on 9" August, 2007 and
typhoon Sepat from 18" to 19" August, 2007,
samplings were carried out at three-day intervals
using the same method as that for the monthly
samplings. Specimens were also sampled from
9" to 15™ and 15™ to 29" September, 2007 at
six-day and 14-day intervals respectively.
Samples were collected at seven day intervals
after typhoon Krosa stuck on 6" October, 2007
and lasted for 49 days.

Each sample was preserved in 80%
ethanol, labeled, and returned to the laboratory
for examination. At the laboratory, organisms
were sorted, identified to the lowest possible
taxonomic level, counted, and kept in 75%
ethanol.

(4) Statistical Analysis / Data Analysis

The number of organisms in each taxon in
each sampling (both bank and middle stream, or
three replicates sampling at left stream bank) was
pooled for data analysis. Data transformation

Aquatic insects colonization after Typhoon

was performed prior to analysis: abundance of
aquatic insects was log(x+1)-transformed,
environmental variables were log(x)-transformed,
while arcsine square root transformation (arcsin

1/2
(Y
Pearson's correlation coefficient was used to

)) was applied to percentage data (Zar 1996).

determine whether the various environmental
parameters were correlated with the abundance
of aquatic insect taxa. Temporal and spatial
changes of aquatic insect community structure
were analyzed by non-metric multi-dimensional
scaling (MDS) using the PRIMER v.5 software
package (Clark and Warwick 1994; Clarke and
Gorley 2001).

Results

1. Environmental features

The annual rainfall during the study period
was 3,050mm with a peak occurring in August
(963.5mm). Water temperature ranged from 17.5°C
(February) to 26.5°C (July). Minimal water depth
was 3.3cm (September) and maximum 105cm
(August). Water velocity varied between 0.59m/s
(September) and 4.18m/s (August). Minimum
discharge was 0.53m*s (July) and maximum
41.39m%s (August) (Table 1). Substratum was
dominated by medium cobble (31%) and small
cobble (26.89%) (Table 2).
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Table 1. Range, mean, and standard deviation of main environmental variables of sampling sites

Minimum-maximum (mean+SD)

Site 1
Site 2
Variables Before typhoon After typhoon (1-49-days)  After typhoon (49-days-later)
Apr.- Jul. Aug.- Nov. Dec.- Mar.
20.20-25.30 (23.00+2.00) 19.13-23.20 (20.89+1.19) 17.90-19.30 (18.80+0.59)
Water temperature ('C)
21.4-26.50 (24.43+1.98) 18.47-23.80(20.39+1.32) 17.50-19.00 (18.08+0.58)
i (cm) 25.17-12.69 (7.33+41.67) 3.33-78.00 (20.94+19.66) 9.33-19.67 (13.33+3.88)
Depth (cm
6.33-20.67 (11.75+5.96) 9.00-105.00 (41.50+33.60) 6.33-10.67 (8.92+1.66)
) 1.29-2.43 (1.77+0.44) 0.79-4.18 (1.93+0.96) 1.18-2.260 (1.70+0.38)
Current velocity (m/s)
0.69-1.52 (1.26+0.34) 0.59-4.06 (1.91+1.00) 1.00-1.48 (1.20+0.20)
) 1.10-14.07 (6.17+4.82) 0.75-22.69 (5.49+6.49) 1.33-3.96 (2.82+1.01)
Discharge (m3fs)

0.53-4.05 (1.99+1.34)

1.36-41.39 (15.47+11.80)

1.42-3.53 (2.46+0.76)

Table 2. Substrate composition of sampling sites in Shakadang Stream

% Gravel Pebble Small cobble Medium cobble Large cobble Boulder
0-2cm 2-5cm 5-10cm 10-20cm 20-30cm >30cm
Site 1 7.43 16.48 23.26 31.67 10.87 10.29
Site 2 6.21 14.77 30.68 30.30 15.23 2.80
Site 1 and 2 6.84 15.64 26.89 31.00 13.00 6.63

2. Agquatic insect community structure

Community structure of aquatic insects
underwent huge changes after a typhoon attack.
Samples from site 1 and 2 collected after typhoons
Pabuk, Sepat and Krosa deviated from the samples
prior to the typhoon attacks. With time, samples
tended to resume a similar species composition
with those before typhoon (Fig. 2, 3).

Structure of aquatic insect community among
the two sampling sites was compared between
the pre-typhoon and post-typhoon periods (Fig. 2,

3). Six samplings were conducted at site 1 after
typhoon Sepat struck in mid August 2007. The
community structure was found to be different
between 12 days (31% August, 2007) to 49 days
(thh

Subsequent change in community structure has

September, 2007) after typhoon Sepat.

been recorded after another typhoon Krosa came
in early October 2007, though the change was of
a smaller scale. The variation of dynamic changes
in aquatic insect community recorded between
December 2007 and March 2008 was found to be
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gentler. The result indicated that the community
structure became more stable and less stochastic
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over time as the impact of typhoon attack subsided
gradually (Fig. 2).
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Fig. 2. MDS plots of community structure of aquatic insects at site 1 in the Shakadang Stream from April

2007 to March 2008. Samples were labeled with numbers. The first digit indicates the year, the second

and third digits indicate the month, the fourth and fifth digits indicate the day, and the first and second
digits in the bracket indicate the days after typhoon. For example, 70831 (12d) indicates 31* August, 2007
and 12 days after typhoon. The number 803 indicates March 2008. SP typhoon: Sepat typhoon. KRS

typhoon: Krosa typhoon.

A change in aquatic insect community
structure at site 2 was recorded before and after
typhoon attack (Fig. 3). The community structure
was relatively stable and demonstrated little
variation in the pre-typhoon period. A slight
change in community structure has been noted
after attack by typhoon Pabuk in early August
2007. The attack of typhoon Sepat 15 days later

resulted in a different change in community

structure. The change in aquatic insect community
structure reached maximum at 41 days after the
attack. The change in community structure
recorded eight days after attack by typhoon Krosa
(early October 2007) was of small scale. Like site 1,
community structure observed during subsequent
weekly samplings (14" October, 2007- 24™"
November, 2007) shifted toward the pre-typhoon
structure pattern (Fig. 3).
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Fig. 3. MDS plots of community structure of aquatic insects at site 2 in the Shakadang Stream from April

2007 to March 2008. Samples were labeled with numbers. The first digit indicates the year, the second

and third digits indicate the month, the fourth and fifth digits indicate the day, and the first and second
digits in the bracket indicate the days after typhoon. For example, 70831 (12d) indicates 31* August, 2007
and 12 days after typhoon. The number 803 indicates March 2008. PB typhoon: Pabuk typhoon. SP

typhoon: Sepat typhoon. KRS typhoon: Krosa typhoon.

The relationship between physio-chemical
environmental variables and the abundance of
the dominant aquatic insects are demonstrated in
Table 3. Conductivity, pH, current velocity, water
depth, water temperature, and turbidity were
highly correlated to Baetis spp.; Pseudocloeon
spp., Epeorus erratus, and Rhithrogena spp
appeared to have a significant positive correlation
with dissolved oxygen (DO) and pH, but

negative correlation with water temperature and

turbidity. Hydroptila sp. showed significant
negative correlation with current velocity and
water depth. Except for the larvae of caddisfly,
Hydroptila sp. appeared to have a significant
positive correlation with pebbles. The five
remaining mayflies were negatively correlated
with the small substrate particles, such as gravels
and pebbles (Table 3).
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Table 3. The correlation coefficients and p values of Baetis spp., Pseudocloeon spp., Ecdyonurus spp.,

Epeorus erratus, Rhithrogena spp., Hydroptila sp., and environmental variables in the Shakadang Stream

Environment ] Pseudocloeon  Ecdyonurus Epeorus Rhithrogena ]
variables aGHS PR spp. spp. erratus spp. Hydroptila sp.

Conductivity 0.19%** 0.06 0.25*** 0.01 0.06 0.10
DO -0.11* 0.29*** -0.33*** 0.23*** 0.30*** -0.01
pH 0.21*** 0.24*** -0.06 0.20*** 0.23*** 0.04
Current velocity =~ -0.25*** -0.05 -0.19** 0.01 -0.04 -0.11*
Water depth -0.25%** -0.26*** 0.07 -0.17** -0.21%** -0.11*
Water temperature -0.18** -0.39%** 0.15** -0.35%** -0.46%** -0.07
Gravel -0.12* -0.20*** -0.16** -0.16** -0.15** -0.03
Pebble -0.01 -0.09 -0.14** -0.12* -0.01 0.11*
Small cobble 0.08 0.01 -0.01 -0.03 0.03 0.08
Medium cobble 0.05 0.10 0.11* 0.08 0.09 -0.02
Large cobble -0.03 0.03 0.04 0.03 0.00 -0.10
Boulder -0.05 0.02 0.04 0.09 -0.05 -0.06
Turbidity -0.31*** -0.31*** -0.19** -0.20** -0.27%** -0.08

*:p<005: **:p<0.01:***:p<0.001

3. Dominant taxa

Analysis of the pooled samples collected by
the banks and the middle stream found Baetis spp.
and Ecdyonurus spp. to be the dominant taxa
prior to typhoon (Fig. 4, 5). Pseudocloeon spp.
was the most abundant numerically and
increased most rapidly after typhoon damage,
thus it became the dominant species (Fig. 4, 5).
Ecdyonurus spp. was one of the dominant species
before typhoon and its population drastically
decreased after typhoon while the abundance of
Rhithrogena spp., also a Heptageniidae member,
increased (Fig. 4, 5). The relative abundance of

Epeorus erratus was also higher than that in the

pre-typhoon period (Fig. 4, 5).
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After the typhoon Krosa struck, three
replicate samples collected along the left stream

bank at site 2 were pooled and analyzed. The

700
600

500

4001

Number of individuals
8
7

g

3

Aquatic insects colonization after Typhoon

most abundantly found species was Baetis spp.

and not Pseudocloeon spp. (Figure 6).
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Fig. 6. Abundance of the dominant taxa along the left stream bank of site 2 in the Shakadang Stream from
14™ October, 2007 to 24™ November, 2008. Samples were labeled with numbers. The first and second

digits indicate the month, the third and fourth digits indicate the day, and the first and second digits in the

bracket indicate the days after typhoon. For example, 1014 (08d) indicates 14™ October and eight days

after typhoon.

4. Colonization of aquatic insects at the bank
In site 2, the number of Hydroptila sp. prior
to typhoon damage was small, with a highest
record of 15 specimens. A total of 35 Hydroptila
sp. specimens were collected at both banks and
the middle stream, while 156 specimens were
collected in three replicate samplings at the left

stream bank in 49 days after typhoon Krosa (Fig.
6). In the same period, a total of 49 chironomids
were collected at both banks and the middle
stream, while three replicate samplings at the left
stream bank collected 139 specimens (Fig. 6).

In site 1, heavy rainfall brought by the
typhoons Pabuk, Sepat, and Krosa raised the
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stream water level and flooded the land which
was originally undrained. The water rose until
the water-level reached 9m far from the original
shore. A total of 16 insect specimens belonging
to 11 taxa, including Baetidae, Heptageniidae,
Perlidae, Hydropsychidae and Chironomidae,
were collected by the bank. The water level
subsided 15 days after typhoon, and the left
stream bank was three meters away from the
original bank where 24 insect specimens
belonging to 10 taxa were collected, with the
addition of Tipulidae besides the above-
mentioned taxa. The left stream bank was 1.5
meters away from the original bank 22 days after
typhoon and 104 insect specimens belonging to
13 taxa were collected, with Simuliidae and
Euphaeidae newly added to the samples. Water
level dropped, from a position 0.4m from the
original edge to a stable position 29-49 days after
typhoon. Taxa richness of aquatic insects
increased from 17 to 25, and the number of
specimens collected increased from 196 to
303. New taxa collected were Caenidae,
Leptophlebiidae, Elmidae, Psephenidae,
Blepharoceridae, Protohermes grandis,
Hydroptilidae, Leptoceridae, Philopotamidae,
Rhyacophilidae, and Gumaga sp. Numeric
abundance of Pseudocloeon spp., Epeorus
erratus, and Rhithrogena spp. increased the
most.

Discussion

There are many more factors determining

population dynamic and different population size

over various growth periods. Ecological theory
predicts that the K-selected species will dominate
stable or predictable conditions, whereas
r-selected species will increasingly dominate as
the level of disturbance increases (Warwick 1986;
Warwick et al. 1987). The r-selected species are
frequently fast-growing, small body size, and
have opportunistic strategy (high fecundity)
(Reznick et al. 2002). Species of this type go
through irregular and unstable boom-and-bust
cycles in population size, and usually have a high
level of mortality among the young. This means
that beside biological characteristics, environmental
influence is also a factor that determines
population size. If the life history has been
well-studied in all aquatic insect species, the
mechanism and relationship  within  the
population dynamic can perhaps be fully
understood. If not, information about the basic
biology of aquatic insects would be useful.
Therefore, this study is an attempt to understand
and explain the population fluctuation of aquatic
insect under extreme environmental change that
is all dependent on the basic biology of aquatic
insects.

1. Dominant Taxa
(1) Baetis spp. and Pseudocloeon spp.

As reported in previous studies, the colonizing
ability of Baetis spp. is strong (Ciborowski and
Clifford 1984; Mackay 1992; Zuellig et al. 2002),
thus it is the dominant taxon in the community
structure of aquatic insects after flooding (Molles
1985; Vieira et al. 2004; Rader et al. 2008). The
present study found that the number of Baetis
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spp. individuals showed significant negative
correlation with current velocity (r = -0.25, p <
0.001) (Table 3). The number of Pseudocloeon
spp. did not show significant correlation with
current velocity (Table 3). Movement of Baetis
spp. is mainly accomplished by swimming while
Pseudocloeon spp. moves by crawling (Merritt
and Cummins 1996) and thus can withstand a

higher maximum current velocity than Baetis spp.

High current flow also hindered sedimentation of
organic matters, which brought down food
supply and renders environment unfavorable for
collector-gatherers like Baetis spp. Current
velocity increased after typhoon, which was
more prominent in the middle of the stream, and
Baetis spp. preferred areas near the banks where
the current was slower.

Twenty-two to 49 days after typhoon, the
current velocity was between 0.92- 1.96 m/s and
0.17- 0.93 m/s along the right bank and left bank
respectively. Since Baetis spp. was the dominant
species before the typhoon and the maximum
current velocity that it can tolerate is lower than
that of Pseudocloeon spp. Baetis spp. dominated
in the samples collected in the left bank, with a
highest record of 117 specimens collected 49
days after typhoon while only 12 specimens of
Pseudocloeon spp. were collected. Pseudocloeon
spp. dominated the right bank 49 days after
typhoon, with a total of 174 Pseudocloeon spp.
specimens collected, while only 48 Baetis spp.
were harvested. Since the flow of the right bank
was faster and attached algae were available in
the substrate for scrapers, more Pseudocloeon
spp. specimens were collected from the right

Aquatic insects colonization after Typhoon

bank. When the samples were pooled for counting,
Pseudocloeon spp. dominated site 2 while Baetis
spp. was dominant in sites from the left stream
bank.

Investigations from the left stream bank of
site 1 showed that the increase in abundance of
Pseudocloeon spp. was higher than that of Baetis
spp., and this finding was different from the
results of site 2. The left stream bank in site 2
was a gradually sloping bank, and the current
velocity was slower after the water receded
where it was suitable for Baetis spp. inhabitation.
Because the left stream bank in site 1 was a
steeply sloping bank, even though the waters
began to recede, the stream water still flowed
faster. As higher velocity in general was not
considered a favorable environment for Baetis
spp., Pseudocloeon spp. out-numbered Baetis
spp. at sitel.

In general, the ability of aquatic insect to
cling to the substratum decides its survival
chance after typhoon (Townsend et al. 1997).
The insect would be drifted to the downstream or
die if failed to cling to the substratum or refugia.
Since Pseudocloeon spp. is a better clinger than
Baetis spp., it dominated in areas having fast
current after typhoon.

(2) Ecdyonurus spp., Epeorus erratus, and
Rhithrogena spp.

Ecdyonurus spp. was the dominant species
before typhoon. Since Ecdyonurus spp. showed
significant negative correlation with current
velocity (r=-0.19, p < 0.01) (Table 3), the increase
in current velocity after typhoon decreased its
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abundance. Investigation by the bank also revealed
that Rhithrogena spp. individuals out-numbered
Ecdyonurus spp., and Ecdyonurus spp. did not
establish along the bank with slow current. Vieira
et al. (2004) pointed out that aquatic insects with
weak adult dispersal ability and those with
specialized feeding requirements, like heptageniid
scrapers, could only establish stable population
until attached algae re-established and floods
magnitudes, substratum instability, suspended
sediment loads were reduced.

The level of stream rose after typhoon,
draining the land on the bank and scoured the
attached algae on the substratum. The shades
were dense along the bank, and the algae needed
time to grow and provide food for scrapers after
typhoon, so the population of Ecdyonurus spp.,
a heptageniid scraper collected in this study,
decreased after typhoon. In contrast, generalists
like Epeorus erratus and Rhithrogena spp. (both
are collector-gatherers) displayed good population
recovery ability (Townsend et al. 1997; Vieira et
al. 2004).

2. Colonization of Aquatic Insects by the Bank

The genus Hydroptila mostly has univoltine
cycle (one-year cycle) (Anderson 1967; Cloud
and Stewart 1974).The number of Hydroptila
sp. specimens collected at site 2 was abundant
49 days after typhoon Krosa hit (Figure 6).
Hydroptila members are small in body size with
a length of 5mm, use fine sand for case building
(Kawai 1985; Wiggins 1996), and show a
significant negative correlation with current

velocity and water depth (r=-0.11, p<0.05: r=

-0.11, p < 0.05) (Table 3). Examination of
Hydroptila sp. specimens show that the larval
case reached around 5.5mm in length, so the
larvae were assumed to be an older-instar and not
the newly hatched individuals.

Hydroptila spp. was found distributed along
the bank since current velocity and water depth
in this area decreased rapidly after typhoon and
the substratum contained fine sand. And the
filamentous algae were found more abundant in
slow flow and shallow water (Bohlen et al. 2003;
Spencer 2003). Hydroptila sp. is a piercer and its
distribution was found to be scattered with the
presence of filamentous algae which it feeds on.

Fisher et al. (1982) conducted a study at
Sycamore Stream in Arizona and the results
showed that filamentous algae grew gradually 5
weeks after flood and the consumption ratio of
filamentous algae by macroinvertebrate increased,
which is similar with the results found in the
present study.

Chironomids larvae were the most abundant
organisms collected at site 2 along the left stream
bank 49 days after typhoon attack. The life cycle
of midges of the chironomids may be as short as
a few weeks to one month (Kawai 1985), so it is
likely that chironomids collected after flooding
were not the same generation in the pre-flood
period. Short life cycle, colonization through
adult oviposition, and high reproductive rate are
important factors in population recovery (Gray
and Fisher 1981; Fisher et al. 1982; Kondo et al.
2001). The larvae of Chironomidae have the
largest range of suitable conditions of any family
of aquatic insects, a fact that enables them to be
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the first colonists of many new habitats (Daly et
al. 1978). Since the chironomids are collector-
gatherers and are free-living, they were more
abundant in areas with a high sediment ratio of
fine sand and low current velocity.

3. Functional Feeding Groups

The insects most abundantly found after
typhoon attacks were taxa with strong crawling
and moving ability (Baetidae, Heptageniidae,
Perlidae and Hydropsychidae), or those preferring
a benthic composition of fine sand (Gomphidae).
Predators usually display a good ability for
chasing their prey, clingers have a flattened body
that avoids the main thrust of the current, and
burrowers adapt well to the soft and small
substrates (Wooton et al. 1996; Townsend et al.
1997; Matthaei et al. 1999; Maria et al. 2010).
As perlids are clingers and gomphids are
burrowers, they contribute a large proportion of
individuals collected in the earliest recovery
stage. Although predators out-numbered
members from other functional feeding groups,
only ten predator specimens were collected, not
especially a large number.

According to a study conducted at Sycamore
Creek in Arizona (Fisher et al. 1982), algae were
scoured by flash flood but recovered quickly,

reaching a biomass of 100g/m? within two weeks.

Current velocity decreased gradually after
typhoon, attached algae on the substrate accrued,
and Pseudocloeon spp. gradually colonized. The
number of perlids and gomphids collected
changed little, around 20, resulting in a gradual
decline of predator ratio and an increase in

Aquatic insects colonization after Typhoon

scraper ratio. The collector-gatherers, Epeorus
erratus and Rhithrogena spp., subsequently
carried out colonization. Although the larvae of
the mayfly family Baetidae, known to be
common in fast-flowing habitat, the adaptive
ability to higher current velocity may differ in
different species (Matzinger and Bass 1995).
During higher current velocity, Pseudocloeon
spp was more abundant than Baetis spp., and the
latter started to colonize when the current
velocity declined. Baetis spp. is a collector-
gatherer and its relative density increased with
the scrapers, and the scraper increase was then
slowed down by the increasing ratio of the
collector-gatherers. The major collector-filterers
collected was Hydropsychidae and its number
increased slowly because filter-feeding was
affected by the increase of suspending granules
in the water after typhoon, and its population
density were found to be lower than the pre-flood
period. The population size of piercers was small
and no samples were collected in the early
post-flood period. Filamentous algae-consuming
Hydroptila sp. collected at site 2 was more
abundant 36-49 days after typhoon Krosa. The
ratio of piercers was found to be higher comparing
with the pre-flood period (Figure 7, 8).
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Conclusion

Aquatic insect community structure drastically
changed and shifted toward the pre-typhoon
structure pattern before typhoon hit. The dominant
taxa Baetis spp. and Ecdyonurus spp. were replaced
by Pseudocloeon spp., and Rhithrogena spp.
Pseudocloeon spp. had better crawling ability,
thus could endure a higher velocity than Baetis
spp. During the higher current velocity, Epeorus
erratus and Rhithrogena spp. was relatively more
abundant than Ecdyonurus spp. Both Epeorus
erratus and Rhithrogena spp. are collectors and
thus had better population recovery potential.
Rhithrogena spp. dominated over Epeorus erratus
and it was found to out-number Epeorus erratus.

Investigation by the stream-bank showed
that Baetis spp. and chironomids preferred areas
with slower running velocity. Hydroptila sp. at the
bank showed a scattered distribution associated
with filamentous algae. Perlids (Perlidae) and
gomphids (Gomphidae) were most abundant
during the early stage of colonization after typhoon
attack, resulting in a high relative abundance of
predators. Pseudocloeon spp. started to colonize
when attached algae became more abundant and
resulted in a decrease in ratio of predators and
increase in relative abundance of scrapers,
which was followed by gradual colonization of
Rhithrogena spp., Epeorus erratus, and Baetis
spp. Subsequently, collector-gatherers became
more abundant and scrapers less so. Population
density of collector-filterers was also found to be
lower than in the pre-flood period while the ratio
of piercers increased.
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Dactylophorella muricata (Gottsche) R. M. Schust.
(Marchantiophyta, Family Lejeuneaceae), a Genus and
Species Record New to Liverwort Flora of Taiwan
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Abstract

Dactylophorella muricata (Gottsche) R. M. Schust. is reported as a genus and species record new to
liverwort flora of Taiwan. Dactylophorella R. M. Schuster is a monotypic genus, with D. muricata known
from Sumatra, Java, Celebes, Sabah and the Philippines. The previously known northernmost locality for
the genus Dactylophorella and for D. muricata were Luzon, the Philippines. As for the locality recorded
here in Taiwan, Orchid Island (22°04'39" N, 121°30'36" E ) is the northernmost locality for this genus
and species. A morphological description, illustration, habitat and specimens examination of D. muricata
are provided in this study.
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Introduction

Dactylophorella R. M. Schuster is a

monotypic genus, with D. muricata (Gottsche) R.

M. Schust. known from Southeast Asia (Schuster
1980). Our recent studies on the Lejeuneaceae of
Taiwan have shown that D. muricata is a genus
and species record new to liverwort flora of Taiwan.

Taxonomic Treatment

Dactylophorella R. M. Schust. in Phytologia 45:
427.1980. R ki

Plant minute, vigorous, creeping on substrate.
Stems irregularly branched, cross-section of the
stem with 7 cortical cells and 5-8 medullary cells,
cell walls + leptodermous. Leaves contiguous to
loosely imbricate, lobes lobulate, triangular-ovate,
margin densely muricate-spinous toothed; lobule

e HER - 20134 08 H 14 H

Accepted: August 14, 2013

inflated, free margin involute, apical tooth
unicellular, straight or slightly curved. Ocelli
absent. Underleaves bi-lobed, lobes erect, sinus
U-shaped, strongly muricate-spinous toothed,
margin recurved. Dioecious. Androecea briefly
spiked, on short lateral branches, male bracts up
to 7 pairs. Gynoecia on lateral branches; bracts,
bract lobules and bracteole all with ciliolate-spinose
margins; perianth obovate, with 5 keels, keels
densely muricate-spinous toothed at margin
(Herzog 1934; Schuster 1980).

A monotipic genus, represented by D. muricata.
Dactylophorella muricata (Gottsche) R. M.
Schust. in Phytologia 45: 427. 1980.

Lejeunea muricata Gottsche in Gott., Lindenb. &
Nees, Syn. Hepat. 348. 1845.
Drepanolejeunea muricata (Gottsche) Schiffn. In

Engler & Plantl, Nat. Pfl.-fam. I, 3:126. 1895.

TRIHEE Fig. 1
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Descriptions:

Plant minute, yellowish brown in herbaria.
Stems 3-5 mm long, 39-60 pum in diameter, with
leaves 0.2-0.3 mm wide, irregularly branched;
cross-section of the stem with 7 cortical cells and
5-8 medullary cells, cell walls leptodermous.
Leaves contiguous to loosely imbricate, obliquely
spreading, ovate-triangular in outline, ca. 0.3 mm
long, and ca. 0.1 mm wide; margin densely
muricate-spinous toothed; marginal cells 19-30 x
9-11 pum; median cells 19-22 x 15-22 pm; basal
cells 32-45 x 17-26 um, thin walled, without
trigone and intermediate thickening; cuticle
smooth. Ocelli absent. Leaf-lobule ovate, inflated,
2/5-1/2 as long as the lobe; free margin involute;
apex constricted; apical tooth unicellular,
obtuse, straight or slightly curved; keel arched.
Underleaves distant, subtransversely inserted,
0.11-0.15 mm long, 0.12-0.14 mm wide; lobes
erect, with strongly muricate-spinous teeth, sinus
U-shaped, margin recurved. Sexual reproductive

organs not seen.

Habitats:

Epiphyte in hardwoods forests, growing on
boulders, rocks, tree roots, trunks, branches, or
creeping on other bryophytes in the filtered or
shade environment (Herzog 1934; Mizutani 1970,
1977).

Distribution:
Sumatra, Java, Celebes, Sabah and the
Philippines (Herzog 1934; Mizutani 1970, 1977).

New to Taiwan.

Specimens examined :

Taitung County: Hsiaotienchih (/N &K#h) |
Orchid Island, on rocks with thin layer of soil,
mixed with Fissdens sp., at 150 m in elevation,
22°04'39" N, 121°30'36" E, 23 Jul. 1997, Chi-Da
Wu et al. 1897a (TAIE, TUNG).

Remarks:

Genus Dactylophorella was separated from
genus Drepanolejeunea by Schuster in 1980. It is
different from Drepanolejeunea in (a) lobulate
dorsal lobes; (b) leptodermous stem cells, the
medullary in 5-8 rows; (c) under-leaves with
erect, strongly spinulose lobes, the sinus
U-shaped with reflexed margins; (d) apparent
lack of ocelli (Schuster 1980). Drepanolejeunea
dactylophora (Nees) Schiffn.,, with densely
toothed leaf margins, is easily confused with
Dactylophorella muricata, which differs in its
bifid underleaves with entire margin and leaf
lobe usually with 3-4 ocelli.

Based on woody plants, Orchid Island has a
closer relationship with the Philippines than with
Taiwan proper (Chang 1986). In accordance with
Takhtajan’s global floristic system, Orchid Island
is assigned to the Philippinean Province of the
Paleotropical Kingdom, and an analysis of
vescular plants from Orchid Island shows that
roughly 56% of the species are tropical elements
(Hsieh 2002). The new record of this species
well supports the phytogeographic affinity of the
flora between the Orchid Island and the
Philippines.

The previously known northernmost locality
for the genus Dactylophorella and for D.



256 Dactylophorella muricata, a Genus and Species New to Taiwan

muricata were Luzon, the Philippines (Mizutani
1977). The locality recorded here in Taiwan,
Hsiaotienchih  (22°04'39" N, 121°30'36" E),
Orchid Island, is the northernmost locality for
this genus and species.
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Fig. 1. Dactylophorella muricata (Gottsche) R. M. Schust. a. Cells of leaf lobe, dorsal view. b—e. Leaves,
ventral view. f. Leaf lobule. g, h. Underleaves. i. Portion of sterile plant, ventral view. j. Transverse section
of stem. (All drawn from Chi-Da Wu et al. 1897a).
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