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Abstract

After Aichi Biodiversity Targets was released in 2010, citizen science projects that reveal the status
of biodiversity in broader spatial-temporal scale increased rapidly. In Taiwan, there are some monitoring
systems for breeding bird, but not for wintering avifauna. Based on the principles of Christmas Bird
Count, we designed a “New Year Bird Count, Taiwan” to monitor the wintering avifauna. From Dec 28"
2013, to Jan 12", 2014, 598 volunteers contributed to this survey in 122 circle sample areas (3 km in
diameter). Two hundred and ninety-two species were recorded. For bird species richness and abundance,
Longluan Lake, Nan’ao, Southwest coastal and Lanyang plain were the important hotspots, indicating
low diversity but high abundance of common wintering specie. Major habitats of these wintering species
were wetlands, grasslands and lowland forests, which may be avifauna hotspots in winter. We were
unable to elaborate on the population trend from the first-year data alone. However, the data provides
valuable information about the distribution and the community composition of the avifauna in winter.
This project will continue to be conducted with an attempt to cooperate with countries in East Asia to
monitor migrants in East Asia-Australia Flyways.

BRgHAR - BALAIRMEIE - ARPHER B - 5l - 2R

Key words: Christmas Bird Count, citizen science, migration, Taiwan, wintering bird species
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Biological Diversity 2006) | FJ#A TREEL - @1
AL RMERZE = W (Global
Biodiversity Outlook 3) 5 i » A2 Bk B i
KIER 2010 YL HEIEERE (Secretariat of
the Convention on Biological Diversity 2010a) °
e R BRI A AR W26 Bk PEOR B RO RE RS H il
et > F R BRI R R MR - HEEMZ
BRPE R KA R BRAR » 9T IR E 55
(Butchart et al. 2010) °

RSt > LBV 2 BRIE LRI 2 R A% AE B R
T T EHAR TERAEYZ 1% H £ (Aichi
Biodiversity Targets) {F£5 2010 4% 2020 4
W R B L AF % © 12 4E (Secretariat of the
Convention on Biological Diversity 2010b) » %
KREHRIB R 2020 F 2RI - £V%
TR R 2N KB 25 i BRIk 5 B B B A 2 5 (United
Nations Environment Programme, UNEP)#& &
S B FHBRAHAS > fHRC TAEVIZ tR MR R R
% (Biodiversity Indicators Partnership, BIP) 1 £
PR R L R HAERINE - SRETHEE
WIFEIE > (EEIMEBOR ~ #8728 RIS DL =
HARS IR -F 2525 48 (2010 Biodiversity Indicators
Partnership 2010) °

FFEL AR R HAE BRI AR (East
Asia-Australia flyways) [ » {7 B 8E AEE
B R FYi%5 (Delany and Scott 2006; Goriup
and Tucker 2007; Kirby et al. 2008; Nebel et al.
2008) ° B ni - HGE R AR ARSI H 728
T > Horh 08 18 755 % )1 (threatened ) 1/T &)
1 (near threatened) > #J 5 14% (Kirby et al.
2008) o HA > KEHHIE 62%HY)RERY REE
HYEE TR EH 10023 NrEIE (Delany
and Scott 2006) ° Nebel et al. (2008)/i2 & 24
F MR RIK SRR R > K SR ERENR
FERIE TR 79% o 51 L EEMIR & > 17 1#

(33%) i & B 2 B0 e Y 3 %4 (Goriup and
Tucker 2007) °
W68 fif2 — 1] 3t s ) A2 P 25 ok P R 00 e
. TR R SR ZE R R R RIRF IR Rl - 5
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al. 2012) - MIEIFFCHR R AKER AT ~
KSR » A HFFE AN BT - PR AR
i} 22 (citizen science) fff 5¢ {# & & 1M 4= (Irwin
1995; Bonney et al. 2009; Sullivan et al. 2009;
Dickinson et al. 2010) - A REHEE B IELIZH R
DR EEERREE - BT AN B[R A
AT BEIIATHIERL « DL REFERREHIE 2 115 o
IR 22 RS BRI P& R > RN A 22 B R
HRHERRIGE, SR BAF5C B B [ {E (Bonney
et al. 2009; Dickinson et al. 2010) > LI RE}EE
FAbEHI A AT RO 25 AR IZ E TS K S8
(Lintott et al. 2008) ¢ Bi¥5 k A= 1126 bk PR I
(W1 BE LA S 4E FA A Christmas Bird Count;
Smith 2012 ; & B %85 B FH 3 & United
Kingdom’s Breeding Bird Survey; Risely et al.
2008) °
B H AR ITI & R
M5 825 B 46 K 384 (Breeding Bird Survey,
Taiwan; BBS Taiwan; %% 2013)1 & 55
KA ) B A71E A% 1 (The Monitoring Avian
Productivity and Survivorship program, Taiwan;
MAPS Taiwan; K% 2012)1 BLIBGEE R+
SRR IAT SR o RS TR B S KRV B o0 AT B
gt 0 WKL LIBIHS MR T EEIR (1 1993,
Ding 2001; #F 2004; Lee et al. 2004; ¥
2010) B MR 22 R REAHER 2 Sk B YK
gy A A BB e ik Z o DAl R IR B & T
(national  responsibility of  conservation;
Schmeller et al. 2014)HEIEEARE - Bt SHHT
5 WEIPRE A (TR i SRR A AR A i
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] 1. 2014 15 T BOR 52 AR HE P BRIk B 0 A o

Fig. 1. Distribution of all circle sample areas in 2014 New Year Bird Count, Taiwan.
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i 57y 55 e B e i > AR 4011 3b (mean = 13.80 , J& 3 ArifiEl 5a (mean = 900.94, SD = 976.74, n
SD = 11.49, n = 122) » LI#E8E % & (50 FH) » = 122) » {ii = =k & EK R — R (6,505 &
BRI P P Bl (47 F) R M 42 (41 ) R) ~ B (4,835 & R)FIHH (3,829 £ R) « %

"I (abundance) /7 T » FIT £ [ Bl 2 1% B 1 2 5 43 AT 1] 5b (mean = 811.04, SD =
W53 AidllEl 4 (mean = 1546.51, SD = 2029.88, n 1772.78, n = 122) » §ij = = BRI EHR AR 43
=122) » H DA (9,696 £ R) » &5 (8,865 £2%) ~ ‘H L H5 (7,287 £ R)FINT 42 (7,209
T142(9,260 & R)FIANAE (7,720 H2R) - B4 B & ER) -

& 2. 2014 & #HTEFE UR 5 T B P B [ B S S 0 ATl - LA Jenk W ST IENE 70 4
Fig. 2. Distribution of bird species richness of the all circle sample areas in 2014 New Year Bird Count,
Taiwan. (classified by Jenk natural break method)
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& 3. 2014 5 {7 2SS 52 A HEBE RS () B A S (b)) RS TR B e FEE 70 Anifal » L Jenk il S IEVE 70 48
Fig. 3. Distribution of bird species richness of breeding bird species (a) and wintering species (b) in 2014
New Year Bird Count, Taiwan. (classified by Jenk natural break method)

B 4. 2014 5 {87 o B0 52 A7 2 P A R et [ ) R RE R 2 o0 Al > LA Jenk il S IEVE 70 4 o
Fig. 4. Distribution of bird abundance of the all circle sample areas in 2014 New Year Bird Count, Taiwan.
(classified by Jenk natural break method)
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& 5. 2014 15 T BUR 72 AR HEREOI IS () B 21 S (D) SELEE Z0 ATl » LA Jenk [R5 IELVE 7048 o

Fig. 5. Distribution of abundance of breeding bird species (a) and wintering species (b) in 2014 New Year

Bird Count, Taiwan. (classified by Jenk natural break method)

it

Bl 12014 58 BRIk tHE > FrarE
i S AN Sl B S R B s (SR ERE R T
{15 (Circus spilonotus) ~ JX i %t (Gallirallus
striatus) ~ X2 (Macropygia tenuirostris) ~ %5
H 5% (Asio flammeus) Kz 15 H#f2 % iR (Zosterops
meyeni) » S (TR S AUFCER o R REMSAIEHD
A HRE 7> [ 17 EAC o S A9 16 5 A7 > o B ok I
Hirl (3055 2012b; 2012c; £55% 2014) » BURR
SR HE 1> e s bt [ G AR I (B LUK 582 o IR A
KA HE I ~ SR EHEHS - 2
A B P — (AR [E] > | ~ i
fokhes ~ SRILE ~ /DRER ~ J077 =5 RORVBES
R ATArT e 5 BT 3R I o A SH I B AL 5 1) S
REUE Y 3 R A st B 3k = SR AT AT 2 i s 3% 1
[ BT AT RE o AR A IR AT SR FCE%
FERRERE NS FEEE > FEin &

HiREE:  SErst R R AT HE R R
RAR WK RS 14 & (Camphuysen et al. 2004) ° #&
M > R E KRR > 8EFA B4R
B S E R EENER - BF > AR
A BEARECER BN O B (H2EEAN
% BEECGSE IR © Bhif A SIS - ST
SATEAL LG A B E S R B R
A > A KHE BRI B (K R A RE U [
2013) ~ [l A (R AT (A A CEF)RT
SR (55 2008) -

2RI A 18 S 1 B R i R
F o Rt QRS ~ RS R E FR IR) RO L
STt (401 R e SCOK Je ) B A IR IR B
JEXEEEY - Kou et al. (2013)R IR E R AR
Rk EBIEN EE R o BB AR
[ > 35 IR TR L H 72 F VR (e
il - EEVEE N E IR B (17 FE)E DAk H
TR AL M [ P 20 1 (179 Fi) (B3R5 2014) o



90

Bt > 2 BRIMA > KIESCR L SRR
FHRY - $ 0 S s A i A o A iR A
7 & K % H M R (Anatidae) ~ # Bl
(Ardeidae) ~ B Fl (Scolopacidae) ~ f#f £}
(Charadriidae) ~ KM@ EL (Recurvirostridae) 5 &
Bl (Laridae)% DLigHE £ - BEHEIAY B 40 » LIK
@ M (Warbler) ~ %5 Bl (Turdiae) ~ #5 o5 &}
(Motacillidae) Ke#&F} (Emberizidae) & LI R ~
Je FH B a8 L A vk s AR S 1) 5 JE PR i (2
% 2012a; 2012b; 2012¢) > FIN 4 S v ek
I e B R RV P L S E - T REAT (s L
TP RGN R £ A4 FRIRE Y S SE AR o A5 B0y
R AFEHERA > TERXRENEYER
AT REE (BRI IR ~ PG Vi e BT RS 2F i 55
K TF R PO Y8 Mt B 05 ol s 2 fe s B B ) = 2
o

AN R A DL ] BE S AR S AR A Y 75 1%
Rl HI > #H A FR BB 2 1% AT R T A
RS EERE) - LARRPEE T ABIT -
B R e a e AR E - SR B
(K I BT R (122 iR )3 e R i ) PR B
(30 &) » m] WL kB S RS M I 2
RRIERNESE) o 5 FERHERINE AT LS
& (RIS B SRS R >
B A IR T SR R A 2 S R AR A AR
R B 53 AT o RARIFRHETT > A T E %
Z SRR B AR AR B A1 0 I
(7] 30 o R AR i RS A8 . o

AR S B S R rh 2 R BT S
2 5L REE - SRR E kT
BB REZ B GRGAEYMERE R ONE
TRELHSE S AR - A TR R R R B a5 )R

GRS

H#EB) » LLRe Minox AT Leica [ B) - Ji&#f 89
BRI B E A 509 i R 2281 2014 1)
WSS TSE - R 20 (IR AR IRR o
A LAR S/ MHGRE S R G B SCH o R
B R B (R B R (State of Taiwan’s Birds
Partnerships SOTBP) & B ¥t A B (1958 % 7

e
71 KRR

TORER 0 1993 o K [L3thlE R AR 2 SRR A
RE o BN B E R

IKHEAFEHE R © 2013 101 /K HEAERE
B G 5 TR RO RS -

PREGEL ~ JSCEE ~ BRIEQD ~ TROTE ~ HEOKEE
HEfE 0 2008 o EARIRIKA ~ 2F7S FfEh
5/ \ {f1 B, (Pitta nympha) e R EE & 8t b
(LK R L Y BT M8 © 2008 4F 15 1 S 4R
o B o RS2 o

TTBBRREZ B MR © 2010 o BIE#HIIE IR
B R AR B YIE B - ITER R ER B G M
e e

KOG ~ BGEE ~ BN ~ #F3540 ~ FPEEns -
BB ~ SREERE ~ SRR~ RO TR
R~ IR o 2012 o 18 S MAR EE )1 BLAE
I S E I (MAPS Taiwan) - 2012 i )
o FEFREREB TR AEEVIMRRE
Hl o

R ~ JEERE ~ YLAVE ~ el ~ §E 9T ~
BFHE ~ MREREL ~ PR ~ ZREESF - 2013 -
HIEEE SRR 2012 i o 1THR
BEEZEGRAEYIREE L -

FFHERE o 2004 o 5181 S FERERI 22 M R
Fiisg 5 o BT R R GRS

HH[F © 2010 o EAHY)AE S L B A E )



EEEYIZ B ERTSE(TW J. of Biodivers.) 17 (2): 81 - 100, 2015 9

TEFR GRS ARG - BISZ &R
ERRA AR ©

LG~ TERE ~ BRI ~ PORL ~ MRERERL -
154~ BEUE - 2014 - 2014 -5 S 5
ok o IER BT SR o

BUNI -~ T5R8k ~ JTEE ~ MOCE ~ 2008
BHERJE - 2012a - 5 SAEZE( L) 26 —h -
T REZBGMER -

BUINI ~ T 5R R ~ TTEE ~ MOCE ~ S
BHEHJEL © 20120 - RS FHRE (1) 28 —hi -
TTHRERZEGMER -

BN~ TRk > JTEE ~ MOCE ~ 250
BHERJE - 2012¢ - {8 SAEZE(T) 26 h -
TTHREREGMER -

2010 Biodiversity Indicators Partnership. 2010.
Biodiversity indicators and the 2010 Target:
Experiences and lessons learnt from the
2010 Biodiversity Indicators Partnership.
Secretariat of the Convention on Biological
Diversity, Montréal, Canada. Technical
Series No. 53.

Ambroses, S. 1989. The Australia Bird Count:
Have we got your numbers? RAOU
Newletter 80: 1-2.

Bonney, R., C. B. Cooper, J. Dickinson, S.
Kelling, T. Phillips, K. V. Rosenberg and J.
Shirk. 2009. Citizen Science: A developing
tool for expanding science knowledge and
scientific literacy. BioScience 59(11):
977-984.

Burnham, K. P., D. R. Anderson and J. L. Laake.
1980. Estimation of density from line
transect sampling of biological population.
Wildlife Monography 72: 1-202.

Butchart, S. H. M., M. Walpole, B. Collen, A.

van Strien, J. P. W. Scharlemann, R. E. A.
Almond, J. E. M. Baillie, B. Bomhard, C.
Brown, J. Bruno, K. E. Carpenter, G. M.
Carr, J. Chanson, A. M. Chenery, J. Csirke,
N. C. Davidson, F. Dentener, M. Foster, A.
Galli, J. N. Galloway, P. Genovesi, R. D.
Gregory, M. Hockings, V. Kapos, J.-F.
Lamarque, F. Leverington, J. Loh, M. A.
McGeoch, L. McRae, A. Minasyan, M. H.
Morcillo, T. E. E. Oldfield, D. Pauly, S.
Quader, C. Revenga, J. R. Sauer, B. Skolnik,
D. Spear, D. Stanwell-Smith, S. N. Stuart, A.
Symes, M. Tierney, T. D. Tyrrell, J.-C. Vié
and R. Watson. 2010. Global Biodiversity:
Indicators of Recent Declines. Science 328
(5982): 1164-1168.

Camphuysen, K. J., A. D. Fox, M. F. Leopold
and |. K. Petersen. 2004. Towards
standardised seabirds at sea census
techniques in connection with
environmental impact assessments for
offshore wind farms in the UK. a
comparison of ship and aerial sampling
methods for marine birds, and their
applicability to offshore wind farm
assessments. NIOZ report to COWRIE,
Texel.

Clements, J. F., T. S. Schulenberg, M. J. lliff, B.
L. Sullivan, C. L. Wood, and D. Roberson.
2012. The eBird/Clements checklist of birds
of the world: \Version 6.7.

Delany, S. and D. Scott. 2006. Waterbird
population estimates. Fourth  Edition.
Wageningen: Wetlands International.

Dickinson, J. L., B. Zuckerberg and D. N. Bonter.



92

2010. Citizen Science as an Ecological
Research Tool: Challenges and Benefits.
Annual Review of Ecology, Evolution, and
Systematics 41: 149-172.

Ding, T.-S. 2001. Species Diversity at Different
Spatial Scales: Birds in Yushan, Taiwan, and
East Asia. PhD Dissertation, Ecology
Graduate Group, University of California,
Davis.

Goriup, P. and G. Tucker. 2007. Assessment of
the merits of a CMS instrument covering
migratory raptors in Africa and Eurasia.
Bristol, UK: DEFRA.

Hochachka, W. M., D. Fink, R. A. Hutchinson, D.
Sheldon, W.-K. Wong and S. Kelling. 2012.
Data-intensive ~ science  applied to
broad-scale citizen science. Trends in
Ecology and Evolution 27(2): 130-137.

Irwin, A. 1995. Citizen Science: A study of
people,  expertise, and  sustainable
development. Routledge, London, UK.

Kirby, J. S., A. J., Stattersfield, S. H. M. Butchart,
M. I. Evans, R. F. A. Grimmett, V. R. Jones,
J. O'Sullivan, G. M. Tucker and 1. Newton.
2008. Key conservation issues for migratory
land- and waterbird species on the world's
major  flyways.  Bird  Conservation
International 18: 49-73.

Kou, Y., D.-L. Lin, F.-M. Chuang, P.-F. Lee and
T.-S. Ding. 2013. Bird Species Migration
Ratio in East Asia, Australia, and
Surrounding Islands. Naturwissenschaften
100(8): 729-738.

Lee, P-F., T.-S. Ding, F.-S. Hsu and S. Geng.
2004. Bird species richness in Taiwan:

GRS

distribution on gradients of elevation,
primary productivity, and urbanization.
Journal of Biogeography 31(2): 307-314.

Lintott, C. J., K. Schawinski, A. Slosar, K. Land,
S. Bamford, D. Thomas, M. J. Raddick, R.
C. Nichol, A. Szalay, D. Andreescu, P.
Murray and J. van den Berg.2008. Galaxy
Zoo: morphologies derived from visual
inspection of galaxies from the Sloan
Digital Sky Survey. Monthly Notices of the
Royal  Astronomical  Society  389:
1179-1189.

Nebel, S., J. L. Porter and R. T. Kingsford. 2008.
Long-term trends of shorebird populations
in eastern Australia and impacts of
freshwater extraction.
Conservation 141: 971-980.

Risely, K., D. G. Noble and S. R. Baillie. 2008.
The breeding bird survey 2007. British
Thrust for Ornithology.

Schmeller, D. S., D. Evansb, Y.-P. Lin and K.
Henlea. 2014. The national responsibility

Biological

approach to setting conservation
priorities-Recommendations for its use.
Journal for Nature Conservation 22(4):
349-357.

Secretariat of the Convention on Biological
Diversity. 2006. Global
Outlook 2. Montréal.

Secretariat of the Convention on Biological
Diversity. 2010a. Global Biodiversity
Outlook 3. Montréal.

Secretariat of the Convention on Biological
Diversity. 2010b. Strategic Plan for

Biodiversity 2011-2020 and the Aichi

Biodiversity



EEEYIZ B ERTSE(TW J. of Biodivers.) 17 (2): 81 - 100, 2015 93

Targets: “Living in Harmony with Nature”. Sullivan, B. L., C. L. Wood, M. J. lliff, R. E.

Montréal. Bonney, D. Fink and S. Kelling. 2009. eBird:

Smith, A. R. 2012. 70" annual Saskatchewan A citizen-based bird observation network in
Christmas Bird Count-2011. Blue Jay 70(1): the  biological  sciences.  Biological
5-29. Conservation 142: 2282-2292.

Bitdk 1. 2014 - SRR BUR S SERTHCER 2 B R B o | - WEREAEET LBV - 1 EEREEEEIY) 0
HAE Y RE 25 A5Y)
Appendix 1. Bird species list from 2014 New Year Bird Count, Taiwan. |: Endangered species; I1: Rare and Valuable

Species; I11: Other Conservation Deserving Wildlife

Chinese - Endemic Endemic  Introduced
vernacular name Scientific name Abundance Status species  subspecies species
R Anser cygnoides 1

IR G Anser serrirostris 4

HR/FEAMT)E  Anser serrirostris/fabalis 2

L5 Tadorna tadorna 1

B Aix galericulata 15 I

IRIFEHE Anas strepera 59

s Anas falcata 6

TREENE Anas penelope 3147

FkGEE Anas platyrhynchos 193

TEmEmE Anas zonorhyncha 2442

2RI Anas luzonica 1

EEEmE Anas clypeata 6365

REM Anas acuta 3116

=NELE] Anas querquedula 54

/KIS Anas crecca 8452

$ BETENE Aythya ferina 13

E\BE BN Aythya fuligula 1747

BB Aythya marila 1

EER Clangula hyemalis

=ik Mergellus albellus

fHEe Coturnix japonica

S| R e Arborophila crudigularis 32 1l i

T Bambusicola thoracicus 170 .
BEHERE Lophura swinhoii 33 " .

FRSANE Phasianus colchicus 72 1 b
7N Tachybaptus ruficollis 863
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\(/:grlr?:;? lar name Scientific name Abundance Status Eggcei?slc ESt?siJrgtlzices ;Bg(?i((jelsjced
oo g Podiceps cristatus 10

L2 Podiceps nigricollis 2

B Phalacrocorax carbo 8326

N Ixobrychus sinensis 53

BN Ixobrychus cinnamomeus 17

B Ardea cinerea 4381

RE Ardea purpurea 15

KEE Ardea alba 2611

eyl Mesophoyx intermedia 227

INEEE Egretta garzetta 3544

sy Egretta sacra 5

O Bubulcus ibis 3361

i Ardeola bacchus 22

R Butorides striata 16

W Nycticorax nycticorax 2157

B T Gorsachius melanolophus 38

BRE Threskiornis aethiopicus 389 o
HEEH Platalea leucorodia 6 "

B Platalea minor 812 I

AE Pandion haliaetus 103 "

HE Elanus caeruleus 35 "

EWil Pernis ptilorhynchus 31 ]

Ko B Spilornis cheela 198 ] °
REJE Nisaetus nipalensis 1 |

AR Ictinaetus malayensis 34 |

g} Clanga clanga 1 I

K EE Butastur indicus 8 "

IEREp=vs Accipiter trivirgatus 89 " °
S Accipiter virgatus 15 ] .
JbAeE Accipiter nisus 2 I

b= Accipiter gentilis 1 "

BE Milvus migrans 138 I

H SRR Haliaeetus leucogaster 2 I

H 21 RE Haliaeetus albicilla 1 I

= Buteo buteo 15 Tl

PRIl Rallina eurizonoides 1 °
1 Tt Amaurornis phoenicurus 73

HERLafE Porzana fusca 8

AN Gallinula chloropus 3025
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\(/:grlr?:;? lar name Scientific name Abundance Status Eggcei?slc ESt?siJrgtlzices ;Bg(?i((jelsjced
et % Fulica atra 437

0 I R Himantopus himantopus 9125

T Recurvirostra avosetta 842
KFVESPERE  Pluvialis fulva 5447

KB Pluvialis squatarola 495

IR Vanellus vanellus 209

B eE Vanellus cinereus 1

S Charadrius mongolus 98

S E- Charadrius leschenaultii 225

HTERSH A Charadrius alexandrinus 12044

B - Charadrius placidus 1

I NERSH Charadrius dubius 1152

o Rostratula benghalensis 100 Tl
IKHE Hydrophasianus chirurgus 285 1]
Te Actitis hypoleucos 374

i Tringa ochropus 57

B Tringa brevipes 2

RS Tringa erythropus 3

] Tringa nebularia 2110

NG ERE Tringa stagnatilis 405

[EBTES Tringa glareola 2017

IR e TS Tringa totanus 249

FHS Numenius phaeopus 1

KATER Numenius arquata 779 mn
HER Limosa limosa 25

bR Limosa lapponica 3

Mas Arenaria interpres 806

L Calidris pugnax 3

RS Calidris falcinellus 47

T s Calidris temminckii 4

ReMkvERS Calidris subminuta 586

W b Calidris ruficollis 504

= Mt ERS Calidris alba 311

MRV Calidris alpina 12789

R A BERE Limnodromus scolopaceus 3

FH#S Gallinago gallinago 1037

HE® Gallinago stenura 2

HHhEe Gallinago megala 1

TR e Phalaropus fulicarius 2
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KE = hEES Turnix suscitator 1 .
SRS Saundersilarus saundersi 80 1l

FT e Chroicocephalus ridibundus 2179

HEER Larus crassirostris 6

SRIEE Larus argentatus 52

EHiEsRES Larus cachinnans 17

N Larus fuscus 1

e Sternula albifrons 18 1

i HdRs Hydroprogne caspia 659

B 3 A e Chlidonias leucopterus 45

i e lRE Chlidonias hybrida 733

L Columba livia 1655 .
RS :] Columba pulchricollis 215

ENE Streptopelia orientalis 638 °
HThE Streptopelia tranquebarica 4409

ERSEDIRE Streptopelia chinensis 1081

ZENE Chalcophaps indica 21

b= Treron sieboldii 157

F1 BEFKNE Treron formosae 6 1] °
TEIBTERE Centropus sinensis 1

AR Centropus bengalensis 12

I e Otus spilocephalus 10 1 b
TEARE Otus lettia 20 I .
e Glaucidium brodiei 1] °
IR KR Strix nivicola 1 o
HIERS Ninox japonica T

SR Caprimulgus affinis 12 °
R Apus pacificus 23

ANSSES Apus nipalensis 2319 b
ZE Alcedo atthis 232

B2 Halcyon smyrnensis 3

A Ceryle rudis 4

s Upupa epops

FaRzy Megalaima nuchalis 353 o

AN /N Dendrocopos canicapillus 190

KARBEA Dendrocopos leucotos 9 1 i
HLEE Falco tinnunculus 197 "

et Falco subbuteo 2 I

WEEE Falco peregrinus 19 I
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TR LB, Pericrocotus solaris 567
YRR Lanius cristatus 676 1l
¥E5{a%% Lanius schach 174
whEE Erpornis zantholeuca 235
Wi RE Oriolus chinensis 8 |
EN ) Oriolus traillii 48 1] °
KERE Dicrurus macrocercus 923 o
KER Dicrurus leucophaeus 2
INER Dicrurus aeneus 223 hd
eb s Hypothymis azurea 408 L
/Y Garrulus glandarius 75 b
JKE LR Cyanopica cyanus 1 o
5 esta Urocissa caerulea 238 1l b
FIME BEER Urocissa erythrorhyncha 1 °
UEif) Dendrocitta formosae 833 °
A Pica pica 566
S8 Nucifraga caryocatactes 35 .
TETS Corvus frugilegus 4
EETE Corvus macrorhynchos 201
R Corvus torquatus 2
RRPE = Alauda arvensis 22
INEAE Alauda gulgula 212
FEVh e Riparia chinensis 2634
PREE:" Riparia riparia 2
KA Hirundo rustica 2567
CEHe Hirundo tahitica 2310
S [ Cecropis daurica 8
TR Cecropis striolata 1210
B 75 Ml Delichon dasypus 531
TR L% Poecile varius 45 I .
W Periparus ater 14 1l L
Hi5LE Parus monticolus 156 ]| L4
w1 Parus holsti 60 1 i
FLEE| L2 Aegithalos concinnus 981
AN Sitta europaea 46
fERe Troglodytes troglodytes 7 .
N2 Cinclus pallasii 20
] B R o Spizixos semitorques 199 .
JT e Pycnonotus taivanus 1045 " .
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=EEEE Pycnonotus sinensis 7626 i
I e Hypsipetes leucocephalus 2790 o
FEEE Hypsipetes amaurotis 10 °
Kt &% B Regulus goodfellowi 14 1l o
=y Pnoepyga formosana 24 i
HRE& Urosphena squameiceps 1
PR Abroscopus albogularis 246
= N Horornis diphone 2
S S Horornis canturians 24
N Horornis fortipes 8 .
eI Horornis acanthizoides 14 °
i Phylloscopus fuscatus 31
o FEAE Phylloscopus proregulus 4
e Phylloscopus inornatus 67
L]l Phylloscopus borealis 119
TN Phylloscopus coronatus 1
WHAKERS Acrocephalus orientalis 17
B Locustella alishanensis 1 o
IZREE Cisticola juncidis 44
HIHEREE Cisticola exilis 6 .
DAY (G Prinia crinigera 3 .
Gl Prinia flaviventris 229
Prinia inornata 827 hd
Fulvetta formosana 38 L
skl Sinosuthora webbiana 218 .
BRI Suthora verreauxi 40 b
HAEE Yuhina brunneiceps 1379 b
kAR Zosterops japonicus 5076
[LIAL5H Cyanoderma ruficeps 792 .
N Pomatorhinus musicus 610 o
KA Megapomatorhinus erythrocnemis 143 4
HE B Schoeniparus brunneus 137 L4
mIRERE Alcippe morrisonia 2147 °
EIEEE Garrulax taewanus 85 1] °
58 iR E lanthocincla ruficeps 10 ] o °
A ] lanthocincla chinensis 6 °
FEsfE lanthocincla poecilorhyncha 46 1 A
5 e Trochalopteron morrisonianum 65 d
HEZHE Heterophasia auricularis 725 °
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w5 s Liocichla steerii 332 i

WEERF Actinodura morrisoniana 106 1l o

i Muscicapa latirostris 7

ANER Muscicapa ferruginea 3

HETS Copsychus saularis 14 Eh
[ A Copsychus malabaricus 5 °
HE R Niltava vivida 77 " °

N Brachypteryx montana 15 b

B TR Myophonus insularis 87 b

I B SRR Myophonus caeruleus 6

JNBH Enicurus scouleri 17 ] °

520 Calliope calliope 58

H AR Cinclidium leucurum 38 i 4

EEER Tarsiger cyanurus 17

=IEYE Tarsiger indicus 2 I .

EHAS FRE Tarsiger johnstoniae 56 °

FLMESS Ficedula albicilla 26

=IEE Ficedula zanthopygia 2

SR Ficedula hyperythra 14 °

AN e Ficedula parva 1

FrANEEY)\C =) Phoenicurus fuliginosus 178 i .

R R Phoenicurus auroreus 285

BE R Monticola solitarius 99

R iR Saxicola maurus 10

it Zoothera dauma 44

RS Turdus hortulorum

i Turdus merula

=SEEES Turdus poliocephalus " .

HE Turdus obscurus 34

H g Turdus pallidus 255

DiNiL Turdus chrysolaus 272

BB Turdus eunomus 36

HLEES Turdus naumanni 6

iy Aplonis panayensis 75 .
ZRE \E Acridotheres grandis 11 °
J\EF Acridotheres cristatellus 415 1 i

HE /& Acridotheres javanicus 3090 o
I VA= Acridotheres fuscus 10 °
R\ & Acridotheres tristis 1507 °
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\(/:grlr?:ss lar name Scientific name Abundance Status SEFTSC?ZS"C ESt?siJrgtlzices ;Bg(?i((jelsjced
HEME Gracupica nigricollis 198 .
/IS Sturnia philippensis 6

KR Sturnia sinensis 122

JKGERT B Sturnia malabarica 29 °
RS Pastor roseus 1

Frotri B Sturnus sericeus 276

Y= Sturnus cineraceus 74

FREAE Dicaeum minullum 9 .

AN LA Dicaeum ignipectus 56 .

F=f Prunella collaris 2 .

Cab- i Motacilla tschutschensis 1835

JRBRAE Motacilla cinerea 332

HEE Motacilla alba 404

KACEE Anthus richardi 53

5128 Anthus hodgsoni 161

HisZs Anthus gustavi 1

TRMEZE Anthus cervinus 181

EIFE Anthus rubescens

HIE# Emberiza tristrami

/N Emberiza pusilla

B sy Emberiza spodocephala 162

it Fringilla montifringilla 45

e Pyrrhula nipalensis 36 °

K& Pyrrhula erythaca 1 °

Higgkse Carpodacus formosanus 1 °

Resvked Chloris sinica 1

fisies 2 Coccothraustes coccothraustes 2

e Passer montanus 18212

HIEESCE Euodice malabarica 30 .
HIE S Lonchura striata 382

BB Lonchura punctulata 1630

MO E Lonchura atricapilla 27

a1 ERUSHSRFIRRS - G R R
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Identifying predators of passerine shrub and ground nests in a
lowland forest of Taiwan
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Abstract

Predation is one of primary causes of nest failure for passerines. We applied an infrared time-lapse
video system to continually monitor ground and shrub nests of six small passerine species in a disturbed
lowland forest in central Taiwan from 2006 to 2007. The daily predation rate of shrub nests (0.059
0.006) was higher than that of ground nests (0.034 + 0.005, x* = 5.84, p = 0.016). We recorded 17 species
of nest predators that were classified into five predation types: snakes (8 species), birds (4 species),
macaques (Macaca cyclopsis) (1 species), other mammals (4 species), and ants (one unidentified species).
Snakes were major predators of both shrub and ground nests. Macaques preyed on shrub and ground nests
equally. Avian predators were more focused on shrub than ground nests while other mammalian predators
preferred ground nests. Predators such as snakes and ants left no traces but only an empty nest. Therefore,
identifying these predators without video surveillance was almost impossible. Each other type of predator
would leave characteristic marks that could be identified later. Raptors usually caught the parents in the
nest and left the feathers on the rim of the nest while ignoring the unhatched eggs. Macaques always left a
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distinctive mess around the nest. Other mammalian predators would usually leave footprints and a
loosened nest. We established guidelines for identifying predator types based on the marks around the
preyed nests.

w2

K Rk Ve B SRR £ R 2 — © 2006-2007 4B IEIAM] - fEh & —&
BB RIS AR - B2 6 F/ VIR H RS RER A S B A L > G R FH AL MR 8 R
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Introduction is an important factor influencing bird
populations. Identifying the causes of nest failure
Nest predation is the primary cause of nest helps to determine factors affecting nesting
failure for many passerines (Ricklefs 1969; success. A “nest predator” is any species that

Martin 1993), and the rate of successful breeding removes or damages eggs or nestlings
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(Thompson 11l et al. 1999; Thompson IIl and
Burhans 2004). To fully understand nest
predation pattern, it is critical to investigate local
nest predator composition and predators’
densities, searching tactics and spacing behavior
as well as densities of alternative preys (Hanski
et al. 1996). And the spacing behavior means the
activity pattern of predators such as macaques
could climb trees while most rodents stay on the
ground. Among these factors, predator
identification is the first step to clarify nest
predation pattern.

There were numerous studies on nest
predation in temperate and tropical regions,
especially in Central and South America
(Wikelski et al. 2003; Rader et al. 2007;
Brawn et al. 2011). However, only a few nest
predation researches for tropical and
subtropical Asia have been published, partially

due to the different patterns in predator shifts

among biogeographical regions and landscapes.

Predation risk is related to the composition and
density of predators. The nest predation risk in
tropical and subtropical regions appear to be
higher than the temperate region for a variety
of reasons such as the diversity and density of
predators may be much higher in the low
latitudes, but some are still barely understood
(Gibbs 1991; Martin 1996; Auer et al. 2007).
The studies of nest predator using artificial
and real nests showed different results. A few
nest predation studies in tropical Asia
experimented with artificial nests (Cooper and
Francis 1998; Wong et al. 1998; Sodhi et al.
2003; Pangau-Adam et al. 2006). In the tropical

lowland forest of Singapore, artificial ground
nests were found preyed by lizards, crows,
squirrels, wild pigs, feral dogs, banded leaf
monkeys, and long-tailed macaques with video
monitoring (Wong et al. 1998). Rodents were
the most common predators of both ground and
shrub artificial nests, and the shrub nests were
more susceptible to dwarf cuscus, squirrels, and
tree snakes in Sulawesi (Pangau-Adam et al.
2006). However, a recent real nest study in
Thailand found that macaques and snakes were
the main predators (Pierce and Pobprasert
2013).

Because natural nests are difficult to find,
working with artificial nests baited with quail
and plasticine eggs is an easier way to study nest
predators. Plasticine eggs often allow a clear
separation of predator types (Soderstrom et al.
1998; Pangau-Adam et al. 2006) as some
mammalian and avian predators may leave
marks on these eggs, though not allowing
identification to the species level. However,
these artificial nests cannot simulate the whole
breeding stage without incubating parents and
chicks in the nest (Melville et al. 2014). In
addition, lacking live animals to produce natural
sounds and smells induces biases. For example,
no snakes predate these artificial nests (Part and
Wretenberg 2002; Thompson Il and Burhans
2004).

To identify the nest predator to the species
level is challenging. Depending on the remnants
found in and around the nests, such as nest lining
disruption, eggshell fragments, remains of eaten
chicks left at nests, footprints around nests,
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predator types and species may be identified
(Brown et al. 1998). However, these remnants
also do not always allow unambiguous
identification of predator type or species.
Moreover, parent birds sometimes might alter the
remnants after the predation event (Brown et al.
1998).

While direct observation would be ideal,
direct human observations of nest predation
events are rare and may also bias results because
the presence of the human may deter potential
predators. Therefore, a new technical nest
monitoring system that applied time-lapse video
photography was developed in recent decades to
provide an effective tool to identify nest
predators (Williams and Wood 2002; Renfrew
and Ribic 2003; Stake and Cimprich 2003;
Peterson et al. 2004; Stake et al. 2004; Sabine et
al. 2005; Rader et al. 2007). This technique used
on real nests is definitely the most reliable
method because it helps to eliminate all the
biases mentioned above and usually allows
accurate species identification of the predator
(Cutler and Don 1999).

In this study, we identified and compared
the nest predator species or types between
ground and shrub passerine nests using video
photography in subtropical lowland forests of
Taiwan. We linked them to the typical remnants
left after the predation event and established
guideline for identifying predator types. Finally,
we compared the predation risk between videoed
and non-videoed nests.

Identifying predators of passerine nests

Methods

Study area

This study was conducted in Huben Village,
Linnei Township, Yunlin County in west-central
Taiwan (120°37.1°E, 23°44.5°N) (Fig. 1.). Huben
Village was designated as an Important Bird
Area (IBA) mainly for the conservation of the
Fairy Pitta (Pitta nympha) by the Chinese Wild
Bird Federation (2001) which was later endorsed
by BirdLife International. The study area is about
250 ha with elevation ranging from 50 to 500 m,
and more than 50 % of the area is covered by Ma
Bamboo (Dendrocalamus latiflorus Munro).
Secondary broadleaf trees are common on the
sides of ravines and ridges. Orange orchards and
betel nut (Areca catechu) plantations are sparsely
distributed in the area.

Nest searching and monitoring

Nests were searched during the breeding
seasons from early March until late August in
2006 and 2007 based on parental behavior cues,
systematic searches, and parent flushes. Located
nests were not higher than 2 m from the ground.
Nests built directly on the ground were categorized
as ground nests, while those built within small
trees or low stems were classified as shrub nests.

Once a nest was found, we recorded the
nesting stage (building, laying, incubation or
nestling stage) and the coordinates using GPS
(GPSMAP  60CSx,
Hsi-Chih, Taipei, Taiwan), and filled out a nest
card (Martin et al. 1997) to describe the nest
characteristics and location for later revisits.

Garmin  Corporation,
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Fig. 1. Map of the Huben Village study area in west-central Taiwan.

Each nest was checked every three to four
days to determine its status. When the nest
appeared preyed upon (eggs or young removed),
we recorded the nest structure and searched the
area immediate surrounding the nest for evidence
of predation, such as eggshells, bodies, animal
footprints, animal route and broken nests (Martin
and Geupel 1993).

Video photography and predator identification
The video system was only set on active
nests that had eggs or young in the nest to record
nest predators and breeding behavior. To record
as much nest breeding data as possible, nests that
were in the laying and incubation stages had
priority. We also attempted to video ground and
shrub nests equally to compare their predators.
We monitored the active nests by a
time-lapse video photography system which
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consisted of an infrared camera with 850 nm

infrared  wavelength  (EZ230, EverFocus
Electronics Corporation, Hsi-Chih, Taipei,
Taiwan),  digital  recorder  (ESDR400H,

EverFocus Electronics Corporation, Hsi-Chih,
Taipei, Taiwan) and a cable powered by three
rechargeable, 12-volt, deep-cycle batteries. The
video system was placed in a 56x56x76 mm
waterproof housing and we precluded setting the
system on ravines to avoid the system being
washed away in a storm. A tripod with a mounted
camera was placed 1.5 m from the nest and was
connected with a 50-100 m cable with the video
recording system set up 20-50 m away to reduce
the disturbance by human activities. The video
system continuously recorded the nesting activity
for 24 hours a day at a speed of 5 frames/sec. A
250 GB hard disk allowed 24-hour of monitoring
for 14 days. The video photography was colored
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in the light and black and white in the dark. We
visited the recorder and replaced the batteries
every other day until the chicks fledged or the
nest failed. We used a hand-held monitor to
check the status of nests without approaching
them directly.

If a nest was preyed upon, we reviewed the
digital videos thoroughly to confirm the
predators and the predation process.

Statistical analysis

Nest survival data were obtained by locating
and monitoring nests following the field protocol
(Martin et al. 1997). We also used Mayfield
logistic regression modeling to estimate the daily
predation rate (Aebischer 1999; Hazler 2004;
Hazler 2006). Mayfield logistic regression is
based on the Mayfield estimator (Mayfield 1961;
1975). We compared daily predation rates at
monitored nests with and without video and

Identifying predators of passerine nests

tested the effect of the photographic system on
nest predation rates in program CONTRAST
(Hensler and Nichols 1981; Hines and Sauer
1989) which is based on establishing variance
covariance matrices that contrast two or more
nest survival rates and then comparing their
differences with a chi-square distribution.

Results

In the breeding seasons of 2006 and 2007,
we monitored 234 nests (143 shrub nests and 91
ground nests) of six species: Grey-cheeked
Fulvetta (GF, Alcippe morrisonia), Black-naped
Monarch (BM,
Light-vented Bulbul (LB, Pycnonotus sinensis),

Hypothymis azurea),
Dusky Fulvetta (DF, Schoeniparus brunneus),
Fairy Pitta (FP, Pitta nympha) and Taiwan
Scimitar-Babbler (SB, Pomatorhinus musicus)
(Table 1).

Table 1. Daily predation rates (+SD) at shrub and ground nests in Huben village from March to July 2006

and 2007
No. of Daily
Type No. of nests Observation days
depredated nests predation rate
Shrub nests 143 93 1,625 0.062+0.006
Grey-cheeked Fulvetta (Alcippe morrisonia) 110 73 1,286.5 0.061+0.007
Black-naped Monarch (Hypothymis azurea) 1 7 122 0.057+0.021
Light-vented Bulbul (Pycnonotus sinensis) 16 11 146.5 0.082+0.023
Fairy Pitta (Pitta nympha) 4 1 27 0.037+0.036
Dusky Fulvetta (Schoeniparus brunneus) 2 1 43 0.023+0.023
Ground nests 91 45 1,343.5 0.038+0.005
Fairy Pitta (Pitta nympha) 53 21 888.5 0.029+0.007
Dusky Fulvetta (Schoeniparus brunneus) 17 13 184.5 0.076+0.019
Taiwan Scimitar-Babbler (Pomatorhinus musicus) 21 11 270.5 0.041+0.012
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Among the ground nests, 45 nests (49.5%)
were preyed, and the daily predation rate was
0.038+0.005 (1,343.5 observed days). Three
nests (3.3%) were destroyed by rain, one nest
(1.1%) was destroyed by humans, three nests
failed for unknown reasons, and 39 nests (42.9%)
were successful (i.e. fledged one or more young).

For the shrub nests, 93 nests (65.0%) were
preyed, and the daily predation rate was
0.062+0.006 (1,625 observed days) which was
higher than the rate for ground nests (x*= 8.89, p
= 0.003). Six nests (4.2%) were destroyed by
rain, two nests (1.4%) were destroyed by humans,
one nest (0.7%) failed due to unknown reasons,
and 41 nests (28.7%) were successful.

Nest predators

We monitored 117 out of a total of 234 nests
using video photography. Among them, 70
predation events were recorded that included 64
nests which each was preyed by one predator and
six nests (Grey-cheeked Fulvetta (n=3), Fairy
Pitta (n=2), and Light-vented Bulbul (n=1))
which each was recorded predation events twice.
Of these, 44.3% (n=31) and 55.7% (n=39) were
diurnal and nocturnal predators, respectively.
Most snakes were nocturnal (79.6%, n=35),
while macaques (08:19 to 17:33) and avian
predators (06:36 to 18:00) were exclusively
diurnal, and other mammals appeared in both day
and night times (Fig. 2).

Fig. 2. Occurrence times of four predator groups visiting song bird nests in Huben Village from March to

July in 2006 and 2007. We did not display the occurrence time of ants in this figure because they were too

small in the video photography to identify their first predation time.
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We identified eight species of snakes, four

species of birds, macaques (1 species, Taiwan

only) and four species of other mammals (Table

2). Macaques and other mammals were separated

Identifying predators of passerine nests

in two groups due to their different activity
pattern. Macaques would move between ground
and trees while other mammals usually stayed on
the ground.

Table 2. Ground and shrub nest predators for Fairy Pitta (FP), Taiwan Scimitar-Babbler (SB), Dusky
Fulvetta (DF), Light-vented Bulbul (LB), Black-naped Monarch (BM) and Grey-cheeked Fulvetta (GF)
recorded by video in Huben village from March to July 2006 and 2007 during the laying, incubation, or

nestling stages

Predator - : Grounc-i nests . : Shrub nests :
Type Species Laying Incubation Nestling Incubation Nestling
FP FP SB DF FP SBDF LB BM GF FP BM GF FP DF
Snake Tree snake
Boiga kraepelini 2 1 1 1 2 5 1 5
Ground snake
Oligodon formosanus 1 1
Ptyas mucosus 3
Lycodon rufozonatus 1 1
Elaphe carinata 1 1 1
Psammodynastes pulverulentus 1
Orthriophis taeniura friesi 1 1
Protobothrops mucrosquamatus 11 1 2
Unidentified snake 1 11 4 1
Bird Raptor
Spilornis cheela 1 1
Accipiter trivirgatus 4
Corvid bird
Dendrocitta formosae 2 1
Cuckoo
Cuculus optatus* 1
Macaque Macaca cyclopsis 1 1 1 1 2
Other Carnivore
Mammal Paguma larvata taivana 2 1
Herpestes urva 1 1 1 1
Rodent
Callosciurus erythraeus 1
Niviventer coningi 1
Ant - 1
Total 1 6 4 1 9 2 5 2 3 111 3 201 1

* According to Ding et al. (2013), we treated the Cuculus saturatus described in Chen et al. (2009) as Cuculus optatus.
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Snakes were the major predators for both
shrub (61.9%) and ground (64.3%) nests (Table 2,
Fig. 3). Avian predators (21.4%, Z=2.94) focused
on shrub nests while mammalian predators
(21.4%, Z=0.71) preferred ground nests.

Macaques preyed on ground (7.1%) and shrub
nests (9.5%, Fig. 3) equally. Snakes and
macaques did not have preference between eggs
or young while the raptors and other mammals
focused on the young in the nests (Table 2).

Fig. 3. Percentage of ground and shrub nests prey by the five predator groups. The actual number of nests

in each category is shown at the top of the bars.

In the shrub nests, the daily predation rate
(0.052+0.008, 38 depredated nests, 767 observed
days) at 58 nests with video observation was
similar to that at 85 regularly visited nests
without video observation (0.070+0.009, 55
depredated nests, 858 observed days; y°= 2.273,
p = 0.132). In contrast, the daily predation rate
(0.023£0.005, 26 depredated nests, 1091
observed days) at 61 ground nests with video
observation was significantly lower than that at
30 ground nests without video observation
(0.079£0.017, 19 depredated nests, 252.5
observed days; y° = 8.523, p = 0.004).

The predator identification guidelines

We generalized the predator identification
guidelines using video photography and field
experience (Fig. 4). First, we observed the
surrounding area of the nest preyed to determine
if it was clean or messy. If the environment was
disturbed or there were some animal footprints
and tracks, we would categorize them as a
mammalian predator. Mammal footprints and the
remnants they left in the nests also helped to
know what had happened. The location and
breeding stage of nests would also help to
classify the predators. Carnivores hunted
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nestlings in ground nests (57%), but raptors
preferred nestlings in shrub nests (83%, Table 2).

Environment Nest sign

Identifying predators of passerine nests

Then, we recorded the nest remnants to classify
the potential predator type.

Predator

A. corvid birds (shrub nests)
— a high nest
——> none — B. Boiga kraepelini

clean

——> a nest with feathers

the shrub and interior and exterior

-—

L——> the nest site a little move down

L—> alownest —————> C. snakes

——> egg shell E large chips — >

small chips
H E. rodents
——> a loose interior nest

D. Oligodon formosanus
(eggs)

F. raptors
(shrub nests and young)

>

grass were messy nest was separated

G. macaques

H. carnivores

animal tracks or _|
footprints

L3 crushing —

; egg shell
chipping

(ground nests and young)

I. Melogale moschata subaurantiaca
(ground nests and eggs)

Fig. 4. Guidelines to identify the shrub and ground nest predators by the signs left in the environment and

in and around the nest. The characteristics in parentheses were the preferences of predators for the prey.

The video and nest photographs were given in Appendix A.

Snakes were both the major predators of the
shrub and ground nests. Boiga kraepelini, a
typical tree snake capable of climbing trees, was
the most frequent predator (n=18). O.
formosanus would leave a special remnant after
eating eggs which consisted of tooth marks made
by its specialization maxillary teeth left on the
eggshell as if it had used a can-opener. Other
snakes would usually swallow all the eggs or
chicks in the nest, and did not leave any signs
around the nest and also kept the empty nest
unperturbed. Sometimes, the chicks were too
large to swallow so that the suffocated bodies
would be left near nests. Although most remnants

left by snakes were not obvious, we would
classify snake predation events by a clean and
complete nest in the same surroundings as
before.

Avian predators usually preyed on shrub
nests and did not leave obvious evidence. After
predation, the site of the shrub nest would be
slightly moved downward. Three avian predator
types were raptors, Corvidae and cuckoos.
Raptors focused on the young and parents in the
nests but ignored eggs. Feathers of the abdominal
stuck on the rim of the nest after the raptor
caught the parent bird incubating in the nest.
Eggs and young both were preyed on by
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Corvidae. A cuckoo (Cuculus optatus) was
found to kill two nestlings but not eat them in a
nest (Chen et al. 2009). The nestlings’ bodies
were left under the shrub nest. The only case of
an avian predator preying on a ground nest was
Spilornis cheela preying on a Fairy Pitta nest
with five nestlings.

Macaca cyclopis is the only endemic
species of macaques in Taiwan. In this study,
they preyed on both shrub and ground nests in
incubating and nestling stages. Macaques pulled
down nests with their hands and casually threw
them away onto the ground. The two layers
(interior and exterior) of shrub nests would be
separated by the macaques with hands. It was
also easy to realize that macaques had visited the
nest, because they would make messy shrubs and
grasses after passing the surrounding area and
usually pulled down the nests with their hands
and casually threw nests away onto the ground
near the original nest site.

Other mammalian predators included
carnivores and rodents. Most carnivores
preferred ground nests and nestlings. Carnivores
would leave animal tracks and footprints that
helped the identification. For example, Melogale
moschata subaurantiaca searched prey with its
nose and made a clear footpath by digging the
soil. It would leave fragmented eggshells as a
dominative sign after predation, and also pressed
the nests or dug a hole on the bottom of ground
nests. Rodents in Taiwan are much smaller than
carnivores, so they would loosen the interior nest
and leave chippings of egg shells.

We also recorded that ants preyed on a

Dusky Fulvetta nest. However, we could not
identify the species as the ants only appeared as
tiny black dots on the monitor. The nest
predation by ants might continue for several days,
and could be observed directly that we had met
the event once.

Considering the prey preference of each
predator as well as the signs and remnants
around the nests, we identified the shrub and
ground nest predators in nests that were not
monitored by video. Ninety-four shrub and 47
ground nests were classified into five predator
types that included snakes, birds, macaques,
other mammals and ants. The composition of
predator groups was not different between the
nests with and without video observation (=
4.33, p = 0.363). Snakes were still the major
predators, macaques equally preyed on shrub and
ground nests, and birds and other mammals had
similar preferences in their prey. Birds preferred
shrub nests while other mammals attacked to
ground nests (Fig. 3).

Discussion

In this study, we summarized environmental
signs and nest remnants to construct a guideline
that can help in identifying predator type in nest
predation. These evidences can be applied to
determine nest predators in similar environments
and regions.

We found predation the major cause of nest
failure in a Taiwan’s lowland forest, although
typhoons and rain storms also destroyed nests
(3.7%). Occasionally, farmers (1.2%) carelessly
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broke the nests when managing their bamboo
farmlands. Overall, predators hazarded the
survival of passerines’ nests in the forest. In
Taiwan, snakes are the dominant nest predators,
followed by other mammals, macaques and
raptors. Our results are similar as those
researches that snakes were more frequent nest
predators at low latitudes (Pierce and Pobprasert
2013; DeGregorio et al. 2014). Our results are
different from the temperate region where
mammals, shakes, corvid birds are major
predators, and nest parasitism by cowbirds and
cuckoos are also common (Renfrew and Ribic
2003; Pietz and Granfors 2005; Benson 2010).
Since regional predators depend on the local
fauna, a complete list of local fauna is the first
step to estimate the predation risk of nests. Using
infrared cameras, we determined the nest
predators that included Formosan macaques
(Macaca cyclopis), Formosan ferret-badgers
(Melogale moschata subaurantiaca), Formosan
gem-faced civets (Paguma larvata taivana),
Formosan crab-eating mongooses (Herpestes
urva), Formosan wild boars (Sus scrofa taivanus),
and rodents. These species are common in the
Hushan reservoir near our study area (Cheng
2008).

The fact that the daily predation rate of
shrub nests was higher than that of ground nests
may be a reflection in such open habitat with
scattered trees, dense shrubs and open canopy. In
this habitat type, predators can easily detect the
nests from above.

We found that the daily predation rate in
ground nests was significantly different between

Identifying predators of passerine nests

those observed by the video system and the
human while those in shrub nests showed no
difference, that was similar to the results of
Williams and Wood (2002), and Stake and
Cimprich (2003). Using the video system
underestimated the daily predation rate in ground
nests and it suggests that using the video system
alone may not be sufficient to understand the
daily predation pattern and it is necessary to
conduct direct field observation.

We monitored the real nests in the field that
could reflect a real nest predation situation.
Although the daily predation estimates maybe
similar between artificial and real nests,
predators differed substantially in their predation
of artificial versus real nests. In addition,
artificial nests also presented the biological bias
in the predator assemblage that could not detect
the existence of snakes (Thompson Il and
Burhans 2004). Several studies on artificial nests’
studies did not detect snakes in the tropical and
subtropical region (Wong et al. 1998; Hausmann
et al. 2005; Pangau-Adam et al. 2006). Snakes
were the most important predators of many real
nests of tropical forests (Stake and Cimprich
2003; Stake et al. 2004; Staller et al. 2005).
Ignoring snakes might cause serious bias when
estimating nest predation risks.

Nest preferences in predator faunas

Although snakes were the major predators
in both shrub and ground nests, we found
differences between shrub and ground nests in
the predator assemblage. Avian predators focused
on shrub nests and rarely plundered eggs and
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young in the ground nests (Sdderstrom et al.
1998; Hausmann et al. 2005). We only recorded
raptors preying on nestlings and parent birds, and
left eggs in the nests, but Gray Treepies
(Dendrocitta formosae) which belongs to
Corvidae would also prey on eggs and chicks.
These visual hunters took mainly the
conspicuous shrub nests (Weidinger 2002) and
ignored the more cryptic ground nests. Other
mammals preyed on the young in ground nests
and shrub nests that were close to the ground.

Each type of predator searches for prey in a
different manner. Avian predators locate nests
using visual cues, and macaques also search for
prey by visual cues. Other mammals apply
olfactorial cues when locating prey (Hausmann
et al. 2005). Thermoreceptors are present in
snakes, which help to detect their prey (De Cock
Buning 1983; Campbell et al. 2002).
Thermoreceptors may be the reason of the
detecting bias in artificial nests, because snakes
could not detect those nests without living beings
inside.

Applying the video system to detect
predation pattern did not increase the daily
predation rate (Brown et al. 1998; Thompson Il
et al. 1999) and also did not affect the
composition of the predator faunas. Similar to
Stake and Cimprich (2003), we also found no
evidence that the video system would be used by
predators as a cue to search the nests, and
predators did not notice the video camera while
they preyed on nests. The lower predation risk of
video-taped nests could be explained that we
only used video for the active nests and avoided

those nests which failed in the early stages (i.e.,
laying and incubation) (Stake and Cimprich
2003).

The video system monitored the predatory
situation of nests effectively. Using the video
photography, we identified 17 species of nest
predators, yielding a unique predator assemblage
and showing the high nest predation risk in
Taiwan. One limitation of this type of predator
identification was the growth of plants that
blocked the nest. In these cases we only obtained
shadows and obscure photographs while
predators were visiting nests. We could only
identify to the predator types by the patterns and
shapes, but not to species.

Signs left at nests by predators

After a nest predation event, predators
would leave their characteristic traces around the
nest, and rarely did the bird parents come back to
the nest and move these remnants. The evident
signs could be kept in the nests and used to
determine the nest’s fate. The evident sign we
used to identify the snake species is serrated
eggshells left by O. formosanus. Otherwise most
other snakes left no evidence as they usually left
only an empty nest that could be classified as
snake predation events. The adult’s feathers left
on the rim of the nest were also a clear sign that a
raptor caught a parent bird from a breeding nest.
Macaques would leave a mess around the nests
and usually pulled down nests by their hands and
casually threw nests away on the ground near the
original nest site. Mammalian footprints and the
remnants they left in the nests also helped us to
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surmise what happened.

The actions of ants were rare events
especially it is hard to identify them. Ants moved
eggs or nestlings piece by piece and left nests
clean with no remnants after their predation. To
identify the ant species was impossible unless we
visited the nests. Crematogaster sp. was found to
prey on broken eggs of Grey-cheeked Fulvetta
(W. J. Chen 2007, personal observation). In the
videos, we saw many small black spots covering
the nest and realized that they were ants, but we
could not identify the species. Similar to snakes,
ants also left nothing but an empty nest, but the
predatory action would continue several days.

The video photography recorded clear
evidence of nest predators and obtained stronger
data than field identification. However, some
minimum fieldwork is still necessary. The
monitor can be used to check the stage of nests
and reduced the frequency to revisit the active
nest. The system causes hardly any nest failure
with minimal disruption to nest site or adults
(Thompson 11 et al. 1999; Renfrew and Ribic
2003; Stake and Cimprich 2003; Sabine et al.
2005). The disadvantage of applying the
video-monitoring is its cost.

Based on fieldwork, we could identify the
type of predator based on the remnants of the
nests after the predation events. However, to
make a sound link between the nest remnants and
the predator, we needed the video system to fully
understand the relationship between predators
and prey. Thus, just using the signs to determine
predator type was not reliable.

Identifying predators of passerine nests
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Appendix A. The video photography and nest photographs showing various predation type present:

Al. Dendrocitta formosae swallowed eggs of Black-naped Monarch (Hypothymis azurea) and left a clean
nest (A2).

B1. Boiga kraepelini swallowed eggs of Light-vented Bulbul (Pycnonotus sinensis) and left a clean nest
(B2).

C1. Protobothrops mucrosquamatus preyed on the young of Taiwan Scimitar-Babbler (Pomatorhinus
musicus) and left a clean nest (C2).
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D. Oligodon formosanus preyed on eggs of Fairy Pitta (Pitta nympha) and left serrated eggshells around
nests.

E1. A rodent preyed on the young of Grey-cheeked Fulvetta (Alcippe morrisonia) and left a loose interior
nest (E2).

F1. Accipiter trivirgatus preyed on the young of Grey-cheeked Fulvetta (Alcippe morrisonia) and shifted
the nest location a little downward (F2).
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G1. Macaca cyclopsis preyed on the young of Grey-cheeked Fulvetta (Alcippe morrisonia) and messed
up the shrub and the nest site (G2).

H1. Herpestes urva preyed on the young of Dusky Fulvetta (Schoeniparus brunneus) and crushed the nest
(H2).

I. Melogale moschata subaurantiaca preyed on the eggs of Taiwan Scimitar-Babbler (Pomatorhinus
musicus) and left chipped egg shell.
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length and metamorphosis of Indian rice frog
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Abstract

To investigate the impacts of environmental temperature and water volume on metamorphosis and
survival rates of anuran amphibians, Fejervarya limnocharis tadpoles were incubated at 20°C, 25°C, 30°C
with different water volumes. Survival rates of Fejervarya limnocharis tadpoles were highest under 20°C .
Average body size was smaller at lower environmental temperature and lower water volume on Day 58
and Day 125 under the 20°C treatment. Tadpoles in high water volume treatments reached significantly
larger body size. This suggests that lower temperature is favorable to the survival of tadpoles, but harmful
to their growth. In spite of singular effects on growth, there was also remarkable correlation between
environmental temperature and water volume factors on the body length of the tadpoles.
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35.0%%% 5 ~ 30°C R AH 24.5% MK 5 /K& %}
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Table 1. Survival rates and initial body length (meanzsd) of Fejervarya limnocharis tadpoles under all

treatments

Survival rate (%)

Initial bodylength (mm)

Water volume

20°C 25°C 30°C 20°C 25C 30°C
100 ml 30.0¢1.0 10.0+3.5 20.0+1.0 8.3:0.8 8.3:0.8 7.7£0.8
200 ml 36.7t0.6  11.7t2.8  15.0£2.6 8.3£0.8 8.5+1.1 8.1+1.1
400 ml 38.3+2.5 25.0£0 10.0£3.5 8.6£0.9 8.3:0.9 8.5£0.7
average 35.0+1.6 15.6+2.8 15.0+2.4 8.4£0.8 8.4£0.9 8.1£0.9

HEMBRET S ERS 8.3:0.9mm(F
1) s (KI5 BB IRH) 46 e R 1 72 52 (0>0.05)
HAMFE R T HE LR 58 K (Filfn A ikhish A
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(7 Lo R I i 25.643.8mm DL E (36 2)
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Table 2. Body length (meantsd) of Fejervarya limnocharis tadpoles under all treatments on Day 58 and
Day 125

Water Day 58 length (mm) Day 125 length (mm)
volume 20°C 25C 30C 20°C 25C 30°C
100ml 15.0£1.9 16.6+3.0 16.3+3.3 23.243.3 22.8+4.9 23.8+2.6
m
(n=15) (n=15) (n=15) (n=15) (n=6) (n=12)
200m| 15.2+1.6 17.2+4.5 15.8+2.5 24.1+4.4 27.6+2.3 26.3+2.8
m
(n=15) (n=15) (n=15) (n=15) (n=7) (n=9)
200m| 15.1+2.4 17.0£5.4 21.245.0 25.0£3.6 26.3+4.3 26.2+2.2
m
(n=15) (n=15) (n=15) (n=15) (n=15) (n=6)
Average 15.1+2.0 16.9£4.3 17.8+£3.6 24.1+3.8 25.6+3.8 25.4+2.5

3% 3. FRAEIRICHE 2 BB T (A REAR B RE H B (T i A7 HE )
Table 3. Metamorphosis rates and metamorphosis days (meanzsd) of Fejervarya limnocharis tadpoles
under all treatments

Number of Metamorphosis rate ]
Water volume ~ Temperature . Metamorphosis days
metamorphosis (%)

25°C 6 10.0+£5.0 110.2£7.1
100ml

30C 4 6.7£2.9 101.8£17.7

25°C 8 13.3+5.8 95.3+19.4
200ml

30C 4 6.7£2.9 104.5£16.8

25C 7 11.742.9 107.4£23.6
400ml

30C 9 15.0¢5.0 89.1+18.3
Total 38 7.0£5.2 100.2+18.7

*No tadpoles underwent metamorphosis under 20°C treatment.
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The complete mitochondrial genome of the Formosan
ferret-badger (Melogale moschata subaurantiaca)
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Abstract

A complete mitochondrial genome of the Formosan ferret-badger (Melogale moschata
subaurantiaca) was obtained by PCR amplification and DNA sequencing. The genome spans 16,497 bp
that includes 13 protein-coding genes, 22 tRNA genes, and two rRNA genes. Nucleotide sequence
divergence (K2P distance) of mitochondrial genome was 3.57% with that of Chinese ferret-badger

(Melogale moschata).

1 %
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Formosan ferret-badger mitochondrial genome
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Introduction

The Chinese ferret-badger (Melogale
moschata, Mustelidae, Carnivora, Mammalia)
comprises six subspecies and is distributed in
China, India, Myanmar, Laos, Vietnam and
Taiwan (Wozencraft 2005; Lariviere and
Jennings 2009). It adapts well to tropical and
subtropical forests, grasslands, and cultivated
areas, and often lives near villages (Storz and
Wozencraft 1999). Since 2008, M. moschata is
confirmed as a rabies virus carrier and regarded
as an important source of rabies transmission in
southeastern China (Lei et al. 2008; Liu et al.
2010). Yu et al. (2011) had reported a complete
mitochondrial genome of M. moschata from China,
but without referring to its subspecies status.

The Formosan ferret-badger (Melogale
moschata subaurantiaca) is an endemic and the
only Melogale species in Taiwan Island
(Wozencraft 2005; Lariviere and Jennings 2009).
It is common and widely distributed across the
whole island at low to high elevations (Lin 2008;
Chiang et al. 2012). First case of rabies in
ferret-badgers of Taiwan was detected in 2013
(Wu et al. 2014; Chiou et al. 2014). Because

Bz HMI : 2015 &£ 03 H 26 H
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Taiwan Island had been free from canine rabies
for 52 years (Wu et al. 2014), the cause of rabies
re-emergence aroused the concern for relationship
of ferret-badgers from Taiwan and China.

The genetic distance of mitochondrial genes
between M. moschata subaurantiaca from
Taiwan and M. m. taxilla from Vietnam reaches
the interspecific level within the mustelid
lineages, implying deep divergence among
subspecies of M. moschata (Hosoda et al. 2011).
We hereby report the complete mitochondrial
genome of M. moschata subaurantiaca from
Taiwan and compare it with that of M. moschata
from China in divergence of sequences.

Materials and methods

Sampling and DNA extraction

Muscle tissue of Formosan ferret-badger
(Melogale moschata subaurantiaca) was
collected from a roadkill specimen near
Yuan-Ton Temple in Fangshan Township,
Pingtung County, southern Taiwan in 2012.
Genomic DNA was extracted by using the
Puregene DNA purification kit (Gentra)

according to the manufacturer’s instructions.
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Primer design, PCR amplification and DNA
sequencing

To amplify the complete Formosan
ferret-badger mitochondrial genome, 17 sets of
primers were designed based on an alignment of
ferret-badger mitochondrial genome sequences
taken from GenBank with accession numbers
HM106328 (Melogale moschata; Table 1). The
PCR reactions were run on a GeneAmp 9700
PCR system (Applied Biosystems, Inc) and

consisted of 1yl of template DNA (10-100ng),
2.5 uM of each primer, 0.4 mM of each dNTP, 1
unit of Taq polymerase and 1x buffer with
1.5mM MgCl,, toally 25 ul. The PCR conditions
were as follows: 5 minutes at 94°C, 35 cycles of
94°C for 30 seconds, 45-50°C for 30 seconds,
and 72°C for 1 minute, and a final 7 minutes
extension at 72°C. PCR products were sequenced
using an ABI Prism 3730 DNA automated
sequencer (Applied Biosystems, Inc).

Table 1. Primers used in amplifying and sequencing the complete mitochondrial genome of Melogale

moschata subaurantiaca from Taiwan

Primer name Sequence (5° — 37) Location Product length (bp)
MMAF GCCAGAGAACTACTAGCAAC 558-577 1200
MMAR GGAGAAGTATTTCTTGTTACTCAT 1734-1757
MMBF CAACTCCTAATATTTTACTGGG 1677-1698 1059
MMBR GAAGAGGATTTGAACCTCTGG 2715-2735
MMCF ATCTAGCCAGTCCCCTTCCT 2624-2643 1143
MMCR GAAACAAGAGGGCTTGAACC 3745-3766
MMDF CCTATTATAACAGCAAGCATTC 3665-3686 1111
MMDR TCAGTAGGGCCGTGATTGCC 4756-4775
MMEF TATCGCTATCACACACATGAAA 4593-4614 1181
MMER AGGTCTACGGATGCTCCCGCATG 5751-5773
MMFF ATAATTGGGGGCTTTGGAAACTGA 5559-5582 1651
MMFR ACTGCTTGGGCATCCATAGTACT 7187-7209
MMGF CAAAGTCAAATTATAGGTGGA 6991-7011 820
MMGR ATCATGTTGAGGTATCTAGTTG 7789-7810
MMHF ACTTTGAGAAATGATCTGCCTC 7680-7701 891
MMHR AATAAGGGCTACTGCAAATTCT 8549-8570

MMIF GATTGGAGGAGCTACCCTAGC 8462-8482 1037
MMIR GTAAGGTTAGTGCTATGTTTAT 9477-9498
MMJF TGACACTTCGTAGACGTCGTCTG 9347-9369 1443
MMJIR ACGCTATTATGCATGCTAGTCA 10768-10789
MMKF CTATTCTACACCCTAGTAGGCTC 10630-10652 941
MMKR CTATATTTACAGTAAATGGG 11551-11570
MMLF CACTACACAACGCGGAAAATAC 11418-11439 1009
MMLR GTGGCAGCCAGTAGCAGGCCT 12406-12426
MMMF AACACATGGGACTTCCAACAAAT 12344-12366 1716
MMMR TTAGCTTTGTAGGGTTTTCTTC 14038-14059
MMNF CCTAATCAAACTTTACTTCATA 13510-13531 976
MMNR AGTATAATCCTCGTCCTACG 14466-14485
MMOF ACAGCCTTCTCGTCAGTCAC 14356-14375 1087
MMOR ATAGTTAAATTAGAATGCCAGC 15421-15442
MMPF CCTATTAAAATGAAGAGTCTTTGT 15300-15323 984
MMPR ACGTTGCATGTGCTTAGTTCTG 16262-16283
MMQF CCGTAACTTCAAAAGTATACAA 16208-16229 934

MMQR

TATCGATTATAGAACAGGCTC

624-644
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Sequence analysis

Forward and reverse sequences for the same
section of mtDNA were edited using SegqMan
(DNASTAR, LaserGene, Madison, WI, USA).
The boundaries of each gene in the
mitochondrial genome of Melogale moschata
subaurantiaca were identified by sequence
alignment of published Carnivora mitochondrial
genome. Start and stop codons were used to
define the protein-coding genes. Sequences were
aligned and similarity analysis performed using
the software BIOEDIT version 7.0.4 (Hall 1999).
Numbers of tandem repeats were calculated
using the program Tandem Repeats Finder
(Benson 1999).

Results and discussion

General features of the Melogale moschata
subaurantiaca mitochondrial genome

The complete mitochondrial genome of
Melogale moschata subaurantiaca (Genbank
accession no. KP726273) is 16,497 bp in length,
shorter than Melogale moschata (Genbank
accession no. HM106328) which is 16,587 bp
(Table 2). The differences result from different

lengths of the control region between two species.

The genome contains 13 protein-coding genes,
22 tRNA genes, and two rRNA genes. Eight
tRNA genes and one protein-coding gene are
located on the light strand, with the remaining
genes located on the heavy strand. The overall
base composition of the heavy strand is 31.95%
A; 26.62% C; 14.72% G; 26.71% T. Guanine (G)
is the rarest nucleotide and the GC content is

Formosan ferret-badger mitochondrial genome

41.43%.

Protein-coding genes

The mtDNA contains 13 protein-coding
genes. One of these (ND6) is located on the light
strand (Boore 2004), with the others all on the
heavy strand. This arrangement is typical for
vertebrates (Table 2). Among 13 protein-coding
genes of Melogale moschata subaurantiaca and
M. moschata, the common Met start codon (ATG)
could be assigned as the start codon for all
protein-coding genes except for ND2, ND3 and
ND5, which begin with ATC, ATA and ATA
respectively. Common stop codons (TAA or TAG)
could be assigned to most of the putative
protein-coding sequences. ND1, ND2, COIlll and
ND4 are terminated with incomplete stop codons
(T--) (Table 2), which are accommodated
post-transcriptionally in the mRNA maturation
process by polyadenylation (Ojala et al. 1981;
Broughton et al. 2001). Two protein-coding
regions (ATP8/ATP6 and ND4L/ND4) overlap
and in each case both genes are translated from
the same cistronic mMRNA.

Nucleotide and amino acid sequences
(K2P distance) of the 13
protein-coding genes between the two whole

divergence

mitochondrial genome were 1.99-4.61% and
0.00-2.88% (Table 2). Among the 13
protein-coding genes, ATP8 is most conserved,
followed by Cyth, COIl and COIlIIl, whereas ND2
has evolved most rapidly.
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RNA genes

There are 22 tRNA genes identified in the
Melogale moschata subaurantiaca mitochondrial
genome, with lengths ranging from 61bp
(tRNA-Glu) to 76 bp (tRNA-Ser). The 12S
rRNA and 16S rRNA genes are 961 bp and 1,570
bp respectively. tRNA-Ile and tRNA-GIn are
overlapping with separate transcripts in opposite
directions. This arrangement is typical for
mammalian mitochondrial genomes (Anderson et
al. 1981; Parma et al. 2003, Tsai et al. 2009).
(Table 2).

Control region

The origin of L-strand replication (O,) of
Melogale moschata subaurantiaca was located
between tRNA-Asn and tRNA-Cys, which is
36bp in size and similar to those of other
vertebrates (Hou et al. 2007; Delisle and
Strobeck 2002; Yue et al. 2006). The sequence of
the control region (CR) of M. moschata
subaurantiaca located between tRNA-Pro and
tRNA-Phe is 1,048 bp in size and contains three
sets of repeats in position 569-616, 568-726 and
568-726 by online software TANDEM
REPEATS FINDER (Benson 1999).
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Eugoa cernyi Bucsek, 2012 (Erebidae, Arctiinae) - a newly
recorded moth from Taiwan
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Abstract

Eugoa cernyi Bucsek (2012), a moth distributed in Thailand, Malaysia, and India, was recorded for
the first time in Taiwan. This species can be distinguished from the others in the same genus in Taiwan by
the serrate antemedial band on its forewings. Pictures of male and female bodies are provided in this

paper, including their genitalia.
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2. Eugoa cernyi Holotype. Male and female

genitalia. (Karol Bucsek)
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[& 3. Eugoa cernyi /€ E E i it &
Fig. 3. Male Eugoa cernyi.

[& 4. Eugoa cernyi 5 /E K & I I 3G ] -

Fig. 4. Male Eugoa cernyi underside.

5. Eugoa cernyi %52 F & it 55
Fig. 5. Female Eugoa cernyi.

[& 6. Eugoa cernyi 5 /E K & I A ] -

Fig. 6. Female Eugoa cernyi underside.
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Fig. 7. Male Eugoa cernyi genitalia. (Li-Peng
Hsu)
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Fig. 8. Female Eugoa cernyi genitalia.
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A New Record of the Earthworm Ocnerodrilus occidentalis
Eisen, 1878 from Matsu
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Abstract

This paper describes the exotic ocnerodrilid earthworm Ocnerodrilus occidentalis Eisen, 1878 as a
new record from Matsu. Now distributed globally, the species is a small earthworm whose native home is
likely in Central or South America.
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Earthworm O. occidentalis from Matsu

Key words: Ocnerodrilus occidentalis, earthworm, Matsu
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Introduction

Ocnerodrilus occidentalis Eisen, 1878 was
first described by Eisen based on specimens
found in an irrigation box from his vineyard at
Fresno County, California (Eisen 1878; Gates
1972). Eisen (1900) redefined this species with
specimens collected from the original locality as
well as those from the city parks of Durango,
Mexico. Eisen (1900) also described two
varieties, var. sinensis and var. arizonae, of this
species. The description of the former was based
on specimens from pots containing plants
brought from China, while specimens of the
latter were obtained near irrigation ditches in
Phoenix, Arizona (Eisen 1900). Both Michaelsen
(1910) and Stephenson (1914) doubted the
validity of var. arizonae, and Chen (1933)
considered var. sinensis as invalid since
intermediate forms were observed among var.
typicus, var. arizonae and var. sinensis. The
distribution range of O. occidentalis includes
Central Asia, India, Ceylon, Myanmar, Singapore,
Hainan, China, Japan, Philippines, Solomons and
New Hebrides, California, Arizona, Mexico,
Cuba, and Australia and Tasmania (Gates 1972;

BXHW] 2014 £ 12 A 17 H

Accepted: December 17, 2014

Blakemore 2010). According to Gates (1972),
plant quarantine interceptions show that the
species still is being carried around the world by
man, and the original home of this species may
be somewhere between the United States and
South America.

Gates (1972) stated that O. occidentalis is
known only from parthenogenetic morphs
without seminal vesicles and spermathecae.
Currently only seven nominal species have been
reported for the genus Ocnerodrilus and all of
them are native to Central and/or South America
(Brown and Fragoso 2007).

The following description is based on 19
preserved specimens deposited at the Taiwan
Endemic Species Research Institute, Jiji, Nantou,
Taiwan.

Ocnerodrilus occidentalis Eisen, 1878

Ocnerodrilus occidentalis Eisen, 1878: 10; 1900:
113. — Michaelsen, 1900: 377; 1910: 100;
1931: 1. — Stephenson, 1914: 361; 1916:
348. — Chen, 1933: 224; 1938: 426. — Gates,
1935: 93; 1942: 99; 1961: 57; 1972: 273,
1982: 16. — Lee, 1981: 567. — Blakemore,
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2010: 183.
Ocnerodrilus tenellulus Gates, 1945: 223.

Materials examined. — Three mature (clitellate)
specimens collected 31 May 2012 from a
roadside ditch near the weather station (elevation
48 m), Nangan by H. P. Chen and T. L. Ai (coll.
no. 2012-54); six specimens collected 26 June
2012 near a trash treatment field (elevation 64 m),
Tangchi Village, Beigan by H. P. Chen and W. J.
Chih (coll. no. 2012-61); five mature and five
immature specimens collected 31 August 2012
near Zhongling Temple (elevation 76 m),
Dongyin by H. P. Chen and H. H. Huang (coll.
no. 2012-130).

Description. — Length (clitellates) 20-28 mm,
diameter 1.0-1.2 mm. Segment number 75-89.
Prostomium epilobous. Dorsal pores absent.
Clitellum XIV=XIX or XIl1-XX, annular, setae
present (Fig. 1A). Setae lumbricine (eight setae

per segment), closely paired, aa: ab: bc: cd = 4: 1:

4: 1. Spermathecal pores absent. Male pores one
pair in XV I, faint, each slightly lateral to seta b.
Female pores one pair in XIV, each anterior to
seta b (Fig. 1A). Specimens unpigmented.

Septa present from 4/5, 4/5 thin, 5/6/7 thick,
7/8-11/12 thickened, and 12/13 to posterior end
thin and membranous. Gizzard absent. Intestine
enlarged from XII. Hearts two pairs in X-XI.
Calciferous glands one pair in X, shiny,
thick-walled, yellowish brown in color.
Nephridia holoic.

Spermathecae absent. Accessory glands
absent. Testes two pairs in X and XI. Seminal

vesicles absent. Prostate glands one pair, each
coiled, tubular and lying under intestine (Fig.
1B). Ovaries in XIII, racemose.

XVII

XVvIN

XIX

B
I mm

I mm

Fig. 1. Ocnerodrilus occidentalis Eisen: A,
ventral view of preclitellar and clitellar regions
(fp, female pore; mp, male pore); B, dorsal view

of prostate glands.
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Crotalaria goreensis Guill. & Perr. (Leguminosae), a newly
naturalized species plant in Taiwan
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Abstract

Crotalaria goreensis Guill. & Perr. (Legumiosae) was recently discovered in Hengchun Peninsula,
Taiwan, as a newly naturalized and potentially aggressive weed. A detailed description, photographs and
geographic distribution are provided for identification of the species.
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Introduction

Crotalaria goreensis Guill. & Perr.
(Legumiosae) is a newly naturalized species that
belongs to Leguminosae, a major contributor to
the naturalized flora in Taiwan (Wu et al., 2004;
Chen, 2008). Naturalization events of several
other Leguminosae  species, such as
Aeschynomene americana L. var. glandulosa
(Pior.)  Rudd,

Matsum., Mimosa pigra L., and Trigonella

Indigofera  pseudo-tinctoria
hamosa Forsk., were reported after the second
edition of Flora of Taiwan was published (Wu
and Huang, 1999; Yang and Peng, 2001; Chen,
2008; Jung et al. 2009). After publishing the
latest checklist of alien plant in Taiwan (Ku et al.,
2011), we report Crotalaria goreensis Guill. &
Perr as one more newly naturalized Legumiosae
plant in Taiwan. Descriptions and photographs of
Crotalaria goreensis Guill. & Perr. are presented
in this paper.

Taxonomic Treatments

Crotalaria goreensis Guill. & Perr., Fl. Seneg.
Tent. 1: 165. 1832. FGIEFER . Fig 1.

Bz HMI : 2015 &£ 03 H 26 H

Accepted: March 26, 2015

Type: Senegal, Perrottet 170 (syntypes: P!);
Perrottet s.n. (syntypes: P!).

An erect annual or perennial herb, about 80
cm high, with many branches, finely pubescent
throughout. Leaves trifoliolate, obovate to
elliptic, 25-8 c¢cm long, 0.5-2.5 cm wide,
mucronate or rounded at apex, the upper surface
glabrous, the lower surface pubescent; stipules
lanceolate-falcate, 0.6-2 cm long; petioles
erecto-patent, slightly silky, 2.5-3.5 c¢cm long.
Racemes terminal, up to 25 cm long,
12-20-flowere; pedicels ca. 3 mm long; calyx
4-5 mm long, 2-3 mm wide, pubescent; clefts
lanceolate, covered with hairs; corolla yellow but
often with orange or red-brown, twice as long as
the calyx, not twisted. Pod 15-20 mm long, half
as thick, oblong, when young densely silky,
10-12-seeded. Seeds 2.5-4 mm long, orange.

Distribution:  Native in tropical Africa;
naturalized in Australia and Taiwan.

Habitat and phenology: Open wasteland, ca. 20
m. Flowering and fruiting from October to
February.
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Fig 1. Crotalaria goreensis Guill. & Perr. A. habit; B. leaf; C. stipule; D. fruiting and flowering branch; E.
flower; F. pod with seeds.
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Voucher specimens: Pingtung: Houpi Lake, T. C.

Hsu 5310 (TAIF); Hengchun, P. E Lu
23600 (TAIF).
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