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Announcement

“Endemic Species Research” has been published semi-annually since January
1999. We are thankful to all contributors who in the past selected this journal as the
final home for their manuscripts. In correspondence to the United Nations’ declaration
0f2010 as “International Year of Biodiversity” , starting January 2010, “Endemic
Species Research” will be replaced by “Taiwan Journal of Biodiversity” . This
new journal will be published quarterly in the months of January, April, July and
October. It will continue to serve as a permanent home for manuscripts resulted
from hard work of many scholars of various disciplines in the field of biodiversity
and natural conservation. “Taiwan journal of Biodiversity” cordially invites and
welcomes scholars around the world, particularly those in Taiwan, for submission
of their manuscripts, making this journal to be one of the best forums in the field

of biodiversity.
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An Exploration on Relationship between Food Intakes and
Reproductive Success of Captive Formosan Black Bears
(Ursus thibetanus formosanus)

mERL EUE?

Chieh-Chung Yang®. * and Wen-Hui Chan?

INBRREZBEHALWARRET TS dBRBRERARAERHE L
2HBIRREZ B ENRB HaRRETER SR E L8 % 5% 456 3¢

1 Endemic Species Research Ingtitute, Jiji, Nantou, Taiwan
2Nantou Forest District Office, Forest Bureau, Nantou, Taiwan

* W IRAE A chung@tesri.gov.tw

* Corresponding author: chung@tesri.gov.tw
#m %=

r S T B R LR B R L o R AR R I I BRI I A o (EAE PR A ) ST A BRI
AR RS R - AT R 2 ) G A G N R A B AR - LRI R (R (2
(progesterone) i 7 Wb i FE S i b7+ » B H B mise g K ERGE — UL - mIREN ek s 7 AHhE 1
BRI L TR PR B AR - B IR R ARG S H R B R R D M5 e o BPObREEE D
B RRS BY) - BRI G BV FAITEE LR — MR I EHE - AR (L e E &
% JK (delayed implantation) & —ff A (£ 2L FHEIE KL » 5 57 16] 2 e AR A 15 27 1) ST 58 o e R 1)
B 5t o ] e HEE L 1 17 T 0 S A0 I 7R L A 3 2 PR B AH BRI R T - e R RE R (R il 22
AR LR -



Abstract

After the captive femal e Formosan black bear (Ursus thibetanus formosanus) mated and was fertilized,
her daily food ration was increased from either early-pregnancy or mid-pregnancy. The results showed
that the female bear had normal deliveries when received the food increment from the mid-pregnancy
but had preterm deliveries when received the food increment from the early-pregnancy. The food increment
from the early-pregnancy might result in higher probability of the preterm delivery which was because
the rise of progesterone secretion ahead of time, and it didn’t reach to some certain higher level. Hence,
it probably led to change the uterine environment and the protein composition of the uterine luminal
secretion, of which became unsuitable for the fetus development after embryo implantation. In nature
thereis a seasonal changein food composition and abundance, and wild femal e bears consume food with
nutritional values at the stage of mid-pregnancy than that at the stage of early pregnancy. It isan adaptive
synchronization of the internal physiological rhyme of the bears with the embryo delayed implantation
to the seasonal rhyme of food abundance in the natural environments. Accordingly, we hypothesize that
increasing the feeding of captive bears at the early pregnancy may disturb their natural sexual steroid
hormone secretion rhyme associated with the delayed implantation mechanism, which was probably the

main reason to cause abnormal reproduction.
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Fig. 1. Mgjor steps and regulatory mechanisms of embryo delayed implantation in black bear (after
McDonald 1980; Renfree and Calaby 1981; Mead 1989).
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Table 1. The nutrient contents (dry matter basis) of diets A and B used in the study

Diets C. Protein C. Fat C. Fiber Calcium Phosphorus Energy
(%) (%) (%) (%) (%) (Kcal/g)
A 115 52 6.3 18 10 415
B 17.0 7.6 7.2 18 10 4.38
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Table 2. The feeding procedure, daily food intakes, and reproduction of the female bear #1 in 2001-2005

Items 2001 2002

2003 2004 2005

Time of changing
diet formulas and

. X ) Mid-pregnancy  Early-pregnancy Early-pregnancy  Mid-pregnancy  Mid-pregnancy
increasing daily
food ration
Intervals of
increasing daily 7 14 7 7 7
food ration (days)
% intotal
increased food 60 160 70 60 60
ration
Refusing food
intake before

9 26 17 30 7
delivery of cub
(days)
Total gestation 226 179 169 253 225
(days)

Preterm delivery  Preterm delivery
Cub status Survival (died 2 days (died half days Stillbirth Survival
after birth) after birth)
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Fig. 2. Daily rations (A) and intakes (B) of bear female #1 during the periods of pregnancy in 2001-2005,
resulting in normal deliveriesin 2001 and 2005, preterm deliveriesin 2002 and 2003, and stillbirth in 2004.
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Fig. 3. Daily rations and intakes of the female bear #2 after suspected mating with the ration increments
at early-pregnancy in 2000 and at mid-pregnancy in 2007, both resulting in pseudopregnancy with

increasing appetite.
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Fig. 4. Trends 3-measurements moving average of fecal progesterone concentrations of the female bear
#1 after mating in 2001-2004 (open vertical arrows, the time of beginning daily ration increments; solid
vertical arrows, time and status of cub deliveries).
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Abstract

As global warming has drawn our increasing concerns, many studies have focused on whether
climate change would affect the timing of wildlife reproduction. We used orphaned nestling data of two
avian species, the Collard scops owl (Otus bakkamoena) and the Malayan night heron (Gorsachius
melanolophus), obtained by the Wildlife First Aid Station of the Endemic Species Research Institute of
Taiwan to analyze the relationships between air temperatures and their reproduction timing. A growth
curve model was built and daily growth rate by weight of each of the species was determined with the
data of captive nestlings at the station. Egg deposition date of each of the orphaned nestlings was then
estimated with the growth model. There were 133 orphaned nestlings of the Collard scops owl from
Central Taiwan for nine years and 56 nestlings of the Malayan night heron for five years. A regression
analysis was conducted between the estimated egg deposition dates and the monthly average air temperatures
prior to the breeding seasons. The egg deposition dates were significantly correlated with the average
air temperatures of the months of previous November (p < 0.05) for the Collard scops owl, and previous
December (p < 0.01) for the Malayan night heron. When monthly average air temperatures of these
months rose, the egg deposition dates of the two species proceeded earlier in the following year. Further
studies are needed to examine whether other avian species have the same trend of air temperature and

breeding time relationship and what is the mechanism.
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Fig. 1. The growth curve of 8 captive Collard scops owls at the Wildlife First Aid Station, 2008-2009
(solid circles, average weights; horizontal bars, standard deviations).
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Fig. 2. The growth curve of 5 captive Malayan night herons at the Wildlife First Aid Station, 2007-2008
(solid circles, average weights; horizontal bars, standard deviations).
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Table 1. Sources of orphaned nestlings of the Collard scops owl and the Malayan night heron

Sources (county) Collard scops owl Malayan night heron
Taichung 6
Nantou 28
Changhua 9
Yunlin 5
Chiayi 8
Total 133 56
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Table 2. Egg deposition dates estimated for 133 orphaned nestlings of the Collard scops owl

Month\Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008  Tota
December 2 1 1 1 5
January 2 1 1 1 5
February 1 2 2 3 1 1 1 1 2 14
March 1 6 8 11 5 9 6 5 4 20 75
April 1 3 1 1 3 3 5 5 22
May 1 1 1 2 1 2 8
June 2 1 3
July 1 1
Total 3 10 15 15 14 14 12 10 13 27 133
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Table 3. Egg deposition dates estimated for 56 orphaned nestlings of the Malayan night heron

Month\Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

March 2 2
April 1 3 2 1 1 2 3 2 2 17
May 1 1 2 2 4 6 16
June 1 1 1 6 3 1 13
July 2 1 1 4
August 2 1 1 4
Total 2 7 7 1 3 3 11 13 9 56

7 4. 2000-2008 £ 7 £ 55 F11 5 6 i P8 8 Fie L 0 M55 ] LA R % R 246 8 4 oy L T I s A2 ot 2 4571 EL 451
Table 4. Egg deposition dates of the Collard scops owl and Malayan night heron estimated from the
orphaned nestlings obtained from urban and rural areas, 2000-2008

Collard scops owl Malayan night heron
Egg Nests distribution (%) Egg Nests distribution (%)
Year iti -
deposition Transitional deposition Transitiona
date b o date b a
(1=1 Jan) Urban area Rur (1=1 Jan) Urban area Rur
2000 426 20 80 -
2001 48 20 73.3 6.7 110.7 28.6 57.2 14.2
2002 59 26.7 73.3 - 122.9 33.3 66.7 -
2003 42 28.6 714 -
2004 319 28.6 64.3 7.1
2005 59 25 75 -
2006 36.6 20 80 - 137.1 18.2 818 -
2007 43 154 76.9 7.7 112.6 154 76.9 7.7
2008 56 29.6 70.4 - 1131 333 66.7 -
Total 285 69.2 23 21.3 74.5 4.2

7 5. 5T A R B R e I R T B 0 R P B B T % {8 ) 17 71 1 S A AT B 0 A SR
Table 5. Statistics of the regressive analyses between estimated egg deposition dates of the Collard scops
owl and Malayan night heron and the monthly average air temperatures prior to the breeding seasons

Collard scops owl (n=9) Malayan night heron (n=5)
Month
R? p-value R? p-value
October 0.219 0.203 0.094 0.615
November 0.505 0.032 0.016 0.841
December 0.311 0.119 0.942 0.006
January 0.015 0.752 0.012 0.861

February 0.156 0.293 0.026 0.797
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Fig. 3. Annual egg deposition dates of the Collard scops owl in 2000-2008 in correspondence to monthly

average air temperatures of November of the previousyear (A), and their linearly regressive relationship

(B); Date=accumulated days from January 1.
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Fig. 4. Annual egg deposition dates of the Malayan night heron in 2001, 2002 and 2006-2008 in
correspondence to monthly average air temperatures of November of the previous year (A), and their

linearly regressive relationship (B); Date=accumulated days from January 1.
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Fig. 5. Average air temperatures of the months of December-February, 2000-2008.
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Table 6. Numbers of days to breed earlier with increasing air temperature of 1°C in specific months for

different bird speciesin literature

Geographical area Species Months Days References
North America  Tree Swallow (Tachycineta bicolor) May 3.49 Dunn and Winkler 1999
Netherlands Northern lapwing (Vanellusvanellus) 16 Feb-15 Mar 164 Both et al. 2005
Croatia Marsh tit (Parus palustris) Feb-Apr 2.08 Dolenec 2006
Croatia Bluetit (Parus caeruleus) Feb-Apr 2.09 Dolenec 2007
Italy Swift (Apus apus) April 2.89 Rubalini et al. 2007
Estonia Common gull (Larus canus) 31 Mar-26 Apr 1.43 Brommer et al. 2008

—fRiM S - AR BEEEA & - 1
FIT S0 16 1) o5 A1 v ) 24 22 2K T B 26 )k
R [H] (Crick et al. 1997) » #7y B XARIGET H
IR # ke (Ardia et al. 2006) ~ 7 BRESHT i LL
Ko B Rk Th 28 2 T (Winkel and Hudde 1997;
Schaefer et al. 2006) » {H fif £ /& 22 i S B L
e AE B B (6 0 T g 1) S BARH Rl (Ml ler
2008) © 5 E 1) H 24 {18 ) A AV 5 B b i e
SV S A —20 iia EBEYS
SRAT > B0 AE e R S R AR AR AR - i H (Order
L epidoptera) &) A= 1) el HA KR L T 42 A -
1 L1 2 (Parus major) 1) B8 i HR AN AR RERR E
(Visser et al. 1998) » /L RA{BIRY 55158 R RS 4
AR TN AS N IRE ~ IR BEIE A A U0 D (Sazn
2003; Laaksonen et al. 2006) - 2% 7 HH % ([ 4E
RE R W 6 B A R = RS S4BT Er 2 i > (H Y7
Fi] R 2 B % ) 8 R 1S 7 £+ HE KA A
(Parmesan and Yohe 2003; Visser et al. 2003) »
i 5 Rt 1D A1 BE K A= 1782 ) (Crick 2004) -

# %k

el MO e ~ B A2RE AT
=/ NMHEIAF e R R 5 Z EF OB R B
SO BB ERE R A A ERE T
OB S BRI AT BRI - R ALET
R B ARE LT AT SR A A0 45
1k (RS — 2T -

7| A TR

TE L o 2008 o 5@ fREHE T S BRI E R
s HLE o BB ALK B A K IR BT IR T
PR RTRE AR S 0 83 H o

FEEZF ~ MRS~ iR ~ PR 0 2005 o 4
VL5 R B A R T R — LU\
IS o 2R E S 49: 10-18 -

FRSCF - 2003a > 15 188 rh i 7R ik A A 58 L AR
VIR o IR EIE 1. 29-35 -



26

FRSCHE - 20030 © i £ 55 11 A & Bl AR PRER BT T
F ST e () EEONR B R o %8
To

PROCRE ~ = ~ T3 - 2008a - 5 i Hh AR AR
7 [k B 5 0 R RS O R G B P AT
It o HLERIKER A R RE A & - &
k-

MRARES ~ 775 ~ Hnl > PRIRFH - 2008b -
FrE L B AR B ) S Rk 2006 2 2007 4
59 B £ RS XA (51 73 A7 - 2008 - 51 B 48
At o HL

PR B 0 2005 - 15 i ith 6 ST B AL o AT
1955-2004 - [#] 37 5 #1 1F K22 PR BRI
BRI - 91K

Wk IE 5 - 2002 o 5 i rp AL [ R E i
(Gorsachius melanolophus).Z 4 i 4 fiE -
R KEBAY R A TG - TS H o

PREERE - 2008 o (K G SRR L - Bl
IR 424: 6-11 -

P& - 1996 - Gl FE nn kLS 2 2270
BT X o BN AR B YY) B R B
RS 2 136 H o

BIFAEL ~ /8 ~ BRIEZR - 2007 - i 5,2
SAREEE © [ S B ERAHE o LAt SERE
Bl s A8 & WA 15: 72-75 -

HRAE ~ HESEE ~ £578 - 2008 o KEREBIZR A
s B 3 [, — A5 1] ) B 5 05 R B il R
# - A AYNSE 10 (1): 7-18 -

Ardia, D. R., C. B. Cooper and A. A. Dhondt.
2006. Warm temperatures lead to early onset
of incubation, shorter incubation periods and
greater hatching asynchrony in tree swallows
Tachycineta bicolor at the extremes of their
range. Journal of Avian Biology 37: 137-142.

Barbraud, C. and H. Weimerskirch. 2001. Emperor
penguins and climate change. Nature 411:
183-186.

Brommer, J. E., K. Rattiste and A. J. Wilson.

T A R 8 A B S T RH B 1

2008. Exploring plasticity inthewild: Laying
date-temperature reaction norms in the
common gull Larus canus. The Royal Society
275: 687-693.

Both, C., T. Piersmaand S. P. Roodbergen. 2005.
Climate change explains much of the 20th
century advance in laying date of Northern
Lapwing Vanellusvanellusin The Netherlands.
Ardea 93: 79-88.

Crick, H. Q. P. 2004. The impact of climate change
on birds. Ibis 146 (Supplement 1): 48-56.

Crick, H. Q. P, C. Dudley, D. E. Glueand D. L.
Thompson. 1997. UK birds are laying eggs
earlier. Nature 388: 526.

Crick, H. Q. P. and T. H. Sparks. 1999. Climate
change related to egg-laying trends. Nature
399: 423-424.

Dolenec, Z. 2006. Laying date of marsh tits Parus
palustrisinrelation to climate change. Biologia
61: 635-637.

Dolenec, Z. 2007. Spring temperaturesin relation
to laying dates and clutch size of the Blue
tit (Parus caeruleus) in Croatia. The Wilson
Journal of Ornithology 119: 299-301.

Dunn, P. O. and D. W. Winkler. 1999. Climate
change has affected the breeding date of Tree
Swallows throughout North America
Proceedings of the Royal Society of London,
Series B 266: 2487-2490.

Fleischer, A. L. J., R. Bowman and G. E.
Woolfenden. 2003. Variation in foraging
behavior, diet, and time of breeding of Florida
Scrub-Jaysin suburban and wildland habitats.
The Condor 105: 515-527.

Gilyazov, A. and T. H. Sparks. 2002. Change in
the timing of migration of common birds at
the Lapland nature reserve (Kola Peninsula,
Russia) during 1931-1999. Avian Ecological



SV A Y% B EFZE(TW J. of Biodivers.) 12(1): 15-28, 2010 27

Behavior 8: 35-47.

Hitch, A. T. and P. L. Leberg. 2007. Breeding
distributions of north American bird species
moving north as aresult of climate change.
Conservation Biology 21: 534-539.

IPCC. 2007. Fourth Assessment Report. Geneva:
Intergovernmental Panel on Climate Change,
World Meteorological Organization.

and E. Lehikoinen. 2006. Climate change,
migratory connectivity and changesin laying
date and clutch size of the pied flycatcher.
Oikos 114: 277-290.

McCarty, J. P. 2001. Ecological consequences of
recent climate change. Conservation Biol ogy
320-331.

Mock, P. J. 1998. Energetic constraints to the
distribution and abundance of the California
gnatcatcher. Western Birds 29: 413-420.

Magaller, A. P. 2008. Climate change and micro-
geographic variation in laying date. Oecologia
155: 845-857.

Parmesan, C. 2006. Ecological and evolutionary
responses to recent climate change. The
Annual Review of Ecology, Evolution, and
Systematic 37: 637-669.

Parmesan, C. and G. Yohe. 2003. A globally
coherent fingerprint of climate changeimpacts
across natural system. Nature 421: 37-42.

Root, T. 1988. Energy constraints on avian distri-
bution and abundance. Ecology 69: 330-339.

Rubolini, D., R. Ambrosini, M. Caffi, P. Brichetti,
S. Armiraglio and N. Saino. 2007. Long-term
trends in first arrival and first egg laying
dates of some migrant and resident bird
speciesin northern Italy. International Journal
of Biometeorology 51: 553-563.

Saino, N., T. Szép, M. Romano, D. Rubolini, F.

Spina and A. P. Moller. 2004. Ecological
conditions during winter predict arrival date
at the breeding quarters in a trans-Saharan
migratory bird. Ecology Letters 7: 21-25.

Sanz, J. J. 2003. Large-scale effect of climate
change on breeding parameters of pied
flycatchers in Western Europe. Ecography
26: 45-50.

Schaefer, T., G. Ledebur, J. Beier and B. Leisler.
2006. Reproductive responses of two related
coexisting songbird speciesto environmental
changes: Global warming, competition, and
population sizes. Journal of Ornithology 147:
47-56.

Sillett, T. S., R. T. Holmes and T. W. Sherry. 2000.
Impactsof aglobal climate cycleon population
dynamics of a migratory songbird. Science
288: 2040-2042.

Stevenson, |. R. and D. M. Bryant. 2000. Climate
change and constraints on breeding. Nature
406: 366-367.

Thomas, C. D. and J. J. Lennon. 1999. Birds
extend their ranges northwards. Nature 399:
213.

Visser, M. E., F. Adriaensen, J. H. v. Balen, J.
Blondel, A. A. Dhondt, S. v. Dongen, C. d.
Feau, E. V. lvankina, A. B. Kerimov, J. D.
Laet, E. Matthysen, R. H. Mc-Cleery, M.
Orell and D. L. Thomson. 2003. Variable
responses to large-scale climate change in
European Parus populations. Proceedings of
the Royal Society B 270: 367-372.

Visser, M. E., A. J.v. Noordwijk, J. M. Tinbergen
and C. M. Lessells. 1998. Warmer springs
lead to mistimed reproduction in great tits
(Parus major). Proceedings of the Royal
Society B 265: 1867-1870.

Wiens, J. A. 1989. The ecology of bird communities,



28

Vol. 1: Foundations and patterns. Cambridge
Univ. Press, Cambridge, Massachusetts, USA.

Winkel, W. and H. Hudde. 1997. Long-term trends
in reproductive traits of tits (Parus major,
P. caeruleus) and Pied Flycatchers Ficedula
hypoleuca. Journa of avian biology 28: 187-190.

Wilson, W. H. Jr. 2007. Spring arrival dates of
migratory breeding birdsin maine: Sensitivity
to climate change. The Wilson Journal of
Ornithology 199: 665-677.

T A R 8 A B S T RH B 1



SV A Y% B ERFZE(TW J. of Biodivers.) 12(1): 29-42, 2010 29

CHPAHREMEBIE R R AR R AL 45K

Nest-Site Characters Related to Predation Risk for the
Black-Naped Monarch (Hypothymis azurea) in
West-Central Taiwan

HEEL REFE2 BRI
Ruey-Shing Linl.*, Hua-Hsiang Chen2 and Tung-Yao Chen?

ITBREEZBORALYMERT T O dRBEREERE R 1K
2HERZAEREAR 6 PHID RS PR 200 58

1 Endemic Species Research Ingtitute, Jiji, Nantou, Taiwan

2 Department of Ecology, Providence University, Taichung, Taiwan

* i@ AE A ¢ rdin@tesri.gov.tw

* Corresponding author: rslin@tesri.gov.tw

W %

SR KHUR B2 B S BMR W EERNRZ— - AR MBRSEEEE - 28R
N~ RS ERTREIME ~ BBCSCHEE ~ BERHIAAN ~ oK R RIS B 1 i R 8 PR ML 45 (Hypothymis
azurea) i) 5 B K i R JE B - 2007-2008 T BEAE T » M2 15 8 r 0 S5 0 IR SR DA B R ZE R
TERK S (RS  F P st - =5 R R EEAE S B - BRI S8 2 5 B LGB e 25 B e B i i o
AR (LA L E L E A SRk a8 e .2 0 n = 22) Rl K & 5 (n = 27) R e 2
LI i S0 s o A A o DUGE B G BF 72 125 (AL Cc) ﬁfﬂ%‘ﬁthﬁxﬂ’]f*%ﬂﬁ/T%T%u_lé&%’fjk
sIN o g ) B e 2 Ak AT B R B A R AXER - R SR ORI SR (R i = 0.785) o
Oddratioszlc % » S el fi i@ Ak BRAERF S 01 Am > BEBERK DD 2R BT+ 87% - 1 S At i EE B 48 0 1m »
SITBETH) 18% o B JE G BN B AL L 552 MR i B AL A 75 B Bl B (B0) 14 5% W £ 8 2 o A K
Bk o



30 TR BERE. 2 5 B R B B TR L

Abstract

Nest predation is one of the most sever threats to the breeding success of passerine birds. We
examined nest-site characters (variables), such as nest covers, nest inaccessibility, nest supported plants
(species, sizes and stem strength), and distances to water sources and human activities, for the black-
napped monarch (Hypothymis azurea) in ahill area covered predominantly with cultivated bamboos and
secondary broad-leaf trees in the west-central Taiwan. We tracked nesting success, quantified their
outcomes, and determined the causes of the nesting failures for two breeding seasons in 2007-2008. We
compared nest-site variables between succeed nests (fledged at | east one offspring, n = 22) and depredated
nests (n = 27) with binary logistic regression. Theresults of model comparisonswith Akaike’sinformation
criterion (AlCc) showed that nest inaccessibility and plant sizes expressed, respectively, as distances of
the nests from foliage edges and plant heights were found to be the most important variables determining
the nesting success (accumulated wi = 0.785). Based on the odds ratios, an increase in 1m each of the
distance and the height increased the breeding success of 87% and 18%, respectively. Apparently, the

black-naped monarch makes nests at inaccessible sites to avoid predation.

BRG] EALEIGS  BIEAA ~ AR REKE 5
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Fig. 1. Spatial distribution of black-naped monarch (Hypothymis azurea) nests recorded in the breeding
seasons of 2007-2008 in Linnei Township and Doulieu City, Yunlin County, west-central Taiwan.




SV A Y% B ERFZE(TW J. of Biodivers.) 12(1): 29-42, 2010 33

Tt 9% St 2 ) B2 5 L A EL e LA 2 AL 1Y i
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thuspatulus) ~ &+ 5 58 (Angiopterislygodiifolia)
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(Morton et al. 1993) » JefEiREE B H#) 5-10m
JR S0 S S % - S O I R S B - R
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FINf - RIS 5-10mAH R R E 30 min > AT{5A
RS R - QZetT PRI EAh & 8 > R AR
MRS A BRI S - fR H AR »
H3H - A HHNEH LEMEHE » AIEEE
TERC T o BETE R B Ok DL 4 T I H HA K B
1% — IR T RF 5L P IR S PRI (R 3%
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1B PR (cm) 5 (L) 8B i /K IR EEEfE (DSWAT,
distance to nearest water) » B[l & $ i {E(7 & &
7K A KR Y B oK 7R BEEE(m) 5 (1) BB Ay
3T E I EY K S BE R (DSROAD, distance to nearest
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theoretic approach) (Burnham and Anderson 2002)
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9.0 (SAS Institute Inc. 2002) 1T

% R

2007 = A (I FH A SR AL EE A 8L 1511 »
2008 - 43 {lf] » 2 F- 43t 58 {f » H AR RIHIR S
Kl 43 {1 ~ JLBAGTR b 15 (& 1) - 2 &
AT EETER YIH BA 22 {5 (38%) » H&%E % HU B
75 36 {1 (62%) - BhiE ok Mory - 1K 2 K &
(27 &l » 75%) » K5AMKFE R Z (51 > 13.9%) >
HABKGRAE 4 {E(11.1 %)  A[EISEE R FE
1FEER H W1 BIER ) BOR 0 H B
(Logistic regression test; & » df = 1, X =0.175,
p=0.675; F& [ » df =1,%=1.17,p=0.279) »

Fe R CHE LURHBH 73 A7 ~ BB oy A7 Bl
T 15 I G R R R B TR AT ER 1% - B AR
WIRHRR AN SR 1 o DIGAJE B GR I SR 1A e TR L
B o FHUS H AT EER M (4AICe = 0) jz Hitgf R/

X (4AICC = 1.63)[J4AICC < 2 » H B FEHY
Akaikeweights (wi)f£ 0.613 (3% 1) - F LA likelihood
ratio test i@l 2 BECERS B A — B L% » AR
ARBUZSEREU » SH B0 MER
b i = B 1€ (DBH) (likelihood ratio test; df =
1, X2 =0.29, p = 0.592) Ji & Hi A] B3 MR 2
FE R = (NSTHT) (likelihood ratio test; df = 1,
X2 =092, p = 0.338)f% » i > fi 2t FE 3 o e
LGB T LA R 7 (8 X E T LEAE
PR b TR AT IR © ISy - DUS B e e
3B 5 PR (DSEDG) f AU HY B B nl s A5 =C
(4AICc = 0) Je LA Hifit = 5 (NSBSHT) £ (XU 1Y
B R/ NMER (4AICe = LOL)HY R ol f 55
0.785 (3£ 2) - L) Hosmer-Lemeshow test f I
2 B ERERHH & (R BT
df =6, x2 = 2.67, p = 0.849; & A/ MEFL » df
=7,X2=4.6738,p=0.7) -

A& 3 AT s SRR IS SR AT B P A 2 s B

# L LIS BEm 52k (A1 Co) i AL #E 45 (Hypothymis azurea) f) 5 SRR £id 0 i Bi S5 07 5 30 £
AEATHE TR R AR - KPR R 2 B R (K) ~ AICC fid ~ AlCc #{E (4AICc) f Akaike weights

(oi)

Table 1. Ranking of models of individual nest-site variables for the nesting successes of the black-naped

monarch (Hypothymis azurea) based on the smallest AlCc value (4A1Cc) (K, number of variablesin the

models; wi, Akaike weight)

Models Variables? K AlCc 4AICc oi
Nest inaccessibility DSEDG, NSTHT 3 69.670 0 0.425
Plant size NSBSHT, DBH 3 71.310 1.640 0.187
Support strength DSPBRM 2 72.621 2.951 0.097
Nest cover COVER 2 72.706 3.037 0.093
Water resource DSWAT 2 73.075 3.405 0.078
Plant species NST® 2 73.421 3.751 0.065
Human activity DSROAD, DSBULD 3 73.798 4.129 0.054

aVariables abbreviations: plant species (NST), plant height (NSBSHT), diameter at breast height (DBH),
canopy cover (COVER), mean diameter of support branches (DSPBRM), distance of nest from foliage
edge (DSEDG), nest height (NSTHT), distance to nearest water source (DSWAT), distance to nearest

road (DSROAD) or to nearest building (DSBULD).

b The nesting plant tree species were categorized as bamboo and non-bamboo.
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# 2. LIS BRI 7205 (A1 Co) # B A B 5 (Hypothymis azurea) fiff {1 58 ¥ i 1 B 47 (20 B K il &
JeaR B8 Fate 1 T AR TR 2 A SR 5 SR P[RR B B B (K) ~ AICefi ~ AICC# {H(4AICce) kr Akaike
weights (i)

Table 2. Ranking of reduced models of individual nest-site variables for the nesting successes of the
black-naped monarch (Hypothymis azurea) in Yunlin County, Taiwan, 2007-2008, based on the smallest
AlCc value (4AlICc) (K, number of variablesin the models; wi, Akaike weight; variables evaluated with
likelihood ratio test before model reduction)

Models Variables K AlCc 4AICc Qi
Nest inaccessibility DSEDG 2 68.214 0 0.489
Plant size NSBSHT 2 69.220 1.007 0.296
Support strength DSPBRM 2 72.621 4.407 0.054
Nest cover COVER 2 72.706 4.493 0.052
Water resource DSWAT 2 73.075 4.861 0.043
Plant species NST 2 73.421 5.207 0.036
Human activity DSROAD, DSBULD 3 83.601 5.585 0.030

B MR R A SR BRI Sk » HEHE
o IR SRR e Ak HE i (DSED G) B B
fof = L (NSBSHT) » H. 2 83 Bt HAb BE 25 B0

ratios 57 + 4B 8 4 B (DSEDG) f5. 4
oA s BT R A 1 TR 87% o LB 5
(NSBSHT)ZEH I 1m » SRk 26 h 327+

RN LS S B R 1 s B (3R 3) - S Odd 18% (£ 4) -

% 3. DL AICc 3 {3 H AL B 55 (Hypothymis azurea) §1 {7 iz (315 (Y Logistic regression f& {8 Hi 1)
i3t ~ SE B Hotgiie it 2R

Table 3. Results of logistic regression analysis for the black-naped monarch (Hypothymis azurea) nesting
success models best supported by AlCc

Models Variables Coefficients SE Chi-square P
Nest inaccessibility Intercept -1.40 0.62 5.15 0.023
DSEDG 0.63 0.29 477 0.029
Plant size Intercept -1.34 0.63 4.49 0.034
NSBSHT 0.16 0.08 412 0.043

# 4. # B EE 25 (Hypothymis azurea) B A Rl o) B 75 i B 72 B0 i (R X (4AICe < 2)rh - 5 58 B
3 3 LE (Odds ratio) £ H 95%¢Z #i# | [i] (Confidence Interval, Cl)

Table 4. Odds ratios and 95% confidence intervals (Cl) for the nest-site variables of the black-naped
monarch (Hypothymis azurea) with the best nesting success models supported by AlCc

Models Variables Odds ratio Cl
Nest inaccessibility DSEDG 1.872 1.066 - 3.286
Plant size NSBSHT 1.179 1.006 - 1.383
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EEENE B AT o BR(2007) & BEET A i 52 AH [
A 8] P YR % o St T R K O - SR
SR G FR AR ~ BAE ~ W PLE Rl g
A TS%EE RIS Kt B » B B EE AR B Kl
o A H IS REAH IR > 1 S TR & 1 v Y K
W EE /7 (Ricklefs 1969; Martin 1993) o #5581\
FEEM R R B R U B R B (R A B ST AR
T 7 5K k55 B4 R s B Y 3 (RS VR R

T IR
HRE M - g RBLH A ERY

% Hrh LUK ARE (Boiga kraepelini) ~ 15
JF - RIS B B a9 A8 T B R

BE i s

¥% (Macaca cyclopsis) ~ [E\5H % & (Accipiter tri-
virgatus) % #f 8 (Dendrocitta formosae)fx H ft

W > HER AR

EETEIN
T E SRR BT R B R RURR T R BR (R IR -
AT RIS AT a% AL DA B B R RIT ZE st [
{OPNE DA

FIBCERT A et e ) RS R -l bR AR KR th T RE
ISR SUREE PN RS E S DATER T

(B BB T IR HI AT RE S AT 2 LU s
Bh 5% T M RE R T PLAFOR A > A S P Y R
SRMCEAE ANME R G T {EHE (< 1,600m )

EEA R (R 1977, & K¢ 2003) » HHEE
sthife AR RS E - (HA] B FE RO REZER ~ K

e (Ptyas mucosus) ~ 7R 14 4R (Oligodon for-
mosanus) jz AL BT iz (Dinodon rufozonatum) » Ig
A PR~ PR~ R AR B 2 R 2 R R SR (RS

2L Ry & 8 5 (Herpestes urva) ~ H & L

g

Al YEE
1T 33

1991) - [a]HF ftespk_EJg 2 T Fe &R nl % 8 (Coates

(Paguma larvata)#f & iff 52 i [ A & 564 3 i
HRRL - B ERER & 5 e tstd fg vy S 5Lt

I Bt 2 3 i 6 A B R — © At 0 X
etal. 2006) o 5 EL A6 10 e i ae s P s 2 -

5 U R - W R T A 5 82 %% (Goodale and

ek RS iR B r) IS B R — A BB (A AR
K otagama 2005; Coates et al. 2006) - B2 fjp B 48
REI A RORER » AR HEhZ B

i§ ¥ Ff Callosciurus erythraeus) (Martin 1993;
Sieving and Wilson 1998) » it SX {£ iff 52
Bt A% R (HAR R B (2007) By 22 I 8% 52
B 9% 4 SR > 3 R 3 BRAL B 4t B T SR B A
5 R -
A Bt ) 8 3t 7 1 B K R ol Y
B > HONEERS AT B (Coates et al. 2006)
BLGia I 18 B8 (mobbing) sk 5 # (harassing) H
fth W] BE Fk B S 5L #Y S R 8K i (Coates et al.

2006) - FEHGM S > MR AR Ay SR L M BT
% HA E 25 R S REAH & DL - A2 B0 R By

db &=

o HAMAER SR ASE B AL ~ BB

H 5
HEER ~ BB B ROKIRER T - H R
SRR Bl aE G EERE - A
EEIEIRSE PNGUE 72 RN G R IRGH: )i DE
AU~ AR R R I REAHIAE » RAT REAERELIE



38

thrgesa fn(Filliater et al. 1994; Debinski and
Holt 2000) © [ LABH 5% dt [ fh A2 st s 14 S A R
WIBHBERERE » il i BT R AL B A5 o SR iRy
Bhdlgim s - KEEn] 5 HiEsh - 0 ESH
i~ B ~ BB S KOKIRER T o [EIR
HIHELE BRSO B A R (H— IR B
RESRACRANARE » Aok AT e £ B Y HER
(Bekoff et al. 1987; Atlegrim 1992) » & 3 {51
HIND B FIUE 25 KA i s A B > — JI S I PR
5 5 S A RN ) S MR M R > 0 T o P g B
AR R > B 2 2 B A B R PR A R A
e Bt L Ath 75 5K Rl 3 17 (trade-of f) » 4173} 5
BOE R EOR BUAR R R B3 - A9k - &
Ji S DU R i B T s e o AR s
i 28 S %h Bt 1 BHL 7 1~ K (Schieck and Hannon
1993; Weidinger 2002) » 1fij e 86 W 2 B 52 & [&]
P = A K (R 2007) » Bt BT &
&5 5 PRV B 5 SR T A D B S Y B R ]
REJRIN .2 — o

SR > E [RI AR 9 K RCRE Bl B B st s 1 2
T BHEESE DI E B RS
B WK EGH R ABEZS o M —BR%GH 2 (877
Tea) R 0t 2 BRI 45 5 ) o KM B2 30T » LT K
iS5 R S L PR St ) T 118 b R A BR
At > b e R RO AR o BT R A A e 5 sk
e I BN SR N G ST E SN DL X S
2 H i K likelihood ratio test 1 B & s SR R T
PR 8 MR PR AR - B R R
2oy N RSN R KB IS MW N )7
#ro JERBMERLEENGNEESE L — -
i o e E A K E R T 2KE - 2KE
TP A N = Al =2 S = YA N} 2E: 321
T T 1 7 AR v e PO B - B R
BRI PLRE B T s JEA P B i a5
%iFi % 2 25 (Nilsson 1984; Schieck and Hannon
1993; Wilson and Cooper 1998; Schmidt 1999;
Kershner et al. 2001; Schmidt et al. 2001; Peterson
etal. 2004) - B ULEL - FATEE RS BB ARG

TR BERE. 2 5 B R B B TR L

EEFRE AT E Y - KBNS HKEHE R
i 2% B L) R R ) IR A B R D (5
Hm/E = 4.23m, SD = 2.52m) a8 # K i & i
EH (T EE =3.32m, SD = 1.64m) » DIHE
S E ket m (B EAR N T =
8.25m, SD = 4.87m ; i K & 5 H 11
= = 5.77m, SD = 2.99m)fi 5 (Ff#%) » £
RO Et g skt i g o /D SRS IR
2 T T 1T 75 5 3 52 4 T K i AR A 2l B o

S gEAS RS B m RS o S E
R BRI GRE .2 TRE o 880/ Mg
& BRI & A (DBH) =i B 2 (R - —fig

5 lfm Bl DBH & 2RI EHRRTR - (HA
T 92 H i & BRI A & (r = 0.45) » 33 [ E SR AL
BE P TE A ST 0 B 9 M 3 2 i = Y B Ag > BT
FrEL R SR o MHELE BRI ML SRy ELAL
A (At v 5 B B 3 1 =2 1 = S AH R M 0R B -
r=0.84) » #JF s R R th AT DURR it %
FRTEE A BT B IR A R ry 22 [ - S
R S H A B 25 % (Bowman and Harris
1980; Martin 1993) -

ABHFE R R BB AR 5 1 S
LIRRAT Be 2k A= RE BE RS i o st T e b » 2802
T v F) LA S 172 B Al A e 3B A O () 3 - T
A RO 5 BRI B e o SR E
171 {18 e 725 3K de v 3 17 . (Fitness) T R B (L
R R o BAEE PR H g o iR A o &
A JE&3Z ) FH % A af AR A2t R Y R B R AR
L 3 (Coates et al . 2006) » #FHATE A B £ V) k;
PERIIRIZ T > HEBEA FHE 128 1% (plasticity)
(Ghalambor and Martin 2002) [/ 35 & A= [=] f h
FEAU N WY KRRE T ~ B AR AT FI R Y B3
FEEM > R A A AH BRI 5T AT KA FERy 25 [ R
& > DR AR AL AN RIGA S R2 RO BR B T » s 5t
(landscape) ~ Hi{ii(nest patch) f & B IHER 5 <5
AR R R A R S SR B AR B B ) A
BEE - [RIRE Hh AT i S ML BE A5 1 AN (R B
RET Y JE 9 3R -



SV A Y% B ERFZE(TW J. of Biodivers.) 12(1): 29-42, 2010 39

AT SRS MR LR - 46
MERTRETTRY, o SAFFEHARISES Bk UIaIaEE
FHR BT ESe s 58 - fEIL— DS -

71 R STRR

TSR ~ SRR ~ EOLR - B~ PR -
ZEWEE ~ T BESE 0 1991 o BT 5 [E] 5 o
o e HARAF o

T~ iRER ~ B3 - 2006 o #JE AR
i e 0 B P AR B ) Dt R A BT
Bl K B2 By 42: 295-299 o

ZfiYT 0 1986 o MMALEIHEHY H AL K HAERE
SRR EITR o BB KLY 25T
FThiE 3w SC

JE1$ - 1995 o i B[E]# 55 — 8 o LA LE
JA 2 B o

Pzt - 2007 o G rR AR AR e H S
JRE % LBt [ B R R B - BT 1
RERA REER BRI L A= W) BRI T AT i -3

BREES: ~ HORSR ~ BAFS 45 ~ Bi—84 - 28E ~
TREE © 2005 o [GHA LI R A 5 S
BRAEVER)ER o FEN PR AR 22:1-12 -

EITE ~ FEFIF - 2003 - B LA SR 2
M AU RE o FRSERIER 18: 349-361 o

B - 2001 o i 5 2207 RSB Tl - R
REE BT -

WG - 1977 - 5 SR REFREERIR T < BRIE
KEE ALY SE A e LG

Alonso, J. A., R. Mufioz-Pulido and L. M. Bautista.
1991. Nest-site selection and nesting success
in the azure-winged magpiein central Spain.
Bird Study 38: 45-51.

Andrén, H. and P. Angelstam. 1988. Elevated
predation rates as an edge effect in habitat
islands: Experimental evidence. Ecology 69:

544-547.

Atlegrim, O. 1992. Mechanisms regulating bird
predation on a herbivorous larva guild in
boreal coniferousforests. Ecography 15: 19-24.

Bekoff, M., A. C. Scott and D. A. Conner. 1987.
Nonrandom nest-site selection in evening
grosheaks. Condor 89: 819-829.

Belles-Isles, J. C. and J. Picman. 1986. Nesting
losses and nest site preferences in house
wrens. Condor 88: 483-486.

Bowman, G. B.and L. D. Harris. 1980. Effect of
spatid heterogeneity on ground-nest depredation.
Journal of Wildlife Management 44: 806-813.

Burger, J. and M. Gochfeld. 1998. Effects of
ecotourists on bird behaviour at L oxahatchee
National Wildlife Refuge, Florida. Environmental
Conservation 25: 13-21.

Burnham, K. P. and D. R. Anderson. 2002. M odel
selection and multimodel inference: A practical
information-theoretic approach. Second
edition. Springer-Verlag, New York, USA.

Canterbury, G. E. and D. E. Blockstein. 1997.
Local changesin abreeding bird community
following forest disturbance. Journal of Field
Ornithology 68: 537-546.

Chace, J. F. and J. J. Walsh. 2004. Urban effects
on native avifauna: A review. Landscape and
Urban Planning 74: 46-69.

Coates, B. J., G. C. L. Dutson and C. E. Filardi.
2006. Family Monarchidae (Monarchs). pp.
244-329. In: J. del Hoyo, A. Elliott and D.
A. Christie (eds.). Handbook of the Birds of
theWorld Vol. 11. Lynx Edicions, Barcelona,
Spain.

Debinski, D. M. and R. D. Holt. 2000. A survey
and overview of habitat fragmentation
experiments. Conservation Biology 14: 342-355.

Dykstra, C. R., J. L. Hays, F. B. Daniel and M. M.



40

Simon. 2000. Nest site selection and productivity
of suburban red-shouldered hawksin Southern
Ohio. Condor 102: 401-408.

Eggers, S., M. Griesser, M. Nystrand and J. Ekman.
2006. Predation risk induces changesin nest-
site selection and clutch size in the Siberian
jay. Proceedings of the Royal Society B:
Biological Sciences 273: 701-706.

Filliater, T. S., R. Breitwisch and P. M. Nealen.
1994. Predation on northern cardinal nests:
Does choice of nest site matter?. Condor 96:
761-768.

Gotmark, F., D. Blomgvist, O. C. Johansson and
J. Bergkvist. 1995. Nest site selection: A
trade-off between concealment and view of
the surroundings?. Journal of Avian Biology
26: 305-312.

Ghalambor, C. K. and T. E. Martin. 2002.
Comparative manipulation of predation risk
in incubating birds reveals variability in the
plasticity of responses. Behavioral Ecology
13: 101-108.

Goodale, E. and S. W. Kotagama. 2005. Alarm
caling in Sri Lankan mixed-species bird
flocks. Auk: 108-120.

Hamao, S. 2005. Predation risk and nest-site
characteristicsof the black-browed reed warbler
Acrocephalus bistrigiceps: Therole of plant
strength. Ornithological Science 4: 147-153.

Hosmer, D. W. and S. Lemeshow. 2000. Applied
logistic regression. Second edition. Wiley
InterScience, Wiley and Sons, New York, USA.

Kershner, E. L., E. K. Bollinger and M. N. Helton.
2001. Nest-site selection and renesting in the
blue-gray gnatcatcher (Polioptila caerulea).
American Midland Naturalist 146: 404-413.

Lemon, P. E. 1957. A new instrument for measuring
forest overstory density. Journal of Forestry

TR BERE. 2 5 B R B B TR L

55: 667-668.

Liebezeit, J. R. and T. L. George. 2002. Nest
predators, nest-site selection, and nesting
success of the dusky flycatcher in amanaged
ponderosa pine forest. Condor 104: 507-517.

Manolis, J. C., D. E. Anderson and F. J. Cuthbert.
2000. Uncertain nest fatesin songbird studies
and variation in Mayfield estimation. Auk
117: 615-626.

Martin, T. E. 1993. Nest predation and nest sites:
New perspectives on old patterns. Bioscience
43: 523-532.

Martin, T. E. and J. J. Roper. 1988. Nest predation
and nest-site selection of awestern population
of the hermit thrush. Condor 90: 51-57.

Miller, J. R., J. A. Wiens, N. T. Hobbs and D. M.
Theobald. 2003. Effects of human settlement
on bird communitiesin lowland riparian areas
of Colorado (USA). Ecological Applications
13: 1041-1059.

Millers, C. K. and R. L. Knight. 1993. Does
predator assemblage affect reproductive
success in songbirds?. Condor 95: 712-715.

Morton, M. L., K. W. Sockman and L. E. Peterson.
1993. Nest predation in the mountain white-
crowned sparrow. Condor 95: 72-82.

Newton, |. 1998. Population limitation in birds.
Academic Press, London, UK.

Nilsson, S. G. 1984. The evolution of nest-site
selection among hole-nesting birds: The
importance of nest predation and competition.
Ornis Scandinavica 15: 167-175.

Peterson, B. L., B. E. Kusand D. H. Deutschman.
2004. Determining nest predators of the least
Bell’s vireo through point counts, tracking
stations, and video photography. Journal of
Field Ornithology 75: 89-95.

Piper, S. D. and C. P. Catterall. 2004. Effects of



SV A Y% B ERFZE(TW J. of Biodivers.) 12(1): 29-42, 2010 41

edge type and nest height on predation of
artificial nestswithin subtropical Australian
eucalypt forests. Forest Ecology and Management
203: 361-372.

Ricklefs, R. E. 1969. An analysis of nesting
mortality in birds. Smithsonian Contributions
to Zoology 9: 1-48.

Robbins, C. S., J. R. Sauer, R. S. Greenberg and
S. Droege. 1989. Population declinesin North
American birdsthat migrate to the Neotropics.
Proceedings of the National Academy of
Sciences of the United States of America86:
7658-7662.

SAS Institute Inc. 2002. The SAS systems for
Windows, version 9.0. North Carolina, USA.

Sasvari, L. and Z. Hegyi. 1998. Bird predation
by tawny owls (Strix aluco L.) and its effect
on thereproductive performance of tits. Acta
Oecologica 19: 483-490.

Schieck, J. O. and S. J. Hannon. 1993. Clutch
predation, cover, and the overdispersion of
nests of the willow ptarmigan. Ecology 74:
743-750.

Schmidt, K. A. 1999. Foraging theory as a
conceptual framework for studying nest
predation. Oikos 85: 151-160.

Schmidt, K. A., J. R. Goheen and R. Naumann.
2001. Incidental nest predation in songbirds:
Behavioral indicators detect ecological scales
and processes. Ecology 82: 2937-2947.

Sieving, K. E. and M. F. Wilson. 1998. Nest
predation and avian species diversity in
northwestern forest understory. Ecology 79:
2391-2402.

Small, S. L. 2005. Mortality factors and predators
of spotted towhee nests in the Sacramento
Valley, California. Journa of Field Ornithology
76: 252-258.

Smith, D. G., T. Bosakowski and A. Devine. 1999.
Nest site selection by urban and rural great
horned owlsin the northeast. Journal of Field
Ornithology 70: 535-542.

Soulé, M. E., D. T. Bolger, J. W. Allison, C. Alberts,
M. Sorice and S. Hill. 1988. Reconstructed
dynamics of rapid extinctions of chaparral-
requiring birds in urban habitat islands.
Conservation Biology 2: 75-92.

Suarez, A. V., K. S. Pfennig and S. K. Robinson.
1997. Nesting success of a disturbance-
dependent songbird on different kinds of
edges. Conservation Biology 11: 928-935.

Tabachnick, B. G. and L. S. Fidell. 2001. Using
multivariate statistics. Fourth edition. Harper
& Row, New York, USA.

Thibault, J. C., J. L. Martin, A. Penloup and J. Y.
Meyer. 2002. Understanding the decline and
extinction of monarchs (Aves) in Polynesian
Islands. Biological conservation 108: 161-174.

Thorstrom, R. and A. Quixchan. 2000. Breeding
biology and nest site characteristics of the
bicolored hawk in Guatemala. Wilson Bulletin
112: 195-202.

Ueta, M. 1998. Azure-winged magpies avoid nest
predation by nesting near a Japanese lesser
sparrowhawk’s nest. Condor 100: 400-402.

VanderWerf, E. A. 2008. Sources of variation in
survival, recruitment, and natal dispersal of
the Hawai'i 'elepaio. Condor 110: 241-250.

Weidinger, K. 2002. Interactive effects of
concealment, parental behaviour and predators
on the survival of open passerine nests.
Journal of Animal Ecology 71: 424-437.

Wilson, R. R. and R. J. Cooper. 1998. Acadian
flycatcher nest placement: Does placement
influence reproductive success?. Condor 100:
673-679.



42 TR BERE. 2 5 B R B B TR L

BiF &% ~ B BE 25 (Hypothymis azurea) B 5 ik 1) Bl # K il 4t £ .2 S A7 A2 s 0l 12 (i (mean + SD; %
5 £ median f ranges)

Appendix. Measurements (mean £ SD; median and ranges in parentheses) of nest-site characters for
succeeded nests and depredated nests of the black-naped monarch (Hypothymis azurea) in Yunlin County,
Taiwan, 2007-2008

Nest-site variables Succeed nests (n = 22) Depredated nests (n = 27)
Plant heights (m) 8.25+ 4.87 (7, 1.4 - 20) 577+ 299 (6,1.3-12)
DBH (cm) 16.13+ 17 (8.76, 1.8 -77.39) 10.71 + 9.36 (8.28, 0.8 - 42.68)
Canopy covers (%) 79.39+ 6.29 (80.6, 67.08-90.48)  76.75+ 9.78 (79.04, 56.68 - 92.3)

Diameters of support branches (mm)

Thickest twigs 7.68 + 2.39 (6.83, 4.2 -12.15) 6.97 + 2.06 (6.95, 3.05 - 10.6)
Thinner twigs 4.61+ 157 (4.15, 2.45 - 8.25) 4.21+1.71(3.65, 1.95 - 8.85)
Means 6.14+ 1.78 (5.54, 3.55 - 8.25) 559+ 1.63(5.78, 2.9 - 8.88)
Distances from stem (m) 1.62+1.25(1.5,0-54) 117+105(1,0-4.5)
Nest heights (m) 423+252(4.3,09-12) 3.32+1.64(34,1-6.8)
Distances of nest from foliage edge (m) 235+1.32(21,06-5.2) 155+0.99(1.50.2-45)
Distances to nearest road (m) 145.25 + 270.12 (17.5, 0 - 900) 217.91 + 612.77 (5.3, 1.5 - 2600)
Distances to nearest building (m) 290.75 * 380.97 (90, 3 - 1500) 692.15 + 1287.82 (250, 10 - 5000)

Distances to nearest road (m) 89.16 + 89.96 (65, 0 - 280) 116.31 + 112.81 (65, 0 - 420)
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Abstract

We used el ectrofishing to investigate microhabitat preferences of fishesin the Kao-Ping River. The
results showed that the preferences differed at the reach scale among fish species (e.g. Hemimyzon
formosanum and Onychostoma alticorpus) as well as between the adult and juvenile fish. Juveniles of
O. alticorpus had a wider range of substrate preferences, while the adults only preferred the substrates
composed of small and big boulders. They also differed in water velocity and depth preferences. In the
segment scale and stream scale, the adults and juveniles of H. formosanum and O. alticorpus occurred
in different areas of the stream with different physical environments. The density of the adults of H.
formosanum was higher in areas with large sediment sizes but the juvenilesin areas of the small sizes.
For stream habitat restoration, habitat diversity at the segment scale and different habitat preferences of

adult and juvenile fish should be incorporated in the design.

Bl st - RIS ] ~ B e R ROCR T  IEm R 2 AR ~ BRI 2 B 1

Key words: fish, Hemimyzon formosanum, Onychostoma alticorpus, hierarchical spatial framework,

segment scale habitat diversity
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SRR, o AR FEHS o LR i VR SR AL H AR TIRSTE © BHEPRER S th LIRS IR /5
BRI LB RGP T O ARG - PRI X LKl MW B REE - RERRUH
b 5 RME K A& 6 (Min-Cyuan Bridge) Bil 12 5t A 62 {lf B L (1m < Im Ay AL FEAE) - 12 4G
sk (Twelfth Bridge) - ] )1k 7055 4 ik - @1 b7 A2 {6 B A AR -

Kaohsiung County
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T T

L. AR R B (156 P AR /K RIS BE B 3% 1 http://gmap.wra.gov.tw/wrahub_3wgis/)
Fig. 1. The sampling sites at the Nan-Zih-Sian River (From http://gmap.wra.gov.tw/wrahub_3wgis/).

L ERERU 2 TWDO7 7345 PR AT K W) PR ER b
Table 1. TWD97 coordinates and physical environmental data of sampling sites at the Nan-Zih-Sian River

. Min-Cyuan Min-Cyuan Twelfth Twelfth
Environmental data Bridge #1 Bridge #2 Bridge #1 Bridge #2
X coordinates 218678 218679 215906 215996
Y coordinates 2571705 2571889 2566768 2566842
Gradient 0.0593 0.0437 0.0211 0.0111
Sampling range (m) 80 90 60 110

Average width of water surface (m) 27 28 33 34
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Fig. 2. A hierarchical spatial framework of fish habitat.
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Table 2. The classification of substrate sizes
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Bovee and Milhous (1978) This study
Substrate size (mm) Substrate type Code Substrate type Code

<1 Silt 1
1-2 Coarse sand 2 Sand 15
2-16 Fine gravel 3
16-64 Coarse gravel 4 Gravel 35
64-128 Pebble 5
128-256 Cobble 6 Cobble 55
256-512 Small boulder 7 Small boulder 7
>512 Big boulder 8 Big boulder 8

Rock 9
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Table 3. The classification of adult and juvenile fish by body length for Hemimyzon formosanum and

Onychostoma alticorpus

Species This study b 11 (1999) AEA9%) (R
H. formosanum Adults (> 5cm) Sexual maturity Adults
Juveniles (< 4 cm) (4-8 cm) (>5cm)
O. alticorpus Adults (> 15 cm) Sexual maturity Juveniles Adults
Juveniles (< 8 cm) (20-30 cm) (<8cm) (>15cm)

T~ BRERUEHIYBRER ST A - HL

1% s B B TS RS AR 4) » R
RERAG BEBEL 12 5% 1 bh o B oK R AH B (p >
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FH AT IR E SR 5 IR - IRORER G B 12 %
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S o IRAEARME U £ EHERE A ~ /INEA 5 12
it EE % BRI A B HITRE R A (K
T TEA 7)) > BATSE R R N B DN A SRS
FirtELR% OK I LA 27m)

Table 4. Theresults of MANOVA for the differencesin physical stream types of the Nan-Zih-Sian River

between Min-Cyuan Bridge and Twelfth Bridge

Environmental variables (average)  Min-Cyuan Bridge  Twelfth Bridge Difference P-value
Substrate (code) 6.84 5.95 0.89 0.000
Velocity (m/s) 0.794 0.721 0.073 0.834
Depth (cm) 38 37 1 0.995

=~ SR A RRER U R Z 97 A7
AW ZEET LR ITRRE R - BB AK
T T T M L =5 L 8 £ ol £ Y B IRHER
Rt - BB 12 BEREoL - M - 5
I fifk Bl 1 B e £ S S22 HHBRUS 12 AR
Uk b RS RAE KRR UG (1] 5 - 8] 6) 5 518

FiI T 6K B 1 B ] L B~ S SR RS IORER
Gk Bl 12 SRR UG Y o3 Ar BU RE 5 FLAH E Rk (p
< 0.05) » 12 GEKG UL < 1 18 R € ik it =) B
IR T R RIEARRULHY 3 f5(3K 5) -
18 TR 1 5 1 T T fik Bt 2 S f A FRUR I
fF EHE ARG S i B (R P B BRI B 1T %)
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RS R oy 12 SRAG IS AT 2R P PR ST RE o

il 3. RBEAAE LK ~ /N A 5 5 H A A fIE ) 3R AU RE -
Fig. 3. The stream type of big and small boulders with no obvious main channel at Min-Cyuan Bridge.

il 4. 12 548 JEE B RIS 2 B A IR BN E 2 12 i A g
Fig. 4. The stream type of wide range substrates with obvious main channel at Twelfth Bridge.
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_ ] Min- Cyuan Bridge
- Twelfth Bridge

Juveniles

5. 15 1 1 I 4 ik 7 ERRE Kt B 1.2 R R ki oz 70 A EL I o
Fig. 5. The density distributions of Hemimyzon formosanum in the Nan-Zih-Sian River at Min-Cyuan

Bridge and Twelfth Bridge.
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Fig. 6. The density distributions of Onychostoma alticorpus in the Nan-Zih-Sian River at Min-Cyuan

Bridge and Twelfth Bridge.
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Table 5. A comparison of adult and juvenile density distributions in the Nan-Zih-Sian River between

Min-Cyuan Bridge and Twelfth Bridge for Hemimyzon formosanum and Onychostoma alticorpus

Species Method Chi-square value P-value
H. formosanum Pearson Chi-square 30.26 0.000
Phi (D) 0.543 0.000
O. alticorpus Pearson Chi-square 13.68 0.001
Phi (@) 0.540 0.001
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7 6. 8 [15] € ik Bl v B Ml 0 5 A 0 o2 AR TR
Table 6. The statistic tests of substrate preference of Hemimyzon formosanum and Onychostoma alticorpus
in the Nan-Zih-Sian River

Differencein
. means of two Post Hoc test
Species F test Substrate group Substrate group substrate groups (P-value)
(number/m?2)
H. formosanum Fs= Big boulder Cobble 274 0.016
(adults) (4.709, 0.000) Cobble and
1.86 0.204
small boulder
Small boulder 1.45 0.566
H.formosanum Fz= Cobble Cobble and
(juveniles) (8.184, 0.004) small boulder 381 0.188
Small boulder 543 0.007
Big boulder 5.69 0.004
O. alticorpus Fs= Big boulder Cobble 1.63 0.002
(adults) (9.710, 0.000) Cobble and 1.64 0.001
small boulder
Small boulder 1.05 0.321
Q. alti For pus Fs= Cobble Cobble and 0.34 1.000
(juveniles) (0.850, 0.566) small boulder
Small boulder 0.16 0.824
Big boulder 0.92 0.811
R 7 ARBK TR 7 2 Bt
Table 7. Habitat classification based on hydraulic conditions
Velocity (m/s) Slow Medium Fast Very fast
Depth (cm) velocity (< 0.45)  velocity (0.45-0.74)  velocity (0.75-1.04)  velocity (1.05-1.8)
Very shallow depth Shallow pool Riffle Riffle Fast riffle
(5-21)
Shallow depth Shallow pool Riffle Riffle Fast riffle
(22-31)
Medium depth Medium pool Run Deep riffle Deep-fast riffle
(32-51)
Deep depth Deep pool Run Run Fast run

(52-120)
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Fig. 7. The density distributions of adults and juveniles of Hemimyzon formosanumfor different substrate
groups in the Nan-Zih-Sian River.
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Fig. 8. Thedensity distributions of adults and juveniles of Onychostoma alticorpusfor different substrate
groups in the Nan-Zih-Sian River.
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(Church2002) » 74 & IR 21T TRAMA L Bzbes -

9. RMERNE Z KT 2 i i o
Fig. 9. A big boulder-fast flowing riffle of the Nan-Zih-Sian River at Min-Cyuan Bridge.

10. 12 & 2 HE IR 4 S i ¥
Fig. 10. A cobble-fast flowing riffle of the Nan-Zih-Sian River at Twelfth Bridge.
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Fig. 11. A habitat assemblage composed of big and small boulders in the Nan-Zih-Sian River at Min-
Cyuan Bridge.
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Fig. 12. A habitat assemblage composed of substrates with cobbles to big boulders in the Nan-Zih-Sian
River at Twelfth Bridge.
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SRR AL H R T RS b 2 (8 F 21 9 SRR B V)RR AR AT DNA ZERIZE » DUk A
FIRFE R ~ REEREE T (R 17 DNAFHRRAR AR - 3l 5 A 10 RS 75 31 45 B P DNA RH AR AR A
PR1F LR BRERES - S HLHEFIE DNA R8I PIGE S 73 1 £ W) SR Fe bl bR R o B3RS SR B -
PRAF (£ 95%P # A REL A Bk A DNA FEHEAE 7 SR A WIRARY TR ISR - LU 70%:79 ¥ {1 /7 DNA
WIS IR 72 o 12 BRI TR AL — R AU IRFFR] AT 22 DNA 975 1O O 7 50 ER Bil 99,591 4 7K 7 #s
A » {HLE IE R B 5 R SR A58 S DNA B LR A -

Abstract

Several brands of laundry detergents were tested as the preservatives for animal tissues in DNA
analyses. Their DNA degradations were compared to those from the tissues preserved in ethanol and
DNA preservation buffer, and from cryopreservation (immersion in liquid nitrogen). The results showed
that the tissues preserved in 99.5% ethanol and DNA preservation buffer were as good as those from
cryopreservation, but those in 70% ethanol degraded faster. Some (not all) of the detergents brands tested
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B DNA BAMRTF

were found to be as good as those preserved in concentrated ethanol and DNA preservation buffer.

Preservation in a detergent-based solution is an easy and economic way for tissue preservation in DNA

analyses.

WISRE + R BYIALAKEEA - DNA (717 - DNA SER

Key words: detergents, animal tissue specimen, DNA preservation, DNA degradation
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TR > & LV IR ERO Y
A Bl RIERE(R - DNA R8I0t 2
FER R o R ER ~ LAY ER - IRREE (R KR
Yy sth B RS R SE IR T E PR R B 2 — o B0
YR O E R » oYl E]
LU RV BRI IMIRBHHARER A » 20—/ fa g
SR MY H HIR R E » (E R E S F T R
BT TS K BAEEE N - SRR
AR R A o thBEE B Bl PR RG il b B IH
PR TR B H @B - — % IEH] DNA € 7
Bl AP Bt 9 2 RS AR 2 /D AR AN B
BT ARG SR o ST > KERY I ERATEE TR 2
R EEE » 74 HI SRR A OR A7 e FU
& B B OR AT IRF TR 5 10 T S R B

TE— M Y EE R B VIR A TR R - BR TER
FA b SR B E R BLE B ERR AL - B0
/N TEEY) ~ fORA e B e LG I HE B W)
K% LORIRIEA R 2 RTF o B RANRRIEA
= EA] 73 5 R PR (Formalin) [ 72 K 05 45 1B $%
R AR BLUE T o RIS MRES 40%HY) HH %
(formal dehyde) i #2171k (Fox et al. 1985) - H
BENS 1859 1 A AC BL1% » 18 S PRAR IR St Atk

o)

2 HE 98FE9H 14 H
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I FRAE A VIEA CR A7 B0l LTI (Fox et al. 1985;
Schander and Halanych 2003) - & & fkgERA 11
BRAS SIS > SRE H TR I ER 1 Tl 1) S
1 (cross-linkages) [&] & A= PIHEARHIIEAR » 6 H
1/ 78 S 12 Wi i (shrinkage) sk fE (i (di stortion) <%
511 (Fox etal. 1985) o SR1f » &5 PR AT GEH Al
R ORAFERAS ) DNA B EII{E H (Shibata 1994)
— PR AT OR AR B PNR RAE A R % e LU
FEAREE RS - PR RIS I IR TT - 8
Ry A E ASF S DNA i ~ 5
Y52 (France and Kocher 1996) » 1R
AR IS MRS @R R A R 2L R '
(1) DNA AT 33 il e $8 SfE (PCR, polymerase
chains reaction) it A <5 8 g 2 #R1F - &S MRA
WA 52 BEAR A ) DNA 5 B 5 Ai7 A 15 42
(Chaw et al. 1980; Chang and L oew 1994; Schander
and Halanych 2003) - 1 % i it 78 & ROk 41
] ZE HYUA RS R ] 72 St Bh A% A< DNA (France
and Kocher 1996; Chatigny 2000; #:%E 2002;
Wandeler et al. 2007) » % 8t SRR EEHAE » —
it A REHTE /[N e 400-500 bp f/N R FRA
(Shibata1994; Wanddler etal. 2007) o g1/~ 38 JEH fiir
A IEA S FFE > AEREAS 2 T G -

AR 145 R 12 (cry opreservation) & £ Tk
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{3 H #H 8 £% A PR 77 £ 1fi(Zhang and Hewett
1998) o i fitt {1 AH A AR A e DU RE 8 52 UK iR
o> FLL-70°C DU IR PR - QLR B
BRAS AT LU R KR 7 # 70 FAE VDRI SR -
SR » B 7 AERFSF AR S AR AS 401 L R P
o o R ER MR AERE th R AH S BV AR
T HEE P 2 P RELARSR R A 1Y) DR HIT 3 22 A B TR
KEFBERIASHF AT - Dessaureet al. (1990)
FR 25 M AT (EEF S8 TAEIRERTIRE ] R (7 B0 1R
SRR A VSR > ANEKS ~ HUEE M PR 17
1% (anti coagul ant preservative solution) (Arctander
1988) ~ &+ il $R(SDS, sodium dodecyl
sulfate) AR » B @AY BB » Rl
IR — ERIECR -

DAvar I B B RS OR A7 OB 1T DNA ZEHLHY
MR SAHAR R A - 2 H AiET 2 B8 EE iR
W75 o WK E A DIUT ~ & 5 MR RS
FEE - MR RYE o EI I S B E IR
IRF LB T KU Bk O = R BT VAT o RSB
RIERTER 4-8°CHYEREGEH 5 (RIFNS 4°CHUR
93P A A AR AR S o ELORAF 2 IR B -20°C LU
Bk A 58 5 2 AU 1 #Y DNA (Tegelstrom
1989; Zhang and Hewett 1998) - 1+ & {[i A HY
AEER R - AW RS RIS PR AR A » FLAf 2K
HY Hi#Y) crude DNA f£ PCR £ iy ] I A 155
RS BRECR A B BT S AR A B 1« (HIE >
K RIS [T R A7 HOAH AR A (I B8 & 5 VA 2L
R 4 DNA DUt 1T PCR iR R2 Fr i) [ 8 17
£ > HORFFIF IR AR A ECZE AT HI Y DNA
B &7 - Reiss et al. (1995)#$ 3 FH 25 Amara
glacialis (Mannerhrim) {£f {7 1E 70%H 1# 45 H1
6 1% H DNA 'H & i & 58 (degradation) -
FEARY R B SRR HH BRI RS CR 7 RO Wk (Hor-
miga et al. 2003; Vink and Paterson 2003) % H:
fb e HEB V)R A 5 Vink et al. (2005)# %
RSN N ERAEHS 9501 K HHYBIR AR AN 5 K
% H DNA HLBAIA TR o RIS IKS PR A7 B il
2 EMEENY) DNA 2877 R FE HIl LD -

FEHEHER RS R RIGERERN
A FRAH AR A 3 17/ DNA ZRAYB SR - M
R N EE P RS EOE 10 £ 2L EREEART
ZZHUE) DNA TR AR - BELUGETT PCR Y
W o 40 1998 [ 37 H AARHER Y R (AR RHE
FE) R b B PR SR — I B R T AS
FEE I N EPORE ~ R1F IR 75%H) W5k
o JEREERTFAH & SEif 5 (HIZ 1 2008 4 IRF [ fff
F T RN B% #UAR A B 73 K 58 i (Limnonectes
P)ERARIBEASLA 1T DNAZEHY » Al 5¢ 2 fif
E S A] it PCR M7 g ) crude DNA o

FH A LIRS (R 17 AR A DNA [k B35 W77
B> ZREIEWTRER) DNA RHERERAS R 17 /7154
SR AU A B HE PR 17 7 =X (Arctander
1988; Dessaure et al. 1990; Kuch et al. 1999) -
TODD’s DNA buffer (%) Bl —fE 5 ~ 185€
i) DNA RIFVAI - HECT7 L SDS 5+ » 1
SDSA & B @ Ve IS R EIR £ 2k - A
BB » — MRS E e LR Rk AT DU 2 ER
1% DNA fHf&fE A (Kuch et al. 1999) » H& 1
TODD’s DNA buffer S {LIFV R © £ 758 %
IHReT] » — M BRI R A vE &K B e s nse S
T A BB B9 5 ~ % SE (A1 proteases ¢
lipases) L K 1L EDTA 9% {LP)(Kuch et al.
1999) » H ki 7315 41— fik 7 5% DNA 22 B G Al #H
AT EE DNA BYZEHA TR (extraction buffer)
(Bahl and Pfenning 1996; Kuch et al. 1999) -
Kuch et al. (1999)#HIZ: 1 e A & 12 7 A (&
7 W TC B P I S LS REASRER A » LU
T8 I Y DNA Z2 AR #H b digest buffer (i m] 17
T WEEE A FERECR -

AR FET WAE AR 7 1T 2 B — Ak R R
T S B ) 5% L e T e = DR A 1) 25 L R
i FC /R (Sylvirana latouchii) i A5 #H Ak 4~ - HI
SRR IR IR B AL DNA BHEREH 7~
5o LIEEE R RRF R a4 &
EREDNA SR 5 544 > B Kuchetal. (1999)
)t e BE 7 25 A B A PV VR 1 S FE R
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B £ HOEF I+ A E R B PIRE RS R A PR A7 RS -
AWFEE —# iHKE Kuch et al. (1999) Y #l13:
JTEA A HIE L - I3 TODD’s DNA buffer K
T 8 T T ] SR SRR AR B VR T I
PRAFRERRAR AR FIAT 1 » Sl LURH AT B I 0R1F
U L A 0 FEE T PR A RO AR AS BT IR

MR %

— ~ RS RHARER A DNA 5258 Bil (R 1715 [H] Y BR

SR A

AT 6 {5 IS G I T R A IR L 95%
DL R RE rh iy 12 #H A7 AR 75 ORI AR A G L
K DIRIRFETTZEAL » ZXHHRIEIRF 5 2009/4/21 »
RFAHLL 5 mg (+ 0.8 mg) iy e fEL Al Bk A 2 1%
E o BT A B AT e 56 SR #H Tissue and Cell
Genomic DNA Purification Kit (Hopegen
Biotechnology Development Enterprises)it 1T
DNA ZEHY » R 1ED BRI 6F A T -
A B2 56°C K ie[E] » I T AR 4 hr 4
R 16 hr o {17 PR PRI AR AR A E L5

B DNA BAMRTF

SR VR A Je = RS - i LLIE 22 52 5 1R
(CVE-200D, EYEL4) {8 T B Zz2 & 10 min »

Tt CRARAS I RS 76 42 5BR » ZXHUHHY crude
DNA ZEPIE RS 50 pl #) — R LB 7K - AT
B VK IR £ AH H 5 wl #Y crude DNA VAR » fin b
1 pl #Y 6X Yt YRR &35 )% (£ 1. 2% bk ikt
B LL 100V R ETT B Pk 30 min » LU{HH %
AH Bk A< 1Y FH 1 = B2 - DNA Integrated Density
Value (IDV){iE £l BB Uk i -7 20 kb 77+ &
K/ DNA JRFE RS HI 5 R > SR SR A
b1 AT A R A RE IR R EL B > 3 DL 1% AR B A
(TR A7 2 F)EY 1DV FEE RS 77 B > GHEL& I
e B AR A 7P P (EAE A ER A 2 (18 H R A 2
DNA R EU(E - BEERERAR N HealthView
Nucleic Acid Stain (Genomics)E1T A o 1T
VK [F] I DL 1 kb DNA ladder 1552 DNA 43 1
AN o BPKHIER R AL R 312 nm #YEE I+
JENFIGE > 3t HLF A BT B AH R 47 (Alpha In-
notech Corp.)lEFH{%1E » LLAlphalmager |S-2200
(NatureGene Corp.) 5t {4 iz F i il 5 DNA #H
HIREE -

F L HEAEAF CRAFIFRAT T DNA ZERIETERT AR A B - BUAGEIL H AR Y EE (NMNS)
RAR ~ A PREEIRF ] LR BRAS DR AF IS Pl (B 5 BR A Rz T A EC /R Sylvirana latouchii HBRERHILIA)
Table 1. Data on the Sylvirana latouchii specimens used in the DNA degradation experiment

NM I\:ﬁmctii 99 Collection dates Preaer(\rlra;gr(]);)p eriod D[e)n’\;?yl S/tale?;t((a;) Crude DNA3 (%)
: PO 2000.05.01 107 T 10.49
3 e 2002.02.12 86 g 3252
> 00 2004.03.27 59 1o 89,51
! g 2006.07.18 T = 60.49
" s 2008.04.01 12 639 56.99
u kb 2009.02.14 2 o

1 National Museum of Natural Science, Taiwan.

2 Estimated DNA concentrations in molecular weight of about 20 kb.
3 Proportion of DNA concentration equivalent to that at 2-month preservation.
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= THIREI R {7 DNA P8 138 IV A
AfFFeflEt 1 5 M R TE LK) ~ TELKhE
LURGEtihs - Hah iR e SGE & 2 - L —
REBET KM > IREER 10% - (R 115 2R
It [RIRHEHIE 1 #RER ~ TODD’sDNA buffer
LUK 70% ~ 99.5%H P K& VA R 5 PR AP I AT
{EHEY 3 B - FFE B H 5mg (£0.8
mo) T EERE AR AS - BRAS 0 BEAE E BRI
HEOE T - MEtH 1-1 W E 9-3 - A H
RS B B A AR AT - 1 1A B A R B 3
HERATEI PR - DL > SR i =
FEVK - A50E > ik G IR BRI D R 1 IR e - 38
Atk A DNA ZHRE S B2 o mi EAIER
17215 R i J TODD’s DNA buffer ) ik
BRAER IR & H 8% ~ 29’5 {t(homogenization)
FEPRAFI R IR L3 W RE PR 17335 3E = 7> 100
pl AR FE L DR B SRR 1L BT DR e U 2 T
WEY)EST DNA ZZHUEFE < RS IR AS
HIGRFERS L ml {30 kE - BAERIEARHGES 2 K

SEHR L RIPRG YRR » SRE S0 DR A7 I P W RE Ak
AARGHPK D Wil o WERPRAF IR ANE £ LL
2.0 ml 155 5/ MIL(INAL GENE®) {77 2 B 37 5 24
2P R E TIEE R R R e i -
3 P R H AR A 55 [A] — S R AR A7 FC/R A A BRER
LAY RERE o P B B rE HOAE R ER A 220 R S0 0
I > LU BRAIERS SR o U T B A% 1
HEEEEAR LIRS RIE E 258 - 8RR 2 75%
HOP RS T DR AT 10 B B R AR A SRR > AR AN i
A5 NMNS#17833 - HIEAH BRI 5 122 % Kuch
etal. (1999) » #HIEWE E H 37°C 2 & % 50°C »
HIEAIF AT 14 RIER S 28 K » ff 1 LURRER
IRIFHIERAGY » HAhEIBRAS DU TG (Parafilm®
M)EFEEECE R D lRER - Z=BGERE TR
i AL (Celsius 2000 Memmert) DL RFHIEAIRLEE -
HERE 28 RN AR EHEEE © MR ek -
AHETT DNAZEHL » FRERE AR » 551~ 2
3 RHERAAE AR Al S LABY T LY REL A B e -
LINLE G A G A LR PRI T -

% 2. JEBRAHA B E A SHEA GRS © 1 RS EHBRHAT DNA JREEP S EAHE 28 1 AR A ()

RERIRTT) DNA JRJEH) FLE

Table 2. Data on preservatives used in the experiment

Preservatives and Preservation periods  Crude DNA?
brands Producers Appearance and conditions (%)
1  Liquid nitrogen RAT Transparent liquid 28 daysin ultracold -
2 99.5% ethanol B2 R artt Transparent liquid 28 daysin 50°C 81.87
3 70\0/\/2 t(;thRan 8' )(d||uted B2 s kR Er Transparent liquid 28 daysin 50°C 51.66
White grains/ powder
4 i EEELn HEFIIERAEIR/AE mixed with few blug, 28 daysin 50°C 77.97
red grains
N NN SR White graing/ powder
AN ity gt 2 = L
5 DR SOPPIHHLA SRR iyeqwithfewblue,  28daysin50°C 72.12
B HIRA red cra
grains
Rl ERvRE ] ; ; - i Ene
6 (Neutral cleaner) Reidel-de Haén® Sticky transparent liquid 28 daysin 50°C 108.19
Ul — Sticky, light yellow, oo
Il =l L \
7 R HEICTRIPARAT o Oorent liquid 28 daysin 50°C 83.82
. IR, " _ Sticky, lored, S
8 fBgTPOASHIMIEIRK! Wi GRMtyAlAR o SHReAo T 28daysins0'C 25.34
9  TODD'sDNA buffer Sticky transparent liquid 28 daysin 50°C 128.07

1 Proportion of DNA concentration equivalent to that preserved in liquid nitrogen.
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# R ST

— ~ RIFERE PR 17 RSB A< DNA ZER1ETE
ARG (] 1> 3R 1) ] IR AL R
FEWRE 1 5 B AR DNA SZEAK -
B ORTFE 2l A RVERA - IR1F 5 FEARRIEA
FEHVHIH DNA FHE R LAY £ 56.99-89.51% 5
PR1F 7 SRR ER A crude DNA & & WEK D -

Ha-b

1 2 A5 8 7
(107M)  (86M)  (59M)

8

(34M)

F¥) DNA BRAR R AT

{% 32.52% » A5 BE & IR I ) 8 £ 1B I
5 o CORTE 9 FERYAHARER A W] ZE AU ) DNA
R - £ 10.49% © {R17 5 F AU A DNA
Uit JEE 31l R BRI [T R A LEAHBAR > AT RE R & A A
(v g B B A o P R4 R RBZE R B > AT
SY A AL SRR RS R » AR ASHIL Fh ) A
HIRHEA I » BRACTER H A BRI AT BE 53 RIS %
JEE R MR A

T 1"

_—30kb

.

N —— 1.0 kb

9 10 11 12 gy

(12M) (2M)

05kb

0.2 kb

L PRAFHS 95%IKE i) 12 #EAHASR AR A crude DNA ZEHUAS SR B VK[E © FEIKBEBIRL R 1.2%
AR AN S pl HIER  BRARAZHUIRE IR KRS 107 (8 H ~ 86 {8 H ~ S9{EH ~ 34| H ~ 12 H LUk 2

8 H > R 2 fHERAS » IRABANGFZH LR L

Fig. 1. A 1.2% agarose gel showing crude DNA concentrations in 5 ul DNA products from the tissues
preserved in 95% ethanol for various periods (M, number of months; data of the specimens 1 to 12 shown

in Table 1).

= FURE R A R RO R AR A DNA BYRUER
e Bl
10 R 8L iR L 2K R 3 A AR RE - ¥&

WEBWEIR 5 3 MRS RBIM R &5
EVIEHE o PR TR R bR HIEARE ST - oAt
HEARH YA Y 5 mg AH Rk A/ IR L T
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0.5 hr WFAfHE A B LIRS » YRR A
BRANE B aEYES: - MRE%EF7-8-9
—AHERENS PR AR LA R E A T 2
BAb - BRAHEIE 28 Ki% > (RIFFS 99.5%10 K5
FREVERAS (36 2 fH) B AR RL & - I ERAF I 70%
PR R A (R 3A)HI 2 B 5 pEAK BliE
VRF & 8 e o B TR MRV R A (R 6 AH) 91 »
HerS AR B R > ik
TR LA AR B L E 2 AL
A E IR A AR R IR H o F I BE LR AR
HEaH A DOl - RS E R E
Ao 3 MFERA(3-2~ 4-3~ 6-D){EMHEHE T H
AR B IL A ARG RGO A B BE ORI S
HEEI S - ZHRBUIR - REZEWRIRIWE 5
DT ENH GRS R > It 3AHERATE DNA %
U2 1T R BIATH5 52 -

Z E 5 crude DNA fEE A HIE 2 #
fiti o B 728 34H ~ 5 8#H.29F - HAth E BB AHAT
ZZHUGEI[ crude DNAE S #0FH & A3 - mlEl
215841 » TODD’sDNA bufferfH(Z8 9 fH) I E &
B IR RRAFRIRRA (S L) » BV r
FrEEDNAEA: © 3 LU LAHAT 20 Kb K/ M7 i
() DNA 7R85 i s Fe s 5L e - DL Alphal mager
1S-2200 52 {5 iz BH S (i B 2 AR A< [7] K/ DNA
FrERR97F g & 0 B3R LI TODD'sDNA buffer
fHH) DNA FER R m > & 128.07% 5 HREH
6 #H(FR PR VEIRES) - i 108.19% - {R1Ff> 99.5%
VRGP IR AR 81.87% - HAth & BafH i &R
B2 1F 50%LL | » 25 3 #H(70%:W545) K 55 8 #H
CRAFBURIE » 77 Al RS 51.66%fr 25.34% (£
2) - FH Ik A] %] » TODD’s DNA buffer 1 50°CHY
RS~ L{EH AR TE DNA BYRCR HE A
IS URRE R, o 26 M i i@ vE LK ~ Uk
Gt a] UE R 7E DNA PPE R IR TF - SR E
i 5 E Y R RS o Kuch et al. (1999) Frifl]
Z Y Persil Megaperls® ~ Persil Supra® Jz Liquid
Frosch® S 12 & s FH & 2 3 1 2 FIVE R L i -
Dy EE A HLAE DNA R1E EREHITE - 2R

i » 3 FF A A HOTE R AR 1 FL ) DNA fR1F
BOR - AEHER 8 (PUEVEIRKE) BT L 70%
PREHIRTFRANE 2 - S RRBE ML IEFT A 1)
TE R —R45E F > DNA {R1ERY EHAY © £EF)
FHA #AE R BRI R 77 DNA IR ASHT - 5%
b S AT RRALIGER - DU AR S E S R 7
HIRMAER &R A o HALmRER R
il o FPPETE R R DRI - CRAFSUCRLLES 8
PR VERRE AT BRI SIS IR AL oy
FR 3 TR TR EL B H 17> DNA BRARHI LR AT

= BEA R TR R AR A DR Y A

B 1 R[] 58 R PR AR ASRHEL - 09
BRI B P RE A R A AT 1T DNA ZEH -
AEMHETT PCR M8 ~ % FP3¥ 2 » /£ B
PEAR RS AR E S HARA R 2 - Sl S RS
/NUSEFFMERD W) ~ A R B PRI AR A LR
7 o —MOIRMIEAKI TRIFAE 70-80%7E 45 30
Frh (B SZRE AP EH R 2003; Vink et al. 2005) -
1S TS DNA ZEHL ~ KRR » FE LU
T R FEE ) Y RS VR TR o LA KT B R 0 S S
(Zhang and Hewett 1998) - {H & Hf E #i%1it
I AR A2 2 IR e K i A 0T - HLR RS i
JE R I 1B D RUEL > B I RE IR TF
HRCRA NG TG K o LI - RS B B EE AN Y
2 € QULITIEL SIS hi il -k PN DE )]
PIREA I B I A5 SRl AN AR > 3 7112 PO B 0
oy o AR NS B & IR e 2wk E BRI &
M AT 2B AL P (R~ P SR iR
D o EERBEE AL R B B PR AR & 2 i
PERE i AR AR RS IR L - R BEPRG IR
TR RR A B S 49 3 S 7 B 007 MV VR LA
HPRE « B 7 AR IR S G H & PG U B
173 BT B 0 R AR) B 8 B 91 s ) A
Pt o B EORRL - BRI E B H SN
H o BRBEE B VIBYIRRIEA - f£3R
ST ATHIRGC T HE LLAR IS PRI E R e i »
HASEATE & 2 /1 S BT —/NER 73 R A Bk A
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(ROAVA ~ BB EREE) S5 17 fse » DU Bk
R TS IR MRAY PR AF IS I » A0 LRI AT 5

B DNA BAMRTF

REFERELR AT Je o7 T 2L ER T TR IE A - SRFAEA
IR R

2. f£ O flH A PR AF 28 RIEHIER A crude DNA ZEAHE SR A VK ] » FEVKEEB IR R 1.2% » f:4H
BRAHLS pl I o PRAFHI T E AR R REZU(1-1-1-3) ~ 99.5%P % (2-1-2-3) ~ 70%¥#% (3-1 ¥l 3-3)
2 FEREAR A R LK (4-1-5-3) ~ 3H 1R IR K% (6-2-8-3) » LI TODD's DNA buffer (9-1-9-3) » FRiKRER
Mot HERS I RF S0°CEREE T - wHBaarfl w2 E R 2

Fig. 2. Electrophoreses of crude DNAsin 5 ul DNA products from the tissues preserved with 9 different
preservatives for 28 days (1-1-1-3, liquid nitrogen; 2-1-2-3, 99.5% ethanol; 3-1 and 3-3, 70% ethanol;
4-1-8-3, detergents; 9-1-9-3, TODD's DNA buffer; detailed data shown in Table 2).

B4 B & IE BLAZRR TR AR v SR ER fi
It » B A AR A R 7 B AR 2 LI R
W T - SRR R R R ERA
DNAYIER)E .2 — o IR » 372 FBl(Reiss
et al. 1995; Hormiga et al. 2003; Vink et al.
2005) » BLF5 AR FE Y i SR E T 0K Sl AN R A
e 1% B < 25 R DNA RIS o B — R H 2
SR (IR AR R B E I S » A H W R AERY
BRI A - SEEEERE T NE B ES
22 - TODD’s DNA buffer Jz 5% [ V& 121U F
xe FIATHYEEIE o FIIFIE R CR 77 DNA FHARER
AHE [ - B5AUE - JErTAME ~ 1R1E
i 46 (— st iz 19 A B K L AT AR ) ~ i B
ek A T SRS - Bk E A B LIRS

ARGE & AR K & IR 77 AL RS Bk A (Kuch et al.
1999) - E NG A E ~ PRAFHIRHARARAS - 13
GG RE R A I B AT DNA Rt - JHERZ R
TREFRIEWGHE - ARIREHLRTF 2 -20°C KR L
HYVKFERTR] > AR AT R R T
AT IRER AR » BRI B 22 e R (K
UL AL T ZURHERE 5 2 A BR - AR AGE =
(#7 20 {EH#574) ) TODD’s DNA buffer 2 /& 15 12
BRI RAE N N ERT o e A Al /5 =
T E LR {72 TODD’s DNA buffer tf 5 25 71F
BPOMRIRFIREREE - el AE SRR S (IR AR 0 ~
PERERIIRDL T » AT i B & R S AOTE R A 7T
HORTEIEAT o B IRBIHE H LU 73 SR ~ JHES
RARIYE A
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TODD’s DNA buffer (/& 1 3 FllE AT [
A EE RS FRE > BIE =8 ER T
ISR AR B A IR TR
* TODD’s DNA buffer » 1 K A5t 7] HH i th 3§
BRRAIEAE 1% > FIERAVER > 24P B HIREE -
FHARE A 12 5. DNA VVE G IR IR F I »
TR AT R IR E o A REEARASR T 239 E 1L
%1% %£-20°C DL T RIRERE R F » QRT3 5
R FERCR - BIFPIRIFIR ) DNA Y8
ATARZS 5y 3th LLvg F U #H 58 B crude DNA Y ¢
00 > Al 35 B AL f%& 1 #5 B% - TODD’s DNA
buffer £ 1 ) K S el &5 8 77 1 Bh ) 22 % e
T2 WA T By VIRAHASRAR A IR F - 2 AR
A ERAF AR DL B A (Eric N. Smith » {5 A &) ©

[EREREH=V:OP I (T TN T AR SV PN
Sy BRG] LLR IR ~ Zod b R 1E SN
FHARER A () DNA 54 - SR TG IE R AT LU
MR ERIYIRE o (RIEDEN E EFRIREIF 278
% @A IR BRI - DUE S E E AR
TEEIE o SLLAH FRIERE SEs > B 2R 5 I H
A% FEE) Y6 A DNA [z » {H2 Zhang
and Hewett (1998) 7 i it 5= 6 FH iy — FREEF|
S RN A RE - DNA 540 g 30l
HEMEETT PCR MIERET « HAK LIRS PR
FEHR L B ik DNA £A » IERERI /L R AEIR I
ARG < il e EG 25 0 ELEI B3R > ARE
R PR E: DNA W)'E - 9% » KRR TER
FIL P R A A PR VR 2 A L e A o HL
1218 » 7 REAR 6 R 5 2 R i EHE PR A IREE T T
ZZHY DNA $84F » HIRTHEAN R crude DNA 2
J& e RHE AR TR o 1 {50 F M8 55 i B B2 [T 1
ik > FCHHIRER 73 25 5 (E AT IR [ P VA VR A3
B~ SR ORIERTRATF ST A BT TR BT e i
LA EHEREIRF 2 » &S B R R A
F o HAhANA LEB)YIRIIE 1R 2% B2 AR AT & 43
WRE - FEEhY B ER - RERFLHEE T
fp g ey E e A g BRI AHAS & 0 R 1
DNA ()it o 7RI St AR A O 12

AP - bR TERFIRAERI TR A A 7 RERT
&t - gL e LD EARA G R I EA H T (T
T DU b w i AR B I B R -

S .
3 =%
ﬂﬂﬂ' NN

ALkt Eric N. Smith {52 {1 5] 52 877
DNA i itk A (8 17 1 w8 B Btk - ot =i
RUEEERNRELEEZRBEHE -

71 R STRR

TRACHE ~ aRAIMW ~ REfdh ~ B/NE ~ FEAE -
SREOL © 2002 o FEHER IS MR B VIR A
BRI DNA BRI i - B Py E2k 48:
264-269 -

ERTRPF Y #R o 2003 o fEAY: © B4R
AOWE L EMH o Jig R HRE < (in
Japanese)
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Fff$% ~ TODD'S DNA buffer 7 fif #1715
Appendix. TODD'S DNA buffer preparation method

(FEHERA RS 1.5L)

90g Tris (8 ;& Tris Base » 77J{#i i} Tris HydroCloride);

+ 3.759 EDTA,;

+ 37.5g SDS (Sodium Dodecy! Sulfate);

DK AR 22 150 » & BRUERT - 70 46 28 (R O 8 0/ N B GTARR ARSI BIT o 25 oK Be g 70 & - 1R R IR
fEl 22 SDS g i ifr it > 73 SE AL ST DN 22 SDS 5¢ 2V g
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A Rediscovery of Salvia tashiroi Hayata
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HH G B 5 (Salvia tashiroi Hayata) 735 2 LR 2 SB YY) - H AHFUER 1896 SR 4R 12 7 B R
TR > DAFASSI 4 SO e 1919 FE 3 R ATAE » IR AR AL ERERCER » 58 R (G EHEY
b)) HEH SR REEER - MAE (hEREYIE) MESHRERE R RS - R & RS @i
/R LREBIARE » A RIRG 5P 2 BARAM I - AREH RHIEN = N EEWRERE - 1
88T Bl 5 8 A 8 L L L) D ) o AR Bl A2 v K 2 3 B R AR AL AR R AL L3y mT [ )
JEWL RS AR PIRE o A SCH L 7y JERr B ~ AL F A0 A7 - Hfs 6 ALKy » RIMA 2 JFHiRAL
Aifi > A REHCE AR 5 > ROEBE 2n=2x=16-
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Abstract

I'n 1896 a single specimen of Lamiaceae was collected by M. Toshiro from Hengchun in the southern
Taiwan. A decade later it was described as Salvia plectranthoides Griff by Matsumura and Hayata in
1906, but redescribed as a new species Salvia tashiroi by Hayatain 1919. For a century, this species has
been known only from a single specimen (holotype), and treated as a questionable or uncertaion taxain
the flora of Taiwan, or as a synonym of Salvia chinensis Benth. in the flora of China. In our recent plant
inventory survey of Taiwan, we rediscovered its wild populations at Mt. Shih-Pa-Lo-Han, Kaohsiung
County in the southern Taiwan. This paper confirms the taxonomic status of Salviatashiroi and provides

it with a detailed redescription with color photographs, pollen SEM microphotographs, chromosome

number (2n = 16), and distribution in Taiwan.

BB « HRCRE S  BIVE - W

Key words: Salvia tashiroi, Lamiaceae, taxonomy, Taiwan
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BERE(Salvia L) BEER s RR L
W —REREY) - AL 208 - W IEEE 240 - ZE
TERAHIE » BERRRL | &4 > %4 900-1,100
T o [EIZ o7 AT 5 B R AT KPR B MR A
Hh[% (Li and Hedge 1994) o

PhoT 1896 - H AL H 1 i #Y 5%
TRA LIRS 1 424 (Y. Tashiro 20, TI) ([&
1) > WHEYIA BHIEM = HETE » BEAWIRRHE
=15 H SCHE S 1906 A 8 € R Rod B R
(Salvia plectranthoides Griff) (Matsumura and
Hayata 1906) » {H{% 2K 7 H Sk /> 1919 H1E
CEEREYIEGEY 55\ B R AR AR R
fii Salvia tashiroi Hayata» S AfERER S

o)

R H 98 9 H 28 H
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{#(Hayata1919) - 1% KA (E(TERERIER » I
B e AL iR > (HIIR S [FEHE A (Sasaki
1928; Kudo 1929; Mori 1936) ; it A E1E 5
R RAE A H At bR A 8% - ATRERI R A R
& WA CEEEPIZE) s A1 5 R i€
f&(Huang and Wu 1978, 1998) ; £ (EHEY)
Y BEE G EEER R H(SalviachinensisBenth.)
Z # £ (Sun and Huang 1977; Li and Hedge
1994) o [K A FEAEY)(E G 18 3l 1w w] LR+ 0
DR BB A — D HEE -

A = EE LA 15 1 e 0 e RS
S8 R 1 Lo [ PR AR A (18 2) » A
FRIZESCRR ~ AEASFNER 1 8 St A 3R A AR/ 70
At B HAHRRR Pk -
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Scignee College, Imperial University, Japan.
m o# ok B

e

‘. | A
=T = 45 i T
»'IQM-'- Adrt -‘f}-z:t,w’ = Meekesth b Bk Sl T EFE
g (Rxv A
e £ irr tia et & s Torimirsar i Aty (A Tadhae), noita
Y /j; Y 7‘} "r“ €OjEattatens QUpAel, |79 b

Bl 1. ARG R F AR A A (Y. Tashiro 20, T1) »
Fig. 1. Type specimen (holotype) of Salvia tashiroi Hayata (Y. Tashiro 20, Tl).
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FH sl FE SR P 20

2. HIRR B RS AFHI(A, D) ~ fHRZRE(B)FIFE(C) °
Fig. 2. Habitat (A and D), habit (B) and flowers (C) of Salvia tashiroi Hayata.

AL 77 ik

PR E E HERR S ERAR /R | Lt [ A e
FE®)(T. H. Hsieh et al. 3005)f% fi [* & m k£
FEM AR R > RRAEAR R HORTIR R » UTHUR S
1cm &2 70 ppm cycloheximide #[] 250 ppm 8-
hydroxyquinone (1: 1) &% /£ 18-20°C | fij
R 3-4hr > 2254 2 45% acetic acid [] absolute
ethanol (1:3)iE &K H[E %€ 1-3 hr » fEHUR 70%
ethanol {£-20°C N (R 17 5 JAR B 4L th REIRE IS AR 2R

B 60°C #y IN HCI &g 1-3 min» £ 4%
pectinase YAVR H gk 1-2 hr ; {5 f] Sharma i
W H £t 8-10 min (Sharma 1982) » K {2 & i®
JCEREAT 55 (Eclipse E400, Nikon) B2 FIIRAH -

fE¥ B ¥ o AL 85 o Ho 1Rt &R O
fr o {5 A Erdtman fY 1% 43 fi% 17 (Erdtman 1952) ;
WA LB R A A ALY R0 PR RS 2 S K > #E 56
H RN SR RIS o B e R B R
T (3000N, Hitachi)ZH£Z flIIEFH -



S A Y% B ERFZE(TW J. of Biodivers.) 12(1): 73-82, 2010 77

R

EER L HRRBEEEAER BA
BB = (8] 2) - IR R 5 A R
L HE ) A] LA R - 5 8 A B REY) A L {2 B B
5 - BB R (S plebiaR. Br)fl1s 1L i
EE%L(S. nipponica Mig. var. formosana (Hayata)
Kudo) ; HLLELABEE « = HEEEMIRNESE
{40 Bey B (L 5L FE (S arisanensis Hayata) ~ H
AR H (S japonica Thunb.) FIHNEE i FE #(S.
scapiformisHance) ; A KB EE N FIHER
AELE > pfERHE HR = HE - HE
ANg B PIREEE o IRk 2 % 5 R 58
BHBEEMN=HEE £8P ARG
FHALL -

e b HAK R FRERAE S 2
GIECILAR R AE L (8 2A) » 1S i =
ANE R 77 PR R TR > 518 7 AN B AEY)
i AR R R E AR - HEHPER
PEREE SRR LEARY) » HABREL(Sun
and Huang 1977) -

FEALERE | P RAE /S SRAR+ /R L
REFIHEE » REIOGERENHE » BR
{24t » K 1.2-1.5 cm > §yE{EEZ 3
fE R (8 2C) s AR R LE K 11
mm (Hayata 1919) » {H /2 K& AR A A if; i
JREIAE(E 1) » R i B & (A EERR

7 RERE R B A T PR B IR A (] o AR Bl
15 FR B B 2 B R B A L > S IR ARTE
FEERR L A AR A 2 - 38 R B
BEEE - Ry Lom» {7 K5 AL S AH B
245 s GEEACE BRESR O KE
Ko AR R B - R 1.2-1.5em > fL5E
IR IR B A K - BRI S - SEiEA
R ERY 3 B R IR AT LA 7

{8 15 — $2 1Y R A8 A A = 052 SO
1906 A o i A il g 2 £ KO LR HE(Salvia
plectranthoides Griff) » £ EHEH R

fed - fbd K 1.1-2.0 ecm » R ILE 2 315
£(Sun and Huang 1977) » jfj #& K {L e M £5
s (HHARKFRBRBAHHEEMN=HEEE > 1t
ENHRME  AOEN L EER(E 3)

R SR F B A HIEMANREEE - (EE R
RME > A AR - 3R ]
W el o) L 2 FEAE) - DRI AR 38 5 5 Y UL
MAEPELRPEF AR » Hfg PR aika s
FH Sk s 1919 g SR i HH A KU = (Salvia
tashiroi Hayata) » £ 5 #% A1 - H ARG
Hir e B R AR REY) .2 77 41 (Keng 1969; Murata
and Yamazaki 1993) -

AT BRI SRR BT - B 63 >
R - KB 2 & 2 HEIREER - S+ IR 2
WA B2 HEIR (& 4) - Huang (1972) & 8 it 52
G Y 2 ek > WReE R E S 6 fE A
Wy RER L > (RS AT - AR T
FERTT 2 T AL B 1 188 L fth A JB8 Al KRB £ AHAMA

ARG R AU S B FEAR Sl i
@REEHE 2n=16 (& 5) - AR O
# 5 8 (X = 8) (Huang and Wu 1975) » KI5
—f5#8 - Huang and Wu (1975)ff 72 A< J& HiE P
HOS AT AN SR AU ARA TS o (R AR
St A 2 35 U {5 B O E B o

PEAR $i

HAKBRER

Salvia tashiroi Hayata, Icon. Pl. Formos. 8:
98. 1919; Sasaki, List Pl. Formos. 360. 1928;
Kudo, Mem. Fac. Sci. Agric. Taihoku Imp. Univ.
2:176. 1929; Mori in Masamune, Short Fl. Formos.
182. 1936. Type: J& ¥ #%(Pingtung County): 1A
# (Hengchun), Apr. 1896, Y. Tashiro 20 (Type,
TI, photo) -

Salvia plectranthoides auct. non Griff.:
Matsum. & Hayata, Journ. Coll. Sci. Univ. Tokyo
22: 311. 1906.
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il 3. HACKE RS - A B B &) ;s C LA ; D LN R ZME 3 E fLEWHE LR
FE 5 R A ERAE 5 G /Ll R ZIRE (M) » #H B EGH) 5 H. S s 1S - EEIR
A=4cm;B=03cm;C=1mm;D,EandG=0.1mm; F, Hand | =3 mm -

Fig. 3. Salvia tashiroi Hayata: A. habit; B. cross section of stem; C. calyx; D. glandular hairs on outer
surface of calyx; E. long hairs on inner surface of calyx; F. dissected corolla; G. glandular hairs on outer
surface (left) and hairs on inner surface (right) of corolla; H. stamen; I. pistil (scale bars: A =4 cm; B
=0.3cm;C=1mm; D,Eand G=0.1 mm; F, H and | =3 mm).
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4. H AR SR ALKy 1 1 20 fE - BRI R AH e o ARTB, Lk 738 i AT AR S+ BERLER 5 CHID,
fEky R i 6 AR B o+ EERSL A o AR C ZHLBIR =5um > BFID ZELHIR =1 um -

Fig. 4. SEM micrographs of pollen grains of Salviatashiroi Hayata: A and B, equatorial views of apollen
grain with reticulate tectum; C and D, polar views of 6-colpate pollen grain with reticulate tectum (bars
=5umfor A and C; 1 um for B and D).
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AR B R SR 30

lal 5. HAKF B RO - IRAHREROEEERE2n =16 - AR =5um-
Fig. 5. Somatic chromosomes (2n = 16) of Salvia tashiroi Hayata (bar = 5 um).

TEAERS FAERER » BB E R
i 15-40cm > EAHIRFRRER > ZPURE - B
R HPERTE MR RE » CHEENT
R B A RETE - BEEAMELSE: > HEEg =
HRETE - A FEMIRR » 6-9cm > B TERNEL
K PR M RRBRRTE o FER UNIEIF 80
(EERAS [EI 2 - fc i i B 2% - & 800 92 B[]
12 » BEHARFFRALE - BIE] I o sl o -
EMWERTE  EHANET - HER 47

cm s B 2.7-4cm s = HIEEERFTE/ VBRI K R
3.2-42cm > H 1.8-2.8cm > Ef{E 0.6-1.4cm »
{H/NEER /N » R 1.6-2.7cm > B 0.7-1.1cm » B
A5 0.1-0.5 cm » i B A 6 JALAH Rl 4
AL » TERTEAEREIRAE R » )& 10-20em 5 fE
R 1-3 mmo WHRIRE - [LEREIR > K& 45
mm > SR AR R R BRI E - BRI GR
BHRMHE > EORE > FERm3IBA &
SREH - MEMES B KA 0.2 cm TEHY
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0.2 cm» LA E - R = ATE » 5 i i
2 o JERRBE B E B RFEIK » Mg Rt
R s R 1.2-1.5 cm s SRR ERIRE -
fE3eE T P9 SR BL 0 3-4 mm g B £ > WK
1 Lems ZRE - FERE > LimigM
ME=4 AR EHEE > K3 mm s 5k
A B HRE NEIRE > S AR Mk - I
FrARETE s RIS 2 FAERR R 7 mm
& o WESM > fERRET > RAY 2-4 mm o> fEEE 1
= 0 KA Imm s SRACHES 280 FAER FIE -
fEHEEA » K49 1.0-1.3 cm > FEIHE > el A
FR28 o /NERR AR RGBT » R g
=M K 1-2mm > 5K 8 mm > 5 -

oA BEE SRRSO A RIS
55 [ o 2 A R i1 5 0 AE 2 R o

B2 MK - 5 i B (Kaohsiung County) :
SNEAT(Liukei) » + /\ 4 L (Mt. Shih-Pa-Lo-
Han shan) » #5#k#7 150m » 21 May 2009, T. H.
Hsiehet al. 3005 (NUTN, 5 K24 YRS A
fEAE) -
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Distribution of the Freshwater Prawns (Macrobrachium Bate,
1868) in Taiwan in Relation to Their Biogeographic Origins
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Abstract

Using data collected from the freshwater prawn inventory survey of 2000-2008 and historical data
obtained from literature prior to 2000, distribution patterns of 15 species of the Macrobrachium prawns
in Taiwan were examined. They were able to divide into two groups: the east-coast group and the island-
wide group. The east-coast group contained 11 amphidromous species. M. equidens, M. mammillodactylus,
M. latidactylus, M. gracilirostre, M. lepidactyloides, M. lar, M. placidulum, M. jaroense, M. esculentum,
M. latimanus and M. australe. They were found in the east coast, some of them in its adjacent northern
and southern regions. They were the Southeast Asia origins and dispersed to Taiwan mainly through the
Philippines, and showed close association with the Kuroshio Current in the dispersion. The island-wide
group contained 4 species: M. japonicum, M. formosense, M. asperulum and M. nipponense. The former
species was postulated to have evolved within the island of Taiwan, while the latter three species were

originated from the Chinamainland. They were common in streams around theisland. M. japonicum and
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M. formosense that have been considered to be amphidromous showed the distribution patterns fairly
similar to that of non-obligatory amphidromous M. nipponense and even to that of landlocked M.
asperulum, rather than to those of the amphidromous species of the east-coast group. The evidences
suggest that these two species might not be the amphidromous but the non-obligatory amphidromous,
but afurther study is needed for the confirmation. The distribution patterns of the Macrobrachium prawns
in Taiwan are resulted from their life cycle modes, adaptability to local environments at present and
biogeographic origins and dispersal routes in the past evolutionary history.
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Introduction 1868) of Taiwan are highly diverse, rich in

amphidromous forms, but poor in endemic and
Freshwater prawns (Macrobrachium Bate, land-locked forms (Hwang and Yu 1982; Shy and
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Yu 1998; Cai and Jeng 2001; Cai and Shokita
2006; Chen et al. 2009). The fauna is a mixture
of the species of various biogeographic origins
and more similar to those of the Philippines|slands
and the Ryukyu Islands than that of the China
mainland (Chen et al. 2009).

In the previous study (Chen et al. 2009), we
examined the distribution patterns of 15 known
species of Macrobrachium of Taiwan in the Indo-
Pacific region and their relationships based on
the phylogenies reconstructed from the nuclear
28SrDNA gene. For the 13 amphidromous species,
their biogeographic origins and dispersion routes
to Taiwan were hypothesized to be: 1) in the
eastern region of southeast Asia islands through
the Philippinesfor M. australe, M. lar, M. latimanus,
M. gracilirostre, M. jaroense, M. esculentum, M.
lepidactyloides and M. placidulum; 2) in the
western region of southeast Asiaislands through
the Philippines and/or China mainland for M.
equidens, M. latidactylus and M. mammillodactyl us;
3) in China mainland for M. formosense, and 4)
on the island of Taiwan for M. japonicum. For
the remaining two species, M. asperulum, aland-
locked prawn, and M. nipponense, anon-obligatory
amphidromous prawn, were originated from China
mainland.

This study continued the previous study
(Chen et al. 2009) to examine the distribution of
the Macrobrachium prawns on theisland of Taiwan
and to determine whether there are relationships
between the distribution and their biogeographic
origins and past dispersion routes.

Material and Methods

During the period from 2000 to 2008, we
made an inventory survey of freshwater prawns

in inland waters of Taiwan. A 8-volt backpack
electrofishing gear (Yeh et al. 2000), 30 cm x 10
cm baited shrimp traps (Chen et al. 2003), and
varioustypes of hand nets (Short 2000) were used.
A total of 3,382 individualsbelonging to 15 species
of Macrobrachium were collected at 662 sites.
An exception was M. shaoi that was extremely
rare and found only in a tributary of Shuangchi
River inthe northern Taiwan (Cai and Jeng 2001)
was not collected in this study. Most of the prawns
were collected by the shrimp traps, but a lot of
largeindividual s were captured by electrofishing.
Most of the collectionswere fixed in 15% formalin
water solution, preserved in 75% ethyl-alcohol
water solution, and deposited at the Endemic
Species Research I nstitute, Jiji, Nantou, Taiwan.
The data were stored in Microsoft office Access
2003 for database setting. Also, distribution data
of the prawns prior to 2000 were obtained from
literatures (Hwang and Yu 1982; Shy 1994; Shy
et al. 1996) and compared to those from our
2000-2008 survey. The distribution map of each
species of the prawns was constructed with
SuperGIS version 2.2.

Results

Based on field data collected from our
2000-2008 survey and distribution data obtained
from literature (Hwang and Yu 1982; Shy 1994;
Shy et al. 1996), the distribution patterns of 15
species of the Macrobrachium prawnsin Taiwan
were plotted in Figs. 1-4. They were divided into
two groups: 1) the east-coast group and 2) the
island-wide group:

The east-coast group
Theeast-coast group contained 11 amphidromous
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species. They were distributed in the east coast
with some in adjacent northern and/or southern
regions and absent in the western region (Figs.
1-3). They corresponded to the species of three
groups with different biogeographical originsand
dispersion routes hypothesized by Chen et al.
(2009). They were the Eastern Southeast Asia
group (M. esculentum, M. gracilirostre, M. jaroense,
M. lepidactyloides and M. placidulum), the Indo-
West Pacific group (M. australe, M. lar and M.
latimanus), and the Western Southeast Asia group
(M. equidens, M. latidactylus and M. mammillo-
dactylus). The former two groups were found in
the Philippines but not in China mainland, and
thus, they were postulated to originate from the
eastern region of Southeast Asia islands and
dispersed to Taiwan through the Philippines. The
latter group was found in both the Philippines and
China mainland and assumed to originate from
the western region of Southeast Asiaislands and
dispersed to Taiwan through the Philippines and/
or Chinamainland (Chen et al. 2009).

For the Eastern Southeast Asia group, M.
esculentum, M. jaroense and M. placidulumwere
found to be rare and occurred only in streams
along the east coast (Fig. 1), whereas M. gracilirostre
and M. |epidactyloides were common and found
not only in the east coast but also in the southwestern
region (Fig. 2A-B). The Indo-West Pacific group,
M. lar and M. australe were common and found
in the east coast, southwestern and northwestern
region of theisland (Fig. 2C-D), while M. latimanus
was rare and occurred in streams of southwestern
region and somein the east coast (Fig. 1). For the
Western Southeast Asia group, M. equidens was
common and occurred in the east coast and also
in both southwestern and northwestern regions
of the island, while M. latidactylus and M.
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mammillodactylus were rare and occurred only
in the east coast (Fig. 3).

Theisland-wide group

Theisland-wide group contained four species:
M. asperulum, M. nipponens, M. formosense and
M. japonicum. They occurred in streams around
theisland (Fig. 4), differing from those of the east
coast group (Fig. 1-3). The former three species
are postulated to originate from the Chinamainland,
whilethe latter speciesis an autochthonous prawn
that was evolved within the island of Taiwan
(Chen et al. 2009). The four species have been
considered to have different life cycle modes: M.
asperulum as alandlocked prawn (Shokita 1977;
Lin et al. 1988; Shy 1994; Shy et al. 1996; Liu et
al. 2007; Mashiko and Shy 2008), M. nipponense
as a non-obligatory amphidromous prawn (Shy
et al. 1987; Shy 1994; Shy et al. 1996; Mashiko
and Shy 2008), and M. formosense and M. japonicum
as the amphidromous prawns (Shy et al. 1990;
Shy 1994; Shy et al. 1996; Suzuki and Kusamura
1997; Liu et al. 2007; Mashiko and Shy 2008).

Distributions of the freshwater prawns in
Taiwan are closed related to their biogeographical
origins and modes of their life cycles. The east
coast group contained amphidromous prawns of
thetropical Southeast Asiaislands origins, whereas
the island-wide group contained land-locked, non-
obligatory amphidromous, and amphidromous
prawns of the East Asiaorigins (Taiwan or China
mainland).

Discussion
The east-coast group

Although 11 amphidromous prawns of
the east-coast group came from three different
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Fig. 1. Distributions of four rare species of the east coast group of Macrobrachium in Taiwan: M.
placidulum (solid circles, 2000-2008 survey; open circles, Shy 1994; red solid circles, Hwang and Yu
1982); M. jaroense (solid triangles, 2000-2008 survey; open triangles, Shy 1994; red solid triangles,
Hwang and Yu 1982); M. esculentum (solid squares, 2000-2008 survey; open squares, Shy 1994); and
M. latimanus (solid stars, 2000-2008 survey; open stars, Shy 1994; red solid stars, Hwang and Yu 1982).
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Fig. 2. Distributions of four common species of the east coast group of Macrobrachium in Taiwan: A.

M. gracilirostre; B. M. lepidactyloides; C. M. lar; D. M. australe (solid circles, 2000-2008 survey; red

open circles, Shy 1994; red solid circles, Hwang and Yu 1982).
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Fig. 3. Distributions of common M. equidens (solid circles, 2000-2008 survey; open circles, Shy 1994;
red solid circles, Hwang and Yu 1982) and two rare species: M. latidactylus (solid triangles, 2000-2008
survey; open triangles, Shy 1994; red solid triangles, Hwang and Yu 1982); M. mammillodactylus (solid
stars, 2000-2008 survey; open stars, Shy 1994) of the east-coast group in Taiwan.
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Fig. 4. Distributions of four species of the island-wide group of Macrobrachium in Taiwan: A. M.
japonicum; B. M. formosense; C. M. nipponense; D. M. asperulum (solid circles, 2000-2008 survey; red
open circles, Shy 1994; red solid circles, Hwang and Yu 1982; red open triangles, Shy et al. 1996).
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phylogenetic lineages and biogeographic origins
in thetropical Southeast Asiaislands (Chen et al.
2009), they showed fairly similar distribution
pattern in Taiwan. They were distributed in the
downstream section of the rivers close to the
mouths in the east coast (Figs. 1-3). Apparently,
these prawns of Southeast Asia islands origins
still shared fairly similar life cycle modes and
habitat requirements in Taiwan.

Streamsin the east coast of Taiwan have high
gradients as the mountain ranges approach closely
to the coast. The stream water flows directly into
coastal waters, forming a small blackish water
zone outside the stream mouth rather than within
themouth. Larva development of theseamphidromous
prawns must be completed in the coastal waters,
suggesting that the larvae may require high salinity
and be highly tolerant to it, even to sea water.

Thereisthe warm Kuroshio Current flowing
northwardly closely to the shore along the east
coast of Taiwan. Thelarvae of these amphidromous
prawns have achance to be transported northwardly
by the current. It seems that the Kuroshio Current
might play arolein the northward dispersion of
these amphidromous prawns from Southeast Asia
islands to Taiwan, even to Japan. According to
this line of the reduction, M. equidens, M.
latidactylus and M. mammillodactylus of the
Western Southeast Asiagroup that are considered
to have dispersed to Taiwan through the Philippines
and/or China mainland (Chen et al. 2009) might
be morelikely through the Philippines than through
the China mainland.

When the Kuroshio Current hits the southern
tip of Taiwan, its main stem flows along the east
coast of the island and a small western branch
enters the Taiwan Strait and flows along the
southwestern coast of theisland (Lin et al. 1992;

Liang et al. 2003). This may explain the reason
that these tropical prawns are often also found in
the southwestern region.

During the Pleistocene glaciation, the western
region of Taiwan was connected to the China
mainland with the land bridge. The region was
undoubtedly inhabitable for amphidromous prawns
that requires brackish waster for larval development.
Sincethelast glaciation, the land bridge has been
transformed into Taiwan Strait, but the western
region has still remained inhabitable for these
tropical amphidromous prawns. This may be due
to the cold China mainland current that flows
southwardly along the west coast from China
mainland in winter.

Theisland-wide group

For the four species of theisland-wide group,
the distribution patterns of M. japonicum and M.
formosense (Fig. 4A-B) that are considered to be
amphidromous (Shy et al. 1990; Shy 1994; Shy
et al. 1996; Suzuki and Kusamura 1997; Liu et
al. 2007) differed greatly from those of the
amphidromous species of the east-coast group
(Fig. 1-3) but were fairly similar to that of M.
nipponense that is non-obligatory amphidromous
and M. asperulumthat islandlocked (Fig. 4C-D).

The life cycles of M. japonicum and M.
formosense are somewhat similar to that of M.
nipponense. They have small eggs and general
nine zoea stages (Ogasawaraet al. 1979). In Japan
the three species are found to spend their long
pelagic zoeal stage in estuarine brackish waters,
and then juveniles of M. formosense and M.
japonicum migrate upstream to freshwater
(Ogasawara et al. 1979; Shokita 1979; Shy et al.
1990), whereas individuals of M. nipponense
remain inthe estuaries (river mouths) to complete
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their life cycle, but some populations are found
in coastal or inland freshwater lakes, resulting
from arecent shift in its habitat from estuariesto
inland freshwaters (Mashiko 1990; Mashiko and
Numachi 2000). Such shift to freshwater form
from amphidromousform have been well documented
for other freshwater shrimp Paratya australiensis
Kemp, 1917 in Australia (Williams 1977; Hancock
and Bunn 1977; Walsh and Mitchell 1995; Cook
et al. 2006), and also many species of fishes and
invertebrates (Lee and Bell 1999; L ee 1999; Taylor
and McPhail 1999; Waters and Wallis 2001,
Raeymaekers et al. 2005; Cook et al. 2006). The
shift of amphydromy to freshwater form plays an
important rolein diversification of many freshwater
faunain evolution.

The above evidences may suggest that M.
japonicum and M. formosense might not be
amphidromous but non-obligatory amphidromous
like M. nipponense. A further study is needed to
confirm thelife cycle modes of those two species.

Mashiko and Shy (2008) used molecular
clock to estimate the time of speciation events
and suggest that M. shokitai endemic to the Irimoto
Island of the southern Ryukyu differentiated from
M. asperulum of Taiwan approximately 1.0 million
yearsago, and M. nipponense from M. formosense
0.48 million years ago. According to Lee (2006)
the uplift rate of Taiwan Central Rangewasinitially
slow at arate of <1 mm/year from 6 million years
agoto 1 million years ago. Since then the rate has
increased to 4-10 mm/year. The mountains started
to build from the north toward the south at a rate
of 60-90 km/million years.

M. asperulumof Chinamainland might arrive
in the west coast of Taiwan before the time of the
rapid uplift of the Central Mountain Range 1
million years ago at the time when the east coast
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remained in connection to the west coast with
shallow valleys. This might enable the speciesto
disperse across the island to the east coast. M.
nipponense and M. formosense arrived in the west
coast of Taiwan from China mainland apparently
latter than that of M. asperulum, but still enable
them to disperse to the east coast. The similar
cases of cross island dispersions are reported for
the freshwater fish Varicorhinus barbatulus and
freshwater crab Candidiopotamon rathbunae
(Wang et al. 2004; Shin et al. 2006).

Thedistribution patterns of the Macrobrachium
prawnsin Taiwan are related to their biogeographic
origins and dispersal routes in the evolutionary
history, their life cycle modes, and their adaptability
tolocal climatic and environmental conditions at
the present.
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New Records of a Branchiobdellidan and Four Microdrile
Oligochaetes (Annelida: Clitellata) from Inland Waters of Taiwan
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Abstract

In addition to known host Neocaridina spp., this paper reports the first record of the ectosymbiont
branchiobdellidan Holtodrilus truncatus (Clitellata: Branchiobdellida) on Caridina pseudodenticulata
(Decapoda: Atyidae) from Taiwan. Both host shrimp species occurred sympatrically at collection sites,
suggesting that H. truncatus has no species specific preference for host. Eight species of free-living
microdrile oligochaetes were al so collected from the collection sites. Of these, four species, Nais pardalis,
Pristina proboscidea, Pristina amphibiotica and Aulodrilus japonicus, are new records to Taiwan.
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Introduction

Branchiobdellidansare obligatory ectosymbionts,
living mostly on freshwater astacoidean crayfishes
in the Holarctic region, but some are on other
crustaceans astheir hosts (Gelder 1999; Brinkhurst
and Gelder 2001). Such branchiobdellidans
on non-crayfish hosts in East Asian include
Caridinophilus unidens Liang, 1963 living on the
freshwater atyid Caridina shrimp (Liang 1963)
in Yunnan Province, and of Holtodrilus truncatus
(Liang, 1963) on Neocaridina shrimp in Hunan
and Guangdong Provinces (Liang 1963; Liu 1984)
in China. A similar symbiotic association between
branchiobdellidans and freshwater shrimps has
been reported from the central Japan by Niwa et
al. (2005) and Niwaand Ohtaka (2006). Recently,
a branchiobdellidan tentatively identified as H.
truncatus has been found to live on threeindigenous
Caridina shrimp species on Miyako Island of
Ryukyu in the southern Japan (Fujita et al.,
unpubl.). Therefore, it has been postulated that
branchiobdellidans might also occur in nearby
Taiwan, as the island is rich and abundant in
freshwater atyid shrimps and close geographical
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proximity to both southern China and southern
Japan.

Studies on taxonomy and diversity of
oligochaetes in Taiwan and its adjacent islands
have been focused on terrestrial forms, and 72
speci es and subspecies of megadriles (earthworms)
have been reported (Tsai et al. 2009). On the
other hand, 26 species of aquatic microdrile
oligochaetes comprising 25 naidids and one
enchytraeid have been recorded from Taiwan
(Cheng 1995; Yu et al. 1995; Erséus and Hsieh
1997; Hsieh et al. 1998, 1999; Lin et al. 2005;
Linand Yo 2008a, 2008b; Lin et al. 2008). These
aguatic forms have been found in lowland areas
including brackish estuaries and urban rivers
mainly from pollution and ecologically related
studies.

When we collected freshwater shrimps in
searching for branchiobdellidans in Taiwan, we
also collect benthic samplesto identify free-living
freshwater microdrile oligochaetes. This paper
briefly describes our findings on branchiobdellidans
and microldrile oligochaetes collected from
Taiwan.
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Material and Methods

Branchiobdellidan and microdrile oligochaete
specimens were collected from two streams and
one pond in the northwestern part of Taiwan (Fig.
1). The branchiobdellidans were collected from
shrimps sampled, and the oligochaetes were
collected with a dipnet (mesh size, 190 pum) by
scooping it through aquatic vegetation and bottom
sediments. Substrate samples and shrimp specimens

|

Shihtan, Miaoli Co.

Sinshe, Taichung Co.

werefixed ina10% formalin solution at collection
sites. Inlaboratory the oligochaetes were separated
from the sediments and the branchiobdellidans
from the shrimps under a dissecting microscope.
The specimens were washed thoroughly in distilled
water, dehydrated in a graded series of ethanol-
water solutions, cleared in methyl salicylate, and
mounted in Canada balsam on slides. Some of the
slide-mounted specimens are deposited at the
Endemic Species Research Institute (ESRI).

— 25°N

— 24°N

Minchien, Nantou Co.

23°N

22°N

120°E

121°E 122°E

Fig. 1. A map of Taiwan showing the collecting sites (solid circles).
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The Taiwanese Neocaridina shrimp has
traditionally been identified as N. denticulata
denticulata (Kubo 1938), but its’ taxonomic
(specific or subspecific) status remains controversial
(Cai 1996; Liang 2004; Nishino and Niwa 2004;
Shih and Cai 2007). Therefore, we regarded the
shrimps as Neocaridina spp. Taxonomy of families
and subfamilies of the oligochaetes follows the
classification system of Erséus and Gustavsson
(2002) and Erséus et al. (2008). In descriptions
of species, segmental numbers are expressed by
Arabic numerals for branchiobdellidans but by
Roman numerals (= ganglionic numbers) for
aquatic oligochaetes, according to the currently

accepted usages for the two taxa (Brinkhurst and
Gelder 2001).

Systematic accounts

Class Clitellata
Order Branchiobdellida
Family Branchiobdellidae Grube, 1851
Holtodrilus truncatus (Liang, 1963) (Fig. 2)

Stephanodrilus truncatus Liang, 1963: 565-567,
fig. 4.

Holtodrilus truncatus Gelder and Brinkhurst,
1990: 1320-1321, fig. 3; Niwa et al., 2005:
685-686, fig. 1; Niwa and Ohtaka, 2006:
182-185, fig. 2.

300 pm

Fig. 2. Holtodrilus truncatus from Sinshe, Taichung Co., Taiwan: A. lateral view of whole specimen

(fixed); B. jaws; C. genital organs; D. cocoon; b, muscular bursa; ga, glandular atrium; ma, muscular

atrium; sp, spermatheca; vd, vas deferens.

Material examined. - Twenty mature
specimens (one of the slide mounted specimens

was deposited at ESRI as ESRI-OA0001) from

90 host shrimp Neocaridina spp. collected on 10
September 2008 from a stream with a gravel-
sandy bottom and submerged vegetation dominated
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by Egeria densa Planch in Sinshe, Taichung
County (24°14'N, 120°48'E); 10 mature and 20
immature specimens from 12 Neocaridina spp.
and 61 Caridina pseudodenticulata Hung et al.,
1993, collected on 11 September 2008 from a
stream with a gravelly bottom but no vegetation,
Miaoli County (24°28'N, 120°53'E).

Brief description. - Living primarily in
branchial chamber of host. Body terete, brownish
transparent when living. Body length (mature)
1.3-2.6 mminfixed state (Fig. 2A). No peristomial
lobe or dorsal segmental appendage. Dorsal lip
slightly longer than the ventral. Head 0.20-0.28
mm inwidth, wider than that of segment 1. Posterior
attachment disc 0.16-0.21 mmin diameter. Segments
1-6, triannulate, middle annulus shortest. Dorsal
and ventral jaws similar in shape and size; each
triangular, about 25-35 pm in width at base, with
a large median tooth and three pairs of small
lateral teeth, sometimes one lateral tooth missing
or added (Fig. 2B). Two vasa deferentia entering
glandular atrium entally in segment 6 (Fig. 2C).
Glandular atrium tubular, 180 um in length and
50 um in diameter, prostate gland absent. Muscular
atrium terete, 110 uminlength, leading to conical
penis surrounded by muscular bursa. Spermatheca
in segment 5, duct 130 um long with a spherical
bulb, 50 pm in diameter (Fig. 2C). Cocoons
spherical to ovoid in shape, 0.4-0.6 mm in height
and 0.35-0.55 mm in width, with asmall process
dorsally and peduncle cemented onto gill surface
(Fig. 2D).

Remarks. - H. truncatus was originally
placed under the genus Sephanodrilus Pierantoni,
1906 (junior synonym of Cirrodrilus Pierantoni,
1905) on the host shrimp Neocaridina denticulata

sinensis (Kemp, 1918) from Sichwan in Hunan
Province of China(Liang 1963). It was subsequently
reported from Shaoguan in Guangdong Province
from the same species of the host shrimp by Liu
(1984). Gelder and Brinkhurst (1990) transferred
the species to anew monotypic genus Holtodrilus,
because of its unique taxonomic characters.
Morphological charactersof the specimenscollected
from Taiwan agreed closely with those described
by Liang (1963) and Gelder and Brinkhurst (1990).
This study confirmed that H. truncatus lives
primarily in branchial chamber of the host shrimp
as noted by Liu (1984) in China.

This paper reports the first record of H.
truncatus from Taiwan. Besides it was found on
Neocaridina shrimps (Liang 1963; Liu 1984),
it was also found on a new host Caridina
pseudodenticulata. H. truncatus was found at two
out of the five sampling sites where Neocaridina
and/or Caridina shrimps were found together.
These two shrimps occurred sympatrically at
Shihtan, Miaoli County where H. truncatus and
its cocoons were found on both shrimps. This
phenomenon was anticipated as branchiobdellidans
are known to live on many species of crayfishes
(Gelder et al. 2001).

When the North American red swamp crayfish
P.clarkii (Girard, 1852) carried the branchiobdellidan
Cambarincola mesochoreus Hoffman, 1963 was
introduced into northern Italy, C. mesochoreus
was later found on the sympatric native crayfish
Austropotamobius pallipes (Lereboullet, 1858).
In turn, two endemic branchiobdellidans,
Branchiobdella hexodonta Gruber, 1883 and
Branchiobdella parasita Henle, 1853, on native
A. pallipes were also found later on theintroduced
P. clarkii (Gelder et al. 1999).

In Yunnan Province of China, a shrimp-
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associated branchiobdellidan Caridinophilus
unidenswas recorded from Caridina yunnanensis
Yu, 1938 by Liang (1963). Recently, a
branchiobdellidans tentatively identified as H.
truncatus on Miyako Island, Japan, was found on
three sympatric Caridina shrimps. Caridinarubella
Fujino and Shokita, 1975, C. rapaensis Edmondson,
1935, and C. typus H. Milne Edwards, 1937 (Fujita
et al., unpubl.). Brinkhurst and Gelder (2001)
suggest that all crayfishes appear to be potential
hosts for branchiobdellidans. A similar case of
the shrimp-branchiobdellidan association was
found in Taiwan. It still remains aquestion whether
the Taiwanese population of H. truncatusisnative
or introduced.

Order Tubificida
Family Naididae Ehrenberg, 1828
Subfamily Naidinae Ehrenberg, 1828
Chaetogaster diaphanus (Gruithuisen, 1828)
Nais diaphana Gruithuisen, 1828; see Brinkhurst
and Jamieson (1971) for synonymsand references.

Material examined. - Oneimmature specimen
(ESRI-OA0002) and another immature specimen
collected from astream in Sinshe, Taichung County
(same collection data as for H. truncatus).

Brief description. - Body transparent, 0.8-1.5
mm long. Number of segments in zooids 9.
Prostomium inconspicuous with narrow and
truncated anterior end in fixed state. Dorsal chaetae
absent. Ventral chaetae 6-8 per bundlein segment
I, 144-190 umin length, longer than thosein VI;
each with nodulus proximally, with upper tooth
longer but as thick as the lower tooth; absent in
I11-V; 4-6 per bundlein VI, 62-74 um long, with
nodulus medially and longer upper tooth.

Remarks. - C. diaphanus is characterized
by having long ventral chaetae in segment I1. It
isacommon and widely distributed species found
not only in freshwater but also in brackish water
environments (Brinkhurst and Jamieson 1971).
In Taiwan, this specieswas recorded from Taichung
City by Lin and Yo (2008a).

Nais pardalis Piguet, 1906
Nais bretscheri var. pardalis Piguet, 1906; see
Brinkhurst and Jamieson (1971) for synonyms
and references.

Material examined. - One immature
specimen (ESRI-OA0003) and another immature
specimen were collected from a stream in Sinshe,
Taichung County (same collection data as given
for H. truncatus).

Brief description. - Body length 1.2-2.0 mm
in fixed state. Number of segmentsin zooids 16.
Prostomium rounded. Eyes present. Dorsal chaetae
starting from segment VI and consisting of a
96-144 um long smooth hair and a45-56 um long
needle. Needles in bayonet-shape with nodulus
distally and two fine, parallel, teeth of equal sized.
Ventral chaetae 2-4 per bundlein 11-V, 70-83 um
in length, longer, thinner and straighter than those
inthe foll owing segments, with median or proximal
nodulus, and upper tooth longer and thinner than
lower tooth; in the following segments 2-5 per
bundle, 61-72 pm long, with distal nodulus, and
upper tooth as long as or slightly shorter but
thinner than lower tooth.

Remarks. - Although N. pardalis has ventral
chaetaein segments after VI, that are often enlarged
with longer upper teeth (Brinkhurst and Jamieson
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1971), the two specimensfrom Taiwan have normal
chaetae only. It isacosmopolitan naidine species.
(Brinkhurst and Jamieson 1971). Nais pardalis
reported herein constitutesthefirst record of this
species from Taiwan.

Dero digitata (Muller, 1773)

Naisdigitata (coeca) Mdiller, 1773; see Brinkhurst

and Jamieson (1971) for synonymsand references.

Material examined. - Three immature
specimens (one slide specimen deposited as ESRI-
OA0004) collected from mud surface from a
vegetable farm pond in Minchien, Nantou County
(23°52'N, 120°42'E); one immature specimen
from a stream in Sinshe, Taichung County (same
collection data as for H. truncatus).

Brief description. - Body length 4-10 mm
in fixed state. Number of segmentsin zooids 24.
Prostomium bluntly conical. No eyes. Dorsal
chaetal bundles beginning in segment V1, consisted
of a 160-240 pum long smooth hair and a64-77 um
long bayonet-shaped needle. Needle chaetae with
distal nodulus and short bifurcate teeth; upper
tooth longer than but as thick as lower tooth.
Ventral chaetae 4-6 per bundle in 11-V, 104-118
pm in length, longer and thinner than thosein the
following segments; each with proximal nodulus
and long bifurcated distal teeth of which upper
tooth longer, than and as thick as lower tooth.
Ventral chaetae in the following segments, 3-5
per bundle, 71-88 um long, with distal nodulus
and upper tooth aslong as and thinner than lower
tooth. Branchial fossa has 4 pairs of gills.

Remarks. - D. digitata is a cosmopolitan
species (Brinkhurst and Jamieson 1971). It was

recorded from Taichung County, Taiwan by Lin
and Yo (2008a).

Pristina proboscidea Beddard, 1896
Pristina proboscidea Beddard, 1896; see Brinkhurst
and Jamieson (1971) for synonymsand references.

Material examined. - Oneimmature specimen
(ESRI-OA0005) and two immature specimens
collected from astream in Sinshe, Taichung County
(same collection data as for H. truncatus).

Brief description. - Body length 1.5-2.0 mm
in fixed state. Number of segments in zooids
14-16. Prostomium forming a proboscis. No eyes.
Dorsal chaetal bundles beginning in segment |1,
consisting of hairs and needles. Doral hairs 2-4
per bundle, 192-230 um long, serrated. Dorsal
needles straight, 2-3 per bundle, 40-48 um long,
simple-pointed, without nodulus. Ventral chaetae
5-8 per bundle, 56-64 pum long, with nodulus
medially to distally; upper tooth longer and as
thick as or slightly thinner than lower tooth.

Remarks. - P. proboscidea has been recorded
from South America, Africa, South and East Asia,
and Australia (Brinkhurst and Jamieson 1971).
In Southeast Asia its predominant habitat was
recorded as submerged vegetation from Central
Kalimantan, Indonesia (Ohtaka et al. 2006). This
paper givesthefirst record of thisspeciesfrom Taiwan.

Pristina amphibiotica Lastockin, 1927

Pristina amphibiotica Lastockin, 1927; see
Brinkhurst and Jamieson (1971) for synonyms
and references.

Material examined. - Oneimmature specimen
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(ESRI-OA0006) collected from stream bed in
Sinshe, Taichung County (same collection data
as for H. truncatus).

Brief description. - Body length 1.3 mmin
fixed state. Number of segments in zooids 23.
Prostomium conical with rounded apex without
proboscis. No eyes. Dorsal chaetal bundles starting
in segment |1, consisted of hair and needle chaetae.
Dorsal hairs smooth, 1 or occasionally 2 per
bundle, 105-256 um long. Dorsal needles in
bayonet-shape, 1-2 per bundle, 48-64 um long,
with distal nodulus and parallel teeth of which
upper tooth distinctly shorter and much thinner
than lower ones. Ventral chaetae 4-6 per bundle,
46-56 um long; those in anterior segments with

A

alittledistal nodulusand upper tooth alittle longer
but as thick as lower tooth; those in posterior
segments with distal nodulus and upper tooth
shorter and thinner than lower tooth.

Remarks. - P. amphibiotica has been recorded
from Europe, Africa, China, Indonesiaand Japan
(Brinkhurst and Jamieson 1971; Ohtaka 2001,
Ohtaka and Nishino 2006; Ohtaka et al. 2006).
Thisisthefirst record of the speciesfrom Taiwan.

Pristina synclites Stephenson, 1925 (Fig. 3)
Pristina synclites Stephenson, 1925; see Brinkhurst
and Jamieson (1971) and Kathman and
Brinkhurst (1999) for synonymsand references.

20 ym f)'llll} E
|

Fig. 3. Pristina synclites from Minchien, Nantou Co., Taiwan: A. lateral view of anterior part of body;
B. apart of dorsal hair chaetain an anterior segment; C. dorsal needle chaeta in an anterior segment; D.
ventral chaetain an anterior segment; E. ventral chaeta in a posterior segment.

Material examined. - Oneimmature (ESRI-
OA0007) and 20 immature specimens collected

from a pond in Minchien, Nantou County (same
collection data as for Dero digitata).
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Brief description. - Body lengthupto 7 mm
long in fixed specimens, forming a chains of
zooids. Number of segments in zooids 21-70.
Prostomium forming a short proboscis (Fig. 3A).
Dorsal hairs 1 or occasionally 2 per bundle,
195-340 um long, finely hispid except for smooth
proximal portion (Fig. 3B). Dorsal needles bayonet-
shape, 1-2 per bundle, 64-88 um long, with weak
nodulus and long, bifurcated distal teeth of which
upper tooth alittle shorter than lower tooth (Fig.
3C). Ventral chaetae in anterior segments 4 or
occasionally 5 per bundle, 70-80 um long, with
almost median nodulus (Fig. 3D); thosein posterior
segments 2-4 per bundle, 64-72 pm long, with
distal nodulus (Fig. 3E). Upper tooth in ventral
chaetae as long as and thinner than lower tooth
in all segments.

Remarks. - P. synclites closely resembles P.
americana Cernosvitov, 1937 by having distinctly
hispid dorsal hairs, and the Taiwanese specimens
of the former might be assigned to the latter.
However, we assigned the specimensto P. synclites,
because the distal teeth in the ventral chaetae are
equally long for all segments (Stephenson 1925;
Sperber 1948; Torii and Ohtaka 2007). They
differed from P. americana by having the upper
tooth shorter than lower one in segments after |V
(Sperber 1948). Hispid hairs have not been recorded
in P. synclites, but surface condition of hair chaetae
may vary (Chapman and Brinkhurst 1986), and
thus, they are not regarded as areliable character
for the speciesdistinction. P. syncliteswasoriginally
described from India (Stephenson 1925) and
subsequently recorded from Africa (Brinkhurst
and Jamieson 1971), continental China (Wang
and Cui 2007), North America (Kathman and
Brinkhurst 1999), Kalimantan (Ohtakaet al. 2000),

Okinawa and Honshu islands, Japan (Torii and
Ohtaka 2007) and Taichung County, Taiwan (Lin
and Yo 2008a). This species was abundant in the
shallow muddy bottom of thefarm pond inthisstudy.

Subfamily Tubificinae Vejdovsky, 1876
Limnodrilus hoffmeisteri Claparéde, 1862
Limnodrilus hoffmeisteri Claparéde, 1862; see
Brinkhurst and Jamieson (1971) for synonyms

and references.

Material examined. - A mature specimen
(ESRI-OA0008) collected from apond in Minchien,
Nantou County (same collection data asfor Dero
digitata).

Remarks. - The specimen of L. hoffmeisteri
examined had a “plate-topped” penis sheath
(Brinkhurst and Jamieson 1971). The speciesis
usually found in eutrophic or organically polluted
waters (Ohtakaet al. 1990) and is a cosmopolitan
and common tubificine in the world (Brinkhurst
and Jemieson 1971). It has been repeatedly recorded
from Taiwan (Erséus and Hsieh 1997; Hsieh et
al. 1998, 1999; Lin et al. 2005; Lin and Yo 2008za;
Lin et al. 2008) from heavily polluted estuaries
(Erséus and Hsieh 1997) and urban freshwaters
(Lin and Yo 2008a).

Aulodrilus japonicus Yamaguchi, 1953
Aulodrilusjaponicus Yamaguchi, 1953: 298-300,
fig. 12, pl. 7, figs. 5-7.

Material examined. - Animmature specimen
(ESRI-OA0009) collected from apondin Minchien,
Nantou County (same collection dataasfor Dero
digitata).
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Brief description. - Body length 9 mm in
fixed state. Number of segments 31 with posterior
1 mm being chaetal ess. Prostomium short conical.
Dorsal chaetal bundles consisted of hairs and
crotchets, both beginning on segment II; hair
chaetae smooth, 2-9 per bundle, 112-180 pm long;
forsal crotchets 5-11 per bundle, 72-107 um long,
with distal nodulus and upper tooth split into
several fine teeth which are much thinner and
shorter than single lower tooth. Ventral chaetae
bifurcated crotchets, 6-11 per bundle, 80-100 pum
long, with distal nodulus and upper tooth about
half aslong as and much thinner than lower tooth.
Upper part of the shafts in dorsal and ventral
crotchets protruded laterally.

Remarks. - A. japonicusresemblesA. pluriseta
(Piguet, 1906) by having dorsal hairs beginning
on segment 11, no modified genital chaetae, and
independent male pores. Brinkhurst Jamieson
(1971) once dubiously synonymized the two
species. However, A. japonicusis distinguishable
from A. pluriseta by having unique multifold
upper teeth in the dorsal crotchets and more
posterior position of the midgut, and thus, it should
be regarded as a distinct species (Van der Hoek
and Verdonschot 2005; Timm and VSivkova 2007).
In East Asian A. japonicus is widely distributed
in Japan (Ohtaka, unpubl.), the Ryukyu islands
(Ohtaka 2003), Lake Hankain Amur basin (Timm
and Vsivkova 2007), and China mainland (Wang
and Cui 2007). Its distributional range may be
Holarctic because A. japonicus has been often
confused with A. pluriseta in the Netherlands
(Van der Hoek and Verdonschot 2005), Estonia
(Timm and VSivkova 2007) and probably in North
America (Ohtaka, unpubl.). A. japonicus reported
herein isthefirst confirmed record of the species

in Taiwan. A. pluriseta previously reported by
Linand Yo (2008a) from Taichung County might
be A. japonicus; the specimens need to bere-examined.

Discussion

Holtodrilus truncatus has recently been
reported to live on Neocaridina shrimpsin Kinki
District, Central Japan (Niwa et al. 2005). Its
occurrence in Japan was thought to be an
unintentional introduction al ong with theimportation
of the host shrimp for fish bait from China. This
area of Japan is famous for leisure fishing and
large amounts of Neocaridina shrimpsare routinely
imported (Niwa and Ohtaka 2006). In addition,
live alien shrimps are available as “cleaners”
for ornamental aquariaviainternet sales and from
many of local aquarium shopsin Japan. Thealien
shrimps have gradually become widespread
(Nishino and Ikeda, unpubl.), leading to afurther
distribution of symbiotic branchiobdellidansinto
non-native area. Theinternational trade of shrimps
isalso popular in Taiwan (Fisheries Agency 2007)
and for the same reasons it is probable that H.
truncatus was introduced to Taiwan along with
the importation of its host shrimps.

The introduction of branchiobdellidans on
their commercial hosts to Taiwan and Japanese
islands is speculative. However, it is equally
possible that the branchiobdellidan species
tentatively identified asH. truncatus, from Miyako
Island (Fujitaet al., unpubl.) isnativeto theisland.
Thisinterpretation is supported because its hosts
are indigenous Caridina shrimps (C. rubella, C.
rapaensis and C. typus) in three isolated wells
according to Fujita (pers. comm.) and no shrimp
are known to have been introduced recently onto
the island. This line of reasoning would suggest
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that H. truncatus on shrimps had already become
established before the islands of Miyako and
Taiwan became separated from the Chinamainland.
No shrimp introduction has been confirmed from
outside of the islands. However, Miyako Island
is close to Taiwan, and therefore, it is possible
that H. truncatus is indigenous to Taiwan and
closely related to the population on Miyako Island.
Further taxonomic and phylogenetic studies of
these branchiobdellidans are needed to clarify the
origin and biogeographical history of the Taiwanese
population.

Incorporating the present records into the
past inventory of Taiwanese oligochaetes (Tsai
et al. 2009), the number of the aquatic microdrile
oligochaetesrecorded from Taiwan and its adjacent
islandsincreases to 30 species. Erséus and Hsieh
(1997) point out that the brackish oligochaete
fauna of Taiwan is rather poor, and suggest that
the Taiwanese oligochaete faunais not drastically
different from that of continental China (Erséus
and Hsieh 1997). However, Taiwan has some
unigue aguatic environments not encountered in
China that need to be explored, such as high
mountain ranges with rapid flowing streams and
coral reefs facing on the Pacific Ocean. Further
studies are required to reveal the full extent of
the unique diversity of aquatic oligochaetes on
the island.
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Vol. 1, No. 1 (January 1999)
Population Dynamics and Activity Patterns of the Formosan L eaf-nosed Bat (Hipposideros
terasensis) iNthe NaNtOU ATa..........occuueiiiiee e e e ear e e e e Hsi-Chi Cheng
On the Current Status of Field Population of Formosan Fruit Bat (Pteropus dasymallus
FOPIMOSUS) ..ttt Liang-Kong Lin and Kurtis Pei
Population Structure of Acrossocheilus paradoxus Ginther (Cyprinidag)............ccccvveveeeeiennnnnn.
.......................................................... Mai-Chen Tseng, Tzen-Yuh Chiang and Jiang-Ping Wang
The Butterflies Resource of Central TaiWan...........ccccvveeeiiiiiieeeiiieeee s ciiree e s Yaw-Long Yang
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Environmental Impact Assessment of Check Dams with Evaluation of the Function of Fishways
in the Wushykeng CreeK...........ccccevevnnne. Shi-Tsang Chang, Teh-Wang Lee and Suan-Huang Lee
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A Survey of Crop Raiding by the Formosan Macaque (Macaca cyclopis) in Central Taiwan.......
....................................................................................................................... Shih-Wei Chang
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Oligochaeta) in Talwan..............ooeveevvvvinnvnnnns Chu-FaTsai, Huei-Ping Shen and Su-Chen Tsai
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Daily Activity Budgets of the Taiwan Ferret Badger (Melogale moschata subaurantiaca) in
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The Occurrence, Distribution and Relative Abundance of Exotic Starlings and Mynas in Taiwan
.......................................................................................................................... Ruey-Shing Lin
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Cetrarioid Lichens (Parmeliaceae, Ascomycoting) of Taiwan..........ccccceveevriveeeeniennn. Ming-Jou Lai
Cotoneaster subadpressus Y i: A New Record to the Flora of Taiwan............ccccccvvvvviiniiiniiinninnn.
....................................................................................... Kwo-Shang Lai and Tsung-Hsin Hsieh
Feeding Habit of the Formosan Black Bear (Ursus thibetanus formosanus) in Captivity.............
......................................................... Chieh-Chung Yang, Kuang-Jeng Liaw and Fu-Hsiung Hsu
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.................................................................... Wen-Hao Chou, Ming-ChiaLeeand Hon-Tsen Yu
The Current Status of Captive Clouded Leopardsin Taiwan...........cccceeeeueeee. Lin-Ling Changchien
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Analysis of the Earthworm Outbreaks after Chichi Earthquake..............ccccovveeiiiiciiienee e,
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Three New Records to Amanitae of Taiwan.....Chien-Ming Chen, Jen-Jye Peng and Tzy-Chau Lin
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Earthworm Fauna of the Lanyu Island (Botel Tobago)............... Huei-Ping Shen and Chu-Fa Tsai
Benthic Macro-Invertebrate Community in the Tatu Estuary and Its Relation to Heavy Metal
(©0] g1 (=] o] £ PP PRSP Ching-YuLiou
Using a Digital Video System to Study Pupation and Emergence of the Firefly Pyrocoelia analis
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Winter Diet of the Short-eared Owl Asio flammeus (Pontoppidan) at the Augu Farm and the Tatu
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Mitochondrial DNA-sequences of Wild and Captive Asian Black Bears (Ursus thibetanus
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Remote Sensing Analyses for the Land-cover Changes in the Coastal Zone of the Choshui
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