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4% 1. Program MARK Workshop f§ %

Program MARK Workshop

May 11-15, 2009, Central Michigan University, Mt. Pleasant, Michigan

This introductory-level workshop will provide research biologists and graduate
students with the basic background to understand the main-stream analyses performed
by Program MARK and the familiarity with the program to perform these
analyses. Participants will learn the basics of parameter estimation with likelihood
theory, model selection with Akaike's Information Criterion (AIC), and the binomial
and multinomial distributions. The Cormack-Jolly-Seber (CJS) mark-recapture, band
(tag or ring) recovery, known fate, and closed captures models will be covered in
detail. More advanced models will be described so that participants will understand
the benefits of these models, but those models would not be covered
extensively. Use of covariates, including individual covariates, will be covered with
the closed capture and known fate models.

The clientele for this workshop are biologists and graduate students that have some or
limited prior experience with Program MARK and will need to estimate abundance or
vital rates from mark-recapture data in the near future. Untutored analysis of
personal mark-recapture data sets in the evenings at the workshop lab will be possible
following each day of instruction. Possession of data sets eligible for analysis in
MARK is not a requisite (but it is advantageous). Questions and problems stemming
from preliminary analysis of a mark-recapture data set will be the focus on the last
workshop day. Those without questions stemming from analysis of their own data do
not have to attend all of the last day of the workshop.

Format of the workshop will be a combination of lectures and computer lab
exercises. The workshop will start on Monday morning, 8:00am, 11 May 2009, and
end Friday 15 May at noon (with time during Friday afternoon to address specific user
questions). Evening use of MARK in the lab facility will be available to facilitate
exploration of MARK and use with personal data sets.

Attendees should bring their own notebook computers. We will be using a
computer lab, so if you do not have your own notebook then please indicate this on
the registration form. If bringing your own notebook be sure that you have the
administrative privileges to install MARK on the notebook that you bring.
Registration cost for the 1-week workshop is $555. This fee includes all course
materials, CD with Program MARK and supporting documentation and examples,
facilities for the workshop, and morning and afternoon refreshments. Other costs
(including travel, lodging, and meals) will be the responsibility of the workshop
participants.
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http://welcome.warnercnr.colostate.edu/%7Egwhite/mark/mark.htm

Instructors:

Primary: Gary C. White

Secondary: TBA

Registration Form:

Access registration form or contact Tracy Galarowicz (989.774.1336,
galarlti@cmich.edu) or Tom Gehring (989.774.2484, gehriltm@cmich.edu).
Registration is due April 27.

This workshop will be limited to 18 people, so that the instructors will have plenty of
time to interact with students and answer questions.

Travel and Lodging Information:

You should not need a car in Mt. Pleasant if you stay at one of the hotels near
campus. The computer lab (101 Brooks Hall) is 3/4 mile from the Super 8 Motel
(989-773-8888), where a block of rooms (ask for “Program MARK” rooms) has been
set aside for workshop participants at a rate of $68/night. Housing is also available
on campus in one of CMU’s residence halls for $33/night. Contact Tracy
Galarowicz (989.774.1336, galarlti@cmich.edu) or Tom Gehring (989.774.2484,
gehriltm@cmich.edu) for travel and lodging information.

Helpful Links:

Program MARK

Central Michigan University
Mt. Pleasant, Michigan
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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

Key words: Hypothymis azurea, nesting success, nest-site characters, nest predation, Taiwan
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hypothesis) HI| 7 B SE L5 — B (E B B R i %
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et al. 1991)
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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.
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Tt 9% St 2 ) B2 5 L A EL e LA 2 AL 1Y i
1 (Dendrocalamus latiflorus) ~ #E iR (Euphoria
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(Macarangatanarius) ~ ||| Jiifi(Tremaorientalis) ~
A (Ficusseptica) ~ 7K[A] A (Ficusfistulosa) ~
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K/ INEFR(Christella acuminata) £ 3 -

T s PRELRRS B A A P E

1 2007 4 Kz 2008 FEfy 3-8 H » B 1-2 if
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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
road, m) » DL K (- —) 5 B i T 2 SRV R 0K
REEE(DSBULD, distanceto nearest building,
m) o

i~ BRI AT
At 5% FI| 5 i 3l i (logistic regression,

Hosmer and Lemeshow 2000) 7K 43 #f1 5% T 8% 5

B R i s A B 36 5 BLAE B Re i3 Y

72 5o 0 K| F EA S B G b 5T 1% (information-

theoretic approach, Burnham and Anderson 2002)
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A [ oy £ T RE(LURRAT 75 ) B FEAT
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(7R)7K 5 (water resource) = & Bil iz 3T K Y BE
it (DSWAT) ;

(£) NG B2 (human activity) @ DLUEL Bl &5
AT 38 % 1) K 7T Bl (DSROAD) Jr 3 Bil i it
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weights (wi) (Burnham and Anderson 2002) = 2

e o WITEAEITIG - SR E AR Y AlCe
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HRA R - FrEMET T LLSAS, version



SV A Y% B ERFZE(TW J. of Biodivers.) 12(1): 29-42, 2010 35

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
5 36 {1E(62%) » A7 8 K pil i B (27 {1 -
75%) » RRNFER.Z(5 i » 13.9%) » H At [X]
FHE 4 (11.1 %) o A[EFE Kk M —ME
9 H HA S B Rk D Bk s A R T B (L ogistic
regression test; f.H » df = 1, x2 = 0.175, p =
0.675; F&EH »df =1,x2=1.17, p=0.279) -

Fe M CHE LURHBA 73 A ~ BB oy A7 Bl
T 15 I G R R AT B TR AT ER 1% - B AR
WIRERR AN R 1 o DIGAJE B GR I FE 1A e TR L
B o FHUS HEATEER M (AAICe = 0) ez 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 NSTb 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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Appendix 1. Measurements (mean + SD; ranges in parentheses) of nest-site characterslMediand ranges)

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)
DBH (cm)
Canopy covers (%)
Diameters of support branches (mm)
Thickest twigs
Thinner twigs
Means
Distances from stem (m)
Nest heights (m)
Distances of nest from foliage edge (m)
Distances to nearest road (m)
Distances to nearest building (m)

Distances to nearest road (m)

8.25+ 4.87 (7, 1.4 - 20)

16.13 + 17 (8.76, 1.8 -77.39)

79.39 + 6.29 (80.6, 67.08 - 90.48)

7.68+ 2.39 (6.83, 4.2 -12.15)
461+ 1.57 (4.15, 2.45 - 8.25)
6.14 + 1.78 (5.54, 3.55 - 8.25)
1.62+1.25 (L5, 0- 5.4)
4.23+252(4.3,09- 12)
2.35+1.32(2.1,06-5.2)
145.25 + 270.12 (17.5, 0 - 900)
290.75 + 380.97 (90, 3 - 1500)

89.16 + 89.96 (65, 0 - 280)

5.77£2.99 (6, 1.3- 12)
10.71 + 9.36 (8.28, 0.8 - 42.68)

76.75 + 9.78 (79.04, 56.68 - 92.3)

6.97 + 2.06 (6.95, 3.05 - 10.6)
4.21+1.71(3.65, 1.95 - 8.85)
559+ 1.63 (5.78, 2.9 - 8.88)
117 +1.05(1,0- 45)
3.32+164(34,1-68)
1.55+0.99 (1.5, 0.2 - 4.5)
217.91 + 612.77 (5.3, 1.5 - 2600)
692.15 + 1287.82 (250, 10 - 5000)

116.31 + 112.81 (65, 0 - 420)
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Abstract

The on-going Hushan Reservoir construction project in Yunlin County of the central-west Taiwan
will provide additional water supply for local and regional economic development, but it will
inevitably result in loss and fragmentation of wildlife habitats, causing severe negative effects on local
environments. In order to mitigate such negative effects, the strategies that have been taken by the
project are to minimize wildlife habitat destruction during the construction and to restore the habitats
in the neighboring areas. The objectives of this study were 1) to establish an avian conservation
priority ranking system for the Hushan Reservoir Area, 2) to identify avian target species for the
conservation, and 3) finally to propose conservation measures for increasing carrying capacities of the
target species. With considering references available, taxonomic status, population status, distribution
patterns, life cycles, environmental requirements, and vulnerability to the disturbance from the
construction for all (97) native species of the birds found in the area, we built an avian conservation
priority ranking system, using New Zealand’s system as the core framework with those of IUCN,
NatureServe, Partners in Flight, and Bird Studies Canada as the references. Twenty five species were
identified as the target species for the system. Of them, 21 species were forest dependent. Accordingly,
we concluded that top priority for the avian conservation in the Hushan Reservoir Area is to restore



lowland broadleaf forests to increase habitat diversity for the target species. We also suggested to
preserving riparian vegetation and grasslands along streams, protecting nesting sites at the banks, and
avoiding disturbance of breeding activities of the birds during the construction.
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improvement) » #p i AT Peid Y FlP LR R AR R T2 EfE e A AR LR R AR
PEEABRBPEEGRAY (MBI AP BN LIRS Z AWGRE 4 feF g 3 L@ 2005; ¢
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Table 1. Used habitat types and ranking of conservation priorities based on the conservation priority

ranking system for target avian species in the Hushan Reservoir Area

Chinese names Scientific names g;ajt;istat ;Z?Sslation ;I;zﬁ?snomic Threats  Vulnerability ;T;?és
TEHFg Lophura swinhoii Forest 4 3 2.67 3.6 13.27
- %L RgeE Arborophila crudigularis Forest 4 3 2.33 3.8 13.13
* E8 Oriolus traillii Forest 4 2 3 34 124
AT Urocissa caerulea Forest 2.67 3 4 1.6 11.27
g kg Myiomela leucura Water 2.67 2 3 3.2 10.87
% Treron formosae Forest 4 2 1.67 3 10.67
A R Rallina eurizonoides Forest edge 4 2 2 2.6 10.6
i A Pomatorhinus erythrogenys  Forest 3 2 2.33 3.2 10.53
o] Pomatorhinus ruficollis Forest 2.33 2 3 3.2 10.53
wEE Accipiter virgatus Forest 3.33 2 2.67 2.4 10.4
8 2] Myophonus insularis Water 2.33 3 1.67 3.2 10.2
= k38 Turnix suscitator Grassland 2.67 2 2 34 10.07
G Alcippe brunnea Forest 2.33 2 2.67 3 10
Nd g Pitta nympha Forest 3 1 3 3 10
qE Alcedo atthis Water 3 1 2.33 3.6 9.93
2 V.88 Hypothymis azurea Forest edge 3 2 2.33 2.6 9.93
¥4 Chalcophaps indica Forest 3.33 1 2.33 3.2 9.87
] Abroscopus albogularis Forest 3 1 3 2.8 9.8
8 Treron sieboldii Forest 2 2 2.8 9.8
¥ g Garrulax poecilorhynchus Forest 3 2 2 2.8 9.8
BELE Accipiter trivirgatus Forest 3 2 2.33 24 9.73
R Spilornis cheela Forest edge 3 2 2.33 2.4 9.73
fickd Glaucidium brodiei Forest edge 3 1 2.33 3.2 9.53
N F Acridotheres cristatellus Farmland 3 2 3 14 9.4
2R Alauda gulgula Grassland 3 1 2.67 2.4 9.07
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Table 2. A comparison of the scores for various criteria of the conservation priority ranking system
between the target species group and the non-target species group of forest type birds in the Hushan

Reservoir Area (Kruskal-Wallis Test; H-values; P-values, probability)

Target species group Non-target species group
H P
Median  Average rank Median Average rank
Population Distribution 3 241 2 134 10.38  0.001*
status Abundance 3 23.2 2 14.1 7.75 0.005
Population trend 4 20.1 3 16.4 1.39 0.239
Taxonomic status 2 224 1 14.7 5.87 0.015
Threats Habitat loss 3 20.5 2.5 16.1 2.07 0.15
Hunting 3 22.3 2 14.8 5.13 0.024
Invasive species 1 21.3 1 15.5 7.53 0.006
Vulnerability Diet specificity 2 17.5 3 18.4 0.06 0.802
Habitat specificity 3 23.1 2 14.2 8.14 0.04
Reproductive specificity 2 20.7 2 15.9 2.14 0.144
Reproductive sensitivity 3 23.6 2 13.8 8.54 0.003
Movement 3 21.4 3 154 3.15 0.076

*Bold numbers, significant difference at or less than 5% level.
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Fig. 1. The Hushan Reservoir Area located in the eastern part of Linnei Township, Doulieu City and

Gukeng Towhship of Yunlin County.
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Appendix Il. References of avian characteristic database of the Hushan Reservoir Area
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Appendix 1. A list of the bird species found at different habitat types in the Hushan
Reservoir Area

] AR 2k B L AEH
Habitat Types  Target species group Non-target species group
2L g A "2 ¥4 (Lophura swinhoii) L 4= g¢ (Stachyris ruficeps)
+ 4| (Forest - 4 L ag+4(Arborophila crudigularis) & APk ~ (Megalaima nuchalis)
type) 4 E(Oriolus traillii)  ¥g(Bambusicola thoracicus)
o % ©48(Urocissa caerulea) + # 4 %8(Otus spilocephalus)
i Eg % +8(Treron formosae) % % /4 (Erpornis zantholeuca)
+ #4ef (Pomatorhinus erythrogenys) 4 48 (Columba pulchricollis)
°|- 44+ (Pomatorhinus ruficollis) °|- ¥ & (Dicrurus aeneus)
& JE(Accipiter virgatus) % § (Pyrrhula erythaca)
#f & 42 (Alcippe brunnea) %% %P (Zosterops japonicus)
~ ¢ g (Pitta nympha) % p % & (Alcippe morrisonia)
¥ ¥ +5(Chalcophaps indica) 2 % Jr % (Gorsachius melanolophus)
+ % 8 (Abroscopus albogularis) 48 (Dendrocitta formosae)
% g (Treron sieboldii) /|- vk 4 (Dendrocopos canicapillus)
z v 4 (Garrulax poecilorhynchus) . & $z (Pericrocotus solaris)
B £ £ /& (Accipiter trivirgatus) 7 *1 /& (Accipiter soloensis)

% % Jf (Butastur indicus)

. #§(Zoothera dauma)

® 4 §g(Cuculus saturatus)

7 * #8 (Turdus chrysolaus)

&7 178 (Phylloscopus borealis)

ik s %, grfe-Fr(Rallina eurizonoides) o Tk BB+ 4G (Spizixos semitorques)

(Forest 2 - F88(Hypothymis azurea) i 2 48 (Hypsipetes leucocephalus)

edge type) = ¥ (Spilornis cheela) ‘ez 44 (Cettia diphone)
#8%8(Glaucidium brodiei) 3 E 48(Phoenicurus auroreus)

7 18 (Monticola solitarius)

4 w2 $g(Muscicapa griseisticta)




'f‘]’ﬁ“ "I, @4k B % 5\_3» ’]‘éffv Z*’LFT‘_‘;&'] ‘E} %;ﬁ_ gﬁ_(ﬁi)

Appendix I11. A list of bird species found at different habitat types in the Hushan
Reservoir Area (cont.)

i 5 CAEN RER E N e R

Habitat Types  Target species group Non-target species group

&l v E g§(Myiomela leucura) v g #-Fg(Amaurornis phoenicurus)
(Water o /8% v& g8 (Myophonus insularis) % 3 ¥ (Butorides striata)

type) # 5 (Alcedo atthis) v %848(Motacilla alba)

A %48 (Motacilla cinerea)

+ 4§48 (Motacilla flava)

Az %k #g(Gallinula chloropus)
1z 7 & (Riparia paludicola)

‘| ¢ ¥ (Egretta garzetta)

& ¥ (Nycticorax nycticorax)

/|- % 3¢ #8(Charadrius dubius)
¥ v ¥ (Egretta intermedia)
#5338 (Actitis hypoleucos)

7 % (Ardeola bacchus)

% 7k 3¢ /(Charadrius alexandrinus)

¥ae g 1% = &t 3§(Turnix suscitator) ¥ ‘= B (Paradoxornis webbianus)
(Grassland I Z ‘& (Alauda gulgula) =2 48 3 (Prinia crinigera)
type) + B % & 3 (Cisticola exilis)

#a2¢ 48 3 (Prinia inornata)

< % (Lonchura punctulata)

v *L< £ (Lonchura striata)

* £ 48 8 (Prinia flaviventris)

# % & # (Cisticola juncidis)

= %  (Acrocephalus orientalis)
R A /- @ # (Apus nipalensis)
(Village %k @& # (Apus pacificus)
type) %3 (Hirundo rustica)

7 "3 (Cecropis striolata)

# 3 (Hirundo tahitica)
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Appendix Il1. A list of bird species found at different habitat types in the Hushan
Reservoir Area (cont.)

o %7 [N E RN R

Habitat Types  Target species group Non-target species group

FUx 3l & = = #r# (Delichon dasypus)
(Village Jir % (Passer montanus)

type)

B R ~ & (Acridotheres cristatellus) + % £ (Dicrurus macrocercus)
(Farmland 7k 57 52§ (Streptopelia chinensis)
type) 2 4 @4 (Lanius schach)

# 8 (Glareola maldivarum)

Az k04 (Lanius cristatus)

v E¢ 33 (Pycnonotus sinensis)

iz g (Streptopelia tranquebarica)
% (Buteo buteo)

%= & (Falco tinnunculus)

+ # ¥ (Bubulcus ibis)

R A £ % »g(Streptopelia orientalis)
(Diverse # 3% % (Halcyon coromanda)
habitat 4F & %§(Otus bakkamoena)
type) L1 #g(Scolopax rusticia calliope)

# ¢ ¥ 3 (Phylloscopus fuscatus)
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PR AT 36 (5T 2007-2008 £ FEL W] o [IZFRERAD HR S 7
FRE [0 e i L ES(Hypothymis azurea) K4 i % i i1« BURREBSELFIFO 9t 2
IHEEPC [P PP Uy B S SE ST 5 66.9£0.88mm

58.6+0.83mm ~ 52.8+0.70mm ~ 45.1+0.52mm ~ 67.3+2.22mm * 29.9+0.98mm - £ Hidz



EIE[JE 3.3g (SE = 0.17) - Wﬁik'ﬂ%’*'ﬁg%l uf)\]ﬁ B3 FJJ]E}JIE[JH'[IE[} £,
100% » pAifAZEIfY 72.2% o B ERTVRAA 5090 FIATAR G £} #(100%) -
(100%) ~ AT+ (83.3%) ~ [~} /7 7 HA(Icerya purchasi) (72.2%) ~ A3 (66.7%) % /|- A

Fi(Marasmius spp.)fxiani N (58.3%)% -

Abstract

We measured and examined building materials of 36 nests of the black-naped
monarch (Hypothymis azurea). They were collected from a hilly area covered
predominantly with bamboo forests and secondary growth broad-leaf trees in the
west-central Taiwan, 2007 to 2008. The measurements (mean + SE, mm) were 66.9 +
0.88 for the maximum nest diameters, 58.6 + 0.83 for the minimum nest diameters, 58.6 +
0.83 for the maximum cup diameters, 45.1 + 0.52 for the minimum cup diameters, 67.3 +
2.22 for the nest depths and 29.9 + 0.98 for the cup depths. The dried nest weights were
3.3 £ 0.17g. Bamboo leaves were found in all the nests, occupying 72.2% of the dried
nest weight; they were the most important nest building materials. The other materials
that occurred more than 50% of nests were moss (100%), silk (100%), barks (83.3%),
cottony cushion scale (Icerya purchasi) (72.2%), tree leaves (66.7%), and horse-hair
fungus (Marasmius spp.) (58.3%).

g L {9 FLEI - fitt

Key words: Icerya purchasi, Marasmius, nest materials, nest measurements, Taiwan
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h’able 1. Measurements of 36 black-naped monarch (Hypothymis azurea) nests from Linnei
Township and Douliou City, Yunlin County in west-central Taiwan, 2007 to 2008

Nest characteristic Mean + SE Median Range

Weight (g) 3.3%£0.17 3.1 1.51-5.58
Maximum nest diameter (mm) 66.9 + 0.88 67.4 47.6 - 80.7
Minimum nest diameter (mm) 58.6 + 0.83 59.6 42.9 - 64.6
Maximum cup diameter (mm) 52.8+0.70 51.9 45.8 - 65.2
Minimum cup diameter (mm) 45.1 £0.52 45.1 35.7-50.2
Nest depth (mm) 67.3+2.22 66.7 40.3-954
Cup depth (mm) 29.9 +0.98 28.9 15.6 -42.5




P 2. 2007-2008 & SRR SR 2| ]S B AR Hypothymis: azurea) £
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Table 2. Occurrence (%), weight (g) and weight proportion (%) of the material items for
36 black-naped monarch (Hypothymis azurea) nests collected from Linnei Township and
Douliou City, Yunlin County in west-central Taiwan, 2007_to 2008

Occurrence Weight

Material items % Mean £ SE (g) %

Bamboo leaves 100 72.2+9.29 72.2
Moss 100 8.4+1.21, 8.4
Silk 100 1.2+0.20 1.2
Barks 83.3 14.0 +2.45 14.0
Cottony cushion scale (Icerya purchasi) 72.2 0.5+0.08 0.5
Tree leaves 66.7 72.2+9.29 4.9
Horse-hair fungus (Marasmius spp.) 58.3 49+1.34 3.6
Inflorescence 47.2 3.6+£0.83 3.0
Fruit stalks 22.2 3.0£154 0.7
Plant stems 8.0 0.7+£0.31 0.3
Others 44.4 1.0+0.39 1.0
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Fig. 1. A bowl-shaped nest (upper figure) and a cup-shaped nest (lower figure) of the
| black-naped monarch (Hypothymis azurea).
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| Fig. 2. An inner-structural layer of a black-naped monarch (Hypothymis azurea) nest.
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ISR ~ 91T > TR e PR LY I (0 = 36)

| Appendix 1. Materials found in different parts of the 36 nests of the black-naped monarch
(Hypothymis azurea) from Linnei Township and Douliou City, Yunlin County in

| west-central Taiwan, 2007 to 2008

Nest parts Material items

Attachment area Silk
Moss
Outer layer Moss
Tree leaves
Silk
Cottony cushion scale (Icerya purchasi)
Others
Outer structural layer Bamboo leaves
Barks
Tree leaves
Plant stems
Inflorescence
Fruit stalks
Others
Inner structural layer Horse-hair fungi (Marasmius spp.) hypha

Bamboo leaves
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Distribution Patterns and Macrohabitat Characteristics of Endemic
Bird Species in Taiwan

ABSTRACT

An understanding of species’ distribution and monitoring of potential changes in
biodiversity are essential factors for the development of management conservation
strategies; however, long-term data bases are usually scarce. We combined two bird
inventories conducted in 1999-2003 and 1993-2004, and extracted data for 17
endemic bird species to identify individual and specific features of their distributions
in Taiwan. We used eight environmental variables, including elevation, annual total
precipitation, monthly mean temperature, warmth index, percentage of forest density,
mean normalized difference vegetation index, percentage of building area, and road
density to define the macro-habitat characteristics of each species. According to
species’ occurrences, the 17 species were classified as common (being present in >500
grids), uncommon (180-500 grids) or rare (<180 grids). The Mikado’s Pheasant
(Syrmaticus mikado), as a rare species, had the lowest occurrence records, while the
Taiwan Barbet (Megalaima nuchalis), as a common species, had the highest. Each
species had a specific distribution pattern. These 17 species occupied heterogeneous
elevation and climatic conditions. They favored habitats with high vegetation, at an
average forest density and NDVI of 90.3% and 0.42. They were tolerant of less
human disturbance, with a mean 0.44% building area and 10.1 m/ha road density.
Canonical correspondence analysis indicated that elevation, monthly mean
temperature, and warmth index had the highest correlation with species distribution,
with axis 1 accounting for 57.5% of the distribution. These results demonstrated the
potential usefulness of bird survey data for providing insight into species distribution
patterns. These techniques could be used by ecologists, governmental agencies, and
the public for further research and to aid policy-making.

Keywords: biodiversity inventory, macrohabitat, canonical correspondence analysis,
endemic bird species

INTRODUCTION

Understanding the relationship between a species and its environment provide the
foundations for ecology and conservation management. This information provides the
basis for early stage conservation programs and can help in the development of
possible solutions to specific conservation issues (Goldsmith 1991; Thomas 1996;
Watson 2005). Many studies have indicated that types and qualities of habitats, which
display spatial heterogeneity, are critical factors affecting the quantity and distribution
of species (Harrison and Quinn 1989; Kindvall 1996; Franken and Hik 2004,
Armstrong 2005; Schooley and Branch 2007). An appropriate type of habitat can
provide a species with a stable living space in which to maintain its population. It can
also enable a declining species to recover. In contrast, an unsuitable habitat
compromises the survival of the species. By understanding the features affecting
species distribution, we can therefore determine the preference of a species for a
particular habitat, and how it uses that habitat. We can then apply this knowledge to
conservation strategies.

An endemic species is one that appears only in a single area. Such species are
usually found in nonadjacent geographical units, such as islands or other defined areas



(Gaston 1994). Endemic species around the world vary due to species differences and
through their adaptations to different continents. Some areas have few endemic
species, while others have hundreds or even thousands of them. Because endemic
species require higher quality environments and appear only in specific regions, local
people have a greater awareness of current crises regarding the endangered status of
endemic species (Lamoreux et al. 2006; Malcolm et al. 2006). The conservation of
endemic species thus draws the attention of people worldwide, irrespective of the
number of endemic species in a certain region.

Taiwan is located at the junction of the tropical and sub-tropical zones, and thus
has diverse climates, geographies, and ecological environments (Fig. 1). There are
about 560 known bird species in Taiwan, and birds therefore comprise the largest
faunal group, after insects. According to the 6™ edition of Clements Checklist of the
Birds of the World, Taiwan has 15 endemic bird species (Clements 2007). In this study,
we also accepted the Taiwan Barbet (Megalaima nuchalis) and the Taiwan Hwamei
(Garrulax taewanus) as endemics of Taiwan, based on the studies of Li et al. (2006)
and Feinstein et al. (2008) (Table 1). It is speculated that Taiwanese endemic species
have evolved since the development of the strait separating Taiwan from the
Euro-Asia Plate. Their endemism has prompted ecologists to investigate their ecology,
including their distribution, richness, and behavior.

This study analyzed the distribution patterns and found the macrohabitat
characteristics of the 17 Taiwanese endemic bird species using data from long-term
bird surveys conducted over the past 12 years. Moreover, we analyzed the overlapping
distributions among these species by spatial analysis. The aim of the study was to
improve our knowledge of the distributions of the various endemic bird species.

MATERIALS AND METHODS

Species sampling

Bird records were obtained from two bird inventory projects conducted in
1999-2003 (Koh et al. 2006) and 1993-2004 (Hsu et al. 2004). Both projects
collected data throughout the year. Sample sites were chosen based on several layers
of global information system information, including elevation, ecoregion, vegetation,
and road distribution. Each sample site was sampled at least once each season. Some
sample sites were sampled only once or twice, owing to the difficulty of access or
other specific needs. Observers recorded species, abundance, distance, behavior, and
sex (by appearance or song), if possible, of all the birds seen and heard during the
sampling period. They also recorded the time, geographic coordinates, and elevation
using a hand-held global positioning system receiver. Koh et al.’s study was based on
transect sampling, while that of Hsu et al. used road sampling. The transect sampling
technique involved a 1500-m-long transect with 10 sampling points 150 m apart. Each
sampling point was observed for a 6-minute period. The road sampling technique
involved covering a distance of 3 km at a walking speed of 1.5 km/hour, without
stopping at any specific points. Although the two bird inventories used different
sampling methods, the records of species occurrences can still be used to determine
species distributions. We extracted records for the 17 endemic bird species and
transferred the point data to a 1-km? grid system for further analyses.

Spatial analysis
To identify factors associated with species distribution, we focused on eight



general environmental variables. These variables were separated into four categories:
topography, climate, vegetation, and human disturbance. Elevation was the only
topographical variable and was derived from digital elevation measurements with a
40-m resolution. Annual precipitation, mean yearly temperature and warmth index
were the climate variables. The first two of these were calculated from meteorological
monitoring records taken from 1959 to 1985 by the Central Weather Bureau. The
warmth index was calculated from the accumulated mean monthly temperature values
above 5°C. Vegetation variables included percentage of forest density and mean
normalized difference vegetation index (NDVI), and were generated from a SPOT
mosaic image taken in 2002. The percentage of building area and road density were
used to represent the level of human disturbance and were calculated based on reports
of the Ministry of the Interior, Taipei, Taiwan, in 2000. Canonical correspondence
analysis (CCA) was used to assess the relative importance of individual
environmental variables.

RESULTS

A total of 21,264 records were recorded for the 17 endemic bird species (Table 1).
Records of individual species ranged from 75-5,717. After transfer to the grid system,
the number of grid squares with evidence of each species ranged from 30-1,657. The
Mikado’s Pheasant (Syrmaticus mikado) had the lowest occurrence, which led to its
being categorized as a rare species in Taiwan and listed in IUCN Red List Category in
2009 as a near-threatened species. The Taiwan Barbet (M. nuchalis) had the highest
occurrence; this common species lived predominantly at low-mid elevations. The 17
species were classified as common, uncommon or rare, based on their occurrences.
Ten endemic bird species were defined as common, being present in >500 grids. Five
species were uncommon, and two were rare, present in 180-500 and <180 grids,
respectively (Table 1).

Each species generally exhibited a specific distribution pattern, especially in terms
of topographical and climatic variables. All species favored habitats with high
vegetation, at an average forest density and NDVI of 90.3% and 0.42, and less human
disturbance, with a mean 0.44% building area and 10.1 m/ha road density. The
detailed distributions of each species were as follows (see example in Fig. 2).

Common species

The Taiwan Partridge (Arborophila crudigularis) was found in the mountains of
central Taiwan, where it occurred in broad-leaved forest at 18-2,630 m. This was an
area of moderate annual precipitation, temperature, and warmth index (average annual
precipitation; 2758 mm [1670-4950 mm]; average temperature; 17.15°C [9.5-23.8°C];
average warmth index; 172°C [54-226°C]). Most of the birds were found in areas of
higher forest density and NDV1 values, principally at 80%—-100% forest density and
0.4-0.5 NDVI. They chose habitats with almost no buildings and with a road density
of <100 m/ha.

The Taiwan Barbet had a very large range, from 0-3000 m elevation, though most
observations were <1000 m elevation. Their preferred habitats were moist and hot
areas: average annual precipitation; 2546 mm (1304-5400 mm); average temperature;
20.13°C (8.8-24.8°C); warmth index; 181.6°C (20-238°C). Vegetation was not as
critical as for other species, and they were recorded at all levels of percentage of
forest density and at a wider range of NDVI values. They also could tolerate relatively



high human disturbance, up to 82.2% building area and 220.5 m/ha road density.

Most records of the Taiwan Hwamei were at low elevations, <375 m, with 2386.2
mm annual precipitation (1204-4425 mm), 21.4°C mean temperature (8.8-24.8°C),
and 197°C warmth index (50-238°C). Like the Taiwan Barbet, they were distributed
at all levels of percentage of forest density and had a wider range of NDVI values;
they also lived in areas of higher human disturbance, 0%-64.1% building area and
0-241.7 m/ha road density.

The White-whiskered Laughingthrush (Garrulax morrisonianus) was found at the
second highest elevation, 2363.2 m (1674-4261 m), second only to the Flamecrest
(Regulus goodfellowi). They occupied areas with very high variations in annual
precipitation, 1674-4261 mm, and lower mean temperature and warmth index
(average temperature; 11.8°C [6.5-22.7°C]; average warmth index; 82.2°C
[30-212°C]). They favored forest densities >82% and areas of 0.3-0.6 NDVI values.
In terms of human disturbance, the White-whiskered Laughingthrush was recorded in
regions with <7% building area and with 67 m/ha road density.

The White-eared Sibia (Heterophasia auricularis) was a fairly common species.
They appeared at 0-3000 m in elevation, mostly within the range 1500-2500 m, and
usually inhabited broad-leaved forest or broad-leaved forest mixed with grass and
shrubs. Their climatic limitations were 1674-4950 mm annual precipitation,
6.5-22.7°C mean temperature, and 82.2°C warmth index. They were more common in
areas of 80%-100% forest density and 0.3-0.5 NDVI values. The average building
area for the White-eared Sibia habitat was 0.25%, and the average road density was
8.4 m/ha.

The Steere's Babbler (Liocichla steerii) had a wider range, occurring in the
mountains at 100-3155 m elevation, and frequently in broad-leaved forest bottom or
thick bushes. They also inhabited various climatic areas with annual precipitation
ranging from 1674-4950 mm, 9-23.8°C mean temperature, and 52-226°C warmth
index. The average percentage of forest density was 94%, and NDVI ranged from
0.1-0.6. The percentage building area peaked at 0%-5% and road density was 0-71.7
m/ha, averaging 7.8 m/ha.

The Taiwan Yuhina (Yuhina brunneiceps) was found in temperate forest, mostly at
1500-2500 m elevation. They are closely related to the White-eared Sibia and both
occupied similar habitats: 1612-4950 mm annual precipitation (2774.4 mm);
6.7-23.8°C mean temperature (15.3°C); 32-226°C warmth index (124.3°C);
7.04%-100% forest density (93.4%); 0.1-0.6 NDVI (0.4); 0%—42.7% building area
(0.2%); and 0-163.8 m/ha road density (8.2 m/ha).

The Styan’s Bulbul (Pycnonotus taivanus) was mainly found in eastern Taiwan on
the coastal plains. They occurred in low-elevation forest, at an average elevation of
282.3 m (3-2321 m), and in a wide variety of habitats including secondary forest,
scrub, agricultural areas, and gardens. The distribution of the Styan’s Bulbul peaked in
areas of 2000-2400-mm annual precipitation, 18-24°C mean temperature, and
200-240°C warmth index. The Styan’s Bulbul differed from other species in
occupying all percentages of forest density, where the NDVI range was 0-0.64. They
seemed to be less affected by human disturbance. The average building area was 1.5%
(0%-42.8%), and road density could be up to 153.14 m/ha.

The Formosan Whistling-Thrush (Myiophonus insularis) was distributed in the
middle- and low-elevation mountains, often alone beside streams, near rocks, or in
wet woodland. Their occurrence decreased with increased elevation from 100 m to
2764 m. Their climatic preferences were in line with the overall environment in
Taiwan, although they were more numerous in areas with 2000-3400 mm annual



precipitation, 14-24°C mean temperature, and 100-240°C warmth index. The
forest-density range was 3.5%-100% (average; 89%), and NDVI was 0-0.6 (average;
0.4). The Formosan Whistling-Thrush chose areas with almost no buildings and <100
m/ha road density.

The Collared Bush-Robin (Tarsiger johnstoniae) lived at an average elevation of
2283 m, in the middle- and high-mountains. Its habitat was often characterized by
around 3000-mm annual precipitation, colder temperatures, and lower warmth indices
(average annual precipitation; 3080 mm [1674-3861 mm]; average temperature;
12.3°C [6.5-23.8°C]; average warmth index; 88°C [30-226°C]). They favored areas
with >80% forest density and NVDI values of 0.3-0.6. Their distribution was limited
by human disturbance and they were found in areas of <5% building area and 40 m/ha
road density.

Uncommon species

The Formosan Magpie (Urocissa caerulea) had a restricted range, below 1500 m
in elevation. They lived in stable climatic conditions, with an annual precipitation of
2000-3500 mm, 14-24°C mean temperature, and 100-220°C warmth index. Although
they favored areas of higher percentage of forest density, the NDVI values were
relatively low, only 0.2-0.5. The most human disturbance they could tolerate was
0%-10% building area and 15 m/ha road density.

The Yellow Tit (Macholophus holsti) occurred in primary broad-leaved forest and
occasionally in secondary growth at 800-2200 m. Its habitat was usually marked by
moderate annual precipitation, lower temperatures, and lower warmth indices
(average annual precipitation; 2832 mm [1674-4011 mm]; average temperature;
15.1°C [9.8-23.8°C]; average warmth index; 120.8°C [60-226°C]). They preferred
areas of higher percentage of forest density and NDVI, 80%-100% and 0.3-0.6,
respectively. The two indices of human disturbance were low; 0.4% for building area
(0%-42.7%) and 6.9 m/ha for road density (0-163.8).

The Taiwan Barwing (Actinodura morrisoniana) was found in areas of high
elevation, at an average elevation of 2000 m (1500-2500 m). Its habitat had an annual
precipitation of 2400-3600 mm, and relatively low mean temperature, 13.8°C
(9-22.7°C), and warmth index, 103.8°C (52-212°C). Most of the records were from
areas of high percentage of forest density (>90%) and moderate NDVI (0.4-0.6). This
species endured the least human disturbance of all the 17 species, occurring only in
areas with <6.28% building density and an average 5.3 m/ha road density.

The Taiwan Bush-Warbler (Bradypterus alishanensis) occurred more widely than
the other uncommon species. It appeared at elevations of 147-3422 m, at an average
of 2200 m, in the vicinity of bamboo grassland, or dense bush. The preferred ranges
of annual precipitation, mean temperature, and warmth index were 2027-4374 mm,
6.7-23.8°C, and 32-226°C, respectively. They occurred mostly in areas of
80%-100% forest density and 0.4-0.5 NDVI values. They had a relatively low
tolerance of human disturbance, choosing areas with almost no buildings and <5 m/ha
road density.

The Flamecrest was found in medium- and high-elevation coniferous forest and in
broad-leaved mixed forest at high elevations, mainly at 2000-3600 m. Its average
elevation (2551.1 m) was the highest of all the endemic bird species. Its habitat had an
annual precipitation of 20004000 mm, an average temperature of 11.2°C (the coldest
for all 17 species), and an average warmth index of 75.8°C. However, its distribution
with regard to vegetation and human disturbance was similar to those of other species;
80%—-100% forest density, 0.3-0.5 NDVI, 0%-5% building area, and 0-20 m/ha road



density.

Rare species

The Swinhoe's Pheasant (Lophura swinhoii) was recorded at mid-elevations in
dense primitive forest, at 100-2457 m. It appeared more in areas with average annual
precipitation of 2868.1 mm (1674-5124 mm), average temperature, 14°C
(10.5-23.8°C), and average warmth index of 141.7°C (68-226°C). It was mostly
found in areas of high forest density and NDVU values, principally at 80%-100%
forest density and 0.4-0.5 NDVI. More records were obtained in less-disturbed areas
with almost no buildings and low road densities.

The Mikado's Pheasant (Syrmaticus mikado) was confined to the mountains of
central Taiwan, especially at 1800-2500 m elevation in virgin, broad-leaved mixed
forest or coniferous forest. Of the few records in recent years, most were in areas with
mean annual precipitation of 2825.1 mm, temperature of 13.7°C, and warmth index of
105.3°C. Suitable habitat for the Mikado's Pheasant was in areas with 90%-100%
forest density, 0.4-0.6 NDVI, <10% building area, and <20 m/ha road density.

According to CCA analysis, elevation, monthly mean temperature, and warmth
index showed the highest correlations with species distribution (Fig. 3). Axis 1
accounted for 57.5% of the distribution, and axis 2 for 9.8%. The six species scattered
in the lower right corner (the Mikado's Pheasant, the Taiwan Barwing, the Taiwan
Bush-Warbler, the Collared Bush-Robin, the White-whiskered Laughingt Thrush and
the Flamecrest) were those affected most by elevation. The four species, scattered on
the left side (the Styan’s Bulbul, the Taiwan Hwamei, the Taiwan Barbet and the
Formosan Magpie) were those affected more by monthly mean temperature and
warmth index. The other species were similarly affected by all these variables.

DISCUSSION

Better understanding of species’ distributions based on long-term monitoring data
bases are especially valuable for species whose populations are declining, or who are
naturally reclusive and so difficult to observe. In the study, we analyzed the presence
or absence of the species and the habitat factors associated with their unique
distributions. However, further studies are needed to analyze changes in populations,
communities, or distributions during the monitoring periods. Also, further data
collection and analysis of long-term trends will improve our understanding of changes
in species populations and distribution shifts (Christian et al. 2009; Chari et al. 2003).
Greenwood (2003) reported that a long-term monitoring survey carried out in the
United Kingdom, started over 20 years ago, aroused public awareness and contributed
to successful conservation efforts when the program demonstrated declining
populations. Thus, long-term monitoring data can play an essential role in biological
research.

The environmental variables we used to understand species general distribution
patterns in this study (i.e. topography, climate, vegetation, and human disturbance)
were based on Chapin et al.’s opinions (2002). Obviously, species distribution and
habitat characteristics have strong relationship. Choosing appropriate and specific
environmental indicators to describe species distribution patterns is fundamental and
critical. Chapin et al. (2002) pointed out that five independent control factors,
including climate, parent material, topography, potential biota, and time, set the



bounds for the characteristics of an ecosystem. We believed that these eight
environmental variables can structure a broad framework for species distribution and
Taiwanese endemic bird species ecosystem. According to our results, these variables
did help us to clarify the distribution patterns and the macrohabitat characteristics of
Taiwanese endemic bird species.

Besides, we set up a clear definition by a grid system for the categories of bird
species population in the study instead of general cognition. These categories can be
used for all bird species in Taiwan.

Although elevation, monthly mean temperature, and warmth index showed the
highest correlations with all species distributions, however, the results of the CCA did
not indicate any differences between species categories, i.e., environmental variables
had similar effects on the distributions of common, uncommon, and rare species.
Specifically, the Flamecrests were greatly affected by elevation, having the most
restricted elevation and smallest range of distribution of all the species (data not
shown). It preferred natural coniferous forests as its habitat and activity areas (Chen
and Wang 2008), and the distribution of this forest type is simultaneously affected by
elevation. Moreover, the Flamecrests showed little movement to lower elevations in
winter. Their body size and song mean they are easily observed in specific areas. Thus,
the correlation between elevation and the Flamecrest occurrence may be higher than
in the other 16 endemic bird species.

The relationship between human disturbance and Taiwanese endemic bird species
occurrence showed a similar pattern for each species, with birds choosing areas with
less building area and lower road density. This focuses attention on the biological
effects of human disturbance, which has accelerated in recent years (Moreno-Rueda
and Pizarro 2009). Because of the survey design, which involved limited use of
human and material resources, observers could arrive at the sampling sites by foot or
car, so potentially introducing bias by restricting the sampling of sites to those a short
distance from roads. However, all species demonstrated significant differences in
presence and absence between areas with different percentages of building areas and
different road densities (p <0.1). There is substantial evidence indicating that humans
negatively affect species richness (Balmford et al. 2001; Aradjo 2003; Burgess et al.
2007; Rangel et al. 2007; Moreno-Rueda and Pizarro 2009). Reduction, fragmentation,
and loss of habitats are the most obvious threats to species, and these habitat changes
can affect species genetics, populations, communities, and adaptations, even leading
to extinction. The threats to the Taiwanese endemic bird species and the challenges
caused by habitat destruction through human development therefore warrant attention.

However, these was a strong sampling bias in this study, with a long term period
to monitor different areas instead of the same areas, making it difficult to apply these
data in a spatial-temporal analysis. For example, the occurrence of the Styan’s Bulbul
(P. taivanus) has increased 1999-2003. According to its whole presence records, its
distribution had expanded from central-east Taiwan to south eastern and southern
Taiwan (data not shown). However, several factors may cause this result. The
sampling bias may have contributed to this apparent change in distribution. Human
development has also accelerated the gene flow between the Styan’s Bulbul and the
Light-vented Bulbul (Pycnonotus sinensis) (Lei et al. 2007), which can help the
Styan’s Bulbul to adapt different environment. In addition, climate change may have
significant effects for species distribution shift. It is really hard for us to know a
long-term distribution change of the Styan’s Bulbul. Therefore, in order to clarify a
species’ distribution change by the spatial and temporal change and to enhance the
value of bird surveys, we provided some suggestions for improvement in the next



paragraph.

Monitoring long-term population changes is an integral part of effective
conservation-oriented research and management, and is critical to the debate on the
current status of bird species. Ways to enhance the value of bird surveys have aroused
discussion in many groups (Sauer et al. 2005; Francis et al. 2005). Although no
consensus has yet been reached, most researchers believe that the analysis of
bird-survey data should provide a vitally important tool for monitoring bird
populations. Three possible sources of bias, including roadside effects, observer
effects, and analytical methods have been proposed not to ignore (Sauer et al. 2005;
Francis et al. 2005). Except monitoring in the same areas, we suggested that the bird
surveys used in this study could be improved in several ways: (1) increasing survey
coverage area; (2) setting additional goals; (3) estimating the effect of distance from
roadsides on detection rates. According to spatial images, choice of diverse habitat
and increased survey coverage are needed to understand species’ distribution
preferences. In the United States and southern Canada, surveys are restricted to
roadsides and detection rates, so increasing the bias of the data. Measures should be
implemented to reduce bias and so enhance the usefulness of the survey data.

In conclusion, long-term population monitoring across the range of a species
remains important for assessing the status of the species, identifying conservation
priorities, and placing regional population changes into context. Endemic species have
unique value and are representative indicators of a geographical region. These
endemic species should be further investigated to ensure their survival. Also, we need
to keep a high attention on their often-appeared macrohabitat.
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Table 1. List of 17 bird species endemic to Taiwan. The data were surveyed by point

counts and transferred to a 1x1-km grid system.

Number of  Number of
English Name Scientific Name Category points grids

Megalaimidae

Taiwan Barbet Megalaima nuchalis Common 5717 1657
Corvidae

Formosan Magpie Urocissa caerulea Uncommon 374 156
Paridae

Yellow Tit Macholophus holsti Uncommon 240 151
Phasianidae

Taiwan Partridge Arborophila crudigularis Common 767 408

Mikado's Pheasant Syrmaticus mikado Rare 75 30

Swinhoe's Pheasant Lophura swinhoii Rare 156 115
Pycnonotidae

Styan’s Bulbul Pycnonotus taivanus Common 2323 414
Sylviidae

Taiwan Bush-Warbler Bradypterus alishanensis Uncommon 259 135
Regulidae

Flamecrest Regulus goodfellowi Uncommon 305 112
Timaliidae

Taiwan Hwamei Garrulax taewanus Common 1088 482

White-whiskered Laughingthrush ~ Garrulax morrisonianus Common 665 207

White-eared Sibia Heterophasia auricularis Common 2500 779

Steere's Babbler Liocichla steerii Common 2510 673

Taiwan Yuhina Yuhina brunneiceps Common 2651 772

Taiwan Barwing Actinodura morrisoniana Uncommon 195 102
Turdidae

Formosan Whistling-Thrush Myophonus insularis Common 922 481

Collared Bush-Robin Tarsiger johnstoniae Common 517 202
Total 21264




Table 2. Macrohabitat characteristics of 17 endemic Taiwanese bird species and general habitat characteristics of the whole Taiwan.

Topography Climate \egetation Human disturbance
Elevation (m) Annual total Monthly Warmth Forest NDVI Building Road
Species precipitation mean index (°C)  density area (%) density
(mm) temperature (%) (m/ha)
(W9)
Common species
Taiwan Partridge
Mean 1162.04 2757.99 17.15 145.84 93.08 0.43 0.22 8.82
Median 1125.97 2765.00 17.17 146.00 97.97 0.44 0.00 0.00
Range 2611.77 3280.00 14.33 172.00 95.11 0.64 20.89 71.66
Interquartile range 932.98 696.00 4.67 56.00 7.22 0.13 0.02 14.49
Taiwan Barbet
Mean 564.31 2545.71 20.13 181.57 83.90 0.36 1.08 17.40
Median 415.37 2536.00 20.83 190.00 91.77 0.36 0.04 11.95
Range 2954.63 4096.00 16.00 188.00 100 0.64 82.19 220.45
Interquartile range 629.61 826.00 3.33 40.00 20.62 0.13 0.41 24.77
Taiwan Hwamei
Mean 373.15 2386.24 21.42 196.98 77.94 0.31 1.26 18.68
Median 276.28 2374.00 21.83 202.00 88.15 0.31 0.06 12.69
Range 2733.78 3221.00 16.00 188.00 98.95 0.57 64.06 241.65
Interquartile range 420.16 767.00 2.17 26.00 28.98 0.13 0.61 27.27
White-whiskered
|l aughingthrush
Mean 2363.24 3113.07 11.78 82.20 93.96 0.43 0.06 4.87
Median 2337.66 3173.00 11.50 78.00 98.28 0.44 0.00 0.00
Range 3607.21 2587.00 16.17 182.00 95.11 0.47 6.28 67.04
Interquartile range 706.33 725.00 2.50 32.00 5.90 0.10 0.00 7.89



White-eared Sibia

Mean

Median

Range

Interquartile range
Steere's Babbler

Mean

Median

Range

Interquartile range
Taiwan Yuhina

Mean

Median

Range

Interquartile range
Styan’s Bulbul

Mean

Median

Range

Interquartile range

| Formosan Whistling-Thrush

Mean

Median

Range

Interquartile range
| Collared Bush-Robin

Mean

Median

Range

1400.22
1424.70
3350.34
968.58

1623.92
1638.96
3057.66
799.11

1545.17
1587.37
3350.34
893.32

282.37
169.09
2317.89
259.01

876.69
720.31
2756.63
889.75

2283.20
2284.12
3607.21

2763.48
2736.00
3276.00
799.00

2815.80
2599.00
3276.00
758.00

2774.48
2735.00
3338.00
804.00

2167.77
2135.00
2482.00
338.00

2739.81
2712.00
3376.00
816.00

3080.49
3127.00
2187.00

16.10
16.00
17.50
4.50

15.00
14.17
14.83
4.16

15.35
15.17
17.17
4.33

21.76
22.17
13.83
1.50

18.25
18.83
13.83
4.67

12.29
11.92
17.33

133.24
132.00
198.00
54.00

120.10
110.00
174.00
50.00

124.29
122.00
194.00
52.00

201.08
206.00
164.00
18.00

158.99
166.00
166.00
56.00

88.06
84.00
196.00

92.84
97.68
95.11
7.85

94.00
97.85
95.11
6.97

93.54
98.10
92.96
7.40

74.27
82.58
95.49
341

89.07
94.79
96.52
13.43

93.49
97.55
95.11

0.43
0.44
0.62
0.12

0.44
0.43
0.52
0.11

0.44
0.44
0.57
0.12

0.37
0.39
0.64
0.17

0.40
0.40
0.62
0.12

0.44
0.44
0.47

0.25
0.00
42.73
0.00

0.13
0.00
20.90
0.00

0.23
0.00
42.73
0.00

1.59
0.10
42.75
0.72

0.52
0.00
42.73
0.15

0.07
0.00
6.28

8.41
0.00
163.77
13.89

7.78
3.72
71.66
13.89

8.19
0.00
163.77
13.73

28.56
20.63
153.14
37.58

10.24
2.01
163.77
16.00

6.04
0.00
67.04




Interquartile range 699.30 637.00 3.50 40.00 6.24 0.11 0.00 10.62
Uncommon species
Formosan Magpie
Mean 485.54 2960.00 19.83 177.92 86.98 0.37 1.06 15.04
Median 405.56 2992.00 20.17 182.00 93.55 0.36 0.06 9.42
Range 1479.91 3576.00 9.33 112.00 95.11 0.52 42.73 163.77
Interquartile range 439.38 938.00 2.50 30.00 13.36 0.11 0.32 21.18
Yellow Tit
Mean 1569.43 2831.66 15.06 120.80 94.38 0.45 0.41 6.91
Median 1622.12 2785.00 15.00 120.00 98.52 0.45 0.00 0.00
Range 2808.46 2337.00 14.00 166.00 95.11 0.48 42.73 163.77
Interquartile range 614.57 787.00 2.83 34.00 6.01 0.12 0.00 8.60
Taiwan Barwing
Mean 2043.27 3066.79 13.64 103.84 92.58 0.45 0.14 5.34
Median 2101.64 3107.00 13.42 101.00 98.63 0.46 0.00 0.00
Range 3008.52 2587.00 13.67 160.00 95.11 0.51 6.28 74.02
Interquartile range 596.73 800.00 3.00 36.00 6.11 0.12 0.00 6.87
| Taiwan Bush-Warbler
Mean 2200.09 2938.59 12.48 90.49 95.31 0.45 0.05 5.42
Median 2178.91 2810.00 12.17 86.00 98.91 0.45 0.00 0.00
Range 3275.10 2347.00 17.17 194.00 56.16 0.37 247 36.00
Interquartile range 968.64 848.00 2.66 32.00 5.83 0.10 0.00 8.13
Flamecrest
Mean 2551.13 3079.37 11.21 75.80 91.33 0.43 0.08 4.18
Median 2573.36 3107.00 11.00 72.00 96.72 0.43 0.00 0.00
Range 3329.01 1871.00 14.83 166.00 85.08 0.35 2.47 36.00
Interquartile range 654.13 725.00 2.34 38.00 10.56 0.08 0.00 3.14

Rare species
Swinhoe's Pheasant



Mean

Median

Range
Interquartile range

Mikado's Pheasant

Mean

Median

Range
Interquartile range

Taiwan

Mean

Median

Range
Interquartile range

1343.32
1388.67
2356.84
760.38

1918.11
2120.79
2879.17
622.82

741.67
381.04
3706.92
1193.68

2868.10
2898.00
3450.00
697.00

2825.10
2960.50
1863.00
688.00

2384.52
2323.00
4696.00
1057.00

16.80
16.50
13.33
3.67

13.74
12.75
13.17
3.50

19.56
21.17
18.67
6.00

141.70
138.00
158.00
44.00

105.27
93.00
156.00
42.00

174.78
194.00
212.00
72.00

94.73
99.33
95.11
4.44

93.99
99.84
95.11
4.37

70.15
90.40
100.00
58.00

0.46
0.46
0.46
0.12

0.42
0.44
0.44
0.13

0.32
0.34
0.65
0.24

0.09
0.00
6.28
0.00

0.29
0.00
6.28
0.00

2.39
0.02
83.61
1.18

5.81
0.00
67.04
8.23

9.48
4.57
67.04
16.87

22.75
9.33
288.83
35.58

NDVI = normalized difference vegetation index



Fig. 1 Location of Taiwan and total species occurrence records by grid representation.
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Fig. 2 Distribution patterns, using eight macrohabitat variables, of the Taiwan Yuhina
(Yuhina brunneiceps) in Taiwan. Each graph shows the preferred environmental
conditions (histogram) of the species, relative to the entire environmental range in

Taiwan (line).
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Fig. 3 Canonical correspondence analysis (CCA) of the 17 Taiwanese endemic bird

species by eight environmental variables.
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