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Research paper

Nest Site Selection of Urban Crested Goshawks in Taipei City

Y Lee-Lien Wang” Die-Hua Tsai” Han-Ching Hsieh”

Su-Wei Fu”?  Chao-Nien Koh™”

Ming-Tang Shiao

[ Summary ]

The Crested Goshawk (Accipiter trivirgatus) is currently the only diurnal raptor in Taiwan
that is expanding its breeding range from natural and rural habitats into urbanized areas. In order to
understand the characteristics of the breeding habitat of Crested Goshawks in the city, we searched
for their nests in trees of parks, campuses, and streets in the Taipei urban area by way of walk-
ing surveys, recorded the reproductive stage, and measured features at nest trees, the green space
where the nest tree was located, and macro habitat levels. For parks with no breeding records,
virtual nest trees were selected for the same measurements as a control group for comparison. In
2020 and 2021, 88 and 107 sampling sites were surveyed, and 10 and 12 Crested Goshawk nests
were recorded, respectively. Results of the study showed that on the macro habitat level, Crested
Goshawk nesting habitats in urban Taipei usually included large areas of forest cover, and forested
areas within radii of 300 and 150 m were influential predictors of Goshawk nest site selection. In
green spaces where Crested Goshawks nested, the nest sites were less urbanized (with lower cov-
erage of man-made pavement and greater distances from roads and buildings) and closer to stable
water sources. From the characteristics of the nest trees, compared to virtual nest trees of the con-
trol group, the diameter at breast height and crown diameter of nest trees of Crested Goshawk were
relatively smaller. Our findings suggest that in urban forest management, creating or maintaining
large areas of forests with small, available water sources in the environment will provide habitats
for breeding Crested Goshawks.

Key words: Accipiter trivirgatus, raptor, macro habitat, forest area, urbanization.
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Fig. 1. Study area in Taipei City, Taiwan. Boundaries of the administrative area are shown by dashed
lines. Crested Goshawk nest sites (black points) and non-occupied sites investigated during both of
2020 and 2021 (white points) and those investigated only during 2021 (gray points) are shown.
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Table. 1. The location type of Crested Goshawk’s nest sites and nest tree species in Taipei,

Taiwan in 2020 and 2021

Tree species

Site id Location
2020 2021

#01 Park® Ficus microcarpa Ficus microcarpa
#02 Park® - Ficus microcarpa
#03 Park Ficus microcarpa Ficus microcarpa
#04 Park - Ficus microcarpa
#05 Park Aleurites moluccanus Eugenia xanthocarpa
#06 Park Ficus microcarpa Liquidambar formosana
#07 Park - Ficus microcarpa
#08 School Ficus microcarpa Melaleuca leucadendra
#09 Street tree Ficus microcarpa Ficus microcarpa
#10 School Ficus microcarpa -
#11 School Mangifera indica Machilus zuihoensis
#12 Street tree Cinnamomum camphora Cinnamomum camphora
#13 Park Ficus microcarpa Ficus microcarpa

a Both nest sites were located in the same park.
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Table 2. Model selection results for elucidating factors determining the selection of nest sites by
Crested Goshawks in Taipei, Taiwan in 2020 and 2021 (» = 107). Models are ranked according
to Akaike’s information criterion corrected for small sample sizes (AIC,). The model with the
lowest AIC, value was considered the best supported. Abbreviations: k, number of parameters
in the model; Dev, deviance; AAIC,, difference between the AIC, of each model and the AIC, of
the best model; wi, relative support for each model within the set

No. Model K Dev AAIC, wi
1 ForestAreas, 2 40.2 0 0.34
2 ForestArea,, 2 40.2 0.01 0.34
3 ForestArea, s, + GrassArea,s, 3 39.5 1.39 0.17
4 ForestArea,, + GrassArea,, 3 39.7 1.68 0.15
5 ForestAreas, 2 58.9 18.76 0
6 GrassAreay, 2 66.7 26.47 0
7 GrassArea, s, 2 73.1 3291 0
8 Null model 1 79.2 36.89 0
9 GrassAreas, 2 78.5 38.34 0
A) (B)
1.00 1.00
2 0.75 0.75
g
<
=3
=)
Q
g 0.50 0.50
o
2
~
0.25 0.25
0.00 emmmsme ey oo 0.00 oo wm o

0 1 2 3 4

Forest area in a circle of the radius 150 m (ha)

0 2 4 6 8 10
Forest area in a circle of the radius 300 m (ha)

Fig. 2. Crested Goshawk occupancy probability taken from independent, supported models that
included the factor of the forest area in a circle of a radius of 150 m (A) and of a radius of 300 m (B).
Occupancy probability (black line), 95% confidence interval (gray shading), and factor values of
occupied/non-occupied sites (1, 0) (black points) are shown.
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Table 3. Mean, standard deviation (SD), minimum (Min), and maximum (Max) values of
variables of green spaces containing nests and nest trees measured at nest sites of Crested
Goshawks (n = 13) and non-occupied sites (» = 35) in Taipei, Taiwan in 2020 and 2021

Variable Occupation Mean SD Min Max
Pavement area (m’) Occupied 184.2 150.3 0.0 380.1
Non-occupied 271.5 135.9 0.0 380.1
Distance to buildings (m) Occupied 43.8 27.2 7.5 80.0
Non-occupied 232 15.2 7.0 78.0
Distance to sidewalks (m) Occupied 6.3 6.4 0.0 22.8
Non-occupied 32 3.6 0.0 15.1
Distance to roads (m) Occupied 23.8 34.8 0.0 131.0
Non-occupied 13.9 12.8 0.5 46.0
Distance to water (m) Occupied 169.4 141.6 38.0 519.0
Non-occupied 545.6 389.1 34 1420.0
Tree density (no. ha™) Occupied 240.9 116.6 79.0 473.7
Non-occupied 204.5 115.8 26.3 579.0
Tree height (m) Occupied 16.4 4.1 12.2 28.7
Non-occupied 14.2 2.8 10.6 22.1
DBH (cm) Occupied 59.8 15.9 334 81.8
Non-occupied 80.0 39.6 26.7 2279
Branch height (m) Occupied 34 13 1.0 5.4
Non-occupied 2.8 1.3 1.1 7.0
Canopy diameter (m) Occupied 10.8 33 6.6 18.3
Non-occupied 13.6 52 5.7 27.7

DBH, diameter at breast height.
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Table 4. Obtained components from the principal component analyses for the 2 variable sets:
green spaces where the nest trees were located and nest tree characteristics. Correlations

of each component with the original variables are presented, as well as the percentage of
variance explained by each one. Correlations exceeding 0.5 are represented in bold type

Green space component

UNURBAN TREEDE WATER SIDEWALK
Pavement area (m’) -0.51 0.28 -0.26 0.20
Distance to buildings (m) 0.54 0.10 -0.19 -0.34
Distance to sidewalks (m) 0.33 -0.07 0.21 0.89
Distance to roads (m) 0.49 0.13 0.31 -0.15
Distance to water (m) -0.28 0.20 0.86 -0.17
Tree density (no. ha™) 0.11 0.92 -0.12 0.10
Explained variance (%) 40.51 17.87 15.94 14.07
Nest tree components
DBHCA TREEHE BRANCH
Tree height (m) -0.21 0.77 -0.60
DBH (cm) 0.63 0.29 0.21
Branch height (m) -0.38 0.50 0.77
Canopy diameter (m) 0.65 0.25 0.06
Explained variance (%) 47.26 27.06 19.08

=~ BRI
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Fig. 3. Crested Goshawk occupancy
probability taken from the independent
general linear models (GLMs) for all
factors included in the best supported
models. Occupancy probability (black
line), 95% confidence interval (gray
shading), and factor values of occupied/
non-occupied sites (1, 0) (black points) are
shown.
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AT 47 07 332 152 PR T AR K B Sth B SR R T+ B3t T
REAEAHIR & T IS 8T HLR BN - KRR pk
T R B S R - S RV E IR E A
JiZ(Stout et al. 1998, Sanchex-Zapata and Calvo
1999, Hu 2009) » 3&FEHY 5 BT AR 9 — 2L
(Hu 2009, Taiwan Forestry Bureau 2017) » 2 Ff
Fol MR T Ay B2 b i BB R T R Ay B B4R
R -

H AT R A AR B AR ERE ~ THRRE
HRT R BRI R N TE R ATA EBE R PR
150 m Ry 52 2 R SE & 1 SL00 8 B Ry BRI RS
[#(Hu 2009, Taiwan Forestry Bureau 2017) o ZAHff
FeE A F 22 RS > 8300 miE
PR AR T R B A 150 m [ P9 A R AR T A 4
FEHEE [ 20 B s B AH R - T i A
8500 mE - BIPREEIHY R T KRR - 8
71 IR B T S 1 R U 9 o R T RE A AR
300~500 m (FHE228~75 ha)Z [ - BB HE &
O A 5 ELIR) g e M » 20 T 1 1 e o [~
Y9{E }%65.5 ha (Mannan and Boal 2000) » i H &
FHHERBAERE/ SRS - Bl R R EE
EHEHIS B #EITES0 hall T » EE44EAYTE30 ha
LUF o ARZEHEHIE S LA T ER BT B PH T R &
JEEH G B EAE 8300 m (28 ha)ll | o BEAHPE
300 mAY # AT HE 2 e & PR AV E e R
B o ARIARERTR - FEF18300 miy b
HEA - FEREREEREAET.8 ha (27.6%) L
b HESE G R SR SR -
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Table 5. Summary of the best selected models when examining the effects of selected
predictor variables on Crested Goshawk occupancy for green spaces where nest trees were

located and nest trees

Set of variables Variable Coefficient SE p value
Green space occupancy Intercept -1.56 0.52 0.003
UNURBAN 0.83 0.28 0.003
WATER -1.28 0.63 0.042
Nest tree occupancy Intercept -1.24 0.41 0.002
DBHCA -0.81 0.37 0.030

SE, standard error.

A Wi 9 5% 5t K TH R SR RS M Y KL - R
2020 %202 14- [ 43 Bl O #% 1 0 L Bl 12 82 JRL BE &
[ AT - BFT AR 2014 ~ 2015 ~ 20164/
R [ o3 2] P9 ) 3 A SR (8~ L O SiL) A /T (Taiwan
Forestry Bureau 2014, 2016, 2017) - 3 H. »
$2014~20164FEF12020~202 1 FF A SE T
B BSRRE ST E RS B -
BBV EIFR R - 5L
# T o B R P AR 2 B B B (GF 300 m
i B A A f AR fEmean £ standard deviation
(SD): 7.2+2.6 ha) » BEURFEAR T ORBE 878 3
Frigspk - w] £ f R BE B A E S R BT
A 52 T AR YRR st - T Ry AT i W Ry
LWL ENEFE (Alvey 2006) » #RTARMAER
R~ R R FEnt g EE - R R
TR AR T 5K EAHERAR - R0 i AR AR A Ry
HER SR - CHEAEEEENEEE
[EREH - LR AT HE YR i RO B R 1 Y (R
BOR o HHIA R EE T LU R LB E R
Ao A RIS BT RN - ARFFIFN4E
RE Jeit & {E{H -

BT EAL S A K ESEE [EE
P 3 R A BR A o AR AR 7 o K FE Y A T2 S SR -
BT KIRIAR - #0485 i /K B IR AR
Y s ERERN SRS LRG| E
K ZE X £ (Boal and Mannan 1998) - &
MHEPUKE RS EFEK - NEED
7RI 0] DL & K38 43 RS JE AL S v/ NI B Y 7
2o BE - AARNEREARE LRSS
& HE - AEESKEENEY - R
AR UMY - SRS EE SN ARYE

TR o 35 B A E A K A BR R A B S Ml R B
RIVEY) - R R ATREEA THAVALIE BNy
5B #iE (Bloom et al. 1993) - B35 2 H B IH
B I H A Ay /N K R ORI - DURRTEZK
W AR K HE(Gallinula chloropus)$)EEE1T
Ry » SEKIGEIRE R (Alcedo atthis) ~ KL 7K
HET AT R AR AL T B A E Y Y 44 B4 (Lin
et al. 2008, Taiwan Forestry Bureau 2017) »
TEKREEHEEAEMEREMER -
Chamberlaing A (2007)%5 Hi#B 17 # i 69 7k da5k
MERMIKRENE SRR - ARSI
BB RIILE KIS ER ik B R 2 R B A -
Shih (2018) B 2 Atk SXEHE -
T % BV B /K S B A T B - A0 AR S ek
SRR UK % T 2.3665 0 B E K]
Bk AEY SR RIS RYER
A BE TR AE Y 2 R R GE -

A 2 AT B R A B B IEES - B
BEREEY)  EREGE - I B AGESmRD - 18R
JE\IE EAE SLR et N A m) s i A T 1k
PR WA BREE » HE 0 Hh 05 oA 30 02 S 7 [ 2R
BRI AR A T3 - BRVIL S A
YIEEE > FIAIFL# (Falco tinnunculus; Charter et
al. 2007) » E5 AR SRR = B F R I
HJEY)(DeCandido and Allen 2006) » {H[E\EEE &
MR FI SRS - R EARLsR - 0k
SNSRI SR B AT RE A TR B E
(Klem 2014) » [X b BRHEM H A2 EE Y E A B
SHE s A 1T FH T 8 pel e DA A T35t i
SAh TS B & ] B Y FE AR AR
EEEATRE B R - e R S
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HRYAEYI(Knight and Kawashima 1993, Dean and
Milton 2003, Palomino and Carrascal 2007) » &
T B P T K L R R SO - SRR R AE
HAEEZZRITY ~ M DUR R 4 B Sk
(Boal and Mannan 1999, Hager 2009, Donazar et
al. 2016) « BEGM S - EEEHEIHE K TEH H
FIFER - ERAREAEA TR ERE - 2
A8 s TR 75 o W] R 5 53 B R i L B A5 T 538
FRAR ISR R - (RN  ERS - DL
KoK Jesii » 5PR T RES HBE A AR B RCR
A ST AR - T G S AR BRI -

AT A BF 92 58 e 1 v 2 R B LA
A EE K T-(Hu 2009, Taiwan Forestry Bureau
2017) » SR8 Ky L SE A TS b 78 B e e B IR R Y
RAZERRAR » BB T & A Ky 7 B T # (Boal and
Mannan 1998, Rottenborn 2000) - fEFEAMSE
o SETHAH VR R R KA B B (Table 3) »
RIME BB R A% - e S X
I H BT - T2 AR B R B I -
BE T IRGHAYBORAE L - BRE T/MAY i 18 B 5
W+ JEG Ve SR B FE AN [R] o 5 25 0 i R P
FeHa L H S BR R E #E (Boal and Mannan
1998) » &y 5 AR 7 JELSE & FE AF 5% th 15 S 48
[ 15 B e e H BB R 5 SR (Hlu 2009) » #5451
T K H SR 2 I 25 ) S P E 2 0 8 B R Y
JRUIR] o AR5 P o JRL B 72 R B A i 7% B e i A
B/ INGAE R+ T RE B B R R R R IR
RAE R o A5 aR B EE A 1 H [ % 82 K T
R A PR e B e e R MR R B+ S ELAR AR
DI RS2 RS R I 18 22 em DL B APAR A
Ry B8 (Hu 2009) » BUE RS B E B SR Ay
i Bh - fE R B K R R B e K B R v
Wi+ SRR A A22 em A by S A6 5 1
A o b TE 0 T RE I i RS AR 3% LR
KIBEAR » EEARENRE - BE#ARKET
BB B I LR JE IR+ PR e A 2 DU TR
RIARRI L - AT R 2 BRI AR -
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PRI A 0 KA B = Y B P 3R (Lin et
al. 2015) » (HIATEREL R AFRY B RETIARIR
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