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Research paper

Effects of the Local-Scale Landscape Composition
on Bird Diversity and Species Composition

in Mountain Villages of Northern Coastal Taiwan

Shu-Wei Fu"  Hsiang-Hua Wang”  Sheng-Hsin Su”  Chao-Nien Koh'*
[ Summary ]

Diverse mosaic environments within mountain village landscapes in northern coastal Taiwan
can simultaneously provide resources for human livelihood and support various habitats for wild-
life at low elevations. To achieve both sustainable use of resources and biodiversity conservation,
assessing and planning appropriate proportions of landscape composition in mountain villages is
of critical importance. To explore relationships between landscape variables and avian biodiversity
in mosaic landscapes of mountain villages, we conducted bird surveys in sample plots of different
forest-agriculture landscape mosaics in the Tamsui, Sanzhi, Shimen, Jinshan, and Wanli Districts
of New Taipei City in 2019~2021. Bird species were classified into different groups according to
3 functional categories (habitat preference, diet, and foraging stratum) and separately analyzed.
Results showed that the 100- and 300-m-scale landscape composition variables significantly af-
fected bird diversity and composition. Among them, forest cover was a key factor. Terrestrial total
bird species richness decreased with higher forest cover, whereas the richness of forest bird spe-
cies increased. In contrast, the richness of farmland, shrub and grassland, and general bird species,
the richness of bird species belonging to foraging strata other than the canopy, and the richness of
carnivorous, insectivorous, and granivorous bird species all gradually increased with decreasing
forest cover. Analyses of bird species composition also showed that most forest species, canopy-
stratum species, frugivorous/insectivorous species, and nectarivorous species occurred at sampling
plots with higher forest cover. In addition, numbers of endemic species in landscapes decreased
with decreasing forest cover. We estimated the threshold value of forest cover that may largely
alter the species richness of forest birds and found that forest bird species richness significantly
decreased when the forest cover was < 49.9% at the 300-m landscape scale. Therefore, we suggest
that retaining > 50% of forest cover in mosaic landscapes in mountain villages of northern coastal
Taiwan would help maintain bird diversity of forest specialists and might also support habitat con-
ditions for local endemic species.

Key words: bird, species diversity, species composition, mountain village, landscape composition.
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Fig. 1. Map of study area. (a) Map of the 3 studied districts in northern Taiwan. Blue points
denote locations of 27 sample plots of this study. The green area represents the range of
Yangmingshan National Park (W] [11Bd5 28 [#). (b) One hundred-meter scale landscape
structures of different forest-agriculture mosaics are demonstrated by 3 sample plots

chosen from the 3 districts.
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Table 1. Comparison of landscape composition and configuration variables among 3 forest
cover categories defined by 100-m-scale landscape data

Forest cover

0~25% 25~70% 70~100%
n=9 n=9 n=9
Mean SD Mean SD Mean SD

Landscape composition variable

Forest (%) 11.37° 6.82 53.05° 11.57 85.29° 8.74
Upland field (%) 38.20° 16.90 10.80° 9.90 2.70° 5.40
Orchard (%) 12.38" 9.27 13.10" 15.40 2.03" 3.31
Tall-grass and shrub vegetation (%) 4.56" 5.09 8.61" 8.51 2.37 2.99
Paddy field and pond (%) 9.96" 10.80 1.69° 4.12 1.26° 2.71
Artificial facilities (%) 23.49° 8.91 12.72° 5.82 6.37° 1.56
Patch richness 6.00° 0.00 5.22° 0.97 3.56" 1.33
Shannon’s diversity index 1.40" 0.22 1.19* 0.25 0.52° 0.28
Landscape configuration variable

Number of patches 31.56" 6.42 24.78" 8.69 8.56° 4.93
Total edge (m) 2829.20° 43350  2371.10° 675.70 123830 513.20
Mean patch size (ha) 0.10° 0.02 0.14* 0.05 0.48° 0.23
Area-weighted mean shape index 2.52° 0.26 2.24° 0.28 1.91° 0.31

" Different superscript letters in a given row represent a significant difference among forest cover categories
based on Tukey’s post-hoc test at p < 0.05. SD, standard deviation.
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Table 2. Significant landscape variables based on the model-averaged results of
generalized linear models (GLMs; with Poisson distributions) between species richness

of terrestrial birds/functional groups and landscape variables (100/300 m). The “+” and
“-” signs respectively denote positive and negative effects of landscape variables. Detailed
coefficient estimates and statistical significance of variables are presented in Appendix 3

Scale

100 m 300 m

Landscape variable For

Pad Orc TG For Pad Orc TG Art PR

Terrestrial species

Forest
Habitat oref Farmland
abitat preference
P Shrub/grassland

General

Carnivore

Insectivore

. Frugivore/Insectivore

Diet .
Omnivore
Granivore

Nectarivore

Canopy
Mixed
Understory
Ground
Sky

Foraging stratum”

* For, forest; Pad, paddy field and pond; Orc, orchard; TG, tall-grass and shrub vegetation; Art, artificial facili-

ties; PR, patch richness.

® In the GLM, the foraging stratum “Water” was excluded because only 1 species occurred in that stratum.
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Table 3. Comparison of species richness of endemic species and protected species among 3
forest cover categories defined by 100-m-scale landscape data

Forest cover
Species richness 0~25% 25~70% 70~100%
n=9 n=9 n=9
Endemic species (10) 3.78" 5.78" 6.00°
Protected species
Total species (13) 2.0° 2.0 1.7
Forest species (8) 1.1 .7 1.6"

" Different superscript letters in a given row indicate a significant difference among forest cover categories based
on the Tukey’s post-hoc test at p < 0.05.

@100
2
=
= 5 Habitat groups
= B Forest
g 50 27.9 Farmland
..g Shrub and grassland
s 25 . o I General
S
g o t09 -
a

0~25% 25~70% 70~100%
(2)100
5 75 222 Diet groups
$ 318 333 o5 [l Carnivore
g Insectivore
g 50 Omnivore
G [ Fruit/Insectivore
S 25 Granivore
€ B Nectarivore
<3 163 3
DS_’ 0 o3 ey ]
(©) 0~25% 25~70% 70~100%
@
g 100
£ — Stratum groups
§ 75 - B Canopy
2 287 - Mixed
o 50 s : Understory
2 246 [ Ground
L 25 Sky
2 S B Water
DQ_ 0 ) 05 0

0~25% 25~70% 70~100%
Forest cover
Fig. 2. Proportions of species richness by different functional groups across 3 categories of

forest cover defined by 100-m-scale landscape data: (a) habitat preference; (b) diet; and (c)
foraging stratum.
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Table 4. Response of terrestrial bird assemblages to 100/300-m landscape variables revealed
by a redundancy analysis (RDA). Var, percentage of variation in bird assemblages explained
by the RDA

Global permutation test Forward selection
Scale Var F p value Key variable Var p value
100 m* 28.6% 3.6 <0.001 Forest 22.6% <0.01
Paddy field and pond 5.1% <0.01
300 m° 23.8% 2.4 <0.001 Forest 22.2% <0.01

*Four landscape composition variables were included: forest, paddy field/pond, orchard, and tall-grass/shrub
vegetation.

®Five landscape composition variables (forest, paddy field/pond, orchard, tall-grass/shrub vegetation, and artifi-
cial facilities) and one landscape configuration variable (patch richness) were included.

(a) 10 Forest cover
paddy field gnd pond 0~25%
A\ 25~70%
s h 70~100%
< .
2 o \.; '8, Sorest Habitat groups
0.0 P& S e e
. » O R ° ® Forest
- Farmland
05 ° Shrub and grassland
General
-1.0 05 0.0 05 1.0
RDA1
(b) 10
paddy field ag\d pond Diet groups
05 A ® Camivore
o~ s Insectivore
8 \ Omnivore
8 e ',\___ & . * Sorest
0.0 e o Fruitinsectivore
3 S e

Granivore

® Nectarivore
05

-1.0 -05 0.0 05 1.0
RDA1
(c) 10
paddy field ?"d pond Foraging stratum groups
05 - & Canopy
g \\ . Mixed
8 * \\ * _!——30[951 Understory
\ O
0.0 ’ ® . . Ground
* Sky
® Water
05 e
-1.0 05 0.0 05 1.0
RDA1

Fig. 3. Biplot of a transformation-based redundancy analysis (tb-RDA) illustrating
relationships between 100-m-scale landscape composition variables and bird assemblages.
Sample plots are marked according to 3 categories of forest cover, and bird species are
marked according to habitat preference/diet/foraging stratum groups. Arrows represent the
effects of the landscape composition variables.
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Fig. 4. Forest bird species richness in relation
to different proportions of forest cover defined
by 300-m-scale landscape data (ranging
13.9~92.3%). The black line is the fitted
piecewise regression model (using a simple
linear relationship). The vertical orange
dashed line denotes the estimated threshold
value, and the vertical gray dotted lines denote
one standard error range of the estimates.
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