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Research paper

Effects of the Vertical Structure of a Plantation on Bird
Diversity and Functional Groups
Mei-Jhu Hong," Han-Ching Hsieh,” Chao-Nien Koh™”

[ Summary ]

Primary forests around the world are being excessively deforested, and planted forests are
becoming increasingly common, which are replacing natural forests for timber production or other
commodity services. Plantations are known to have impacts on biodiversity. However, plantations
planted and managed differently may have different impacts on biodiversity. This study utilized
terrestrial laser scanning (TLS) to construct three-dimensional (3D) vertical vegetation structures
in 20 transects in the Danongdafu plantation, to identify key vertical structural features affecting
avian diversity and their functional traits. This study showed that TLS can help construct the verti-
cal vegetation structure of a plantation and evaluate its impacts on bird diversity and functional
groups. We found that the vertical vegetation structure of the plantation affected the diversity of
birds; for example, bird abundances and species richness increased with foliage height diversity
(FHD), and bird species richness and the Shannon diversity index increased with canopy and shrub
coverage. In addition, bird species were classified according to functions such as forest depen-
dence, foraging stratum, and diet. Distributions of some functional groups of bird species were also
affected by the vertical structure of the plantation. Sites with greater canopy height variations or
higher canopy coverage attracted more highly or intermediately forest-dependent bird species, and
had the same effect on half of the canopy species. Most of the low forest-dependent or understory
bird species were associated with less-closed vertical structures, suggesting that the Danongdafu
plantation has some open environments which these generalists can exploit. This study also pro-
vides recommendations for maintaining bird biodiversity in plantations.

Key words: terrestrial laser scanning (TLS), canopy height variation, canopy coverage, shrub cover-
age, functional group.
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Fig. 1. Study location and sampling sites. In total, 20 Lidar transect lines were set in the
Danongdafu plantation. Birds were surveyed at the center of each line.
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Table 1. Vegetation vertical profile variables derived from LiDAR in each transect (100 x

12 m)
Variable Description

Foliage height diversity
FHD FHD = - ) Pilog.P;

RER R SR

P, is the proportional abundance of LiDAR returns in the ith layer
Layers: 0~0.7, > 0.7~1.5,> 1.5~4, > 4~8, > 8~12, > 12~16, and > 16~20 m

UHD

TRBER AR L

Understory foliage height diversity

UHD = - Y PilogeP:

P, is the proportional abundance of LiDAR returns in the ith layer
Layers: 0~0.7,> 0.7~1.5, > 1.5~2, and > 2~4 m

CHD

B RER R SR

Canopy foliage height diversity

CHD = - Y Plog.P:

P, is the proportional abundance of LiDAR returns in the ith layer
Layers: > 4~8, > 8~12, > 12~16, and > 16~20 m

H

%J—rr;);] LR R Maxima vegetation height (m)

H

*;;;aé: T3 R Average vegetation height (m)

Hsd

#;% KFR®E Standard deviation of tree height

HerbC Herb coverage

TAERER Mean of the leaf area index (LAI) (m*/m”) between 0 and 0.7 m representing
AR R cover values for low herbs. (per grid-cell at 2 x 2 m)

ShrubC Shrub coverage

FAKRTR Mean of the LAI (m*/m’) between 0.7 and 1.5 m representing cover values for
BAR R low shrubs or high herbs. (per grid-cell at 2 x 2 m)

TreeletC Treelet coverage

“ b RE R

Mean of the LAI (m”/m’) between 1.5 and 4 m representing cover values of
treelets. (per grid-cell at 2 x 2 m)

UnderC
TR RER

Understory coverage
Mean of the LAI (m*/m’) between 0 and 4 m representing cover values of the
understory. (per grid-cell at 2 X 2 m)

CanopyC
BTR RER

Canopy coverage
Mean of the LAI (m’/m?) above 4 m representing cover values of the canopy.
(per grid-cell at 2 x 2 m)

FELidar3607 i ig et FER - PLEEELAIRYE
HEMIRLITE(2016)BHE -

s HRERT T

Z Ll A A HE AR 2 S S
RERIZERNME - B SR VAR Y (generalized linear
model (GLM))#g B2 f #x b 22 ELAS 1 A 1 21 3%
REZRIEREE - BRSO ¥R
BORMBI R - B ARMESTEIA 7 SEiEfTPearson

FHEIMEARE » BRI A (> 0.7) - Hif?
BRI FHM B BRI AR - R B A
BEORK » AT AR B - S~ SRR ¥
ERLERME IR BGEI TR ER T & H R AR B2 A
(S BATT AR RN - BILMEEFENE) - 2
$£Gaussian distribution (normal link function) o &
HI3EE$E (model selection)fs FHE T/ MEAR corrected
Akaike information criterion (AICc){E &I EfE
HI+ IMuMInZE {4 1.46. 08 4437 (Barton 2022) -
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lNigh:'Z,“l! (A) Canopy coverage (LAI)

“Low: 06875

g (B)  Treelet coverage (LAI)

“Low:00785714.

(C) Shrub coverage (LAI)

High : 3.60359

(D) Herb coverage (LAI)
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Fig. 2. Normalized TLS point clouds from plot 1 (100 x 12-m transect) colored by 5 types of
layers (ground, herb layer (0~0.7 m), shrub layer (0.7~1.5 m), treelet layer (1.5~4 m), and
canopy layer (above 4 m)). The mean of the leaf area index (LAI) (m’/m’) represents the
cover value of each layer: (A) canopy layer, (B) treelet layer, (C) shrub layer, and (D) herb

layer (each grid-cell was 2 x 2 m).
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SAEE BN - AACER 2R E(FHD)RI
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PRE RS TE B Al 1/3 (23 1 Fy38.5 5 37%) » (K&
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Table 3. The best model of bird abundance, species richness, and diversity in relation to the
vegetation structure in the Danongdafu plantation

Variable Estimate SE t value p value

(A) Abundance (AICc = 155.5, wi = 0.281)

(Intercept) -95.25 43.65 -2.182 0.04"
FHD 65.14 21.01 3.1 0.007"
UHD 53.35 26.1 2.044 0.06

(B) Species richness (AICc = 92.8, wi = 0.17)

(Intercept) -5.7655 5.9878 -0.963 0.35

FHD 9.0135 4.0811 2.209 0.04"
ShrubC 3.2763 1.2081 2.712 0.02°
CanopyC 0.7629 0.3134 2.434 0.03"
(C) Shannon diversity index (AICc = -4.1, wi = 0.142)

(Intercept) 1.61016 0.16008 10.059 <0.01"
TreeletC 0.1093 0.05569 1.962 0.07

ShrubC 0.26949 0.09138 2.949 0.01"
CanopyC 0.05974 0.02353 2.539 0.02"

Parameters are defined in Table 1. SE, standard error; AICc, corrected Akaike information criterion; wi,
Akaike weight.
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Fig. 3. Proportions of bird abundances in 3 different functional groups: (A) forest

dependence, (B) foraging stratum, and (C) diet.
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