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Development of Habitat Suitability Index (HSI)
Model for Mandarin duck (Aix galericulata) and
Great spotted woodpeckers (Dendrocopos major)*
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ABSTRACT

The purpose of this research is to develop the Habitat Suitability Index (HSI) for habitat
environments of Aix galericulata (A galericulata) and Dendrocopos major (D. major), which tend to
inhabit urban environments. A galericulata and D. major are the keystone species representing the
ecosystem of wetlands and forests. Based on the analysis of their urban habitat environments, this
study selects artificially adjustable levels of the environmental index in order to produce the HSI
model, which can be used when either restoring or creating the urban habitats for these species. To
develop the HSI, we conducted field surveys at Jungnangcheon Stream, Changgyeonggung, Jangneung,
Bangbae Neighborhood Park, Gildong Ecological Park, and Seodalsan Mountain. These surveys were
conducted between April and August 2020, and this period includes the breeding season of both A
galericulata and D. major. Based on our findings from the surveys, we conclude that there are six
SI factors for A galericulata. These include (1) the presence of alluvial islands, (2) waterfront
vegetation cover rate, (3) type of aquatic plants for food, (4) size of forest patch, (5) type of trees
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in nearby forests, and (6) connectivity of waterfront and forest. We also conclude that there are five
SI factors for D. major, which include (1) size of forest patch, (2) rate of broadleaf trees in forest
patches, (3) type of nesting trees, (4) diameter at breast height (DBH) of nesting trees, and (5) density
of dead trees. The result of this research can provide future studies with useful guidance when both
(1) comparing the habitat suitability of the target species in different environments and (2) restoring
or creating habitats for these species

Key Words : Aix galericulata, Dendrocopos major, Ecological Restoration, HEP(Habitat Evaluation
Procedure), Replacement Habitats,
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AN Aix galericulata)S LB {2 o A7F Q7] W] Fol|(Martin et al., 2004; Virkkala
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2k MEy7] 58 Holg2 Alom &3, 34& 5 Virkkala et al., 2006).
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=

QAR 2] (Dendrocopos major)v ST FTolm eAdtele Ui FAs AAA<
2l to) &olmFR AHdA sty Fa AL] AR 2 AFEETE®No et al, 2016) F

olz 2F3 An|, &9 ErjE =T (Won Mol sle 7 T& Akt

& kim, 2012). T3 U752 F(primary B Ao tgFE HSIE 1|5 ofF 2 of
cavity nesters) 24 H2]7] o] el o] v AEE deTdA JPEE A=A 7 E 4
dHd, F5de o Ui & 9 FH oz Yepd ¢ gle AE=E (US. Fish and
SAE WEE o d¥A oy 1hE A4 Wildlife Service, 1980) A &ZE2] A1) A] ol tia}
FU A= gHdr e W= gtk oz of A, MY, B BAe #HUt rEe e
Wl BHE U Al 5 g3l Alddein] 1 sto] FgH oz YejAE Hrkehs W A
AHES A A 2 SRR Edte BHS 2]2] %7} Z*HHabitat Evaluation Procedure:
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Table 1. Study sites

Target species Study site

Location

Jungnang stream (Sangdo~Changdong Bridge)

Sanggye-dong, Nowon-gu, Seoul

Chudangji, Changgyeong palace

Waryong-dong, Jongno-gu, Seoul

Yeonji, Jangneung

Pungmu-dong, Gimpo-si, Gyeonggi-do

Aix * - . Hyeongok-myeon, Gyeongju-si,
galericulata Gyeongju National Park Gyeongsangbuk-do
*Geumgang river (Buyeo~Hwangsan Bridge) Buyeo-gun, Chungcheongnam-do
* . Waryong-myeon, Andong-si,
Andong lake, Nakdonggang river Gyeongsangbuk-do
Bangbae neighborhood park Bangbae-dong, Seocho-gu, Seoul
Gildong ecological park Gil-dong, Gangdong-gu, Seoul
. Dongjak- Dongjak- 1
Dendrocopos E/It Seodal : ongja dong, Dongjal gu, .Seou :
major Paldang Lake, Hangang river Namjong-myeon, Gwangju-si, Gyeonggi-do

“Bukhansan National Park

Jeongneung-dong, Seongbuk-gu, Seoul

*Sokrisan National Park

Hwabuk-myeon, Sangju-si,
Gyeongsangbuk-do

* Literacture habitat for comparison :

A5 Bl AA9 Hr] &fo] rbsdt
t}(Tanaka, 2006) T3+ HSIE= 2% 50 X2]%]
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73kt (kim et al., 2013).
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Table 2. Summary of habitats field survey, survey path, survey date, target species observation point

Aix
galericulata
: Jungnang stream Site : Chudangji (0.5 km) Site : Yeonji (O km)
(4.8 km) date : 9,23-May, 26-July, date : 14,16-May, 20-July,
: 20-June, 19-July, 15-Aug 23-Aug
16-Aug
Dendrocopos
major

18-June, 17-July,
22-Aug

Gildong park (1.2 km) |Site :
8,9-April, 18-July date :

Site : Bangbae park (1.4km) |Site :
date : 9-April, 23-May, date :

Mt. Seodal (1.8 km)
23-May, 18-June,
17-July, 22-Aug

m : Observation point of target species
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Table 3. Setting standard of variable of suitability index for Aix galericulata

Factor Variable vzzlu Standard
ST 1 0.25 0~ 50%
Waterfront 0.50 50 ~ 90%
vegetation | - 2
cover rate | 1.00 90% ~ 100%
Space —
SI 2 0.50 No alluvial island
01? fl?ﬁr\iicjl 0.75 Presence of alluvial island with no vegitation or small sand hill
island 1.00 Presence of alluvial island with vegitation
SI 3 0.00 0 ~ 10ha
Size of "
Breeding nearby 0.50 10 ~ 20 ha
forest =1 100 | More than 20 ha
patch
SI 4 0.00 Coniferous forest
Type of
trees In 0.50 Mixed forest of soft and hardwood or broadleaf forest
nearb
Feed foreszl 1.00 Oak dominate forest
SIS 0.00 No aquatic plants
Eﬁﬁ?itizf 0.50 Submerged plant and Floating plant
plants 1.00 Emerged plant and Floating leaf plant
Checklist
more than (Assessment of disconnection points
0.00 4t p(})lmtIS( between forests and waterfront briefly)
a ﬁste ¢ Connect waterfront and forest 0
directly or curbless path
Type of road that Be seperated by 1 lane road 1
0.25 | 3 points | causes separation with curb
between forest Be seperated by 2 or 3 lanes )
SI 6 * and waterfront road
Threatening Connecgm 0.50 | 2 points Be seperated by more than 3
factor yo 4lanes road
waterfront -
and forest Separation Less than 20m 0
. distance "
0.75 1 point between forest 20m ~ 50m 1
and waterfront More than 50m 2
presence of induction fences
Less Seprating between forests and -1
1.00 that mitigation facility waterfront.
: 0 point between forest presence of Eco-corridor
and waterfront between forests and 2
waterfront.

om, NAA ] TAEe] FEE AR}

ZHUFLL 100n G ]
AEAHTL] A5 7-9%
(Table. 6)
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A=

3. B
0xX «
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* SI value is determined by summed points in this checklist.
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Table. 4 Setting standard of variable

of suitability index for Dendrocopos major

Factor Variable value Standard
— 0.00 10ha
Size of forest patch 0.50 15ha
S 1.00 90ha
pace o 2 0.50 0-50%
Rate of broadleaf tree 0.75 30-75%
1.00 75-100%
- 0.00 Less than 13cm
DBH of nesting trees 0.50 13 ~ 16 em
Breedi 1.00 Over than 16cm
recding 0.25 Coniferous forest
S1 4. 0.75 Mixed forest of soft and hardwood or broadleaf forest
Type of nesting trees
1.00 Oak dominate forest
S 5 0.00 0 trees / 100m’
Feed density of dead trees 0.50 5 trees / IOOm’y
1.00 10 trees / 100m’
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Table. 5 Result of Aix galericulata habitats survey applied to suitability index

Study sit
Factor Variable Y .‘.5 ”
Jungnang stream Chudangji yoenji
Space Wate I‘fl‘O?l{ \}egetation Various rpflants on Edge made of rock, Various plants on
Ccover Tale waterfront almost no plants waterfront
SI 2 Alluvial island with Artificial islands Artificial islands
Breeding Presence of rass planted with shrubs planted with shrubs
alluvial island g and trees. and trees.
SI 3
Size of nearby 3,000ha ~ 7,000ha ~ 300ha ~
forest patch
Feed
Tyvpe Sfl tjees In Dominante by oak, Dominante by Dominante by
};Earby forest broadleaf tree broadleaf tree broadleaf tree
Emerged plant,
SIS Emerged plant Floating leaf plant Submerged plant,
Type of aquatic plants (kind of reed) (water chestnut) Floating plant, Floating
Threatening leaf plant
factor SI 6
Connectivity of Seperated by side road S?}f riter% by footpath S%fritgdc br}{) footpath
waterfront and forest W u W u
=t A(kim et al., 2001)& L{ote] A4 ABRE 7} Ao B T AEE e A
= tg SIE AHsien 1 7|Ee vt = ¥ 2= 2dE v & ol
Ak wEA, AT 5 ASHER R (Figure 2)
Eo] £¥dh= $AE 052 AFsIATh 2,
% A2 5 U8 P54E 2 2GR 24 2) L Aehe)
st FAE Hol2A &3} o] 24149 WS MRS A A 235 7te R
7150l Fed AFE Yrkn BEEe] 100t 84 82 F Fe Ad Bas
ARt At 91ge] HE 22% 23 2 11° 4%
A% SIE ARasd B8 ACE A A9 BREAE ez Basse
Ge FA FH Aoy 229 AR A L < ) £ e B = iR B T ? ATk
shgk A% ojng wet FHoR o] FIh (Table 4)
2o 4d3 A Aole] WA Awst 499 eauniveld sk AR oAt
WA olfo] 2 JPeAR AERTE AL A o o] aPHE AW A Hh WAL
B7le] oA WSk Web BAS H 10meld TE wrirelEd Autirele 7
ot =R F93 o4 7z, @dd HE % 20ha7} Z23HH 40m oW T =9}
shal, wgs) T Aol U AeE AAY  AZHE o] MY Fe@ &“’i e
o7 mzsly] g8 e A3 B AES 24 (lee, 2013). ©]ol| w2} 10ha m]FHe] AH x| &=
gor o2 Fo BHe JEE HHES & 092 A3 20ha o] P9 A »ME 10
12+ TKTable 3). o2 YRtk
o] % SI 7]el] Bt 2t A% AL A S o} 2 237 ol Heladeor
o dgs Aokl o (Table 5) o5 ST 8ol 7hed e 3 U Azt ol v
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Table. 6 Result of Dendrocopos major habitats survey applied to suitability index

Study site
Factor Variable Bangbae . .
Mt. Seodal neighborhood park Gildong ecological park
SI'1
Size of forest 260ha ~ 700ha~ 300ha~
Space patch
P SI 2
Rate of 75-80% 100% 100%
broadleaf tree
SI3 Quercus mongolica Robinia pseudoacacia,
Type of nesting Q ;c s alige na Quercus mongolica Quercus aliena,
. trees uereut Fraxinus rhynchophylla
Breeding I 4
DBH of nesting 22, 24cm 27, 27, 28cm 24, 25, 26, 28cm
trees
SI'5 ‘
Feed density of dead 8-10 points / 100m’ 8-10 / 100m’ 7-9 / 100m’
trees

A

%

90

05 |
——o’r—;

A B
A : No alluvial island
B : Alluvial island with no

vegitation or small sand hill
C : Alluvial island with vegitation

0

SI3

SI 1 : Waterfront vegetation

SI 2 : Presence of alluvial island

SI 3 : Size of nearby forest

cover rate patch

SI4 SI5

| pEesmEsgem ..;o.vl.'._-‘-. . ey ;V-I-'II.:

] 0

A B e A B C D
A : Coniferous forest A : Submerged plant
B : Mixed forest of soft and B : Floating plant
hardwood or broadleaf forest| C : Emerged plant
C : Oak dominant forest D : Floating leaf plant
SI 4 : Type of trees In nearby forest SI 5 : Type of aquatic plants SI 6 :Connectivity of waterfront and

forest

# Jungnang stream
i Gyeongju National Park

¥ Chudangji
# Geumgang river

B Yoenji

+ Nakdonggang river

Figure 2. Suitability Index graph model of Aix galericulata
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0.5 |

L%

; : : ha o o _ cm
10 15 20 0 100 0 13 15 28 30
SI 1 : Size of forest patch SI 2 : Rate of broadleaf tree SI 4 : DBH of nesting trees
SI3 SIS
1 ----------;----------El-e.-"- 1 o
’_._, ..........
05 | i | , 05 |
; A : Coniferous forest
_.,_1 B : Mixed forest of soft and
i | hardwood or broadleaf forest
0 : i C : Oak dominant forest 0 : ; ;
A B o 0 5 10

SI 3 : Type of nesting trees

SI 5 : density of dead trees

i Bangbae park
i Paldang Lake

T Gildong park

# Bukhansan National Park

B Mt. Seodal
£ Sokrisan National Park

Figure 3. Suitability Index graph model of Dendrocopos major
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1995; Kosinski & Winiecki 2004; Pasinelli, 2007;
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Table 7. Using the HSI to compare the results of the habitat environment assessment of Aix galericulata between
study sites

Aix
galericulata

Field

Jungnang stream

1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.00 | 0.83

qurvey | Chudangii 0.15 | 1.00 | 1.00 | 1.00 | 1.00 | 0.75 | 0.82
Yeonji 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00

) Gyeongju National Park 1.00 | 1.00 | 1.00 | 0.75 - 1.00 | 0.95
Ll;fﬁg;“e Geumgang river 091 | 1.00 | .00 | 075 | - | 075 | 0.88
Andong lake 025 | 000 | 1.00 | 1.00 | - | 1.00 | 0.65

Table 8. Using the HSI to compare the results of the habitat environment assessment of Dendrocopos major
between study sites

Bangbae neighborhood park

1.00 1.00 1.00 1.00 0.90 0.98

51:11;1: Gildong ecological park 1.00 1.00 1.00 1.00 0.80 0.96
Dendrocopos Y ['Mt. Seodal .00 | 08 | 1.00 | 100 | 090 | 096
major Literact Paldang Lake 1.00 0.88 - - - 0.94
‘S‘l’lrrav‘;“re Bukhansan National Park 100 | 094 - ] - | o097
Y [Sokrisan National Park 1.00 | 075 - - = | 088
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