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Recombination and optimization of bird habitat networks: a case study of the
Little Egret ( Egretta garzetta) , Mandarian Duck ( Aix galericulata) and Ring-

necked Pheasant ( Phasianus colchicus) in Su-Xi-Chang area
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Abstract: Habitat networks play an important role in species survival and biodiversity conservation. However, habitat
networks vary among species; habitat networks generated by simply overlapping networks of a few species do not meet the
needs of most species. It is necessary to develop theories and methods of network recombination so that different habitat
networks can be combined into one complex network for empirical implementation in rapidly urbanizing areas. The purpose
of this paper was to examine methods of recombining and optimizing habitat networks. The Su-Xi-Chang area of the Yangize
River Delta region was selected for study, and the Little Egret ( Egretta garzetta) , Mandarian Duck (Aix galericulata) ,
and Ring-necked Pheasant ( Phasianus colchicus) were selected as focal species because of their different biological
characteristics , habitats, and diets. The habitats of these species were identified using our previously developed method, the

Conceptual Constraint Model of Species Habitat Patch ( CCMSHP ) from land-use data for 2010. Potential corridors were
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identified based on the identified habitats using the least-cost path method. The habitat networks of the three focal species
were overlapped using ArcGIS. From the perspective of the set covering problem , these three habitat networks were combined
by recombining network structural elements, i.e., patches with patches, patches with corridors, and corridors with
corridors. Among these scenarios, the recombination of corridors with corridors was the most complex. A method for
evaluating the ecosystem service value of corridors was developed, and the combined corridors and habitat network were
identified with the model. Optimization of the habitat network was simulated by applying observation points as newly added
habitats and corridors, using a dataset (2003-2014) obtained from the website of China Bird Report. All data were
calculated using ArcGIS version 10.0. After recombination, the total area, length, and ecosystem service value of all
corridors were reduced by 16% , 68% , and 10% , respectively, relative to the original values; however, the connectivity of
the network remained the same. The combined network covered 75 observation points ( more than 86% of all points) and
achieved the target of simultaneously maximizing the economic and ecological benefits. After model optimization, the habitat
network covered all 84 observation points after 2010, and the total area, length, and ecosystem service value of all corridors
increased by 19%, 21%, and 27%, respectively, relative to the original values. These results demonstrate that the
combined quantitative analysis method developed here is reasonable and feasible. This method will be useful for theoretical

research on habitat network recombination.

Key Words: network recombination; network optimization; habitat network; methodology; Egreita garzetta; Aix

galericulata ; Phasianus colchicus; Su-Xi-Chang area
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Table 1 Information of the focal species in the study area

Yy Sk 4 e St
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Table 2 The species habitat patch constraints of the focal species
CALSES Sk i A
Factors Egretta garzetta Aix galericulata Phasianus colchicus
SRR 2R T i b2 A Y Y I AT TERE I IR E W S MEVR VAR Hb |

H ﬂi’éﬂ* DINEECRIES . W Ve BN K : i’ﬁf{n{jﬁ H 7K j’fﬁ (Eé(xx{* TEA MR M
Physical factors Land-use type of feeding JiE T B T AR

A 85 S SEN e

ALK | P o A b A

Land-use type of nesting i

(=1

— — <
Height 5—70 m 1200 m
S IIfa Al ,

A Vi it WiEHL=10 hm? BT HL =20 hm? L3 =20 hm?
Biological factors Minimum area

I3 5 s pb TR A | X < . .

(LT P 5 T B E P 5 KB <300 m

Life habit 10 km

Y ™[] pEiay . =
ARTHRAK Zih S ELLUIER =400 m =60 m =300 m
Human disturbances Distance to building areas
ARy § T
B =300 m =60 m =300 m

Distance to traffic network
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Table 3 Resistance values of the focal species migration caused by different land-use types

BH J1{E Resistance value

BH J1{E Resistance value

T+ b A I A HE ok HEXG - A 2 HE o i)
Land-use type Egretta Aix Phasianus ~ Land-use type Egreita Aix Phasianus
garzelta galericulata colchicus garzella galericulata colchicus

JK H Paddy field 8 5 100 A2 38 FH H Transportation 80 80 350

ELHfi Dry land 40 50 80 MEVR VA Marsh land 1 1 100

il i Garden 20 40 50 WK Lake 1 1 500

TR AM MU Arboreal forest 1 10 1 T River 5 3 250

TEAMRH Shrub land 10 20 10 /GBI Canal 8 5 300
H 1) A

EIHb Grassland 15 30 30 /\ﬁﬁﬂ%ﬁjm & 90 90 350
Other unutilized land

} X H

e 100 100 400

Building area
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Table 4 Ecosystem service values of the land—use types in the study area (unit: yuan hm™2 a™!)

, & 1E /i Y EIE , BIERIME  BIERY [ IE [
T 1 E‘qufﬁ 1 ﬂ:{#ﬁl 1 FZ)%TME 2 1 I-ﬁl{ffl‘{ﬁ f E‘??ﬁl BIEE A
Original Correction Corrected Original Correction Corrected
Land-use type .. Land-use type ..
value coefficient value value coefficient value

JK H Paddy field 86655.18 1.00 86655.18 A Fh Transportation 0.00 1.00 0.00

2 Dry land 798.03 1.00 798.03  MEVRTEPE Marsh land 35147.82 1.00 35147.82

el . Garden 2316.01 1.00 2316.01  #AIAI/KE Lake 73713.28 1.22 89930.20

T+ K MHs Arboreal forest 2619.61 1.07 2802.98 IV River 73713.28 0.82 60444.89

JEAM M Shrub land 2619.61 0.79 2069.49 /i Canal 73713.28 0.74 54547.83
HAb AR A

HiHb Grassland 2012.41 1.00 2012.41 ’\ﬁ_‘;ﬁ“wﬂﬁ 0.00 1.00 0.00
Other unutilized land

k& ik

S LR 0.00 1.00 0.00
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Fig.1 Scenarios of habitat network recombination
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Table 5 Comprehensive resistance values of species migration caused by different land-use types

R A FEMII gy gy FEMII gy gy SR
Comprehensive Comprehensive Comprehensive

Land-use type . Land-use type . Land-use type .
resistance resistance resistance

JK H Paddy field 1 L Grassland 85 I River 10
b Dry land 95 W BB Building area 100 1 %/3Z 7] Canal 15
. HALRF
[l i Garden 80 A8 A M Transportation 100 ﬁd;ﬁﬂﬁﬁi& 100
Other unutilized land
T ARMHL Arboreal forest 75 MR VAR Marsh land 20
HEAMHL Shrub land 85 WIA/KE Lake 1
3 #R

3.1 AEBEREHONA R M 2%

Bl 2(a,b,c) 5050 2010 4FI58 5 HLIX (15 B # HEXS 19 A4 55 4% K 3R IE S 18 FnAg 45 10 A
B 5 SEBR I ANSE o RHEAK & Bl RE T 4 A R AR 10 ke ( F1E) F1 12 k(B85 ) LISMNI 43 HEXY Ry Bl
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Fig.2 The habitat networks of the focal species in the study area

R 6 AR ST A BT RESORBRIE T 00 . 18 A B SR DLER ORI O 3 48 4 AR S BB R ORI A, 24 7
PRIH—FC% , TLBIALAT 23 5 HENS A 58 i e 32 AR PR BH— B RN 48 48 2 g B e - 247 g AR e O | 1 3 K
Z HEXS I /INTIT 22 3 4 7 30 M I 34 K R S TR | B R



15 3 RARAF AN B 2 S S A —— LU M DX R A RS 151 7

F6 ERYFESHRMEERR
Table 6 Habitat patches and migration corridors of the focal species
BEHA A MR/ hm? S HEFY hm? JERTE KL 4% MK E/km PRI/ km
. Patches Total patches Mean patch Corridors Total corridors Mean corridor
Species
number area area number length length
EE:4 Egretta garzetta 58 182574.95 3147.84 186 693.34 3.73
8 Aix galericulata 69 287092.72 4160.76 211 3153.63 14.95
MEXS Phasianus colchicus 114 5182.35 45.46 535 2975.64 5.56

32 BINEEMENES

3(a,b) 75N 3 P 2RA SR S IR A4 H, RS NG S Ah 293871.93 hm*, o =
B AR ARSI 62% , K2 8 A 5 i R A A B B 20 0l 5 4% B AR B BT AR Y 95% F1 79% LA
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Fig.3 The overlapped habitat network of the focal species and its recombined network
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Table 7 The overlapped habitat patches of focal species

YFh BEHAH A BEYe S AR/ hm? BEHOF- £ 1 A hm?
Species Patches number Total patches area Mean patch area
A 38 1298.49 34.17
B 72 177943.48 2471.44
C 33 1303.29 39.49
D 79 3029.81 38.35

AREAE BE M, B ARAY BE,C ARAY XY, D REE MY

AR JE ST AR S SRS R GRS B2 5> T 16% (68% F1 10% , 523 T 465 7 i [ R,
P 2K | 8 d5e 22 (R M 2R AR U S (65% ) -l (50% ) FIE AR WKL (46% ) |, B0 A= 25 R S8 IR 45 (e 4
1o (A HB S QTR VR T K SR K PR AR IR/ s AR B RCR R B IR B (£ 8) .
3.3 GBAEEMLGMTL

Il 4a Ay 2003—2014 AE[RIWIN S0 A0 1600 . 16 A8 H5 HEXS AW S50 A 77,9 Fi 47 b, b s 4k
[ st 0 ) 3 ANl 3 Au ] A L0 2] p 8 RIS 7 33 Aub ] At I 2] 5 R R A ] A L) )4 4 R R
MCsE, BRI IXSEPRILI Sk 87 4b, SR GBS A M& S, 53 A 5 RE S 22 Ay T8 4 i
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Table 8 The quantity changes of the migration corridors in land-use types ( before and after recombination)

éj\

M FY Area/hm? T Area/hm?

- H ) 2SR - o Horth/% R 2SR — - o/ %
Land-use type Gl HEG Percentage  Land-use type EAy HEe Percentage
Before'" After Before'" After

7k Paddy field 18736.62 16921.15 90.31 K% @M Building area  6273.79 4414.55 70.36
b Dry land 1011.35 452.46 44.74  ZZiE ML Transportation 350.41 258.38 73.74
PEl i Garden 1581.03 1012.51 64.04  WERTHE Marsh land 278.63 276.31 99.16
TR AR A Arboreal forest 3702.27 2683.62 72.48  WHMKEE Lake 12247.5 10924.48 89.19
TEAMH Shrub land 514.47 279.83 54.39 T River 3327.52 3247.74 97.60
B}l Grassland 151.89 76.24 50.19  IHE/IBT Canal 132.89 109.22 82.19
S Total 48308.37 40656.49 84.16

RN B RRE A G i I B 2 5 R B BB A R 3

145 P 45
< B A(EE) [ KA < VIR (E ) o AR
< W AR(EE) ] HEHITBOL R W 55 (4545) — HAITRmE
SR 55 G 7S) o W (EE) T RWAR
o WL R (ER) BRGSO BEEITBOLR
BT s
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Fig.4 The observation spots distribution and the recombined habitat network optimization of the focal species in the study area
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Table 9 Information of 12 observation spots outside the recombined habitat network

75 2 i #1/hm? A ORI s ] B ORI £ s R
Series No. Land-use type Area Species, observation time and quantity of observed birds
1 e AR 6.79 SR 2006.6( 1)
- FI% 2011.1(1) \2012.9(2)
2 bt 3021 HEXY 2011.1(2) .2013.10(1)
3 TrAM S, 40.71 HEX 2009.1(7)
- F1%5 2008.4(8/5/1) ,5(8/1)
4 st 2670.87 HEXY 2008.4(2/1/1/2/1) ,5(1/1)
s 1% 2011.7(13) ,11(11) ,2012.4(18) ,2013.11(5) ,2014.5(8)
NNy N4 ) N N N
3 W I 13.55 HEXS 2013.11(1) 2014.5(6)
=g
6 K 115.27 F1% 2014.5(10)

HERG 2014.5(6)

7 T AR Mt 42.04 F155 2007.8(4)
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e 3k 1AL/ hm? Wyl LI e 1v) K L e
Series No. Land-use type Area Species, observation time and quantity of observed birds

1% 2007.9(3) ,2008.3( 1) ,4(6/5),5(17),6(3) ,2012.1(10) ,2013.9( 10)

8 7K H 49.24 et
HEXY 2007.10(12) ,12(1) ,2008.1(5) ,3(3) ,4(6/7),5(3) ,6(3)

N % 2013.11(50) ,2014.5(2)

9 IR 1460.25 HEXS 2014.5( 1)

10 HEpINE 2.97 1% 2013.12(1)

11 7K H 8.42 % 2012.2(3) ,2013.12( 1)

12 7K H 155.20 % 2013.2(11/3) ,3(4/6)

VORI . A I 30 5% 0> hitp ;. //www. birdtalker.net/

K 4b S A R AR E R, sl Ak, AR R 45 B 5 1 2010 4F e UG 2 ERAY 84 LRI 1 5 38 1 JiR
TE o5 R S RE R TR B AR S R GRS LR Y L E 200 19% 21% F 27% ; #3128 7 B A B R 4t
e 55 F2 2 K FE AR P AT TR AR BB R /3B 45 (35 10)

R10 FRMEEIEHEESRERSNETHIHER

Table 10 The ecosystem service value contribution of the newly-added corridors in land-use types ( before and after optimization )

iR 2SR TR/ % L HbR IR TR/ % L HLR IR TR/ %
Land-use type Percentage  Land-use type Percentage  Land-use type Percentage
7K H Paddy field 17.75 HEAHRHL Shrub land 0.00 MEVR VB Marsh land 0.12
B4l Dry land 0.00 HEHl Grassland 0.00 WIAZKJE Lake 8.32
[l Garden 0.00 % % @ A HE Building area 0.00 I3 River 0.25
FrAMHE Arboreal forest 0.21 %238 JHI M Transportation 0.00 U /12 7 Canal 0.04

S5 T TR S SR 1 B4 TR A AR T 3

4 Zr5ii

AR SC LA TN L DX AR X3, e T 3 FAS ] P 10 5 2Rk £ W R, SR P AR B BB 24 SR A A A R
/NS BE AR AR S G (1) 7 AL 0 S I A 1 X 2% 5 DA 578 55 [ R £ 1 Al ol e o R T RRVAE S R 5
R 55 0 1 Fc v L JBR T 1) 5 i S T AR IR 8 2, R 55 W I B A I 465 & i 7 i S B T 2 A AR B 2% 4
o GERRH . SMAR N 2 52 G RE S A B AR R R GRS (A 53 51080 16% ,68% Fi
10% WTE LT, PRAF T BB 8] A2 F2 15 ; 70 eI 2 5 30 a% A SRR S KR TRl 7 55 1 o 8k 869% LA 1 1)
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