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Abstract: [Objectives] China is one of the megadiverse countries with the largest diversity of birds, and the
biodiversity in China is facing threats from rapid urbanization and population growth. There are large
conservation gaps in eastern China, where most of the populous cities are located. The Yanshan Mountains
range is located in the priority area of biodiversity protection, and close to the densely populated
Beijing-Tianjin-Hebei urban agglomeration, with a high diversity of bird species, however, the distribution
patterns and conservation status of national key protected birds in the Yanshan Mountains are still unclear.
[Methodsg] In this study, we used FRAGSTATS (version 4.2) to quantify the landscape pattern of habitats in
Yanshan Mountains (Fig. 1) using 5 commonly used parameters and selected 40 national key protected birds
as indicators (Fig. 2a) to assess the local habitat and biodiversity protection status. We produced species
distribution models for every indicator species using a maximum entropy approach. Marxan was used as an
effective method of planning protection units that consider conservation cost of different land use on the basis
of the indicator species’ potential distribution. [Results] We found that the forest habitat in Yanshan
Mountains has the largest proportion (61.5%) with a total of 6 537 km? (Fig. 2b) and the least fragmentation
(Table 1). Grassland habitat was 1 910 km?, accounting for 18.0%. Agricultural land is 1 438 km?, accounting
for 13.5%. The wetland habitat is only 345 km? accounting for 3.3% (Fig. 2c), including Guanting Reservoir,
Miyun Reservoir, Huairou Reservoir and other large water bodies. The area of national nature reserve in
Yanshan Mountains is 404 km?, 94.6% of which is forest and grassland, while the area of wetland habitat is
very small. Forest-Grassland type is the representative habitat in Yanshan Mountains, occupying the majority
of habitats and having good connectivity (Table 1). The patch density of wetland is very low with a high
degree of dispersion between patches, resulting in further decrease of connectivity. However, it can be seen
from (Fig. 2a) that the diversity of the national key protected birds in wetland habitats is similar to that in
forest habitats, and the number of wild birds under national first-class key protection is the largest, indicating
the importance of wetland habitat types to biodiversity in Yanshan Mountains. The species distribution model
predicted that areas with high biodiversity tended to be around water habitats such as Miyun Reservoir,
Guanting Reservoir and Yugiao Reservoir (Fig. 3a), while very small in forest habitats and there were
biodiversity hotspots around Yanqing District. Distance from lakes contributes greatly to the simulation of
potential distribution areas, especially in the modeling of wetland birds (Appendix 2). Based on Marxan
analysis, the optimal solutions of 2 442 km? of biodiversity hotspots requiring priority conservation were
identified (Fig. 3b) with the original national nature reserves accounting for 16.5% of the hotspots. Totally, 33
species reached the conservation target (Appendix 3), with the average protected percentage of the potential
distribution increasing from 1.2% to 33.6%. The proportion of forest and grassland in the biodiversity hotspots
is 72.3% and 15.2%, respectively. Totally, 56.3% of the total area of wetland in Yanshan Mountains is
included in the hotspot areas (196 kmz), accounting for 7.9% (Fig. 3c), strengthening the protection of
reservoir and other wetland environments. The number of species in every 1 km x 1 km raster of the
biodiversity hotspot for prioritized protection in the forest, wetland and farmland are higher than in the overall
range of Yanshan Mountains (Fig. 4), showing the hotspot areas were able to cover the major distribution
hotspot of the national key protected birds. The habitat in the biodiversity hotspot requiring prioritized
protection identified by the Marxan model is more equalized and diversified, with higher conservation

efficiency, compared with the existing national nature reserves. [Conclusion] The protected areas of national
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nature reserves in Yanshan Mountains present a huge conservation gap of wetland habitat, indicating that the

construction of more coherent protected areas in this area is of great significance to the protection of national

key protected birds in highly urbanized areas. Areas of high landscape heterogeneity exhibited higher

biodiversity but a lower proportion of protection with the need for more thorough field investigation. Our

approach of conservation gap analysis for threatened birds on a multi-species and multi-habitat scale will be

helpful for future conservation planning in densely populated areas.

Key words: MaxEnt; Yanshan Mountains; Marxan; Landscape fragmentation; Conservation gap; National

nature reserve; National key protected birds
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Fig. 2 Categorization and distribution of the habitat of national key protected birdsin Yanshan Mountains
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a. The habitat information of the 40 indicator species, in which the red lines stand for National First-class Protected Birds and the gray lines stands

for National Second-class Protected Birds; b. The result of habitat reclassification exhibited in different colors; c. The total area of different habitat,

apart from urban, with the habitat area protected in the national nature reserves highlighted in slash.
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Tablel Habitat fragmentation analysisin Yanshan Mountains

AR A (km®>)  BEHHR BEBUME (MhmD BOKBEHUEH FOTARTEEL FHRPERE (m)

Habitat type Area Patch number Patch density Largest patch index Landscape shape index  Correlation length
FRHK Forest 6537 6438 0.2 14.3 105.9 24 904.6
1B Hh Wetland 345 1417 <0.1 0.4 24.5 5558.8
i Grassland 1910 23 457 0.8 1.1 213.4 3901.9
HRERHEM Shrub 11 17 <0.1 <0.1 4.1 522
ﬁfjst&%fssland 8447 2938 0.1 26.7 442 46 276.9
AR+ N

Forest & Shrub 6548 6450 0.2 14.3 105.9 24 904.1
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Fig. 3 Diversity distribution of the 40 national key protected birds and the biodiversity

hotspots recognized for prioritized protection
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a. The overlayed distribution map of the 40 indicator species. The national nature reserves (NNR) in Yanshan Mountains were marked as: 1. Hebei

Dahaituo NNR; 2. Beijing Songshan NNR; 3. Hebei Wulingshan NNR; 4. Tianjin Baxianshan NNR; b. The optimal result for planed areas in

Marxan modeling were displayed in green, representing the smallest area with the minimum cost that needed prioritized protection in future nature

reserves planning.
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Table2 Habitat area and proportion of the entire Yanshan Mountains, existing national nature reserves

and biodiversity hotspots requiring prioritized protection

A b = (0 X
. 4K Total f£471[X. National nature reserves P ET“%.%%TF i
L% Habitat Planed biodiversity hotspot
THi#R Area (km?) 5 b Proportion (%)  [fi#H Area (km®) 5 Lt Proportion (%)  [fi# Area (km®) 4 bt Proportion (%)
A% HH Farmland 1438 13.53 19 4.70 109 4.5
ARk Forest 6 537 61.52 346 85.64 1765 72.3
WE\ Shrub 11 0.10 0 0.00 1 0.0
Bl Grassland 1910 17.97 36 8.91 371 15.2
#tHh Bareland 3 0.03 0 0.00 1 0.0
W Wetland 345 3.25 0 0.00 195 8.0
T Urban 382 3.59 3 0.74 0 0.0
a0r l ELAIIEZIEN
l Entire Yanshan Mountains
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Fig.4 Thestatistical compression for speciesnumber in every 1 km x 1 km raster in the biodiversity hotspot and
the entirerange of Yanshan Mountains

IR R T ORMIRS 14 1 5% s (R4 2 A B AR AN TR X I BT 45 58, (1 A 2 PR AR R AE 5 AR S (R PP (K A2 2 B

XA BIGETTSE 0. AP R R A i L, AN TTHEAER TR A

The number of species in every 1 km x 1 km raster of the entire Yanshan Mountains and the biodiversity hotspot for prioritized protection, which

is grouped by habitat. The horizontal line in the box represents the median species number and the small square represents the mean species

number.
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Appendix 1 Description and sour ce of the environment variables used in modeling

2 Type A4 Name A 715 )2 Description AL Unit KU Source
BIO1 4 ¥4 Annual mean temperature
BIO2 B2 H 3118 Mean diurnal range [Mean of monthly (max temp - min temp)] T
BIO3 BRI 22 5 AR 22 LA Tsothermality (BIO2/BIO7) x 100 -
BIO4 ZE5 IR 2 A2 4k Temperature seasonality (standard deviation x 100) T
BIO5 ¢ #4 H i Max temperature of warmest month T
BIO6 % H A& Min temperature of coldest month C
BIO7 IR AR L F Temperature annual range (BIOS - BIO6) T
BIO8 IR 2R U FE Mean temperature of wettest quarter T
| BIO9 I T2 P21 Mean temperature of driest quarter T WorldClim,
Climate BIO10 B R ZE P43 Mean temperature of warmest quarter ‘C https://worldclim.com/
Variabl . 5 current
W Blon IRV 7R P35I Mean temperature of coldest quarter C
BIO12 4EFI4)[%7K Annual mean precipitation mm
BIO13 1% A B 7K Precipitation of wettest month mm
BIO14 5T A B%7K Precipitation of driest month mm
BIO15 F% K24k 77 % Precipitation seasonality (Coefficient of variation) 1
BIO16 i I %K Precipitation of wettest quarter mm
BIO17 i T-Z2 % W & Precipitation of driest quarter mm
BIO18 %2 % %7K Precipitation of warmest quarter mm
BIO19 A2 %7K Precipitation of coldest quarter mm
Altitud R Altitud
Ho I e #R Altitude ™ ASTER GDEM 30M,
Geography  Aspect Pl Aspect https://earthexplorer.us
Variabl s.gov/
anables Slope i ¥ Slope &8
TR
Land Cover LULC FEA R 257 Land use and land cover - GLC_FC830-2020,
Variabl http://data.casearth.cn/
anaples sdo/detail/5d904b7a08
Cropland [H4% FH #H 25 Distance to farmland m  87164a
- 5c7tbfa0
Lake BE VA PE B Distance to lakes m
N River data, https://
PR River BEIATIAFE B Distance to rivers m  hydrosheds.org/
Distance page/hydrorivers
Variables o e e
Road 38 ¥ #i & Distance to roads m A Gaode Map
GHSL, https://ghslsys.
Building B S & Distance to buildings m  jrc.ec.europa.eu/downl

oad.php
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Appendix 2 Satistic for the contribution of each variablein the species distribution modeling

a. s b Mt . VR d RH;

e. H; f N g B

The percentage of contribution of each variable in the species distribution modeling for every studied species grouped by different habitat. a. Total;

b. Forest; c. Wetland; d. Farmland; e. Grassland; f. Shrub; g. Bareland.
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%3 EXERARPELELREENMXFACHENEMGLRERRITERG T
Appendix 3 Specieslist for the national key protected birdsincluded in the species distribution

modeling, including result of modeling

AUCE  7EARITHAR T L L 1 R J R e g1

curve (km®) protected area (%) Marxan result (%)
4 M Aquila chrysaetos I 40 0.98 2392.11 0.54 34.40
LY Aythya baeri I 16 0.98 265.41 0.00 36.45
T Ciconianigra I 66 0.95 1948.62 0.04 30.01
HRLES Grusvipio I 21 1.00 541.95 0.00 18.48
(2R Haliaeetus albicilla I 44 0.97 1031.67 0.00 33.69
K¥ Otistarda [ 22 0.99 880.13 0.00 31.91
/% Accipiter gentilis 11 74 0.93 1979.44 1.30 36.29
HAKA#E A gularis il 64 0.93 1975.16 3.29 37.75
8 A nisus il 216 0.94 2 174.65 1.89 35.35
TS A. soloensis il 31 0.95 2557.35 0.90 30.00
&4 Aix galericulata Il 151 0.97 255735 0.10 32.81
=% Alauda arvensis I 93 0.96 1093.32 0.00 28.43
5 fE Anser cygnoides Il 58 0.98 598.46 0.00 28.47
MGG /NGG Athene noctua 11 35 0.96 1815.06 0.33 29.39
Jif5% Bubo bubo 11 28 0.97 1089.04 0.00 31.13
MK IEE N Butastur indicus il 60 0.95 1506.84 2.05 35.34
KEButeo hemilasius il 44 0.95 1552.22 1.71 33.87
JbJ# Carpodacus roseus il 35 0.97 1266.26 1.89 40.30
2 E Circus cyaneus il 89 0.96 221831 0.00 34.00
#5855 C. melanoleucos il 35 0.98 755.13 0.23 39.68
1 IEES C. spilonotus Il 56 0.97 1353.59 0.00 35.99
/N K3 Cygnus columbianus 11 47 0.98 1 005.99 0.00 30.55
KKHE C. cygnus 11 61 0.98 778.25 0.00 28.49
S Elanus caeruleus il 22 0.99 598.46 0.00 31.90
21 JHI#E Falco amurensis il 152 0.93 2 896.39 1.51 30.00
K54 F. columbarius il 27 0.98 785.95 0.00 38.13
T4 F. peregrinus il 92 0.96 1217.46 0.35 30.03
#eHE F. subbuteo il 128 0.94 1 541.09 2.11 33.72
44 F. tinnunculus I 277 0.93 2615.57 0.88 31.16
K G grus 11 55 0.97 1046.23 0.00 25.78
2T Luscinia calliope 11 46 0.98 642.12 0.67 4520
RIS L. svecica il 34 0.98 873.28 0.00 30.00
BEL AP TS Mergellus albellus il 89 0.97 874.14 0.10 28.40
=& Milvus migrans il 72 0.97 1999.99 1.20 34.80
21 f155 Otus sunia il 46 0.94 242293 226 30.00
H kg% Pernis ptilorhyncus Il 75 0.97 1 186.64 0.65 41.41
[ £ % Platalea leucorodia Il 38 0.99 1.069.34 0.00 30.02
A% Pucrasia macrolopha 11 43 0.96 1511.98 6.29 35.73
3L 59 Turdus feae 11 25 0.99 970.89 13.40 46.91

2125 IR % Zosterops erythropleurus Il 36 0.96 971.74 2.64 46.87




