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Climate change induced potential range shift of the crested ibis based on

ensemble models

ZHAI Tianging', LI Xinhai* "

1 Shaanxi Hanzhong Crested Ibis National Nature Reserve, Shaanxi Province, Yang County 723300, China
2 Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: The uncertainty of climate change and uncertainty of species-environment relationship cause great variability in
the studies of climate change biology. To reduce such uncertainties, scientists started to use ensemble models in this field.
Our objective is to introduce the approach of the ensemble models, and predict the future range shift of one endangered
species, the crested ibis ( Nipponia nippon) as an example.

The crested ibis had been critically endangered, and currently its population is rapidly recovering. The range of the
crested ibis is still small after its recovery from the critical endangered status, so that climate change might be a threat to its
long term survival. We used the locations of nest site to represent the distribution of the crested ibis, which have a high
accuracy level and has being accumulated from 1981 to 2010. We applied nine modes in BIOMOD (a package of R
software) to predict the current (1950—2000) and future (i.e. 2020, 2050, and 2080) distribution ranges of the crested
ibis using five climate variables (i. e. annual minimum temperature, annual maximum temperature, seasonal variance of
temperature, annual total precipitation, and seasonal variance of precipitation) based on CGCM2 climate model A2a

emission scenario in WorldClim database. The nice models are Generalized Linear Models, Generalized Additive Models,
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Classification Tree Analysis, Artificial Neural Networks, Mixture Discriminant Analysis, Multivariate Adaptive Regression
Splines, Generalized Boosting Models, Random Forest, and Surface Range Envelope.

We compared the current climate conditions with those in 2080, and found that the current habitat of the crested ibis
would become warmer and wetter in the future. All nine models indicated that the crested ibis would have a northward range
shift (actually a higher elevation shift) , and the distribution center would be out of the current nature reserve. Therefore, it
is necessary to develop a long term conservation plan for the crested ibis, e. g. adjusting the nature reserve border or design
a new nature reserve. The nine models showed differences in predicted ranges, weights of explanatory variables, and
goodness-of-fit (based on ROC curves and Cohen'’s Kappa indices). Among five climate variables, the seasonal variance of
precipitation is the most important variable that associated with distribution of the crested ibis; and seasonal variance of
temperature is the secondly important variable. The overall performance of all models are very high, indicated the
distribution of the crested ibis had a strong pattern ( The crested ibis is well constrained by environmental variables, not
scattered randomly). The Random Forest has the highest model performance, and the Artificial Neural Networks ranks the
second. The high performance of the two models is partly due to their high complexity.

We should be cautious whenever using species distribution models to predict the effect of climate change, because such
models are based on the assumption that climate variables are the limiting variables restricting the range of the species, and
the current population is in its favorite climate niche. As to the crested ibis, the assumption can hardly be satisfied,
because other environmental variables such as human disturbance, wetland, and vegetation are also important to the crested
ibis. As a result, the predicted range shift of the crested ibis is only a trend or potential distribution pattern in the future.

Because of the difference in model prediction and variability of model performance, we suggest to use ensemble models

to deal with complex problem such as biological consequences of climate change to decrease the errors from models.

Key Words: climate change; crested ibis; ensemble models; range shift; BIOMOD
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Fig. 1 The nest sites of the crested ibis (red triangles) and crested ibis national nature reserve (purple area)
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1.2.1 ]~ XA AY ( Generalized Linear Models, faj#k GLM)
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Fig. 2  Differences in annual total precipitation and annual mean temperature at present ( 1950—2000) and in 2080 based on
WorldClim dataset
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Fig. 3 The loadings of 20 variables of five climate factors in the
PCA space
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Table 1 The weights of five climate variables in the nine models in BIOMOD

S A& F Climate variables

I Models

p2000 pvar2000 tmax2000 tmin2000 tvar2000

ANN 0.422 0.002 0.389 1.174 0.303
CTA 0 0.979 0 0 0.629
GAM 0 0.941 0 0 0.637
GBM 0.068 0.941 0 0.006 0.138
GLM 0 0.882 0 0 0.652
MDA 0.597 0.617 0.337 0.656 0.712
MARS 0 0.599 0.681 0.897 0.651

RF 0.262 0.355 0.006 0.117 0.238
SRE 0 0.203 0 0 0.041

Z e p2000 , pvar2000 ,tmax2000  tmin2000 Fl tvar2000 73312878 45 S K A ZE 1528 S AR der i i A die R R IEE Fry 23 7 70 e

3 itig
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RIS 25 A HERCE T AL A 22 Fh s B AR SU R 2 )45 22 5% (R BRI AR R A2 B B e i 7% |
FIFLAEUR T —Fh S AR (B CGCM2) A —FPHECIETE (R A2a) SR FUIm 24 BS A4 A= 5525 1k,

TFF Suh /s AR RS (R V8 A A1 XK A S AR AR 52 ) R A6 RS, X 5 K 2 B0 28 Ab A 9 27 10 1 58 45 R —
O RBSIEAOR AR S AR R, TR RS A O A B A 2R U4 R B 4K 400—1200m (1Y
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EaF il AR ORI A I SR R AR A L B
%3 BIOMOD &M #EEIE T Cohen’s Kappa 58 B /E /1
%2 BIOMOD HI&MEEIE T ROC # &K AR ISR b=t
Table 2 The goodness-of-fit of the nine models in BIOMOD on the Table 3 The goodness-of-fit of the nine models in BIOMOD on the

basis of ROC curves basis of Cohen’s Kappa
7 Models R Sensitivity L —1% Specificity FER Models RAPAE Sensitivity % —J Specificity
ANN 97.1 98.2 ANN 100.0 98.2
CTA 97.1 97.9 CTA 97.1 97.9
GAM 9.1 92.5 GAM 9.1 92.3
GBM 97.1 97.6 GBM 85.3 99.5
GLM 88.2 91.5 GLM 82.4 93.5
MDA 89.3 92.5 MDA 82.1 91.2
MARS 91.2 92.7 MARS 55.9 99.6
RF 100.0 100.0 RF 100.0 100.0
SRE <NA> <NA> SRE 97.1 95.3
RGO R L — VN R, BB Y R B4 b o7 S50 R THRMEAR & — MO IR AR

VA 5 SRE Gy IR - AAEAR , HBR A Hh Wb i BLEAS th By
S5 BT ROC ik

i
(o

- Lo RRTEES o A RBRE

El4 FF BIOMOD H & MERIHE H R SRR BMETER (ROLREHERE)

Fig. 4 Predicted current suitable habitat of crested ibis using the models in BIOMOD ( The warm color areas are the suitable areas)
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FAESE (SR OIXI) (K 5B) o ARSI 9 AMRRERL 025 Hh A B85S X (L 5751 > i ARS8 RS S Y
AR s LTI PR3 P28, HOR TR B SE PR 9 40 A X o TR PR AR B 14 o0 A ik 52 B D 40 BB Hb (UK )
FOTEIER b A 5 4 (LA Sy ) A2 ) BELRR 25 PR AT 2 o % TR BE RDARARECRL ( RN 5 AU As i) 1Y
P2 2R BRI 9 — PR B (181 4) B 5 AU AL S i AR A AR B R T

F9 FETY BN A R LA AR T HYLES AR, 31X 9 FBR R AR B AY 25 8 b AR A AU
DLRE MR bR AR 2257, S TR B A e k. X IE R 2 BRI T 25 G LB SR A, DL T
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AE M DAL T TP IR 22 . BRI SRR TR . A SRR R X AR R A B i S BLRIZR AR, )
LAY MBI FH 5 A SR PR A S 0 A R A 85 (4 5 M A 5 P S8 ELAE P, 22003 O ] VA 2% R B LTS T 5
SRPRE A R AR S A B AR W B Y 17 ELAR S8 8] (0 S B AN A, ) SCRTIASE 2 FEBGE 5 Q2R3 B 7
TR RS IRO A U A A, N A 2 I 2 R BE L AR MRS Y FU Al P, — BT 75, FE A 52 2 O 8 2R (i
BURRARFN 22 00 28 ) 725 Fof i O 1) FUIA B AR A v o

5 HEIRRESEUMSHA(A) AR EETN A S 2% X (B) (2020 FHEESHX(C) 2050 FHIFEESHX (D) .2080
ENEBESHR(E) MHARKEHEFR(F)

Fig. 5 The current occurrences of crested ibis ( A), predicted current suitable habitat ( B), projected suitable habitat in 2020 (C),
projected suitable habitat in 2050 (D), projected suitable habitat in 2080 (E), and the province borders in the study area (F). The model

used in prediction is random forest

P v 58 0 DX IS A 2R B [ R AR X
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A5 11 SRR D L 2 RN 43 A0 0 S A D A el R AE B 0 TR R R AT
AR B 55 DA 3 HL R TS 2020 ) AR A3 A DX FURAE MRSl T A S RS (1 T 1, AR RS
T I A 8 e B, i S B T AR AR TR A R R 2 1k
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