


COVER    Volatile organic compounds (VOCs) cause serious atmospheric pollution, and most of them 
are harmful to human health. Catalytic oxidation is an efficient method for the removal of VOCs. The 
key issue is the development of high-performance catalysts. Although transition-metal oxides (MOx) 
can act as catalysts, their performance is poor because of their low surface areas. High dispersion of 
Mn+ or MOx can be achieved by the incorporation of Mn+ ions into a framework consisting of high-
surface-area mesoporous molecular sieves or loading the MOx onto the surface of a porous material. 
Mesoporous silicas such as SBA-15 have received much attention as catalysts because of their large 
pores, thick pore walls, and good hydrothermal stabilities. We synthesized high-surface-area, well-
ordered mesoporous Fe-incorporated SBA-15 (Fe-SBA-15) and SBA-15-supported FeOx (FeOx/SBA-
15), using one-step synthetic and incipient wetness impregnation methods, respectively. For a similar 
Fe surface density and space velocity, the Fe-SBA-15 catalysts showed better activities than the FeOx/
SBA-15 catalysts in the catalytic combustion of toluene. We concluded that the good performance 
of Fe-SBA-15 is associated with its large surface area, high Fe species dispersion, and good low-
temperature reducibility. The cover image shows the fabrication process, pore structure feature, and 
toluene oxidation pathway of the Fe-SBA-15 and FeOx/SBA-15 catalysts (see the article by Yujuan 
Zhang et al. on page 3993).

Copyright Information 
For Authors
As soon as an article is accepted for publication, authors will be requested to assign copyright of the article (or to grant exclusive 
publication and dissemination rights) to Science China Press and Springer. This will ensure the widest possible protection and 
dissemination of information under copyright laws. 

More information about copyright regulations for this journal is available at www.springer.com/11434.   

For Readers
While the advice and information in this journal is believed to be true and accurate at the date of its publication, neither the authors, 
the editors, nor the publishers can accept any legal responsibility for any errors or omissions that may have been made. The 
publishers make no warranty, express or implied, with respect to the material contained herein.

All articles published in this journal are protected by copyright, which covers the exclusive rights to reproduce and distribute the 
article (e.g., as offprints), as well as all translation rights. No material published in this journal may be reproduced photographically 
or stored on microfilm, in electronic data bases, on video disks, etc., without first obtaining written permission from the publisher 
(respectively the copyright owner if other than Springer). The use of general descriptive names, trade names, trademarks, etc., 
in this publication, even if not specifically identified, does not imply that these names are not protected by the relevant laws and 
regulations. 

Springer has partnered with Copyright Clearance Center’s RightsLink service to offer a variety of options for reusing Springer 
content. For permission to reuse our content please locate the material that you wish to use on link.springer.com or on 
springerimages.com and click on the permissions link or go to copyright.com, then enter the title of the publication that you wish to 
use. For assistance in placing a permission request, Copyright Clearance Center can be connected directly via phone: +1-855-239-
3415, fax: +1-978-646-8600, or e-mail: info@copyright.com.

© Science China Press and Springer-Verlag Berlin Heidelberg

Volume 59   Number 31 
November   2014

 Vol. 59   No. 31  November 5,  2014  (Published three times every month)

Supervised by  Chinese Academy of Sciences
Sponsored by  Chinese Academy of Sciences and National Natural Science Foundation of China
Published by  Science China Press and Springer-Verlag Berlin Heidelberg
Subscriptions  

China  Science China Press, 16 Donghuangchenggen North Street, Beijing 100717, China 
Email: sales@scichina.org    Fax: 86-10-64016350

North and South America  Springer New York, Inc., Journal Fulfillment, P.O. Box 2485, Secaucus, NJ 07096 USA
Email: journals-ny@springer.com    Fax: 1-201-348-4505

Outside North and South America  Springer Customer Service Center, Customer Service Journals, Haberstr. 7, 69126 Heidelberg, Germany
Email: subscriptions@springer.com    Fax: 49-6221-345-4229

Printed by  Beijing Artownprinting Co., Ltd., Chuangyeyuan Road, Taihu Town, Tongzhou District, Beijing 101116, China
Edited by  Editorial Board of Chinese Science Bulletin, 16 Donghuangchenggen North Street, Beijing 100717, China
Editor-in-Chief   Xiao-Ya Chen

CN 11-1785/N
广告经营许可证:  京东工商广字第0429号

邮发代号:  80-214 (英)
国内每期定价:  120元



i

CONTENTS	 CONTENTS

www.scichina.com | csb.scichina.com | www.springer.com/scp | link.springer.com

 

Volume 59   Number 31  November   2014

SPECIAL TOPIC: Advanced Catalytic Materials for Environmental Application

EDITORIAL                                                                                           

3955	 Editorial: advanced catalytic materials for environmental application
	 Junhua Li

ARTICLES                                                                                            

3956	 The influence of molar ratios of Ce/Zr on the selective catalytic reduction of NOx with NH3 over Fe2O3-
WO3/CexZr1−xO2 (0 ≤ x ≤ 1) monolith catalyst

	 Haidi Xu • Yi Cao • Yun Wang • Zhitao Fang • Tao Lin • Maochu Gong • Yaoqiang Chen

3966	 The poisoning and regeneration effect of alkali metals deposed over commercial V2O5-WO3/TiO2 catalysts 
on SCR of NO by NH3

	 Fengyu Gao • Xiaolong Tang • Honghong Yi • Shunzheng Zhao • Tongtong Zhang • Dong Li • Ding Ma

3973	 Selective catalytic reduction of NOx by hydrogen over modified  Pd/TiO2-Al2O3 catalyst under lean-burn 
conditions 

	 Kaijiao Duan • Zhiming Liu • Lei Yuan

3980	 Selective catalytic oxidation of ammonia to nitrogen over orderly mesoporous CuFe2O4 with high specific 
surface area

	 Wenrui Yue • Runduo Zhang • Ning Liu • Biaohua Chen

3987	 Influence of interactions between chromium and cerium on catalytic performances of CrOx–CeO2/Ti-
PILC catalysts for deep oxidation of n-butylamine

	 Shanshan Yang • Qinqin Huang • Renxian Zhou

3993	 Preparation and catalytic performance of Fe-SBA-15 and FeOx/SBA-15 for toluene combustion
	 Yujuan Zhang • Jiguang Deng • Lei Zhang • Hongxing Dai

4003	 Different mechanisms between reactions of soot with gaseous and adsorbed NO2
	 Yexin Zhang • Shaojie Chen • Qian Li • Zhaoliang Zhang • Jian Zhang

4008	 Mesoporous iron oxide-silica supported gold catalysts for low-temperature CO oxidation
	 Weidong Zhang • Xiaofei Lu • Weili Zhou • Feng Wu • Jinjun Li

INVITED REVIEW                                                                         

	 Neuroscience
4014	 The neuroprotective effect of L-Theanine and its inhibition on nicotine dependence
	 Yan Zhao • Baolu Zhao

PROGRESS                                                                                        

	 Cell Biology
4020	 Research progress in quantifying the mechanical properties of single living cells using atomic force 

microscopy
	 Mi Li • Lianqing Liu • Ning Xi • Yuechao Wang

REVIEWS                                                                                             

	 Cell Biology
4030	 Recent advances in brown adipose tissue biology 
	 Yanyan Shen • Xiaomeng Liu • Meng Dong • Jun Lin • Qianwei Zhao • HyuekJong Lee • Wanzhu Jin

	 Neuroscience
4041	 New strategies for the repair of spinal cord injury 
	 Zhourui Wu • Ziru Zhao • Yan Yu • Xiao Hu • Wei Xu • Zhili Zeng • Yi Eve Sun • Liming Cheng

 Go To Website

http://www.scibull.com:8080/EN/volumn/volumn_6484.shtml


ii

CONTENTS	 CONTENTS

www.scichina.com | csb.scichina.com | www.springer.com/scp | link.springer.com

ARTICLES                                                                                  
	 Crop Genetics
4050	 Clustered spikelets 4, encoding a putative cytochrome P450 protein CYP724B1, is essential for rice panicle 

development
	 Min Guo • Yi-Hao Yang • Min Liu • Qing-Cai Meng • Xiu-Hong Zeng • Ling-Xia Dong • Shu-Zhu Tang • Ming-Hong Gu • 

Chang-Jie Yan

	 Cell Biology
4060	 Role of Ppt1 in multiple stress responses in Candida albicans
	 Kangdi Hu • Wanjie Li • Jiaxin Gao • Qizheng Liu • Haitao Wang • Yue Wang • Jianli Sang

	 Neuroscience
4069	 Resting state brain default network in patients with motor aphasia resulting from cerebral infarction
	 Xin Wang • Meihao Wang • Weizhuo Wang • Huiru Liu • Jiejie Tao • Chuang Yang • Jiance Li

4077	 Factors affecting the voxel-based analysis of diffusion tensor imaging
	 Jianli Wang • Binbin Nie • Haitao Zhu • Hua Liu • Jingjuan Wang • Shaofeng Duan • Baoci Shan

	 Geology
4086	 Quadrapyrgites from the lower Cambrian of South China: growth pattern, post-embryonic development, and 

affinity	
	 Yunhuan Liu • Yong Li • Tiequan Shao • Huaqiao Zhang • Qi Wang • Jinpeng Qiao

4096	 Changes in plant diversity on the Chinese Loess Plateau since the Last Glacial Maximum
	 Shujun Zhao • Zhongli Ding

4101	 Pollen-inferred Holocene vegetation and climate histories in Taro Co, southwestern Tibetan Plateau
	 Qingfeng Ma • Liping Zhu • Xinmiao Lü • Yun Guo • Jianting Ju • Junbo Wang • Yong Wang • Lingyu Tang

4115	 Higher sea surface temperature in the northern South China Sea during the natural warm periods of late 
Holocene than recent decades

	 Hong Yan • Liguang Sun • Da Shao • Yuhong Wang • Gangjian Wei

	 Atmospheric Science
4123	 Response of the East Asian summer monsoon to large volcanic eruptions during the last millennium
	 Wenmin Man • Tianjun Zhou

4130	 Features of tropical cyclone landfalls over East Asia corresponding to three types of Pacific warming 
decaying phase

	 Yao Ha • Zhong Zhong

	 Fluid Mechanics
4137	 Entropy and its application in turbulence modeling
	 Rui Zhao • Jili Rong • Xinliang Li

	 Materials Science
4142	 Preparation and optical properties of waterborne acrylic-based cool white coatings
	 Shengjun Cheng • Hongjiang Liu • Yanfeng Gao

4147	 Low melting point nanocrystalline Sn–Ag solder synthesized by a refined chemical reduction method
	 Bingge Zhao • Weipeng Zhang • Changdong Zou • Qijie Zhai • Steve F. A. Acquah • Yulai Gao

	 Artificial Intelligence
4152	 Active set strategy of optimized extreme learning machine
	 Xiao-Jian Ding • Bao-Fang Chang



Artic le Geology

Changes in plant diversity on the Chinese Loess Plateau
since the Last Glacial Maximum

Shujun Zhao • Zhongli Ding

Received: 25 April 2014 / Accepted: 7 May 2014 / Published online: 18 July 2014

� Science China Press and Springer-Verlag Berlin Heidelberg 2014

Abstract Changes in biodiversity during periods of glo-

bal warming are of broad public concern. To study the

effect of the warming process on the ecosystem, we carried

out pollen analyses on samples from seven selected sec-

tions at Qingyang, Ningxian, Yangling, Binxian, Baoji,

Yanshi, and Lingbao on the Chinese Loess Plateau in order

systematically to evaluate changes in plant diversity since

the Last Glacial Maximum (LGM). The plant richness

indices (Simpson’s diversity index and rarefaction ana-

lysis) indicated that the plant diversity of each section

increased during the process of warming from the LGM to

the Holocene Optimum, especially at Baoji and Lingbao.

These results are consistent with many long-timescale

geological records, which show that warming can increase

biodiversity; therefore, the popular viewpoint that warming

leads to biodiversity loss or species extinction needs to be

re-examined.

Keywords Last Glacial Maximum � Holocene �
Warming � Chinese Loess Plateau � Biodiversity

1 Introduction

Biodiversity is an essential basis for maintaining a func-

tioning ecosystem [1]. Some ecologists have inferred that

warming would most likely cause biodiversity decrease;

these inferences were mostly based upon numerical models

and limited time observations [2, 3]. The effect of global

warming on biodiversity has thus become a matter of intense

interest. Contrary to expectations, however, some geological

records show that biodiversity has tended to increase during

some warm periods since 540 Ma [4]. These conflicting

results may be due partly to the scarcity of detailed studies on

biodiversity changes during periods in the past, which could

be considered as an analog of future global warming epi-

sodes. It is clear that we need more records of biodiversity

changes at different times and on regional scales in order to

understand better the effects of warming on biodiversity.

The East Asian monsoon is a most active subsystem in

Earth’s climate system. Many modeling studies have

indicated that global warming will lead to increased pre-

cipitation in East Asia [5, 6]. The CLP is located in the

marginal zone of the East Asian summer monsoon. The

vegetation of this region changes from forest-grassland into

grassland and desert-grassland from the southeast to the

northwest of the plateau [7]. This region is therefore very

sensitive to climate change. During the past 20 ka, Earth’s

climate has experienced a gradual warming from the Last

Glacial Maximum (LGM) to the Last Deglaciation (LD),

and thence to the Holocene Optimum (HO); the biodiver-

sity changes during this period have considerable signifi-

cance for assessing the impact of global warming on the

ecosystem. Loess-paleosol sequences provide valuable

materials for research into the impact of warming upon

biodiversity due to their widely distributed and continu-

ously deposited eolian sediments [8–10].
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Fossil materials are main indicators of biodiversity in

the reconstruction of geological history [11], and palyno-

logical data are regarded as a reliable source in estimating

past plant diversity [12]. In this paper, seven sections were

selected from the Loess Plateau based on the magnetic

susceptibility and median grain size of strata and discuss

the influence of warming on the ecosystem through the

analysis of pollen diversity.

2 Materials and methods

We selected seven loess-paleosol sections on the CLP

along two different transects: the Yangling, Binxian,

Ningxian, and Qingyang sections along a south–north

transect; and the Baoji, Yangling, Yanshi, and Lingbao

sections along a west–east transect (Fig. 1). The strati-

graphic division and nomenclature of these sections have

been described by Yang and Ding [9] based on grain size

analysis and the pedogenic characteristics. Samples were

taken at 5–10 cm intervals from the strata of the sections

dated from the LGM (above L1-1 horizon). We measured

magnetic susceptibility and median grain size first. Hori-

zons of the LGM, the LD, and the HO in each section were

identified based on magnetic susceptibility, median grain

size data, and pedogenic characteristics. Samples for pollen

analysis were selected within these three periods (Fig. 2).

Pollen was extracted by the sieving and heavy-liquid

Fig. 1 Study site locations. Solid dots show the location of the studied sections on the CLP. The gray isolines indicate the mean annual

temperature

Fig. 2 Map showing the division of LGM, LD, and HO periods and pollen sample positions in each section. The magnetic susceptibility and

median grain size curves are also shown
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method developed by Li et al. [13]. In brief, samples with a

weight of 100–150 g were dissolved by hydrochloric acid,

extracted by heavy liquid, and purified by hydrofluoric

acid.

Biodiversity changes can be characterized by species

richness and relative abundance [14]. Among the methods

of diversity analysis, the Simpson diversity index [15, 16]

mainly reflects the relative abundance of species and is less

affected by lithology, whereas rarefaction analyses of

species richness can be comparable for samples of different

sizes [17]. Here, we employed MVSP [18] software and

aRarefactWin software [19] to calculate the two indices

with the objective of evaluating biodiversity changes since

the LGM on the CLP.

3 Results

We analyzed a total of 87 samples for pollen assemblages

in the seven sections and identified 72 pollen taxa. Her-

baceous plants were prevalent (Table 1), dominated by

Artemisia, Chenopodiaceae, and Compositae; Gramineae,

Ephedra, Liliaceae, Humulus, and Zygophyllaceae pollen

also emerged. Arboreal pollen such as Pinus, Corylus, and

Betula could be found, and fern spore was rare (Figs. S1–

S7 online).

Our palynological data demonstrated that the vegetation

of the CLP has been grassland dominated by Artemisia

since the LGM. Spatial comparison shows that the vege-

tation type has not undergone large changes from west to

east, and the arboreal plant percentages increased signifi-

cantly during the LD and HO. Meanwhile, from south to

north, drought-tolerant herbs increase gradually while tree

percentages diminish.

We compared the average Simpson diversity index

during the three periods for each section (Table 2). Tem-

porally, the Simpson diversity index had the lowest value

during the LGM for each section in the three periods and

displayed a remarkable increase with the process of

warming. The Simpson diversity index reached the highest

values during the HO period for most of the sections except

for Ningxian and Binxian where the highest values were

witnessed during the LD.

We selected one sample with abundant pollen types

during each period for each section on which to perform

the rarefaction analysis (Fig. 3). The rarefaction curve

showed that the biodiversity during the LGM is obviously

lower than that during the LD and the HO periods at all

sections except for the Yangling and Qingyang sections, as

shown by their intersected rarefaction curves (Fig. 3). The

biodiversity of the Baoji and Yanshi sections increased

markedly during the LD period.

4 Discussion

Our palynological data have shown that relative plant

abundance and species richness on the CLP have both

undergone an overall increase during the warming process

since the LGM. The result is similar to the previous pal-

ynological studies from the CLP [20–22]. Recently, fossil

charcoal records in Tianshui Basin of western CLP also

showed a high biodiversity in the mid-Holocene [23].

Paleoclimatic studies from stalagmites [24], lakes [25],

wetland [26], and loess sediments [27–29] have demon-

strated that, from the LGM to the HO, the East Asian

summer monsoon was enhanced and rainfall increased with

rising temperature. Both of these factors led to an increased

biodiversity on the CLP, where water is the main factor for

plant abundance and distribution [30]. Some research

showed that the vegetation pattern and vegetation diversity

Table 1 Pollen statistics from each section

Section Location Sample

number

Average

pollen

number

Total

number

of pollen

types

Herb

pollen

average

(%)

Baoji 34.41�N,

107.12�E

17 127 65 92.3

Yangling 34.29�N,

108.09�E

11 204 34 85.1

Lingbao 34.57�N,

110.83�E

10 151 41 86.7

Yanshi 34.78�N,

112.75�E

6 89 31 88.6

Binxian 35.01�N,

108.09�E

7 117 31 91.5

Ningxian 35.54�N,

107.79�E

12 315 48 93.3

Qingyang 36.10�N,

107.83�E

12 340 51 93.1

Table 2 Simpson’s diversity index during the LGM, LD, and HO

periods at each site

Section LGM LD HO

Baoji 0.33 0.46 0.63

Yangling 0.84 0.86 0.88

Lingbao 0.43 0.74 0.82

Yanshi 0.50 0.59 0.78

Binxian 0.48 0.50 0.46

Ningxian 0.44 0.47 0.45

Qingyang 0.49 0.52 0.62

LGM Last Glacial Maximum, LD Last Deglaciation, HO Holocene

Optimum

4098 Chin. Sci. Bull. (2014) 59(31):4096–4100
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are strongly associated with the annual precipitation on in

this area [31].

There are some differences between the IPCC’s con-

clusion [32] and the geological evidence on whether

warming will bring biodiversity decline, and this maybe

caused by their different timescales. The former is an

evaluation of the transient feedback of the ecosystem in

response to warming, while the latter is usually an

expression of an average situation in the time segment

represented by samples, which may then be regarded as

representing that ecosystem’s climate equilibrium state.

When we evaluate the effects of climate change through

the transient feedback of the ecosystem, the ability of

species to migrate during periods of climate change is one

of the most important variables [33]. Recently, some

researchers have defined the ability of species to migrate as

equivalent to the velocity at which species move in order to

maintain their native habitat temperatures; this is derived

by dividing the spatial temperature gradient (�C/km) by the

rate of increase in temperature (�C/a). In the IPCC’s A1B

scenario (a 2.8 �C increase in the global average temper-

ature by the end of the twenty-first century), the global

average velocity is projected to be 0.42 km/a [34]. A more

recent study shows that, in recent decades, the median

value of the velocities of 1,367 species moving to high

latitude regions is 1.69 km/a [35]. This value is about two

to three times higher than previous estimates, enough to

relieve the pressures of survival triggered by increasing

temperatures. At the same time, due to delayed responses

[36] and individual physiological differences among spe-

cies [37], a higher migration velocity may actually lead to

an increase in biodiversity. Further studies on species

migration velocity will bridge the big gap in assessments

based on ecological and geological records.

5 Conclusion

Our palynological records on the CLP demonstrate that

plant diversity increased with increasing temperatures in

the East Asian monsoon region during the LGM, the LD,

and the HO. This result is consistent with much other

geological evidence based on longer timeframes. Ipso

facto, warming leads to an increase in biodiversity rather

than a decrease. Changes in biodiversity on the CLP since

the LGM challenge the IPCC’s viewpoint that ‘‘warming

leads to biodiversity loss.’’
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