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Some Myths as to OA Journals
✎ Submitted papers will always not be 

rejected

✎ Reviewing processes could be very quick

✎ As long as you pay APC (article 
processing charges) to OA journals, 
which are happy to publish your papers

✎ APC is a huge amount

✎ Reviewing reports from OA journals are 
not important and usually not demanding 
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A general framework for predicting 
delayed responses of ecological 
communities to habitat loss
Youhua Chenͷǡ͹ & Tsung-Jen Shen͸
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Habitat destruction, one of the principal factors driving global biodiversity crisis, causes time-lagged, if not 
instantaneous, loss of species. Such a delayed consequence, described as extinction debt1–5, has been increasingly 
documented in empirical and !eld studies6–8. In addition to debt, ecological processes such as immigration and 
speciation, also part of the responses that require time to ful!l, can positively contribute to species richness of 
ecological communities, which are usually termed as immigration credit3, 4, 9. However, other than simply count-
ing the delayed loss or gain of species, how will the community structure of species assemblages be altered due to 
habitat loss3? Under what conditions will extinction debt or immigration credit occur in local samples? "erefore, 
it is necessary to compare the community patterns at equilibriums before and a#er habitat destruction in order to 
adequately address these important, but yet unsolved, issues.

Recently, Kitzes and Harte (2015) (hereina#er referred as KH for brevity) developed a novel method to esti-
mate the magnitude of extinction debt or immigration credit from two ecological community patterns, namely 
regional species abundance distribution (SAD) and species-speci!c spatial abundance distribution (SAAD). "eir 
method was based on several important assumptions: !rstly, local communities in the region are always open to 
speciation or immigration; secondly, the number of species in a local community is determined jointly by SAD 
and SAAD; thirdly, regional SAD before habitat loss and a#er a long run since habitat loss is assumed to be in 
steady equilibrium; and lastly but most importantly, the whole community or region a#er reaching new steady 
state will follow the same parametric SAD curve as the original regional SAD before habitat loss. "is assumption 
states that the underlying regional SAD model will be kept invariant (some speci!c parameters may be changed).

"ere are indeed other ways to estimate extinction debts10–12. However, the elegancy of KH’s method rests 
with the fact that it is parsimonious and requires only available information as inputs, including the total number 
of individuals of all species, the area size of the whole region, and the percent of habitat loss. Moreover, by using 
this simple information, the !tting of unknown parameters in SAD is very straightforward. In contrast, in many 
previous methods for modelling extinction debts11, 12, some parameters are very di$cult to estimate and the 
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ABSTRACT
Rao’s quadratic diversity index is one of the most widely applied diversity indices

in functional and phylogenetic ecology. The standard way of computing Rao’s

quadratic diversity index for an ecological assemblage with a group of species with

varying abundances is to sum the functional or phylogenetic distances between a pair

of species in the assemblage, weighted by their relative abundances. Here, using both

theoretically derived and observed empirical datasets, we show that this standard

calculation routine in practical applications will statistically underestimate the true

value, and the bias magnitude is derived accordingly. The underestimationwill become

worse when the studied ecological community contains more species or the pairwise

species distance is large. For species abundance data measured using the number of

individuals, we suggest calculating the unbiased Rao’s quadratic diversity index.

Subjects Biodiversity, Ecology, Mathematical Biology, Plant Science

Keywords Biometrics, Forest ecology, Biodiversity measure, Estimation accuracy, Phylogenetic
ecology, Functional traits

INTRODUCTION
Biodiversity is constituted by multifaceted components. Measures of biodiversity thus

should take into account species richness and abundance as well as other characteristics

(like abundance evenness) quantified by information metrics, which are also valuable and

should be incorporated. Rao’s quadratic diversity index is one of the most important

biodiversity metrics that is widely applied to studies of functional and phylogenetic

ecology (Rao, 1982, 2010;Mouchet et al., 2010). Its standard computation is to sum up the

species’ distance between a pair of species i and j (dij) that is weighted by the product of

the relative abundances of both species (pi and pij), given by QðpÞ ¼
P

i 6¼j dijpipj
(Botta-Dukat, 2005; Ricotta, 2005a; Gusmao et al., 2016), where p ¼ ðp1; :::; pSÞ represents
the relative abundance distribution of the assemblage with S species. Here, species’

distance can be very flexible, ranging from phylogenetic to functional (or trait) distances

(Ricotta, 2005b).

However, ecologists do not normally consider the statistical bias of Rao’s quadratic

diversity index when applying it to practical research questions. Herein, statistical bias was

How to cite this article Chen et al. (2018), Evaluation of the estimate bias magnitude of the Rao’s quadratic diversity index.

PeerJ 6:e5211; DOI 10.7717/peerj.5211

Submitted 19 March 2018
Accepted 20 June 2018
Published 6 July 2018

Corresponding author
Tsung-Jen Shen,
tjshen@nchu.edu.tw

Academic editor
Paolo Giordani

Additional Information and
Declarations can be found on
page 10

DOI 10.7717/peerj.5211

Copyright
2018 Chen et al.

Distributed under
Creative Commons CC-BY 4.0



18

Traditional Journals:
Reviewing Time and OA Charges

Methods Ecol Evol. 2019;10:1015–1023.� � �bѴ;�omѴbm;Ѵb0u-u�ĺ1olņfo�um-Ѵņl;;ƒ�Պ|Պ�1015

 

!;1;b�;7Ĺ�ƐƏ��-m�-u��ƑƏƐƖՊ |Պ �11;r|;7Ĺ�ƐƑ��rubѴ�ƑƏƐƖ
DOI: 10.1111/2041-210X.13197  

R E S E A R C H  A R T I C L E

Inferring multispecies distributional aggregation level from 
limited line transect-derived biodiversity data

Youhua Chen1Պ|   Tsung-Jen Shen2 Պ|   Hoang Van Chung1Պ|   Shengchao Shi1Պ|   
Jianping Jiang1Պ|   Richard Condit3,4Պ|   Stephen P. Hubbell5,6

1��"��;���-0ou-|ou��o=��o�m|-bm��1oѴo]b1-Ѵ�!;v|ou-|bom�-m7��bou;vo�u1;�&|bѴb�-|bom�ş��1oѴo]b1-Ѵ�!;v|ou-|bom�-m7��bo7b�;uvb|���omv;u�-|bom��;���-0ou-|ou��
o=�"b1_�-m��uo�bm1;ķ��_;m]7���mv|b|�|;�o=��boѴo]�ķ��_bm;v;��1-7;l��o=�"1b;m1;vķ��_;m]7�ķ��_bm-ĸ�2�mv|b|�|;�o=�"|-|bv|b1v�ş�	;r-u|l;m|�o=��rrѴb;7�
�-|_;l-|b1vķ��-|bom-Ѵ��_�m]��vbm]�&mb�;uvb|�ķ�$-b1_�m]ķ�$-b�-mĸ�3
b;Ѵ7���v;�l�o=��-|�u-Ѵ��bv|ou�ķ��_b1-]oķ���ĸ�4�ou|om��u0ou;|�lķ��bvѴ;ķ���ĸ�5"lb|_vomb-m�
$uorb1-Ѵ�!;v;-u1_��mv|b|�|;ķ��r-u|-7oķ��-Ѵ0o-ķ��-m-l-�-m7�6	;r-u|l;m|�o=��1oѴo]��-m7���oѴ�|bom-u���boѴo]�ķ�&mb�;uvb|��o=��-Ѵb=oumb-ķ��ov��m];Ѵ;vķ���

Correspondence
$v�m]Ŋ�;m�"_;m
�l-bѴĹ�|fv_;mŠm1_�ĺ;7�ĺ|�

Funding information
|_;�$-b�-m��bmbv|u��o=�"1b;m1;�-m7�
$;1_moѴo]�ĸ�"|u-|;]b1��uboub|��!;v;-u1_�
�uo]u-l�o=�|_;��_bm;v;��1-7;l��
o=�"1b;m1;vķ��u-m|ņ��-u7���l0;uĹ�
*	�ƒƐƏƏƏƏƏƏĸ�|_;��-|bom-Ѵ��;��!;v;-u1_�
-m7�	;�;Ѵorl;m|��uo]u-l�o=��_bm-ķ��u-m|ņ
��-u7���l0;uĹ�ƑƏƐƕ+
�ƏƔƏƔƑƏƑĸ�|_;�
��m7u;7�$-Ѵ;m|v��uo]u-l�o=�|_;��_bm;v;�
�1-7;l��o=�"1b;m1;vķ��u-m|ņ��-u7���l0;uĹ�
+Ѷ�ƒƏƓƐƐƏƏ

�-m7Ѵbm]��7b|ouĹ��m7u;v��-v;Ѵ]-

Abstract
Ɛĺ� �1oѴo]bv|v�_-�;�];m;u-ѴѴ��1om1Ѵ�7;7�|_-|�vr;1b;v�7bv|ub0�|bomv�-u;�mo|�u-m7ol�Ő;ĺ]ĺ�
-]]u;]-|;őķ�0-v;7�om�vbm]Ѵ;Ŋvr;1b;v�v|�7b;v�|_-|�-rrѴb;7�vbm]Ѵ;Ŋvr;1b;vŋ0-v;7�v|--
|bv|b1-Ѵ�l;|_o7vķ�Ѵbh;�|_;�m;]-|b�;�0bmolb-Ѵ�lo7;Ѵĺ��Ѵ|_o�]_�b|�bv�1ollom�hmo�Ѵ-
;7];� |_-|� vol;� vr;1b=b1� vr;1b;v� bm� -m� ;1oѴo]b1-Ѵ� 1oll�mb|�� ru;v;m|� -]]u;]-|;�
7bv|ub0�|bomvķ�|_bv�7o;v�mo|�m;1;vv-ubѴ��blrѴ��|_-|�|_;�;m|bu;�1oll�mb|��ru;v;m|v�-m�
-]]u;]-|;� 7bv|ub0�|bomĺ� "|�7�bm]� 1oll�mb|�ŊѴ;�;Ѵ� 7bv|ub0�|bom-Ѵ� -]]u;]-|bom� r-|-
|;umv�u;t�bu;v�7b==;u;m|�v|-|bv|b1-Ѵ�l;|_o7vĺ

Ƒĺ� �;u;bmķ�0���|bѴb�bm]�-�mo�;Ѵ�1omvr;1b=b1Ŋ;m1o�m|;u�bm7;��7;ub�;7�=uol�-�l�Ѵ|brѴ;�vr;1b;v�
�-uho��|u-mvb|bom�lo7;Ѵ�|_-|�-11o�m|v�=ou�|_;�momŊbm7;r;m7;m|�v-lrѴbm]�o=�1omv;1�|b�;�
bm7b�b7�-Ѵv�-Ѵom]�Ѵbm;�|u-mv;1|vķ��;��;u;�-0Ѵ;�|o�v_o��|_-|�|u;;�-vv;l0Ѵ-];v�bm�|uorb1-Ѵ�
=ou;v|�;1ov�v|;lv�1-m�ru;v;m|�-�v|uom]�vb]m-Ѵ�o=�;�|;mvb�;�7bv|ub0�|bom-Ѵ�bm|;uvr;uvbomĺ

ƒĺ� $_bv� bm|;u;v|bm]� u;v�Ѵ|� bv�mo|��m;�r;1|;7ķ�]b�;m� |_;� =-1|� |_-|�m;b]_0o�ubm]� |u;;�
bm7b�b7�-Ѵv�bm�_b]_Ѵ��7b�;uv;�|uorb1-Ѵ�=ou;v|v�-u;��v�-ѴѴ��o=�7b==;u;m|�vr;1b;vķ�u;v�Ѵ|-
bm]�bm�v|uom]�mb1_;�r-1hbm]�ou�bm|;uvr;uv;7�r-||;umvĺ��m�1om|u-v|ķ�=ou�|_;�-lr_b0-
b-m�-vv;l0Ѵ-];v�v�u�;�;7�=uol�vo�|_�;v|;um��_bm-�-m7�1;m|u-ѴŊvo�|_�(b;|m-lķ�
|_;�1omvr;1b=b1Ŋ;m1o�m|;u�bm7;���-v�=o�m7�|o�0;�1omvbv|;m|Ѵ��_b]_ķ�blrѴ�bm]�|_-|�
-lr_b0b-m�1oll�mb|b;v�|;m7�|o�0;�_b]_Ѵ��-]]u;]-|;�bm�vr-1;ĺ

Ɠĺ� �om1Ѵ�vb�;Ѵ�ķ��vbm]�|_;�1omvr;1b=b1Ŋ;m1o�m|;u�bm7;��7;ub�;7�=uol�|_;��-uho��momŊ
bm7;r;m7;m|�v-lrѴbm]�lo7;Ѵķ��;�ruo�b7;�-�Ѵ;]b0Ѵ;�7;=bmb|bom�o=�1oll�mb|�ŊѴ;�;Ѵ�
7bv|ub0�|bom-Ѵ�-]]u;]-|bom�-v�-m�bm|;uvr;uv;7�ou�1Ѵ�v|;uŊѴbh;�7bv|ub0�|bom�o=�7b==;u-
;m|�vr;1b;vĺ�$_bv�7;=bmb|bom�bv�mo|�b7bov�m1u-|b1ķ�-v�b|�bv�1obm1b7;m|��b|_�|_;�7;=bmb-
|bom�o=�|_;�1om|-]bom�bm7;���v;7�bm�Ѵ-m7v1-r;�;1oѴo]�ĺ�$o�|_bv�;m7ķ�|_;�lo7;Ѵ��v;7�
bm� |_bv� r-r;u� ;v|-0Ѵbv_;v� -� =u-l;�ouh� ;�rѴb1b|Ѵ�� Ѵbmhbm]� 1oll�mb|�� ;1oѴo]�� -m7�
Ѵ-m7v1-r;�;1oѴo]��=uol�-�l�Ѵ|bŊo0f;1|�r;uvr;1|b�;ĺ

K E Y W O R D S

0bo7b�;uvb|�ķ�7bv|ub0�|bom-Ѵ�-]]u;]-|bomķ�7bv|ub0�|bom-Ѵ�bm|;uvr;uvbomķ�Ѵ-m7v1-r;�;1oѴo]�ķ�
�-uho��1_-bmķ�m;]-|b�;�0bmolb-Ѵ�lo7;Ѵķ�m;b]_0o�ubm]�;==;1|ķ�v-lrѴbm]�|_;ou�

š�ƑƏƐƖ�$_;���|_ouv��;|_o7v�bm��1oѴo]��-m7���oѴ�|bom�r�0Ѵbv_;7�0���o_m�)bѴ;��ş�"omv��|7�om�0;_-Ѵ=�o=��ub|bv_��1oѴo]b1-Ѵ�"o1b;|�ĺ

$_bv�bv�-m�or;m�-11;vv�-u|b1Ѵ;��m7;u�|_;�|;ulv�o=�|_;��u;-|b�;��ollomv��||ub0�|bom��b1;mv;ķ��_b1_�r;ulb|v��v;ķ�7bv|ub0�|bom�-m7�u;ruo7�1|bom�bm�-m��l;7b�lķ�
ruo�b7;7�|_;�oub]bm-Ѵ��ouh�bv�ruor;uѴ��1b|;7ĺ



19

Traditional Journals:
Reviewing Time

Contents lists available at ScienceDirect

Ecological Informatics

journal homepage: www.elsevier.com/locate/ecolinf

Comparing Allee effect-based and dispersal-based neutral models for species
abundance distribution patterns

Yongbin Wua, Youhua Chenb,c,⁎, Tsung-Jen Shend,⁎⁎

a College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China
b College of Economics and Management, Nanjing Forestry University, Nanjing 210037, China
c Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
d Institute of Statistics & Department of Applied Mathematics, National Chung Hsing University, 250 Kuo Kuang Road, Taichung 40227, Taiwan

A R T I C L E I N F O

Keywords:
Species extinction
Biodiversity crisis
Stochasticity
Tropical biodiversity
Statistical ecology

A B S T R A C T

Dispersal is important for biodiversity maintenance in both neutral and niche theories. However, little is known
about the potential role of Allee effect at the community level. In the present study, we developed neutral models
for quantifying the separate and joint influences of the Allee effect and dispersal process, respectively, on species
abundance distribution (SAD) patterns. Tree census data from Barro Colorado Island (BCI), Panama were used as
the case to compare different neutral SAD models. Results showed that Allee effects were not detected in the BCI
tree SAD curve. By contrast, the neutral models with the incorporation of dispersal process (including both
immigration and emigration) can remarkably improve the fitting power of neutral models on the BCI tree SAD
curve. Finally, even though the influence is not detectable, the Allee effect-based SAD models still might be
alternative SAD models for model comparison and null hypothesis testing.

1. Introduction

The neutral theory of biodiversity and biogeography has gained
much attention over the last two decades since its establishment
(Alonso et al., 2006; Hubbell, 2001). Many theoretical and empirical
studies on testing and developing the ecological neutral theory have
been published since that time (Etienne and Haegeman, 2011; He et al.,
2012; McGill, 2003; Rosindell et al., 2010; Volkov et al., 2003, 2007;
Zhou and Zhang, 2008a, 2008b). The neutral model was found to quite
adequately predict species diversity patterns in tropical areas (Rosindell
et al., 2012) where species diversity is very high (Chisholm and Pacala,
2010; Zhou and Zhang, 2008a, 2008b).The Allee effect predicts a po-
sitive correlation between species per-capita growth rates and the po-
pulation size (Allee, 1931; Allee and Bowen, 1932). The existence of the
Allee effect accelerates the extinction risk of species (Allen, 2003;
Dennis, 2002; Geol and Richter-Dyn, 1974), because a species will ul-
timately go extinct after some time passes when its population size is
less than the Allee-effect threshold. Although previous studies made
great progress on the neutral theory of biodiversity (Hubbell, 2001) and
used neutral models to predict species abundance distribution (SAD)
patterns (Etienne, 2007; Etienne and Alonso, 2005; Etienne and Olff,
2005; He, 2005; He and Hu, 2005; Volkov et al., 2003, 2007), only a

few studies so far have focused on evaluating the impacts of Allee ef-
fects on SAD patterns. So, are there any new insights when the Allee
effect is incorporated into the neutral model? A natural expectation
might be that when the Allee effect is incorporated, the resultant fit
with empirical SADs should be much better given the fact that new
biological information is added to the neutral models.

Indeed, there are some recent theoretical studies which provide
insights into the role of the Allee effect on neutral theories of biodi-
versity. For example, in a previous study (Zhou and Zhang, 2006), it
was found that the Allee effect-based theoretical SAD curve was de-
pressed compared to the theoretical SAD curve predicted by a model
that did not consider the Allee effect. This result was expected given the
fact that the Allee effect tends (as explained by Zhou and Zhang, 2006)
(i) to increase the risk of local extinctions of the set of originally rare
species (hence the resulting reduction in species richness) and (ii) to
decrease relative abundances of those species which originally had in-
termediate levels of abundance, with those species progressively be-
coming “new” contributors to the set of rare species (i.e., thereby re-
placing the originally rare, now extinct, species). However, the previous
study (Zhou and Zhang, 2006) presented only simulation-based results,
and those still need to be tested against empirical datasets. Can neutral
SAD models be deduced quantitatively by explicitly incorporating the
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might be that when the Allee effect is incorporated, the resultant fit
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Abstract: In natural ecological communities, most species are rare and thus susceptible to extinction. Con-
sequently, the prediction and identification of rare species are of enormous value for conservation purposes.
How many newly found species will be rare in the next field survey? We took a Bayesian viewpoint and used
observed species abundance information in an ecological sample to develop an accurate way to estimate the
number of new rare species (e.g., singletons, doubletons, and tripletons) in an additional unknown sample.
A similar method has been developed for incidence-based data sets. Five seminumerical tests (3 abundance
cases and 2 incidence cases) showed that our proposed Bayesian-weight estimator accurately predicted the
number of new rare species with low relative bias and low relative root mean squared error and, accordingly,
high accuracy. Finally, we applied the proposed estimator to 6 conservation-directed empirical data sets
(3 abundance cases and 3 incidence cases) and found the prediction of new rare species was quite accurate;
the 95% CI covered the true observed value very well in most cases. Our estimator performed similarly to or
better than an unweighted estimator derived from Chao et al. and performed consistently better than the naı̈ve
unweighted estimator. We recommend our Bayesian-weight estimator for conservation applications, although
the unweighted estimator of Chao et al. may be better under some circumstances. We provide an R package
RSE (rare species estimation) at https://github.com/ecomol/RSE for implementation of the estimators.

Keywords: Bayesian statistics, biodiversity survey, diversity estimation, sampling theory, species rarity

Un Método con Ponderación Bayesiana para Predecir el Número de Especies Raras Recientemente Descubiertas

Resumen: En las comunidades ecológicas naturales, la mayoŕıa de las especies son raras y por lo tanto
susceptibles a la extinción. Como consecuencia, la predicción e identificación de las especies raras son de
enorme valor para los propósitos de la conservación. ¿Cuántas especies recientemente descubiertas serán
clasificadas como raras en el siguiente censo de campo? Tomamos un punto de vista bayesiano y utilizamos
información de la abundancia observada de especies en una muestra ecológica para desarrollas una manera
certera para estimar el número de nuevas especies raras (p. ej.: singleton, doubleton, y tripleton) en una
muestra adicional desconocida. Un método similar se ha desarrollado para conjuntos de datos basados en la
incidencia. Cinco pruebas semi-numéricas (tres casos de abundancia y dos casos de incidencia) mostraron
que nuestra propuesta de estimador con ponderación bayesiana predijo con certeza el número de nuevas
especies raras con un bajo sesgo relativo y un bajo error de la raı́z cuadrada media relativa y, de manera
acorde, una alta certeza. Finalmente, aplicamos el estimador propuesto a seis conjuntos de datos emṕıricos
dirigidos hacia la conservación (tres casos de abundancia y tres casos de incidencia) y encontramos que
la predicción de nuevas especies raras fue certera; el 95% del CI cubrió muy bien al verdadero valor
observado en la mayoŕıa de los casos. Nuestro estimador funcionó de manera similar o incluso mejor
que un estimador sin ponderación derivado de Chao et al. (2015) y funcionó constantemente mejor que
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