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Conservation Science Group, Department of Zoology, University of Cambridge, Downing Street,
Cambridge CB2 3EJ, UK

Global biodiversity conservation is seriously challenged by gaps and hetero-

geneity in the geographical coverage of existing information. Nevertheless,

the key barriers to the collection and compilation of biodiversity information

at a global scale have yet to be identified. We show that wealth, language,

geographical location and security each play an important role in explaining

spatial variations in data availability in four different types of biodiversity

databases. The number of records per square kilometre is high in countries

with high per capita gross domestic product (GDP), high proportion of Eng-

lish speakers and high security levels, and those located close to the country

hosting the database; but these are not necessarily countries with high bio-

diversity. These factors are considered to affect data availability by impeding

either the activities of scientific research or active international com-

munications. Our results demonstrate that efforts to solve environmental

problems at a global scale will gain significantly by focusing scientific edu-

cation, communication, research and collaboration in low-GDP countries

with fewer English speakers and located far from Western countries that

host the global databases; countries that have experienced conflict may

also benefit. Findings of this study may be broadly applicable to other

fields that require the compilation of scientific knowledge at a global level.
1. Introduction
The world now faces a global biodiversity crisis and the consequent loss of eco-

system services. Understanding and predicting the fate of global biodiversity

thus represents an urgent task for conservation scientists, practitioners and

policy-makers. Global assessments of the distributions and changes in biodiver-

sity in spatial and temporal contexts have played a crucial role in efficiently

allocating limited resources to high-priority areas and species [1–5]. However,

the limited amount of available information poses one of the toughest chal-

lenges for such global efforts [6,7]. For example, 18 per cent of animal species

that have been evaluated to date by the IUCN have been categorized as data-

deficient, because the information available for the assessment of population

status is so limited [1]. Gaps and heterogeneity in the geographical and taxono-

mical coverage of existing information on biodiversity have also been

recognized as critical problems in other global efforts to assess the status of

global biodiversity [5,8,9]. A recent study demonstrated that existing biases in

available information can lead to inaccurate inferences in ecological studies [10].

Earlier studies have shown that the availability of information is unevenly

distributed across the globe [11], highlighting in particular the lack of data in

species-rich tropics [8,12–15]. Also, the wealth of a country has been revealed

to be positively associated with data availability [16,17]. However, there must

be smaller-scale variations in data availability as well as the reported broad-

scale contrast between the tropics and non-tropics. More importantly, many

other factors, in addition to wealth, have been suggested as potential barriers
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to the collection of biodiversity information. From poorer

countries, it is suggested that problems include lack of

adequate infrastructure, insufficient expertise, inaccessibility

to research sites due to political upheaval, and difficulties

in getting data published or made public [14]. Studies so

far have rarely identified the multiple barriers to, and

quantified their relative impact on, the collection and compi-

lation of biodiversity information at a global scale. However,

these steps are crucial for tackling efficiently the spatial

biases in the available information that the conservation

community now faces, and consequently obtaining an

undistorted understanding of global biodiversity status.

Here, focusing on four potential barriers to the collection

and compilation of information for global biodiversity con-

servation—wealth, language, geographical location and

security—we aimed to quantify the contribution of each

factor in explaining spatial variations in the amount of avail-

able data in ecological/conservation databases at global and

continental scales. As well as the known role of country

wealth [16,17], we also hypothesized that language, geo-

graphical location and security of a country could have an

impact in explaining spatial biases in available information.

English is now the common medium of international scienti-

fic communication [18], while geographical distance can be a

barrier to face-to-face communication among scientists. Thus,

both factors can affect the effective collection and compilation

of biodiversity information. A low level of security can dis-

courage scientific activities [19], potentially affecting the

amount of scientific data available in the country. To test

this hypothesis, this study analysed four databases that can

potentially provide information that is essential for global

biodiversity conservation: the Global Biodiversity Infor-

mation Facility (GBIF; www.gbif.org), which collects

records on the occurrence of organisms across the globe

(over three hundred million records); the Global Population

Dynamics Database (GPDD), the largest collection of time-

series population data in the world (nearly 5000 records)

[20], which was also used to assess the progress towards

the 2010 Biodiversity Target as a part of the Living Planet

Index [5]; MoveBank, a global data archive for animal move-

ment data (records on 16 251 tagged animals from 405

studies) [21]; and the European Union for Bird Ringing

Databank (EDB), which has compiled bird ringing recovery

data through bird ringing schemes throughout Europe

(about 4 million live and 1.4 million dead recoveries)

[22]. These databases were chosen so as to cover different

types of information needed for biodiversity conservation

(distribution, population dynamics, behaviour and demo-

graphic parameters), and are not intended to be exhaustive,

but rather indicative of each type of information (see more

detail in §2).

Considering potential correlations among the four factors,

a hierarchical partitioning [23] was performed to quantify

how much variation in the number of records per square kilo-

metre among countries can be explained by the independent

and joint contributions of gross domestic product (GDP)

per capita, the proportion of English speakers to the national

population, the geographical distance (kilometres) from

countries of the host organizations of the databases and the

level of security measured by the Global Peace Index (GPI)

[24]. The number of records per square kilometre in each

country was also compared with bird species richness, after

accounting for land area, as an index of biodiversity.
2. Material and methods
We first tested the relationship between the number of records

per square kilometre in each country and the four explanatory

variables: GDP per capita, the proportion of English speakers

to the national population, the geographical distance from

countries where the host organizations of the databases are

based, and the GPI. The number of records per square kilometre,

not the total number of records in each country, was used on the

assumption that, all else being equal, more records should be col-

lected in larger countries for effective conservation across the

country. More detailed measures of wealth, such as the amount

of budget spent on conservation science, might be a better pre-

dictor of data availability, but we could not obtain such

information at a global scale and thus used the GDP per capita

instead. The GPI was used to quantify a nation’s level of security,

which can affect accessibility to (and thus the amount of) data

collected from the country [14]. The GPI comprises 23 indicators,

which gauge three broad themes: the level of safety and security

in society (10 indicators), the extent of domestic or international

conflict (five), and the degree of militarization (eight), with data

collated by the Economist Intelligence Unit [24]. Lower GPI

scores indicate higher ‘peacefulness’. While each of the 23 indi-

cators could be used in the analysis, including all of them

would greatly increase the number of models to compare,

making the analysis unnecessarily complex. We decided to use

the GPI because, to our knowledge, it is the only index that

comprehensively quantifies a nation’s level of security.

Second, the number of records per square kilometre in each

country was also compared with bird species richness, after

accounting for land area. Species richness in one taxon may not

necessarily represent overall biodiversity, but bird species richness

was highly correlated with both mammal (Kendall’s t: 0.801) and

amphibian (0.680) species richness (both derived from [1]). Thus,

bird species richness was used as an index of biodiversity.

(a) Data
The four databases (GBIF, GPDD, MoveBank and EDB) were not

intended to be exhaustive, and there are clearly other conserva-

tion/ecological databases at global and continental scales, such

as the IUCN Red List dataset [1], the World Wildlife Fund Wild-

Finder [25], the ASEAN biodiversity information sharing system

[26], and the International Legume Database and Information

Service World Database of Legumes [27]. However, all of these

databases only provide the distribution range of species by

countries or regions, not actual observation records, making it

impossible to assess spatial biases in available information

within each range. Such information on species’ distribution is

represented by GBIF for the purpose of this study. To our knowl-

edge, GPDD and MoveBank are the largest databases that are

open to the public and provide information on population

dynamics and behaviour, both of which are crucial in biodiver-

sity conservation [5,28]. The EDB is a database at a European

scale, but we could not find global databases that provide

information on demographic parameters by country, and thus

decided to use EDB in this study. Consequently, the amount of

data stored is very different among the four databases; GBIF

stores far more data than the other three. We do not consider

that the unevenness of data availability among the selected data-

bases is a drawback of this study, but rather that it reflects the

information bias among different types of information needed

for biodiversity conservation.

We derived the total number of records in each country from

the websites of the four databases. The sum of live and dead

recoveries was used for EDB. We also collected the information

on land area, population and GDP of each country from the

World Factbook [29]. GDP per capita was calculated by dividing

GDP by the national population. The number of English speakers

http://www.gbif.org
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Figure 1. Maps showing the spatial variations in the number of records per square kilometre in four conservation/ecological databases: (a) the GBIF, (b) the GPDD,
(c) MoveBank and (d ) the EDB. Countries without any records are shown in white.
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in each country was estimated using four different sources:

Ethnologue [30], the World Factbook [29], the Cambridge encyclo-
pedia of Language [31] and the Eurobarometer survey [32]. The

total number of speakers of English as the first or second

language was derived from the first three sources, either directly

as absolute numbers or as a proportion of the national popu-

lation, which was multiplied by the national population listed

on the World Factbook to estimate actual numbers. For the Euro-

barometer survey, the number of English speakers was estimated

by multiplying the proportion of people who are aged 15 years

or older and answered that they can use English well enough

for conversations by the total population aged 15 years or

older (i.e. the target population for the survey). The maximum

value in the four databases was used for the analysis. The distance

(kilometres) from the country in which the organization respon-

sible for the database resides (Denmark for GBIF, UK for GPDD

and EDB and Germany for MoveBank) was calculated using the

package cshapes [33] in the program R v. 2.13.0 [34]. Here, the dis-

tance between the capitals was used as that between two countries.

The GPI was derived from a report by the Institute for Economics

and Peace [24]. The number of bird species in each country was

derived from BirdLife International’s World Bird Database

(www.birdlife.org/datazone, accessed January 2012). Since coun-

tries vary considerably in size, we used bird species richness

controlled for area. It is well known that species richness increases

with area nonlinearly, and thus it is inappropriate to simply divide

richness values by area because this implicitly assumes a linear

relationship. Instead, bird richness was divided by Az, where A is

a country’s area and z is the exponent of the species-area curve

[35]. Here, z was estimated by fitting the species-area curve to the

data (see the electronic supplementary material, figure S1).

(b) Statistical analysis
For each database, the model selection procedure based on the

Akaike information criterion with a correction for small

sample sizes (AICc) was first performed using simple linear

regressions with the log-transformed number of records per

square kilometre in each country as the response variable, and

the log-transformed GDP per capita, the proportion of English

speakers, the distance from the host organization and the GPI

as explanatory variables. The sample size was 102, 34, 30 and
24 in GBIF, GPDD, MoveBank and EDB, respectively. To investi-

gate the effect of spatial autocorrelation, Moran’s I was calculated

for the residuals from the full models, using the package ncf [36]

in R. The calculated Moran’s I was not significant up to the first

3000 km in all the databases, indicating no more than a weak

autocorrelation. Thus, spatial autocorrelation was not considered

explicitly in the model for the analysis.

A hierarchical partitioning [23] was performed to estimate

the independent and joint explanatory capacities of each of the

explanatory variables separately, using the package hier.part

[37] in R. The process of a hierarchical partitioning involves com-

putation of the increase in the fit (measured in our case as R2) of

all models with a particular variable compared with the equival-

ent model without that variable [23]. As a result, a hierarchical

partitioning provides, for each explanatory variable separately,

an estimate of the independent and conjoint contribution with

all other variables. This approach has been successfully used to

deal with multicollinearity among explanatory variables in

ecological data [38,39].
3. Results
Records in all four databases were distributed unequally

(figure 1). The four databases, although targeted to different

types of biodiversity information, showed similar patterns in

the distribution of data. Most notably, records were concen-

trated in western and northern Europe, and North America

(figure 1). Even in other regions, however, some countries

tended to show high densities for most of the databases,

such as Panama, Ecuador, South Africa, Kenya, Tanzania,

Ghana, Israel and New Zealand (figure 1). In Asia, both

Japan and Taiwan provided relatively many records to

GBIF and GPDD, but not to MoveBank (figure 1). There

was a considerable variation in information availability

even within each region, as well reflected in EDB, where

countries such as the Netherlands, Hungary, Denmark and

Belgium provided more data than others (figure 1d ).

Correlations among the explanatory variables were not

necessarily high (jKendall’s tj, 0.4 for all combinations), but

http://www.birdlife.org/datazone
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were still significant in most of the combinations (see the

electronic supplementary material, table S1). Although the var-

iance inflation factor calculated for the full models (see the

electronic supplementary material, table S2) showed relatively

low multicollinearity, these intercorrelations among predictors

potentially require the use of hierarchical partitioning [23] to

quantify the independent and joint explanatory power of each

predictor on the response variable (see §2 for more details).

Wealth, language, geographical location and security all

played an important role in explaining among-country vari-

ations in the amount of data, with varying importance

among the four databases. Most of the four factors were

included in at least one of the models with Di below 2.0

(see the electronic supplementary material, tables S3–S6),

which provides substantial evidence that these models are

the best models [40]. Exceptions were the distance from the

host organization in GBIF, GPI in GPDD and MoveBank,

and the proportion of English speakers in EDB (see the elec-

tronic supplementary material, tables S3–S6). A hierarchical

partitioning revealed that each of the four predictors—GDP

per capita, the proportion of English speakers, the distance

from host organizations and GPI—explained up to 12–20

per cent independently, and 24–45 per cent jointly with other

variables, of among-country variations in the number of

records per square kilometre (figure 2). However, the explana-

tory power of each variable differed depending on databases.

For example, the distance from host organizations in the

GBIF and the proportion of English speakers and GPI in Move-

Bank explained less than 10 per cent of the variations even

jointly with other variables (figure 2). Both GDP per capita

and the proportion of English speakers were positively corre-

lated with the number of records per square kilometre, while

the distance from host organizations and the GPI generally
showed a negative effect (figure 3). Note here that high GPI

scores indicate low levels of security. These four factors

seemed to explain not only the well-known tropical–temperate

gradient in data availability (white versus black circles in figure

3) but also within-region variations. Finally, the number of

records per square kilometre did not show a significant corre-

lation with bird species richness controlled for area, an index

of biodiversity in each country—Kendall’s t ( p-values): 0.044

(0.562), 0.045 (0.724), 0.195 (0.135) and 0.091 (0.565) in GBIF,

GPDD, MoveBank and EDB, respectively (figure 3).
4. Discussion
The main findings of this study are twofold. First, records in

all four databases were distributed unequally across the

globe; there were fine-scale spatial biases as well as the reported

broad-scale contrast between the tropics and non-tropics.

Second, the results revealed that language, geographical

location and security, relative to wealth, all explained similar

or even larger proportions of among-country variations in

available data in global/continental databases. These four

factors seemed to explain not only the well-known tropical–

temperate gradient in data availability but also within-region

variations. It seems fair to say that this is a novel finding,

because earlier studies have focused almost entirely on the

wealth of a country as a driver of spatial biases in available

biodiversity information [16,17], and never quantified the

relative importance of multiple drivers.

Although GDP presumably reflects various aspects of a

nation, it is most likely to represent the wealth of a country.

Wealth inevitably affects the budget for education and

science, which is one of the potential determinants of the
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quantity [41] and quality [42] of scientific communities,

consequently regulating infrastructure and expertise for

collecting data and getting data made public. Thus, wealth

and associated factors seem to largely explain the macro-

scale contrast in available biodiversity information between

tropical and temperate regions, which have repeatedly been

reported by earlier studies [8,12–15].

Nevertheless, GDP per capita still left 76–84 per cent of

among-country variation unexplained, a considerable pro-

portion of which was explained by the other three factors:

language, geographical location and security. The positive

association of the proportion of English speakers with data

availability in global datasets can be created through two

possible processes: a delay in the development of biodiversity

science in countries with fewer English speakers, and failure

to collect and compile existing information in such countries.

The proportion of English speakers reflects, to some degree,

the level of globalization of science in each country, since

English is now the common medium of international scienti-

fic communication [18]. Low English skills can cause severe

intellectual isolation [18], potentially delaying the progress

of scientific research, such as the establishment of systematic

monitoring surveys on biodiversity. Furthermore, even in
countries with well-developed biodiversity sciences, low

English skills could impede active communication with

other countries, and the impact is particularly detrimental

when communication with countries with strong scientific

influence, such as the USA and the UK, is blocked, resulting

in missed opportunities to contribute, for instance, to

global scientific databases. Note that this is not to say that

the information has not been collated in local databases

(see below an example in Japan). Contributing to global

data compilation may not necessarily be essential for biodi-

versity conservation at national or smaller scales, but is

crucial for the effective understanding and conservation of

global biodiversity.

The negative impact of geographical location detected in

this study is surprising given that most data can now be com-

municated easily by electronic means, even between remotely

separated areas. This result seems to indicate that the level

of face-to-face communication is still critical in the collection

and compilation of biodiversity information at a global scale.

Even in the modern age, travelling 10 000 km, such as

between east Asia and Europe, is time-consuming and costly,

inevitably impeding face-to-face communication among

scientists on a daily basis. Thus, it is much more difficult to
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create an effective network that is necessary for information

exchange from a far-away location. There is, nonetheless, a

ray of light in the results. In the GBIF database, the most

well-known worldwide database, the distance from host

organizations had little effect on the amount of data collected

from each country. This result indicates that the effect of geo-

graphical location can be overcome by active efforts to

advertise databases and promote information exchange.

This result also indicates that wealth, language and security,

all of which explained non-negligible proportions of vari-

ations in data availability even in GBIF, had a stronger

impact than geographical location. The effect of geographical

location would also be influenced by when records were col-

lected in each database; most of the data in GPDD

were collected before 1999, when Internet access was still

limited, possibly leading to a relatively strong effect of

geographical location in this database.

The result also supports our hypothesis that a nation’s

security explains, at least to some degree, the amount of

data compiled in the global databases. A low level of security

discourages or forces researchers to stop scientific activities

[19], affecting the amount of scientific data collected from

such countries. Military expenditures may preclude spending

on environmental science and management [43], and political

instability can also reduce external financial support [44].

Though the potential effect of security on biodiversity science

has been suggested by earlier studies [14], few studies have

provided quantitative evidence, particularly at a global scale.

The level of security can also affect the status of biodiversity

itself. For example, warfare has widespread ecological conse-

quences, both positive and negative, such as severe habitat

destruction, accumulation of pollutants and increased poach-

ing, but also creation of undisturbed habitats [19, 43]. This

finding points to security as one of the serious barriers to the

understanding of biodiversity conservation, particularly in

areas with high levels of threats to biodiversity.

A drawback of this study is that the results cannot separ-

ate the impact of these drivers on the actual amount of data

from the impact on the ability to collect existing information.

For example, Japan has a relatively thorough coverage of data

for both spatial and temporal dynamics of biodiversity, pro-

viding an important basis for conservation science within

the country ([45,46] and references therein), but those data

have not necessarily been used to contribute to important

global biodiversity assessments [5,8]. This example well

reflects the case where language (few English speakers) and

geographical location (long distance from host organizations)

pose a barrier to effective communication at a global level. On

the other hand, these four barriers can also affect the actual

amount of existing data through processes discussed earlier.

Thus, separating these two impacts of the revealed barriers

will be a next step for effectively tackling spatial biases in

global biodiversity information. The interacting effects of

the four factors might also be worth pursuing in future studies.

Furthermore, as is always the case in regression-based studies,

this study only shows the associations between variables and

does not necessarily demonstrate that the four factors actually

drive the spatial distribution of biodiversity information.

Having said that, considering that earlier studies have rarely

quantitatively identified potential drivers of biodiversity infor-

mation, the findings of this study can serve as a basis for future

efforts to obtain an undistorted understanding of global

biodiversity status.
Finally, this study revealed that the four major barriers of

wealth, language, geographical location and security have

caused the under-collection of biodiversity data from bio-

diversity-rich countries in global/continental databases. This

clearly indicates that an undistorted view of global biodiversity

requires enhancing ecological education, research and col-

laboration not only in low-GDP countries but also countries

with fewer English speakers, located far from Western

countries. Although many research funds have been dedicated

specifically to research in developing countries, care should be

paid to ensure funds are not just given to countries with rela-

tively many English speakers, but to distribute widely also

among countries with few English speakers. Focusing more

efforts on countries far from host organizations would be

a good strategy when collecting available information in

global databases. It is obviously not easy to enhance scientific

activities in countries with low security levels, but we should

at least recognize that security can have a serious consequence

on science at a global scale and take opportunities when secur-

ity has improved. Furthermore, although European and North

American countries have often taken initiatives in global efforts

to compile scientific knowledge, developed countries in other

regions could also play an initiative role in efforts to collect

information in their own regions. For example, in the case of

biodiversity information in Asia, developed countries in east

Asia and Oceania, such as Japan, South Korea, Australia and

New Zealand, are in a position to take initiatives in collecting

and compiling biodiversity information in southeast Asia, a

region that is far from both Europe and North America, with

high biodiversity, yet little information.

The findings of this study should be broadly applicable

to other research areas. The result was essentially the same

in EDB as in the other global databases, indicating that

the conclusions are applicable at a continental scale, at least

in Europe. Particularly in an era of global environmental

change, compiling scientific knowledge at the global level

offers a great potential for tackling many scientific challenges

and problems [47,48]. Based on the above, we conclude that

wealth, language, geographical location and security of

countries should be taken into account equally when trying

to understand the drivers of spatial heterogeneity in scientific

knowledge, and efforts to overcome these barriers should

be encouraged for the development of science at the global

scale. Though not intended to be exhaustive, examples

include the production of textbooks in the local language

with local examples through co-authorship with local biol-

ogists (as pioneered by Richard Primack [49]), donation of

books (as in the Gratis Book Scheme [50]), the creation of

global partnerships of collaborating organizations (as with

BirdLife International; www.birdlife.org), the creation of

tropical training courses on fieldwork and workshops in

which participants convert their previous research into sub-

mitted papers (as with the Tropical Biology Association;

www.tropical-biology.org) or the creation of a global net-

work of student conferences (as in the Student Conference

in Conservation Science; www.sccs-cam.org).
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