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Abstract The sub-discipline of biodiversity and ecosystem functioning (BEF) has
emerged as a central topic in contemporary ecological research. However, to date no study
has evaluated the prominence and publication biases in BEF research. Herein we report the
results of a careful quantitative assessment of BEF research published in five core general
ecology journals from 1990 to 2007 to determine the position of BEF research within
ecology, identify patterns of research effort within BEF research, and discuss their probable
proximal and historical causes. The relative importance of BEF publications increased
exponentially during the period analyzed and was significantly greater than the average
growth of ecological literature, affirming the prominence of BEF as a current paradigm in
ecology. However, BEF research exhibited a strong bias toward experimental studies on
terrestrial plant communities, with significantly lower effort devoted to the functional
aspects of biodiversity in aquatic systems, multiple trophic level systems, and animal or
microbial communities. Such trends may be explained by a combination of methodological
adequacy and historic epistemological differences in ecological thinking. We suggest that
BEF researchers should direct more effort toward the study of aquatic systems and animal
communities, emphasize long-term and trophically complex experiments, such as those
with multi-trophic microbial communities, employ larger-scale field observational studies
and increase the use of integrative and theoretical studies. Many technical and analytical
methodologies that are already employed in ecological research, such as stable isotopes,
paleobiology, remote sensing, and model selection criteria, can facilitate these aims.
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Overcoming the above-mentioned shortcomings of current BEF research will greatly
improve our ability to predict how biodiversity loss will affect ecosystem processes and
services in natural ecosystems.

Keywords Ecological paradigms - Research bias - Species loss -
Ecological experiments - Publication patterns - Scientific chauvinism -
Global extinction - Species interactions

Introduction

Research on biodiversity and ecosystem functioning (hereafter, BEF) has emerged as a
major sub-discipline in the field of ecology. BEF research attempts to find causative
mechanisms between species diversity and the magnitude and stability of ecosystem
processes (see Hooper et al. 2005 for a review). The main rationale behind this area of
scientific inquiry is that if species differ in their capabilities to exploit resources and in
their resistance to environmental stress, then species-rich communities will enhance eco-
system processes, because they will be more efficient at capturing a greater proportion of
total available resources (Tilman 1999), and will be more stable in such functions, since
there will be greater likelihood that some species will maintain ecosystem functioning even
if others fail (Yachi and Loreau 1999). In addition to this complementary view, a second
class of mechanism, called the selection or sampling effect, has been demonstrated to be
important over a large number of studies (Cardinale et al. 2006). If the magnitude of
individual species’ effects on ecosystem functioning is variable, then species-rich com-
munities may have more influence on ecosystem functioning than species-poor commu-
nities, on average, because they are more likely to contain species that have large effects on
ecosystem functioning (Huston 1997).

Although BEF is a long-standing paradigm in ecology [Charles Darwin was the first to
suggest that greater plant diversity would lead to greater primary productivity (Darwin
1859)], only in the last few decades have ecologists conducted considerable research in this
area (Loreau et al. 2001; Naeem et al. 2002; Hooper et al. 2005). The major motivation for
this rekindled interest is the increasing scientific and public awareness of the current and
unprecedented global biodiversity loss, which may jeopardize fluxes of energy and matter
that underlie important services that ecosystems provide to humanity [e.g., soil fertility,
clean water, food production, among others; see Chapin et al. (2000)].

Published research affects the conservation of biodiversity because it provides envi-
ronmental managers and decision-makers with scientific ecological information. Therefore,
the utility of BEF research to conservation management will be greater if results are
consistent over a broad array of phylogenies and ecosystems (Srivastava and Vellend
2005). Recognition of the need to diversify BEF research has spurred initiatives among
ecologists, such as participation in research-coordinated networks that are specifically
devoted to extending the scale of existing BEF studies (Naeem and Wright 2003). At the
same time, ecologists have attempted to pluralize their approaches, testing the effects of
biodiversity on system functions through diverse methodological techniques (e.g., theo-
retical or experimental) and over a variety of ecosystems, communities, trophic levels, and
biodiversity facets, such as functional and compositional diversity (Loreau et al. 2001;
Hooper et al. 2005; Petchey and Gaston 2007; Srivastava et al. 2009; Wittebolle et al.
2009). However, despite these trends, no bibliometric quantitative assessment to date has
been specifically designed to formalize the position of BEF research within the field of
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general ecology or to determine whether there are significant asymmetries in BEF research
output and how these asymmetries are related.

Publication output is the standard by which scientific productivity is evaluated and is a
powerful tool to understand the development of science, underpinned by the notion that
scientists will focus further effort on underappreciated research topics, thereby helping to
prevent research bias and provide a solid foundation for the next generation of research
(Saikkonen et al. 2006). In the case of rapidly developing research areas, such as BEF, the
increase in published information (Balvanera et al. 2006) makes the process of scientific
updating an especially time-consuming task (Nobis and Wohlgemuth 2004). Research bias
is an important aspect of scientific progress, as partiality may lead to false conclusions
about the generalities of the questions addressed if, for example, studies are conducted
under conditions in which one expects to detect statistically significant effects (Gurevitch
and Hedges 1999). Research bias toward a particular kind of ecosystem or community (i.e.,
model system) is especially problematic for the progress of BEF research, since bias may
generate conclusions that are not representative of the relevant biological diversity and
thereby limit our ability to identify generalities that are ultimately useful to conservation
practices (Srivastava and Vellend 2005).

Herein, we present an overview of recent bibliometric trends in BEF research. Our main
objectives are the following: (1) to provide quantitative information on the position of BEF
research within the broader ecological literature during recent decades; (2) to identify
whether there are biases in the number of BEF publications with regard to methodological
approach or to the ecosystem, community, or trophic level under study, and to determine
how such biases may change over time; and (3) to discuss possible causes and conse-
quences of the existing trends.

Materials and methods
Sampling data

To evaluate the progress of scientific publication in BEF research, we surveyed all articles
published in the following five core general ecology journals: Ecology, Ecology Letters,
Functional Ecology, Oikos, and Oecologia. The articles were selected from the website of
each journal through a careful manual screen of all published volumes from January 1990
(from 1998 for Ecology Letters) to August 2007. Articles that explicitly analyzed the
effects of biodiversity (i.e., genetic, phenotypic, or species diversity) on the magnitude and/
or temporal or spatial variability (i.e., stability) of any ecosystem processes, population or
community dynamics, or resistance to species invasion were first grouped according to
year of publication and then clustered into categories based on the methodological
approach employed (i.e., theoretical, experimental, or observational), ecosystem (i.e.,
aquatic or terrestrial) and community under study (i.e., plant, animal or microbial), and the
number of trophic levels involved (i.e., single or multiple).

Theoretical studies were considered to include any narrative or meta-analytical review
or article describing either mathematical or conceptual models. Experimental studies were
those in which biodiversity was experimentally manipulated either in the laboratory or in
the field. Observational studies were those in which the effects of biodiversity on system
functions were measured along a natural gradient of biodiversity. Terrestrial ecosystems
were considered to be studies performed either above or below ground. Aquatic ecosys-
tems consisted of marine, estuarine, and freshwater (either lentic or lotic) environments
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including salt marshes, wetlands, and natural microcosms, such as tide pools, tree holes,
and phytotelmata. Animal communities were considered to be those that included Meta-
zoans. Plant communities encompassed angiosperms, gymnosperms, pteridophytes, bryo-
phytes, and macroalgae. Microbial communities consisted of fungi, protozoa, and
prokaryotes (both autotrophic and heterotrophic). Studies were considered to include
multiple trophic levels when the response variable was measured at a trophic level distinct
from that at which biodiversity was manipulated or evaluated. Except for theoretical
studies, which were not split into further categories (e.g., terrestrial, animal, etc.), all
experimental and observational studies were clustered according to ecosystem type as well
as community and trophic level manipulated. Studies dealing with more than one trophic
level, except those dealing exclusively with metazoans or heterotrophic microbes, included
more than one type of community; therefore, clustering was not mutually exclusive, and a
single publication could occur in more than one ecological community.

We limited our survey to the period from 1990 to 2007 because the publication of BEF
research was relatively rare prior to this period (Naeem et al. 2002; Balvanera et al. 2006).
We performed a more detailed bibliometric survey using five core general ecology journals
instead of performing an exhaustive search of all ecology journals for three reasons. First,
these journals have a wide readership and publish cutting-edge, high-impact research in the
field of ecology. Second, it would be ineffective to perform a keyword-based bibliometric
survey across all ecological journals within a bibliographic database, because ecologists
from different areas (i.e., microbial, plant, aquatic, or terrestrial ecology) commonly use
different keywords for the same research agendas (Raffaelli et al. 2003). Thus, the use of
general search strings, such as “biodiversity” AND “ecosystem function”, might retrieve
studies not relevant to BEF research, inflating the probability of Type I error in our analysis.
Finally and most importantly, these journals have no inherent restriction or bias toward
studies dealing with specific methodological approaches, geographical regions, ecosystems,
or taxonomic groups. Therefore, the selected journals are likely to represent the average
relative output of BEF studies published in the whole ecological literature during the
sampled period.

Data analysis

Simple counting of the absolute number of articles might cause erroneous conclusions
regarding the numerical performance of a given research area, since the absolute number
can be affected by the numerical trends of the overall literature. Furthermore, this method
would impair our ability to derive statistically rigorous differences between BEF and
overall ecological literature publication rates. We circumvented this potential issue by
using the Activity Index (Al) to compare the quantitative trends of BEF research in the
context of all published articles in the journals and period analyzed. Al has been used in
several scientometric evaluations (see Kumari 2006 and references therein) and can be
computed as follows: Al = (CY/CT)/(TYITT); where CY is the number of BEF articles
published in a respective year (y); CT is the total number of BEF articles published for all
years studied; TY is the number of overall ecological articles published in a year (y); and
TT is the number of overall ecological articles published for all years studied.

Al = 1 indicates that papers on BEF were published at the same relative rate as those
in the overall ecological literature.
Al > 1 indicates that BEF articles were published at a high relative frequency compared
to the overall ecological literature.
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Al < 1 indicates that BEF articles were published at a low relative frequency compared
to the overall ecological literature.

We calculated Als for each journal and then plotted the annual average Al [(with its
+95% confidence interval (CI)] along a time series to test the statistical significance of
BEF output. In a given year, BEF research performance was considered significantly
different (lower or higher) from the performance of the overall ecological literature when
the lower or upper bound of the 95% CI of the respective Al did not overlap with 1.

To evaluate and compare the temporal and overall research trends within specific BEF
categories, we calculated the partitioning among the relative number of studies for clus-
tered subjects (e.g., theoretical, experimental, or observational) to the total number of
articles published within their respective category (e.g., methodological approach) in a
given year and plotted the values over time. We assessed the overall differences among
clustered subjects within a specific category by comparing their temporal means either
through one-way analyses of variance (ANOVA, followed by Tukey’s post hoc test for
pair-wise comparisons) or through an unpaired 7 test, depending on the number of clus-
tered subjects compared within each category.

We calculated the relative contribution (as a percentage) of each subject to the overall
number of BEF studies published in a given year for each journal to test whether there was
a quantitative temporal association among BEF research subjects. We then used Pearson’s
correlation analysis to test the temporal correlation of publishing rates among BEF
research subjects. Prior to the statistical analysis, all percentage data were arcsine trans-
formed to satisfy equal variance and normality. All statistical analyses were performed
using the software STATISTICA (StatsoFr, version 6.0 for Windows) with a significance
level of o = 0.05.

Results

We found 310 BEF studies published in the five journals over the study period. BEF Al
values exhibited an overall exponential increase throughout this period (Fig. 1). The BEF
Al values were lower than 1 until 1999, indicating that research efforts in this sub-disci-
pline were less than the overall ecological output during this time span. However, Al
increased striking in 1997 and was significantly greater than 1 from 2003 to 2007. This
pattern explicitly indicates that in the last 4 years under study, BEF research output was
greater than the average publication effort of the overall ecological literature and that it is
still increasing (Fig. 1).

The bibliometric patterns of the different kinds of BEF studies were clearly uneven
(Fig. 2a—d). However, as with A/, these trends became notable only after 1997, when BEF
studies achieved considerable publishing rates. There were significant asymmetries
(ANOVA; P < 0.0001, F = 26.96) in the relative contribution of the three methodological
approaches (Fig. 2a). On average, experimental approaches accounted for 55.85% of
published BEF studies, which was significantly greater than the relative contributions of
both theoretical and observational studies (Tukey’s post hoc test; P < 0.05), which con-
tributed on average 28.52 and 15.63%, respectively. Furthermore, the bias toward exper-
imental work increased over time, reaching 70% of published articles in the two last years
analyzed.

There were strong significant differences among the proportional number of BEF
studies regarding the different ecological communities (Fig. 2b; ANOVA; P < 0.0001,

@ Springer



656 Biodivers Conserv (2010) 19:651-664

Activity Index (Al)
[+

0_
o N f1, > > b
ojca & \cga oga“@ ’9 & \Q, QQQ S q?&‘ N "!9@"»@

Year of publication

Fig. 1 Temporal trends in BEF research output for the period from 1990 to 2007. Dots are mean values
(n = 5) of activity index (Al) and the grey area is the £95% confidence interval (calculated for each year
using a bootstrap technique with 4,999 iterations with replacement). The BEF Al for a given year is
considered statistically significant from the general ecology literature output when its confidence interval
does not overlap the dashed line (Al = 1)

F = 129.2). On average, more than half (65.27%) of BEF studies examined plant com-
munities, followed by animal (22.82%) and microbial (11.91%) communities (Tukey’s
post hoc test; P < 0.05). Research bias was more notable when the overall relative con-
tributions of BEF studies performed in aquatic versus terrestrial systems and single versus
multiple trophic levels were compared (Fig. 2c—d). On average, a strong significant
asymmetry in publication number was observed toward terrestrial systems (72.96%)
compared with aquatic ones (27.04%) (Fig. 2c; T test; P = 0.0002) and toward a single
trophic level (73.10%) compared to multiple trophic levels (26.90%) (Fig. 2d; T test;
P < 0.0001). However, despite these large observed differences, a growing number of BEF
studies have been carried out in aquatic systems during recent years, and the relative
number of BEF studies performed in aquatic systems was even slightly higher than the
number of terrestrial studies in 2007 (Fig. 2c). This trend was not observed for the relative
number of studies encompassing multiple trophic levels, which decreased steeply from
2005 to 2007 (Fig. 2d).

Observational studies demonstrated significant positive correlations with studies dealing
with microbial and animal communities, aquatic systems, and multiple trophic levels
(Table 1). On the other hand, experimental studies exhibited positive significant correla-
tions with studies dealing with plant and animal communities, terrestrial and aquatic
systems, and single trophic levels. Studies of animal communities were positively corre-
lated with studies carried out in aquatic systems and dealing with multiple trophic levels.
Studies of plant communities were strongly correlated with terrestrial and single trophic
level studies. Aquatic and terrestrial studies were also positively correlated with multiple
and single trophic level studies, respectively.
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Fig. 2 Relative contribution of different research subjects within BEF research over time. a Methodo-
logical approaches; b Communities; ¢ Ecosystems and d Number of trophic levels. Different letters next to
research subjects denote statistical differences among time-averaged grand means (P < 0.05, Tukey’s
post hoc test for a—b and unpaired T test for c—d). Only values from 1997 through 2007 were included in the
analysis, because this was the period during which BEF publication output was large, thereby providing
more reliable estimates of the relative publication rates (see Fig. 1)

Discussion

The steep growth of BEF Al over the last few years explicitly identifies this subject as a
major component of ecological research, corroborating previous expectations that have
characterized BEF as a new paradigm in ecology (Naeem 2002; Balvanera et al. 2006). The
growing scientific recognition of the importance of biotic factors in the control of ecosys-
tems (Chapin et al. 1997) and the fact that current local and global biodiversity loss is one of
the most pervasive and irreversible human-mediated effects on Earth ecosystems (Vitousek
et al. 1997) have motivated ecologists to change and/or expand the focus on biodiversity
research from classical descriptive views (i.e., taxonomy and species distributions patterns)
to more functionally oriented research approaches (Naeem 2002; Moustakas and Karakassis
2005). In addition, philosophical modifications regarding the foundations of ecology, which
are overcoming historic epistemological conflicts (e.g., the division between ecosystem and
community ecology or phenomenological versus mechanistic research), contribute to the
reduction in scientific chauvinism and advocate the more collaborative and integrative
approaches necessary to understand the complexity of interactions between a variety of
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Table 1 Summary of bibliographical relationships among BEF studies

Observational Experimental Animal Plant Aquatic Terrestrial

Observational
Experimental

Animal 043 0.44

Plant 0.71

Microbial 0.66

Aquatic 0.38 0.38 0.56

Terrestrial 0.64 0.83

Single 0.68 0.76 0.78

Multiple 0.27 0.40 0.40

The table shows Pearson correlations () for the temporal associations among relative contributions (% of
overall published articles) of BEF research subjects. For clarity, only significant (P < 0.05) Pearson’s r
values are shown. Theoretical studies were not considered in the analysis, since they were not split into any
other subject clusters. Only values from 1997 through 2007 were included in the analysis, as explained in
Fig. 2

organisms, environments, and both combined (Naecem 2002; Naeem et al. 2002). This
revolution in ecological philosophy has promoted the emergence of a new class of ecolo-
gists who have ultimately been motivated to address the “things together”, a critical pre-
rogative in BEF research (Naecem 2002).

Although the exponential growth in BEF research output may represent reasonable
evidence of scientific progress in this area, the asymmetry in methodological approaches
and research foci among BEF studies indicates bias associated with BEF scientific effort.
After the emergence of a novel paradigm, a new consensus should be developed by parallel
progress in observational, experimental, and theoretical evidence, although inequality
among these different strategies may be common (Graham and Dayton 2002; Naeem
2002). The early need for empirical data necessary to demonstrate the effects of biodi-
versity on ecosystem functioning (Schulze and Mooney 1994) as well as to point out
possible underlying mechanisms (Huston 1997) might have been the major reason for the
disproportional scientific effort devoted to experimental studies in BEF research (Sri-
vastava and Vellend 2005). Although small-scale experiments often lack generality, they
have seemed crucial for the BEF research agenda (see Duffy 2009). Such investigations
generate data within short time scales, which is more efficient to influence effective
environmental decision-making in a rapidly changing world (Benton et al. 2007). More-
over, because of the statistical rigor and power with which experimental data can be
analyzed, research that involves experimental falsification of hypotheses is generally more
persuasive than modeling and observational studies (Lawton 1996); therefore, experi-
mental studies have been supposed to be much more likely to be published (Raffaelli
2006). Finally, positive feedback toward increasing the number of experimental studies
may also have occurred, since most of the first generation of BEF experiments were
heavily criticized regarding their experimental design (Huston 1997; Wardle 1999), so that
a new generation of experiments has been necessary to corroborate or nullify past results
(Schmid and Hector 2004).

Although the observed amount of experimental work indicates that BEF research has
been conducted under a strong mechanistic orientation, and the publication of a greater
proportion of experimental studies relative to observational and theoretical ones is a
common pattern among many scientific disciplines (Lawton 1996; Naeem 2002), the
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validity of BEF experiments should be contrasted with results from works that encompass
real world conditions, such as trophic complexity and larger temporal and spatial scales
(Srivastava and Vellend 2005; Raffaelli 2006). As experimental studies accumulate, a
greater relative proportion of observational and integrative theoretical approaches should
increase as more specific knowledge can be combined to tackle general conclusions and to
interpret natural patterns. However, our data demonstrate that the relative number of
theoretical and observational studies in BEF research has declined over recent years
compared to the number of experimental studies. A similar pattern has also been identified
in other ecological areas, such as soil ecology (Barot et al. 2007) and may indicate that
ecologists are devoting little effort to the development of integrative conclusive studies and
to testing the validity of BEF experimental results and their respective hypotheses under
more complex conditions (Srivastava and Vellend 2005).

A critical concern that has spurred ecologists to advocate more realistic BEF studies is
that most experimental studies have been made with synthetic assembled communities,
assuming that species go extinct randomly. However, species often go extinct in order of
their sensitivity to environmental and anthropogenic stress (Purvis et al. 2000), and recent
evidence has demonstrated disparate effects on how ecosystems respond to random versus
ordered species loss (Ives and Cardinale 2004; Solan et al. 2004; Zavaleta and Hulvey
2004; MclIntyre et al. 2007). Although large-scale observational studies are often more
expensive and difficult to conduct, new methodological facilities such as remote sensing
and paleoecological techniques and new statistical methods, such as model selection cri-
teria, have been increasingly used in ecological studies (Jackson and Johnson 2001;
Johnson and Omland 2004; Chambers et al. 2007). These developments may represent
good opportunities to test BEF questions under natural scenarios (Symstad et al. 2003).
Furthermore, more immediate and cost-effective ways to explore, confirm, or refute BEF
hypotheses under larger temporal and spatial scale scenarios may be achieved from the
cautious re-analysis of earlier observational studies involving many species that were not
framed within the BEF paradigm (e.g., Emmerson and Huxham 2002; Kiessling 2005;
Wardle and Zackrisson 2005; Mclntyre et al. 2007).

The bias toward studies of plant communities may also substantially limit our ability to
derive general conclusions from BEF research, because plants and heterotrophs exhibit
fundamental differences in resource acquisition (Duffy 2002). Primary producers have
been argued to represent the logical place to begin detailed BEF studies, because they are
the basal component of most ecosystems (Loreau et al. 2001). Although such arguments
are relevant to the early development of BEF research, maintaining this view may give us a
false impression about the overall functional consequences of biodiversity, since it over-
simplifies the myriad of processes and interactions that characterize different ecosystems
and ecological communities (Duffy 2002; Giller et al. 2004; Raffaelli 2006). For example,
most BEF studies dealing with plant communities have shown that plant species diversity
increases primary productivity (see Balvanera et al. 2006; Cardinale et al. 2007 for
reviews), but recent investigations have demonstrated that aggregate community measures,
such as primary production, are more positively affected by species diversity than are other
kinds of ecosystem processes, such as nutrient acquisition (Bracken and Stachowicz 2006;
Kahmen et al. 2006). Furthermore, due to technical difficulties, most BEF studies exam-
ining animal communities have dealt with less aggregated measures of ecosystem pro-
cesses (e.g., N or P recycling rates) in their experimental protocols, and the results of such
studies have generally indicated the idiosyncratic effects of biodiversity (Emmerson et al.
2001; Caliman et al. 2007; Mclntyre et al. 2007). Therefore, one may conclude that the
greater number of BEF studies dealing with terrestrial primary producers, in which
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particular experimental procedures seem to increase the likelihood of detecting statistically
positive significant effects, may substantially bias BEF scientific discourse (Bengtsson
1998; Huston and McBride 2002).

The reasons behind the numerical prevalence of BEF studies of plant communities
relative to terrestrial systems are probably based in cultural prerogatives inherent to the
historical development of ecological research. First, studies involving plant communities
have traditionally been conducted to tackle ecosystem-level questions, while studies of
animal communities are preferentially used to assess population dynamics and processes
(Budilova et al. 1997). Second, ecologists who are generally more interested in conducting
broadly integrative research, such as BEF, have historically worked on terrestrial rather
than aquatic systems (Raffaelli et al. 2003). Although our analysis indicated a temporal
increase in the relative number of BEF studies conducted in aquatic systems, investigations
regarding the consequences of biodiversity for aquatic ecosystem functioning have been
historically underappreciated, on average. This trend in BEF research is a paradox, because
aquatic biodiversity, specifically in freshwater systems, is supposedly experiencing the
most dramatic changes worldwide, at both local and global scales (Sala et al. 2000;
Dudgeon et al. 2006). In addition, several recent studies have also emphasized sound
ecological and practical reasons why BEF research may benefit from studies conducted in
aquatic systems (Gessner et al. 2004; Giller et al. 2004; Naeem 2006). In particular, the
relevance of biodiversity to landscape-level processes involving meta-community
dynamics (Leibold et al. 2004) and cross-ecosystem subsidies (Loreau et al. 2003) has been
proposed to be more easily tested in aquatic systems than terrestrial ones (De Meester et al.
2005; France and Duffy 2006). For example, because many inland aquatic systems are
strongly influenced by adjacent terrestrial ecosystems through allochthonous inputs of
energy and materials (Likens et al. 1970; Cole and Caraco 2001), it is presumably easier to
investigate how modification of terrestrial biodiversity affects aquatic ecosystem-level
processes through both experimental and observational approaches. In fact, our analysis
shows that BEF research effort on aquatic systems is positively related with both exper-
imental and observational studies, suggesting that ecologists are already recognizing the
potential of aquatic systems to enhance both mechanistic and phenomenological knowl-
edge about BEF.

Another important pattern related to BEF research conducted in aquatic systems is the
significant relationship with studies involving multiple trophic levels. Recent studies have
emphasized the importance of framing BEF research in a food web approach, which
incorporates inter-specific (positive/negative and direct/indirect) interactions within and
across trophic levels (Raffaelli et al. 2002; Petchey et al. 2004; Raffaelli 2006; Duffy et al.
2007). Such arguments have emphasized functional aspects, such as the singular and
disproportionate impacts that top predators generally have on ecosystems (Srivastava et al.
2009), but also conservational ones related to the greater extinction rates exhibited by
species at higher trophic levels. However, our analysis indicates that despite these major
appeals, multi-trophic studies are rare within BEF research and do not show any temporal
tendency to increase compared with the scientific effort devoted to single trophic level
studies. Much of this pattern is obviously due to technical and/or logistical difficulties
inherent to studying food webs both experimentally and/or over larger-scale observational
studies (Raffaelli 2006). However, the development of advanced molecular tools
(Bohannan and Hughes 2003) and the increasing studies of microorganisms in ecological
research may facilitate alternatives, such as the experimental manipulation of microbial
food webs both in laboratory and natural microcosms, which may allow for more rigorous
analysis of the importance of biodiversity for trophic interactions over ecologically
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relevant temporal and spatial scales (Jessup et al. 2004; Srivastava et al. 2004). Alterna-
tives to studies of macro-organisms may include the use of stable isotopes to infer niche
partitioning among vertebrate top predators, which are difficult to manipulate due to both
ethical and technical reasons. Such information can be further incorporated into food web
models to infer how the identity and richness of consumer species affect food web
properties and ecosystem processes (Layman and Post 2008).

Our data demonstrate that BEF is a prominent scientific field in ecology, but as observed
for other ecological sub-disciplines (Barot et al. 2007), there is considerable research bias
in this field. Overall, BEF research is numerically dominated by experimental studies
conducted with terrestrial primary producers, but despite the smaller relative number of
studies carried out in aquatic systems, scientific effort was more balanced regarding the
kind of methodologies and communities used and trophic levels assembled in these sys-
tems. This is probably related to the relative ease of assembling diverse interacting
communities under smaller and more contrived experimental conditions (Giller et al. 2004)
combined with the tradition of ecosystem-level studies in aquatic systems, such as whole-
lake experiments (Forbes 1887; Carpenter et al. 2001). Therefore, BEF research devoted to
aquatic systems should be pursued, not only because it is underdeveloped relative to the
size (i.e., ocean ecosystems) and threats upon (inland and coastal) aquatic ecosystems
worldwide, but also because these studies have an intrinsic potential to allow more inte-
grative investigations of pressing questions regarding the functional importance of biodi-
versity to ecosystem functioning (Giller et al. 2004). Additionally, we argue that
interdisciplinary collaboration among different scientific experts, such as ecologists,
microbiologists, statisticians, and geographers, will ameliorate the technological and
analytical challenges reflected in the observed asymmetries in BEF research effort.
Overcoming these shortcomings is of paramount importance to avoid “more of the same”
in BEF research and to effectively respond on an appropriate scale defined by the issue of
whether and how current and future extinction scenarios will hinder the functioning of
Earth ecosystems.
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