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Abstract
Functional diversity is increasingly pointed as a useful approach to reach Biological Conservation goals. Here, we 
provide an overview of the functional diversity approach status in the Biological Conservation field. We sought for 
peer-reviewed papers published over a period of twenty years (from 1994 to 2014). First we used the general topic 
“functional diversity” and then refined our search using the key-word “conservation”. We have identified the conservation 
strategies addressed, the organism studied, and the continent of study site in each paper. Thirteen classes of conservation 
strategies were identified. Plants were the most commonly studied organism group and most study-sites were located in 
Europe. The functional diversity approach was introduced in the Biological Conservation field in the early 2000’s and 
its inclusion in conservation strategies is broadly advised. However, the number of papers that operationalise such 
inclusion by developing models and systems is still low. Functional diversity responds differently and eventually better 
than other measures to changes in land use and management, which suggests that this approach can potentially better 
predict the impacts. More studies are needed to corroborate this hypothesis. We pointed out knowledge gaps regarding 
identification of the responses for functional diversity about urban impacts and in research on the level of management 
intensity of land needed to maintain functional diversity. We recommend the use of functional diversity measures to 
find ecological indicators. Future studies should focus on the development of functional diversity measures of other 
taxa beyond plants as well as test hypothesis in tropical ecosystems.

Keywords: biodiversity assessments, biodiversity measures, conservation strategies, ecosystem functioning, trait-based 
approach.

Uma visão geral sobre a aplicabilidade da diversidade funcional na 
Conservação Biológica

Resumo
A diversidade funcional é crescentemente apontada como uma abordagem útil para alcançar os objetivos da Conservação 
Biológica. Neste artigo, nós mostramos uma visão geral do status desta abordagem no campo da Conservação 
Biológica. Nós buscamos por artigos revisados por pares publicados ao longo de vinte anos (desde 1994 até 2014) 
usando, primeiramente, o tópico geral “functional diversity” e em seguida, refinamos a pesquisa com a palavra-chave 
“conservation”. Identificamos a estratégia de conservação abordada, o organismo estudado e o continente da área de 
estudo de cada artigo. Treze classes de estratégias de conservação foram identificadas. As plantas foram o grupo de 
organismos mais amplamente estudado e a maior parte das áreas de estudo estavam localizadas no continente europeu. 
A abordagem da diversidade funcional entrou no campo da Conservação Biológica no início dos anos 2000 e sua inclusão 
nas estratégias de conservação é amplamente recomendada. Entretanto, o número de artigos que operacionalizam tal 
inclusão ainda é pequeno. A diversidade funcional responde diferentemente e, eventualmente, melhor do que as outras 
medidas às mudanças no uso da terra e no manejo, sugerindo que essa abordagem pode potencialmente prever melhor 
os impactos. Mais estudos são necessários para corroborar esta hipótese. Destacamos lacunas de conhecimento sobre 
a identificação das respostas da diversidade funcional aos impactos urbanos e sobre a busca pelo nível de intensidade 
de manejo da terra necessária para manter a diversidade funcional. Recomendamos o uso de medidas de diversidade 
funcional para encontrar indicadores ecológicos. Estudos futuros devem focar no desenvolvimento de medidas de 
diversidade funcional de outros taxa, além das plantas bem como testar hipóteses em ecossistemas tropicais.

Palavras-chave: avaliações da biodiversidade, medidas de biodiversidade, estratégias de conservação, funcionamento 
dos ecossistemas, abordagem baseada em traços.
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1. Introduction

Biological Conservation aims to maintain ecosystem 
functioning and services (Meffe and Carroll, 1963). 
Ecosystem functioning is the set of matter and energy that 
flows through biotic and abiotic ecosystem components 
(Díaz and Cabido, 2001). As biological diversity is assumed 
to reflect ecosystem functioning reasonably, managers usually 
employ measures of species diversity in order to assess 
ecosystem functioning (Magurran, 2004; Ricklefs, 2003). 
Biodiversity indices most commonly used are those based 
on the number of species and their abundance, thus, they 
assume that each species contributes equally to ecosystem 
functioning (Magurran, 2004). However, ecosystem 
functioning is maintained by the interactions among 
species and with the environment such as photosynthesis, 
herbivory, pollination, seed dispersal, and nutrient cycling 
(Blüthgen, 2011; Hooper et al., 2005). As a consequence, the 
contribution of each species to the ecosystem functioning 
relies on its characteristics and interactions and not only 
on the species number (Tilman et al., 1997).

Functional diversity is a component of biodiversity 
that encompass species features and, as a consequence, 
may predict ecosystem functioning more precisely (Díaz 
and Cabido, 2001; Cianciaruso et al., 2009). Measures 
of functional diversity are based on functional traits, 
i.e. characteristics of species that can be measured 
at individual level and are related to species growth, 
reproduction and survival (Pérez-Harguindeguy et al., 
2013; Cornelissen et al., 2003). The trait-based approach 
is closely related to the niche models: different species 
complement each other by raising efficiency of processes, 
while similar species substitute each other by raising ecosystem 
resilience (MacArthur, 1972; Blüthgen, 2011). Indices of 
functional diversity measure how species are distributed 
in the multidimensional niche space (Petchey and Gaston, 
2002, 2006 ; Villéger et al., 2008; Mouchet et al., 2010).

The concept of functional diversity and the trait-based 
approach are not new (Grime, 1998; Gitay and Noble, 
1997). Until the 1990s ecologists were mainly interested in 
creating classification systems focused on the role of species 
in ecosystems by explaining how traits were influenced by 
biotic and abiotic factors, and finding distribution patterns 
for these groups (Laureto et al., 2015). The growing concern 
regarding global environmental changes during the 1970s 
and 1980s, the consolidation of Biological Conservation as 
an interdisciplinary science field during the 1980’s (Franco, 
2013; Meine, 2010), and the United Nations’ Conference 
on Environment and Development in 1992 (so-called 
Rio-92) raised the necessity of understanding the impacts 
of human activities on the biological diversity. Hence, 
during the 1990s, scientists gradually changed the focus 
of functional diversity questions towards the relationships 
between species traits and ecosystem functioning and 
services (Hooper et al., 2005; Srivastava et al., 2009; 
Díaz et al., 2007; Díaz and Cabido, 1997).

An increasing number of authors has pointed out 
functional diversity approach as useful to reaching 

biological conservation goals (Cadotte et al., 2011; 
Cadotte, 2011; Gillison et al., 2013; Isbell et al., 2011; 
Schwartz et al., 2000; Trindade-Filho and Loyola, 2011, 
2010; Trindade-Filho et al., 2012; Trivellone et al., 2014). 
Assessments on the status of functional diversity approach 
in Biological Conservation issues elucidates knowledge 
gaps that may be useful to both functional diversity and 
conservation fields by improving the connection between 
them.

Here, we review the literature on functional diversity 
and biological conservation, evaluate trends, and identify 
knowledge gaps. Our review was guided by following 
five questions: 1) How many papers regarding functional 
diversity have been published over time? 2) Among them, 
how many are related to biological conservation? 3) On which 
conservation strategy are they focused? 4) How are these 
studies distributed among different organisms? 5) How are 
the study-sites’ locations distributed around the world?

2. Methods

We considered peer-reviewed papers published over a 
period of twenty years (from 1994 until 2014) in journals 
concerning Agricultural, Biological, and Environmental 
Sciences using the Elsevier’s leading platform of peer-reviewed 
scholarly literature (Elsevier, 2015). We began with the 
general topic “functional diversity” and then we refined 
the search with the key-word “conservation”. After reading 
the abstract, we excluded papers that did not concern 
ecology (for instance, conservation of functional diversity 
of enzymes and proteins’ structures). We also excluded 
papers out of this revision scope - where authors measured 
functional diversity using taxonomic indices and/or 
defined ‘functional diversity’ unclearly, as well as papers 
in which the relationship of the findings and biological 
conservation were not clear. After exclusions, we identified 
the conservation strategies addressed in each paper. Finally, 
we classified them according to the organism studied and 
the continent of site study.

3. Results

In total, we compiled 621 documents regarding 
functional diversity and, from those, 60 papers regarding 
functional diversity and biological conservation 
(see Figure 1). Nine papers were placed out of the scope, 
so we considered 51 in this revision. The number of papers 
regarding functional diversity and conservation represented 
approximately 8.2% of published papers on functional 
diversity overall. We identify the presence of functional 
diversity in academic papers since the beginning of the 
studied period (i.e. 1994) and the number of published 
papers is increasing (see Figure 1). Regarding conservation 
issues, functional diversity appeared for the first time in 
1998. It appeared once again in 2001, remaining absent 
until 2005 and scarce until 2012, when it starts to increase 
significantly.

We identified thirteen classes of conservation 
strategies: biodiversity assessment (16 papers), impacts 
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of land use (11), management (8), spatial conservation 
planning (8), indicator (7), ecosystem services (6), habitat 
loss (3), restoration (3), monitoring (2), priority areas (2), 
biological control (1), economic valuation of biodiversity 

(1), and resilience (1). The sum of papers classified here 
(68) is higher than the total number of papers considered in 
this revision (51) because some papers were placed in more 
than one strategy (see Figure 2A). We found nine classes of 

Figure 1. Number of papers published per year between 1994 and 2014 regards functional diversity (blue) and functional 
diversity and conservation (orange).

Figure 2. Distribution of papers focused on functional diversity and conservation published between 1994 and 2014 according 
to (A) conservation strategies, (B) organism studies, (C) continent of the study site.
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organisms: plant (16), multitaxa and/or networks (8), birds 
(7), Arthropoda (6), fish (4), soil organisms (4), theoretical 
(4), algae (1), and reef (1). Soil organism class included all 
organisms that live in the soil, excluding Arthropoda - for 
instance, earthworms, bacteria, fungi, lubricious, nematodes, 
and saprophytic organisms. Theoretical was the group 
that encompassed papers related to theoretical issues and 
discussions without focusing on a particular organism or 
group. Networks and/or Multitaxa encompassed papers that 
studied more than one organism, considering interactions 
between them or not (see Figure 2B). We found nine study 
site categories: Europe (25), theoretical (6), Latin America 
(4), all over the world (4), Australia (2), Africa (1), Asia and 
Europe (1), Asia (1), and North America (1). Similarly to 
organism classification, theoretical was the group that 
encompassed papers concerning theoretical issues and 
discussion without focusing on a particular study site. 
The class “all over the world” encompassed papers that 
used metadata or data on more than three continents and 
focused the discussion at a global level (see Figure 2C).

4. Discussion

Publications about functional diversity have increased 
over time. Pioneer research groups published the first papers 
which were read by other groups. Once they incorporated 
the knowledge, began to publish which increased the number 
of papers published in that field. Until the early 2000’s the 
functional diversity concept had been developed only in a 
disciplinary approach, restricted to the academic community 
(see Figure 1). Once has entered the Biological Conservation 
field, which is interdisciplinary, the paradigm is expected 
to change: an extended peer community may contribute 
to develop, apply, and improve the knowledge, including 
academic, from other fields, governmental agencies and 
non-governmental organisations (Francis and Goodman, 
2009; Funtowicz and Ravetz, 1993; Turnhout et al., 2007).

In the first paper about functional diversity and 
conservation, published in 1998, authors compared 
functional patterns with plant composition and concluded 
that functional diversity does not necessarily follow the same 
patterns as the species diversity (see Figure 1). Thus, they 
recommended the inclusion of functional trait-based 
approach in conservation strategies (Médail et al., 1998). 
This recommendation was enhanced in 2001 in a review 
showing links between plant functional diversity and 
ecosystem functioning (Díaz and Cabido, 2001). It became 
a key-paper uniting conservation and functional diversity.

Biodiversity assessments were the most common 
issue found in the analysed papers (see Figure 2A). Most 
of them focused on the responses of different metrics of 
biological diversity to environmental and spatial variation, 
including functional diversity and also phylogenetic 
diversity, relative rarity, ecological specialisation, and 
acoustic diversity (Schirmel et al., 2012; Schuldt et al., 2013; 
Winter et al., 2013; Gasc et al., 2013; Leroy et al., 2014; 
Granger et al., 2015; Bennett et al., 2014; Dengler et al., 2014; 
Callisto et al., 2001). Overall, authors recommend the 

inclusion of other facets of biodiversity beyond traditional 
indices on conservation strategies, with emphasis on 
functional diversity. However, the number of papers that 
operationalise such inclusion by developing models and 
systems that encompass functional diversity is still low 
(Robinson et al., 2014; Perry, 2010; Mouillot et al., 2008; 
Kadoya et al., 2011; Maire et al., 2013).

Papers classified as impacts of land use, management, 
and spatial conservation planning were the second, third 
and fourth classes of conservation strategies, respectively 
(see Figure 2A). Functional diversity responds differently to 
changes in land use and management than other measures, 
particularly the traditional ones showing that conserving 
other diversity components (such as species number or 
abundance) will not necessarily conserve functional diversity 
(Bennett et al., 2014; Katovai et al., 2012; Van Capelle et al., 
2012). In some cases measures of functional diversity 
or trait-based approach responded more precisely than 
other measures (Dengler et al., 2014; Pelosi et al., 2014), 
suggesting that this approach can potentially better predict 
the impacts, although other corroborative studies are needed.

Among the papers regarding impacts of land use, 
only one was addressed to the impacts of urbanisation 
(Filippi-Codaccioni et al., 2009). They observed that 
extreme ages of urbanisation (young and old) cause higher 
niche differentiation concerning specialisation of birds, 
leading to a more vulnerable state for the ecosystem. 
Because farming is highly damaging to wild Nature, the 
high number of papers concerning agricultural land use is 
justifiable (Balmford et al., 2012; Swinton et al., 2007). Still, 
more studies about the responses of functional diversity 
to urban impacts are wanted.

Overall, land use intensification such as tillage, 
mowing, use of tracked mowers and increased nitrogen 
deposition had negative impact on functional diversity of 
different organisms (Pelosi et al., 2014; Lilleskov et al., 
2011; Krause and Culmsee, 2013). While there is a relative 
consensus that reducing the land use intensification 
may contribute to maintain functional diversity, land 
abandonment also seems to have negative impacts 
(Fontana et al., 2014). Thus, the challenge thereafter is to 
find the optimum intensity management of land in order 
to maintain functional diversity.

Functional diversity has been pointed as a promising 
approach to developing ecological indicators, the fifth 
class of conservation strategies (see Figure 2A – Bello 
and Mudrak, 2013; Kachergis et al., 2013). Maintaining 
the quality of ecosystems functioning is one of the aims 
of biological conservation (Sodhi and Ehrlich, 2010; 
Trombulak et al., 2004). Given quality is a subjective 
concept, ecological indicators enable to turn it into 
objectives’ parameters and connect it with conservation 
(Turnhout et al., 2007). Metrics of functional diversity 
of different organisms have been used as indicator of 
habitat quality and conservation values, and thus it bases 
recommendation of management and selection of priority 
areas to conservation (Leroy et al., 2014; Bishop and 
Myers, 2005; Maire et al., 2013). It can also be used to find 
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biodiversity indicators in natural areas and agroecosystems 
(Kadoya et al., 2011; Trindade-Filho et al., 2012; 
Trivellone et al., 2014).

As plant ecology field started the first studies with 
functional diversity (Tilman et al., 1997; Grime, 1998; 
Díaz and Cabido, 1997, 2001), the high number of 
papers using plants is not surprising (see Figure 2B). 
Also, structure of vegetation is assumed to be associated 
with habitat diversity, which underscores its importance to 
conservation (Ricklefs, 2003). Indeed, functional groups 
of plants describe robust diversity of mammals, birds 
and termites (Gillison et al., 2013). On the other hand, it 
has also been found that successful restoration of plant 
diversity does not necessarily imply successful restoration 
of soil nematode functional diversity (Kardol et al., 2005). 
This contradiction raises the importance of studies that 
disentangle the relationships between functional diversity 
of different taxa. Fortunately, multitaxa and/or network is 
the class with the highest number of papers after plants 
(see Figure 2B).

Birds and Arthropoda are together in the third class of 
organisms studied (see Figure 2B). Since birds act as genetic 
linkers, carrying genetic information between habitats and 
most of Arthropoda are strongly associated with nutrient 
cycling (Lundberg and Moberg, 2003), functional diversity 
of these organisms has a great potential to be applied in 
conservation strategies. Basic knowledge of birds’ functional 
diversity is fairly well explored (Petchey et al., 2007; 
Trindade-Filho et al., 2012). However, the inclusion of 
functional diversity of Arthropoda in conservation issues 
still needs more improvements such as defining appropriate 
functional diversity index for benthic macro invertebrate 
(Kadoya et al., 2011).

The number of papers published that have study sites 
located in Europe is more six times higher than the papers 
with study sites in Latin America, the second continent in 
the ranking (see Figure 2C). As most part of Europe lies in 
the northern temperate climate zone, current conclusions 
and recommendations regarding functional diversity 
and conservation tend to be less suitable to ecosystems 
from outside that climate. Because tropical species 
communities are prone to be more complex (Janzen, 1975; 
Vamosi et al., 2006), relationships between ecosystem 
functioning and functional diversity in the tropics may not 
be as straightforward, as is usually assumed (Freitas et al., 
2012; Martins and Batalha, 2006). Testing hypothesis in 
tropical ecosystems would contribute to expanding the 
current understanding of functional diversity in conservation 
strategies’ applicability.

In sum, our results show that the functional diversity 
approach entered the Biological Conservation field in the 
early 2000’s and an extended peer community is expected 
to develop, apply and improve the knowledge. We found 
the inclusion of indices based on functional diversity on 
conservation strategies is broadly advised but the number 
of papers that operationalise such inclusion is still low. 
Functional diversity responds differently and eventually 
better than other measures to changes in land use and 

management suggesting that this approach can potentially 
better predict the impacts. More studies are needed to 
corroborate this hypothesis.

Our results highlighted lack of knowledge on identifying 
the responses of functional diversity to urban impacts and 
on the search for the level of management intensity of land 
needed to maintain functional diversity. We recommend use 
of the functional diversity approach to develop indicators of 
habitat quality, conservation value, and ecosystem services. 
Moreover, because the studies are strongly concentrated on 
plants and in European ecosystems, future studies should 
focus on other taxa apart from plants, and hypothesis tests 
in tropical ecosystems would also improve the applicability 
of functional diversity in conservation strategies.
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