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ABSTRACT

Aim Indicators for biodiversity are needed to facilitate the identification of com-
plementary reserve networks for biodiversity conservation. One widely adopted
approach is to use indicator taxa, i.e. a single taxon such as birds or butterflies,
despite the ongoing debate regarding their usefulness as indicators of broader
biodiversity. Here we assess several aspects, such as influence of species number,
of indicator taxa for three extensive data sets to improve our insight into the effective-
ness of indicator taxa.

Location Denmark, sub-Saharan Africa and Uganda.

Methods First, we investigate to what extent variation in species number between
indicator taxa (e.g. 488 mammal spp. vs. 210 snake spp.) is causing the differences in
effectiveness between indicator taxa. Second, we investigate whether indicator taxa
are capable of outperforming indicator groups composed of random sets of species
chosen among all taxa. Finally, we assess the correlation of specific properties such as
mean range size of the indicator taxa to their effectiveness. We investigate these
aspects of the effectiveness of indicator taxa through the separate analysis of three
distinct distributional species data sets: sub-Saharan Africa (4,039 spp.), Denmark
(847 spp.) and Uganda (2,822 spp.).

Results We overall found that indicator taxa comprising a greater number of species
tend to perform better than indicator taxa with fewer species (e.g. 488 mammal
spp. outperform 210 snake spp.), although there are some exceptions. Second, we
found most indicator taxa to perform worse than indicator groups consisting of a
comparable number of species selected among all taxa. Finally, the effectiveness of
indicator taxa was seen to correlate poorly with selected distributional properties
such as mean range size of the indicator taxa, suggesting that it is difficult to predict
which taxa are efficient biodiversity indicators.

Main conclusions Overall, these findings might suggest that focus should simply
be on increasing the number of species among all taxa as basis for priority setting,
rather than striving to obtain the ‘perfect’ indicator taxa.

Keywords
Biodiversity indicators, complementary networks, conservation planning,
indicator taxa.

INTRODUCTION

is the focus of systematic conservation planning (Margules &
Pressey, 2000). Current understudied challenges of systematic

The existing reserve network is far from adequate for biodiversity
conservation, and new reserves need to be added to achieve
better representation of species (De Klerk et al., 2004; Fjeldsd
et al., 2004; Rodrigues et al., 2004). The selection of reserve
networks capable of protecting biodiversity in an effective manner
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conservation planning are the issues of inclusion of socioeconomic
data (e.g. Wilson et al., 2006) and the need to implement these
plans in the context of stakeholders, opportunities and con-
straints (e.g. Knight et al., 2006). So far much focus has been on
data consideration in terms of testing the ability of indicators
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(surrogates) to characterize biodiversity as a whole because our
knowledge of biodiversity is inadequate. Here, our understanding
of the effectiveness of various indicators is still inadequate. It is
debated what data constitute the most appropriate surrogate
units to use for priority setting (Brooks et al., 2004a,b; Cowling
et al., 2004; Pressey, 2004; Hortal & Lobo, 2006) whether it be,
e.g.land classes (Lombard et al., 2003), measurement of environ-
mental diversity (Aradjo et al., 2004; Faith et al., 2004), modelled
species turnover (Ferrier & Guisan, 2006) and/or species dis-
tribution data (Brooks et al., 2004a,b).

Thus, conservation planners face a difficult task in choosing
biodiversity indicators for reserve selection. Taxonomically well-
defined and easily monitored taxa have been used as indicators
to guide the identification of important areas for biodiversity
conservation (e.g. Stattersfield et al., 1998; Myers et al., 2000).
Many researchers have assessed the performance of taxonomi-
cally defined indicator groups, i.e. groups composed of species
from a single taxon such as birds, butterflies, etc. (hereafter
referred to as indicator taxa) (e.g. Prendergast etal., 1993;
Howard et al., 1998; Moritz et al., 2001; Lund & Rahbek, 2002;
Moore et al., 2003; Aratjo et al., 2004; Juutinen & Monkkonen,
2004; Kati et al., 2004; Saetersdal et al., 2004; Warman et al.,
2004a; Grenyer et al., 2006; Hess et al., 2006; Lamoreux ef al.,
2006; Williams et al., 2006) providing mixed findings. For
example, birds are reported to perform both relatively well
(e.g. Howard et al., 1998; Juutinen & Monkkonen, 2004) and
relatively poor (e.g. Lund & Rahbek, 2002; Moore et al., 2003;
Williams et al., 2006).

These apparently contradictory findings might arise due to
variation in taxonomic coverage, biogeographical realms
and/or spatial scale among the different studies. For example,
spatial scale in terms of grain size has been shown to influence
the perception of richness patterns (Rahbek & Graves, 2001;
Rahbek, 2005), area selection for conservation (Larsen &
Rahbek, 2003; Warman et al., 2004b) and consequently also
the performance of indicators (Larsen & Rahbek, 2005; Hess
et al., 2006).

Furthermore, specific methodological issues concerning the
evaluation of the effectiveness of indicator taxa may contribute to
the lack of clarity, and addressing these issues may improve our
insight into the effectiveness of various indicator taxa. First, no
study evaluating the performance of indicator taxa has explicitly
controlled the effect caused by the number of species in each
taxon (e.g. Lawler et al., 2003; Moore et al., 2003; Kati et al., 2004;
Warman et al., 2004a), although the number of species strongly
influences effectiveness of indicator groups (Manne & Williams,
2003; Larsen et al., 2007). Consequently, if for example 300 birds
perform better as an indicator group than 50 mammals, it might
simply be caused by differences in species number between
the two indicator taxa, rather than because one taxon has better
indicator properties per se. Second, most indicator taxa studies
relate the effectiveness of the resulting area networks to the
effectiveness of area networks selected by chance (e.g. Howard
et al., 1998; Lawler et al., 2003; Moore et al., 2003), but provide
no comparison with area networks identified on the basis of a
comparable number of randomly chosen species selected among

all taxa (but see Gladstone, 2002). This is unfortunate as this
information could provide further insight into the usefulness of
focusing on a single taxon when using groups of species to guide
conservation planning.

In this study, we evaluate the effectiveness of indicator taxa
in identifying priority areas for conservation by analysing
distributional species data sets from three geographical
domains: sub-Saharan Africa, Denmark and Uganda. First,
we investigate the effect of species number in the indicator
taxa by controlling both area and the species number by using
taxonomic indicator groups consisting of an equal number of
species. Second, we compare the effectiveness of the indicator
taxa with the effectiveness of a comparable number of species
chosen randomly among all taxa. Finally, we assess the correlation
of specific properties such as mean range size of the indicator
taxa to their effectiveness, in order to elucidate potential
explanations causing the differences in effectiveness between
different indicator taxa.

METHODS

Species data

We used three data sets on species distributions.

Sub-Saharan Africa

This data set covers the distribution of 4074 vertebrate species
across mainland sub-Saharan Africa at a spatial resolution of 1°
latitude-longitude grid cells (~105x 105km; n=1922). The
data set includes 1084 mammals, 1789 breeding birds, 734 frogs
and 467 snakes. For mapping methodology see Burgess et al.
(1998) and Brooks et al. (2001). Previous versions of this data set
have been used in several studies (e.g. Balmford et al., 2001;
Burgess et al., 2002; Moore et al., 2003).

Denmark

This data set covers the Danish distribution of 847 terrestrial
species compiled for 10 km Universal Transverse Mercator
quadrates (n =622). The data set included 19 species of
amphibians/reptiles, 189 species of birds, 252 species of
hoverflies, 60 species of butterflies, 156 species of large moths,
63 species of true bugs, 26 species of grasshoppers, 41 species of
dragonflies and 41 species of orchids. This data set is used by
J. Bladt et al. (submitted), and an earlier version of the data set
has been used by Lund & Rahbek (2002).

Uganda

This data set covers the distribution of 2822 species in 64 Ugandan
forest sites of varying area (mean =191 km’ SD =230 km?)
(Howard et al., 2000). The data set includes 87 small mammals,
198 large moths, 962 woody plants, 736 butterflies and 839 birds.
Previous versions of the data set have been used by Howard et al.
(1998) and Howard et al. (2000).
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Figure 1 A schematic view of the overall
procedure for the analyses.
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Selection of taxonomic indicator groups

Indicator groups are often evaluated for their effectiveness in
representing all of the species that are not included in the indicator
group, i.e. nonindicator species (e.g. Lund & Rahbek, 2002;
Lawler et al., 2003; Moore et al., 2003; Warman et al., 2004a), and
as a result the target group varies with each indicator group. This
test approach could substantially influence the conclusions
regarding indicator properties as good indicator properties may
be a function of the target group, not the indicator group (see
Larsen etal., 2007; J. Bladt etal. submitted). Therefore, we
implemented a test approach whereby the data sets were ran-
domly divided into an indicator set from which the indicator
group was drawn, and a target set, which constituted the target
group (Larsen et al., 2007; J. Bladt et al. submitted).

The overall procedure for the analysis was as follows (see also
Fig. 1). From the indicator set, we randomly selected a certain
number of species from one distinct taxon such as birds as the
taxonomic indicator group. Each taxonomic indicator group was
subsequently used to select an area network, which was assessed
for its effectiveness in representing all the species in the target set
at least one time. This procedure was repeated 500 times for each
taxon to ensure representative samples of both possible taxonomic
indicator groups as well as area networks. For each repetition, the
species in the full data set was randomly divided into the indicator
set and the target set, i.e. 500 unique random divisions for each
taxonomic indicator group (e.g. 100 mammal spp.).

To account for the effect of species number, we selected indicator
groups with both a varying and fixed number of species between
the different taxa (See Table 1). Firstly, we selected indicator
groups in which the number of species differed between taxa
(e.g. 210 snakes spp., 330 frog spp.) to reflect the differences in
species richness between taxa. As the indicator group size, we
selected a number of species proportional to the species richness
of the various taxa. For each taxon we arbitrarily chose 45% of
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the total species richness in the taxon as the indicator group size
(e.g. 45% of the species richness of snakes (467 spp.) gives an
indicator group size of 210 spp., see Table 1). This procedure of
selecting 45% of the species richness as the group size ensures
that sufficient species from the respective taxa would be included
in the indicator set (a random division of the full data set would
on average only result in indicator sets 50% of the species in a
taxon). Thus, this variation in the number of species among
the indicator groups for different taxa is similar to most other
indicator taxa studies (e.g. Howard et al., 1998; Lund & Rahbek,
2002; Lawler et al., 2003; Moore et al., 2003). Secondly, we also
selected taxonomic indicator groups containing an equal number
of species between taxa. We chose 100 spp. from each taxon for
sub-Saharan Africa, 20 spp. from each taxon for Denmark, and
60 spp. from each taxon for Uganda. These numbers reflect a
trade off between the inclusion of as many taxa as possible in the
analysis, and the attainment of reasonably large group sizes. As
a consequence, reptiles/amphibians and grasshoppers in the
Danish data set, and small mammals in the Ugandan data set
contained too few species to permit their inclusion in this analysis
(see Table 1).

Area network selection

The taxonomic indicator groups were subsequently used to select
reserve networks that maximized representation of the species in
the indicator groups (maximal covering sets (Church etal,
1996)), i.e. the selection of areas that complement one another in
terms of species representation (Vane-Wright et al., 1991). The
area selection was optimized using the C-PLEX integer linear
programming software for resource optimization (ILOG, 2006).
The data sets for sub-Saharan Africa and Denmark were com-
piled for grid cells (1° latitudinal-longitudinal and 10 km grid
cells, respectively) covering the entire continent/country, and for
these data sets we selected 5% of the total number of grid cells as
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Table 1 The number of species in the taxonomic indicator groups
of varying and fixed group size.

Indicator  Indicator
Number group size group

Data set Taxa of species (varying) size (fixed)
Sub-Saharan  Snakes 467 210 100
Africa Frogs 734 330 100
Mammals 1084 488 100
Birds 1789 805 100
Denmark Reptiles/amphibians 19 9 None
Grasshoppers 26 12 None
Orchids 41 18 20
Dragonflies 41 18 20
Butterflies 60 27 20
True bugs 63 28 20
Large moths 156 70 20
Birds 189 85 20
Hoverflies 252 113 20
Uganda Small mammals 87 39 None
Large moths 198 89 60
Butterflies 736 331 60
Birds 839 378 60
Woody plants 962 433 60

reserve networks (mid scenario in Larsen et al., 2007). As the
Ugandan data set covered 64 forest sites of varying area, we
selected 20% of the total area rather than selecting a fixed
number of sites (following Howard et al., 1998).

Taxonomic indicator group evaluation

The selected area networks were evaluated for their effectiveness
in representing both all the species and the restricted-range species
in the target sets (i.e. the remaining half of the species in the data
sets). We focused primarily on the representation of restricted-
range species, defined as the lower quartile of the range distribution
of each taxonomic group, because species with limited geographical
range sizes are more prone to extinction and are consequently of
greater conservation interest (e.g. Purvis et al., 2000). This relative,
rather than absolute, definition of restricted-range species
ensures that the pool of restricted-range species is composed of
species from all taxa rather than exclusively from the taxa with
relatively smaller geographical range sizes.

To evaluate the performance of the taxonomic indicator
groups, we compared their effectiveness with:
1 Area networks selected randomly (1000 times), which gives an
estimate of the effectiveness of area networks selected by chance.
2 Area networks selected on the basis of indicator groups
comprising a comparable number of species randomly chosen
(500 times) among all taxa.
3 Area networks selected on the basis of all species in the target
set, which gives a measure of the maximal representation possible
in networks of the given area.

Table 2 Spearman correlation coefficients for the effectiveness in
representing restricted range species and various indicator group
properties for the taxonomic indicator groups of 100 species for
sub-Saharan Africa (n = 2000%), 20 species for Denmark (1 = 3500),
and 60 species for Uganda (n = 2000). Asterisks indicate statistical
significance (*P < 0.05).

Indicator group properties Africa Denmark  Uganda
No. of restricted-range spp. 0.52*  —0.04* 0.03
No. of very restricted-range spp. 0.42*  —0.11* 0.11*
No. of widespread spp. —0.48% —0.18% —0.14%
Mean range size of spp. —0.38* —0.11* —0.18*
Range overlap —0.39% —0.08% —0.10*

*n = 2000 is the sum of 500 indicator groups of 100 mammal spp.,
100 bird spp., 100 frog spp. and 100 snake spp., respectively.

We carried out standard ANOVA to determine the level of statistical
significance of the differences in effectiveness between all the
different indicator groups.

Influence of indicator group properties

In an attempt to explain differences in effectiveness between taxa,
we measured the following properties of each indicator group
from the taxonomic indicator groups of equal size:

1 number of restricted-range species (i.e. the 25% of the species
with smallest distributions)

2 number of very restricted-range species (i.e. species occurring
in less than 6 cells)

3 number of widespread species (i.e. the 25% of species with the
largest distribution amongst all taxa)

4 mean range size of the species, and

5 range overlap between the species (measured as the mean
indicator richness among grid cells with indicators (Manne &
Williams, 2003).

For the 500 indicator groups from each indicator group setting
(i.e. 100 sub-Saharan African mammals) we calculated Spearman
rank correlation coefficients between effectiveness in representing
species and indicator group properties for sub-Saharan Africa,
Denmark and Uganda (Table 2).

The procedures for the selection and evaluation of indicator
groups were implemented in Java using the Java 2 Platform (Enter-
prise Edition Technology, version 1.4, Sun Microsystems, USA).

RESULTS

Taxonomic indicator groups with varying numbers
of species

When the number of species in the indicator groups varied
between taxa, the effectiveness of the selected area networks in
representing species tended to perform better for taxa with more
species (Fig. 2, see Fig.1. in Appendix Sl in Supplementary
Material for representation of all species), although there were
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exceptions. For Denmark, taxa with a higher number of species
performed significantly better in representing all species, including
rare species, than taxa with fewer species — moths and birds are
exceptions to this pattern (Fig. 2b). For Uganda, speciose taxa
performed significantly better in representing all species, except
plants (see Appendix S1), whereas both plants and butterflies
constitute exceptions when the representation of rare species was
considered (Fig. 2¢). For sub-Saharan African, taxa with a higher
number of species performed significantly better in representing
all species, except birds (see Appendix S1), but not when the
representation of rare species was considered (Fig. 2a).

Most of the taxonomic indicator groups (composed of
randomly chosen species within the taxon) performed poorly
compared to indicator groups consisting of a comparable
number of species chosen randomly among all taxa (Fig. 2).
Of the 18 taxonomic indicator groups, 16 groups performed
significantly worse than multitaxa random sets of species, and
only one group performed significantly better (Fig. 2). Similar
results were obtained for the representation of all species (see
Appendix S1). The multitaxa random sets of species consistently
increase in effectiveness correlating with increasing species number.

All taxonomic indicator groups were more effective than area
networks selected by chance, and less effective than area net-
works based on all species in the target group (i.e. best possible
solution; Fig. 2).

Taxonomic indicator groups with an equal number of
species

Differences in effectiveness between the various indicator taxa
are still apparent when keeping the number of species in the
indicator groups constant (Fig. 3). Here we found that 8 of 15
taxonomic indicator groups performed significantly worse in
representing restricted-range species than multitaxa random
sets of species (Fig. 3). Only two taxonomic groups, frogs of
sub-Saharan Africa and birds of Uganda, performed significantly
better (Fig. 3).

All of the taxonomic indicator groups were more effective in
representing restricted-range species than randomly selected
area networks, and less effective than area networks based on all
species in the target groups (Fig. 3).

Indicator group properties and effectiveness

The selected properties of the taxonomic indicator groups
exhibited a limited degree of correlation with the effectiveness of
the indicator groups in representing restricted-range species
(Table 2). For sub-Saharan Africa, the effectiveness in representing
restricted-range species was positively correlated with the
number of restricted-range species (r,=0.52) and very
restricted-range species (r,=0.42) in the taxonomic indicator
groups, and negatively correlated with the number of widespread
species (r,=-0.48), the range overlap (r,=-0.39) and mean
range size of the species in the indicator groups (r,=-0.38)
(Table 2). For Denmark and Uganda, the correlations were over-
all very weak (r, < 0.18) (Table 2).

DISCUSSION

Species number matter

Our findings suggest that some of the taxa previously highlighted
in the scientific literature as good biodiversity indicators might
be so merely because they have outperformed other taxa because
of the taxonomic group being more speciose than other groups,
rather than because the taxa have good indicator properties per se.
Most studies assessed the indicator effectiveness in terms of the
representation of other taxa by the area network chosen, based
on the indicator taxon (e.g. Lund & Rahbek, 2002; Moore et al.,
2003; Kati et al., 2004; Warman et al., 2004a). Several studies
used the indicator taxa to select minimum sets (e.g. Kati et al.,
2004) where differences in effectiveness between taxa could
merely reflect differences in size of the selected network of
reserves (e.g. groups with many species may result in larger
minimum sets), rather than in differences in indicator properties
per se. In this study we assessed whether taxa with greater numbers
of species tend to outperform indicator taxa with smaller numbers
of species when the size of the selected network of reserves is
controlled for (Fig. 2). Ultimately, the performance of indicator
groups will depend on the patterns of complementarity between
biota (e.g. Williams et al., 2006), i.e. the relationship between the
distributional pattern of the indicator species and the distribu-
tional pattern of the species to be indicated. Therefore, all other
factors being equal, the mere addition of unique distributional
information for a species, i.e. more species, will provide a better
representative sample of overall biodiversity, and therewith better
indicator properties. Therefore, the number of species in indicator
groups chosen randomly among all species also strongly influences
the effectiveness of indicator groups (Manne & Williams, 2003;
Larsen et al., 2007). Our results suggest that the number of species
to some extent also influences the relative performance among
indicator taxa, although there are exceptions to this pattern.
Thus, it appears as the influence of species number on indicator
taxa performance is complicated by characteristics of the specific
taxa. For example, will widespread species contribute with little or
no guidance in area selection because of their large geographical
distributions (e.g. Gaston & Rodrigues, 2003; Larsen et al.,
2007). Thus, the number of limited-distribution species in the
indicator taxa is probably more important in determining the
effectiveness than the actual number of species, including wide-
spread species. Consequently, if species-rich taxa contain many
widespread species, the taxa may perform worse than expected
from the relatively high species richness. For example, this might
explain why birds for sub-Saharan Africa (Fig. 2a) and Denmark
(Fig. 2b) performed relatively poorly, despite their large numbers
of species (see also Lund & Rahbek, 2002; Moore et al., 2003).

What makes some taxa better than others?

Although species number appears to influence effectiveness
between indicator taxa to some extent, differences in effective-
ness between taxa are still apparent when controlling for species
number (Fig. 3). Is it possible, on the basis of our findings, to
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explain why some taxa perform better than others? A few studies
have previously assessed factors influencing indicator group
effectiveness, and found that factors such as smaller range size
tend to improve the effectiveness of indicator groups (Manne &
Williams, 2003; Larsen et al., 2007; J. Bladt et al. submitted).
However, these studies assessed randomly chosen indicator
groups, which were not restricted to species from a single taxon.
In this study, using indicator groups of species from a single
taxon, we assessed the influence of a number of these factors,
such as small range size, that are capable of influencing the
effectiveness of taxonomically diverse indicator groups (Manne
& Williams, 2003; Larsen et al., 2007), but these appear to be
limited in their ability to explain the effectiveness of the indicator
taxa (Table 2). The correlation of the measured indicator properties
to the effectiveness of the indicator taxa was generally weak and
varied (sometimes contradictory) between the taxonomic indicator
groups for Denmark and Uganda, but showed some correlation
for sub-Saharan Africa (Table 2). It is difficult to explain why
only the sub-Saharan African data set shows some pattern, but
it might be because of the greater spatial extent of the African
template, which increases the overall heterogeneity within the
domain compared to the smaller template of Denmark and Uganda.
Nevertheless, no general patterns are evident from our results,
suggesting that it is difficult to predict what taxa would be most
suitable to use as indicator group to guide conservation planning.

For both taxonomic indicator group scenarios (Figs 2 and 3),
the taxonomic indicator groups generally performed more
effectively than areas selected by chance, supporting the results
from several previous studies (e.g. Howard et al., 1998; Lund &
Rahbek, 2002; Lawler et al., 2003; Moore et al., 2003). However,
indicator taxa occasionally perform worse than expected by
chance (e.g. Aratjo et al., 2004). Another important finding of
this study is that multitaxa random sets of species generally per-
form more effectively than most taxonomic indicator groups.
This observation was valid for both taxonomic indicator groups
of variable size (Fig.2) as well as for those based on an equal
number of species (Fig. 3). These results suggests that focus on a
single taxon as indicator may result in reserve networks that are
less effective in capturing other species than when multiple taxa
are used as indicators. This finding is particularly significant
because it is often preferable to select a single taxon as indicator
for pragmatic reasons such as data availability and local taxo-
nomic expertise.

Implications

Our analysis evaluates the effectiveness of indicator taxa in
representing species diversity (as our measure of biodiversity),
and thus does not incorporate other factors important for the
persistence of biodiversity, such as the viability of populations,
threatening processes, etc. However, this is the result of limited
state of knowledge on the majority of the species in our three
extensive data sets, and other factors could potentially be
included if data were to become available. Notwithstanding this
caveat, our study based on analysis on three separate data sets
revealed that (1) indicator taxa with a greater number of species

to some extent perform better than indicator taxa consisting of
fewer species; (2) most indicator taxa are outperformed by
random sets of a comparable number of species selected among
all taxa; and (3) it is difficult to predict which taxa have the
potential to be efficient indicators of biodiversity. Overall, these
findings suggest that increasing the number of species (excluding
widespread species) from various taxa may be more relevant for
the efficient management of conservation planning than the
attainment of the ‘right’ indicator taxa.

Finally, it should be remembered that efficient conservation
planning will require that the ‘implementation crisis’ of conser-
vation planning can be overcome (Knight et al., 2006). Thus,
although science-based knowledge on the ability of indicators
(surrogates) to characterize biodiversity is still needed, it is
urgently important also to address the research impediment on
solving the ‘implementation crisis’ in conservation planning
(Knight et al., 2006).
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