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Funding begets biodiversity
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INTRODUCTION

Biodiversity values are widely ranked according to species

richness and the prevalence of threatened and endemic taxa

(Brooks et al., 2006). In conjunction with parameters such as

levels of threat, these diversity metrics underpin several

schemes that identify global (Stattersfield et al., 1998; Olson

& Dinerstein, 2002; Mittermeier et al., 2005) and regional
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ABSTRACT

Aim Effective conservation of biodiversity relies on an unbiased knowledge of its

distribution. Conservation priority assessments are typically based on the levels of

species richness, endemism and threat. Areas identified as important receive the

majority of conservation investments, often facilitating further research that

results in more species discoveries. Here, we test whether there is circularity

between funding and perceived biodiversity, which may reinforce the

conservation status of areas already perceived to be important while other areas

with less initial funding may remain overlooked.

Location Eastern Arc Mountains, Tanzania.

Methods We analysed time series data (1980–2007) of funding (n = 134

projects) and plant species records (n = 75,631) from a newly compiled

database. Perceived plant diversity, over three decades, is regressed against

funding and environmental factors, and variances decomposed in partial

regressions. Cross-correlations are used to assess whether perceived biodiversity

drives funding or vice versa.

Results Funding explained 65% of variation in perceived biodiversity patterns –

six times more variation than accounted for by 34 candidate environmental

factors. Cross-correlation analysis showed that funding is likely to be driving

conservation priorities and not vice versa. It was also apparent that investment

itself may trigger further investments as a result of reduced start-up costs for new

projects in areas where infrastructure already exists. It is therefore difficult to

establish whether funding, perceived biodiversity, or both drive further funding.

However, in all cases, the results suggest that regional assessments of biodiversity

conservation importance may be biased by investment. Funding effects might also

confound studies on mechanisms of species richness patterns.

Main conclusions Continued biodiversity loss commands urgent conservation

action even if our knowledge of its whereabouts is incomplete; however, by

concentrating inventory funds in areas already perceived as important in terms of

biodiversity and/or where start-up costs are lower, we risk losing other areas of

underestimated or unknown value.
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(Fishpool & Evans, 2001; Eken et al., 2004; Plantlife Interna-

tional, 2004) conservation priorities. Once an area is considered

to be of high conservation priority, it typically attracts funding

for further research and conservation. Priority locations such as

Biodiversity Hotspots, Global 200 and Key Biodiversity Areas

receive the majority of investments made available by global

conservation funds and organizations (e.g. Dalton, 2000).

Because intensification of research in an area is likely to result

in the discovery of more species (Nelson et al., 1990; Reddy &

Davalos, 2003; Kier et al., 2005; Soria-Auza & Kessler, 2008),

including threatened and endemic species, the priority status of

that area may be strengthened in a circular fashion (Küper

et al., 2004). Meanwhile, areas that have received little or no

initial funding may remain perpetually overlooked. Thus,

funding may beget perceived biodiversity importance and bias

our understanding of conservation priorities.

Plant species richness is broadly related to environmental

conditions, including levels of both anthropogenic and natural

disturbance (O’Brien et al., 2000; Hawkins et al., 2003).

Predictors for levels of endemism and the number of

threatened species are less clear; however, both of these

variables tend to increase with species richness (Jetz et al.,

2004). High levels of endemism have also been attributed to

past climate configurations (Taplin & Lovett, 2003; Jetz et al.,

2004). We might therefore expect that environmental factors,

including levels of disturbance, would be better predictors for

perceived species diversity patterns than funding or survey

effort. If inventory funding would emerge as an important

predictor for perceived biodiversity, a number of explanations

are possible: (1) biodiversity is driving funding; (2) inventory

funding is driving perceived biodiversity, i.e. biasing our

understanding of the distribution of biodiversity; (3) funding

is driving perceived biodiversity which in turn drives funding;

or (4) funding is driving perceived biodiversity and is also

circularly associated with itself (for example, because areas

with established project infra-structures have reduced costs for

future investments). We tested these hypotheses in the Eastern

Arc Mountains (EAM) of Tanzania (Fig. 3a), an area of

outstanding biodiversity value. This range of ancient tropical

mountains was a suitable test candidate as it is one of the most

important sites for conservation globally (Stattersfield et al.,

1998; Olson & Dinerstein, 2002; Mittermeier et al., 2005) and

is one of the better studied global conservation priority areas,

with botanical exploration going back over 130 years.

METHODS

Study area

The EAM are a chain of 13 ancient crystalline mountain blocs

composed of heavily metamorphosed Precambrian basement

rock and estimated to have been uplifted in the Miocene

30 Ma (Schlüter, 1997). The mountains stretch from south-

east Kenya to south-central Tanzania and are under the direct

climatic influence of the Indian Ocean (Fig. 3a). Today, they

support 3300–5100 km2 of tropical forest, which may be less

than 30% of the estimated original forested area in prehistoric

times (c. 2000 years ago) (Newmark, 1998, 2002; Burgess et al.,

2007; Platts et al., 2010).

Data

Plant species data were derived from an extensive dataset

totalling 75,631 records from the Missouri Botanical Garden’s

TROPICOS database and from 2216 vegetation plot assess-

ments. Plant species records, representing 3986 vascular plant

species, were taxonomically standardized by reference to the

African Flowering Plants Database (2008) and further updated

by reference to taxonomic revisions and monographs. We also

identified all potentially threatened plants on the basis of an

assessment by Gereau et al. (2010) and all endemic plants on

the basis of an analysis by R.E.G. of the plant records from the

TROPICOS database.

Funding data were derived from a comprehensive collation

of all inventory, research and conservation projects that have

taken place in the EAM since 1980 (n = 134), which is when

explicit research and conservation interest targeted at the area

emerged. All funding data were standardized to US$ in the year

2007 with a GDP deflator (http://www.measuringworth.com).

The deflation calculation was made separately for the expenses

in every project year. To gain an understanding of the reasons

for investment in particular areas, we also compiled criteria for

the distribution of funds for all EAM biodiversity survey

projects and conservation projects that had a biodiversity

survey component since 1980 (n = 61). This was performed on

the basis of expert knowledge (N.D.B.) and major donor

strategy documents (e.g. CEPF 2003; MNRT Tanzania 2004;

WWF-EARPO 2006).

A mechanistic understanding of species richness patterns

‘remains the holy grail of modern biogeography and macroe-

cology’ (Gotelli et al., 2009), but species richness has been

shown to increase with area, available energy (measures

include temperature, primary productivity, temperature,

potential and actual evapotranspiration), long-term environ-

mental stability and lower levels of disturbance (Whittaker

et al., 2001 and references therein). Numbers of threatened and

endemic species have been shown to increase with species

richness (Jetz et al., 2004), and endemism is also potentially

influenced by past climate configurations (Taplin & Lovett,

2003; Jetz et al., 2004; Buckley & Jetz, 2007; Carnaval & Moritz,

2008). Our environmental data therefore included climate,

topography, disturbance and distance from the Indian Ocean

(a potential proxy for past climatic stability: Hamilton, 1981;

Fjeldså et al., 1997; Fjeldså & Lovett, 1997). For all 34

environmental predictors, see Table S1 in Supporting Infor-

mation. Climatic predictors were derived according to Platts

et al. (2008), with climate surfaces obtained from the Centre

for Resource and Environmental Studies (http://fenner-

school.anu.edu.au/). These were then summarized for each

mountain bloc. Topography, forest cover data and estimates

of the population density were based on Burgess et al.

(2007). Disturbance per mountain bloc was calculated as the
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percentage of trees and poles cut in 949 transects, which

totalled 536 km in length and were distributed evenly across

mountain blocs. Humans are the single major source of

disturbance in the EAM vegetation, as natural disturbances by

cyclones, earthquakes, or volcanic eruptions are extremely rare.

For the purpose of replication and building on this work, we

include a basic data table in the Supporting Information (see

Table S2).

Analysis

To establish significant predictors for perceived species rich-

ness (n species) and numbers of threatened and endemic

species, we developed statistical models as follows. In total, 36

candidate predictors were tested: 34 environmental predictors

(climate, topography and disturbance); a survey intensity

predictor (number of records per mountain bloc); and the

cumulative investments per mountain bloc for plant invento-

ries between 1980 and 2007 (see Table S1). Because many of

the 24 climatic and the five topographical and forest cover

predictors were correlated, principal component analysis

(PCA) was used to replace the two variable sets with their

uncorrelated components. Hierarchical partitioning (Chevan

& Sutherland, 1991) allowed us to estimate the independent

and conjoint contributions of all predictors. As a starting

point, we fitted a linear regression. Where validation proce-

dures, following Zuur et al. (2007), indicated problems

associated with heterogeneity of variance, we used linear

regression with generalized least squares (GLS) (Pinheiro et al.,

2009; Zuur et al., 2009) estimation procedure. GLS was

preferred over a Poisson general linear model, as the latter

assumes a particular residual distribution that in our case was

not matched, and the ranges of our dependent variables were

large (i.e. close to continuous). To define the best random

structure for the GLS, we first compared models including all

starting predictors with different variance covariates (without

variance covariate, power of variance covariate, exponential of

variance covariate, and constant plus power of a variance

covariate) estimated with restricted maximum likelihood, and

chose the model with the lowest Akaike Information Criterion

(AIC; Sakamoto & Ishiguro, 1986) and the most even spread of

residuals. To find the minimum adequate model, we used a

backward stepwise selection on the basis of the partial

F-statistic for regressions, and the likelihood ratio test obtained

by maximum likelihood for GLS. Where model validation

revealed a Cook’s distance greater than one for a single or

multiple data points, the analysis was undertaken both with

and without extreme observations.

The consistency of the choice of independent variables and

the backward stepwise selection procedure model was checked

by using two further selection methods where variables had not

been replaced by their principal components:

1. Hierarchical partitioning with the full set of predictive

variables. Because the hierarchical partitioning function imple-

mented in the R library hier.part (Walsh & Mac Nally, 2008)

currently only allows for the simultaneous analysis of 12

predictors, we randomly selected 12 predictors for the

hierarchical partitioning and averaged the results for each

predictor over 100 repetitions. Candidate predictors that had a

significantly higher contribution score than the rest of the

variables were chosen. Modelling procedures were as above.

2. Stepwise exclusion of predictors based on univariate

models. The total set of candidate predictors was reduced to

the strongest uncorrelated set (Pearson’s r < 0.7) according to

the predictive power of variables in univariate tests (Quinn &

Keough, 2002). This was followed by hierarchical partitioning

as above.

The respective contribution of each variable towards

explaining the variation in overall perceived plant species

richness was established by decomposing the variance in a

partial regression (Zuur et al., 2007), whereby for each variable

the percentage drop in model fit (R2) is measured when that

variable is omitted from the model. This technique allowed us

to establish the contribution of all remaining predictor

variables, separately and jointly, towards the level of explained

variance. To evaluate the trend over time, the above modelling

procedure followed by partitioning of variance was also

performed for perceived species richness at decade intervals

(1989 and 1999) (with the funding predictor being calculated

for the same decade intervals).

Cross-correlations (Chatfield, 2003), used to quantify the

association between two variables with a time-lag of k years

(Zuur et al., 2007), were calculated between the amount of

plant inventory funding invested in an area in every year

between 1980 and 2007 and the number of new species records

for that area, with time-lags ranging from 5 years before to

5 years after. We also calculated cross-correlations between the

amount of plant inventory funding and the amount of all other

funding (conservation, research, fauna inventories) invested in

an area in every year between 1980 and 2007.

We take into consideration that the number of data points

used in the analysis was relatively small. However, the dataset

contributing to each of these points was extensive. This, in

conjunction with the strongly emerging pattern and the

consistency established with the model validation procedures,

increases our confidence in the reliability of the analysis.

The PCA was calculated in spss 11.5; all other statistical

analyses were performed in the ‘r’ statistical and programming

environment version 2.9.2 (R Development Core Team 2009)

and its libraries hier.part (Walsh & Mac Nally, 2008), nlme

(Pinheiro et al., 2009) and vegan (Oksanen et al., 2010).

RESULTS

In the EAM, as in many other parts of the world, funding for

biodiversity inventories is scarce. Between 1980 and 2007

investments in conservation and research in the region totalled

US$ 117 million (valued at 2007 US$ rate). Of this amount,

only 3% has been invested in botanical inventories. Docu-

mented vascular plant richness in the EAM, to date totalling

3986 species, has increased in three distinct phases following

early explorations pre-1980 (Fig. 1): (1) during the first

Funding begets biodiversity
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intensified exploration in the 1980s; (2) between 1995 and

2000; and (3) from 2004 onwards. The recorded number of

threatened and/or endemic species shows a pattern very similar

to that of perceived species richness. The funding pattern also

shows phases: initial, relatively low levels of funding in the

1980s; a very rapid increase from 1994 to 2001; followed by a

second rapid increase from 2004 to present.

Funding (cumulative investments per mountain bloc for

plant inventories between 1980 and 2007) emerged as the best

predictor for total perceived plant species richness within

mountain blocs. This result was consistent across all predictor

selection procedures. Partial regressions showed that 65% of

the variation in perceived plant species richness is explained by

the funding for botanical inventories alone, whereas only 11%

is explained by environmental characteristics and disturbance

(Fig. 2; see Table S3). The recorded number of threatened and

endemic plant species was closely related to overall perceived

plant species richness. Both were best predicted by survey

intensity in combination with environmental characteristics

(see Table S3). Again, the results were consistent across all

predictor selection procedures.

Cross-correlations showed distinctive patterns at the bloc

resolution level, revealing their different exploration histories.

Correlations between funding and perceived species richness

with a negative time-lag suggest that perceived species richness

is driving funding; conversely, a positive time-lag suggests that

funding is driving perceived species richness. A significant

correlation for a time-lag of zero also supports the hypothesis

that funding is driving perceived species richness levels. This is

attributable to the high probability that species will be found

relatively quickly once funding has been allocated (for n = 34

projects, we have data on funding start year and year that the

majority of the fieldwork took place: for 27 projects, time-

lag = 0 year; for seven projects, time-lag = 1 year; average

time-lag = 0.21 years ± 0.07 SE), compared to the much low-

er probability that an increase in perceived richness would

trigger the writing of a proposal with funding being allocated

for implementation within the same year. The latter is difficult

to show as an increase in perceived species richness cannot be

assigned to a certain year; however, Fig. S1 shows for example

for the Udzungwa Mountains that there was a time-lag of

c. 5 years between the description of many species from the

area (late 1980s) and the allocation of further funding (mid

1990s). For each mountain bloc, cross-correlations were

highest at time-lags of zero or greater (Fig. 3b) and indicated

overall that funding is a stronger driver of perceived species

richness than vice versa. Discoveries of threatened and endemic

species, which typically require more intensive study, are also

likely to be indirectly driven by funding, as both spatial and

temporal patterns in perceived threatened, endemic and overall

species richness were very similar (see Fig. S2a,b), and survey

intensity was partly determined by available funding [Pearson’s

r (funding, number of records) = 0.7].

The drivers for funding are difficult to disentangle. Our

compilation of criteria for the location of investments in

biodiversity surveys showed that species-based criteria (per-

ceived species richness and richness in threatened and endemic

species) were used in over 80% of the projects. Other criteria
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Figure 1 Cumulative perceived species richness and funding in

the Eastern Arc Mountains between 1980 and 2007. Funding is for

plant inventories and has been standardized to US$ in the year

2007. Note the axis break on the first Y axis.
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Figure 2 Explained variance in perceived plant species richness

for the linear regression model, partitioned between its predictors.

Funding is the cumulative investment in plant inventories between

1980 and 2007. The environmental and disturbance predictors are

a principal component representative of maximum potential

evapotranspiration, evapotranspiration range and maximum

suitable temperature days (i.e. water-energy, heterogeneity and

optimal growth conditions), and the percentage of trees cut.

Independent data points n = 11 (mountain blocs).
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were the level of degradation of the area (30%), the perception

of the area as under-researched (25%), and existing infra-

structure (5%) (see Fig. S3). Cross-correlations between plant

inventory funding and all other types of funding were varyingly

significant for positive, negative or zero time-lags, but the

correlations themselves were almost always positive and

persisted over a number of years (see Fig. S4). This may

indicate that inventory and other funds are at least partly

coupled, i.e. that investment triggers further investment for

example because of the lower start-up costs of subsequent

projects.

The influence of funding on the levels of perceived species

richness was strong in the 1980s (Fig. 4), which was the

starting period of intensified botanical exploration of the EAM.

During this time, a new species for the area would be found

with, on average, an investment of less than US$ 100, and

funding levels explained a remarkable 99% of variation in the

number of new species found (see Table S3). The influence of

funding slightly weakened in the 1990s, a phase of highly

intense botanical exploration. On average, a new species record

was found with every investment of US$ 250, and funding was

no longer the sole significant explanatory variable. From 2000

onwards, research in the EAM began to target the lesser

researched mountain blocs, resulting in the discovery of 477

new species for the region, 29 of which are potentially

threatened and/or endemic. On average, a new species for

the area was found with every investment of US$ 500.

However, the explanatory power of environmental variables

is just above 10%, suggesting that many further botanical

inventories will be needed to get a reliable view of species

richness patterns in this area. Similarly, patterns in the

observed distribution of threatened and endemic species,
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lative investment in plant inventories between 1980 and the end of

the investigated decade. The environmental and disturbance

predictors are a principal component representative of maximum

potential evapotranspiration, evapotranspiration range and

maximum suitable temperature days and the percentage of trees

cut. Independent data points n = 11 (mountain blocs).
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Figure 3 Investments in plant inventories and recorded biodi-

versity in the Eastern Arc Mountains. (a) Map of the Eastern Arc

Mountains. The projection is Universal Transverse Mercator Zone

S37, and the datum WGS84. (b) Cross-correlations between invest-

ment in plant inventories (1980–2007) and new plant species

recorded. Horizontal axis represents time-lag between investment

and species discovery, and dotted lines the 95% upper and lower

confidence bands. For most mountain blocs, correlations are sig-

nificant for zero or positive time-lags, suggesting that funding is

driving perceived species richness. Correlations are negligible or

negative for mountains already well known before the study period

where investments did not result in the discovery of further species

(West Usambara, Udzungwa) (see Fig. S1 in Supporting

Information).
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which were solely driven by survey intensity in the 1980s, were

increasingly related to environmental factors in the 1990s and

2007, with the model coefficient for the survey intensity

predictor steadily decreasing (see Table S3). Funds for

conservation, research and inventory were highly correlated

with each other (see Table S4), showing that the same

mountain blocs are targeted for these different purposes.

DISCUSSION

This study implies that we may have a much distorted view of

species diversity patterns and may not have sufficient data to

identify conservation priority areas with certainty, particularly

at the site scale (Da Fonseca et al., 2000). In the EAM, as

elsewhere, research and conservation investment is biased

towards the areas that we think are important, and our

understanding of the relative conservation importance of areas

within different biomes across the world may be biased

towards those that have received the most funding for

biodiversity inventories. This may also partially explain why

surprisingly little consensus has been achieved on the distri-

butional pattern and drivers of species richness (Rahbek et al.,

2007; Gotelli et al., 2009), and possibly also patterns of

endemism, which have, for example, been attributed to

evolutionary effects and historical climate configurations

(Taplin & Lovett, 2003; Jetz et al., 2004; Buckley & Jetz,

2007; Carnaval & Moritz, 2008).

The close tie between the funds for inventory and those for

conservation suggests that where initial biodiversity inventories

result in the discovery of new species, further funding is then

attracted for conservation and research. This partly finances

further inventories and results in the discovery of more species

for that area, strengthening its value for conservation and

research in a spiral fashion. In their study of global patterns of

plant diversity, Kier et al. (2005), for example, have shown that

species-rich ecoregions are better inventoried than areas poor

in vascular plants. Similarly, in their re-definition of African

hotspots Küper et al. (2004) suggest that areas perceived as

species-rich may have attracted further biodiversity surveys

with their conservation status thereby amplified. Reddy &

Davalos (2003) find that sampling of birds in sub-Saharan

Africa has been significantly concentrated within and around

areas now designated as conservation priorities. At the same

time, other areas receive relatively little initial funding for

inventories; hence, the number of species discovered in these

areas remains small and their conservation and research status

low.

The reasons for the investment of further funding in already

relatively well-researched areas are difficult to disentangle.

Projects may apply conservation criteria such as levels of

perceived biodiversity, but they may also continue to focus on

the same few areas today because an existing infra-structure of

roads, field stations and institutional contacts greatly reduces

the cost of future projects. Furthermore, donors may continue

to invest in the same area for historical reasons or simply

to avoid overlap with other donors. Because of the many

inter-correlations between these factors, it is difficult to deduce

causal relationships with any certainty, but major biodiversity

conservation donor strategy documents for the region (e.g.

CEPF (Critical Ecosystem Partnership Fund), 2003; MNRT

Tanzania (Ministry of Natural Resources and Tourism Tan-

zania), 2004; WWF-EARPO, 2006) show that perceived

biodiversity criteria (species richness and numbers of endemic

and threatened species), in combination with other consider-

ations such as cost-effectiveness (existing infrastructure and/or

research niches, i.e. under-researched areas) and the area’s level

of threat, are the major factors applied in funding prioritiza-

tion decisions.

The selection of initial areas for investment is often related

to accessibility, interest in the area, size, (historical/colonial)

land ownership and political considerations (Reddy & Davalos,

2003; Kadmon et al., 2004; Halpern et al., 2006). The positive

association between perceived species richness and the per-

centage of trees cut in the EAM, for example, may be a

reflection of nonlinear effects of disturbance on species

richness, but it may also be because of easily accessible areas

close to roads, and markets are targeted by both logging

companies and botanists, as historically remote areas would

have been extremely difficult if not impossible to reach. This

may mean that both investments and perceived levels of

biodiversity are biased towards areas that are easier to access.

Our study is regional in scope, which is the scale at which

many conservation decisions take place (Mace et al., 2000;

Ferrier, 2002; Ferrier et al., 2004). Further study in other areas

is needed to establish whether the funding–biodiversity

circularity we find here holds true elsewhere. Implications for

global conservation prioritization schemes may be limited, as

these are typically based on expert opinion (Brooks et al.,

2006), and it is difficult to imagine that priority biodiversity

areas could have been overlooked at this scale. However,

factors such as political instability mean that global survey

intensity is unequally distributed, with, for example, regions

within Afghanistan, Angola, Colombia, Iraq, Somalia, Sudan,

the Central African Republic and the Democratic Republic of

Congo being poorly collected as a result of extremely

challenging research conditions. The conservation value of

many of these areas is insufficiently documented or unknown

(Küper et al., 2004, 2006, Dr. Matthew Hall, Royal Botanic

Garden Edinburgh, personal communication).

Promising progress has been made with species distribution

modelling techniques (Elith et al., 2006), which can be used to

establish the probability of an area’s conservation importance

for one or several species (Da Fonseca et al., 2000; Graham

et al., 2004) or to guide future biodiversity surveys e.g. towards

areas with the largest difference between recorded biodiversity

and expected biodiversity (Küper et al., 2006). Climatically

based fine-scale species distribution models for the area (Platts

et al., 2010), in line with individual-based rarefaction curves

(see Fig. S5) for relatively well-sampled mountain blocs with

>3000 records (n = 6), suggest that for example the conser-

vation importance of the Rubeho and Nguru Mountains may

be underestimated. However, the predictions from these
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models for new areas and future scenarios will only be as good

as the data that underpin them (Rondinini et al., 2006). We

recommend that funding and associated sampling intensity

biases be considered in the development of these models to

achieve more accurate predictions, or at least to inform

relevant measures of uncertainty. Promise is also held by the

various diversity indices, species richness estimators (extrap-

olation from species accumulation curves, parametric methods

and nonparametric estimators) and rarefaction curves that

allow for the comparison of diversity levels of differently

intensively sampled sites (Magurran, 2004). However, all of

these techniques are sensitive to sampling effort below a certain

minimum sample size (Magurran, 2004). Gimaret-Carpentier

et al. (1998) and Lande et al. (2000), for example, find the

Simpson indicator to be very robust to low sample sizes and

recommend a minimum sample size of 300–400 individuals

per investigated site in moist evergreen forest; Sorensen et al.

(2002) estimate that the needed sample size for reasonable

estimates of species richness in high diversity areas is 30–50:1

(individuals:number of species). A quarter of the EAM blocs

have <300 records (and over half < 5000), i.e. it would be

inappropriate to attempt to estimate actual total species

richness for these. These methods are further confounded by

differences in the detectability of species, in observer efficiency,

in the underlying species abundance distribution and/or in

habitat heterogeneity as e.g. caused by disturbance (Lande

et al., 2000; Magurran, 2004).

In conclusion, our study implies that there may be a need

for a more balanced distribution of conservation and inven-

tory investments as lesser known areas may be underestimated

in their conservation importance. We are not advocating a

highly cost-intensive global standardization of survey intensity

for all areas and also recognize that the start-up costs for

surveys in hitherto under-researched areas can be high. We

also agree that in the face of rapid global biodiversity loss, it is

important to dedicate efforts to conservation even if our

knowledge of patterns in species richness is incomplete (Meir

et al., 2004; McDonald-Madden et al., 2008; Grantham et al.,

2009) and that species-based conservation approaches are

severely limited in their scope anyway, with stronger emphasis

needed on preserving processes that generate and sustain

biodiversity (Cowling et al., 2004; Pressey, 2004; Knight et al.,

2007). Furthermore, we must ask whether investments into the

collection of biodiversity data will indeed increase the

effectiveness of conservation planning; Grantham et al.

(2008) have shown that further investments in data collection

can have rapidly diminishing returns in terms of improved

conservation planning; Cowling et al. (2010) have suggested

that for complex and species-rich systems, conservation funds

may be more suitably directed towards improved management

of already gazetted areas (New, 2006), or towards the mapping

of socio-economic data and conservation costs, i.e. restrictions

to conservation opportunity, which can exhibit greater spatial

heterogeneity than biodiversity itself (Knight & Cowling, 2007;

Bode et al., 2008; Guerrero et al., 2010; Knight et al., 2010).

However, we take the view that further studies across several

spatial scales and based on complete biodiversity inventories

for several taxonomic groups will be needed to establish

whether, overall, conservation planning based on biodiversity

inventory data is or is not more effective than conservation

planning based on opportunity alone. By dedicating funds

nearly exclusively towards areas that are already perceived as

important and/or where project infra-structure already exists,

we may risk losing other areas of equal importance with

greatly underestimated or unknown conservation status

(Kareiva & Marvier, 2003; Cowling et al., 2010). Increasing

the funding for biodiversity inventories in potentially impor-

tant but under-researched areas, we think, would reduce this

risk and provide a more balanced assessment of diversity

patterns, allowing effective conservation of more of the world’s

biodiversity.
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