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A B S T R A C T

Developing adequate indicators of biodiversity change is an urgent task for biodiversity

studies and policy. An important component of any indicator is a measure of the uncertainty

in the estimates it produces. In this paper, we derive the biodiversity intactness variance

(BIV) as a formal measure of uncertainty to accompany the recently developed biodiversity

intactness index (BII) (Scholes and Biggs [Scholes, R.J., Biggs, R., 2005. A biodiversity intact-

ness index. Nature 434, 45–49]). The BII is based on estimates of baseline species richness,

the area of different land-uses, and the abundance of different species under different land

uses. The BIV quantifies uncertainty in the abundance estimates, which are the main source

of uncertainty in BII. The BII for southern Africa in the year 2000 has been estimated at 84.4%.

We calculate the accompanying BIV at 50.4, providing a 95% confidence interval of

76.6–92.2% for BII. By applying the BIV, we can quantify the major sources of uncertainty

in the BII for southern Africa: they stem from the abundance estimates for mammals and

birds, and for savanna regions and degraded areas. The BIV therefore provides a means

for better assessing the state of biodiversity loss and for highlighting research priorities.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Biodiversity losses have accelerated worldwide due to the

over-exploitation of natural resources, habitat destruction,

and climate change (Pimm et al., 1995; Sala et al., 2000; Thu-

iller et al., 2005; Millennium Ecosystem Assessment, 2005). In

an effort to address this concern, the Convention on Biologi-

cal Diversity (CBD) set a goal to achieve a significant reduction

in the current rate of biodiversity loss at global, regional and

national levels by 2010 (Mace, 2005; Fontaine et al., 2007). A

major factor hampering progress towards this goal is the lack

of practical indices to monitor rates of biodiversity change in

terrestrial, aquatic, and marine ecosystems (Purvis and Hec-
er Ltd. All rights reserved
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et al., 2005; Pereira and Cooper, 2006).

To help meet this need, Scholes and Biggs (2005) developed

the biodiversity intactness index (BII), a simple, robust indica-

tor of biodiversity loss that satisfies the criteria set by the CBD

(Scholes and Biggs, 2005; Mace, 2005). The BII estimates the

mean change in the abundance of terrestrial plants and verte-

brates (birds, mammals, reptiles and amphibians), relative to

their reference populations in a particular ecosystem.

Changes in population abundances are assumed to be a func-

tion of various land use practices, and are estimated from a

combination of sources including expert surveys, observa-

tional and experimental studies. Although Scholes and Biggs
.

Sciences, Tennessee State University, 3500 John A Merritt Blvd,

Biggs), bscholes@csir.co.za (R.J. Scholes), jackson@duke.edu (R.B.

mailto:dhui@tnstate.edu
mailto:biggs@wisc.edu
mailto:bscholes@csir.co.za
mailto:jackson@duke.edu


1092 B I O L O G I C A L C O N S E R V A T I O N 1 4 1 ( 2 0 0 8 ) 1 0 9 1 – 1 0 9 4
(2005) estimated the error range of BII, they did not define a

formal measure of uncertainty to accompany the BII. Such

measures are missing from most proposed indicators of bio-

diversity loss, but are critical to assessing the significance of

changes in an indicator over time.

The aim of this paper is to provide a formal measure of

uncertainty, the biodiversity intactness variance (BIV), that

can be applied in conjunction with the BII. The BIV does not

aim to capture all sources of uncertainty in the BII, but in-

stead to account for the most important sources. In order to

illustrate the application of the BIV, we apply it to the same

southern African dataset used by Scholes and Biggs (2005).

2. Defining the biodiversity intactness
variance (BIV)

The biodiversity intactness index (BII) (Scholes and Biggs,

2005) is defined as:

BII ¼
X
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where Iijk is the mean population impact estimate for a partic-

ular species group i under land use k in ecosystem j, based on

several sources. The population impact is defined as the pres-

ent-day abundance of a particular species or group of species

relative to the reference abundance in the same ecosystem

type. Rij represents the species richness of taxon i in ecosys-

tem j, while Ajk is the area of land use k in ecosystem j. Rij

and Ajk function as weighting factors for the Iijk estimates.

Using similar notation, we define the biodiversity intact-

ness variance (BIV) as:

BIV ¼
X
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where Iijkl is the population impact estimated from source (l).

The sources (l) may include results from published studies,

estimates obtained from experts as in Scholes and Biggs

(2005), or any other data that are deemed appropriate. mijk is

the number of sources (l) from which each Iijk is derived. If

the number of sources is substantially similar for each Iijk,

the formula may be simplified by substituting an average va-

lue, m, for mijk.

The BIV is therefore defined as a measure of the uncer-

tainty associated with the population impact estimates Iijk.

We chose to define the BIV in this way for three reasons. First,

our desired measure is one that reflects the uncertainty in BII,

rather than describing the variation between taxa, ecosys-

tems or land uses (as would be the case if the term (Iijkl � Iijk)

was replaced by (Iijk � I)). Second, multiple independent esti-

mates for Rij and Ajk are seldom available in practice, and

incorporating the uncertainty associated with these factors

would therefore be impossible in many situations. Third,

Scholes and Biggs (2005) found Iijk to be the primary source

of uncertainty in BII. There is also uncertainty associated with

Rij and Ajk, but it was found to be approximately five times

smaller than that associated with Iijk (Scholes and Biggs,

2005).

Our definition of the BIV provides a formalization of the er-

ror approximation approach applied by Scholes and Biggs
(2005). Scholes and Biggs (2005) estimated the error range in

BII by applying the BII formula using 95% high and low confi-

dence estimates for Iijk. The BIV formula provides a means to

assess uncertainty directly from the underlying Iijkl data, and

therefore obviates the need to make assumptions about the

distribution of the Iijk data, which may be problematic when

sample sizes are small.

As in the case of the BII, the BIV can be calculated for its

partial components. For example, the variance in the BII esti-

mate of a particular taxonomic group i (BIVi) is given by:

BIVi ¼
X
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Further estimates of variation, such as the standard error (SE),

coefficient of variation (CV) and 95% confidence intervals (95%

CI), can be derived from the BII and BIVas SE ¼
ffiffiffiffiffiffiffiffiffi
BIV
p

=
ffiffiffiffi
m
p

;CV ¼ffiffiffiffiffiffiffiffiffi
BIV
p

=BII� 100;95% CI ¼ BII� taSE (Hui and Jiang, 1996).

3. An example: calculating the BIV for
southern Africa

We apply the BIV to southern Africa using the original dataset

of Scholes and Biggs (2005) to demonstrate its application. In

brief, the population impact data Iijkl for this dataset were

generated using expert judgment. At least three experts

judged the impact of six different land use classes, in each

of six broad ecosystem types (biomes), on the populations

of 5–10 functional groups within each of five broad taxonomic

groups. The mean number of sources (m) used to estimate Iijk
is 3.2 (three expert estimates for each cell of the Iijk matrix for

plants, mammals, birds and amphibians, and four expert esti-

mates for reptiles). Species richness (Rij) was defined as the

total species count per ecosystem sub-type (WWF ecoregions)

(Burgess et al., 2004). The area of a particular land use within

a specific ecosystem type, Ajk, was determined by overlaying

land use and ecoregion maps as described by Scholes and Big-

gs (2005).

Based on this dataset, the BII for southern Africa in the

year 2000 was estimated at 84.4% (Scholes and Biggs, 2005).

This is interpreted as an estimated decline of 15.6% in the

abundance of wild organisms in southern Africa, averaged

across all plant, mammal, bird, reptile and amphibian spe-

cies, relative to their reference pre-colonial (pre-1700) popula-

tions. Applying the BIV, we estimate the variance associated

with this BII estimate at 50.4 (Table 1). The 95% confidence

interval for the estimate therefore ranges from 76.6% to

92.2%, indicating an estimated decline in southern Africa’s

biodiversity of between 7.8% and 23.4% since pre-colonial

times.

The BIV may be particularly useful in highlighting the

main sources of uncertainty in an analysis (Table 1). Our anal-

yses show that among different taxa, the uncertainty associ-

ated with the impacts on mammals was the largest. The BII

for mammals was estimated at 71.3%, and we estimate the

associated BIV at 77.9%2, yielding a 95% confidence interval

ranging from 61.3% to 81.3%. BII estimates for birds and

amphibians were relatively high (96% and 92.9%, respectively)

and application of the BIV resulted in 95% confidence inter-

vals that included 100%. Among different ecosystems (bio-



Table 1 – Biodiversity intactness index (BII), biodiversity intactness variance (BIV), coefficient of variation (CV), and 95%
confidence intervals (95% CI) calculated per taxonomic group, biome and for southern Africa as a whole

BII (%)a BIV (%2) CV nb 95% CI (%)c

Southern Africa

Region 84.4 50.4 8.5 496 76.6–92.2

Per taxon

Plants 82.4 49.2 8.5 93 74.4–90.3

Mammals 71.3 77.9 12.4 93 61.3–81.3

Birds 96.0 76.9 9.1 93 86.1–105.9

Reptiles 88.1 35.8 6.8 124 82.2–93.9

Amphibians 92.9 68.3 8.7 93 85.8–104.5

Per biome

Forest 78.0 47.5 8.9 80 70.6–85.6

Savanna 87.0 60.0 9.0 80 78.5–95.4

Grassland 74.1 36.3 8.2 96 67.5–80.7

Shrubland 88.4 36.8 6.9 80 81.9–95.2

Fynbos 76.4 32.4 7.5 96 70.2–82.7

Wetland 91.3 17.9 4.7 64 86.7–96.0

a BII was estimated in Scholes and Biggs (2005).

b n gives the number of independent estimates (Iijkl) on which the BIV calculation was based.

c ta = 1.96 is used for calculating the 95% CI.
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mes), the largest uncertainty was associated with the BII esti-

mate for savanna, with a 95% confidence interval ranging

from 78.5% to 95.4%.

The BIV can be applied at finer scales of analysis to inform

research priorities (Table 2). For instance, the large uncer-

tainty in the BII estimates for mammals are due to high

uncertainties about population impacts in the fynbos and

grassland. Overall, the greatest uncertainties are associated

with the BII estimates for amphibians in the fynbos (15.5%),

while the smallest uncertainties are associated with the BII

estimates for birds in wetlands (1.4%). Amphibian estimates

showed large variation in uncertainty across different ecosys-

tems. Within fynbos, shrublands, and grasslands, standard er-

rors for different taxa varied substantially. For example, in

fynbos, the standard error of BII for plants was 2.9%, while that

for amphibians was 15.5%.

An analysis of the uncertainties associated with different

land use types can be similarly insightful (Table 3). Variation

in the uncertainties associated with the BII among different

land use classes was substantial. The smallest uncertainties

occurred in protected areas (0.3%). Large uncertainty was

found in degraded area (6.1%), especially for amphibians

(17.2%) and birds (12.5%). Such analyses can clearly help di-
Table 2 – Standard error (SE, %) of biodiversity intactness inde

Plants Mammals Birds

Forest 4.3 2.4 3.9

Savanna 4.7 4.1 4.9

Grassland 3.1 7.8 4.3

Shrubland 2.3 6.4 6.9

Fynbos 2.9 8.1 5.2

Wetland 2.0 6.6 1.4

All biomes 4.0 5.1 5.1
rect research activities toward areas where knowledge of bio-

diversity impacts is most uncertain.

4. Discussion

In order to monitor and assess changes in biodiversity, indica-

tors of biodiversity loss need to be accompanied by measures

of uncertainty. In this paper, we define a formal measure, the

biodiversity intactness variance (BIV), to assess uncertainty in

estimates of biodiversity loss derived from the biodiversity

intactness index (BII). Our definition of the BIV provides a for-

malization of the error approximation approach applied by

Scholes and Biggs (2005). Importantly, it obviates the need to

make assumptions about the distribution of the Iijk data by

allowing us calculate the uncertainty in BII directly from the

underlying data sources Iijkl.

Estimates of the uncertainty in BII provide at least two use-

ful forms of information. First, they provide policy makers

and the scientific community with better scientific assess-

ments of the status and rate of biodiversity loss. Second, they

can highlight the areas of greatest uncertainty and help focus

research effort. Uncertainty in the estimates of BII can be re-

duced by increasing sample sizes (number of sources l), thus
x (BII) for southern Africa, per biome and taxonomic group

Reptiles Amphibian All taxa

2.2 4.6 3.8

3.0 1.8 4.3

3.7 6.7 3.4

2.7 10.2 3.4

2.9 15.5 3.2

1.8 4.1 2.4

3.0 4.8 4.0



Table 3 – Standard error (SE, %) of biodiversity intactness index (BII) for southern Africa, per land use class and taxonomic
group

Plants Mammals Birds Reptiles Amphibian All taxa

Protected 0.0 0.2 0.5 0.7 0.0 0.3

Moderate use 4.5 5.3 3.7 2.8 3.1 4.0

Degraded 4.4 6.4 12.5 6.0 17.2 6.1

Cultivated 2.4 4.6 9.9 4.5 8.2 4.4

Plantation 1.2 10.4 9.7 3.0 3.1 3.8

Urban 1.4 6.8 9.8 2.7 12.6 4.0

All land use 4.0 5.1 5.1 3.0 4.8 4.0
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increasing the precision of the population impact estimates.

This can be accomplished by including more Iijkl estimates

from published studies, or by increasing the number of ex-

perts that were interviewed. Lowering the variation in the

population impact estimates (Iijk), especially in ecosystems

with large changes in land use, would decrease uncertainty

in biodiversity loss estimation.

Given the multi-faceted nature of biodiversity, it is clear

that a single indicator cannot address all the important

dimensions. More indicators of biodiversity loss are therefore

needed (Dudley et al., 2005; Scholes and Biggs, 2005; van Jaars-

veld et al., 2005; Balmford et al., 2005; Hess et al., 2006; Nielsen

et al., 2007). One objective of this paper was to raise aware-

ness of the need for measures of uncertainty when biodiver-

sity indicators are developed. Regardless of which indicator is

used, quantifying its uncertainty will improve our ability to

assess biodiversity loss. If indicators of biodiversity status,

such as the BII, are to be widely adopted, we believe that they

must be accompanied by robust estimates of their uncer-

tainty, such as the BIV.
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