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Abstract The unsustainable use of wild animals and plants
is thought to be a significant driver of biodiversity loss in
many regions of the world. The international community
has therefore called for action to ensure the sustainable use
of living resources and safeguard them for future genera-
tions. Indicators that can track changes in populations of
species used by humans are essential tools for measuring
progress towards these ideals and informing management
decisions. Here we present two indicators that could be used
to track changes in populations of utilized vertebrate species
and levels of harvest sustainability. Preliminary results based
on sample data both at the global level and for the
Arctic show that utilized species are faring better than
other species overall. This could be a consequence of better
management of these populations, as indicated by more
sustainable harvest levels in recent decades. Limitations of
the indicators are still apparent; in particular, there is a lack
of data on harvested populations of some vertebrate classes
and from certain regions. Focusing monitoring efforts on
broadening the scope of data collected and identifying
interactions with other potential drivers of decline will
strengthen these indicators as policy tools and improve their
potential to be incorporated into future sets of indicators to
track progress towards global biodiversity targets.
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Introduction

The use of wild animals and plants is often essential
for human livelihoods and well-being, while in some

situations it is considered an active choice (Hutton &
Leader-Williams, 2003). In many regions the use of wild
resources is thought to be unsustainable and a major driver
of biodiversity loss (Butchart, 2008; Baillie et al., 2010). As
the world’s human population increases and demand for
biological resources grows, the pressure that humans exert
on exploited species and their ecosystems will become
greater. For wild species to meet our needs now and in the
future it is vital that they are used in a biologically
sustainable way.

Sustainable use is defined by the Convention on
Biological Diversity (CBD) as the ‘use of components of
biological diversity in a way and at a rate that does not lead
to the long-term decline of biodiversity, thereby maintain-
ing its potential to meet the needs and aspirations of present
and future generations’ (CBD, 1992). Sustainable use was a
focal area for the CBD target of significantly reducing
biodiversity loss by 2010 (Decision VII/30). Having failed to
meet this target the Parties to the CBD adopted a revised
Strategic Plan for addressing biodiversity loss (CBD, 2010a).
It includes 20 measurable targets (the Aichi Targets) and
maintains the goal of sustainable use.

Building on the existing CBD indicator framework, the
CBD has called for the development of a new suite of
indicators that can be used to track progress towards targets
set in the Strategic Plan (CBD, 2010b). In conjunction with a
new suite of indicators, it has been recommended that
consideration be given to how indicators can be linked or
presented as integrated sets (Walpole et al., 2009; Butchart
et al., 2010; Sparks et al., 2011). Sparks et al. (2011) showed
that linking indicators can create a more comprehensive
understanding of trends and patterns and aid in communi-
cating complex messages, and that linked indicator sets can
provide decision-makers with a tool for effectively address-
ing biodiversity loss.

To determine whether the use of wild species is
biologically sustainable, any indicator or set of indicators
must reflect the status and trends of species in the wild, as
well as the effect of harvesting on the species. Despite the
known importance of wild species to economies and
livelihoods, relatively few indicators have been developed
specifically to monitor the species that people use and there
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have been few attempts to examine how indicators of species
use and harvest sustainability could be linked to provide a
broader picture of what, where and how people are using
wild species.

Here we develop an indicator that can track change in
populations of species that are utilized by humans (Utilized
Species Index) and an indicator that tracks sustainability
of the harvest of a selection of utilized species (Harvest
Index) and examine their feasibility as effective and robust
indicators of the sustainable use of biodiversity. Firstly we
present trends in the Utilized Species Index at a global scale.
We then use a case study to critically examine how the
Harvest Index and the Utilized Species Index can be used
together to provide a more thorough understanding of
the state of utilized species in the Arctic, which is rich in
biodiversity but where species are subject to high levels of
exploitation.

Arctic biodiversity is particularly vulnerable to the
pressures of commercial, subsistence and traditional
harvesting and trade of wild species because many are
concentrated in limited areas of biological productivity,
such as polynias and coastal plains. This adds to the existing
pressure from rapid environmental change, such as that of
sea-ice extent (Gleason & Rode, 2009; CAFF, 2010; Heide-
Jørgensen et al., 2010; Kovacs et al., 2010). Hence there is
growing concern that because of the limited functional
redundancy in Arctic ecosystems the loss of a single species
could have cascading effects on the state and function of the
entire system (Post et al., 2009).

The Conservation of Arctic Flora and Fauna working
group, through the Circumpolar Biodiversity Monitoring
Programme, is coordinating a number of programmes and
projects to assess biodiversity status and trends and improve
understanding of the drivers of change, and of management
options (Gill et al., 2008). One important contribution
to this, and to tracking the response of Arctic wildlife to
growing pressures, has been the development of the Arctic
Species Trend Index (McRae et al., 2010). This is the
disaggregation of the Living Planet Index for the Arctic
(Loh et al., 2005; Collen et al., 2009), which tracks trends in
vertebrate populations. In the case study we examine
whether the indicators we have developed can be applied
to track changes in Arctic species that are utilized by people
and whether the indicators can complement the Arctic
Species Trend Index, providing further information for
managing species populations.

Methods

We developed two indicators for wild commodities: the
Utilized Species Index and the Harvest Index. The first is
based on the Living Planet Index (Loh et al., 2005; Collen
et al., 2009) and tracks changes that have occurred since

1970 in populations of vertebrate species utilized by humans.
The second combines population and harvest data to track
the sustainability of the harvest of a selection of utilized
vertebrate species.

Utilized Species Index

Selection of species We sourced vertebrate population data
from the Living Planet Index and Arctic Species Trend
Index databases, as compiled in October 2010, and coded
general information on each population, including ver-
tebrate class, system (freshwater, marine, terrestrial) and the
zone (Living Planet Index: temperate, tropical; Arctic
Species Trend Index: polar) on which it is most dependent
for survival and reproduction (Loh et al., 2005; Collen et al.,
2009).
A decision tree (Supplementary Material 1) was used to
further code species within the Living Planet Index database
as utilized by humans, based on cross-referencing infor-
mation on the use of each species from a variety of publicly
available sources, including the IUCN Red List (IUCN,
2009), the World Bird Database (Avibase, 2009), the CITES
trade database (CITES, 2009), forestry country profiles from
the Food and Agriculture Organization of the United
Nations (FAO, 2009a), the International Tropical Timber
Organization (ITTO, 2009), the Center for International
Forestry Research (CIFOR, 2009), the University of British
Columbia Sea Around Us Project (UBC, 2009), and the
FishBase database (Froese & Pauly, 2009). The coding
generated a database of utilized species.

The type of use of each species was categorized, where
possible, according to the IUCN utilization classification
scheme (IUCN, 2009) as food (for humans or animals),
medicine, poison, manufacturing chemicals, other chemi-
cals, fuels, fibre, construction/structural materials, wearing
apparel, household goods, handicrafts, pets, research, sport
hunting, other and unknown. These categories are not
mutually exclusive. As sample sizes were small in some
categories, we restricted our analysis to the use of species as
food for humans, for sport hunting, or as pets.

Species that are widely used and are particularly
important to people were also categorized as substantially
used. Information on the scale of trade or volume of harvest
at local, national, regional and international levels was
obtained from the aforementioned sources as well as the
global Forestry Resources Assessments (FAO, 2009b),
regional reports and expert knowledge (IUCN Sustainable
Use Steering Group, pers. comm.). Evidence for each species
was ranked subjectively from 1 to 5, where 1 equated to a low
amount of evidence for substantial use and 5 equated to a
high amount of evidence for substantial use. This process
generated a list of substantially used species. Trend analyses
were only conducted on species with evidence scores >3.
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Vertebrate Arctic species were coded as utilized by
humans based on expert opinion (C. Zöckler, pers. comm.),
generating a list of utilized Arctic species.

Indices calculated We extracted data from the datasets of
utilized species, substantially utilized species and utilized
Arctic species and used them to generate a series of indices
to assess change in populations of wild species used as
commodities: (a) utilized species; (b) utilized freshwater
species; (c) utilized marine species; (d) utilized terrestrial
species; (e) species used to provide food for humans;
(f) species used for sport hunting; (g) species used as pets;
(h) substantially used species; (i) utilized Arctic species
(Table 1). The number of species and populations in each
dataset are further categorized by system (freshwater,
marine, terrestrial), zone (temperate, tropical) and ver-
tebrate group (amphibian, bird, fish, mammal, reptile) in
Supplementary Material 2.

Calculation of indices We calculated the indices of utilized
and substantially used species using the technique devel-
oped for the global Living Planet Index (Loh et al., 2005;
Collen et al., 2009). The Index was calculated using
population time series data (1970–2007) for 6,214 popula-
tions of 1,501 species coded as utilized and 1,100 populations
of 187 species coded as substantially used. The changes in
the population size of each species were aggregated and
presented as an index relative to the population size in 1970,
which was given a value of 1. Tropical and temperate species
were weighted equally within each system (freshwater,
marine, terrestrial) to account for the over-representation of
temperate compared to tropical species.

We calculated the index of utilized Arctic species,
using the technique developed for the Arctic Species
Trend Index (McRae et al., 2010), with time series data
from 1970–2007 for 663 populations of 147 Arctic species
coded as utilized. We are aware that the Arctic Species
Trend Index database has been updated and a new Index
has been generated since we conducted our analyses
(Eamer et al., 2012); however, because the overall pattern
of Arctic vertebrate abundance has not changed, we
only include comparisons of our results with the trend
line published in 2010 (McRae et al., 2010). We are
mindful of the revised, disaggregated regional and system
differences depicted in the trend line published in 2012

(Eamer et al., 2012).
Following Loh et al. (2005) as adapted by Collen et al.

(2009), we used a bootstrap re-sampling technique to
generate annual 95% confidence intervals (CI) around each
index value (10,000 iterations).

Harvest Index

The Harvest Index is the ratio of the estimated annual
harvest rate to the potential for biological recovery (the
theoretical maximum recovery rate). If the harvest rate
exceeds the recovery rate this implies that the harvest rate
is more likely to be unsustainable. Annual population
recovery rates are estimated using a simple equation, the
potential biological removal (PBR) model (Wade, 1998),
derived from insights gained from simple theoretical
models that are principally based on the logistic equation
(Elert, 2007).

TABLE 1 Descriptions of each index generated, with species and population numbers. A breakdown of the number of species and
populations in each index by system (freshwater, marine, terrestrial), zone (temperate, tropical) and vertebrate class (amphibian, bird, fish,
mammal, reptile) is provided in Supplementary Material 2.

Index Description
No. of
species

No. of
populations

Utilized species Based on trends in species that are utilized by humans 1,501 6,214
Utilized freshwater species Based on trends in species that are found in a broad range of temperate

& tropical freshwater habitats & utilized by humans
446 2,256

Utilized marine species Based on trends in species that are found in a broad range of temperate
& tropical marine habitats & utilized by humans

388 1,650

Utilized terrestrial species Based on trends in species that are found in a broad range of temperate
& tropical terrestrial habitats & utilized by humans

795 2,302

Species used for food Based on trends in species that are utilized by humans for food 892 4,500
Species used for sport hunting Based on trends in species that are utilized by humans for sport hunting 514 3,423
Species used as pets Based on trends in species that are utilized by humans as pets 907 3,624
Substantially used species Based on trends in species that are substantially utilized by humans

(based on scale of trade or volume of harvest at local, national,
regional & international levels)

187 1,100

Utilized Arctic species Based on trends in freshwater, marine & terrestrial Arctic species that
are utilized by humans

147 663

Harvest index Combines population & harvest data to track the sustainability of the harvest
of selected utilized Arctic species

20 73
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The Harvest Index was calculated as follows:

Step 1 We calculated the potential biological removal for
each population for each year. This is the maximum
number of individuals that can be harvested while still
allowing the maximum stable population to be reached or
maintained:

PBR(t) = n(t)min × (0.5× Rmax) × FR (1)
where n(t)min is an estimate of the minimum number of
individuals in the population at time t. As population
sizes are difficult to measure accurately, this component is
routinely estimated as 90% of the number of individuals
thought to be present (Wade, 1998). Rmax is the maximum
theoretical productivity rate of the species. This para-
meter varies within a species between populations. If
unknown, this value is given a weight of 0.5, which is
considered a conservative estimate of the current net
production of a depleted population (Wade, 1998). FR
represents a recovery factor. It is the proportion of the net
production of the population that contributes to
population growth (default value5 0.5).
Step 2 At each time point (t) we calculated the ratio
between PBR (i.e. the theoretically sustainable harvest)
and the actual number of individuals harvested (H):

H(t)ratio = H(t)/PBR(t) (2)

We calculated PBR and H for all populations of a species
from the mean PBR and mean H of each individual
population of that species.
Step 3 We calculated the Harvest Index (HI) from the
geometric mean of all populations for each time point. If
HI. 1.5 the harvest is unsustainable (coded as being
in the red zone); if HI, 0.5 the harvest is within
sustainable limits (coded as being in the green zone);
and if HI is 0.5–1.5 the harvest is on the threshold of
sustainable limits (coded as being in the orange zone).
We calculated the Harvest Index for species in the

utilized Arctic species dataset for which harvest data were
available: 73 populations of 20 species of birds, fish and
mammals (Table 1). Harvest data were recorded by
volume or number of individuals taken.

Results

Trends in utilized species The Utilized Species Index shows a
decline of c. 14% between 1970 and 2007 (Fig.1a; 2007
Utilized Species Index 0.86, 95% CI 0.77–0.97). It started to
decline at about the same time as the global Living Planet
Index (early 1980s) but by approximately half the amount
(Fig.1a; Living Planet Index 0.72, 95% CI 0.64–0.80).

(a) (b)

(c) (d)

FIG. 1 Trends (± 95% CI) in (a) utilized species compared to the global Living Planet Index (WWF, 2012); (b) utilized freshwater,
marine and terrestrial species; (c) species used as food for humans, for sport hunting, or as pets; and (d) substantially used species in
evidence categories 3, 4 or 5, between 1970 and 2007. Confidence intervals are not shown for (b) and (c) to illustrate clearly the main
trends; they are provided in Supplementary Material 3.
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The Utilized Species Index is based on trends in amphibian,
bird, fish, mammal and reptile species from freshwater,
marine and terrestrial systems worldwide but 88% of the
time-series data used to generate this global index relate to
birds (Supplementary Material 2).

Trends in utilized freshwater, marine and terrestrial
vertebrate species Trends in utilized species from each
system vary: between 1970 and 2007 populations of utilized
freshwater species declined by c. 3% (2007 Freshwater
Utilized Species Index 0.97, 95% CI 0.78–1.23), populations
of utilized marine species by c. 17% (2007 Marine Utilized
Species Index 0.83, 95% CI 0.66–1.04), and populations of
utilized terrestrial species by c. 21% (2007 Terrestrial
Utilized Species Index 0.79, 95% CI 0.68–0.93; Fig.1b).
Since the early 2000s the rate of decline of utilized
marine and terrestrial species indices has slowed or
stabilized. The utilized freshwater species index has
increased steadily since 2000.

Trends in utilized vertebrate species according to use Trends
are variable depending on the type of use. Fig.1c shows
trends for species used as food for people, for hunting by
humans for sport, or as pets. These categories are not
mutually exclusive and the majority of species have more
than one use. Therefore some species may be represented in
more than one trend line. The index for species used to
provide food for humans and that for species used as pets
declined by c. 17% (2007 Food Utilized Species Index 0.83,
95% CI 0.72–0.97) and c. 9% (2007 Pets Utilized Species
Index 0.91, 95% CI 0.77–1.08), respectively, between 1970

and 2007; however, both have stabilized since the early
2000s. The index for species hunted by humans increased by
c. 14% overall between 1970 and 2007 (2007 Sports
Hunting Utilized Species Index 1.14, 95% CI 0.94–1.42)
but the pattern has varied over time, with the index
increasing between 1970 and the early 1980s, followed
by a slow decline until c. 2005, and then increasing again
in recent years. The indices track changes in populations

of amphibian, bird, fish, mammal and reptile species
from freshwater, marine and terrestrial systems but the
data are biased towards birds and fish (Supplementary
Material 2).

Trends in substantially used vertebrate species This index
tracks changes in populations of bird, fish, mammal and
reptile species that are widely traded and used at local,
national, regional and international levels (Supplementary
Material 2). Apart from an apparent rise in the early 2000s
there has been no change in the populations of these species
since 1970 (Fig. 1d; 2007 Substantially Utilized Species Index
1.11, 95% CI 0.75–1.68). Data are biased towards fish and
mammals (Supplementary Material 2).

Trends in utilized Arctic species Populations of utilized
Arctic species showed an upward trend between 1970 and
2007, increasing by 83% (Fig.2a: Arctic Utilized Species
Index 1.83, 95%CI 0.84–2.44). By contrast, the Arctic Species
Trend Index increased by 16% between 1970 and 2004

(Fig. 2b; 2004 Arctic Species Trend Index 1.16, 95% CI 1.02–
1.32; McRae et al., 2010). The trend in utilized Arctic species
has not been constant, rising between 1970 and 1994 and
then undergoing a period of apparent stabilization before
rising again in 2005. This index is based on bird, fish and
mammal species only, from freshwater, marine and
terrestrial systems (Supplementary Material 2).

Harvest Index

This index reflects trends in the harvest and stock estimates
of Arctic species of birds, fish and mammals. Harvest levels
between 1970 and 1985 were generally predicted to be
unsustainable (i.e. they were in the red zone; Fig.2b).
However, the Harvest Index has shown a steady decrease,
from . 2.0 in 1976 to c. 0.3 in 2006, indicating that the
overall level of harvesting is now within predicted sustain-
able limits (green zone). For many years (1985 to early
2000s) the harvest levels fluctuated around predicted

(a) (b)

FIG. 2 Trends (± 95% CI) in (a) utilized Arctic species compared to the Arctic Species Trends Index (McRae et al., 2010) between 1970
and 2007 and (b) Harvest Index of Arctic species between 1970 and 2006, with zones of unsustainable, cautionary and sustainable
harvest levels shown.
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sustainable harvest thresholds (orange zone). However, a
number of individual populations (particularly fish) are still
predicted as being over-harvested.

Discussion

Indicators that can track changes in populations of species
used by humans are essential tools for measuring progress
towards ensuring the sustainable use of living resources. The
two indicators presented here have the potential to provide
valuable input into future guidelines for the sustainable
use of wild species at global, regional and national levels
and, after further development, could be incorporated into
future sets of indicators to track progress towards global
biodiversity targets.

Global trends in the Utilized Species Index

At a global level the Utilized Species Index shows a decline
of c. 14% between 1970 and 2007, implying that use of these
species has not been sustainable. There has been a relatively
steady decline since the early 1980s but there have been signs
of stabilization in recent years. Although it was not possible
to generate a separate index of non-utilized species (given
that a lack of evidence for use does not mean that non-use
can be assumed) and compare trends of non-utilized and
utilized species, it was possible to compare the Utilized
Species Index with the global Living Planet Index, which
includes species whether their use is known or not. Trend
lines of both indicators showed similar trajectories but the
Utilized Species Index only declined by about half as much
as the Living Planet Index. This suggests that, in general,
utilized species are faring better than other species. This
could be because people are more likely to use and rely on
common, more easily exploited species than rare ones or
because populations of utilized species are likely to be
managed more effectively or are under greater protection
than populations of non-utilized species. This creates what
could be a paradoxical situation in terms of conservation
management, whereby species subjected to significant
utilization have a lower risk of being threatened (i.e. a ‘use
it or lose it’ scenario). Similarly, the Red List Index of
Threatened Species has shown that the conservation status
of known utilized species, particularly birds, is better than
that of non-utilized species and that they face a lower risk of
extinction (Butchart, 2008).

The concept of this ‘use it or lose it’ scenario is further
strengthened when the trend in substantially used species
is examined. This index includes species that are most
widely used and are considered most important to people.
Although the confidence intervals are relatively broad
(partly because of reduced sample sizes) the trend shows
no overall change in the size of these populations. When

compared with the Utilized Species Index this suggests
that species that are used more widely or more intensely
are likely to be less threatened than species with a lower
incidence of use.

Differences in trends between three use categories
(food, sport hunting and pets) also support the idea of
‘use it or lose it’. Although populations of vertebrates
used for food and pets declined below the 1970 baseline,
suggesting their use is unsustainable, the trend for species
that are hunted for sport has remained relatively stable
after an initial rise from the start of the index. This may
be because in many places sport hunting has become
more highly regulated (Lamoureux, 1999; Robinson et al.,
2008; Reid et al., 2010).

Trends in wild commodities indicators for Arctic species

A majority of Arctic species are utilized in commercial,
subsistence or traditional harvest and trade. It is evident that
both local and global environmental and economic changes
since the 1950s have altered and complicated harvest
trends in the Arctic and are exerting increasing pressure
on Arctic biodiversity (CAFF, 2010) but there is still a
limited understanding of how Arctic wildlife populations
are responding to these changes.

The wild commodities indicators we calculated for Arctic
species provide an initial insight into the response of utilized
species to these pressures. The Arctic Utilized Species Index
shows that the mean abundance of utilized Arctic
vertebrates increased by 83% between 1970 and 2007. The
greatest increase occurred between 1970 and 1994, followed
by a slight decline and stabilization until 2005. The trend
appears to be rising since then. This increase is five times
higher than that observed for all species in the 2010 Arctic
Species Trend Index, which increased by 16% between 1970

and 2004 (McRae et al., 2010). This implies that, in general,
utilized Arctic species are faring better than all other Arctic
vertebrate species for which data are available, particularly
since the early tomid 1990s, as indicated byminimal overlap
between the confidence intervals of the Arctic Utilized
Species Index and the Arctic Species Trend Index.

The increasing trend in the Arctic Species Trend Index
may be partly driven by the recovery of some vertebrate
populations (e.g. marine mammals) from historical over-
harvesting, as well as the rapid increase of some populations
(e.g. Bering Sea pollock species and lesser snow goose Chen
caerulescens caerulescens) both inside and outside the Arctic
as a result of recent environmental changes (CAFF, 2010).
These reasons could also help explain the trend in the Arctic
Utilized Species Index.

Further insight can be gained by examining trends
of the Arctic Species Trend Index and the Arctic
Utilized Species Index alongside those of the Harvest
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Index developed and presented here. The Harvest Index
combines data on biological characteristics of a species with
information on population changes and harvest levels to
determine a threshold above which harvested individuals
can be replaced. When applied to a subset of utilized Arctic
species it indicated that harvest levels have become more
sustainable since 1970 and, although it is not known if they
have recovered to pre-exploitation levels, they are now likely
to be within sustainable limits. This could also help to
explain the increasing trend observed in populations of
utilized Arctic species. It also highlights that examining
related indicators together instead of in isolation can reveal
more information about the potential responses of various
taxa to human-induced and natural pressures.

Strengths of wild commodities indicators

Both the Utilized Species Index and the Harvest Index
are relatively easy to understand and communicate
conceptually and empirically. They are tractable, with data
on most species available for a long time-period. They
appear to be responsive to change and, given the growing
demand to develop tools for addressing issues related to
sustainable use of wild species (Hutton & Leader-Williams,
2003; UNEP/CBD/COP/11/2, 2001), are relevant to policy.
However, the ultimate test of their effectiveness will be if
they are used to measure progress, enhance understanding
or raise awareness of these issues (Biodiversity Indicators
Partnership, 2011).

The Utilized Species Index, like the Living Planet Index
upon which it is based, could potentially be applied at
multiple scales (e.g. global, regional, national) or disaggre-
gated to examine population trends in different systems,
biomes or vertebrate classes, thereby providing further
insight into overall trends. Although it was not possible to
disaggregate the Utilized Species Index by vertebrate class
because of insufficient sample sizes, we were able to examine
trends by system. We observed different trends in the
abundance of populations of freshwater, marine and
terrestrial species. Although populations in all three systems
have declined since 1970 they have done so at different rates,
and populations of freshwater species appear to be
increasing in recent years. Similar patterns were seen in
the global Living Planet Index (WWF, 2012). It was not
possible to examine trends in utilized Arctic species
disaggregated by region (e.g. high, low, sub-Arctic),
ecological system or vertebrate class because sample size
was inadequate. However, there are likely to be significant
differences between these categories, as seen in the latest
Arctic Species Trend Index (Eamer et al., 2012). For
example, trends in population abundance of sea-ice
dependent species of the high Arctic currently show a
decline (McRae et al., 2010; Eamer et al., 2012). It is not

known exactly why differences between systems or classes
exist in species indices but they could be partly determined
by the availability of underlying data (see further discussion
below).

The Harvest Index is an extension of the established
and tested potential biological removal model (Wade, 1998;
Johnston et al., 2000; Milner-Gulland & Akcakaya, 2001;
Marsh et al., 2004), which is relatively simple, adopts a
precautionary approach in its assumptions and accounts for
some of the uncertainties in the parameters it uses (Wade,
1998; Milner-Gulland & Akcakaya, 2001; Cooke et al., 2012).

Limitations of wild commodities indicators

A limitation of both indicators is that they rely on estimates
of total population size, which can be difficult to obtain.
Estimates are more commonly available for only part of a
population in part of its range, which may not be fully
representative of the species. Furthermore, population
estimates may not always be from harvested populations.
We coded data to the species level, therefore populations
that are not utilized may be contributing to the index. The
specificity of the indices could be improved by coding
threats at the population level. Although difficult, this
should be attempted where possible so that only estimates
from harvested populations are used in calculations of the
wild commodities indicators.

A second limitation of both indicators is that not all
populations, taxa, systems and regions are adequately
represented: at the global level more data are available for
tropical areas; in the Arctic there is a lack of crucial data for
many fish, most whales and seals, and the polar bear Ursus
maritimus. The Utilized Species Index accounts to some
extent for the imbalance of geographical representativeness
by weighting species evenly in tropical and temperate
regions but it is more difficult to address biases introduced
by over-representation of certain vertebrate classes (Loh
et al., 2005; Collen et al., 2009). The majority of data
underlying both the global and Arctic Utilized Species
Indices were from birds, followed by fish and then
mammals. This does not invalidate the indices if, in fact,
more bird species are used or threatened by use. However,
there is a considerable lack of data on how many species in
each vertebrate class are used and how much is harvested.
For example, data on harvested Arctic species are biased
towards marine mammal and marine fish populations,
which could mask declines in some seabird colonies that
are over-harvested. Once these factors are known the
representativeness of a dataset can be assessed and potential
biases accounted for. Therefore, prioritizing research
and monitoring programmes to fill data gaps in under-
represented classes will make these indices more robust and
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enhance their usefulness in providing guidance for wildlife
management and in tracking sustainable use.

Other limitations are indicator specific. For most
populations of species in the Utilized Species Index it is
likely that the cause of decline is not attributable solely to
harvesting. For example, the house sparrow Passer domes-
ticus, which is used in traditional Chinese medicine, may be
harvested intensively in some parts of Asia but is unlikely to
be harvested at a similar level in other parts of its range.
Therefore this index can reflect changes in the species
people use and, by proxy, their availability to people, but as
yet it cannot determine the extent to which use is a driver of
those changes. To improve this it may be possible to classify
each population in the index by cause of decline. However,
diagnosing threats can be difficult because of the diverse
nature of both threatening processes and the response of
species to threats, resulting in a heterogeneous distribution
of threats globally, certain species being intrinsically more
threatened by specific factors (Owens & Bennett, 2000;
Purvis et al., 2000; Isaac & Cowlishaw, 2004; Kotiaho
et al., 2005; Price & Gittleman, 2007; Corey & Wait, 2008;
Thomas, 2008), and non-linear population responses to
particular extrinsic pressures (Lomolino & Channell, 1995;
Rodriguez, 2002; Thomas, 2008). Therefore a decline in the
index does not imply that use is universally detrimental to
the species, that use in every population is unsustainable
or that reducing harvest pressure will result in improved
trends, particularly if other factors are driving negative
trends.

For the Harvest Index, in addition to incorporating data
from a broader range of species, we recommend four steps
to improve its development. (1) Harvest and population
abundance estimates should ideally be from the same
population to avoid skewing estimates of harvest sustain-
ability. (2) It is recognized that Rmax values for many species
are uncertain. Therefore Rmax should ideally be based on
maximum likely rates of recovery observed in field studies
rather than on theoretical principles, especially for high
Rmax species. High Rmax species may have high recovery
potential but may also have highly variable population
dynamics that could result in misrepresentative estimates
of nmin and population status. (3) The estimate of FR is
currently set to 0.5 because of a lack of information.
However, FR is likely to vary between species, depending
on a variety of population parameters, such as how
population numbers fluctuate in response to density
dependence. Therefore efforts need to be concentrated on
obtaining data to calculate species-specific FR values. This
would help to improve the precision of the indicator and
interpretation of trends. (4) Populations should be between
their potential biological removal abundance and carrying
capacity. If the method is used on over-depleted populations
the index will not yield correct results; even harvests less
than the potential biological recovery will be unsustainable

if they exceed the rate of recovery of a heavily depleted
population.

Recommendations

To provide a complete picture of the trade and use of a given
species we need information on the status of the species in
the wild (supply), the volume of products from the species
on the market (demand) and the relationship between
the two. The wild commodities indicators presented here
currently provide information on supply only; i.e. trends
in individual source populations over time or trends in
the amount and sustainability of harvests. Future work, in
addition to addressing the caveats outlined above, should
focus on developing a complementary indicator for
demand; i.e. an indicator that can be used to track changes
in market value and market size for wild commodities, and
improving our understanding of the feedback between
supply and demand.

For Arctic species there is a need for more information
on whether species are used inside or outside the Arctic
region. Many migratory species that breed in the Arctic
(such as geese, plovers, some fish, sharks and whales) and
hence are classified as Arctic species are almost exclusively
harvested outside of the Arctic region. Identifying trends in
these species is likely to be important for establishing
management plans.

In conclusion, although the wild commodities
indicators presented here are still limited in their utility
and reliability they have the potential to be useful indicators
of sustainable use. A concerted effort by researchers and
decision-makers to make more data available and broaden
their scope will strengthen them as tools for policy and
reporting.
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