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Sustainable use of natural resources is
central to biodiversity conservation.
Using more than 11,000 vertebrate
population time series, we developed a
global indicator of utilized populations
and propose its use in the Post-2020
Global Biodiversity Framework. We found
that trends in utilized bird, mammal, and
fish populations were more negative than
non-utilized ones and that body size was
an important predictor of trends.
Crucially, we found that populations
where management was in place were
more likely to show positive trends.
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SCIENCE FOR SOCIETY The use of wildlife supports many people for their food, medicine, and livelihoods.
Ensuring that this use is sustainable is central to conservation to ensure the persistence of species alongside continued utilization by people. Using more than 11,000 wildlife population trends, we conducted a
global analysis of local-scale data to better understand how populations respond to utilization. We found
that utilized populations declined on average by 50% between 1970 and 2016 and showed steeper negative
trends than populations that were not utilized ( 3%). If these trends continue, then this may threaten species survival and be detrimental to people who rely on their use.
We also highlight how these trends might be reversed. Encouragingly, populations under targeted management, whether utilized or not, fared better than those that are not managed. This evidence can be used to
track progress toward international and national targets on the sustainable use of species.

SUMMARY

Sustainable use of wildlife is a core aspiration of biodiversity conservation but is the subject of intense debate
in the scientific literature, including the extent to which use is impacting species and whether management
can mitigate any impact. Although positive and negative outcomes of sustainable use are known for specific
taxa or local communities, a global and regional picture of trends in wildlife populations in use is lacking. We
use a global dataset of more than 11,000 time series to derive indices of ‘‘utilized’’ and ‘‘not utilized’’ wildlife
populations. Our results show that population trends globally are negative on average but that utilized populations tend to decline more rapidly, especially in Africa and the Americas. Crucially, where populations are
managed, they are more likely to be increasing. This evidence can inform global biodiversity assessments
and provide an operational indicator to track progress toward the Post-2020 Global Biodiversity Framework.
INTRODUCTION
Direct use of wild species is one of the ways in which biodiversity
is fundamental to the subsistence and livelihoods of people.1–6
Consequently, any unsustainable impact of anthropogenic activity on species, particularly those that are important for peoples’
livelihoods or wellbeing, presents a threat to those species and
ecosystems as well as to human health and development.7–9
Moreover, any prohibition of species use can have serious consequences for people, particularly risks to food security,10 so
striving for sustainable use is key. The importance of sustainable
use of resources has been recognized as central to biodiversity
conservation and is embedded in international bodies and con-

ventions for nature.11–15 However, progress toward achieving
the sustainable use of resources globally remains a challenge.
As part of the Convention on Biological Diversity’s Strategic
Plan for Biodiversity 2011–20, Aichi target 4.2 was set to keep
the impacts of use of natural resources well within safe ecological limits by 2020. Progress toward this target was assessed
as ‘‘poor’’ in the final decadal review of the Aichi targets,16 and
an assessment of the research and management behind the
use of wild meat found limited progress toward sustainability.9
Overexploitation is a highly prevalent threat to biodiversity,9,17
with evidence showing that harvesting, logging, fishing, and
hunting often occur at unsustainable levels.3 Together with activities such as logging and agriculture, hunting and trapping have a
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higher average probability of impacting species compared with
other threats, with hotspots of this threat largely concentrated
in the tropics.18 Combined pressures of land use change and
hunting have reduced the distribution of terrestrial tropical mammals, with large-bodied species the most impacted.19 The effect
of hunting, especially for commercial use, has been implicated in
the population decline of 97 tropical bird and 254 tropical
mammal species,20 and a global assessments of 301 terrestrial
mammals threatened with extinction lists hunting as a primary
threat.21 In the marine realm, the percentage of commercial
fish stocks that are within biologically sustainable levels
decreased from 90% to 65.8% between 1974 and 2017,22
although recent trends suggest that stocks that are scientifically
assessed are now increasing on average, and intensively
managed stocks are faring better.23
The role of wildlife management is also evident in some
notable examples on land. The rise of community-based natural
resource management over 30 years ago, which may include
managing the use of species in place of more centralized wildlife
management policies, has yielded examples of economic and
ecological benefits in many countries.6,24,25 Similarly, even in regions where utilized species have been heavily impacted over
centuries,26,27 examples of recoveries have been recorded often
as a result of efforts to stem unsustainable use.28,29
To understand how species in use (hereafter called ‘‘utilized
species’’ or ‘‘utilized populations’’; see ‘‘definitions’’ in experimental procedures) are faring at the global scale, existing indicators have largely focused on the species level; e.g., the Red List
Index for internationally traded species or those used for food
and medicine and the Living Planet Index for utilized species.30,31 These indices cannot integrate any potential heterogeneity of impacts of use because of factors influencing individual
populations within the same species differently, as identified for
commercial harvesting.32 In the marine environment, indicators
have measured fishing pressure and the proportion of fish stocks
that are unsustainable.22 At a smaller scale, harvest models are
used to assess sustainability and the status of a utilized population, which can provide detailed information on how a population
and ecosystem are impacted by use and inform local
management.33
We propose that global and large regional views are needed
and present a population-based approach with information on
utilization at the site-level aggregated to the global scale. This
approach can provide important insights that are not available
at the level of species assessments through incorporating population-level information on use, threats, and management into
the analysis. To follow this approach, we develop an indicator
of utilized vertebrate populations following the method used to
calculate the Living Planet Index (LPI),34–36 a multi-species
indicator of relative abundance based on population trends of
vertebrates used to monitor progress toward international and
national biodiversity targets.37–39 We explore differences in
these trends with respect to taxonomic groups and Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) regions and test the sensitivity of the indicator
to data quality. The Living Planet Database, which underpins the
index, collates data collected locally from around the world,
which can be divided in different ways to deliver a suite of indices
of species population change; the data are also suitable for

within-species comparisons and identification of correlates predicting trends using mixed-effect models.40,41 We then use this
to contrast trends in utilized populations with those that are not
used for the complete set of species in the dataset and only
for species with data for utilized and non-utilized populations
(‘‘matched’’). Finally, using mixed-effect models, we explore
the role of targeted management (see ‘‘definitions’’ in experimental procedures) in predicting populations trends in utilized
populations. Our results can help to measure progress toward
policy targets and identify trends in resources that are important
for people. Our results, thus, feed directly into global processes
such as the IPBES thematic assessment of sustainable use of
wild species15 and development of indicators for the Post2020 Global Biodiversity Framework.
RESULTS
Geographic, taxonomic, and threat data summary
Our final dataset comprised 11,123 population time series from
2,944 species, of which 5,811 populations from 1,348 species
were coded as utilized, and 5,312 populations from 1,996 species were coded as not utilized (Table S1). For utilized populations, most data were available for fish (n = 3,233), followed by
mammals (n = 2,098), birds (n = 331), reptiles (n = 142), and amphibians (n = 7). Fish and mammals had more utilized populations than not, whereas the reverse was true for birds, reptiles,
and amphibians (Table S1). Compared with the expected distribution of body mass values for all species, the utilized dataset
showed a skewed distribution toward larger-bodied species
for birds and mammals but a distribution of body masses to all
fish species (Figure S1). Geographically, our sample contained
data from all IPBES regions and from 146 countries (Figure 1;
Table S2). Utilized and not-utilized populations were found in
all regions, but there were noticeable clusters of more utilized
populations in parts of Africa, Central Asia, and Canada. The
largest regional dataset was for the Americas. Results for Africa
are based on the smallest dataset of the regions; data availability
throughout the time series dropped after 2012, so the indices
were shorter than for the other regions, finishing in 2015 and
2013 for terrestrial/freshwater and marine, respectively.
Threat information was available for 3,195 populations—1,694
utilized and 1,501 not utilized (Table S3). There was a difference
in the distribution of threats coded between utilized and not utilized populations, with a greater proportion of threats listed as
overexploitation for utilized populations (Figure S2). Nearly
three-quarters of the overexploitation threats coded for utilized
populations were a result of hunting, fishing, and collecting (Figure S3). Of the utilized populations, 46% had information available on targeted management, and 23% were unmanaged (the
remainder had no information; Table S4).
Global indices for utilized populations show decline
The index for utilized populations shows a decrease of 69% for
terrestrial and freshwater populations (Figure 2; index value in
2016, 0.31; range, 0.21–0.44) and a decrease of 34% for marine
populations (Figure 2; index value in 2016, 0.66; range,
0.52–0.85) between 1970 and 2016. Although the overall trend
for utilized populations showed a steep decline, there was
considerable heterogeneity at the level of individual populations,
One Earth 5, 422–433, April 15, 2022 423
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Figure 1. Locations of populations used in the analysis overlaid onto IPBES regions
The point location is shown for the utilized (black diamonds) and non-utilized (white diamonds) populations used in the analysis (Table S2). IPBES regions shown
are Americas (green), Africa (yellow), Europe and Central Asia (blue), and Asia-Pacific (light blue). IPBES regions were sourced from the IPBES Technical Support
Unit on Knowledge and Data.42

with 46.3% showing an overall increase, 48.9% showing an
overall decrease, and 4.8% were stable in the terrestrial and
freshwater index. In the marine index, 53.2% of utilized populations showed an overall decline, 42.6% an overall increase, and
4.2% were stable.
We tested the robustness of the indices to time series length.
This is important to check when using population trends that vary
in sample duration,43 particularly the effect of short time series
that may exhibit more extreme or fluctuating trends and bias in
the index.44,45 We observed whether similar trends were seen
when restricting the dataset to different thresholds for the minimum time series length in numbers of years. When a more stringent minimum threshold for time series length was applied,
similar trajectories of decline were observed for indices with a
minimum of 5 years, and shallower decline was reported for
indices with a minimum of 10 years (Figure S4).
Regional indices show steeper decline in the tropics
The indices for utilized populations trends since 1970 grouped by
IPBES regions show disparate trends, with largely tropical regions faring worse than the global indices of utilized populations
(Figure 2) and compared with more temperate regions (Figure 3).
Africa showed the greatest decline since 1970 in the terrestrial/
freshwater and marine subsets; both indices show steeper
decline than the global average for utilized species (Figure 3;
terrestrial/freshwater index value in 2015, 0.07; range, 0.03–
0.16; marine index value in 2013, 0.08; range, 0.04–0.17). The
Asia-Pacific index shows a near-continuous decline in the marine
index from 1970 to 2016 and an 83% overall decline, which is
worse than the global marine index (Figure 3; index value in
2016, 0.17; range, 0.09–0.31); the terrestrial and freshwater index
fluctuates from a positive to a negative trend, with high variation in
424 One Earth 5, 422–433, April 15, 2022

the underlying species trends, and ends at a baseline value
similar to 1970, above the global average (Figure 3; index value
in 2016, 1.07; range, 0.31–3.76). The terrestrial/freshwater index
for the Americas showed a trajectory of decline very similar to the
global terrestrial and freshwater index of 67% between 1970 and
2016 (Figure 3; index value in 2016, 0.33; range, 0.19–0.58),
whereas the marine index fluctuated throughout the time series
and ended at a baseline value similar to 1970, with no significant
overall change and a more positive trend than the global marine
index (Figure 3; index value in 2016, 1.07; range, 0.78–1.45).
The marine indices for Europe and Central Asia showed a slow increase for most of the time series after an initial decline, ending in
an overall increase of 41% between 1970 and 2016 (Figure 3; index value in 2016, 1.41; range, 0.95–2.13). The terrestrial/freshwater index had a fluctuating trend for most of the time period
but ended with a recent decline (Figure 3; index value in 2016,
0.76; range, 0.43–1.30). Both of these regional indices had trends
that were better than the respective global indices.
The utilized index declines more than the nonutilized index
To explore the effect of utilization, we compared trends between
utilized and non-utilized populations. For this analysis, we
removed all reptile and amphibian data because these two
taxa contained low numbers of species and populations in general but particularly those that are in the utilized category, resulting in a large proportional difference when comparing utilized
with non-utilized populations. This is likely to make unbalanced
comparisons, especially when dividing the dataset into systems
(Table S1). This is not to suggest that these two taxa are not
important to consider in the context of utilization; indeed, chelonians are one group particularly at risk from use.46 Comparing
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Terrestrial & Freshwater

Figure 2. Index of utilized populations globally from 1970 to 2016

Marine

Shown are terrestrial and freshwater indices with
95% confidence intervals (CIs) ( 69%; Number of
species (nspp) = 607, number of populations
(npop) = 3,123) and the marine index ( 34%; nspp
= 761, npop = 2,688).
See Table S5 for CIs.
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the trend for mammals, birds, and fish, populations that are not
utilized show a more stable trend, with index values above the
1970 baseline throughout the period, except for a recent decline,
resulting in an overall decrease of 3% over the time period (Figure 4A; index value in 2016, 0.97; range, 0.80–1.18). In comparison, the index for utilized populations for the same taxa showed
an overall decline of 50% (Figure 4A; index value in 2016, 0.50;
range, 0.41–0.62). After 1985, there is no overlap in the confidence intervals of each index, which means they are significantly
different.
Utilization is a predictor of population trends
We used mixed-effects models to explore the relationship between utilization, taxonomic class, body size, and time series
length with overall population trends as the response variable.
Utilization was consistently a useful predictor of overall population trends, with utilized populations more likely to be declining
than non-utilized ones (Tables S6–S9). Removing utilization
from our models produced significantly worse predictions of
population trends (DAIC = 10, c2 = 11.835, p < 0.01). In general,
our models did not suggest an interaction between utilization
and taxonomic group, highlighting that all taxonomic groups
are impacted by utilization. Using our most comprehensive dataset (mammals, birds, and fish in terrestrial, freshwater, and marine systems), body size interacting with class was in our top
model, and the coefficients suggest that bird population trends
are slightly positive, more so for larger birds; however, the confidence intervals span zero, so these are non-significant
(Figures 4B and 4C). Fish trends were significantly positive but
with larger species in decline, whereas mammal populations
are in decline, but larger species show positive population
changes (Figures 4B and 4C). The length of a population time series has no clear positive or negative effect on overall population
trends. In the full model, which was very close in AIC value to the
top model, there is a suggestion that the observed relationship
with body size for fish (with smaller species generally doing better than larger species in utilized and non-utilized populations)
may be reversed, but only for non-utilized fish populations
(Table S6; Figure S5).

We explored two modifications to this
dataset. The first removed marine populations, most of which comprise marine
fish, which may represent groups of species that have been under long-term utilization pressure that is heavily managed.
However, after removing marine populations, our results showed the same
pattern, with utilized populations in more
significant decline and larger species
showing positive trends, but here the
interaction between body size and taxonomic class was no
longer supported (Figure S6B).
Because our classification of utilization is at the population
level, this may result in our models comparing groups of different
species (e.g., all utilized populations may be different species than
those that are not utilized). We therefore also explored a second
refinement of the data, only including bird, mammal, and fish species for which we had both utilized and non-utilized populations
(4,255 populations of 339 species; Figure 5). The comparison of
trends between utilized and not utilized indices shown in Figure 4A
largely holds when the trends for ‘‘matched’’ species are
compared, although there is considerable overlap in confidence
intervals until the final 10 years of the time series (Figure 5A).
Our models suggest that even in these matched species populations, utilized population trends are negative compared with positive trends in the non-utilized populations (Figure 5B). Body size
and interactions are not in the best model here (Table S8).
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Populations that are managed show less negative
trends
For species where we also record whether the populations are
under some form of management, we find that populations
within our ‘‘matched’’ dataset show a positive trend when management actions are in place (Figure 6). This is mirrored by
looking at the number of increasing and declining trends among
utilized populations, where unmanaged populations show a
greater proportion of declining trends than those that are
managed; this applied across all three taxa (Figure S8). Our
models suggest that, within our limited data, managed utilized
populations may be stable, but unmanaged utilized populations
tend to show steeper declining trends. However, many populations with unknown management status were removed, so this
dataset is smaller than other sections of our analysis.
DISCUSSION
Global and regional trends in utilized populations
Here, we present a global indicator of trends in utilized vertebrate populations that show that, on average, monitored
One Earth 5, 422–433, April 15, 2022 425
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Figure 3. Index of utilized populations for IPBES regions from 1970 to 2016
Shown are terrestrial and freshwater indices with 95% CIs (left panels): Africa ( 93%; nspp = 110, npop = 314), Europe and Central Asia ( 24%; nspp = 124,
npop = 1886), Asia-Pacific (+7%; nspp = 166, npop = 286), and Americas ( 67%; nspp = 239, npop = 637) and marine indices (right panels): Africa ( 92%; nspp =
77, npop = 132), Europe and Central Asia (+21%; nspp = 100, npop = 252), Asia-Pacific ( 83%; nspp = 204, npop = 349), and Americas (+7%; nspp = 465,
npop = 1,852).
See Table S5 for CIs.

utilized populations declined, and more so than non-utilized
ones, between 1970 and 2016. This trend was even starker
among terrestrial and freshwater populations compared with
marine ones. Although populations that are not utilized may
be affected by threat processes such as habitat loss, it appears that the impact of utilization in addition to the presence
of other threats is significant, as suggested in other
studies.19,20 However, the global average masks some interesting variation because just under half of the utilized populations had a stable or increasing trend over the time period.
This implies that, for some populations, the use may be sustainable (according to population trend only) and that uncovering explanatory factors behind what drives population
trends is crucial.
426 One Earth 5, 422–433, April 15, 2022

Our results also uncovered regional differences in trends in utilized populations with overall positive trends in the Americas,
Europe, and Central Asia among marine populations; the Asia
Pacific index was the only terrestrial and freshwater region with
a positive trend. It is important to note that comparisons between
regions should be interpreted with care because of the vastly
different environmental conditions around the world at the onset
of our data in 1970; assessments can skew the state or trends in
biodiversity without considering shifting baselines.47 The baseline year chosen can be important for assessing long-term
trends,48 particularly in regions where high human impact has
been prevalent over centuries. In the case of North America
and Western Europe, the baseline of 1970 hides a historical
decline in species abundance that occurred as land use was
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Figure 4. Comparison of trends in utilized and non-utilized populations from 1970 to 2016
The dataset included 2,163 species and 9,284 populations.
(A) Index with 95% CIs of utilized and non-utilized populations for species of birds, mammals, and fish. Between 1970 and 2016, on average, utilized populations
had declined by 50% (0.41–0.62), and non-utilized populations had declined by 3% (0.80–1.18).
(B) Estimated overall total change from the best linear mixed-effect model including family, binomial, and location as random effects. Coefficients show the
estimated overall change (log10) in each group with 95% CIs. We found no significant interaction between taxonomic group and utilization, with utilized populations of any taxa (Utilized) significantly more likely to be in decline. Larger species tended to be less likely to be in decline, except in fish. where the opposite
trend was seen.
(C) Estimated overall population change from the best linear mixed-effect model including family, binomial, and location as random effects. Coefficients show the
estimated overall change (log10) for the body mass values 0.1, 10, and 100 kg with 95% CIs, highlighting the impact of the interactions on the estimated response
for different body mass values.
See also Tables S5 and S6; Figures S5 and S6.
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Figure 5. Index of utilized and non-utilized populations for matched species of terrestrial, freshwater, and marine birds, mammals, and fish.
(i.e., species that have both utilized and non-utilized populations: 339 species and 4,255 populations)
(A) Index with 95% CIs of utilized and non-utilized populations for matched species of bird, mammals, and fish. Between 1970 and 2016, on average, utilized
populations had declined by 25% (0.51–1.09), and non-utilized populations had increased by 138% (0.77–2.46). See also Table S5.
(B) Estimated overall total change from the best linear mixed-effect model including family, binomial, and location as random effects. Coefficients show the
estimated overall change (log10) in each group with 95% CIs. Utilized species were more likely to be declining, but the effects of class, body mass, and any
interaction were no longer important for explaining trends.
See also Table S8.

transformed after the industrial revolution;49 after 1970, trends
may therefore show less decline as populations stabilize, but
at lower numbers.
Data availability was a limitation when assessing trends for
Asia Pacific and Africa; for the latter, it was mainly an issue in
the later years of the time series. With the analysis conducted
at a regional scale, the results may mask the relative differences
between countries and even communities.24 For example, successful examples of conservation and development have been
identified in many African countries, particularly those managed
by local communities.25,50 These regional indices therefore have
the advantage of providing a large-scale indicator as an overview, but the results do not necessarily represent trends at
smaller scales and can hide many local examples of ‘‘best-practice.’’ However, the data and method described here are applicable at national and regional levels51–53 and could be tailored
to assess trends in utilized species at difference scales, provided
sufficient data are available.
Results in the context of sustainable use and
management
Our results show a long-term decline, on average, among utilized
populations globally, suggesting that use, overall, is likely unsustainable. This aligns with broad-scale findings of the threat and
impacts of utilization on mammals and birds20,21 and of trends
in utilized fish.22,54 Sustainable use as a tool is harder to analyze
explicitly with this dataset because implementation of this as a
tool was not recorded; for example, we did not measure whether
any initial population decline plateaued when levels of use remained constant. However, utilized populations where use was
incentivized for conservation are likely to also be categorized
428 One Earth 5, 422–433, April 15, 2022

as ‘‘managed’’ because of regulations or guidance to manage
the use; for example, populations of the saltwater crocodile
(Crocodylus porosus) from the Northern Territory of Australia,
where controlled harvesting of eggs has been an incentive for
its conservation,55 are coded as utilized and managed in our
dataset. Other populations are utilized as a consequence of
management through culling; e.g. red deer (Cervus elaphus) in
Europe. These examples illustrate how the terms ‘‘utilized’’ and
‘‘managed’’ are closely linked, and more work to categorize
these terms into types of use and management would aid further
interpretation.
Incorporation of management into this analysis introduces
important nuance, suggesting that more positive trends are likely
when management of utilized species is pursued. Management
can take many forms, and utilization itself can be a tool for conservation and human development, providing incentives for
habitat and species conservation to support provision of resources for people into the future.55,56 Establishment of
communal conservancies in Namibia has been found to provide
dual benefits to the local community from tourism and hunting,
especially when these activities occurred in parallel.57
Sustainable management has arguably had more focus in the
marine realm, which could offer an explanation for the more positive trends seen in the marine indices for Europe, Central Asia,
and the Americas. In response to concerns about overfishing,
and in light of well-documented cases of fish stock collapse,
such as Newfoundland cod58 and Northeast Atlantic herring,59
efforts to manage fisheries at national and international levels
began to develop in the 1970s and 1980s.60 Although commercial stocks are often reported as being in decline globally,54 there
are studies that highlight positive trends in stocks, particularly
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Figure 6. Role of utilization and management together for the
matched dataset
For a limited number of species (316 species and 2,867 populations) for which
we had information on populations that were managed and unmanaged, we
estimated overall total change from the best linear mixed-effect model
including family, binomial, and location as random effects. Coefficients show
the estimated overall change (log10) in each group with 95% CIs. Utilized
populations were more likely to be declining, and populations that were
managed were more likely to be increasing.
See also Table S9 and Figure S8.

those that have been intensively managed to avoid overfishing.23
Our regional results for marine populations reflect some of this
disparity because we found average population decline only in
Africa and Asia-Pacific, regions where stocks in poor status
were found.23 The Americas, Europe, and Central Asia, which
largely include data from the temperate Atlantic and Pacific,
fared better, as broadly found in these studies.23,54 The nature
of the global fishing industry means that global management is
required for many fish stocks, in particular those outside of national waters. However, for fisheries nearer to coastal communities, management at smaller scales, specifically community
co-management, is advocated as a viable and realistic longterm solution for sustainable fishing.61
Potential use as an indicator of utilized populations
A key element of the Post-2020 Global Biodiversity Framework
(Target 5: ensure that the harvesting, trade and use of wild
species is sustainable, legal, and safe for human health62)
and the Sustainable Development Goals is balancing the sustainable use of Earth’s resources with halting the loss of biodiversity. The lack of appropriate indicators on how wildlife is
being used has been identified as a critical gap. Our approach
presents an advance of our understanding of the role of use in
the trend of wildlife. We see three factors that could suggest
that our approach could be used as one indicator for sustainable use. First, our index builds on data and methods that are
already established in research and policy.16,35,36,38 Second,
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using population trend data allows integration of site-level information on the type of utilization and management. Third,
abundance trends allow incorporation of sensitivity, meaning
that the index can respond quickly to changes in populations.63 Thus, we believe that the index we present in this paper, based on locally collected data but analyzed using freely
available methods that can be applied at national, regional,
and global scales, can provide a valuable addition to the indicator dataset available for use in the Post-2020 Global Biodiversity Framework.
A primary shortcoming of this approach concerns the
shortage of comprehensive information for all vertebrate groups
and the lack of plant or invertebrate data. The dataset behind the
index suffers much of the same biases as found in other datasets
and indicators,36,64 with data available for well-studied taxa such
as birds and mammals and those of commercial importance,
such as fish. Geographic gaps in the data also remain, particularly in South America and Southeast Asia, regions that are
hotspots of wildlife trade65 and of mammals threatened by
hunting.21 Extreme trends and random fluctuations in primary
population data can bias the LPI;44,45 these effects are often
associated with temporal gaps in the dataset but can be mitigated by testing the robustness of an index to time series length,
as shown in our results. It remains prudent to develop indicators
in lieu of comprehensive data, providing that the gaps in data are
clear and biases are addressed when feasible.36,66
Although population trend is one measure of sustainability,
there are other factors that are not considered here and might
not be appropriate to aggregate into a global indicator, such
as changes in population structure or behavior.67,68 We also
note that we may not be able to attribute the use directly to the
trend measured because other drivers could be contributing to
any declines and that the non-consumptive component of utilization is not incorporated in this indicator at present. Finally,
this index is not able to demonstrate the level of sustainable
use and how far beyond this limit current levels of pressure
are; i.e., how much would the current use need to be reduced
to reverse the decline observed. The human dimension of sustainable use, relating to the needs and benefits of peoples’ use
of wildlife, is not factored into this analysis but is a fundamental
aspect of how sustainably species are used.1

Conclusion
Alignment of conservation and human development goals is a
challenge, particularly when it comes to sustainable use of resources.1 Using a large global dataset comprised of site-level
data, we added important detail to current knowledge on the
status of species in use. The results presented here reveal that
globally utilized populations are in decline on average, which
presents a risk to the conservation of these species and to people who directly benefit from their use. We found that management of populations has a positive impact, which suggests that
this decline can be mitigated with appropriate actions in place
to achieve sustainability. With sustainable use, a core component of the Post-2020 Global Biodiversity Framework and the
Sustainable Development Goals, indicators are required to
monitor progress toward the associated targets; the index presented here can address this need.
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EXPERIMENTAL PROCEDURES
Resource availability
Lead contact
Further information and requests for resources should be directed to and will
be fulfilled by the lead contact, L.M. (louise.mcrae@ioz.ac.uk).
Materials availability
This study did not generate new unique materials.
Data and code availability
The population data used in this paper are stored in the online database at
www.livingplanetindex.org. The utilization and management data are not in
the public database yet because they are being used in another manuscript.
We provided a list of species from each category on our Figshare site
(https://doi.org/10.6084/m9.figshare.17085998.v1). Part of the dataset includes confidential data that have been shared under an agreement and are
not publicly available. In this case, the species details were anonymized, but
the remaining metadata are available. The R package used for LPI analysis
is available at https://github.com/Zoological-Society-of-London/rlpi.
Definitions
Three terms used in this paper often have multiple interpretations. These are
defined here for clarity.
1. Sustainable use. We refer to the definition from the Convention on Biological Diversity: ‘‘the use of components of biological diversity in a way
and at a rate that does not lead to the long-term decline of biological diversity, thereby maintaining its potential to meet the needs and aspirations of present and future generations’’.11
2. Utilized population. This is the definition used for coding data in the
Living Planet Database: a population that is intentionally regularly or
systematically utilized, either individuals or eggs. This may be sustainable or unsustainable, and the population does not necessarily have to
be threatened by use or overexploited. This refers to consumptive use,
where individuals or parts of individuals are removed from the wild. The
use may also be a secondary purpose when management, through culling, is the primary aim; e.g., culling to control populations of red deer
(C. elaphus) in some European countries.
3. Management. This is the definition used for coding data in the Living
Planet Database: a population that receives targeted management
(e.g., supplementary feeding, reintroduction, sustainable use). This is
usually to promote recovery in a population or can incentivize its use
for conservation. It can include measures to stem ‘‘unsustainable’’ population growth, so these management activities are not always for the
purpose of conservation.

Collection and coding of dataset
Vertebrate population time series data were extracted from the Living Planet
Database (LPD),69 a global repository of annual abundance estimates collated
primarily from the scientific literature and online databases.35,36 The annual
abundance measures were collected using a consistent monitoring method in
a given and consistent location. The time series vary from 2 to 46 years in terms
of length of time frame and in the number of raw annual data points. Units of
abundance were population size estimates, densities, or proxies of abundance,
such as nests or breeding pairs (see McRae et al.36 for more details). Alongside
the abundance data for each population, several ancillary data fields were extracted to use for summaries, disaggregation, and modeling of the data
(Table S10).
The use of species can be consumptive (hunting, fishing, harvesting) or nonconsumptive (tourism, cultural experiences, catch-and-release fishing) and for
commercial, subsistence, or recreational purposes.70 The definition of ‘‘utilized’’ in the LPD refers only to consumptive use and does not include nonconsumptive use (Table S10). The definition of ‘‘management’’ in the LPD refers to a targeted form of management for a population that may or may not be
utilized. We acknowledge that utilization can be deployed as a form of management, and these terms may not be seen as distinct; however, this does
not impact the analysis we conduct here because the two categories still allow
us to differentiate between populations that are utilized and under manage-
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ment and those that are utilized and unmanaged. If a population is utilized
as a form of management, then it will be tagged as ‘‘utilized’’ and ‘‘managed’’
because both terms apply. Not all populations that are ‘‘managed’’ are also
‘‘utilized.’’ For example, some populations are managed for some other purpose; e.g., provision of nest boxes for a species whose nesting habitat has
been degraded.
We also incorporated species body size into the analysis because it can be
an important factor in predicting species trends,71 especially when related to
use.19 We used body mass data collated from sources listed in Table S12, according to the method detailed in Noviello et al.72 Body mass values were log10
transformed and used as a continuous predictor variable in the mixed models.
Index calculation
Using the R package rlpi (https://github.com/Zoological-Society-of-London/
rlpi) and following the Generalized Additive Modeling framework in Collen
et al.,35 we calculated global and regional indices of abundance for populations that were utilized and populations that were not. For the global and
regional indices of utilized populations, we divided the dataset into terrestrial,
freshwater, and marine populations. This was to show a marine- and landbased comparison because many freshwater species, with the exception of
fish, are not freshwater obligates, and combining them with terrestrial species
was more appropriate. We explored the influence of marine populations on the
trends later in the analysis. IPBES regions were chosen to divide the datasets
to allow the information to be used in the IPBES sustainable use assessment
and future thematic assessments. Because marine areas beyond national
jurisdiction and Antarctica lie outside IPBES regions, 248 populations from
the dataset from these areas were not included in the regional analysis. The
indices were calculated for different subsets of the data (Table S11). The subset of species in the dataset with data for both utilized and non-utilized populations are referred to as ‘‘matched’’ species (Figure S7).
The finer-scale subregional analysis was conducted for three subregions:
Southern Africa, Central and Western Europe, and North America. Wildlife
management in these subregions has arguably been more widespread, so a
comparison with the wider regional trends is of interest.
The baseline year set for the index was 1970, and it was run until 2016
because data availability decreases beyond this year as a result of the publication time lag. Each population trend carried equal weight within each species, and each species trend carried equal weight within each index. We did
not incorporate any diversity weighting by taxa and regional species richness,
as done for the global LPI,36 because the species richness for utilized species
only is not known, and we assume that the numbers may not necessarily be
proportional to overall species richness across regions and terrestrial, freshwater, and marine habitats This means that indices produced here are not
directly comparable with the global LPI because of the difference in weightings
used. The confidence intervals were calculated using bootstrap resampling of
10,000 iterations to indicate variability in the underlying species trends.35
Mixed models
We considered how total population abundance change (T_lambda, cumulative year-on-year population change at the end of the time series) varied in
response to utilization (Utilized) and body mass (Body Mass) for different taxonomic groups (Class: Mammalia, Aves, Fish). Time-series length, the number of
years between the first and last population measure, was included to understand whether longer population trends tended to reflect more positive or negative overall change. Taxonomic and site effects were accounted for by including
a random intercept for family, binomial (genus and species) and population
location. T_lambda values were taken from the rlpi package, which generates
a matrix of annual rates of change for each population. The annual rates were
summed to give a logged value of total change in abundance for each population. The most complex/maximal model we considered therefore included Utilization, Class, and Body Mass all interacting. We compared this with a null
model and with simpler models using Akaike information criterion (AIC). See
Tables S6–S9 for a full model selection table comparing AIC values for each
model. Here we reported models with the lowest AIC. Other models may
have similar (e.g. <2 AIC) scores, in which case we report the simplest model
(which, in our results, were also the top models). To manipulate data, construct
models, compare their performance, and visualize their coefficients, we used
the following packages: plyr,73 dplyr,74 lme4,75 performance,76 and sjPlot.77
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We also explored how including marine populations affected our results
(Table S7). Finally, for a subset of these populations, we also have information
on whether they are subject to some form of management. We therefore assess
a second series of models including Management as an additional explanatory
factor (Table S9).
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Watson, R.T., Başak Dessane, E., Islar, M., Kelemen, E., et al. (2017).
Valuing nature’s contributions to people: the IPBES approach. Curr.
Opin. Environ. Sustain. 26-27, 7–16. https://doi.org/10.1016/j.cosust.
2016.12.006.

SUPPLEMENTAL INFORMATION

8. Golden, C.D., Allison, E.H., Cheung, W.W.L., Dey, M.M., Halpern, B.S.,
McCauley, D.J., Smith, M., Vaitla, B., Zeller, D., and Myers, S.S. (2016).
Nutrition: fall in fish catch threatens human health. Nature 534, 317–320.
https://doi.org/10.1038/534317a.

Supplemental information can be found online at https://doi.org/10.1016/j.
oneear.2022.03.014.
ACKNOWLEDGMENTS
This output was funded in part by the UK Research and Innovation’s Global
Challenges Research Fund under the Trade, Development and the Environment Hub project (project ES/S008160/1). L.M. and N.D.B. were funded by
UNEP-WCMC through the above grant. J.G. was funded by The Danish Independent Research council (grant 0165-00018B). R.F. was funded by Research
England. The authors would like to thank Dilys Roe for insightful review of the
draft manuscript and Nicola Noviello for sharing the body mass data for analysis. The authors are extremely grateful to the many data providers and data
inputters to the Living Planet Database who have made this analysis possible.
AUTHOR CONTRIBUTIONS
Conceptualization, all authors; data curation, L.M. and R.F.; formal analysis,
L.M. and R.F.; funding acquisition, N.D.B; writing – original draft, L.M.;
writing – review & editing, all authors.
DECLARATION OF INTERESTS
The authors declare no competing interests.
Received: February 16, 2021
Revised: January 11, 2022
Accepted: March 22, 2022
Published: April 15, 2022
REFERENCES
1. Hutton, J.M., and Leader-Williams, N. (2003). Sustainable use and incentive-driven conservation: realigning human and conservation interests.
Oryx 37, 215–226. https://doi.org/10.1017/s0030605303000395.
2. Dı́az, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N.,
Larigauderie, A., Adhikari, J.R., Arico, S., Báldi, A., et al. (2015). The
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G., Woroniak, J., Zeller, D., and Pauly, D. (2020). Fishery biomass trends of
exploited fish populations in marine ecoregions, climatic zones and ocean
basins. Estuarine. Coastal Shelf Sci. 243, 106896. https://doi.org/10.1016/
j.ecss.2020.106896.

38. Tittensor, D.P., Walpole, M., Hill, S.L., Boyce, D.G., Britten, G.L., Burgess,
N.D., Butchart, S.H., Leadley, P.W., Regan, E.C., and Alkemade, R. (2014).
A mid-term analysis of progress toward international biodiversity targets.
Science 346, 241–244.

55. Fukuda, Y., Webb, G., Manolis, C., Delaney, R., Letnic, M., Lindner, G.,
and Whitehead, P. (2011). Recovery of saltwater crocodiles following unregulated hunting in tidal rivers of the Northern Territory, Australia. J. Wildl.
Manag. 75, 1253–1266. https://doi.org/10.1002/jwmg.191.

39. Green, E.J., McRae, L., Freeman, R., Harfoot, M.B.J., Hill, S.L.L., BaldwinCantello, W., and Simonson, W.D. (2020). Below the canopy: global trends
in forest vertebrate populations and their drivers. Proc. R. Soc. B Biol. Sci.
287, 20200533. https://doi.org/10.1098/rspb.2020.0533.

56. Lichtenstein, G. (2009). Vicuña conservation and poverty alleviation?
Andean communities and international fibre markets. Int. J. Commons 4,
100–121. https://doi.org/10.18352/ijc.139.

40. Collen, B., McRae, L., Deinet, S., Palma, A.D., Carranza, T., Cooper, N.,
Loh, J., and Baillie, J.E.M. (2011). Predicting how populations decline to
extinction. Philos. Trans. R. Soc. B Biol. Sci. 366, 2577–2586. https://
doi.org/10.1098/rstb.2011.0015.
41. Hardesty-Moore, M., Deinet, S., Freeman, R., Titcomb, G.C., Dillon, E.M.,
Stears, K., Klope, M., Bui, A., Orr, D., Young, H.S., et al. (2018). Migration in
the Anthropocene: how collective navigation, environmental system and

432 One Earth 5, 422–433, April 15, 2022

57. Naidoo, R., Weaver, L.C., Diggle, R.W., Matongo, G., Stuart-Hill, G., and
Thouless, C. (2016). Complementary benefits of tourism and hunting to
communal conservancies in Namibia. Conserv. Biol. 30, 628–638.
https://doi.org/10.1111/cobi.12643.
58. Hutchings, J.A., and Myers, R.A. (1994). What can be learned from the
collapse of a renewable resource? Atlantic cod, Gadus morhua, of
Newfoundland and labrador. Can. J. Fish. Aquat. Sci. 51, 2126–2146.
https://doi.org/10.1139/f94-214.

ll
Article
59. Dickey-Collas, M., Nash, R.D.M., Brunel, T., van Damme, C.J.G., Marshall,
C.T., Payne, M.R., Corten, A., Geffen, A.J., Peck, M.A., Hatfield, E.M.C.,
et al. (2010). Lessons learned from stock collapse and recovery of North
Sea herring: a review. ICES J. Mar. Sci. 67, 1875–1886. https://doi.org/
10.1093/icesjms/fsq033.
60. Sissenwine, M.M., Mace, P.M., and Lassen, H.J. (2014). Preventing overfishing: evolving approaches and emerging challenges. ICES J. Mar. Sci.
71, 153–156. https://doi.org/10.1093/icesjms/fst236.
61. Gutiérrez, N.L., Hilborn, R., and Defeo, O. (2011). Leadership, social capital and incentives promote successful fisheries. Nature 470, 386–389.
https://doi.org/10.1038/nature09689.
62. CBD (2021). First draft of the post-2020 global biodiversity framework
(CBD), CBD/WG2020/3/3, issued 5 July 2021.
63. Santini, L., Belmaker, J., Costello, M.J., Pereira, H.M., Rossberg, A.G.,
Schipper, A.M., Ceaușu, S., Dornelas, M., Hilbers, J.P., Hortal, J., et al.
(2017). Assessing the suitability of diversity metrics to detect biodiversity
change. Biol. Conserv. 213, 341–350. https://doi.org/10.1016/j.biocon.
2016.08.024.

OPEN ACCESS

68. Ciuti, S., Muhly, T.B., Paton, D.G., McDevitt, A.D., Musiani, M., and Boyce,
M.S. (2012). Human selection of elk behavioural traits in a landscape of
fear. Proc. R. Soc. B Biol. Sci. 279, 4407–4416.
69. WWF/ZSL (2020). Living Planet Database (WWF/ZSL).
70. Sustainable Use and Livelihoods Specialist Group (2020). Sustainable Use
of Wild Species. A Critical Element of Conservation and Rural
LivelihoodsIUCN & SULihttps://iucnsuli.org/wp-content/uploads/2020/
03/webSULIbrochure.pdf
71. Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.J.B., and Collen,
B. (2014). Defaunation in the anthropocene. Science 345, 401–406.
https://doi.org/10.1126/science.1251817.
72. Noviello, N., McRae, L., Freeman, R., and Clements, C. (2020). Body mass
and latitude predict the presence of multiple stressors in global vertebrate
populations. Preprint at bioRxiv. https://doi.org/10.1101/2020.12.17.
423192.
73. Wickham, H. (2011). The split-apply-combine strategy for data analysis.
J. Stat. Softw. 40, 1–29.

64. Proença, V., Martin, L.J., Pereira, H.M., Fernandez, M., McRae, L., Belnap,
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