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Conservation of biodiversity relies heavily on the use of
protected areas (PAs) that are “fixed” in place on the

landscape or seascape and therefore static in space and time
(Rayfield et al. 2008). When conservation targets are not
stationary on the same scale as their respective PAs – which
is common – the effectiveness of PAs may be compromised.
For instance, migratory or nomadic species, which might
regularly move through a larger area than is feasible for PA
designation, may be poorly served over much of their life
cycle by static PAs (Singh and Milner-Gulland 2011).
Habitats themselves may also “move” in space over longer
time scales, driven by environmental change and anthro-
pogenic activities. It is increasingly recognized that, to be
effective, conservation planning must account for the
dynamic nature of ecosystems (Nicholson et al. 2009) and
do so at large spatial (eg landscape-level) scales.

Various dynamic conservation proposals have been sug-
gested but have yet to be widely tested in practice (Game
et al. 2009; Milner-Gulland et al. 2011). One such
method to address the problem of moving targets is the
implementation of biodiversity offsets (henceforth “off-
sets”), which could potentially provide the necessary
framework to test more dynamic conservation approa-
ches. Here, we suggest how this system might work, using
a case study from Uzbekistan.

Offsets have proliferated globally in recent years
(Madsen et al. 2011). Their aim is to make “developers”
(ie those implementing new economic projects or pro-
grams that involve land-use change or natural resource
exploitation) fully compensate for any biodiversity losses
associated with their activities. The concept of offsetting
originated with the US Water Resources Act of the 1970s,
which requires that development-oriented wetland loss or
degradation in one location is offset by establishing
“equivalent” wetlands elsewhere. While this legislation
effectively results in the creation of fixed PAs, offsets are
delivered through a range of alternative conservation
actions. Offset schemes commonly attempt to achieve “no
net loss” (NNL) of biodiversity overall (McKenney and
Kiesecker 2010), although there is some variation in the
outcomes and some even endeavor to achieve a net biodi-
versity gain. This NNL requirement necessitates specify-
ing a project baseline against which to measure biodiver-
sity losses and gains (Gordon et al. 2011).

NNL has been defined not only in terms of space (eg by
maintaining the overall area of a given habitat) but also
in time (eg by having to establish biodiversity gains
before development proceeds; Bekessy et al. 2010). Any
conservation intervention should, at a minimum, demon-
strate NNL in space and time. However, offsets make this
requirement explicit, thereby forcing those implementing
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In a nutshell:
• Conservation based on fixed protected areas and other static

interventions is ineffective in a changing world
• Proposed approaches for dealing with “moving” conservation

targets, such as migratory species, include mobile protected
areas, which follow their targets across the landscape

• Biodiversity offsets are a promising new conservation mecha-
nism that requires “no net loss” of biodiversity over time; the
dynamic nature of biodiversity must be considered in offset
design

• By using a case study of Uzbekistan’s saiga antelope (Saiga
tatarica), we show how offsets could provide a framework for
dynamic conservation approaches
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offsets to actively consider the uncertain and dynamic
nature of conservation targets when specifying baselines
and evaluating future conservation outcomes.

Uncertainty is partially controlled in offset schemes
through the use of spatial and temporal “multipliers”
(factors by which the amount of offsetting required per
unit of projected biodiversity loss is increased, to account
for uncertainty in both the biodiversity losses and the
success of the offset itself; Moilanen et al. 2009).
However, there is a difference between uncertainty
inherent to ecological dynamics or lack of knowledge
(which can be addressed through multipliers) and uncer-
tainty in ecological outcomes as a result of projected
external influences (eg human-mediated habitat loss or
climate change). To achieve NNL, offsets should there-
fore be designed so that biodiversity gains are main-
tained despite external social and environmental trends.
This challenging requirement sets offsets apart from
more traditional approaches, in that they not only offer
an opportunity to test dynamic approaches to conserva-
tion but, as a result of the NNL requirement, must incor-
porate such approaches.

In recent years, offsets have attracted the interest of
businesses, governments, and non-governmental organi-
zations, and are rapidly being implemented worldwide;
examples include native grassland in Australia, fish habi-
tat in Canada, Natura 2000 sites in the European Union,
rainforest in Brazil, and animal species in the US
(McKenney and Kiesecker 2010). Consequently, ensur-
ing their effectiveness in an age of change is important to
academics, practical conservationists, and policy makers. 

n Migratory species as a classic example of moving
targets

It is not merely the case that many migratory species are
endangered; more fundamentally, large-scale migration as a
phenomenon is itself under threat (Harris et al. 2009).
Numerous species migrate across such great distances that
protecting their entire range is impossible, due to monetary

cost, competing land uses, or complications involving
geopolitical boundaries (Milner-Gulland et al. 2011).
Fixed PAs occasionally benefit a migratory population
even though coverage of its range is incomplete (eg
wildebeest [Connochaetes taurinus] in the Serengeti;
Thirgood et al. 2004). However, by failing to consider
how populations are connected over the course of
individuals’ life cycles, PAs cannot generally be relied
upon to conserve transient species. Martin et al.
(2007) modeled the migratory American redstart
(Setophaga ruticilla), predicting that protecting parts of
its range could conserve the species, but only if the
animals’ requirements range-wide were considered. A
similar prediction has been made for certain mobile
fish species (Apostalaki et al. 2002).

As an alternative to fixed PAs, mobile PAs could
prove valuable in marine conservation (Game et al.

2009) and for migratory species’ conservation in general
(Milner-Gulland et al. 2011). Mobile PAs “move” with
the target species itself or temporarily coincide with vul-
nerable life stages. Although the former Soviet Union
once implemented mobile PAs to track calving locations
of the migratory saiga antelope (Saiga tatarica; Figure 1)
in Kazakhstan (Robinson et al. 2008), the concept is
mainly hypothetical. Mobile PAs have been proposed
that change location annually for Canadian caribou
(Rangifer tarandus; Taillon et al. 2012) and in real time for
southern bluefin tuna (Thunnus maccoyii) off Australia
(Hobday and Hartmann 2006). Shillinger et al. (2008)
recommended temporary marine PAs covering annual
migration corridors for leatherback sea turtles
(Dermochelys coriacea). Notably, the managers of mobile
PAs will require the cooperation of resource users
(Hobday and Hartmann 2006), availability to and timely
processing of data (Taillon et al. 2012), and freedom to
position reserve boundaries as required by the target
species (Rayfield et al. 2008).

n Environmental change as an emerging driver of
moving targets 

Species’ migratory movements are often a predictable
response to regularly fluctuating resources (Dingle and
Drake 2007). Environmental change, on the other hand,
can drive variation in species’ distribution that is open-
ended, takes place over a longer time scale, and may affect
species that might otherwise be sedentary. Such move-
ment may be more widespread and harder to predict.

Of the many forms of environmental change – includ-
ing habitat modification and fragmentation, as well as
other human-mediated disturbances – that can drive
species’ movements, climate change may emerge as the
most consequential. The implications of climate change
for the future effectiveness of PAs are important topics of
future research (Hannah et al. 2007; Singh and Milner-
Gulland 2011). A changing climate not only influences
ecological dynamics but also affects the human behaviors

Figure 1. The saiga antelope (Saiga tatarica).
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that drive biodiversity loss. Climate sets near-absolute
bounds upon where a species could exist and interacts
with other factors in determining where and at what
abundance that species actually occurs. Climatic forcing
can cause physiological, behavioral, numerical, and dis-
tributional changes in species, both directly and through
effects on ecological interactions (Parmesan 2006; Suttle
et al. 2007). Furthermore, human adaptation in response
to climate change may alter environmental relationships
in ways that produce further ecological feedbacks
(Nicholson et al. 2009). For these reasons, changing cli-
mate regimes will influence PA effectiveness. Poiani et al.
(2011) estimated that, of a sample of 20 existing conser-
vation projects, more than half would require major alter-
ations if climate-change impacts were considered.

In cases where species’ ranges are projected to shift in
response to climate change, mobile PAs could facilitate
conservation. For instance, Rayfield et al. (2008) pre-
dicted that reserves tracking spatial habitat shifts could
be effective for the American marten (Martes americana).

In this study, models suggested that, over 200 years, such
reserves would perform better than static reserves.
Discussion has also focused on designing PA networks
that are resilient to climate change through the use of dis-
persal corridors and less vulnerable core refugia (Malhi et
al. 2008), careful spatial planning based on habitat type
(Hannah et al. 2007), and projections of habitat suitabil-
ity (Singh and Milner-Gulland 2011).

Such approaches are difficult to implement because
they are subject to future conditions. Predictions regard-
ing ecological responses to climate change involve
numerous sources of uncertainty (Walther 2010), thereby
necessitating that related conservation efforts take an
adaptive-management approach (Heller and Zavaleta
2009). In order to implement successful offsets, consider-
ation must be given to ecosystem dynamics, socioecologi-
cal trends, and uncertainty, because otherwise NNL can-
not be guaranteed. Consequently, offsets provide an
appropriate mechanism through which some of the pro-
posed new approaches to conservation might be tested.

Table 1. Examples of biodiversity offset schemes that affect migratory species     

No-net-loss target Biodiversity offset objective Example Challenges for mobile/migratory species

Habitat Any habitat degraded or lost through EU Natura 2000 Species are not explicitly targeted or 
development is replaced with created/ sites conserved, so it cannot be assumed they
restored habitat (indirect species (McKenney and will be conserved along with their habitat.
conservation is assumed). Kiesecker 2010)

Habitat used by Any area of habitat used by a migratory Pronghorn antelope Habitat type/condition may change with
migratory species species that is degraded or lost through (Kiesecker et al. time (eg degrade due to climate change).

development is replaced with created/ 2009) Migratory species may change preference
restored habitat that is also used by to a different site.
that migratory species.

Species’ migration Any negative impacts of development Saiga antelope Species may change migration route.
route upon the migration route of a species (UNDP 2010) Species migration might stop entirely.

are offset by actions that preserve that 
migration route.

Migratory/mobile Any negative impacts of development White-tailed sea Species may begin to be impacted by
species (direct) upon a population of migratory species eagle factors that are outside the scope of the

are offset by actions that conserve that (Cole 2010) offset scheme. The proportion of the
population. population migrating may change.

Migratory/mobile Any negative impacts of development Seabirds Species may begin to be impacted by 
species (indirect) upon a population of migratory species (Wilcox and factors that are outside the scope of the

are offset by actions that conserve that Donlan 2007) offset scheme. Difficult to demonstrate
species elsewhere in its range/life cycle. equivalence between different stages of a

species’ life cycle.

Ecosystem Any loss of functional value provided US wetlands Habitat/species may cease providing function.
function by a habitat and associated migratory (McKenney and Habitat/species may provide function

species following development is Kiesecker 2010) somewhere else.
restored, via the provision of that 
habitat/species or similar habitat/ 
species elsewhere.

Combination of Any losses of habitat, species, or eco- Relationship between species/habitat/
the above system function following development ecosystem function might change such that 

are compensated for in-kind. offset goals become incompatible (eg different 
species might develop conflicting spatial 
conservation requirements).

Notes:  Table contents appear (from top to bottom) roughly in order of increasing consideration given to the mobile nature of migratory species.
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n Biodiversity offsets and moving targets

Although having already been implemented or proposed
in ecosystems involving moving conservation targets, off-
sets have not necessarily been designed to fully account
for such targets.

Biodiversity offsets and migratory species

The appropriate interpretation of NNL for migratory
species is beset with challenges, including whether and
how to consider influences on the viability of migratory
populations outside of the development and offset areas,
and how to account for changes in movement dynamics
within the project’s time scale (Table 1). These issues are
not always explicitly considered. For instance, Kiesecker
et al. (2009) modeled offsets for the Jonah natural gas field
in the western US. The field is underneath desert sage-
brush, which provides habitat for the migratory pronghorn
antelope (Antilocapra americana) and various bird species.
Models suggest that most of the proposed offset’s objectives
could be achieved in 30–50 years through the use of fixed
PAs. However, the objectives are framed in terms of habi-
tat restoration and protection, under the assumption that
transient species will be conserved along with their habi-
tat. As previously discussed, this assumption may not hold
for migratory species that do not live exclusively within
PAs and that are subject to other threats.

Instead of being targeted by fixed PAs and existing offset
methodologies, highly mobile species could be targeted
anywhere within their range where they are vulnerable to
development-related impacts. Cole (2010) used a European
resource equivalency methodology to design compensation
for impacts of the Smøla Wind Farm in Norway on white-
tailed sea eagle (Haliaeetus albicilla) populations. In this
case, the units used are “bird-years” (discounted sea eagle
life expectancy). Wind farms cause direct sea eagle mortal-
ity in the region. The scheme proposes compensation for
new farms by retrofitting existing farms with technologies
that greatly reduce sea eagle mortality, resulting in NNL of
bird-years relative to the status quo.

Alternatively, offsets could incorporate the approach of
targeting the most vulnerable stages in a species’ life his-
tory, rather than the life stages directly affected by devel-
opment. For example, Wilcox and Donlan (2007) pro-
posed an offset for seabird bycatch among commercial
fisheries in which fishermen would pay a levy for
unavoidable seabird mortality, to fund the removal of
invasive species from island breeding sites elsewhere in
the birds’ range. Wilcox and Donlan (2007) used a bio-
economic simulation to predict that such an approach
would effectively achieve NNL.

Biodiversity offsets and environmental change

Offsets have arguably been most effective when specifi-
cally designed to account for environmental change, such

as in Victoria, Australia, for example, where legislation
requires compensation for cleared native grassland. The
original range of native Victorian grassland has greatly
contracted, and remnants are now threatened by habitat-
degrading invasive species. Offset sites are now being
actively managed to suppress or remove invasives and
prevent future decline in habitat condition, as well as
restoring previously degraded sites. Consequently,
because they have been designed with respect to back-
ground trends, these offsets could deliver genuine ecolog-
ical gains in native grassland condition over time
(Gordon et al. 2011). However, offsets in general are
effective only where practical challenges, such as ensur-
ing ongoing monitoring and regulatory compliance, are
also being addressed (Bekessy et al. 2010); this may in part
explain the relative success of the Victorian offsets.

The NNL requirement leads to questions about how the
performance of a conservation intervention is defined and
measured. The perception as to whether NNL has been
achieved changes substantially when outcomes are mea-
sured against different baselines (Gordon et al. 2011). For
instance, if the offsets are evaluated by a “business as usual”
baseline of development, grassland conversion, and deteri-
oration, then NNL of Victorian grassland is achieved
through offsets. However, the same offset policy with the
same absolute ecological outcomes for grasslands might
record losses if compared to a fixed historical baseline,
because (1) the managed grasslands are only improving rel-
ative to declines elsewhere rather than in absolute terms,
(2) conversion is still ongoing outside the offset sites, and
(3) landscape quality as a whole is deteriorating.

n The saiga antelope in Uzbekistan 

A situation characterized by contemporary environ-
mental degradation, projected climate-change-related
impacts, high uncertainty, and a paucity of available data
would complicate conservation efforts for many species,
let alone imperiled migratory organisms. Any attempt to
define NNL, implement an offset, and report against
meaningful baselines under such circumstances could be
doomed to failure. Nonetheless, an offset scheme is under
development in just such a case: a project to compensate
for petroleum and natural gas development impacts in
Uzbekistan, with the migratory saiga antelope (hereafter
“saiga”) as a key conservation target.

Background

The saiga population has declined by 95% since the fall
of the Soviet Union, and the species is listed as Critically
Endangered on the International Union for Conserva-
tion of Nature Red List (Figure 2a). Poaching represents
the primary driver of this decline (Figure 2b; Kühl et al.
2009), although environmental change and economic
development across the species’ range may also be respon-
sible (CMS 2010). Here, our focus is the isolated trans-
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boundary population inhabiting the Ustyurt Plateau,
which spans the border between Kazakhstan (where the
population summers) and Uzbekistan (where it migrates
to during winter).

Saiga migration is driven by climate and forage avail-
ability (Singh et al. 2010a), and saiga calving sites have
shifted northward in recent decades in response to
changes in both climate and forage (Singh et al. 2010b).
The Intergovernmental Panel on Climate Change pro-
jects that temperatures will rise considerably during this
century, by as much as 6°C in Central Asia (Figure 3a),
which would probably force further regional shifts in saiga
habitat use. The combined impact of climate change and
poaching on the distribution and migratory patterns of
the Ustyurt saiga may be substantial (Singh and Milner-
Gulland 2011).

Having experienced major environmental change in
recent history, the Ustyurt Plateau is bordered to the east
by the Aral Sea, the areal extent of which has decreased
by ~50% since the 1950s as a direct result of irrigation-
related water withdrawals (Figure 4b). More than 40 000
km2 of its former seabed is now exposed and is a highly
saline new desert, characterized by chemical pollution.
Prevailing winds deposit substantial amounts of dust from
the exposed seabed on the plateau (Ataniyazova 2003).
Since the fall of the Soviet Union, domestic livestock
husbandry practices have changed; currently, livestock
density is highest near human infrastructure but is virtu-
ally absent from more distant pastures. Grazing reduction
and redistribution processes have led to shifts in plant
species composition (Figure 3b; Opp 2005) and will likely
continue to influence landscape condition in the future,
thereby affecting regional conservation and sustainable
development schemes.

The saiga’s capacity to respond to this environmental
forcing is constrained by growing anthropogenic distur-
bances on the Ustyurt (Figure 4a). Saigas react strongly
to disturbance, which will increase with expanding nat-
ural gas development and infrastructure intensification –

including new roads – and fencing on the Kazakh side of
the border. Uzbekistan is one of the world’s top 20
natural-gas-producing nations (Effimoff 2000) and con-
tains 194 confirmed oil and gas reserves with a combined
economic potential of US$1 trillion (UNDP 2010). The
Ustyurt and Aral regions form one of the country’s two
main gas extraction areas and contain more than 10 gas
fields; there are currently at least five foreign companies
in product-sharing agreements with Uzbekneftegaz, the
state-owned gas company, and foreign investment for gas
extraction and exploration activities totals US$3 billion
(UNDP 2010; EIA 2012).

Making offsets a dynamic conservation tool

The Uzbek Government is collaborating with the United
Nations Development Programme to investigate mitiga-
tion and compensation measures, including offsets, for
reducing impacts to biodiversity from the extractive sec-
tor. Broadly, offsets would create conservation zones with
ecological values equal to or exceeding those lost due to
industrial development. These zones would be protected
and the habitat within them potentially restored to bene-
fit target conservation species, with varying restrictions
on further natural resource use inside the zones by either
companies or individuals. One proposal requires compa-
nies active in the area to fund 80% of management and
anti-poaching enforcement costs in a greatly expanded
“Saigachy” PA, as compensation for direct impacts else-
where on the Ustyurt Plateau (Figure 4a; UNDP 2010).
The smaller existing Saigachy PA is effectively inopera-
tive at the present time.

Such a PA would protect the semi-arid desert habitat of
the plateau and associated species assemblages, with
saigas as the region’s flagship conservation target; compa-
nies would provide equipment and financing for the
reserve for the lifetime of their development activities. In
the absence of enforcement, effective protection within
the reserve will cease, and illegal hunting of saigas

© The Ecological Society of America www.frontiersinecology.org
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Figure 2. (a) Recent trends in abundance for the Ustyurt saiga population, which is declining despite the presence of a protected area
in the Uzbek portion of its range. (b) A saiga that was poached for its horn in its Uzbek winter range, in an area without effective
protection.
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throughout their winter range will likely continue.
Therefore, while the offset would not promote additional
biodiversity, it would prevent impacts from multiple
sources unrelated to oil and gas activities, thereby avoid-
ing potentially substantial projected losses.

One key objective for the proposed offset is to prevent
further decline and potential extirpation of the saiga in
Uzbekistan. To satisfy the NNL requirement, managers
must assess current and future species abundance and popu-
lation dynamics. Simply protecting the saiga in a fixed PA
within Uzbekistan is insufficient, given that saigas are also
heavily poached in Kazakhstan (Kühl et al. 2009).
Consequently, as offset actions are not limited to fixed PAs,
the offset should incorporate other conservation activities.
Clearly, the problem of conserving the saiga along with its
habitat must also be viewed in a landscape context, rather
than just at the development project level.

One conservation option would be to fund anti-poaching
measures in Uzbekistan and Kazakhstan during the winter
and summer, respectively. Another option could finance
mobile PAs that track the most vulnerable parts of the saiga
life cycle (eg calving locations). Studies that clarify the spa-
tiotemporal dynamics of poaching will help to identify areas
requiring improved enforcement and to determine where to
establish PAs. If PAs must be fixed, then an ecological net-
work approach might be considered (for instance, relying
on dispersal corridors and refugia). Alternatively, as dis-
cussed by Cole (2010), conservation efforts could be tar-
geted at reducing incentives that result in species’ impacts:
for example, by preventing poachers from using known
saiga-product trading routes (such as the railway) or dis-
couraging human inhabitants in the Ustyurt from poach-
ing. This alternative might include various interventions,
from training enforcement dogs (to locate saiga horn) to
creating alternative livelihoods for economically disadvan-
taged families that might otherwise poach. Offsets involv-
ing an internationally integrated approach could be possi-
ble within the framework of the international
Memorandum of Understanding on saiga conservation,

signed by both Kazakhstan and Uzbekistan under the
Convention on Migratory Species (CMS 2010).

Because saigas may be an inadequate proxy for assessing
the condition of biodiversity on the Ustyurt Plateau, off-
sets could focus on habitat conservation instead. In this
case, achieving NNL would also require consideration of
regional environmental change. On the plateau, habitat
degradation due to salinization and incompatible grazing
regimes provides baseline conditions for establishing
NNL. Implementing more appropriate grazing practices
might then be an effective countermeasure; likewise, on a
larger scale, efforts to protect or restore the Aral Sea, as
explored in Kazakhstan through improved water and irri-
gation management, could generate positive conserva-
tion outcomes. Since gas exploration opportunities are
available under the exposed Aral seabed, this strategy
might be unlikely to receive support from those entities
funding the offsets. These dynamic conservation options
are displayed schematically in Figure 4c.

Although these and other measures (WebTable 1) are
theoretically feasible, their practical achievement will
require considerable effort. In particular, national legisla-
tion in Uzbekistan does not currently contain the measures
needed to implement offsets successfully; there is a need to
amend the laws on Subsurface Resources, Territorial
Planning, and Protection and Use of Flora and Fauna to
include a mitigation hierarchy and biodiversity assessment
guidelines (UNDP 2010). Furthermore, in Uzbekistan and
Kazakhstan, past difficulties in ensuring compliance with
anti-poaching legislation must be directly addressed, either
within the offset or independently.

Summary

This case study illustrates some of the challenges concern-
ing conservation in a dynamic world. The currently pro-
posed offset scheme would primarily result in a single fixed
PA, which fails to cover the target species’ entire range
and life-cycle components crucial to impede further popu-

www.frontiersinecology.org © The Ecological Society of America

(a) (b)

Figure 3. Evidence of environmental change. (a) The Uzbek Ustyurt Plateau in late winter. Winter temperatures have trended
upward over the past 30 years. (b) Alhaji spp (right), an excellent livestock forage crop, alongside Piganum spp (left), a poor forage
crop and an indicator of rangeland degradation.
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lation declines. The relative futility in applying static con-
servation tools to dynamic targets is exemplified by the
saiga, a migratory species within a changing habitat.
However, in explicitly considering the mobile nature of
both the species and its habitat, proposals for an offset
framework to test more dynamic conservation approaches
could be explored (WebTable 1). More detailed research
and adaptive management would be necessary to establish
which of the suggested approaches would be most effec-
tive, especially given practical considerations like ensur-
ing regulatory compliance. Likewise, political considera-
tions would inform discussions regarding the use of
transboundary offsets. However, this offset scheme offers a
framework into which these dynamic approaches can be
incorporated, explored, and implemented.

n Conclusions

Fixed PAs, which exemplify the still largely static
approach to conservation, are insufficient to protect bio-
diversity in a rapidly changing world. Dynamic new ways

to conserve nature (eg mobile PAs, habitat management
to prevent declining condition against future baselines,
conservation efforts that address vulnerable parts of
species’ life cycles, and the shifting incentives that
resource users face) may prove considerably more effec-
tive than traditional static conservation efforts and need
to be implemented now.

Offset schemes are supposedly structured in a way that
can address the dynamic nature of conservation targets.
By requiring NNL of biodiversity within a region and
over a specified time period, these schemes account for
spatial and temporal dynamics. Because of this require-
ment and due to their widespread adoption, offsets pre-
sent an opportunity to implement and test dynamic con-
servation approaches in the field. Such approaches can be
designed into offset schemes in an adaptive manner, with
evaluation of their effectiveness as an integral compo-
nent thereof. Success will require a strong stakeholder
commitment to compliance with the underlying ratio-
nale of offsets, rather than merely acknowledging the
concept of NNL. By exploiting this opportunity, we may

© The Ecological Society of America www.frontiersinecology.org
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Figure 4. (a) Schematic of the Ustyurt Plateau in northwest Uzbekistan. Red lines indicate oil and gas pipelines, the black line
signifies railways, the dashed area represents the saiga’s winter range, and the green area depicts the “Saigachy” reserve. (b)
Desertification in the region (modified from Opp 2005). The previous extent of the Aral Sea, now exposed seabed, is indicated in red.
(c) Schematic of the area of interest, displaying some of the dynamic conservation actions suggested in the main text.
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begin to be able to conserve moving targets, a crucial aim
in a changing world.
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WebTable 1. Selected problems and potential solutions for the conservation of moving targets, illustrated through
the Uzbek biodiversity offset as a case study     

General problems with Specific Uzbek case Comparative
Biodiversity offset objective moving targets study challenge Possible solutions examples

Species Species impacted outside Poaching continues Implement standard fixed Thirgood et al. (2004)
(Saiga tatarica): of offset landscape/region outside of Uzbekistan PA offset, monitor direct Kiesecker et al. (2009)
saigas do not decrease (in Kazakhstan) reductions in saiga 
in population abundance poaching within PA
or spatial distribution

Coordinate PA offsets Apostalaki et al. (2002)
across entire species’ range Martin et al. (2007)
(ie including Kazakhstan)

PA offset does not target Calving sites located Coordinate PA offsets Apostalaki et al. (2002)
sensitive part of species’ outside of PA offset across entire species’ range Martin et al. (2007)
life history (in Kazakhstan) (ie including Kazakhstan)

Implement mobile PA Robinson et al. (2008)
offsets that track calving 
locations

Species’ migration shifts out Anthropogenic Implement temporary PA Rayfield et al. (2008)
of PA offset area, or stops activity/climate drives offsets that track saiga Shillinger et al. (2008)
entirely changes to saiga migration corridor

migration pattern
and habitat use

Species moves outside of Continued poaching Offsets provide resources Kühl et al. (2009)
PA, and is negatively (in Uzbekistan) to reduce demand for saiga
impacted by people/ horn/meat or reduce 
industry poaching through alternative 

livelihoods and public 
engagement

Direct mortality from Offsets provide resources Cole (2010)
industrial or infrastruc- to prevent or mitigate
tural expansion direct impacts on species

Habitat type Habitat degraded by Ustyurt Plateau under- PA offset objectives defined Gordon et al. (2011)
(Ustyurt Plateau): change in inorganic or goes increased salini- against dynamic baseline of
habitat is not organic composition zation, desertification increasing salinization, 
substantially reduced sites protected against 
in area, habitat further losses
condition, or functional
condition PA offset objectives defined

against fixed baseline and 
include active management
(eg vegetation restoration, 
grazing management)

Vegetation structure Predicted temperature PA offset objectives defined Gordon et al. (2011)
changes rises cause change in against regional baseline 

growing season/ that is mobile due to 
bioclimatic niches climate change

PA offset objectives defined Malhi et al. (2008)
against fixed baseline, and Hannah et al. (2007)
PA incorporates measures 
to be resilient to climate 
change

Habitat degraded via Stocking regimes (over- PA offset is designed with 
direct anthropogenic or undergrazing) detri- adaptive management of 
impacts mental to rangeland feedbacks between social 

condition and ecological systems (eg 
livestock grazing regimes)


