
MINI REVIEW

Potential for spatial management of hunted mammal populations
in tropical forests
Miranda H. Mockrin1 & Kent H. Redford2

1 Department of Ecology, Evolution, and Environmental Biology, Columbia University, 1200 Amsterdam Ave MC 5556, New York, NY, 10027, USA
2 Wildlife Conservation Society, 2300 Southern Blvd., Bronx, NY 10460, USA

Keywords
Hunting; source-sink; tropical forests; marine

reserve; bushmeat.

Correspondence
Miranda H. Mockrin, USDA Forest Service,

Rocky Mountain Research Station, 2150 Centre

Ave. Bldg A, Fort Collins, CO 80526, USA.

Tel: 970-295-5965; fax: 970-295-5959.

Email: mmockrin@gmail.com

Received
18 July 2010

Accepted
21 February 2011

Editor
Jos Barlow

doi: 10.1111/j.1755-263X.2011.00173.x

Abstract

Unsustainable hunting in tropical forests threatens biodiversity and rural liveli-
hoods, yet managing these harvests in remote forests with low scientific ca-
pacity and funding is challenging. In response, some conservationists propose
managing harvests through spatial management, a system of establishing no-
take zones where hunting is not allowed. Spatial management was commonly
used in customary management and is increasingly used for fisheries manage-
ment today, but is not yet widely implemented in tropical forests. Through this
review, we trace the development of spatial management and examine its pro-
posed benefits in tropical forests. We find that while spatial management offers
promise for managing the complex, multispecies harvests common in tropical
forests, designing no-take zones will require more investment in ecological
research and monitoring. Given these challenges, a reasonable first goal of no-
take zones is to protect resident wildlife populations, not enhance harvests
through dispersal. A greater understanding of socioeconomic impacts will also
be required to ensure successful implementation. Past work in marine fish-
eries offers valuable insights for management in tropical forests, and greater
integration between the bodies of literature should be pursued.

Introduction

Over the past few decades, hunting has emerged as a
threat to wildlife populations in tropical forests, threat-
ening a vital source of food for rural people, biodiversity,
and ecosystem functioning (Robinson & Bennett 2000).
Although wildlife management is a priority in tropical
forests, quota-based management typically used in devel-
oped countries may not be appropriate in tropical forests.
Quotas limit the number of animals harvested, some-
times in conjunction with regulations on harvester ef-
fort (e.g., hunting season). Regulations are developed
separately for individual species of economic or recre-
ational value, which requires resources for intensive sci-
entific research and enforcement (Williams et al. 2002). In
contrast, harvests in tropical forests are multispecies as-
semblages, which makes limits on individual species’ har-
vests impractical. In addition, in tropical forests there is a
lack of information on species’ demographic rates, low

research funding, and limited capacity, which compli-
cates efforts to develop regulations (Milner-Gulland et al.

2003).
To address these challenges, some conservationists pro-

pose managing tropical forest hunting through spatial
management or no-take zones, designating areas where
hunting is not allowed (Novaro et al. 2000; Milner-
Gulland et al. 2003). Spatial management has a long his-
tory of use, often combined with other restrictions on
equipment or species. Past uses of no-take zones in-
clude customary resource management by preindustrial
societies (Johannes 1978), early wildlife management in
North America (McCullough 1996), and modern fisheries
(Gell & Roberts 2003).

Spatial management is proposed to have several ad-
vantages over quota-based management, which has led
to its resurgence in marine systems and its desired use
in tropical forests. No-take zones are expected to pro-
tect against overharvest by isolating a proportion of the
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population from harvesting (McCullough 1996; Gell &
Roberts 2003). No-take zones are proposed to contribute
to offtake by providing dispersing animals from no-take
zones to surrounding hunted areas (McCullough 1996;
Novaro et al. 2000). Spatial management is also consid-
ered easier to implement and enforces for the multi-
species harvests and complicated social and institutional
settings typical of tropical forests (Milner-Gulland et al.

2003).
Proponents of spatial management also hope that no-

take zones will formalize or harness the source-sink dy-
namics that may already be sustaining hunting offtake
in tropical forests (Novaro et al. 2000; Naranjo & Bod-
mer 2007). Over the past two decades, researchers in
tropical forests have repeatedly noted that high, pre-
sumably unsustainable, localized rates of offtake were
continuing unabated for long periods. Researchers pro-
posed that offtakes were sustained by wildlife popula-
tions in de facto no-take zones, areas either isolated by
distance from hunters or culturally or legally defined
as off-limits from harvesters (Alvard et al. 1997; Novaro
et al. 2000; Naranjo & Bodmer 2007). Dispersal from
these “source” areas into the “sinks” created by high
hunting pressure (often localized around a village) was
thought to maintain hunting offtake (Novaro et al. 2000;
Salas & Kim 2002).

Although the rationale for no-take zones in tropi-
cal forests stems from both empirical observations and
source-sink theory, no-take zones are not yet widely
implemented or studied in tropical forests. In contrast,
there has been a dramatic increase in research on no-
take zones for fisheries management over the past two
decades (Worm et al. 2009), along with a growing interest
in the spatial dimensions of wildlife harvesting in temper-
ate regions (Laudré & Clark 2003; Diefenbach et al. 2005).
This review pulls together these disparate bodies of re-
search on spatial management to inform research and im-
plementation of no-take zones in tropical forests. Below,
we first describe uses of no-take zones and compare their
management goals in different settings (Table 1). We then
draw upon theoretical and empirical research to generate
recommendations for the design and implementation of
no-take zones in tropical forests.

Past use of no-take zones

While the theoretical basis for no-take zones has devel-
oped over the past two decades, no-take zones have been
used for resource management for at least a millennia
(Johannes 1978; Colding & Folke 2001). No-take zones
were widely used as informal or customary management
regulations, developed by communities to regulate the
use of common-pool resources, those resources avail-

able to more than one person and vulnerable to degra-
dation as a result of overuse (Ostrom 1990). Over the
past 200 years, no-take zones have also been used in
formal management, those regulations mandated by gov-
ernment (Ostrom 1990).

In the terrestrial realm, informal spatial management
included rotating hunting grounds over space among
Cree groups in Canada (Berkes 1986) and protecting
forests (“sacred groves”) in India for their religious and
cultural significance, providing refugia for biodiversity
and harvested resources (Gadgil 1987). Formal use of no-
take zones in North America arose from widespread de-
clines of many game species in the 1880s (Dunlap 1988).
For most species, no-take zones were supplanted by
quotas once populations recovered (McCullough 1996).
However, no-take zones are still used for management of
hunted species in North America and Europe, including
waterfowl and carnivores (Beringer et al. 1998; Brochet
et al. 2009) (Table 1). Research also shows that de facto
no-take zones are critical to maintaining hunting offtake
in a variety of species in temperate ecosystems (Slough
& Mowat 1996; Laudré & Clark 2003; Diefenbach et al.

2005; Kaltenborn & Andersen 2009).
In tropical forests, spatial management has been

formally implemented in several places. In Congo, the
Congolaise Industrielle des Bois logging company, in
collaboration with Wildlife Conservation Society, des-
ignated sections of the Kabo concession as no-hunting
zones, in combination with other restrictions on harvest-
ing (Poulsen et al. 2007). No-take zones protect a cen-
tral area of the concession as well as dispersed forest
clearings important for large mammals. In the Amazon
Basin, reserve management conducted in collaboration
with communities often includes the use of a core no-
take zone, along with more specific restrictions for use
of fish, wildlife, and plants (e.g., Tamshiyacu Tahuayo
Communal Reserve and Pacaya-Samiria Reserve in Peru)
(Bodmer et al. 2009).

In marine systems, spatial management was common
in informal resource management (Johannes 1978) and
has recently emerged as a formal mechanism for fish-
eries management because past methods focused on
quotas and maximum sustainable yield often led to
overharvest and did not address habitat damage caused
by fishing (Table 1) (Worm et al. 2009). Marine
no-take zones have been implemented in a range of
settings, from local or community-based initiatives for
near-shore fisheries (Prince 2010) to larger regional net-
works of no-take zones. For example, over one-third
of the 345,400 km2 Great Barrier Marine Park in Aus-
tralia is zoned as no-take, in order to enhance fish-
eries and minimize environmental impacts of fishing
(McCook et al. 2010)).
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Table 1 Comparison of the rationales for establishing no-take zones for small-scale, commercial, and recreational harvesting in themarine and terrestrial

realms. For each potential rationale for using no-take zones we indicate if this reason cited as a factor motivating the use of no-take zones

Marine harvesting Terrestrial harvesting

Rationale for establishing

protected area: Small-scale or near-shore Commercial

Small-scale or subsistence

in tropics

Recreational hunting in

temperate areas

Protect a wide range of

harvested species

Yes. A wide range of

species are typically

harvested.

Depends. Harvesting often

focuses on those

species of commercial

value, but bycatch

species are also

protected by reserves.

Yes. A wide range of

species are typically

harvested.

No. Although reserves

could protect other

species, most reserves

are set up for one focal

species (often

carnivores).

Protect biodiversity and

ecological functioning

Yes Yes Not often considered, but

certainly a potential

benefit.

Not often considered, but

certainly a potential

benefit.

Prevent habitat

destruction

Yes, destructive practices

include dynamite and

poison fishing.

Yes, commercial fisheries

damage habitat through

bottom trawling.

No No

Shelter sizeable

populations in reserves

as a buffer against

overharvest

Yes Yes Yes Yes

Increase reproductive

productivity in reserve

Yes, by sheltering the

biggest females and

protecting high-density

breeding events.

Yes, by sheltering the

biggest females and

protecting high-density

breeding events.

No No, not likely for mammal

populations. For

waterfowl, reserves

protect high-density

breeding events.

Provide dispersers for

harvesting outside

reserves

Yes, though planktonic

larvae and dispersal

(spillover) of juveniles

and adults.

Yes, though planktonic

larvae and dispersal

(spillover) of juveniles

and adults.

Yes, through dispersal of

mammals (juveniles or

adults, depending on

life history).

Yes, through dispersal of

mammals (juveniles or

adults, depending on

life history).

Provide a natural link to

community monitoring

and enforcement

Yes No Yes No. Possible depending on

community size and

composition, but is

rarely considered.

Connections between marine and
terrestrial use of no-take zones

While there is therefore a rich history of no-take zone
use to inform management, differences in the char-
acteristics of marine and terrestrial species alter the
applicability of past work to tropical forest hunting. For
example, because female fish become more fertile with
age and size, protection from harvest in no-take zones can
have large effects on populations dynamics and the pro-
duction of potential dispersers (Carr et al. 2003). In tropi-
cal forests mammals are the most important prey species
(Fa & Brown 2009), and they have lower reproductive
productivity than marine species. Marine organisms are
often highly mobile, which enhances populations outside
no-take zones, through both the dispersal of larvae and

the “spillover” movement of juveniles and adults (Bots-
ford et al. 2009). In contrast, terrestrial species have no
equivalent larval phase and their juvenile and adult dis-
persal abilities are generally more limited than marine
species (Carr et al. 2003), with the exception of some mi-
gratory bird species. Differences in physical settings also
alter the use of no-take zones. For example, marine no-
take zones are often located in coastal areas, giving rise
to population models based on linear landscapes (e.g., Le
Quesne & Codling 2009), a configuration not likely to be
applicable in terrestrial systems.

Social and institutional settings where spatial manage-
ment is used often vary widely, which also determines
applicability of past work to tropical forests (Milner-
Gulland et al. 2003; Prince 2010). For example, near-
shore fisheries and tropical wildlife hunting are fairly
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similar in their governance and technical charac-
teristics: both have many actors harvesting a large
variety of species, each of which might have limited com-
mercial value (Milner-Gulland et al. 2003). In contrast,
experience from commercial fisheries or recreational
hunting may be less applicable to tropical forests. Com-
mercial fisheries operate over a large-scale and pro-
duce considerable revenue from single species, generating
more resources for management (Prince 2010). Recre-
ational hunting and fishing in temperate areas typically
also receive substantial government investment in man-
agement, produced from fees and taxes levied on partici-
pants (Mahoney 2009).

Design considerations for no-take zones

Although ecological and institutional settings vary, care-
ful examination of past theoretical and empirical research
offers valuable guidance for design of no-take zones in
tropical forests. Thus far, advocates of spatial manage-
ment in tropical forests have not critically examined no-
take zone design (size, shape, location). Existing no-take
zones have usually been designated as a central area
within a reserve. No-take zone shape and size follow from
landscape features that can be used as boundaries, such
as past management uses, coarse information on vegeta-
tion distribution, and social concerns (Poulsen et al. 2007;
Bodmer et al. 2009). In Amazonia, no-take zones are ex-
pected to conserve multiple resources (wildlife, fish, and
plants) (Bodmer et al. 2009). In contrast, over the past
two decades marine researchers have devoted substan-
tial attention to no-take zone design. However, robust,
generalizable guidelines remain rare because model sim-
ulation outcomes vary widely with species studied, and
empirical data on design features have been slow to accu-
mulate (Botsford et al. 2009). In general, marine models
provide conceptual understandings of no-take zone ef-
fectiveness through simulations, not exact management
prescriptions (Gerber et al. 2003; Moffitt et al. 2009). This
past work in marine settings, combined with theoretical
and empirical research in terrestrial systems, yield three
main themes for no-take zone design in tropical forests.
No-take zone design requires (1) a tradeoff between pro-
tection and dispersal (yield); (2) explicit selection of no-
take zone goals; and (3) recognition of fine-grained spa-
tial variation in harvests and resources. We address each
theme in turn below.

No-take zones tradeoff protection and dispersal

Spatial management in both terrestrial and marine set-
tings has two main objectives: protecting against overhar-

vest by safeguarding the portion of the population that
falls within no-take zones and enhancing yield through
dispersal from no-take zones (McCullough 1996; Gell &
Roberts 2003; Botsford et al. 2009). However, theoretical
and empirical research reveals an inherent tradeoff be-
tween protection and dispersal. Many of the features that
enhance protection within a no-take zone will diminish
dispersal, and therefore yield, while those that promote
dispersal decrease the protective capabilities of the no-
take zone (Salas & Kim 2002; Botsford et al. 2009).

Features which enhance protection within no-take
zones include relatively larger no-take zone size, smaller
ratio of no-take zone to edge, and less mobile target
species (i.e., less likely to move outside no-take zones)
(Salas & Kim 2002; Gerber et al. 2003; Roberts et al.
2003; Claudet et al. 2008; Botsford et al. 2009; Claudet
et al. 2010). Conversely, the features that threaten pro-
tection within no-take zones enhance dispersal. Dispersal
increases with relatively smaller no-take zones, a larger
ratio of edge to no-take zone, and greater mobility among
resident wildlife (Salas & Kim 2002; Gerber et al. 2003;
Claudet et al. 2008; Botsford et al. 2009; Claudet et al.

2010). Theoretical models demonstrate that maintain-
ing a balance between protection and yield is challeng-
ing, as there are sudden transitions for no-take zone size
and species’ dispersal ability below which the protection
value of a no-take zone is severely compromised (De-
libes et al. 2001; Novaro et al. 2005). In addition, some
species may not be appropriate for protection or disper-
sal benefits of no-take zones because of their reproduc-
tive rates and behavior. Mobile species, including those
with large home ranges (Moffitt et al. 2009) or seasonal
changes in ecological requirements (Slough & Mowat
1996), might never be effectively protected by spatial
management. In contrast, many primate species have low
dispersal, slow reproduction, and complex social struc-
tures, which will limit the role of dispersal in main-
taining or enhancing hunting offtake (Levi et al. 2009;
Wiederholt et al. 2010).

Balancing protection and yield becomes more complex
when considering multispecies harvests. Because both
yield and protection are influenced by species’ demo-
graphic rates, no-take zone designs are likely to be op-
timal for only the species considered in modeling (White
et al. 2009). If a large no-take zone is designed to protect
a mobile, far-ranging species, it will constrain the max-
imum harvest of other less mobile species by restricting
hunter access. In order to ensure multiple species’ pro-
tection within no-take zones, conservationists will have
to consider trade-offs between species’ characteristics, an
approach that has not been considered in tropical forests.
Fisheries research demonstrates that if multiple species
are considered in assessing yield, designing no-take zones
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to optimize biomass or economic revenue might lead to
an optimal level of yield but changing fish community
composition, which has implications for conservation and
human livelihoods (White et al. 2009).

Refining no-take zone design in both marine and
terrestrial realms will require more knowledge of har-
vested species’ dynamics, including dispersal and repro-
ductive productivity within and outside no-take zones
(Claudet et al. 2008; Botsford et al. 2009; Claudet et al.
2010; Van Vliet et al. 2010). The challenges of gain-
ing this information and developing species-specific, site-
specific design rules has led some marine researchers
to approach no-take zone design as a risk analysis
(Halpern et al. 2006). Researchers use interval analysis to
examine best and worst case scenarios or information-
gap theory to find the option that provides an ac-
ceptable outcome and is most robust to uncertainty
(Halpern et al. 2006).

Explicitly consider no-take zone goals

Experience from the marine realm shows that results
from theoretical simulations may vary widely based on
how no-take zone goals are formulated (Gerber et al.

2003). For example, if the main goal of the no-take zone
is to protect a population from overharvest, protection
can be assessed in a number of ways: maximizing pop-
ulation abundance, minimizing the rate of population
decline, or minimizing the probability that the popula-
tion is extirpated or falls below some threshold (Gerber
et al. 2003). Early fishery models focused primarily on
maximizing yield, but models can also minimize vari-
ability in yield, minimize the effects of uncertainty on
yield, and maintain economic revenue (Gerber et al. 2003;
McClanahan 2010). For tropical mammals, theoretical
simulations of no-take zones have examined several
outcomes, including species persistence over time, the
likelihood of a population falling below a threshold, and
maximizing offtake while minimizing the probability of a
decline (Salas & Kim 2002; Wiederholt et al. 2010). De-
sign of no-take zones will be enhanced by considering
different goals in simulations.

Recognize spatial variation in harvests and
resources

Initial conceptions of spatial management were based on
one remote no-take zone supporting a high, localized
harvest. As the literature on spatial dimensions of har-
vesting developed, researchers realized there is often sub-
stantial spatial variation in the distribution of both re-
sources and harvesting (Diefenbach et al. 2005; Ban &
Vincent 2009; Van Vliet et al. 2010; Mockrin et al. in

press). A more realistic treatment of the spatial dimen-
sions of harvesting and resources leads to two impor-
tant changes: examining how existing spatial variation
in hunting and resources interacts with formal no-take
zones and considering networks of no-take zones.

In both marine and terrestrial systems, it is unclear how
no-take zone design combines with the existing, highly
variable distribution of harvesters and resources. For ex-
ample, in the Kabo concession, there is wide variation
in hunting pressure within the area commonly hunted,
or hunting catchment (Mockrin et al. in press). It is un-
certain how this fine-grained variation in hunting pres-
sure combines with the large no-take zone outside the
hunting catchment to influence offtake and sustainability
(Mockrin et al. in press). For species with relatively small
dispersal distances, local dispersal within the catchment
might be more important to hunting offtake than long-
distance dispersal from a remote no-take zone. One po-
tential method of incorporating variation in harvest from
the marine realm involves starting with a high resolution
map of offtake and simulating changes in harvests (Ban
& Vincent 2009). Researchers left the most productive ar-
eas for harvesting open while reducing the total area ex-
ploited (Ban & Vincent 2009). More empirical evidence is
needed to assess this technique, but the high resolution
and focus on retaining existing harvesting areas could be
effective in tropical forests.

Marine researchers also emphasize that the spatial dis-
tribution of harvesting pressure and resources will change
in response to management (Botsford et al. 2009). Em-
pirical work shows that effective no-take zones can lead
to harvesting pressure concentrated outside the reserve
(“fishing the line”) (Kellner et al. 2007). To date, those
working in tropical forests have not explored how no-
take zone establishment might alter the spatial distribu-
tion of hunting and wildlife, but marine research shows
that redistribution of harvesting effort after no-take zone
establishment has implications for the sustainability of
offtake, monitoring no-take zone effectiveness, and so-
cioeconomic concerns of harvesters (Kellner et al. 2007).

Spatial variation in hunting pressure and wildlife re-
sources over space suggests that no-take zones might be
more effectively designed as networks, rather than as
a lone reserve. In the marine realm, no-take zones are
often designed and implemented as networks (Stewart
et al. 2009; White et al. 2009). Marine no-take zone net-
works emerged from the realization that long-distance
dispersers may be more effectively protected by a net-
work of dispersed no-take zones (individual zones can
shelter immigrants, while one central no-take zone ex-
ports all dispersers into harvested areas). Theoretical sim-
ulations show that expanding from one no-take zone
into a network will alter the larger population’s stability
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and yield by increasing edge habitat (McCullough 1996).
While using a network approach would therefore be
more complex, networks might also be a better fit with
the spatial variation in harvesting and wildlife seen in
tropical forests.

Implementation of spatial management

No-take zones are often described as less complicated
to implement than quotas, requiring less investment
in monitoring and enforcement (McCullough 1996; Jo-
hannes 1998; Milner-Gulland et al. 2003). For exam-
ple, enforcing no-take zones requires protecting the area
where no harvesting is allowed, as opposed to track-
ing a seasonal or daily limit for individual harvesters
or the entire wildlife or fish population for quota en-
forcement. Quota management also requires intensive
monitoring of harvested populations in order to revise
limits. No-take zones would likely be revised less fre-
quently, although the remaining questions about the ef-
fects of no-take zones on population persistence and yield
means that monitoring after no-take zone establishment
is essential (e.g., Gerber et al. 2007). Synthesizing past
literature yields two main recommendations for future
implementation in tropical forests (1) link monitoring
to management through decision analysis, and (2) in-
corporate human dimensions monitoring and research to
encourage successful implementation.

Link monitoring to management through
decision analysis

In the marine realm, no-take zone monitoring can be
coupled to management actions through decision anal-
ysis, a technique that has not yet been used with no-take
zones in tropical forests. Decision analysis has been used
in both small-scale and commercial fisheries to link bi-
ological and socioeconomic monitoring to management
actions through prespecified rules (Gerber et al. 2007;
Dowling et al. 2008; McGilliard et al. 2011; Prince 2010).
Decision rules can be designed for a number of aspects
of harvests: species-specific offtake for commercially im-
portant or vulnerable species, total offtake across species,
changes in species composition, spatial patterns of har-
vesting, changing trends in catch-per-unit-effort, changes
in harvests over specific areas, or combinations of these
factors (Dowling et al. 2008). Decision rules can be used
to both restrict harvesting in the case of excessive offtake,
or to relax no-take regulations to allow more harvesting
(e.g., Guidetti & Claudet 2010). Combining this approach
with the experience gained from past work monitoring
wildlife offtakes with hunters in tropical forests (e.g., Noss
et al. 2005; Bodmer et al. 2009) could yield an effective

way to monitor and manage no-take zones in tropical
forests.

Incorporate human dimensions for successful
implementation

Thus far this review has focused on the biological
aspects of no-take zone design and function, but social,
economic, cultural, and institutional characteristics are
critical for no-take zone implementation. In the marine
setting, Charles & Wilson (2009) review aspects of human
dimensions that affect no-take zone implementation, in-
cluding the need for meaningful participation by resource
users, effective governance, understanding the costs and
benefits of no-take zones, and the distribution of these
costs and benefits among multiple scales and users. Al-
though use of no-take zones in tropical forests is currently
limited, understanding support and compliance from re-
source users is an important area of research, as there are
limited resources for wildlife management in most tropi-
cal forests.

Some researchers have suggested that hunters may
support no-take zones in tropical forests, with con-
comitant decreases in enforcement, because spatial
management is similar to customary management and
might enhance harvests (Fimbel et al. 2000; Novaro et al.
2000; Naranjo & Bodmer 2007). While the long history
of community-based spatial management demonstrates
that communities can support spatial management and
self-enforce these regulations effectively under some cir-
cumstances (Ostrom 1990; Dietz et al. 2002; Newing &
Bodmer 2003), experience from the marine realm
shows that developing these systems under contempo-
rary economic and social threats may be challenging.
Self-enforced restrictions are often difficult to maintain
under contemporary economic and social threats (Cin-
ner & Aswani 2007). In addition, in some tropical forest
settings there may not be past experience with custom-
ary management of wildlife hunting (Bennett et al. 2007).
While the dispersal of animals to hunted areas may ben-
efit hunters, marine research shows that this dispersal
function would have to be well documented to obtain
community support (Cinner & Aswani 2007).

Therefore, while there is experience from both marine
and terrestrial realms demonstrating the importance of
involving harvesters in comanagement (Newing & Bod-
mer 2003; Guidetti & Claudet 2010), spatial management
will not necessarily be supported by resource users. Fol-
lowing the marine literature, changes in offtakes, income,
and employment over time should all be studied to better
understand relationships between no-take zones imple-
mentation, livelihoods, and support from resource users
(Mascia et al. 2010). Building this greater understanding
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of human dimensions will be critical in successful imple-
mentation of no-take zones in tropical forests.

Conclusion

Although we have discussed many of the advantages of
this management approach, spatial management will not
be a panacea for the challenges caused by wildlife har-
vesting in tropical forests. In situations where habitat loss
and human populations are increasing, human demand
may outpace wildlife supply. In marine and terrestrial
settings, spatial management is usually combined with
other restrictions on gear, harvesting effort, or individ-
ual species. Depending on the goal of the no-take zone,
spatial management may not be appropriate for highly
mobile or sedentary species. Despite these challenges, our
review of the literature on marine and terrestrial harvest-
ing suggests that this technique holds promise for hunting
management in tropical forests.

Although no-take zones offer some advantages over
quotas, uncertainty about their design and the human
dimensions of implementation means that they cannot
be considered a simple strategy for wildlife manage-
ment. Marine scientists have reached a similar conclu-
sion: although no-take zones were envisioned for situa-
tions where funding and data were limited, studies over-
whelmingly call for more monitoring and information on
species demographic rates (Stewart et al. 2009). Given
these limitations, a reasonable first goal of spatial man-
agement in tropical forests might be to protect resident
wildlife in no-take zones, not attempting to maximize
dispersal and hunting offtake. Protecting wildlife popu-
lations in no-take zones will require conservative place-
ment and design to prevent hunting and dispersal from
exerting a substantial drain on no-take zones. As research
continues, a better understanding of the social impacts
of no-take zones and wildlife demography in response
to spatial variation in hunting pressure will improve
management.

While spatial management is not uniquely easy to de-
sign or implement without data, the expertise developed
from temperate hunting and fisheries management is di-
rectly relevant to spatial management in tropical forests.
Until this point, marine fisheries and tropical forests have
worked largely on parallel tracks to investigate spatial
management, but the two fields are facing similar chal-
lenges, despite differences in species’ productivity and
mobility. A greater integration between these realms may
benefit both fields.
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