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A B S T R A C T

Ecosystems produce goods and services that are essential for the wellbeing of humans and

other organisms. The earth’s expanding human population is altering both pattern and

process in ecosystems, and hence is impacting the provision of ecosystem goods and ser-

vices at a variety of scales. Food production and other ecosystem services, such as the

many benefits provided by forests, are not exclusive of one another at a regional scale.

Although it is becoming obvious that uncoordinated local management is inadequate to

address regional ecosystem changes in the face of regional drivers of change, few regional

governments have addressed the need for holistic landscape management of regional eco-

system services. We compare and contrast two regional programs, the agricultural agenda

of integrated pest management (IPM) and an as-yet hypothetical, fragmentation-oriented

conservation agenda that we term ‘Regional Fragmentation Management’ (RFM). IPM has

a strong practical foundation but is weak on theory. RFM has a stronger theoretical base,

but is weak on practice and has mainly focused on protected areas. Both programs address

only a small subset of the larger question of how to effectively maintain regional produc-

tion of regional ecosystem services. Some of the successes of IPM practitioners in building

institutions and achieving societal acceptance for their program, particularly in relation to

regionally coordinated (‘areawide’) pest management, suggest that regional ecosystem

management is plausible. IPM offers some ingredients of an institutional role model for

a broader, more ambitious program that seeks to manage regional ecosystem services

and processes in a sustainable manner. As the looming crisis of global climate change

brings a potential window of opportunity for the introduction of novel approaches for man-

aging deforestation, closer synergies between conservation and agriculture at regional

scales seem not only possible, but essential.

� 2006 Elsevier Ltd. All rights reserved.
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vices that include such basic necessities as clean water, cli-
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tern–process interactions that occur across a range of differ-

ent scales. As the human population expands, habitat loss
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and fragmentation are occurring at increasingly broader

scales (e.g., Cane and Tepedino, 2001; Kearns et al., 1998; Ost-

feld and LoGiudice, 2003; Ricketts, 2004) and pattern–process

interactions in ecosystems are being increasingly disrupted

(Brovkin et al., 2004; Chapin et al., 2000; Vitousek et al.,

1997). In this time of change, local management actions are

not sustaining regional ecosystem services. It is becoming

more and more apparent that effective, long term manage-

ment strategies at regional and global scales are needed to

cope with broad-scale spatiotemporal variation in ecosys-

tems and the environment (Bennett et al., 2003; Carpenter,

2002).

Available evidence suggests that a connected network of

intact natural habitats is important for maintaining func-

tional integrity and the resulting range of ecosystem services

across a landscape (Crooks and Soule, 1999; Roland and Tay-

lor, 1997). Ecosystem services often depend on processes that

occur at larger scales than that of an individual protected area

or smallholding. For example, control of elk populations is

effectively undertaken by wolves, which need large areas

(Beschta, 2003; Ripple and Beschta, 2004); and regional vegeta-

tion influences on climate (Foley et al., 2003; Heck et al., 2001)

can alter fire and precipitation patterns, altering the viability

of local cropping regimes (Shukla et al., 1990). Most farming

systems rely heavily on ecosystem services such as soil fertil-

ization, pollination, pest regulation, water filtration, and ero-

sion control. Sustainable, low-input agriculture is only

possible if essential ecosystem processes are maintained.

Technology may substitute for some ecosystem services, but

is often costly and less robust than a living, adapting system

(Costanza et al., 1997; Heal, 2000). For example, soil stability

and sufficient clean water for cattle ranching and irrigation

purposes are cheaply and effectively ensured by maintaining

forested upper catchments and riparian zones (Bruijnzeel,

2004).

In the long term, it makes good economic sense to main-

tain ecosystem goods and services in both natural areas and

agroecosystems (Greiner, 1997; Kremen et al., 2002; Ricketts

et al., 2004; With et al., 2002). Conservation biologists are

increasingly recognizing that wise stewardship of agricultural

lands can play a strong supporting role for networks of pro-

tected areas (Banks, 2004). The maintenance of regional eco-

system services is in the best interests of both conservation

and agriculture. Conservation planning and agricultural activ-

ities, however, often occur in two different worlds that inter-

act mainly when they come into conflict.

There are few good role models for truly integrated man-

agement approaches in either conservation or agriculture.

One of the more successful regional programs in the United

States has been integrated pest management (IPM). IPM in

its most scale-conscious form (‘areawide pest management’,

Knipling, 1980) includes regional management of a variety

of agricultural activities, such as crop rotation sequences

and the total areas of individual crops under cultivation at

any one time. IPM emphasizes the maintenance of natural

ecosystem processes, rather than pesticide use – a reflection

of its origins during the backlash against organophosphates

that was provoked by Rachel Carson’s Silent Spring (1962). De-

spite the many successes of IPM in the USA, however, its over-

all impact is limited by its focus on the single ecosystem
service of pest regulation. At the same time, conservation

biologists have been developing conservation plans at na-

tional and regional scales (e.g., Poiani et al., 2001). Few such

plans are directly concerned with fragmentation, but the evi-

dence that fragmentation matters at regional scales (reviewed

later in this paper) is compelling. We envisage a hypothetical

agenda called ‘Regional Fragmentation Management’, or RFM.

Some ingredients of RFM are already in place, but it currently

lacks both an integrative methodology and a suitably high

profile to appeal to people beyond the field of conservation.

Although RFM is well outside the scope of traditional IPM

approaches, it is by no means independent of pest popula-

tions and their management. Pest outbreaks and habitat frag-

mentation are processes with strong links to landscape

patterns and ecosystem services (With et al., 2002). The con-

trast between IPM and RFM reflects two very different ap-

proaches to the same basic issue. Habitat fragmentation

and related ideas (such as island biogeography, metapopula-

tion theory, and population viability analysis) have been of

interest to ecologists, but relatively little attention has been

payed to the more practical issue of how to manage fragmen-

tation outside protected areas in a cohesive, strategic manner.

By contrast, IPM has never had a particularly strong theoreti-

cal basis and has proceeded by trial and error on the basis of

what works in practice (Kogan, 1998). The IPM paradigm

would benefit from incorporating more ecological theory, par-

ticularly landscape ecology, into its foundations; while RFM

has much to learn from the applied and institutional suc-

cesses of IPM.

In this article we argue that the IPM paradigm in its stron-

gest manifestations not only provides a potential role model

for RFM, but also offers strong evidence for the plausibility

of the regional management of ecosystem services through

a combination of collaborative regional institutions, eco-

nomic incentives, and individual initiatives. Since many read-

ers will be familiar with either the habitat fragmentation

literature or the IPM/pest outbreak literature, but not both,

we offer a brief review of some of the central issues in each

field and then elaborate further on their potential synergies.

2. Brief review of habitat fragmentation (RFM)
literature

Ideas about fragmentation originate in a patch-matrix view of

the world. Patches are nonlinear surface areas that differ

from their surroundings; they are typically embedded in a

permeable or semi-permeable matrix (Turner et al., 2001).

Patches contain the majority of essential resources for a given

study species, although organisms frequently move between

patches (e.g., Cook et al., 2004). Habitat fragmentation occurs

when formerly continuous patches of habitat are broken into

smaller pieces (Fahrig, 2003), and is most commonly caused

by habitat destruction. Its diagnostic features include a net

reduction in the average size of habitat patches, increases

in the distance between patches, reductions in the total dis-

tance that an animal can move without leaving its preferred

habitat, increases in the relative proportion of edge habitats,

and the introduction of other linear features (such as roads

and power lines) that impede the movement of organisms

(Fahrig, 2003). For example, forest animals that are vulnerable
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to predation in open habitats will often refuse to move out of

the shelter of the canopy, even when the actual distance be-

tween patches is relatively short (Hayes and Sewlal, 2004;

Laurance et al., 2004).

Although the patch-matrix paradigm has weaknesses

(Brotons et al., 2003; Ricketts, 2001), it has been useful as a

way of conceptualizing how animals perceive a landscape. To-

gether with island biogeography (Gilpin and Hanski, 1991;

Hubbell, 2001; MacArthur and Wilson, 1967), it offers a large

body of empirical evidence that suggests that changes in

the size, arrangement, and number of habitat patches in the

landscape can have profound effects on organisms (e.g.,

Bender et al., 1998; Bowers and Matter, 1997; Fahrig and Mer-

riam, 1994; McIntyre and Wiens, 1999; Nielsen and Ims, 2000;

Summerville and Crist, 2001). Habitat arrangement assumes

increasing importance when the total amount of habitat is

low (Cumming, 2002; Fahrig, 1998; Flather and Bevers, 2002),

with populations in isolated patches persisting only when

habitat arrangement facilitates movement (Brown and Kod-

ric-Brown, 1977; Major et al., 1999).

As patch size and shape are altered by fragmentation,

changes occur in the relative influence of edge effects. Edge

effects include changes in light penetration, temperature,

and structure, and may affect species composition, competi-

tion, predation, and movement (Murcia, 1995). Ease of dis-

persal may increase or decrease with habitat fragmentation

but will seldom stay the same. Animals that move along

edges may benefit from an increased proportion of edge; for

example, female voles have larger home ranges, larger body

sizes, and faster reproductive rates along edges (Bowers

et al., 1996). By contrast, animals such as understory birds

that prefer to move below a forest canopy may find their

movements impeded in fragmented forests (e.g., Laurance

et al., 2004).

The configuration and composition of patches within a

landscape can also affect food web dynamics. Spatial subsi-

dies refer to flows of resources from one habitat type to a

recipient in another habitat type, such that the recipient ex-

ists at a higher density than would otherwise be possible

(Polis et al., 1997). Subsidies can influence trophic relation-

ships and can buffer the negative effects of habitat frag-

mentation. For example, natural areas adjacent to

agricultural fields may provide a larger input of prey items

and increase in situ predator density (Jackson and Fisher,

1986; Polis and Hurd, 1995). Such interactions can initiate

a trophic cascade in which spatially subsidized predators

indirectly increase the productivity of the agricultural crop.

Similarly, cross-habitat foraging by predators can increase

their density, so that a landscape with a diversity of high

quality habitat types can support more predators than a

landscape of relatively homogeneous agricultural fields (Po-

lis et al., 1997).

The impacts of fragmentation on population and commu-

nity composition translate into changes in ecosystem func-

tion, the provision of ecosystem services, and the

interactions of humans with ecosystems. Many ecosystem

services, such as carbon fixation and climate regulation, are

essentially area dependent and will decline as habitat is lost

or converted to habitat types that perform similar functions

less effectively. Other kinds of ecosystem service, such as ero-
sion control and the regulation of nutrient loads to streams,

are highly dependent on the specific location of habitat loss.

Large scale experimental studies are important for trans-

lating fragmentation theory into applied conservation sci-

ence. For example, successional processes in an old field

patch network in Kansas have been monitored since 1984

(Debinski and Holt, 2000; Holt et al., 1995a,b; Robinson et al.,

1992). This study has found variable effects of fragmentation

on plant, small mammal, and arthropod communities (Dif-

fendorfer et al., 1995; Holt et al., 1995a,b; Robinson et al.,

1992). Abiotic processes, such as nitrogen mineralization

and water availability, have shown slight but mostly non-sig-

nificant responses to fragmentation (Holt et al., 1995a,b; Rob-

inson et al., 1992). Small mammal movement patterns have

followed predictions that a lower proportion of individuals

should move, and that dispersers should move further, when

fragmentation was higher. However, no trend has been ob-

served in source-sink movements (Diffendorfer et al., 1995);

and although larger patch sizes have supported a greater

number of butterfly species, the responses of small mammal

and plant species richness to patch size have been variable

(Holt et al., 1995a,b). The long duration of the Kansas frag-

mentation experiment has enabled the observation of pro-

cesses that would not be seen in shorter studies. As Holt

et al. (1995a,b) point out, ‘‘the ultimate drivers of key pro-

cesses in arable ecosystems may, in the end, not be found

within these ecosystems, but rather in the broader landscape

of which they are a part’’.

A regional approach to managing fragmentation is essen-

tial if a full range of ecosystem services is to be sustained.

Property boundaries are seldom aligned with ecological

boundaries such as catchments or ecotones. Furthermore,

the scales of human management activities and ecosystem

processes are often mismatched (Cumming et al., 2006;

Gibson et al., 2000; Saunders and Briggs, 2002). For example,

in areas of Australia, the clearing of native vegetation for agri-

culture has allowed the saline water table to rise, drastically

reducing agricultural productivity. Effective long-term solu-

tions to the problem require revegetation on a regional, catch-

ment-wide basis, creating a difficult management problem

(Farrington and Salama, 1996; Saunders and Briggs, 2002).

With the possible exception of the few cases where

broad-scale reserve networks have been implemented, there

are relatively few examples of truly regional attempts at

RFM. An interesting case study comes from northwestern

Brazil, where a long tradition of sustainable extraction of

non-timber forest products has been threatened by defores-

tation (Fearnside, 2003). The Brazilian government has set up

a network of >3 million ha of extractive reserves in the state

of Acre. Rubber tappers and other extractivists maintain the

rights to harvest forest products within their family’s estab-

lished territory. The land within these reserves cannot be

sold and only a small proportion (no more than 5 ha per

family or 1–2% of a reserve) can be cleared for subsistence

farming (Fearnside, 1989). This arrangement, if it can be

made to work, should maintain the functional integrity of

the forest ecosystem.

In summary, some of the key implementation issues for

RFM are maintaining habitat amount and representation;

maintaining a diversity of patch sizes and shapes; managing
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locations of edges; managing kinds of boundaries (i.e., which

habitat types border on which); maintaining natural and

important ecosystem processes, such as fire and water flows,

in inhabited landscapes; maintaining a functional network of

sites; maintaining keystone species and functional food webs;

and achieving buy-in from a wide range of stakeholders,

including organizations and individuals that have tradition-

ally been opposed to conservation.

3. Brief review of integrated pest management
(IPM) literature

The broad-scale nature of many ecosystem processes sug-

gests that a landscape perspective on agriculture is essential

for its long-term sustainability. Collapses of past agricultur-

ally dependent civilizations, such as the Maya, highlight the

importance of ecosystem services (Diamond, 2005). Agricul-

tural landscapes are generally mosaics of croplands, range-

lands, cities and towns, isolated houses and gardens, and

natural areas such as grasslands and forests. The choices that

people make about land use play a significant role in the con-

tinued provision of ecosystem services within the landscape

(Summers et al., 2004). Although there are institutions and

laws that exert limited control over the development of agri-

cultural landscapes, there are relatively few programs that

address the fundamental issues at an appropriate scale (Til-

man et al., 2002).

Integrated pest management (IPM) is one of the few suc-

cess stories of regional management in agroecosystems. IPM

has been defined as ‘a decision support system for the selec-

tion and use of pest control tactics, singly or harmoniously

coordinated into a management strategy, based on cost/ben-

efit analyses that take into account the interests of and im-

pacts on producers, society, and the environment’ (Kogan,

1998). As this definition implies, it is a multi-tiered approach

to the management of pests and is applied across a range of

different scales. For the purposes of this brief review we will

focus primarily on the history of IPM, its broad-scale aspects,

and some examples of successful IPM applications.

Modern IPM has its roots in the failures of single-solution

control measures for pest species, particularly insects. Prac-

titioners of IPM in the USA were motivated by the idea that

adopting a range of alternative and more environmentally

friendly strategies could reduce pesticide use and its harm-

ful side effects. As Kogan (1998) explains in his review of

the history of IPM in the USA, its adoption and subsequent

success owed much to a fortuitous collusion of different fac-

tors, including the following: (1) public concerns about the

broader environmental impacts of pesticide use; (2) out-

breaks and/or expansion of the ranges of important disease

vectors, including pink bollworm, equine encephalomyelitis,

corn leaf blight, and the gypsy moth; (3) US congressional

support for the IPM program through a bill passed in 1971,

including a 5-year pilot program (‘the Huffaker project’)

and subsequent IPM initiatives; and (4) a series of institu-

tional reorganizations, which led to the formation or

strengthening of integrative regional organizations such as

the Pest Management Strategies Subcommittee of the Exper-

iment Station Committee on Organization and Policy, the

American Cooperative Extension Service (CES), and the Uni-
ted States Department of Agriculture (USDA). At about the

same time that CES IPM programs were starting to develop

a clear focus, the federal government began to make larger

grants available for IPM research and testing. The timing of

these different events was just right for the success of IPM,

in the sense that the growing CES was able to take advan-

tage of a window of social, political and economic opportu-

nity and use it to develop and implement IPM approaches

with considerable success. The innovations arising during

this period, such as novel pesticide-free crop rotation pro-

grams, have since been adopted and communicated by glo-

bal organizations such as the Food and Agriculture

Organization (FAO) and the United Nations Development

Program (UNDP). For example, the FAO’s Intercountry IPM-

Rice program in southeast Asia has been successful in con-

trolling outbreaks of the brown planthopper (Kogan, 1998;

Schulten, 1991).

Considered in context, the pesticide crisis and the subse-

quent emergence of IPM provide an excellent example of

the kind of system-wide cycling that is predicted by resil-

ience theory (Gunderson and Holling, 2002). The standard

use of pesticides was a typical ‘command and control’ ap-

proach (Holling and Meffe, 1996) that reduced natural varia-

tion in insect populations and disregarded the value of

natural predators, while having increasing impacts on the

broader environment. The linked social-ecological system

gradually grew more and more constrained, implementing

‘more of the same’ when existing pesticides proved inade-

quate, rather than looking for new solutions. When a social

crisis arose, triggered by the negative impacts of pesticides

on the environment, pest control was thrown into a crisis.

IPM emerged from the ensuing period of self-reflection

and novelty as a reasonable alternative and became the

new paradigm.

More recently, a growing awareness of the inadequacies

of local control techniques for insects that have regional out-

break patterns (such as the army worm and the spruce bud-

worm) has resulted in a drive to develop ‘areawide pest

management’ (Knipling, 1980). The effectiveness of IPM de-

pends on regional integration of pest control strategies and

an understanding of the multiscale relationships between

the control of pest outbreaks and the larger landscape. Area-

wide pest management involves forming cooperative part-

nerships in an attempt to manage pests at larger

geographical scales across a network of fields. Proactive,

coordinated management across a broad geographic region

has the potential to reduce pest movement among fields in

a cost-efficient manner that is simultaneously effective at

reducing the pest population within the region (Beckler

et al., 2005, 2004).

Following the failure of some traditional IPM techniques,

a number of areawide programs have been initiated. The

corn rootworm pest complex has caused great economic

damage to maize crops across the US Corn Belt (Metcalf,

1986) and offers an instructive example. The effectiveness

of IPM strategies involving a combination of insecticides

and crop rotation was reduced when corn rootworms began

to develop resistance to pesticide application and to adapt to

crop rotation (Chandler, 2003). In 1995, the USDA Agriculture

Research Service began an areawide program applying very



B I O L O G I C A L C O N S E R V A T I O N 1 3 1 ( 2 0 0 6 ) 5 3 3 – 5 4 3 537
low toxicity insecticide bait during periods of peak adult

rootworm activity. The program has been successful in five

trial locations and provided relatively large economic bene-

fits (Chandler, 2003). Recent reports, however, indicate that

corn rootworms may be evolving resistance to carbaryl, ren-

dering the bait less effective in application areas (Siegfried

et al., 2004; Zhu et al., 2001). Holt and Hochberg (1997) note

that biological control, as opposed to chemical control,

may be more evolutionarily stable. Broad-scale and inunda-

tive application of chemical pesticides can promote weak

selective pressures that favor increased pest resistance. This

research lends support to the notion that areawide and

other forms of regional management plans (e.g., RFM) need

to maintain the capacity to adapt in response to fundamen-

tal changes in the structure and function of the linked so-

cial–ecological system.

The benefits of a cooperative regional approach were also

recognized in the management of a complex of viruses that

were attacking tomatoes in the Del Fuerte Valley of Sinaloa,

Mexico. Barnes et al. (1999) applied ideas from landscape

ecology to map and control the spatiotemporal distribution

of tomato virus disease vectors. Instead of relying on pesti-

cides (this was, in fact, actively discouraged and reduced),

the investigators used management strategies such as

removing alternate hosts (for the virus and vector) near to-

mato fields, not planting in months associated with high

virus incidence, avoidance of areas of historically high virus

incidence, and the use of virus-free seed. Disease incidence

has consistently dropped since the plan’s inception, illustrat-

ing how understanding the temporal and spatial dynamics

of pest populations and their relationship to landscape pat-

terns can lead to low-impact, cost effective solutions (French

et al., 2004).

In proposing IPM as a potential role model for practical

conservation, it must be taken into consideration that IPM

has not been universally adopted within the farming commu-

nity (e.g., Czapar et al., 1995) and there has been debate over

its general effectiveness (Barfield and Swisher, 1994). Barfield

and Swisher (1994) make a distinction between ‘strategic IPM’

and ‘tactical IPM’. Strategic IPM is founded on a general

understanding of the entire agroecosystem and should thus

integrate strongly with conservation efforts. Tactical IPM is

more limited, representing primarily a responsible use of pes-

ticides. According to Morse and Buhler (1997), strategic IPM is

the ideal and tactical IPM is a relatively weak expression of

the ideal. In many cases, unfortunately, tactical IPM is the

norm (Morse and Buhler, 1997). Nor is the form of IPM that

is most commonly practised in the US considered appropriate

in every context, particularly in resource-poor areas where

pesticide use has historically been low (Morse and Buhler,

1997). Some of the barriers to the adoption of strategic IPM

that are discussed in the literature include a lack of pesticide

regulation, aggressive marketing strategies by pesticide com-

panies, economic instability, insufficient governmental fund-

ing and support, poverty, social inequity, inadequate training

in IPM, short-term perspectives on agricultural production, a

lack of understanding of the complexity of the agroecosys-

tem, conflicting societal messages to farmers, and a failure

to implement IPM in harmony with existing cultural practices

(e.g., Holl et al., 1990; Smith, 1983; Trumble, 1998; Wearing,
1988). It is interesting to note that many similar problems

have also dogged conservation attempts.

IPM programs have had some notable failures, partly as a

consequence of becoming locked in to single, unvarying solu-

tions (Holl et al., 1990). Hobbs (2001) illustrates the pitfalls of

focusing management decisions on one aspect of a system,

such as patch area. Unexpected events such as species inva-

sions can alter ecosystem function and drive the extinction

of native species. Assessment and control of the impact of

invasive species on agroecosystems can be complicated by

interactions among landscape structure, internal patch

dynamics, and the history of landscape components (e.g.,

land use and invasion history, Hobbs, 2001). Given the con-

stancy of environmental change, the wisest approach towards

developing and implementing both IPM and RFM programs

may well be that of ‘stimulating the farmer to become an

experimenter and a generator of technology’, as proposed

by Van Huis and Meerman (1997).

In general, IPM has proceeded through a trial and error

approach with relatively little base in theory or landscape

ecology. Some of the central research questions in the facil-

itation of IPM applications include understanding the role of

the broader landscape in providing ecosystem services, such

as pest control; the determination of regional habitat thresh-

olds for minimum population viability of pests; better ap-

proaches to estimating the likely impacts of species

introductions; and more effective solutions to the problem

of pest adaptation, particularly where non-biological control

measures are used.

4. Linking IPM and RFM

Despite coming from what may appear to be vastly different

perspectives, pest management and fragmentation control

are essentially two different aspects of the same problem:

how can societies coordinate the regional management of

regionally derived ecosystem services in a sustainable man-

ner? Two relatively recent analyses of different aspects of

the same question (Kogan, 1998; Poiani et al., 2000), each

unaware of the other, have produced some remarkably sim-

ilar depictions of the world (Fig. 1). As these diagrams show,

both IPM and RFM will ultimately need to concern them-

selves with regional patterns of land use and land cover

change. Both agendas require a perspective that links differ-

ent elements of the landscape at multiple scales (Fig. 2).

Although agriculture and conservation in the eastern USA

have tended to focus on farm-sized areas, mechanisms that

lead to landscape-wide change are often derived from either

much smaller or much broader scales. For example, contam-

inant spills into streams typically occur from a single point

source; national subsidies influence crop choice; and global

market shifts and climate change may determine long-term

sustainability. Fig. 1 illustrates the way in which practitio-

ners in each area have tried to come to terms with the many

influences that disrupt processes at the scales that we are

generally most familiar with. The apparently independent

convergence in perspectives is a strong indication of the

need for interdisciplinary exchange and the formation of a

more regional, integrated program for both IPM and

conservation.



Fig. 1 – Kogan (1998) and Poiani et al. (2000) provide similar depictions of the relationship between scales of management for

IPM and biological conservation, respectively. (a) Figure depicting the relationship between agricultural scales, which are

derived from ecological and social/economic scales, and the levels of IPM management. Here Kogan illustrates the need for an

approach to IPM that crosses scales from local to regional (adapted from Fig. 1 in Kogan, 1998). (b) Figure depicting the

relationship between ecological spatial scale and the scale of biological conservation management (adapted from Figs. 1 and

2 in Poiani et al., 2000). As in (a), Poiani et al. advocate the need for an approach to conservation that considers cross scale

management.
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Strong, strategic, areawide IPM involves a number of key

ingredients that are also essential for managing fragmenta-

tion. They include: (1) recognition of broad-scale nature of

the problem; (2) an understanding of the fundamental ecolog-

ical dynamics of relevant populations and ecosystems, and

the impacts of different management strategies on these; (3)

development of effective, multivariate (but not necessarily

‘optimal’) solutions to dealing with a variety of problems; (4)

learning institutions, in the form of agencies that develop

and transfer new approaches and technologies; (5) effective

monitoring and the continual development of new ap-

proaches; (6) development of institutions at the appropriate

scale (i.e., with appropriate power and political will) to

achieve regional regulation; and (7) clear-cut cost effective-
ness of solutions. Ultimately, the IPM program receives gov-

ernmental and societal support because its benefits are

clear to farmers and to society at large. The same cannot be

said at present for regional fragmentation management.

The fact that IPM practitioners have in many cases been

able to develop these seven ingredients and implement

appropriate solutions suggests that in the US, existing institu-

tional structures and regulations could, with some modifica-

tion and the appropriate funding, be used to manage

fragmentation at a regional scale. The reasons why this does

not already occur are complex, and probably include: (1) lack

of widespread recognition of the problems that result from

fragmentation, which is less emotive than organophosphate

poisoning; (2) science that has not clearly established the rel-



Fig. 2 – An agroecological region in northern Florida, USA (map derived from Stys et al., 2004). At intermediate scales local

features such as forests, other natural areas, and protected areas can be well integrated into many agricultural landscapes

(dashed box A). Agricultural lands can also dominate large portions of intermediate level landscapes, with a potentially

negative effect for the long-term preservation of ecosystem services (dashed box B). Furthermore, individual management

strategies in each of the protected areas in this figure may be an inefficient and ineffective approach for the protection of

regional ecosystem services: a more integrated and multiscale strategy is needed. RFM would provide the means to help

preserve a broad range of ecosystem services, including pest management and other services important for agricultural

production, through developing a connected network of quality habitat on both public and private lands that maintains

ecosystem integrity throughout the region.

B I O L O G I C A L C O N S E R V A T I O N 1 3 1 ( 2 0 0 6 ) 5 3 3 – 5 4 3 539
evance of fragmentation to ecosystem function and ecosys-

tem services, even though the link to biodiversity is clear

(Debinski and Holt, 2000; Kinzig et al., 2001; Ostfeld and LoG-

iudice, 2003); (3) the current lack of regional institutions

charged with the general maintenance of ecosystem services;

(4) apparent conflicts between greater societal good and the

desire of individuals to maximize short-term profits on their

own land, regardless of the long-term implications of their

actions; and (5) the broad-scale and long-term nature of frag-

mentation impacts, which can make them difficult to see un-

til the situation is already irretrievable.

It is common for tradeoffs to occur between food produc-

tion and other kinds of ecosystem service (e.g., Lu et al.,

2003). While such tradeoffs are to some extent inevitable,

there will come a point in any landscape at which trading food

production for other services (such as water quality and quan-
tity, pest regulation, or erosion control) is not the best long-

term economic decision. The maintenance of ecosystem ser-

vices is not always expensive, even in the short term. For

example, contour ploughing (Paningbatan et al., 1995), protect-

ing riparian zones from cattle (Krueper et al., 2003), leaving

hedgerows and small patches of woodland intact (Ricketts,

2004; Van Buskirk and Willi, 2004), and reducing domestic

and feral cat populations (Nogales et al., 2004) can all have sig-

nificant benefits for biodiversity and ecosystem services.

Maintaining greater ecological diversity in agricultural areas

also offers a more secure long-term future for farmers. If the

market for a particular product collapses, uncultivated land

often has the potential for use in alternative ways. For exam-

ple, farmers in southern Africa were able to turn to wildlife

tourism to generate income following a severe drought in

the early 1990s that resulted in the mortality of large numbers
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of cattle. As the threats of BSE and foot and mouth disease

loom over ranchers in the USA, activities such as bird watching

and tourism-oriented ranches offer alternative land uses that

often make both economic and ecological sense.

IPM and RFM should be complementary to one another, in

the sense that maintaining a more complete range of ecolog-

ical functions and ecosystem services in a given landscape

should also result in the enhancement of pest regulation by

birds, insects, spiders, rodents, and bats. The current status

of bat populations is a case in point. The impacts of bats on

populations of volant pest insects, such as gypsy moths, are

potentially enormous (Vaughan, 1997). This ecosystem ser-

vice is provided free of charge. However, populations of insec-

tivorous bats are declining in many parts of the world, with

the two most likely causes of the decline being pesticide use

and habitat destruction (Sedgeley and O’Donnell, 1999; Wick-

ramasinghe et al., 2004). Broad-spectrum pesticide applica-

tions will substantially reduce insect abundance; and bats

that feed on many individual insects that have each come

into contact with a small amount of pesticide may concen-

trate toxins in their tissues, much as piscivorous fish concen-

trate mercury from their prey.

It is possible that IPM and RFM may pull in opposite

directions under certain circumstances, for instance if pest

species of concern spread more rapidly through a less frag-

mented landscape or are dependent on a critical density of

a particular resource, such as dead wood. Farmers often wor-

ry that maintaining natural areas close to fields will increase

numbers of crop pests. However, most of the research that

has specifically addressed this assumption has found that

the converse is true. For example, Deschenes et al. (2003)

found that diversified riparian strips can contribute to the

preservation of avian diversity without providing significant

breeding habitats for birds harmful to agriculture; and Mai-

sonneuve and Rioux (2001) concluded that structurally diver-

sified riparian areas adjacent to fields enhanced insectivore

diversity and reduced the proportion and abundance of pest

species. Although we would expect pest outbreaks to be

most severe in depauperate (species-poor) systems, some re-

cent research has indicated that intraguild predation may

dampen trophic cascades, reducing the potential benefit of

greater predator diversity (Finke and Denno, 2004). Lastly,

some ecologically beneficial actions, such as the control of

feral cat populations through baits and disease (Calver

et al., 1998), can be difficult to implement because they elicit

strong public reactions.

Although RFM comes from a more theoretical background

than IPM, it would still benefit from a more solid scientific

understanding of the regional relationships between land

cover/land use change and ecosystem services. There at least

four areas in which further research in RFM is needed: (1) The

regional and longer-term impacts of fragmentation. This is

particularly important for understanding the spread of distur-

bance, food web interactions, regional extinction patterns

(Hobbs, 2001; Holt et al., 1999; Suarez and Case, 2002), and glo-

bal impacts (Jackson et al., 2001; Pringle, 2001). (2) The effects

of fragmentation on process, rather than just on pattern (Kre-

men et al., 2004; Ricketts, 2004). (3) Regional restoration and

recovery processes, such as plant succession in abandoned

agricultural areas and the role of landscape history in deter-
mining how subsequent successional pathways vary (Stover

and Marks, 1998; Zedler, 2003). The most cost-effective means

of improving the integrity of ecosystems may sometimes be

to simply improve the quality of the habitat (Franken and

Hik, 2004). (4) The relationships between habitat fragments,

pests, invasive species, and regional land use-patterns.

5. Conclusions

In this article, we have argued that it is essential that prob-

lems of a regional nature are tackled at the appropriate scales

to achieve effective regulation and management. Further-

more, it is important that the whole problem is recognized

and that management efforts do not focus on only a small

piece of it. Perfecting IPM while losing a whole suite of ecosys-

tem services makes no sense; nor does conserving forests

while losing the capacity to produce food. The example of

IPM illustrates the plausibility of achieving regional manage-

ment of regional ecosystem services, and suggests that both

fragmentation and pests could be managed on a regional ba-

sis in the United States by expanding and revising the roles

and the powers of existing institutions and regulations. Re-

gional Fragmentation Management is not yet an active pro-

gram, but probably should be. RFM faces many of the same

problems as IPM and can benefit from incorporating aspects

of the IPM approach, particularly in terms of institutional

and social sustainability. At the same time, while areawide

IPM is to be applauded for broadening its scope to an appreci-

ation of regional problems, it still represents only a partial

solution to pest management and a small part of the solution

to the broader problem of maintaining a full set of comple-

mentary ecosystem goods and services in agricultural

landscapes.

Recognition of the need for RFM may the first step to-

wards achieving it. It seems likely that a window of opportu-

nity for developing better approaches to regional landscape

management is approaching. In the same way that IPM

was instigated in response to public awareness of excessive

pesticide use, we are currently in a time of increased con-

cern about the problem of deforestation and its potential

consequences for ecosystem services, particularly in relation

to high-profile problems like freshwater quality and quan-

tity, flood control, and climate change. Awareness of the

need for integrated, broad-scale management approaches

to ecosystem problems is higher at present than it has been

for many years. Perhaps it is time for the conservation com-

munity to make regulatory and governmental agencies more

aware of the broad-scale problems that are associated with

habitat destruction and fragmentation, to advocate more

strongly the value of developing and applying regional habi-

tat management plans, and to work with policy makers,

managers, and private land owners to achieve effective,

win-win solutions to the maintenance of ecosystem services

in agricultural landscapes.

Acknowledgements

We are grateful to Sonia Canavelli for her insightful com-

ments on an earlier draft of this manuscript, and to Tania

Kim for helpful discussion and comments.



B I O L O G I C A L C O N S E R V A T I O N 1 3 1 ( 2 0 0 6 ) 5 3 3 – 5 4 3 541
R E F E R E N C E S

Banks, J.E., 2004. Divided culture: integrating and conservation
biology agriculture. Frontiers in Ecology and the Environment
2, 537–545.

Barfield, C.S., Swisher, M.E., 1994. Integrated pest management:
ready for export? Historical context and internationalization
of IPM. Food Reviews International 10, 215–267.

Barnes, J.M., Trinidad-Correa, R., Orum, T.V., Felix-Gastelum, R.,
Nelson, M.R., 1999. Landscape ecology as a new infrastructure
for improved management of plant viruses and their insect
vectors in agroecosystems. Ecosystem Health 5, 26–35.

Beckler, A.A., Chandler, L.D., French, B.W., 2005. Using GIS in
Areawide pest management: a case study in South Dakota.
Transactions in GIS 9, 109–127.

Beckler, A.A., French, B.W., Chandler, L.D., 2004. Characterization
of western corn rootworm (Coleoptera: Chrysomelidae)
population dynamics in relation to landscape attributes.
Agricultural and Forest Entomology 6, 129–139.

Bender, D.J., Contreras, T.A., Fahrig, L., 1998. Habitat loss and
population decline: a meta-analysis of the patch size effect.
Ecology 79, 517–533.

Bennett, E.M., Carpenter, S.R., Peterson, G.D., Cumming, G.S.,
Zurek, M., Pingali, P., 2003. Why global scenarios need ecology.
Frontiers in Ecology and the Environment 1, 322–329.

Beschta, R.L., 2003. Cottonwoods, elk, and wolves in the Lamar
Valley of Yellowstone National Park. Ecological Applications
13, 1295–1309.

Bowers, M.A., Gregario, K., Brame, C.J., Matter, S.F., Dooley, J.L.,
1996. Use of space and habitats by meadow voles at the
home range, patch and landscape scales. Oecologia 105,
107–115.

Bowers, M.A., Matter, S.F., 1997. Landscape ecology of mammals:
relationships between density and patch size. Journal of
Mammalogy 78, 999–1013.

Brotons, L., Monkkonen, M., Martin, J.L., 2003. Are fragments
islands? Landscape context and density–area relationships in
boreal forest birds. American Naturalist 162, 343–357.

Brovkin, V., Sitch, S., von Bloh, W., Claussen, M., Bauer, E., Cramer,
W., 2004. Role of land cover changes for atmospheric CO2

increase and climate change during the last 150 years. Global
Change Biology 10, 1253–1266.

Brown, J.H., Kodric-Brown, A., 1977. Turnover rates in insular
biogeography: effect of immigration on extinction. Ecology 58,
445–449.

Bruijnzeel, L.A., 2004. Hydrological functions of tropical forests:
not seeing the soil for the trees. Agriculture Ecosystems and
Environment 104, 185–228.

Calver, M.C., King, D.R., Risbey, D.A., Short, J., Twigg, L.E., 1998.
Ecological blunders and conservation: the impact of
introduced foxes and cats on Australian native fauna. Journal
of Biological Education 32, 67–72.

Cane, J.H., Tepedino, V.J., 2001. Causes and extent of declines
among native North American invertebrate pollinators:
detection, evidence, and consequences. Conservation Ecology
5 (article no. 1).

Carpenter, S.R., 2002. Ecological futures: building an ecology of
the long now. Ecology 83, 2069–2083.

Carson, R., 1962. Silent Spring. Houghton Mifflin, Boston, MA.
Chandler, L.D., 2003. Corn rootworm areawide management

program: United States Department of Agriculture –
Agricultural Research Service. Pest Management Science 59,
605–608.

Chapin, F.S., Zavaleta, E.S., Eviner, V.T., Naylor, R.L., Vitousek, P.M.,
Reynolds, H.L., Hooper, D.U., Lavorel, S., Sala, O.E., Hobbie, S.E.,
Mack, M.C., Diaz, S., 2000. Consequences of changing biodi-
versity. Nature 405, 234–242.
Cook, W.M., Anderson, R.M., Schweiger, E.W., 2004. Is the matrix
really inhospitable? Vole runway distribution in an
experimentally fragmented landscape. Oikos 104, 5–14.

Costanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M.,
Bruce, H., Limburg, K., Naeem, S., O’Neill, R.V., Paruelo, J.,
Raskin, R.G., Sutton, P., van den Belt, M., 1997. The value of
the world’s ecosystem services and natural capital. Nature
357, 253–260.

Crooks, K.R., Soule, M.E., 1999. Mesopredator release and
avifaunal extinctions in a fragmented system. Nature 400,
563–566.

Cumming, G.S., 2002. Habitat shape, species invasions, and
reserve design: insights from simple models. Conservation
Ecology 6.

Cumming, G.S., Cumming, D.H.M., Redman, C.L., 2006. Scale
mismatches in social–ecological systems: causes,
consequences, and solutions. Ecology and Society 11 (1), art14.

Czapar, G.F., Curry, M.P., Gray, M.E., 1995. Survey of integrated pest
management practices in central Illinois. Journal of
Production Agriculture 8, 483–486.

Daily, G.C., Alexander, S., Ehrlich, P., Goulder, L., Lubchenco, J.,
Matson, P., Mooney, H.A., Postel, S.L., Schneider, S.H., Tilman,
D., Woodwell, G.M., 1997. Ecosystem services: benefits
supplied to human societies by ecosystems. Issues in Ecology.
Ecological Society of America.

Debinski, D.M., Holt, R.D., 2000. A survey and overview of
habitat fragmentation experiments. Conservation Biology
14, 342–355.

Deschenes, M., Belanger, L., Giroux, J.-F., 2003. Use of farmland
riparian strips by declining and crop damaging birds.
Agriculture, Ecosystems and Environment 95, 567–577.

Diamond, J.M., 2005. Collapse: How Societies Choose to Fail or
Succeed. Viking Press, New York, NY.

Diffendorfer, J.E., Gaines, M.S., Holt, R.D., 1995. Habitat
fragmentation and movements of 3 small mammals
(Sigmodon, Microtus, and Peromyscus). Ecology 76, 827–839.

Fahrig, L., 1998. When does fragmentation of breeding habitat
affect population survival? Ecological Modelling 105, 273–292.

Fahrig, L., 2003. Effects of habitat fragmentation on biodiversity.
Annual Review of Ecology Evolution and Systematics 34,
487–515.

Fahrig, L., Merriam, G., 1994. Conservation of Fragmented
Populations. Conservation Biology 8, 50–59.

Farrington, P., Salama, R.B., 1996. Controlling dryland salinity by
planting trees in the best hydrogeological setting. Land
Degradation and Development 7, 183–204.

Fearnside, P.M., 1989. Extractive reserves in Brazilian Amazonia.
Bioscience 39, 387–393.

Fearnside, P.M., 2003. Conservation policy in Brazilian Amazonia:
understanding the dilemmas. World Development 31, 757–779.

Finke, D.L., Denno, R.F., 2004. Predator diversity dampens trophic
cascades. Nature 429, 407–410.

Flather, C.H., Bevers, M., 2002. Patchy reaction-diffusion and
population abundance: the relative importance of habitat
amount and arrangement. American Naturalist 159, 40–56.

Foley, J.A., Costa, M.H., Delire, C., Ramankutty, N., Snyder, P., 2003.
Green surprise? How terrestrial ecosystems could affect
earth’s climate. Frontiers in Ecology and the Environment 1,
38–44.

Franken, R.J., Hik, D.S., 2004. Influence of habitat quality, patch
size and connectivity on colonization and extinction
dynamics of collared pikas Ochotona collaris. Journal of
Animal Ecology 73, 889–896.

French, B.W., Beckler, A.A., Chandler, L.D., 2004. Landscape
features and spatial distribution of adult northern corn
rootworm (Coleoptera: Chrysomelidae) in the south Dakota
Areawide management site. Journal of Economic Entomology
97, 1943–1957.



542 B I O L O G I C A L C O N S E R V A T I O N 1 3 1 ( 2 0 0 6 ) 5 3 3 – 5 4 3
Gibson, C.C., Ostrom, E., Ahn, T., 2000. The concept of scale and
human dimensions of global change: a survey. Ecological
Economics 32, 217–239.

Gilpin, M., Hanski, I., 1991. Metapopulation Dynamics: Empirical
and Theoretical Investigations. Academic Press, London, UK.

Greiner, R., 1997. Optimal farm management responses to
emerging soil salinisation in a dryland catchment in eastern
Australia. Land Degradation and Development 8, 71–93.

Gunderson, L.H., Holling, C.S. (Eds.), 2002. Panarchy:
Understanding Transformations in Human and Natural Sys-
tems. Island Press, Washington, DC.

Hayes, F.E., Sewlal, J.A.N., 2004. The Amazon River as a dispersal
barrier to passerine birds: effects of river width, habitat and
taxonomy. Journal of Biogeography 31, 1809–1818.

Heal, G., 2000. Valuing ecosystem services. Ecosystems 3, 24–30.
Heck, P., Luthi, D., Wernli, H., Schar, C., 2001. Climate impacts of

European-scale anthropogenic vegetation changes: a
sensitivity study using a regional climate model. Journal of
Geophysical Research – Atmospheres 106, 7817–7835.

Hobbs, R.J., 2001. Synergisms among habitat fragmentation,
livestock grazing, and biotic invasions in southwestern
Australia. Conservation Biology 15, 1522–1528.

Holl, K., Daily, G., Ehrlich, P.R., 1990. Integrated pest management
in Latin-America. Environmental Conservation 17, 341–350.

Holling, C.S., Meffe, G.K., 1996. Command and control and the
pathology of natural resource management. Conservation
Biology 10, 328–337.

Holt, R.D., Debinski, D.M., Diffendorfer, J.E., Gaines, M.S.,
Martinko, E.A., Robinson, G.R., Ward, G., 1995a. Perspectives
from an experimental study of habitat fragmentation in an
agroecosystem. In: Glen, D., Graves, M., Anderson, H. (Eds.),
Arable Ecosystems for the 21st Century. Wiley, New York, NY,
pp. 147–175.

Holt, R.D., Hochberg, M.E., 1997. When is biological control
evolutionarily stable (or is it)? Ecology 78, 1673–1683.

Holt, R.D., Lawton, J.H., Polis, G.A., Martinez, N.D., 1999. Trophic
rank and the species–area relationship. Ecology 80, 1495–1504.

Holt, R.D., Robinson, G.R., Gaines, M.S., 1995b. Vegetation
dynamics in an experimentally fragmented landscape.
Ecology 76, 1610–1624.

Hubbell, S.P., 2001. The Unified Neutral Theory of Biodiversity and
Biogeography. Princeton University Press, Princeton.

Jackson, J.K., Fisher, S.G., 1986. Secondary production, emergence,
and export of aquatic insects of a Sonoran desert stream.
Ecology 67, 629–638.

Jackson, R.B., Carpenter, S.R., Dahm, C.N., McKnight, D.M.,
Naiman, R.J., Postel, S.L., Running, S.W., 2001. Water in a
changing world. Ecological Applications 11, 1027–1045.

Kearns, C.A., Inouye, D.W., Waser, N.M., 1998. Endangered
mutualisms: the conservation of plant–pollinator interactions.
Annual Review of Ecology and Systematics 29, 83–112.

Kinzig, A., Pacala, S.W., Tilman, D. (Eds.), 2001. The Functional
Consequences of Biodiversity. Princeton University Press,
Princeton and Oxford.

Knipling, E.F., 1980. Regional management of the fall armyworm
Spodoptera frugiperda – a realistic approach to insect ecology.
Florida Entomologist 63, 468–480.

Kogan, M., 1998. Integrated pest management: historical
perspectives and contemporary developments. Annual Review
of Entomology 43, 243–270.

Kremen, C., Williams, N.M., Bugg, R.L., Fay, J.P., Thorp, R.W., 2004.
The area requirements of an ecosystem service: crop
pollination by native bee communities in California. Ecology
Letters 7, 1109–1119.

Kremen, C., Williams, N.M., Thorp, R.W., 2002. Crop pollination
from native bees at risk from agricultural intensification.
Proceedings of the National Academy of Science USA 99,
16812–16816.
Krueper, D., Bart, J., Rich, T.D., 2003. Response of vegetation and
breeding birds to the removal of cattle on the San Pedro River,
Arizona (USA). Conservation Biology 17, 607–615.

Laurance, S.G.W., Stouffer, P.C., Laurance, W.E., 2004. Effects of
road clearings on movement patterns of understory rainforest
birds in central Amazonia. Conservation Biology 18,
1099–1109.

Lu, Y.C., Teasdale, J.R., Huang, W.Y., 2003. An economic and
environmental tradeoff analysis of sustainable agriculture
cropping systems. Journal of Sustainable Agriculture 22,
25–41.

MacArthur, R.H., Wilson, E.O., 1967. The Theory of Island
Biogeography. Princeton University Press, Princeton, NJ.

Maisonneuve, C., Rioux, S., 2001. Importance of riparian habitats
for small mammal and herpetofaunal communities in
agricultural landscapes of southern Québec. Agriculture,
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