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In forested landscapes two general management systems – retention forestry and agroforestry – have been proposed as potentially efficient components of landscape approaches to ease the conflict between biodiversity objectives and human needs. In two
recent reviews, Gustafsson et al. (2012) and Lindenmayer et al. (2012) provide a global
overview of current knowledge about the practice and ecological roles of retention
forestry. A few years ago, Bhagwat et al. (2008) produced a similar review addressing
the role of agroforestry in biodiversity conservation. Here we draw a parallel between
research on the ecological effects of retention forestry and agroforestry. We argue that
conservation science and practice would benefit from bridging these two separate fields
and the experiences achieved.
Gustafsson et al. (2012) defined retention forestry as “an approach to forest management based on the long-term retention of structures and organisms, such as live
and dead trees and small areas of intact forests, at the time of harvest”. The retention
approach is broadly applicable to tropical, temperate and boreal forests (Lindenmayer
et al. 2012). Agroforestry is defined as “intentional management of shade trees with
agricultural crops” (Bhagwat et al. 2008). The agricultural component of agroforestry
systems may also consist of pasture (Mosquera-Losada et al. 2008). Agroforestry systems are widespread in the tropics but also relevant to temperate regions (e.g. Gordon
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and Newman 1997; Mosquera-Losada et al. 2008). In even-aged forest management,
there are typically three possible management regimes for a given stand: clearcutting
(or shelterwood without long-term tree retention), harvesting with retention, and no
harvesting. Analogously, in the context of agriculture, three broad types of local land
use are likely in regions where the natural vegetation is forest: intensive agriculture or
plantation, agroforestry, and no management (i.e. forest).
There are important similarities between retention forestry and agroforestry, the
most salient being that they both result in a tree cover which is intermediate between
treeless vegetation and continuous forest. The original reasons for leaving some tree
cover may differ between the two approaches, but from the biodiversity conservation
perspective they still share many important features: both approaches (1) maintain
or restore compositional, structural and functional diversity within ecosystems, (2)
facilitate dispersal in fragmented landscapes through increased connectivity for forestdwelling species, (3) provide habitat for tree-dependent species outside forest, and (4)
minimize off-site impacts of management on, for example, aquatic systems (Bhagwat
et al. 2008, Jose 2009, Gustafsson et al. 2012). There are also differences between
the two approaches as regards biodiversity conservation. For example, in even-aged
forestry retention trees may play a temporary life boating role over the first stages of
forest succession (Gustafsson et al. 2012) as opposed to a more static function in most
agroforestry systems. In retention forestry, the level and spatial patterning of retention is usually based on conservation objectives (and influenced by operational limitations), whereas the tree cover characteristics in agroforestry systems has traditionally
been influenced mostly by agricultural production objectives. Nevertheless, the large
overlap in the features important for biodiversity conservation implies a clear potential
for bridging the two fields. For example, although the two approaches are relevant to
both temperate and tropical regions, the biodiversity benefits of retention forestry have
mostly been studied in temperate and boreal ecosystems. Hence, tropical retention
forestry could benefit not only from the knowledge about retention forestry outside
the tropics, but also from some of the experiences acquired in tropical agroforestry.
How have retention forestry and agroforestry succeeded at conserving biodiversity in practice? Bhagwat et al. (2008) compared species richness and composition
between tropical forest reserves and agroforestry systems, and concluded that the latter
may help conserve a large proportion of tropical biodiversity in the face of an increasing land-use pressure. Research on retention forestry has shown that species richness
may be relatively high on retention sites, but that several specialized species requiring
interior-forest conditions cannot persist there (Rosenvald and Lõhmus 2008). Bhagwat et al. (2008) also raised the issue that agroforestry systems may be impoverished
in specialist and endemic species, an area which clearly requires more research. Hence,
the use of coarse-resolution biological response variables such as total species richness
or abundance within higher taxa may not be sufficient for evaluating the conservation
value of the two management systems (Waltert et al. 2011). To guide conservation, we
need better knowledge about which particular groups of species tend to be systematically absent or underrepresented in various types of retention sites and agroforestry
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systems relative to naturally dynamic forest and traditional woodlands (e.g. ancient
tree-bearing cultural systems; Kirby and Watkins 1998). Other important areas for
future research include the role of tree species, density and spatial configuration, effects on the reproductive success of threatened species, and modeling of the long-term
effects of the two management systems on biodiversity in complex landscapes (see e.g.
Ranius and Roberge 2011 for tree retention).
Given that retention forestry and agroforestry imply different costs and benefits compared to their respective alternatives, integrated cost-effectiveness analysis
(Hughey et al. 2003) is necessary to assess their feasibility for conservation practice.
For example, Mönkkönen et al. (2011) compared the cost-effectiveness of a number of
alternative conservation approaches – including tree retention – for long-term conservation of boreal forest biodiversity. Some attempts have recently been made to assess
the cost-effectiveness of agroforestry systems in the context of climate change mitigation (e.g. Makundi and Sathaye 2004), but surprisingly little has been done in relation
to biodiversity conservation outcomes. An important question is whether it is possible
to develop high-biodiversity approaches which simultaneously provide high economic
returns (Clough et al. 2011, Tikkanen et al. 2012). Ideally, cost-effectiveness analyses
should consider not only the local scale but also the management systems’ roles as part
of wider landscape-scale strategies (e.g. Côté et al. 2010).
Notwithstanding the importance of protected forests, we concur with Lindenmayer et al.’s (2012, see also Franklin and Lindenmayer 2009) and Bhagwat et al.’s
(2008) conclusions that the matrix deserves increased attention, and that retention
forestry and agroforestry are likely to constitute crucial tools for matrix management
and restoration. We call for further research about the cost-effectiveness of retention
forestry and agroforestry as complements to other existing approaches in various socioecological systems for the conservation of biodiversity. To this aim, we encourage increased collaboration between researchers and practitioners across the two fields.
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