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First among equals: why some habitats should be considered more
important than others during marine reserve planning

Marine and terrestrial nature reserves are vital tools for
conserving biodiversity, and increasingly for protecting
ecosystem processes, goods and services (Chan ez al. 2006,
Pressey et al. 2007). Despite a number of major questions
still remaining about the optimal design of these reserves,
simultaneous consideration of a range of data sets during the
planning process generally relies on increasingly sophisticated
reserve selection algorithms (RSAs) that suggest the ‘best’
places for new reserves (for example Leslie et al. 2003;
Williams ez al. 2004). However, RSAs oversimplify the
biological realities of complex ecosystems because of factors
such as a lack of understanding of how ecosystems function
and imperfect input data. The outputs from these RSAs are
only as good as the data they have to work with and the
biological realism of the constraints placed upon them. A
common constraint is that an identical minimum percentage
of each habitat should be contained in a reserve or reserve
network; this is enshrined at a range of scales, including
capturing 10 or 12% of each global biome (see review of
Pressey et al. 2003). There are also a number of terrestrial
and marine examples that have used this approach at more
local scales. For example, in the Florida Keys, Leslie ez
al. (2003) had protection of 20% of each of 23 habitats as
a key target. In South Africa, three different patterns of
conservation areas were designed to examine the effect of
capturing either 10, 25 or 50% of the original extent of each
vegetation type (Heijnis ez a/. 1999). Standardized targets for
all habitats have been criticized as unrealistic (Brooks et al.
2004; Stewart et al. 2007), but are often used in the absence of
a clear rationale for doing anything else. While some marine
reserve projects have adjusted the target of some habitat
types to take into account, for example, protection of larger
proportions of vulnerable, diverse or rare habitats (Sala ez al.
2002; Airamé et al. 2003; Fernandes er al. 2005; Fraschetti
et al. 2009), this more sophisticated approach lags behind
terrestrial work. In terrestrial systems, there is a relatively
long history of assessing the relative values of habitats (see
Rossi & Kuitunen 1996), refining conservation targets (for
example Pressey et al. 2003) and also weighting individual
species along with generating benefit functions for under- and
over-representation of sites containing each species (Arponen
et al. 2005; see Leathwick et al. 2008 for a marine example).
I aim to show that, as RSAs become more powerful and
our understanding of marine ecology continues to advance,
using specific minimum percentages for marine habitats is
both increasingly possible and offers opportunities to improve
the design of reserve networks. Furthermore, because of the
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variation within habitats, the efficacy of reserve networks will
depend on more detailed consideration of which patches are
included to make up the prescribed area of each habitat type.
I illustrate these ideas by considering reserve planning for
Caribbean coral reefs, and particularly reef fishes.

When considering reef communities and the question of
whether some habitats will be more important to include in
marine reserves, what varies among habitats? Perhaps most
obviously, different habitats on coral reefs support more or
less diverse communities, which is an important consideration
given that protection of biodiversity is an aim of most marine
reserve networks (Roberts er al. 2003). If we assume that
a larger proportion of a habitat is preferential because it
improves the representation and persistence of species in that
habitat (‘more equals better’; Margules & Pressey 2000), then
it makes sense to try to include larger amounts of, for example,
diverse coral-rich forereefs and smaller amounts of seagrass
beds with more depauperate communities. This is a relatively
simple concept but is rarely applied in marine reserves,
which is surprising given that it is relatively straightforward.
The clear, shallow water of coral reef seascapes allows the
use of high-resolution remote-sensing platforms to generate
relatively accurate habitat maps detailing the extent and
nature of each habitat patch. Furthermore, patterns of species
richness of different reef habitats are relatively robust and
well documented (for example Mumby e al. 2008 for
the Caribbean). Similarly, different habitats have different
functional values for ecosystem processes (Harborne et al.
20064) and provide different ecological goods and services
(Moberg & Folke 1999). Conservation planners are also likely
to want a larger area of a habitat that is most important for a
particularly valuable ecological process or service. However,
designing any network of marine reserves inevitably involves
a series of trade-offs to account for a range of biological and
socioeconomic factors that need to be considered in any marine
conservation project (Fernandes ez al. 2005; Klein ez al. 2008).
It is also vital to consider the practicalities of implementing
the outputs of RSAs in the real world (Knight ez al. 2006),
but a critical first step is to establish what an ‘ideal’ solution
would be.

To demonstrate how weightings for each habitat might be
derived for 10 common Caribbean habitats, I have generated
target weightings (minimum percentage of each habitat to be
contained within a marine reserve network) for each habitat
based on biodiversity, functional value to ecosystem processes
and ecosystem services data (Table 1). For each individual
criterion, the minimum target weighting was 10%. This
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Table 1 Potential target weightings (minimum % of each habitat to be contained within a marine reserve network) for 10 common reef
habitats in the Bahamian archipelago based on five different criteria considered by reserve selection algorithms. Minimum target area for any

individual habitat is 10%. Data derived from Mumby ez al. (2008).

Habitat

Target area (%) weighted by:

Ecosystem process Ecosystem Fish species Fish functional Benthic species Mean

score services score richness diversity richness
Sparse seagrass 10.0 13.3 10.3 10.0 10.0 10.7
Medium-dense seagrass 16.7 18.9 10.0 10.0 21.7 154
Dense seagrass 26.7 17.8 15.5 15.0 18.3 18.7
Fringing mangroves 30.0 17.8 21.6 15.4 20.8 21.1
Dense gorgonians 41.7 10.0 25.2 17.3 43.8 27.6
Macroalgal dominated 26.7 16.7 47.7 18.8 71.3 36.2
Acropora palmata 63.3 15.6 33.5 21.5 479 36.4
Sparse gorgonians 383 12.2 55.5 23.8 75.8 41.1
Patch reef 60.0 18.9 47.7 227 61.7 42.2
Montastraea reef 71.7 244 59.4 25.0 82.5 52.6

value was assigned to the habitat with the lowest value for
the criterion and, for example, the weighting for a habitat
with twice the value for that criterion would receive a
weighting of 20%. Clearly, other criteria could be used to
derive weightings and, rather than take a mean weighting, the
relative importance of each could be altered (for example the
weighting for fish species diversity could be twice as important
as the weighting for fish functional diversity). The habitat
weightings could also take into account the complementarity
of the biodiversity in the different habitats (Mumby ez al.
2008), variations in the threats faced by each habitat or area
(Pressey et al. 2007) and the different species-area curves that
will affect the relationship between area conserved and species
representation in each habitat. Empirical data combined with
increasingly powerful ecosystem models will help prioritize
and refine selection criteria during reserve planning.

Rather than provide absolute weightings for different
habitats, I aim to illustrate three points (Table 1). Firstly,
deriving the weightings was relatively easy with some field
data and a literature and expert review, and these are likely
to offer more biologically realistic targets than simply aiming
to include, for example, 20% of each habitat type in a reserve
network. Secondly, the weightings provide some insight into
the relative importance of different habitats and, for example,
highlight the importance of including a large proportion of
Montastraea reefs in RSAs if feasible. Finally, the weightings
vary depending on which criterion is used. For example, the
weightings based on ecosystem services were not correlated
with any other criterion (Pearson correlation p > 0.25), which
isinteresting given the increasing desire to conserve ecosystem
services (Chan er al. 2006; Egoh er al. 2007). The ranges
also vary considerably, with a maximum target of 59.4% for
Montastraea reef if considering fish diversity, but 82.5% if
considering benthic diversity. Importantly, such weightings
are also easy to include within a widely used RSA such as
Marxan (Ball & Possingham 2000).

Target weightings for a habitat can be achieved in
myriad different ways by incorporating differently sized
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patches from different reefs. RSAs typically consider all
solutions equivalent, although may be constrained so that
the reserve network is not too fragmented and, therefore,
too difficult and costly to establish. However, this is a gross
oversimplification, as research has demonstrated that intra-
habitat variation can be significant and can alter the functional
value of that patch. For example, Harborne er al. (2008)
demonstrated that intra-habitat variation, including changes
in the presence/absence of species and species abundances,
was limited among reefs on the same island, but was significant
among islands. Furthermore, this variation translated into
important inter-island differences in fish functional groups
and the key ecosystem process of parrotfish grazing. However,
particularly important in the context of marine reserve
planning was that intra-habitat variation of a given habitat
was positively correlated to its species richness, and species-
rich habitats need to be replicated more frequently in reserve
networks spanning multiple islands to capture this variation.
Explanations for this intra-habitat variation are still poorly
understood, but some data are available and can be used to
help design reserve networks. The role of certain seascape
variables enriches fish communities significantly, such as the
availability of nursery habitats and feeding grounds close to
a reef (Mumby et al. 2004; Grober-Dunsmore ez al. 2007).
Similarly, patch reefs can support different assemblages of
young grunts and snappers depending on their cross-shelf
position (Lindeman ez al. 1998). Techniques including size-
spectra analysis can also be used to estimate fishing pressure
from field data (Graham et a/. 2005) and indicate areas where
key fishery targets are likely to be highly exploited. The work
of Fraschetti er al. (2009) is a good example of considering
patches of the same marine habitat differently within RSAs
depending on human impacts.

If a planner wished to improve incorporation of intra-
habitat variation into a reserve network, could this be done
within current RSAs? Along with replicating reserves at
island scales, some patterns are relatively easy to include
with spatially explicit algorithms, such as for calculating the
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connectivity of different reefs to nursery habitats (Mumby
2006). Such data could allow RSAs to prioritize, for example,
habitat patches that are well connected to nursery habitats
or prime habitat for juveniles, and likely to contain more
fishes producing larvae that might settle on surrounding fished
reefs. More generally, marine conservation planners need to
follow the lead of terrestrial researchers and consider the
abiotic gradients that control species turnover or beta diversity
and the ecological and evolutionary processes that underpin
the patterns of biodiversity and the persistence of species
(Margules & Pressey 2000; Pressey ez al. 2003, 2007; Rouget
et al. 2003; Klein er al. 2009). The nature and spatial
dimensions of these gradients and processes are poorly
understood even in well-studied terrestrial ecosystems
(Pressey et al. 2003), and virtually unknown for many
marine ecosystems. However, for example, wave exposure
is an important control of beta diversity on reefs (Harborne
et al. 20060), and reserves stratified by exposure regimes
are likely to capture important inter- and intra-habitat
variability in biodiversity and ecological functioning. These
established gradients would be best analysed with novel
statistical techniques that establish the relationship between
environmental gradients and community richness and
composition to benefit reserve planning (Arponen ez a/. 2008).
Additional stratification by acute hurricane disturbances can
also be incorporated, given that risk of disturbance can vary
at smaller spatial scales than conservation planning efforts
(Game et al. 20084). Advances in predicting larval supply
across seascapes through a combination of data on larval
fish behaviour, detailed oceanographic models and increased
computing power (Cowen et al. 2006) also provide intriguing
opportunities to design reserves that incorporate this critical
influence on the population dynamics of coral reef species.
Despite predicting detailed intra-habitat variation across
seascapes being problematic, with some field data large-scale
patterns for many variables can be established (for example
among islands or possibly among reefs). Importantly, if the
abundance of particularly important fish functional groups
can be established, even at large scales, then it may be
possible to incorporate emergent habitat properties into RSAs.
For example, parrotfishes are currently the major grazer of
macroalgae on Caribbean reefs and their abundance is a critical
parameter dictating the resilience of coral-rich forereefs
(Mumby et al. 2007). Resilience of forereefs will be affected
by a range of factors, but field data on parrotfish grazing
pressure and coral cover can give insights into the probability
of a reef heading on a trajectory towards domination either
by coral or by macroalgae (Mumby ez al. 2007). Combining
this information on reef resilience with likely patterns of
disturbance (such as from hurricanes and bleaching events)
and new research on how to design reserve networks in
the context of spatially variable risks of disturbances and
differing resilience (Game ¢r al. 2008a, b) offers exciting
possibilities for maximizing the long-term efficacy of marine
conservation initiatives. However, integrating factors such
as resilience into RSAs are much harder than incorporating
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other considerations because this requires prioritizing resilient
coral-rich forereefs rather than simply aiming for a target
percentage of those forereefs (i.e., protecting lots of low
resilience forereefs is not the same as protecting a few
highly resilient reefs). Incorporating resilience into RSA is
further complicated by the strategy of protecting the most
resilient reefs not always being optimal (Game ez al. 2008a).
However, solving this complex problem, and establishing
how to integrate other patterns of biodiversity, and ecological
processes, functions, goods and services across seascapes into
RSAs, offers opportunities to significantly improve the design
of networks of reserves and improve the efficacy of marine
conservation initiatives.
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