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Abstract. Although the conflict between conservatidioets and economic growth is a major topic of conser-
vation science, the conflicts betweelfeient conservation projects are much less documented and represented
in the literature. We provide an overview of some case studies where these conflicts arise and discuss how to
manage and solve them. We argue that conflicts are unavoidable, and that we can find optinfiitiant e
solutions only by studying the holistic, macroscopic properties of whole socio-ecological systems. Novel com-
putational solutionsfber simple and #icient simulation toolkits providing indicators that can support strategic

and integrative decisions from a systems perspective.

1 Introduction municability: charismatic species have a higher chance o
becoming flagships, even if there would be better solution
(like invertebrate keystone species, see Wilson, 1987; Sim
Global biodiversity is threatened by several processes, inberkﬂ', 1998; McClenachan et a|_, 20]_2) From an ecosys
cluding overexploitation, habitat loss and fragmentation.tem viewpoint, the key question is whether the protection of
Conservation strategies traditionally focus on individual a given Species is 0ptima| for managing the whole ecosys

species or protected areas, but the two seemingligrdi  tem (that may be the case for keystone species). There are

ent approaches largely overlap. For example, the Chitawafcreasing discussions on the perspectives of systems-bas|
National Park in Nepal was created to preserve the Indiartonservation: approaches based on ecosystem conservat
rhinoceros Rhinoceros unicornjsor the Gombe Stream Na- (Rohlf, 1991; Simberlfi, 1998) focusing on ecosystem func-
tional Park in Tanzania is famous for its chimpanzeRan(  tions (Schwartz et al., 2000) and ecosystem services (Cha
troglodytes studied by Jane Goodall. In Europe, the largestet al., 2006) are not new, but are still ificient at providing
reserve system on Earth, the Natura2000 network of the Eusplutions to most practical questions.

ropean Union, was designed to protect rare species and habi- |n ecological systems, coexisting and coevolving specie
tats (European Commission, 1996). In the USA, the Endandevelop various interactions and are intimately related tg

gered Species Act is a major force for nature conservationeach other across myriads of links. Parallel direct interact

and is clearly focused on rare species (National Researclions result in the huge number of indiredfexts among

Council, 1995). species. Some of these are positive, some are negative, and

Itis @ major question whether to protect certain specieshe mixed sign of the netfiects is a major challenge to
dlrectly or to protect their habitat. The Red Data Book is aunderstanding and predicting (Pa|0mares et al., 1995; Bon
collection of several indicators and vulnerability ranks that davalli and Ulanowicz, 1999; Yodzis, 2000). Moreover, indi-
provide the basis for selecting the species worth protectingrect dfects can be surprisingly strong (Palomares et al., 1995

The basic principle is rarity: the rarer, the more urgent theand surprisingly far-reaching (Estes et al., 1998). Figure 1

need to protect. Another principle, often less explicit, is com-
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nity conservation, landscape management faces the prob-
lem of handling coexisting species with contrasting habitat
use behavior.

2 Case studies

+
The following examples illustrate conflicts caused by both
/ community-level and landscape-level processes. Pyrenean
chamois Rupicapra pyrenaicnis an IUCN-listed species
(least concern), with massive conservatidiioes to increase
\ its populations (e.g., hunting reserves). The chamois, how-
ever, forage on the Pyrenean larksp@elphinium mon-
tanun), a rare endemic perennial herb. Therefore, human
conservation gorts for the two species are in fundamental
conflict (Simon et al., 2001). In general, solutions seem to be
- harder to find if the conflict is between an animal and a plant
species. This is because offdrent methodologies, lierent
spatiotemporal scales and typically poor communication be-
tween specialists. In this case, it is also known that consump-
tion by chamois is the dominant threat for the herb (even if
Figure 1. This small interaction network among species illus- Pyrenean larkspur may be lethal for herbivores: this is why
trates mixed-sign féects as a typical source of conservation con- ~qws do not consume it).
flict. Whatt_ever we do with the red species, it will have a pos_itive The protection of tree-nesting wader species in the Span-
and negative influence on the green one, both across a variety %h Donana Biological Reserve has been successful, and the

indirect pathways. Among the positivéiects, we see two trophic opulation of birds increased. This in turn resulted in a larger
cascades (black and orange) and a keystone predation (blue). Negg- P ) 9

tive effects include predation (black) and an unnamed long indirectn.urnber of nests on the "miteq. number of trges, showing
effect (orange). higher stress and poorer condition of trees with nests than

those without nests. A conservation conflict and a challeng-

ing trade-df is how to conserve both the wader populations

and the valuable relict trees in the landscape (Garcia et al.,
illustrates the contrastingffects between two species in a 2011).
simple toy network. Conservatioffferts for one species will Sometimes the distinction between the “protected area
Surely dfect several othersin a h|gh|y unpl’edictable way andapproach”, the “habitat approach” and the “ecosystem ap-
in both strength (weak or strong) and sign (positive or neg-proach” is not easy. These aim to focus on a geographical
ative). These indirect cascadinffexts may also influence unit, a single species’ living area or the totality of an eco-
other protected species. Some resulting conflicts are |Ogica”yOgica| system, respective|y_ In the case of a protected prey
unavoidable: it is hard to imagine any conservation managetthe shrike) and its protected predator (the fox), the only way
ment strategy that is good for every species. to manage the conflict is to take a higher-level, more holistic

Apart from mixed-sign communityfects such as preda- systems view, whichever the larger unit of study and conser-

tion and trophic cascade (Palomares et al., 1995), we have tgation efort is, a landscape, a habitat fragment or a subset of
face the mixed @ects of landscape management solutions asnteracting species (Roemer and Wayne, 2003).
well. Basically, ecological corridors are always barriers at the However, in certain cases, habitat protection favors a focal
same time for other kinds of species. Corridor maintenancegpecies that is competitively dominant over others. This may
improvement or design can be a highifi@ent and useful  |ead to competitive exclusion or the displacement of the com-
tool in landscape and seascape (Olds et al., 2012) conservaetitively inferior species. Here, spatial processes (dispersal
tion, but adverseféects are unavoidable. Thefiirent spa-  to alternative habitat patches) may be the solution, but these
tial scales that two protected species use make it hard to finﬁ']ust often happen out of the protected area (see Oro et al.,
an integrated management plan for both (Batary et al., 2007)2009). For this, habitat mosaics or networks should be man-
For example, dferent spatiotemporal scales complicate con-aged and their functional connectivity must be maintained.
servation €orts: diferent species face fierent extinction  Hapitats to protect are not just defined based on some focal
debt (Paltto et al., 2006). It has also been demonstrated thajpecies, but their protection also has variable benefits for dif-
decadal habitat use changefeat biodiversity more than ferent species. In the example of Oro et al. (2009), a flagship
contemporary management (Tilman et al., 1994; Gustavsgull species outcompetes the others.
son et al., 2007), so conservatioffcgts face the problem
of the past—present conflict. Just like multi-species commu-
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Ruscoe et al. (2011) have demonstrated experimentally
that invasion and removal can have unexpectéetes dom-
inated by competitive interactions (as opposed to predation).
For example, competitive release is a major source of sur-
prise. Meso-predator release is a top-down form of this kind @
of unexpected consequence: here, a trophic cascade is broke
and causes secondary extinction waves. Famous example
include the food chain between coyotes, a group of meso- ¢
predators such as foxes, and shrub-living birds, where the
local extinction of coyote caused bird extinction by reduced
control of the meso-predators (Crooks and Soulé, 1999), or
the trophic cascade of killer whale, sea otter and sea urchin,
where the increase of the orca population dramatically raised

@/(»;’:" w— X o

the number of urchins by reducing otters (Estes et al., 1998). ¢ T W \4
This last example is rather like an inverse of meso-predator 9 /
release, indicating that the same mechanisms can happe ° ! ¢

with a different sign. ) o
Figure 2. The food web of the Prince William Sound model (after

We have briefly illustrated some examples of how com- Okev. 2004: Ok d Wright. 2004). Prod d d

mon and unavoidable conservation conflicts can be. The oY ; Okey and Wright, 2004). Producers and top predato

above examples are not easy to solve: if we look for quasi-are at the bottom and at the top, respectively, according to conver
) tion. Trophic groups are arranged by trophic level. The size of the

optimal multi-species solutions, we need the help of mOde"nodes is proportional to the community response their disturbanci

ing tools and modern computational support. generated in the simulations (Livi et al., 2011).
3 The systems perspective: new tools and new gest concrete experiments, allowing us to collect new data i
concepts a potentially more @icient and useful way. Several smaller-

] . ) scale studies have already identified hidden, indirect inten
Multi-species problems cannot be solved by local studies angctions and suggested focal species for further research,

single-species experts. In order to preserve diversfig@nt — orqer to better understand particular conservation issues (s
diversity of databases and analytical tools are needed (Michpajomares et al., 1995; Crooks and Soulé, 1999).

ener and Jones, 2012). Recent monitorifigrés have made A major advantage of these models is that they are relt

it possible to store huge amounts of data on the geneticsyiively fast, simple and cheap. Moreover, their complexity
abundance, distribution, movement, interactions and phenolzan pe calibrated and adapted to a particular situation. Th
ogy of a large number of species. Novel computational toolsymount of real data required to parameterize these mode
are ready to support the use of ecosystem-level indicatorgan pe a disadvantage, but this amount can be calibrated, a
(EwE, Christensen and Walters, 2004) to evaluate landscapge realitydata-richness of the model can be fine-tuned ta
connectivity (Conefor Sensinode, Saura and Torné, 2009) Oparticular situations. We also note that large amounts of un
to pgrform food web simulations (BlenX, Livi et al., 2011; ,sed and not-yet-evaluated data exist and are a ripe targ
Jordan et al., 2012). _ for integrative systems modeling. Simple toy models as wel

These methods do not solve problems, but can provideyg sophisticated complex models can equally be of use, as
quantitative informa.tionto supp_ort.decision-making.. Resultsiynction of the problem (cf. Yodzis, 2000). Before making
may suggest potentially strong indire¢leets and avoid sur- - massive forts and investing lots of resources in protection
prising outcomes. Also, sensitivity analysis may suggest keyprograms, it is worth double-checking their multi-species
species and interactions, providing quantitative priorities forconsequences. Modeling approaches allow us to quantif
conservation. For example, a simulation model of the Princeynether two planned programs are in conflict or if they dis-

William Sound ecosystem suggests that ecosystem dynamic&]ay hidden synergies, giving a strong tool to planners that

is mostly sensitive to disturbing the group of “nearshore dem-5,¢ deciding between fiiérent conflicts.
ersals” (Livi et al., 2011). Figure 2 shows the relative impor-

tance of diferent trophic groups in this simulated food web:

disturbing the organisms represented by larger nodes genes- Conclusions

ates a larger simulated community response in the ecosys-

tem. Before translating theoretical predictions obtained fromEven if single-species management is easier to understand

computational modeling into practical guidelines for conser-and communicate, in many cases it is clearly expensive, in
vation, it is important to verify empirically the predictions us- efficient and, even more importantly, conceptually wrong.
ing experiments. Furthermore, the model can be used to sugsince there is a diversity of interspecific interactions among
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species, itis not really surprising that whatevoe we take ~ European Commission: Interpretation Manual of European Union
to preserve one species will have advantages and disadvan- Habitats, version EUR 15, Natura 2000, compiled by: Romao,
tages for many other species in the same ecosystem. We can-C., DG XI - D2, Brussels, 1996 )

not be satisfied if all birds and mammals are winners if thereGarcia, L. V., Ramo, C., Aponte, C., Moreno, A., Dominguez, M. T.,
is a large number of (predominantly and typically) inverte- ~G0mez-Aparicio, L., Redondo, R., and Marafion, T.: Protected
brate losers. A holistic, systems-based ecosystem approach wading bird species threaten relict centenarian cork oaks in a
. ) ' ) . Mediterranean Biosphere Reserve: A conservation management
is more conceptually sound antfieient, and may provide

i . uti ) . conflict, Biol. Conserv., 144, 764-771, 2011.
multi-species solutions in conservatioficets. Gustavsson, E., Lennartsson, T., and Emanuelsson, M.: Land use

Aided Dby increasingly large databases and sophisticated more than 200 years ago explains current grassland plant diver-
computational tools, we are entering an era when ecosystem- sity in a Swedish agricultural landscape, Biol. Conserv., 138, 47—

level modeling can be really feasible, predictive and applica- 59, 2007.

ble. Systems-based management is slowly becoming realityHolling, C. S.: Understanding the complexity of economic, ecolog-

For example, handling stochasticity (Rohlf, 1991) and focus- ical, and social systems, Ecosystems, 4, 390-405, 2001.

ing on the diversity of processes (Simbe¥/d998) are old  Jordan, F, Gjata, N., Mei, S., and Yule, C. M.: Simulating food web

problems that we are on the cusp of addressing. dynamics along a gradient:_quantifying human influence, PLoS
Facing the reality of unpredictability in ecological sys-  ONE. 7, 40280, dal0.137journal.pone.0040282012. -

tems, the pragmatic solution for managing conflicts and set-V» C- M-, Jordan, F., Lecca, P, and Okeyet, T. A.. Identifying key

. L . . . species in ecosystems with stochastic sensitivity analysis, Ecol.
ting priorities should involve some kind of adaptive man- Model.. 222, 25422551, 2011.

agement (Simperfﬁ, 1998). C?omputational tools provide McClenachan, L., Cooper, A. B., Carpenter, K. E., and Dulvy, N.
support by using fast and simple toy models and strate- . gxtinction risk and bottlenecks in the conservation of charis-
gic decision-making (Yodzis, 2001). The next problem on  matic marine species, Conservation Letters, 5, 73—-80, 2012.
the horizon is the societal context: according to Peterson ekichener, W. K. and Jones, M. B.: Ecoinformatics: supporting ecol-
al. (2004), the political regime may also have dfeet on ogy as a data-intensive science, Trends Ecol. Evol., 27, 85-93,
the success in solving conflicting conservatidfoes. Of 2012.

course, the final challenge is managing multi-species socioNational Research Council (NRC): Science and the Endangered
ecological conflicts (Holling, 2001), but first we must be able _ SPecies Act, National Academy Press, Washington DC, 1995.

to manage conservation conflicts between projects focusing*e¥: T- A':tsr;,'ftled COLT"“,““'W S;‘";‘]tgs 'tr;] four rﬂaf'“e gtcos%/séte{psh:
on Only two SpeCieS. some potential mechanisms, .D. thesis, University o rius

Columbia, Vancouver, 2004.
Okey, T. A. and Wright, B. A.: Toward ecosystem-based extraction
policies for Prince William Sound Alaska: integrating conflicting
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