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Abstract Having quantitative data to use in a reliable model in conservation can be

extremely limiting because of the usual scarcity of such information. The body of theory

accumulated so far in evolutionary ecology, and particularly in the evolution of life-history

traits, can also come in the aid of conservation practitioners and provide them with some

help in the absence of quantitative data. Although some attempts have been made already

to bridge the gap between evolution and applied conservation, this interface remains to be

properly delineated. Here we present a diverse number of examples of the applicability of

evolutionary knowledge to the effective solution of diverse applied conservation problems.

We first deal with the opposed strategies of animal and plant species inhabiting survival

versus reproduction habitats, and the most adequate management approaches in both cases,

with special emphasis in assessing the risks of supplementing food and nest boxes for

conservation purposes. Secondly, we deal with invasion biology and suggest that a better

understanding of the problem of biological invasions, and a better management of it, is

gained if the focus is moved from invasive species characteristics to the properties of

the invaded community from an evolutionary perspective. Finally, we show how the

management of complex predator–prey interactions can benefit from the application of

knowledge on life-history evolution and discuss the particularities of culling programs

applied either to short-lived or long-lived species in order to be effective.

Keywords Life-history evolution � Survival habitats � Breeding habitats �
Invasion biology � Predator–prey interactions � Conservation � Unwanted effects

It is well known that the impact of human activities on populations and biodiversity has

dramatically increased in the last few centuries, so that most ecosystems are now conse-

quently altered (MEA 2005). Conservation science was born to provide managers with

quantitative information to inform their decision-making properly. However, having
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quantitative data to use in a reliable model in conservation can be extremely limiting,

because of the scarcity of such information for most threatened populations, species or

communities (see e.g. Doak and Mills 1994). In recent decades, ecological theory has

partially bridged the gap between the absence of sufficient data and management appli-

cations (Fulbright and Hewitt 2007). But the body of theory accumulated so far in evo-

lutionary ecology, and particularly in the evolution of life-histories (Stearns 1992), can also

come in the aid of managers and provide them with some help in the absence of quanti-

tative data. The importance of evolution in many fields of human lives is being increas-

ingly explored (Bull and Wichman 2001), including the relevance of maintaining

biodiversity (Avise 2003), but the implications of evolutionary processes for conservation

in practice remain little explored (Ferrière et al. 2004; Soulé and Wilcox 1980), with much

of the debate oriented towards the most useful definition of evolutionary significant units

for applied purposes (Crandall et al. 2000), and the link between evolutionary theory and

the declining-population paradigm (Caughley 1994; Norris 2004).

However, the analysis of ecological phenomena from an evolutionary perspective can

detect recent species assemblages, new behavioral interactions, changed intensity of

interspecific interactions (including parasite-host dynamics) or habitat selection processes

that make no sense from the point of view of the long term persistence of populations (see

the ‘‘functional postulates’’ defined by Soulé 1985). Acting on distorted ecological pro-

cesses of ecosystems (such as animal-plant interactions, predator–prey dynamics or patch

dynamics) is a conservation challenge, particularly at the level of decision-making facing

alternative applied measures. For instance, managers can improve habitat quality in dif-

ferent, alternative ways (e.g. by improving connectivity, resources, or by eliminating

sources of additive, non-natural mortality) for targeting the recovery of endangered pop-

ulations. Yet the result of such decision-making determines the success of conservation in

action. Here, the classification of habitats by selection pressures and life-history evolution

first stated by Sibly and Calow (1985), and further developed by Saether et al. (1996), can

be of much help, although the roots of this thread of thought can be traced back at least to

Margalef (1963). Organisms can be classified in a slow-fast continuum from species with

high reproductive output and low survival (e.g. annual plants, most zooplankton, small

passerines) to species with low fertility, delayed maturity and high survival (e.g. sequoias,

turtles, mega-herbivores, seabirds). Accordingly, habitats can roughly be classified in

breeding and survival habitats respectively, the first occupied mostly by the former group

of species and the second by the later group of species. In the following paragraphs we

offer a few examples of how such classification can be applied in conservation in practice.

Survival versus breeding habitats

To start with, let’s focus on a recent scientific debate about compensatory mitigation

measures applied to long-line fisheries causing by-catch mortality of marine top-predators

(e.g. sharks, turtles, seabirds). The conservation action suggested by Wilcox and Donlan

(2007) and Donlan and Wilcox (2008) is to force industrial long-line fisheries to pay for

compensating such mortality, using collected funds to restore habitat quality at breeding

grounds, e.g. by eliminating invasive rats in seabird colonies. However, the proposal has

received some criticism because conservation actions on seabird breeding colonies (poor

breeding habitats) cannot compensate for the loss on the high survival habitat represented

by the open ocean (Doak et al. 2007; Finkelstein et al. 2008; Igual et al. 2009; Wanless

et al. 2009); this is because life-history theory predicts that top predators, being long-lived
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species, evolved to have very high and constant survival rates, and hence their population

dynamics have low sensitivity to improvements in fecundity (resulting here from rat erad-

ication, see Igual et al. 2006). The same conclusion would be true, for instance, at funding

improvement in the quality of breeding beaches to increase fecundity of long-lived turtles or

marine mammals (e.g. by fencing against predators, or by egg translocations) instead of

stopping, or at least decreasing the mortality rates caused by long-liners or other human-

related agents in the high survival habitat represented by the sea (Žydelis et al. 2009).

Another example comes from sprouted woody plants, which belong to the low fecun-

dity, high survival group (i.e. few seeds, small seed banks, slow growth and maturation

rates). Such evolutionary trade-offs can be very informative when faced with the need of

applying conservation actions for these organisms (Bond and Midgley 2001). In general

conservation of plants has focused on the preservation of safe sites, seed and seedling

banks, dispersal and germination, but evolution of trade-offs in sprouted woody plants

(very important for instance in Mediterranean ecosystems) inform managers to enhance

persistence of old individuals instead of the commonly used de novo replacement. In this

sense it is also important to recall that the evolution of plant facilitation in Mediterranean

plants can have applied consequences for the effective recovery of lost vegetation, whereas

classical reforestation techniques would be more practical at mid latitudes, where rain is

more abundant and summer droughts are not an ecological barrier (see e.g. Verdú 1996;

Gómez-Aparicio et al. 2004). Plants are also organisms suffering from habitat fragmen-

tation and loss, one of the main threats for biodiversity in recent times. Such threats are

affecting evolutionary trade-offs among plant breeding systems; population dynamics

of short-lived plant species are more dependent on fecundity than survival, and many

common species (with an important role in complex network systems) have recently

experienced reduced proximity and have fewer potential mates, incurring in inverse den-

sity-dependent effects (e.g. Allee effects) with negative effects for their long-term viability

(Ehrlen and Groenendael 1998). The breeding habitat for these species is not only their

immediate surroundings but also dispersal habitats used by their pollinators. Consequently,

it is important to protect all breeding habitats (and not only the habitat occupied by each

population patch) and ensure connectivity among populations (Wagenius et al. 2007).

Similarly, moving animals and plants on purpose between sites is a common conser-

vation option (see e.g. Trenham and Marsh 2002). Managers should keep in mind the

importance of understanding if the individuals being translocated belong to a species which

has evolved in high or low survival habitats. Species from high survival habitats have

fewer anti-predatory mechanisms and have reduced reproductive capabilities. Hence,

moving animals from a high survival habitat to a low survival habitat is necessarily a bad

option, as much as translocating animal species evolved in high survival habitats to hab-

itats which are no longer of high survival because of the introduction of alien predators.

Doing the opposite is less risky, although unforeseen consequences may arise as well. This

is what happens for instance when a forest passerine species arrives from a continent to an

island. Density increases compared to the mainland (density compensation effect) and

niches broaden up in absence of competitors or predators (McArthur et al. 1972). The

effect that this might have on other taxa, such as invertebrates or plants, can be similar to

that of an invasive species, although we should consider that a natural phenomenon,

because human intervention has not mediated.

One of the main tasks of wildlife services is to deal with the impact of human recreational

activities on wildlife. Most often concerns are addressed to preventing any damage on

breeding grounds, as the reproductive season is considered a key moment for population

persistence. This is certainly true for groups such as breeding raptors, marine turtles, bats or
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even migratory butterflies, and most policies deal with avoiding nest damage, as nests, or

equivalent reproductive structures, are considered structures almost worth of sanctification.

However, management policies are often much more careless regarding survival (i.e. pro-

tecting survival habitats). For example sites where animals head to during dispersal or

wintering, commonly outside protected areas (see López-López et al. 2007; Soutullo et al.

2008; Grande et al. 2009, for examples with birds of prey), are not considered as valuable as

breeding sites, but in the former sites individuals usually suffer from poaching, which

severely affects survival (Cadahı́a et al. 2005). Certainly, for long-living species, those

survival habitats (particularly dispersal patches after breeding and wintering grounds of

migratory species, e.g. Schaub et al. 2005) have a much stronger influence on the finite rate of

increase of the population than breeding habitats, as predicted by life-history theory. Hence

inter-regional or international policies should be foreseen in order to guarantee full protection

of the targeted species. All conservation efforts targeting the improvement in fecundity, i.e.

acting on breeding habitats by protecting nesting areas or by supply of food can be useless if

such beneficial effects are cancelled out by low levels of additive mortality from human

activities. Obviously for short lived species the opposite will be true. Not in vane salmons

have evolved the weird and energy-demanding habit of travelling against river flow to reach

river heads to spawn, simply because the upper portion of rivers constitutes a high-survival

habitat for their offspring (i.e. high reproduction habitats) in their initial stages of life, due to

the low abundance of predators. In these cases dispersal towards breeding grounds constitutes

a key stage in their breeding cycle and dam installation, preventing migration towards the

river heads, would be accompanied by much reduced fecundities if laying takes place in

higher predation habitats typical of the middle part of rivers (Waples and Hendry 2008).

Unexpected consequences of evolutionarily uninformed management actions

In most protected areas worldwide, the feeding of wildlife is forbidden. This is not because

of the same reason feeding animals is forbidden in a zoo (i.e. a matter of captive animal

health and balance of calories) but because feeding it is known to have complex unforeseen

consequences. However, supplementary feeding is extensively used as a conservation tool

without a previous examination of the population consequences of such an action. Feeding

short-lived passerines is known to alter almost every aspect in bird ecology, from repro-

ductive parameters to behavior and distribution (Reynolds et al. 2003; Robb et al. 2008).

Consequences can be positive, in case of small populations facing problems associated to

their small size (i.e. Allee effects), but also negative if we forget about the life-history traits

evolved by the species we are dealing with. Supplementary feeding of bet-hedger predators

(sensu Saether et al. 1996) will most likely translate into increased fecundity and hence

increased densities, translating in reduced densities of natural prey (i.e. hyperpredation)

and hence in unwanted cascading effects throughout entire food webs (see e.g. Gompper

and Vanak 2008).

According to sex allocation theory, the offspring sex ratio is the result of natural

selection for equal investments in male and female offspring so that if no other forces are

acting the overall offspring sex ratio in a population should be 1:1 (Fisher 1930). However,

in sexually dimorphic species, under conditions of resource scarcity, either the most

expensive sex to rise has a higher mortality or females can manipulate the sex of offspring

to favor that with higher chances of survival (Trivers and Willard 1973). Hence, if pop-

ulations of sexually dimorphic species are subjected to extra feeding from artificial sources

(e.g. garbage dumps, fisheries discards, etc.) sex-ratios can be skewed towards the most
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costly sex, altering the dynamics of the population and making population recovery more

difficult (Tella 2001; Martı́nez-Abraı́n et al. 2006; Robertson et al. 2006).

Supplementary feeding long-lived species, such as vultures, should have effects mostly

on the adult portion of the population since among long-lived species higher and more

stable survival probabilities are expected among adults. However, unexpectedly Oro et al.

(2008) found that artificially feeding bearded vultures Gypaetus barbatus only increased

the survival of immature birds, buffering the negative effects of illegal poisoning on this

age-class but do not preventing the decrease of adult survival and population density over

time. Additionally Carrete et al. (2006a, b) found that supplementary feeding had a neg-

ative effect on the productivity of the population of bearded vultures, in part because of the

common presence of pre-adult floaters around supplementary feeding points. The fixing of

sub-adult vultures to their natal ranges, owing to reduced dispersal triggered by extra food

availability, is promoting the incorporation of unmated birds as breeders in polyandrous

trios in a saturated population, causing negative demographic consequences.

Another widely used management initiative applied to promote the breeding potential of

breeding habitats for birds is the supplementation of young secondary forests with nest

boxes to compensate for the scarcity or lack of tree holes for tree-hole nesting birds.

Contrary to the effects of food supplementation on long-lived species (e.g. reduced dis-

persal, increased survival) nest boxes increase fecundities of short-lived species, the life

table parameter with a higher influence on the finite growth rate of shorter-lived species

(Akçakaya et al. 1997). Increased fecundities translate into increased densities and

increased predation on natural prey, generating cascading effects across food webs of a

similar relevance than supplementary feeding. The more is not necessarily the better. Nest

boxes should be handled with care, setting up densities similar to those of nests of target

species in primary forests, duly corrected by rates of nest box occupancy, determined by

previous assays on target sites.

Dealing with invasive species

We think that a much better understanding of biological invasions is gained if the focus of

discussion is moved from invasive species features to the characteristics of communities

susceptible of being invaded, from an evolutionary perspective. Changing the nature of a

habitat from a high to a low breeding habitat, may have substantial demographic conse-

quences. For example shrubs from oceanic islands have experienced population declines in

the last centuries after invasive rats disrupted pollination mutualisms and fed on their seeds

(see e.g. Traveset and Riera 2005); the same has occurred with long-lived trees even with

unforeseen consequences for human culture (Cox and Elmqvist 2001).

Animals and plants from habitats which have high survival properties for their

respective taxa are more prone to experimenting ecological and evolutionary traps when

their habitats face the effects associated to human invasion, due to the evolutionary loads

acquired over time in stable environments (Igual et al. 2007; Martı́nez-Abraı́n et al. 2003;

Schlaepfer et al. 2002, 2005). On the contrary, species from more unstable environments,

are more resistant to falling in traps, and also have higher resilience to get out of traps once

in. However, their resilience is not complete and hence they are not exempt of the risk of

falling in traps if it affects crucial resources such as food (see Martı́nez-Abraı́n et al. 2007

for an example with a relatively short-lived waterfowl species).

From an applied perspective, priority should be given to the eradication of exotic

species from stable environments, when affecting survival rates. Doubtless, a top predator
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(such as feral cats Felis catus), or a mesopredator such as the ship rat (Rattus rattus)

introduced to an island, or even house mice (Mus musculus) if very abundant, can be much

more dangerous for vertebrates evolved in the absence of predatory pressures than for

vertebrates with complex antipredatory mechanisms evolved in changing environments

(Cuthbert and Hilton 2003; Towns et al. 2006; Wanless et al. 2007; Jones et al. 2008).

Predatory effects, under these circumstances, can lead all the way down to local extinction

in a short time period (Martin et al. 2000; Towns et al. 2006; Jones et al. 2008). However,

sometimes, exotic invasive species such as rats or mice do not affect the vital rate to which

long-lived species are most sensitive (survival), but mostly affect fecundity (Ruffino et al.

2009; Traveset et al. 2009). In these cases coexistence between exotics and long-lived

vertebrates (such as big size petrels) does not constitute such an urgent conservation

priority. Similarly, historical human affection to long-lived seabirds has been directed

mostly to fledglings and hence has not lead to the extirpation of local populations but only

to a reduction of their population growth rates. On the contrary, present impact caused by

longline fishing bycatch is not sustainable since it impacts directly on survival probabilities

and could cause population extirpation very quickly.

In any case eradication of invasive predators needs to be done taking into account

possible cascading effects among the reduced number of components in the community,

since unforeseen and unwanted effects of invasive species removal abound in the applied

literature (Caut et al. 2007; Rayner et al. 2007; Bergstrom et al. 2009). Interestingly, the

introduction of an exotic invasive prey can indirectly trigger predation on native prey,

leading to hyperpredation by subsidized native predators (Courchamp et al. 2000; Roemer

et al. 2002; Zhang et al. 2006).

Although the introduction of directly competing invasive species seldom causes local

extirpation of native species, the effects of indirectly competing invasive species can be

more subtle but as dangerous as those of direct predation (Sax et al. 2007). Often indirect

or apparent competition, mediated by pathogenic microparasites (i.e. diseases) can be

extremely harmful for species evolved on islands (Van Riper et al. 1986; Sax et al. 2007).

In fact the taxon cycle has been suggested to be driven by co-evolving host-parasite

interactions (Ricklefs and Bermingham 2002). Faunas from stable environments such as

islands seem to be more naı̈ve to emergent diseases because they have evolved in sim-

plified environments and hence have been less exposed to disease (Carrete et al. 2009). For

example the decline of some albatrosses populations from the Southern Ocean have been

linked to the spread of avian cholera (Weimerskirch 2004). This may be especially relevant

because disease is affecting small size populations and may interact with other drivers of

extinction affecting such populations, such as bycatch in longline fishing (Igual et al. 2009;

Smith et al. 2009). Accumulated evidence suggests that long-lived birds from islands may

have well-developed immune systems due to their long periods of development, suggesting

that only if some factors concur (such as a depressed immune system, presence of the right

vector and presence of the right disease) disease can spread (Ricklefs 1992; Esparza et al.

2004; Levin et al. 2009), and human activities can be behind vector spreading and

depression of immunocompetence, factors which should be minimized.

Plants are also considered to be more likely to invade simple systems such as islands

(Gimeno et al. 2006; Vilà and Gimeno 2006), where they can quickly disrupt plant

reproductive mutualisms, such as pollination or seed dispersal, arisen over evolutionary

timescales (Traveset and Richardson 2006). This is probably because stochastic compo-

nents of invasion (Sax and Brown 2000) are more likely to act on low species richness

systems. In plants, soil microbes can have strong density-dependent effects (i.e. plant-soil-

microbe feedbacks) which are typically neutral or negative for native species but can be
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positive for invasive species due to the absence of evolved species-specific plant-pathogen

relations (Rout and Callaway 2009), what could be behind the success of invasive plant

species in species-poor systems such as islands. Alert protocols of plant invasion on islands

should hence be a priority, to act during the first steps of invasion.

Managing predator–prey interactions

Nobody doubts that predation is a natural phenomenon when obligatory predators, such as

cheetahs, pursue and capture gazelles. However, if the predator is only a facultative

predator and an opportunistic feeder and scavenger, doubts can arise, especially because

such predators are commonly abundant due to human activities and some of their prey can

be endangered species (Oro et al. 2009). Large seabirds such as gulls and skuas are

facultative predator of long-lived smaller seabirds, many of them endangered (Oro et al.

2005, 2009; Stenhouse et al. 2000; Votier et al. 2006). Faced with this situation wildlife

managers have to decide whether this interaction has to be allowed to occur (with or

without modulation) or whether, on the contrary, needs to be extirpated or at least alle-

viated. An answer can come from the evolutionary theory of aging. Small storm petrels

show clear anti-predatory habits such as breeding on isolated islands without terrestrial

predators, breeding under big boulders inside caves and showing nocturnal habits

(Watanuki 1986). This means that they have evolved anti-predatory habits, owing to

historical predation pressure, so that now petrels trust blindly on the safety of their

predator-free breeding sites and their nocturnal habits, and are absolutely naı̈ve when faced

with a predator. Storm petrels are long-lived birds and this life-history trait is unlikely to

have evolved under a high extrinsic mortality scenario. Conservation scientists should

hence inform managers that although some background predation has surely occurred for

millennia, preserving a substantial predator–prey interaction between gulls and adult

petrels, or any other such system such as nocturnal predators and bats, does not preserve

any relevant historical/evolutionary process, and can threaten prey populations seriously

(Sanz-Aguilar et al. 2009). Populations can have certain buffering demographic mecha-

nisms against perturbations (e.g. Grimm et al. 2005) but the non-linear nature of the

relationship between predator and prey makes likely the existence of thresholds beyond

which the negative effect of facultative predators sky rockets despite tampering mecha-

nisms (see Oro et al. 2006). In addition moderated predation rates maintained over time

will not foster increased multiplication rates as a buffer response in species with extremely

low annual fecundity such as petrels or bats, since their evolutionary flexibility regarding

fecundity is almost nil. This is probably due to complex negative physiological feed-back

loops between fecundity and survival. However, this will not be the case for many species

capable of rapid evolution, such as small fish, where ecological and evolutionary rates

interact in real time (Carroll et al. 2007). A relevant buffering mechanism of long-lived

species is deferred breeding (Jenouvrier et al. 2008). Thinking of long-lived petrels again,

they typically do not reach sexual maturity until a number of years have elapsed since

fledging, so that many non-breeding floaters are around, representing a large part of the

total population of the species, with the capability of recruiting as breeders eventually.

Such property of the prey species can buffer mass mortality events of mature adults which

may happen, from time to time, in the open ocean during wintering and hence could also

buffer high mortalities, concentrated in short time periods, in breeding colonies. This is the

case with large size ground-breeding gulls, which are relatively long-lived facultative

predators, when a large part of the breeding population is removed by means of culling
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procedures as a management option in rapidly enlarged colonies. As shown by Bosch et al.

(2000) when population densities are drastically decreased by culling, the population

depression created can be quickly be filled in by non-breeding floaters rending the man-

agement action useless. Complementarily, high levels of mortality of floaters during

wintering may jeopardize breeding population buffering (Penteriani et al. 2005). Floaters

can also occur in shorter-lived species but typically they share breeding habitats with the

breeding population, whereas in longer-lived species floaters and breeders tend to be more

segregated spatially (Vögeli et al. 2008). Management problems of the former are more

focused on the breeding habitat, whereas longer-lived species may face different conser-

vation problems in different areas, and hence require different management approaches for

breeders and floaters (Grande et al. 2009). Typically shorter-lived species compensate

population decreases by means of high multiplication rates, rather than by having a large

pool of non-breeding individuals as insurance. The response of short-lived species to

human pressures of control should be more influenced by artificial selection and micro-

evolution (adaptation), whereas the response of longer-lived species is expected to be more

cultural, based on learning over their longer lifetimes. This implies that the population

control of longer-lived species (e.g. large gulls) can be more directed towards particular

individuals which eventually make a behavioral innovation and discover a new resource

(see Sanz-Aguilar et al. 2009), whereas the control of shorter-lived species (e.g. rats)

necessarily needs to be directed to the whole population, since behavior will be driven

mostly by genes rather than by cultural memes.

Bridging the gap between evolution and applied management

Hence, to predict the fate of populations requires not only ecological knowledge, but also

and fundamentally evolutionary thinking (Lande 1998). Although managers are obliged to

act and think in short time periods, the immense load of time past that each individual

carries on top of its autoecology cannot be overlooked. Its relevance has been highlighted

when dealing with theoretical issues such as species diversity gradients (Ricklefs 1987), or

the treatment of species as dynamic evolutionary units, rather than as types, to help in

reserve planning at targeting areas with taxa actively radiating, or that are most phylo-

genetically distinct (Margules and Pressey 2000). The crucial light shed by evolution not

only in biology (including conservation), but in many other applied fields such as agri-

culture, education, sociology or pharmacology, has already been underlined by others

(Avise et al. 2008). Our aim here is just to stress that the time has come to bridge the gap

between evolutionary theory and effective applied conservation, since conservation biol-

ogy is evolutionary biology after all.
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Gómez-Aparicio L, Zamora R, Gómez JM et al (2004) Applying plant facilitation to forest restoration: a

meta-analysis of the use of shrubs as nurse plants. Ecol Appl 14:1128–1138
Gompper ME, Vanak AT (2008) Subsidized predators, landscapes of fear and disarticulated carnivore

communities. Anim Cons 11:13–14
Grande JM, Serrano D, Tavecchia G et al (2009) Survival in a long-lived territorial migrant: effects of life-

history traits and ecological conditions in wintering and breeding areas. Oikos 118:580–590
Grimm V, Revilla E, Groeneveld J et al (2005) Importance of buffer mechanisms for population viability

analysis. Conserv Biol 19:578–580
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