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 resistance, and (ii) that such positive interactions can bring about significant changes to invaded ecosystems. Much evidence has accumulated in the last decade from terrestrial and aquatic ecosystems to show that native species frequently promote (facilitate) the colonization and establishment of introduced species through a variety of mechanisms (Richardson et al. 2000a; Bruno et al. 2005; Badano et al. 2007; Milton et al. 2007; Olyarnik et al. 2008). Simberloff and von Holle (1999) were the first to incorporate facilitation explicitly in an invasion biology framework; they coined the term ‘invasional meltdown’ for the process whereby two or more introduced species facilitate establishment and/or spread of each other (and potentially other species). This contributes to increased invasibility and accelerated invasion rates and to a synergic amplification of the disruptive effects of invasive species.
 Mutualisms are a type of facilitative interaction in which the two (or more) species involved both benefit. Pollinator and seed dispersal mutualisms are especially important for plant invasions, as the production and dispersal of propagules are usually fundamental requirements for invasion (see reviews in Davis 2009; Simberloff 2009). Native and alien animals clearly assist the spread of alien plants by pollinating their flowers or by dispersing their seeds (reviewed in Richardson et al. 2000a). Native and alien plants also facilitate the spread of alien animals (pollinators and seed dispersers) by providing them with important food resources (pollen, nectar, resins, fruit pulp, etc.). In this chapter we deal mostly with plant–animal mutualistic interactions involving pollination (for which most data are available) and seed dispersal. Plant–fungal mutualistic interactions (see, for example, Callaway et al. 2004, Kottke et al. 2008, Collier & Bidartondo 2009) and plant–plant interactions (e.g. Badano et al. 2007) are also crucial for the success of many plant invasions, as has been documented in several systems.
 Another established concept in ecology is that invasion success is influenced by the phylogenetic relationships between biological invaders and residents of the target community. In The Origin of Species, Darwin (1859) explored whether species with a common evolutionary history interact with each other more closely than unrelated species. He predicted that introduced species with close relatives were less likely to succeed owing to fiercer competition
 12.1  InTroducTIon
 The reigning paradigm over much of the history of the study of biological invasions has been that communities have ‘biotic resistance’ to invaders, a notion that was central to Charles Elton’s (1958) understanding of invasions. This view is based on the assumption that natural communities are mainly structured by negative interactions; it thus emphasizes the biotic relationships between native and invasive alien species mediated through competition, herbivory, parasitism, etc. It predicts (i) the risk of invasions decreases when resource capture by the native community increases, for instance when species diversity in the community is higher, and (ii) the establishment of invasive species is favoured by the absence of natural enemies (herbivores, predators, pathogens) (Simberloff 1986; Rejmánek 1998); the enemyrelease hypothesis (see, for example, Keane & Crawley 2002) proposes that introduced species have better opportunities for establishment when freed from the negative effects of natural enemies that, in their native range, lead to high mortality rates and reduced productivity.
 This longstanding paradigm has, however, been increasingly challenged recently as many studies have shown that positive (facilitative) interactions are as important, or even more so, than negative interactions in structuring communities and ecosystems (Bertness & Callaway 1994; Callaway 1995; Bruno et al. 2003, 2005; ValienteBanuet et al. 2006; Brooker et al. 2008). Facilitation can have strong effects at the level of individuals (on fitness), populations (on growth and distribution), communities (on species composition and diversity) and even landscapes (see, for example, ValienteBanuet et al. 2006; Brooker et al. 2008).
 When positive interactions among species are incorporated in population and community models, they change many fundamental assumptions and predictions (Bruno et al. 2005; Bulleri et al. 2008). Clearly, a robust predictive framework for invasion biology demands an improved understanding of the role of facilitation in mediating biotic resistance of communities to the incursion of introduced species. In particular, it is important to consider (i) the effect that the establishment of such positive interactions between the invasive alien species and alreadypresent biota (native or alien) can have from overcoming such biotic
 c12.indd 144 9/30/2010 5:07:02 PM
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 12.2  MuTualIsMs as drIvers   of  InvasIons
 The role of mutualists in the naturalization–invasion continuum
 To colonize, survive, regenerate and disperse, a species introduced to a new area must negotiate several biotic and abiotic filters/barriers (Richardson et al. 2000b; Mitchell et al. 2006). This, and the fact that the introduction of species and their mutualistic or antagonistic partners often do not take place simultaneously (see, for example, Richardson et al. 2000b; Grosholz 2005), greatly reduces the probability of an alien species interacting with the same mutualistic and antagonistic species in the new environment as in their native range. An increasing body of literature demonstrates that positive interactions between species, specifically those established among plants and animals, are crucial for the integration of invasive species into native communities, and that these can mediate the impacts of introduced species.
 Mutualisms are important at all stages of the invasion process (Fig. 12.1). An alien plant introduced by humans can be transported to new areas far from the original site through dispersal by animals; such a plant may in turn establish in that area owing to symbiotic microorganisms in the soil and/or because pollinators mediate seed production. A plant species can spread and become invasive because frugivorous animals disperse its seeds far from where the plant was originally established. The same dispersal vector may be implicated at more than one stage. Human activities, for instance, are by definition the vector of arrival for alien species, but can also disseminate the invader within the introduced region. The rate of spread is influenced by mean dispersal distance and more importantly by unpredictable, rare longdistance dispersal events that have a disproportionate effect on population growth and aerial spread (Trakhtenbrot et al. 2005). Moreover, disturbances (whether natural or anthropogenic) can also influence the initial establishment of invasive mutualists.
 The importance of mutualistic interactions during the invasion process depends on different traits/requirements of the invader. In the case of invasive plants, we expect these interactions to determine invasion success when the plant:1 Is an obligate outcrosser (e.g. owing to selfincompatibility or dioecy, or if selfcompatible has no
 resulting from their similarity to residents. Using data from eastern North America, Darwin found that most naturalized tree genera had no native counterparts, suggesting that aliens may be handicapped by more intense competition from established congenerics. A century later, Elton (1958) supported this view by arguing that unique traits allow invaders to exploit ‘empty niches’ in speciespoor island communities. There has been a lack of consensus among studies that have tested ‘Darwin’s naturalization hypothesis’, some finding support for it and others not (reviewed in Proches et al. 2008; see also Thuiller et al. 2010).
 Considering mutualistic interactions, we might predict that plant invaders similar to natives in morphological traits (flower/fruit colour, size, shape, etc.) and physiological traits (chemical composition of nectar, fruit pulp, etc.) are more likely to share pollinators/seed dispersers with native plants. This could lead to successful establishment in the receptive community. Similarly, an invader pollinator/disperser might ‘fit better’ in the new environment if its requirements are similar to those of the resident/ native pollinators. Therefore, when considering positive interactions, predictions about invasive success based on the phylogenetic relatedness between invaders and residents might differ from those made when considering negative interactions. Recent developments in coexistence theory demonstrate that invasion success can result either from fitness differences between invader and residents that favour the former, or from niche differences that allow the establishment of the invader despite having a lower fitness (MacDougall et al. 2009).
 Mutualisms have received increasing attention recently, and are now widely accepted to be important mediators of ecosystem functioning (Bruno et al. 2003, 2005; Agrawal et al. 2007; Brooker et al. 2008; Bronstein 2009). There has been a rapid increase in the number of published papers linking mutualisms and invasions. A literature search in the ISI Web of Knowledge including the terms ‘mutualis’ and ‘invasi’ showed only three papers dealing with both topics in 1999, but 50 in 2009. In this chapter we review studies that have examined the importance of mutualistic interactions in determining the success and impact of invasive species. Our goal is to identify general patterns as well as topics that need more research.
 c12.indd 145 9/30/2010 5:07:02 PM
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 than in the temperate zones (Schemske et al. 2009), they are more likely to influence invasion success at lower latitudes. Unfortunately, this hypothesis has yet to be tested, as most data elucidating the role of mutualisms on invasions are from temperate areas. Likewise, we would expect a stronger influence of pollinators and seed dispersers on plant invasions at lower altitudes owing to the declining diversity of such animals with increasing elevation.
 Several studies have shown that systems rich in native species often support large numbers of alien species (see, for example, Rejmánek 1996; Stohlgren et al. 1999; Richardson et al. 2005). In fact, if plant invasions are facilitated by a diverse array of pollinators, dispersers, fungi and bacteria. So, if disturbance and/or fluctuations in resource availability create windows of opportunity, we should expect invasibility to be positively correlated with native species richness (Richardson et al. 2000a).
 capacity for autonomous selfpollination), and therefore requires pollinators to set seeds. Examples include the obligate outcrossers Centaurea diffusa and C. macu-losa (Harrod & Taylor 1995) and purple loosestrife, Lythrum salicaria (Mal et al. 1992), both invasive in North America.2 Needs animals to disperse its seeds. For instance, Crataegus monogyna produces larger fruit displays of higher quality than a native congener, and this has contributed to the rapid spread of this shrub in western North America (Sallabanks 1993).3 Needs specific microorganisms (nitrogenfixing bacteria or mycorrhizal fungi) to establish and grow. Examples include many introduced conifers in the Southern hemisphere (which failed until appropriate fungal symbionts were introduced; Richardson et al. 2000a) and many herbs (Reinhart & Callaway 2006).
 Because mutualistic interactions, specifically plant–animal mutualisms, are more prevalent in the tropics
 fig. 12.1  Schematic representation of the naturalization–invasion continuum, depicting various barriers that an introduced plant must negotiate to be become ‘casual’, ‘naturalized’ or ‘invasive’ (based on Richardson et al. 2000). Bars show the main phases and stages at which different categories of mutualisms are influential in invasion dynamics. Once species become ‘invasive’ they often become widespread and abundant and may affect a wide range of naturally occurring mutualisms.
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 plants infiltrate prevailing seeddispersal networks. Once infiltrated, the natural dispersal network is disrupted because some invasive plants transform the savannas by overtopping and suppressing native trees that act as crucial perch sites and foci for directed dispersal (Iponga et al. 2008).
 The importance of mutualistic interactions is also emphasized in the invasion ecology of ectomycorrhizal plants, such as Northern hemisphere conifers introduced to the Southern hemisphere. For instance, the establishment and spread of Pinus species in many parts of the Southern hemisphere was initially thwarted by the absence of appropriate fungal symbionts (Richardson et al. 2000a; Nuñez et al. 2009). In the Galápagos Islands, the invasion by the obligately arbuscular mycorrhizal Psidium guajava was only possible because arbuscular mycorrhizas were already naturally present on the islands (Schmidt & Scow 1986).
 Towards a framework of ecological networks to study integration (and impact) of invasive species at the community level
 Understanding the evolution and diversification of ecological interactions requires more than an elucidation of interactions between pairs of species. Mutualisms between plants and pollinators or plants and seed dispersers must be considered as networks of interactions involving many species, some with high degrees of generalization (Jordano 1987; Waser et al. 1996). The formalization of interactions between plant communities and their mutualistic animals, using analytical methods developed for the ecology of trophic webs, provides an appropriate conceptual framework for studying the dynamics of such interactions. Such an approach helps us to understand how new species are incorporated into the community and how the community responds to new members (see, for example, Memmot & Waser 2002; Olesen et al. 2002, Olesen & Jordano 2002; Bascompte et al. 2003, Aizen et al. 2008; Padrón et al. 2009). Nonetheless, most information derived using this network approach to date is based on qualitative data (presence/absence of interactions) and assumes that all interactions between plants and animals have similar weights, at least regarding the quality of the interaction (i.e., assumes all pollinator/disperser visits are equally effective from the plant’s viewpoint). A functional approach is needed to make more robust predictions about the impact of a
 The importance of mutualisms as mediators of invasion success
 Baker’s rule states that plants capable of uniparental reproduction, especially selfcompatible species, are more likely to be successful colonists than are selfincompatible or dioecious species (Baker 1955). Unfortunately, we still have rather little information on the reproductive systems of most invasive alien plants (but see Barrett, this volume). A study of 17 invasive alien woody and herb species in South Africa using controlled pollination experiments revealed that all were either selfcompatible or apomictic, and that 72% of species were capable of autonomous self pollination (Rambuda & Johnson 2004). A survey in Missouri, USA, found a similar pollination ecology and degree of autogamy between 10 closely related pairs of native and introduced plant species, although of those that differed, the introduced species were more autogamous than their native congeners (HarmonThreatt et al. 2009). Other surveys in different areas, however, show that many introduced plant species, particularly woody ones, require pollinator mutualisms to become invasive (Richardson et al. 2000a).
 Pollen limitation does not seem to represent a major barrier to the success of introduced plants (Richardson et al. 2000a; Rambuda & Johnson 2004). This may be because of the high level of generalization of pollinators (see section ‘Mechanisms whereby mutualisms can drive invasions’). Among the few exceptions reported so far are Trifolium pratense (red clover), which did not set seed in New Zealand before bumblebees were introduced, and Cytisus scoparius, Ficus spp. and Melilotus sp. (details in Richardson et al. 2000a). Figs are the beststudied case of pollinatormediated constraints on invasion. Several species have spread in alien habitats only after their specific wasp pollinators arrived, either through accidental introduction by humans or by longdistance dispersal (Gardner & Early 1996). Assuming that pollinator specificity is greater in tropical than in temperate forests (Bawa 1990), and given the significant positive relationship between pollen limitation and plant species richness (Vamosi et al. 2006), we predict that invasive plants should be more pollen limited in the former, but more data are needed to test this hypothesis.
 An example of how a plantseed dispersal interaction may drive an invasion is provided by Milton et al. (2007). They report that birds drive the invasion of arid savannas in South Africa when alien fleshyfruited
 c12.indd 147 9/30/2010 5:07:02 PM
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 another species, native or alien, forming a new node in the web. The new interactions between alien and native species affect the demographic success of the former, and influence interactions among natives with subsequent consequences for them. Figure 12.2 shows a network of plantflower visitor interactions in a plant community in the Balearic Islands that has been invaded by the alien cactus Opuntia maxima. This species has become integrated in the community and interacts with many native insects (Padrón et al. 2009).
 Pollination and seed dispersal systems tend to be dominated by generalists. Consequently, it has been predicted that alien species are easily accommodated in such networks (Waser et al. 1996). Studies in invaded natural communities seem to confirm this prediction in the case of native pollinators, because their level of generalization is positively correlated with the probability of servicing a given invasive plant (LopezaraizaMikel et al. 2007), or with the number of alien species included in their diet (Memmott & Waser 2002). In turn, most successful animalpollinated invasive plants are pollinated by generalist species (Richardson et al. 2000a). Less information is available on seed dispersal assemblages of alien species.
 disturbance (the entrance of an invader, for instance) on the entire community. We must obtain good quantitative data to assess whether the patterns that have emerged so far hold when the different effectiveness of mutualists are considered.
 Other mutualistic interactions, such as those established between plants and soil biota (mycorrhizas or nitrogenfixing bacteria) should also be studied at a community level (see, for example, Kottke et al. 2008; Collier & Bidartondo 2009; van der Heijden & Horton 2009). Recent research has highlighted their important role, either facilitating or inhibiting plant invasions (Callaway & Rout, this volume). These underground interactions can in turn affect the aboveground mutualisms. For instance, arbuscular mycorrhizas in some plants can promote an increase in floral display and/or in the quantity and quality of nectar which directly affects the pollination visitation rates to flowers (Wolfe et al. 2005). Similarly, underground mutualisms can alter plant–herbivore interactions, as observed in the invasive Ammophila arenaria, a dominant species in many dune systems around the world whose mycorrhizas improve resistance to the attack of parasitic nematodes to its roots (Beckstead & Parker 2003).
 An alien species is incorporated in a mutualistic plant–animal network when it establishes a link with
 fig. 12.2  Example of a plant–flower visitor network. The nodes in the lower part represent the insect species in the web; nodes in the upper part represent plant species that are visited by them. Lines between nodes symbolize links between species pairs. The yellow node is the invasive species Opuntia maxima, which is integrated in the community and which interacts with a high number of flowervisiting insects (lines indicated in green). Data from Padrón et al. (2009). The image was produced using FoodWeb3D, written by R.J. Williams and provided by the Pacific Ecoinformatics and Computational Ecology Laboratory (www.foodwebs.org; Yoon et al. 2004), courtesy of B. Padrón.
 c12.indd 148 9/30/2010 5:07:02 PM
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 Given that the number of links that an alien plant species can establish is partly explained by the phylogenetic affinity of that species with the native flora (Memmott & Waser 2002), it seems likely that specialist alien species connect to those generalist natives that have some taxonomic affinity with their original mutualists. For example, the European native Cytisus scoparius, with zygomorphic flowers specialized for bumblebee pollination, is visited almost exclusively by native and generalist bumblebees in the invaded range in South America (Morales & Aizen 2002). The ornithophilous Nicotiana glauca is pollinated by hummingbirds in its native range in central and northern Argentina (Nattero & Cocucci 2007), and receives visits of other hummingbird species in Venezuela (Grases & Ramírez 1998) and of sunbirds in South Africa (Geerts & Pauw 2009). By contrast, Kalanchoe sp., another ornithophilous species introduced to Venezuela, pollinated by passeriforms in its native region (South Africa), is not visited by hummingbirds in Venezuela (N. Ramírez, personal communication).
 facilitation among invasive species and evidence for invasional meltdown
 A preferential interaction between alien mutualists in which species interact with a higher frequency than expected by chance can lead to a core of alien generalists, or what has been termed an invasion complex (D’Antonio 1990). Positive interactions among invasive species are relatively frequent, especially plant–pollinator and plant–seed disperser interactions. However, there is no evidence to date that such a core of alien generalists within networks is the rule. Indeed, Bruno et al., (2005) showed that alien species are not more likely to benefit alien species than natives. More recently, Aizen et al. (2008) have suggested that the existence of differential interactions among invaders might take place in the most advanced stages of invasion; at the early stages, invasives are integrated in the webs by interacting with natives.
 Examples of such invader complexes have been reported from many different types of ecosystems, but especially islands (Traveset & Richardson 2006). The honeybee is an important pollinator of many invasive plants on islands where it has been introduced, such as the Bonin Islands, New Zealand, Tasmania, Azores, Santa Cruz and Tenerife. Some species of bumblebees and Megachile rotundata show a preference for alien
 Mechanisms whereby mutualisms  can drive invasions
 Species niche width may be one of the traits that determines the success of an invader (Vázquez 2005). If we apply this hypothesis to mutualistic interactions, the prediction is that generalist alien species have a higher probability of receiving more visits, in the case of plants, or of acquiring more resources in the case of animals, than specialist species (Richardson et al. 2000a). As result, generalist aliens are more likely to integrate into local networks. Validation of this hypothesis requires the comparison, from a biogeographical perspective, of the generalization level of invasive alien species with those of noninvasive aliens (Vázquez 2005). Available evidence suggests that even if reproduction of some highly invasive plant species is limited by pollen availability (Parker et al. 2002), only a small proportion of potentially invasive introduced plants seem to have failed because of the absence of pollinators (Richardson et al. 2000a). This is the case of many species with highly specialized flowers, such as orchids or Ficus, emblematic examples that represent examples of mutual specialization.
 We may also ask whether, in a given community, invasive species are more generalist than native species. Intracommunity comparisons have not shed much light on this so far. Whereas some communities show similar levels of generalization between native and alien mutualists, either for plants or pollinators (see Morales & Aizen 2002, 2006; Olesen et al. 2002), others show differences between them. For instance, Memmott and Waser (2002) found alien flower visitors to be the most generalist species in the community, including supergeneralist species such as Apis mellif-era, whereas alien plants were on average less generalist than natives.
 In mutualistic networks, the distribution of the generalization level (or degree) is highly asymmetrical (Vázquez & Aizen 2004), leading to a nested pattern that in turn confers a high coherence to the network (Bascompte et al. 2003). This implies that specialist species tend to interact exclusively with generalist species, whereas generalist species interact both with specialists and generalists. The former might raise the possibility of integration of specialist alien species into mutualistic networks more than would be expected by random. This might indeed explain the similar generalization levels in native and alien species.
 c12.indd 149 9/30/2010 5:07:02 PM
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 (Kelly et al. 2006), but also in continental situations, such as in South African fynbos (Christian 2001), the dry forests of Thailand (Ghazoul 2004) or the rainforest of Mexico (Roubik & VillanuevaGutierrez 2009). Such mutualistic disruptions may be caused by plants, animals or pathogens. An example of the lastmentioned was recently reported by McKinney et al. (2009) from the northern Rocky Mountains, where an invasive alien fungus is disrupting the obligate seeddispersal mutualism involving Pinus albicaulis, a keystone subalpine tree species, and the only bird capable of dispersing its large, wingless seeds, the Clark’s Nutckacker (Nucifraga columbiana). The fungus kills tree branches and significantly reduces cone production, which influences the nutcracker’s occurrence and seed dispersal success.
 One of the best documented categories of mutualistic disruptions caused by invasions has been widespread changes to plant–animal mutualisms that affect pollination and reproductive success of native plant species. Competitive interactions between native and alien species can involve different, not mutually exclusive mechanisms, which mainly imply changes in the frequency of visits and in interspecific pollen transfer (reviewed in Morales & Traveset 2008). In the presence of more attractive alien species, natives can experience fewer pollinator visits (see, for example, Brown et al. 2002), and/or a reduction in the quality (Ghazoul 2004; LopezaraizaMikel et al. 2007) of visits of some pollinator species owing to changes in their abundance or behaviour (Ghazoul 2002, 2004). In either case, this may lead to a subsequent decrease in pollination levels and seed production of native plants. Research is needed to investigate whether such reductions in seed set have demographic consequences.
 Alternatively, the presence of a highly attractive invasive species may facilitate visits to the less attractive native species by means of an ‘overall attraction’ of pollinators (see Rathcke 1983; Moeller 2005). In the past decade, an increasing number of studies have experimentally evaluated changes in pollination levels and in reproductive success of natives in response to the presence of aliens. A recent metaanalysis found an overall significantly negative effect of alien plants on visitation to and reproduction of native species (Morales & Traveset 2009). The negative effect increased at high relative densities of alien plants and, interestingly, their effect on visitation and reproductive success was most detrimental when alien and native plants had similar flower symmetry or colour, thus highlighting
 plants in New Zealand and Australia, respectively. Alien wasps have favoured the spread of introduced Ficus species in continental areas of North America, in Hawaii and New Zealand (references in Richardson et al. 2000a). The same intrinsic plant traits (for example a large floral display, high nectar and/or pollen production) can promote more frequent interactions with invasive pollinators (usually social insects, mainly owing to their high energetic demand to maintain their colonies) than with native pollinators. Likewise, invasive plants that produce large fruit crops can also be mainly dispersed by alien invasive animals. For instance, on Mediterranean islands, rats and rabbits, introduced thousands of years ago, are important dispersers of invasive plants such as Carpobrotus spp. In the Canary Islands, the alien squirrel Atlantoxerus getulus is dispersing the also invasive Opuntia maxima (LópezDarias & Nogales 2008). In island ecosystems specifically, mainly because of the lower species richness, we may expect a greater effect of invasion complexes on native biodiversity than in the mainland. More data are, however, needed for a robust test of this hypothesis.
 Invader complexes can lead to a process whereby the species involved in the interaction reciprocally improve conditions for survival and spread (invasional meltdown; Simberloff & Von Holle 1999). Many authors have suggested that such processes may be operating in a wide range of ecosystems (references in Simberloff & Von Holle 1999; Traveset & Richardson 2006). We need more research to determine how widespread such invasion complexes are, and how they impact on pollination and seed dispersal networks. Much research is currently underway in this area and a clearer picture should emerge soon.
 12.3  The oTher sIde of   The coIn: MuTualIMs dIsrupTed – casualTIes of  InvasIons
 The dynamics of disruption
 Invasive alien species can bring about substantial changes to prevailing mutualistic interactions (Traveset & Richardson 2006), and such alterations can, in turn, mediate subsequent invasion dynamics (Mitchell et al. 2006). The most dramatic changes have been documented in island ecosystems such as those on Hawaii (Waring et al. 1993) and New Zealand
 c12.indd 150 9/30/2010 5:07:02 PM
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 dependence are the most robust against disturbances promoting extinctions (Ollerton et al. 2003), such results suggest that the invasive species and its mutualists might be more resistant to disturbances, which would increase the probability of permanence and survival of such invasive in the network. This, added to a preferential interaction among invasive species, might lead to invasional meltdown, precipitating an even higher impact of the invasion on the native community, similar to those reported for other systems and interactions (see, for example, Grosholz 2005; Griffen et al. 2008; Belote & Jones 2009).
 The presence of an invasive species can affect the patterns of pollen flow if pollinators transfer pollen interspecifically, depositing pollen of the invasive on the stigmas of the native, or vice versa, generating a decrease in the quality of pollination. Such a decrease may be due to the deposition of heterospecific pollen on their stigmas, which can interfere with the deposition and/or germination of conspecific pollen and/or to a loss of conspecific pollen on flowers of other species (Morales & Traveset 2008). Such changes can occur independently of changes in the absolute frequency of visits, although sometimes both phenomena occur simultaneously (see, for example, Brown et al. 2002; Ghazoul 2002; LopezaraizaMikel et al. 2007). Only a few studies have evaluated changes in pollen deposition in the presence of an invasive species. Some have found reductions in the deposition of conspecific pollen (Ghazoul 2002; Larson et al. 2006), others have found increases in the deposition of heterospecific pollen (Ghazoul 2002), whereas yet others reported no consistent changes (Grabas & Laverty 1999; Moragues & Traveset 2005; Larson et al. 2006). Although the amount of heterospecific pollen on native stigmas is generally too low to interfere with the deposition of conspecific pollen (Morales & Traveset 2008), it might affect the reproduction of closely related native species if it produces hybrid seeds (Wolf et al. 2001; Burgess et al. 2008). So far, these mechanisms (changes in the frequency of visits and interspecific pollen transfer) have been evaluated separately, and the difference in the approaches used has hampered the evaluation of the relative importance of both mechanisms and their interaction.
 Although individual invasive alien species may have a negative impact on particular mutualistic interactions, their effect on the overall community may be neutral or even positive for mutualistic interactions. It is also important to consider that the spatial scale of
 the importance of phenotypic similarity between aliens and natives in determining the outcome of the interaction. Such a finding is indeed consistent with a prediction of niche theory: that functionally similar invaders should impose the greatest harm on native communities (MacDougall et al. 2009).
 Once an alien species is integrated into a network of mutualistic interactions, it can modify key parameters that describe network structure or topology. In natural systems with a nested interaction structure (Bascompte et al. 2003) the impact of an alien species may rapidly cascade through the entire network because all species are closely interlinked (LopezaraizaMikel et al. 2007). Thus, the importance of aliens at the level of network is expected to be pronounced. However, research in this area of invasion biology is in its infancy, both for alien plants and alien pollinators (see LopezaraizaMikel et al. 2007; Aizen et al. 2008; Padrón et al. 2009; Valdovinos et al. 2009; Vilà et al. 2009).
 One of the consequences of the asymmetry of mutualistic networks is a low reciprocal dependence between mutualists: if a pollinator, for instance, is strongly reliant on a given plant species, this plant species typically depends only weakly on the services of that pollinator species, and vice versa. Such asymmetry confers stability and robustness to the networks against the loss of species (Vázquez & Aizen 2004; Bascompte et al. 2006). In a study of the impact of invasive plants and pollinators on network architecture, Aizen et al., (2008) analysed the connectivity of 10 networks characterized by contrasting levels in the incidence of invasive species and in their mutual dependence among the interacting species. There were no differences in connectivity (proportion of links relative to all those possible) between invaded and uninvaded networks (as also found by Memmott & Waser (2002) and Olesen et al. (2002)), but the invasive species were found to promote a ‘redistribution’ of links between plants and animals in the network: a high number of links were transferred from generalist native species to invasive supergeneralist species, and therefore the entire network topology was modified. In other words, the invasive species usurp interactions among native mutualists in the process of invasion. In this way, at least at advanced stages of the invasion, supergeneralist invasives can alter the ‘foundations’ of the network architecture itself, becoming central nodes in it (Aizen et al. 2008), and their removal might significantly alter network topology (Valdovinos et al. 2009). Moreover, because interactions of a low reciprocal
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 tor, the native bumblebee B. dahlbomii, parallel to an increase in the frequency of the invasive pollinator, suggesting that such disturbance would favour the invasive species and hamper the native one. Later, a longterm study on the same plant species in a nondisturbed area confirmed that the invasive species is favoured by habitat alteration but also that it has indeed displaced the native species (Madjidian et al. 2008). This study highlights the necessity of longterm studies that consider different factors that can covary with changes in abundance of invasive and native species at the time that they evaluate the impact of the former on the latter (Stout & Morales 2009). This will allow distinguishing between passive replacements and competitive displacements of native by the invasive alien species. The study also highlights that these replacement processes can occur very quickly, in just a few years.
 In general, we have rather little information on whether alien species act as functional surrogates of, and occupy the same niches as, extinct native species. Regarding pollinators, several studies have shown that introduced pollinators are not as effective as natives they have replaced (see Traveset & Richardson 2006). For instance, they may promote reduced outcrossing rates which can result in a reduced gene flow and/or promote hybridization between native plants (England et al. 2001; Dick et al. 2003). Introduced bees can affect plant fitness by actively reducing pollination of native plants (physical interference with native pollinators on the flowers; Gross & Mackay 1998) or by altering pollen dispersal (see, for example, Westerkamp 1991; Paton 1993; Celebrezze & Paton 2004).
 Hansen et al. (2002) showed experimentally that the exclusion of bird pollinators reduced seed set in two Mauritian trees that were otherwise visited primarily by alien honeybees, possibly owing to higher levels of withinplant foraging behaviour of honeybees. Likewise, the introduced Bombus ruderatus is not as effective for Alstroemeria as is B. dahlbomi (Madjidian et al. 2008). For seed dispersers, we do not know to what extent they have similar foraging behaviours and move seeds to similar sites as extinct native species. Many oceanic islands, for instance, have lost a large proportion of native frugivorous avifauna, although avian species richness has remained fairly constant because extinction has been balanced by colonization and naturalization of alien bird species (see, for example, Sax et al. 2002; Foster & Robinson 2007; Cheke & Hume 2008). Despite this, alien birds
 investigation affects the estimated strength of competition for pollinators between invasive and native plant species. For instance, the alien geophyte Oxalis pes-caprae appears to compete for pollinators with the native Diplotaxis erucoides at a scale of a few metres, but at larger scales the presence of Oxalis flowers in invaded fields attracts pollinators, facilitating visits to Diplotaxis (Jakobsson et al. 2009). Consistent with the arguments of Bulleri et al. (2008), it might well be that competition could operate inherently at a smaller spatial scale than facilitation and thus be more likely to produce results observed in finescale studies.
 can invasive alien species replace extinct or declining native mutualists?
 Native island pollinators and seed dispersers, which tend to be more prone to extinction than plants (at least at the time scale of years or decades), have been occasionally and unintentionally, replaced by ‘ecologically similar’ alien species. For instance, in Hawaii, the widespread alien bird Zosterops japonica has replaced the extinct native honeycreepers (see Cox & Elmqvist 2000), whereas Z. lateralis has replaced native bird pollinators in New Zealand (Kelly et al. 2006). On Mauritius, the ornithophilous flowers of Nesocodon mauritianus (Campanulaceae) are currently visited almost exclusively by the introduced redwhiskered bulbul (Pycnonotus jocosus) (Linnebjerg et al. 2009). In Mallorca (Balearic Islands, western Mediterranean), the main disperser of the native shrub Cneorum tricoc-con is the alien pine marten Martes martes, which appears to have replaced the extinct endemic lizards that performed this role before carnivores arrived on these islands (Traveset 1995). Given that the decline in native species and the arrival of alien species is frequently associated with habitat disturbance, it is often difficult to discern the relation of causality between a native species regression and an alien invasion.
 An illustrative case of a functional replacement is the invasion of the alien bumblebee Bombus ruderatus in the Andean forests of Patagonia, after their deliberate introduction to southern Chile in 1982. This species was detected in native communities in 1994, and since then its abundance and distribution range have increased (Morales 2007). In 1996, a census of flower visitors to the native Alstroemeria aurea along a gradient of anthropogenic disturbance showed a decrease in the relative frequency of its main pollina
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 The introduction of Apis mellifera and Bombus ter-restres to many islands around the world has had devastating effects on native bees (Goulson 2003) as a direct result of competition for floral resources (see, for example, Kato et al. 1999) or competition for nest sites (see, for example, Wenner & Thorp 1994), and even on the reproductive success of plants that depended upon them. This is because such alien species may reduce seed production, modify gene flow and promote hybridization between closely related species (see Traveset & Richardson 2006). Honeybees are already reported to have displaced native pollinators on many islands. For instance, small endemic solitary bees and whiteeyes have been replaced in the Bonin Islands, Japan (Kato et al. 1999) and in Mauritius (Hansen et al. 2002), respectively. Similarly, honeyeaters have decreased in numbers in Australia, which has been attributed to the introduction of honeybees (Paton 1993) or bumblebees (Hingston et al. 2002; Hingston 2005). These two alien species have integrated well into the pollinator networks of many invaded island communities in Japan (Abe 2006), Tasmania (Hingston et al. 2002), the Mascarene Islands (Olesen et al. 2002) and the Canary Islands (Dupont et al. 2004). Invasive ants, such as Anoplolepis gracilipes, Technomyrmex albipes and Wasmannia auropunctata are also having dramatic effects on the biota of different islands where they have been introduced, such as New Caledonia (Jourdan et al. 2001), Mauritius (Hansen & Müller 2009) and Samoa (Savage et al. 2009). The Argentine ant Linepithema humile has significantly reduced the abundance of two important pollinators in Hawaii, the moth Agrotis sp. and the solitary bee Hylaeus volcanica, with potentially severe negative effects on the seed set of many native plant species (Cole et al. 1992). Moreover, a recent review by RodríguezCabal et al., (2009) on the impact of this invasive ant on seed dispersal shows that it displaces native ants in most invaded areas and that it does not act as a legitimate disperser, although this depends upon seed traits such as size and percent reward. This suggests that Argentine ant invasions may drive shifts in community diversity (e.g. Christian 2001) and parallel changes in ecosystem functioning.
 The integration of invasives into island communities is usually facilitated by generalist (sometimes supergeneralist) pollinators and dispersers that include nectar and pollen or fleshy fruits in their diets (Olesen et al. 2002; Morales & Aizen 2006; Traveset & Richardson 2006; Aizen et al. 2008;
 often act as legitimate, and highly effective, dispersers of native plants. We do not know exactly how these alien birds influence the dispersal of native plants. In Hawaii, alien birds disperse many native understorey shrubs (Foster & Robinson 2007), but elsewhere alien birds disperse mainly alien plant species, like the redwhiskered bulbul on La Reunion (MandonDalger et al. 2004). In New Zealand, the contribution of alien birds to seed dispersal of native plants is unexpectedly small (Kelly et al. 2006). In the Bonin Islands, Kawakami et al. (2009) found that introduced whiteeyes appear to compensate for extinct native seed dispersers.
 The magnitude of the current biodiversity crisis calls for radical conservation measures in some cases (e.g. rewilding in North America; ‘managed relocation’ involving the planned movement of threatened species to areas outside their current range where prospects of longterm survival are improved; habitat restoration using alien birds in Hawaii). Native species that have recently become extinct or those in which populations are declining might be replaced by functionally equivalent species. This might be especially necessary to buffer ecosystems against the loss of keystone species (hubs in the community networks).
 Invasions and mutualisms in fragile ecosystems (islands)
 The integration of invasive species into receptive communities by means of facilitative interactions with native species is likely to occur frequently in island ecosystems, where many native mutualists have wider trophic niches than in mainland systems. On islands, all possible detrimental effects are magnified exponentially, with reduced population sizes, absence of specialization in the native interactions or the unpredictability of resource production (see review in KaiserBunbury et al. 2010). Many cases have been documented on islands where alien species have strongly negative impacts on native communities; both the magnitude and the mechanisms of the impacts vary depending on the functional group to which the alien species belongs and its abundance (Traveset & Richardson 2006; Traveset et al. 2009a). In any case, the invasive species has the capacity to alter significantly the reproductive success of the natives at the same time as altering the structure of pollination or disperser networks.
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 12.4  challenges for The fuTure
 Biological invasions provide superb natural experiments at a global scale, offering exciting new insights on many aspects of ecology, including the factors that mediate ecosystem functioning and stability. Ecologists have begun to grasp this opportunity in the past decade, resulting in substantial advances in our understanding of the role of mutualisms in structuring communities, and of the fragility of many interactions.
 The impacts of invasive species on naturally occurring mutualisms are still poorly documented, but the picture that is emerging is that they are often profound. Most insights are still from observations, and more manipulative experiments are needed to disentangle the full complexity of species interactions and to unravel the implications of the multiple interactive factors for community and ecosystem stability. Assessments of actual and potential impacts of introduced species have until recently all but ignored effects on mutualisms: a revised framework for incorporating such effects in impact assessments is needed.
 Many restoration projects are underway to address degradation of ecosystems due to invasions and other factors. Too few such projects consider positive species interactions explicitly, or pay enough attention to keystone species (e.g. species that interact with large number of pollinators or dispersers; ‘hubs’ in network terminology) and ecosystem engineers (species that create or modify habitats). The integration of results such as those reviewed in this chapter is crucial for improving the efficiency of restoration efforts in yielding sustainable restored communities and landscapes. The use of ecosystem engineers (either native or alien) can enhance recruitment of native species, either directly or indirectly. For instance, many studies have shown the important effect of plant facilitation for the recruitment of many plant species, especially in stressful environments (Brooker et al. 2008). Such engineers can also create new opportunities for invaders, and there are examples of this both for terrestrial (Badano et al. 2007) and marine systems (Tweedley et al. 2008). Pollination and seed dispersal processes operate on very different spatial and temporal scales, as pollination is mainly dominated by invertebrates whereas seed dispersal is largely carried out by vertebrates. Therefore, restoration programmes that focus mainly on pollination may not necessarily favour the maintenance of seed dispersal interactions, and vice versa.
 Linnebjerg et al. 2009). For instance, Carpobrotus spp. are highly invasive on many Mediterranean islands, and are pollinated by a large diversity of native insects that are attracted by their abundant and attractive flowers (Moragues & Traveset 2005). A different situation occurs with the invasive Kalanchoe pinnata (Crassulaceae) in the Galápagos Islands. This plant, with a great capacity for vegetative growth, has complex flowers, which are not effectively visited by native pollinators in these islands (L. Navarro, personal communication). Kueffer et al. (2009) compared fruit traits between native and invasive alien plants on oceanic islands. They found fruit quality to be more variable in the latter, suggesting that this might represent an advantage for them during the invasion process. They also proposed that island plants produce fruits of lower energy content than invasives, probably because of reduced competition for dispersal. Further work is needed on more oceanic islands to examine this idea.
 Introduced vertebrates are the animal group with most detrimental effects on the native island floras and faunas (Sax & Gaines 2008), including indirect effects on native mutualisms (see, for example, Nogales et al. 2004, 2005, 2006; Traveset & Riera 2005; Kelly et al. 2006; Traveset et al. 2009b). The negative impacts of, for example, introduced goats, rats and parrots on plant fitness and dispersal can be multifold. These include the direct consumption of native plants and, more indirectly, the reduction of populations of legitimate seed dispersers (see Riera et al. 2002; Traveset & Richardson 2006). There is also much evidence that rodents, cats and opossums have overwhelming effects on native seed dispersers (see, for example, Jourdan et al. 2001; García 2002; Nogales et al. 2004; Kelly et al. 2006; Towns et al. 2006; Hansen & Müller 2009).
 Given the alarming increase in disturbances in island ecosystems, further studies are needed to determine the range of impacts of invasive species on mutualistic interactions at different levels (population, species, community and ecosystem). The loss of some mutualistic interactions often leads to decreases in recruitment rates of plants that depend upon them, even cascading into local or total extinctions. The lack of studies at community level precludes us from making global estimates of the impact of the loss of such mutualisms and from evaluating the degree of resilience of mutualistic networks possess with respect to different types of disturbance.
 c12.indd 154 9/30/2010 5:07:03 PM

Page 13
                        

Richardson—Fifty Years of Invasion Ecology
 R
 Mutualisms: drivers and casualties of invasions    155
 61165BOS), the DSTNRF Centre of Excellence for Invasion Biology and the Hans Sigrist Foundation for financial support.
 references
 Abe, T. (2006) Threatened pollination systems in native flora of the Ogasawara (Bonin) Islands. Annals of Botany, 98, 317–334.
 Agrawal, A.A., Ackerly, D.D., Adler, F., et al. (2007) Filling key gaps in population and community ecology. Frontiers in Ecology and the Environment, 5, 145–152.
 Aizen, M.A., Morales, C.L. & Morales, J.M. (2008) Invasive Mutualists Erode Native Pollination Webs. PLoS Biology, 6, 396–403.
 Baker, H.G. (1955) Selfcompatibility and establishment of longdistance dispersal. Evolution, 9, 337–349.
 Badano, E.I., Villaroel, E., Bustamante R.O., Marquet, P.A. & Cavieres, L.A. (2007) Ecosystem engineers facilitate invasions by exotic plants in highAndean ecosystems. Journal of Ecology, 95, 682–688.
 Bascompte, J., Jordano, P., Melian, C.J. & Olesen, J.M. (2003) The nestedness assembly of plant–animal mutualistic networks. Proceedings of the National Academy of Sciences of the USA, 100, 9838–9837.
 Bascompte, J., Jordano, P. & Olesen, J.M. (2006) Asymmetric coevolutionary networks facilitate biodiversity maintenance. Science, 312, 431–433.
 Bawa, K.S. (1990) Plant–pollinator interactions in tropical rain forests. Annual Review of Ecology and Systematics, 21, 399–422.
 Beckstead, J. & Parker, I.M. (2003) Invasiveness of Ammophila arenaria: Release from soilborne pathogens? Ecology, 84, 2824–2831.
 Belote, R.T. & Jones, R.H. (2009) Tree leaf litter composition and nonnative earthworms influence plant invasion in experimental forest floor mesocosms. Biological Invasions, 11, 1045–1052.
 Bertness, M.D. & Callaway, R.M. (1994) Positive interactions in communities. Trends Ecology and Evolution, 9, 91–193.
 Bronstein, J.L. (2009) The evolution of facilitation and mutualism. Journal of Ecology, 97, 1160–1170.
 Brooker, R.W., Maestre, F.T., Callaway, R.M., Lortie, C.L., Cavieres, L.A. et al. (2008) Facilitation in plant communities: the past, the present, and the future. Journal of Ecology, 96, 18–34.
 Brown, B.J., Mitchell, R.J. & Graham, S.A. (2002) Competition for pollination between an invasive species (purple loosestrife) and a native congener. Ecology, 83, 2328–2336.
 Bruno, J.F., Stachowicz, J.J. & Bertness, M.D. (2003) Inclusion of facilitation into ecological theory. Trends Ecology & Evolution, 18, 119–125.
 Insights from invasions can inform decisions on radical conservation strategies, such as managed relocation and ‘rewilding’ of ecosystems by introducing extant species, taxon substitutions, as functional replacements or ecological analogues for extinct native species. Using alien species as a management tool can in some cases provide beneficial interactions in systems where native mutualists have disappeared. For example, in some heavily degraded island systems, honeybees may act as pollinators of native species, thus contributing positively to the native plant fitness. In Mauritius, honeybees were the major flower visitors of 43 out of 74 plant species (58%) in a weeded conservation management area (KaiserBunbury et al. 2010).
 When trying to understand the dynamics of plant–animal interactions in an increasingly fragmented and homogenized world, we also need to consider the role of evolution. Some of the new interactions established between species in invaded communities can evolve quickly, sometimes over a few decades and across complex geographical landscapes (Thompson 2002). We need much better information on the geographical scales at which mutualistic interactions are organized ecologically and evolutionarily.
 It is increasingly accepted by conservation managers that what we need to preserve is the ‘interaction biodiversity’ of communities. Interactions are the glue of biodiversity, linking species locally and over broader geographical scales. Entire community networks can collapse if such interactions weaken or if a fraction of them disappear. A network framework may improve many conservation efforts and help to take better management decisions. We need remnants of relatively pristine, geographically complex landscapes as benchmarks for interaction biodiversity (Thompson 1996). Such landscapes are becoming scarce; maintaining interaction biodiversity must therefore also require a better understanding of how to minimize the increasingly pervasive influence of the different drivers of global change, one of them being invasive species. This comes back to understanding species interactions and evolution of specialization in such interactions.
 acknowledgeMenTs
 We thank Marcelo A. Aizen and Spencer C.H. Barrett for helpful comments on the manuscript and acknowledge the Spanish Ministry of Science (project CGL2007
 c12.indd 155 9/30/2010 5:07:03 PM

Page 14
                        

Richardson—Fifty Years of Invasion Ecology
 R
 156    The nuts and bolts of invasion ecology
 England, P.R., Beynon, F., Ayre, D.J. & Whelan, R.J. (2001) A molecular genetic assessment of mating system variation in a naturally birdpollinated shrub: contributions from birds and introduced honeybees. Conservation Biology, 15, 1645–1655.
 Foster, J.T. & Robinson, S.K. (2007) Introduced birds and the fate of Hawaiian rainforests. Conservation Biology, 21, 1248–1257.
 Gardner, R.O. & Early, J.W. (1996) The naturalisation of banyan figs (Ficus spp. Moraceae) and their pollinating wasps (Hymenoptera: Agaonidae) in New Zealand. New Zealand Journal of Botany, 34, 103–110.
 García, J.D.D. (2002) Interaction between introduced rats and a frugivore bird–plant system in a relict island forest. Journal of Natural History, 36, 1247–1258.
 Geerts, S. & Pauw, A. (2009) African sunbirds hover to pollinate an invasive hummingbirdpollinated plant. Oikos, 118, 573–579.
 Ghazoul, J. (2002) Flowers at the front line of invasion? Ecological Entomology, 27, 638–640.
 Ghazoul, J. (2004) Alien abduction: disruption of native plant–pollinator interactions by invasive species. Biotropica, 36, 156–164.
 Goulson, D. (2003) Effects of introduced bees on native ecosystems. Annual Review of Ecology and Systematics, 34, 1–26.
 Grabas, G.P. & Laverty, T.M. (1999) The effect of purple loosestrife (Lythrum salicaria L.; Lythraceae) on the pollination and reproductive success of sympatric coflowering wetland plants. Ecoscience, 6, 230–242.
 Grases, C. & Ramírez, N. (1998) Biología reproductiva de cinco especies ornitófilas en un fragmento de bosque caducifolio secundario en Venezuela. Revista de Biología Tropical, 46, 1095–1108.
 Griffen, B.D., Guy, T. & Buck, J.C. (2008) Inhibition between invasives: a newly introduced predator moderates the impacts of a previously established invasive predator. Journal of Animal Ecologu, 77, 32–40.
 Gross, C.L. & Mackay, D. (1998) Honeybees reduce fitness in the pioneer shrub Melastoma affine (Melastomataceae). Biological Conservation, 86, 169–178.
 Grosholz, E.D. (2005) Recent biological invasion may hasten invasional meltdown by accelerating historical introductions. Proceedings of the National Academy of Sciences of the USA, 102, 1088–1091.
 Hansen, D.M., Olesen, J.M. & Jones, C.G. (2002) Trees, birds and bees in Mauritius: exploitative competition between introduced honey bees and endemic nectarivorous birds? Journal of Biogeography, 29, 721–734.
 Hansen, D.M. & Müller, C.B. (2009) Invasive ants disrupt gecko pollination and seed dispersal of the endangered plant Roussea simplex in Mauritius. Biotropica, 41, 202–208.
 HarmonThreatt, A.N., Burns, J.H., Shemyakina, L.A. & Knight, T.M. (2009) Breeding system and pollination
 Bruno, J.F., Fridley, J.D., Bromberg, K. & Bertness, M.D. (2005) Insights into ecology, evolution and biogeography. In Species Invasions. Insights into Ecology, Evolution, and Biogeography (ed. D.F. Sax, J.J. Stachowicz and S.D. Gaines), pp. 13–40, Sinauer Associates, Sunderland, Massachusetts.
 Bulleri, F., Bruno, J.F. & BenedettiCecchi, L. (2008) Beyond competition: incorporating positive interactions between species to predict ecosystem invasibility. PLoS Biology, 6, 1136–1140.
 Burgess, K.S., Morgan, M. & Husband, B.C. (2008) Interspecific seed discounting and the fertility cost of hybridization in an endangered species. New Phytologist, 177, 276–284.
 Callaway, R. (1995) Positive interactions among plants. Botanical Review, 61, 306–349.
 Callaway, R.M., Thelen, G.C., Rodriguez, A. & Holben, W.E. (2004) Soil biota and alien plant invasion. Nature, 427, 731–733.
 Celebrezze, T. & Paton, D.C. (2004) Do introduced honeybees (Apis mellifera, Hymenoptera) provide full pollination service to birdadapted Australian plants with small flowers? An experimental study of Brachyloma ericoides (Epacridaceae). Austral Ecology, 29, 129–136.
 Cheke, A. & Hume, J. (2008) Lost Land of the Dodo. An Ecological History of Mauritius, Réunion & Rodrigues. Yale University Press, New Haven, Connecticut.
 Christian, C.E. (2001) Consequences of biological invasion reveal the importance of mutualism for plant communities. Nature, 413, 635–639.
 Cole, F.R., Medeiros, A.C., Loope, L.L. & Zuehlke, W.W. (1992) Effects of the argentine ant on arthropod fauna of Hawaiian highelevation shrubland. Ecology, 73, 1313–1322.
 Collier, F.A. & Bidartondo, M.I. (2009) Waiting for fungi: the ectomycorrhizal invasion of lowland heathlands. Journal of Ecology, 97, 950–963.
 Cox, P.A. & Elmqvist, T. (2000) Pollinator extinction in the Pacific islands. Conservation Biology, 14, 1237–1239.
 D’Antonio, C.M. (1990) Seed production and dispersal in the nonnative, invasive succulent Carpobrotus edulis (Aizoaceae) in coastal strand communities of central California. Journal of Applied Ecology, 27, 693–702.
 Darwin, C. (1859) The Origin of Species. John Murray, London.
 Davis, M.A. (2009) Invasion Biology. Oxford University Press, Oxford.
 Dick, C.W., Etchelecu, G., Austerlitz, F. (2003) Pollen dispersal of tropical trees (Dinizia excelsa: Fabaceae) by native insects and African honeybees in pristine and fragmented Amazonian rainforest. Molecular Ecology, 12, 753–764.
 Dupont, Y.L., Hansen, D.M., Valido, A. & Olesen, J.M. (2004) Impact of introduced honey bees on native pollination interactions of the endemic Echium wildpretii (Boraginaceae) on Tenerife, Canary Islands. Biological Conservation, 118, 301–311.
 Elton, C.S. (1958) The Ecology of Invasions by Animals and Plants. Methuen, London.
 c12.indd 156 9/30/2010 5:07:03 PM

Page 15
                        

Richardson—Fifty Years of Invasion Ecology
 R
 Mutualisms: drivers and casualties of invasions    157
 Kueffer, C., Kronauer, L. & Edwards, P.J. (2009) Wider spectrum of fruit traits in invasive than native floras may increase the vulnerability of oceanic islands to plant invasions. Oikos, 118, 1327–1334.
 Larson, D.L., Royer, R.A. & Royer, M.R. (2006) Insect visitation and pollen deposition in an invaded prairie plant community. Biological Conservation, 130, 148–159.
 Linnebjerg, J.F., Hansen, D.M. & Olesen, J.M. (2009) Gut passage effect of the introduced redwhiskered bulbul (Pycnonotus jocosus) on germination of invasive plant species in Mauritius. Austral Ecology, 34, 272–277.
 LopezaraizaMikel, M.E., Hayes, R.B., Whalley, M.R., et al. (2007) The impact of an alien plant on a native plant–pollinator network: An experimental approach. Ecology Letters, 10, 539–550.
 LópezDarias, M. & Nogales, M. (2008) Effects of the invasive Barbary ground squirrel (Atlantoxerus getulus) on seed dispersal systems of insular xeric environments. Journal of Arid Environments, 72, 926–939.
 MacDougall, A.S., Gilbert, B. & Levine, J.M. (2009) Plant invasions and the niche. Journal of Ecology, 97, 609–615.
 Madjidian, J.A., Morales, C.L. & Smith, H.G. (2008) Displacement of a native by an alien bumblebee: lower pollinator efficiency overcome by overwhelmingly higher visitation frequency. Oecologia, 156, 835–845.
 Mal, T.K., Lovettdoust, J. & Lovedoust, L. et al. (1992) The biology of Canadian weeds.100. Lythrum salicaria. Canadian Journal of Plant Science, 72, 1305–1330.
 MandonDalger, I., Clergeau, P., Tassin, J., Riviere, J.N. & Gatti, S. (2004) Relationships between alien plants and an alien bird species on Réunion Island. Journal of Tropical Ecology, 20, 635–642.
 McKinney, S.T., Fiedler, C.E. & Tomback, D.F. (2009) Invasive pathogen threatens bird–pine mutualism: implications for sustaining a highelevation ecosystem. Ecological Applications, 19, 597–607.
 Memmott, J. & Waser, N. (2002) Integration of alien plants into a native flower–pollinator visitation web. Proceedings of the Royal Society of London B, 269, 2395–2399.
 Mitchell, C.E. et al. (2006) Biotic interactions and plant invasions. Ecology Letters, 9, 726–740.
 Milton, S.J., Wilson, J.R.U., Richardson, D.M., et al. (2007) Invasive alien plants infiltrate birdmediated shrub nucleation processes in arid savanna. Journal of Ecology, 95, 648–661.
 Moragues, E. & Traveset, A. (2005) Effect of Carpobrotus spp. on the pollination success of native plant species of the Balearic Islands. Biological Conservation, 122, 611–619.
 Morales, C.L. (2007) Introducción de abejorros (Bombus) no nativas: causas, consecuencias ecológicas y perspectivas. Ecología Austral, 17, 51–65.
 Morales, C.L. & Aizen, M.A. (2002) Does the invasion of alien plants promote invasion of alien flower visitors? A case study from the temperate forests of southern Andes. Biological Invasions, 4, 87–100.
 ecology of introduced plants compared to their native relatives. American Journal of Botany, 96, 1544–1550.
 Harrod, R.J. & Taylor, R.J. (1995) Reproduction and pollination biology of Centaurea and Acroptilon species, with emphasis on Centaurea diffusa. Northwest Science, 69, 97–105.
 Hingston, A.B. (2005) Does the introduced bumblebee, Bombus terrestris (Apidae), prefer flowers of introduced or native plants in Australia? Australian Journal of Zoology, 53, 29–34.
 Hingston, A.B., MarsdenSmedley, J. & Driscoll, D.A., et al. (2002) Extent of invasion of Tasmanian native vegetation by the exotic bumblebee Bombus terrestris (Apoidea: Apidae). Austral Ecology, 27, 162–172.
 Iponga, D.M., Milton, S.J. & Richardson, D.M. (2008) Superiority in competition for light: A crucial attribute defining the impact of the invasive alien tree Schinus molle (Anacardiaceae) in South African savanna. Journal of Arid Environments, 72, 612–623.
 Jakobsson, A., Padrón, B. & Traveset, A. (2009) Competition for pollinators between invasive and native plants – the importance of spatial scale of investigation. Ecoscience, 16, 138–141.
 Jordano, P. (1987) Patterns of mutualistic interactions in pollination and dispersal: connectance, dependence asymmetries, and coevolution. American Naturalist, 129, 657–677.
 Jourdan, H., Sadlier, R.A. & Bauer, A.M. (2001) Little fire ant invasion (Wasmannia auropunctata) as a threat to New Caledonian lizards: evidences from a sclerophyll forest (Hymenoptera: Formicidae). Sociobiology, 38, 283–301.
 KaiserBunbury, C.N., Traveset, A. & Hansen, D.M. (2010) Conservation and restoration of plant–animal mutualisms on oceanic islands. Perspectives in Plant Ecology, Evolution and Systematics, 12, 131–143.
 Kato, M., Shibata, A. & Yasui, T. (1999) Impact of introduced honeybees, Apis mellifera, upon native bee communities in the Bonin (Ogasawara) Islands. Researches on Population Ecology, 41, 217–228.
 Kawakami, K., Mizusawa, L. & Higuchi, H. (2009) Reestablished mutualism in a seeddispersal system consisting of native and introduced birds and plants on the Bonin Islands, Japan. Ecological Research, 24, 741–748.
 Keane, R.M. & Crawley, M.J. (2002) Exotic plant invasions and the enemy release hypothesis. Trends in Ecology & Evolution, 17, 164–170.
 Kelly, D., Robertson, A.W., Ladly, J.J., Anderson, S.H. & McZenzie, R.J. (2006) Relative (un)importance of introduced animals as pollinators and disperses of native plants. Biological invasions in New Zealand (ed. R.B. Allen and W.G. Lee), pp 227–245, Springer, Berlin.
 Kottke, I., Haug, I., Setaro, S. et al. (2008) Guilds of mycorrhizal fungi and their relation to trees, ericads, orchids and liverworts in a neotropical mountain rain forest. Basic and Applied Ecology, 9, 13–23.
 c12.indd 157 9/30/2010 5:07:03 PM

Page 16
                        

Richardson—Fifty Years of Invasion Ecology
 R
 158    The nuts and bolts of invasion ecology
 spessulana (Fabaceae), two invasive shrubs in California. Madroño, 49, 25–32.
 Paton, D.C. (1993) Honeybees in the Australian environment: does Apis mellifera disrupt or benefit the native biota? Bioscience, 43, 95–103.
 Proches, S., Wilson, J.R.U., Richardson, D.M. & Rejmánek, M. (2008). Searching for phylogenetic pattern in biological invasions. Global Ecology and Biogeography, 17, 5–10.
 Rambuda, T.D. & Johnson, D. (2004) Breeding systems of invasive alien plants in South Africa: does Baker’s rule apply? Diversity and Distributions, 10, 409–416.
 Rathcke, B. (1983) Competition and facilitation among plants for pollination. In Pollination Biology (ed. L. Real), pp. 305–327. Academic Press.
 Reinhart, K.O. & Callaway, R.M. (2006) Soil biota and invasive plants. New Phytologist, 170, 445–457.
 Rejmánek, M. (1996) A theory of seed plant invasiveness: the first sketch. Biological Conservation, 78, 171–181.
 Rejmánek, M. (1998) Invasive plants and invasible ecosystems. In Invasive Species and Biodiversity Management (ed. O.T. Sandlund, P.J. Schei and A. Viken), pp. 79–102. Kluwer, Dordrecht.
 Richardson, D.M., Allsopp, N., D’Antonio, C., Milton, S.J. & Rejmánek, M. (2000a) Plant invasions – the role of mutualism. Biological Reviews, 75, 65–93.
 Richardson, D.M., Pyšek, P., Rejmánek, M., Barbour, M.G., Panetta, D.F. & West, C.J. (2000b) Naturalization and invasion of alien plants: concepts and definitions. Diversity and Distributions, 6, 93–107.
 Richardson, D.M., Rouget, M., Ralston, S.J., et al. (2005) Species richness of alien plants in South Africa: Environmental correlates and the relationship with indigenous plant species richness. Ecoscience, 12, 391–402.
 Riera, N., Traveset, A. & García, O. (2002) Breakage of mutualisms in islands caused by exotic species: the case of Cneorum tricoccon in the Balearics (Western Mediterranean Sea). Journal of Biogeography, 29, 713– 719.
 RodríguezCabal, M.A., Stuble, K.L., Núñez, M.A. & Sanders, N.J. (2009) Quantitative analysis of the effects of the exotic Argentine ant on seeddispersal mutualisms. Biology Letters, 5, 499–502.
 Roubik, D.W. & VillanuevaGutierrez, R. (2009) Invasive Africanized honey bee impact on native solitary bees: a pollen resource and trap nest analysis. Biological Journal of the Linnean Society, 98, 152–160.
 Sallabanks, R. (1993) Fruiting plant attractiveness to avian seed dispersers: native vs. invasive Crataegus in Western Oregon. Madroño, 40, 108–116.
 Savage, A.M., Rudgers, J.A. & Whitney, K.D. (2009) Elevated dominance of extra floral nectarybearing plants is associated with increased abundances of an invasive ant and reduced native ant richness. Diversity and Distributions, 15, 751–761.
 Sax, D.F., Gaines, S.D. & Brown, J.H. (2002) Species invasions exceed extinctions on islands worldwide: a comparative
 Morales, C.L. & Aizen, M.A. (2006) Invasive mutualisms and the structure of plant–pollinator interactions in the temperate forests of northwest Patagonia, Argentina. Journal of Ecology, 94, 171–180.
 Morales, C.L. & Traveset, A. (2008) Interspecific pollen transfer: Magnitude, prevalence and consequences for plant fitness. Critical Reviews in Plant Sciences, 27, 221–238.
 Morales, C. & Traveset, A. (2009) A metaanalysis of impacts of alien vs. native plants on pollinator visitation and reproductive success of coflowering native plants. Ecology Letters, 12, 716–728.
 Moeller, D.A. (2005) Pollinator community structure and sources of spatial variation in plant–pollinator interactions in Clarkia xantiana ssp xantiana. Oecologia, 142, 28–37.
 Nattero, J. & Cocucci, A.A. (2007) Geographic variation in floral traits of tree tobacco in relation to its hummingbird pollinator fauna. Biological Journal of the Linnean Society, 90, 657–667.
 Nogales, M., Martín, A., Tershy, B.R., et al. (2004) A review of feral cat eradication on islands. Conservation Biology, 18, 310–319.
 Nogales, M., Nieves, C., Illera, J.C., Padilla, D.P. & Traveset, A. (2005) Effect of native and alien vertebrate frugivores on seed viability and germination patterns of Rubia fruticosa (Rubiaceae) in the eastern Canary Islands. Functional Ecology, 19, 429–436.
 Nogales, M., RodríguezLuengo, J.L. & Marrero, P. (2006) Ecological effects and distribution of invasive nonnative mammals on the Canary Islands. Mammal Review, 36, 49–65.
 Nuñez, M.A., Horton, T.R. & Simberloff, D. (2009) Lack of belowground mutualisms hinders Pinaceae invasions. Ecology, 90, 2352–2359.
 Olesen, J.M., Eskildsen, L.I. & Venkatasamy, S. (2002) Invasion of pollination networks on oceanic islands: importance of invasive species complexes and endemic super generalists. Diversity and Distributions, 8, 181–192.
 Olesen, J.M. & Jordano, P. (2002) Geographic patterns in plantpollinator mutualistic networks. Ecology, 83, 2416–2424.
 Ollerton, J., Johnson S.D., Cramer, L. & Kellie, S. (2003) The pollination ecology of an assemblage of grassland asclepiads in South Africa. Annals of Botany, 92, 807–834.
 Olyarnik, S.V., Bracken, M.E.S., Byrnes, J.E., Hughes, A.R., Hulgren, K.M. & Stachowicz, J.J. (2008) Ecological factors affecting community invasibility. In Biological Invasions of Marine Ecosystems: Ecological, Management, and Geographic Perspectives (ed. G. Rilov and J.A. Crooks), pp. 215–240. Springer, Berlin.
 Padrón, B., Traveset, A., Biedenweg, T., Diaz, D., Olesen, J.M. & Nogales, M. (2009) Impact of invasive species in the pollination networks of two different archipelagos. PLoS One, 4(7), e6275.
 Parker, I.M., Engel, A., Haubensak, K.A. & Goodell, K. (2002) Pollination of Cytisus scoparius (Fabaceae) and Genista mon-
 c12.indd 158 9/30/2010 5:07:03 PM

Page 17
                        

Richardson—Fifty Years of Invasion Ecology
 R
 Mutualisms: drivers and casualties of invasions    159
 Interacciones Planta–Animal: Conceptos y Aplicaciones (ed. R. Medel, M.A. Aizen and R. Zamora), pp. 157–180. Editorial Universitaria, Santiago, Chile.
 Traveset, A., Nogales, M., Alcover, J.A., et al. (2009b) A review on the effects of alien rodents in the Balearic (W Mediterranean) and Canary Islands (Atlantic Ocean). Biological Invasions, 11, 1653–1670.
 Trakhtenbrot, A., Nathan, R., Perry, G. & Richardson, D.M. (2005) The importance of longdistance dispersal in biodiversity conservation. Diversity and Distributions, 11, 173–181.
 Tweedley, J.R., Jackson, E.L. & Attrill, M.J. (2008) Zostera marina seagrass beds enhance the attachment of the invasive alga Sargassum muticum in soft sediments. Marine Ecology Progress Series, 354, 305–309.
 Valdovinos, F.S., RamosJiliberto, R., Flores, J.D., Espinoza, C. & Lopez, G. (2009) Structure and dynamics of pollination networks: the role of alien plants. Oikos, 118, 1190–1200.
 ValienteBanuet, A., Rumebe, A.V., Verdú, M. & Callaway, R.M. (2006) Modern quaternary lineages promotes diversity through facilitation of ancient Tertiary lineages. Proceedings of the National Academy of Sciences of the USA, 103, 16812–16817.
 van der Heijden, M.G.A. & Horton, T.R. (2009) Socialism in soil? The importance of mycorrhizal fungal networks for facilitation in natural ecosystems. Journal of Ecology, 97, 1139–1150.
 Vamosi, J.C., Knight, T.M., Steets, J.A., Mazer, S.J., Burd, M. & TiaLynn, A. (2006) Pollination decays in biodiversity hotspots. Proceedings of the National Academy of Sciences of the USA, 103, 956–961.
 Vázquez, D.P. (2005) Exploring the relationship between niche breadth and invasion success. In Conceptual Ecology and Invasions Biology (ed. M.W. Cadotte, S.M. McMahon and T. Fukami), pp. 317–332. Springer, Berlin.
 Vázquez, D.P. & Aizen, M.A. (2004) Asymmetric specializations: a pervasive feature of plant–pollinator interactions. Ecology, 85, 1251–1257.
 Vilà, M., Bartomeus, I., Dietzsch, A.C., et al. (2009) Invasive plant integration into native plant–pollinator networks across Europe. Proceedings of the Royal Society B, 276, 3887–3893.
 Waring, G.H., Loope, L.L & Medeiros, A.C. (1993) Study on the use of alien versus native plants by nectarivorous forest birds on Maui, Hawaii. Auk, 110, 917–920.
 Waser, N.M., Chittka, L., Price, M.V., Williams, N.M. & Ollerton, J. (1996) Generalization in pollination systems and why it matters. Ecology, 77, 1043–1060.
 Wenner, A.M. & Thorp, R.W. (1994) Removal of feral honey bee (Apis mellifera) colonies from Santa Cruz Island. Fourth California Islands Symposium: Update on the Status of Resources (ed. W. L. Halvorson and G.L. Maender), pp. 513–522, Santa Barbara Museum of Natural History, Santa Barbara, California.
 study of plants and birds. American Naturalist, 160, 766–783.
 Sax, D.F. & Gaines, S.D. (2008) Species invasions and extinction: the future of native biodiversity on islands. Proceedings of the National Academy of Sciences of the USA, 105, 11490–11497.
 Schemske, D.W., Mittelbach, G.G., Cornell, H.V., Sobel, J.M. & Roy, K. (2009) Is there a latitudinal gradient in the importance of biotic interactions? Annual Review of Ecology, Evoloution, and Systematics, 40, 245–69.
 Schmidt, S.K. & Scow, K.M. (1986) Mycorrhizal fungi on the Galapagos Islands. Biotropica, 18, 236–240.
 Simberloff, D. (1986) Introduced insects: a biogeographic and systematic perspective. In Ecology of Biological invasions of North America and Hawaii (ed. H.A. Mooney and J.A. Drake), pp. 3–26. Springer, New York.
 Simberloff, D. (2009) The role of propagule pressure in biological invasions. Annual Review of Ecology, Evolution, and Systematics, 40, 81–102.
 Simberloff, D. & von Holle, B. (1999) Positive interactions of nonindigenous species: invasional meltdown? Biological Invasions, 1, 21–32.
 Stohlgren, T.J., Binkley, D., Chong, G.W., et al. (1999) Exotic plant species invade hot spots of native plant diversity. Ecological Monographs, 69, 25–46.
 Stout, J.C. & Morales, C.L. (2009) Ecological impacts of invasive alien species on bees. Apidologie, 40, 388–409.
 Thompson, J.N. (1996) Conserving interaction diversity. In The Ecological Basis of Conservation: Heterogeneity, ecosys-tems, and biodiversity (ed. S.T.A. Pickett, R.S. Ostfeld, M. Shachak and G.E. Likens), pp. 285–293, Chapman & Hall, New York.
 Thompson, J.N. (2002) Plant–animal interactions: future directions. In Plant–Animal Interactions. An Evolutionary Approach (ed. C.M. Herrera and O. Pellmyr), pp. 236–247, Blackwell, Oxford.
 Thuiller, W., Gallien, L., Boulangeat, I., et al. (2010) Resolving Darwin’s naturalization conundrum: a quest for evidence. Diversity and Distributions, 16, 461–475.
 Towns, D.R., Atkinson, I.A.E. & Daugherty, C.H. (2006) Have the harmful effects of introduced rats on islands been exaggerated? Biological Invasions, 8, 863–891.
 Traveset, A. (1995) Reproductive ecology of Cneorum tricoc-con L. (Cneoraceae) in the Balearic Islands. Botanical Journal of the Linnean Society, 117, 221–232.
 Traveset, A. & Riera, N. (2005) Disruption of a plant–lizard seed dispersal system and its ecological consequences for a threatened endemic plant in the Balearic Islands. Conservation Biology 19, 421–431.
 Traveset, A. & Richardson, D.M. (2006) Biological invasions as disruptors of plant reproductive mutualisms. Trends in Ecology & Evolution, 21, 208–216.
 Traveset, A., Nogales M. & Navarro, L. (2009a) Mutualismos planta–animal en islas: influencia en la evolución y mantenimiento de la biodiversidad. In Ecología y Evolución de
 c12.indd 159 9/30/2010 5:07:03 PM

Page 18
                        

Richardson—Fifty Years of Invasion Ecology
 R
 160    The nuts and bolts of invasion ecology
 Westerkamp, C. (1991) Honeybees are poor pollinators – why? Plant Systematics and Evolution, 177, 71–75.
 Wolf, D.E., Takebayashi, N. & Rieseberg, L.H. (2001) Predicting the risk of extinction through hybridization. Conservation Biology, 15, 1039–1053.
 Wolfe, B.E., Husband, B.C. & Klironomos, J.N. (2005) Effects of a belowground mutualism on an aboveground mutualism. Ecology Letters, 8, 218–223.
 Yoon, I., Williams, R.J., Levine, E., Yoon, S., Dunne, J.A. & Martinez, N.D. (2004) Webs on the web (WoW): 3D visualization of ecological networks on the WWW for collaborative research and education. Proceedings of the IS&T/SPIE Symposium on electronic Imaging, Visualization and Date Analysis, 5295, 124–132.
 c12.indd 160 9/30/2010 5:07:03 PM


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Neurobiological and behavioural responses of cleaning...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Tropical Latitudes contain less specilization of mutualisms

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            DESERTIFICACIÓN Y CAMBIO GLOBAL - imedea.uib...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Do Novel Weapons that Degrade Mycorrhizal Mutualisms ...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            The evolution of plant?insect mutualisms

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Kin selection and the Evolution of Mutualisms between...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Mutualisms and climate change - Laguna Foundation

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Coevolution & Mutualism 1.Coevolution 2.Host-parasite...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Department of Biology University of Southwestern Louisiana.....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Foraging strategies of insects for gathering nectar and...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Guided-Wave Optical Wavelength-Manipulating Devices Using...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            imedea.uib-csic.esimedea.uib-csic.es/icg/ecol_terr/all...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















