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A spatial mismatch between invader impacts and research publications

Geographic research biases are widespread in conservation biology and ecology. Although most researchers would probably agree with this statement, there are relatively few studies on geographic biases (but see [START_REF] Martin | Mapping where ecologists work: biases in the global distribution of terrestrial ecological observations[END_REF], and the management implications of this bias are rarely discussed. We sought to shed some light on this issue through a consideration of biological invasions, where research has increased rapidly during recent decades. [START_REF] Pyšek | Geographical and taxonomic biases in invasion ecology[END_REF] raised concerns that the understanding of biological invasions is geographically biased and that these biases may cause knowledge gaps that limit the capacity to mitigate detrimental impacts caused by invaders. [START_REF] Pyšek | Geographical and taxonomic biases in invasion ecology[END_REF] and later [START_REF] Lowry | Biological invasions: a field synopsis, systematic review, and database of the literature[END_REF] highlight that some locations have intensively been studied (e.g., Europe) but others less so (e.g., tropical areas). They recommend that future research on biological invasions be primarily in these understudied regions. However, invasive non-native species (INS) and their impacts are not evenly distributed geographically; hence, it is possible that geographic biases in publications simply reflect geographic biases in invader impacts.

We address this question by focusing on invader impacts on threatened species. We combined the results of [START_REF] Lowry | Biological invasions: a field synopsis, systematic review, and database of the literature[END_REF] and data from the International Union for Conservation of Nature (IUCN) Red List on the spatial distribution of 1282 vertebrates (birds, mammals, amphibians, and reptiles) threatened (i.e., vulnerable, endangered, or critically endangered) by INS (Supporting Information). We then built a cartogram with country size according to the number of INS-threatened species and with the country colors indicating whether there is a research deficit (Fig. 1). For the latter, we calculated the difference between the percentage of studies con-ducted in a country (studies from [START_REF] Lowry | Biological invasions: a field synopsis, systematic review, and database of the literature[END_REF]) and the percentage of INS-threatened species in that country (Supporting Information).

North America, Western Europe, New Zealand, and South Africa had relatively many research publications compared with the number of species threatened by invaders in these countries (Fig. 1). Australia had both a high research output and a large number of INSthreatened species (n 108). Central and South American countries appeared to have a strong research deficit: there were relatively few international publications on invader impacts, but there were many INS-threatened species. Specifically, Mexico (n 129 INS-threatened species), Ecuador, Colombia, Peru, and Argentina were among the 10 countries with the most INS-threatened species. A caveat, particularly for Spanish-speaking countries, is that Lowry et al.'s data include only English publications; thus, they underestimate total publication output. This caveat does not apply equally to Madagascar, India, and Oceanic islands, where strong research deficits were found as well. For the latter, this was consistent with the spatial distribution of data-deficient species among the IUCN Red List species threatened by INS (especially for birds [Supporting Information]). Most African countries ranked similarly for research publications and number of INS-threatened species, which were both relatively low (except for Madagascar and South Africa, where there are many INS-threatened species). These low values are attributable to either an actual low impact of invasions (and associated low naturalized number of species, [START_REF] Pyšek | Geographical and taxonomic biases in invasion ecology[END_REF] or to low research intensity.

In most countries, research output and number of INS-threatened species differed. We observed a strong research deficit where INS impact was high and biodiversity was rich and threatened (i.e., where conservation measures are particularly needed and valuable). The spatial pattern of large numbers of publications was strongly associated with the financial resources available per country, whatever the actual impact of INS. Most knowledge on biological invasions corresponds to hotspots of introduced non-native species, translocated due to economic activities [START_REF] Seebens | The risk of marine bioinvasion caused by global shipping[END_REF], rather than to impacts of INS. Although such a pattern has been highlighted in a few other conservation studies [START_REF] Martin | Mapping where ecologists work: biases in the global distribution of terrestrial ecological observations[END_REF], it is particularly pronounced for INS, for example, in South American countries that are well represented in conservation studies. These geographic research biases have at least 3 critical management implications. First, managers tend to extrapolate and interpret results in a broader context, yet invader impacts are context-dependent [START_REF] Kueffer | Integrative invasion science: model systems, multi-site studies, focused meta-analysis and invasion syndromes[END_REF]). Thus, it is unclear whether research results for one ecosystem will translate to another ecosystem. Second, because INS do not have political boundaries, the lack of knowledge in some highly vulnerable regions may result in a delay to control invasions at an early stage. Third, for reaching Aichi Target 9 of the Convention on Biological Diversity by 2020, a global overview of invader impact that is not biased by research deficits is needed.

Our results highlight the need for more research in areas with a current deficit (e.g., Madagascar, India, and Oceanic islands). This could be achieved, at least partly, by joint research programs between wealthy countries and those with fewer financial resources. Otherwise, biodiversity may be lost due to an unfortunate mismatch between invader impacts and research activity.

Figure 1 .

 1 Figure 1. Cartogram showing deficits in research on biological invasions by country. The size of each country represents the number of native vertebrates threatened by invaders in that country (INS-threatened vertebrates) (red, few publications relative to the number of INS-threatened vertebrates in the country [high research deficit]; green, more publications relative to the number of INS-threatened vertebrates in the countries [low research deficit]).
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