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Summary
Endangered species face a huge array of challenges, including the negative consequences of individuals having to breed with close genetic relatives. But just how costly is inbreeding in small populations? New research from an endangered bird species suggests that considering inbreeding could be crucial for conservation programmes. 
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Main text
The Earth is undergoing a mass extinction event [1], with thousands of species listed as endangered, or critically endangered [2]. Conservation managers who wish to save endangered species need to consider a suite of factors that might be contributing to population declines, including habitat loss, over-exploitation, climate change, novel diseases and invasive species [3]. In addition to these extrinsic ecological drivers of extinction, it has long been recognised that intrinsic genetic factors may play a key role in determining the fate of small populations [4]. Perhaps most importantly, when populations are reduced to just a handful of individuals, the opportunity to find a mate becomes limited, and reproduction among relatives becomes more common. There is ample evidence across the animal and plant kingdoms that mechanisms have evolved to avoid inbreeding [5], and the negative effects of inbreeding - known as inbreeding depression - have been well documented [6]. But how important is inbreeding for species facing extinction, and how high a priority should inbreeding be for conservationists? In a new study in Current Biology [7], Harrisson and colleagues perform an in-depth investigation into inbreeding depression in an endangered bird, and show that the costs of inbreeding can be very high indeed.  

Harrison and colleagues [7] report findings from a 36-year study of helmeted honeyeaters (Lichenostomus melanops cassidix), a critically endangered songbird that is restricted to a single population in the Yellingbo Nature Conservation Reserve in Victoria, Australia. Previously more widely distributed throughout the region, helmeted honeyeater populations declined and, eventually, disappeared from everywhere except Yellingbo [8]. In Yellingbo itself, fewer than 250 individuals have persisted since 1983, and in some years this population has probably been restricted to just a handful of breeding pairs. A number of factors have contributed to the decline of helmeted honeyeaters, with loss of forest habitat likely the most important [9]. Being restricted to so few individuals in a single locality makes this species under severe risk of extinction due to climate change, or stochastic events such as fire or disease. On top of these threats, the intrinsic threat posed by inbreeding could potentially exacerbate the risk of extinction further still.

A key success of the helmeted honeyeater study was being able to look at the relationship between two variables - inbreeding and fitness - that are both notoriously difficult to measure in the wild. Individual fitness is a tricky concept that describes the evolutionary success of individuals in terms of passing on genetic information to future generations [10]. In practical terms, researchers are usually restricted to describing individual fitness in terms of its components - namely survival and reproduction. Having many years’ worth of observational data allowed Harrison and colleagues [7] to measure the lifetime reproductive success of individuals. Lifetime reproductive success is the total number of offspring produced by an individual over its entire lifespan, and is a pretty good measure of individual fitness [11]. Gathering data on lifetime reproductive success in a long-lived wild vertebrate such as a honeyeater takes a great deal of time and effort, and highlights the value and importance of long-term ecological studies [12].  

Inbreeding can be measured using one of two sets of approaches. The traditional approach involves generating a family tree - or pedigree - of all the individuals within a population, and estimating the relatedness between pairs of individuals by tracing back through the pedigree. Alternatively, we can directly sequence the DNA of the individuals and measure relatedness directly through their DNA . There are many advantages to having wild pedigrees [13], but they can only be obtained through comprehensive long-term study. And, interestingly, genomic estimates of inbreeding may actually be more accurate when a large amount of genetic data are available [14]. Harrison and colleagues [7] measured inbreeding using a genomic dataset comprising of just over 11,000 single nucleotide polymorphisms (SNPs) - enough to give them an accurate estimate of the degree of inbreeding in each individual in their population.

So does inbreeding affect lifetime reproductive success in helmeted honeyeaters? The answer appears to be a resounding yes. This is perhaps not in itself particularly surprising; negative effects of inbreeding have been documented countless times in domestic and wild species [6]. We know much less, however, about how bad inbreeding is for endangered species. Using a neat Bayesian regression approach, Harrison and colleagues [7] were able to quantify the degree to which inbreeding affects individual fitness, while controlling for potentially confounding variables. They found that the most inbred individuals had a staggering 90% lower lifetime reproductive success than the least inbred individuals. The strength of this effect is all the more surprising because all helmeted honeyeaters are inbred, and as such there was not a huge amount of variation in inbreeding in the population with which fitness could vary. It appears, then, that even in highly inbred populations, how inbred you are really matters.

Another interesting and important aspect of Harrison and colleagues’ study [7] was that they were able to distinguish between the fitness effects of the state of being inbred, versus engaging in the act of inbreeding. This may sound like a semantic point, but it has important conceptual and practical implications [15]. Two members of a breeding pair can both be inbred but genetically different, for example; so when designing a captive breeding programme, a conservationist may ask whether they should choose the most genetically diverse (i.e. the least inbred) individuals, or pair up individuals that are most genetically dissimilar (to avoid the act of inbreeding). In helmeted honeyeaters, both being inbred and engaging in inbreeding reduce individual fitness, with the former having a marginally stronger effect [7]. Importantly, however, Harrison and colleagues found evidence of negative feedback between the effects of inbreeding and being inbred. The most inbred individuals suffered the worst effects if they also engaged in inbreeding; conversely, the negative effects of being inbred could be negated to an extent by mating with a genetically dissimilar partner. Few studies have demonstrated such an effect in the wild, and it remains to be seen whether the interaction between inbreeding and being inbred is a widespread natural phenomenon.

Although lifetime reproductive success is a comprehensive measure of individual fitness, it can be useful to partition the effects of inbreeding on survival and reproduction. Does the negative relationship between inbreeding and lifetime reproductive success arise simply because inbred individuals die sooner, and therefore have less time to reproduce? Or does inbreeding directly affect reproduction itself? In helmeted honeyeaters, inbreeding affects both survival and reproduction, but in both cases the effects were weak [7]. It therefore appears that small effects of inbreeding on survival and reproduction accumulate, to produce a strong, overall effect on lifetime reproductive success. Modest effects of inbreeding on short-term fitness measures are likely common in nature, and Harrison and colleagues’ study suggests that such effects could have important long-term combined consequences.

What, then, can the study of inbreeding in helmeted honeyeaters tell us about conservation? Harrison and colleagues [7] argue that we need conservation interventions aimed at increasing genetic diversity in small populations. Such measures certainly need to be considered as part of conservation programmes; however, we would urge caution for a number of reasons. First, Harrison and colleagues’ study was based on a small sample size, from a single population of a single species. This is not a criticism - studies of endangered species are almost by definition based on small samples - but we do not yet know whether the lifelong effects of inbreeding are as severe in other populations and species as they are in Yellingbo helmeted honeyeaters. Second, we still do not know whether conservations aimed at increasing genetic diversity may have unintended consequences. For instance, introducing highly diverse individuals into an inbred population has long been thought to result in “genetic rescue” [16], but recent research suggests that in some cases this can actually have a negative effect [17,18]. It is probably too early to say just how high up the conservation agenda inbreeding should be, but this study adds to the growing evidence that genetics are an essential element of the conservationist’s toolkit. 
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