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1) Summary (up to one page)

The workshop was held from the 18th-20th of March in a venue close to Uppsala University, Sweden. A total of 45 delegates from 15 countries, 11 of which from ESF memberstates,  assisted. The workshop was centred around group discussions guided by 12 invited speakers that provided the necessary scientific background. Two items are worth mentioning: 1) we were not able to recruit female speakers with an outstanding reputation in the field despite substantial effort; 2) we covered the entire workshop costs for 10 of the 11 students using external funds. The aim of the workshop was to produce a Perspective article that reflects the status of the field. Initially, delegates were divided into six groups that tackled different aspects of Conservation Genomics. Broadly, group 1 and 2 tackled the question what has been done with genomic data and which implications scaling-up from conservations genetics to genomics will have for the field. Group 3 and 4 explored novel terrain of what is possible with genomic approaches while group 5 and 6 focused on what is useful in the current technical, theoretical, financial, and conservation climate. Every group produced text on their discussion theme, which the organizers Drs. Aaron Shafer and Jochen Wolf have woven into an article. In a presubmission inquiry prior to the workshop the idea of a Perspective article has been favourably reviewed by the internationally leading journal PLoS Biology to which we will submit the article in  approximately one month. Find below a summary of the scientific content (similar to the submitted article) and discussions embedded in interwoven with an evaluation statement of how we see the future trends in the field. We forsee that the resulting article from the workshop will have high visiblity and stimulate discussions among basic researchers and practitioners as to the usefulness of genomic approaches in conservation biology. 
Yours sincerely, 
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Dr. Jochen Wolf
2) Description of the scientific content of and discussions at the event (up to four pages) AND 3) Assessment of the results and impact of the event on the future directions of the field (up to two pages)
The global loss of biodiversity continues at an alarming rate. Genomic approaches have been suggested as a powerful tool for conservation practice. We recognize that scaling-up to genome-wide inference can improve traditional conservation approaches and provide qualitatively novel insights; yet, we see a large gap between the academic ground work readily embracing -omic technologies and on-site conservation managers faced with multi-faceted problems far removed from the scientific debate. Under the current management and funding infrastructure we see only limited possibilities for genomic approaches to filter down into conservation practice. To translate the potential identified in basic eco-evolutionary genomic research into real-world applications, methods have to mature, pipelines developed, funding restructured, and expectations tempered. Communication and transparent evaluation of costs and benefits are vital, and the field should beware of overselling genomic data and attempt to re-orient the discipline back towards its intended goal: conserving biodiversity.
DISCUSSION GROUPS 1 and 2
Scaling-up: what can genomics do for conservation genetics?
From a traditional conservation genetic stand point the genomic approach offers a simple increase in the number of markers (generally single nucleotide polymorphisms or SNPs), with concurrent increase in precision and power of diversity estimates and population genomic analysis such as coalescent models, inference of historical demographics, directional gene flow and hybridization history (1, 2). Whether an increase in the number of markers will provide a meaningful gain for conservation depends on the questions posed. For studies whose inferences are sufficiently well founded in a handful of neutral markers, such as individual identification, parentage resolution, and broad-scale detection of population structure, an increase beyond a low number of well tested neutral markers offers little gain. For other questions addressing subtle population structure, timing of admixture, and adaptive variation, the marker threshold (and so the gains) will be higher and might eventually require whole-genome sequencing . 

When looking at the traditional conservation genetic questions that could benefit from genome-wide data (1), it is worth remembering Hedrick's (3) insightful review that cautioned against statistical versus biological significance that is more prevalent with increasing the number of molecular markers. For example, Hoffman et al. (4) showed much improved estimates of inbreeding, but near identical effect sizes for heterozygosity-fitness correlations between microsatellite and genomic data: although the significance values were orders of magnitude lower with genomic data, biologically, does the interpretation change? As discussed by Allendorf et al. (1)and Funk et al. (5) the inclusion of markers reflecting local adaptation could augment the identification of conservation units, and improve our understanding of inbreeding and outbreeding depression. We agree that the identification of 'adaptive markers' could be immensely useful for conserving evolutionary processes (e.g. (6)); but we are far from a consensus when it comes to the identification and interpretation of such loci (Box 1), and inferring functionality requires an annotated draft genome that remains a challenging and expensive endeavour (Ekblom & Wolf submitted). Even upon unambiguous identification, we would expect to see several loci showing adaptive peaks in different parts of the species' range and this poses a significant challenge to delineate Evolutionary Significant Units (ESU) which have already been difficult to implement following Moritz' (7) definition – reciprocally monophyly for mtDNA and significant population differentiation of nuclear markers – or any other ESU incarnation for that matter. While explicit genomic frameworks have been proposed (5), empirical examples and case studies are still lacking. 


Somewhat ironically, we feel that scaling-down might at present provide the most immediate benefit of genomics to conservation, meaning genome-wide approaches can be a fast and cheap way for developing neutral markers (e.g. (8, 9)) and assaying candidate genes (e.g. (10, 11)). In cases where no markers exist, direct genotyping of random subset of the genome (by sequencing reduced representation libraries - (12)) can circumvent the labour-some process of marker characterization and genotyping. We predict that the reduced representation approaches may become the 'new microsatellites' as the major life science companies discontinue support for low throughput instruments.

Ultimately, the conservation question will dictate the need for genomic data, and while there is potential, at present we feel there are relatively few immediate advantages over traditional conservation genetic approaches.

DISCUSSION GROUPS 3 and 4
Identifying the possibilities: novel and emerging genomic approaches
While we may have painted a somewhat pessimistic view of genomics with respect to the traditional conservation genetic questions, the next-generation sequencing (NGS) revolution holds some fundamental promises by expanding the notion of genetic variation to include adaptive variation, epigenetics, and metabolomics ((1, 13, 14)). There is a clear potential for genomics to shift our attention towards conserving the processes generating diversity and forces driving local adaptation, but it is largely conceptual at present. We therefore highlight emerging areas, for which we see more direct potential impact on conserving biodiversity in the future. Practitioners should be encouraged to take some risks (or think outside of the box), as genomic approaches can provide a wealth of data that could become immensely informative for conservation. 
Environmental DNA, metagenomes, and single-cell sequencing
Animal and plant biologists recognize both the cost-effectiveness and general utility of molecular-based biodiversity surveys, i.e. DNA Barcoding  (15, 16). Combining traditional barcoding approaches with NGS technology, provides an opportunity to catalogue taxa at unprecedented resolution (17, 18), and this approach can be applied to a variety of sample types, from soil and water to intestinal content - collectively known as environmental DNA (eDNA). This holds considerable potential for national biodiversity plans (and databases) and could be a powerful tool for conservation biologists. In that eDNA is more than a taxonomic diagnostic, many conservation relevant questions such as food web interactions and niche stability are also amenable to eDNA (19). Similarly, sequencing entire microbial genomes and viromes (20), known as metagenomics, can allow for the detection of organismal health and differential selective regimes that may be useful to conservation planning. Sequencing single cell genomes, offers insights into mutation, transcriptional variation, and functional diversity (21, 22), which may also improve demographic models (i.e. estimating mutation rate), inferences of selection, and indices of individual health. These latter approaches will require an innovative lab to directly apply them to management and conservation, but even in a basic research setting, certain conservation-related questions should stand to benefit directly or indirectly.

Benefits from ancient DNA technology 
Genomic analysis of ancient samples can be valuable to establish baseline levels of genetic parameters in ancestral populations prior to demographic declines (23). This concerns both the amount of genetic variation that might have been lost over time and the origin of contemporary population structure. Temporal samples can facilitate accurate measures of evolutionary rates  and temporal changes in effective population size over short time scales (24). The timing of population fragmentation, and how these are related to past changes in the environment (e.g. anthropogenic impact or climate change) can thus provide valuable insight into current processes. Here again, putting such information into practice will require forward thinkers, but understanding the past is critical to forecasting and managing the future (25, 26) and differing between historic and contemporary processes (6).


Another advantage of ancient DNA approaches relate to the methods developed to address poor sample quality. Sample collection and quality becomes increasingly difficult as the species of interest is rare or elusive in the wild, and this rules out population wide sampling in many cases. Whole genome shotgun sequencing of biological material from non-invasive sampling (i.e. scat, hair, or scales), circumvents this problem and opens up the possibilities of monitoring genetic indicators in a population with minimal disruption to the individuals. Non-invasive sampling has a relatively long history in conservation genetics (27), but utilizing genomic techniques initially developed for ancient DNA (23, 28), including other NGS methods (e.g. genotyping by sequencing and metagenomics) has the additional potential to reveal aspects of diet, pathogens and parasites load of the population. Akin to how behavioural observations reveal a level of detail (vital to conservation) that can not be gleaned from radiocollar tracking (29), genomics can provide unprecedented information on a species, population or individual that was unimaginable with traditional molecular markers.

Pathogens, translocations, and even genetic engineering
Endangered species are often vulnerable to pathogen outbreaks both in captive breeding populations and in small, isolated natural populations. With NGS approaches even trace amounts of pathogen DNA can be detected from various types of samples (remember eDNA!). This provides a rapid and cost efficient way to identify and monitor pathogen load in at risk populations. One example comes from the endangered Tasmanian devil where sequencing of the marsupials genome (30) and the infectious Devil Facial Tumour Disease (31) provided the tools that may prove vital to developing a vaccine to save the species (32). Such examples have led to a call for an operational framework to use “Big Biology” in wildlife disease management (33), and we echo such a similar sentiment below. Genetic engineering, now better informed by genomic data, may even be necessary for wildlife disease management, and the burgeoning discussion on synthetic biology and conservation is relevant here (34). 


More concretely, translocation and re-introduction programs could stand to benefit from rapid genomic testing of pathogen load in individuals and populations prior to release. As pipelines are developed, it could become second nature for managers to use NGS tools to assess pathogen composition and load. Genomic screening could allow for the selection of individuals based on specific genetic signatures or simply maximum variation. For the purpose of conservation interventions such as the founding of captive populations, performing genetic rescue, or assisting migration, such data can be extremely important, and the ability to monitor the outcomes of after such interventions will be enhanced (e.g. (30). 
DISCUSSION GROUPS 5 & 6 

The conservation genomics gap
We are approaching the $1,000 genome (35). From a fiscal point of view this means that genome information will become increasingly accessible; however, it is clear that significant gaps remain in the transfer of fundamental research to end-user application. At present the scientific and policy-practitioner communities operate in largely separate spheres, and we argue that introducing genomics into the equation only increases the gap. In the era of microsatellites and Sanger sequencing, individual labs could start with sample collection and proceed all the way to data analysis and application. With next-generation sequencing, data generation is predominately outsourced and even data cleaning and analysis often requires expert consultation. This has created multiple layers that simply did not exist with conservation genetics. Thus, advances in genomic methods may in fact contribute to an increasing gap between research and application without a concerted effort on the part of both scientists and conservation practitioners to build effective bridges. Broadly speaking, these gaps can be described in terms of the knowledge, tools (e.g. user friendly pipelines), finances and communications needed to link fundamental research with applied science that enable the evaluation and uptake of applied tools and theory by conservationists. Moreover, funding to the basic and fundamental research institutions are not often directly compatible with frontline conservation actions, and will only aid in biodiversity conservation if applied research – repetitive and incremental from a basic research perspective – is encouraged in grant submissions (Figure 1). 

Bridging the gap
In our view it seems most fruitful in the current academic and conservation genomic climate to encourage genome scientists to communicate and apply their techniques to conservation. But we stress (see simple rules below), for the conservation practitioner it is not important to differentiate genetic from genomic methods; rather it is sufficient to convey that we can now address a broader range of questions with better resolution than before. In the long run, it will be crucial to develop a range of laboratory services and fail safe tools that support conservation genomic applications to delivers tangible benefits to conservation managers (e.g. Box 2).


There is, however, a more systemic problem with the current state of conservation genomics in that there is little incentive for academic researchers – whom in many ways lead the conceptual debate and the development of genomic tools vital to application – to engage fully in applied conservation.  Conservation genomics research we feel is not reinforced in current funding schemes (Figure 1), and much academic research is branded as conservation (perhaps as selling feature), but holds very little real-world conservation value. Developing a genomic tool or framework that can be implemented by practitioners requires a level of rigour (and repetition) that is not conducive in the  publish or perish climate. Thus we must rethink how the academic and conservation community funds conservation genomic research. In particular, we envision a research-policy framework – analogous to translational medicine – where the funding is driven by conservation questions, and application and uptake are the measured currency, not just publications (Figure 1). The applied output is evaluated by experts, leads directly into policy, and ultimately cycles back to the funding body. We are not naive to think that we can restructure the current academic funding and political climate, but recognizing how the current system fails to deliver tangible results is a starting point. Perhaps a forward thinking funding body and university department will embrace this notion and serve as an important case study. 


We would be remiss not to note that some progress has been made bridging these barriers. Over the last three years the EU Framework 7 Support Action Project ‘ConGRESS’ (36) has engaged over 300 stakeholders in Europe and canvassed their opinions on the use of genetics and genomics in practical conservation. While a need for the application of genetic technologies could be demonstrated, the link with genomics was not evident. Thus conservation genomics still must prove its worth: clear examples need to be disseminated to the conservation community of critical gains from genomics. Here, the FishPopTrace project can be seen as an encouraging starting point . 
Concluding remarks: 4 simple rules that will help genomics inform conservation 
Genomics will not solve many of the current conservation problems, but it can play a role. We conclude with 4 rules that the average researcher can do that will immediately help the field and re-orient the discipline back towards its intended goal: conserving biodiversity:

1. Avoid the word genomics when engaging with non specialists - stakeholders and managers do not care if its genetics or genomics, and this will only serve to confuse.

2. Do no oversell the data - genomics can be effectively used in conservation and management, but many promising aspects of genomic data are simply not there. This is particularly relevant when funds might otherwise be allocated to frontline conservation efforts. 
3. Genomics is not a substitute for biological replication or good experimental design – more sequencing will not provide an answer per se. Consider the resolution required to address the question at hand.

4. If conservation genomicists want to be heard they need to take their message to the management and conservation community. Be vocal and do not be afraid to take risks.
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Annexes 4a) and 4b): Programme of the meeting and full list of speakers and participants

Annex 4a: Programme of the meeting
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