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Summary
1. Understanding drivers of population change is critical for effective species conservation. In the northeast Atlantic Ocean, recent changes amongst seabird communities are linked to human and climate change impacts on foodwebs. Many species have declined severely, with food shortages and increased predation reducing productivity. Arctic skua Stercorarius parasiticus, a kleptoparasite of other seabirds, is one such species.
2. The aim of the study was to determine relative effects of bottom-up and top-down pressures on Arctic skuas across multiple colonies in a rapidly declining national population.
3. Long-term monitoring data were used to quantify changes in population size and productivity of Arctic skuas, their hosts (black-legged kittiwake Rissa tridactyla, common guillemot Uria aalge, Atlantic puffin Fratercula arctica, Arctic tern Sterna paradisaea), and an apex predator (great skua Stercorarius skua) over 24 years (1992–2015) in Scotland. We used digital mapping and statistical models to determine relative effects of bottom-up (host productivity) and top-down (great skua density) pressures on Arctic skuas across 33 colonies, and assess variation between three colony types classified by host abundance.
4. Arctic skuas declined by 81% and their hosts by 42–92%, whereas at most colonies great skuas increased. Annual productivity declined in Arctic skuas and their hosts, and reduced Arctic skua breeding success was a driver of the species’ population decline. Arctic skua productivity was positively associated with annual breeding success of hosts, and negatively with great skua density. Inter-colony variation suggested Arctic skua trends and productivity were most sensitive to top-down pressures at smaller colonies of host species where great skuas had increased most, whereas bottom-up pressures dominated at large colonies of host species. 
5. Scotland’s Arctic skua population is declining rapidly, with bottom-up and top-down pressures simultaneously reducing breeding success to unsustainably low levels. Marine food web alterations, strongly influenced by fisheries management and climate change, are driving the decline, and this study demonstrates severe vulnerability of seabirds to rapid change in human-modified ecosystems. Potential but untested conservation solutions for Arctic skuas include Marine Protected Areas, supplementary feeding within colonies, and management of great skuas.

Introduction
Food availability and predation exert bottom-up and top-down control over animal populations, and quantifying their strength helps determine drivers of population change. Human activities often influence these pressures, profoundly altering food webs and predator-prey dynamics: fishing exerts top-down pressure on commercially harvested species, relaxing or augmenting top-down regulation at lower trophic levels depending on response of other predators (Baum & Worm, 2009). Conversely, anthropogenic increases in food availability can relieve bottom-up constraints, allowing population growth which may impact other species through increased competition or predation (e.g. Bicknell et al., 2013; Pasanen-Mortensen et al., 2017). 
In marine ecosystems, seabirds are often considered top predators with populations regulated by bottom-up control of their fish and plankton prey (Frederiksen et al., 2006). However, many species also receive top-down pressure, including predation at breeding colonies (Hipfner et al., 2012; Horswill et al., 2014). Top-down and bottom-up controls may interact, with food shortage causing some seabirds to increasingly prey upon other seabirds (Regehr & Montevecchi, 1997). Such behaviour may arise especially in heavily fished seas where human-modified food webs benefit some seabirds over others. In the northeast Atlantic Ocean, great skua Stercorarius skua is a scavenger whose exploitation of anthropogenic food (fish discarded from fishing vessels) and reduced persecution helped fuel recent population growth (Furness, 1977; Votier et al., 2008; Jones et al., 2008). Increasingly since the 1980s, it is also a major predator of seabirds (Hamer, Furness, & Caldow 1991; Votier et al., 2004; Miles et al., 2015). By contrast, at Scottish colonies, the smaller Arctic skua Stercorarius parasiticus eats mostly fish kleptoparasitised from terns (e.g. Arctic tern Sterna paradisaea), small gulls (e.g. black-legged kittiwake Rissa tridactyla) and auks (e.g. common guillemot Uria aalgae and Atlantic puffin Fratercula arctica) (Furness, 1977; Phillips, Caldow, & Furness 1996; Jones 2002). However, some populations prey upon invertebrates, birds, eggs and rodents (Enquist, 1983; Ruffino et al, 2016). 
In Scotland (UK), Arctic and great skuas breed sympatrically, usually beside large colonies of cliff-nesting seabirds. In 2000–02, a national census (Seabird 2000) reported 2136 and 9634 Apparently Occupied Territories (AOTs) of Arctic skuas and great skuas respectively, with c.90% in the Orkney and Shetland Islands (Furness & Ratcliffe, 2004). Since then, declines reported for both species include Orkney’s Arctic skua population almost halving (Meek et al., 2011). These declines are a major conservation concern, due to global importance of Scotland’s great skuas (57% of world population; BirdLife International, 2018) and extent of Arctic skua decline (Eaton et al., 2015). Since the late 1980s, seabirds in Orkney and Shetland have experienced frequent poor breeding success, leading to localised population declines (Mitchell et al., 2004; Miles et al., 2015). Similar seabird declines throughout the northeast Atlantic Ocean (Vigfusdottir, Gunnarsson, & Gill 2013; Fauchald et al., 2015) are closely linked to reduced availability of lesser sandeels Ammodytes marinus (Phillips et al., 1996; Oro & Furness, 2002; Miles et al., 2015). Consequently, within Europe several seabird hosts of Arctic skuas are Endangered (e.g. Atlantic puffin), Near-Threatened (common guillemot) or Vulnerable (black-legged kittiwake), and thus Arctic skua is Endangered within the European Union (BirdLife International, 2015). Arctic skuas also receive top-down pressures from great skuas, which prey upon their young and sometimes displace or kill adults during territory disputes (Furness, 1977; Phillips, Furness, & Stewart 1998; Jones et al., 2008). Predation by great skuas may also drive population declines of Arctic skua hosts, thus exacerbating bottom-up pressures (Phillips, Thompson, & Hamer 1999; Oro & Furness, 2002; Votier et al., 2004). 
Here, we analyse temporal and inter-colony variation in population size and breeding success to quantify bottom-up and top-down pressures on Arctic skuas in their core Scottish breeding areas. Specifically, we aim to 1) model population and productivity trends for Arctic skua, great skua and their hosts since the 1990s; 2) test for differences in Arctic skua trends according to local great skua and host densities; 3) determine whether variation in breeding success is driving Arctic skua population trends; 4) quantify effects of host productivity (an index of food availability) and great skua density (predation pressure) on Arctic skua breeding success. If bottom-up pressures are driving Arctic skua declines, we predict steeper declines at colonies where host productivity is lowest, which is most likely where Arctic skuas are dependent entirely on terns for food, as these hosts are highly sensitive to localised food availability (Robertson et al. 2014). Large colonies of cliff-nesting hosts such as auks, whose diving ability, flexible time budgets and greater foraging ranges make them less vulnerable than ground-nesting terns to local food shortage, may buffer availability of food to Arctic skuas in years when terns fail to breed successfully (Furness & Tasker 2000). However, such colonies also attract great skuas, and if top-down pressures are strongest, we predict steeper declines at colonies exposed to many great skuas. Finally, we discuss potential conservation measures to alleviate bottom-up and top-down pressures on Arctic skuas.

Materials and methods
DATA COLLATION
Data sources comprised a skua/tern monitoring programme in Orkney and Shetland throughout the 1990s (RSPB unpubl. data); skua censuses in 1992 and 2010 (Meek, Sim, & Ribbands 1994; Sears et al., 1995; Meek et al., 2011); ‘Seabird 2000’ census (Mitchell et al., 2004); UK Seabird Monitoring Programme database (SMP) (Joint Nature Conservation Committee, 2016). All data were from field surveys using standardised methods (Mitchell et al., 2004).
Counts of Apparently Occupied Territories (AOTs) and data on annual productivity (chicks fledged per pair) were collated for all Scottish Arctic skua colonies for 1992–2015. Few colonies had annual data, and only colonies with ≥ 5 years of AOT counts were retained for analysis (Fig. 1, and Supporting Information Table S1 for number of years per colony); these held 34% of the national population during Seabird 2000 (Furness & Ratcliffe, 2004). For great skua and four hosts (black-legged kittiwake, common guillemot, Atlantic puffin and Arctic tern), data were collated for all colonies in northern Scotland for 1992–2015. Those within 20 km of at least one selected Arctic skua colony (Fig. 1) were retained for analysing each species’ population and productivity trends, and further subset for specific analyses of localised pressures on Arctic skuas. Other hosts such as razorbill Alca torda and common tern Sterna hirundo were omitted because productivity data were sparse, abundance was generally low, and trends and breeding success tend to correlate with those of common guillemot and Arctic tern respectively.

Local densities of hosts and great skuas at Arctic skua colonies
For analysing effects of spatial variation in host and great skua densities on Arctic skua trends and productivity, we used digital mapping (MapInfo Professional v6) of Seabird 2000 and Orkney/Shetland skua census data. Each Arctic skua colony was categorised by abundance of cliff-nesting hosts (black-legged kittiwake, common guillemot and Atlantic puffin) breeding within foraging range (5 km, Thaxter et al., 2012) of its colony centroid. Thus, type 1 colonies had > 10 000 pairs of cliff-nesting hosts; type 2, 1000–10 000 pairs; type 3, < 1000 pairs. For Arctic tern, whose distribution fluctuated greatly, we instead used counts only from the same year as the Arctic skua AOT count. Great skua AOTs were estimated within the likely range of each Arctic skua colony centroid over which competitive and predatory interactions between the two species occur (1 km, Phillips et al., 1998). Great skua surveys were often frequent, allowing use of AOT counts from the same years as Arctic skua AOT counts. For years without great skua counts, we assumed linear rates of change between successive counts to impute missing great skua AOT values. 

Annual host productivity as an index of food availability at Arctic skua colonies
For quantifying effects of food availability on Arctic skua productivity, we estimated local host breeding success as an index. Host productivity inside 5 km Arctic skua colony buffers was often unknown, so for black-legged kittiwake and common guillemot, data from annually monitored sites up to 30 km and 110 km away were used. This was justified by 120–135 km maximum foraging ranges amongst these hosts (Thaxter et al., 2012), with cliff-nesting seabird colonies tens of kilometres apart likely to experience similar foraging and breeding success. Small samples were pooled to give island or sub-region estimates. For Arctic tern, whose foraging range is much smaller, and breeding success more sensitive to local conditions (Robertson et al., 2014), we took a similar approach but restricted the radius to 20 km. For each Arctic skua colony, we then calculated annual indices of cliff-nesting host productivity (mean number of black-legged kittiwakes and common guillemots fledged per pair within that island or sub-region) and Arctic tern productivity (estimated Arctic terns fledged per Arctic skua AOT within the 5 km buffer). The latter involved multiplying Arctic tern AOTs within the 5 km buffer in that year by the local productivity estimate, then dividing by Arctic skua AOTs. This finer scale approach was not possible for cliff-nesting hosts due to sparsity and infrequency of AOT counts (hence categorisation of colony types by cliff-nester abundance during Seabird 2000).

STATISTICAL ANALYSIS
We used SAS GLIMMIX (SAS Institute, 2013) to fit generalized linear mixed models (GLMMs), with variances multiplied by observed overdispersion parameter (‘random residual’ option) to account for overdispersion, and using the Kenward-Roger method to calculate denominator degrees of freedom for testing fixed effects (Littell et al., 1996). In all GLMMs, site was fitted as a random categorical effect to account for non-independence of data (repeated measures per colony). Model validation involved visually inspecting residual plots (histograms, Q-Q plots, and normalized residuals against fitted values using the ‘PearsonPanel’ option), and all models presented met the assumptions of linearity and normality of residuals. Models for host population trends showed some deviation from homoscedasticity, with higher fitted values tending to have larger residuals. Collinearity was avoided by testing for pairwise correlations between predictors. 

Population and productivity trends
Population trends for all six study species were modelled separately using GLMMs with a log-link function and Poisson error distribution, with number of AOTs or pairs as the response variable. Year, year2 and the Seabird 2000 count (log-transformed) were fixed effect covariates. Due to missing counts for some colony-years, plots of inter-annual changes in AOTs used annual population estimates from a second set of models with year as a fixed categorical effect. Fitting the Seabird 2000 count gave annual indices relative to population size during the Seabird 2000 census. To test for geographical variation in trends, we repeated the first set of models but added latitude and year*latitude. To test for variation in trends between Arctic skua colonies, categorised by cliff-nesting host abundance, we repeated both sets of models but added colony type (3 levels: type 1, > 10 000 cliff-nesting host pairs; type 2, 1000–10 000 pairs; type 3, < 1000 pairs), year*colony type and year2*colony type (the latter was removed if P > 0.05). Latitude was also fitted if previous models had shown significant geographical variation in trends (year*latitude P < 0.05). 
Following a similar approach, we analysed annual variation and trends in productivity using GLMMs with a binomial error distribution and logit link, with number of chicks fledged as the response variable and number of breeding adults or pairs as the denominator. Common guillemot and Atlantic puffin lay only one egg, so we used breeding pairs as the denominator. Arctic skua, great skua, black-legged kittiwake and Arctic tern lay 2–3 eggs but never fledged > 2 chicks per pair amongst the colony-years studied, so we used breeding adults as the denominator and multiplied each annual mean estimate by two to express productivity as number of chicks fledged per pair. 

Associations with Arctic skua population trends
The extent to which Arctic skua productivity influenced population trend was assessed using a GLMM with a binomial error distribution and logit link to model inter-annual changes in AOT counts as a function of productivity in year T-4 (fixed effect). We used T-4 because Arctic skuas usually first breed in their fourth year (Davis, 1976). The response variable was the ratio of AOTs in year T to the sum of AOTs in years T-1 and T. This gives a value between 0 (colony extinction) and 1 (colony establishment), where 0.5 represents no change. We then added two inter-correlated great skua variables in turn (great skua AOTs, and the great:Arctic skua AOT ratio, both log-transformed) to assess their effect on annual changes in Arctic skua population size.  To compare amongst models, and with a ‘null’ model, the deviance explained, we re-fitted the GLMMs using a maximum likelihood framework (Laplace approximation, Bolker et al., 2009; SAS Institute, 2013). Goodness of fit was assessed using the Aikake Information Criterion corrected for small samples (AICC), which reduces the probability of overfitting. Finally, to test for overall association between Arctic skua population trend and great skuas, we used a GLMM with a log-link function and Poisson error distribution to model Arctic skua AOTs as a function of great skua AOTs (log-transformed) and year*great skua AOTs, with year, year2, latitude and the Arctic skua Seabird 2000 count also fitted as fixed effect covariates.

Associations with Arctic skua productivity
For assessing effects of host breeding success and great skua abundance on variation in Arctic skua productivity, we used four separate GLMMs (Binomial error distribution and logit-link), fitting the fixed effect covariates: (i) cliffnester productivity and cliffnester productivity2 (fledglings per cliff-nesting host pair); (ii) Arctic tern productivity (Arctic tern fledglings per Arctic skua AOT, log-transformed); (iii) great:Arctic skua AOT ratio (log-transformed), (iv) great:Arctic skua AOT ratio and Arctic tern productivity. Separate models were used instead of nested models or stepwise selection procedures to avoid collinearity amongst covariates (cliffnester productivity and Arctic tern productivity, R = 0.409; cliffnester productivity and great:Arctic skua AOT ratio, R = -0.299). Quadratic and logistic models were fitted because seabird breeding success responds non-linearly to food availability (Cury et al. 2011). Colony type and the colony type*covariate interaction term were also fitted to test for differences between them. As before, to compare the deviance explained amongst models and with ‘null’ and ‘year’ models, we re-fitted GLMMs using Laplace approximation and used AICC to assess goodness of fit. 

Results
OVERALL TRENDS
Arctic skua
Arctic skuas declined at almost all study colonies (Fig. 1), from 1061 AOTs overall in 1992 to approximately 200 in 2015 (Fig. 2a). Magnitude of decline between the 1992 and Seabird 2000 censuses closely matched that for all of Orkney, Shetland and Handa combined (-36%; Furness & Ratcliffe, 2004), suggesting our sample was representative, and that by 2015 just 554 AOTs (95CL: 422–728) remained; a 71% decline since 2000–02 and 81% since 1992. Annual productivity (chicks fledged per pair) also declined, from a 5-year mean of 0.91 in 1992–96 to 0.29 in 2011–15 (Fig. 2b). During 1992–2000, it fell below 0.5 fledged per pair just once (1998), whereas it reached this level only three times since (2006, 2014, 2015). Significant year*latitude effects (F409.8 = 15.05, P = 0.0001 and F139.7 = 40.9, P < 0.0001) indicated larger declines in population size and productivity at more northerly colonies, with Handa (our most southerly study colony) maintaining relatively high productivity during the 2000s and 2010s. 

Great skua and hosts
Great skuas increased at most sites (Fig. 3), including some very large increases (5–13 x) at smaller colonies (Table S1). However, a 24% decline at the largest colony (Foula) resulted in little overall change in AOTs across all colonies combined. Increases accelerated in later years, and were greatest at southerly colonies (year*latitude: F224.8 = 8.78, P = 0.0034). Declines in Arctic skuas and increases in great skuas meant that great:Arctic skua AOT ratios increased. All four hosts declined (Fig. 3), with black-legged kittiwake and Arctic tern declines greatest further north (year*latitude: F419 = 54.39, P < 0.0001 and F468.7 = 14.37, P = 0.0002, respectively). Annual productivity also declined in all five species (Fig. 3). More northerly colonies had lower black-legged kittiwake productivity (latitude: F14.05 = 31.98, P < 0.0001) and larger declines in common guillemot productivity (year*latitude: F135.9 = 4.89, P = 0.0300). Strong inter-specific correlations in annual productivity among all six study species suggested large-scale drivers (Table S2). 

Variation with colony type
Mean annual rates of Arctic skua population decline were greatest at type 2 colonies (1000–10 000 cliff-nesting host pairs within 5 km), whereas productivity declined most at type 1 and type 3 colonies (Table 1, Fig. S1). Larger annual rate of increase in great skua populations at type 2 colonies was of marginal significance (P = 0.0815; Table 1, Fig. S2). Throughout the study, great:Arctic skua AOT ratios were typically much larger at type 1 than types 2 and 3 colonies (Table 1). Black-legged kittiwake declines were marginally steeper at type 2 colonies, whilst Arctic tern declines were smallest at type 3 colonies (Table 1, Fig. S2). Productivity trends for great skuas and hosts did not vary with colony type. 

ASSOCIATIONS WITH ARCTIC SKUA TRENDS
Arctic skua population change and mean annual productivity were positively correlated (Fig. 4), suggesting low breeding success was a driver of population declines. However, in a smaller subset with sufficient data (n = 129 colony-years), annual change in AOTs was unrelated to productivity four years previously (F127 = 0.10, P = 0.7526). Arctic skua productivity explained just 18% of variation in inter-annual changes in AOT counts four years later (model AICc = 729.55), and adding great skua AOTs and great:Arctic skua AOT ratios did not improve model fit or explanatory power (AICc = 730.90 and 731.40, respectively). Overall, Arctic skua population declines were steepest at sites with fewer great skuas (year*great skua AOTs: F206.9 = 10.33, P = 0.0015), which although counterintuitive, accords with larger population declines at type 2 colonies where great skua densities were relatively low (Table 1).

DETERMINANTS OF ARCTIC SKUA PRODUCTIVITY
Host productivity (food availability) and relative density of great skuas (predation pressure) were both associated with Arctic skua breeding success (Table 2, Fig. 5). The best covariate model (cliffnester productivity) explained 95% of annual variation in Arctic skua productivity, whilst separate models fitting Arctic tern productivity and great:Arctic skua AOT ratio explained 53% and 50% of annual variation, respectively (Table 2). The model with both Arctic tern productivity and great:Arctic skua AOT ratio explained 75% of annual variation. A year model explained 44% of total variation in Arctic skua productivity.
Positive relationships between Arctic skua productivity and breeding success of cliff-nesting hosts (black-legged kittiwake and common guillemot) (Fig. 5a) and Arctic terns (Fig. 5b) contrasted with a negative great skua effect (Fig. 5c). Host productivity effects were strongest at colonies with the largest number of cliff-nesting seabirds (type 1), whilst great skua effects were strongest at colonies with moderate (type 2) or low (type 3) cliff-nesting seabird abundance (Figs. 5b,c). 
Our model including both food and predation covariates predicted that in years with high host productivity, Arctic skuas nesting close to large colonies of cliff-nesting seabirds (type 1) would fledge ≥ 0.5 chicks per pair even at great skua densities > 50 AOTs per Arctic skua AOT (Fig. 6a). With moderate or low host productivity, such breeding success would only be maintained at great skua densities ≤ 25 or 3–4 AOTs per Arctic skua AOT respectively (Fig. 6a), or 2–4 AOTs per Arctic skua AOT (even with high host productivity)  at colonies with fewer cliff-nesting hosts (types 2 and 3, Figs. 6b,c). By 2015, almost half of the 33 study colonies had great:Arctic skua AOT ratios > 3 (Table S2).

Discussion
Scotland’s Arctic skuas are declining rapidly, with bottom-up and top-down pressures simultaneously reducing breeding success to unsustainably low levels. Recent observed changes at all trophic levels in the northeast Atlantic Ocean indicate significant restructuring of foodwebs, driven by fisheries management and climate change acting in combination (Frederiksen et al., 2006; Carroll et al., 2017; Régnier, Gibb & Wright, 2017). Analogous examples in terrestrial ecosystems include interactions between humans, apex predators, land use and climate change affecting top-down and bottom-up pressures on mesopredators (Ritchie & Johnson, 2009; Newsome & Ripple, 2015; Pasanen-Mortensen et al., 2017).

BOTTOM-UP AND TOP-DOWN PRESSURES ON ARCTIC SKUAS
Reductions in food availability
Arctic skuas fledged more chicks when their main hosts also had high productivity. During the 1990s, skuas and cliff-nesting seabirds regularly fledged > 0.6 chicks per pair, and Arctic terns were more numerous and successful. However, since the early 2000s, poor breeding success and population declines amongst hosts has severely reduced food availability for Arctic skuas, with northerly colonies faring worst. Notably, skua and host productivity at Handa, our most southerly study colony, remained relatively high in years when severe food shortages were causing widespread breeding failure in Orkney and Shetland (Jones et al. 2008), indicating regional variation in bottom-up pressures on Scotland’s breeding seabirds. Unfortunately, lack of data prevented our inclusion of other skua colonies in western Scotland.
Driving seabird breeding failures in Orkney and Shetland have been shortages of post-larval sandeels during the chick-rearing period (Phillips et al., 1996; Oro & Furness, 2002; Miles et al., 2015). Sandeels are high energy prey for seabirds (Rindorf, Wanless, & Harris 2000; Wanless et al., 2005), and Shetland lacks suitable alternatives (Furness & Tasker, 2000). Juvenile age classes (0- and 1-group) are especially important because their smaller size, greater abundance and availability within surface waters than older sandeels gives access to a wider range of seabirds (Rindorf et al., 2000; Robertson et al., 2014). Recent sandeel scarcity around Shetland is attributed to low recruitment in most years since the mid-1980s, linked to hydro-climatic changes affecting hatching dates, survival and transport of larvae from major spawning areas north/west of Orkney (Wright & Bailey 1993; Poloczanska et al., 2004). Potentially, top-down pressures on sandeels also increased with population recovery of previously over-exploited predatory fish such as herring Clupea harengus and mackerel Scomber scombrus (Frederiksen, Furness, & Wanless 2007). Although human take impacts some North Sea sandeel stocks (Cook et al., 2014; Carroll et al., 2017), this is considered unlikely in the closely regulated small-scale Shetland fishery (Poloczanska et al., 2004). More significantly, environmental conditions for sandeels appear to be worsening, with sea temperature increases and oceanographic changes affecting their physiology, food supply, phenology and survival, leading to trophic mismatch and less food for seabirds (e.g. Frederiksen et al., 2006; Carroll et al., 2015; Régnier et al., 2017). The recent discovery that sandeels are cannibalistic, with such behaviour possibly driven by low prey availability or late hatching of larvae, may further explain low recruitment in some years (Eigaard et al., 2014).

Increases in great skuas
Great skua AOTs increased by a colony average of 75%, including much larger increases, but declines at the two largest colonies (Foula and Hoy) resulted in overall numbers remaining stable. Productivity declined less than in other seabirds because great skuas are not dependent on sandeels and can switch to scavenging behaviour or preying upon seabirds (Hamer et al., 1991; Ratcliffe, Furness, & Hamer 1998; Votier et al., 2008). 
Arctic skua breeding success was negatively associated with the ratio of great skua to Arctic skua AOTs. Great skuas prey upon Arctic skua chicks, and although Arctic skuas can mount defence, territory attendance is lower when food scarcity demands greater foraging effort (Phillips et al., 1996; Caldow & Furness, 2000; Davis et al., 2005). For waders, aerial defence is more effective when compatriots combine forces (Elliot, 1985), and positive associations between Arctic skua hatching success, short-term post-fledging survival and territory density suggest similar effects for skuas (Phillips et al., 1998). Therefore, widespread food shortage combined with increases in great:Arctic skua AOT ratios have likely increased Arctic skua vulnerability to great skua predation. Observations at Handa support this, where co-operative defence declined and predation increased with falling Arctic skua numbers (Jones et al., 2008), and vice versa with increasing numbers in recent years (C Smith pers. obs.). 
Top-down pressures may exceed our estimates, as great skuas frequently kill Arctic skua fledglings and occasionally adults (Phillips et al., 1998; Davis et al., 2005; Jones et al., 2008). Insufficient data also excluded consideration of potential effects of non-breeding great skuas, which gather in ‘clubs’ around colonies and sometimes outnumber territorial pairs (Furness, 1977; Klomp & Furness, 1992). Finally, great skuas exacerbate food shortages for Arctic skuas by killing auks and black-legged kittiwakes, thereby depleting fish-carrying host populations (Phillips et al., 1999; Oro & Furness, 2002; Votier et al., 2004). This may be exacerbated by the phased reduction in fish discards from trawlers, which will reduce scavenging opportunities available to great skuas and cause a switch to seabird predation (Votier et al., 2004; Bicknell et al., 2013).

VARIATION WITH COLONY TYPE
Population trends varied amongst colony types, but not entirely as predicted. We expected larger Arctic skua declines at colonies with few or no cliff-nesting seabirds and high dependency on terns (type 3 colonies). However, declines were largest at sites with moderate auk and black-legged kittiwake abundance (type 2 colonies), although these colonies also lost the most Arctic terns. Large colonies of cliff-nesting seabirds can buffer Arctic skuas against localised food shortage when terns are scarce or unsuccessful, but also attract many great skuas. Despite this, host productivity appears to be driving Arctic skua breeding success at type 1 colonies (> 10 000 cliff-nesting seabird pairs). By contrast, at type 2 colonies with fewer hosts and smaller but rapidly growing great skua populations, Arctic skua breeding success was most strongly associated with great:Arctic skua AOT ratio. At such colonies, less competition for territories allows adolescent great skuas to breed earlier, leading to rapid population growth (Furness, 2015), whilst less interference competition may result in higher adult fitness and per-capita predation of seabirds (Votier et al., 2007). 

INTER-ANNUAL FLUCTUATIONS IN ARCTIC SKUA POPULATION SIZE
Productivity was unrelated to AOTs four years later, when Arctic skuas normally recruit into the breeding population (Davis, 1976). This suggested inter-annual variation in adult survival (Davis et al., 2005), immigration/emigration of young birds to/from non-natal colonies (Furness, 1977; Phillips et al., 1998), or widespread non-breeding in years with exceptionally low food availability (Phillips et al., 1996; Catry et al., 1998; Wanless et al., 2005). Annual monitoring is therefore essential to fully understand population changes.

POTENTIAL CONSERVATION SOLUTIONS
Marine policies that could reduce bottom-up pressures on Arctic skuas and their hosts include restrictions or complete closure of sandeel fisheries (Furness & Tasker, 2000; Cook et al., 2014; Carroll et al., 2017), and protecting sea areas from damaging activities (Thaxter et al., 2012). Recent proposals for marine Special Protection Areas (SPAs) and the designation of nature conservation Marine Protected Areas (MPAs) for sandeels in Scottish waters are good examples (Scottish Government, 2016; Scottish Natural Heritage, 2016), although climate change impacts on marine food-webs present major barriers to restoring food resources for seabirds (Carroll et al., 2015, 2017). 
Direct interventions such as supplementary feeding and predator control, used widely in terrestrial ecosystems, should also be considered. At Foula, experimental food provision for Arctic skuas during chick-rearing resulted in higher breeding success and adult survival, but lower chick growth rates (Davis et al., 2005). Further feeding trials would need to compare different supplementary food types and assess their nutritional quality, but logistical constraints may make supplementary feeding unviable on a large scale. Predator control is widely used in seabird conservation (Brooke et al., 2018), but great skuas are much rarer globally than Arctic skuas, and Scotland holds approximately 57% and 1% of their respective world populations (BirdLife International, 2018). A large scale cull of great skuas is therefore not justifiable from a global conservation perspective. Alternative approaches include selective removal of bird-eating specialists, used successfully to manage predatory gulls (e.g. Sanz-Aguilar et al., 2009), and targeting colonies with small but increasing great skua populations. Type 2 and type 3 colonies could respond to small-scale culls, and a great:Arctic skua AOT ratio < 1, and ideally < 0.5, may allow Arctic skua breeding success to exceed 0.5 fledged per pair in years with moderate/high food availability. Aside from political challenges, management risks include failure to reduce great skuas if new recruits replace those removed, and overall predation remaining high from large numbers of non-specialists (Votier et al., 2004). Non-lethal deterrents including deliberate disturbance to prevent great skuas from settling, and/or nest removal, may be less contentious and are currently used elsewhere in the UK to protect locally rare tern colonies from herring gulls Larus argentatus argenteus and lesser-black backed gulls L. fuscus graellsii, despite these UK gull populations having greater international conservation status than the terns (Eaton et al., 2015). These methods are untested on great skuas, but may technically be viable conservation responses given the species’ avoidance of nesting in areas with high human disturbance (Dawson et al., 2011). However, such interventions raise significant questions of conservation philosophy and long-term sustainability, but if recent trends continue, Arctic skuas could face extinction in Scotland as a breeding species. 
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Table S1. Arctic skua and great skua AOTs at each study colony in 1992 and 2007–15.
Table S2. Correlation matrix of annual productivity estimates for the six study species.
Figure S1. Arctic Skua population trends and productivity, by colony type.
Figure S2. Great skua, black-legged kittiwake and Arctic tern population trends, by colony type.

Table 1. Variation in skua and host numbers among the three Arctic skua colony types during the Seabird 2000 census (Mitchell et al. 2004), and differences in modelled estimates of population change and breeding success during 1992–2015. Note that data were insufficient for modelling common guillemot and Atlantic puffin trends by colony type.

	
	Type 1 (n=7)
	Type 2 (n=9)
	Type 3 (n=17)
	

	AOTs/pairs in Seabird 2000 (mean ± 1 sd)

	Arctic skua
	37 ± 33
	24 ± 22
	14 ± 17
	

	great skua
	467 ± 818
	17 ± 15
	10 ± 10
	

	great skua:Arctic skua AOT ratio
	13 ± 17
	5 ± 12
	1 ± 2
	

	black-legged kittiwake
	8849 ± 11839
	595 ± 791
	14 ± 43
	

	common guillemot
	33178 ± 20312
	1345 ± 1181
	31 ± 84
	

	Atlantic puffin
	13397 ± 16533
	1089 ± 1869
	72 ± 105
	

	Arctic tern
	723 ± 884
	2042 ± 2952
	174 ± 239
	

	Population trend (mean annual rate of change, 1992 to 2015) 
	P-value

	Arctic skua
	–6.4%
	–8.2%
	–6.7%
	0.0016

	great skua
	+2.2%
	+5.2%
	+2.5%
	0.0815

	black-legged kittiwake
	–7.2%
	–9.4%
	–7.8%
	0.0352

	Arctic tern
	–10.3%
	–11.3%
	–3.7%
	0.0024

	Productivity (annual number of chicks fledged per pair, 5-year mean)

	Arctic skua, 1992-96
	1.05
	0.80
	0.93
	<0.0001

	Arctic skua, 2011-15
	0.29
	0.29
	0.71a
	

	great skua, 1992-96
	0.84
	0.76
	0.63
	0.1320

	great skua, 2011-15
	0.38
	0.83
	0.20b
	

	black-legged kittiwake, 1992-96
	1.02
	0.96
	0.51
	0.1370

	black-legged kittiwake, 2011-15
	0.46
	0.39
	0.11
	

	Arctic tern, 1992-96
	0.49
	0.27
	0.48
	0.1414

	Arctic tern, 2011-15
	0.16
	0.02
	0.01b
	



P-values are for Wald F-tests of the colony type*year interaction term. 
a no data for 2013–14. b no data for 2014–15.

Table 2. GLMMs of covariates of Arctic skua productivity, including a comparison of model fit statistics with a year model (categorical effect) and a null model. All models include site as a random categorical effect.

	Model  Variables
	P-value
	AICC
	Δ AICC
	Par
	Dev
	Marg R2 
tot / ann

	1
	year
	<0.0001
	2026.86
	0.00
	25
	1969.51
	0.44 / 1.00

	
	
	
	
	
	
	
	

	2
	cliffnester productivity
	<0.0001
	2067.84
	40.98
	9
	2051.10
	0.42 / 0.95

	
	cliffnester productivity2
	0.0003
	
	
	
	
	

	
	colony type
	0.0184
	
	
	
	
	

	
	colony type*cliffnester productivity
	0.0174
	
	
	
	
	

	
	
	
	
	
	
	
	

	3
	great:Arctic skua AOT ratio
	<0.0001
	2374.38
	347.52
	9
	2357.64
	0.33 / 0.75

	
	Arctic tern productivity
	<0.0001
	
	
	
	
	

	
	colony type
	0.0725
	
	
	
	
	

	
	colony type*Arctic tern productivity
	<0.0001
	
	
	
	
	

	
	
	
	
	
	
	
	

	4
	Arctic tern productivity
	<0.0001
	2700.07
	673.21
	8
	2685.50
	0.23 / 0.53

	
	colony type
	0.9970
	
	
	
	
	

	
	colony type*Arctic tern productivity
	0.0006
	
	
	
	
	

	
	
	
	
	
	
	
	

	5
	great:Arctic skua AOT ratio
	<0.0001
	2748.96
	722.10
	8
	2734.39
	0.22 / 0.50

	
	colony type
	0.0569
	
	
	
	
	

	
	colony type*great:Arctic skua AOT ratio
	0.0457
	
	
	
	
	

	
	
	
	
	
	
	
	

	6
	Null model
	
	3501.22
	1474.36
	1
	3497.16
	



P-values are for Wald F-tests of fixed effects. AICC = Akaike Information Criterion. Δ AICC = difference in AICC relative to the year model. Par = number of parameters estimated by the model. Model deviance = -2 log likelihood. Marginal R2 = proportion of total and annual variance in Arctic skua productivity explained by the fixed effect variables.

Figure 1. Locations of Arctic skua colonies used in analyses of population trend (n = 33 sites) and annual productivity (underlined, n = 20 sites). Dotted line = southernmost extent of Arctic skua breeding range during Seabird 2000. Overall percentage change in AOTs between the first and last year surveyed (1992 and 2008–2015) is given for each site (see Table S1 for further details). Symbol sizes are scaled to AOT counts in 1992 (four categories: 0–12, 16–26, 30–66, 101–159). Symbol shape denotes colony type, classified by cliff-nesting seabird host abundance within 5 km of colony during the Seabird 2000 census: squares = type 1 colonies (> 10 000 pairs), circles = type 2 colonies (1000–10 000 pairs), triangles = type 3 colonies (< 1000 pairs).

[image: ]
Figure 2.  Arctic skua trend across study colonies during 1992–2015 for (a) population size, (b) productivity. Annual estimates (± 95% confidence intervals) from GLMMs with year as a categorical effect are shown. For population size (a), solid line = modelled trend from GLMM with year and year2 as covariates (P values and overall predicted % change also shown); crosses = census counts across all 33 sites in 1992, 2000–2002, and 2008–2015 (for clarity, depicted as 1992, 2001 and 2012). See Table S1 for details on each colony’s contribution to these trends.
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Figure 3. Trends in population size and productivity across Orkney, Shetland and Handa island during 1992–2015 for (a) great skua, (b) black-legged kittiwake, (c) Arctic tern, (d) common guillemot, (e) Atlantic puffin. Annual estimates (± 95% confidence intervals) from GLMMs with year as a categorical effect are shown. For population size, these are presented as indices relative to population size during the Seabird 2000 census; solid line = modelled trend from GLMM with year and year2 as covariates (P values and overall predicted % change also shown).
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Figure 4. Overall change in Arctic skua population size plotted against mean annual Arctic skua productivity for 20 colonies during 1992–2015 (see Table S1 for colony identities and number of years).




Figure 5. Modelled relationships between Arctic skua productivity and (a) mean annual productivity of cliff-nesting hosts, (b) Arctic tern fledglings per Arctic skua AOT, (c) great skua to Arctic skua AOT ratio, from three univariate GLMMs with colony type and its interaction term also fitted. Bold sections of lines = interquartile range of observed values. Note that the x-axis in (b) and (c) is on a log scale. See Table S1 for colony identities and number of years.
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Figure 6. Modelled relationships between Arctic skua productivity and great:Arctic skua AOT ratio in years with high, medium and low food availability at (a) type 1 colonies, (b) type 2 colonies, (c) type 3 colonies, from GLMM with Arctic terns fledged per Arctic skua AOT and great:Arctic skua AOT ratio. High, medium and low food availability = 30, 1 and 0.05 Arctic terns fledged per Arctic skua AOT respectively, equating to cliff-nesting seabird productivity of approximately 0.8, 0.6 and 0.4 fledged per pair. Type 1, 2 and 3 colonies = > 10 000, 1000–10 000 and < 1000 cliff-nesting seabird host pairs, respectively. See Table S1 for colony identities and number of years.
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1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1061	1023	983	941	899	855	811	767	723	679	636	593	552	511	472	435	399	365	333	303	274	248	223	200	predicted count across the 33 colonies monitored	179	181	179	167	162	159	160	157	135	145	123	122	95	91	116	88	70	107	97	72	67	67	73	71	153	153	151	140	136	134	134	132	114	120	102	99	75	76	97	73	58	87	79	55	51	49	54	54	1061	985	970	889	855	837	841	824	734	696	591	538	355	450	599	427	325	471	438	240	215	185	217	226	actual counts across the 33 colonies monitored	1061	721	319	
Population size (AOTs)

n=20 colonies
0.18420000000000059	0.1916000000000001	0.19319999999999993	0.20940000000000059	0.21440000000000081	0.21119999999999994	0.17096000000000044	0.19900000000000009	0.24980000000000024	0.20720000000000041	0.22700000000000004	0.21940000000000087	0.22940000000000021	0.16033999999999998	0.21940000000000096	0.12746000000000021	0.14860000000000001	0.24660000000000001	0.21640000000000076	0.27214000000000005	0.32616000000000145	0.33150000000000163	0.37860000000000038	0.36220000000000002	0.18380000000000021	0.17900000000000021	0.18440000000000079	0.20480000000000001	0.20760000000000001	0.19020000000000004	9.5920000000000047E-2	0.17660000000000001	0.19619999999999999	0.13178000000000001	0.14680000000000001	0.15580000000000024	0.11377999999999998	8.5600000000000065E-2	0.17300000000000001	2.8638000000000011E-2	3.1182000000000001E-2	0.18380000000000021	0.11316000000000002	8.7820000000000023E-2	0.13252000000000003	9.2740000000000031E-2	0.25040000000000001	0.25320000000000004	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.99560000000000004	0.82580000000000064	0.87620000000000064	0.94660000000000255	0.92480000000000062	0.75360000000000338	0.19484000000000001	0.70900000000000063	0.55840000000000001	0.29780000000000145	0.33320000000000038	0.40260000000000001	0.20039999999999999	0.16686000000000001	0.52539999999999998	3.6260000000000001E-2	3.8680000000000006E-2	0.48820000000000002	0.20920000000000041	0.12126000000000046	0.19864000000000001	0.12050000000000002	0.49640000000000145	0.53480000000000005	
Productivity (fledged per pair)

+75%
year P=0.3333
year2 P=0.0109
n=31 colonies
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.9862553324926655	0.97756157185145087	0.97187896877098268	0.96915569891904962	0.96936699789216219	0.97251478550596493	0.97862769489627865	0.98776150704895327	1	1.015456230823381	1.0342742778977516	1.0566314810755553	1.0827412285558624	1.112856351808138	1.1472732041772382	1.1863365152497511	1.2304451321836485	1.2800587815973241	1.3357060119979978	1.3979935079664312	1.4676170044473935	1.545374073787569	1.6321791111515587	1.729080907506656	0.24373235095967791	0.38339090922122265	0.37646030130585367	0.39252899101243149	0.38521135845648824	0.52319280994222916	0.37573642188552681	0.40317216862806932	0.26402247609764762	0.43485085217092306	0.51624070065794159	0.535670771039092	0.47735189140375417	0.4687155082206903	0.54791938420079411	0.24214841678253604	0.41107033814486427	0.64524891418087482	0.54867909923598746	0.83455413327981964	0.85242893797571773	0.42258073764029808	1.0937531356163059	0.57031664349296585	0.19286727921677668	0.24704356177343367	0.24074366067972994	0.25710620242822124	0.2532932930063197	0.32866275819560703	0.25014692602095678	0.27512434958359011	0.20887863193956685	0.29956423892321182	0.34960509152416031	0.35302380918251952	0.31103163568080588	0.31538207932572077	0.37251121654745484	0.18699740550148547	0.31786190387455043	0.46187807290397692	0.40310766452130775	0.53431618479709297	0.57569915284606465	0.30776342760489223	0.7573570517322934	0.39561085389103234	0.92419334030933298	0.69463039146825678	0.66782535154738665	0.74522311253816953	0.73966142511073263	0.88392127632125961	0.74844115075326467	0.86629015380645902	1	0.96293163998108156	1.0831171251236387	1.0353195820133878	0.89269383484082065	0.96402104267305522	1.1636110832389659	0.82100827085991135	1.401889253615807	1.6252669753307627	1.5194014018892537	1.4852213924286404	1.7733540702091315	1.1326419448704901	2.4624801112337367	1.2915298940699147	
Population size index (1 = Seabird 2000)

n=19 colonies
0.18180000000000004	0.23660000000000003	0.23920000000000041	0.23	0.23180000000000001	0.22439999999999993	0.27040000000000008	0.22219999999999995	0.25060000000000004	0.23439999999999994	0.24260000000000001	0.1658	0.18200000000000024	0.17100000000000001	0.23700000000000004	0.20080000000000001	0.1948	0.21340000000000076	0.2218	0.18840000000000098	0.20040000000000024	0.18160000000000001	0.15300000000000041	0.23920000000000041	0.13740000000000024	0.20740000000000078	0.22519999999999996	0.22920000000000021	0.22020000000000006	0.1956	0.21200000000000024	0.20280000000000001	0.223	0.19359999999999999	0.19020000000000004	0.11268	0.12639999999999998	0.10132000000000002	0.2026	0.15860000000000021	0.15460000000000004	0.18440000000000092	0.17700000000000021	0.13160000000000002	0.15220000000000075	0.11307999999999988	9.9400000000000044E-2	0.18260000000000001	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.41460000000000002	0.72480000000000278	0.87300000000000277	0.99160000000000004	0.88660000000000005	0.70140000000000002	0.58079999999999998	0.79459999999999997	0.76720000000000277	0.61780000000000312	0.54720000000000002	0.29280000000000156	0.33180000000000243	0.21820000000000084	0.67860000000000487	0.50219999999999998	0.49820000000000031	0.67200000000000371	0.54800000000000004	0.34560000000000002	0.45040000000000002	0.25560000000000005	0.24440000000000084	0.50919999999999999	
Productivity (fledged per pair)

-92%
year P=0.0878
year2 P<0.0001
n=63 colonies
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1.8292755241020981	1.724401441787234	1.6179177775357021	1.5108916904299277	1.4043295496027288	1.2991627259341878	1.1962360472785329	1.0962990421649037	1	0.90788278511216403	0.82038626069896936	0.73784610938083373	0.66049878139167462	0.58848726045573141	0.52186831136774359	0.46062086178134226	0.40465517269036999	0.35382246604259376	0.30792470197634897	0.26672423020731834	0.22995307790047589	0.19732167774343987	0.16852688281270822	0.14325915731790992	0.87146096533851669	0.69996760609005504	0.5118885649497894	0.49057337220602532	0.6480077745383912	0.51804340783932601	0.44794298671849708	0.48383543893747982	0.36786524133463167	0.36313573048266934	0.30252802073210355	0.33482345319080342	0.19289148040168491	0.2377712989957888	0.24410495626822171	0.31832329122125319	0.1890346614836412	0.20433560090702946	0.21092517006802741	0.12173048266925816	9.7949465500486541E-2	0.10342468415937804	0.10386070618723679	7.690379008746355E-2	0.6421120829284096	0.48875931324910932	0.37939747327502654	0.3569808875931339	0.45506964690638124	0.38347910592808776	0.32342079689018688	0.35957240038872834	0.26893424036281188	0.26375121477162161	0.20210495626822161	0.24100939423388401	0.13490314220926491	0.17398315516682983	0.1726550048590865	0.1988357628765792	0.12390540978296102	0.14748234531908044	0.13505733722060254	7.6393909944930879E-2	6.7314544865565332E-2	7.192614188532559E-2	6.6346614836411258E-2	5.079818594104353E-2	2.440492387431163	1.6202785876255281	1.4655004859086478	1.3105280207321024	1.5290573372206024	1.476384839650146	1.1638483965014577	1.3994816974408752	1	0.96352445740200865	0.60884224165857292	0.85986394557823131	0.44874311629413521	0.64794298671850015	0.58977907353418135	0.52968448331713669	0.35963265306122455	0.53022870100421127	0.37547845804988922	0.20512147716229426	0.21522772918691291	0.23617103984450927	0.18368189180434091	0.14964107547781041	
Population size index (1 = Seabird 2000)

-87%
year P=0.0536
year2 P=0.2468
n=48 colonies
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1.690391231377506	1.5989545349173264	1.5081443683747788	1.4184291118554258	1.3302408286305263	1.2439726393705572	1.1599767942949142	1.0785634318507316	1	0.9245113049983773	0.85228014288046816	0.78344846086049214	0.7181189895911555	0.65635728272457805	0.59819409746188223	0.54362804869252568	0.49262846980013741	0.44513841510528684	0.40107774205687297	0.36034621548424745	0.32282658128124714	0.28838756260616738	0.25688673784548777	0.2281732660087458	0.76517560596424272	0.8087060985089396	0.68638258780297701	0.77860221892446091	0.62716415801003467	0.79732881068476091	0.63635078793018163	0.52215391138435441	0.49812734082397031	0.71083315666737656	0.47897675075966673	0.49918733658398706	0.20968200127199496	0.45287541516500757	0.42565543071161044	0.30331920005653307	0.37888135114126426	0.56815772736909065	0.44112359550561808	0.25019786587520332	0.35439050243799031	0.45042399830400887	0.58905307045438493	0.50796268814924372	0.50342731962405496	0.53692318564059094	0.44329022683909264	0.5099286269521589	0.40315172072645056	0.53437919581654958	0.42633029467882277	0.34369443855557913	0.33253409653028082	0.44449155536711193	0.28951664193343407	0.29877111158222036	0.10114832874001836	0.27406826372694765	0.25754434315596081	0.17225708430499698	0.1778715285138851	0.33721362447883541	0.2235050526464562	8.8505405978377305E-2	0.18583068334393341	0.15090664970673537	0.28635502791322182	4.1839445975549415E-2	1.4715567804395395	1.5979082750335658	1.2517136598120258	1.4776340894636366	1.1288248180340545	1.6196735213059161	1.2915695003886654	1.0056533107200898	1	1.1859939226909759	0.73203307186771249	0.74432902268391476	0.19541445834216803	0.69411066355734552	0.65207759168963364	0.39865592537630018	0.33527312557416578	0.82934068263726968	0.45308882764469205	0.13695074553035141	0.39071585046993146	0.22693873224507141	0.55722634442795138	4.5594657621369515E-2	
Population size index (1 = Seabird 2000)

n=21 colonies
0.23440000000000041	0.25319999999999998	0.24680000000000021	0.25419999999999998	0.24660000000000021	0.23560000000000003	0.20380000000000001	0.24780000000000021	0.24000000000000021	0.18920000000000076	0.24480000000000021	0.16139999999999999	0.14820000000000041	0.20600000000000004	0.18180000000000004	0.11495999999999951	0.10808000000000002	0.26040000000000002	0.16244000000000072	0.25119999999999998	0.26079999999999998	0.19634000000000001	0.34480000000000038	0.29160000000000008	0.24700000000000041	0.23180000000000001	0.24720000000000064	0.23419999999999996	0.24300000000000024	0.1948	0.15380000000000021	0.23660000000000003	0.2016	0.13400000000000001	0.19500000000000001	0.10439999999999998	8.9460000000000026E-2	0.1406	0.11570000000000009	5.2000000000000032E-2	2.1278000000000012E-2	0.19059999999999999	7.075999999999999E-2	0.14080000000000001	0.15170000000000067	8.6720000000000047E-2	0.29080000000000134	0.20900000000000021	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1.1075999999999944	0.82340000000000002	1.0037999999999927	0.8366000000000029	0.97019999999999995	0.62120000000000064	0.4456	0.90680000000000005	0.65140000000000065	0.35840000000000038	0.57199999999999995	0.25260000000000005	0.20019999999999999	0.34820000000000001	0.26920000000000005	9.044000000000002E-2	2.614E-2	0.48460000000000031	0.11756000000000009	0.27	0.29900000000000032	0.14326000000000041	0.74760000000000326	0.49580000000000163	
Productivity (fledged per pair)

n=46 colonies
0.19900000000000009	0.15340000000000081	0.11762000000000022	0.12760000000000002	0.15460000000000004	0.12040000000000002	5.4299999999999994E-2	0.11083999999999949	0.21440000000000087	0.17103400000000021	0.27040000000000008	0.30012000000000139	1.751423999999993	0.22880000000000003	0.23680000000000004	0.19394800000000084	1.8951880000000001	0.30920000000000031	0.24554000000000084	1.9593580000000055	0.33720000000000139	1.9999956779999939	0.61408000000000063	1.73458	0.16400000000000001	0.11360000000000002	6.1119999999999987E-2	7.9340000000000022E-2	0.10844000000000002	8.7620000000000045E-2	2.4223999999999999E-2	7.0559999999999998E-2	0.14640000000000075	1.6709420000000105E-3	0.22900000000000001	6.6297999999999996E-2	7.1724400000000134E-3	9.4440000000000024E-2	0.12443999999999998	1.7669999999999998E-2	2.0118901199999988E-3	0.20140000000000041	1.8720000000000091E-2	6.2416576000000499E-3	0.12318000000000009	4.3220000000000003E-6	0.10660799999999998	0.10627199999999999	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.56499999999999995	0.34560000000000002	0.11917999999999998	0.18820000000000084	0.29880000000000156	0.27240000000000031	4.2759999999999999E-2	0.17555999999999999	0.35980000000000156	1.6860000000000117E-3	0.69780000000000064	8.1480000000000011E-2	7.1760000000000339E-3	0.14800000000000021	0.22819999999999999	1.9252000000000005E-2	2.0119999999999999E-3	0.42280000000000156	2.0060000000000001E-2	6.2420000000000114E-3	0.17540000000000044	4.3220000000000003E-6	0.12071999999999998	0.10682000000000012	
Productivity (fledged per pair)

-42%
year P=0.0782
year2 P=0.0002
n=15 colonies
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1.1321064358914021	1.1264487669423104	1.1174619525602199	1.1052261780030395	1.0898499214301183	1.0714683527167717	1.050241355357084	1.0263512119342435	1	0.9714067503505317	0.9408044234993812	0.90843676255702688	0.87455508170041352	0.83941504896747221	0.80327352029648691	0.76638547863983153	0.72900112774453762	0.69136318496355398	0.65370441142008184	0.61624541118864062	0.57919272408353761	0.54273722936418145	0.5070528703797057	0.47229570307196178	0.21691397203876844	0.31271978728879141	0.26726134316836775	0.19984561283128921	0.29144866626640553	0.31923835663435984	1.8556960288189379	0.22306286988592541	0.13602195728621666	0.19143665837550392	0.28039883351917089	0.13111673385367525	0.24118792349258075	0.18264688223689945	0.20131829487949379	0.14563598936443944	0.22702290076335868	0.4115490179260658	0.44048717728793363	0.14463847671326871	0.1770709323269577	0.24116905394973848	0.2075246590616692	0.16475769791577322	0.22566772450467437	0.2471627069216914	0.50396860794235909	0.17156102581696603	0.1065863281585042	0.14680332790119224	0.18446522000171608	9.8440689596020273E-2	0.16585127369414182	0.13583755039025638	0.14377219315550221	0.11048117334248223	0.15929324984990276	0.2182554249935672	0.24471910112359649	0.11488978471567032	0.96406209795008169	1.0545501329445115	0.92949652628870405	0.93961746290419712	1	1.0941761729136301	0.69186379620893723	0.7433150355948227	0.49252851874088915	0.62965262887040063	0.53915944763701862	0.39501844068959774	0.53096749292392142	0.53003001972724606	0.50296766446521957	0.45769105412127775	0.53393944592160558	0.46468393515738932	0.55067844583583492	0.55859164593875976	
Population size index (1 = Seabird 2000)

-90%
year P=0.0003
year2 P<0.0001
n=9 colonies
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1.3011910014301908	1.2996305087113709	1.2863644708397328	1.2617504463589859	1.2264453180643238	1.1813761644428322	1.1276998192792034	1.06675358099405	1	0.92896891633638123	0.85519993096082292	0.78018828297383902	0.70533670107672641	0.63191524489949813	0.56103050434005197	0.49360484045831027	0.4303656856338765	0.37184432257537881	0.31838306953393603	0.2701494377352458	0.22715560767054899	0.18928149129606592	0.15629969389530199	0.12790084035658056	1.1662354594902984	14.098179422929348	1.4827075736277819	14.331601713963646	2.338670795390497	0.97249101934660265	1.6189147160483766	1.2864370064035981	14.135161380134509	17.494801746558835	21.73911626296157	3.5750402346853543	0.58186485220119666	12.117953837064805	0.34521020501015232	130.42148294524759	17.809229870773482	0.45219711940024854	55.141578557798724	98.779364529644653	0.34146854903878182	0.58513116167892076	0.85410719742498065	0.68692321795994871	0.8244148145130108	0.6784009343953975	0.49302938320397366	0.81574211773653582	0.5879085433346235	0.84916943386232613	0.5917852656168302	0.45721216072144161	0.78792755719436924	0.27227847155730456	0.4774780152246732	0.13679113954135969	0.13026408893053831	1.4799709359572457	0.19064110660663722	1.1795328702100361	0.71227392181228955	0.1309783309905542	1.1743095592179871	0.90918844772207186	1.2798840154555498	0.87473261759733045	0.95559584682978205	1	1.6442438934952261	1.0827238712218443	0.9034435458132124	0.61250432904842433	0.46703472066602825	1.0106817147785225	0.51174445372501964	0.49706303773572097	0.22657051086166738	0.13039433386979679	1.614106925798418	0.32958488669777136	1.2053157319317469	0.71744725351586991	0.21247309199312794	
Population size index (1 = Seabird 2000)

n=6 colonies
0.11570000000000009	0.11599999999999998	0.1048	0.10560000000000012	9.4900000000000095E-2	0.11909999999999998	0.1129	0.10670000000000029	0.11929999999999996	0.12509999999999999	0.10450000000000009	0.12790000000000001	0.14290000000000044	0.15710000000000021	0.14510000000000006	0.14860000000000001	0.16897000000000001	0.13239999999999996	0.17750000000000021	0.15700000000000044	0.15860000000000021	0.18470000000000064	0.14860000000000009	0.13630000000000009	0.16990000000000041	0.14940000000000087	0.13800000000000001	0.1416	0.13730000000000001	0.14130000000000009	0.13109999999999999	0.1323	0.16260000000000008	0.14590000000000064	0.13300000000000001	0.13269999999999998	0.11069999999999998	0.12400000000000012	0.13189999999999996	9.0640000000000026E-2	5.9940000000000014E-2	0.13630000000000003	0.1391	9.6430000000000016E-2	0.13160000000000002	0.10370000000000019	0.1618	0.15120000000000061	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.75480000000000325	0.70120000000000005	0.72680000000000289	0.73529999999999995	0.77960000000000385	0.64970000000000361	0.6410000000000029	0.69259999999999999	0.72330000000000005	0.63220000000000065	0.71109999999999995	0.53539999999999999	0.28980000000000128	0.31610000000000038	0.41600000000000031	0.18100000000000024	8.4330000000000002E-2	0.52690000000000003	0.32850000000000151	0.19109999999999999	0.35260000000000002	0.18340000000000078	0.56770000000000065	0.58709999999999996	
Productivity (fledged per pair)

n=1 colony
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	0.75260000000000371	0.69090000000000062	0.82809999999999995	0.74310000000000065	0.79820000000000002	0.7903	0.58229999999999948	0.63240000000000063	0.57809999999999995	0.31030000000000185	0.74190000000000311	0.65450000000000064	0.62500000000000289	0.67440000000000278	0.46970000000000001	0.16669999999999999	0.40240000000000031	0.64890000000000359	0.32330000000000203	0.38570000000000032	0.5867	0.725800000000003	0.78459999999999996	0.64630000000000065	Productivity (fledged per pair)

R2=0.626
n=20 colonies
0.24000000000000021	0.56999999999999995	1.1100000000000001	0.53	0.62000000000000255	0.53	0.45	0.32000000000000145	0.35000000000000031	0.47000000000000008	0.5	0.63000000000000289	0.46	0.75000000000000266	0.24000000000000021	0.39000000000000146	0.4	0.53	0.45	0.88	-50	-29	0	-29	-95	-100	-23	0	-83	-53	-50	-85	-48	-66	-100	-23	-82	-80	-71	-58	-88	-88	-79	-75	0	-80	-88	-95	-33	-96	-72	-38	-35	Mean annual productivity (fledged per pair)

Overall % change in population size

type1	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.6500000000000018	0.70000000000000062	0.75000000000000155	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999968	1.2	4.0780397437009584E-2	5.6960277728983814E-2	7.8106041929609182E-2	0.10508768477901823	0.13865626335935005	0.17932402679676099	0.22724306271129827	0.28210812368494842	0.34311072049152275	0.40896360072922838	0.47799811061811004	0.54831720501989745	0.61797204937567463	0.68512627457039343	0.74817961628982754	0.80583727028329299	0.85712623960849454	0.90137032177766296	0.93813958896376848	0.96718940652877117	0.98840052027066139	1.0017276232811938	1.0071603776229716	1.004698590423003	0.99434206037567652	type2	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.6500000000000018	0.70000000000000062	0.75000000000000155	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999968	1.2	0.12619477207376767	0.1626117806527724	0.20544039172139839	0.2544384229172143	0.30893679929491391	0.36785283583951961	0.42976197034998864	0.49301644710775094	0.55588761614285165	0.61670417834935365	0.67396293769239524	0.72639872228683544	0.77301156953985595	0.81305816069104198	0.84601908028921269	0.8715540830115297	0.88945561696424413	0.89960794855056725	0.90195647327708661	0.89648970283721341	0.88323504370323158	0.86226859296280967	0.83373840701650703	0.79789965470208302	0.75515842036180036	type3	0	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.6500000000000018	0.70000000000000062	0.75000000000000155	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.1499999999999968	1.2	4.7427536285776103E-2	6.5464801664343888E-2	8.8697459463763298E-2	0.1179009870302458	0.15368017441068987	0.19635445122101414	0.24585368603396521	0.3016493123809153	0.36274269265780784	0.42772119310527695	0.49487538165541073	0.56235441955305165	0.62832773693238575	0.69112265436101561	0.74931791659670099	0.80178691480473352	0.84769630006399477	0.88647266244381062	0.91775172025591523	0.9413226072613311	0.9570763905179005	0.96496447080119663	0.96496983920445911	0.95709248581975459	0.94134938977195326	0.22724306271129827	0.28210812368494842	0.34311072049152275	0.40896360072922838	0.47799811061811004	0.54831720501989745	0.61797204937567463	0.68512627457039343	0.74817961628982754	0.80583727028329299	0.36274269265780784	0.42772119310527695	0.49487538165541073	0.56235441955305165	0.62832773693238575	0.69112265436101561	0.74931791659670099	0.80178691480473352	0.84769630006399477	0.88647266244381062	0.42976197034998864	0.49301644710775094	0.55588761614285165	0.61670417834935365	0.67396293769239524	0.72639872228683544	0.77301156953985595	0.81305816069104198	0.84601908028921269	0.8715540830115297	Cliffnester productivity 
(fledged per pair)

A skua productivity (fledged per pair)


type1	-4	-3.5	-3	-2.5	-2	-1.5	-1	-0.5	0	0.5	1	1.5	2	2.5	3	3.5	4	1.9864820217058443	1.9779062641672729	1.9639887015120638	1.9415630370489312	1.9058415547491478	1.8499714671799257	1.7650372327852966	1.6413419438724539	1.4720073774634388	1.2588262780254202	1.0170483480328838	0.7732600850917688	0.55491839744613747	0.37917276230801644	0.24947768844697782	0.15977155265593013	0.10047024720842151	type2	-4	-3.5	-3	-2.5	-2	-1.5	-1	-0.5	0	0.5	1	1.5	2	2.5	3	3.5	4	1.3837074652861054	1.2819507222949318	1.1734291490268725	1.0605259271349878	0.9460524268501711	0.83297958093826174	0.72413584067518288	0.62193501482797464	0.5281869477221478	0.44401697555699421	0.36988912933872586	0.30570536759788292	0.25094437003471132	0.20480695289529666	0.16634539298784479	0.13456527551843475	type3	-4	-3.5	-3	-2.5	-2	-1.5	-1	-0.5	0	0.5	1	1.5	2	2.5	3	3.5	4	1.8827300925439439	1.8107881183622809	1.7017042287159891	1.5455158578746719	1.3392988986139078	1.0943435872192828	0.83740598822648082	0.60077638807305811	0.40757121152863046	0.26474329036628497	0.16672706551314009	0.10284867541630406	6.2608300346577786E-2	3.7798608170075805E-2	2.2704996935343839E-2	1.359675103608509E-2	8.1273142896416267E-3	1.0170483480328838	0.7732600850917688	0.55491839744613747	0.37917276230801644	0.24947768844697782	0.15977155265593013	0.83297958093826174	0.72413584067518288	0.62193501482797464	0.5281869477221478	0.44401697555699421	0.36988912933872586	0.30570536759788292	1.0943435872192828	0.83740598822648082	0.60077638807305811	0.40757121152863046	Ln great skua AOTs per Arctic skua AOT

A skua productivity (fledged per pair)


type1	-4	-3.5	-3	-2.5	-2	-1.5	-1	-0.5	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	0.30401034145642836	0.34264452051021332	0.38507365503956342	0.43138918883616784	0.48161408930408278	0.5356895235423218	0.59346344405463536	0.65468247285860626	0.71898846134493621	0.78592088796387305	0.85492581754138885	0.92537151040857202	0.99657001345113883	1.0678033086559284	1.1383519770240942	1.2075239809931857	1.2746811515676455	type2	0.55471794416306353	0.57292596306533961	0.59148704656952078	0.61039225371454719	0.6296316005790733	0.64919406000878688	0.66906756743659634	0.68923903304689049	0.70969436047857926	0.73041847219894585	0.75139534161219779	0.77260803189390714	0.79403874146632458	0.81566885595102268	0.83747900635581762	0.85944913317382776	0.88155855599530375	0.90378604815903352	0.92610991590113734	type3	0.58314749382466047	0.59856871892332131	0.61422096473459453	0.63009848362410703	0.64619504792166071	0.6625039523871521	0.6790180186607494	0.69572960174854548	0.71263059858179401	0.72971245867374224	0.74696619688311561	0.76438240827761439	0.78195128507452238	0.79966263561887774	0.81750590534279188	0.83547019963265079	0.85354430851426222	0.30401034145642836	0.34264452051021332	0.38507365503956342	0.43138918883616784	0.48161408930408278	0.5356895235423218	0.59346344405463536	0.65468247285860626	0.71898846134493621	0.78592088796387305	0.55471794416306353	0.57292596306533961	0.59148704656952078	0.61039225371454719	0.6296316005790733	0.64919406000878688	0.66906756743659634	0.68923903304689049	0.70969436047857926	0.73041847219894585	0.75139534161219779	0.77260803189390714	0.79403874146632458	0.81566885595102268	0.58314749382466047	0.59856871892332131	0.61422096473459453	0.63009848362410703	0.64619504792166071	0.6625039523871521	0.6790180186607494	0.69572960174854548	0.71263059858179401	0.72971245867374224	0.74696619688311561	Ln Arctic terns fledged per Arctic skua AOT

A skua productivity (fledged per pair)


high food availability	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1.9256677748647124	1.545717590873237	1.4296705815801478	1.3541037523626569	1.2974529307499201	1.2519951699893459	1.2139989204154704	1.1813552260286999	1.152748436481196	1.127299546893358	1.1043907944844489	1.0835707530465757	1.0644991538272022	1.0469129455939095	1.0306044493558844	1.01540676169301	1.0011836902807418	0.98782262616002325	0.97522937792434194	0.96332435166824537	0.95203967562088976	0.94131700157144382	0.93110580002482846	0.92136202142853718	0.91204703281035859	0.90312676437617034	0.89457101810745177	0.88635290273444256	0.87844836829343065	0.87083581988816461	0.86349579498867468	0.85641069210635912	0.84956454131980863	0.84294280912739072	0.8365322316368885	0.83032067128887632	0.8242969932354216	0.8184509582222782	0.81277312939764157	0.80725479092851504	0.80188787667290473	0.79666490745220042	0.79157893570833249	0.78662349652621089	0.78179256416256859	0.77708051335463879	0.77248208479159364	0.7679923542227014	0.76360670475213155	0.75932080193405382	0.75513057133522554	medium food availability	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1.8231080610974264	1.150253713988151	0.99863036226102697	0.90951402958274075	0.8470699594661576	0.7994360069685218	0.76119751933786839	0.72943013750496499	0.7023775831964062	0.67890429025209909	0.65823485471874266	0.6398170410270908	0.6232441456953296	0.6082083381545037	0.59447125818912461	0.58184474920548335	0.57017781185493366	0.55934751896529367	0.54925253427402243	0.53980839021436511	0.53094398289827072	0.52259892736015412	0.51472153234158269	0.50726722883503095	0.50019733604706906	0.493478081741201	0.48707981676995032	0.48097637955177053	0.47514457754977496	0.46956376093301905	0.46421546951709969	0.45908313844115445	0.45415185128800789	0.44940813180124506	0.44483976721346175	0.44043565762718273	0.43618568699409982	0.43208061209922022	0.42811196663283635	0.42427197796819455	0.42055349468873215	0.4169499232500386	0.4134551724367731	0.41006360449769097	0.40676999202355985	0.40356947978147062	0.40045755084141577	0.39742999643214888	0.39448288904729417	0.39161255839267523	0.38881556982439347	low food availability	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	1.641346527271998	0.75083558168861564	0.61382961165343541	0.54051688580245827	0.49197730881900714	0.45640681033693664	0.42871690377577443	0.40627448604174188	0.38755121544295401	0.37158643653281365	0.35773976507880562	0.34556454227402444	0.33473780873353376	0.32501909141840302	0.31622491290771615	0.30821236608132385	0.3008681600513432	0.29410109771594761	0.28783677767369981	0.28201377961610075	0.27658086403786741	0.27149488088707774	0.26671918349094015	0.26222240895357479	0.25797752857087974	0.25396110005070149	0.25015267252697315	0.24653430863871251	0.24309019728006143	0.23980633728497402	0.23667027712182648	0.23367089919409656	0.23079823994924067	0.22804333894730894	0.22539811151359346	0.22285524072256432	0.22040808532402417	0.21805060089206832	0.21577727200062363	0.21358305364103231	0.21146332042330812	0.20941382236273004	0.20743064626203378	0.20551018186773479	0.20364909211561438	0.20184428689168307	0.20009289982612277	0.19839226771276461	0.19673991220872711	0.19513352352037602	0.19357094582473908	Great skua AOTs
per Arctic skua AOT

A skua productivity (fledged per pair)


high food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.4639119746026872	0.99479488851328191	0.84332635738936368	0.75758405359940506	0.69888581331503385	0.65485178791245435	0.61995782359710905	0.59127149583752758	0.56705605499538869	0.5462015791321243	0.52795771649410494	0.51179472094622558	0.49732545886555196	0.48425893612796272	0.47237123723883351	0.46148661459122431	0.45146476420805864	0.44219201652257173	0.43357508567798086	0.42553653803372776	0.4180114443659963	0.41094486475189435	0.40428993051170953	0.3980063616433645	0.39205930683427292	0.38641842576893903	0.38105715575543581	0.37595212020292473	0.37108264743534747	0.36643037617365287	0.36197892971515694	0.35771364502434888	0.35362134605974832	0.34969015299697143	0.34590932077914288	0.3422691017807668	0.33876062841687532	0.33537581234265551	0.33210725752618275	0.32894818498011635	0.32589236733772053	0.32293407177847855	0.32006801006537638	0.31728929466394973	0.31459340008225883	0.31197612870914998	0.30943358054160058	0.30696212628567676	0.30455838339309865	0.30221919466017205	0.29994160906962486	0.29772286460122632	0.29556037277524527	0.29345170472478982	0.2913945786206244	0.28938684829498756	0.28742649293098005	0.28551160770087047	0.28364039525125539	0.28181115794554407	0.28002229078499802	0.27827227493891232	0.27655967182263097	0.27488311766908691	0.27324131854578076	0.27163304577438124	0.27005713171483481	0.26851246588008676	0.26699799135096436	0.26551270146412431	0.26405563674864707	medium food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.4296191314400293	0.95197672332014771	0.80182725628452634	0.7176862769852107	0.66043608780544216	0.61767456930178111	0.58390169212887855	0.55621131460245854	0.53288859737061489	0.51284097221396374	0.49533174287736881	0.47984198012317497	0.46599321100612029	0.45350145695812155	0.44214855061915526	0.43176350485195808	0.42220999744848842	0.41337771968707443	0.40517624613285436	0.39753059622889086	0.39037795919461077	0.38366523627770732	0.37734716840939231	0.37138489039780065	0.36574480075083082	0.36039766835222853	0.35531791915543126	0.35048306130102114	0.34587321781762204	0.34147074376420222	0.33725991025523305	0.33322664190963158	0.32935829730845601	0.32564348433051898	0.32207190396578189	0.31863421752975307	0.31532193322293917	0.31212730877251088	0.30904326751507588	0.30606332576940626	0.30318152973739687	0.30039240048250848	0.2976908857849539	0.29507231787514687	0.29253237621118178	0.29006705460030074	0.28767263207455651	0.28534564702174381	0.28308287414794397	0.28088130391058225	0.27873812411336629	0.27665070339811032	0.27461657640551412	0.27263343040807908	0.2706990932447349	0.26881152240918776	0.26696879516324479	0.26516909956258478	0.26341072629669532	0.26169206125655131	0.26001157875427638	0.25836783532785945	0.25675946407189776	0.25518516944217606	0.25364372248765027	0.25213395646878939	0.2506547628255868	0.24920508746254647	0.24778392732153851	0.24639032721634074	0.24502337690547071	low food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.398347558688313	0.91440350003488069	0.7658496235328649	0.68333087917035706	0.6274801931542876	0.5859191649807296	0.55318774720307762	0.5264124685456657	0.50390316242488065	0.48458581339799001	0.46773785328019513	0.45285128998218482	0.43955625826854638	0.42757565889247517	0.41669689975237784	0.40675356921930972	0.39761314271644582	0.38916849565571615	0.38133189687288505	0.37403066451833322	0.36720396381466447	0.36080040627430365	0.3547762223830323	0.34909385174545382	0.34372084188051638	0.33862897844673939	0.33379359122947588	0.32919299518189465	0.3248080363585254	0.32062172012448165	0.31661890449163188	0.31278604544513711	0.30911098410096866	0.30558276776775462	0.30219149867702	0.29892820543799747	0.29578473326903315	0.29275364983162389	0.28982816409869766	0.28700205616645008	0.28426961629823383	0.28162559179157848	0.2790651405029505	0.27658379006131817	0.27417740196140472	0.27184213985792338	0.26957444148917342	0.26737099374656237	0.26522871047974528	0.26314471268785261	0.26111631079791991	0.25914098877428487	0.2572163898383793	0.25534030360862398	0.25351065449567317	0.25172549121001481	0.24998297725747645	0.24828138231402794	0.24661907438488326	0.24499451266458547	0.24340624102483432	0.24185288206556374	0.2403331316723209	0.23884575402952174	0.23738957704498018	0.2359634881459706	0.23456643041155761	0.23319739900971703	0.23185543791110141	0.23053963685432668	0.22924912854022525	Great skua AOTs 
per Arctic skua AOT

A skua productivity (fledged per pair)


high food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.63086569459525	1.2311112455304776	1.0824061616078162	0.99322905290232366	0.9299387929686177	0.88120656122641627	0.84179927857746084	0.80886446267453771	0.78067601851974244	0.75611074240701415	0.73439741816339377	0.71498411174066556	0.69746257252415123	0.68152258704080049	0.66692309369898983	0.65347318252572761	0.64101918400617264	0.62943564899631577	0.61861889442871898	0.60848228754026057	0.59895273643018365	0.58996803542068632	0.58147482753858482	0.5734270200314201	0.56578453750403601	0.55851233011687051	0.55157957688061732	0.54495903988093208	0.53862653648663972	0.53256050467457661	0.52674164249895272	0.52115260708508293	0.51577776177628998	0.5106029625128593	0.50561537638793552	0.50080332675863259	0.49615616040104632	0.4916641330651183	0.48731831046726992	0.48311048229894538	0.47903308725994403	0.4750791474708288	0.47124221089754598	0.46751630064751332	0.463895870180977	0.4603757636326154	0.45695118056295408	0.45361764456223125	0.4503709752149026	0.44720726300454211	0.44412284679873115	0.44111429360372284	0.43817838032135686	0.43531207727651211	0.43251253331403355	0.42977706229005441	0.42710313080497497	0.42448834704442112	0.42193045061091278	0.41942730324326227	0.41697688033272029	0.41457726315582888	0.41222663175287638	0.40992325838905852	0.40766550154241082	0.40545180036871381	0.40328066959895592	0.40115069482968124	0.39906052817072335	0.3970088842184451	0.39499453632591086	medium food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.5308511308171195	1.0836438657829908	0.93117907833591562	0.8430146211987487	0.78186268696346928	0.73555617681398866	0.69859522222033166	0.66803158424009279	0.64210535802520052	0.61968442000617485	0.59999910136301005	0.58250335352134119	0.56679639947393268	0.55257582223415214	0.53960810240255463	0.52770937095176951	0.51673241232949385	0.50655763702312395	0.49708665667204627	0.4882376132490383	0.47994171932738516	0.47214065253177989	0.46478456396679357	0.45783053551186831	0.45124137032407358	0.44498463413611972	0.43903188771130658	0.43335806668455118	0.42794097624718846	0.42276087619277036	0.41780013770189511	0.41304295755819775	0.4084751186984113	0.40408378841432557	0.39985734735830814	0.39578524390916586	0.39185786954109375	0.38806645168416687	0.38440296122861828	0.38086003234959592	0.37743089274637892	0.37410930272391302	0.3708895018135453	0.36776616184752686	0.36473434557916845	0.36178947008547258	0.35892727430837407	0.35614379018920461	0.35343531693258035	0.35079839800405632	0.34822980052271618	0.3457264967576944	0.34328564747780987	0.34090458693760867	0.33858080931185403	0.33631195641523998	0.3340958065649739	0.33193026446178042	0.32981335198055689	0.32774319977486044	0.32571803961119589	0.32373619735877041	0.32179608656910635	0.31989620258746304	0.31803511714436067	0.31621147338147315	0.31442398127090426	0.31267141339145943	0.31095260102928479	0.30926643057362618	0.30761184018159743	low food availability	0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9000000000000001	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	3.1	3.2	3.3	3.4	3.5	3.6	3.7	3.8	3.9	4	4.0999999999999996	4.2	4.3	4.4000000000000004	4.5	4.5999999999999996	4.7	4.8	4.9000000000000004	5	5.0999999999999996	5.2	5.3	5.4	5.5	5.6	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	1.428346316480045	0.95042056580091416	0.80032910783157385	0.71625136074184759	0.65905680573719194	0.61634350228643464	0.58261272994723334	0.55495952383328662	0.53166996692861168	0.51165219886933777	0.49417006960085419	0.47870507671057883	0.46487908556465418	0.45240838949530698	0.44107504251061924	0.43070823984156581	0.42117181113790442	0.41235557536300704	0.4041692153908214	0.39653784327446612	0.38939872799862907	0.38269883997143317	0.37639298045615432	0.37044233718726766	0.36481335534275694	0.35947684515671052	0.35440726938214251	0.34958216904429457	0.34498169667092288	0.34058823387809267	0.33638607576899393	0.33236116869950111	0.32850089100552377	0.32479386856933035	0.32122981883129881	0.31779941817558843	0.31449418863801382	0.31130640067692344	0.30822898936877258	0.30525548187975343	0.30237993445370381	0.29959687746722474	0.29690126735271377	0.29428844439202456	0.29175409554747395	0.28929422163106511	0.28690510822287096	0.28458329984021474	0.28232557693459476	0.28012893535570488	0.27799056797426508	0.27590784819908792	0.27387831516073707	0.27189966036514357	0.26996971564709948	0.26808644227578732	0.26624792108372675	0.2644523435068809	0.26269800343764182	0.26098328980453445	0.2593066798028611	0.2576667327095235	0.2560620842231135	0.25449144127699724	0.25295357727926537	0.25144732773834449	0.2499715862377864	0.24852530072750684	0.24710747010242995	0.24571714104241121	0.24435340509007591	Great skua AOTs 
per Arctic skua AOT

A skua productivity (fledged per pair)
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