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Abstract 15 

Capsule: The breeding productivity of the Common Scoter population in Scotland’s Flow 16 

Country remained relatively stable during a 44% population decline in Britain and Ireland. 17 

Aim: To investigate breeding productivity changes in the eastern Flow Country’s Common 18 

Scoter population over 22 years and identify possible threats and causes of change during a 19 

period of national population decline. 20 

Methods: To investigate breeding productivity changes in the eastern Flow Country’s 21 

Common Scoter population over 22 years and identify possible threats and causes of 22 

change during a period of national population decline. 23 



Results: Between 2002 and 2023, whilst the Common Scoter population declined 24 

(approximately 44% from 27 to 15 breeding pairs) across the study area, breeding 25 

productivity (defined as large ducklings per female) remained stable, averaging 0.44 (range 26 

of annual means 0.00–1.06) large ducklings per female. The number of small ducklings per 27 

female also remained relatively stable. A year of higher breeding productivity did not result in 28 

an increase in the number of breeding females in the following years, suggesting that the 29 

cause of the population decline lies away from the breeding region. 30 

Conclusion:  31 

Breeding productivity needs to increase, and poor breeding seasons need to be prevented 32 

to help maintain this population. The causes of the Common Scoter’s decline away from the 33 

breeding area need to be resolved to prevent local extinction. This could be assisted with the 34 

removal of non-native forestry plantations in the area, which has been observed to benefit 35 

other ground-nesting species by alleviating predation pressure, and by maintaining lake 36 

habitat quality, as reflected in shallow water and abundant large invertebrates.  37 



Introduction 38 

Populations of many species of sea ducks (Mergini) are declining (e.g. Bowman et al. 2015, 39 

Kilpi et al. 2015, Snoeken et al. 2016). Determining current population sizes and trends of 40 

sea-duck populations is imperative to develop effective management strategies (Roy et al. 41 

2019). Scoters (Melanitta spp.) are the most species rich genus of sea ducks (Collinson et 42 

al. 2006) and spend the majority of their time at sea but breed in freshwater habitats (Žydelis 43 

& Richman 2015).  44 

Breeding scoters occur widely in upland and northern freshwaters across the Holarctic, 45 

between the latitudes of 38°N and 74°N (Snow et al. 1997, Sibley 2000, Bowman et al. 46 

2021). Five of the six recognized species of scoter have declining world populations (Birdlife 47 

International 2023a), but here we focus on Common Scoter Melanitta nigra, the only scoter 48 

species with an unknown global population trend (Birdlife International 2023b). 49 

Common Scoters are highly gregarious in the winter, with flocks occasionally numbering 50 

over 100,000 individuals (Scott & Rose 1996), and birds gathering in the Baltic Sea, off the 51 

Atlantic coast of Europe and North Africa, and in the western Mediterranean (Snow et 52 

al.1997). Threats on these wintering grounds, exacerbated by the large flock sizes, include 53 

acute and chronic oil pollution (Larsen et al. 2007), eutrophication in the Baltic Sea affecting 54 

their prey (Skov et al. 2020), risk of bycatch in fisheries (Stempniewicz 1994, Žydelis et al. 55 

2013), commercial exploitation of a key food resource (benthic shellfish, Kear 2005), 56 

windfarm interactions (Birdlife 2023b) and avian influenza (Jonassen & Handeland 2007). 57 

In most European countries the national breeding population trends of the Common Scoter 58 

are poorly known (Kilpi et al. 2015) and, as with the closely related Black Scoter Melanitta 59 

americana (Collinson et al. 2006) in North America, demographic data are difficult to collect 60 

due to their breeding in remote locations and at low densities (Schamber et al. 2010). 61 

However, the detailed, complete surveys of Common Scoters in Britain and Ireland (in 1995 62 

and 2007), and Ireland only (in 2012), have revealed a severe population decline (Underhill 63 



et al. 1998, Hunt et al. 2012, Musgrove et al. 2013), from 95 pairs in 1995 to 52 pairs in 2007 64 

(Musgrove et al. 2013). To understand the drivers of this population decline it is important to 65 

have information on other demographic parameters, particularly breeding productivity (e.g. 66 

the number of fledglings per nesting attempt). The value of population and productivity 67 

monitoring in parallel is illustrated by the long-running study of breeding ducks at Lake 68 

Mývatn in Iceland (e.g. Gardarsson & Einarsson 2004). That study revealed a clear link for 69 

some species between population change and breeding productivity in previous years. For 70 

Common Scoters, there was a weak but significant positive relationship between the change 71 

in breeding numbers and breeding productivity three years earlier. Larger numbers of young 72 

birds can lead to higher recruitment into the population and, therefore, more breeding 73 

individuals. Unfortunately, no monitoring schemes of north-west European diving ducks have 74 

included such detailed studies, and few monitor breeding productivity despite the value in 75 

doing so for a suite of rapidly declining duck species (Kilpi et al. 2015). 76 

Population and productivity trends may be affected by various factors. Identification and 77 

modelling of the factors affecting duck populations indicate the importance of loss in the 78 

quality of breeding habitats, loss in the quality and quantity of wintering habitats, and 79 

interactions with competitors (Conroy et al. 2002). These factors subsequently affect prey 80 

availability, lake condition, spring age ratios, bird condition, nesting success, and brood 81 

success (Johnson et al. 1987). The only area of Britain and Ireland with long running annual 82 

monitoring of breeding Common Scoters, which includes both population and productivity 83 

monitoring, is the Flow Country of northern Scotland. Detailed monitoring started there in the 84 

1980s (Hancock 1991), and there was a national survey in 1995 led by the Wildfowl & 85 

Wetlands Trust (WWT), with a further round of surveying in 1996 (though this did not include 86 

productivity data). These data are available from the RSPB (2023). Monitoring resumed in 87 

2002 following the establishment of Forsinard Flows National Nature Reserve (NNR) and 88 

has continued annually from 2002 until the present, on the reserve and in neighbouring 89 

areas. The Flow Country has tended to hold approximately half of the British population of 90 



breeding Common Scoters during the last 30 years, declining from 36 of 89 British breeding 91 

females in 1995, 26 of 52 in 2007, to 18 of 38 in 2018 (Underhill et al. 1998 and unpublished 92 

data). The other half of the British and Irish population is mostly found in the West Inverness-93 

shire area, with isolated records elsewhere in Scotland. Earlier data imply a higher 94 

population in the Flow Country, estimated at 55 females in 1988– 1991 (Partridge 1993), 95 

based on detailed surveys in 1988 and 1991 (Hancock 1991) and other unpublished 96 

RSPB/WWT data. The importance of the Flow Country as a stronghold for breeding 97 

Common Scoters appears to have increased in recent decades, with the national breeding 98 

bird atlases (Sharrock 1976, indicating 5/19 of the 10 km breeding survey squares; Gibbons 99 

et al. 1993, 7/16 squares; Balmer et al. 2013, 7/18 squares), showing that the Flow Country 100 

held 26%, 44% and 39% of the British Common Scoter’s range in 1968–1972, 1988–1991 101 

and 2008–2011. 102 

Over the past 30 years, various changes have taken place in the Flow Country that might 103 

have affected the Common Scoter’s productivity. Widescale afforestation took place in the 104 

1980s, transforming the character of this formerly largely treeless area (Stroud et al. 1987, 105 

Lindsay et al. 1988, Avery & Leslie 1990). Plantations of non-native conifer trees were 106 

established, using extensive drainage and fertilizer application. The establishment and 107 

maturation of these forest plantations have attracted increasing numbers of mammalian 108 

predators (Hancock et al. 2020) and may have increased nutrient levels in some lakes 109 

(Robson et al. 2019). Both of these factors have potentially reduced the Common Scoter’s 110 

productivity.  111 

Meanwhile, the traditional recreational angling for Brown Trout Salmo trutta, a significant 112 

feature of the area for at least 150 years, has declined in popularity and intensity during this 113 

period, particularly at the remoter lakes that scoters tend to use (authors’ observations, local 114 

reports). There has been a growing tendency for trout anglers to favour catching and 115 

releasing fish rather than killing and removing them. Both factors may have allowed numbers 116 

of Brown Trout to rise in some lakes. This could have implications for Common Scoters, as 117 



their pattern of lake use suggests that they compete with Brown Trout for the same 118 

invertebrate food (Hancock et al. 2016). Furthermore, in the study area, beyond this 119 

correlative pattern, it has now been established that experimentally reducing Brown Trout 120 

biomass leads to increased biomass of some important invertebrate prey groups (e.g. 121 

gammarids) and increased lake use by invertebrate-feeding waterbirds, including Common 122 

Scoters (Hancock et al. 2023). There has also been a sharp increase in the number of 123 

onshore wind turbines in the Flow Country, with 256 already constructed, another 126 124 

approved, with more planned (source: Highland Council Wind Turbine Mapping (NHZ5), 125 

January 2023). At sea, Common Scoters are highly vulnerable to population-level 126 

displacement by wind turbines (Furness et al. 2013), but it is not yet known how the onshore 127 

wind turbines in the Flow Country might affect them. 128 

In this study, our aims were: (1) to determine whether the breeding productivity of Common 129 

Scoters declined during the study period within Flow County, and whether this may be a 130 

factor driving the local population decline; (2) to establish whether high breeding productivity 131 

in one year leads to a population increase in subsequent years (one, two or three years 132 

later), to allow us to estimate what level of productivity is associated with a stable population 133 

and, hence, better predict future population trajectories; and (3) we investigate lake-level 134 

habitat associations with breeding productivity to determine what makes a good lake for 135 

breeding Common Scoters, in the context of the Flow Country, to inform future management 136 

decisions to benefit the long-term breeding success of scoters. 137 

Methods 138 

Study area 139 

The study took place in the Flow Country of northern Scotland (Figure 1), a 4000 km² 140 

peatland landscape holding Europe’s largest blanket bog and thousands of nutrient-poor 141 

pools and lakes, ranging from a few m² to many km² (Stroud et al. 1987, Lindsay et al. 142 

1988). Approximately 1300 km² of the area was specially protected under the European 143 



Birds and Habitats Directives (Council Directive 92/43/EEC 1992, Lindsay & Andersen 144 

2016). This protection continues to be upheld by the Scottish Government. These European 145 

designations include as important qualifying features the presence of breeding Common 146 

Scoters, and dystrophic (acidic water with low oxygen content) and oligotrophic (low nutrient) 147 

pools and lakes. Care has been taken not to identify specific breeding locations of Common 148 

Scoters in this study, as they have special legal protection (Wildlife and Countryside Act 149 

1981), although the broad location is shown in Figure 1. 150 

 151 

 152 

Figure 1. Map of north Scotland showing the location of the Flow Country (Scotland, UK), 153 

designated Caithness and Sutherland Peatlands Special Protected Area (diagonal lines), the 154 

boundary of Forsinard RSPB reserve (yellow fill), and the general study area (black bordered 155 

rectangle).  156 

 157 



Our surveys covered the core breeding area for Common Scoters in the Flow Country. 158 

Within the wider survey area, we defined ‘sites’ as either an isolated lake or pool system or 159 

as a group of small lakes and pools that Common Scoters are known to readily move 160 

between during survey visits (Table 1). During the study period, the Common Scoters’ 161 

breeding range contracted, resulting in sites west of the Halladale River/Strath being almost 162 

completely abandoned, with very few brood records after 2008. Therefore, to maintain 163 

annual survey coverage of the breeding area in the face of increased pressure on resources, 164 

we excluded these sites after the 2014 breeding season. These excluded westerly sites 165 

were visited intermittently in more recent years but without any evidence of use by breeding 166 

Common Scoters. This study, therefore, analysed the data from the east side of the 167 

Halladale River/Strath, which runs through the centre of the Forsinard NNR, as well as 168 

adjacent areas to the south and east of the NNR. In total, our analyses focused on 32 sites 169 

where we observed at least one Common Scoter brood during the study period. 170 

Field methods 171 

The gently undulating terrain of the blanket peatland in the Flow Country, and the tendency 172 

of many waterbodies to be on broad watershed plateaus, make it challenging to survey lakes 173 

from a distance. However, the lack of human disturbance in this remote area means that 174 

breeding Common Scoters tend to respond to the arrival of a human observer by swimming 175 

out into the centre of the pool or lake and staying on the surface in an alert state, as 176 

opposed to flying away or not responding. Hence, we surveyed pools and lakes by walking 177 

through pool systems and along lake shores at a steady pace to minimize disturbance while 178 

ensuring that all areas of water were observed. The methods generally followed those of 179 

previous Common Scoter surveys (Hancock 1991, Underhill et al. 1998), where the number 180 

of females was taken to represent the number of breeding pairs. 181 

Following earlier developments to the survey methodologies (Hancock 1991, Underhill et al. 182 

1998), visits were focused on the main pre-nesting period (May, henceforth termed ‘early’ 183 

visits) and the post-hatch period (July and August, henceforth termed ‘late’ visits). The 22 184 



survey years have some variation in effort due to variation in resources available for this 185 

work. Typically, all 32 sites were visited two to three times in both the early and the late visit 186 

periods. To account for variation in effort, visits outside this period were removed from the 187 

analysis. Each survey visit was conducted by multiple experienced observers as 188 

synchronously as possible over a morning to reduce the possibility of overcounting due to 189 

bird movements. 190 

Data analysis 191 

The following environmental variables that were expected to influence Common Scoters 192 

were included in the models exploring the correlates of productivity (summary in Table 1). 193 

Some wader species found at Forsinard are known to actively avoid areas near forest edges 194 

(Wilson et al. 2014); therefore, the distance (km) from the centroid of each site to a forest 195 

was included, calculated using ArcGIS Pro version 10 (ESRI 2023). To identify the forest 196 

boundaries, we used the 2018 National Forest Inventory Woodland Scotland dataset 197 

(Forestry Commission 2021), which describes the size, distribution, composition, and 198 

condition of forests and woodlands across Scotland. Forsinard RSPB reserve management 199 

data allowed us to determine when forest blocks were removed during the study period, 200 

which was incorporated into the distance to forest data. No new forest blocks were added to 201 

the area during the study. 202 

Table 1. Environmental variables in the Common Scoter study area (see Figure 1). 203 

Distances are measured from focal site centroids to the nearest site centroids and forest 204 

edge. 205 

Environmental variables Value (with range) 

Number of sites (grouped lakes) 32 

Mean lake surface area (ha) 15.2 (1–40) 

Mean distance to nearest survey site (m) 510 (93–1720) 

Mean distance to forest (km) 0.83 (0.02–3.09) 



Mean shoreline development index (SDI) 1.30 (1.05–1.75) 

 206 

The Shoreline Development Index (SDI) was derived from the Standing Waters Dataset (UK 207 

Centre for Ecology & Hydrology 2023). The SDI indicates the complexity of a lake shoreline, 208 

accounting for lake size and the perimeter-to-area ratio, with a higher score indicating a 209 

more irregular shape or a greater number of bays and inlets. As such, it reflects the potential 210 

for development of littoral communities and sheltered water (Hutchinson 1957). A perfectly 211 

circular lake would have an SDI = 1.0. Shallow water (which is linked to higher SDI lakes), 212 

positively influences lake selection and foraging of Common Scoters in the Flow Country 213 

(Hancock et al. 2016, 2019). Other variables considered included relative fish abundance, 214 

underlying rock type, distance to the sea, and distance to the nearest lake. Variables with 215 

high Variance Inflation Factor (VIF) values (>3) were removed to reduce multicollinearity and 216 

improve the accuracy and stability of the models (water catchment area and distance to 217 

rivers and lakes were therefore removed). The effects of weather were not explicitly included 218 

in the models, but the influence of variables such as temperature and rainfall on Common 219 

Scoter productivity was accounted for by the inclusion of year as a random effect in the 220 

models. 221 

The lakes and pools were grouped into 32 ‘sites’ to allow for small movements of adults and 222 

ducklings between waterbodies in close proximity. The number of ducklings/juveniles was 223 

recorded for each of four age classes (I = up to 25% of the size of an adult; II = 25–50%; III = 224 

50–75%; IV = 75–100%; adapted from Southwick 1953). Ducklings were defined as ‘small’ if 225 

they were <50% of the size of an adult female and ‘large’ if they were >50% of the size of an 226 

adult female. Productivity was calculated as the number of large ducklings divided by the 227 

peak number of females counted within the same breeding season. Productivity was 228 

calculated at the level of the whole survey site and year, rather than at the lake level, due to 229 

different lake preferences in May arrival sites and breeding sites, and to account for the 230 

movement of ducklings between water bodies as they develop. White-winged Scoters 231 



Melanitta deglandi, for example, have been recorded moving broods up to 1.5 km from 232 

nesting to brood-rearing lakes (Safine & Lindberg 2008). This has also been observed in the 233 

study area between different sites (authors’ unpublished observations). We derived the peak 234 

count of females from the ‘early’ two and three counts (on or as near as possible to 20 May 235 

and 29 May) and derived the peak duckling count from the ‘late’ two and three (on or as near 236 

as possible to 9 July and 23– 24 July) counts, to standardize the dataset. ‘Early’ and ‘late’ 237 

one (initial) counts were removed as they were not done in all years. 238 

While it is possible that females in breeding areas included some non-breeding individuals 239 

(e.g. first-year birds that look almost identical to adult females, or adult females that defer 240 

breeding), previous censuses assumed that all females recorded during the counts 241 

subsequently attempt to breed, with non-breeders remaining in coastal waters (Underhill et 242 

al. 1998). Hence, we have used the peak May count of females as the basis for breeding 243 

productivity; we used the number of ducklings greater than 50% of adult size, per breeding 244 

female, as our measure of productivity, roughly equivalent to the measure of survival for 245 

ducklings to 30 days old, as used for Black Scoters (Schamber et al. 2010). Whilst we 246 

recognize that some ducklings will die between being half-grown and the time of fledging, we 247 

needed a practical, repeatable measure of productivity that could be calculated from the 248 

available data. 249 

All analyses were performed using R Stats version 4.1.1 (R Core Team 2021). For 250 

investigating the correlates of survey-site use by the females, from each site in each year we 251 

fitted a binomial logistic model (estimated using maximum likelihood) to predict peak May 252 

survey site use by females with the distance to forest plantations and SDI (see definition and 253 

rationale in the environmental variables section above). Models were standardized/offset by 254 

mean lake size to control for larger lakes potentially holding more females. We then used a 255 

multi-model interference tool in the MuMIn R package to run model selection based on 256 

model weights derived from AICc scores. Models with ΔAICc < 2 of the top model were 257 



considered, assuming this subset did not include the null model (in which case, there was 258 

assumed to be no significant evidence of any effects of explanatory variables). 259 

We used the glmmTMB R package (Brooks et al. 2017) to run zero-inflated generalized 260 

linear models for the duckling productivity and environmental variables (distance to forest 261 

plantations and SDI). For investigating correlates of site use by the small and large 262 

ducklings, we ran univariate logistic models with absence/presence data for the two sizes of 263 

duckling and the same environmental variables. We used these simpler models due to the 264 

small sample sizes in the duckling datasets, which were insufficient for a multi model 265 

inference approach. 266 

To investigate breeding productivity, we fitted the count of small (Model 1) or large (Model 2) 267 

ducklings against the peak number of females in each year, fitting negative-binomial mixed 268 

models (estimated using maximum likelihood and Nelder-Mead optimizer), with 95% 269 

confidence intervals (CIs) and P values computed using a Wald Z-distribution approximation. 270 

Nelder–Mead optimizer was used for multidimensional unconstrained optimization without 271 

derivatives (Nelder & Mead 1965). Following maximum likelihood, the Wald Z–distribution 272 

approximation was used to estimate the sampling distribution of a mean, assuming it follows 273 

normal distribution (Wald 1943). Both models included the study site and year as random 274 

effects. 275 

To test whether high breeding productivity in a breeding season leads to an increase in the 276 

female population in subsequent years (one, two or three years later), we fitted linear models 277 

for each year, across all sites, with P values computed using a Wald t distribution 278 

approximation (due to the relatively small sample sizes). The population of females in a 279 

given year was the response variable with breeding productivity, and the number of females 280 

in the three lag years, the explanatory variables. 281 

To investigate whether the Common Scoter’s local population mirrored the national trends, 282 

we fitted a log-linear trend model to evaluate the number of females’ during the period 2002–283 



2023 using TRIM (Trends and Indices for Monitoring data) models (Pannekoek & van Strien 284 

2006a, 2006b), creating mean indices and associated standard errors in the R package rtrim 285 

(Bogaart et al. 2018). The overall slopes of these models were the results of linear 286 

regressions over time, plus site and year effects that measure deviation from the overall 287 

slope. TRIM uses a stepwise selection of change points in trends using Wald tests to assess 288 

the significance of change points. TRIM describes trends based on the mean annual rate of 289 

change and defines them as either a strong (>5% mean change per year) or moderate 290 

change (<5%). Trends were considered significantly divergent from stable when the 95% 291 

confidence interval of the slope does not contain zero.  292 

Results 293 

The Common Scoter population in the eastern Flow Country (measured from peak counts of 294 

females in May) declined by 40% over 22 years (Figures 2 and 3), consistent with national 295 

declines. Between 2002 and 2014, the Common Scoter’s local population declined by 296 

29.6%, but between 2015 and 2023 it remained relatively stable, demonstrating the 297 

importance of long-term studies. The mean breeding productivity at the study area level (n = 298 

32 sites) was 0.44, with a year-wise range of 0.00–1.06 large ducklings raised per (2002–299 

2023), as did the number of survey sites where scoters were recorded (Table 2). During the 300 

most recent year, 2023, 15 pairs of Common Scoters were estimated to have bred. There 301 

were no significant changes in the number of small and large ducklings per female over the 302 

same period. 303 

 304 

 305 



 306 

Figure 2. Change in annual index of breeding population for Common Scoter Melanitta 307 

nigra, in the Flow Country study area, with indices measured relative to the first survey year 308 

(2002) and standard error (grey shaded areas) and 95% confidence intervals (dotted line) 309 

shown. No surveys occurred in 2020 due to the coronavirus pandemic and associated 310 

lockdowns, therefore we used the mean of 2019 and 2021 to gap fill this index. 311 



 312 

Figure 3. Peak count of female Common Scoter Melanitta nigra in May, at the Flow Country 313 

study area between 2002 – 2023. No data was collected during 2020 due to the coronavirus 314 

pandemic and associated lockdowns. Data is incomplete for 2013, due to a national census 315 

whereby fewer visits were made.  316 

 317 

The peak count of females in May was lower in the year following a season of high breeding 318 

productivity (t = −2.13, P = 0.050). This was also true for breeding productivity two years 319 



previously (t = −2.76, P = 0.016). However, there was no significant change following 320 

breeding productivity three years previously (Table 3). There was also a significant positive 321 

relationship between the number of breeding females in consecutive years (Table 3). 322 

 323 

Figure 4. Breeding productivity (the number of large ducklings per peak count of May 324 

Females) of Common Scoter Melanitta nigra between 2002–2023.  325 

 326 

For the lake-use correlate models, based on full model averaging (Table 4) the null 327 

hypothesis (ΔAIC 1.35) could not be rejected. However, the model with the lowest AIC 328 

showed that May females were encountered more often on lakes with a lower SDI, relating 329 

to more round lakes with fewer bays and peninsulas. For the second-lowest AIC the model 330 

with the May count of females also decreased with distance to forest plantations and SDI 331 
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(ΔAIC 1.16). Random effects were applied in these models, with the effect of survey site 332 

having a higher variance than the survey year. Essentially, different years at one survey site 333 

were more strongly positively correlated than different sites within one year.  334 

Larger ducklings were encountered more frequently on lakes with a higher SDI, relating to 335 

lakes with more complex edges (β value = 0.37, P < 0.01). There were no significant 336 

interactions between large ducklings and distance to forest plantations, or small ducklings 337 

and distance to forest plantations or SDI. 338 

Discussion 339 

Despite the 40% decline in breeding numbers over the past 20 years, the 15 pairs of 340 

Common Scoters that bred in the Flow Country probably comprised about half of the UK 341 

breeding population in 2023. This study explored some potential reasons for the decline of 342 

this species in the Flow Country, and highlights areas that would benefit from future 343 

research. Common Scoters face many pressures and threats year-round, and migrate to 344 

reduce or avoid these risks (del Hoyo et al. 1992). Our results suggest that, whilst the 345 

number of breeding females in the study area had declined, the breeding productivity did not 346 

(at least over the previous 22 years), and the number of small and large ducklings per 347 

female remained relatively stable during the study, despite the reduced number of females. 348 

Overall, this work demonstrates the importance of long-term studies, as the female 349 

population appears to have been relatively stable between 2015 and 2023, following a 350 

decline between 2002 and 2014. A short-term study would have missed the initial decline. 351 

A mean breeding productivity of 0.44 ducklings raised per female in the previous 22 years 352 

was relatively standard, compared to values of scoter breeding productivity reported 353 

elsewhere, although the available information was predominantly from declining populations 354 

(Supplementary Table 1). The mean estimate during 2002–2023 (0.44) was slightly higher 355 

than the estimates for 1988 and 1991 (0.37), implying no strong long-term decline in 356 

productivity over this period. By comparison, the breeding productivity of Black Scoters in 357 



Alaska ranged from 0.09 to 0.35 over a three-year study (Schamber et al. 2010). In Ireland, 358 

at Lough Corrib, the productivity of Common Scoters in one study year was 0.80 (Hunt et al. 359 

2012). This was considerably higher than the levels of productivity we report in this study, 360 

though it was lower than the highest annual values of productivity reported in the Flow 361 

Country, where a peak productivity of 1.06 was recorded, which is the highest known 362 

Common Scoter productivity. The productivity of other scoter populations worldwide ranged 363 

from 0.02 to 2.14 (Supplementary Table 1). 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 
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 375 
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 378 

 379 



Table 2. Number of ducklings (small and large) and breeding female Common Scoter 380 

recorded between 2002–2023. For the number of lakes with large duckling broods, the 381 

number in the brackets represents the number of small duckling broods that were seen on 382 

the same lake in the same year. i.e., in 2002, eight lakes had large duckling broods, three of 383 

which had small duckling broods on the same lake earlier in the year. For the number of 384 

lakes with females, this was the number of lakes where female Common Scoter were 385 

observed, with the number of small and large ducklings seen on the same lake. I.e., in 2002 386 

female Common Scoters were observed at 18 lakes, three of which had small duckling 387 

broods and five of which had large duckling broods. The number of lakes with scoter activity 388 

was the number of lakes with either had adult females, small or large duckling observations, 389 

with the percentage being that number of lakes / the total study lakes (32).  390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 



Year 

No. of 

small 

ducklings 

No. of 

large 

ducklings 

Peak May 

Females 

count 

No. of sites 

with small 

ducklings 

No. of 

lakes with 

large 

duckling 

broods 

No. of 

lakes with 

females 

No. of 

lakes with 

scoter 

activity 

2002 14 24 27 4 8 (3) 18 (3, 5) 21 (65.6%) 

2003 20 1 34 2 1 (0) 16 (2, 0) 17 (53.1%) 

2004 10 16 29 2 3 (2) 18 (1, 1) 20 (62.5%) 

2005 8 8 31 3 3 (2) 13 (3, 3) 13 (40.6%) 

2006 12 10 28 5 3 (0) 12 (3, 2) 15 (46.9%) 

2007 12 7 22 3 5 (1) 13 (1, 1) 18 (56.3%) 

2008 9 6 23 2 3 (1) 11 (1, 2) 12 (37.5%) 

2009 23 18 17 5 6 (2) 10 (2, 2) 14 (43.8%) 

2010 10 4 27 2 1 (0) 19 (1, 0) 21 (65.6%) 

2011 2 18 23 1 3 (0) 10 (0, 2) 12 (37.5%) 

2012 0 20 19 0 4 (0) 11 (–, 3) 10 (31.3%) 

2013 12 3 8 3 1 (1) 3 (1, 0) 5 (15.6%) 

2014 19 1 13 5 1 (0) 9 (3, 0) 10 (31.3%) 

2015 1 9 20 1 2 (0)  11 (0, 1) 11 (34.4&) 

2016 5 5 20 1 1 (1) 10 (1,1) 10 (31.3%) 

2017 18 0 23 4 0 (0) 15 (2, –) 17 (53.1%) 

2018 4 7 22 3 3 (2) 12 (0, 0) 12 (37.5%) 

2019 10 9 16 3 3 (2) 12 (1, 1) 15 (46.9%) 

2020 – – – – – – – 

2021 10 0 20 2 0 (0) 11 (2, –) 11 (34.4%) 

2022 13 16 18 4 2 (1) 11 (3, 2) 11 (34.4%) 

2023 33 10 15 5 4 (0) 17(0, 0) 17 (53.1%) 

 402 



Given the relatively long life expectancy of Common Scoters, with an average of six years 403 

and adult annual survival of 0.783 (female: 0.783 ± 0.032, BTO 2023), the Common Scoter’s 404 

population size may be driven by changes in adult survival as well as changes in productivity 405 

and recruitment (Gaillard et al. 2016). Applying perturbation analysis to the Common 406 

Scoter’s matrix population model from Petersen et al. (2021) shows that the transition from 407 

adult survival accounts for 60% of the influence on population growth rate (data not shown). 408 

In Lesser Scaup Aythya affinis, a freshwater diving duck, an improvement in survival drove 409 

population recovery (Arnold et al. 2016, Koons et al. 2017). Therefore, adult survival could 410 

be one of the most important factors driving demographic rates in species like Common 411 

Scoter, meaning that a decline in adult survival could underlie the recent population decline 412 

in this species. 413 

Table 3. Changes is the peak number of female Common Scoters in May at a period of one, 414 

two, and three years after breeding productivity, surveyed during 2002–2023.  415 

 Estimate se t p 

(Intercept)  6.2733 4.2004 1.494 0.156038 

ProductivityY+1      –10.9105 5.1122 –2.134 <0.05 

FemY+1                  0.7759 0.1482 5.234 <0.01 

     

(Intercept) 16.0254 4.9794 3.218 <0.01 

ProductivityY+2    –15.6515 5.6764 –2.757 <0.05 

FemY+2                     0.3614 0.1691 2.137 0.05218 

     

(Intercept)    17.7214 5.8632 3.023 <0.05 

ProductivityY+3    –12.1908 6.294 –1.937 0.0789 

FemY3                  0.2376 0.2196 1.082 0.3025 

 416 



Table 4. Model results testing the effect of environmental variables on Common Scoter 417 
females and ducklings during 2002–2023. SDI is the Shoreline Development Index.  418 

Intercept 
Distance to 

forestry 

Shoreline 
Development 

Index) 
df delta AIC 

15.26  –24.86 5 0.00 
20.08 –2.500 –26.93 6 1.16 

–16.72   4 1.35 
     

  419 



In European studies of Common Pochard Aythya farina, another freshwater diving duck, 420 

increased pressure on females during the breeding season (Fox et al. 2016, Brides et al. 421 

2017) was not an underlying factor in adult survival, indicating that population changes were 422 

linked to factors outside the breeding season (Folliot et al. 2020), which may also need to be 423 

considered in Common Scoter. It could be expected that a year with high breeding 424 

productivity would result in an increase in the number of females in the following years, but 425 

the opposite was found in our study. Could the act of raising ducklings be reducing 426 

subsequent survival of the females? This would help to explain the negative correlation 427 

between productivity and subsequent female population size in the following two breeding 428 

seasons. The significant positive relationship between the change in breeding numbers and 429 

breeding productivity three years earlier (Gardarsson & Einarsson 2004) generally support 430 

this. In contrast, in our study, the lower return rates due to poor winter survival could mask 431 

changes in recruitment. Exhaustion from successfully raising ducklings may reduce a 432 

female’s chance of winter survival or make them more likely to defer breeding, which has 433 

been recorded in other sea ducks (Steenweg et al. 2022). 434 

Lake selection 435 

During May, when Common Scoters engaged in courtship and display, there was a (non-436 

significant) tendency for female occurrence to be negatively associated with lake SDI. It is 437 

not known whether the selection of these lakes for such activities are driven by the females, 438 

males or both. Rounded, open lakes might be preferred for better visibility during displays 439 

and for individual safety, as opposed to smaller, more obscured lakes. Larger, more open 440 

areas could also amplify display calls further, although observers may simply have found it 441 

easier to detect and count scoters on more open lakes. 442 

Logically, it should be expected that small ducklings would be observed more frequently than 443 

(or at least as often as) large ducklings during our surveys, but this was not always the case. 444 

Large-size duckling broods were found on more lakes than broods of small ducklings in nine 445 

of the 21 observation years, suggesting small broods were being missed or had moved 446 



lakes. The greater detection rates for large ducklings on lakes with higher SDI’s might be 447 

due to them spending more time on open water, making them more visible to observers. 448 

However, Hancock et al. (2019) found that all duck sizes had a very strong preference for 449 

shallow water when foraging. It might also be expected that lakes that had small broods 450 

present would also have large broods present in the same year, but this was not the case. 451 

Only 18 sites from 57 observations of large ducklings at various sites over 21 survey years 452 

recorded both small and large duckling broods in the same year. 453 

This discrepancy could, at least in part, be due to observers having failed to detect small 454 

broods. However, this is also likely to be influenced by some female Common Scoters 455 

moving their small ducklings from where they hatched to different lakes as they develop, as 456 

described further below. Given that the ducklings were unable to fly at this stage, this 457 

movement would be through burns (small rivers), ditches and streams. King Eiders 458 

Somateria spectabilis, another diving sea duck, have been tracked moving broods ≥1 km 459 

overland during the breeding season (Mehl & Alisauskas 2007) and Common Scoter 460 

ducklings are thought to walk long distances in Ireland (Ferguson 1971). Our data also show 461 

that female Common Scoters were observed in many more sites in each year (means of 462 

12.5 compared to the 2.9 for small and 2.7 for large ducklings) than were reported to hold 463 

ducklings later in the breeding season. This suggests that the females utilize a wide range of 464 

lakes early in the season compared to when they are rearing ducklings. Adult scoters were 465 

frequently seen flying between lakes during surveys, while inter-lake duckling movements 466 

were (understandably) rarely observed. 467 

Later in the season, large ducklings were found to be associated with a higher SDI. Lakes 468 

with a higher SDI suggests that they have more bays and contours (Hutchinson 1957) that 469 

could offer hiding places from predators, as well as shallow water areas, which have also 470 

been shown to be highly preferred by foraging ducklings (Hancock et al. 2019), and likely 471 

have good prey availability. A higher SDI in lakes is thought to have a positive influence on 472 

invertebrate species richness (Friday 1987), including Coleoptera species (Angélibert et al. 473 



2010), and the value of the shallow water and large invertebrates for Common Scoters 474 

breeding in Scotland was highlighted by Hancock et al. (2016, 2019). Lakes with a higher 475 

SDI may provide more hiding places from predators, although they could also offer 476 

ambushing sites for predators. Surf Scoters Melanitta perspicillata showed a strong 477 

preference for high SDI areas in Canada, where birds are thought to use the shoreline 478 

features as shelter from strong winds (Lesage et al. 2008), and where shallow water can 479 

facilitate foraging by ducklings. The susceptibility of small ducklings to energy loss (due to 480 

their size and plumage) could contribute to this association with sheltered bays. The open 481 

landscape and windy climate of the Flow Country could make these factors relevant for lake 482 

selection by breeding scoters in our study area. 483 

 484 

Effects of afforestation 485 

Earlier data imply a higher population of Common Scoters in the Flow Country, estimated as 486 

55 females in 1988–1991 (Partridge 1993) based on detailed surveys in 1988 and 1991 487 

(Hancock 1991) and other unpublished data. Declines coincided with the afforestation of 488 

large areas of the Flow Country with non-native trees (Stroud et al. 1987). Although 489 

Common Scoters were still breeding in the young forested area, further declines were 490 

predicted based on likely hydrological changes linked to this management (Underhill et al. 491 

1998). The presence of forest cover before the population counts began limits the 492 

possibilities of fully explaining population changes, with 60% (18) of the Common Scoter 493 

lakes within the study located within 700 m of forest plantations. Whilst scoters can breed 494 

near or in woodland (e.g. at West Invernessshire Lakes, Scotland; NatureScot 2023), the 495 

effect of non-native forest plantations and associated predators are untested for this species. 496 

Common Scoters also breed in forests outside of the UK, but these differ from non-native 497 

conifer plantations in aspects that could influence scoter breeding success, such as 498 

vegetation composition and structure, and mesopredator densities, which are especially high 499 



in UK forests (Roos et al. 2018). On a more global scale, Common Scoters select more open 500 

areas than other species in the Arctic (Snow et al. 1997), where trees are largely absent. 501 

Recent camera-trap research in our study area (Forsinard) has shown that Red Foxes 502 

Vulpes vulpes and European Pine Martens Martes martes hunt much further out into the 503 

open bog, away from the forest edges, than was previously thought (Rob McHenry pers. 504 

comm). Pine Martens colonized the study area sometime between 2003 and 2016 (Hancock 505 

et al. 2020) and footprints were frequently observed on monitoring pads as early as 2009 506 

(unpublished data). Pine Martens were more frequently observed in the study area than Red 507 

Foxes, perhaps due to their less secretive nature and greater activity during daylight hours, 508 

with the culling of foxes on neighbouring land possibly making them more elusive. Both 509 

species are known to predate bird eggs and ducklings (Seymour 2000, Weidinger 2009). 510 

Other mammalian predators present at lower densities than Pine Marten and Red Fox 511 

include five other mustelid species, as well as European Hedgehog Erinaceus europaeus 512 

and Feral Cat Felis catus (Hancock et al. 2020). Alongside these, Adders Vipera berus 513 

(another nest predator) are also present. Possible avian nest predators present include 514 

multiple corvid, raptor and gull species, whilst Great Skuas Stercorarius skua and Black-515 

throated Divers Gavia arctica have been observed attacking Common Scoters in the study 516 

area (Hancock et al. 2019). 517 

Self-seeding of non-native trees away from forest blocks poses a significant problem in the 518 

Flow Country, and while the dataset of the National Forest Inventory Woodland Scotland 519 

(Forestry Commission 2021) was useful for broadly identifying forest blocks, it does not 520 

include those self-seeded non-native trees at the edges of some important lakes used by 521 

Common Scoters in the study area (pers. obs). Although the trees may not be as dense as 522 

the.standing forest plantations, they may still provide enough cover for mammalian predators 523 

to access Common Scoters breeding on the lakes. 524 

Common Scoters are known to move their broods through the pool systems and often used 525 

early ‘display lakes’ differently than brood lakes. Forest plantations could create physical 526 



barriers between lakes and water courses, affecting the connectivity between these pool 527 

systems and lakes. Other types of physical barrier could include fencing, which may pose a 528 

collision risk to waterfowl and aid predators by providing carcasses (e.g. grouse; Baines & 529 

Summers 1997). Deer fences are widespread in the Flow Country, where they are used for 530 

forest plantation conservation and management, road safety, and livestock protection, as 531 

well as preventing the movement of deer onto neighbouring land. Fences are also linear 532 

foraging routes (Boone & Hobbs 2004), providing perches for forest-nesting raptors such as 533 

Common Buzzard Buteo buteo (Cieśluk et al. 2023), which could increase predation risk of 534 

broods moving across the country. The effect of fences, through the provision of perches, is 535 

particularly relevant in open landscapes (Andersson et al. 2009). 536 

Importance of long-term monitoring 537 

In the 21 years of data collection, 19.8% of the recorded ducklings that had the potential to 538 

fledge came from the two most productive breeding years (18 in 2009 and 20 in 2012). With 539 

high-productivity years being quite rare, such events could easily be missed if monitoring 540 

was not done every year, demonstrating the importance of complete long-term datasets. It 541 

may be that these years of higher productivity can sustain the population when all conditions 542 

are favourable; while this might be a viable strategy under natural conditions, it could reduce 543 

population resilience in impacted ecosystems – there is less ‘bet hedging’ for a species if 544 

everything hinges on one or two years in every 20. This issue is relevant to the suitability of 545 

monitoring strategies for different species. For example, 10- to 20-year cycles of Statutory 546 

Conservation Agency/RSPB Annual Breeding Bird Scheme (SCARABBS) surveys or 547 

national seabird censuses make sense for populations of long-lived birds but are less well 548 

suited to generating information on productivity, especially in populations whose breeding 549 

output varies markedly from year to year. 550 

Food availability for ducklings or adults on the breeding grounds could limit the breeding 551 

success of Common Scoters. Unfortunately, no diet data are available for the study area. 552 

Increases or range expansion may also be linked to other factors. Numbers of Tufted Ducks 553 



Aythya fuligula, another dive-foraging species, increased in the Flow Country over the same 554 

period at similar lochs (Hughes et al. in prep.), and this may inflate interspecific competition 555 

for prey. Increased numbers of Tufted Ducks, as well as Mallards Anas platyrhynchos and 556 

Eurasian Wigeons Mareca penelope, may be related to the removal of non-native forest 557 

plantations and, consequently, reduced predation pressure. As Common Scoters are yet to 558 

respond in the same way as other duck species, this may also indicate that the scoters’ 559 

problem lies away from the breeding area. 560 

Challenges away from the study site 561 

Whilst this paper explores the challenges faced by Common Scoters on their breeding 562 

grounds, it does not consider threats on migration or the wintering grounds. With breeding 563 

locations in the study area averaging 18 km from the sea, newly-fledged scoters need to 564 

negotiate another relatively new landscape feature, wind turbines, before they get to the sea. 565 

Common Scoters at sea are highly vulnerable to population-level displacement by wind 566 

turbines (Furness et al. 2013). It is not yet known whether onshore wind turbines in the area 567 

will affect Common Scoters, either through displacement, collision risk or barrier effects, with 568 

Common Scoters having been recorded flying at wind turbine height (summarized by 569 

Furness et al. 2013). 570 

Conclusion 571 

This study provides a comprehensive analysis of the Common Scoter population in 572 

Scotland’s eastern Flow Country over a 22-year period, revealing a concerning 40% decline 573 

that was consistent with national trends. Despite this decline, the importance of the long-574 

term study was highlighted, with the initial decrease in Common Scoters observed between 575 

2002 and 2014, followed by a period of relative stability between 2015 and 2023. As far as 576 

we are aware, this population represents approximately half of the UK’s breeding population 577 

of Common Scoters, and a national census planned for 2024 should verify this. 578 



The study found that while the numbers of breeding females decreased, breeding 579 

productivity remained relatively stable, despite fluctuations. While this study indicates 580 

possible causes of decline on the breeding grounds, along migration routes and at their 581 

wintering grounds, it highlights a lack of knowledge for some basic aspects of the Common 582 

Scoter’s ecology. For example, little is known about where Common Scoters migrate to and 583 

where they over-winter, partly due to the challenges of catching and deploying tracking 584 

devices on adult scoters. 585 

The conservation of the Flow Country’s Common Scoters could benefit from measures to 586 

increase or maintain duckling survival, such as trout management (Hancock et al. 2023) or 587 

restoration of afforested landscapes to open, peatland habitats. However, the long-term 588 

future of UK’s Common Scoters hinges on the ability to improve annual (and particularly 589 

over-winter) survival, which is likely to require co-ordinated conservation action at an 590 

international level. 591 

Acknowledgements 592 

We are grateful to all the surveyors the many volunteers and staff that have contributed to 593 

the surveys over the years in particular for contributing to surveys over multiple years 594 

including Alistair Boulton, Noah Grieves, Stephanie Griffiths Anna Grozelier, Ben Oliver 595 

Jones, Ewan Munro, James Plowman, Shona Rüesch, Norrie Russell, Trevor Smith, Darrell 596 

Stevens, Claire Foot-Turner and Paul Turner. We are also grateful to Strathmore and 597 

Dalnawillan Estates and Scottish Woodlands for granting access to survey areas outwith 598 

RSPB land. We thank Forsinard Fly Flyfishers’ Club for their support. We also thank two 599 

anonymous reviewers and the journal editor for improving the manuscript.  600 

 601 

RA acknowledges funding from The Leverhulme Trust (RL–2019–002). 602 

References 603 



Angélibert, S., Rosset, V., Indermuehle, N. and Oertli, B. 2010. The pond biodiversity 604 

index" IBEM", a new tool for the rapid assessment of biodiversity in ponds from Switzerland 605 

Part 1. Index development. Limnetica, 29: 093–104. 606 

Arnold, T.W., Afton, A.D., Anteau, M.J., Koons, D.N. and Nicolai, C.A. 2016. Temporal 607 

variation in survival and recovery rates of lesser scaup. J. Wildl. Manage, 80: 850–861. 608 

Avery, M. and Leslie, R. 1990. Birds and forestry. Poyser. 609 

Baines, D. and Summers, R.W. 1997. Assessment of bird collisions with deer fences in 610 

Scottish forests. J. Appl. Ecol, 34: 941–948. 611 

Balmer, D.E., Gillings, S., Caffrey, B.J., Swann, R.L., Downie, I.S. and Fuller, R.J. 612 

2013. Bird Atlas 2007–11: the breeding and wintering birds of Britain and Ireland. Thetford: 613 

BTO. 614 

BirdLife International (2023a). IUCN Red List for birds. Downloaded from 615 

http://datazone.birdlife.org on 22/06/2023. 616 

BirdLife International (2023b) Species factsheet: Melanitta nigra. Downloaded 617 

from http://datazone.birdlife.org/species/factsheet/common-scoter-melanitta-nigra on 618 

03/07/2023.  619 

Bogaart, P., Van der Loo, M. & Pannekoek, J. 2018. rtrim: trends and indices for 620 

monitoring data. https://cran. rproject.org/package=rtrim. 621 

Boone, R.B. and Hobbs, N.T. 2004. Lines around fragments: effects of fencing on large 622 

herbivores. Afr. J. Range Forage Sci, 21: 147–158. 623 

Bowman, T.D., Silverman, E.D., Gilliland, S.G. and Leirness, J.B. 2015. Status and 624 

trends of North American sea ducks. Ecology and conservation of North American sea 625 

ducks. Stud. Avian Biol, 46: 1–28. 626 

http://datazone.birdlife.org/species/factsheet/common-scoter-melanitta-nigra


Bowman, T.D., Gilliland, S.G., Schamber, J.L., Flint, P.L., Esler, D., Boyd, W.S., 627 

Rosenberg, D.H., Savard, J.P.L., Perry, M.C. and Osenkowski, J.E. 2021. Strong 628 

evidence for two disjunct populations of Black Scoters Melanitta americana in North 629 

America. Wildfowl, 71:179–192. 630 

Brides, K., Wood, K., Hearn, R. and Fijen, T.P. 2017. Changes in the sex ratio of the 631 

Common Pochard Aythya ferina in Europe and North Africa. Wildfowl, 67: 100–112. 632 

Brown, P.W. 1982. Reproductive ecology and productivity of White-winged Scoters. 633 

Brown, P. W., & Fredrickson, L. H. 1997. Velvet/White-winged Scoter (Melanitta 634 

fusca/deglandi), version 2.0. In A. F. Poole, & F. B. Gill (Eds.), The birds of North 635 

America. Ithaca, NY: Cornell Lab of Ornithology. 636 

Brooks M.E., Kristensen K., van Benthem K.J., Magnusson A., Berg., CW, Nielsen A., 637 

Skaug H.J., Maechler M., Bolker B.M. 2017. “glmmTMB Balances Speed and Flexibility 638 

Among Packages for Zero-inflated Generalized Linear Mixed Modeling.” The R Journal, 9(2), 639 

378–400. doi:10.32614/RJ-2017-066. 640 

BTO. 2023. BirdFacts: profiles of birds occurring in the United Kingdom. BTO, Thetford, 641 

(accessed on 06/10/2023).  642 

Cieśluk, P., Cmoch, M. and Kasprzykowski, Z. 2023. Hunting Site Behaviour of Sympatric 643 

Common Buzzard Buteo buteo and Rough-Legged Buzzard Buteo lagopus on Their 644 

Wintering Grounds. Animals, 13: 2801. 645 

Collinson, M., Parkin, D.T., Knox, A.G., Sangster, G. and Helbig, A.J. 2006. Species 646 

limits within the genus Melanitta, the scoters. Brit. Birds, 99:183. 647 

Conroy, M.J., Miller, M.W. and Hines, J.E. 2002. Identification and synthetic modeling of 648 

factors affecting American black duck populations. Wildl. Monogr, 150:1–64. 649 

Council directive 1999/2/EC on the conservation of natural habitats and of wild fauna and 650 

flora. 1992. Official Journal L206, p. 7. 651 



Del Hoyo, J., Elliott, A. and Sargatal, J. 1992. Handbook of the Birds of the World 652 

(Barcelona: Lynx Edicions). Jutglar, Francesc. 653 

ESRI. 2023. ArcGIS Pro Desktop: Version 3.1. Redlands, CA: Environmental Systems 654 

Research Institute. 655 

Ferguson, A. 1971. Notes on the Breeding of the Common Scoter, Melanitta nigra L. in 656 

Ireland. Ir. Nat. J:.29–31. 657 

Folliot, B., Souchay, G., Champagnon, J., Guillemain, M., Durham, M., Hearn, R., Hofer, 658 

J., Laesser, J., Sorin, C. and Caizergues, A. 2020. When survival matters: is decreasing 659 

survival underlying the decline of common pochard in western Europe?. Wildl. Biol. 2020: 1–660 

12. 661 

Forestry Commission. 2021. National Forest Inventory Woodland Scotland 2019. Data 662 

viewed at https://data-forestry.opendata.arcgis.com/ Accessed 05/10/2023.  663 

Fox, A.D., Caicergues, A., Banik, M.V., Devos, K., Dvorak, M., Ellermaa, M., Folliot, B., 664 

Green, A.J., Grünenberg, C. and Guillemain, M. 2016. Recent changes in the abundance 665 

of Common Pochard Aythya ferina breeding in Europe. 666 

Friday, L.E. 1987. The diversity of macro invertebrate and macrophyte communities in 667 

ponds. Freshw. Biol, 18: 87–104. 668 

Furness, R.W., Wade, H.M. and Masden, E.A. 2013. Assessing vulnerability of marine bird 669 

populations to offshore wind farms. J. Environ. Manage, 119: 56–66. 670 

Gaillard, J.M., Lemaître, J.F. Berger, V., Bonenfant et al. C., Debillard, S., Douhard, M., 671 

Plard, F., Lebreton J.D. 2016. Axes of variation in life histories.– In: R. M. Kliman (ed.), 672 

Encyclopedia of evolutionary biology. Elsevier, Academic Press, pp. 312–323. 673 

Gardarsson, A. and Einarsson, A. 2004. Resource limitation of diving ducks at Myvatn: 674 

food limits production. Aquatic Ecol, 38: 285–295. 675 

https://data-forestry.opendata.arcgis.com/


Gibbons, D.W., Reid, J.B. & Chapman, R.A. 1993. The new atlas of breeding birds in 676 

Britain and Ireland: 1988–1991. T. & A.D. Poyser. 677 

Hancock, M.H. 1991. Common Scoter in the Flow Country results of 1991 survey, 678 

comparison with previous years and suggested monitoring method. Unpubl. report, Royal 679 

Society for the Protection of Birds, Sandy. 680 

Hancock, M.H., Robson, H.J., Smith, T.D. and Douse, A. 2016. Correlates of lake use by 681 

breeding common scoters in Scotland. Mar. Freshw. Ecosyst, 26: 749–767. 682 

Hancock, M.H., Robson, H.J., Smith, T.D. and Douse, A. 2019. Spatial and temporal 683 

patterns of foraging activity by breeding Common Scoters (Melanitta nigra) in 684 

Scotland. Ornis Fenn, 96: 124–141. 685 

Hancock, M.H., Klein, D., and Cowie, N.R. 2020. Guild‐level responses by mammalian 686 

predators to afforestation and subsequent restoration in a formerly treeless peatland 687 

landscape. Restor. Ecol, 28: 1113–1123. 688 

Hancock, M.H., Klein, D., Hughes, R., Stagg, P., Byrne, P., Smith, T.D., MacLennan, A., 689 

Gaffney, P., and Bean, C.W. 2023. Testing whether reducing brown trout biomass in 690 

peatland lakes increases macro-invertebrate biomass and invertivorous waterbird 691 

occurrence. Aquatic Ecology, 57: 217–240. 692 

Hancock, M.H., Klein, D., Hughes, R., Stagg, P., Byrne, P., Smith, T.D., MacLennan, A., 693 

Gaffney, P.P. and Bean, C.W. 2023. Testing whether reducing brown trout biomass in 694 

peatland lakes increases macro-invertebrate biomass and invertivorous waterbird 695 

occurrence. Aquatic Ecol, 57: 217–240. 696 

Hildén, O. 1964, January. Ecology of duck populations in the island group of Valassaaret, 697 

Gulf of Bothnia. In Annales Zoologici Fennici. 1:153–279.  698 



Heffernan ML. & Hunt, J. .2022. The Status of Breeding Common Scoter in Ireland, 2020. 699 

Irish Wildlife Manuals, No. 136 National Parks and Wildlife Service, Department of Housing, 700 

Local Government and Heritage, Ireland. 701 

Highland Council Wind Turbine Mapping. 2023. 702 

https://highland.maps.arcgis.com/apps/webappviewer/index.html?id=5ec04b13a9b049f798c703 

adbd5055f1787. Accessed 15/08/2023.  704 

Hunt, J., Heffernan, M.L., McLoughlin, D., Benson, C. and Huxley, C. 2012. Common 705 

Scoter Melanitta nigra in Ireland: results from pre-breeding and brood surveys in 2012. Ir. 706 

Birds, 9: 341–348. 707 

Hutchinson, G.E. 1957. A treatise on limnology. Vol 1: Geography, physics and chemistry. 708 

John Wiley & Sons. 709 

Johnson, D.H., Sparling, D.W. and Cowardin, L.M. 1987. A model of the productivity of 710 

the mallard duck. Ecol. Model, 38: 257–275. 711 

Jonassen, C.M. and Handeland, K. 2007. Avian influenza virus screening in wild waterfowl 712 

in Norway, 2005. Avian Dis, 51: 425–428. 713 

Kear, J. 2005. Bird families of the world: ducks, geese, swans and screamers. 714 

Kilpi, M., Lorentsen, S.H., Petersen, I.K. and Einarsson, A. 2015. Trends and drivers of 715 

change in diving ducks (Vol. 2015516). Nordic Council of Ministers. 716 

Koons, D.N., Arnold, T.W. and Schaub, M. 2017. Understanding the demographic drivers 717 

of realized population growth rates. Ecol. Appl, 27: 2102–2115. 718 

Larsen, J.L., Durinck, J. and Skov, H. 2007. Trends in chronic marine oil pollution in 719 

Danish waters assessed using 22 years of beached bird surveys. Mar. Pollut. Bull, 54: 720 

1333–1340. 721 

https://highland.maps.arcgis.com/apps/webappviewer/index.html?id=5ec04b13a9b049f798cadbd5055f1787
https://highland.maps.arcgis.com/apps/webappviewer/index.html?id=5ec04b13a9b049f798cadbd5055f1787


Lesage, L., Reed, A and Savard, J.P.L. 2008. Duckling survival and use of space by surf 722 

scoter (Melanitta perspicillata) broods. Ecoscience, 15: 81–88. Lindsay, R., Charman, D.J., 723 

Everingham, F., O'reilly, R.M., Palmer, M.A., Rowell, T.A. and Stroud, D.A., 1988. The flow 724 

country: the peatlands of Caithness and Sutherland. Joint Nature Conservation Committee. 725 

Lindsay, R., Charman, D.J., Everingham, F., O'reilly, R.M., Palmer, M.A., Rowell, T.A. 726 

and Stroud, D.A. 1988. The flow country: the peatlands of Caithness and Sutherland. Joint 727 

Nature Conservation Committee. 728 

Lindsay, R. and Andersen, R. 2016. Blanket Mires of Caithness and Sutherland, Scotland’s 729 

Great Flow Country (UK). Springer Netherlands. 730 

Mehl, K.R. and Alisauskas, R.T. 2007. King eider (Somateria spectabilis) brood ecology: 731 

correlates of duckling survival.  Auk, 124: 606–618. 732 

Musgrove, A., Aebischer, N., Eaton, M., Hearn, R., Newson, S., Noble, D., Parsons, M., 733 

Risely, K. and Stroud, D. 2013. Population estimates of birds in Great Britain and the 734 

United Kingdom. Brit. Birds, 106: 64–100. 735 

NatureScot. 2023. SiteLink – West Inverness–shire Lochs SPA. View from:  736 

https://sitelink.nature.scot/site/9187. Accessed 05/10/2023. 737 

Nelder, J.A. and Mead, R. 1965. A simplex method for function minimization. Comput. J, 7: 738 

308–313. 739 

Pannekoek, J. & van Strien, A. 2006a. TRIM Version 3.54 (Trends and Indices for 740 

Monitoring Data). Statistics Netherlands, Voorburg. 741 

Pannekoek, J. & van Strien, A. 2006b. [26 May 2023]. Frequently Asked Questions 742 

Updated 2006 (TRIM Version 3.51). Statistics Netherlands, Voorburg. 743 

Partridge J,K. 1993. Common scoter Melanitta nigra. In The New Atlas of Breeding Birds in 744 

Britain and Ireland: 1988–1991, DW Gibbons, JB Reid, RS Chapman (eds). Poyser: London; 745 

86– 87. 746 

https://sitelink.nature.scot/site/9187.%20Accessed%2005/10/2023
https://sitelink.nature.scot/site/9187.%20Accessed%2005/10/2023


Petersen, I.K., Frederiksen, M., Petersen, A., Robson, H.J., Einarsson, Á., Nielsen, 747 

R.D., Harrison, A.L., Cervencl, A. and Fox, A.D. 2021. Recent increase in annual survival 748 

of nesting female Common Scoter Melanitta nigra in Iceland. J. Ornithol, 162:135–141. 749 

R Core Team. 2021. R: A language and environment for statistical computing. R Foundation 750 

for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/. 751 

Robson, H.J., Jones, V.J., Hilton, G.M., Brooks, S., Sayer, C.D. and Douse, A. 2019. 752 

Combined palaeolimnological and ecological approach provides added value for 753 

understanding the character and drivers of recent environmental change in Flow Country 754 

lakes. Mires Peat, 23. 755 

Roy, C., Michel, N., Handel, C., Van Wilgenburg, S., Burkhalter, J., Gurney, K., 756 

Messmer, D., Princé, K., Rushing, C., Saracco, J. and Schuster, R. 2019. Monitoring 757 

boreal avian populations: How can we estimate trends and trajectories from noisy 758 

data?. Avian Conserv. Ecol, 14. 759 

Royal Society for the Protection of Birds. 2023. Common scoter national breeding 760 

surveys in Britain. Occurrence dataset https://doi.org/10.15468/gy0ntl accessed via GBIF.org 761 

on 2023–10–06. 762 

Scott, D.A. and Rose, P.M. 1996. Atlas of Anatidae populations in Africa and western 763 

Eurasia. 764 

Safine, D.E. and Lindberg, M.S. 2008. Nest habitat selection of white-winged scoters on 765 

Yukon Flats, Alaska. Wilson J. Ornithol, 120: 582–593. 766 

Schamber, J.L., Broerman, F.J. and Flint, P.L. 2010. Reproductive ecology and habitat 767 

use of Pacific Black Scoters (Melanitta nigra americana) nesting on the Yukon-Kuskokwim 768 

Delta, Alaska. Waterbirds, 33: 129–139. 769 

Seymour, A.S. 2000. The ecology of nest predation by red foxes Vulpes vulpes (Doctoral 770 

dissertation, University of Bristol). 771 

https://www.r-project.org/


Sharrock, J.T.R. 1976. The Atlas of Breeding Birds in Britain and Ireland. T.&A.D. Poyser: 772 

London. 773 

Sibley, D. 2000. The North American Bird Guide. Pica. 774 

Skov, H., Rasmussen, E.K., Kotta, J., Middelboe, A.L., Uhrenholdt, T. and Žydelis, R. 775 

2020. Food web responses to eutrophication control in a coastal area of the Baltic Sea. Ecol. 776 

Model, 435: 109–249. 777 

Snoeken, P., Crawford, R., Hancock, M.H., Evans, R.J. & Eerbeck, J.V. 2016. A review of 778 

UK seaduck species: populations, distributions, threats and conservation action. Research 779 

Report 56. RSPB Centre for Conservation Science, RSPB, 10 Park Quadrant, Glasgow, G3 780 

6BS. 781 

Snow, D.W., Perrins, C.M., Hillcoat, B., Gillmor, R. and Roselaar, C.S. 1997. The birds of 782 

the Western Palearctic. 783 

Southwick, C. 1953. A system of age classification for field studies of waterfowl broods. J. 784 

Wildl. Manage, 17:1–8. 785 

Steenweg, R.J., Crossin, G.T., Hennin, H.L., Gilchrist, H.G. and Love, O.P. 2022. 786 

Favorable spring conditions can buffer the impact of winter carryover effects on a key 787 

breeding decision in an Arctic‐breeding seabird. Ecol. Evol, 12: 85–88. 788 

Stempniewicz, L. 1994. Marine birds drowning in fishing nets in the Gulf of Gdansk: 789 

numbers, species composition, age and sex structure. De. Ornis Svec, 4:123–132. 790 

Stroud, D.A., Reed, T.M., Pienkowski, M.W. and Lindsay, R. 1987. Birds, bogs and 791 

forestry: The peatlands of Caithness and Sutherland. Nature Conservancy Council. 792 

UK Centre for Ecology and Hydrology. 2023. UK Lakes portal. View from: 793 

https://eip.ceh.ac.uk/apps/lakes/about.html. Accessed 05/10/2023. 794 

https://eip.ceh.ac.uk/apps/lakes/about.html.%20Accessed%2005/10/2023


Underhill, M.C., Gittings, T., Callaghan, D.A., Hughes, B., Kirby, J.S. and Delany, S. 795 

1998. Status and distribution of breeding Common Scoters Melanitta nigra nigra in Britain 796 

and Ireland in 1995. Bird Study, 45:146–156. 797 

Wald, A. 1943. Tests of statistical hypotheses concerning several parameters when the 798 

number of observations is large. Trans. Am. Math, 54: 426–482. 799 

Weidinger, K. 2009. Nest predators of woodland open‐nesting songbirds in central 800 

Europe. Ibis, 151: 352–360. 801 

Wilson, J.D., Anderson, R., Bailey, S., Chetcuti, J., Cowie, N.R., Hancock, M.H., Quine, 802 

C.P., Russell, N., Stephen, L. and Thompson, D.B. 2014. Modelling edge effects of 803 

mature forest plantations on peatland waders informs landscape‐scale conservation. J. Appl. 804 

Ecol, 51: 204–213. 805 

Žydelis, R., Small, C. and French, G. 2013. The incidental catch of seabirds in gillnet 806 

fisheries: a global review. Biol. Conserv, 162: 76–88. 807 

Žydelis, R. and Richman, S.E. 2015. Foraging behavior, ecology, and energetics of sea 808 

ducks. Ecology and conservation of North American sea ducks. Stud. Avian Biol, 46: 241–809 

266. 810 

 811 

 812 

   813 

 814 

 815 

 816 

 817 

 818 



Supplementary materials 819 

Supplementary Table 1. Breeding productivity (number of chicks raised per scoter 820 

pair/female) from all known recording studies.  821 

 822 

Species Breeding area 

Breeding 
productivit
y 

Populatio
n trend 

Year 
of 
study Reference 

Common 
Scoter Flow County, Scotland 

0.44 (0–
1.06) Declining 

2002
–
2023 this study 

Common 
Scoter Lough Corrib, Ireland 0.55 Declining 2020 

Heffernan & 
Hunt 2022  

Common 
Scoter Lough Corrib, Ireland 0.8 Declining 2012 

Hunt et al. 
2012  

Common 
Scoter Lough Ree 0.8 Declining 2012 

Hunt et al. 
2012  

Common 
Scoter Lough Arrow 1 Declining 2012 

Hunt et al. 
2012  

Common 
Scoter Lough Conn/Cullin 0 Declining 2012 

Hunt et al. 
2012  

Black 
Scoter Yukon–Kuskokwim Delta, Alaska 

0.22 (0.09 
– 0.35) Declining 

2001
–
2004 

Schamber et 
al. 2010 

White–
winged 
Scoter 

Central Saskatchewan, and east–
central Alberta, Canada ≤ 0.5 Unknown 

1977
–
1980 Brown 1982 

White–
winged 
Scoter  Redberry Lake, Saskatchewan  

0.22 – 
0.45 Unknown 1996 

Brown & 
Fredrickson 
1997 

Velvet 
Scoter Valassaaret, Finland 

0.02 – 
0.60 Unknown 1962 Hildén 1964 

Surf Scoter Lake Malbaie, Québec, Canada 
0.84 & 

2.14 Unknown 

1994 
– 
1995 

Lesage et al. 
2007 
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