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Abstract 23 

Unlike records of plastic ingestion and entanglement in seabirds which date back to the 1960s, the 24 

literature regarding debris in bird nests is comparatively limited. It is important to identify 25 

standardised methods early so that data are collected in a consistent manner, ensuring that future 26 

studies can be comparable. Here, we outline a method that can be applied to photographs for 27 

estimating the proportion of visible debris at the surface of a nest. This method uses ImageJ software 28 

to superimpose a grid onto a photograph of a nest/s. The number of cells with and without debris are 29 

then counted. Our proposed method is repeatable, straightforward, and accessible. We optimised the 30 

method to estimate the level of visible debris in Northern Gannet (Morus bassanus) nests, however, 31 

with some modification (i.e., adjustment of grid cell size), it could be applied to other seabird species, 32 

and terrestrial birds, that incorporate debris within nests.  33 

 34 

Keywords: 35 
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 37 

  38 



3 
 

1. Introduction 39 

The United Nations Convention on Biological Diversity’s Aichi Targets and Sustainable Development 40 

Goals (SDG), implemented in 2010 and 2015 respectively, have been criticised for lacking the 41 

requirements of effective goals (Butchart et al., 2016; Stafford-Smith, 2014; Wood and DeClerck, 42 

2015). Namely, the targets and goals have been labelled ‘aspirational’, rather than ‘realistic’, and are 43 

missing key components that allow for checks on their progress. When developing policy related goals 44 

or targets, it is imperative that they follow the SMART – Specific, Measurable, Achievable, Realistic 45 

and Time-bound – criteria, otherwise it can be difficult to quantify the effect of management actions 46 

and establish whether the aims have been met (Cormier and Elliott, 2017), especially when goals are 47 

not measurable. Following the SMART criteria when creating global environmental policy, with a 48 

particular focus on setting measurable outcomes, is incredibly important given the current state, and 49 

rapid decline, of the health of the Earth (Dirzo et al., 2014; Halpern et al., 2019). 50 

 51 

One crucial component that has been recommended as a necessary addition to all targets is the use 52 

of environmental indicators (Butchart et al., 2016), as they can aid with measuring the effectiveness 53 

of goals. When used correctly, indicators can accurately reflect changes over time and provide policy 54 

makers with early warning signs (Burger, 2006). Seabirds are ideal indicators of the marine 55 

environment due to their position in the food web and their visibility in comparison to other marine 56 

life (e.g., fish). They are also relatively easy to study (e.g., congregate in large numbers at few 57 

locations) and there is widespread public interest in birds which can increase public engagement in 58 

research or monitoring programs using citizen scientists (Frederiksen et al., 2007; Furness and 59 

Camphuysen, 1997; Piatt et al., 2007). Seabirds have been used for many years as indicators of the 60 

marine environment, providing information on pollution levels, prey stocks, and oceanographic 61 
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conditions (Mallory et al., 2010; Parsons et al., 2008). A handful of seabird species, including the 62 

Northern Fulmar (Fulmarus glacialis) and Laysan Albatross (Phoebastria immutabilis), have been 63 

studied extensively as ingested debris items provide information on the types and quantities of 64 

marine debris in their pelagic foraging grounds (Lavers and Bond, 2016; van Franeker and Kühn, 65 

2019). However, monitoring has been restricted somewhat by species’ geographical range, and is 66 

reliant upon the retrieval of freshly deceased birds (e.g., beach-washed carcasses), and experts to 67 

process samples.  68 

 69 

By contrast, using seabird nests as indicators of marine debris has been recommended as an efficient 70 

and relatively easy, rapid, and non-invasive method that can be undertaken during regular monitoring 71 

of seabird colonies (Grant et al., 2018). It is becoming increasingly common to find marine debris 72 

within the nests of seabirds (Jagiello et al., 2019; Tavares et al., 2019), and the data generated 73 

through monitoring programs have been found to reflect items present in the surrounding 74 

environment for some species (Thompson et al., 2020). For example, the proportion of Northern 75 

Gannet (Morus bassanus) nests containing fishing gear has been linked to the number of nets set 76 

around breeding colonies (Bond et al., 2012). Debris items in nests can also indicate the type, or 77 

abundance, of debris and natural nesting materials available to birds (Lavers et al., 2013), or identify 78 

items that may pose an entanglement hazard (Fig. 1A; Votier et al., 2011). 79 

 80 

Studies examining, and efforts to remove, debris incorporated in nests usually involve coming within 81 

close contact to nests and the birds occupying them. This allows for thorough determination of 82 

debris, including type, colour, and mass, but also introduces disturbance to colonies and can lead to 83 

harmful consequences, such as predation of eggs or chicks (Ryan, 2020). Disturbance can be 84 
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minimised by reducing time within colonies by photographing nests or eliminated entirely by taking 85 

photographs from a distance. However, in these cases, and particularly when nests are inaccessible, 86 

studies estimating the prevalence of debris have largely focused on documenting presence/absence. 87 

While this provides useful data on the diversity of species utilizing debris, the presence of debris in 88 

nests can be difficult to compare across species as not all species use it in the same manner. Factors 89 

such as nest construction (e.g., surface, pedestal or woven) can influence the amount of debris 90 

collected by the birds, or even the number of items recorded. For example, debris incorporated into 91 

the pedestal nests of Northern Gannets may not be visible to observers collecting the data (for 92 

example, items are obscured from view by the pedestal, or are incorporated within the nest matrix 93 

and not visible; Montevecchi, 1991; Votier et al., 2011). Even within members of the same species, 94 

the proportion of nests containing debris can be highly variable. In Northern Gannets, the proportion 95 

of nests containing debris at three sites in eastern Canada ranged from 2 – 68%, even though 96 

sampling took place at all sites during the same year (Bond et al., 2012).  97 

 98 

In many cases, variability in nest debris may be due to species or site-related differences (Grant et al., 99 

2018). However, across studies, the range of methods used to collect data on nest debris could also 100 

explain some of the observed differences. Examination of whole nests can provide complete data on 101 

the types and quantity of debris, as well as the mass of debris items (Votier et al., 2011), but is not 102 

possible in all species. For example, some gannets and albatrosses reuse the same nest pedestal each 103 

year (Aikman and Miskelly, 2004; Nelson, 1965) and thus it would be unethical and potentially 104 

harmful to remove nests. While visual observations can be less invasive (e.g., photographs taken from 105 

a distance), they may not document items that are obscured from view (O'Hanlon et al., 2019) and 106 

obtaining information on precise amounts of debris (e.g., mass) is not possible without pulling the 107 
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nest apart. In addition, having multiple observers to document debris in nests can result in large 108 

variations due to human bias (O'Hanlon et al., 2019). In these instances, and for seabirds in general, 109 

there is a need to develop a method that is repeatable among observers and reliably documents the 110 

level of debris in the nest which is comparable across species and locations. It is of utmost importance 111 

to establish this now while this issue is still relatively new. Here we describe a newly developed 112 

method for assessing the quantity of nest debris. This method returns a level of measurement higher 113 

(proportions; ratio data) than what is currently available (presence/absence; ordinal data), and is 114 

repeatable, non-invasive, and non-destructive, with standardised reporting metrics.  115 

 116 

2. Materials and methods 117 

2.1. Method trials 118 

To determine what method would be most suitable to quantify the level of debris visible at the nest 119 

surface from photographs taken at Northern Gannet colonies, two similar point count methods were 120 

trialled using two separate programs. Both methods were applied to the same five nests from 121 

Syltefjord, Norway (Table 1; Fig. S1) to allow for direct comparisons. This colony is situated on a large 122 

rocky stack; thus, photographs were taken from land a short distance away (<50 m) and at an angle 123 

approximately horizontal to the colony/nests. The nests were photographed in 2013 with a NIKON 124 

D7000 digital camera (4928 × 3264 pixels). The two methods were tested in a series of preliminary 125 

trials to determine the optimal parameters (e.g., grid size, number of points). Once these were 126 

decided upon, secondary trials were run between ‘experienced’ observers (people who had 127 

previously worked with Northern Gannets and nests, minimum one season in the field) and ‘less 128 

experienced’ observers (people who had never worked with Northern Gannets or nests) to test for 129 
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repeatability and reliability. All observers, regardless of level of experience, had a scientific 130 

background.  131 

 132 

2.1.1.  Method 1: Coral Point Count with Excel extensions (CPCe) 133 

The first method randomly assigned points over an image of a nest and then the material underneath 134 

each point was identified. We applied this method using Coral Point Count with Excel extensions 135 

version 4.1 (CPCe; Kohler and Gill, 2006). This is a Visual Basic program used almost exclusively in 136 

coral reef surveys to calculate statistical cover of coral species and other benthic flora in still 137 

photographs taken during transects. In practice, a specified number of points are distributed over an 138 

image and then users identify the features under each point by using a unique code that contains all 139 

benthic flora and fauna of interest (for more information, see: Kohler and Gill, 2006). CPCe was 140 

modified by Verlis et al. (2014) for determining the cover of debris items and natural nest materials 141 

within Brown Booby (Sula leucogaster) nests, and more recently, Thompson et al. (2020) used CPCe to 142 

analyse European Herring Gull (Larus argentatus) nests. 143 

 144 

Within CPCe we modified the code used for coral reef surveys to create three new major categories 145 

and eleven sub-categories to suit the specific conditions of Northern Gannet nests (1. Debris Material: 146 

Foamed synthetics, Hard plastic fragments, Sheet plastic, Threadlike plastic, Other. 2. Natural 147 

Material: Natural material. 3. Tape, Wand, Shadow: Sky/cloud, Other nest, Water/ocean, 148 

Rock/cliff/substrate, Bird. For full descriptions of the categories and subcategories we direct the 149 

reader to Table S2). To determine the optimal number of points required to accurately reflect the 150 

proportion of natural material and debris items used in nests, a preliminary trial was run. Six trial 151 

rounds with varying numbers of points were tested on five nests. Points were distributed using the 152 
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‘stratified random’ option, meaning that the image containing the nest was divided into x rows and y 153 

columns with z randomly distributed points within each cell. This ensured that all sections of the nest 154 

were covered, and reduced the potential for points to clump (Kohler and Gill, 2006). The six trials 155 

used 25, 36, 49, 64, 81, and 100 points, each being square numbers with one point per cell. Due to the 156 

irregular shape of nests and the inability to set anything other than a rectangular border on an image 157 

for the points to fall within, several points would fall on areas outside of the nest. After running the 158 

trials, it was decided that 100 points was the most suitable option as it allowed for points to fall 159 

outside of the nest while still retaining a high number of points within the nest.   160 

 161 

This method went through a secondary trial phase. CPCe has a built-in function to allow for 162 

comparison between observers by creating .cpc files with identical distribution of points for each 163 

image. Thus, we created inter-observer .cpc files with the same five nests from the preliminary trials. 164 

Three experienced observers and three less-experienced observers then analysed each nest and 165 

comparisons between observers were made to determine whether this method was repeatable in 166 

estimating the level of debris visible at the nest surface among different observers (i.e., did all 167 

observers identify material the same under each point?).  168 

 169 

2.1.2.  Method 2: ImageJ implemented grid overlay  170 

The second method was based on superimposing a grid over a photograph of a nest and counting the 171 

number of cells with and without debris items. We used ImageJ version 1.52k (Schneider et al., 2012) 172 

for this method. ImageJ is a Java-based image processing and analysing software, designed primarily 173 

for biological and physical sciences (Rueden et al., 2017).  174 

 175 
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A scale was set for each individual image by measuring the length of culmen from tip to feathering of 176 

an adult gannet perpendicular to the photographer (Fig. 1B; Table S1). A non-destructive (i.e., 177 

superficially applied) grid overlay was centred on individual images and nests were outlined for ease 178 

of identification of nest edges. The Cell Counter plug-in (https://imagej.nih.gov/ij/plugins/cell-179 

counter.html) was used to assign a ‘1’ to grid cells within a nest that did not contain any debris (only 180 

natural material) and a ‘2’ to grid cells within a nest where debris was present (Fig. 1C). The 181 

proportion of visible debris at the nest surface can then be calculated.  182 

 183 

Firstly, we ran a preliminary trial with five different grid sizes (36 cm2, 49 cm2, 64 cm2, 81 cm2, and 100 184 

cm2) and applied these to the same five nests from the Method 1trials. When choosing these grid 185 

sizes for the trial we considered several factors, including 1) the size of gannet nests, 2) the time taken 186 

to analyse individual nests, and 3) the size and type of debris incorporated within nests. The optimum 187 

grid size was determined by calculating the anomaly (deviation from the mean Frequency of 188 

Occurrence (FO%; i.e., percentage of debris in a nest) for each nest for each grid size), with the 189 

smallest anomaly being the optimal grid size. Thus, the optimum size was calculated as 64 cm2 (see 190 

Results).   191 

 192 

The method went through a secondary round of trials with two experienced observers and two less 193 

experienced observers to test for repeatability and ease of use. The same five nests from previous 194 

trials were used, and a grid (with a cell size of 64 cm2) was applied.   195 

 196 

2.2. Applying Method 2: ImageJ implemented grid overlay to colonies 197 

https://imagej.nih.gov/ij/plugins/cell-counter.html
https://imagej.nih.gov/ij/plugins/cell-counter.html
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After the preliminary and secondary trials were run and the results were analysed, we concluded that 198 

Method 2: ImageJ implemented grid overlay was more successful than Method 1: CPCe. Thus, we put 199 

Method 2 to practice on a larger scale and used it to analyse nests from four Northern Gannet 200 

colonies (Noss, Sule Skerry, Grassholm, Syltefjord; Table 1) for the presence and proportion of debris, 201 

as visible from photographs. The optimal grid size, determined during the preliminary trials, was 64 202 

cm2. As such, all suitable nests within photographs from the four colonies had this grid size applied. 203 

Nests that were obscured by gannets, or where a large portion of the nest was not visible, were 204 

excluded from the analysis.  205 

 206 

2.2.1.  Statistical analysis to compare colonies 207 

All statistical analyses were completed in R version 3.5.3 (R Core Team, 2019) and followed a similar 208 

approach as Grant et al. (2018). The proportion of nests with and without debris present at each 209 

colony were investigated using a generalized estimating equation with the package geepack v1.2-1 210 

(Højsgaard et al., 2005), and a Tukey post-hoc test was implemented with the package lsmeans v2.30-211 

0 (Lenth, 2016) to further examine any differences in proportions. The proportion of debris visible at 212 

the nest surface at each colony was analysed using a general linear model and the package multcomp 213 

v1.4-10 (Hothorn et al., 2008), and further comparisons were made with a Tukey post-hoc test. 214 

Results were considered significant when P < 0.05. 215 

 216 

3. Results 217 

3.1. Method trials overall 218 

Overall, we found the Method 2: ImageJ implemented grid overlay to be much more suitable for the 219 

determination of debris than Method 1: CPCe. CPCe was more time consuming and more complex 220 
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than Method 2 and had many limitations. For example, the debris type predominately used in 221 

Northern Gannet nests is rope and netting, which are typically elongated. During the preliminary 222 

trials, we found the points would fall on either side of a debris item due to the limited surface area, 223 

which lead to inaccuracies (i.e., if all points fell on natural material only, then the nest would be 224 

classified as clean even if there was in fact a high proportion of debris within the nest). Because of 225 

this, we changed the distribution of points from ‘random’ to ‘stratified random’ to ensure that all 226 

sections of a nest were covered, but this still resulted in missed debris, meaning that Method 1 was 227 

not accurate enough to reflect the level of visible debris in Northern Gannet nests. In addition, when 228 

Method 1 was trialled with multiple users to test for repeatability, it resulted in large variations across 229 

and within expertise levels. For example, in one of the trial nests, the estimated proportion of visible 230 

debris ranged from 29.03 – 81.16%. 231 

 232 

By contrast, Method 2 was quick, easy, and had more flexibility which reduced some of the problems 233 

experienced with Method 1. For example, CPCe only allows for rectangular images to be analysed, 234 

which resulted in points falling outside of a nest, whereas with the method in ImageJ, the edge of the 235 

nest can be outlined thus meaning that only the nest itself is quantified. In addition, CPCe only allows 236 

for the analysis of one nest at a time, which meant that photographs containing more than one nest 237 

(which is often the case) had to be cropped and split into as many separate image files as there were 238 

nests in the original photograph. Of course, for some photographs of colonies, that could mean 239 

upwards of 50 individual new files. With ImageJ this was not necessary, and a photograph could be 240 

analysed for all suitable nests within, thus saving the observer a considerable amount of time.  241 

  242 

3.2. Method trials – Method 2: ImageJ implemented grid overlay 243 
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The optimal grid size was deemed to be 64 cm2. This grid size had the smallest mean anomaly (2.14%) 244 

compared to all other sizes (range = 2.24 – 3.44%). In the secondary trials, there were large deviations 245 

in the results of less experienced observers, with the mean across all five nests being 28.55% (range = 246 

12.50 – 43.48%). However, when experienced observers analysed the same nests, the mean was 247 

much smaller and results were more consistent (11.67%, range = 5.60 – 19.56%), indicating that 248 

experience level needs to be considered.  249 

 250 

3.3. Comparison of colonies 251 

A total of 372 Northern Gannet nests were analysed from photographs taken at four colonies 252 

between 2016 – 2018 (Table 1). All colonies had nests with debris incorporated and one colony 253 

(Syltefjord) had an 100% frequency of occurrence rate of nests with debris. The three remaining 254 

colonies all had > 75% occurrence rate and were all statistically similar to one another (range = 77.27 255 

– 88.89; Table 1). The mean ± SD proportion of debris visible at the nest surface across colonies was 256 

39.44 ± 29.67 (range = 0.00 – 96.88) and differed significantly between colonies (F3, 368 = 141, P < 257 

0.001; Fig. 2). Nests at Syltefjord had a higher proportion of nests with visible debris (71.27 ± 17.51, 258 

range = 14.29 – 96.88) than the other three colonies, with 85.71% of nests (n = 96 nests) having ≥ 50% 259 

of debris visible at the nest surface, compared to the colonies at Noss (10.09%), Grassholm (38.10%) 260 

and Sule Skerry (10.23%; Fig. 2).  261 

 262 

4. Discussion 263 

Here, we provide a standardised method that reliably estimates the level of visible debris in Northern 264 

Gannet nests that is repeatable, non-invasive, non-destructive, and comparable across locations. With 265 

a few small modifications this approach can also be applied to other species with similar nesting 266 
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habits. To date, unless nests are accessible to record or remove debris, many studies exploring nest 267 

incorporation of debris by seabirds only record the presence or absence of debris. While this is 268 

valuable to indicate the extent of plastic pollution in a colony, it provides little information on the 269 

severity of the issue, which is necessary to quantify the effectiveness of management actions and 270 

regulation. For example, if we only measured presence and absence at Noss, Sule Skerry, Grassholm 271 

and Syltefjord, then we would have deemed all four colonies to be impacted by debris in a similar 272 

manner (P/A range = 77.27 – 100.00%), however, when we applied the proposed method to 273 

determine the proportion of visible debris for each nest across all colonies, we discovered that nests 274 

at Syltefjord were severely impacted by debris, in comparison to the remaining three colonies, 275 

particularly Noss and Sule Skerry (Table 1, Fig. 2).  276 

 277 

4.1. Trials and possible different methods 278 

Many image processing software tools and programs have been developed to process biological 279 

images, and recent advances mean this approach can be applied to new and varied research 280 

questions. However, in many instances, the photographs are taken under a microscope using identical 281 

lighting conditions, include a scale, and have little colour variation (Wu et al., 2008). By comparison, 282 

the photographs of Northern Gannet colonies are highly variable. For example, the lighting conditions 283 

may depend on the time of day and/or year or weather, there is no in-built scale, photographs could 284 

be taken from several meters to > 30 m away, from land or a moving vessel, and taken with different 285 

cameras of varying quality. An additional challenge is that no two nests are the same. Northern 286 

Gannet nests vary in size, shape, and material (both natural and anthropogenic). Nests constructed on 287 

cliffs are often quite different in size/shape to nests built on flat ground, neighbouring nests may 288 

share materials, and the edges of individual nests can be hard to identify. Additionally, photographs 289 
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only capture one side of a nest, and this may be obscured by gannets or other nests. Several 290 

automated image analysis methods were initially considered for this study, such as image 291 

segmentation and image recognition; however, these automation methods did not adequately 292 

capture the variation in photographs and the complexity of nests. Therefore, a manual method for 293 

quantifying the debris was required.  294 

 295 

4.2. Limitations of Method 1: CPCe  296 

While CPCe has mostly been used for calculating percent cover of benthic flora and fauna in 297 

underwater imagery, Verlis et al. (2014) used a modified version to analyse the percent cover of 298 

anthropogenic and natural materials in Brown Booby nests in the Great Barrier Reef. Photographs 299 

were taken ~1 m directly above the booby’s nest. Because Brown Booby nests are simple structures, 300 

Verlis et al. (2014) were able to collect the debris from each nest in order to verify their estimates 301 

from the images, reporting that percentage cover of debris in photographs of nests was positively 302 

correlated with the number of debris items (R2 = 0.975, P = 0.0001), and suggesting that CPCe could 303 

be used to quantify the cover of debris within nests when items cannot be retrieved. More recently, 304 

Thompson et al. (2020) used CPCe for the analysis of European Herring Gull nests using an approach 305 

similar to Verlis et al. (2014), and proved to be successful. For these reasons, CPCe was trialled with 306 

Northern Gannet nests. However, unlike Brown Boobies and Herring Gulls which are surface nesters, 307 

Northern Gannets create complex nest pedestals which are often retained and built-up over multiple 308 

years (Nelson, 2002). This means nest material – natural or anthropogenic – are intertwined, and 309 

collection of debris is impossible without destroying the nest or removing the nest entirely to be 310 

pulled apart for analysis. Additionally, many Northern Gannet colonies are located on steep cliffs and 311 

rocky outcrops which are difficult to access and rarely allow for photographs to be taken directly from 312 
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above (i.e., ~1 m above as per the two aforementioned studies). However, this means that the 313 

photographs that are taken result in little to no disturbance to the colony or individuals within nests 314 

(i.e., the photographer does not need to flush the bird from the nest to take a photograph). Despite 315 

CPCe not being suitable for Northern Gannet nests, it is likely suitable for ground nesting species or 316 

perhaps even when nests are easily accessed and can be photographed directly from above, as in the 317 

case with Brown Boobies and Herring Gulls.  318 

 319 

4.3. Benefits of ImageJ and the proposed method 320 

We found ImageJ and the proposed method therein (Method 2) to be much more suitable than CPCe 321 

for estimating the proportions of visible debris for several reasons. Importantly, the software is freely 322 

available to anyone with internet access. While the method described here is relatively simple, ImageJ 323 

has the capacity for complex image processing. The popularity of ImageJ also means that there are 324 

innumerable resources to assist users with the proposed method (e.g., user forum sites such as Stack 325 

Overflow, https://stackoverflow.com/). The specific plug-in used within ImageJ for this method (Cell 326 

Counter) allows for users to save the defined X and Y coordinates to an .xml file, thus creating a 327 

permanent record for validation or future revaluation. This will be particularly useful in terms of 328 

addressing trends over time. Furthermore, photographs of colonies will be permanent records of 329 

pollution levels over the years.  330 

 331 

During the preliminary trials to determine the optimal grid size, several factors were taken into 332 

consideration. Namely, the size of a nest, the size and shape of common debris items used as nest 333 

materials by Northern Gannets, and the time taken to analyse an individual nest. For example, with a 334 

bigger grid size, the time taken to analyse a nest is reduced, but the proportion of visible debris as 335 

https://stackoverflow.com/
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calculated by different observers increases as there are fewer grid cells, and even a change of one or 336 

two cells influences the overall proportion. With a smaller grid size, the overall time taken to analyse 337 

the nest increases but may lead to better estimates. The grid size of 64 cm2 was chosen as it balanced 338 

each of these factors. Importantly, as a scale is manually set to the image (by measuring the culmen 339 

length of an adult gannet), the superimposed grid is scaled to the size of the nest, which means for 340 

larger nests, there will be more cells, whereas for smaller nests, there will be fewer cells. This is 341 

particularly important for the nests of Northern Gannets, as they can be highly variable in size. Ryan 342 

(2020) analysed Brown Noddy (Anous stolidus) nests from the South Pacific by using photographs, and 343 

for those nests with high debris loads, superimposed a 5 × 5 grid using PowerPoint to aid estimations. 344 

However, this method does not take into account size differences in nests. Additionally, the perimeter 345 

and area of the nest is calculated as a by-product of the method. While we have not used this 346 

information here, it could be useful to potentially determine age of nests or growth of nests over 347 

time.  348 

 349 

The framework for analysis, scaling an image, applying a grid, and counting the proportions of cells 350 

with and without debris is a significant step forward. By scaling the grid, we believe that it could be 351 

translated for other bird species, particularly those that nest in hard to access locations (e.g., cliffs) or 352 

those that create complex nest structures (e.g., pedestal type). This is a critical component of our 353 

method. The grid size of 64 cm2 was optimised for Northern Gannets, but we suggest that with some 354 

modification to the grid size the method would be suitable for a range of seabird species, such as 355 

kittiwakes (Rissa spp.) and cormorants (Phalacrocoracidae), but possibly also for terrestrial species, 356 

e.g., storks (Ciconiidae) and eagles (Accipitridae). We suggest following a similar approach to 357 

determine the optimal grid size for the nests of the chosen species, by considering the various 358 
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parameters (e.g., nest size). For instance, if analysing stork nests, which are typically large, users may 359 

choose a larger grid size to reduce the time taken to analyse individual nests. Ideally, we want this 360 

method to be used for all species, and want this process standardised now, so that in the future we 361 

can compare not only within, but also among species.  362 

 363 

4.4. Limitations with proposed method 364 

The main limitation of using any method to estimate the level of debris in a nest using photographs is 365 

that we can only calculate the proportion of debris visible at the surface of the nest and the side of 366 

the nest facing the photographer/where the photograph was taken, not the total proportion of debris 367 

within a nest or the mass of debris items. Therefore, estimates of debris at the surface may not be 368 

reflective of the level of debris within an entire nest. However, if the aim is to measure trends in 369 

plastic pollution over time, it may not be necessary to obtain data on the total amount of debris 370 

within a nest. Instead, it is more important to have a reliable and repeatable, as well as feasible, 371 

measure of detecting changes in debris at the nest surface over time. Furthermore, the visible 372 

proportion of the nest is the part where nest material may come into direct contact with birds and is 373 

more likely to cause harm to an individual, as opposed to material incorporated within the structure 374 

of the nest pedestal that cannot harm an individual unless exposed. The visible debris at the nest 375 

surface can therefore be used to determine the entanglement risk posed by the debris, with a higher 376 

proportion more likely to lead to entanglement. If the quality of the photographs is adequate, the 377 

proportion of debris at the nest surface could also be recorded by debris type and colour to explore 378 

further the potential source of debris, and whether the debris in nests reflects that in the wider 379 

environment. Recording debris type would also be particularly valuable to provide additional 380 

information on entanglement risk, with threadlike material having a higher entanglement risk (Fig. 1A; 381 
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Ryan, 2018). The accuracy of estimates of levels of nest surface debris will be influenced by the quality 382 

of the photographs used, which can be highly variable, and this can change with the time of day, 383 

distance from nest, type of lens and quality of camera.  384 

 385 

4.5. Crowdsourcing photographs and involvement of community scientists 386 

While we suggest that nests be analysed by experienced observers only, we believe there is a real 387 

opportunity and benefit to crowdsourcing photographs of Northern Gannet colonies from community 388 

scientists. Many seabird colonies are visited by ecotourists, bird watchers, and photographers 389 

meaning that photographs could easily be obtained for gannets, but also for other species that have 390 

similar nests for which this method could also work. Public participation in science inspires and 391 

educates the public on key topics (Ballard et al., 2017; Donnelly-Greenan et al., 2019), while 392 

generating many images at little/no cost and can also encompass temporal and spatial variability. For 393 

example, an online database (https://www.birdsanddebris.com/) has recently been developed 394 

whereby anyone can upload a photograph of a bird entangled in debris or using debris as a nesting 395 

material from all over the world. With any form of community science, there are going to be some 396 

drawbacks. However, this can easily be addressed by introducing quality assurance and quality control 397 

(QAQC) measures. For example, education (e.g., pamphlets on tour boats) to ensure photos are of 398 

suitable standard. 399 

 400 

4.6. Future directions 401 

The method that we have developed here will allow us to compare not only colonies, but also nests 402 

over time and space. If photographs are taken of the same nest at the same time each year (or other 403 

period), there is the possibility to assess whether the incidence of debris and use as a nesting material 404 

https://www.birdsanddebris.com/
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is growing or otherwise. The ability to quantify such changes is valuable to determine the 405 

effectiveness of regulations introduced to reduce debris in the marine environment, such as the 406 

European Union Extended Producer Responsibility initiatives. Therefore, our proposed method aligns 407 

with the SMART criteria, as policy makers could use it to measure the outcome of marine debris-408 

focused goals.  409 

 410 

Gannets are a wide-ranging species, with colonies that are relatively accessible, meaning that anyone 411 

can take photographs of nests. These attributes provide a complimentary indicator species for plastic 412 

pollution alongside species studied extensively for ingested debris (i.e., Northern Fulmar; van 413 

Franeker and Kühn, 2019), which is not reliant on freshly deceased birds, or experts. Therefore, we 414 

propose that this method for analysing gannet nests is ideal to assess trends in pollution, particularly 415 

fishing related debris.   416 



20 
 

Declaration of competing interest 417 

The authors declare that they have no known competing financial interests or personal relationships 418 

that could have appeared to influence the work reported in this paper.  419 

 420 

Funding 421 

The research presented here was funded by the Association of Commonwealth Universities Blue 422 

Charter Fellowship Program, supported by the United Kingdom Department of Business, Energy and 423 

Industrial Strategy. 424 

 425 

Acknowledgments 426 

We would like to thank R. T. Barrett for providing photographs of the colony at Syltefjord, B. Clarke 427 

for photographs from Grassholm, and Scottish Natural Heritage for permission and assistance in 428 

accessing Noss. We would also like to thank N. Isaksson, M. Costagliola-Ray, N. Largey, and J. Slingsby 429 

for trialling the two methods. Thank you to two anonymous reviewers for providing feedback and 430 

improving this manuscript.  431 

 432 

CRediT authorship contribution statement 433 

Megan L. Grant: Conceptualization; Methodology; Software; Validation; Formal Analysis; 434 

Investigation; Resources; Data Curation; Writing – Original Draft; Writing – Review & Editing; 435 

Visualization; Project Administration; Funding Acquisition. Nina J. O’Hanlon: Conceptualization; 436 

Investigation; Resources; Writing – Original Draft; Writing – Review & Editing; Supervision; Project 437 

Administration; Funding Acquisition. Jennifer L. Lavers: Writing – Original Draft; Writing – Review & 438 

Editing; Supervision; Funding Acquisition. Elizabeth A. Masden: Resources; Writing – Review & 439 



21 
 

Editing; Supervision; Funding Acquisition. Neil A. James: Resources; Writing – Review & Editing; 440 

Supervision; Funding Acquisition. Alexander L. Bond: Methodology; Software; Validation; Writing – 441 

Review & Editing; Supervision; Funding Acquisition. 442 

 443 

ORCID 444 

Megan L. Grant – https://orcid.org/0000-0002-0407-8468  445 

Nina J. O’Hanlon – https://orcid.org/0000-0001-6396-4518 446 

Jennifer L. Lavers – https://orcid.org/0000-0001-7596-6588   447 

Elizabeth A. Masden – https://orcid.org/0000-0002-1995-3712  448 

Neil A. James – https://orcid.org/0000-0003-3369-3387  449 

Alexander L. Bond – https://orcid.org/0000-0003-2125-7238   450 

https://orcid.org/0000-0002-0407-8468
https://orcid.org/0000-0001-6396-4518
https://orcid.org/0000-0001-7596-6588
https://orcid.org/0000-0002-1995-3712
https://orcid.org/0000-0003-3369-3387
https://orcid.org/0000-0003-2125-7238


22 
 

5. References 451 

 Aikman, H., Miskelly, C., 2004. Chatham Island mollyhawk, Birds of the Chatham Islands. Department of 452 
Conservation, New Zealand, pp. 20-22. 453 

 454 
 Ballard, H.L., Dixon, C.G.H., Harris, E.M., 2017. Youth-focused citizen science: Examining the role of 455 
environmental science learning and agency for conservation. Biol. Conserv. 208, 65-75. 456 
https://doi.org/10.1016/j.biocon.2016.05.024 457 

 458 
 Bond, A.L., Montevecchi, W.A., Guse, N., Regular, P.M., Garthe, S., Rail, J.F., 2012. Prevalence and 459 
composition of fishing gear debris in the nests of Northern Gannets (Morus bassanus) are related to fishing 460 
effort. Mar. Pollut. Bull. 64, 907-911. https://doi.org/10.1016/j.marpolbul.2012.03.011 461 

 462 
 Burger, J., 2006. Bioindicators: types, development, and use in ecological assessment and research. 463 
Environ. Bioindic. 1, 22-39. https://doi.org/10.1080/15555270590966483 464 

 465 
 Butchart, S.H.M., Di Marco, M., Watson, J.E.M., 2016. Formulating smart commitments on biodiversity: 466 
lessons from the Aichi Targets. Conserv. Lett. 9, 457-468. https://doi.org/10.1111/conl.12278 467 

 468 
 Cormier, R., Elliott, M., 2017. SMART marine goals, targets and management – Is SDG 14 operational or 469 
aspirational, is ‘Life Below Water’ sinking or swimming? Mar. Pollut. Bull. 123, 28-33. 470 
https://doi.org/10.1016/j.marpolbul.2017.07.060 471 

 472 
 Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.J., Collen, B., 2014. Defaunation in the 473 
Anthropocene. Science 345, 401-406. https://doi.org/10.1126/science.1251817 474 

 475 
 Donnelly-Greenan, E.L., Nevins, H.M., Harvey, J.T., 2019. Entangled seabird and marine mammal 476 
reports from citizen science surveys from coastal California (1997–2017). Mar. Pollut. Bull. 149, 110557. 477 
https://doi.org/10.1016/j.marpolbul.2019.110557 478 

 479 
 Frederiksen, M., Mavor, R.A., Wanless, S., 2007. Seabirds as environmental indicators: the advantages 480 
of combining data sets. Mar. Ecol. Prog. Ser. 352, 205-211. https://doi.org/10.3354/meps07071 481 

 482 
 Furness, R.W., Camphuysen, C.J., 1997. Seabirds as monitors of the marine environment. ICES J. Mar. 483 
Sci. 54, 726-737. https://doi.org/10.1006/jmsc.1997.0243 484 

 485 
 Grant, M.L., Lavers, J.L., Stuckenbrock, S., Sharp, P.B., Bond, A.L., 2018. The use of anthropogenic 486 
marine debris as a nesting material by Brown Boobies (Sula leucogaster). Mar. Pollut. Bull. 137, 96-103. 487 
https://doi.org/10.1016/j.marpolbul.2018.10.016 488 

 489 
 Halpern, B.S., Frazier, M., Afflerbach, J., Lowndes, J.S., Micheli, F., O’Hara, C., Scarborough, C., Selkoe, 490 
K.A., 2019. Recent pace of change in human impact on the world’s ocean. Sci. Rep. 9, 11609. 491 
https://doi.org/10.1038/s41598-019-47201-9 492 

https://doi.org/10.1016/j.biocon.2016.05.024
https://doi.org/10.1016/j.marpolbul.2012.03.011
https://doi.org/10.1080/15555270590966483
https://doi.org/10.1111/conl.12278
https://doi.org/10.1016/j.marpolbul.2017.07.060
https://doi.org/10.1126/science.1251817
https://doi.org/10.1016/j.marpolbul.2019.110557
https://doi.org/10.3354/meps07071
https://doi.org/10.1006/jmsc.1997.0243
https://doi.org/10.1016/j.marpolbul.2018.10.016
https://doi.org/10.1038/s41598-019-47201-9


23 
 

 493 
 Højsgaard, S., Halekoh, U., Yan, J., 2005. The R package geepack for generalized estimating equations. J. 494 
Stat. Softw. 15, 1-11. https://doi.org/10.18637/jss.v015.i02 495 

 496 
 Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric models. Biom. J. 497 
50, 346-363. https://doi.org/10.1002/bimj.200810425 498 

 499 
 Jagiello, Z., Dylewski, Ł., Tobolka, M., Aguirre, J.I., 2019. Life in a polluted world: A global review of 500 
anthropogenic materials in bird nests. Environ. Pollut. 251, 717-722. 501 
https://doi.org/10.1016/j.envpol.2019.05.028 502 

 503 
 Kohler, K.E., Gill, S.M., 2006. Coral Point Count with Excel extensions (CPCe): A Visual Basic program for 504 
the determination of coral and substrate coverage using random point count methodology. Comput. Geosci. 505 
32, 1259-1269. https://doi.org/10.1016/j.cageo.2005.11.009 506 

 507 
 Lavers, J.L., Bond, A.L., 2016. Ingested plastic as a route for trace metals in Laysan Albatross 508 
(Phoebastria immutabilis) and Bonin Petrel (Pterodroma hypoleuca) from Midway Atoll. Mar. Pollut. Bull. 110, 509 
493-500. https://doi.org/10.1016/j.marpolbul.2016.06.001 510 

 511 
 Lavers, J.L., Hodgson, J.C., Clarke, R.H., 2013. Prevalence and composition of marine debris in Brown 512 
Booby (Sula leucogaster) nests at Ashmore Reef. Mar. Pollut. Bull. 77, 320-324. 513 
https://doi.org/10.1016/j.marpolbul.2013.09.026 514 

 515 
 Lenth, R.V., 2016. Least-squares means: The R package lsmeans. J. Stat. Softw. 69, 1-33. 516 
https://doi.org/10.18637/jss.v069.i01 517 

 518 
 Mallory, M.L., Robinson, S.A., Hebert, C.E., Forbes, M.R., 2010. Seabirds as indicators of aquatic 519 
ecosystem conditions: A case for gathering multiple proxies of seabird health. Mar. Pollut. Bull. 60, 7-12. 520 
https://doi.org/10.1016/j.marpolbul.2009.08.024 521 

 522 
 Montevecchi, W.A., 1991. Incidence and types of plastic in gannets' nests in the northwest Atlantic. 523 
Can. J. Zool. 69, 295-297. https://doi.org/10.1139/z91-047 524 

 525 
 Nelson, J.B., 1965. The behaviour of the Gannet. British Birds 58, 231-336.  526 

 527 
 Nelson, J.B., 2002. The Atlantic Gannet, 2nd ed. Fenix Books Ltd, Norfolk. 528 

 529 
 O'Hanlon, N.J., Bond, A.L., Lavers, J.L., Masden, E.A., James, N.A., 2019. Monitoring nest incorporation 530 
of anthropogenic debris by Northern Gannets across their range. Environ. Pollut. 255, 113152. 531 
https://doi.org/10.1016/j.envpol.2019.113152 532 

 533 

https://doi.org/10.18637/jss.v015.i02
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1016/j.envpol.2019.05.028
https://doi.org/10.1016/j.cageo.2005.11.009
https://doi.org/10.1016/j.marpolbul.2016.06.001
https://doi.org/10.1016/j.marpolbul.2013.09.026
https://doi.org/10.18637/jss.v069.i01
https://doi.org/10.1016/j.marpolbul.2009.08.024
https://doi.org/10.1139/z91-047
https://doi.org/10.1016/j.envpol.2019.113152


24 
 

 Parsons, M., Mitchell, I., Butler, A., Ratcliffe, N., Frederiksen, M., Foster, S., Reid, J.B., 2008. Seabirds as 534 
indicators of the marine environment. ICES J. Mar. Sci. 65, 1520-1526. 535 
https://doi.org/doi.org/10.1093/icesjms/fsn155 536 

 537 
 Piatt, J.F., Sydeman, W.J., Wiese, F., 2007. Introduction: Seabirds as indicators of marine ecosystems. 538 
Mar. Ecol. Prog. Ser. 352, 199-204.  539 

 540 
 Rueden, C.T., Schindelin, J., Hiner, M.C., DeZonia, B.E., Walter, A.E., Arena, E.T., Eliceiri, K.W., 2017. 541 
ImageJ2: ImageJ for the next generation of scientific image data. BMC Bioinform. 18, 529. 542 
https://doi.org/10.1186/s12859-017-1934-z 543 

 544 
 Ryan, P.G., 2018. Entanglement of birds in plastics and other synthetic materials. Mar. Pollut. Bull. 135, 545 
159-164. https://doi.org/10.1016/j.marpolbul.2018.06.057 546 

 547 
 Ryan, P.G., 2020. Using photographs to record plastic in seabird nests. Mar. Pollut. Bull. 156, 111262. 548 
https://doi.org/10.1016/j.marpolbul.2020.111262 549 

 550 
 Schneider, C.A., Rasband, W.S., Eliceiri, K.W., 2012. NIH Image to ImageJ: 25 years of image analysis. 551 
Nat. Methods 9, 671-675. https://doi.org/10.1038/nmeth.2089 552 

 553 
 Stafford-Smith, M., 2014. UN sustainability goals need quantified targets. Nature 513, 281-281. 554 
https://doi.org/10.1038/513281a 555 

 556 
 Tavares, D.C., Moura, J.F., Merico, A., 2019. Anthropogenic debris accumulated in nests of seabirds in 557 
an uninhabited island in West Africa. Biol. Conserv. 236, 586-592. 558 
https://doi.org/10.1016/j.biocon.2019.05.043 559 

 560 
 Thompson, D.L., Ovenden, T.S., Pennycott, T., Nager, R.G., 2020. The prevalence and source of plastic 561 
incorporated into nests of five seabird species on a small offshore island. Mar. Pollut. Bull. 154, 111076. 562 
https://doi.org/10.1016/j.marpolbul.2020.111076 563 

 564 
 van Franeker, J., Kühn, S., 2019. Fulmar Litter EcoQO monitoring in the Netherlands: Update 2018. 565 
Wageningen Marine Research. http://doi.org/10.18174/486799 566 

 567 
 Verlis, K.M., Campbell, M.L., Wilson, S.P., 2014. Marine debris is selected as nesting material by the 568 
Brown Booby (Sula leucogaster) within the Swain Reefs, Great Barrier Reef, Australia. Mar. Pollut. Bull. 87, 180-569 
190. https://doi.org/10.1016/j.marpolbul.2014.07.060 570 

 571 
 Votier, S.C., Archibald, K., Morgan, G., Morgan, L., 2011. The use of plastic debris as nesting material by 572 
a colonial seabird and associated entanglement mortality. Mar. Pollut. Bull. 62, 168-172. 573 
https://doi.org/10.1016/j.marpolbul.2010.11.009 574 

 575 

https://doi.org/doi.org/10.1093/icesjms/fsn155
https://doi.org/10.1186/s12859-017-1934-z
https://doi.org/10.1016/j.marpolbul.2018.06.057
https://doi.org/10.1016/j.marpolbul.2020.111262
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1038/513281a
https://doi.org/10.1016/j.biocon.2019.05.043
https://doi.org/10.1016/j.marpolbul.2020.111076
http://doi.org/10.18174/486799
https://doi.org/10.1016/j.marpolbul.2014.07.060
https://doi.org/10.1016/j.marpolbul.2010.11.009


25 
 

 Wood, S.L.R., DeClerck, F., 2015. Ecosystems and human well-being in the Sustainable Development 576 
Goals. Front. Ecol. Environ. 13, 123. https://doi.org/10.1890/1540-9295-13.3.123 577 

 578 
 Wu, Q., Merchant, F., Castleman, K., 2008. Microscope Image Processing. Academic Press, Inc. 579 

 580 

 581 

  582 

https://doi.org/10.1890/1540-9295-13.3.123


26 
 

 583 

Fig. 1. A) One of the photographs used during the study (Rob Barrett). This Northern Gannet (Morus 584 

bassanus) colony is in Syltefjord, Norway. Note the deceased gannet circled in red. This gannet likely 585 



27 
 

died due to becoming entangled in rope used within the nest. B) Stylized depiction of where to 586 

measure on the culmen (the upper ridge of a bird bill) to set the scale for the entire photograph. This 587 

is indicated by the red line. Measure from the tip of the bill to the start of the feathering on the head 588 

and use ‘Set Measure’ in ImageJ to set the scale. This gannet was chosen as it is perpendicular to the 589 

photographer and is an adult. C) Stylized depiction of Method 2: ImageJ implemented grid overlay. 590 

Red cells indicate the presence of debris, green cells indicate the absence of debris (only natural nest 591 

material), the blue line  592 

 593 

 594 

 595 

 596 

 597 

 598 
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 599 

Fig. 2. Density curves of the proportion of debris visible at the nest surface (%) at each Northern 600 

Gannet (Morus bassanus) colony. Curves for Grassholm, Noss, and Sule Skerry are cut off due to the 601 

number of nests with no debris (0%). The curve for Syltefjord has been cut off at 100% because 602 

several nests had > 95% debris cover. This figure highlights that although the frequency of occurrence 603 

of nests containing debris is very high at all four colonies (77 – 100%), there is considerable variation 604 

in the severity of the issue. A large proportion of nests in Syltefjord had high levels of debris at the 605 

nest surface, compared to Noss and Sule Skerry where most nests contained a lower level of debris at 606 

the surface.  607 
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Table 1 608 

Details of the Northern Gannet (Morus bassanus) colonies analysed for Method 2: ImageJ implemented grid overlay (modified from 609 

O'Hanlon et al. (2019)), with a description of the percent cover of debris visible at the nest surface (this study). FO = frequency of 610 

occurrence (%). SD = standard deviation. Colonies that share the same superscript have proportions of nests with and without debris that 611 

are not significantly different from each other or proportions of visible debris in individual nests that are not significantly different from 612 

one another. 613 

 *Apparently occupied site (AOS)/apparently occupied nest (AON). 614 

Colony Country Coordinates 

AOS/AON* 

Sample 

year 

Number of 

nests 

sampled (% 

of colony) 

FO% of nests 

containing 

debris 

Proportion of visible debris at 

nest surface (%) 

n 

Year 

counted Mean ± SD Range 

Grassholm Wales 51° 44'N, 5° 29'E 39011 2009 2018 63 (0.16) 88.89a 37.98 ± 27.33b 0.00-95.00 

Noss Scotland 60° 9'N, 1° 1E 11786 2018 2018 109 (0.92) 81.65a 21.38 ± 19.17a 0.00-83.78 

Sule Skerry Scotland 59° 5'N, 4° 24'E 1870 2013 2018 88 (4.71) 77.27a 22.35 ± 19.09a 0.00-74.47 

Syltefjord Norway 70˚ 36’N, 30˚ 18’E 563 2016 2016 112 (19.89) 100.00b 71.27 ± 17.51c 14.29-96.88 

Overall      372  87.37 39.44 ± 29.67 0.00-96.88 


