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Abstract

Unlike records of plastic ingestion and entanglement in seabirds which date back to the 1960s, the
literature regarding debris in bird nests is comparatively limited. It is important to identify
standardised methods early so that data are collected in a consistent manner, ensuring that future
studies can be comparable. Here, we outline a method that can be applied to photographs for
estimating the proportion of visible debris at the surface of a nest. This method uses ImagelJ software
to superimpose a grid onto a photograph of a nest/s. The number of cells with and without debris are
then counted. Our proposed method is repeatable, straightforward, and accessible. We optimised the
method to estimate the level of visible debris in Northern Gannet (Morus bassanus) nests, however,
with some modification (i.e., adjustment of grid cell size), it could be applied to other seabird species,

and terrestrial birds, that incorporate debris within nests.
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1. Introduction

The United Nations Convention on Biological Diversity’s Aichi Targets and Sustainable Development
Goals (SDG), implemented in 2010 and 2015 respectively, have been criticised for lacking the
requirements of effective goals (Butchart et al., 2016; Stafford-Smith, 2014; Wood and DeClerck,
2015). Namely, the targets and goals have been labelled ‘aspirational’, rather than ‘realistic’, and are
missing key components that allow for checks on their progress. When developing policy related goals
or targets, it is imperative that they follow the SMART — Specific, Measurable, Achievable, Realistic
and Time-bound — criteria, otherwise it can be difficult to quantify the effect of management actions
and establish whether the aims have been met (Cormier and Elliott, 2017), especially when goals are
not measurable. Following the SMART criteria when creating global environmental policy, with a
particular focus on setting measurable outcomes, is incredibly important given the current state, and

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

One crucial component that has been recommended as a necessary addition to all targets is the use
of environmental indicators (Butchart et al., 2016), as they can aid with measuring the effectiveness
of goals. When used correctly, indicators can accurately reflect changes over time and provide policy
makers with early warning signs (Burger, 2006). Seabirds are ideal indicators of the marine
environment due to their position in the food web and their visibility in comparison to other marine
life (e.g., fish). They are also relatively easy to study (e.g., congregate in large numbers at few
locations) and there is widespread public interest in birds which can increase public engagement in
research or monitoring programs using citizen scientists (Frederiksen et al., 2007; Furness and
Camphuysen, 1997; Piatt et al., 2007). Seabirds have been used for many years as indicators of the

marine environment, providing information on pollution levels, prey stocks, and oceanographic
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conditions (Mallory et al., 2010; Parsons et al., 2008). A handful of seabird species, including the
Northern Fulmar (Fulmarus glacialis) and Laysan Albatross (Phoebastria immutabilis), have been
studied extensively as ingested debris items provide information on the types and quantities of
marine debris in their pelagic foraging grounds (Lavers and Bond, 2016; van Franeker and Kiihn,
2019). However, monitoring has been restricted somewhat by species’ geographical range, and is
reliant upon the retrieval of freshly deceased birds (e.g., beach-washed carcasses), and experts to

process samples.

By contrast, using seabird nests as indicators of marine debris has been recommended as an efficient
and relatively easy, rapid, and non-invasive method that can be undertaken during regular monitoring
of seabird colonies (Grant et al., 2018). It is becoming increasingly common to find marine debris
within the nests of seabirds (Jagiello et al., 2019; Tavares et al., 2019), and the data generated
through monitoring programs have been found to reflect items present in the surrounding
environment for some species (Thompson et al., 2020). For example, the proportion of Northern
Gannet (Morus bassanus) nests containing fishing gear has been linked to the number of nets set
around breeding colonies (Bond et al., 2012). Debris items in nests can also indicate the type, or
abundance, of debris and natural nesting materials available to birds (Lavers et al., 2013), or identify

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

Studies examining, and efforts to remove, debris incorporated in nests usually involve coming within
close contact to nests and the birds occupying them. This allows for thorough determination of
debris, including type, colour, and mass, but also introduces disturbance to colonies and can lead to

harmful consequences, such as predation of eggs or chicks (Ryan, 2020). Disturbance can be
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minimised by reducing time within colonies by photographing nests or eliminated entirely by taking
photographs from a distance. However, in these cases, and particularly when nests are inaccessible,
studies estimating the prevalence of debris have largely focused on documenting presence/absence.
While this provides useful data on the diversity of species utilizing debris, the presence of debris in
nests can be difficult to compare across species as not all species use it in the same manner. Factors
such as nest construction (e.g., surface, pedestal or woven) can influence the amount of debris
collected by the birds, or even the number of items recorded. For example, debris incorporated into
the pedestal nests of Northern Gannets may not be visible to observers collecting the data (for
example, items are obscured from view by the pedestal, or are incorporated within the nest matrix
and not visible; Montevecchi, 1991; Votier et al., 2011). Even within members of the same species,
the proportion of nests containing debris can be highly variable. In Northern Gannets, the proportion
of nests containing debris at three sites in eastern Canada ranged from 2 — 68%, even though

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

In many cases, variability in nest debris may be due to species or site-related differences (Grant et al.,
2018). However, across studies, the range of methods used to collect data on nest debris could also
explain some of the observed differences. Examination of whole nests can provide complete data on
the types and quantity of debris, as well as the mass of debris items (Votier et al., 2011), but is not
possible in all species. For example, some gannets and albatrosses reuse the same nest pedestal each
year (Aikman and Miskelly, 2004; Nelson, 1965) and thus it would be unethical and potentially
harmful to remove nests. While visual observations can be less invasive (e.g., photographs taken from
a distance), they may not document items that are obscured from view (O'Hanlon et al., 2019) and

obtaining information on precise amounts of debris (e.g., mass) is not possible without pulling the
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nest apart. In addition, having multiple observers to document debris in nests can result in large
variations due to human bias (O'Hanlon et al., 2019). In these instances, and for seabirds in general,
there is a need to develop a method that is repeatable among observers and reliably documents the
level of debris in the nest which is comparable across species and locations. It is of utmost importance
to establish this now while this issue is still relatively new. Here we describe a newly developed
method for assessing the quantity of nest debris. This method returns a level of measurement higher
(proportions; ratio data) than what is currently available (presence/absence; ordinal data), and is

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

2. Materials and methods

2.1. Method trials
To determine what method would be most suitable to quantify the level of debris visible at the nest
surface from photographs taken at Northern Gannet colonies, two similar point count methods were
trialled using two separate programs. Both methods were applied to the same five nests from
Syltefjord, Norway (Table 1; Fig. S1) to allow for direct comparisons. This colony is situated on a large
rocky stack; thus, photographs were taken from land a short distance away (<50 m) and at an angle
approximately horizontal to the colony/nests. The nests were photographed in 2013 with a NIKON
D7000 digital camera (4928 x 3264 pixels). The two methods were tested in a series of preliminary
trials to determine the optimal parameters (e.g., grid size, number of points). Once these were
decided upon, secondary trials were run between ‘experienced’ observers (people who had
previously worked with Northern Gannets and nests, minimum one season in the field) and ‘less

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

background.

2.1.1. Method 1: Coral Point Count with Excel extensions (CPCe)
The first method randomly assigned points over an image of a nest and then the material underneath
each point was identified. We applied this method using Coral Point Count with Excel extensions
version 4.1 (CPCe; Kohler and Gill, 2006). This is a Visual Basic program used almost exclusively in
coral reef surveys to calculate statistical cover of coral species and other benthic flora in still
photographs taken during transects. In practice, a specified number of points are distributed over an
image and then users identify the features under each point by using a unique code that contains all
benthic flora and fauna of interest (for more information, see: Kohler and Gill, 2006). CPCe was
modified by Verlis et al. (2014) for determining the cover of debris items and natural nest materials
within Brown Booby (Sula leucogaster) nests, and more recently, Thompson et al. (2020) used CPCe to

analyse European Herring Gull (Larus argentatus) nests.

Within CPCe we modified the code used for coral reef surveys to create three new major categories
and eleven sub-categories to suit the specific conditions of Northern Gannet nests (1. Debris Material:
Foamed synthetics, Hard plastic fragments, Sheet plastic, Threadlike plastic, Other. 2. Natural
Material: Natural material. 3. Tape, Wand, Shadow: Sky/cloud, Other nest, Water/ocean,
Rock/cliff/substrate, Bird. For full descriptions of the categories and subcategories we direct the
reader to Table S2). To determine the optimal number of points required to accurately reflect the
proportion of natural material and debris items used in nests, a preliminary trial was run. Six trial

rounds with varying numbers of points were tested on five nests. Points were distributed using the
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‘stratified random’ option, meaning that the image containing the nest was divided into x rows and y
columns with z randomly distributed points within each cell. This ensured that all sections of the nest
were covered, and reduced the potential for points to clump (Kohler and Gill, 2006). The six trials
used 25, 36, 49, 64, 81, and 100 points, each being square numbers with one point per cell. Due to the
irregular shape of nests and the inability to set anything other than a rectangular border on an image
for the points to fall within, several points would fall on areas outside of the nest. After running the
trials, it was decided that 100 points was the most suitable option as it allowed for points to fall

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

This method went through a secondary trial phase. CPCe has a built-in function to allow for
comparison between observers by creating .cpc files with identical distribution of points for each
image. Thus, we created inter-observer .cpc files with the same five nests from the preliminary trials.
Three experienced observers and three less-experienced observers then analysed each nest and
comparisons between observers were made to determine whether this method was repeatable in
estimating the level of debris visible at the nest surface among different observers (i.e., did all

observers identify material the same under each point?).

2.1.2. Method 2: ImageJ implemented grid overlay
The second method was based on superimposing a grid over a photograph of a nest and counting the
number of cells with and without debris items. We used Imagel version 1.52k (Schneider et al., 2012)
for this method. Imagel is a Java-based image processing and analysing software, designed primarily

for biological and physical sciences (Rueden et al., 2017).
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A scale was set for each individual image by measuring the length of culmen from tip to feathering of
an adult gannet perpendicular to the photographer (Fig. 1B; Table S1). A non-destructive (i.e.,
superficially applied) grid overlay was centred on individual images and nests were outlined for ease

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

counter.html) was used to assign a ‘1’ to grid cells within a nest that did not contain any debris (only
natural material) and a ‘2’ to grid cells within a nest where debris was present (Fig. 1C). The

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

Firstly, we ran a preliminary trial with five different grid sizes (36 cm?, 49 cm?, 64 cm?, 81 cm?, and 100
cm?) and applied these to the same five nests from the Method 1trials. When choosing these grid
sizes for the trial we considered several factors, including 1) the size of gannet nests, 2) the time taken
to analyse individual nests, and 3) the size and type of debris incorporated within nests. The optimum
grid size was determined by calculating the anomaly (deviation from the mean Frequency of
Occurrence (FO%; i.e., percentage of debris in a nest) for each nest for each grid size), with the
smallest anomaly being the optimal grid size. Thus, the optimum size was calculated as 64 cm? (see

Results).

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

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

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

2.2. Applying Method 2: ImageJ implemented grid overlay to colonies
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After the preliminary and secondary trials were run and the results were analysed, we concluded that
Method 2: Imagel) implemented grid overlay was more successful than Method 1: CPCe. Thus, we put
Method 2 to practice on a larger scale and used it to analyse nests from four Northern Gannet
colonies (Noss, Sule Skerry, Grassholm, Syltefjord; Table 1) for the presence and proportion of debris,
as visible from photographs. The optimal grid size, determined during the preliminary trials, was 64
cm?. As such, all suitable nests within photographs from the four colonies had this grid size applied.
Nests that were obscured by gannets, or where a large portion of the nest was not visible, were

excluded from the analysis.

2.2.1. Statistical analysis to compare colonies
All statistical analyses were completed in R version 3.5.3 (R Core Team, 2019) and followed a similar
approach as Grant et al. (2018). The proportion of nests with and without debris present at each
colony were investigated using a generalized estimating equation with the package geepack v1.2-1
(Hpjsgaard et al., 2005), and a Tukey post-hoc test was implemented with the package Ismeans v2.30-
0 (Lenth, 2016) to further examine any differences in proportions. The proportion of debris visible at
the nest surface at each colony was analysed using a general linear model and the package multcomp
v1.4-10 (Hothorn et al., 2008), and further comparisons were made with a Tukey post-hoc test.

Results were considered significant when P < 0.05.

3. Results
3.1. Method trials overall
Overall, we found the Method 2: Imagel implemented grid overlay to be much more suitable for the

determination of debris than Method 1: CPCe. CPCe was more time consuming and more complex
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than Method 2 and had many limitations. For example, the debris type predominately used in
Northern Gannet nests is rope and netting, which are typically elongated. During the preliminary
trials, we found the points would fall on either side of a debris item due to the limited surface area,
which lead to inaccuracies (i.e., if all points fell on natural material only, then the nest would be
classified as clean even if there was in fact a high proportion of debris within the nest). Because of
this, we changed the distribution of points from ‘random’ to ‘stratified random’ to ensure that all
sections of a nest were covered, but this still resulted in missed debris, meaning that Method 1 was
not accurate enough to reflect the level of visible debris in Northern Gannet nests. In addition, when
Method 1 was trialled with multiple users to test for repeatability, it resulted in large variations across
and within expertise levels. For example, in one of the trial nests, the estimated proportion of visible

debris ranged from 29.03 — 81.16%.

By contrast, Method 2 was quick, easy, and had more flexibility which reduced some of the problems
experienced with Method 1. For example, CPCe only allows for rectangular images to be analysed,
which resulted in points falling outside of a nest, whereas with the method in Imagel, the edge of the
nest can be outlined thus meaning that only the nest itself is quantified. In addition, CPCe only allows
for the analysis of one nest at a time, which meant that photographs containing more than one nest
(which is often the case) had to be cropped and split into as many separate image files as there were
nests in the original photograph. Of course, for some photographs of colonies, that could mean
upwards of 50 individual new files. With Imagel this was not necessary, and a photograph could be

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

3.2. Method trials — Method 2: ImageJ implemented grid overlay
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The optimal grid size was deemed to be 64 cm?. This grid size had the smallest mean anomaly (2.14%)
compared to all other sizes (range = 2.24 — 3.44%). In the secondary trials, there were large deviations
in the results of less experienced observers, with the mean across all five nests being 28.55% (range =
12.50 — 43.48%). However, when experienced observers analysed the same nests, the mean was
much smaller and results were more consistent (11.67%, range = 5.60 — 19.56%), indicating that

experience level needs to be considered.

3.3. Comparison of colonies
A total of 372 Northern Gannet nests were analysed from photographs taken at four colonies
between 2016 — 2018 (Table 1). All colonies had nests with debris incorporated and one colony
(Syltefjord) had an 100% frequency of occurrence rate of nests with debris. The three remaining
colonies all had > 75% occurrence rate and were all statistically similar to one another (range = 77.27
— 88.89; Table 1). The mean * SD proportion of debris visible at the nest surface across colonies was
39.44 + 29.67 (range = 0.00 — 96.88) and differed significantly between colonies (F3, 365 = 141, P <
0.001; Fig. 2). Nests at Syltefjord had a higher proportion of nests with visible debris (71.27 + 17.51,
range = 14.29 — 96.88) than the other three colonies, with 85.71% of nests (n = 96 nests) having > 50%
of debris visible at the nest surface, compared to the colonies at Noss (10.09%), Grassholm (38.10%)

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

4. Discussion
Here, we provide a standardised method that reliably estimates the level of visible debris in Northern
Gannet nests that is repeatable, non-invasive, non-destructive, and comparable across locations. With

a few small modifications this approach can also be applied to other species with similar nesting
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habits. To date, unless nests are accessible to record or remove debris, many studies exploring nest
incorporation of debris by seabirds only record the presence or absence of debris. While this is
valuable to indicate the extent of plastic pollution in a colony, it provides little information on the
severity of the issue, which is necessary to quantify the effectiveness of management actions and
regulation. For example, if we only measured presence and absence at Noss, Sule Skerry, Grassholm
and Syltefjord, then we would have deemed all four colonies to be impacted by debris in a similar
manner (P/A range = 77.27 — 100.00%), however, when we applied the proposed method to
determine the proportion of visible debris for each nest across all colonies, we discovered that nests
at Syltefjord were severely impacted by debris, in comparison to the remaining three colonies,

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

4.1. Trials and possible different methods
Many image processing software tools and programs have been developed to process biological
images, and recent advances mean this approach can be applied to new and varied research
guestions. However, in many instances, the photographs are taken under a microscope using identical
lighting conditions, include a scale, and have little colour variation (Wu et al., 2008). By comparison,
the photographs of Northern Gannet colonies are highly variable. For example, the lighting conditions
may depend on the time of day and/or year or weather, there is no in-built scale, photographs could
be taken from several meters to > 30 m away, from land or a moving vessel, and taken with different
cameras of varying quality. An additional challenge is that no two nests are the same. Northern
Gannet nests vary in size, shape, and material (both natural and anthropogenic). Nests constructed on
cliffs are often quite different in size/shape to nests built on flat ground, neighbouring nests may

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

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

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

293  capture the variation in photographs and the complexity of nests. Therefore, a manual method for
294  quantifying the debris was required.

295

296 4.2. Limitations of Method 1: CPCe

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

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

299  anthropogenic and natural materials in Brown Booby nests in the Great Barrier Reef. Photographs
300 were taken ~1 m directly above the booby’s nest. Because Brown Booby nests are simple structures,
301  Verlis et al. (2014) were able to collect the debris from each nest in order to verify their estimates
302 from the images, reporting that percentage cover of debris in photographs of nests was positively
303 correlated with the number of debris items (R* = 0.975, P = 0.0001), and suggesting that CPCe could
304 be used to quantify the cover of debris within nests when items cannot be retrieved. More recently,
305 Thompson et al. (2020) used CPCe for the analysis of European Herring Gull nests using an approach
306  similar to Verlis et al. (2014), and proved to be successful. For these reasons, CPCe was trialled with
307 Northern Gannet nests. However, unlike Brown Boobies and Herring Gulls which are surface nesters,
308 Northern Gannets create complex nest pedestals which are often retained and built-up over multiple
309 years (Nelson, 2002). This means nest material — natural or anthropogenic — are intertwined, and
310  collection of debris is impossible without destroying the nest or removing the nest entirely to be

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

312  rocky outcrops which are difficult to access and rarely allow for photographs to be taken directly from
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above (i.e., 1 m above as per the two aforementioned studies). However, this means that the
photographs that are taken result in little to no disturbance to the colony or individuals within nests
(i.e., the photographer does not need to flush the bird from the nest to take a photograph). Despite
CPCe not being suitable for Northern Gannet nests, it is likely suitable for ground nesting species or
perhaps even when nests are easily accessed and can be photographed directly from above, as in the

case with Brown Boobies and Herring Gulls.

4.3. Benefits of ImageJ and the proposed method
We found ImagelJ and the proposed method therein (Method 2) to be much more suitable than CPCe
for estimating the proportions of visible debris for several reasons. Importantly, the software is freely
available to anyone with internet access. While the method described here is relatively simple, Image)
has the capacity for complex image processing. The popularity of ImagelJ also means that there are
innumerable resources to assist users with the proposed method (e.g., user forum sites such as Stack

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

Counter) allows for users to save the defined X and Y coordinates to an .xml file, thus creating a
permanent record for validation or future revaluation. This will be particularly useful in terms of
addressing trends over time. Furthermore, photographs of colonies will be permanent records of

pollution levels over the years.

During the preliminary trials to determine the optimal grid size, several factors were taken into
consideration. Namely, the size of a nest, the size and shape of common debris items used as nest
materials by Northern Gannets, and the time taken to analyse an individual nest. For example, with a

bigger grid size, the time taken to analyse a nest is reduced, but the proportion of visible debris as
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calculated by different observers increases as there are fewer grid cells, and even a change of one or
two cells influences the overall proportion. With a smaller grid size, the overall time taken to analyse
the nest increases but may lead to better estimates. The grid size of 64 cm? was chosen as it balanced
each of these factors. Importantly, as a scale is manually set to the image (by measuring the culmen
length of an adult gannet), the superimposed grid is scaled to the size of the nest, which means for
larger nests, there will be more cells, whereas for smaller nests, there will be fewer cells. This is
particularly important for the nests of Northern Gannets, as they can be highly variable in size. Ryan
(2020) analysed Brown Noddy (Anous stolidus) nests from the South Pacific by using photographs, and
for those nests with high debris loads, superimposed a 5 x 5 grid using PowerPoint to aid estimations.
However, this method does not take into account size differences in nests. Additionally, the perimeter
and area of the nest is calculated as a by-product of the method. While we have not used this
information here, it could be useful to potentially determine age of nests or growth of nests over

time.

The framework for analysis, scaling an image, applying a grid, and counting the proportions of cells
with and without debris is a significant step forward. By scaling the grid, we believe that it could be
translated for other bird species, particularly those that nest in hard to access locations (e.g., cliffs) or
those that create complex nest structures (e.g., pedestal type). This is a critical component of our
method. The grid size of 64 cm? was optimised for Northern Gannets, but we suggest that with some
modification to the grid size the method would be suitable for a range of seabird species, such as
kittiwakes (Rissa spp.) and cormorants (Phalacrocoracidae), but possibly also for terrestrial species,
e.g., storks (Ciconiidae) and eagles (Accipitridae). We suggest following a similar approach to

determine the optimal grid size for the nests of the chosen species, by considering the various
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parameters (e.g., nest size). For instance, if analysing stork nests, which are typically large, users may
choose a larger grid size to reduce the time taken to analyse individual nests. Ideally, we want this
method to be used for all species, and want this process standardised now, so that in the future we

can compare not only within, but also among species.

4.4. Limitations with proposed method
The main limitation of using any method to estimate the level of debris in a nest using photographs is
that we can only calculate the proportion of debris visible at the surface of the nest and the side of
the nest facing the photographer/where the photograph was taken, not the total proportion of debris
within a nest or the mass of debris items. Therefore, estimates of debris at the surface may not be
reflective of the level of debris within an entire nest. However, if the aim is to measure trends in
plastic pollution over time, it may not be necessary to obtain data on the total amount of debris
within a nest. Instead, it is more important to have a reliable and repeatable, as well as feasible,
measure of detecting changes in debris at the nest surface over time. Furthermore, the visible
proportion of the nest is the part where nest material may come into direct contact with birds and is
more likely to cause harm to an individual, as opposed to material incorporated within the structure
of the nest pedestal that cannot harm an individual unless exposed. The visible debris at the nest
surface can therefore be used to determine the entanglement risk posed by the debris, with a higher
proportion more likely to lead to entanglement. If the quality of the photographs is adequate, the
proportion of debris at the nest surface could also be recorded by debris type and colour to explore
further the potential source of debris, and whether the debris in nests reflects that in the wider
environment. Recording debris type would also be particularly valuable to provide additional

information on entanglement risk, with threadlike material having a higher entanglement risk (Fig. 1A;
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Ryan, 2018). The accuracy of estimates of levels of nest surface debris will be influenced by the quality
of the photographs used, which can be highly variable, and this can change with the time of day,

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

4.5. Crowdsourcing photographs and involvement of community scientists
While we suggest that nests be analysed by experienced observers only, we believe there is a real
opportunity and benefit to crowdsourcing photographs of Northern Gannet colonies from community
scientists. Many seabird colonies are visited by ecotourists, bird watchers, and photographers
meaning that photographs could easily be obtained for gannets, but also for other species that have
similar nests for which this method could also work. Public participation in science inspires and
educates the public on key topics (Ballard et al., 2017; Donnelly-Greenan et al., 2019), while
generating many images at little/no cost and can also encompass temporal and spatial variability. For

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

whereby anyone can upload a photograph of a bird entangled in debris or using debris as a nesting
material from all over the world. With any form of community science, there are going to be some
drawbacks. However, this can easily be addressed by introducing quality assurance and quality control
(QAQC) measures. For example, education (e.g., pamphlets on tour boats) to ensure photos are of

suitable standard.

4.6. Future directions
The method that we have developed here will allow us to compare not only colonies, but also nests
over time and space. If photographs are taken of the same nest at the same time each year (or other

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

18


https://www.birdsanddebris.com/

405

406

407

408

409

410

411

412

413

414

415

416

is growing or otherwise. The ability to quantify such changes is valuable to determine the
effectiveness of regulations introduced to reduce debris in the marine environment, such as the
European Union Extended Producer Responsibility initiatives. Therefore, our proposed method aligns
with the SMART criteria, as policy makers could use it to measure the outcome of marine debris-

focused goals.

Gannets are a wide-ranging species, with colonies that are relatively accessible, meaning that anyone
can take photographs of nests. These attributes provide a complimentary indicator species for plastic
pollution alongside species studied extensively for ingested debris (i.e., Northern Fulmar; van
Franeker and Kihn, 2019), which is not reliant on freshly deceased birds, or experts. Therefore, we
propose that this method for analysing gannet nests is ideal to assess trends in pollution, particularly

fishing related debris.
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583

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

585  bassanus) colony is in Syltefjord, Norway. Note the deceased gannet circled in red. This gannet likely
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died due to becoming entangled in rope used within the nest. B) Stylized depiction of where to
measure on the culmen (the upper ridge of a bird bill) to set the scale for the entire photograph. This
is indicated by the red line. Measure from the tip of the bill to the start of the feathering on the head
and use ‘Set Measure’ in Imagel to set the scale. This gannet was chosen as it is perpendicular to the
photographer and is an adult. C) Stylized depiction of Method 2: Image) implemented grid overlay.
Red cells indicate the presence of debris, green cells indicate the absence of debris (only natural nest

material), the blue line
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Fig. 2. Density curves of the proportion of debris visible at the nest surface (%) at each Northern
Gannet (Morus bassanus) colony. Curves for Grassholm, Noss, and Sule Skerry are cut off due to the
number of nests with no debris (0%). The curve for Syltefjord has been cut off at 100% because
several nests had > 95% debris cover. This figure highlights that although the frequency of occurrence
of nests containing debris is very high at all four colonies (77 — 100%), there is considerable variation
in the severity of the issue. A large proportion of nests in Syltefjord had high levels of debris at the
nest surface, compared to Noss and Sule Skerry where most nests contained a lower level of debris at

the surface.
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Table 1

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

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

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

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

Number of Proportion of visible debris at
AOS/AON* nests FO% of nests nest surface (%)
Year Sample sampled (% containing
Colony Country Coordinates n counted year of colony) debris Mean * SD Range
Grassholm Wales 51°44'N,5°29'E 39011 2009 2018 63 (0.16) 88.89° 37.98 +£27.33° 0.00-95.00
Noss Scotland 60° 9'N, 1° 1E 11786 2018 2018 109 (0.92) 81.65° 21.38£19.17° 0.00-83.78
Sule Skerry Scotland 59°5'N, 4° 24'E 1870 2013 2018 88 (4.71) 77.27° 22.35+19.09° 0.00-74.47
Syltefjord Norway  70°36’N, 30° 18’E 563 2016 2016 112 (19.89) 100.00° 71.27 £17.51¢  14.29-96.88
Overall 372 87.37 39.44 + 29.67 0.00-96.88

one another.

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