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INTRODUCTION

In the past ten years, the use of aerial drones has seen enormous 
uptake in environmental biology (Nowak et al. 2019). As platforms 
have become easier to fly, smaller, and more affordable, drones 
have become an increasingly cost-effective method of gathering 
finer spatial and temporal resolution data from the air. The number 
of publications on Web of Science referring to ‘drone,’ ‘unmanned 
aerial,’ ‘unmanned aircraft,’ ‘remotely piloted aerial,’ or ‘remotely 
piloted aircraft’ has increased by approximately 40% from 2015 to 
2020 (Hyun et al. 2020). While drones are known under a variety 

of terms, including unoccupied aerial vehicles (UAVs), unoccupied 
aerial systems (UAS), and remotely piloted aircraft systems 
(RPAS), they are all characterised as small powered aerial vehicles 
that can be flown remotely or autonomously and carry a payload 
(Rush et al. 2018, Johnston 2019, Edney & Wood 2021). Here, we 
refer to all of the above as ‘drones,’ as the term is simple and in 
widespread use by non-specialists (Chapman 2014). 

Seabirds are one of the most threatened groups of birds, so effective 
monitoring is needed to understand reasons for decline (Croxall et 
al. 2012). While detailed protocols exist for manually surveying 
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ABSTRACT
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for using drones in seabird monitoring and research. Marine Ornithology 51: 265–280.

Over the past decade, drones have become increasingly popular in environmental biology and have been used to study wildlife on all 
continents. Drones have become of global importance for surveying breeding seabirds by providing opportunities to transform monitoring 
techniques and allow new research on some of the most threatened birds. However, such fast-changing and increasingly available technology 
presents challenges to regulators responding to requests to carry out surveys and to researchers ensuring their work follows best practices 
and meets legal and ethical standards. Following a workshop convened at the 14th International Seabird Group Conference and a subsequent 
literature search, we collate information from over 100 studies and present a framework to ensure drone-seabird surveys are safe, effective, 
and within the law. The framework comprises eight steps: (1) Objectives and Feasibility; (2) Technology and Training; (3) Site Assessment 
and Permission; (4) Disturbance Mitigation; (5) Pre-deployment Checks; (6) Flying; (7) Data Handling and Analysis; and (8) Reporting. 
The audience is wide-ranging with sections having relevance for different users, including prospective and experienced drone-seabird pilots, 
landowners, and licensors. Regulations vary between countries and are frequently changing, but common principles exist. Taking-off, 
landing, and conducting in-flight changes in altitude and speed at ≥ 50 m from the study area, and flying at ≥ 50 m above ground-nesting 
seabirds/horizontal distance from vertical colonies, should have limited disturbance impact on many seabird species; however, surveys 
should stop if disturbance occurs. Compared to automated methods, manual or semi-automated image analyses are, at present, more suitable 
for infrequent drone surveys and surveys of relatively small colonies. When deciding if drone-seabird surveys are an appropriate monitoring 
method long-term, the cost, risks, and results obtained should be compared to traditional field monitoring where possible. Accurate and 
timely reporting of surveys is essential to developing adaptive guidelines for this increasingly common technology.
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breeding seabirds (Walsh et al. 1995), challenges remain, such 
as access, viewing, disturbance, and cost (both time and money), 
which has often limited the scale of monitoring efforts (Carney & 
Sydeman 1999, Mitchell & Parsons 2007, Paleczny et al. 2015, 
Rush et al. 2018). Drones are providing opportunities to overcome 
some of these challenges and have been used for monitoring of a 
variety of seabird species and for a range of purposes, including 
measurement of abundance, distribution, and breeding success 
(Edney & Wood 2021). 

Drones can access areas that are difficult or dangerous for fieldworkers 
to reach, which means entire breeding populations may be surveyed, 
rather than sub-plots due to access or time restrictions for fieldwork 
(Rush et al. 2018). They are often able to survey areas faster than 
direct field observations with the naked eye or binoculars and are 
also capable of surveying larger areas than can be captured on-site 
with handheld cameras, although this depends on suitable weather 
for flying (McClelland et al. 2016). Furthermore, drones can be 
less disruptive than ground counts, as less time is spent in animals’ 
territory and observation is from the air rather than the ground (Sardà‐
Palomera et al. 2012). These advantages are becoming particularly 
apparent in the face of disease outbreaks, such as highly pathogenic 
avian influenza (HPAI), where fast and non-invasive monitoring 
is needed to track rapidly changing populations (Millar 2022, 
Cunningham et al. 2022). Nonetheless, using drones for seabird 
monitoring is not without difficulties.

Public perception of drones can be an issue for survey work due to 
privacy concerns, an association with the military, the idea of drones 
‘ruining’ the natural landscape, encouraging tourists to fly drones 
in nature reserves, and potential disturbance to wildlife (Vacca & 
Onishi 2017, Johnston 2019, Dukowitz 2019, Duporge et al. 2021). 
Novices attempting survey work without adequate knowledge of 
aviation regulations or animal behaviour are at risk of breaking 
the law and putting people and wildlife in danger (Krause et al. 
2021). Yet, the steps to acquire this knowledge and the necessary 
qualifications can be unclear and time-consuming, and hence, there 
is a need to synthesise the current state of knowledge.

A workshop was convened at the 14th International Seabird Group 
Conference 2018 to discuss the use of drones in seabird monitoring 
and research and to develop guidance to ensure practitioners and 
researchers are confident that flights are legal, safe, and obtain the 
results required (Wood 2022). This review focuses on eight key 
steps the workshop identified for this to happen: (1) Objectives and 
Feasibility; (2) Technology and Training; (3) Site Assessment and 
Permission; (4) Disturbance Mitigation; (5) Pre-deployment Checks; 
(6) Flying; (7) Data Handling and Analysis; and (8) Reporting. An 
advanced literature search collated information from over 100 studies 
that had not previously been brought together in one place. As a 
result, the overall audience is broad, with specific sections having 
more or less relevance for different users. The presentations from the 
workshop can be viewed online (Wood 2022). 

LITERATURE SEARCH

We performed an advanced search using scientific search engines 
Web of Science and Scopus on 13 February 2023, for published 
studies containing keywords: ‘seabird,’ ‘waterbird,’ or ‘penguin,’ 
and ‘UAV,’ ‘UAS,’ ‘RPAS,’ ‘Unmanned Aerial Vehicle,’ ‘Unmanned 
Aerial System,’ or ‘Remotely Piloted Aircraft System.’ We repeated 
this search using the Google Scholar search engine to identify grey 

literature, including conference papers and unpublished reports. 
Collated sources were screened and included in the final dataset if 
the study used drones to monitor/research seabirds, and personal 
communications were added. Scientific reviews summarising others’ 
research were excluded. The final dataset synthesised information on 
study aim; seabird species; life-history stage; assemblage; drone type; 
drone engine; image/video analysis method; disturbance information; 
and comparison with traditional monitoring techniques (Table A1 in 
Appendix, available on the website). 

The literature search yielded 114 relevant studies, with the first 
study using drones to monitor abundance of a seabird colony being 
published in 2012 (Sardà‐Palomera et al. 2012). Since then, the 
number of publications on this topic has steadily increased over 
time (Fig. 1A). Most studies focused on breeding seabirds (84%) 
and measured their abundance (57%), although the diversity of 
study objectives has increased as the technology has developed 
(Fig. 1B). Further results are discussed within the eight-step 
framework detailed below. 

FRAMEWORK

Objectives and Feasibility

Clear objectives are needed to determine whether drones are an 
appropriate monitoring method. While drones can offer a number of 
advantages compared to ground surveys and other aerial techniques, 
they may not be necessary, and the total time, cost, and disturbance 
incurred should be compared for each survey method (Tables 1, 2). 
The training and licensing procedure can take time and resources 
that may be better allocated elsewhere. Occasionally, cameras on 
long poles can achieve similar results (McDowall & Lynch 2017), 
and for large species, satellite imagery may be available to count 
a population (Fretwell et al. 2017). The type of drone needed will 
also inform whether drones could be used, as they have a range of 
battery capacities, purposes, prices, and disturbance risks. This is an 
important first consideration when deciding whether drones are the 
most effective survey technique for a given task.

Technology and Training

Choice of technology 

There are many factors to consider when choosing a drone, including 
transportation, take-off and landing requirements, manoeuvrability, 
battery life, wind stability, temperature tolerance, water resistance, 
and sensor payload requirements. Drones commonly used for 
wildlife surveys can be classified into two main types: fixed-wing 
and multi-rotor (Table 3; Verfuss et al. 2019, Dunn et al. 2021). 
Out of 114 drone-seabird studies, 81% used multi-rotors. They are 
typically smaller, more manoeuvrable, and easier to fly, enabling 
easier transportation (e.g., in a rucksack), take-off from small 
spaces (e.g., boats), and reduced disturbance risk (see section 
‘Disturbance Mitigation’). Fixed-wing drones may be more efficient 
for colonies containing many individuals (tens of thousands) and 
spread across large areas (km) because higher flight speed and 
longer flight duration means they can cover a larger area per survey, 
although such colonies can also be surveyed with multi-rotors given 
sufficient batteries and time (Raoult et al. 2020, Lyons et al. 2019). 
Improved battery endurance in recent years means survey coverage 
is more likely to be limited by regulations restricting flying Beyond 
Visual Line of Sight, rather than battery power. 
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The type of payload will also affect drone choice. In the past, 
commercial multi-rotors have commonly used a digital camera that 

takes Red Green Blue (RGB) images and videos (Johnston 2019, 
Raoult et al. 2020), but they are increasingly carrying additional 

Fig. 1. (A) Number of studies that have used drones to monitor/research seabirds each year from 2012–2022 (n = 114), as identified from 
our literature search. (B) Number of studies that used drones to monitor/research seabirds each year from 2012–2022, where the study aim 
has been categorised into one of twelve groups (n = 140, studies with multiple aims have been included more than once [i.e., once per aim]). 
Data from 2023 were excluded because the year is not yet complete. 
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sensors, such as active infrared (short wavelength infrared), thermal 
(mid-long wavelength infrared), and hyperspectral (wavelengths 
across the electromagnetic spectrum). Thermal sensors can be 

useful for detecting birds with cryptic colouration in environments 
where the animal’s reflection in the visible wavelengths contrasts 
with the surrounding’s reflection (Lee et al. 2019, Lethbridge et al. 

TABLE 1
Advantages and disadvantages of using drones to monitor seabirds compared with  

ground-based field observations; adapted from Edney & Wood (2021)

Advantages Disadvantages

• Operate at locations and times when field observations 
would be near-impossible. For example, remote 
locations (e.g., survey small islands from a boat), 
onshore and offshore, difficult terrain (Rush et al. 
2018, Scarton & Valle 2022).

• Surveying from a boat can avoid landing on remote 
islands, reducing risk posed to researchers from 
difficult boat landings in some cases, and minimising 
biosecurity risks and wildlife disturbance (Dickens et 
al. 2021).  

• Reduced nest and site disturbance compared with 
walk-through surveys (Rush et al. 2018).

• Cover large areas in a short time (Valle & Scarton 
2021b, Corregidor-Castro et al. 2022)

• Combine habitat mapping and seabird occupancy 
from images, to investigate how habitat features affect 
populations (Oosthuizen et al. 2020).

• Georeferenced photographs allow for accurate 
geolocation of colonies and nests within and between 
seasons (Pfeifer et al. 2019). 

• Permanent record viewable any number of times, 
available for independent verification, and re-analysis 
when new research questions and techniques become 
available (Thaxter & Burton 2009, Buckland et 
al. 2012, Hodgson et al. 2018). 

• Annotating images can improve accuracy of counts 
when presented with a large number of individuals, 
whereas field observers might find it hard to keep 
track of birds that have/have not been counted 
(Hurford 2017, Hodgson et al. 2018) 

• Reduced use in areas with limited electricity and internet, which may be 
needed to charge batteries and update software. A fuel-powered generator 
may be required (Radjawali et al. 2017, Nowak et al. 2019). 

• Vulnerable to damage or loss of control in adverse weather conditions, 
whereas field observations can often occur in more inclement weather. For 
example, small drones are unable to operate in windy conditions, and low 
temperatures can reduce battery life or prevent take-off for some models 
(e.g., DJI). Waiting for the right conditions can make survey times longer 
than direct counts, and survey cancellations waste the opportunity costs of 
travelling to the site (Chabot et al. 2015, McClelland et al. 2016)

• Large amount of data to handle and analyse, and processing and analysis 
requires specialised training and software (Rush et al. 2018).

• Data quality depends on operator skill, and environmental and meteorological 
conditions during flight. Birds flying over/in front of the colony could 
obscure the objects of interest behind them in images (Nowak et al. 2019).  

• Animals may modify their behaviour in response to a flying object, 
increasing intraspecific aggression, predation of eggs or chicks, and nest 
abandonment. Some birds (e.g., raptors) may also attack the drone, and 
drone crashes in the colony could injure or kill birds (Borrelle & Fletcher 
2017, Brisson-Curadeau et al. 2017, Rush et al. 2018). 

• If an image is not clear, there is no opportunity to return/wait for a bird to 
move, unlike in the field. For example, field observers may wait for an adult 
to shift position to determine whether an egg/chick is present in the nest, but 
this is not possible when viewing an image afterwards (Walsh et al. 1995). 

• Local, national and regional administrative regulations can affect possibility 
of data acquisition (Chabot et al. 2015, Nowak et al. 2019).

• Upfront cost of training and purchasing a drone makes surveys more 
expensive than field observations (e.g., using notebook, pencil and 
binoculars) for one-off or a small number of surveys; and multiple flights 
may be required to cover larger areas, increasing survey time (Albores-
Barajas et al. 2018).

TABLE 2
Advantages and disadvantages of using drones to monitor seabirds compared with  

aerial surveys from occupied aircraft; adapted from Edney & Wood (2021)

Advantages Disadvantages

• Manoeuvrable, so can operate over small areas and monitor small 
objects (Nowak et al. 2019). 

• Greater control over the scale, quality, and temporal and spatial 
resolution of images (Thaxter & Burton 2009, Korczak-Abshire et 
al. 2019, Nowak et al. 2019)

• Flexible angles of view can observe birds in a range of habitats and 
help reduce missed counts, especially when combined with thermal 
cameras to locate cryptic nests (Villegas et al. 2018, Shewring & 
Vafidis 2021).

• Portability and limited launch requirements allow operation in most 
locations and terrains, including from boats (Goebel et al. 2015).

• Cost-effective (short survey time, low purchase, and operation 
costs; Bibby et al. 2000, Buckland et al. 2012, Rush et al. 2018, 
Villegas et al. 2018, Nowak et al. 2019, Scarton & Valle 2022).

• Reduced use in areas with limited electricity and internet, 
which may be needed to charge batteries and update 
software. A fuel-powered generator may be required 
(Radjawali et al. 2017, Nowak et al. 2019). 

• Operation generally limited to direct line of sight, which can 
prevent surveys of certain areas (e.g., headlands) from land. 
This requires the drone to be flown from a boat.

• More affordable (usually smaller) drones have sensors that 
take lower resolution images and often have lower battery 
life, increasing the number of flights needed to survey a 
given area, and thus survey time (Nowak et al. 2019).  
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2019, Corregidor-Castro et al. 2021). Most multi-rotors stabilise 
the payload with gimbals to improve image and video quality, 
especially when flying at higher speeds, while fixed-wings rarely 
use gimbals as their flight is more stable (Gašparović & Jurjević 
2017, Brinkman & Garcelon 2020). 

Camera specifications are important as well, as they will affect 
ground sample distance (GSD; the distance between two consecutive 
pixels in the image on the ground; small GSD means higher 
spatial resolution and more image detail) and risk of motion blur 
(O’Connor et al. 2017, Hayes et al. 2019, Mustafa et al. 2019). 
O’Connor et al. (2017) provide worked examples of how to achieve 
high-quality images by considering imaging configuration (pixel 
size, focal length, sensor size, and flight height) and exposure 
settings (ISO, aperture, shutter speed, focus and flight velocity). 
In summary, the GSD should be less than one-fifth of the size of 
the features of interest, and the flight height needed to obtain the 
required GSD can be calculated using: 

GSD ≈
H x Sdet

f

where H is flight height, f is focal length, and Sdet is width per pixel 
on the sensor (pixel pitch). If the required flight height is unsafe and 
may lead to disturbance (see ‘Disturbance Mitigation’), then lens 

focal length or sensor resolution could be increased to mitigate the 
challenge of maintaining GSD while operating at increased altitude. 
Motion blur should be kept < 1.5 times the GSD, and the required 
flight speed or shutter speed to achieve this can be calculated using: 

b =
v × t
GSD

where b is motion blur (in pixels), v is velocity, and t is shutter 
speed. In general, choosing cameras with larger sensors (to 
maximise sensitivity and reduce GSD) and minimum effective focal 
lengths of 24–35 mm (to minimise errors due to lens distortion), and 
optimising ISO (to ensure shutter speed is fast enough to minimise 
motion blur), will help provide suitable image quality at appropriate 
flight heights and speeds (O’Connor et al. 2017). Once the drone 
and payload have been chosen, it is important to consider how the 
specifications will affect flight training and permissions.

Flight regulations and training 

Each operation should ideally have two people, a pilot and a 
visual observer, to aid with situational awareness given the pilot’s 
attention is divided between aircraft and screen (Dickens et al. 
2021). Flight regulations vary by country and the nature of flights 
(examples in Table A2 in Appendix, available on the website), 

TABLE 3
Comparison of multi-rotor and fixed-wing drones

Multi-rotor Fixed-wing

• Length usually from 35 to 150 cm and can normally be folded 
for transportation (e.g., can carry in a rucksack) (Johnston 
2019). 

• Wingspan usually from 90 to 350 cm but can exceed 20 m 
(Johnston 2019). 

• Small multi-rotors (often < 250 g) typically require less pilot 
training as they present a lower risk when flying. 

• Larger size means additional training and permits often needed. 

• Can take-off and land vertically in small areas (e.g., from the 
deck of a small boat) and from rugged terrain (Johnston 2019, 
Raoult et al. 2020). 

• Often require launcher or runway for take-off, although some 
(expensive) models can take-off vertically (Chabot et al. 2015).

• Agile manoeuvring and hovering and easier to fly. Allows image 
capture at appropriate angles for surveying cliff nesting seabirds, 
due to the aspect of the cliffs (Linchant et al. 2015). 

• Lower manoeuvrability cannot remain stationary in flight. 
Harder to fly or require pre-programmed flight (e.g., SenseFly 
eBee X).

• Safer because they remain hovering when the control sticks 
are released. This means the pilot can let go in the event of 
an incident and allow the drone to hover while they regain 
composure and control. 

• Cannot hover, must be kept flying at all times, meaning 
problems can arise quickly.  

• Sound level is normally below the background noise from 
animals (e.g., seabird colony), ocean waves and wind (Goebel et 
al. 2015, Irigoin-Lovera et al. 2019).

• Sound level of fixed-wing drones with petrol engines is greater 
than multi-rotors and can increase substantially with drone 
size (Christie et al. 2016). Electric fixed-wing drones have 
comparable sound levels to multi-rotors. 

• Lower speed and shorter flight duration (~20 min) so cover 
smaller area per survey (Colefax et al. 2018, Rees et al. 2018). 

• Higher speed and longer flight duration (≥ 45 min), so cover 
larger area per survey (Rees et al. 2018).

• Aerodynamically less stable, especially in windy conditions; 
although most reasonable sized multi-rotors perform well in 
moderate breeze (e.g., DJI Mavic 2 Enterprise Advanced is 
stable up to 29–38 km/h, Beaufort scale 4 to 5) (Goebel et al. 
2015, Colefax et al. 2018, Corcoran et al. 2021).

• Aerodynamically stable, less vulnerable to the effects of wind 
(Goebel et al. 2015, Corcoran et al. 2021).

• Carry a limited range of sensors, often only one or two, so have 
to select the ‘best’ sensor(s) to carry prior to take-off (e.g., DJI 
Mavic 2 Enterprise Advanced has RGB and thermal sensors). 

• Carry and capture from a greater range and number of sensors, 
due to their larger size. This includes carrying larger, heavier 
sensors which will reduce ground sample distance (GSD). 
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but in general, drones > 250 g should be registered and have the 
registration number on the device, and pilots need certification to 
show they understand how to fly safely and legally (although in 
some regions, commercial work with < 250 g drones also requires 
relevant certification). This normally means taking a theoretical 
and sometimes practical flight assessment and flying ≤ 120 m high 
due to regulatory airspace restrictions and >  50  m from built-up 
areas and people (Table A2). This makes drone-seabird surveys in 
urban areas, like urban gull studies, challenging (Ross et al. 2016, 
Rush et al. 2018). Special permission and further qualifications are 
needed for these more complex operations that impinge on general 
regulations, including flying Beyond Visual Line of Sight and flying 
with larger drones, typically > 25 kg (Table A2; Blight et al. 2019). 

Site Assessment and Permission

Pre-site assessment 

A pre-site assessment should be completed to assess whether the site 
is suitable for the designated work (Table A3 in Appendix, available 

on the website). This should include details of the landscape to 
decide whether the objects of interest will be visible in drone 
images. Seabird nests may be camouflaged, hidden by vegetation 
and rocky outcrops, or be underground, with small entrance holes 
hard to see from the air (Albores-Barajas et al. 2018, Dickens et 
al. 2021). It should also document features that could affect site 
access (e.g., tidal forecasts for island surveys) or be a hazard to 
drone flight, namely physical obstructions (e.g., pylons, buildings), 
restricted areas in the vicinity (e.g., classified airspace and military 
operations), habitation and recreational activities, public access, 
and environmental regulations, as well as phone numbers to contact 
Air Traffic Control (ATC) at nearby aerodromes/airports if the pilot 
loses control of the drone. 

It is also important to consider optimal survey date and time in 
relation to the study species and survey objectives, as seabird 
breeding colony attendance varies on a daily and yearly cycle, so 
restricted site access could bias data collected. For example, many 
species display diurnal variation in colony attendance; Brisson-
Curadeau et al. (2017) found that the number of Thick-billed 

Fig. 2. Violin plot of height above breeding ground-nesting seabirds at which a multi-rotor drone induced no (n = 38), low (n = 28), or 
high (n = 9) adverse behavioural responses for different seabird families (n: Anatidae = 1, Diomedeidae = 9, Fregatidae = 1, Laridae = 13, 
Pelecanidae = 2, Phalacrocoracidae = 8, Procellariidae = 4, Spheniscidae = 32, Stercorariidae = 1, Sulidae = 4). Flying at ≥ 50 m height (solid 
line) led to almost no disturbance. High disturbance only occurred when the drone flew ≤ 20 m height (dashed line). Data is available in Table 
A5, from studies summarised in Table A4 (see Appendices, available on the website). Disturbance categories were defined as: none = no 
behavioural response; low = a minor adverse behavioural response (e.g., vigilance); high = a marked increase in adverse behavioural response 
(e.g., escape).
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Murres Uria lomvia counted in drone images increased throughout 
the day before peaking at 20h00. Because the number of birds 
present in the colony also changes through the breeding season 
and this differs among species, the optimal survey timing best 
reflecting, for instance, the breeding population size, needs careful 
consideration (Walsh et al. 1995). 

Permissions

Provided the site is suitable for the planned survey, it is essential to 
get the necessary permissions to fly the drone at a specific site and 
time over the target species, beginning with permission from the 
landowner or local land manager. Several countries have banned 
drones in National Parks, including the United States, Canada (also 
banned in provincial parks in eight out of ten provinces), and South 
Africa due to disturbance concerns and potential use by poachers 
(Table A2; Dukowitz 2019); although permission for research 
purposes may be granted by the countries’ aviation authorities. 
Further consideration may be required for areas of any site that are 
sensitive to disturbance. 

In the United Kingdom, most major seabird colonies are protected 
as Sites of Special Scientific Interest (SSSI), with many additionally 
protected as Special Protection Areas (SPAs). Every SSSI has 
a list of potentially damaging operations which can include the 
‘use of vehicles or craft likely to damage or disturb breeding 
seabirds’ (Natural Resources Wales 2021, Nature Scot 2021); 
where such sites are also SPAs, conservation objectives (including 
those relating to minimising disturbance) must not be undermined 
by planned activity. It is also important to consider impacts on 
other ‘features’ of these protected sites, like other bird species or 
particular habitats, that could result from seabird surveys. 

Some seabird species are granted specific protection from 
disturbance when breeding, meaning it could be illegal to disturb 
them at certain times of year, although licenses can be applied for 
in some jurisdictions. For example, a license is required if you 
cannot avoid disturbing birds listed in Schedule 1 of the Wildlife 
and Countryside Act 1981 when they are nest building and rearing 
young in the UK (GOV.UK 2015).

Even if additional licenses are not required, an ethics-related permit 
evaluating effects of potential disturbance by surveys on both target 
and non-target species’ welfare may be requested by the research 
institution, funding body, or publisher if the study is later published. 
Whether animal welfare protocols are needed where drone work 
does not disturb wildlife is unclear, but possible direct and indirect 
environmental impacts must be considered during planning so the 
disturbance risks can be mitigated. 

Disturbance Mitigation 

Contamination and biosecurity

Contamination to the surrounding environment could occur from 
drone components shattering during collision and loss of drones 
in inaccessible locations where they cannot be retrieved, such as at 
sea. Anthropogenic debris can be physically hazardous to wildlife 
through entanglement, ingestion, alteration of habitats, or transport 
of non-native and pathogenic species (Engler 2012, Rochman et al. 
2016, Roman et al. 2020). It can also be chemically hazardous if 
chemical constituents adsorbed onto the debris are transferred to 

organisms by direct ingestion or via the food web (Engler 2012, 
Rochman et al. 2016). Although the contribution of crashed drones 
to environmental pollution are minimal compared to that from 
other sources, these risks highlight the need for pilots to receive 
sufficient training to be competent, so the possibility of collision/
loss is minimised. 

Another concern when surveying seabirds is biosecurity, especially 
for birds breeding on remote islands. Introduction of invasive 
species and disease can have severe adverse consequences 
on seabird breeding success (Grimaldi et al. 2015, Martin & 
Richardson 2017, Caravaggi et al. 2018, Dias et al. 2019), so if 
drones can monitor populations without needing to go ashore, 
they can mitigate these risks (Dickens et al. 2021, Dewar et al. 
2022). When drones do need to land, a landing pad should be 
used and the drone cleaned between sites to minimise spread of 
pathogens and non-native seeds and spores upon landing or in case 
of collision/loss (COMNAP 2021). 

Wildlife disturbance

Another potential environmental impact is disturbance to breeding 
seabirds due to an unfamiliar aerial object in their territory, which 
may be perceived as an aerial predator (Mustafa et al. 2017, 
Mapes et al. 2020). This could disrupt behaviours like feeding, 
preening, and breeding, but it could also result in loss of nest 
contents. Adult seabirds displaced by a disturbance could knock 
eggs or chicks from nests, expose eggs or chicks to predation and 
the elements, or result in adults abandoning their breeding attempt 
(Borrelle & Fletcher 2017, Brisson-Curadeau et al. 2017). Seabird 
colonies are often densely packed, with many birds occupying the 
surrounding airspace, and collision or crash landings could injure or 
kill individuals (Brisson-Curadeau et al. 2017, Ellett et al. 2021). 
Even if birds do not flush in response to the drone, they may still 
be stressed by its presence and experience other behavioural or 
physiological changes (Weimerskirch et al. 2018). This also applies 
for non-target species, such as marine mammals and raptors, which 
may be adversely affected by drone flight (Junda et al. 2015, 
Palomino-González et al. 2021). It is therefore essential that studies 
take appropriate measures to minimise disturbance to wildlife and 
monitor disturbance during surveys so that operations can cease if 
required (Hodgson & Koh 2016). 

Measuring and reporting disturbance 

Existing studies vary in their measurement and reporting 
of disturbance, from research aimed at specifically testing and 
documenting drone-seabird responses (e.g., Rümmler et al. 2016, 
Brisson-Curadeau et al. 2017, Weimerskirch et al. 2018, Rümmler et 
al. 2018, Irigoin-Lovera et al. 2019, Krause et al. 2021, Rümmler et 
al. 2021) to ecologically focused studies that recorded responses as 
a by-product (e.g., Sardà-Palomera et al. 2012, Korczak-Abshire et 
al. 2016, Albores et al. 2018, Rush et al. 2018, Mustafa et al. 2018, 
Blight et al. 2019, Rexer-Huber et al. 2020, Scarton & Valle 2021, 
Dunn et al. 2021, Mattern et al. 2021). From our literature search, 
72/114 studies (63%) provided some measure of disturbance and 
gave 132 ‘sub-studies,’ for example, by measuring more than one 
species’ and/or life-history stage responses, with different drone 
specifications and/or flight parameters. These are summarised in 
Table A4 (see Appendix, available on the website) with the aim 
of interpreting general guidance for best practice in measuring, 
reporting, and minimising disturbance. Out of 132 sub-studies, 50% 
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reported a change in seabird behaviour in response to drone flight, 
although this should be interpreted with caution due to a lack of 
standardised protocol for measuring and quantifying disturbance. 

Several studies have compared the proportion of birds displaying 
specific behaviours before, during, and after a drone flight (Table 
A4). These behaviours are often associated with a disturbance score 
(typically, resting = 0, vigilance = 1, agonistic = 2, and escape = 
3), which is used to determine whether drone flight causes adverse 
behavioural reactions (Korczak-Abshire et al. 2016, Rümmler et al. 
2016, Mustafa et al. 2017, Rümmler et al. 2018, Weimerskirch et 
al. 2018, Barr et al. 2020, Krause et al. 2021). While this method 
is useful, studies often compare behaviour during drone flight 
to behaviour a short period (namely a few minutes) before and 
after drone flight, meaning the longer-term context of behavioural 
change is missing (Chabot et al. 2015, Barr et al. 2020). Seabirds 
show vigilance, agonistic, and escape behaviours across the 
breeding season in response to predators and competitors, and so 
the consequences of increased vigilance, agonistic, and escape 
behaviours due to drone flights might be minimal in comparison, 
but this is a topic that warrants future work. 

Conversely, some studies recorded only the proportion of birds 
flushing in response to the drone (Sardà‐Palomera et al. 2012, 
Reintsma et al. 2018), as escape behaviours may be more likely to 
have a significant fitness cost than vigilance, for example, due to 
energetically costly flight responses, loss of eggs or chicks by nest 
predation or exposure, and nest desertion (Brisson-Curadeau et al. 
2017, Jarrett et al. 2020). Therefore, making comparisons between 
studies can be difficult due to different methods of categorising 
disturbance; for example, a study measuring changes in vigilance 
might report adverse behavioural reactions to drone flight, whereas 
a study only recording escape responses would not. It is also 
important to recognise that changes in behaviour do not necessarily 
have fitness consequences.

Even if a behavioural response is not observed, individuals might 
suffer physiological changes (e.g., heart and respiratory rates, 
hormonal stress response) due to drone flight (Weimerskirch et 
al. 2018), which studies rarely measure. To our knowledge, only 
two studies have investigated seabird physiological responses; 
one reported an increased heart rate in both parent and chick 
King Penguins Aptenodytes patagonicus during drone flights 
(Weimerskirch et al. 2018), while the other found no change in 
Common Eider Somateria mollissima heart rate (Geldart et al. 
2022; Table A4). Quantifying these impacts may result in additional 
stress if birds need to be handled to attach loggers, such as heart rate 
monitors and respirometers. 

Studies should also consider drone-seabird responses relative to 
disturbance from ‘traditional’ monitoring methods, such as ground 
counts (Mustafa et al. 2018). The pilot and visual observer do not 
need to be in close proximity to nesting seabirds during drone 
surveys, and so disturbance is likely to be reduced, especially 
compared with walk-through surveys (Chabot et al. 2015, Rush et 
al. 2018, Rümmler et al. 2021). It is therefore essential to consider 
the trade-off between the value of the data collected against 
potential disturbance from all methods of data collection. 

Responses vary depending on a range of factors including drone 
features (e.g., size, shape, colour; Mulero-Pázmány et al. 2017), 
flight technique (including take-off/landing location, altitude, 

approach angle, flight pattern; Vas et al. 2015), target species 
(Borrelle & Fletcher 2017, Barr et al. 2020), life-history stage 
(e.g., breeding vs. non-breeding; Brisson-Curadeau et al. 2017), 
age (e.g., adult vs. chick; Rümmler et al. 2021) and location 
(e.g., distance to an aerodrome affecting habituation to air traffic; 
Blight et al. 2019). Two studies investigated whether the sound 
of a multi-rotor drone was responsible for seabird behavioural 
changes, but both reported that the drone was no louder than 
ambient noise from the seabird colony (Table A4; Goebel et 
al. 2015, Irigoin-Lovera et al. 2019). We recommend detailed 
reporting of the equipment, flight methods used, and level of 
disturbance observed, as shown in Table A4, in all data published 
from drone surveys to help increase understanding of species’ 
responses to different drone platforms in a range of environments 
and situations, leading to improved methods to minimise impacts 
(Hodgson & Koh 2016, Barnas et al. 2020).

Minimising disturbance 

Summarising the disturbance data presented in Table A4, we find 
that for multi-rotor surveys of breeding ground-nesting seabirds, 
taking-off and landing 50 m from the study area (Brisson‐Curadeau 
et al. 2017, Mustafa et al. 2017, Rümmler et al. 2018) and flying 
at greater than 50 m above the colony (n = 75, Fig. 2) is likely to 
have limited impact on many seabird species. If flight altitude or 
speed needs to be changed, the drone should be flown to the side 
of the colony and adjusted there, as vertical approach can cause 
more pronounced behavioural reactions than horizontal approach 
(Mustafa et al. 2017, Rümmler et al. 2018, Rush et al. 2018). For 
multi-rotor surveys of breeding cliff-nesting seabirds, the guidance 
is less clear due to few available studies (n = 9, Table A4), although 
flying at least 50 m horizontal distance from the cliff face is likely to 
prevent visible disturbance of species like guillemots and kittiwakes 
(Brisson-Curadeau et al. 2017, Park et al. 2020, Bishop et al. 2022, 
TH and AJE pers. comm, RMW pers. comm). 

Nevertheless, when flying at a new site, a precautionary principle 
should always be adopted in the absence of evidence (Hodgson 
& Koh 2016), and so we recommend that a trial is conducted to 
determine appropriate flight parameters (Mulero-Pázmány et al. 
2017). Since there is a trade-off between image resolution and 
disturbance, we suggest starting at a height that is unlikely to 
cause disturbance and then working down to the maximum height 
(completing all changes in altitude away from the colony) at which 
the ground sampling distance is sufficient to accurately identify 
individuals without altering behaviour of both target and non-target 
species (Rush et al. 2018, Rexer-Huber et al. 2020, Duporge et 
al. 2021, Dunn et al. 2021). Flying higher will also give greater 
coverage in images and videos, requiring fewer passes over the 
colony, and extra altitude gives the pilot more time to move the 
drone away in the event of a problem. 

Some researchers have suggested that post take-off, flying over the 
colony a few times can allow birds to habituate to the drone prior to 
the survey (Chabot et al. 2015, Reintsma et al. 2018, Rümmler et al. 
2018). Equally, surveying sub-colonies that seem more sensitive to 
disturbance last, after they have seen calmer sub-colonies surveyed 
without incident, can reduce disturbance (e.g., Lesser Black-backed 
Gull Larus fuscus, MJW pers. comm). However, other studies 
have not observed short-term habituation, with seabird responses 
remaining the same after multiple flights during the same and 
consecutive days (Brisson‐Curadeau et al. 2017, Mustafa et al. 
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2018, Rümmler et al. 2018). Therefore, habituation flights might 
not reduce disturbance and only use up battery/opportunity time 
without justification of data collection. Instead, it is more important 
that an observer with seabird knowledge monitors the birds’ 
behaviour and informs the pilot if flight needs to be adjusted or 
ceased due to disturbance (Junda et al. 2015, Hodgson & Koh 2016, 
Mulero-Pázmány et al. 2017, Mustafa et al. 2018). 

Pre-Deployment Checks 

The pilot is responsible for having the necessary materials and 
supplies, and for ensuring both themselves and the drone are fit 
to fly in the local operating conditions on the day. Table A6 (see 
Appendix, available on the website) provides an example pre-
deployment checklist to help achieve this, and extensive guidance 
can be found in operations manuals. 

For seabird surveys, it is especially important to monitor local 
weather conditions leading up to the survey, as coastal sites are 
often windy and subject to sudden changes in weather (Duffy et 
al. 2018, Raoult et al. 2020). Poor conditions (cold, precipitation, 
fog, glare, high wind speed) can decrease visibility, reduce the 
pilot’s ability to control the drone, and distort or blur images 
(Raoult et al. 2020, Doukari et al. 2021). Maximum wind speed 
should be measured on-site using an anemometer, as winds 
> 20  km/h can reduce the stability of multi-rotors (Bevan et al.
2015, Duffy et al. 2018, Raoult et al. 2020). A secondary landing
site should be identified in case changing conditions prevent
landing at the take-off location. For example, if worsening sea
state prevents a boat landing, the drone should be landed remotely
and recovered on land.

During set-up, the pilot must check that there is a global positioning 
system (GPS) signal, and that the compass and inertial measurement 
unit (IMU) are calibrated away from metal objects or other sources 
of interference. When operating from boats, it can be useful to ask 
the skipper to turn off radars during take-off and landing. The drone 
home point should also be set as the controller, not the take-off 
location, so if the batteries become low and the ‘return to home’ 
failsafe is activated, the drone returns to the boat’s current location 
and not over the ocean. For surveys of cliff-nesting seabirds, where 
take-off and landing are from the clifftop, the ‘return to home’ 
failsafe must also be changed, so the drone flies vertically upwards 
above the clifftop, then horizontally to the landing point. Not all 
drones have object avoidance settings (Raoult et al. 2020), so 
the standard ‘return to home’ will return the drone to its take-off 
location via the shortest possible route: a diagonal upwards slope 
into the cliff. 

Flying 

Flying from a boat is sometimes recommended when surveying 
cliff-nesting seabirds (e.g., Bishop et al. 2022, TH and AJE pers. 
comm., IJM pers. comm.) so direct visual contact can be maintained 
throughout flight, signal is maintained between the drone and 
controller, and the risk of pilot and observer standing too close to 
the cliff edge is removed. Furthermore, updrafts can be substantial 
at clifftops, making take-off and landing difficult (Duffy et al. 2018, 
Rexer-Huber et al. 2020). Surveying from a boat can also avoid 
landing on remote islands, minimising biosecurity risk and further 
wildlife disturbance (Dickens et al. 2021), as well as the risk posed 
to researchers by difficult boat landings. Taking off from a boat is 

best done from an observer’s hand rather than the deck of the vessel 
(Johnston 2019). 

During take-off, the area downwind of the drone should be 
clear, as GPS compensation is only effective when it is a few 
feet above the ground, making the drone initially vulnerable to 
drift from wind gusts. Once airborne, a lawn-mower (grid) flight 
pattern is advised, with 70%–80% forward/backward overlap 
and 60% sideways overlap to prevent gaps in the stitched image 
(Parker & Rexer-Huber 2020). The flight pattern can be pre-
programmed with autonomous flight planning software (e.g., Map 
Pilot) and the same plan used over multiple years, making surveys 
repeatable, saving both preparation time for subsequent surveys and 
allowing assessment of temporal changes. However, this requires 
downloading the maps in advance for offline use when in the field 
(Dickens et al. 2021) and also relies on knowing the precise location 
of the target animals, which is not always possible if observing 
foraging behaviours, or if breeding colonies expand, contract, or 
shift location, as often occurs with penguins (Dickens et al. 2021). 
Manual flight is sometimes more appropriate, and the flight pattern 
chosen should be practiced in advance. If a bird starts interacting 
with the drone, the pilot should either continue slowly flying away 
from the area of disturbance until mobbing stops, or altitude should 
be immediately increased while remaining below any aviation 
flight height restrictions (often at ≤ 120 m high, but this varies by 
jurisdiction; Table A2) to avoid further interactions. This contrasts 
with most non-bird emergency responses where altitude would be 
lowered, such as if a low-flying aircraft passed by. 

Landing must occur away from the study area to minimise 
disturbance (Rush et al. 2018). If landing on a boat, multi-rotors 
are better hand-caught (protective gloves and eye protection are 
essential) due to movement of the vessel on the water increasing the 
risk of the drone landing overboard. Hand-catching is also preferred 
in windy conditions when the drone might otherwise fall over upon 
landing. Figure 3 provides a summary of the conditions that should 
normally be met when flying drones to survey breeding seabirds. 
More detailed information on steps to take when flying is given in 
Table A6. 

Data Handling and Analysis

Image processing 

Survey images can be examined individually or stitched together to 
form a composite image. An orthomosaic (where overlapping photos 
are joined together with distortions removed to create a positionally 
accurate representation of the surveyed area) can be produced using 
photogrammetry software such as Agisoft Metashape, previously 
called AgiSoft Photoscan (https://www.agisoft.com/), or ESRI 
Drone2Map (https://www.esri.com/en-us/arcgis/products/arcgis-
drone2map/overview) (e.g., Rush et al. 2018, Albores-Barajas et al. 
2018). This is difficult for surveys of vertical seabird colonies, as the 
software is designed to create a georeferenced image in the horizontal 
plane (i.e., a map), rather than the vertical plane. Instead, images 
can be stitched without embedded location data, using software 
like Hugin (http://hugin.sourceforge.net/) by finding fixed reference 
points in the images to create a panorama (Ratcliffe et al. 2015, Valle 
& Scarton 2021a). Three-dimensional models of the surveyed area 
can be reconstructed from multiple overlapping drone images using 
structure-from-motion processing (e.g., Oosthuizen et al. 2020) 
in software like Agisoft Metashape (https://www.agisoft.com/) or  
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assistance, but is less time intensive than manual image analysis 
(Fretwell et al. 2012). Commercial ArcGIS software is commonly used 
and has given 98% and 96% mean agreement between semi-automated 
and manual counts of Lesser Black-backed Gulls (Rush et al. 2018) 
and Herring Gulls Larus argentatus (Corregidor-Castro et al. 2021), 
respectively. More recently, free ImageJ software has enabled 99.1% 
agreement for Mediterranean Gulls Ichthyaetus melanocephalus, 
providing a low-cost alternative (Corregidor-Castro & Valle 2022). 

Most semi-automated methods find a unique spectral signature for the 
target object (e.g., the head of a gull) that is used to identify all object 
occurrences in the image (Grenzdörffer 2013, Waluda et al. 2014, 
Edney & Wood 2021). This requires consistency in shape and colour of 
target objects and high contrast between objects and their background 
(Chabot & Francis 2016, Andrew & Shepard 2017, Hollings et al. 
2018, Lyons et al. 2019). Animals with spectral properties similar to 
other species or the background—for instance, pale coloured gulls 
on guano-stained cliffs—will be harder to distinguish (Corregidor-
Castro & Valle 2022). Thermal imaging may help overcome this 
problem, as endotherms tend to be warmer than their surroundings 
and should therefore stand out (Lee et al. 2019). Nevertheless, in cold 
environments animals are often well insulated, leaving only a few 
small thermal ‘hotspots’ that may be difficult to detect. In addition, 
differences in emissivity between animal tissue and substrate against 
which animals are viewed may mask the thermal difference between 
bird and background in thermal images (Witczuk et al. 2017). 

c) Automated image analysis

Computer vision using deep neural networks (e.g., convolutional 
neural networks (CNNs)) is being increasingly used to automatically 
detect features in complex, ecological data (Christin et al. 2019, 
Jones et al. 2020, Hayes et al. 2021, Weinstein et al. 2022). 
However, accurate prediction of features, such as seabird location, 
abundance, and behaviour, will depend on technological constraints, 
environmental conditions, and ecological traits of target species 
(Corcoran et al. 2021). Detection is more accurate for images with 
uniform habitats, non-overlapping individuals of a single species, 
and individuals at rest rather than in flight (Dujon et al. 2021). 
Large training sets should improve detection and the network’s 
ability to generalise to unseen imagery but are often unfeasible 
unless training annotations are outsourced to citizen scientists and/
or micropayment sites (Arteta et al. 2016, Wang et al. 2019, Bowler 
et al. 2020). Lightweight CNN architecture, and incorporating 
knowledge of bird spatial distribution within colonies, can reduce 
the number of annotated images needed for training if species are 
abundant (e.g., Royal Terns Thalasseus maximus), but it is less 
accurate for species comprising < 10% of individuals (e.g., Caspian 
Terns Hydroprogne caspia and gulls; Kellenberger et al. 2021). 

Automated image analysis can greatly increase efficiency compared 
to manual classification; Kellenberger et al. (2021) classified 
~21 000 seabirds in 4.5 hours, compared to three weeks of manual 
annotation. Nonetheless, building machine learning algorithms takes 
time, money, and experience. This might present a direct barrier to 
some users and make manual/semi-automated techniques more cost-
effective if the drone survey is a one-off or infrequent occurrence. 

Assessing validity and accuracy of data 

The accuracy of results must be assessed to ensure data derived 
from drone images is suitable for use. Here, we can consider 

Pix4D (https://www.pix4d.com/). This has the advantage of capturing 
the 3D nature of cliff-based colonies. 

Image analysis 

After processing, images are analysed to obtain the measurements 
required. Thus far, manual image analysis has been most common 
(92/114 drone-seabird studies), where researchers examine the 
image and make the required measurement themselves (such 
as counting the number of nests, recording the stage of each 
nest, recording individual behaviours, etc.); however, because 
manual analysis is labour-intensive, semi-automated and automated 
methods are being increasingly applied (Shewring & Vafidis 2021). 

a) Manual image analysis

Many drone studies involve counting objects (e.g., birds, nests) (Nowak 
et al. 2019), with 80% of studies from our literature search (91/114) 
measuring seabird abundance. Tools which allow users to label objects 
in an image and then automatically sum the number of labels of each 
‘type’ can reduce counting errors (Ratcliffe et al. 2015, Hodgson et 
al. 2018). Suggestions for freely available software include ImageJ 
(https://imagej.nih.gov/ij/; e.g., Hodgson et al. 2018), DotDotGoose 
(https://biodiversityinformatics.amnh.org/open_source/dotdotgoose/; 
e.g. Scarton & Valle 2022), iTag (https://sourceforge.net/projects/
itagbiology/; e.g. Ratcliffe et al. 2015), and QGIS (https://www.qgis.
org/en/site/; e.g. Espíndola et al., 2023), while Adobe Photoshop’s 
count tool (https://www.adobe.com/uk/products/photoshop.html) and 
ArcGIS (https://www.arcgis.com/index.html; e.g. Bishop et al. 2022) 
must be purchased. To improve manual analysis, grid cells can be 
overlaid onto photographs to allow systematic counts grid-cell by 
grid-cell (Hodgson et al. 2016, Albores-Barajas et al. 2018, Korczak-
Abshire et al. 2019, Valle & Scarton 2021a), and images can be 
enhanced to improve clarity, such as by adjusting for shadows, 
highlights, and mid-tone contrast (Parker & Rexer-Huber 2020). It is 
recommended that counts are repeated by both the same and different 
people, so that intra- and inter-observer error can be calculated and 
reported to assess confidence in results (Gregory et al. 2004, Hodgson 
et al. 2016, Sinclair et al. 2017, Mallory et al. 2020). 

The time required for manual identification and counting depends 
on the number of objects of interest in the image, image quality, 
and analyser experience, although it can be significant. Analysing 
images of Gull-billed Tern Gelochelidon nilotica colonies took 176 
minutes, which was 3.5 times longer than the drone inspection and 
surveys themselves (23 and 27 minutes, respectively; Scarton & 
Valle 2021). Image processing time can be reduced by counting 
subsections of the image and scaling up to obtain a whole image 
estimate, provided counts from image sections are correlated 
(Sinclair et al. 2017). 

For projects with large numbers of images to analyse, citizen 
scientists can represent a low-cost option to increase counting speed 
(Jones et al. 2018). The Zooniverse platform hosts over 50 active 
citizen science projects for free and has enabled annotations of 
over one million seabird images as part of the Penguin Watch and 
Seabird Watch projects (Zooniverse 2021). 

b) Semi-automated image analysis

Semi-automated classification is a type of supervised classification, 
meaning it is user-driven and cannot identify birds without human 

https://www.arcgis.com/index.html
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two types of accuracy: ‘image-accuracy’ and ‘observer-accuracy’ 
(Edney & Wood 2021).

Image-accuracy is dependent on the image itself and whether it 
has captured all objects of interest, such as all active nests in the 
area being examined. It should predominantly be considered during 
the survey planning stage, as it will depend on image resolution 
(influenced by flight height and camera megapixels), weather 
conditions, and the landscape to be surveyed.

Observer-accuracy is the method’s (e.g., manual observer’s, 
computer’s) intrinsic ability to correctly perform the required 
task (e.g., identify and count nests in the image) (Edney & Wood 
2021). For manual analysis, accuracy largely depends on user 
experience and the number of individuals in an image (Swanson et 
al. 2016, Jones et al. 2018). Large numbers of individuals increase 
the probability of some individuals being missed, although low 
numbers of individuals present fewer opportunities for the user to 
learn to recognise them (Swanson et al. 2016).

Ultimately, an accurate estimate is close to the ‘true’ result (e.g., 
the true count in the wild), which is unknown. However, comparing 
results from drone imagery with traditional (often ground-based) 
monitoring methods can help decide if drone technology is an 
appropriate monitoring tool for the study objectives. If results 
from drone and ‘traditional’ methods differ significantly, then the 
user needs to decide on the ‘most accurate’ result. For example, 
drone imagery may achieve more accurate counts of breeding 
Thick-billed Murres than on-site ground counts, as the drone 
flushes non-breeding birds from the cliff (Brisson-Curadeau et 
al. 2017). Conversely, drones might give less accurate counts of 
species nesting in dense vegetation (e.g., gulls, terns, Macaroni 
Penguins Eudyptes chrysolophus) compared to traditional walk-
through surveys, as nests will be hard to observe in photographs, 
but could be spotted on the ground (Dickens et al. 2021). As well, 
it may be difficult to discriminate between birds sitting on nests 
and nearby birds not on nests (especially for gulls) and impossible 
to distinguish between occupied and unoccupied burrows for 
burrow-nesting species. Where nests or burrows are difficult to 
spot from the air, sample areas should be counted in the field and 
on images to estimate counting error so that a correction factor can 
be used to estimate the true number of nests or burrows in images. 
Occupancy analysis, such as manual burrow inspection or playback 
of conspecific calls at burrow entrances in a sample area, can then 
estimate the proportion of burrows that are occupied (Walsh et al. 
1995, Arneill et al. 2019). 

Ideally, drone counts should give either the same or more accurate 
results than traditional methods before adopting them as common 
methodology; however, accuracy must also be balanced against 
variables such as time, money, and disturbance. Albores-Barajas et 
al. (2018) estimated that drone surveys of burrowing seabirds missed 
5.6 burrows for every 100 compared to ground counts but saved 
68% in person-hours, including additional image processing time. 
The monetary cost was higher due to the price of the drone, but this 
approach would become increasingly cost-effective per extra survey 
completed. Drone surveys might also be preferred at the expense of 
some accuracy if they significantly reduce disturbance to breeding 
seabirds, provided they do not limit the ability to detect, for example, 
population trends. In some cases, drones may even provide the only 
option for monitoring, for instance, if an island cannot be landed on 
or the terrain is impassable on foot (Benemann et al. 2022).

Reporting 

A post-survey report is encouraged to allow continued guideline 
development and is typically required by regulators to determine 
how the survey went. This review offers practical guidance on 
how to survey seabirds with drones and obtain accurate data, and 
Barnas et al. 2020 complements it by providing a standardized 
protocol for reporting the methods in peer-reviewed articles, which 
we recommend. The protocol outlines information that should be 
included in each of six sections: Project Overview; Drone System 
and Operation Details; Payload, Sensor, and Data Collection; Field 
Operation Details; Data Post-Processing; and Permits, Regulations, 
Training, and Logistics. Table A4 in the Appendix of this review 
further highlights key information that should be reported to help 
assess species’ responses to drones and minimise disturbance. 

CONCLUSIONS

In summary, drones offer many advantages for seabird monitoring 
and research. Time spent at a site is minimised if drones collect 
data faster than ground-based monitoring methods, and disturbance 
should be reduced as observers do not need to be in close 
proximity to seabirds. Furthermore, drones can minimise site 
travel and the potential to spread invasive species and damage 
vegetation. However, these benefits must be weighed against 
the costs, accuracy, operational utility, and potential impacts to 
seabird colonies and individuals. The recommendations outlined 
in this review are aimed at providing practitioners and researchers 
with a framework to ensure flights are effective, safe, and within 
the law. The need for accurate reporting and dissemination of 
operations is evident so we can continue to develop guidance for 
this comparatively new technology. 

Fig. 3. Summary of the conditions that should be met when flying 
drones to survey breeding seabirds, including pre-flight checks, 
methods to minimise wildlife disturbance, and possible flight pattern.
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