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Background 

There is a current lack of data of the occupancy of sea cliffs by auks outside the breeding 
season. This study aimed to explore the use of remote time-lapse photography to monitor 
attendance of auks (common guillemot and razorbill) at two colonies (Sumburgh Head and 
Marwick Head) in the Northern Isles, Scotland. If determined to be a viable technique, 
instead of or in combination with traditional monitoring methods, advances could be made in 
our understanding of seabird populations, ecology and behaviour, also facilitating improved 
impact assessments in relation to development proposals. 
 
Main findings 

 The characterisation of colony attendance by auks outside the breeding season proved 
the applicability of time-lapse photography methods for monitoring during the non-
breeding season. 

 Wind speed had a significant effect on attendance of auks. 
 There are opportunities to further reduce post-processing time, which would improve the 

viability of the method but would benefit from further research before this method can be 
applied to standard monitoring protocols. 
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1. INTRODUCTION 

1.1 The non-breeding season 

1.1.1 Importance of monitoring during the non-breeding season 

The phenology of many species around the world is changing. Phenology is the study of the 
first occurrence of important biological events such as migration and breeding date. These 
events are usually most successful when the environmental conditions are most suitable 
(Fredrikson et al., 2004). Conservation management predominantly focuses on the breeding 
season to monitor abundance and productivity in populations of concern. However, in many 
cases, changes in phenological events are dependent on the conditions leading up to the 
event. For example, the environment may provide cues during the non-breeding season, 
which may determine the best time to breed, such as environmental indications of prey 
abundance (Gaston et al., 2009). Changes in the environment may also affect return dates 
to breeding grounds and the subsequent numbers of birds attending a colony during the 
non-breeding season (Fort et al., 2013; Fredrikson et al., 2004). 
 
1.1.2 Difficulty of monitoring during the non-breeding season 

In many species, monitoring the non-breeding season is difficult, particularly in migratory 
animals, for which it is both challenging to determine locational information and abundance. 
This leads to a lack of conservation management outside of the breeding season, even 
though the non-breeding season is an important time for growth and improvement of body 
condition for breeding (Calvert et al., 2009). This difficulty of monitoring during the non-
breeding season is particularly apparent in populations that spend significant time at sea 
such as seabirds. Telemetry has facilitated efforts to better understand the non-breeding 
season of migratory seabirds, however it is difficult to apply this method to large numbers of 
a population and tags are easily lost (Fort et al., 2013). Fortunately, seabirds attend breeding 
grounds in the run up to the breeding season, often in high numbers (Harris et al., 1983). 
This provides an opportunity to monitor seabird populations during the non-breeding season 
both through monitoring attendance at the colony and rates of attendance in the lead up to 
the breeding season. Monitoring during the non-breeding season may help to promote the 
successful conservation of declining seabird populations. 
 
1.2 Auks in Scotland   

1.2.1 Common guillemot and razorbill habitat use  

Scotland provides important coastal cliff habitat for breeding seabirds, including members of 
the auk family such as common guillemot (Uria aalge) and razorbill (Alca torda). These 
species aggregate in dense colonies around the coast on isolated habitat such as cliff ledges 
and large boulders and stacks at the base of cliffs, providing safety from mammalian 
predators (Gatson & Jones, 1998). Attendance at these colonies reaches its peak during the 
breeding season, in which average densities can reach 20 pairs per square metre from May 
to August (Harris & Wanless, 1990). The use of habitat that is isolated from predators, such 
as large stacks and cliff faces, as well as congregating in high densities of birds, improves 
breeding success in common guillemots. However, this combination of strategies may lead 
to competition for suitable nesting sites, which has been postulated as a factor in changes of 
phenology in these species (Mudge et al., 1987).  
 
1.2.2 Decline of common guillemot and razorbill in Scotland and Northern Isles 

The productivity and abundance of guillemots has generally declined since 2001, with a 
slight recovery in productivity since 2007. Scotland alone maintains approximately 10-11% of 
the world’s population of common guillemots (around 791,000 pairs). The Northern Isles of 
Scotland are internationally important areas for seabirds and this is reflected in the 
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designation of Special Protection Areas (SPAs) (Foster and Marrs, 2012). Although listed 
globally by IUCN as of Least Concern, the common guillemot is listed as showing moderate 
declines in a UK assessment by Birds of Conservation Concern (BoCC) and is listed as 
declining by the SCOT Trend for Scotland (BirdLife International, 2012; Eaton et al., 2009, 
Foster and Marrs, 2012). Some of the largest declines of Scotland’s seabirds have been in 
Orkney and Shetland (Heubeck & Parnaby, 2012; Mavor et al., 2005). 
 
1.2.3 Attendance of common guillemot and razorbill during non-breeding season 

Both common guillemot and razorbill are normally found to attend colonies in Scotland from 
April or May and are present on the cliffs until their offspring have fledged in July (Walsh et 
al., 1995). After this time, adults leave the breeding colonies and it is thought that, at the 
southern edge of the breeding range, guillemots return to the colony sporadically from 
October onwards (Harris & Wanless, 1990). Studies in the late 1970’s and 80’s found that 
auks were returning to breeding sites earlier in the non-breeding season (Bourne, 1981; 
Taylor and Reid, 1981; Mudge et al., 1987). An increase in population may have led birds to 
attend breeding sites earlier to occupy favoured nesting sites (Mudge et al., 1987). More 
recently there have been observations of common guillemots returning to Shetland in late 
October in 1995 and 1996 (Harris et al., 2006). Other than this, there is little research of the 
attendance of auks during winter since the studies of the 1980’s. With the limited data 
available, Harris et al. (2006) have reported a 25-week variation in return rate of common 
guillemot at Shetland between 1962 and 2005, a variation that is described as being “one of 
the most dramatic changes in phenology of any animal” (Harris et al., 2006). 
 
1.3 Importance of monitoring seabird populations in the North of Scotland  

For many developments and other ‘projects’ there is a legal requirement to assess impacts 
on seabird populations through Environmental Impact Assessments (EIA) and/or Habitat 
Regulations Appraisals (HRAs). Currently, impacts are mostly assessed using population 
data from the breeding season. Due to lack of understanding of movement during the winter, 
especially that associated with colonies, few studies have considered impacts out-with the 
breeding season (Furness, 2015).  
 
EIA and HRA often result in developers being required to monitor wildlife before, during and 
after their developments, with further conditions potentially dependent on the outcome of 
such monitoring. Due to historic indications of colony attendance in winter, characterisation 
of this attendance during the winter may inform the assessment of impacts from proposals 
and the design of any subsequent monitoring protocols. 
 
The north of Scotland holds particular opportunity for a range of marine renewable 
developments, including offshore wind, wave and tidal energy. As these have potential for 
impacts on seabird populations, advancements in the assessment and monitoring of such 
impacts have particular merit in ensuring appropriate and sustainable renewable energy 
development. 
 
1.4 Seabird monitoring methodology  

1.4.1 Traditional monitoring methods during non-breeding season 

The Northern Isles are suitable for marine renewable developments due to exposure to the 
wave energy of the North Atlantic, opportune tidal conditions in some locations, as well as 
wind exposure (Marine Scotland, 2009). However, these same conditions can make 
traditional bird survey methods, in which the birds are counted by eye using binoculars or 
scopes in the field, difficult to carry out. Sumburgh Head (Shetland) and Marwick Head 
(Orkney) are both SPAs in the Northern Isles of Scotland (Foster & Marrs, 2012). These are 
designated areas, in part, due to the large colonies of breeding guillemots and razorbills. The 



 

3  

exposed cliffs and high latitude make these sites difficult working environments. This is 
particularly true during winter as the cliffs become treacherous in high winds, rain and snow. 
 
Traditional survey methods may become too difficult to carry out in these conditions. 
Furthermore, traditional methods require intensive man-hours, particularly when detailed 
daily and seasonal trends are of interest. Traditional survey method guidelines are primarily 
focused in May or June, when peak numbers are expected in the breeding season (Walsh et 
al., 1995). Due to this focus on the breeding season the available guidelines designed for the 
summer months may not be appropriate for those monitoring during the winter. 
 
1.4.2 Remote time-lapse photography 

1.4.2.1 Benefits of remote photography 

The novel method of ‘remote’ time-lapse photography may be of most use in difficult to 
access locations such as cliffs and scree or boulder beaches, where inaccessibility may be 
heightened during winter months. Remote photography (“the photography or videography of 
wild animals in the absence of the researcher”, Cutler & Swann, 1999) could provide a 
solution to difficult winter working conditions in the field and enable the collection of detailed 
daily and seasonal data through removing the need for researchers to be in the field. 
Remote automated photography (or time-lapse photography) requires time investment to set 
up cameras in the field. However, remote cameras can then be programmed to take 
photographs at set time intervals and can be left alone for significant periods freeing man 
hours to be spent elsewhere (Huffeldt & Merkel, 2013). On retrieval of the camera memory 
card, photos can be processed as a desk-based task. Counting birds from a digital record 
can be particularly useful during winter because it is not known when or for how long birds 
will attend the colony making it difficult to plan more labour intensive monitoring trips that 
ensure both suitable survey conditions for counting in the field and presence of birds on the 
cliffs. Remote photography would then remove the risk of investing time in surveys when 
birds are not present. Remote photography could also allow insights into attendance 
behaviour in extremely harsh weather, when traditional monitoring methods would not be 
appropriate. Lastly, remote photography may alleviate problems with observer bias through 
obtaining a permanent record of the study plot at particular times and dates, which may be 
tested for intra and inter-observer variability. 
 
Additionally, a detailed study into attendance of auks at colonies will help to determine what 
environmental variables may influence these sporadic colony visits prior to the breeding 
season. This is particularly important, as climate change is not only influencing air and sea 
temperature but also wind speed. Previous studies have indicated that wind speed may be a 
key driver of guillemot attendance at colonies (Mudge et al., 1987). Remote photography will 
allow detailed attendance data to be collected to enable further research of attendance 
variability linked to environmental variables. Additionally, enhanced knowledge of guillemot 
attendance rates and numbers during the winter will help inform emergency management of 
populations in natural or anthropogenic disasters, such as oil spills. Furthermore, Harris et 
al. (2006) determined that more knowledge of the ecology of common guillemot during the 
winter is needed to determine whether returning to the colony during winter, and the causes 
of this, is a cost or benefit to the bird. 
 
1.4.2.2 Drawbacks of remote photography 

On the other hand, remote photography presents a series of problems to overcome, mainly 
due to the novelty of this method and particularly in harsh winter environments. Population 
abundance and species presence are the most underrepresented objectives to be studied 
using remote photography and particularly, remote time-lapse photography (Cutler and 
Swann, 1999). Research using remote photography will help to provide a basis of the 
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reliability of this method to advance novel seabird monitoring methodologies through 
exploration of potential drawbacks. 
 
1.5 Study aims  

This research project aims to explore the effectiveness of a photographic monitoring 
methodology to characterise winter occupancy (or non-breeding attendance) of auks 
(common guillemot and razorbill) at two colonies in the Northern Isles of Scotland (Marwick 
Head and Sumburgh Head). This research also explores the frequency and proportion of 
attendance at the study plots by guillemots and razorbills in winter. It is not apparent what is 
driving attendance at the colony during the non-breeding season. Attendance is modelled 
with available environmental data to assess possible explanations for the variability in 
attendance. Lastly, the project aims to inform the potential for new protocols in relation to 
EIA and HRA; particularly for post-consent monitoring of marine renewables developments, 
but may also support the more general advancement of novel seabird monitoring 
methodologies. 
 
Aims: 
 
 Create a durable remote monitoring unit and monitoring protocol that may form the 

basis for advancement of novel seabird methodologies 
 Explore the problems of deploying expensive photographic equipment in the field 
 Test the use of remote photography to monitor attendance at Sumburgh Head, 

Shetland and Marwick Head, Orkney 
 Characterise the daily and seasonal trends in attendance at Sumburgh Head 
 Examine whether environmental variables explain any patterns in attendance at 

Sumburgh Head and Marwick Head 
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2. METHODS 

2.1 Research locations  

Cameras were deployed at two colonies in the Northern Isles of Scotland: Sumburgh Head 
(Shetland) and Marwick Head (Orkney). Both locations are Special Protection Areas (SPA) 
and RSPB nature reserves (Royal Society for the Protection of Birds). Sumburgh Head is 
located at the most southern tip of mainland Shetland. Marwick Head is located on the 
western coast of mainland Orkney (see Figure 1). 
 

 
 

Figure 1. Map of study locations in Northern Scotland. Red markers show study locations. 
Map created using My Maps (a Google Maps application) and Paint X Lite. 

 
2.2 Plot selection  

2.2.1 Sumburgh Head 

Sumburgh Head has a large stack adjacent to its western cliffs, which is thought to be 
preferred habitat for guillemots attending the colony and thus was chosen as a suitable plot 
site for monitoring the attendance of guillemots at the colony (Figure 2). Although razorbills 
attend the colony they do not breed on the stack and would not be expected to attend the 
stack. Instead, razorbills are only seen gathering on the breeding ledges beneath rock 
overhangs and crevices (Cramp et al., 1985). Due to evidence of their habitat preferences in 
the literature and knowledge of wardens and field assistants on site, it was assumed that no 
razorbills would attend the stack and therefore the Sumburgh Head analysis focuses on 
guillemots only. 
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Figure 2. Small scale image of Sumburgh Head showing relative positions of "Big stack" plot 
off the Western cliffs and the position of the camera near the visitor centre. The distance 
between the camera and plot is approximately 160 m. Created using Google Earth and Paint 
X Lite. 
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2.2.2 Marwick Head 

Marwick Head possesses a variety of survey plots along the coast. Potential plots were 
discussed with advisees possessing extensive experience of Marwick Head prior to 
choosing camera equipment and performing a site visit. The field of view was calculated for 
potential plots using differing lens lengths. Peripheral plots were ruled out and camera 
equipment was chosen to allow investigation of a variety of plots during the site visit. North 
End plot (Figure 3) was chosen as the most suitable plot for safe attachment and 
maintenance of the camera equipment, safety of staff attending the camera and safety of the 
public. North End is situated at the Northern end of Marwick Head, and although used by 
RSPB to monitor populations, is not within RSPB-ownership. Landowner permission to 
install the camera was provided before installing the camera equipment. North End provides 
suitable habitat for both razorbills and guillemots, and this was confirmed on preliminary 
viewing of the photographs. Therefore, the Marwick Head study considers the attendance of 
both auk species (guillemots and razorbills) as one group attending the plot (i.e. birds were 
not distinguished to species-level during analysis of photographs). 
 

 

Figure 3. Small scale image of Northern end of Marwick Head showing position of North End 
plot and position of camera. The distance between the camera and the plot is approximately 
25 m. Created using Google Earth and Paint X Lite.  

 
2.3 Equipment and attachment to cliff  

The equipment and setup for the camera and housing was identical at each location unless 
otherwise noted. The approximate cost for all equipment and housing per camera was 
£1000. 
 
2.3.1 Camera setup and inner housing 

The camera set up and inner housing development was adapted from open-access 
instructions (see http://www.instructables.com/id/How-to-make-a-long-term-time-lapse/). A 
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Canon 550D and Canon 600D dSLR camera, both 18-megapixel photo quality, were 
deployed at Sumburgh Head and Marwick Head respectively. A Canon 70 – 300 mm lens 
was chosen for the study as it was not known what plot at each location would be suitable 
until arriving at the field locations. Additionally, it was not known where the camera could be 
attached to the cliff in relation to the plots. The range of zoom length enabled flexibility on 
the field site visit and also allowed the potential for use in future feeding and breeding 
success studies. A Pelican 1400 Case was modified to create a protective and easily 
accessible casing for the camera and electrical circuit. Pelican case foam was retained to 
provide additional protection for the camera against movement within the case. An electrical 
circuit was created using voltage converter, 20-amp fuse and electrical connectors to enable 
the long-term use of a 12-volt battery (see Figure 4). This 12-volt battery was housed in 
protective plastic casing outwith the pelican case; care was taken to reduce moisture getting 
inside the pelican and battery cases by use of silicon sealant on holes. A 20 mm diameter 
PVC pipe was cut to fit the optimum lens length (after the plot at each location was 
determined) and attached to the pelican box after cutting a complimentary circle on the front 
face of the pelican box. The PVC pipe was closed with 1 cm thick clear Perspex (cut to PVC 
pipe diameter), and attached with high quality super glue and sealed using epoxy. A quick 
release camera mounting plate was attached to a wooden bench within the pelican box to 
enable the camera to remain in the correct position within the pelican box and to enable 
easy removal for maintenance. A Godex intervalometer was used to enable the use of long-
term remote photography programmes. 
 

 
 

Figure 4. Arrangement of equipment inside pelican case. Clockwise from left: Godex 
intervalometer, Camera (with lens positioned to look through Perspex closed PVC tube and 
attached to mounting plate), electrical circuit, 12V battery within plastic container 

 
2.3.2 Attachment to cliff top  

Steel poles were inserted into attachments in the pelican box to enable rigid attachment to 
steel wall brackets, which were modified to fit around the pelican case. A wooden box was 
created to surround the pelican case and act as further protection from the harsh weather 
conditions. The box was painted dark green in outdoor water resistant paint to blend in with 
environment. The steel brackets surrounding the pelican case and the wooden housing were 
attached to the cliff top as one single attachment point, using long metal screws and holes 
created using a power drill. Additional screws attached the outer parts of the wooden box to 
the cliff top to further protect against gusts of wind in the exposed position. Each outer 
wooden box displayed a flip top hinged lid, held down using a combination lock and 
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additional large rocks from the area. The combination lock also provided some protection 
against theft. 
 
2.3.2.1 Attachment at Sumburgh Head  

At Sumburgh Head the camera was positioned on soft earth and grassy mounds and 
therefore concrete blocks were used to create a flat and sturdy position for the housing 
(Figure 5). The camera housing was attached only to these concrete blocks, allowed by the 
protection of a stone wall directly behind the camera. 
 

 

Figure 5. Camera housing at Sumburgh Head: Large paving stones used as flat surface on 
grassy mound habitat. Wall provides support and large rock (left of image) placed on top to 
provide stability. 

 
2.3.2.2 Attachment at Marwick Head  

At Marwick Head the camera housing was attached directly to flat bare rock (Figure 6). 
Attachment directly to the cliff top was required at Marwick Head due to the extremely 
exposed location. The camera housing was initially tested in position over night without 
camera equipment, to reduce risk of lost technical equipment. 
 

 

Figure 6. Camera housing at Marwick Head: Attachment to flat bare rock using power drill 
and 10 cm long screws. 
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2.4 Photo regime and maintenance  

Huffeldt and Merkel (2013) performed a similar remote time-lapse photography study on 
breeding common guillemot, which concluded that 1-hour intervals were best for reflecting 
diurnal variation. Due to reduced hours of daylight and attendance rates during the winter, 
one photo was taken every 30-minutes in this study. The settings allowed photos to be taken 
every 30-minutes regardless of light levels or focus, to allow brightening of dark photos 
during post-processing. The camera was deployed on the 30th of January at Sumburgh, and 
on 6th March at Marwick. Maintenance was carried out every two weeks in which the 
camera SD card was replaced, battery changed, photos downloaded and burned to DVD to 
be sent for post-processing. Multiple SD cards and batteries were available at each location 
to allow recharging of batteries and downloading of photos without interruption of the photo 
regimes. Staff on-site were distributed directions for the appropriate maintenance and 
update of equipment. 
 
2.5 Post-processing 

Photographs were subject to analysis from the camera deployment date at each location 
until the end of the non-breeding season. For this study the non-breeding season end date 
was defined as: the last day no birds were present before egg-laying. 
 
2.5.1 Analysis in Photoshop  

To increase the number of functional photos dark photos were brightened using Photoshop. 
A plot outline was overlain on each photo to ensure consistency in plot boundary and auks 
were counted using Photoshop Count tool (Figure 7). At Sumburgh the Photoshop plot was 
chosen within the stack using obvious physical features to enable easy application to photos 
of new batches, particularly if the camera view changed or zoom level was changed. The 
plot outline was automatically applied between photos of the same batch using ‘shift’ feature 
in Photoshop to further reduce observer error and post-processing time. This plot outline 
was divided into four rough quarters, which were counted clockwise from top left. Birds 
situated on dividing lines were included in the quarter to the right or below. Count tool 
enabled a marker to be placed on each counted bird, which enabled the researcher to 
perform an error check (checking all birds within plot displayed one marker) before settling 
on a count for each photo (see Appendix A for Photoshop counting methodology). Dark 
photos were brightened to 100% to increase the proportion of functional photos. This was 
performed through batch processing to decrease post-processing time. Additionally, 
BetterTouchTool (Version 1.13) was used which enabled ‘tapping’ of instead of ‘clicking’ to 
add count to photo, which greatly reduced the risk of repetitive strain injury and reduced time 
to count photos. 
 
A correlation analysis was performed in which the count of each quarter was correlated with 
the total count of all four quarters of photos that contained a plot count greater than zero (n = 
82). This enabled calculation of the most representative quarter of the plot to allow reduction 
of sampling effort to one quarter. All quarters displayed a correlation coefficient > 0.9 and 
high significance (p < 0.001), however the top-right quarter was chosen as the favoured 
quarter due to displaying the highest correlation coefficient of 0.942. Reducing the plot size 
to one-quarter of the original size enabled the time of post-processing to be reduced from 7 
minutes to 3 minutes per photo. 
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Figure 7. Plot outline (red) for Sumburgh Head. Plot follows natural contours of stack to allow 
accurate and easy application to new batch photos (in which the lens length and position 
may have changed). Numbers show count tool in use (blue). Plot split into four (purple).  
Top-right quartile is the most representative sub-plot. 

 
2.5.2 Quality Assessment  

Each photo was assigned a quality score from 1 – 5 (1: Poor → 5: Excellent) (see figure 8). 
Seven photos from each quality score were recounted by the observer and additionally by 
another observer to check accuracy within and between observers using this method and a 
Pearson’s correlation analysis was performed. 



 

12  

 

Figure 8. Sumburgh Quality Assessment Sheet: Each photo was rated on a scale of 1 to 5 (1 
= Terrible; 2 = Poor; 3 = Moderate; 4 = Good; 5 = Excellent) – The above quality 
assessment sheet was used to determine quality of photos.  Terrible photos were excluded 
from presence/absence analysis, terrible and poor photos were removed from count data 
analysis. 

 
2.6 Environmental data  

Environmental variables were related to colony attendance to understand what factors 
potentially influence the attendance of auks at the colonies. Environmental data were 
sourced from the MET Office and Wunderground.com. There have been indications in the 
literature that wind speed and temperature can affect the attendance of auks at colonies 
(Mudge et al., 1987; Blet-Chardaudeau et al., 2010). There have also been indications that 
auks are sensitive to air pressure due to on–site field workers noting a trend in departure 
time before storms hit colonies. Visibility was included in the analysis as this may affect both 
the numbers of birds finding the plot site and the ability to count birds in photographs. 
 
Hourly data for temperature, pressure at mean sea level and wind speed was obtained from 
the MET Office for Lerwick (32 km from Sumburgh Head) and Kirkwall (25 km from Marwick 
Head). MET Office data was correlated to Wunderground.com data for Lerwick to determine 
the reliability of using Wunderground.com data collected at Sumburgh Head. 
Wunderground.com was found to correlate highly on all variables and so wunderground.com 
data collected at Sumburgh was used to investigate possible effects of weather on 
attendance at Sumburgh (this also enabled a finer scale data set of 30-minute intervals). Met 
Office data for Kirkwall was used to analyse the Marwick data set as data from a closer 
location could not be obtained. All variables were thought to have potential to explain 
variation in attendance at the colonies by auks. 
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Additionally, nautical dawn and dusk (obtained from timeanddate.com) were used to define 
day and night photos. Nautical dawn and dusk occurs when the Sun goes 12 degrees below 
the horizon in the morning and evening, respectively. Nautical twilight included a greater 
number of counted photos within DAY category than civil twilight and so was chosen as best 
suited to the data.  
 
2.7 Statistical Analysis 

2.7.1 Sumburgh Head statistical analysis 

3435 photos were analysed covering the period 30/1/15 to 21/4/15. For each 30-minute 
interval, photo presence (i.e. the presence of guillemot and razorbill within photos) was 
determined creating a binomial data set; the plot was counted creating a count data set and 
each count was rated from 1 to 4 (1 = 0 birds, 2 = 1 to 10 birds, 3 = 10 to 100 birds, 4 = >100 
birds) creating an ordinal data set. 
 
2.7.1.1 Count data 

The diurnal trend was visualised in R statistical software by generating the mean number of 
guillemots for each 30-minute interval over the entire study period. The seasonal trend was 
also visualised by taking the mean count of each day. The maximum count on each date 
was extracted to reduce temporal autocorrelation in the data. The daily mean was calculated 
for each continuous variable (Wind speed (km h-1), Pressure at mean sea level (hPa), 
Temperature (°C) and Visibility (km)) using 30-minute collection intervals (Wunderground 
data collected at Sumburgh). The seasonal change in attendance was explored using 
Generalised Additive Models (GAMs) with Poisson error structure. After visualisation of 
attendance and continuous variables over the season it was determined that all 
environmental variables are linear.  
 
2.7.1.2 Presence data 

To reduce autocorrelation the presence/absence half-hourly dataset was reduced to daily 
presence/absence. As above, the daily mean for each continuous variable (excluding tidal 
height) using 30-minute intervals was calculated. 
 
2.7.1.3 Interval assessment 

A new dataset was created for increasing interval lengths of 60, 90, 120, 180 and 240 
minutes by extracting a reduced number of photos from the original 30-minute interval 
dataset. The daily maximum number of birds observed using each interval dataset was 
calculated and correlated (Pearsons) with the original 30-minute daily maximum data set to 
investigate the potential for reducing counting intervals. 
 
2.7.2 Marwick Head statistical analysis 

1788 photos from Marwick Head were analysed covering the period 6/3/15 to 22/4/15. After 
a preliminary count of 40 photos and reviewing the complete nonbreeding photo set it was 
found that the number of birds present within the Marwick plot displayed little variation 
(range = 44 – 60) when birds were present, therefore it was decided that only presence or 
absence data would be collected for this location. 
 
2.7.2.1 Presence data 

To reduce autocorrelation the presence/absence half-hourly dataset was reduced to daily 
presence/absence. As above, the daily mean for each continuous variable (Wind speed (km 
h-1), Pressure at mean sea level (hPa) and Temperature (°C)) using 1-hour collection 
intervals (Met Office data collected at Kirkwall) was calculated. 
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3. RESULTS 

3.1 Attendance 

In total 3435 photos were taken at Sumburgh within the study period. 2552 photos produced 
usable data (74.3%). From these photographs 81,571 guillemots were manually counted. In 
total 1764 photos were taken at Marwick during the study period. 1263 photos produced 
usable data (71.6%).  
 
Auks were found to regularly attend both Sumburgh and Marwick colonies during the period 
of study. 42 photos were assessed between 6/3/15 to 21/4/15 to compare attendance 
between Marwick and Sumburgh. 76.2% of days displayed the same presence score. Of the 
ten days that displayed differing attendance, 70% consisted of days when birds were 
detected at Sumburgh but not at Marwick.  
 
3.1.1 Sumburgh Head trends in attendance 

At Sumburgh mean peaks of 60 – 100 birds were observed every 4 – 5 days at the 
beginning of the study period. Intervals between attendance decreased with approaching the 
breeding season, i.e. auks were spending less time away from the cliffs as the breeding 
season approached. Mean numbers attending the colony also increase towards the breeding 
season (figure 9). At Sumburgh the daily trend in attendance displayed a peak in attendance 
in the afternoon, which then gradually falls towards night. Early morning displays the lowest 
mean attendance (figure 10). Auks could be observed on moonlit nights at Sumburgh Head, 
so reduced attendance at night may be an artefact of lower detectability due to the low light 
levels. 
 

 
 

Figure 9. Seasonal attendance of auks at Sumburgh Head from 30th January 2015 to 21st 
April 2015. Points show daily average with standard error bars. Mean peaks of 60 – 100 
birds observed every 4 – 5 days at the beginning of the study period. Intervals between 
attendance decrease in lead up to breeding season. Mean numbers attending the colony 
also increase towards the breeding season. 
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Figure 10. Daily attendance trend at Sumburgh Head. Line shows average attendance per 
30-minute period over the study period. Bars show average attendance per daily period over 
the duration of the study. A peak in attendance is found in the afternoon and this gradually 
falls towards night. Early morning shows the lowest mean attendance. 

 
3.1.2 Weather influence on attendance 

3.1.2.1 Sumburgh Count Data  

The best model for daily max count data at Sumburgh Head explained 28.2% of the 
variability of the daily count data inputting Julian date as a smooth term (table 1 & 2; figure 
11). Number of guillemots observed attending the colony dramatically decreases in wind 
speeds over 35–40 km h-1, this trend is significant (p <0.001, n=74) (figure 12a). Pressure, 
temperature and visibility were not found to be significant and so removed from the final 
model (p >0.05, n=74). 
 
Model1: gam(Max.Number.Guillemots ~ s(yday) + Mean.Wind.Speed, family=poisson, data 
= data.na.rm) 
 

Table 1.  Model 1. Significance of parametric terms for Sumburgh guillemot counts 

 Estimate Std.error Wald Pr(>W) Signif. 
(Intercept) 5.602082 0.057321 97.73 <2e-16 *** 
Mean Wind Speed 0.082082 0.002479 -33.12 <2e-16 *** 
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Table 2. Model 1: Significance of smooth terms and core values for Sumburgh guillemot 
counts	 

 Estimate Std.error Wald Pr(>W) Signif. 
(Intercept) 5.5690618 0.0892473 62.400 <2e-16 *** 
Julian Date -0.0043353 0.0008004 -5.417 6.07e-08 *** 
Mean Wind Speed -0.0663144 0.0020869 -31.777 <2e-16 *** 
      

R-Sq. (adj) = 0.263     Deviance explained = 27.2%      n = 74 
AIC = 3434.525 

 

Model 1 was compared to model 2 in which Julian day was inputted as a parametric term 
rather than a smooth term. Model 2 explained less variation and has a higher AIC value by 
more than two units and so was rejected as the best model.  
 
Model 2 = gam(Max.Number.Guillemots ~ yday + Mean.Wind.Speed, family = poisson, data 
= data.na.rm) 
 

Table 3. Model 2: Significance of parametric terms and core values for Sumburgh guillemot 
counts 

 edf Ref.df Chi.sq p-value Signif. 
s(Julianday) 8.939 8.999 366.5 <2e-16 *** 
      
R-Sq. (adj) = 0.282        Deviance explained = 36.1%        Scale est = 1           n = 76 

AIC = 3062.316 
 

 

Figure 11. Model 1 Smooth term: Julian Day: The estimated seasonal pattern of relative 
maximum number of Sumburgh guillemots observed. The solid line is the smoothing curve 
for Julian date and dotted lines are 95% confidence bands. 
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Figure 12. Sumburgh daily maximum count plotted against weather variables. a. Wind 
speed: Number of guillemots observed attending the colony dramatically decreases in wind 
speeds over 35–40 km h-1, this trend is significant (p <0.001, n=74 ); b. Pressure: Number 
of guillemots attending the colony drops at pressures below 985 hPa, but  not significant (p 
>0.05); c. Temperature: There is  not an observable trend in number of guillemots with 
temperature; d. Visibility: Number of guillemots observed increases with better visibility, but 
not significant (p >0.05)  
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3.1.2.2 Sumburgh Bionomial Data  

Presence/absence data at Sumburgh also found guillemots to attend the colony at lower 
wind speeds (p <0.001, n=74) (figure 13a). There was a trend towards less attendance at 
lower air pressures, however this was not significant (p >0.05, n=74) (figure 13b). Pressure, 
temperature and visibility were removed from them model (figure 13c;d). The best model for 
binomial data at Sumburgh Head explained 30.5% of the variability in attendance (Model 3) 
(Table 4). Julian date was not found to be a significant term within the binomial models and 
so was removed from the model. 
 
Model 3 = gam(Guillemot.Presence ~ Mean.Wind.Speed, family = binomial, data = 
data.na.rm) 
 

Table 4. Sumburgh guillemot binomial model 3: The significance of parametric terms and 
core values 

 Estimate Std.error Wald Pr(>W) Signif. 
Mean Wind Speed -0.25226 0.08392 -3.006 0.00265 ** 
      

R-Sq. (adj) = 0.305        Deviance explained = 25.4%         n = 74 
AIC = 80.32786 

 

 

Figure 13. Sumburgh daily guillemot presence/absence data plotted against daily mean 
values for a. Wind Speed: guillemots are present at the colony at lower wind speeds; b. 
Pressure: guillemots are present at the colony at higher pressures (this was not significant); 
c. Temperature: There is no observable difference of temperature when guillemots are 
present or absent; d. Visibility: More guillemots are observed in better visibility conditions. 



 

19  

3.1.2.3 Marwick Binomial Data  

The best model for binomial daily data at Marwick Head explained 26.2% of the variability of 
the daily presence data. Auks were present at lower wind speeds (p <0.001, n=47) (figure 
14). 
 
Model 4 = gam(Auk.Presence ~ Mean.Wind.Speed, family = binomial, data = 
data.na.rm) 
 

Table 5. Marwick binomial: Significance of parametric terms and core values. 

 Estimate Std.error Wald Pr(>W) Signif. 
(Intercept) 3.97937 0.98238 4.051 5.11e-05 *** 
Wind Speed -0.13851 0.03318 -4.174 2.99e-05 *** 
      

R-Sq. (adj) = 0.262        Deviance explained = 21.2%         n = 47 
AIC = 55.31274 

 

 

Figure 14. Marwick daily presence/absence data plotted against daily mean values for a. 
Wind Speed: Auks are present at lower wind speeds (p <0.001); b. Pressure: Auks are 
present slightly more at higher pressures (not significant); c. Temperature: No observable 
change in presence with temperature. (No visibility data available for Marwick dataset) 
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3.2 Photo Quality Assessment 

3.2.1 Intra-observer counts  

Intra-observer counts were found to significantly correlate with original counts (r = 0.992, p 
<0.001, n=21), when quality checks were undertaken by recounting photos. There was no 
difference in the strength of relationship or significance between quality categories 
(moderate, good or excellent). 
 
3.2.2 Inter-observer counts  

Inter-observer counts were also found to significantly correlate although with a slightly lower 
strength of relationship (r = 0.965, p <0.001, n=21) when quality checks were undertaken by 
a second observer counting photos. Again, there was no difference in the strength of 
relationship between quality categories. 
 
3.2.3 Correlation of daily maximum attendance  

There was a positive trend observed of image quality rating and number of auks i.e. the 
greater the image quality the higher the number of auks counted; however this was not 
significant (Figure 15). Figure 16 shows effect of analysing fewer photos per day at 
Sumburgh. Intervals of 60 and 90 minutes correlate highly with original 30‐minute interval 
counts (r = 0.997, p <0.001, n=74). However, intervals of longer durations incorrectly 
characterise presence days as non‐presence days. 

 

Figure 15. Box plot showing the number of guillemots counted categorised by image quality 
score for Sumburgh Head. Although quality of image was not significant in explaining 
variation in number of birds attending the plot this plot shows a small increase in observed 
number of birds with increasing quality of photos. 
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Figure 16. Correlation of daily maximum attendance (calculated from 30 minute photo 
intervals) with intervals of increasing length for Sumburgh Head. At lower daily maximums 
points are less correlated with increasing interval length.  a. 30 vs 30, r = 1 (Comparative); b. 
30 vs. 60, r = 0.997; c. 30 vs. 90, r = 0.995; d. 30 vs. 120, r = 0.988; e. 30 vs. 180, r = 0.977; 
f. 30 vs. 240, r = 0.962.  All correlations are significant (p <0.001) 
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4. DISCUSSION 

Auks regularly attended the colonies during the period studied. This attendance was readily 
characterized using remote time-lapse photography and this encourages use of this 
methodology for future studies of seabird attendance during the non-breeding season and 
possibly into the breeding season. 
 
4.1 Daily attendance trends characterised by remote photography 

4.1.1 Comparison to breeding season guidelines 

Daily attendance of auks was found to peak during the afternoon period and decline towards 
night until a minimum average count within the ‘early morning’ period. The optimal time for 
counting plots during the breeding season is between 8:00 and 16:00 (Harris et al., 2003.) 
The daily trend observed at Sumburgh during the non-breeding season would agree with the 
guidelines for the breeding season due to exhibiting peak in numbers within ‘morning’ and 
‘afternoon’ periods.  
 
4.1.2 Effects of photo quality  

4.1.2.1 Low light  

It is possible that low light levels during the early morning period may have reduced the 
reliability of the daily trend at Sumburgh. On analysing the photos the author noted that birds 
would be apparent through the night in high numbers, however these photos were often of 
too low quality to count. Additionally, ‘poor’ quality photos could not be assessed for 
presence and thus a zero count could be assigned to absent photos. This may have biased 
the ‘early morning’ daily period towards a lower average count when birds were actually 
apparent in higher numbers during the early morning over the duration of the study.  
 
In future studies, an ordinal scale that estimated guillemot numbers could be applied in lower 
quality photos, which would allow more ‘night’ and ‘early morning’ count data to be included 
within the analysis. The daily trend should therefore be viewed with these factors in mind. 
Similarly, the lower numbers counted during the ‘evening’ daily period may be attributable to 
a decline in quality during lower light levels.   
 
4.1.2.2 Focus 

Additionally, large numbers of photos displayed reduced quality due to focal problems at the 
beginning of the study. Due to the equipment set-up, camera focus could not be checked 
when in the monitoring position.  This problem could be avoided in future studies through 
connecting the camera within the pelican case to an external image viewer (such as a smart 
phone or laptop) to check the image before leaving the camera equipment for an extended 
period. 
 
4.1.2.3 Undercounts at high densities 

Figure 15 shows fewer birds counted at lower quality levels. Although this finding was 
insignificant, the trend observed should be taken into account when viewing fine scale 
variation in attendance over periods that may be subject to differing light levels. This was 
particularly apparent in photos that contained approximately 100 birds. In such photos when 
the plot was densely populated the guillemots would be in close proximity to one another 
and therefore definition of individual guillemots would be lost in lower quality photos. White 
feathers would often aid detection of individual birds against a dark background, however 
when the plot was particularly full white areas on auk bodies were commonly hidden. This 
further reduced the ability of the observer to distinguish individual guillemots, particularly 
when combined with low light levels. These additional factors may have led to undercounts 
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during periods of high attendance. Consequently, there may be a maximum count limit, 
which is not determined by the number attending the plot, but by the number of birds that 
can be counted by the observer within a particular area. This may lead to higher maximums 
of attendance being lost. However, it was considered that attendance of 100 or more birds 
within the study plot would determine that the colony was well attended at Sumburgh, which 
could be calibrated if this study is repeated.  
 
4.1.3 Counting methodology  

4.1.3.1 Recount reliability 

As noted above, images at lower light levels could lead to the observer being unable to 
identify individual birds. These images were categorised as ‘moderate’ photos using the 
quality scale. However, the small sample of recounts showed no difference in Pearson’s 
correlation score when recounting photos of each quality. Although this shows a high degree 
of precision within counts of the same observer within quality scores, there may be problems 
of accuracy. This issue could be investigated through comparisons to traditional monitoring 
method counts.  
 
4.1.3.2 Between and within observer reliability 

Additionally, counts of all photos may be subject to lack of consistency between observers, 
which may be due to level of experience and individual variation in counting technique. 
Although the small inter-observer sample yielded a high correlation coefficient (r = 0.965) it 
was noted by the author that the additional observer tended to undercount. This may be 
corrected with experience of distinguishing individual birds in low quality photo, however it 
should be noted that lack of accuracy between observers could lead to comparisons 
between sites to be unreliable.  
 
On the other hand, the high correlation score between the observer and test observer 
suggest that the counting methodology can be picked up rapidly.  Most importantly, there 
proved to be little intra-observer variability and therefore using Photoshop to count birds has 
proved to be a reliable method. This may mean that the workload of counting a large number 
of photographs could be shared among research teams or monitoring staff. On the other 
hand, further testing of the reliability of intra and inter-observer counts would be required, as 
this study only assessed an additional 21 photos (7 per quality rating) per observer recount. 
 
4.1.4 Overnight attendance evidence 

Interestingly, this study yielded several moonlit shots of the ‘Big Stack’ plot at Sumburgh, 
which show the birds to be present in high numbers overnight. Analysis of these in future 
studies may aid understanding of overnight attendance. Unfortunately, clear night shots 
were only available on moonlit nights, when the moon was near its fullest, and this was also 
subject to variation in cloud cover. The ability to gain information on nocturnal attendance 
may improve knowledge of nocturnal behaviour, particularly in relation to moonlight, akin to 
research performed in other seabird species (Powell et al., 2008). The finding that birds are 
present overnight is in contrast to other portrayals of guillemot behaviour, which states that 
they usually attend colonies in high numbers from early morning (Harris, 1993; Harris & 
Wanless, 1990).  Again, this may be due to a bias towards day time studies for cliff attending 
birds due to safety issues and traditional methodology. Remote photography, using high 
quality cameras, allows information to be collected at times of day and season when 
traditional methods may not be appropriate.  
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4.2 Seasonal attendance 

Auks were found to attend the colony in what appeared to be cycles of four-day intervals. 
Intervals between attendances declined in duration closer to the breeding season. Due to 
the close association with wind speed it is unlikely that the periods of attendance are cyclic, 
as is found in other auk species during the breeding season (Calvert & Robertson, 2002). 
The attendance at Sumburgh and Marwick were similar with only one quarter of days 
showing differing presence.  Similar days of presence are expected as the locations will be 
subject to similar influences of weather. For days that did not match attendance, most 
showed presence at Sumburgh but absence at Marwick, which again was expected due to 
the far larger plot size at Sumburgh Head.  The seasonal attendance found by auks at 
Marwick, and particularly Sumburgh, could be analysed with reference to trends reported in 
the pre-laying period to relate the attendance during the winter to additional monitoring 
during the pre-breeding season at Sumburgh and at other locations (Martin Heubeck, pers 
comm; Wilhelm & Storey, 2002).  
 
4.3 Modelling attendance 

The best models analysing the variation of attendance at Sumburgh explained similar levels 
of variation when using count data or presence data (26.3% and 30.5% respectively).  The 
larger R2 when using binomial data may have been due to a larger data set contributing to 
the daily presence data (more photos could be determined for presence than could be 
counted due to the applied quality system). Julian date was not found to be significant in 
either binomial data set, which may require further investigation to investigate the 
occurrence of attendance cycles outwith major influences of weather variables.  
 
4.3.1 Atmospheric Pressure  

Although the effect of atmospheric pressure was observed graphically at both Sumburgh and 
Marwick, this was not statistically significant. However, further research may be required to 
rule pressure out as a variable contributing to auk attendance.   
 
4.3.2 Wind speed  

Due to the location of the plot at Sumburgh, it was expected that auks would seek to mitigate 
the effects of strong winds through attendance at the colony. Instead, auks showed a clear 
avoidance of the Sumburgh plot at high wind speeds, indications of which have been 
observed in other studies (Mudge et al., 1987). Auks may find it less energetically costly to 
be at sea in high wind speeds, as it takes less effort to fly or glide. Alternatively, auks may 
find high winds speeds buffering the cliffs at the colony too difficult and therefore opt to move 
to sea.  
 
4.3.2.1 Limitation of remote photography  

At Sumburgh photos were obtained of waves reaching the full height of the cliffs, which may 
have been a contributing factor the auks leaving the study site in high winds. This study 
cannot rule out the possibility that auks moved to another location within the colony, which 
may have offered respite from the wind and waves. However, long term researchers of 
Sumburgh Head have noted the Big Stack as the most favourable habitat for guillemots so it 
is assumed that if they are not present on the stack they are not present at the colony 
(Martin Heubek, pers comms; Moncrieff, pers comms). However, evidence of absence 
cannot be obtained using remote photography focused on only one plot. Additionally, 
monitoring studies have found that long term trends are best detected using more plots 
rather than increasing count frequency of the same plot (Sims et al., 2006). Additional 
cameras could be used in the future to generate a more realistic view of the colony, but of 
course this would require additional funds for camera equipment. Alternatively, photography 
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monitoring could work alongside traditional monitoring methods to gain a better 
understanding of attendance at the colony level. 
 
4.3.2.2 Sumburgh Head 

Wind speed was found to significantly explain variation in attendance at both Sumburgh 
Head and Marwick Head. Birds were found to leave the plot or reduce to low numbers, in 
periods of wind speed greater than 30 km/h at Marwick and 30 to 40 km/h at Sumburgh. 
Guillemots may have been present at Sumburgh at higher wind speeds than at Marwick due 
to the position of plot at Sumburgh. The plot at Sumburgh is upon a large boulder stack 
positioned within a shallow inlet, which may have provided some buffer towards the wind. 
Additionally, due to the plot at Sumburgh focusing on a three-dimensional stack, auks were 
able to change position on the stack in relation to the wind direction. 
 
4.3.2.3 Marwick Head 

The plot at Marwick is in a more exposed position, although south facing such that winds 
from the North would be buffered. However, the Marwick cliff face offered little scope for 
birds to change position to protect against prevailing winds. On the other hand, the plot at 
Marwick Head only captured a maximum of 60 birds on a reduced plot area. This may have 
meant that in periods of high wind the birds descended further down the cliff face, out of view 
of the camera. Alternatively, birds may have been present in lower numbers, again out of 
view of the camera. Nevertheless, the significance of wind was perceived using only 
presence/absence data at both Sumburgh and Marwick. It is particularly encouraging that 
the significance of wind was perceived at Marwick, on a plot far reduced in size and reduced 
in suitable ledges for auks than at Sumburgh. This could pave the way for further reduction 
in post-processing effort to assess the importance of weather on attendance at colonies 
using this methodology.  
 
4.3.2.4 Auk energy efficiency 

Further research could aim to assess the importance of wind speed to the energy efficiency 
of auks during the non-breeding season.  It is important for auks to maintain body condition 
for the breeding season. It would be interesting to assess the effects of high wind speeds on 
auk foraging capabilities as auks have some of the highest energetic costs when flying due 
to the trade-off for optimal diving (Elliot et al., 2013).  Unlike petrels, auks are unable to soar 
and therefore it is thought auks are unable to harness wind to reduce energetic costs. 
Instead they must expend more energy to fight against the wind. Auks have also been 
shown to change prey type in high winds to reduce time spent performing over water 
searching (Elliot et al., 2013). The effects of wind on auk energetics and behaviour during 
the non-breeding period and repercussions for the breeding season may become more 
important for conservation management as wind systems change with climate change.  
 
4.4 Monitoring methodology outlook  

4.4.1 Post-processing time 

Post-processing time could be dramatically reduced through the use of automated count 
tools such as ImageTool, ImageJ or Flamingo, all of which are publicly available 
(Deschamps et al., 2011; Laliberte and Ripple, 2003). These applications are best suited to 
wildlife that can easily be distinguished from their backgrounds, for example a flock of birds 
against a bright sky, or a herd of antelope against light terrain. Unfortunately, the variable 
surface of the plot at Sumburgh coupled with the black and white guillemots made the use of 
automated counting difficult when briefly explored by the author. The difficulty of this was 
particularly evident after snowfall, which additionally reduced the contrast of birds and 
background. However, as technology progresses this may be a viable option in the future. 
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Alternatively, thermal imaging may be used to determine the number of birds within a plot 
(McCafferty, 2013). Again, due to the dense aggregations formed by auks at colonies, it may 
be difficult to distinguish between individual birds even when using thermal imaging. 
However, thermal coverage of a plot may be able to deduce relative numbers of guillemots 
attending a plot.  Thermal imaging may allow better nocturnal counts.  
 
4.4.2 Plot choice 

The plot choice at each colony illustrated the importance of plot selection for monitoring 
attendance at colonies using remote photography. Trade-offs between the key research 
objectives, on-going maintenance and public safety were apparent. At Sumburgh Head, the 
camera was installed near the visitor centre and could be easily accessed by the on-site 
staff. While the camera was close to public areas, it could be observed for safety by on-site 
staff. On the other hand, Marwick Head has no visitor centre and there are no walls 
separating visitors from the cliff edge. For these reasons it was pertinent that the camera 
was installed in a location that would reduce incitement of public curiosity. At Marwick Head 
there was a clear trade-off in meeting our research objectives and choosing a location that 
all stakeholders were comfortable with, particularly due to the plot’s status within an RSPB 
reserve. Due to the exposed conditions of the cliff, it was also important to install the camera 
equipment at a safe distance from the cliff edge to allow safe maintenance without the 
additional requirement for tethering in. Additionally, the Marwick site visit was undertaken 
without any auks attending the colony at that time. Therefore, probability of guillemot 
occurrence in camera view at numbers representative of the colony was decided on indirect 
factors such as suitability of ledges and white markings. North End plot was chosen over 
plots that may have allowed a larger number of auks and variation of auks to be observed. 
This was because North End best met public and on site staff safety concerns.  
Unfortunately, due to the difficult viewing angle at North End, only North End Upper was 
viewable on the camera, while the majority of potential ledges were further down the cliff 
face. This impacted the resulting dataset that displayed little variation in number of auks 
attending the cliff. On the other hand, the lack of variation in auk numbers may have been 
due to the later deployment date in early March.  
 
4.4.3 Equipment 

The camera equipment and housing used for this study proved to be very successful and 
would be an appropriate model for further research. The similar percentage of usable 
(countable or presence determining) photos at each site is expected due to the majority of 
unused photos caused by low lighting, during the night or in bad weather conditions, which 
would have similarly effected both locations. Although dark photos were brightened in a 
systematic way using Photoshop, further post-processing may yield a greater proportion of 
usable photos.  
 
4.4.4 Requirement for traditional counts alongside remote automated photography 

The above study shows that the counts obtained by remote photography are tightly 
controlled by the methodology, particularly plot selection and quality of photos.  Future 
research could aim to test the efficiency of remote photography methodology through 
comparisons to traditional methodology. This could be achieved by performing traditional (in-
person visual) counts alongside time-lapse camera equipment. Performing traditional counts 
concurrently and from the same position would help to exclude confounding factors in 
determining the efficiency of time-lapse monitoring. Nevertheless, it is obvious that time-
lapse photography maintains an advantage of possessing a record of observations, which 
can be re-examined by additional observers or at a later date by the same observer. 
Additionally, other research questions may be explored using the same dataset at no extra 
costs to the researcher (i.e. additional travel to field sites), particularly during the breeding 
season, for example to monitor prey type and abundance. The camera lenses chosen for 
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this study possessed the ability to zoom to 300 mm. Although there is a trade-off of zoom 
length and quality of image, the lens only reached a maximum focal length of 100 mm in this 
study to provide high quality images of individual guillemots. Future studies could utilise the 
same equipment to explore the possibility of capturing photos of prey delivered to offspring 
by adults utilising the full zoom capacity.  
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5. CONCLUSIONS 

This study has shown that remote time-lapse photography is a viable method to characterise 
the attendance of auks (guillemots and razorbills) at multiple colonies. Additionally, this study 
has shown that remote time-lapse photography can be used successfully in harsh weather 
conditions, particularly during winter months in the Northern Isles of Scotland. This study has 
also shown a significant effect of wind speed on attendance of auks at both Sumburgh Head 
and Marwick Head. This study has explored the difficulties of plot selection and post 
processing, and has presented a platform upon which further research applying remote 
photography as a monitoring tool can build upon.  
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ANNEX 1: SUMBURGH – ‘BIG STACK’ PLOT: THE PHOTOSHOP COUNTING METHOD 

1. Open Photoshop 
2. Open practice plot – select ‘Plot outline’ layer – drag layer to new photo  
3. Open photo you want to count 
4. Align plot with new photo using practice plot photo as guide 

‐ May need to resize – use transform tool and shift key to maintain correct 
proportions  

‐ For same batch of photos – first photo will need adjustment but when transferring 
plot outline to each new photo (from first batch photo) press shift when 
transferring to position in exact same place (saves time) 

5. Count each quarter plot in following order (Top left (1), top right (2), bottom left (3), 
bottom right (4)) 
‐ Change count group for each quarter 
‐ Each quarter has different colour and own count– count tool will also display total  
‐ Rules: A bird is counted within plot if is ‘sitting’ within plot i.e. bottom part of 

guillemot is within plot outline 
‐ If vertical axis cuts through guillemot always count as part of right quarter 

6. Insert image details and counts to excel file  
7. Give each group of photos a quality rating (1 – 5) for ease of counting 

 
Additional notes: - If there is a problem with photo (image blur, unfocused, rabbit in 
way of lens) and cannot be counted – Do note presence or absence (if this is visible).  
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