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Expedition Budget 

 
 
 
 

Outcome 

Edinburgh > Keflavik flight one way (6x59) = £355.02 

Keflavik > Egilsstaðir car one way= £1157 

Egilsstaðir <> Seyðisfjörður bus return (6x15.56) = £77.8 

Egilsstaðir > Keflavik internal flight (6x90) = £540 

Keflavik > Glasgow flight one way (6x150) = £900 

Transportation total = £3029.82 

 
Fuel and accommodation (outwith Skálanes) = £318.5 

Food and accommodation (Skálanes) total = £6,000 

 
Technical equipment total = £133 

 
Compensation for team member due to extenuating circumstances = £296 

 
Total Expenses = £ 9777.32 

 
Income 

Personal contributions (6x £656) = £3936.30 

Surplus funds donated from 2017 = £1,752.83 

Fundraising Events = £782.25 

Personal Fundraising = £667.91 

 
Total = £ 7139.29 

 
Glasgow Natural History Society Grant = £600 

Gilchrist Trust Grant = £500 
Glasgow University Court and Exploration Society Grant = £1538.46 

Total Amount raised by grants 

= £2638.46 

 
Total Income = £ 9777.75 

 
Funds leftover = £0.43 
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Travel and logistics 

The  team  departed  on  the  10th       of  June  from  Glasgow  International  Airport  to  Keflavik 

International Airport. All six team members flew out together and travelled by rental car for 

three nights from Keflavik to Egilsstadir. The car was returned in Egilsstadir on the 13th   of June. 

The journey to Seydisfjordur was completed by bus and Olafur Petursson, the managing 

director and our host, drove the team to the Skálanes Reserve. The expedition ran from the 

10th of June to the 25th of July. 

Following the discontinuation of the guesthouse facilities at Skálanes, new lab and processing 

space provided the expedition with enhanced amenities. Skálanes is now an affiliated 

INTERACT- International Network for Terrestrial Research and Monitoring in the Arctic, base 

station bringing new and exciting opportunities for future expeditions. The reserve is taking its 

first steps in this new venture by setting up a central database to make sure the data collected 

at Skálanes is easily accessed and shared. 

 
 
 

 
ITINERARY 

 
 

10th - Arrival from Glasgow International airport to Keflavik International airport 

 
 

10th-13th June - Travel by car, reaching Egilsstadir and transferring to Skálanes on the 13th 

June. 

 

13th-18th - Orientation to Skálanes. Opportunity to work alongside Earlham University 

collecting aerial photography for project sites. 

 
Week 2 - Pilot Studies began, final methodologies for Puffin, Tern and Lupin data collection 

decided. 

 
Week 3-7 - Data collection for Puffin, Arctic Tern, Lupin and Fulmer/Kittiwake population 

studies. 



7  

Overview of Studies 

 
Investigating the habitat preferences of Alaskan Lupin (Lupinus Nootkatensis) 

depending on soil characteristics and slope characteristics on the Skálanes Nature 

Reserve, East Iceland. 

 

 
Introduction 

In this study Alaskan Lupin will be assessed by investigating soil and slope as ecosystem 

factors in order to determine the species’ preferred conditions on the Skálanes Reserve and 

the potential impacts on native vegetation. The Alaskan Lupin (Lupinus Nootkatensis) was 

introduced to Iceland to tackle degradation of vegetative ecosystems and soils (Wasowicz, 

2016; IUCN, 2016). Introduced to the Skálanes Nature Reserve in 1998 to tackle local soil 

erosion, Alaskan Lupin is a perennial herb that annually dies back to a subterranean woody 

basal stem structure (Magnusson, 2010). In its native environment it is found on gravel bars 

on the coast, rivers and dry slopes; in Iceland it is thrives in areas of relatively high precipitation 

rates and nutrient deprived soil (Magnusson, 2010; Magnusson & Sigurdosson, 2010). 

Iceland’s climate is maritime cold or sub-arctic with almost 42% of the country characterised 

as desert with a limited vegetation cover and only 14% with continuous vegetation cover 

(Aradóttir et al. 2013; Gretarsdottir J. et al. 2004). The Skálanes Reserve is characterised by 

mostly continuous vegetation until much higher altitudes are reached. Soil characteristics are 

important contributors to percentage plant cover and success, conditions such as pH, nutrient 

availability and soil moisture, directly influence plant growth (Smithson et al. 2008). Indirect 

factors such as slope and aspect influence wider plant distribution (Smithson et al.2008). 

 

 

Alaskan Lupin (Lupinus Nootkatensis) 
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Alaskan Lupin is a naturalised alien species associated with potentially adverse impacts on 

native environments in Iceland (Mack et al. 2000; Konlecher et al. 2015). The species has 

overcome ecosystem barriers making regular reproduction possible to cause rapid expansion 

across Icelandic landscapes (Richardson et al. 2000). Exploitation and deforestation by early 

Norse settlers on the island, around 1200 years ago, caused the onset of extensive vegetation 

degradation and soil erosion (Arnolds, 2008; Wasowicz, 2016). The vegetation and soil 

present on Iceland today is thought to be only a small fraction of what it once was (Arnalds et 

al. 2001; Wasowicz, 2016). Competition by invasive Alaskan Lupin may put surviving native 

ecosystems at further risk. Understanding the preferred environmental conditions for Alaskan 

Lupin is important to assess the potential impact of this species including that on nutrient 

cycling and native plant biodiversity (Mack et al. 2000). 

 
Methodology 

The study site will be a rectangular plot divided into 100mx100m boxes. The site will extend 

as far up slope to capture the furthest extent of Lupin in the chosen area. Vegetation type will 

be divided into two homogenous categories, heathland and Lupin cover. A representative 

sampling method will be adopted. There will be at least 30 sample sites to facilitate statistical 

analysis 

A 1m x 1m quadrat will be used as a standard sampling unit. This size will be suitable for the 

vegetation type investigated ranging from grassland to dwarf shrubs. Species type and 

distribution will be noted for each sample site and a soil sample will be taken with a soil auger. 

A photograph of the quadrat and soil sample will be taken. 

 
 

 

 
Photographed 1mx1m heathland quadrat and accompanying soil sample. 
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An NPK soil testing kit will be used to measure nitrogen content. The pH will be tested to 

investigate acidity informing the study of soil structure and nutrient availability (O’Hare, 1988). 

Statistical analysis will be carried out on the collected data. The null hypothesis is; Alaskan 

Lupin (Lupinus Nootkatensis) will have no preference for slope or present any impact on soil 

characteristics on the Skálanes Reserve. GPS survey and sampling data will be inputted to 

ArcGis to create a soil and vegetation map that can be compared to past data. 

 
 

 
Laboratory Processing of Samples 

Soil samples collected in the field were hand textured to estimate the percentage of sand, silt 

and clay particles. The soil texture will be used to assess soil water properties. Soil colour was 

evaluated using a Munsell Soil Colour chart to estimate iron and organic matter content. 

Following hand texturing, the soil samples were air dried to prepare for pH and nitrogen 

testing. 

 
 

 

 
 

The prepared samples were extracted in solution by the following method: 1 tsp of dried soil 

was transferred to a test tube filled with distilled water and dissolved Floc X reagent tablets, 

then shaken for one minute. Once settled the clear solution was pipetted to a square test tube 

and a nitrate reagent tablet was added. The solution was left to stand for 5 minutes and 

compared with the nitrogen colour chart. 

A Stelzner Hellige pH meter was used to test the acidity of the soil. Samples were tested 

individually by placing 1 tsp of dried soil in the testing dish provided and adding 5 drops of the 

universal indicator solution. After one minute the colour was compared with the chart. 

Soil samples air drying in the laboratory. 
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Preliminary Results 

 
 

NPK and pH 

The results of the NPK soil tests determined that all soil samples exhibited low nitrogen levels, 

approximately 40 lb in 6 inches of soil. There was no difference between samples taken in 

areas of Lupin and areas of heath, showing early indication that the Lupin and native 

vegetation share similar habitat preferences. The results of the pH tests showed that the 

majority of the samples were pH 5. In a natural setting the pH of the soil is influenced by 

mineralogy, climate and weathering. For stable soil structure the ideal pH is 6.5, indicating the 

soil tested in this study is not at the most favourable pH for plant growth. Historical soil erosion 

in the area as a result of overgrazing and vegetation removal may play an important role for 

this result. 

Further statistical analysis is needed to determine any relationships present for Lupin plant 

traits and soil characteristics. 

 
 
 

GIS 

Further analysis of Lupin spread on the Skálanes reserve will be possible with final aerial 

imagery produced by Earlham University. When this is available, the software ArcGis will be 

used to create representative maps showing past and present extent of the Lupin. 
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An Investigation into Foraging Rates and Diet in a Colony of Arctic Terns 
(Sterna paradisaea) at the Skálanes Nature and Heritage Centre, Eastern 
Iceland 

 
 

Introduction 

 
The Arctic Tern (Sterna paradisaea) is an 

abundant species of seabird with a widely 

circumpolar breeding distribution, however this 

distribution has been moving further north in 

recent years due to a hypothesized lack of food 

(Alderfer and Dunn, 2014). Arctic terns are more 

vulnerable to reductions in their food supply than 

most other seabirds due to their low degree of behavioural plasticity. This low plasticity is the 

result of their small body size, specialization towards surface feeding, and their lack of 

alternate prey species (Ratcliffe, 1997). Consequently, terns and kittiwakes are among the 

first seabirds to display a negative response in their breeding success when foraging 

conditions deteriorate. This makes them ideal biomonitors for changes within the marine 

environment in areas where other ecological information is unavailable or unobtainable 

(Gaston and Elliott, 2014). 

 
Weather, especially wind speed, is thought to play a large role in the foraging success and 

overall diet of Arctic terns. High lipid content fish (e.g. Atlantic herring) are thought to be the 

highest quality prey for terns and their chicks. However, periods of bad weather (characterised 

by high wind speeds, rainfall and low temperature) can result in the conditions at sea becoming 

unfavourable to the parents, forcing them to forage for lower quality invertebrates at a higher 

foraging cost (Scopel and Diamond, 2018). Thus, the availability of food close to the breeding 

site is key to the reproductive success of a tern colony as they may spend between 40-94% 

of their day foraging during chick-feeding periods (Courtney and Blokpoel, 1980). 

 

It is also possible to directly observe the terns entering the colony with binoculars or a long- 

lens camera to identify the prey being carried by the seabirds and estimate the prey size in 

relation to their bill length. The main disadvantage of this method is the possibility of 

misidentifying the prey, but this can be mitigated by taking pictures as the bird comes towards 

the colony (Larson and Craig, 2006). 
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The arctic tern colony located at the Skálanes Nature and Heritage Centre is thought to be 

one of the largest colonies in Iceland. The productivity of terns within this population has been 

recorded since the 2008 expedition. These investigations uncovered a worrying downward 

trend in productivity until, in 2011, a fledgling success of zero was recorded. This disturbing 

level of productivity did not continue however as the 2012 expedition reported an increase in 

fledging (Griffith, 2012). Basic knowledge about the ecology of Arctic-breeding seabirds is 

essential, especially at a time when natural and anthropogenic stresses are changing, and 

even increasing in intensity, in vital Arctic marine environments (Milner, 2007). 

 

Aims: 

· Map out the colony using GIS software. 

· Observe and photograph terns entering the colony and identify what prey they are carrying. 

· Investigate if weather has any effect on the prey that the terns bring into the colony. 

· Count how many birds enter the colony in one hour to calculate foraging rate. 

 
 

Hypothesises: 

·  Area of the colony will have increased, following on from the colony growth reported by 

previous expeditions. 

· The tern diet will be mostly fish and marine animals with few insects or invertebrates. 

·  Stronger winds and colder weather will restrict foraging over the sea, resulting in more non- 

marine prey. 

·  The energetic content of prey items being brought into the colony will increase as the chicks 

hatch and grow. 

· Foraging rates will be lower when weather conditions are hazardous e.g. high winds or rain. 

 
 

Methods 

 
 

Upon arrival at the Skálanes site a rough estimate of the colony size will be carried out via 

observations using binoculars and a camera with a telephoto lens from a high vantage point. 

This initial observation will give us an idea of the size of the colony as well as any notable 

biotic or abiotic factors nearby, such as the road or the invasive Alaskan Lupin. 

After this initial estimate a GPS device will be used to record the coordinates of the colony’s 

outermost nests. These coordinates can then be imported into a piece of GIS (Geographic 

Information System) software known as QGIS, giving us a concise map and an estimate of 

the land area utilised by the colony. 
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Once this initial data has been collected observations can begin. A section of the colony close 

to the guesthouse will be chosen for study and a hide will be set up in this location, facing 

away from the colony. A telephoto camera will be used to take pictures of any terns entering 

this area carrying food in their beaks. A hand-held tally counter will also be used during this 

observational period in order to record the number of terns entering the colony from this side, 

giving us an estimate of our foraging rate. The images will then be analysed to identify the 

prey items that individual terns are carrying and to estimate the size of the items relative to 

the beak of the tern. Comparisons can be made between photos earlier and later in the 

breeding season to identify any change in diet over this period. Observations will occur for 

one hour twice a day; at 10am and 3pm. 

 

Weather reports will be analysed from the nearby Dalatangi weather station using a Davis 

Vantage Pro2 weather station console located at the research station. This will give us up-to- 

date information on the current weather conditions including temperature, humidity, 

barometer, wind speed, daily rain amount, and current rain rate. Readings of these variables 

will be taken both before and after an observation period and these 2 values will then be 

averaged in order to get the average weather conditions during the one-hour observational 

period. 
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Results 

Foraging Rates 
 
 
 
 

 

 
 
 

Foraging rates appear to increase slightly with increasing environmental temperature. 

However, this result is not significant (p= 0.2675). 
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Foraging rate appears to increase in relation to wind speed. This result is not significant (p= 

0.3255). 
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There does not appear to be any significant difference in foraging rates between the morning 

(10:00) and evening (15:00) observations (p= 0.8062). 

 
 

 
Foraging rates appear to increase in relation to the amount of daily rain falling on the colony. 

This result is not significant (p= 0.1976). 

 
Diet 
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Preliminary analysis of the images gained from the observational periods have given us a 

good insight into the diet of the Skalanes arctic tern colony. Terns within this colony appears 

to have a mostly marine diet, which is unsurprising given its proximity to the sea. They also 

appear to be consuming a large number of insects and other invertebrates, although whether 

this is due to them not being able to find sufficient energy-dense marine prey is still to be seen. 

 

The vast majority of their marine prey consists of sandeels of varying sizes and development 

stages. There are also many larger prey items including fish, such as capelin, and 

crustaceans. 

Further analysis of the images is needed before any conclusion can be drawn between the 

types of prey being foraged by the terns and any other factors such as wind speed or 

temperature. 

 
GIS Map 

 
 

Work is still ongoing in order to transform the GPS coordinates taken during the investigation 

into a comprehensive map of the boundaries of the Skalanes arctic tern colony. 
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Examining the activity, attendance and provisioning rates of an Atlantic puffin 

(Fratercula arctica) colony off the east coast of Iceland 

 

 
Figure 0.1 – Atlantic puffin at burrow 6 with a beak full of sandeels (Turnbull, 2018) 

 

 
The Atlantic, or common, puffin (Fratercula arctica) is one of 5 species of Auk (Alcidae) and 

is a native resident of the Atlantic Ocean. Most of their lives are spent at sea but they will 

come to land in spring and summer to form breeding colonies. Puffins will often select rocky 

cliffs to build their nest burrows, which are lined with feathers or grass, in which they lay a 

single egg, usually in springtime. The eggs will hatch after an incubation period of 39-40 days, 

and the breeding pair will begin to start bringing beak-loads of fish to the nest for the chicks 

(Boag and Alexander, 1995). The puffins will usually only venture up to 50km offshore from 

nest sites when feeding the chicks, and will often arrive back to nests in a group – as 

kleptoparasitism from other birds, such as the Arctic skua and gulls, is very common (Merkel, 

Nielsen and Olsen, 1998). Atlantic puffins are pursuit-divers mainly eating small pelagic fish 

such as sand eels and herring. They have a specialized beak that can carry an average of 10 

fish at one time. When populations of these fish are reduced and overexploited, it can have a 

severe knock-on effect of low breeding success in the puffins. As puffins exhibit a K life-history 

strategy they show a lot of parental care towards their offspring, and will often alter their 

provisioning to suit their chick’s needs as they grow. The composition of chick diet has 

changed substantially in the last few decades as fish stocks have dramatically declined, e.g. 

with capelin - which were the preferred prey species of the puffins (Dahl et al., 2005). 

Iceland is home to around 60 percent of these breeding colonies, however since 2003 there 

has been a large decrease in populations and these birds are now classified as Vulnerable by 

the IUCN (BirdLife International, 2017). Many small colonies in the country remain 
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unmonitored, which is why it is important to carry out research on the small colony in Skálanes. 

Last year’s expedition began a brief baseline study on the population numbers of the whole 

colony with the maximum observed at one time being 35, and 4-6 breeding pairs recorded. 

The focus of this study will be on the sub-colony of puffins that are grouped together in the 

vegetation beside the cliffs. 

 

As it was 24-hour sunlight in Iceland while we are on the expedition, activity levels and 

attendance were monitored to see if there were any circadian anomalies compared to 

previously studied puffin data. Mean attendance at puffin colonies has shown in some studies 

to have differing diurnal patterns depending on the period in the season; incubation or chick- 

rearing. It was studied that there is often a peak in attendance in the morning hours during the 

incubation period and a spike in numbers during the chick rearing stage in the evening 

(Harding et al., 2005). 

 

The aims of the project: 

• To analyse the activity patterns of the sub-colony, including arrivals and residency, 

as well as attendance and provisioning rates. 

• To test if weather conditions have an effect on the puffins’ activity patterns, attendance 

and provisioning rates. 

•  To examine if time of day, within several full 24 hour periods, influences puffin activity 

patterns, attendance and provisioning rates. 

• To assess whether the seasonal period (incubation and hatching stages) has an effect 

on puffin attendance and activity patterns. 

 

Main hypotheses: 

· Weather will influence puffin activity, attendance and provisioning rates. 

· Time of day will have an effect on puffin numbers, activity and provisioning. 

· Seasonal periods will have an effect on puffin attendance and activity. 
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Methods 
 

 

Figure 1 - The numbered cliff burrows of the puffin sub-colony 

 
 

1. A pilot study was conducted to first locate a suitable vantage point of the sub-colony and also to 

gain an accurate map of the number of occupied burrows. 

2. Each identified burrow was then given a number and located on a photograph which had been 

taken of the colony (see figure 1). 

3. A timetable was then created to encompass the 24 hour periods of Monday – Saturday in a week. 

Observation sessions were organized into 2 hour periods and randomly allocated to each day so 

there would be 2-3 timeslots in a day at randomized time periods. 

4. During an observation session, the number of puffins present were recorded at the start of the 

session and then every 20 minutes following, as mean attendance. 

5. Time was noted each instance a puffin arrived and then subsequently left the colony, and burrow 

location was recorded. 



21  

6. The residency times of individual puffins were then recorded to the nearest second, by calculating 

the time a puffin spent at the colony before returning to the air, stopping the timing at 20 minutes. 

7. The number of arrivals were also noted in every 20-minute period of the observation session. 

8. Temperature, precipitation, visibility, wind direction and wind speed were recorded after every 

observation session and were used in comparison to puffin behaviour. This weather data was 

collected by using a Davis Vantage Pro2 station which was set up outside the house. 

9. Once provisioning events began they were noted with each puffin arrival, and to which burrow, 

and transcribed as rates in each 20-minute period. 

10. Once all data was collected and inserted into and Excel spreadsheet, some preliminary results 

were then analysed in R studio and graphs were created. 

 
 
 

 
Preliminary Results 

 
 
 
 

Figure 2 - Graph showing mean attendance of puffins in 20 minute time slots over 24 hour periods.  



22  

 

As seen from the graph above, puffins seemed to be more active at night, especially in the 

hours of 19:00 - 02:00. 

These preliminary results showed significance in R studio, (p=7.403e-07). 

More analysis is need to split the incubation and hatching periods to see if results may differ 

between them. 

 

Figure 3 - Number of puffin arrivals to the colony plotted against the time of day in 20 minute periods. 

 

 
The graph shows a slight trend of a few spikes at several times, but in R studio the values are 

not significant, but by a slight amount (p=0.05469). 



23  

 

 

 

Figure 4 - Graph showing mean attendance of puffins in 20 min periods with temperature in degrees 

celsius. 

Temperature seemed to have a significant effect on mean attendance (p=3.499e-08). 
 
 
 
 

 
Figure 5 - Boxplot showing the different visibility levels (low, medium and high) with mean attendance. 
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Visibility seemed to have a significant effect on mean attendance (p=5.593e-14), with a trend 

of higher attendance at lower visibilities. 

 
 
 

No significance was shown between wind speed and attendance (p=0.1333). 

Although the trend was with lower wind speeds there was a higher attendance. 

 
 
 
 

 
Figure 6- Graph showing daily rain in mm against mean attendance of puffins. 

 

 
Some significance shown between daily rain and attendance (p=0.0006154). 

Trend of lower mm of rain with higher attendance. 

 

 
After subsetting the dataset into the period after the eggs began to hatch and provisioning 

began, it was shown in R Studio that weather conditions had no significant effect on the rates. 

(Temperature p= 0.1876, Wind Speed p= 0.4567, Visibility p= 0.3616, Daily Rain p= 0.6347) 

 
Time of day also showed no significance in relation to provisioning rate (p= 0.5697). 
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Figure 7 - Boxplot showing mean attendance in relation to the different periods in the season. 

 

 
The different periods of incubation and hatching showed significance with mean attendance 

(p= 0.0007502). 

 
More analysis is needed to further confirm all of these preliminary results. 
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Monitoring Seabird Populations in East Iceland 

 
Due to climate change and global warming, production within aquatic ecosystems has been 

undergoing changes that will adversely affect the species that depend upon it for resources 

(Herr and Galland, 2009). An example of these changes is increasing sea temperature which 

has led to phytoplankton blooming earlier than expected in a year, out with the breeding period 

of the sea birds. Therefore, there is less food available when it comes to June-July when the 

kittiwakes and fulmars are rearing their chicks (Walsh et al. 1995). This in turn has a negative 

impact on the chick fledging rate which contributes to a decline in sea bird numbers worldwide 

(Croxall et al. 2012). It is therefore crucial to carefully monitor seabird population in order to 

examine the impacts that global warming can have on them and to ensure that preventative 

measures are taken through conservation work. 

 

That is why cliff counts are undertaken each year as part of the University of Glasgow’s Iceland 

Expedition. The aim is to establish comparable data of the nesting kittiwake and fulmar 

numbers over consecutive years. The data collected is useful in monitoring the status of the 

nesting sea birds around Skálanes and to compare this to trends occurring globally. 

 
So far, the colony at Skálanes has been shown to have a stable population of both kittiwakes 

and fulmars over previous years. This study is repeated annually to ascertain whether there 

has been any change in population since the previous year’s study. Consecutive years of data 

is compared and this shows the current status of sea bird populations so that the necessary 

conservation measures can be put in place. 

 

The kittiwake and fulmar colonies are situated on a steep cliff face on the east of the reserve. 

 

 
Method 

 
 

Cliff counts were carried out twice a week during varying intervals of the day, to cancel out 

variations in activity. 

Cliff transects were established using a photograph which was sectioned and labelled 

accordingly (figure 1 shown below). 
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For each cliff count, two people carry out an individual count using binoculars. Each transect 

(A1, A2 etc.) is observed by each individual and they count the number of kittiwakes and 

fulmars in that transect separately. Transect boundaries are agreed by each pair for the counts 

before beginning to ensure that if different observers have different boundaries then at least 

the overall species count is reliable. 

An average is then taken between the two observers for the number of each bird species in 

that transect. This process is repeated for all transects and whilst there is human error, this is 

minimised by having two people carry out the same count. 

Also, number of breeding pairs were noted if seen. 

 
 

Over the course of six weeks, twelve cliff counts were carried out. This produced a depictive 

count of the birds nesting on the cliff as a whole. 

The counts collected were then collated into a spreadsheet and a final count was established 

using the data from each count. 

An average number of nesting kittiwakes and fulmars was then determined by using the data 

collected and finding the mean average. 

 
Preliminary Results 

 
 

The average number of kittiwakes noted over 6 weeks were 397.875. 

The average number of fulmars counted were 197.375. 
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