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Norsk sammendrag 
 
Cruiseturisme på Svalbard har økt de siste tiårene. Mange av gjestene har store forventninger 
til aktiviteter, opplevelser og læringsutbytte. CRUISE#SCIENCE er et folkeforsknings-
prosjekt om vitenskapelig formidling og aktiv læring ombord i ekspedisjonsskip på Svalbard. 
Gjestene ble involvert i autentisk prøvetaking av for eksempel sjøvannkvalitet og 
planktonsamfunn. Prøvene inngår i en tidsserie som UNIS gjennomfører på Svalbard. 
Prøvetakningen ble koblet til demonstrasjoner av utstyr og metoder, og til mer teoretiske 
forelesninger om bord. Prosjektet hadde som mål å øke forståelsen for forskningsmetodikk, 
for eksempel i klimadebatten, ved å bygge bro mellom vitenskap og lekfolk. Folkeforskning 
er dermed ikke bare en måte å øke kunnskap og bevissthet om uberørt natur på Svalbard, men 
også for å redusere potensiell mistillit til vitenskapelig kunnskap. I prosjektet utviklet UNIS 
teknologi og metoder for marinbiologisk prøvetakning, og etablerte protokoller for aktiv 
læring, inkludert utfordringer knyttet til helse, miljø og sikkerhet. UNIS gjennomførte totalt 
11 turer rundt Svalbard i løpet av 2018-2019, tok totalt 457 vitenskapelige prøver på 97 
målestasjoner, og arrangerte mer enn 60 demonstrasjoner og forelesninger. Evalueringene 
viste at prosjektet gav en mer-verdi både for Hurtigruten og for UNIS. Prøvetakningen vil 
fortsette i 2020. 
 
English summary 
 
Cruise ship traffic around Svalbard is increasing. Many of the guests have large expectations 
about activities, experiences and learning outcome. Based on this, the project CRUISE 
#SCIENCE developed a citizen science project about scientific dissemination and active 
learning on board circumnavigating expedition ships in Svalbard. The guests were involved in 
authentic marine sampling, for example of physical water qualities and plankton 
communities, included in a long-term time series in Svalbard. The authentic samplings were 
linked to laboratory demonstrations and more theoretical lectures. The project aimed to 
increase the understanding of scientific methodology, for example in the climate debate, and 
bridge the gap between science and lay people. Such citizen science approach is thus not only 
a way to increase the knowledge and awareness of pristine Svalbard nature, but even more 
important to reduce potential mistrust in scientific knowledge. The objectives of the project 
were to develop technology and methods for such marine citizen science, and establish 
protocols for active learning, including mitigation of all safety issues and environmental 
effects. The project included 11 trips around Svalbard during 2018 and 2019, taking a total of 
457 scientific analyses at 97 sampling stations, and arranging more than 60 demonstrations 
and lectures. The evaluations demonstrated that the citizen science project gave an added 
value both for Hurtigruten and for UNIS. The sampling will continue in 2020.   
 
 
   

 
          Photo: Børge Damsgård  
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1. Introduction	
 
Tourism in Svalbard has long traditions, and has been highlighted as one of the basic 
industries of the archipelago in several of the Parliaments’ official reports, including White 
Paper No. 50 (1990-1991) and No. 32 (2015-2016). Cruise tourism represents a significant 
part of the growth in the industry, both in terms of overseas cruise ships and expedition 
tourism from Longyearbyen. For example, 45 000 overseas cruise tourists came to Longyear-
byen in the summer season 2017, an increase of 10% from 2016 (Visit Svalbard, 
www.visitsvalbard.com). Globally, cruise tourism increases by over 7% per year, faster than 
any other form of tourism (Klein, 2011). In contrast to boat trips in warmer waters, Arctic 
cruises are often less focused on entertainment on board, and more on trips on land or 
sightings of nature or wildlife (Lück et al 2010). In 2018, there are nearly 90 000 tourists 
going on 220 landings outside the settlements in Svalbard, and the number has multiplied 
three times during the last 20 years (MOSJ database, www.mosj.no). It is widely agreed that 
cruise tourism in Svalbard should be based on environmentally sustainable and safe activities 
at sea and on land. AECO (Association of Arctic Expedition Cruise Operators, www.aeco.no) 
has developed common operational standards for environmental protection, preservation of 
local culture and generic risk management. Cruise operations in Svalbard are likely to 
experience a growth potential in the future, but at the same time have challenges related to 
logistics, environmental impact and SAR operations. Many argue that boat tourism should not 
develop into mass tourism, but rather focus on exclusivity and product quality. Nature-based 
tourism associated with larger or smaller vessels has a long tradition of biological knowledge 
dissemination and active use of the nature (Ardoin et al 2015). There are usually one or more 
guides on board with knowledge of nature, history and culture. To some extent, the guides 
have a scientific background, but are rarely actively associated with research or educational 
institutions. 
 
The trips that the expedition ships make around Svalbard have the potential to develop closer 
links between science and the lay people, especially with regard to so-called citizen science 
projects. These are projects where people, regardless of background or knowledge, can 
participate in authentic research, for example, simple observations such as bird counting, or 
volunteers measuring the amount of plastic on beaches (e.g. Bruce et al 2014; Kobori et al 
2016). This is also in line with the pedagogical development of active learning, where one 
focuses on the fact that learning outcomes from active participation are far greater than 
listening to more theoretical lectures.  
 
Such work is characterized by being done in collaboration with people and institutions that 
have the necessary expertise and can develop methods and equipment adapted to the user 
group. ECSA (European Citizen Science Association, www.ecsa.citizen-science.net) has 
developed principles for this way of working. Tourism researchers in the International Polar 
Tourism Research Network (www.iptrn.org) suggested that the tourism industry could 
contribute to collections in an Arctic Observation System (de la Barre et al 2016), and citizen 
science is a way to organize such collections. 
 
The rationale for the citizen science project CRUISE#SCIENCE is not primarily to save 
money, but to gain the widest possible collection of research data, while increasing the 
understanding of scientific work methods in the population. In addition, it is an effective way 
of communicating knowledge. A development of citizen science on expedition ships on 
Svalbard will have several mutually beneficial effects: The cruising company gets a more 
complex program that includes fresh research results, and learn how researchers at Svalbard 
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develop their methods and results. The tourists get specific and generic knowledge to enable 
them to better understand sustainable management and the effects of climate change. 
Researchers gain access to sampling areas that are not easily accessible, such as the north and 
east sides of Svalbard (Søreide et al 2010, 2013; Vader et al 2014). Due to less use of 
alternative research vessels, the ecological footprint of the Svalbard research will overall 
become smaller. 
 
 
2. Project	development	
 
2.1 Planning and method development 
 
The collaboration between Hurtigruten and UNIS was based upon some important principles: 
 

1. Sampling on board should be based on scientific needs and should be as authentic as possible 
2. The involvement of the guests in the sampling should be based upon the principles of active learning 
3. All methods on board should be safeguarded for our participants, the crew and the guests on board, and 

should have no negative environmental effects on the Svalbard nature 
4. The UNIS participant should be included as a regular member of the expedition team on board the ship, 

with the expedition team leader as their supervisor. The UNIS participant in addition had a personal 
mentor in the team, helping them with practical issues   

5. The collaboration on board should be equally advantageous for both partners, with no payment for any 
services  

 
The project team at UNIS developed the methods on board together with the Hurtigruten 
team, including testing of different options for sampling and trying out various ways of 
demonstrating scientific methods for the guests, including a test trip in August 2017. Most of 
the equipment necessary to run the project on board were bought and stored in dedicated 
Zarges aluminum boxes that were brought to the ship in the beginning of the field season. 
Samples and data were taken on land in Longyearbyen after each trip, and stored at UNIS till 
the end of the field season. 
 
2.1 Cruise participation 
 
The UNIS participants to the trips included biology students at bachelor, master or PhD level, 
and postdocs or staff at the Department of Arctic Biology (Table 1). The possibility to 
participate opened in January, and candidates filled in a short application template with 
education, scientific background, experiences, language skills and personal interests. The 
interest for the trips was large among the UNIS students, and the participants were selected 
based upon several criteria: Students with a marine biological background or students that 
were using the data from the trips were given priority. Students with previous guiding 
experience, or with a strong interest for the project were also prioritized. The ability to work 
under such conditions and to interact well with the guests was regarded as important. The 
medical state for working on board was crucial, as all participants needed a seaman health 
certificate. The participants sailed under a trainee contract with Hurtigruten and were a part of 
the regular expedition team on board.  
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Table 1. Cruise participants from UNIS in 2018 and 2019 

Year 
Biology students Biology staff 

and postdocs Male Female Nationalities Bachelor Master PhD 
2018 0 4 0 1 2 3 DK, DE, NO, NO, NO 
2019 3 1 1 1 1 5 DE, DE, UK, SE, DK, NO 

Total 3 5 1 2 3 8 4 NO, 3 DE, 2 DK, 1 UK, 1 
SE 

 
 
2.3 	Trips	
 
In total, 11 trips were done during 2018 
and 2019 (Table 2). All trips were from 
the beginning or mid-June, till mid/end 
of August. The trips included the ships 
MS Spitsbergen and MS Fram, either on 
an itinerary circumnavigating Svalbard, 
or a similar trip that also included two 
extra days and Kvitøya (Fig. 2). The 
daily program was decided by the ship´s 
captain based on weather and ice 
condition, but the stops for land 
operations were nearly the same for all 
trips (Fig. 2). Some of the trips in 2019 
could not make a circumnavigation due 
to the ice conditions (Fig. 1), but turned 
around north of Svalbard and went 
directly down to Hornsund. 
  
 
 
 
 
Tabel 2. Overview of the trips with Hurtigruten in 2018 and 2019 

Year Trip 
# 

From 
LYB 

To LYB Ship Planned route 

2018 1 15 June 23 June MS Spitsbergen Round Svalbard 
2018 2 23 June 1 July MS Spitsbergen Round Svalbard 
2018 3 1 July 9 July MS Spitsbergen Round Svalbard 
2018 4 17 July 27 July MS Spitsbergen Kvitøya 
2018 5 27 July 6 Aug MS Spitsbergen Kvitøya 
2019 1 4 June 12 June MS Fram Round Svalbard 
2019 2 12 June 20 June MS Fram Round Svalbard 
2019 3 20 June 28 June MS Fram Round Svalbard 
2019 4 12 July 20 July MS Spitsbergen Round Svalbard 
2019 5 28 July 7 Aug MS Spitsbergen Kvitøya 
2019 6 7 Aug 17 Aug MS Spitsbergen Kvitøya 

 

Figure 1. Ice condition round Svalbard mid-June, -July 
and -August in 2018 and 2019. From Ice chart service, 
Norwegian Meteorological Institute, www.cryo.met.no  
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Figure 2. Overview map and 
detailed map showing some of the 
regular sampling stations during 
the 2018 trips 
 

 
 
2.4 Scientific samples 
 
The sampling methods were 
described in a protocol for each 
year, describing for each method; 
Objectives, equipment, safety, 
chemicals and a detailed method 
description. In addition, ID 
labelling and storage of each 
sample was described. Preparation 
before the trip, practical arrange-
ment on board, documentation of 
the project, preparation before 
disembarking, trouble shooting and 
risk management were also 
detailed. In addition, the protocol 
provided a packing list for each 
Zarges box, including an office 
box, a plankton box, a rope box, a 
CTD box, a Niskin box, a water 
sampling box, a filtration box, a 
chemical storage box, and other 
large equipment such as a tank of 
liquid nitrogen, bottles with sterile 
distilled water and a cooling box.  

         Figure 3. Map of common routes during the 2018 and 2019 trips 
         with Hurtigruten (broken blue lines), and sampling stations in 
         2018 (blue points) and 2019 (red points)  
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                   Photo: Stefan Dall 

 
The samplings were done whenever possible during the trips, which basically meant when the 
ship was anchoring during a land tendering. Each of the positions was denoted a “sampling 
station” (Fig. 3), for a unique location and time (Attachment 1 and 2). Each method described 
below was denoted a “sampling”. Each sampling could again be used for several “analyses”. 
This hierarchy of terms made sure that all ID labelling were trackable back to the sampling 
station.  
 
The sampling on board included: 

 
2.4.1 CTD sampling: A CTD (Conductivity, Temperature, Density) instrument 
(SAIV SD204) measured electric conductivity, water temperature and density, and 
recalculated this to salinity, temperature and depth. The instrument was lowered 
slowly (0.5 m per second) till 5 m over the bottom, and brought up to the surface at 
the same speed. A Minisoft SD200W program was used to make tables and figures 
with data.   
 
 

2.4.2 Water sampling: A 10 L Niskin bottle was lowered to 15 m, and a metal 
“messenger” was sent down the rope to close the sampler at this depth. After the 
sampler was back on deck the water sample was separated into three bottles: One 2 L 
bottle for filtration of chlorophyll (Chl a), one 4 L bottle for filtration of 
DNA/community, and one 100 ml bottle for analysis of nutrients. 

 
 
 
 
2.4.3 Zooplankton sampling: A plankton net (Hydro-Bios WP2) with a mesh size 
of 63 µm (micrometer, 1 µm = 1×10−6 m) and net opening of 0.25 m2 was lowered 
slowly till 5-10 m over the bottom and brought up at a speed of 0.5 m per second. 
The net was rinsed with sea water, divided in two equal parts, concentrated in a 60 
µm sieve, and transferred to two 250 ml bottles, one with 96% ethanol and one with 
4% formaldehyde-seawater solution buffered with hexamine. 
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2.4.5 Polar bear observation: As a part of a UNIS study on polar bear 
observations and conflicts, our UNIS participants recorded all polar bears 
sightings, and the location and time of the observation were integrated 
together with other field data in the PBHIMS database (Polar bear/human 
interaction database) run by the Norwegian Polar Institute (www.npolar.no). 
 
 
The total sampling (exclusive the polar bear observation) was 457 complete analyses at 97 
sampling stations on 11 trips (Table 3). The costs of the analyses of the collected samples 
were covered by other projects and internal funding at UNIS. The data will be included in a 
range of different studies and time series. 
 
Table 3. Sampling numbers on the Hurtigruten trips in 2018 and 2019. See attachment 1 and 2 for details 

Year Trips 
Sampling 
stations CTD 

Water sampling Zoo-
plankton Total Chl a Nutrient DNA Community 

2018 5 51 39 39 39 38 41 39 235 
2019 6 46 42 36 37 36 33 38 222 
Total 11 97 81 75 76 74 74 77 457 

 
All labelled samples were stored on board and brought to UNIS for further analysis or 
transportation to the mainland for analysis, according to the sampling plan in Table 4. 
 
Table 4. Storage plan for Hurtigruten samples  

Method Sample Sample units Storage at Hurtigruten Storage at UNIS 
CTD Instrument 

output 
File PC, external hard-disk, 

mem.stick 
Mem.stick 

Water 
sampling 

Chl a Cryo-tubes Nitrogen Minus 80 freezer 

 Nutrient 100 ml acid  
washed white 
bottles 

Minus 20 freezer Minus 20 freezer 

 DNA Cryo-tubes Nitrogen Minus 80 freezer 
 Community 250 ml brown 

bottles 
GLA-Lugol, chemical box 
on deck 

Formalin lab 

Plankton Plankton, ethanol 250 ml white 
bottles 

EtOH, chemical box on deck Cold room at UNIS 
logistics 

Plankton Plankton, 
formalin 

250 ml white 
bottles 

4 % formaldehyde, chemical 
box on deck 

Formalin lab 

  
 
2.5 Demonstration of research methods 
 
The citizen science approach in the project included 
several types of demonstration of scientific working 
methods. The so-called “dry demonstration” was a 
possibility to see and try out the scientific equipment prior 
to the sampling, for example to see how the Niskin bottle 
closed, how a CTD instrument was started, and how a 
plankton net sieves small organisms from the water. This 
demonstration was typically done on the car deck with 
groups of approximately 8-12 persons during ca 20 
minutes. This gave the guests a good opportunity to 



	 10	

understand how the instruments worked and how scientists use them during sampling. This 
was also combined with historical references to earlier polar scientists, for example showing 
the Nansen water sampler, and old pictures of Nansen on the sea ice. It was important that the 
dry demonstration should not be a lecture, but rather a place where the guests could hold the 
equipment in their own hands in order to understand the technological approach to sampling. 
 

The so-called “wet demonstration” was a real and 
authentic sampling together with guests, also typically 
groups of 8-12 people during ca 20-30 minutes. 
Compared to the dry demonstration this one was less 
flexible regarding time and available place, and also had 
some restrictions due to safety issues. In this 
demonstration, the protocol for our scientific sampling 
was followed. It was important to let the guests play an 
active role in the sampling, but it should be relatively 
simple tasks such as holding the rope, finding the depth 
or handling the water bottles. There was less time for the 

UNIS participants to describe what they were doing, but on the other hand this was the time 
where the guests were activated. This “active participation” was a crucial principle to feel 
connected and feel ownership of the process.   
 
The “lab demonstration” was various activities in the 
science lab on board. Much of this was connected to the 
wet demonstration, where a small sample of plankton 
from the plankton haul was brought to the lab alive for 
microscope studies. Small groups of guests, typically 8-
12 at a time, got the chance to look for plankton in the 
microscopes, using a number of field guides and posters 
with pictures or drawings of the species. Some of the 
microscopes were linked to larger monitors. In MS Fram 
and MS Spitsbergen the space is limited around the 
microscopes, and the microscope sessions were thus typically open for new guests during a 
longer period, and could take anything from 20 minutes to two hours. The UNIS participants 
taught the guest how to use a microscope, and helped them identifying plants and animals. In 
addition, the opportunity round the microscopes was well suited for short stories and fun facts 
about the ocean, climate changes, about Svalbard and about the importance of plankton. 
 
At MS Spitsbergen there was a suitable area close to the science center where the UNIS 
participants could filter the samples from the water sampling. The filter process is a time-
consuming operation, which typically took several hours, and many of the guests used the 
opportunity to talk with the UNIS participant about the lab methods in use. 
 
The UNIS participants were included in the expedition team on board, and whenever possible 
they worked with regular operations on the boat or on land. During these periods, they 
interacted with the guests, and joined them in wildlife observation or excursions, using the 
opportunity to talk more about the nature of Svalbard or the scientific work on Svalbard. In 
total, our UNIS participants conducted more than 50 scheduled demonstrations during 2018 
and 2019.  
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               Photo: Børge Damsgård  
 
2.6 Biological lectures 
 
All practical demonstration of scientific work was an 
important basis to understand how UNIS is conducting 
research in Svalbard, but this had to be linked to a 
wider approach explaining why this research has to be 
done, and why it has to be done here and now. The 
biological lectures aimed to bring everything together 
in the sense that the guests understood how their 
sampling point was a part of a larger picture. It is 
obviously difficult to understand the concept of spatial 
and temporal variation, but the idea was that if they as 
cruise guests had an “ownership” to a sampling point, it 
would also be easier to understand how this point is connected to other sampling points, and 
how we can talk about long-term changes. A lot of this discussion was of course about polar 
climate changes in general, but also more specifically on topics such as plant species, birds 
and so on. The UNIS participants typically gave 1-3 biological lectures during one trip, 
depending much on the itinerary, weather conditions and available time slots. The UNIS 
participant could use slides from all previous presentations, or they could make their own 
presentation based on e.g. a relevant master or PhD study, but at least one of the presentations 
should address the type of results gained from the marine sampling. A typical lecture took 45 
minutes, plus time for questions and discussions. In total, ca 14 lectures were given during 
2018 and 2019. These lectures were given in the lecture hall on board the ships. Typically, 
40-60 people attended each lecture.  
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3. Analyses	of	scientific	samples		
 
3.1 CTD analysis 
 
Water salinity and water temperature in the depth profiles were used to determine 
which water masses were present at the different sampling sites, and how this 
varied with depth. The data is usually presented as a depth figure to see for 
example to what extent the Atlantic water masses originating from the Gulf Stream 
have been mixed with the local Arctic water (Fig. 4). Typically, the fjords on the 
western side of Svalbard were up to several degrees warmer than the sites sampled 
on the eastern side of Svalbard. Salinity profiles obtained in east Svalbard also 
often had a freshwater layer on top due to melting ice. 
 

  
 
Figure 4. Typical CTD profile from western part of Svalbard, in Magdalenafjorden, 29 July 2018 (green line) 
and from the eastern side, at Kapp Bruun, 31 July 2018 (red line) 
 
 
The CTD data was also used to identify which water masses that were sampled with the 
Niskin bottles. As all the water samples were collected in shallow water (usually 15 m), it is 
not surprising that most of them could be characterized as belonging to the water mass 
Surface Water (SW, Fig. 5). However, there were also a few samples collected from more 
Arctic water masses such as Local Water (LW), as well as more Atlantic-influenced water 
masses such as Intermediate Water (IW) and Atlantic Water (AW). A general trend was that 
the sampling sites in the western and north-eastern parts of Svalbard were dominated by 
relatively warm and salty Atlantic-influenced water masses, while the locations in the east 
were cooler and fresher. This is in line with our expectations, as the Gulf Stream affects the 
western and northern side of Svalbard, while cold Arctic waters dominate the eastern side. 
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Figure 5. Temperature (°C) and salinity (psu; practical salinity units = ‰) plot from 2018. Each dot 
represents one sampling, and the colors represent the areas where the samples were collected. Measurements 
from western Svalbard, inclusive Ny-Ålesund, are gray, measurements from northern Svalbard from 
Magdalenafjorden to Phippsøyene are green, and measurements from eastern Svalbard from Kapp Bruun to 
Halvmåneøya are red. The boxes indicate the different water masses, where SW is Surface Water (white box), 
LW is Local Water (light gray box), IW is Intermediate Water (medium gray box), and AW is Atlantic Water 
(dark gray box) 
 
 
3.2 Nutrients analysis  
 
The concentrations of inorganic 
nutrients in the water were 
measured using a Quaatro nutrient 
analyzer in the laboratories of 
UNIS. Nitrate, nitrite, phosphate 
and silicate are important nutrients 
describe the potential for algae 
growth. The concentrations of the 
various inorganic nutrients also 
indicate the developmental stage of 
the spring algae bloom at the time 
of sampling (Fig. 6). In the 
southern part of Svalbard, the 
spring bloom had finished when we 
started sampling (low Chl a), and 
thus the nutrients increased throughout the season (blue in Fig. 6). In the western part the 
bloom ended in mid-July, with nutrients increasing slowly thereafter (gray in Fig. 6). In the 
northern and eastern part of Svalbard the bloom started in late July. The main difference 
between the two areas was that the northern part (green in Fig. 6) had a higher ratio of silicate 
to nitrite nutrients, compared with the eastern part (red in Fig. 6).  
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Figure 6. Chlorophyll a and nutrient (silicate and nitrite) from water samples during the Hurtigruten trips in 
2018. The three upper panels show the concentration as a function of day number (gray bar indicates the 
month of July), and the three lower panels show the average concentration for weeks 27-31 (July). 
Measurements for the south of Svalbard (Hornsund area) are blue, measurements from western Svalbard, 
inclusive Ny-Ålesund, are gray, measurements from northern Svalbard from Magdalenafjorden to 
Phippsøyene are green, and measurements from eastern Svalbard from Kapp Bruun to Halvmåneøya are red.   
 
 
3.3 Chlorophyll	analysis			
 
Chlorophyll (Chl a) concentration is a measure 
of total algal biomass per water volume, and it 
thus represents the current primary production 
of algae, minus the consumed algae. In 2018 
values varied between close to zero (no algae) 
and 2 µg per ml (microgram; 1 µg= 1×10−6 g). The highest values could be characterized as 
moderately high algae biomass, and were found at Kvitøya in mid-July (Fig. 6), and in 
Smeerenburg in late August. The peak in algae production in Svalbard is very short, and in 
many sample-sites the peak spring bloom had happened prior to our sampling period that 
starting in June. 
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3.4 DNA-based analysis of protist and zooplankton communities  
 
DNA extracted from the filtered seawater was sequenced using a 
metabarcoding approach. In this analysis, a marker gene (in this 
case either the 18S ribosomal RNA gene or the CO1 barcoding 
gene) is scanned and compared to a database of sequences 
belonging to known organisms. The end result is a semi-
quantitative overview of which organisms are present in the sample, and thus a measure of 
biodiversity. The 2018 samples have been processed and sequenced, and the 18 S rDNA data 
is currently being analyzed. Preliminary results from analyses of the CO1 barcoding gene are 
shown in Fig. 7. Here it can be seen that the high chlorophyll values observed at Kvitøya were 
due to a haptophyta bloom (black in Fig. 7), while the late algal community in Smeerenburg 
was dominated by diatoms (Bacillariophyta, cyan in Fig. 7) and green algae (Chlorophyta, red 
in Fig. 7). Zooming in we can investigate which organisms are abundant (data not shown). 
Dominant zooplankton included the copepods Calanus, Pseudocalanus and especially 
Oithona (Maxillopoda). Barnacles (Maxillopoda) were abundant at some stations in June and 
July, probably larval stages that drift with the water. 
 

 
Figure 7. Community composition of protist and zooplankton from the 2018 samples. Stacked bar chart 
showing the relative gene abundance of the indicated taxonomic groups (mostly phyla), based on 
metabarcoding of the mitochondrial CO1 gene. The group "others" is made up of various taxonomic groups 
with low abundance, as well as DNA with uncertain taxonomic assignment. The percentage of each 
taxonomic group gives us information about the relative abundance of these organisms in the sampled 
community, and cannot be directly converted to biomass. Such data are linked with the algae biomass and 
nutrients (Fig. 6) in the different water masses around Svalbard (Fig. 5). 
 
3.5 Zooplankton	analysis		
 
Zooplankton community samples were collected at most stations (Table 3). These samples 
were preserved either in 90% ethanol for later molecular analyses, or in 4% formaldehyde-
seawater solution for traditional morphological determination under a stereo microscope. 
Preliminary data show that meroplankton, i.e. pelagic larvae of benthic animals make up a 
large part of the zooplankton community most places from June to August. This was expected 
since sampling is conducted close to shore in shallow waters during the productive summer 
season. In June, high numbers of cirripedia larvae (a crustacea larvae) were found, while later 
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in the season bivalvia larvae (such as mussels and scallops) were the 
most abundant. Other numerous groups were the copepods and 
especially the small copepods Oithona similis and Pseudocalanus spp.  
 
In 2018, we were able to collect samples around Svalbard from June to 
August, while in 2019 the east of Svalbard was not well represented due 
to heavy sea ice conditions that year (Fig. 1). Morphological community 
analyses will be ready in December 2020. Molecular analyses of the 
ethanol samples will also be conducted in 2020, as a part of a master 
thesis in collaboration with UiT The Arctic University of Norway.  
 

 
3.6 Polar	bear	analysis		
 
Polar bears were observed during 10 of the 11 trips during 2018 
and 2019, with 1 to 9 observations during one trip. The total 
number of observations was 43 times; 27 in 2018 and 16 in 
2019. Most of the polar bears were observed at Barentsøya and 
Edgeøya (Fig. 8).  In total, 66 polar bears were observed; 47 
bears in 2018 and 19 in 2019. Most of the observations (44%) 
were single bears (n=29), while 6 observations were two bears, 
7 were three bears and one observation was four bears. Of the 47 bears that were identified 
with age and gender, 15 were males, 12 females and 20 cubs. Ten of the females had cubs; 3 

of them had one cub and 7 had two 
cubs. Of the 43 observations 41 
were regarded as sightings, while 
two were classified as “encounter” 
in the PBHIMS classification 
system. There were however no 
serious conflicts, as the interactions 
only led to a slow and controlled 
evacuation of the landing team and 
the guests.  
 
 
 
 
 
 
 
Figure 8. Polar bear observations (red 
stars) during the Hurtigruten trips in 2018 
and 2019. 
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4 Evaluation	of	the	citizen	science	approach	
 
After each trip, the UNIS participant and the expedition team leader filled out an evaluation 
form. The participant template focused on the subjective experience with the various activities 
on board, and the expedition team leader focused more on the broader perspective using the 
citizen science approach on board. Both of the forms also focused on health, environment and 
safety issues, and on ideas and practical suggestions to improve the work. In total, 11 forms 
from participants and 8 forms from expedition team leaders were delivered during 2018 and 
2019. Environmental or safety issues were handled as soon as possible, while larger changes 
were included in the protocols for the next season. 
 
4.1 Participants 
 
The evaluations from the UNIS participants were largely positive, with no major points or 
violations of any regulations. They were all taken good care of on board the ships, and were 
well integrated in the expedition teams. Time constraints and weather conditions were clearly 
affecting the scientific sampling, and some of the participants should had more practical 
training prior to the trips. The UNIS participants had a mentor from Hurtigruten on board, but 
due to a busy activity level, specifically during landing operation, many did the sampling 
alone. It is clearly possible to do the work alone, but it is a safety issue to be alone under such 
operations. Some of the UNIS participants suggested to have a better system for handover 
between the trips, and some had problems finding out where the samples should be stored at 
UNIS after the trips. Some of the equipment was heavy to use, and there were few 
possibilities to repair broken equipment.  
 
The activities with the guests on board were regarded as very positive, not only the planned 
citizen science activities, but also the flexibility and freedom to be involved in all kinds of 
activities on board. This gave the UNIS participants a chance to gain valuable experience in 
guiding and tourist operations, and gave them a chance to be a useful resource for the 
expedition team. 
 
The possibilities for citizen science on board the two ships were limited and different between 
the ships. There was limited space for operation from the ports, especially on MS Spitsbergen, 
and this clearly limited the number of people that could attend the wet demonstrations. The 
lab facilities were also limited, and MS Fram only had room for a small number of 
microscopes. The dry demonstration could also be improved with more picture guides and a 
posters in many languages, explaining the project better. The demonstrations were however 
regarded as positive both for the UNIS participants and the guests, and newer ships such as 
MS Roald Amundsen have to a large extent solved the challenge with the design of the 
science lab.  
 
The social aspects of the trips were regarded as very positive, and all the UNIS participants 
stated that they felt welcome and included on board, both by the expedition team, the crew 
and ship officers. Three of the UNIS participants also got regular expedition team work for 
Hurtigruten after the trips, and have participated in cruises to Svalbard, Greenland and 
Antarctica in 2018 and 2019.    
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4.2 Expedition leaders 
 
The evaluations from the Hurtigruten 
expedition team leaders were also 
generally very positive to the approach 
UNIS had on board. They did not 
report any negative impact or major 
safety issues affecting the guests or the ship operations. The UNIS participants were 
contributing to expedition team, and were helpful in all kinds of operations on board, and had 
respectful interactions with the guests at all times. 
 
4.3 Safety and environmental awareness 
 
All along the process of planning and conducting the trips, a strong focus on environment and 
safety has been important to reduce the environmental footprint and risk of our participants, 
the crew and guests on board. Environmental issues and risk management is regulation both 
in the ship´s own rules and guidelines, in the AECO guidelines for cruise tourism on 
Svalbard, and in UNIS´s regulation of field work for our staff and students. The trips were 
recorded in the UNIS system, but the safety issues were under the ship captain responsibility 
while on board. Any environmental or safety issue was discussed between the project leader, 
the chief scientist from Hurtigruten, the expedition team leader and the safety officer on board 
the ship, in order to find the best solutions. There was however little deviation between the 
UNIS standards and culture for risk management, and the standard for Hurtigruten, but there 
were differences in practical knowledge and experience which enables us to learn from each 
other. 
 
The safety and environmental awareness included issues such as safety for the UNIS 
participant during sampling, safety for the guests during demonstrations and sampling, 
chemical hazards during lab work and transportation of samples. 

           Photo: Børge Damsgård  
 
4.3.1 Participant safety: The UNIS participant and the helping staff during any operation 
were under direct command of the expedition team leader and ship captain. This included the 
safety aspect, and the largest risk was during operations alone on the car deck (or similar) or 

Comments	from	the	guests	on	board:	
	
“…added	great	value	to	the	educational	program	on	board” 

“…linked	the	lectures	to	science	projects” 

“…feel	part	of	something	important,	not	just	cruising” 
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during use of chemical hazards. Work on car deck should preferable not be done alone, but 
the UNIS participants had to handle parts of the work alone – often due to the fact that 
sampling would take place while the remaining expedition team members went ashore to 
secure the landing site. The participant wore life jackets all the time on the deck, were in radio 
contact with the bridge, and used a safety line whenever possible. The risk for a Man-Over-
Board (MOB) situation was not high, but the consequences of even a short MOB situation in 
cold water could be severe, and for the future a technical solution for a MOB alarm should be 
considered, for example a waterproof alarm system or radio communication. The UNIS 
participants were well trained in use of chemical agents, and the chemicals used on board 
were not regarded as very dangerous. The ship staff could however be better informed about 
chemical hazards, in order to know how to do first aid if the participants would have an 
accident, and the ship doctor should be better informed about the chemicals used. A dedicated 
work place with a fume hood would be the best solution, but is probably not possible on 
board. 
 
4.3.2 Guest safety:  Guest safety generally has a strong focus on board, also including all 
activities. During the wet demonstration, the guests had to wear a life jackets, and a rope or 
load strap was suspended between the guests and the open door on the car deck. No guests 
were allowed to be close to the open door to prevent a MOB situation. Compared to the UNIS 
participant the guests on board were mostly not used to handling chemical, and did not know 
the risks and how to handle for example even a small spill of chemicals. The chemicals were 
thus mainly held away from guests and public areas. Liquid nitrogen (LNG) was used for 
snap-freezing of samples. Nitrogen is not toxic, but very cold, and was not be used in public 
or enclosed areas. LNG creates fog/haze in contact with air. This is not dangerous, but may 
scare the guests. The LNG tank was stored outside along with the chemicals. 
 
4.3.3 Chemical hazards: There were potential chemical hazards with ethanol (EtOH), 
formaldehyde, glutaraldehyd and Lugol’s solution. EtOH is flammable and was stored outside 
in a locked Zargesbox, and only small amounts were brought to the cargo deck during 
sampling. Any skin/eye contact or ingestion of EtOH was avoided, as it might irritate skin and 
eyes and cause nausea, vomiting and intoxication. Formaldehyd is a hazardous and vaporous 
toxic, and was stored and treated outside all the time. Nitrile gloves were used when handling 
the chemicals. GLA-Lugol (25% Glutaraldehyd and Lugol’s solution) is very toxic, mostly 
due to the toxicity of the glutaraldehyde (GLA) component. GLA leads to acute toxicity after 
oral intake or inhalation, and may lead to skin irritation or serious eye damages. The GLA-
Lugol solution was store outside in the locked Zarges box, and all work conducted by this box 
using cloves and safety glasses.  
 
5 Learning	points	from	the	project	
 
A citizen science project has a general social benefit by connecting science more closely with 
lay people who have no scientific experience. The project clearly demonstrated the potential 
for such approach in the climate debate. The typical guests on board such cruise ships are 
generally interested and concerned about nature, climate changes and polar areas, but are 
adults with relatively limited updated knowledge, other than from media discussions. Many of 
them expressed that they had never had the chance to speak with a scientist before, and such 
direct and long-lasting contact between scientists and people is valuable for both parts. There 
are however large differences between different nations, both in the ability to communicate 
with a scientist, and the basic trust and mistrust in scientific knowledge.  
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The project will be of value in increasing research dissemination to a group of tourists who 
have not traditionally focused much on research. This will not only increase knowledge about 
research, but to a great extent about Svalbard's nature and management. In addition to general 
knowledge about wildlife or plants, such knowledge will lead to increased awareness of 
ecological processes in Svalbard, and in particular related to the rapid climate changes we are 
seeing today. Some of the guests expressed that this was the first time they really understood 
the full scale of the climate changes.  
 

 
           Photo: Børge Damsgård  

 
There are currently a range of citizen science projects on board ships, and most of them are 
common projects where staff or guests collect information about species observation of birds 
(e.g. eBird, www.ebird.org), or whales (e.g. Happywhales, www.happywhale.org). There are 
also projects where staff or guests take for example water samples (e.g. Fjord Phyto, Scripps 
Institute of oceanography, www.scripps.ucsd.edu), and there are advanced long-term 
samplings such as Ferrybox monitoring (e.g. Norwegian Institute for Water Research, 
www.niva.no). The difference between these projects and CRUISE#SCIENCE is that we are 
present on board during the whole trip and provide a complete protocol from sampling 
demonstration to lectures. A crucial point in all citizen science projects is that it should be 
linked to a scientific institute or NGO that provide real scientific date, and the sampling has to 
be authentic. Another point that is often forgotten in citizen science projects is that they 
should be linked to some educational aspects. The concept of active learning is an important 
part of our educational approach, and could be developed even further in order to increase the 
learning outcome. Some of the research on citizen science in general can be useful to 
understand the learning mechanism on board. For example, a study by Burgress et al (2017) 
showed that the motivational drivers to conduct citizen science is not necessary a unique 
interest in science per se. It is important to understand the motivational drivers for the guests 
in order to develop such projects as more than entertainment. The willingness to participate 
and learn during the project´s activities on board Hurtigruten was greater than expected. There 
is reason to believe that the motivation basis is linked to environmental interest and to some 
extent also protection of the nature, similar to an American study of Frensley et al (2017). We 
do however have limited knowledge both about the motivational drivers, the learning 
outcome and the long-term learning after the Hurtigruten trips. 
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The CRUISE#SCIENCE project gained some national and international interest, because it 
was a different way of carrying out scientific work on board an expedition ship. The project 
leader has given several oral presentations on national and international workshops and 
research schools, and Hurtigruten made a poster on the ArcticNet annual scientific meeting in 
Halifax (Meraldi et al, 2019).  
 
A citizen science project is based upon a scientific demand, and usually included elements 
that for some reason could not have been done without the collaboration with non-scientific 
people. Not all scientific methods are suitable for citizen science. Such projects should not be 
a way for institutions or organizations to conduct research that are unethical, are based upon 
unsound research ideas, includes risks or safety aspects for any participants or includes 
aspects of exploitation of cheap labor. Any citizen science project should be adapted to 
specific groups of participants, and the CRUISE#SCIENCE project was adapted to the type of 
guests on a Hurtigruten expedition trip. Based on the experience from the trips, relatively 
short practical sessions worked best on board, as long as they were linked together with the 
educational aspects in the lectures. The research part of the project first and foremost gave 
UNIS the opportunity to build up time series of zooplankton and water samples on North- and 
East Svalbard, which is far more Arctic than the fjords on West Svalbard that have been 
largely ice-free for the last ten years. Since the trips covered the whole summer season, UNIS 
got both a temporal and spatial distribution of samples. It is a challenge that the location of 
the sample stations cannot be decided prior to the trips. Even with this uncertainly, large parts 
of the samples were done within the same geographical area. The alternative to such sample 
would be to use the large research vessels, but the cost of this would have made it impossible. 
The climatic footprint of the research has thus been reduced by utilizing this combination of 
tourism and research.   
 
Tourism and research are both important stakeholders in the development in Svalbard, 
significantly using vulnerable and protected areas in their activities. Both of them has a 
common interest in a knowledge based sustainable use of the area. A project like 
CRUISE#SCIENCE will lead to a better understanding of the stakeholder’s role in polar 
governance. The societal and management relevance for Svalbard is linked to a better general 
understanding of environmental protection measures. In addition, the data collection will 
provide a better management basis for the development of sustainable tourism and sustainable 
research in Svalbard. 
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