











Figure 18. Regions of Iceland (Sudurnes = Southern Peninsula, Hofuoborgarsveedi =
Capital Region, Vestfirdir = Westfjords, Nordurland vestra = Northwest, Nordurland
eystra = Northeast, Austurland = East). Anonymous. (2008). [Online image]. Retrieved
from Wikimedia Commons, http://commons.wikimedia.org/wiki/File:Iceland regions.svg

Before the survey was sent out, a pilot test was conducted with three people outside the
mussel industry. These individuals provided comments and minor changes were made.
The survey was sent out via email, and all responses except one were collected online.
The author entered the answers to one survey manually after they were given verbally to
the author during an interview, as he did not have time to fill out the survey. The first
version of the survey was sent out via email in November 2014 and responses were
collected until February 2015. If respondents did not reply within four days, a reminder
email was sent, and then again a week later. If a response was still not received, the

participants were called periodically and reminded to fill out the survey.
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3.1.3 Survey limitations

Surveys were translated from English to Icelandic, and the answers were translated back
from Icelandic to English, which may have resulted in some inconsistencies between the
translations. Although, two translators were used during the survey design in attempt to
minimize any discrepancies between the two versions. Additionally, question 12 and 14a
had to be excluded from the survey analysis after the responses were collected, as they
appeared to be overly complicated in their design or took too much time to fill out
because a majority of respondents left them blank (Appendix 1). Question 12 asked
respondents to order the seasons according to how many cetacean sightings there were in
each season. Question 14a was a follow-up question to whether or not the respondent
witnessed cetaceans swimming through or very close to their farm (within 50 m). In this
question, respondents who reported having seen cetaceans swim through or very close to
their mussel farm were asked to indicate from “never” to “all of the time” each species

(from a list of species on the survey) was seen exhibiting this behaviour.

There were also two versions of the survey. In the first version of the survey, two
questions were asked at the end of the survey that were not well received by some
participants. One of these questions asked how important the respondent thought it is to
protect cetaceans from man-made hazards in the sea. After the first version was sent out,
however, the author was notified of an error in this question, in which there was not an
appropriate range of answer choices (i.e. “not important” was accidentally not listed as an
option). The other question asked participants if they would be willing to take measures
to reduce the risk of cetaceans being harmed by mussel gear, if this eventually did appear
to be a risk of this happening. It was brought to the author’s attention that some potential
participants refused to fill out the survey because of the mistake in answer choices for the
first question as well as the overall sensitive nature of these questions. As a result, they
were removed from the survey, as they were not essential to answering the research
questions, and the remaining respondents were sent a new version of the survey. In
addition, one of the thesis supervisors had to call some of the participants who had voiced
concerns about the project and explain that it was not the intention of the author to pry

with questions about cetacean conservation and welfare, but to gather information



regarding their mussel aquaculture operations, and if any cetaceans had become

entangled and subsequently damaged any gear.

3.1.4 Interview design and process

Semi-structured interviews were used primarily as a follow-up with participants of the
online surveys in order to clarify any answers, to obtain answers to questions that were
previously unanswered, as well as to gain additional information not asked in the survey.
In this way, they allowed the author to gather more information than was possible in the
surveys, which had to be limited in terms of length and detail. Interviews were conducted
in a semi-structured fashion, allowing the interviewer to develop questions ahead of time,
but also providing the opportunity to follow any relevant points brought up by the
interviewee that were not specifically part of the interview guide (see Cohen & Crabtree,
2006). All interviews were conducted by the author between December 2014 and
February 2015. Three interviews were conducted in person, while the remaining four
were either conducted through the phone or Skype. All interviews were conducted in
English and lasted between 10 and 60 minutes. During the interviews that were
conducted in person, an interpreter was present to assist with translations when needed.
No interpreters were present, however, during the phone or Skype interviews. All
interviews were recorded with permission from the interviewees. Additionally, all
interviewees were asked his or her preferred level of anonymity in the eventual thesis

before the interview began.

During the interviews, interviewees were asked to clarify any answers from the survey
that were unclear, or required more detailed information, as well as answers to questions
that were left blank from the survey. The interviewee was then asked questions that were
not on the survey, under such topics as the future of the mussel industry in Iceland,
knowledge of whale/mussel aquaculture interactions in Iceland, and willingness to take
measure to reduce entanglement risk if needed (Appendix 2). It also must be noted that
some questions emphasized the risk that whales could cause the mussel industry through

gear damage, in order for people to cooperate and participate in the interviews.
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3.1.5 Interview limitations

Interviews for this thesis were not all conducted in the same format, which could have led
to some inconsistencies between interviews. The initial interviews were conducted in
person, but as the study progressed, it became necessary to conduct phone or Skype
interviews due to travel costs and time limitations. A language barrier was also apparent
during most, if not all, interviews. This may have prevented some interviewees from
answering some questions fully or resulting in a misinterpretation of the questions.
During the three interviews that were conducted in person, an interpreter was present,
however, there was no interpreter present for the phone or Skype interviews. Some
interviewees may also have declined to participate in a follow-up interview due to the
fact that it would be conducted in English, which was the case for one of the survey
participants. Additionally, one participant refused to participate in an interview after
filling out the survey due to skepticism regarding the intention of the author. A
fundamentally different attitude towards cetacean conservation remains in Iceland,
especially among fishermen, when compared to other westernized countries (Einarsson,
2009). There is also an intense skepticism when it comes to foreign intervention with
regards to how to manage marine resources in Iceland (Einarsson, 2009). This must be
considered when interpreting the results, as there was skepticism among some mussel
operators when considering whether to participate in this study, as well as a possible

reason for biased result in this survey of cetacean entanglements in Iceland.

The author also had little to no experience with qualitative research methods prior to the
onset of this study, and interview results are highly dependent on the skill and experience
of the interviewer. As noted by Jansen (2013), who did a similar qualitative study in the
Westfjords, the skills of the interviewer increased as the study progressed, as did their
knowledge on the research topic. As a result, the interviewer was better able to gather
information that was relevant to the research questions as the interview process

progressed.

Overall, this research is based on a few cases collected from a variety of sources;

therefore, a statistically valuable comparison is not possible. The results can only be



applied hypothetically, which although interesting, is something that must be considered
for the context of this study. Furthermore, the results from the data collection in Iceland
may be negatively biased due to the fact that some mussel operators may not have
reported cetacean entanglements in their mussel gear for fear of being reprimanded, or
having restrictions placed on them, which is known to be the case for some fishing
industries (Johnson et al., 2005). Skepticism from participants towards the research

subject may have further led to a negatively biased result.

3.2 Site locations

The locations of all but one of the mussel farms, that were the focus of both the surveys
and  interviews in Iceland, were  mapped using  Google  maps
(https://www.google.com/maps/d/). It must be noted that all participants in the survey
were guaranteed to remain anonymous unless their permission was given otherwise. To
further protect their anonymity, participants were asked what region their farm was
located in, rather than exact location. All participants that went on to participate in an
interview agreed to be referred to by name, and therefore it was possible to map the exact
location of their company and to have this location associated with their answers from the
surveys and interviews. Before the locations of the survey participant’s operations that
did not participate in an interview were mapped and associated with the answers given on
the survey, their permission had to be given. Two participants agreed, while one

requested to remain anonymous.
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4 Results
4.1 Surveys

From the 10 survey responses, six respondents reported that their mussel farming
operation was active at the time of the survey, three reported that their operation was
inactive, and one respondent did not specify the status of their farming operation. Out of
the respondents who reported inactive operations, one respondent ceased operation in
2011, one ceased operation in 2013, and one respondent was taking up their lines during
the time of the data collection (late 2014/early 2015). The earliest date a respondent
began mussel farming in Iceland was 1998, while the newest operation began in 2012

(Table 2).

Table 2. Date when survey respondents began mussel farming in Iceland. Source: author.

Number of Year
respondents

1 1998
1 1999
4 2007
1 2008
2 2010
1 2012

Referring to locations of mussel farming operations in Iceland, four respondents reported
having active operations in West Iceland (including the Capital Region and the Reykjanes
Peninsula) and three reported having active operations in the Westfjords. One operation
was reported in each of Northwest Iceland, Northeast Iceland, and East Iceland, all of

which are currently inactive, while no operations were reported in South Iceland.

A range of responses were collected from respondents when asked for a description of the
layout of their farm, including the number of headropes and vertical lines to the surface

associated with their farm (Table 3). The highest number of headropes reported was 170
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from an inactive farm in Northeast Iceland, while the smallest number of headropes
reported was four, from a farm that is no longer active in Northwest Iceland. The length
of headropes ranged from 200—400 m, and some respondents listed lengths of individual
droppers, while others listed total length of collectors and/or socks under each headrope,
or for their total operation. Distances of mussel operations to shore ranged from 20-2000
m, and water depth ranged from 0-55 m. The largest area covered by a mussel farming
operation that was reported was 1,600,000 m* from a farm that is no longer active in
Northwest Iceland. One respondent also reported that the area of their operation was
negligible because the current operation only consisted of a continuous line of seven
headropes. However, the practical area of this operation can be calculated as 10 m
multiplied by the length of the headropes, since this is the practical width a headrope
might swing with changing tides and currents. Therefore, the practical area of this
operation is [230 m (length of each individual longline) x 7 x 10 m], which is equal to
16,100 m”. Practical area was also calculated for a respondent who reported that their
headropes were in a continuous 4—6 km line, but did not report a total area covered. The
practical area for this operation was 40,000—-60,000 m”. This was also the case for an
operation that reported a continuous line of 400 m, with a calculated practical area of
4000 m>. An area of 8,000,000 m? was also reported, but this answer was for what was
permitted by the operator’s current license, not the actual area covered by the farm. When
asked how mussels are grown from settlement to market size on their farm, two
respondents stated that mussels were grown to market size on seed collectors, while five
respondents reported that their mussels were “socked”. The three remaining respondents
chose “other”, with two of these three explaining that they sometimes socked their
mussels, while the other respondent explained that they dredge their mussels from the

bottom of the seabed, and then sock these mussels to grow them up to market size.



Table 3. Description of mussel farming operations from survey responses. Source:
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When asked if respondents planned to expand the size of their farm, three respondents
with active operations responded ‘“yes” and three responded “no” (Table 3). The
remaining respondent with an active operation responded “maybe” and explained that
they wanted to expand, but the area around their current operation was allocated
elsewhere. Furthermore, one of the respondents with an inactive operation explained that
if circumstances permitted, it would be possible for their operation to start up again. Of
the three respondents that replied “yes”, only two answered the follow-up question that

asked by how many square meters and production volume.

A table of cetacean sightings near mussel operations reported in the online surveys can be
see in Table 4. Three respondents reported never seeing cetaceans within sight of their
farm, three reported rarely seeing cetaceans, and two reported sometimes seeing
cetaceans, while two left the question unanswered. Referring to the most common and
second most common species seen within sight of mussel operations, humpback whales,
minke whales, and harbour porpoises were the most frequently reported species. The
third most commonly sighted species reported by respondents varied greatly; long-finned
pilot whales, orcas, white beaked dolphins, harbour porpoises, humpback and minke
whales were all reported by separate respondents. Four respondents were aware of
cetaceans swimming through or very close (within 50 m) to their mussel operation, while
three respondents reported never witnessing a cetacean that close to their operation. Of
the respondents that replied “no”, however, one went on to answer a part of the follow-up
question that required a “yes” answer. When asked if respondents were aware of a
cetacean ever becoming entangled in their mussel farming gear, two respondents replied
“yes”, four replied “no”, and three left the question unanswered. The two respondents
that were aware of a cetacean entanglement reported that it had happened only once. A
table with details of each entanglement, including affected species, can be seen in Table
5. Lastly, when asked if participants wanted to be interviewed personally about their
experiences, five respondents said they would like to be interviewed, two said they did

not want to be interviewed, and three left the question unanswered.



Table 4. Cetacean sightings and interactions within mussel operations in Iceland from
survey responses. Source: author.

Region Status of ~ How often are =~ Most Second Third most Do cetaceans Has a cetacean
operation  cetaceans common most common species ever swim ever become
seen within species common sighted through or entangled?
sight of sighted species very close
operation? sighted (within 50 m)
to the
operation?
West Active Sometimes Harbour Orca/killer Long-finned pilot Yes No
Iceland porpoise whale whale
West Active Rarely - - Yes Yes
Iceland
West Active Never _ _ _ _
Iceland
West Active Never _ _ _ _
Iceland
Westfjords  Active Never _ _ _ _
Westfjords - Rarely Minke Humpback  Orca/killer whale - No
whale whale
Westfjords  Active - Humpback  — White-beaked No No
whale dolphin
Northwest ~ Inactive - Humpback  Minke Harbour porpoise  Yes * Participant did
Iceland whale whale not answer this
question as it
was asked
during a
preliminary
interview
Northeast Inactive Rarely Harbour Minke Humpback whale ~ Yes No
Iceland porpoise
East Inactive Sometimes Humpback Harbour Minke whale No Yes
Iceland whale porpoise

Table 5. Entanglement reports collected from online surveys. Source

> author.

Region Species Length Part of gear Part of Outcome of

entangled cetacean entanglement
entangled
West Iceland Minke whale — - - Non-fatal, freed
(active operation) itself, no gear
remained attached

East Iceland Harbour Approx. 2m  Single Fins Fatal

(currently porpoise droppers (spat

inactive collecting)

operation)
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4.2 Interviews

Additional details about mussel farming operations in Iceland obtained during follow-up

interviews can be seen below in Table 6.

Table 6. Additional details about mussel farm location, layout, gear and operational
procedures used by mussel growers in Iceland, gathered following participation in the
survey using semi-structured interviews. Source: author.

Interviewee Additional details about farm layout, gear, and operational
procedures
Bergsveinn Reynisson (active * No additional details

operation in West Iceland)

bordur Gudmundsson (active ¢ Single dropper spat collectors, 3.5 m long, 0.4 m spacing
operation in West Iceland) ¢ Only “sock” mussels if ropes get too heavy
e Collectors start on the surface in the summer, and
submerged 7-10 m below the surface in late
August/September
* Layout: 6 headropes (2 sets of 3)
* Loosely anchored

Einar Magnusson (active operation in * Headropes 220 m

West Iceland) ¢ Single dropper spat collectors, 2.5 m long, 0.4 m spacing
* Ropes submerged 8 m
* Layout: 14 headropes (2 sets of 2 and 2 sets of 5)
*  Tightly anchored

Viodir Bjornsson (inactive operation *  Mostly single droppers, some continuous
in Northeast Iceland) ¢ Collectors deployed in the middle of July, initially at the
surface and then submerged 5 m
*  “Socked” after 1 year
¢  Tightly anchored

Elias Oddsson (active operations in ¢  Connected/continuous system of droppers, 6 m long
the Westfjords) loops, 0.6 to 0.7 m spacing
* Ropes submerged 3 m
*  Mussels only “socked” if ropes get too heavy
¢ Tightly anchored
*  Main operation in Alftafjérdur, but also test operations in
Seydisfjordur and Skotufjordur (so far all experimental
operations, no product)

Halldor Logi Fridgeirsson (active *  Connected/continuous system of droppers, 5 m long loops
operation in the Westfjords) *  Ropes submerged 15-30 m
* Loosely anchored

A semi-structured interview was also conducted with Jon Orn Palsson, Research and

Development Manager at Fjardalax ehf., who did not complete a survey. During this



interview, the author was informed that Fjardalax began test production for mussel
farming in the Westfjords in 2006. During this time, however, there has not been regular
husbandry. The company has had lines in Talknafjordur and Arnarfjordur, but more effort
is being focused on Télknafjordur, where they currently have four headropes, each 220 m
long, arranged in a continuous line (practical area: 4 x 220 m x 10 m = 8,800 m?). There
are currently two headropes in Arnarfjorour. The company uses a connected or
continuous system of culture ropes, with loops that are 5 m long, and separated by 1 m.
The water depth in Talknafjérdur is 30 m, and the ropes are submerged 10 m below the
surface, and anchored very tightly to the bottom. After 14—15 months, mussels are
stripped from collectors and “socked” in continuous lines. Fjardalax has a licensed area
of approximately 500,000 m” in the fjord, but the current operation does not cover that.
The company has been producing product for several years, but are not yet selling it, as
they do not have the equipment to harvest and process the mussels. The company plans

on increasing production in Talknafjérdur, but not in Arnarfjérdur.

Einar Magnusson currently runs an active mussel operation in Faxafloi Bay, West
Iceland, and reported on the online survey a minke whale that had been entangled in his
gear. During his follow-up interview, he clarified that he had not actually seen the whale,
but had assumed a whale had been entangled in both a headropes and droppers, because
when he saw the ropes, they were in disarray and there was a “slime” coating them. From
experience as a gillnet fishermen, the interviewee stated that this coating of slime was
similar to what would be left on his gillnets after a whale had been caught. He also
assumed it had been a minke whale, as there had been many minke whales around his
farm during that time, in the summer of 2012. The site where the minke entanglement
was thought to occur was 1000 m from shore, at a water depth of 30 m, in an area where
minke whales are known to be found in high densities during the summer months (Pike,
Gunnlaugsson, Vikingsson, Deportes, Bloch, 2009; Pike, Paxton, Gunnlaugsson, &
Vikingsson, 2009). No other minke entanglements, however, were reported from this

arca.

Three out of seven interviewees were unsure about the future of mussel farming in the

country, and whether or not they thought it was going expand on a larger industrial scale.
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Bergsveinn Reynisson stated: “I wouldn’t say more farms coming in but I think the farms
will be bigger. So if they can find money of it, it will grow. I am not one hundred percent
sure it will happen”. Three interviewees were more optimistic on the subject, stating they
were certain it will expand. Elias Oddsson stated: “Yes, I think it will go bigger. It might
take time but the shells and the seed in the water is very good. So yes I think it will go
bigger, yes”. One participant on the other hand, did not think the industry is going to
expand as there used to be a lot more mussel farmers in the country and the ones that are

left appear to be struggling to survive.

When asked what may prevent the Icelandic mussel industry from expanding, three out of
seven interviewees cited current regulations as being a large problem for the mussel
industry in Iceland, particularly the need to send samples to Ireland to test for the
presence of algal toxins, as it is expensive. Three interviewees specifically mentioned the
difficulty in running a small mussel business in Iceland because of the expense, and the
conflicting need to start small in order to perfect the culture techniques that suit site-

specific growing conditions. Bergsveinn Reynisson stated:

No area in Iceland is the same. [...] They are not even the same year after
year. So if you start big, the mistake will very likely be very big on the

first year. You have to, in mussel farming, you have to start slow.

Predation by Eider ducks was also mentioned by four out of seven interviewees as being
a threat to the mussel industry. Difficulty associated with fitting the product to the
European market was also mentioned by one participant, as well as the lack of suitable

areas around the country.

All of the interviewees did not view cetacean entanglements in mussel lines as being a
problem that currently needed to be addressed. Furthermore, when the six actively
farming interviewees were asked about willingness to take measures to reduce the risk of
whales causing damage to gear through entanglements, three stated that they would be
willing to take measures, such as modifying their gear, if entanglements were to become
a problem and their gear was at risk of being damaged. As noted by Bergsveinn

Reynisson: “If I have to change my mussel lines to save some whales I will not do it. If I



have to change my mussel lines so they will not be damaged from whales I would do it.”

Porour Gudmundsson also noted:

If the whales would start to come into the area where the mussel lines are
and you can try to see or try to learn if they get stuck in somewhere, you
probably try and change the equipment so it won’t get stuck because you
don’t want it. It has no meaning to stop the whale. But shooting one
whale doesn’t help. So the only thing you can do is try and avoid it by

changing your equipment so it fits the area.

On the other hand, two interviewees said they would not be willing to take any measures
to reduce this risk, whereas one would take measures such as attempting to scare the

cetaceans away.
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4.3 Site locations

The locations of mussel farming operations that were the focus of both surveys and
interviews, with the exception of one as the operator requested to remain anonymous, are

shown in Figure 19.

Reykjavik
o

Figure 19. Locations of mussel operations from surveys and interviews. Green symbols
indicate active operations, red symbols indicate inactive operations, and grey symbols
indicate experimental or test sites. Map data copyright [2015] Google. Source. author.



5 Discussion

5.1 Summary of entanglement reports

A table of all collected entanglement reports can be seen below (Table 7). Of the seven
documented cases, four involved baleen whales, two involved leatherback turtles, and one
involved a harbour porpoise. One entanglement in Iceland was excluded as it was just
speculation on the part of the mussel grower, and the whale was never seen, which makes
it impossible to know if the event in question was a true entanglement. The majority of
entanglements involved baleen whales, which is consistent with the fact that this group of
cetaceans is believed to be at the highest risk of entanglement in fixed ropes in the water
column (e.g. Benjamins et al., 2014; Knowlton et al., 2012; Read et al., 2006; Kemper et
al., 2003). A majority of entanglements (6/7) involved mussel spat collectors or buoy lines
connected to them. These ropes are thought to pose more of an entanglement risk when
compared to other ropes used in the mussel-growing process, such as grow-out ropes,
which are thicker, particularly near harvest, and more tightly anchored and tensioned
(Lindell & Bailey, 2015; Moore & Wieting, 1999). Therefore, it is possible that
entanglement risks may vary seasonally, if the deployment of spat collectors coincides
with the presence of whales or sea turtles in the area (Lindell & Bailey, 2015). Considering
sea turtle entanglements in the eastern US and Canada, no entanglements have been
reported in Southern New England, where spat collection occurs in the spring and sea
turtles arrive in the summer (Lindell & Bailey, 2015). However, in eastern Canada, where
spat collection occurs in the summer and coincides with when leatherback turtles are in the
area, there are two known entanglements, both of which involved spat collecting ropes, or
buoy lines connected to them (Lindell & Bailey, 2015; T. Mills, personal communication,
January 27", 2015). This may indicate that spatial or temporal adjustments could be made
to deployment of spat collecting rope to reduce overlap with the distribution of species of
concern and reduce the risk of entanglements occurring (Lindell & Bailey, 2015). In some
cases, spat collection may even be more successful far inshore, away from migrations of

protected species (Lindell & Bailey, 2015).
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All cetacean entanglements (with the possible exception of the North Pacific right whale
entanglement in Korea) occurred in areas in close proximity to known distributions,
feeding grounds or migratory routes of affected species (e.g. Pike, Paxton, Gunnlaugsson,
& Vikingsson, 2009; Baker, & Modon, 2007; Jenner et al., 2001). Although North Pacific
right whales have not been sighted in Korean waters since 1974, they were known to be
present historically in the Sea of Japan and Taiwan Straight during the winter (Y-R. An,
personal communication, February 23", 2015; Reilly et al., 2008c; Clapham et al, 2004).

Table 7. Summary of cetacean and sea turtle entanglements in mussel aquaculture gear
discussed in this thesis. Source: author.

Location Species Date Size Water Part of gear Part of cetacean ~ Outcome of
depth at entangled entangled entanglement
location
(m)

Northwest Humpback August 8-9m 25 Single dropper Tail/fluke Fatal

Iceland whale 26", 2010 long, 4 m (spat collecting)

(juvenile) wide

East Harbour August Approx. 5-15 Single dropper Body Fatal

Iceland porpoise 1998? 2 m long (spat collecting)

NL, Leatherback Summer 300-360 115 Spat collecting Flipper Fatal

Canada turtle 2010 kg ropes

(continuous)
NL, Leatherback August - 115 Buoy line to Neck and both Non-fatal, freed
Canada turtle 2013 spat collecting front flippers by recreational
ropes boaters
(continuous)
South North Pacific ~ February - 15 Single dropper Caudal Freed and no re-
Korea right whale 1", 2015 (grow-out peduncle and sighting
ropes: 240 mm tail (assumed to be
in diameter with non-fatal)
attached
mussels)
Western Humpback August - - Spat collecting Through mouth,  Non-fatal, freed
Australia whale (calf) 2005 rope 2 wraps around by
body, and four disentanglement
wraps around team
right flipper
New Bryde’s August - - Spat collecting Body and Fatal
Zealand whale 1996 rope tightly lodged in
mouth

5.2 Iceland

Utilizing both surveys and interviews, descriptions of 11 mussel farming operations were
obtained. An amalgamated table of these descriptions, including company names, when

possible, is included in the appendix (Appendix C).

2 Information obtained via email



Siting of aquaculture operations is the most important element to consider when discussing
the potential for entanglements (Clement, 2013). Based on a visual comparision between
point locations of mussel farms and the results from NASS discussed in the literature
overview, farms appear to be located within the distributional range of cetacean species in
Icelandic waters during the summer months, particularly the most abundant species: minke
whales, dolphins, humpback whales, and harbour porpoises (Pike, et al., 2011; Pike,
Gunnlaugsson, Vikingsson, Desportes, & Bloch, 2009; Pike, Paxton, Gunnlaugsson, &
Vikingsson, 2009; Vikingsson, et al., 2009). However, smaller scale data and more
consistent year-round monitoring is needed to specifically determine which operations are
located within or in close proximity to the distribution of each species. With that being
said, several mussel operators in Iceland listed minke whales, humpback whales, and
harbour porpoises as common species seen within sight of farms, which suggest that these
operations are located within the range of these species. Dolphins, however, were only
listed by one operator as the third most common species sighted, which could indicate that
this group of cetaceans rarely ventures close to mussel farms. An exception of one
operation that may not be located within the distributional range of any cetacean species in
Iceland is Nesskel ehf. in the Westfjords (Figure 17). This may be due to the fact that the
water depth at this location is shallow, ranging from 0-20 m, with the area completely
drained during a low spring tide. The operator of this farm also confirmed that he has never
seen cetaceans in the area. Two other mussel operators also reported never seeing
cetaceans within site of their farms. Both sites are located in West Iceland, one of which is
fslensk Blaskel ehf., while the other respondent requested to remain anonymous. These
operations were also located in shallow areas, with water depths ranging from 10-40 m

and 12-30 m, respectively.

As discussed above, spat collecting ropes may pose a higher entanglement risk compared
to other ropes used in mussel aquaculture (Moore & Wieting, 1999). Therefore,
entanglement risks may vary seasonally, if deployment of collectors coincides with the
presence of cetaceans in the area (Lindell & Bailey, 2015). In Iceland, mussel spat
collectors are deployed during the summer, usually in July, but specific deployment dates
may vary between June and August, depending on location, and may even vary from year
to year (E. Danielson, personal communication, February 15", 2015; H. Fridgeirsson,

personal communication, February 10th, 2015; b. Gudmundsson, personal communication,
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February 10", 2015). Summer deployment of over a hundred kilometers of spat collectors
coincides with the highest concentrations of cetaceans in Icelandic coastal shelf waters
(e.g. Pike, Paxton, Gunnlaugsson, & Vikingsson, 2009; Vikingsson et al., 2014).
Moreover, both of the witnessed cetacean entanglements in Iceland occurred over the
summer and involved single dropper spat collecting ropes. One could conclude that the risk
of cetacean entanglements may be highest during the summer and with spat collectors.
Despite the limited number of incidents this pattern is seen overseas as well. It also must
be noted that some Icelandic mussel farms use continuously deployed spat collecting
systems (or “looped” systems) which may pose more of an entanglement risk than single
drop collectors, as they are connected at the bottom. Interestingly, no entanglement reports
have been received from these operations, which may indicate that these sites may not
have encounters with cetaceans, have been fortunate at avoiding them, or there is under

reporting.

In total, two difinitive entanglement reports were collected from Iceland; their locations
can be seen in Figure 20. The two entanglements occurred in operations that are no longer
active, in single dropper mussel spat collecting ropes. The harbour porpoise incident
occurred at a site that was 20 m from the coastline, and at a water depth of 5-15 m. The
humpback entanglement, on the other hand, was much farther from shore (300—400 m) and
at a water depth of 25 m. The two entanglements occurred during the summer, when
concentrations of both baleen whales and harbour porpoises are thought to occur in higher
densities in coastal shelf waters around Iceland. When compared to sites where no
entanglements were reported, sites with reported entanglements do not appear to be more
susecptible to cetacean encounters, with the exception of Nesskel ehf., discussed above,

with a shallow water depth of 0—20 m.



Humpback whale
(August, 2010)

W

Harbour porpoise
(August, 1998) ﬁ

Iceland

Reykjavik

Figure 20. Cetacean entanglements in Iceland. Map data copyright [2015] Google.
Source: author.

Two entanglement reports from Icelandic mussel farming operations that have been active
for the last 18 years amounts to a very small number especially when compared to fisheries
bycatch in Iceland. It has been estimated that bycatch of harbour porpoises in gillnet
fisheries numbers around 2000 a year since 2009, and was over 7000 animals a year in
2003 (Gunnlaugsson et al., 2014). Additionally, although there is no numerical estimate for
bycatch of baleen whales in Iceland, a recent scar-based analysis study estimated that a
minimum of 41.8% of the Icelandic subpopulation of humpback whales has been involved
in a previous entanglement (Basran, 2014). NASS abundance estimates for humpback
whales in Icelandic coastal waters in June and July were 10,521 whales in 1995 (C.I.:

3,716-24,636) and 14,662 in 2001 (C.1.: 9,441-29,879) (Paxton et al., 2013).

It is possible that some respondents may not have reported cetacean entanglements in their
mussel gear for fear of being reprimanded, or having restrictions placed on them, which is
known to be the case for some fishing industries (Johnson et al., 2005), potentially leading
to a negatively biased result. Furthermore, a fundamentally differing attitude towards

cetaceans remains in Iceland when compared to other westernized countries, especially
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among fishermen, as well as intense skepticism when it comes to interference from
foreigners with regards to how to manage marine resources (Einarsson, 2009). This
became apparent during data collection from mussel farmers in Iceland, many of whom
used to be fishermen, as the survey was initially met with skepticism and one participant
refused to be interviewed due to fact that cetacean entanglements were the focus of the
study. This must be considered when interpreting the results as this may have led to biased

reports or under-reporting of cetacean entanglements in Iceland.

Iceland offers abundant space and a pure environment for growth of the mussel industry,
which is particularly important with the limited space available in the traditional culture
areas in Europe (MFA, 2008). Many of the current operations, however, are only
producing a few tonnes per year. When considering the potential for the Icelandic mussel
industry to expand, half of the operators running active operations said they planned on
expanding their operations. Additionally, one of the operators who had ceased operations
reported that it could be possible to start up again. Some members of the mussel industry
feel that they face a number of challenges, however, including current regulations and
legislation, and the expense required to run a small mussel farming business, particularly
when trying to adapt to local growing conditions. Therefore, it appears that there is a
potential for the mussel industry to expand in Iceland, although it will not be without its
challenges. In order for mussel farming to sustainably expand and continue to have a low
impact on threatened cetacean species in Iceland, various stakeholders must study the issue
of potential conflicts more rigorously. Some examples of action that might be taken
include better survey data of cetacean distribution seasonally, and prudent selection of sites

for deployment of spat collection lines, and mandatory reporting of entanglements.



6 Conclusions

When considering the assembled entanglement reports, spat collectors were involved in a
majority of cases. This includes the two witnessed entanglement cases from Iceland, where
deployment of spat collectors appears to overlap with the highest densities of cetaceans in
coastal waters around the country. In total, only seven (possibly eight) cetacean and sea
turtle entanglement reports in mussel aquaculture gear were collected. This further
exemplifies that despite thousands of kilometers of rope used in the mussel aquaculture
industry each year, entanglement of cetaceans and sea turtles is currently a rare event
(Lindell & Bailey, 2015). This is particularly small when compared to the hundreds of
thousands of cetaceans that die unintentionally in fishing gear every year (IWC, 2014;
Read et al., 2006). With that being said, however, even one fatal entanglement of a highly
endangered species, such as the North Atlantic right whale, which is estimated to number
less than 500 individuals, could severely threaten the survival of the species (S. Lindell,
personal communication, April, 2014; Pettis, 2011). This number is also very likely to be
an underestimate considering the fact that this topic has not been investigated in many
countries, and in some cases, aquaculture operators may be unwilling to report
entanglements. Additionally, mussel aquaculture is likely to continue to grow in nearshore
environments and expand into offshore environments, which when coupled with changing
abundances and distributions of many species groups, will likely mean that direct
interaction between cetaceans and sea turtles are likely to increase in the foreseeable future
(Clement, 2013; IWC, 2010; Doyle, 2007; McMahon & Hays, 2006; Kemper et al., 2003;
Wiirsig & Gailey, 2002; Moore & Wieting, 1999). There is also potential for the mussel
industry to expand in Iceland. It is therefore important for management authorities to begin
to consider the nature of the risk and potential management or mitigation measures that

could be implemented if the need arises.
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7 Future research and management
recommendations

Only two (possibly three) cetacean entanglement reports were collected from Iceland. As
stated above, however, this may be an underestimate of the true number of entanglement
cases. Further, there is hope that the Icelandic mussel industry will expand, which may
increase the risk of direct interactions occurring if new farming areas overlap with cetacean
distributions. From the perspective of mussel operators in Iceland that were interviewed for
this thesis, the issue of cetacean entanglements in mussel farming gear is not viewed as an
issue that currently needs to be addressed. However, if the frequency of entanglement
events increase and begin to cause significant damage to gear, some operators may be
willing to take measures, such as modifying or moving gear, to reduce the risk of this
occurring. A more pressing management measure, however, may be to implement a
mandatory reporting system for all entanglements of cetaceans and other marine mammals
in aquaculture gear in Iceland. Currently, it is mandatory for all marine mammal bycatch
from fisheries to be reported (Gunnlaugsson, 2014), but there is no such requirement for
fatalities in aquaculture gear. It would also be beneficial to have a requirement for non-
fatal entanglements to be reported, so as many entanglement events as possible, regardless
of the outcome, could be collected for future reference. As recommended by Basran
(2014), it may also be of benefit to set up an online reporting system, which would be cost
effective and would enable anyone who witnesses an entanglement to submit a report. It
could also be combined with an online reporting system for entanglements in fishing gear.
Reporting systems would enable a database of entanglement records to be created which

could be readily accessed and utilized by researchers.

Future research may involve compiling detailed observations of the presence or absence of
different cetacean species in the vicinity of mussel operations and time spent under or
around the gear (Clement et al., 2003; Moore & Wieting, 1999). Analysis of data of this
kind would further help to determine which species may be affected, as well as when and
where entanglements may occur. If the mussel industry is to expand in Iceland, it may also
be necessary to consider the siting of mussel operations to reduce overlap with the
distribution or critical habitat of some species (Clement, 2013; Kemper et al, 2003).

However, information on critical habitats and small-scale, year-round distribution data for



many cetacean species in Iceland is lacking; therefore ongoing research and more
consistent monitoring is required. Information of this kind could also be used in future
studies looking into potential habitat exclusion caused by mussel farms. If spat collecting
lines pose the largest risk for entanglement conflicts, then a study of areas that spat
collectors can be successfully established with low likelithood of encountering whales
should also be considered. Nearshore and shallow environments may be better places to
collect spat and avoid potential conflicts with migrating and feeding whales, and this could
be tested locally (S. Lindell, personal communication, April 2015). It is also critical to
have a better understanding of both local and wider ranging knowledge of cetacean
population sizes in order to determine the effect of fatal entanglements on the long-term
viability of a population or species, and therefore determine if measures need to be taken to

reduce the risk of entanglements occurring (Kemper et al., 2003).

On the whole, mussel farming has been conducted safely and sustainably throughout many
regions of the world, while also cleaning the marine environment through its extractive
nature of water filtration. In a broad sense, there appears to be a very low risk of
entanglements of cetaceans and sea turtles in mussel gear to date. However, there may be
higher risks under certain conditions than others. It seems likely that with these
management measures taken, i.e. that siting be safely considered, and that spat collectors
be established in areas with low encouter risk, mussel farming should be able to continue
and expand in all the appropriate regions of the world, including Iceland, with little threat
to cetaceans and sea turtles. There are still many unknowns, but largely because they have
not been studied. Sustainable development will require cooperation between resource
managers and industry to be compliant with reporting conflicts. The issue is of a global
nature, and Iceland has the potential to be at the forefront of integrating resource studies

with the sustainable development of the mussel farming industry.
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Appendix A: Online survey

Icelandic mussel operator survey

Pessi konnun er hluti af meistaraverkefni vid Haskolasetur Vestfjarda 4 [safirdi.
Meginmarkmidid med pessu verkefni er ad kanna mdgulega skorun dyra af hvalaztt og
kreeklingarektar, i peim tilgangi ad meta likur a skadlegum “arekstrum” hvala og
kreeklingaraektar. Aflad verdur upplysinga um pekkt tilfelli hér vio land, ef einhver eru,
par sem hvalir hafa farid inn & raektunarsvedi og i kjolfarid lagt mat &4 ahattu sem 1 pvi
getur falist fyrir hvalina. Slikum upplysingum hefur ekki verid safnad a4 pennan hatt 4dur
svo vitad sé, hvorki 4 Islandi né erlendis. Ahettan fyrir hvali i tengslum vid
kraeklingaraekt er pvi oft heimfard yfir & almenn veidarferi p6 munurinn geti verid mikill
og nidurstodurnar ekki endilega samanburdarhaefar. betta verkefni er pvi lidur 1 ad meta
beint hvort hvélum stafi hetta af kraeklingarekt (eda o6fugt) og pa hagt ad bera

nidurstodurnar saman vid pekkt tilfelli og/eda adstedur i 6drum 16ndum.

This survey is being carried out as part of a master’s thesis at the University Centre of
the Westfjords in Isafjorour, Iceland. The topic of the research involves the potential for
cetaceans (whales, dolphins and porpoises) to interact with mussel farming operations.
One objective is to gather information on any known occurrences of cetaceans
interacting with mussel farming operations in Iceland in order to properly determine the
risks of potentially detrimental situations, such as entanglements, occurring in the
country. To date, there appears to have been no direct collection of data on this topic
globally. As a result, people in other mussel producing countries often use entanglement
risks associated with fishing gears when discussing mussel farming gear, which is not
necessarily appropriate, as they differ significantly. This study will help to determine if
there are any risks to cetaceans from mussel farming gear, or vice versa, and the results

can then be compared to known cases and/or conditions in other countries.
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No6fn svarenda munu ekki koma fram eda pau notud i verkefninu ad neinu leyti nema

leyfi hvers og eins faist til pess.

All respondents will be kept anonymous, unless permission is given otherwise. No names
will be associated with any responses or will appear in the final research paper unless

permission is given by the respondent.

Vinsamlegast skrifid svorin vid spurningunum hér ad nedan eda merkid i videigandi

kassa. Vinsamlegast svarid eftir bestu getu.

Please write your answer on the lines provided or mark the appropriate box next to your
answer choice if multiple options are given. Please answer the questions to the best of

your ability.

Ef pu hefur einhverjar spurningar eda athugasemdir vinsamlegast hafou samband:

If there are any questions or concerns, the researcher’s contact information is provided

below:

Madeline Young

Netfang Email: madelinel3@uwestfjords.is

Simanimer Phone Number: 666 2516



1. Hver er niverandi stada a kraeklingarzaktinni pinni? What is the current status of
your mussel farming operation?

O Virk Active
O Ovirk (starfsemi hatt) Inactive (operation has ceased)
O Annad (vinsamlegast utskyrid) Other (please specify)

Ef ovirk ... If inactive ...

a. Hvenzer haettir pu starfseminni? When did you cease operations?

Ef ovirk, vinsamlegast svaradu pa eftirfarandi spurningum mioad vio pa
kraeklingarzekt sem pu hafoir sioast. If inactive, please answer the following questions
as if referring to your last active operation.

2. Hvenzer byrjadir pii ad raekta kraekling vid Island? When did you begin mussel
farming in Iceland?

3. Hvar a landinu er kraklingarzktin pin stadsett? /n what region is your mussel farm
located?

O Nordvesturlandi Northwest Iceland

O Nordausturlandi Northeast Iceland

O Austurlandi East Iceland

O Sudurlandi South Iceland

O Vesturlandi (par med talid Faxafloi og Reykjanesskagi) West Iceland (including
the Capital Region and the Reykjanes Peninsula)

O Vestfjordum Westfjords

4. Vinsamlegast lystu utbtinadi kraeklingarzektarinnar, medal annars hve margar
laréttar (burdarlinur) og 160réttar linur eru ad jafnadi i sjo. Please describe the
layout of your farm, including the number of horizontal longlines and vertical lines to
the surface associated with your farm.

5. Hversu langt fra landi er kraeklingaraktin (i metrum)? How far is your farm from
shore (inm)?

6. Hvert er dypio par sem kraeklingarzektin er stadsett (i metrum)? What is the water
depth at your farm location (in m)?

7. A hve storu svaedi er kraeklingarzektin (i fermetrum)? What is the total area
covered by your mussel farm (in square metres, m*)?

8. Hver er aztlud framleioslugeta a ari (i tonnum)? What is the size of your production
per year (in tonnes)?

9. Hvernig fer raktunin fram, fra lirfuasetu til markadssteroar? How are mussels
grown from settlement to market size on your farm?
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0 A lirfuséfnurum On seed collectors

O Kraeklingurinn er “sokkadur” They are “socked” (i.e. juvenile or seed mussels
are removed from seed collectors and loaded into mesh sleeves)

0 A annan hatt (vinsamlegast tskyrid) Other (please specify)

10. Eru uppi aform um ao stzekka raektunarsva0io? Do you plan to expand the size
your mussel farm?
0 Ja Yes
0 Nei No

O Kannski (vinsamlegast utskyrid) Maybe (please explain)
Efsvoer... If yes...

a. Hve mikil yroi aukningin (i fermetrum) og framleioslu (i tonnum)? By how
many square metres (m°) and production volume (in tonnes)?

11. Hversu oft sérou hvali i nagrenni vio krzklingaraktina pina? How often do you
see cetaceans within sight of your mussel farm?

O Aldrei (ef svo er, farid beint i spurningu 16) (if never go directly to question 16)
O Sjaldan Rarely

O Stundum Sometimes

O Oft Often

O Alltaf All of the time

12. Vinsamlegast radadu timabilunum fra 1-4 eftir pvi hve oft hvalir sjast a
reaektunarsvaedinu (1 fyrir oftast og 4 fyrir sjaldnast). Please rank each time period
from 1-4 according to how many sightings there are in each time period (1 being the
most sightings and 4 being the fewest sightings).

O Mars-mai March-May

O Juni-agust June-August

O September-november September-November
O Desember-februar December- February

13. Vinsamlegast merktu vio pa tegund sem sést oftast og er algengust a svaedinu, pa
tegund sem er naest algengust, og pa tegund sem er pridja algengust. Please
indicate which species is the most commonly sighted, which species is the second most
commonly sighted, and which species is the third most commonly sighted.

a. Algengasta tegundin: Most commonly sighted:

O Hrefna Minke Whale

O Hnufubakur Humpback Whale

O Langreyour Fin Whale

O Steypireydur Blue Whale

O Hnisa Harbour Porpoise

O Hnydingur/Blettahnydir White Beaked Dolphin
O Grindhvalur Long Finned Pilot Whale



O Andarnefja Northern Bottlenose Whale
O Hahyrningur Orca/Killer Whale

O Burhvalur Sperm Whale

O Annad Other

O Veit pad ekki Don’t know

b. Neaest algengasta tegundin: Second most commonly sighted:

O Hrefna Minke Whale

O Hnufubakur Humpback Whale

O Langreyour Fin Whale

O Steypireydur Blue Whale

O Hnisa Harbour Porpoise

O Hnydingur/Blettahnydir White Beaked Dolphin
O Grindhvalur Long Finned Pilot Whale
O Andarnefja Northern Bottlenose Whale
O Hahyrningur Orca/Killer Whale

O Burhvalur Sperm Whale

O Annad Other

O Veit pad ekki Don’t know

c. bridja algengasta tegundin: 7hird most commonly sighted:

O Hrefna Minke Whale

O Hnufubakur Humpback Whale

O Langreyour Fin Whale

O Steypireydur Blue Whale

O Hnisa Harbour Porpoise

O Hnydingur/Blettahnydir White Beaked Dolphin
O Grindhvalur Long Finned Pilot Whale
O Andarnefja Northern Bottlenose Whale
O Hahyrningur Orca/Killer Whale

O Burhvalur Sperm Whale

O Annad Other

O Veit pad ekki Don’t know

Vinsamlegast tilgreinio tegundina hér ef “Annad” var valid i einhverju tilfelli: /f the
“Other” option was chosen for any of the three options above, please indicate which
species you are referring to:

14. Veistu til pess ad dyr af hvalazett hafi SYNT [ GEGNUM eda MJOG NALZAGT
(innan 50 m) krzeklingaraektinni pinni? Are you aware of a cetacean ever
SWIMMING THROUGH or swimming VERY CLOSE (within 50 m) to your mussel
farm?

0 Ja Yes
O Nei No

Efsvoer... If yes...
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a. Vinsamlegast tilgreinio hér fyrir nedan (fra “Aldrei” til “Alltaf”’) hve oft
hver tegund syndir i gegnum eda nalaegt kraeklingaraektinni. Please indicate
how often (from “Never” to “All of the time”) each species swims through your
mussel farm using the drop down menu next to each species name.

Hrefna Minke Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Hnuifubakur Humpback Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Langreyour Fin Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Steypireyour Blue Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Hnisa Harbour Porpoise

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Hnyoingur/Blettahnydir White Beaked Dolphin

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Grindhvalur Long Finned Pilot Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Andarnefja Northern Bottlenose Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Hahyrningur Orca/Killer Whale

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Burhvalur Sperm Whale



Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Annad Other

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Veit pao ekki Don 't know

Aldrei Never Sjaldan Rarely Stundum Sometimes Oft Often Alltaf All of
the time

Vinsamlegast tilgreinio tegundina hér ef “Annad” var valio: If the "Other” option was
chosen above, please indicate what species you are referring to:

15. Veistu til pess ad dyr af hvalazett hafi FLZEKST I biinadi kreeklingaraektarinnar
hja pér? Are you aware of a cetacean ever becoming ENTANGLED in your mussel
farming gear?

0 Ja Yes
O Nei No

Ef svo er... (ef “Nei” fario beint i spurningu 16) If yes... (If "No” go directly to question
16)

a. Hve oft hefur pao gerst? How many times has this occurred?

O Einu sinni Once
O Tvisvar Twice
O Oftar en tvisvar, vinsamlegast tilgreinid More than twice, please specify

Ef oftar en einu sinni, vinsamlegast svario 15b-h aftur fyrir hvert tilfelli aftast i
konnuninni. /f more than once, please fill out questions 15b-h again for each incident,
located at the end of the survey.

b. Hvada tegund FLEKTIST I bunadinum? What species was ENTANGLED?

0O Hreftna Minke Whale

0 Hnufubakur Humpback Whale

0 Langreydur Fin Whale

O Steypireydur Blue Whale

0 Hnisa Harbour Porpoise

0O Hnydingur/Blettahnydir White Beaked Dolphin
0 Grindhvalur Long Finned Pilot Whale

0O Andarnefja Northern Bottlenose Whale

0 Hahyrningur Orca/Killer Whale

0 Burhvalur Sperm Whale

0O Annad (vinsamlegast Utskyrid) Other (please specify)
0O Veit pad ekki Don’t know
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g.

Hversu langt var dyrio (i metrum)? How long was the cetacean (in m)?

[ hvada hluta buinadarins flektist dyrid? In what part of the mussel farming
equipment did the entanglement occur?

Hvaoda hluti dyrsins fleektist? What part of the cetacean was entangled?

0O Munnur/héfud Mouth/head

O Likami Body

O Bagsli Fins

O Spordur Tail/fluke

O Annad (vinsamlegast utskyrid) Other (please specify)

Fleekjan... The entanglement was...

O Leiddi til dauda dyrsins Fatal
0 Leiddi EKKI til dauda dyrsins Non-fatal
0O Veit pad ekki Don’t know

Ef dyrio lifoi, hvernig var pad losad? If non-fatal, how was the cetacean
freed?

0 Dyri0 losnadi sjalft The cetacean freed itself
0 Dyrid var leyst med hjalp mannfélks The cetacean was freed by people
0O Annad (vinsamlega tilgreindu) Other (please specify)

Ef dyrio lifoi af, var bunadurinn (eda hluti hans) afram fastur a dyrinu
eftir ad pao var losad? If non-fatal, did gear remain entangled around the
cetacean after it was freed?

0 Ja Yes
O Nei No
0O Veit pad ekki Don’t know

16. Veerir pu reioubuinn til ad veita viotal um reynslu pina af pessu viofangsefni?
Would you be willing to be interviewed personally about your experiences?

0 Ja Yes
O Nei No

Ef svario er ja, vinsamlegast veittu tengilioaupplysingar pinar hér ad nedan /f yes,
please provide your contact details below:

Nafn Name:
Simantumer Phone Number:
Netfang Email:



17. Viltu fa ao freedast um niourstoour rannsoknarinnar pegar ao pvi kemur? Would
you like to be updated with the results of this research project?

0 Ja Yes
O Nei No

Ef svario er ja, vinsamlegast veittu tengilioaupplysingar pinar hér ad neoan (ef paer
koma ekki fram hér ad ofan) If yes, please provide your contact details below (If not
provided above):

Nafn Name:
Simantumer Phone Number:
Netfang Email:

Hefur pu frekari athugasemdir? Do you have any further comments?

Kezerar pakkir fyrir ad taka patt i pessari konnun! Thank you for participating in this
survey!

Framhald/endurtekning spurningar 15: Continuation of question 15:

Vinsamlegast svaraou eftirfarandi spurningum aftur ef fleiri en eitt dyr hafa flaekst i
buinadi kraeklingaraektarinnar hja pér Please answer the following questions again if
you responded more than once for question 15a (ie. if you are aware of more than one
entanglement)

Tilfelli #2 par sem dyr af hvalazett hefur flaekst i banadi: Second entanglement:

a. Hvada tegund FLAEKTIST I binadinum? What species was ENTANGLED?

0O Hreftna Minke Whale

0O Hnufubakur Humpback Whale

0 Langreydur Fin Whale

O Steypireydur Blue Whale

0 Hnisa Harbour Porpoise

0O Hnydingur/Blettahnydir White Beaked Dolphin
0 Grindhvalur Long Finned Pilot Whale

0O Andarnefja Northern Bottlenose Whale

0 Hahyrningur Orca/Killer Whale

0 Burhvalur Sperm Whale

0O Annad (vinsamlegast Utskyrid) Other (please specify)
0O Veit pad ekki Don’t know

b. Hversu langt var dyrio (i metrum)? How long was the cetacean (in m)?

c. I hvada hluta biinadarins flaektist dyrido? In what part of the mussel farming
equipment did the entanglement occur?

d. Hvaoda hluti dyrsins flaektist? What part of the cetacean was entangled?
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0 Munnur/h6fud Mouth/head

O Likami Body

O Bagsli Fins

O Spordur Tail/fluke

O Annad (vinsamlegast utskyrid) Other (please specify)

e. Flekjan... The entanglement was...

O Leiddi til dauda dyrsins Fatal
0 Leiddi EKKI til dauda dyrsins Non-fatal
0O Veit pad ekki Don’t know

/. Ef dyrio lifoi, hvernig var pao losad? If non-fatal, how was the cetacean freed?

0 Dyri0 losnadi sjalft The cetacean freed itself
0 Dyrid var leyst med hjalp mannfélks The cetacean was freed by people
0O Annad (vinsamlega tilgreindu) Other (please specify)

g. Ef dyrio lifoi af, var bunadurinn (eda hluti hans) afram fastur a dyrinu eftir
ad pao var losad? [f non-fatal, did gear remain entangled around the cetacean
after it was freed?

0 Ja Yes
0O Nei No
0O Veit pad ekki Don 't know

Tilfelli #3 par sem dyr af hvalazett hefur flaekst i bunadi: 7hird entanglement:

a. Hvada tegund FLAEKTIST i binadinum? What species was
ENTANGLED?

O Hreftna Minke Whale

0 Hnufubakur Humpback Whale

0O Langreydur Fin Whale

O Steypireydur Blue Whale

0 Hnisa Harbour Porpoise

0O Hnydingur/Blettahnydir White Beaked Dolphin
0 Grindhvalur Long Finned Pilot Whale

0O Andarnefja Northern Bottlenose Whale

0 Hahyrningur Orca/Killer Whale

0 Barhvalur Sperm Whale

0O Annad (vinsamlegast Utskyrid) Other (please specify)
0O Veit pad ekki Don’t know

b. Hversu langt var dyrio (i metrum)? How long was the cetacean (in m)?



c. I hvada hluta biinadarins flaektist dyrido? In what part of the mussel farming
equipment did the entanglement occur?

d. Hvaoda hluti dyrsins fleektist? What part of the cetacean was entangled?

0O Munnur/héfud Mouth/head

O Likami Body

O Bagsli Fins

O Spordur Tail/fluke

O Annad (vinsamlegast utskyrid) Other (please specify)

e. Flekjan... The entanglement was...

O Leiddi til dauda dyrsins Fatal
0 Leiddi EKKI til dauda dyrsins Non-fatal
0O Veit pad ekki Don 't know

/. Ef dyrio lifoi, hvernig var pao losad? If non-fatal, how was the cetacean freed?

0 Dyri0 losnadi sjalft The cetacean freed itself
0 Dyrid var leyst med hjalp mannfélks The cetacean was freed by people
0O Annad (vinsamlega tilgreindu) Other (please specify)

g. Ef dyrio lifoi af, var bunadurinn (eda hluti hans) afram fastur a dyrinu eftir
ad pao var losad? [f non-fatal, did gear remain entangled around the cetacean
after it was freed?

O Ja Yes

O Nei No
0O Veit pad ekki Don’t know

115






Appendix B: Interview guides

Icelandic mussel grower surveys

Before starting
* Thank interviewee for filling out the survey and agreeing to do the interview
* Ask for permission to record the interview
* Ask the interviewee about their preferred level of anonymity in the eventual thesis
* Ask if'there are any questions before beginning the interview
Survey- follow-up questions
1. Clarify any answers on the survey that are confusing or unanswered.
2. Ask for more specifics about farm layout, mussel culture techniques and gear used
(if not addressed in the survey).
a) How long are your longlines?
b) Are your mussel culture lines single droppers (hang straight down in single
lines), or do they form a connected system (looped)?
¢) How long are your culture lines?
d) What is the spacing between your culture lines?
e) Are your lines submerged?
= [fso, how far?
f) Are your lines anchored tightly in the water or are they more loosely
flowing?
Further questions
3. How do you see the future of mussel farming in Iceland?
a) Prompt: Do you see if expanding on a larger scale (both with regards to the
number of farms or their size)?
4. Is there anything that could prevent mussel farming from expanding?
a) Prompt: Is the industry facing any challenges?
= Market?
=  Export fees?

= Testing for toxins?
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* Predation?

5. From your experience as a mussel farmer, do you see the potential for whales
damaging mussel gear (by becoming entangled in the gear or by colliding with it)
as being a problem for the mussel industry in Iceland?

Prompt: What if the industry were to expand (become larger than it is

today)?

6. And if there did appear to be a risk of mussel gear being damaged through contact
with whales here in Iceland would you be willing to take measures to reduce this
risk?

a) Prompts:
» Modifying your gear
= Relocating the operation
*  Or something else?

b) What about other farmers here in Iceland?



Iceland

ions in

: Mussel operati

Appendix C

Description of mussel farming operations in Iceland that were the focus of both surveys

and interviews. Source: author (continued on the next page).
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