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Photography as a methodology
in research: An overview
Neil Davey
MSc Candidate in International Environmental Studies

Introduction
Using photography in research is as old as the
medium itself. Nevertheless, positivists and interpretivists still debate its worth. Photography
in research now encompasses most scientific disciplines, but is still primarily utilised for its illustrative ability and less as a methodology. For
example, images are used to convey something
not easily explained in words or to confirm a
researcher’s findings (Newhall, 1982). However, some researchers use photography as a way
to express a subjective reality and understanding
of the world, from their own perspective along
with that of their research participants. This
overview examines the history of photography
in research, key approaches, ethics, dissemination of results, and photography’s limitations as
a research methodology.
History
As soon as photography was recognised as an
artistic medium in the mid-1800s, artists and
social researchers alike adopted it as not only
an expressive tool, but one that could accurately record or document a precise moment in
time – something that could be missed during
conventional research. Amongst other things,
photography enables viewers, or “consumers of
8

research” (Szto, Furman, & Langer, 2005, p.
140), to connect with the data presented. Many
archive photographs that date back to just after
photography was invented show how the medium has been used by artists, researchers, and social scientists in a social research context. Early
examples include work by Scottish painter David Hill (1802-1870) and engineer Robert Adamson (1821-1848), documentary photographer
Eugene Auguste Atget (1856-1927) in France
and American sociologist Lewis Hine (18741940) (Newhall, 1982; Szto et al., 2005).
Hill and Adamson are credited with pioneering social-documentary photography with
their photographs of Newhaven, a fishing community on the outskirts of Edinburgh, Scotland.
Hill and Adamson chose to document the lives
and labours of the fishwives because they were
unable to take their photographic equipment to
sea with the men (The Metropolitan Museum
of Art, n.d.). Their series of prints exemplifies
the community spirit of the Newhaven residents
at a time when nearby Edinburgh was experiencing a period of social dismay. This subjective
approach has been a continuing theme within
documentary photography, especially when depicting social phenomena.
Two other historical photographers,
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Atget and Hine, utilised the power of the camera to record social phenomena. Atget photographed and made detailed prints of the streets
of Paris for years, objectively recording the essence of the city. According to Szto et al. (2005),
Atget was the first photographer to use a camera for research purposes in this manner. Hine’s
subjectivity in his work, or “photo-interpretations”, led to public awareness and, subsequently, social change (Newhall, 1982, p. 235; Szto et
al., 2005). For example, he documented children
working in abhorrent conditions in factories and
mines throughout the United States, which led
to improved laws regarding child labour (Szto
et al., 2005). Moreover, in 1930s America, the
Resettlement Administration – a federal agency set up to improve life for migratory workers
and rural Americans – initiated what was to be
an extensive project involving several documentary photographers, with the aim of recording
rural life throughout the country (Newhall,
1982). Roy E. Stryker, Chief of the Historical
Section at that time, stated, “Documentary is an
approach, not a technique; an affirmation, not a
negation…” (p. 245). In addition to being useful to record social phenomena, photography is a
great tool to collect large amounts of visual data,
such as during mapping and surveying.
In John Collier, Jr. and Malcolm Collier’s seminal book – Visual Anthropology: Photography as a Research Method (1986)– they
acknowledge the value of photography in mapping and surveying, and the camera as a “logical” tool to do so. They claim the descriptive
nature of detailed photographs can be used to
examine boundaries, patterns, relationships between humans and the environment, community structures, past and present comparisons of
landscapes, etc. Moreover, this initial phase of
a research project can provide large volumes of
visual data within a short time frame. This is in
contrast to the amount of time a field researcher
would take to gather a similar amount of data.
This initial research predominantly involves long view photography or aerial photography, which Collier, Jr. and Collier (1986) at
the time claimed was “one of the most accepted
uses of the camera” (p. 30). Amongst other uses,
Collier, Jr. and Collier highlighted photography for its use in reconnaissance during WWII.

By mapping terrain and printing detailed photographs at a large scale for American pilots to
study, they could avoid problems when flying
over areas that were hard to negotiate, such as
the Burma Hump over the Himalayas. In addition, the Colliers promoted the significance of
photography within ethnographic research.
Ethnography
Collier, Jr. and Collier’s work is cited by many
contemporary visual ethnographers, such as
Sarah Pink. The Colliers (1986) claim that photography is at its most useful in the initial stage
of research. They also acknowledge that photographs can be used in different ways as the research progresses; the photographs can raise
questions to answer at a later stage, which helps
develop more focus and insight into the subject
matter. However, Pink (2013) is critical of some
of the Colliers’ early work, such as producing a
“cultural inventory”, or visual survey, of a home
– a practice now used by many visual sociologists. Pink contests the Colliers’ use of this practice due to the lack of input from the householders in understanding what the material elements
of their homes mean to them. Furthermore, the
data gathered by them is treated the same as any
other data, such as numerical data. Nevertheless,
Collier, Jr. and Collier (1986) did collaborate
with community members when they gathered
data, which they considered to be an efficient
way of gaining both empirical knowledge about
and respect within communities.
Collier, Jr. and Collier worked alongside local informants to aid them with the social orientation process. By discussing their visual records with locals, the Colliers could easily
identify key components of their study to speed
up their research process, thus preventing the
need for laborious tasks like surveys and questionnaires in many cases (Collier, Jr. & Collier,
1986). In Visual Anthropology: Photography as a
Research Method, they present an, albeit hypothetical, example where a novice fieldworker
using a camera takes part in a fishing expedition on a trawler in order to study technological change within the fishing community. After
explaining his role, documenting the activity,
and sharing his photographs, the fieldworker becomes accepted within and trusted by the
9
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Left page: Laig Bay, Isle of Eigg, Scotland in the 1950s. Photo courtesy of Eigg History Society.
Right page: Laig Bay, Isle of Eigg, Scotland in 2016. Photo: Neil Davey.
10

Photography as a methodology in research: An overview

11

NMBU Student Journal of Life Sciences - Volume 7 - 2017

community – an important part of ethnographic
research which can prove invaluable to a fieldworker. Another equally important aspect in
all research situations that involve collaborating
with participants or informants is a personable
demeanour. P. Hitchcock emphasises that good
behaviour in the field and respect for participants is paramount:
If a man’s research plan involves the
people he wishes to photograph he has
to consider their feelings. He is not a
tourist or press photographer whose aim
is to get a picture and get out, broken
camera or no. (Collier, Jr. & Collier,
1986, p. 24)
Many visual researchers echo this sentiment as an important ethical consideration. L.
Olmi (personal communication, 28 September
2015) also highlights “mindfulness” and “introductions” as two key components that contribute towards creating a comfortable rapport with
her participants and the communities where
she conducts her PhD research. Although, like
Pink’s, Olmi’s auto-ethnographic approach contrasts with that of the Colliers, she also advocates establishing a role within the community
being researched.
Contemporary approaches and analysis
Contemporary visual ethnographers, such as
Pink and Olmi, claim their approach produces knowledge through interpreting images – a
subjective reality, rather than “purport[ing] to
record reality” (Pink, 2013, p. 20). Subjective
interpretivism is integral to Pink’s methodology and, furthermore, Pink even questions the
truthfulness of the knowledge that is produced
from using her own approach.
Pink’s approach is far less hurried than
that of Collier, Jr. and Collier. It emphasises
knowledge production by interpreting the visual information within a photograph in a specific – yet potentially changing – context, and
according to the subjectivity of her participants
and the photographer (Pink, 2013). Moreover,
the framing of the photograph along with the
environment around the photographer and the
camera, both in and out of the frame, places the
12

photograph within a subjective context where
objectivity cannot be achieved. Furthermore,
during analysis, the research question (if there
is one) and the theoretical and practical knowledge of the ethnographer also contribute to the
complexity of the relationship between observing and learning. When the researched material is published (if the images themselves will
be viewed), the perceived knowledge within the
photograph is subject to the viewer’s context and
classification, according to Edwards (1992, as
cited in Pink, 2013) and Pink (2013). Edwards
also revealed that new discourses can lead to
new meanings of historical photographs, thus
reinforcing the idea that the knowledge images
hold needs to be interpreted reflexively in order
to understand them within their subjective context.
Pink’s expressive approach to analysing visual material contrasts with traditional
approaches by not only encouraging reflexivity,
but also questioning the nature of reality from
different perspectives (Pink, 2013). She is concerned with innovating and understanding how
this type of visual research can be applied to
different disciplines, where it is relevant and is
not, and whether it could be adapted to be so.
Her auto-ethnographic approach is not concerned with large volume data analysis to reach
conclusions stemming from traditional theories.
Instead, she draws upon contemporary “theories
of place and space, practice, movement and the
senses” (p. 17); i.e. how people’s environment
and relationships shape their perception of reality. For the visual ethnographer who chooses
such a method, changes in the environment,
along with the journey through it, can shape the
nature of the research, but the process can be
arduous and seemingly never-ending (L. Olmi,
personal communication, 28 September 2015).
Nevertheless, this collaborative and inclusive
approach with participants helps draw meanings
from the observations of the researcher. Furthermore, and as D. Harper (2002) illustrates
in Talking about pictures: A case for photo elicitation, this approach to research is fundamentally
phenomenological - concerned with how people interpret and perceive their environment,
along with the meanings they attribute to their
experiences.
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Elicitation
Collier, Jr. is credited with being the first person to refer to the technique commonly known
today as photo-elicitation (Harper, 2002). Although Pink criticises the Colliers for not recording the experiences of their participants, she
also employs photo-elicitation, albeit at the other
end of the spectrum, i.e. to create collaborative
knowledge from photographs through her participants’, and her own, subjective perspectives.
Harper explains elicitation as a “continuum” (p.
13), but one which inspires dialogue and discussion. At one end is the kind of elicitation Collier,
Jr. and Collier used, and at the other is a more
sensory approach, as adopted by Pink and her
contemporaries. The latter approach is used to
evoke an emotional response from participants.
Furthermore, although Harper (2000) claimed
elicitation was “largely unrecognised” (p. 13), K.
Nakamura (2013) described it as an “emerging
trend within visual anthropology” (p. 132) less
than a decade later.
In the middle of Harper’s continuum is
the use of archive photographs, a technique that
Olmi employs in her research. Research participants present archive films and photographs
at organised events or in their own homes, and
view and discuss them with Olmi. This engages community interest in her project and evokes
memories and stories from their past. Moreover,
it instigates discussions that shape her photography – “a continual conversation between dialogue and shooting” (personal communication,
28 September 2015). Okely (1994, as cited in
Pink, 2013) claims this approach can be limited
in the accuracy and continuity of the knowledge
it produces. However, she still acknowledges
that it provides richer and deeper data than using words alone.
Another technique that comes under the broad scope of elicitation is participatory photography, a method often used in action research. Again, this practice has become
more common in recent years and involves research participants, often from socially excluded
groups, creating their own images. The ethnographer then discusses and interprets them along
with participants to help convey their point of
view, often in the hope of gathering data that
can initiate social change.

Ethics
Participation
The increased use of visual ethnography connected to academic research and institutions
means that ethical procedures are subject to
greater scrutiny than before (Pink, 2013). However, many ethical principles are shared throughout all research methods. For example, Collier,
Jr. and Collier advocated that respect was paramount in gaining access to areas of their study
they wished to photograph, but where locals may
not have initially been happy for them to venture (Collier & Collier, 1986). This idea is relevant to all areas of social research. Furthermore,
the four main areas of ethics derived by E. Diener and R. Crandal (1978, as cited in Bryman,
2012) – which concern harm to participants, informed consent, privacy and trust – are just as
applicable in visual research as they are in conventional research. However, because visual research methods often supplement other methods, ethical consent needs to be broad and cover
all eventualities, from the changing direction of
the research to the changing use of the material and the way in which it is published. Ethical guidelines, such as those of the Economic
and Social Research Council in the UK, are
not always appropriate when conducting visual
research (Clark, 2012).
Indeed, Clark (2012) suggests a “situated approach” to ethics as the most suitable when
researching using images and interviews. This
implies that each case is examined on its own
individual merit as each case will have its own
ethical matters for the researcher to consider.
A situated approach involves making decisions
along with a study’s participants as the research
continues to take shape and different contexts
emerge. However, many ethics committees are
still unfamiliar with this approach and how
they will respond is unclear. Furthermore, rather than the “paternal relationship” (p. 29) that
dominates traditional ethical guidelines, i.e.
where the participants are viewed as being in
need of protection, Clark claims that a situated approach within the context of the research
can empower participants not only by being involved, but also by being recognised. Equally as
important as a broad scope for consent is respect
for participants, their cultures and their land,
13
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Left page: Cleadale, Isle of Eigg, Scotland in 1991. Photo courtesy of Eigg History Society.
Right page: Cleadale, Isle of Eigg, Scotland in 2016. Photo: Neil Davey.”
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according to Olmi (personal communication, 28
September 2015). Moreover, visual ethnography faces a formidable challenge concerning the
ethics of taking and publishing photographs of
participants themselves.

to be published, but also by ethnographers’ knowledge of the social, cultural
and political contexts in which the published photographs will be viewed and
interpreted. (p. 178).

Dissemination
Many academics who adopt a predominantly
positivist epistemological stance still question
the validity and reliability of using photography
in research. This could help explain why there
are not more photographs published when disseminating research. However, another reason
could be the ethical implications of publishing
research material that identifies informants/participants. Informants’ anonymity is usually central to ethical guidelines in academic research.
However, photographs (without manipulation)
do not hide the identity of the subject, unless
deliberately composed to do so. Even then, they
may negate one of the points of using photography in the first place, which is to express something that cannot be done easily in words, such
as an expression or an emotion taken from a
participant’s face. Therefore, removing the identity from visual research material potentially
removes the value that it has in providing the
knowledge that the viewer seeks. Nevertheless,
in certain cases, such as where photographs of
children are involved, alternative means of presenting the material may be necessary (Pink,
2013).
Where and in what context the research
material will be viewed or displayed should also
be considered. As soon as material is published,
control over images is lost and the context of
each individual viewer influences the images’ meanings. Depending on the nature of the
material, this could have negative consequences
for the participants (Clark, 2012), especially if
accessible globally online. Moreover, no matter
what research method one uses it is always important for the research participants to know to
what they are consenting. However, according
to Pink (2013), a situated and collaborative approach is still preferable:

Such issues might help explain why dissemination of visual research is still relatively
uncommon, and indicate why much work is presented as photojournalism or documentary photography rather than academic research (Clark,
2012), where the ethical guidelines are fundamentally different. Nevertheless, Harper (2005,
as cited in Clark, 2012) argues, “harm to subjects is unlikely to occur from showing normal
people doing normal things” (p. 20); although
‘normal’ is often subjective within a specific,
such as a cultural, context.
Visual researchers also frequently debate
whether or not to include text to accompany images. Scottish photographer Owen Logan’s realist approach includes text to contextualise his
images. Logan also prints his photo essays on
large banners. By doing this, he avoids the risk
of not having the text alongside the images in
his photo essays when exhibited. Additionally,
he avoids the possibility that his photo essays are
misconstrued (personal communication, 8 October 2015). However, while Pink (2013) claims
that by not including text, images can “invoke
these more experiential elements” (p. 53), Chaplin (1994, as cited in Pink, 2013) argues that
text can be useful to provide the “desired ethnographic meaning” (p. 171). Although, this could
result in “[a photograph losing] its autonomy
[…] and thus any claim to make a contribution
in its own right” (p. 171).
In An American Exodus, published in
1939, Dorothea Lange and Paul Taylor printed
excerpts from participants’ conversations that
took place at the time they took the photographs
(Newhall, 1982). This added an experiential element to the photographs without the need for a
third person narrative. Another technique, cited
by Pink (2013) and used by Andrew Irving, is
to leave blank pages where a photograph cannot
be displayed for what are presumably ethical or
consensual reasons. Ultimately, the decision of
whether to include text or not depends on the
idea to be portrayed, the approach, and the con-

These decisions should be informed not
solely by the willingness of research participants/subjects for their photographs
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text in which the photographs will be viewed.
Fundamentally, the research should be presented in the most appropriate way for the researcher, the participants and the viewers.
Limitations
Although photography has a place in both qualitative and quantitative research, the nuances
presented by the multiple approaches are constantly debated by researchers and academics,
and many still question the value of using imagery in research. Sometimes it simply may not
be an appropriate method for fulfilling research
aims. This may be due to practical limitations
such as inability to use the necessary equipment in the field, or because images may not
add anything of value to the research material.
For example, Pink (2013) draws upon Hastrup.
Hastrup employed photography in a study of
male-dominated Icelandic sheep markets, however, she was disappointed with the results and
described the method in this case as “hopeless”
(p. 52). Poor lighting, bad angles, and no discernible information in the images made photography an inappropriate method of choice for
her ethnographic study.
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Functional trait and lifehistory variation of arbuscular
mycorrhizal fungi during
secondary succession
Martin Paliocha
MSc Candidate in Molecular Biology and Evolution
Abstract
Composition of plant communities during secondary succession are, to a great extent,
determined by their arbuscular mycorrhizal (AM) symbionts. However, the role of
AM fungi in driving secondary succession of plant communities is still the subject
of extensive research. In recent years, efforts have been made to classify plants and
AM fungi according to their life history traits. The mutualistic interactions between
a plant and an AM fungal species with matching life history traits are very stable over
time. In contrast, mutualism is weak between plants and AM fungi with non-complementary strategies. Plants and fungi maximising each other’s fitness preferentially interact at the same successional stage. Moreover, there is compelling evidence
for AM fungi driving plant–soil feedbacks. While altering feedback dynamics, AM
fungi play a significant role in driving secondary succession towards climax stages by
changing the composition of plant communities and recruiting more competitive or
stress-tolerant species during intermediate successional stages. Consequently, community composition and change along successional gradients can be only fully understood when accounting for one of its major determinants: the AM fungi residing
below ground.
18

19 Bereza
Photo: Madelaine

NMBU Student Journal of Life Sciences - Volume 7 - 2017

Introduction
During the development of an ecosystem, plant
and soil communities undergo successional shifts
from stages dominated by ruderals and opportunists to a climax community, mostly dominated by competitive species. This climax state persists until stress increases or a new disturbance
takes place and starts the process over again.
Many biotic and abiotic factors are involved in
secondary succession to gradually transform the
composition of plant communities (e.g. Grime,
1977). Symbiotic interactions between plants
and other organisms, particularly those residing below-ground, are vital for the progress of
succession. The highly-specialised symbiosis of
plants and arbuscular mycorrhizal (AM) fungi
is of special interest in this context, because it is
crucial to the survival of most land plants. Vegetation of all kinds benefits from mycorrhizae in
terms of, for example, enhanced acquisition of
soil-derived nutrients, facilitation, or protection
against pathogens (Finlay, 2004).
Arbuscular mycorrhizal plants are found
in ecosystems worldwide and it is estimated that
approximately 75% of all angiosperms live in
symbiosis with AM fungi (Brundrett, 2002).
Arbuscular mycorrhizal fungi are important
determinants for the assembly of plant communities, and they influence the diversity, distribution, and relative abundance of plant species
(van der Heijden et al., 1998). Plants may differ
to the degree on which they depend on mycorrhizal fungi (van der Heijden et al., 1998), and
these responses could be related to certain plant
life history traits (Grime, 2001). This variation
in mycorrhizal dependency between plants relying on different life history strategies and range
of possible responses may be one of the major
mediators of species coexistence in plant communities, hence also a significant determinant
for the assemblage and changes of plant communities during secondary succession (Chagnon
et al., 2013). The triangular model of plant strategies developed by Grime (1977) will be used
to classify both plant and fungal communities
according to their life history traits during secondary succession. The gradual change from an
early coloniser community mainly consisting of
ruderal species, through seral communities, towards a climax vegetation dominated by com20

petitors or stress-tolerators shall be explained
from a mycocentric perspective. How are the interactions between plants and AM fungi altered
during the change from a ruderal to a competitive system, and to what extent is the successional transformation of these plant communities propelled by AM fungi? Which fungal life
strategies are under selection along typical successional trajectories and do they resemble the
strategies selected for in above-ground plants?
This article will briefly summarise Grime’s classification of ruderal, competitive, and stress-tolerant strategies from a plant perspective and
apply this classification to explain the different
strategies of AM fungi to explore their interactions with plants during secondary succession.
Then, the CSR-framework will be applied to
explain the different strategies of AM fungi in
relation to their functional traits. Lastly, the role
of arbuscular mycorrhizae as determinants of
successional dynamics is outlined and discussed
in relation to whether and to what extent AM
symbionts drive secondary succession in plants.
Grime’s triangular model of plant strategies
According to British ecologist John Philip
Grime, the growth of plants is restricted solely
due to two factors, stress and disturbance. Stress
is defined as abiotic phenomena that reduce plant
primary production, like shading, water, mineral
shortage, and climatic harshness (Grime, 1977,
2001). In contrast, the term disturbance addresses everything that leads to partial or total
destruction of the vegetation in a given habitat,
like herbivory, human activity, perturbations,
or fires. The interplay of disturbance and stress
gives rise to three possible plant strategies. Plant
species that predominate habitats characterised
by low stress and low disturbance are suggested
to be good competitors (C), species colonising
environments with high stress and low disturbance are predicted to be stress-tolerant (S), and
ruderals (R) are predicted to thrive under highly
disturbed conditions with little stress (Figure 1).
Grime defines secondary succession as a gradual change in plant composition from weedy and
easily outcompeted ruderals to more competitive
and long-lived perennial herbs which can persist
alongside other more long-lived plants (Grime,
1977, 2001). If stress increases due to shortage
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(nutrient limitation, extreme pH or temperatore, drought, …)

S

C

-

Disturbance

+

R

(physical soil perturbation, loss of symbionts, fires, …)

Figure 1. The triangular arrangement of life-histories consisting of competitive (C), stress-tolerant (S),
and ruderal (R) strategies (adopted from Grime, 1977 and Chagnon et al., 2013) along increasing gradients of stress and disturbance. Note that there are no strategies adapted to high levels of both, disturbance and stress (dotted line).
of nutrients, water, or other resources such as
light, competitive seral species may eventually become replaced by more stress-tolerant and
even more persistent plants like woody shrubs
or trees. The CSR model is a well-established
theory, not only in plant ecology. Several efforts
have been made to extend it to the community assemblage of different groups of organisms,
such as in phytoplankton (Smayda & Reynolds,
2001), bryophytes (Grime et al., 1990), lichens
(Grime, 1977), and mycorrhizal fungi (Chagnon
et al., 2013).
Variation of life history traits and strategies in
AM fungi
Because every plant has a limited energy budget,
different strategies of allocating resources have
evolved in order to cope with different environments. Species of AM fungi differ not only in
their ability to translocate soil-derived nutrients to their host (Pearson & Jakobsen, 1993),
but also in species-specific patterns of carbon
storage and resource allocation to different reproductive and vegetative structures (Hart &
Reader, 2002). These differences make it possible to classify fungal life history strategies based
on functional traits, revealing how and to what

extent mycorrhizal communities are assembled
along environmental and thus also successional gradients. Mycorrhizal fungi are highly dependent on their plant symbionts, which rely
on different life history strategies, meaning that
the fungi likely have life-histories similar, or at
least compatible, to the strategies of their hosts.
Therefore, it is possible to use the same theoretical approach for fungi as for plants. Classifying
mycorrhizal fungi according to the three primary life history strategies in plants as defined by
Grime (1977) seems thus to be a reasonable approach because it makes use of a thorough and
well-established framework.
Grime defines competitiveness as the
ability to take up and store limiting resources in
a more efficient way than a potential neighbour
(Grime, 1977). Given that AM fungi are efficient foragers of mineral nutrients and water, but
at the same time dependent on organic nutrients
originating from primary production, the availability of plant-derived carbon eventually limits
the growth of mycorrhizal hyphae. Because the
amount of carbohydrates fungi obtained from
their symbionts is proportional to the amount of
soil-derived nutrients delivered to the plant (Kiers et al., 2011), competitive mycorrhizal fungi
21
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use most of their resources to produce absorptive hyphae that
maximise foraging in the soil and delivery of nutrients to the
plant (van der Heijden & Scheublin, 2007). Using most of the
carbohydrates retrieved from the plant host to grow a network
of fungal hyphae (mycelium) implies that less carbon can be
allocated to storage organs or production of spores. Potential
trade-offs may therefore limit reproduction rates and stress
tolerance.
Stress is the sum of all abiotic restrictions that limit
the production of biomass (Grime, 1977). Fungi are stressed
when experiencing environmental extremes such as high soil
acidity, low temperatures, or general shortage of nutrients, including those derived from their hosts (Chagnon et al., 2013).
Such stressors may select for fungi that are efficient at handling
plant-derived carbon, preferentially allocating it to the growth
of hardy, long-lived hyphae that withstand extreme stressors
and reduce the need to sustain constant growth (Chagnon et
al., 2013). Exposure to stress agents present in the soil may also
be minimised by reducing the total hyphal surface area exposed
to potential toxins (Chagnon et al., 2013). Potential trade-offs
associated with these traits may be, due to low growth rates, a
generally limited ability to compete with faster growing, competitive species, and poor resilience to disturbance that may disrupt the mycelial hyphae. This eventually selects for fast-growing species with better healing abilities.
Ruderal environments are shaped by forces that partially or totally destroy biomass. From a fungal perspective, this is
equivalent to the breakage of hyphae and the subsequent disruption of the entire mycelium, such as perturbation of soil by
tilling or removal of the roots the fungi are anchored in (Chagnon et al., 2013). Ruderal AM fungi should therefore have
effective healing mechanisms, meaning that disrupted hyphae
grow fast and fuse easily together, thereby increasing tolerance
to disturbance (de la Providencia et al., 2005). The root system
of the plant host does not necessarily tolerate equal amounts of
disturbance as an AM symbiont relying on a ruderal strategy
(Chagnon et al., 2013). Therefore, the colonisation of new hosts
may be advantageous. This strategy is achieved by vegetative
growth and asexual spores, which allows faster re-establishment of connections after a disturbance than sexual reproduction. High quantities of hyphae produced per individual fungus
result in decreased in hyphal quality, meaning that production
of many short-lived hyphae may go to the expense of a long
life-cycle and the ability to withstand stress by producing rigid
and long-lived hyphae (Chagnon et al., 2013).
Before assessing the compatibility of competitive,
stress-tolerant, and ruderal AM fungi to plants with corresponding strategies, one needs to clarify the evolutionary foundations that lead to the formation of mutualistic interactions
between plant and arbuscular mycorrhizal fungi.
22
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Partner selection
Plant selection of mycorrhizal partners is traitbased, meaning that it is driven by phenotypical characteristics that impact the fitness of the
individual and the respective symbiotic partner.
According to evolutionary theory, plants and
fungi seek to maximise their fitness by avoiding symbiotic interactions with non-cooperative
and hence antagonistic or detrimental partners
(Chagnon et al., 2015). This partnership is easy
to picture when thinking of mycorrhizae as a
simple interaction with two partners involved.
However, most mycorrhizal plants and fungi
usually form mycelial networks with multiple
individual plants (e.g. Selosse et al., 2006). A
potential evolutionary consequence of that may
be the emergence of ‘cheaters’ that simply rely on
the benefits provided by others and live merely
exploitative (Johnson et al., 1997; Selosse et al.,
2006). There are numerous examples of arbuscular mycorrhizal fungi being parasites on plants
(Egger & Hibbett, 2004). On the other hand,
there are also solely mycoheterotrophic plants
that forage by linking themselves into existing
mycorrhizal symbioses without providing any
compensation (Bidartondo et al., 2002). These
cases are, however, exceptions and even though
such parasitic adaptations exist both among fungi and plants, the common case seems to be the
formation of mutualistic relationships. Due to
the sheer number of species forming arbuscular
mycorrhizae, it seems puzzling that mutualism
seldom evolves into merely exploitative relationships, indicating evolutionary stability of AM
symbiosis. What are the mechanisms behind the
selection of the mutualistic partners?
In a series of experiments, Kiers et al.
(2011) show that plant roots as well as fungal
hyphae remunerate the most beneficial host.
When the plants and the fungi are interconnected with several partners, the most cooperative mutualists are selected for. This strategy
was recently also confirmed for networks with
living plants (Fellbaum et al., 2014), where fungi enhanced the allocation of nitrogen (N) and
phosphorus (P) to plants with the greatest photosynthetic activity, but retained hyphal connection to suboptimal hosts when high-quality
symbionts were absent. Plants therefore compete
for the best fungal partners by maximising pho24

tosynthetic activity above ground and disposing
carbohydrates through the roots (Bever et al.,
2009).
It is thus reasonable to think of partner
selection as a competitive process where fungi
and plants compete for symbiotic partners that
increase their own fitness. Recently, Chagnon et
al. (2015) confirmed that partners with similar
strategies of resource allocation are more likely
to form mutualistic interactions than plants and
fungi with different life history traits – in line
with earlier predictions (Chagnon et al., 2013).
However, plant species may differ in their ability
to sanction parasitic fungi by adjusting the allocation of photosynthates to their symbionts (Grman, 2012), allowing cheaters to persist in small
numbers. This restriction creates room for extensive discussion concerning the complementary nature of plant life-histories and the strategies
of their AM symbionts.
Are plant and fungal strategies
complementary?
Plants that rely on different strategies vary considerably in terms of their preferential symbiotic
interactions with AM fungi. The degree of dependence on fungal symbionts varies from obligate, facultative, to non-mycorrhizal species
(Francis & Read, 1994), and seems to be correlated with certain life history traits in plants
(van der Heijden et al., 1998). This variation
raises the question whether the complementary fungal strategies follow the same successional
pattern as their hosts, and whether plants and
AM fungi betting on the same tactic preferentially interact with each other.
Ruderal plants typically dominate
during the earliest stages of succession, when
environments feature a high degree of disturbance. They are often small, short-lived herbs
with high growth rates as well as low production of total leaf and root biomass. Ruderals use
resources to reproduce quickly and in the greatest numbers possible (Grime, 2001). Therefore,
many monocarpic big-bang reproducers that
flower early in their life cycle at the expense of
a constitutive defense are considered ruderals.
Habitats occupied by ruderals are often perishable and change rapidly, not only due to edaphic,
meaning soil-related, shifts such as decreasing
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availability of nutrients (Gorham et al., 1979),
but also due to colonisation by more competitive species. Disturbance entails erosion that
mobilises mineral nutrients in the soil and decomposition of the former vegetation will often
additionally increase the availability of P and N
on that site (Gorham et al., 1979). Accordingly,
ruderal plants have high shoot to root biomass
ratios and their root system is typical for plants
with a resource-acquisitive strategy (Reich,
2014). Specific root length in ruderals is high
(i.e., short roots but with a high root dry mass)
and the roots are typically highly branched to
increase surface area for nutrient uptake (Reich, 2014). Investment in terms of carbon is low,
meaning that ruderal plant roots are fine and
have a short life-span (Roumet et al., 2006). In
order to overcome the constant loss of symbiotic interface, rates of colonisation by AM fungi
must be higher in habitats dominated by annual
ruderals than on sites with more competitive, biand perennial species that produce more longlived roots (Navas et al., 2010; Roumet et al.,
2006). Enhanced colonisation rates are in accordance with an AM fungal strategy adapted to
disturbance predicted by Chagnon et al. (2013),
suggesting that the need to steadily colonise new
hosts to secure access to carbon may select for
ruderal traits.
Fast-growing pioneer plants rapidly deplete the soil of P and N, which eventually become limiting agents. Consequently, selection
for plant strategies that increase the uptake of
nutrients unevenly distributed in the soil intensifies (Grime, 1977), meaning that the assemblage of the plant community will be adjusted
towards more competitive species that invest
in more persistent root biomass (Roumet et al.,
2006). The root system of competitive plants will
therefore be coarser and less branched compared
to ruderals (Lambers et al., 2008). From a fungal perspective, the limiting resource, carbon,
becomes more sparsely dispersed and concentrated in a smaller number of roots during the
successional shift from ruderal to more competitive plants. This change eventually leads to
selection of fungal functional traits that maximise carbon storage and uptake from the plant
and increase competitiveness (Hart et al., 2001;
Maherali, 2014). As mentioned before, the most

stable evolutionary strategy to maintain maximum carbon gain from the plant host is to maximise delivery of soil-derived nutrients (Kiers
et al., 2011). AM fungi investing in absorptive
hyphae are most prevalent during seral stages
of secondary succession dominated by competitive plants (Chagnon et al., 2013), supporting
the hypothesis that competitive plants and AM
fungi preferentially interact with each other.
Nevertheless, many mid-successional, competitive plant species are reported to be facultative
mycorrhizal, which means they forage through
producing root-bearing stolons, tillers, and ramets rather than investing carbon in mycorrhizal symbiosis (Hempel et al., 2013). However, in a study conducted on a ramet producing
clover species (Du et al., 2009), switching to a
mycorrhizal strategy was shown to bring greater benefit under increased nutrient stress. This
discovery may illustrate that competitors invest
in vegetative spread if the net benefit is positive,
and increase allocation of carbon to AM fungi
when nutrient concentrations drop below levels
the plant can forage on.
Within a climax community, stress-tolerant plants are usually found in shaded, severely
nutrient-depleted niches. Due to their generally
low rate of carbon fixation, stress-tolerant plants
are suboptimal hosts for fungi sustaining high
growth rates and sinking great amounts of carbon, because mutualistic reward from photosynthates is restricted. Effects of, for example,
light stress on AM fungi have been shown in a
simple experiment conducted by Heinemeyer et
al. (2004), who revealed a significant decrease in
colonisation by AM fungi in patches of grassland that were shaded for one year. In the same
study, however, community composition of AM
fungi also changed towards more long-lived taxa
that are resistant to carbon limitations (Hart &
Reader, 2002). A selective shift towards more
stress-tolerant fungi means that, in turn, also
the composition of plant species in the study
system is going to be altered (Heinemeyer et al.,
2004).
These complementary life history traits
indicate that plants and AM fungi with equivalent strategies preferentially interact with each
other. Root traits and the ability to colonise new
roots or maintain already established connec25
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tions, play an important role in partner selection. Moreover, investigations on the evolutionary history of AM fungi, and their preferential
interactions with plants, revealed that functional traits are phylogenetically conserved and are
rooted deeply within their pedigree (Powell et
al., 2009). Orders and families of AM fungi are
likely to form mycorrhizal guilds sharing the
same functional traits and life-histories (Maherali & Klironomos, 2012). Measuring behaviour
and response under experimentally manipulated
conditions may thus become obsolete. Instead,
molecular approaches like pyrosequencing can
be used to study the community ecology of AM
fungi and assess fungal networks in the field
(e.g. Blaalid et al., 2012).
The fact that plants and AM fungi relying on the same life history strategies preferentially form symbioses with each other, does not
explain how succession is propelled, and to what
extent it is determined by the trait-variation of
AM fungi. It remains to be seen if changes in
natural communities of AM fungi are a consequence or the cause of plant community dynamics during secondary succession (Hart et al.,
2001).
Plant–fungus interactions determining
secondary succession
Assuming that AM fungi are passively affected
by plant community changes implies that they
must be host-specific. The presence or absence of
certain plant species should therefore determine
the ability of AM fungi to establish on a site. Yet
AM fungi are known to have low host-specificity (Smith & Read, 1997), whereas plants seem
to be pickier in choosing their fungal symbionts
(van der Heijden et al., 1998), which indicates
that arbuscular mycorrhizae must play a somehow determinative role during secondary succession. Experimental evidence has also shown that
arbuscular mycorrhizae increase plant diversity
and production (Klironomos et al., 2000). On
the other hand, AM fungi are obligate symbionts and their fitness depends on the amount of
carbohydrates retrieved from plants (Treseder,
2004), which weakens their role as active drivers
due to their dependence on photosynthetic partners. One may view the dynamics of above- and
below-ground secondary succession in the light
26

of the mechanisms underlying the feedbacks between plants and their mycorrhizal symbionts.
These feedbacks may either be positive
or negative for both fungi and plants. A positive
feedback loop is created when the presence of a
certain fungal species increases the abundance
of plants providing benefits to that AM fungus.
In turn, the presence of a good host will feed
back on the fungus’ performance on that site,
which again recruits more individuals of that
specific plant into the system (Reynolds et al.,
2003). Nevertheless, a negative feedback would
be initiated when the fitness or survivorship of a
given plant species is impaired by the presence of
certain fungal species in the soil. This constraint
will not only decrease the number of plants of
a certain strategy on that site, but also alter diversity and abundance of soil organisms, such as
AM fungi (Reynolds et al., 2003). Another type
of negative feedback would be if the presence of
a plant species increases the abundance of AM
fungi that provide greater benefits to a second
plant species. What is the relative importance of
such positive and negative feedbacks during secondary succession, and to what extent are these
feedbacks controlled by AM fungi?
Plant–soil feedback is strongly negative
in early successional plant communities. Many,
but not all, pioneer plants adapted to frequent
and intense disturbance are non-mycorrhizal,
which is not particularly surprising given that
their habitats often contain easily accessible
nutrients (e.g. Olsson & Tyler, 2004). Disturbance often entails soil horizon disturbance and
erosion, leading to the mobilisation of mineral
and organic nutrients. Moreover, the withered
remains of the previous vegetation on that site
will provide sufficient amounts of N to sustain
a short-lived community of ruderal pioneers
(Gange et al., 1990). Interacting with AM fungi is therefore often obsolete in habitats where
nutrients are easy to access and may be foraged
without the help of mutualists (Teste et al.,
2014). Colonisation by AM fungi may in that
case be detrimental for the plant, because the
fungi act as additional carbon sinks and decrease
plant growth and reproduction rates (Grime,
2001). But avoiding mycorrhizal symbiosis requires that non-mycorrhizal species within an
early successional plant community select for
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AM fungi recruiting other plant species into
the system that leak greater amounts of photosynthates into the soil. In other words, competitive, mycorrhizal plants will gradually be able
to establish themselves due to a prevalence of
more ‘generous’ mycorrhizal species. Therefore,
initially negative net feedback will reduce the
dominance of ‘greedy’ pioneer species, leading
to enhanced colonisation by plant species with
greater competitive and cooperative abilities
(Kardol et al., 2013). Total absence of AM fungi
on a disturbed site significantly decreases plant
productivity and recruitment of colonisers in the
long run (Gange et al., 1990), meaning that mutualistic plants gain benefits from the presence
of AM fungi on disturbed soils. Additionally,
non-mycorrhizal plants do not profit from other
advantageous functions AM fungi may provide,
such as increased protection against pathogens
(Finlay, 2004). In that way, selection for more
resistant and mutualistic plants is strong and
drives succession (terHorst & Zee, 2016). Due
to the decreasing availability of soil nutrients
from early to late successional stages, strength
of mycorrhizal symbiosis increases within the
plant community (Kardol et al., 2006; terHorst
& Zee, 2016). Accordingly, abundance of competitive AM fungi will enhance diversity of
plants providing greater reciprocal rewards and
vice versa, meaning that the net feedback within
a community turns positive when approaching
successional climax.
A climax community can, however,
be reset to an earlier successional state in the
case that antagonists are selected. These may
be parasitic fungi, mycoheterotrophic plants,
or stress-tolerators that are suboptimal hosts
to symbionts with mismatching strategies. In
that case, the dominance of competitive species
would cease due to the initiation of a negative
feedback loop, thereby increasing disturbance,
which subsequently starts secondary succession
over again. However, shifts from climax back
to early successional communities mainly occurs as a response to changes of abiotic parameters and stochastic events, such as availability of

water, radiation, or fires (Grime, 2001), rather
than through alterations imposed by the fungal
community.
Concluding remarks
Fungal and plant life history traits are comparable within the same theoretical framework and
resemble the same strategies when interpreted
based on Grime’s triangular model of life-strategies. However, it is not sufficient to solely contrast species located on the ‘edges’ of the CSR triangle to predict preferential interactions, mainly
because the bulk of all fungi and plants will have
intermediate strategies along these spectra. In
order to get a more holistic view on how AM
fungal communities change, it is necessary to integrate more than only preferential interactions
between plants and AM fungi into the ecology
of mycorrhizae. There are many other biotic and
abiotic variables that determine the successional outcome, for example soil age and potential
primary productivity. Especially in climax communities, interactions with other soil-dwelling
organisms such as rhizobia and ectomycorrhizal
fungi must be considered. Moreover, both AM
and ectomycorrhizal fungi create common mycelial networks that mediate the translocation of
nutrients (He et al., 2003; Walder et al., 2012),
alleolochemicals (Achatz et al., 2014), and other
signalling molecules (e.g. Barto et al., 2012), altering the adaptive behaviour of both plants and
fungi in a manner we are just beginning to understand (Gorzelak et al., 2015).
It is evident that arbuscular mycorrhizal
fungi have an important role in adjusting plant
communities from one successional stage to the
next. They are important facilitators for plants
dispersing into new locations and may hence alter community composition by the recruitment
of new species. However, the ecological functioning and significance of plant–soil, and hence
also plant–fungus, feedbacks are still poorly
understood, and frameworks that integrate the
relative roles of organisms across trophic levels
in competition and facilitation are still under
development (van der Putten et al., 2016).
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Abstract
The occurrence of emerging infectious diseases (EIDs) has been steadily increasing over the last 20 years with a majority of these EID events spilling over
from zoonotic sources. New research is challenging old assumptions about the
host-pathogen interface and how anthropogenic influences are altering these dynamics thus leading to new zoonotic EIDs. These anthropogenic drivers can cause
environmental changes; such as environmental degradation and changing population dynamics, and introduction of pathogens to novel hosts through pathogens
crossing ecologic and biologic boundaries. In many instances there is not just one
driver at work, but many; and it is important to understand how these drivers interact and alter pathogen epidemiology. This article will highlight EID events that
have furthered our knowledge of how anthropogenic influences are effecting the
pathogen-host environment and causing EID events. Zoonotic EIDs are of great
management concern, for both human health and wildlife conservation. There is
a dire need to fill gaps in knowledge of wildlife pathogens that have the potential
to switch hosts and potentially infect human populations, as well as how different
pathogens react to different changes in their environment in order to adequately
manage current and future zoonotic EID events

Photo: Adrian Lombardo

31

NMBU Student Journal of Life Sciences - Volume 7 - 2017

Introduction
Infectious diseases are the focus of intensive research and funding and are priorities for many
governments, international organizations, and
NGOs all over the world. Billions of dollars
are spent every year in attempts to increase our
understanding and control of these diseases
(WHO, 2014; Karesh et al., 2012). Despite this
intensive research focus over the years only two
infectious pathogens are considered eradicated:
smallpox and rinderpest (Moutou, 2014).
In the past, it was believed that many
pathogens were highly host-specific and that
transmission was generally density dependent
(Daszak et al., 2000; de Castro & Bolker, 2005).
However more recent studies have shown that
many pathogens assumed to be specialists have
been found in multiple hosts or in paratenic
hosts that can act as reservoirs for these diseases (Eberhard et al., 2014; Fenton et al., 2015).
There is also mounting evidence to show that
many pathogens are in fact frequency dependent
instead of density dependent. Frequency dependent transmission relies on vectors or transmits
along social network lines instead of through
direct contact (Gunn & Irvine, 2003). These
factors together change how we view pathogens
and show that they naturally occur in any ecosystem in a complex web of interactions between
pathogens, hosts, vectors, and environmental
factors.
Within these ecosystems, pathogens and
hosts exist in a stable state where moderate virulence of pathogens is evolutionarily selected for
and endemic hosts have generally evolved varying levels of tolerance or resistance. This theory
is supported by epidemiology models (Maizels
et al., 2004) and laboratory tests (Boots et al.,
2009), as well as in field studies of ungulates in
Africa (Cizauskas et al., 2015). This stable state
at the host-pathogen boundary has been shown
to be an important regulating force in certain
wildlife populations and for community dynamics (Watson, 2013). However, when this stable
state is disrupted, the new host-pathogen interplay can lead to what are known as emerging infectious diseases (EIDs).
The Centers for Disease Control (CDC)
defines EIDs as “diseases of infectious origin
whose incidence in humans has increased within the past two decades or threatens to increase
32

in the near future”, as well as diseases that may
have been reduced or eradicated in one area but
have re-emerged (CDC, 1996). Of these EIDs,
75% are considered zoonoses (diseases which
move between human and animal populations),
and the instances of zoonoses EID events has
increased dramatically over the last 20 years, in
both human and animal populations (Karesh et
al., 2012).
The study of EIDs is an incredibly diverse field that spans medical fields, veterinary
sciences, epidemiology, and ecology. Across
these scientific fields, there is a consensus on the
fact that all known EID events are caused by anthropogenic changes in the host-pathogen interplay (Brearley et al., 2012; Daszak et al., 2000).
This paper will review both past and present research and highlight important EID events in
order to discuss the impact of EIDs on wildlife and human populations. In order to do this,
anthropogenic factors that lead to EID events
must be discussed. It is also critical to identify where knowledge is lacking and future study
must be directed.
Environmental changes
Loss of biodiversity and habitat fragmentation
The effect of biodiversity on EID events is twofold. On one hand, ecosystems with naturally
high biodiversity of hosts also have a high pathogen diversity (Hatcher et al., 2006). Any single
pathogen’s presence in the environment is then
kept in check through what is known as the ‘dilution effect’. This effect describes the way transmission of any one pathogen can be disrupted
in a multihost environment due to varying susceptibility of host species (Keesing et al., 2006).
This means that any reduction in the biodiversity
of naturally highly diverse ecosystems may have
a greater chance of creating an EID event by reducing the control mechanism of the dilution
effect (Hatcher et al., 2006). When biodiversity
is lowered and the dilution effect is inhibited, infection densities within the host population can
increase leading to greater pathogenicity of a
previously benign infection. An increase in host
population homogeneity can also lead to higher virulence and an increase in clinical effects of
intensity independent pathogens such as bacteria
and viruses (Civitello et al., 2015).
Fragmentation of habitats and host
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populations, while often going hand in hand
with biodiversity loss, can also affect pathogen dynamics by altering host genetics and
host-pathogen interplay within fragments. If the
host population within a fragment is too small,
it may experience genetic drift or inbreeding
both of which can lead to reduced immune response and higher susceptibility of pathogens
(Daszak et al., 2000). Stochastic events, which
in some cases may be caused by pathogens themselves and thus be labeled an EID event, can also
lead to a genetic bottleneck in the host species,
which may reduce genetic diversity and increase
susceptibility to pathogens (de Castro & Bolker,
2005). If an EID event has occurred in a meta-population fragment, there is higher risk that
the disease will impact all other meta-populations via dispersal of individuals or intentional
translocations of individuals by managers (Hess,
1994). The loss of biodiversity, coupled with
host population fragmentation, can thus alter
the pathogen-host interplay leading to an EID.
Land use change
Land use changes alter pathogen dynamics due
to changes in ecosystem characteristics. One
of the best understood examples of this is from
changing fire regimes in the grassland savannas
of Africa. Two of the most prolific vectors of zoonoses in Africa are tsetse flies and ticks, which
are both affected by changing fire regimes. This
leads to increased EID events in wildlife, livestock, and humans in the region (Fyumagwa
et al., 2007). By reducing the frequency of fires
and increasing the density of susceptible hosts
in the form of cattle and people, ticks and tsetse flies have become much more prevalent in
the environment (Scasta, 2015). Two current
vector-borne EID zoonoses are East Coast Fever (theileriosis) and Trypanosoma sp. (nagana
in cattle and sleeping sickness in humans). In
livestock, these two pathogens cause high rates
of mortality and significantly reduce livestock
fecundity, both of which constrain food production and impact livelihoods of local people
(Holt et al., 2016). Sleeping sickness is fatal if
not treated in the early stages, but is relatively
rare in humans. However, cases are expected
to increase due to changing fire regimes which
lead to increased tsetse fly populations (WHO,
2014). Due to the high contact rate between

wildlife reservoirs and domestic livestock as well
as the multi-country presence of tsetse flies and
ticks, eradicating any of these diseases will be
difficult, expensive, and complicated ‒ if possible at all. Alternative solutions could include reinstating natural environmental control, such as
fire regimes, which would be more effective on a
regional scale and more cost efficient. These are
only a few examples of how land use change is
leading to EID events; other cases are reviewed
in Patz et al. (2005).
Climate change
Another way anthropogenic environmental
change is impacting pathogen-host interplay
and EIDs is through global climate change.
With changing precipitation patterns and increasing global temperatures, both pathogens’
persistence in the environment as well as pathogen vectors will extend beyond current climatic
boundaries (Harvell et al., 2002). The effect of
climate change is difficult to study due to the
variety of possible factors that influence movement of diseases and EID events both on a global and regional scale. However, there are already
instances of vector-borne zoonotic illnesses expanding in range due to climate change (Githeko et al., 2000; Patz et al., 2005).
One such example is the current Zika
outbreak. The virus was first documented in
wild non-human primates in Zika, Uganda before spreading to South America via introduction of an infected Aedes mosquito vector, where
the species’ range was limited to Brazil. A recent
extreme El Niño event caused a warm and wet
climate envelope to move north from Brazil, allowing the Aedes mosquito ‒ and thus the zika virus ‒ to spread into new northern territories (Paz
& Semenza, 2016; Bagoch et al., 2016). Another
vector-transmitted zoonotic disease which is on
the move to areas whose climates have become
wetter and warmer is Leishmaniasis (Leishmania
sp.). All species of infectious Leishmania are multihost and require a flea vector for transmission.
It is this vector that is currently moving outside
of its historically endemic range in both North
America and Europe, causing new and worsening outbreaks in both humans and domesticated
animals (Petersen, 2009). While these are merely two instances of how global climate change
is affecting vector and pathogen range, there is
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much more research to be done in order to fully understand how climate change will impact
complex interactions that may lead to future
zoonotic EID events (Harvel et al., 2002).
Pathogens in novel hosts
Ecological boundaries
Pathogens are naturally limited to an ecological niche based on host susceptibility, vector,
and climate (Sainsbury et al., 2012). The introduction and proliferation of pathogens in
novel hosts has been well documented and has
had dramatic impacts on wildlife and humans.
One of the best-studied incidences of this is
the case of rinderpest. Rinderpest was a morbillivirus (now eradicated) that was introduced
to the Horn of Africa by the import of tolerant
domestic cattle (Dobson, 1995). This introduction caused the widespread decimation of wild
ungulate species and other livestock, leading to
one of the largest widespread human famines in
34

modern history (Sinclair et al., 2007). The introduction of distemper, another morbillivirus, and
rabies virus also caused widespread epidemics
in various carnivore populations in Africa when
introduced by infected domestic dogs (Roelke
Parker et al., 1996; Woodroffe et al., 2012; Viana et al., 2015). These epidemics, in addition
to avian malaria ‒ which was introduced to the
Hawaiian islands with chickens ‒ have caused
the extinction of over 10 species of endemic
birds (Benning, 2002).
While domesticated animals are often
the source of introduced novel pathogens, humans harbor many pathogens that can infect
wildlife. Two examples of this are the spillover
of measles (morbillivirus) and polio (an RNA
virus) from humans to gorilla populations; in
the Democratic Republic of the Congo, they
caused widespread mortality of critically endangered gorillas (Epstein, 2009). These are a
few examples of how introduction of pathogens

Photo: Madelaine Bereza
across ecological boundaries to novel hosts can
lead to unexpected outcomes and create wildlife
EIDs which can be unpredictable and difficult
to control. More extensive reviews have been
performed by Daszak et al. (2000), Webster et
al. (2016), and Sainsbury et al. (2011).
Biological boundaries
While transportation across ecological boundaries is one mechanism by which zoonotic EIDs
can occur in new regions and in novel hosts,
there are also many instances of crossing biological boundaries. This occurs when the genetic
makeup of pathogens changes, due to mutation,
increased contact rate between possible hosts,
or anthropogenic selection pressure, leading to
EID events in novel hosts within endemic regions in the form of host switching. There is genetic evidence to show that HIV switched from
wild African primates (potentially chimpanzees)
to humans at multiple, simultaneous events in

the 1930’s due to increased human-primate contact rates via the bush-meat trade (Parrish et al.,
2008).
Pathogen genetics and host specificity
can also be altered through anthropogenic selection pressure in the form of control and eradication methods. One example of this is in the historically human specific parasite Guinea worm
(Dracunculoisis medinensis). Guinea worm was
the subject of intense eradication efforts between
1990 and 2000 which were nearly successful
(Calloway, 2016). However, in 2014 new human
infection cases started to emerge in a new epidemiological pattern and in novel areas. Upon
further investigation, it was discovered that the
parasite had altered both primary transmission
method (newly possible through ingestion of infectious stages in fish) and it’s primary host (now
primarily dogs), which was leading to reduction
in efficiency of the eradication methods (Eberhard et al. 2014) While it is possible that fish
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and domestic dogs were always latent hosts in
the D. Medinensis life cycle and had simply been
overlooked historically, the ability for humans
to contract the disease from infected fish, the
pathogenicity of the infection in dogs, and the
emergence and reemergence of the infection in
geographic areas are all changes is the epidemiology of D. Medinensis.
The cases of HIV and Guinea worm
demonstrate how an EID event due to host
switching can occur when contact rate and selection pressure increase. However, when contact rates between susceptible and unsusceptible
hosts and an increase in selection pressure act on
pathogens together, the effect can be additive,
leading to possibilities of host switching and
increased virulence. (Parrish et al. 2008). The
clearest examples of this additive effect can be
seen in recent outbreaks of various kinds of influenza viruses that are spilling-over into human
populations from concentrated animal feeding
operations (CAFOs). Since the 1980’s CAFOs
have become the predominant method for animal protein production in North America and
China. Livestock (chickens, pigs, cows) are all
kept in extremely high density and homogenous
populations in a very small area, which increases
contact rates not only between individuals, but
between humans as well (Hollenbect, 2016).
These centers utilize widespread vaccination and antibiotics in attempts to reduce the
presence of pathogens within the system. These
two selection pressures, coupled with the highly mutagenic qualities of RNA virus’ and morbillivirus’ (Engering et al. 2013), have led to a
marked increase in the zoonotic EID events
originating in CAFOs. Some examples of these
EIDs that have crossed the livestock-human biological boundary from these facilities are swine
influenza (H1N1), bird influenza (H5N1), and
sever acute respiratory syndrome (SARS) (Saenz,
2006; Hollenbect, 2016). These strains are not
only capable of crossing biological boundaries
to infect humans and other animal species, but
in some instances can also alter mode of transmission and how virulent they become in their
endemic hosts.
Combined effects
This paper has highlighted only a few of the
zoonotic pathogens in order to explore how in36

dividual anthropogenic changes can impact the
pathogen-host interplay and lead to an EID
event in both wildlife and human populations.
However, very rarely do these factors occur independently of each other or of other drivers.
One such highly complex example is the current bubonic plague reemergence in the United
States. The primary host in these outbreaks are
black-tailed prairie dogs (Cynomys ludovicianus),
a species of conservation concern and whose
habitat has been greatly reduced and highly
fragmented with much higher population density within the fragments and limited connectivity
between them. The plague has a 100% mortality
rate in the colonies it infects and is thus believed
to have been absent in historic, healthy, prairie
dog colonies. However, with the introduction
of plague-tolerant and less spatially-constrained
grasshopper mouse (Onychomys sp.), the bacterial infection spread dramatically (Salkeld et al.
2010). This is an example of how loss of biodiversity within the colony fragments, increased
host population density leading to increased
contact rates, and the introduction of the plague
pathogen across ecological boundaries can cause
a widespread EID event.
A further instance where combined anthropogenic drivers have led to an EID is chytrid fungus, Batrachochytrium dendrobatidis (Bd),
which is attributed with global amphibian decline and extinction (Fisher et al. 2009). Bd has
many endemic forms that are regionally specific,
but recent studies of the genotypes of Bd have
found evidence that the global bullfrog trade is
leading to the introduction of highly pathogenic
Bd-GPL genotype into wild amphibian populations (Schloegel et al. 2010). Bullfrogs are tolerant of this genotype but it causes high mortality in wild amphibians. Not only is Bd-GPL
crossing ecological boundaries due to bullfrog
introduction, but it is also crossing biological
boundaries through hybridizing with endemic
strains through sexual reproduction (Schloegel
et al. 2012). These novel forms of Bd in natural amphibian populations, coupled with widespread habitat reduction, fragmentation and
other stressors (such as pollution), have led to
one of the most widespread wildlife EID events,
which is threatening almost all global amphibian
species.
These are just two examples of zoonot-
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ic EIDs that show that these events and these
pathogens do not exist in a vacuum with just one
cause, but many. Typically, when domesticated
animals and humans are transported globally,
they bring their respective pathogens with them,
which can then jump ecological and biological
boundaries to novel hosts.
Concluding remarks
In order to control EID events, it is critical for
managers to further understand the relationship
between pathogens and their hosts, both human
and non-human. Based on our current knowledge, studying and controlling disease in either
humans or wildlife in isolation is no longer appropriate. To effectively manage EID events and
other zoonotic pathogens, it is necessary to look
at wildlife, humans, and the environment which
make up one host-pathogen system as a whole
and not only implement effective control methods, but also predict areas where future EIDs
are most likely to occur.
As discussed above, areas of naturally
high biodiversity also have very high pathogen
diversity. As only 24% of all wildlife populations
have any data pertaining to their corresponding
pathogens (Pedersen & Fenton, 2007), there
needs to be a strong effort to survey these wildlife-pathogen ecologies in order to set a baseline
for future disease monitoring. Researchers and
managers should also focus on areas that are being affected by high disturbance, loss of biodiversity, increased pollution and land use changes, as these can all change the host-pathogen
interplay.
To further complicate management attempts, the access to effective disease control is
steeped in socio-economic inequalities, further
increasing the risk of an EID event emerging
from areas of high poverty levels, and increasing the impact on livelihood of zoonotic diseases
(Gadaga et al. 2016). Not only are poor people
less likely to be able to afford modern disease
control methods like tick dips and vaccines, they
are also typically in constant contact with livestock and wildlife. While contact with wildlife
is a direct method for a novel pathogen to infect
humans, livestock are far more likely to act as
contact and transmission points between wildlife and humans and are a major source of pathogen spillover into human populations (Epstein,

2009; Johnson et al., 2015).
Many anthropogenic drivers are leading to changing host-pathogen interplay with
unpredictable results. This unpredictability is
often due to a lack of thorough knowledge of
the host-pathogen environment leading to ineffective control methods. While eradication and
elimination of any given pathogen may not be a
realistic goal, there are ways in which zoonotic diseases can be managed. There should be an
increased effort to study pathogens in their natural wildlife hosts and ecosystems. These efforts
should include pathogen surveys and censuses,
discovering key hosts which amplify transmission, and environmental requirements for the
disease to persist (Daszak et al. 2000). There is
also a need for more stringent disease screening
of animals, both wildlife and livestock, when
translocations occur in order to reduce disease
movement across ecological boundaries.
Controlling zoonotic disease outbreaks
is difficult and unlikely to be effective given both
the socioeconomic inequalities that are typical in
the tropics as well as the multinational presence
of many diseases and vectors. While reactionary methods are important, funds and attention
may be more effectively focused on prevention
of EID events. This can be done by conserving
remaining biodiversity and increasing it where
possible, which will also help reduce disease intensity through the dilution effect. Reinstating
and preserving ecosystem functions, like fire regimes, can be very effective in controlling vector
and disease density. It may also be beneficial to
reduce contact between domestic livestock and
wildlife, thus reducing the potential for host
switching. Control of zoonotic diseases and EID
events can not solely focus on human health as
a reactionary action, but should instead focus on
a more holistic approach where humans act as
one host of many within a global pathogen host
interplay. This holistic approach would allow for
better ecosystem management, reduced transmission across ecological and biological boundaries, and increased human health by addressing
potential hotspots for zoonotic disease transmission. Only through thorough study and understanding of the host-pathogen environment can
effective action be taken to reduce the threat of
zoonotic EIDs for both humans and wildlife.
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The Antarctic food web depends on big swarms of small crustaceans
called Antarctic krill (Euphausia superba). Krill feed on smaller organisms like phytoplankton and serve as food for fish, birds, seals
and whales. By connecting the primary production of smaller organisms directly to large predators, they transfer energy efficiently.
Their large biomass -- an estimated 379 million tons -- reflects
krill’s importance in the ecosystem (Atkinson, Siegel, Pakhomov,
Jessopp, & Loeb, 2009). Thus, krill essentially link the Antarctic
food web (Quetin & Boss, 2009).
In addition to their role in the food web, krill reduce greenhouse gases by storing carbon in deep water and recycling nutrients
for photosynthesis (Tarling & Johnson, 2006; Tovar-Sanchez, Duarte, Hernández-León, & Sañudo-Wilhelmy, 2007). However, the
decline in Antarctic ice cover due to climate change destroys krill
habitat (Flores et al., 2012). Additionally, new commercial fishing
methods pressure this essential species. The loss of carbon sequestration from a declining krill population reinforces climate change
and its global consequences. To combat climate change and to protect the Antarctic food web, commercial fishing of Antarctic krill
must stop.
Antarctic krill form a carbon-capturing cycle with phytoplankton, which sequester carbon in shallow water using photosynthesis. Krill swarms release iron, which, as a crucial nutrient, nurtures phytoplankton (Tovar-Sanchez et al., 2007). When
the phytoplankton bloom, the krill feed on them, thus ingesting
carbon compounds and reinforcing the sequestration cycle. After
feeding, the krill become heavier and sink to deeper water before
40
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they excrete. This process removes carbon from
the atmosphere and stores it in deep water. After excretion, the krill travel back to shallow waters where they feed again. Tarling and Johnson (2006) estimate that Antarctic krill store
23 million tons of carbon per year through this
process, providing an essential natural service. A
potential decline in krill therefore reduces their
carbon sequestration capacity and increases the
effects of climate change.
Climate change already disrupts the
life cycle of krill through declining ice cover.
During the winter krill live under the sea ice,
protected from natural predators, where they
feed on ice algae (Flores et al., 2012). However, due to global warming, large parts of the
Southern Ocean now stay ice-free during winter
(Kawaguchi, Nicol, & Press, 2009). This especially threatens krill larvae, because they feed on
ice algae in their first winter, during which they
double in size (Quetin & Ross, 1991). Without
the ice as protection, natural predators can feed
on krill and their larvae throughout the year.
The krill density dropped by 75 per cent per de42

cade from 1976 to 1990, largely due to the sea ice
decline (Atkinson, Siegel, Pakhomov, & Rothery, 2004).
Besides climate change, commercial
fishing poses another threat to Antarctic krill.
While commercial fishing has depleted most
other fisheries, the remoteness of the Antarctic stalled fishing efforts in this region (Nicol,
Foster, & Kawaguchi, 2012). However, the development of aquaculture feed and supplements
made from krill created a new demand for these
crustaceans. A Norwegian company developed
a new technology in response to the new demand. This technology injects air at the bottom
of the net, enabling ships to pump up krill continuously for weeks at a time (U.S. Patent No.
US20060048436 A1, 2006). As a result, ships
have turned into harvesting factories that process up to 800 tons of krill per day (Nicol et al.,
2012). Methods like these deplete populations
of whole areas and disrupt the life cycle of krill.
Additionally, the loss of ice cover allows boats
to fish year-round in areas previously not accessible (Kawaguchi et al., 2009). Year-round fish-
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ing removes the time period for krill populations
to recover and reproduce. Because krill are a
key link in the Antarctic food web, interrupting their reproduction threatens not only their
own populations, but the entire food web and its
natural services.
Proponents of krill harvesting argue
that the yearly catch remains well under the fishing quota set by the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR). The CCAMLR sets this quota
with the aim of sustaining krill and non-target
species populations. Using population surveys
and estimating potential effects on predators,
the CCAMLR calculates precautionary limits for different sub-areas (Nicol et al., 2012).
Since most of the catches stay below their respective limits, the CCAMLR deems the Antarctic krill-industry sustainable. However, the
CCAMLR views the ecosystem without its
complex interactions and does not consider the
effects of climate change (Ruckelshaus, Klinger,
Knowlton, & DeMaster, 2008). Because gathering reliable data for such a widespread species
is difficult, total biomass estimates vary widely.
By focusing on imprecise population data of sin-

gle species, the CCAMLR neglects the wider
issue of ecosystem health. As described before,
climate change threatens the krill population
directly. Thus, by omitting its effects, the calculations misrepresent the ecosystem. This misrepresentation leads to quotas that fail to protect
Antarctic krill sufficiently.
A collapse of the Antarctic krill population will have global consequences. Besides
providing food for most of the Antarctic animals, krill facilitate the carbon sequestration of
phytoplankton. The decline of carbon sequestration in the ocean reinforces climate change,
which again threatens krill and their natural
services. However, as climate change pressures
all ecosystems - and us humans who depend on
them - the damage is not limited to Antarctica,
but instead affects the entire world. To respond
accordingly, we must study ecosystem processes before exploiting them. Until we have sufficient understanding of the ecosystem, we must
use a precautionary approach. This means that
the CCAMLR must re-evaluate its policy and
pause commercial krill fishing. Protecting Antarctic krill, and with it the Antarctic ecosystem,
is essential for the fight against climate change.
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Introduction
In recent decades, marine fisheries in India and
especially in Kerala have undergone a wide variety of changes. Introduction of technical advances, depletion of natural resources, and regulatory limitations are just some of the issues that
fishing communities in Kerala face. One of the
most disputed issues is the trawling ban during
monsoon season. Some stakeholders argue that
the trawling ban has negative socio-economic
impacts on the trawlers’ livelihoods, whereas academics (Kurien & UNRISD, 1991; Aswathy &
Sathiadhas, 2006) contest that the ban is necessary to ensure the survival of larval and juvenile
fish that contribute to a healthy marine ecosystem. Artisanal fishing communities argue that
the trawlers destroy the benthos area, diminish
fish populations and lead to bycatch, and should
therefore be banned altogether. These fishing
communities blame, in part, the Indo-Norwegian Project (INP), a 20-year-long project which
started in 1953, for introducing trawlers that
have deteriorated natural resources in coastal
areas.
The continuation of the trawling ban
is a sensitive subject and discussed annually by
the Kerala state government and local fishing
communities. Many fishing communities complain of economic suffering due to this trawling ban and demand that the ban be lifted in
order to ensure steady income during monsoon
season. Other stakeholders, such as local fisherfolk, as well as policy and natural science researchers understand the importance of the ban
with respect to nurturing populations of small
fish and preventing the destruction of benthic
ecosystems. Initially, the Indian government
chose a trawling ban period of 47 days which
was thought to be long enough to ensure spawning opportunities for various fish species. In the
past few years, however, the central government
of Kerala has tried to extend the trawling ban
to 60 days during the monsoon season, but this
decision was met with hostility from fisherfolk
operating mechanized vessels. Not only would
the fisherfolk not be able to fish two additional
weeks every year, but the ban also does not apply
to artisanal fisherfolk who may fish throughout
the monsoon season.
This article investigates the monsoon

trawling ban in Kerala through the perspectives
of different stakeholders and the impact that
the ban has had on their livelihoods. Using data
collected through field visits within the Kerala
region, this article highlights the importance
of interdisciplinary management approaches in
Kerala’s fishing communities.
Background
Kerala is located in the southernmost part of
India and is home to 33 million people. Within India, Kerala has one of the highest literacy
rates and has the overall highest Human Development Index of all Indian states (MWCD,
2009). In 1957, Kerala became one of the few
states to have a democratically elected communist government.
Kerala’s coastline stretches over 570
kilometers along the Arabian Sea and constitutes about 10% of India’s coastline. The marine
fishery sector is one of Kerala’s primary income
sources. Other sources include seasonal crops,
such as rice, as well as annual crops such as tapioca and sugarcane. Kerala’s fish landings account
for 20% of India’s total fish catch, and 24% of
India’s exports are generated by the fishing sector in Kerala (Aswathy et al., 2011). The fishing
sector has always played an important role in India’s economy and is a valuable livelihood source
for coastal communities (Kurien, 1985).
Over the past 60 years, fish production
has consistently increased in Kerala (Kurien,
1985). This is partly due to the ability of local
fisherfolk to exploit natural resources through
use of their traditional knowledge of the sea.
Although Kerala’s fisheries were able to increase
fish catch tremendously, fisherfolk and their
knowledge were widely dismissed as “ignorant,
unorganized and ill-equipped” (Kurien, 1985, p.
72) by the Indian government. Because of the
government’s perception of Keralan fisherfolks’
knowledge and their desire to efficiently increase
production, they sought technical assistance as
well as basic organizing skills and knowledge
from outside the region. The Indian government
therefore welcomed collaboration with the Norwegian government, marking the start of the
INP in the early 1950s. As described by Kurien
(1985), “the INP was the world’s first development project of its kind inspired as a part of the
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UN Expanded Programme for Technical Assistance which was seen as an avenue for post-war
reconstruction and development assistance to
the newly independent developing countries” (p.
72).
The purpose of the project was for the
Norwegian delegation to assist Indian fishing
communities with technical advances in order to
increase their productivity. To achieve this, the
government of India, the government of Norway and the United Nations signed a tripartite
agreement. Although INP had good intentions,
the project’s implementation has been met with
resistance from Indian fisherfolk. The INP delegation failed to understand local customs as
well as the cultural, social, and ecological background of Kerala (Klausen, 1964).
Traditional Hindu culture stratifies
people into caste groups. The INP, unaware of
these caste divisions, managed to improve livelihoods for the Christian fishing communities
in Kerala while at the same time increasing the
divide between the castes in Hindu communities. Without understanding the Indian context,
INP projected its values on the Indian fishing
communities and ultimately jeopardized the
livelihoods of many Hindu fisherfolk (Kurien,
1985). Because fishing is an occupation only
lower castes perform in Hindu tradition, Hindu fisherfolk could not gain the same benefits as
their Christian counterparts, who experienced
an economic boost through the INP.
One of the technological advances introduced by the Norwegian delegation was
small trawls, which ultimately overexploited fish
stocks and jeopardized the economic stability
of the state (Aswathy et al., 2011; Pickering et
al., 1999). Vijayan et al. (2000) state that this
technological advance in fishing gear “in the
narrow nearshore regions has resulted in heavy
competition leading to inter- and intra-sectoral
conflicts” (p. 6). Trawls might have been a great
technological advance in the global North, but
without the ecological understanding of the
global South, the introduction of the trawls led
to depletion and destruction of natural resources (Vijayan et al., 2000). In the global North
temperate waters support a relatively small number of fish species in large schools, whereas the
relatively nutrient-poor tropical waters of the
46

global South support a multitude of fish species,
though in comparatively small quantities. In addition, the species found in tropical waters are
part of a larger food web where various species
compete for food and engage in prey-predator
interactions (Kurien & Achari, 1990).
Because of these factors, the trawls destroyed natural resources, especially fish stocks,
leading to fisherfolk losing their primary income
source. As the fish stocks decreased dramatically, the state lost the ability to sustain steady
exports and became economically unstable. In
order to address the destruction of the ecosystem, the Kerala Marine Fishing Regulation Act,
introduced by the government of India in 1981,
presented a set of regulations including the declaration of closed seasons. By declaring closed
seasons the government initiated a partial ban
on trawling during the monsoons (Vijayan et al.,
2000).
Kerala has two monsoon seasons. The
southwest monsoon takes place between May
and September, whereas the northeast monsoon takes place between the months of October
and December (Soman et al., 1988). An expert
committee appointed by the government recommended a trawling ban during the southwest
monsoon to “protect the spawners and the new
recruits, on the ground that most of the commercially important fish species have their peak
spawning and recruitment along the Kerala coast
during this period” (Yohannan et al., 1999, p.
903). The Kerala government implemented the
initial trawling ban and required a total trawling ban between mid-July and August, though
this period was subject to change. For example,
in 1989 the trawling ban was implemented for
40 days and then only 21 days in 1990 (Ammini, 1999; Kurien & UNRISD, 1991). In 1990
the government announced two orders: the first
was a monsoon trawl ban, which did not have a
set duration, and the second concerned technical specifications for trawlers working in deeper
waters. The second order concerned the protection of prawn-fishing and was taken to court by
boat owners who rent to fisherfolk and whose
business would be affected by the order. To disprove that the trawls were decreasing the prawn
population, boats went out to cast their nets and
showed that no prawns were caught. Based on
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this, the judge withdrew the second order as well
as the first order, although the trawling ban was
not challenged (Kurien & UNRISD, 1991).
Even though a trawling ban was in
place, Kerala experienced a tremendous increase
in fish harvest during the first year the trawling
ban was introduced. The increase was primarily
because large pelagic fish schools, which typically found food in cooler coastal waters, were present in the cold overflow of monsoon water from
the rivers (Kurien & UNRISD, 1991). This was
also the time when fishing gear became more
readily available to the masses and exploration of
deeper waters no longer seemed to be a problem
(Kurien & Achari, 1990). Because Kerala experienced fish catch increases after the initial ban
in 1989, the government expected “an increase
in fish harvest almost equal to the potential
yield of the coastal common itself ” (Kurien &
UNRISD, 1991, p. 33) after the 21-day trawling
ban in 1990.
Fisherfolk and scientists disagreed with
the decision to shorten the trawling ban, and deterioration of marine natural resources continued. The government of Kerala reconsidered the
trawling ban in 1990 and extended the ban to 47
days following recommendations from the Central Marine Fisheries Research Institute (CMFRI). CMFRI further suggested keeping the
trawling ban to ensure the “rebuilding of stocks
and ecosystem rejuvenation” (Pillai et al., 2009,
p. 18). The introduction and continuation of the
trawling ban has since been the subject of many
debates within communities but also among academics and politicians.
Methods
To research the issue of the monsoon trawling
ban, a literature review and fieldwork were conducted. The literature review started with a comprehensive search of peer-reviewed articles and
book chapters based on keywords such as Kerala, monsoon trawling ban, trawling, Indo-Norwegian Project, and Indian fisherfolk. The primary database used for conducting the search
was Google Scholar. After this initial search,
the reference section of every article was examined for additional relevant articles. This process
uncovered 30 peer-reviewed articles published
from 1964 to 2012. The search also provided five

official documents including Marine Fisheries’
Policy briefs and general information about the
fishing industry in Kerala from the Indian Marine Fisheries Information Service. Additionally,
the search also produced two Ph.D. theses from
the Cochin University of Science and Technology; one summary report from the government of
India, which was supported by the United Nations Development Programme (UNDP); a conference paper presented at the Proceedings of the
Symposium on Improved Sustainability of Fish
Production Systems and Appropriate Technologies for Utilisation; and a discussion paper presented at the United Nation Research Institute
for Social Development (UNRISD). Because all
articles and official documents were written in
English, this limited the access to articles written in other languages, such as Malayalam and
Tamil, that discussed the trawling ban. The secondary data used in this article showcases the
ongoing debate between the different stakeholders involved in the monsoon trawling ban as well
as supports various arguments made by different
stakeholders.
Primary data in this article is based on
qualitative observations and short informal interviews with stakeholders and actors within
fishing communities in Kerala. The data was collected during field visits in a fishing community
in Valiathura, Trivandrum and the INP site in
Neendakara in September 2016. The field visits
were part of a six-week master’s-level field course
at the Norwegian University of Life Sciences
(NMBU). Fifteen master’s students visited various institutions in Kerala and conducted field
visits and interviews with local stakeholders. Interviews were held in various offices and villages, usually with a group of up to 20 individuals.
As formal data collection was not the primary
objective of these field visits, the obtained data
is therefore being used in a retroactive analysis
to examine various stakeholders’ concerns about
the trawling ban in Kerala.
The field visits in Kerala were facilitated by the Center for Development Studies
(CDS) in Trivandrum as well as Ashoka Trust
for Research in Ecology and the Environment
(ATREE) in Alappuzha. Both institutions provided translators. However, some of the questions asked by the NMBU students were not
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translated into Malayalam because the translators deemed the questions “inappropriate”. These
inappropriate questions primarily inquired about
alcohol abuse by fisherfolk in Kerala, aspirations
to leave the fishing communities, and the division of labor based on gender within the fishing
occupation.
Results
Fisherfolks’ views on the trawling ban
During a field visit to the INP site in Neendakara, fisherfolk using mechanized fishing vessels
explained that by implementing the trawling
ban, the government jeopardized their livelihood security. One fisherperson claimed that
fish resources are plentiful, questioning whether the trawling ban had any impact on marine
ecology. The fisher valued the profit they could
gain from the fish in the short term over potential future economic benefits. While discussing
the ecological impact of trawling, it became apparent that the fisher believed that trawling was
a non-invasive fishing technique and deemed the
trawling ban useless.
However, other representatives of the
artisanal fishing communities argued that natural resources were not plentiful and have even
decreased over time. The community claimed
that the ecological destruction was significant,
and therefore the continuation of the existing
trawling ban – as well as an extension of the
days on which the trawling ban was active – is
necessary in order to ensure the rejuvenation of
marine wildlife. This, in turn, would also allow
the fishing communities to pursue their fishing
careers for generations to come.
Decentralization and regulatory limitations
In many Keralan coastal communities, religious
institutions are seen as the primary link between
the government and the communities. Churches therefore act as communicators of policies
designed by central government. During the
field visit in Valiathura, a Catholic priest stated
that the communities’ concerns are only given
a voice through the Church. However, the decision-making process on policies, such as the
monsoon trawling ban, was far removed from
the local fisherfolk.
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The priest emphasized the need to empower fisherfolk and raise awareness of the importance of the trawling ban. Through the short
interviews, it became apparent that fisherfolk
wanted more autonomy over the natural resources. By using their traditional knowledge, these
fisherfolk were confident that they would be the
best stewards for the surrounding ecosystems
and that they would be able to protect the marine wildlife for generations to come while pursuing responsible fishing techniques. These observations led to the conclusion that the fishing
communities are strongly in favor of decentralization and the ability to regulate their natural
resources themselves.

ditional fishermen suggested that the
ban duration may be increased up to 90
days.
3. The mechanised sector felt that the period of ban should be during December –
January instead of June – July. However,
this opinion is highly divided.
4. One section of fishermen felt that small
mesh sized gears operated by the motorised craft should be completely
stopped.
5. The operation of foreign trawlers in
Indian waters during the ban period
should be eliminated completely” (p.
35-36).

Socio-economic impacts of INP
During a field visit in Valiathura, it appeared
that resentment towards the INP still exists,
particularly in regard to the introduction of invasive fishing techniques such as trawling. Some
artisanal fisherfolk described the introduction of
trawlers by the Norwegian government as the
beginning of the destruction of natural resources. These fisherfolk also mentioned that there
was a mismatch between their expectations
of the INP and the assistance they received.
Whereas artisanal fisherfolk wanted to learn
more about efficient post-production – such as
efficiently preserving fish – they instead received
unwanted help with technical equipment, which
they did not feel was useful.

Fisherfolks’ views on the trawling ban
The perceptions of the trawling ban may be seen
as twofold. Whereas many stakeholders such
as artisanal fisherfolk, academics, and environmental NGOs are supportive of the trawling
ban during monsoon season, mechanized fisheries users see the trawling ban as a threat to
their livelihood. Previous research (Aswathy &
Sathiadhas, 2006; Aswathy et al., 2011) revealed
that about one million man days, worth about
500,000,000 rupees, are lost during one trawl
ban period (a man day is an indicator of labor
productivity that measures a standard number of
work hours per day). The loss of one million man
days has been felt most by the fisherfolk operating on mechanized vessels. In order to cope with
the loss of income they seek work elsewhere.
However, only a small percentage of these fisherfolk find work within the agricultural sector
during the trawling ban. The majority must rely
on money lenders.
In order to better inform fishers and
perhaps change their perspectives, Vijayan et al.
(2000) state that there is a need to “create awareness among the fishers regarding the scientific
relevance of the trawl ban during the monsoon”
(p. 7). The trawling fishing method “collects
and kills huge amount of non-target species and
young ones of commercially valuable species,
mechanically disturbs the sea bottom and injures a wide variety of marine benthic creatures”
(Kumar & Deepthi, 2006, p. 924).
Based on the CMFRI multi-stakeholder survey, research suggests that artisanal fisher-

Analysis
CMFRI conducted a multi-stakeholder survey
on the trawling ban in Kerala looking at “(1) the
need for continuation of existing ban in future;
(2) period of ban; (3) duration of ban; (4) beneficiaries of ban” (Vivekanandan et al., 2010, p. 33).
Based on this survey, two main themes could be
identified: fisherfolks’ views on the trawling ban
and decentralization, and regulatory limitations
regarding the trawling ban. Vivekanandan et al.
(2010) came to the following conclusions, which
will be further analyzed in this section:
“1. The fishermen in the mechanised sector
suggested that the ban should be removed.
2. On the contrary, the motorised and tra50
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folk understand the importance of the monsoon
season as a rebuilding season for the fish stocks.
The demand for an extension of the trawling
ban period might also be understood as an important factor to protect the biodiversity of the
area. However, Kumar and Deepthi (2006) argue that the impact of trawling in tropical waters
still needs further research, because the absence
of scientific data makes it difficult to implement
regulations and policies that would effectively
target the depletion of natural resources. Nonetheless, research suggests that the shortening or
removal of the trawling period does not lead to
more fish catch (Yohannan et al., 1999); instead
improvements in fishing techniques are more effective at achieve increased catches (Kurien &
Achari, 1990).
Decentralization and regulatory limitations
The CMFRI multi-stakeholder survey also
mentions foreign vessels, which continue trawling in Indian waters during the trawling ban
period. Enforcement of the trawling ban on international vessels has proven to be difficult due
to India’s split coastal management authorities.
The split management “resulted in a high variance of management system in zoning and the
adoption of regulatory measures (e.g. differing
coastal definitions, licensing regime and closed
season)” (Prabhu, 2011, p. 50-51). In addition
to the coastal management system, a New Deep
Sea Fishing Policy for fishing operations within India’s Exclusive Economic Zone (EEZ) –
which measures a two million square kilometers in area – has been implemented. This new
policy makes it difficult to enforce restrictions
that ensure economic stability for the coastal
state as well as protect its natural resources. The
new policy allows “large deep-sea fishing vessels
to employ foreign crew, [does] not require them
to land with their catch in Indian ports, [has]
no specifications regarding age of the vessel and
[has] no quotas or fees to judge the value of the
haul” (Prabhu, 2011, p. 58). International vessels
are therefore exempt from the rules by which
national fisherfolk abide. Regulations that protect natural resources and the communities that
depend on these resources need to be effectively enforced to ensure healthy ecosystems as well
as to stabilize livelihoods of coastal communi-

ties (Devaraj et al., 1999). Implementing policies
such as the New Deep Sea Fishing Policy, the
Indian government put their own fisheries sector
at risk without any regard for the local fishing
communities’ concerns. Under the New Deep
Sea Fishing Policy, the government gave out
leases and licenses to international stakeholders
which continued trawling during the ban periods (Prabhu, 2011). Through such policies the
government has made a double standard based
on nationality of fisherfolk because trawling is
banned for Indian fisherfolk but encouraged for
international vessels.
The environmental impacts of trawling also bring negative consequences, disturbing more than just benthic creatures. This fishing method is also highly controversial because
of the “perceived lack of selectivity of the trawl
net and the resultant capture of a huge quantity and diversity of non-target species, including
endangered species such as sea turtles, coupled
with its effect on the marine ecosystem” (Kumar & Deepthi, 2006, p. 922). Unwanted fish
catch is often thrown back into the sea, further
leading to resource depletion. This is especially
troublesome if the bycatch is in juvenile stages,
as this makes it difficult for populations to sustain themselves long-term. Vijayan et al. (2000)
claim that the use of larger mesh nets would
reduce bycatch tremendously, allowing smaller
fish to escape the nets easily. Nonetheless, due to
the lack of awareness and knowledge about the
importance of minimizing bycatch among fisheries, this notion is met with resistance (Vijayan
et al., 2000). Another way of reducing bycatch
would be the implementation of catch quotas.
Implementing catch quotas, however, may be
difficult to enforce because of free access to marine resources (Kumar & Deepthi, 2006). Additionally, as a result of the complex governmental
systems in place in various districts of the Kerala state, it might be difficult to implement and
monitor quotas consistently. Yet, incentivizing
quotas through subsidies may “encourage fishers
to voluntarily accept the proposed regulations”
(Vijayan et al., 2000, p. 7).
Another important issue is the poor enforcement of the trawling ban by the government of Kerala due to technical and financial
means (James, 1992; Kurien & UNRISD, 1991;
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Ramachandran et al., 2005). There has been a
demand for “effective enforcement of a trawler-free coastal fishing zone reserved exclusively
for artisanal fishermen operating non-mechanized craft” (Kurien & UNRISD, 1991, p. 19),
but because of the government’s limitations, this
has not yet been achieved.
During monsoon season fisherfolk on
mechanized vessels face additional hardship because fishing often provides the only source of
income for many people. To counteract these
hardships, Aswathy et al. (2011) recommend
alternative employment schemes. These may include “opportunities in traditional fishing vessels during the ban period through community
based arrangements, in repair and maintenance
of fishing equipment and in the fish processing sector” (Aswathy et al., 2011, p. 119). By
incentivizing this employment scheme during
the trawling ban period, fisherfolk may still be
able to earn income without relying on money
lenders.
Prabhu (2011) suggests community-based participation through models such as
Community Sea Rights (CSR). To prevent overfishing and depletion of natural resources, the
government could assign CSRs, which incentivize communities to form cooperatives. These
cooperatives would operate within the physical
boundaries of the state (12 nautical miles) where
“all resources within this area would be the
property of the cooperative” (Prabhu, 2011, p.
19). In other words, cooperatives would have to
put their own rules in place and decide the allocation of fish catch among themselves. In addition to that, the cooperatives would “be empowered to stop any ‘foreign’ boat/individual from
entering their titled area” (Prabhu, 2011, p. 19).
By giving rights to the communities, the government could incentivize them to responsibly
use natural resources in order to protect natural resources. The government of Kerala should
further motivate the use of traditional non-destructive artisanal fishing techniques in order to
ensure stable income for fishing communities.
Krishna Pillai and Sebastian (1997) also recommend for the government to modernize and
diversify indigenous fishing fleets by providing
“State aid and support for tapping the entire resources in our EEZ area” (p. 409). Krishna Pillai
Photo: Madelaine Bereza

and Sebastian (1997) also advocate for exclusion
of international fishing vessels so that the national fisheries might be able to use their own
natural resources efficiently.
Socio-economic impact of INP
During the implementation of the INP, the Indian government was mainly concerned with the
development of the Kerala area. This is a stark
contrast to the Norwegian government, whose
main goal was to assist with technology and
thereby increase fish catches (Kurien, 1985).
The Norwegian delegation lacked understanding of the Indian socio-economic and
cultural context, making it difficult to collaborate with Indian fishing communities. One of
the main differences that the Norwegian delegation did not anticipate was different religious
beliefs and social classifications within India.
The INP targeted two fishing communities in
Kerala which differed in their predominant religious beliefs, one of them being Christian and
the other being Hindu. Both sites were supplied
with equal technological assistance, but the results varied tremendously. Within the Christian
community it was possible to change one’s social status by increasing one’s income, and fishing is an easy way to earn money. Increased fish
production through the INP’s introduction of
trawling made it therefore possible for Christian
fisherfolk to gain upward mobility (Klausen,
1964).
The same, however, cannot be said for
the Hindu community. Fishing in the Hindu
communities is often viewed as an “unclean” occupation, i.e. an occupation performed by people
from lower castes and ultimately lower status.
Increased fish production therefore was not able
to directly translate to change in social status.
In these terms, the INP contributed positively
to the economic growth of the Christian communities. However, the lack of socio-cultural
understanding did not improve the economic
growth of the Hindu communities. As a result,
the INP may have contributed to even more social inequality (Klausen, 1964).
Conclusion
The introduction of trawlers by the INP has fueled many discussions among fishing commu53
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nities, academics, and politicians in the last fifty years. Lack of understanding of community
needs and social backgrounds and norms before
providing technological advances ultimately was
the downfall of the INP. Although the INP was
successful in some areas, it would be hard to
deny its failures in light of the negative impacts
the INP had on the fishing communities and
marine resources. Even though some communities have positively benefited from the technical advances, this came at a significant loss of
natural resources for generations to come. The
implementation of the trawling ban was meant
to counteract the destruction caused by trawlers
and protect the ecological ecosystem to ensure
the continuation of resources, but it also jeopardized the livelihoods of many fisherfolk.
The continuation and extension of the

trawling ban is strongly suggested. Raising
awareness on the importance of the trawling
ban should be organized by the government and
communicated through churches and municipalities. The Kerala government should educate fishing communities about the importance
of conserving natural marine resources in order
to protect the resources for generations to come.
For the organized fishing sector, Vijayan et al.
(2000) suggest that the government should implement suitable legislation, such as a permanent trawling ban or nets with larger mesh size,
which can be monitored by organizations such
as the coast guard. In an extension of that, an active effort should be made to encourage the use
of traditional knowledge in fishing operations to
support local communities and their sustainable
fisheries-based livelihoods.
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The World Health Organization (WHO) has
declared antibiotic resistance as one of the
biggest threats to our health and food safety (WHO, 2016). Antibiotic resistance occurs
when drugs (antibiotics) that treat bacterial infections become ineffective due to their excessive use (Ventola, 2015). In other words, bacteria
that were receptive to a given antibiotic undergo
metabolic changes, sometimes located at the antibiotic’s bacterial target site, and withstand the
antibiotic if overused (Ventola, 2015). Recently,
antibiotic resistance has increased throughout
the world due to drug-resistant bacteria. In Europe, it is estimated that 25,000 people die each
year due to antibiotic resistance (Davies et al.,
2013) whereas in the United States, more than
2 million antibiotic resistance cases occur annually, including 23,000 deaths as a result (WHO,
2014). Developing alternative measures to reduce
casualties from antibiotic resistance is therefore
the WHO’s current goal (WHO, 2016).
In 1917, before the invention of antibiotics (in 1928), the French microbiologist Felix
D’Herelle discovered the phage therapy method as a way to treat bacterial infections (Sulakvelidze et al., 2001). This method uses specific viruses called bacteriophages, or ‘phages’,
Illustration: Tord Eirik Feldt Enger

that target bacteria to treat bacterial infections.
Successful preclinical trials were conducted in
the former Soviet Union and its satellite states,
but many countries did not pursue the method because early results from the phage therapy
treatments were published in Russian and Polish (Sulakvelidze et al., 2001). As a result, the
method was inaccessible to Western countries
such as the United States. Moreover, inadequate knowledge about the side effects from the
phage virus and the discovery of antibiotics in
that same era overshadowed the phage therapy
method (Sulakvelidze et al., 2001). Today, with
greater advancement in scientific techniques and
antibiotic resistance on the rise, countries like
the Netherlands, the United States, Belgium,
Switzerland, and France have approved phage
therapy as an alternative measure to tackle the
rise of antibiotic resistance (Reardon, 2014). So
far the method has shown promising results and
thus more countries should reconsider using the
phage therapy method as it may prevent antibiotic resistance and cure serious bacterial infections caused by drug-resistant bacteria.
Recent clinical studies demonstrate that
phage therapy treats bacterial infections caused
by highly resistant bacteria in humans without
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adverse effects. Rose et al. (2014) and Rhoads
et al. (2009) have both proven this method prevented growth of bacterial infections caused
by multidrug resistant (MDR) bacteria such as
Pseudomonas aeruginosa and Staphylococcus aureus.
Infections from MDR bacteria are severe and
difficult to treat because they resist multiple antibiotics. The study from Rose et al. (2014) used
specific phage drugs to treat nine patients with
severe burn wound infections caused by P. aeruginosa and S. aureus. Furthermore, in Rhoads et
al. (2009), 39 patients with venous leg ulcers underwent phage treatment for two twelve week
periods. All subjects in both studies showed significantly reduced signs of infections after phage
treatment, and they reported no treatment-related side effects. Considering that the two studies demonstrate phage therapy’s ability to treat
infections from MDR bacteria without any
negative effects, governments should invest in
current phage therapy research. Evidence from
other clinical studies also demonstrates that the
phage therapy method is more efficient than antibiotics (Fadlallah et al., 2015).
The phage therapy method has proven
so effective that a single dose of a phage drug can
cure a bacterial infection. Wright et al. (2009)
tested this efficacy after treating 24 patients
with chronic otitis (ear infection). A single dose
of phage ear drops treated the infection caused
by the bacterium P. aeruginosa. Patients were
divided into placebo and phage-treated groups
with results showing significantly lower average
counts of the bacterium in the treatment group.
Another study that proved the potency of phage
therapy was a recent case in Tbilisi, Georgia.
Fadlallah et al. (2015) reported the case of a 65
year old woman with a severe infection in the
left cornea caused by S. aureus. The patient was
treated with several antibiotics including vancomycin, which is known to cure S. aureus infections, but the condition persisted (Fadlallah et
al., 2015). Ultimately, the patient underwent a
phage therapy treatment, where physicians used
a phage eye drop against S. aureus. The treatment showed successful results where the patient fully recovered. As can be seen from these
two experiments, the phage therapy method is
more potent and superior to antibiotics in preventing infections from MDR-bacteria. Consid58

ering phage therapy treats bacterial infections,
several countries use the method to reduce food
contaminations.
The United States and some European
countries (the Netherlands, the UK, and Germany) apply the phage therapy method to control the foodborne bacteria growth in foods.
(Enderson et al., 2014). These foodborne bacteria release toxic substances that cause food
poisoning, which is a growing concern worldwide with millions of cases each year (WHO,
2015). The foodborne bacteria Salmonella, Listeria and Escherichia coli O157:H7 mainly cause
food poisoning, and several experiments have
shown phage therapy’s success against these
bacteria (Enderson et al., 2014). Carter et al.
(2012) used a specific phage to reduce E. coli in
ground beef and lettuce by 94% and 87%, respectively. In addition, a study from Guenther et
al. (2011) demonstrated the use of phage therapy as a biocontrol against Listeria monocytogenes
in contaminated soft-ripened cheeses. According to Enderson et al. (2014), foods were safe to
consume after phage treatments. This evidence
shows phage therapy can be used to prevent
food contamination and should encourage more
countries to approve the method.
Despite the advantages of phage therapy, researchers studying human gut microbiota
are concerned that phages (viruses) will harm
some bacteria in the human body that are essential to digestion and overall health (Loc-Corillo & Abedon, 2011). A study from Norwegian
School of Veterinary Science (NVH) (2009) illustrated this phenomenon where they showed
phages can induce a harmless E.coli from patients to produce toxins that cause bloody diarrhea in humans. However, the study found
no evidence to support the claim that phages harm beneficial bacteria in humans, as E.
coli that produce toxins are contracted through
contaminated water, foods, or contact with animals (NVH, 2009). Also, phages used in therapy target specific harmful bacteria, which results in minimal damage to beneficial bacteria
(Abedon et al., 2011). For instance, the bacteriophage LISTEX™ P100 is designed to target L.
monocytogenes, whereas the EcoShield™ phage
targets only E. coli. Another downside of phages acting in this species-specific manner is that
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they fail to target other closely-related bacteria.
In such cases, the phages are mixed with other
potent viruses known as “phage cocktails” to target multiple bacteria species (Chan et al., 2013).
With antibiotic resistance hindering
our ability to reliably treat bacterial infections,
phage therapy must be reconsidered as additional medication to tackle the problem. Indeed,
studies prove the method is highly effective and
harmless. Continued use of antibiotics and the

failure to acknowledge phage therapy, despite
its merits, will results in widespread bacterial
infections. However, more research and clinical
data should be invested in and focused on phage
therapy to improve our understanding and use
of the method in combatting harmful bacterial
infections. Therefore, governments should fund
more medical research into phage therapy methods as it is a better alternative to treat bacterial
infections.
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Utbygging av installasjoner som lager fornybar energi er i vinden om
dagen. Dette er en respons på de globale klima- og miljøutfordringene
verden står overfor. Energiproduksjonen må endres til å bli mer fornybar, med økt bruk av ressurser som vind, sol og vannkraft. Dette skal
gi betydelig mindre negative konsekvenser for klima enn fossil energi.
Men hva med naturen? Hvordan vil det biologiske mangfoldet, de urørte
arealene, ressursene og de respektive tålegrensene respondere på stadig
mer nedbygging, store installasjoner og forstyrrelser? Denne artikkelen
belyser en side av dette virvaret av utfordringer: Hvordan påvirker vindkraftverk fugl i Norge? Hvilke negative effekter har utbygging av vindkraftverk på fugl og hvilke avbøtende tiltak kan tas i bruk for å redusere
påvirkningen i framtiden?
Å redde klimaet går på naturen løs
Verden opplever globale klimaforandringer i et høyere tempo enn noen
gang (IPCC, 2013), noe som representerer en av de største truslene mot
naturens biologiske mangfold (Primack, 2012). Årsaken til klimaendringene er økt befolkningsvekst, samt menneskelig forbruk og aktivitet, og
konsekvensene av ukontrollerte utslipp blir mer og mer framtredende.
For å redusere utslipp av menneskeskapte klimagasser, økes utvikling
og bruk av fornybare energikilder, slik som vind. Norge opplever i dag
interesse for og etterspørsel etter vindkraft (Weir, 2016).
Med ny teknologi, utvikling og utbygging kommer også konflikter. Utbygging av fornybar energi kan gå på bekostning av urørt natur
og bevaring av sårbare arter, og dermed skape konflikter mellom klimatiltak og naturvern. Vi har ikke ubegrensede mengder areal å ta av,
vern og fredning gir ingen direkte økonomisk gevinst og naturen har
60
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ingen egen stemme å tale med. Likevel er både
klimaendringene og tap av biologisk mangfold
store problemer som må løses samtidig. Det er
et paradoks at norsk natur skal ofres på grunn
av klimatrusselen, fordi ett av formålene med
klimatiltak nettopp skal være å forhindre at natur ødelegges og arter trues (Maske, 2012). Vi
klarer oss ikke uten naturens mekanismer som
beskytter oss mot ekstremvær, utfører økosystemtjenester, resirkulerer og produserer materialer. Dette gjør det helt avgjørende å redusere
klimagassutslippene, samtidig som det ikke bør
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gå på bekostning av det biologiske mangfoldet
(Stene et al., 2013). Vindkraft er en del av denne
konflikten, da vindparkene er arealkrevende og
dermed kan ha stor påvirkning på naturmangfoldet. Særlig stor er bekymringen for effekten
på fugl (Drewitt & Langston, 2006). Denne artikkelen tar for seg effekten vindturbiner har på
fugl, og hvilke avbøtende tiltak som kan gjennomføres for å redusere påvirkning i framtiden.
Status: Vindkraft i Norge
Gjennom Kyotoprotokollen har Norge forplik-
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vind og størst etterspørsel etter energi vinterstid,
samtidig som det da også er dårligst tilgang på
energi fra vannkraft (Tande, 2006).
Ved utgangen av 2015 hadde Norge en
samlet kraftproduksjon fra vind på 2,5 TWh,
det vil si 1,7 % av landets totale energiproduksjon (Weir, 2016). Dette tilsvarer strømforbruket
til 125 000 husholdninger, som i snitt bruker
20 000 kWh/år (Statistisk sentralbyrå, 2014).
Norges vassdrags- og energidirektorat (NVE)
har anslått at det er mulig å bygge ut mellom
17,4 og 21,5 TWh vindkraft i Norge fram mot
2025, noe som tilsvarer 2000-2500 vindturbiner (Christophersen, Slungård, & Waagaard,
2008).

tet seg til å redusere sine samlede klimagassutslipp (Miljødirektoratet, 2016a). Parisavtalen ble
i 2016 den første rettslig bindende klimaavtalen
undertegnet av alle land i verden, og målet er å
begrense global oppvarming til 1,5 grader sammenlignet med førindustriell tid (Miljødirektoratet, 2016b). Utbygging av vindkraft er ett av
tiltakene for å oppnå dette. Norge har gode forutsetninger for å satse på vindkraft, da det finnes
store områder med mye vind, særlig langs kysten
(Weir, 2016). Vindressursene sammenfaller godt
med nordmenns energiforbruk, da det er mest

Påvirkning på fuglebestanden
Fugler er en dynamisk dyregruppe som lett
forflytter seg over store avstander og derfor
ofte kommer i kontakt med vindturbiner. I tillegg har de ulike områder for beiting, hekking,
overvintring og overnatting. I Norge i 2002 var
det 464 registrerte fuglearter, hvorav 255 hekkende på fastlandet (Barth & Syvertsen, 2013).
Hvilke og hvor mange av disse fugleartene som påvirkes av vindkraftutbygging er vanskelig å beregne, men noen vil være mer utsatt
enn andre. For å kartlegge trusselen og begrense
skader på fugl, er det viktig at de mest utsatte
artene blir utredet og tas hensyn til ved utbygging av vindkraftverk. Et godt utgangspunkt for
utvelgelse av arter som bør utredes i forbindelse
med vindkraftutbygging, er den norske rødlista.
Disse artene står i fare for å dø ut innen en gitt
periode. I tillegg bør vi identifisere arter som
Norge har et spesielt ansvar for å bevare.
Tre grupper av fugler har vist seg å være
særlig sårbare for vindkraft. Den første gruppen
er lengelevende arter med sen reproduksjon og
arter som får få unger hvert år, slik som rovfugler
(May et al., 2010). Den andre gruppen er sjøfugl, da majoriteten av vindkraft bygges ut langs
kysten (Weir, 2016), samt vade- og andefugl,
som kan fortrenges fra sitt habitat til fordel
for vindturbiner (May et al., 2010). Den tredje
gruppen er arter som er av viktig økonomisk interesse som skogsfugl og rype (Bevanger, 1995).
Med flere utbygginger blir presset større på disse
artene som allerede opplever press fra jakt. I tillegg til å identifisere arter som er mer utsatt enn
63
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andre er det viktig å identifisere hvilket leveområde disse fugleartene mister ved en eventuell
vindkraftutbygging (May et al., 2010).
Den viktigste årsaken til tap av naturmangfold i Norge i dag er fysiske inngrep og endringer i arealbruk (Henriksen & Hilmo, 2015).
Fornybar kraftutbygging er og vil være en stor
del av dette framover. Fugler er den dyregruppen som i størst grad påvirkes av vindturbiner.
Konfliktnivået er høyt, da vindressursene gjør
at vindkraftverkene ofte må plasseres der det er
stor tetthet av fugl eller i viktige trekkveier.
Skaden en vindkraftutbygging medfører
varierer fra prosjekt til prosjekt og er avhengig av
blant annet turbintype, topografi og fugletetthet
(Drewitt & Langston, 2006). Direkte effekter
på fugl er død og skade grunnet kollisjon. Indirekte effekter er tap, fragmentering og forringelse av habitat, barriereeffekter og den samlede
belastningen arter og bestander opplever ved
flere inngrep over større områder.
Kollisjon
Død eller alvorlig skade hos fugl kan skje som
følge av direkte kollisjoner med rotorblader og
andre deler av vindturbinen, eller med høyspentledninger og værstasjoner assosiert med vindkraftverket (Drewitt & Langston, 2006).
Kollisjonsrisiko avhenger av art, antall fugler
i et område, atferd, vær og topografi, samt utformingen av vindkraftverket. Store, svevende
fugler, som rovfugler, er spesielt utsatt for kollisjon da de bruker termikk for å sveve (May et
al., 2010). Oppdriften skapes langs høydedrag,
der vindturbinene ofte også er plassert på grunn
av gunstige vindforhold (Barrios & Rodríguez,
2004). Store fugler med dårlig manøvreringsevne, som svaner og ender, klarer ikke alltid å
styre unna vindturbinene og er sårbare for kollisjon (Brown et al., 1992). Det samme gjelder
arter som forflytter seg på tider av døgnet når
lyset er dårlig, som ved daggry, i skumringstiden
og om natta (Larsen & Clausen, 2002). Ved
regn og tåke reduseres sikten, og fugler som migrerer i dårlig vær flyr ofte i lavere høyder for å
bedre sikten, og dermed økes kollisjonsrisikoen
(Drewitt & Langston, 2006). Våtmarksfugler og
andre fugler som flyr i flokk, er spesielt utsatt
for kollisjon, da det er en høy konsentrasjon av
fugler på samme sted. Samtidig ser fuglene ut til
64

å være mindre observante når de flyr i flokk (Pettersson, 2005). Utformingen av vindkraftverk
og turbinene påvirker også risiko. Det er større
risiko for kollisjon med høye turbiner med stor
rotordiameter, og turbiner som står alene eller på
enden av turbinrader (Smallwood & Thelander,
2008).
Kollisjoner som fører til død vil over tid
redusere fuglebestandene. Det kan være vanskelig å observere lokal bestandsnedgang av fugl.
Dersom området med turbiner er attraktivt for
fugl og har god mattilgang, vil det hele tiden
komme inn nye individer i det tilgjengelige habitatet (Smallwood & Thelander, 2008). Klarer
ikke de omkringliggende områdene å kompensere for utvandringen av fugl, vil den totale bestanden reduseres. Dette er en utvikling som
ikke vil bli registrert før hele bestanden sees under ett. En slik lokal nedgang vil ikke ha stor
betydning for fuglebestanden dersom det bare
er ett vindkraftverk, men oppstår det tap ved
mange individuelle vindkraftverk vil den samlede effekten være stor.
Det er vist at vindturbiner dreper færre
fugler sammenlignet med bygninger, kjøretøy,
kommunikasjonstårn, sprøytemidler og katter
(Rydell et al., 2011). Dødelighet fra vindturbiner er likevel viktig å ta seriøst, da det påvirker
enkelte arter i mye større grad enn andre (Rydell
et al., 2011). Å miste flere individer av arealkrevende, sentvoksende arter som bruker lang
tid på reproduksjon vil kunne føre til en nedgang
i bestanden som det vil ta lang tid å rette opp.
Eksempelvis utgjør ett individ av én rovfuglart
en stor prosentandel av bestanden av rovfugl
sammenliknet med arter som raskt formerer seg,
eller har kort generasjonstid. Endringer i rovfuglbestandene kan dermed skje raskt.
Habitat: tap, fragmentering og forringelse
Habitattap er ofte sett på som en større trussel
for fuglebestander enn død som følge av kollisjon (Kuvlesky et al., 2007), men dette er ikke
studert i like stor grad. Tap av habitat skjer direkte eller indirekte. Direkte tap oppstår når det
fysiske habitatet nedbygges som når turbinene
med tilhørende veier, bygg og ledningsnett konstrueres. Flere studier har påvist lavere tetthet av
fugl i områder i nærheten av vindturbiner enn i
områder uten, da fuglene er fortrengt (Osborn et
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al., 2000; Pearce-Higgins et al., 2009; Reijnen
et al., 1997).
Det indirekte habitattapet er i mange
tilfeller sett på som et mer alvorlig problem
enn det direkte tapet, da habitatet gjøres utilgjengelig på grunn av forstyrrelser relatert til
konstruksjonsarbeid, vedlikehold, økt bruk av
området til rekreasjon, samt lyd og bevegelse
fra vindturbinene. Slike forstyrrelser kan føre til
at fuglene fortrenges fra egnet habitat både i og
rundt kraftverket (Langston & Pullan, 2003).
Pearce-Higgins et al. (2009) viste at syv av 13
fuglearter forekom i lavere tettheter i områder
nær vindturbiner, enn i områder lenger unna. Det
indirekte habitattapet kan dermed bli mye større
enn den direkte effekten av selve vindkraftverket. Økt menneskelige forstyrrelser i forbindelse
med et vindkraftverk kan også påvirke bruken

av hekke- og beiteområder og fuglenes flyvemønster (Drewitt & Langston, 2008). Bevanger et al. (2009) fant at antall hekkende havørn
(Haliaeetus albicilla) på Smøla ble redusert fra
13 par før utbygging av vindkraftverket til fire
par etter utbygging. Fuglene var enten døde som
følge av kollisjoner, eller hadde flyttet til mindre
egnede habitater på grunn av forringelsen av deres opprinnelige habitat. Omfanget av habitattapet, sammen med tilgjengelighet og kvalitet på
alternative habitater, artens tilpasningsevne og
behov, avgjør hvor stor negativ innvirkning vindkraftverket vil ha (Langston & Pullan, 2003).
Plasseres vindkraftverket i urørt terreng er det behov for mye infrastruktur i tilknytning til anlegget, inkludert veier og strømnett.
Det blir dermed vanskeligere for fuglene å forflytte seg da vindkraftverket skaper fysiske hin65
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dringer, forstyrrende aktivitet og infrastruktur
som kan være med på å skremme fuglene vekk
(Langston & Pullan, 2003). Dette kan føre til
økt konkurranse om ressurser og reirsteder i
gjenværende habitat. Er de gjenværende habitatene av dårligere kvalitet, ved for eksempel å
ha mindre mattilgang eller økt sannsynlighet
for predasjon, kan fragmentering føre til lavere
overlevelse. Negativ påvirkning kan minimeres
dersom vindkraftverk plasseres i områder som
allerede har en viss infrastruktur, slik at omfanget av veier og ledningsnett reduseres, og fuglene
får beholde sitt naturlige habitat (Langston &
Pullan, 2003).
Barriereeffekt
Vindturbiner kan fungere som en barriere for
passerende fugl når kraftverket er plassert slik
at fuglene viker unna kraftverket og flyr rundt,
heller enn mellom turbinene. Fuglene kan da
måtte fly lengre avstander, hvilket påvirker energiforbruket under migrering, og kan føre til forstyrrelse av migrasjoner mellom beite-, hekkeog overnattingsområder (Drewitt & Langston,
2006). Hötker et al. (2006) viste at 62 % av landbaserte vindkraftverkene fungerte som en barriere ved at fugler unngikk kraftverket. Larsen
og Madsen (2000) fant unnvikelsesatferd hos
kortnebbgås (Anser brachyrhynchus) som holdt en
avstand mellom 100 og 200 meter fra turbinene,
avhengig av om vindturbinene var plassert henholdsvis i klynge eller på linje.
Utformingen av vindkraftverket har
stor betydning for om det skapes en barriere
for fugl. Dersom vindturbinene plasseres utenfor faste trekkruter, eller det tas hensyn til korridorer mellom klyngene av vindturbiner, kan
barriereeffekten reduseres (Langston & Pullan,
2003).
Samlet belastning
Økt satsning på vindkraftverk vil kreve store
arealer og den totale belastningen av nedbygging og naturinngrep kan samlet sett overskride
tålegrensen for berørte arter (May et al., 2010).
Det er gjort få studier på effektene av vindkraftverk sett i et større perspektiv, på regionalt eller nasjonalt nivå. Kumulative effekter kan
oppstå som følge av flere vindkraftprosjekter
sammen eller i kombinasjon med andre typer
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inngrep. Bevanger (1995) viste at kollisjon med
strømledninger, jakt på fugl, og fragmentering
av habitat hos skogsfugl og rype til sammen kan
redusere lokale bestander. Dette kan igjen føre
til nedgang av arter på nasjonalt nivå.
Den kumulative effekten av tap eller
forringelse av viktige habitater kan være signifikant, spesielt dersom flere, store utbygginger skjer i områder med viktige leveområder
(Langston & Pullan, 2003). Den kumulative
effekten kan også være betydelig dersom utbyggingene fører til at fuglenes bevegelsesmønster
endres (Langston & Pullan, 2003). Dahl et al.
(2012) konkluderte med at effekten av mange,
i motsetning til få vindkraftverk, kan påvirke
reproduksjonsraten til havørn negativt dersom
kraftverkene er plassert i viktige hekkeområder.
Det er et økende behov for å etablere
standarder og metoder for hvordan hensyn til
biologisk mangfold kan integreres i etableringen
av vindkraftverk (May et al., 2010). Det er viktig at vurdering av område, omfang av utbygging og påvirkning på naturen vurderes i hvert
enkelt tilfelle (Stene et al., 2013). Det er minst
like viktig å vurdere effekten av den samlede
belastningen av flere prosjekter, da virkningene
totalt sett vil kunne overskride tålegrenser hos
enkelte arter (May et al., 2010).
Avbøtende tiltak
For å minimere negativ påvirkning fra vindkraft
på fugl bør det gjennomføres en rekke avbøtende tiltak før og under utbyggingen av et vindkraftverk. Det mest virkningsfulle tiltaket er
å unngå utbygginger i områder der risikoen for
kollisjon eller forstyrrelse er særlig stor, slik som
i nærheten av våtmarker, i kystnære områder og
langs høydedrag (Rydell et al., 2011). Da dette
kan være vanskelig eller uaktuelt i mange tilfeller, vil alternativ plassering av vindkraftverket være den viktigste faktoren for å redusere
kollisjonsrisiko, påvirkning på habitat og barriereeffekter (Drewitt & Langston, 2008). Vindkraftverk bør helst plasseres i arealer som har
lave konsentrasjoner av fugl, slik som jordbruksmark og ikke-naturlige beiteområder. Turbinene
bør altså ikke plasseres kun med hensyn til optimale vindforhold, men også utbredelse av og
aktivitet hos fugl må tas med i beregningen.
Det bør avklares hvor de viktigste habi-
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tatene er, og unngå å bygge i eller i nærheten av
habitat for sårbare arter. I tillegg bør turbinene
plasseres tett for å redusere utnyttet areal og i
nærheten av allerede nedbygde områder. De bør
ikke plasseres i hovedtrekk for migrerende fugl
og det bør sørges for korridorer mellom grupper
av turbiner (Drewitt & Langston, 2006).
Oppretting av buffersoner rundt hekkeeller rasteplasser, kolonier og reirlokaliteter der
det ikke skal bygges vindkraftverk, kan også redusere påvirkningen på fugl (Rydell et al., 2011).
Størrelsen på buffersonen vil avhenge av arten,
og kan være fra 0,5 km for vadere til 2-3 km for
ørn (Rydell et al., 2011). Å male deler av rotorbladene for å øke synligheten og dermed redusere
kollisjonsfaren har vært prøvd ut, men kun liten
effekt er påvist (Drewitt & Langston, 2008).
Selektiv stansing av turbiner på gitte tidspunkt,
for eksempel ved fugletrekk, eller ved skumring,
har blitt prøvd ut for å redusere kollisjon. De
Lucas et al. (2012) fant at ved å stoppe turbiner når gåsegribber (Gyps fulvus) var i nærheten
reduserte dødeligheten med 50 %, uten at det
påvirket strømproduksjonen vesentlig. For å øke
forståelsen rundt fuglenes biologi og sårbarhet,
bør det jobbes aktivt med å informere anleggsarbeidere og faste ansatte, samt ansette økologer for å gi råd om naturpåvirkning i forbindelse
med utbygging (Drewitt & Langston, 2006).
En annen mulighet for å kompensere for
tap av habitat, er å spare et annet viktig habitat i
nærheten av utbyggingen ved vern eller bestemmelser. Det er også mulig å restaurere et annet
habitat slik at det får samme kvaliteter som det
som er bygget ut (Langston & Pullan, 2003).
Man kan også kompensere for tapet av fugl fra
kollisjoner ved å øke bestanden andre steder.
Dette kan gjøres ved å endre forvaltningsstrategi. Kompensasjon bør være siste utvei, og kun
vurderes dersom avbøtende tiltak ikke vil redusere negative effekter til et akseptabelt nivå
(Langston & Pullan, 2003).
I arealplanlegging tilknyttet energiutbygging er konsesjon et viktig virkemiddel for å
stille krav til bygging og drift av anlegg. Konsesjon er en tillatelse og kreves for å få lov til å
bygge ut større tiltak, slik som vindkraftverk.
En konsesjonsprosess trekker inn en rekke hensyn til økonomi, samfunn og natur i behandlingen av et vindprosjekt, og er med på å finne de

beste og mest lønnsomme prosjektene. For å ta
relevante beslutninger som i størst mulig grad
bygger på innhentet kunnskap, kreves det konsekvensutredning. Her beskrives og vurderes
konsekvenser for relevante miljø- og samfunnstema spesifikt for hvert prosjekt (Regjerningen,
2009). Mange konflikter avdekkes i denne prosessen, men det bør i større grad tas hensyn til
naturinngrep og å vektlegge naturen med dens
systemer og mangfold (Stene et al., 2013). I tillegg til å utrede enkelte prosjekter er det viktig å
løfte blikket og se på alle vindturbinprosjektene
under ett og hvilken samlet belastning disse har
på fuglebestandene.
Det er viktig å følge opp og overvåke
vindkraftverket etter oppføring for å vurdere
de negative effektene av vindkraft på fugl, og
tilpasse forvaltningen deretter (Drewitt &
Langston, 2006). Å ha en forvaltningsplan klar
med potensielle avbøtende og forebyggende tiltak, gjennomføringsplan og budsjett for hvert
enkelt prosjekt er et nyttig verktøy for å sikre at
hensynet til naturen ivaretas.
Konklusjon
For fugler som lever i områder med vindkraftverk er dødelighet fra kollisjoner og habitattap som følge av forstyrrelse, sannsynligvis de
faktorene som har størst negativ effekt. Riktig
plassering er stikkordet for å redusere konflikten mellom vindkraftverk og fugl. Dersom vindkraftverk etableres i mindre viktige fuglehabitater eller i områder som allerede har en høy
andel av infrastruktur vil de negative effektene
av vindkraftverk reduseres betydelig. Å unngå
utbygging i uberørte naturområder vil være avgjørende for å kunne bevare fuglefaunaen. Overordnet og framtidsrettet planlegging bidrar til at
effekten av hvert enkelt tiltak reduseres. På den
måten kan utbyggingene sees under ett og det
kan legges til rette for å unngå utbygging i sårbare områder og bevare biologisk mangfold.
Økt utbygging av fornybar energi vil
fortsette i framtiden og vil øke i omfang. Utnyttelse av vind til kraftproduksjon er en sentral klimaløsning og er en viktig del av Norges
tiltak for å redusere klimagassutslipp. Samtidig
fører utbyggingene med seg negative effekter på
naturen og fuglefaunaen som er viktig å ta på
alvor ved framtidige utbygginger. Vindturbiner
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er klimavennlige, men de er ikke nødvendigvis
naturvennlige, og i de kommende årene kan klimatiltakene bli en like stor trussel mot norsk natur som klimaendringene (Maske, 2012). Vindturbiner og fugl er dermed ingen vinn-vinn
situasjon, men alternativet, å ikke bygge ut, er
neppe bedre for bevaring av naturen, om mulig
i det hele tatt. Det finnes med andre ord ingen

optimal løsning for hvordan økt vindkraftutbygging og fuglefauna skal kunne gå hånd i hånd
i framtiden. Med riktig plassering, avbøtende
tiltak, god planlegging og avgjørelser basert
på fugleartenes respektive behov, kan det være
mulig å begrense de negative påvirkningene vindkraftverk har på fugl.
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Legalising cannabis has been a social issue since
the 1930s, determined by politics more than
by chemistry. The United States Congress repealed the Marihuana Tax Act of 1937, prohibiting both sale and use (Bonnie & Whitebread,
1970). Not long thereafter, the drug was illegal
in most of the world. The trend to prohibit cannabis has since been reversing globally, as cannabis has been made legal for recreational use in
the Netherlands and nine American states (McCarthy, 2016). The House of Commons of the
United Kingdom also discussed decriminalising
recreational use of cannabis, but eventually did
not press the proposal (Parliament, 2016). Cannabis is an umbrella term for drugs extracted
from the plant Cannabis sativa, including marijuana and hashish. Claims about cannabis’ positive health effects support legalisation, but the
chemistry of these effects remains worrisome
(Blake et al., 2006; El-Alfy et al., 2010; Rog et
al., 2005). Cannabis should not be legalised for
recreational use, because measuring the dosage
after inhalation is problematic and monitoring
its effects remains uncertain.
Studies (Blake et al., 2006; El-Alfy et
al., 2010; Rog et al., 2005) show that cannabis
prescribed at low doses may relieve pain from

diseases such as multiple sclerosis, ailments such
as rheumatism, and it can also act as an antidepressant. During clinical trials cannabis is
injected by oral spray, where a mist is sprayed
into the upper part of the mouth and absorbed
through the palate. These medical trials are
monitored under strict medical supervision.
Studies where subjects were not monitored under lab conditions show harmful side
effects, particularly during adolescence (Arsenault et al., 2002; Pope Jr., & Yurgelund-Todd,
1996). Recreational use of cannabis increases
the chance of developing schizophrenia, psychosis, and problems with learning and memory. Measuring dosage in recreational cannabis
is difficult, and therefore monitoring the effects
when cannabis is used as an inhalant is problematic. When inhaling cannabis, the smoke
passes through the lungs before reaching the
bloodstream, instead of being absorbed directly through the mucous membrane of the palate.
This extra delay in absorption time results in a
delay in peak blood levels of the active chemical tetrahydrocannabinol (delta9-THC, referred
to as THC), compared to oral injection (Newmeyer et al., 2017). Negative effects of absorbing
cannabis are hard to predict because the absorp71
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tion rate differs between individuals.
The absorption rates of drugs depend
on a person’s physical attributes, such as age,
gender, health, and tolerance (Le, n. d.). Since
drugs are foreign substances, the body reacts by
metabolising the compound for easier excretion,
thereby changing the effect of the drug. Following inhalation of a drug, absorption is determined by several new factors (Patton, Fishburn
& Newmeyer, 2004). The size of the particles in
the smoke will determine the number of particles carried at the same time and where in the
airways they are deposited. Only 30‒60 % of the
drug in medical oral injection devices reaches
the lungs, while the rest is deposited in the device or between the device and the lungs (Patton
et al., 2004). The epithelium, a barrier between
the lungs and the blood, has a varying thickness in the certain parts of the lungs, meaning
the absorption rate differs. These factors create a substantial problem in predicting the absorption of inhaled THC. Different absorption
leads to different exposure levels, whose variance
only increases with differences in THC content
across individual plants.
Plants of Cannabis sativa have different
levels of THC, leading to a greater variance in
exposure levels, which then are compounded
by each individual’s sensitivity to the drug. The
body’s reaction to the drug, in tandem with differing levels of exposure, significantly affects an
individual’s physiological response. Standardising doses for inhalation would, however, be impractical to regulate, because the inhalation of
cannabis is nearly impossible to measure. Regulators would need to measure and monitor the
dosage and effects of THC.
In order to monitor the effects of THC,
the uptake of the drug and content of THC must
be controlled. Adding THC oil directly to a fluid for injection, such as the aforementioned oral
spray, can control exposure levels by enforcing a
standard content of THC. The best way of acquiring THC oil is to chemically isolate it from
plants (Gill, 1971). A measured amount of THC
is diluted to a chosen concentration, similar to
the production of alcoholic beverages. With a
chosen concentration, monitoring a given ef-
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fect is possible, though long-term effects remain
uncertain.
Unlike THC, alcohol is relatively easy
to monitor. Alcohol follows a straight oxidation
reaction, and it ends up as only one byproduct:
ethane acid. THC follows complicated metabolic pathways to many different metabolites (Yamamoto et al., 2003). Each of these has a unique
chemical structure with different properties,
such as inhibiting vital metabolic processes in
the body (Howlett, 1987; Volkow et al., 1996).
Even more so than alcohol, cannabis affects individuals differently because THC directly alters the brain’s chemistry, which is
slightly different within each individual. The
metabolites of THC compete with each other
to bind to cannabinoid receptors in the cerebral
cortex (also called brain stem) and central nervous system (Yamamoto et al., 2003). The cerebral cortex is the brain’s centre of sensory, memory, language, abstraction, creativity, judgement,
emotion, and attention (Swenson, 2006). The
bonds between the THC metabolites and the
receptors directly alters the brain’s uptake of energy, and they can cause severe mental damage,
such as the development of schizophrenia (Arsenault et al., 2002; Pope Jr., & Yurgelund-Todd,
1996; Whitlow, Freeland, & Porrino, 2003).
Hence, the long-term consequences of the reaction are not known.
Although cannabis provides positive
health effects under strict medical supervision,
the obstacles of measuring THC dosage and
monitoring its effects should exclude cannabis
as a legal recreational drug. Understanding the
chemistry of both measuring and monitoring
any drug is vital before legalising its use. In addition, if cannabis continues to be legalised as
a drug for medical purposes, it should only be
ingested or injected, not inhaled. These methods
enable authorities to better control dosage and
effects over time. As often is the case, however,
compromises are made, and legislators may ask
which procedure, measuring or monitoring, is
the most important. To answer this, as a chemist, is like answering which blade on a pair of
scissors cuts the paper.

A chemical justification against legalising recreational use of cannabis
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Small fish: Improving
micronutrient deficiency
in rural Bangladesh
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Introduction
Bangladesh is the seventh most densely populated country in the world. Out of 160 million
inhabitants (World Bank, 2016), approximately
50 million live below the poverty line (Bangladesh Bureau of Statistics [BBS], 2011). Poverty is most prevalent in rural areas where 70% of
the population lives. The rural, central region of
Bangladesh consists mostly of low lying floodplains and here, many Bangladeshis struggle to
access nutrient-rich foods. Monsoon flooding
impedes stable food production and the typical
rural diet is often unstable and lacking diversity
(Arsenault, Hijmans, & Brown, 2015). However, seasonal inundation supports two crucial
food resources: the staple rice crop and the inland fisheries.
Rice production and the inland fisheries provide income, calories, and protein to the
population, but there is still a high prevalence of
malnutrition (Craig, Halls, Barr, & Bean, 2004;
Roos, Islam, & Thilsted, 2003). Although significant progress has been made in reducing
instances of stunting, wasting, and vitamin
A deficiency, Bangladesh still has some of the
highest rates of malnutrition in the world, and
women and children remain the worst-affected
demographic (IFPRI, 2016). Examining the
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challenges of managing Bangladesh’s water resources under the constraint of seasonal flooding provides context to discuss the complex relationship between the inland fisheries and rice
production and how they affect malnutrition.
Fish polyculture with micronutrient-rich small
fish could help increase micronutrient availability in rural areas (Roos, 2001); however, further
analyses demonstrates how gender norms and
their varying contexts in different regions can
hinder widespread use of this polyculture. This
challenge reveals space for further research to
analyze and improve the impact and implementation of food-based interventions aiming to reduce malnutrition among women in rural areas.
Challenges on the floodplains
Three large rivers and their tributaries cross
Bangladesh, merging in the central, rural region surrounding the national capital, Dhaka. Though the rural floodplains adjacent to
the rivers are both productive agricultural areas and fishing grounds, they are also densely
populated. Land and resource use issues intersect in this area and the conflicting interests in
land use have been the subject of many studies
(Andersen et al., 2016; Halls, Payne, Alam, &
Barman, 2008; Roos, 2001; Shankar, 2005; Sul-
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tana, 2012; Thompson, Roos, Sultana, & Thilsted, 2002). The livelihoods of millions of people living on the floodplains are shaped by the
seasons and the resources available. In the dry
season, water is sustained by a dynamic network
of flowing rivers, estuaries, lakes, and temporary
freshwater pools. In the monsoon season, rivers
overflow, expanding into vast, inundated floodplains that limit human activities but provide
important ecosystem services.
Flooding limits agricultural activities
during the wet season; however, it also complements production with natural services. The
floodwaters recharge groundwater, provide silt
fertilization, supply water for irrigating crops and
aquaculture ponds, and create rich aquatic ecosystems. Millions of people catch fish and other edible species in these waters (Sultana, 2012)
and the annual inundation sustains around four
million hectares of inland open-water fishing
area (Shankar, 2005). These ecosystems support
many commonly consumed aquatic species, and
when agricultural activity is reduced the floodplain is open to fishing for all.
Fish provide large amounts of animal
protein and micronutrients for Bangladeshi people. It is estimated that fish provide more than
half of the protein consumed in Bangladesh
(Fiedler, Lividini, Drummond, & Thilsted,
2016). Small indigenous species1 (SIS) are typically caught from wild stocks and are the most
preferred species consumed in rural floodplain
areas. These species are preferred because they
are a rich and concentrated source of vitamin A,
calcium, zinc, and vitamin B12. Although all
socioeconomic groups consume fish, wild species are particularly important for poorer people
struggling with malnutrition because the fisheries are common-access resources. Therefore,
fishing is both a common livelihood and subsistence activity (Andersen et al., 2016; Roos et al.,
2003; Thompson et al., 2002).
In addition to fishing, aquaculture
also offers important livelihood opportunities.
Larger species are commonly cultured in household ponds and aquaculture farms to be traded at markets. Belton, Haque, & Little (2012)
argue that this has increased economic growth
1

by providing more wage labor opportunities.
The amount of fish available in rural areas has
also increased because of aquaculture; however, many ponds are flooded during the monsoon
season and require restocking when flood waters
recede. Therefore, aquaculture requires access to
ponds and capital for inputs which, for many, are
out of reach financially. Nevertheless, cultured
species provide large amounts of protein and are
more consistently available than wild fish, which
helps reduce the food insecurity caused by the
varying seasons (Belton, Asseldonk, & Thilsted,
2014).
To control seasonal flooding and support
agriculture, man-made embankments, drainage,
and irrigation systems divert large amounts of
water from rivers and dry season water bodies,
or ‘beels’. Water from beels and groundwater
sources have been increasingly drawn upon to
irrigate rice paddies since diesel pumps have become more affordable. Embankments and flood
gates have also controlled the extent of flooding.
As a result, cropping intensity has increased, allowing for three annual harvests in some areas,
and 77% percent of agricultural land is now cultivated with rice crops (Ahmed, 2013). However, embankments disrupt fish migration routes
across the floodplains. Additionally, beels are
under increasing pressure to supply the water
and area required to intensify and expand dry
season rice crops (Shankar, 2005).
Beels provide important habitats for fish
to survive the dry season, but are exploited for
irrigating rice crops. SIS spawn in beels during
the first monsoon rains and disperse across the
floodplains as water levels rise. In the past, beels
were typically cropped with lower-yielding, deep
water rice varieties in the dry season, which allowed fish to survive together with the rice crop
until the monsoon season arrived (Shankar,
2005). However, the cost of small-scale irrigation has decreased, making high-yield varieties
that grow in shallow paddies more financially
rewarding than deep water varieties. It is typically wealthier farmers who can afford to exploit
beels for irrigating rice in shallow paddies at the
expense of fish habitat (Bell, Elizabeth, Ringler, & Ahmed, 2015). On one hand, millions

Small indigenous fish species are classified by having a maximum length under 25cm (Thompson et al., 2002).
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of rural poor people vitally depend on capture
fisheries. On the other hand, rice is the critical
source of energy rich food and constitutes the
largest agricultural sector, but it lacks important
nutrients and requires large amounts of land and
water.
The crucial role of rice
Rice is inextricably linked to much of rural life
in Bangladesh, providing approximately 65% of
calorie intake and accounting for almost half of
household food expenditure for the rural population (BBS, 2011). Bangladesh now produces
double the amount of rice than it did in 1990
(BBS, 2016) and from 2000 to 2010, poverty
sharply decreased (World Bank, 2016). However, studies have shown that high rice prices
strongly correlate with less household spending
on non-rice products (Torlesse, Kiess, & Bloem,
2003). Additionally, child weight gain positively correlates with increasing rice yields because
consumption increases correspondingly (Headey & Hoddinott, 2016). When food accounts
for around 60% of rural household expenditure
(BBS, 2011), food price fluctuations can seriously influence people’s health and livelihoods.
These statistics demonstrate the importance of
rice as a staple food item and as an agricultural
commodity.
A large portion of the rural population
is involved in rice production for some part of
their livelihood, although many still depend on
markets to meet their dietary needs. Most of the
rural poor are small-holder farmers, day laborers, or both (Balagtas, Bhandari, Cabrera, Mohanty, & Hossain, 2014). Additionally, functional landlessness (defined as owning less than
0.2/ha) is around 58% and growing (Hossain
& Bayes, 2009 as cited by Belton et al., 2012).
Although Green Revolution technologies have
increased rice yields, millions of smallholders
and landless are not self-sufficient (Belton et al.,
2012) and depend on agricultural wage labour
and affordable rice from markets (Torlesse et al.,
2003). Therefore, fluctuating prices affect those
in lower income brackets disproportionately.
Dependence on rice threatens the nutritional security of the lowest earning Bangladeshis. Crop damage from floods occurs often in
Bangladesh (Bell et al., 2015) and subsequently
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affects rice prices (Torlesse et al., 2003). Networks of flood control, drainage and irrigation
systems were built to stabilize and expand rice
production, as well as to mitigate floods (Islam
& Braden, 2006). Although these systems have
maintained a steady supply of irrigated water to
increase rice yields and feed the growing population, large areas of fish habitat have been destroyed. Considering so many people lack the
land and resources to subsist on their own production, these fishing grounds are a crucial resource for people’s livelihoods and diets during
the monsoon season (Shankar, 2005).
Fisheries in decline
Inland capture fisheries provide a cheap and nutritious food resource, but catches are declining.
The richest source of micronutrients is from SIS
and many people in rural areas depend heavily
on these fish during the monsoon season when
more nutritious foods are scarce (Roos, 2001;
Thompson et al., 2002). However, as dry season habitats are destroyed or altered to assist
rice production, there are less fish spawning
and migrating across the floodplains during the
monsoon season (Halls, Hoggarth & Debnath,
1999). There are more than 260 species of freshwater fish in Bangladesh and of these, around
140 species are classified as SIS. In some areas,
SIS can contribute up to 84% of total fish consumption (Roos, Wahab, Hossain, & Thilsted,
2007). Because they can be caught from common-access fisheries, SIS are a crucial food resource when wage labor opportunities and money for other foods are scarce (Shankar, 2005).
Around 70% of the rural poor catch fish
for subsistence or as an alternative source of income (Halls et al., 2008). However, some common-access fishing grounds are also threatened
by enclosure for aquaculture. Several community initiatives have enclosed large areas by raising embankments to establish large aquaculture
ponds. This has resulted in unevenly distributed benefits to landowners within the enclosures
while landless fishers are left with smaller common-access fishing grounds. Therefore, subsistence fishers in these areas must rely more on
markets to buy fish. Professional fishers supply a
large stock of wild fish to markets, although it is
common that all household members catch fish
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to consume, or to sell. Although aquaculture is
expanding rapidly and offering new wage labor
opportunities, these benefits have come with a
decline in subsistence and professional fishing
(Toufique & Gregory, 2008).
Culture fisheries: A replacement?
Growing and selling carp, a cultured fish species, from homestead aquaculture ponds is another income source for many rural households.
Household aquaculture provides a stable source
of food, and fish are often ‘cashed in’ at market
when money is scarce (Thompson et al., 2002).
Employment in large-scale aquaculture is growing and this also contributes to increasing household buying power, enabling people to purchase
more nutritious foods in addition to the rice staple. However, cultured fish now compensate
in volume for the decline in capture fisheries,
which is reducing the amount of micronutrients
available from fish (Belton et al., 2012).
Growth in aquaculture and declining
wild catches are reducing micronutrient availability. The percentage of fish consumed per
capita originating from aquaculture has risen
from 24% in 2000 to 42% in 2010. Conversely,
wild catches have declined from 42% to 22% per
capita (BBS, 2011). Commonly cultured fish
tend to be larger species that earn higher prices at market, yet their micronutrient content is
minimal compared to many smaller, wild species
(Belton et al., 2014). As catches of wild fish have
declined, some commercially-cultured species
have become so cheap and abundant that they
are gaining a significant market share (Belton et
al., 2012).
Less-nutritious cultured species from
household and commercial ponds now provide
the cheapest per kilo prices at markets. Although many producers can earn enough from
selling their fish to diversify their diets by purchasing more nutritious foods, for the poorest
without fish to sell, the rational choice is often
to buy the cheaper cultured species (Toufique &
Belton, 2014). According to Toufique & Belton
(2014), the abundance of cultured fish has moderated an extreme price increase of SIS to some
extent. However, even though the price of larger carp species has declined, many people prefer to eat SIS, but their prices are prohibitively
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expensive (Roos et al., 2007). If SIS were more
abundant and affordable, they would be a likely
choice for the poor because they are generally
well-liked, can be purchased in smaller quantities, and can be divided equally among family
members (Roos et al. 2003; Thompson et al.,
2002).

Photo: Rannveig Hetland
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The potential of small fish/carp polyculture
One particular SIS, mola (Amblypharyngodon
mola), is known to have high levels of bioavailable calcium, zinc, and vitamin B12, as well as
moderate levels of iron. Mola also has the highest vitamin A content of all fish species in Bangladesh (Roos, 2001). Additionally, the minerals in mola and other SIS increase bioavailability
of protein from plant sources, while phytates,
saturated cyclic acids found in rice, hinder the
uptake of micronutrients. Therefore, mola are
an important complement to the rice staple and
could contribute greatly to reducing malnutrition (Andersen et al., 2016; Kawarazuka &
Béné, 2011).
Incorporating mola into polyculture
along with carp increases the availability of
micronutrients throughout rural areas (Roos
et al., 2007). Considering there are approximately 4 million household fish ponds in Bangladesh (Belton et al., 2011), cultivating mola
together with larger species destined for markets has multiple benefits. Including mola into
carp aquaculture does not affect yields of either
species, and mola can breed several times per
season, allowing for regular harvest (Fiedler et
al., 2016). This polyculture has the potential to
reduce the impact of seasonality and declining
wild fisheries by providing a more stable supply
of micronutrient-rich fish throughout the country. However, there are other factors that can
limit the impact of increasing mola’s availability
in rural areas.
More research is needed to fully understand and increase the benefits of consuming mola. This species must be consumed whole
in order to access the vitamin A that is concentrated in the eyes, and their bones are rich in
highly bioavailable calcium (Roos et al. 2003).
Consuming mola has been linked to improved
iron status and increased haemoglobin levels in
children (Andersen et al., 2016), however it is
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still unclear how effectively the body absorbs
this form of vitamin A (Kawarazuka & Béné,
2011; Roos, 2001). Despite this, vitamin A
is so densely concentrated in mola eyes that it
makes up a substantial percentage of recommended daily intake. Although mola are typically consumed whole, many are unaware of the
health benefits of this practice and the heads
and tails of the fish may still be discarded during
food preparation (Roos et al., 2003). Therefore,
knowledge about mola’s nutritional value should
be further disseminated and better understood
by both researchers and the general public (Andersen et al., 2016; Kawarazuka & Béné, 2011).
Women’s role in household aquaculture and
reducing malnutrition
Women’s role in nutritional outcomes are critical, although engaging them in interventions
can be difficult. Gender norms can constrain
women’s mobility in rural Bangladesh, and their
livelihoods are often centered around household
roles. In addition to housekeeping, child-rearing, and food preparation, many women work
in fields, ponds, and related agricultural activities, often with little economic return (Bose et
al., 2009; Deb, Haque & Thompson, 2015). Although women are often responsible for managing and harvesting household aquaculture ponds
for food and income (Kawarazuka & Béné,
2010), in some rural areas, markets tend to be
a male domain (Quisumbing & Kumar, 2011)
and decisions regarding household resource distribution are predominantly made by men (Bose
et al., 2009, p. 96). Despite this, women in rural
areas have been the focus of several development
initiatives (Bogard, Marks, Mamun & Thilsted, 2015: Quisumbing & Kumar, 2011) because
many suffer from micronutrient deficiencies.
Women are disproportionately affected
by malnutrition. Over 40% of women in Bangladesh suffer from iron deficiency anemia (IFPRI, 2016, p. 124). In some areas, 74% of women have less than adequate micronutrient intake
which includes vitamin A, calcium, and zinc.
This is a serious health issue for women which
can also carry over to breastfeeding infants (Arsenault et al., 2013). Men often control household income and are unaware that women have
larger nutritional requirements, especially when

pregnant or lactating (Roos et al., 2007). However, women typically have the most influence
over supplying nutrients to the household in rural areas (Deb, Haque & Thompson, 2015, p.
310). Therefore, increasing the availability and
accessibility of nutrient dense mola by extending polyculture into existing aquaculture ponds
should be prioritized to help decrease malnutrition among women and children.
Several programs focusing on women
and malnutrition among rural people on the
central floodplains using mola/carp polyculture
are underway. However, at the time of writing
there were few studies published exploring their
effects on women’s health specifically. Roos et al.
(2007) detail the successful development of the
polyculture technology. However, at that time,
information about preparation methods and the
nutritional value of mola was spread using only
a poster and manual for implementing the polyculture. Quisumbing & Kumar (2011) studied
different methods to implement fish polyculture and vegetable garden technologies among
homesteads in rural Bangladesh. They observed
a gendered difference in asset building and nutritional outcomes; however, asset inequality was
reduced when implementing polyculture technology through women’s training groups rather
than individual training. Additionally, in some
rural areas where men typically exercise greater
control over resources, gender norms could prevent female involvement in household polyculture (Quisumbing & Kumar 2011). Bogard et
al. (2015) also found that women of reproductive
age in some rural areas consume disproportionately less fish than men. Considering the high
instances of micronutrient deficiency among
women in Bangladesh, more research is needed
to investigate the impact of polyculture on women’s nutritional status, and to help optimize the
methods used to implement initiatives aiming to
reduce malnutrition.
Conclusion
Agriculture is complicated by Bangladesh’s dynamic seasons and its geographical characteristics. The environment is well-suited to rice production and, with the help of Green Revolution
technologies, some areas can yield three harvests
per year. However, Bangladesh is now depen79
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dent on rice as its main source of dietary energy,
and as a result Bangladeshi diets lack diversity.
In some rural areas, SIS provide up to 84% of
total fish consumption (Roos et al., 2007), although catches are declining. Common-access
fishing areas are shrinking and excessive water
use for rice production is cited as the most serious threat to capture fisheries (Shankar, 2005).
Under pressure from population growth, these
conflicts seem likely to become more acute as
the need for agricultural land intensifies. Aquaculture can substitute for the loss of protein as
capture fisheries decline, but cultured fish lack
micronutrients and require land and capital for
self-production. Therefore, increased consumption of farmed fish has proved inequitable for
the numerous poor and landless that depend
on cheap, micronutrient-rich fish from capture
fisheries.
Producing mola in aquaculture ponds
throughout rural areas is likely to have a positive
effect; however, interventions must cautiously
consider local gender norms. Because women’s
involvement in agricultural production can differ regionally, local contexts should provide a basis to shape development interventions and the
methods used to disseminate knowledge. Considering the potential household polyculture systems have to increase the amount of highly nutritious fish available in rural areas, the methods
used to spread information about this polyculture should be studied and refined to help deliver more effective programs. Furthermore, with
over 40% of women affected by malnutrition
(IFPRI, 2016, p. 124), the impact of these interventions on women’s health should be evaluated
to help fill a gap in the literature. Further research into more of the 260 indigenous fish species is also warranted to investigate other species
that could help further diversify fish intake and
promote biodiversity in natural ecosystems and
household polyculture. Seeing as rice makes up
such a large percentage of calorie intake (BBS,
2011) and land use, it is important to try and
minimize the impact of its production on the
floodplain environment. Many rural livelihoods
are connected to, and dependent on, the inland
capture fisheries, aquaculture and rice production. Therefore, efforts to reduce malnutrition
must be refined to manage these vital resources
more equitably.
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Introduction
Tourism is one of the fastest growing industries
globally, creating jobs in many areas around the
world. The United Nations World Tourism Organization (UNWTO) Secretary-General, Taleb Rifai, acknowledged record levels of international tourism in 2015, which peaked at 1.184
million people (UNWTO, 2016). However,
this growth is becoming a concern for countries
where environmental conservation and sustainable practices are under threat because of rising
human intervention. Exchange rates, oil prices,
and the increasing number of tourists influenced
travel statistics from 2015 (UNWTO, 2016).
Technological change has also played a significant role in shaping the possibilities of travel
today in view of more recent influences. Easy access to smartphones and the Internet has made
social media our new travel agent.
Tourists develop and consume online
content while they travel (Marchiori & Cantoni,
2015). This is one way that social media platforms inspire many users to explore exotic locales.
During the last decade, travel and tourism-based
webpages such as Tripadvisor and AirBnB have
evolved and become popular tools for travellers.
Another increasing trend in online travel is us-

er-generated content through social media platforms such as Facebook and Instagram. Content
containing elements of nature-based tourism,
especially wilderness areas and pristine landscapes, are popular and are shared frequently on
social media (UNWTO, 2014). According to
UNEP (2015), nature-based tourism accounts
for 20% of total international travel and continues to be a growing sector.
Rising levels of urbanization can explain this increase in tourism, because people
from cities generally do not visit the countryside
often (UNWTO, 2014). It is becoming more
common for urban dwellers to be exposed to
natural landscapes and the great outdoors using
social media, simply because such elements of
nature and wilderness do not exist in big cities.
Higher numbers of city-dwellers in tandem with
social media’s popularity have therefore encouraged more people to seek out nature-based tourism destinations.
The popularity of nature-based tourism
encouraged by social media has coincided with
an increase in rescue operations, injuries, and
deaths. Trolltunga in Norway is an example of
a nature-based tourism destination whose newfound popularity has become a danger for inex83
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perienced travellers (NRK Hordaland, 2016a).
Trolltunga is one of the most spectacular cliffs
in Norway and hovers about 700 meters above
Lake Ringedalsvatnet. In August 2016, the Red
Cross reported ten rescue operations in just nine
days (NRK Hordaland, 2016a). The most common reasons for rescue were insufficient clothing
and equipment in addition to poor knowledge of
the hike. Trolltunga used to be an obscure local
hike, but people now flock from all corners of
the globe to witness the spectacular view.
The number of visitors to Trolltunga exploded when in 2012 the travel website,
TripAdvisor, reported this area as “one of the
most amazing hiking destinations in the world”
(NRK Hordaland, 2016a). This article went viral and, consequently, heightened the destination’s publicity. TripAdvisor is among the most
popular social media platforms frequently used
by travellers to discover, collect, and review content from around the globe. The number of visitors to Trolltunga has in the past six years increased more than a hundredfold. This increase
in visitors may link to its popularity on social
media. Figures from the State Nature Inspectorate show that in 2010 about 800 visitors made
the trip, but by 2016 that number had increased
to approximately 80,000 (NRK Hordaland,
2016b). This unexpected growth in tourism has
been a source of concern for the Norwegian government, which is struggling to adjust its resources to such a substantial increase of visitors.
A dramatic rise in rescue operations and injuries
has created debate for visitor safety and security
in this area.
This paper looks at the effects of social
media on risk-taking behaviour in nature-based
tourism locations and the connections between
tourism promotion and perception using social
media. It will first focus on user-generated content through photos posted on social media platforms such as Facebook and Instagram. Using
Trolltunga as a case study, this paper will discuss what role social media plays in encouraging
people to visit destinations they have little or no
knowledge about. Secondly, it will look at some
of the positive and negative effects of tourism
when a destination receives an increased number
of tourists over a very short period. Finally, the
paper will discuss some of the reasons that tour84

ists ignore important information and increase
their risk-taking behaviour.
Tourism and social media
Nature-based tourism (NBT) is one of the fastest growing sectors within the tourism industry,
estimated to grow from 7% of global tourism to
25% by the end of 2020 (Honey, 2008). It often
involves excursions to national parks and wilderness areas where a large amount of the world’s
biodiversity is concentrated (Kuenzi & McNeely,
2008). Nature-based adventure tourism mainly involves activities with more physical danger, such as outdoor climbing or long-distance
hiking (Tourism Victoria, 2008). According to
Tourism Victoria (2008), NBT divides into five
main groups: ecotourism, adventure tourism, extractive tourism, wildlife tourism and geo-tourism. Trolltunga is an adventure-based tourism
destination that has seen a rise in activity due to
a variety of factors such as social media.
Moving forward, social media will have
a major impact on the tourism industry, especially adventure tourism. It is heavily reliant on
consumer opinion and the spread of information (Zeng & Gerritsen, 2014), which will become more affected by digital networks in the
future. The Adventure Tourism Development
Index Report (2015) suggests that nearly 69% of
adventure travellers conduct research online in
preparation for their trip. In addition, the percentage of adventure tourists using Facebook
and other social media platforms has doubled
between 2010 and 2013 (ATDI, 2015).
According to Xiang and Gretzel (2010),
search engines and social media are the two mega-trends that have significantly influenced the
tourism industry. Travelers frequently use social
media to search for, organize, and share their
travel experiences in online communities. The
World Travel Market Industry report (2015)
suggests that 4 out of 10 UK holiday travellers
said they posted photographs of themselves on
social media platforms while away. The report
also shows that nearly 86% said they would
use peer-to-peer sites, such as AirBnb and HomeAway, to book accommodation again rather
than traditional retail market accommodations
(World Travel Market, 2015).
In the field of tourism, user-generated
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content (UGC) on social media is a unique source
of influence on a destination’s image. UGC gives
specific information and reviews. As an indicator, UGC can help travellers decide where to go,
what to see, and when is the best time to visit.
Similarly, personal experiences and feedback are
available through social media. Online consumer and travel reviews provide a wealth of data
on this subject (Koltringer & Dickinger, 2015).
Recent data show that TripAdvisor reached over
200 million reviews, and Expedia registered 11
million reviews and feedback (Marine-Roig &
Calve, 2015).
Recommendations from friends and relatives using social media tend to have a more
powerful impact on travel decisions than traditional advertisement (Hudson et al., 2015). People are 15% more likely to base their travel plans
on tips from people they know (Hudson et al.,
2015). Research suggests that positive relationships with brands and travel destinations were
built using social media (Hudson et al., 2015).
The research also suggests that a positive image
and emotions built via social media are more
likely to lead to a direct outcome, such as a positive word-of-mouth reputation.
Public and private users can affect the
perception of risk at a destination by communicating through social media. The perception
of hazards plays a significant role in how people communicate about risk (Cui et al., 2016).
Further, the research states some of the most
important factors for influencing risk perception, including that women are more sensitive
to risk perception than men (Cui et al., 2016).
The research also found highly educated people
connected to social media and urban residents
have stronger risk perception. These factors link
to previous studies by Espiner (1999), who suggests that hikers’ perception of risk in natural
areas reflects natural resource management in
their home country. Moreover, Espiner points
out that the visitors’ interpretation of risk and
safety may not reflect the actual risk. Risk perception therefore gives a sense of false security
when people are outside of environments familiar to them.
Trolltunga, Norway
Trolltunga is a hallmark of Norway’s hiking

destinations. The increase in traffic at Trolltunga, originating both from domestic and international visitors, illustrates the industry’s tremendous growth (UNWTO, 2014). The recent
increase in the number of accidents and rescue
operations has risen with the number of hikers
at Trolltunga (NRK Hordaland, 2016a). There
is still debate about the cause of these accidents
and what measures can reduce the likelihood of
accidents and deaths. Trolltunga’s high rate of
accidents could potentially result from being one
of the best ‘selfie’ places in the world. It is typical
to meet people hiking Trolltunga who take photos of themselves either sitting or jumping close
to the cliff’s edge.
A New Zealand traveller described her
need for visiting this unique destination: “I have
seen the amazing photos of Trolltunga and I
could not stop thinking about it. I just had to
go here” (Adressa, 2016). Later in the interview,
the tourist admitted she had no idea the hike
was so difficult and that she had little knowledge
about getting there beforehand. She is not alone
in this experience. In fact, this interview indicates that lack of understanding may be a primary reason for the heightened rate of injuries on
the hike (Adressa, 2016). Clearly, some people
hike to explore Norwegian nature, but now large
volumes of tourists purely desire to bolster their
social media profile. A common mistake for
tourists is to underestimate the difficulty of the
hike. In response, Odda municipality has put up
information signs and warnings to educate tourists about the risks along the track, indicating
what clothes to wear and when it is safe to do the
hike. Near the edge of Trolltunga, there is also
a sign to warn people about getting too close to
the edge.
Unfortunately, people tend to ignore
these messages and some tourists end up in danger. The motivation for taking that one photo
outweighs the concern held by adventure tourists
for their personal safety. Further, the surrounding environment at Trolltunga is exotic to many
visitors. For some tourists, this might be their
first time standing next to a cliff or going on a
long hike. This drastic change in environment
could potentially lead to changes in behaviour.
Thus, according to Espiner (1999), people’s behaviour outside familiar environments tends to
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be more daring and involve more risks.
The debate regarding whether NBT in
Norway should have more stringent regulations
became especially relevant when an Australian
student died falling from a cliff at Trolltunga in
September 2015. This event initiated conversation about risk management and safety development in Norway. The exponential growth that
Trolltunga has witnessed in recent years, combined with this tragic event, has made reducing
the risk of personal injuries and rescue missions
a high priority.
While social media seems to have a
strong influence on the choice of destinations
made by adventure tourists (ATDI, 2015; UNWTO, 2014), social media alone might not be
the only reason that certain areas become more
popular. The tourism industry, specifically the
adventure tourism sector, is a complex system affected by many factors. Trolltunga’s rise in popularity could also be a consequence of fluctuating
exchange rates and growth in the global economy. The destination’s historical significance, level of development, and state regulations might
also affect traffic at the destination (UNWTO,
2014). Norwegian law gives anyone the right to
access natural areas, opening opportunities for
people to engage with the outdoors – a distinct
part of Norwegian culture and identity. Therefore, areas such as Trolltunga can be difficult to
manage if introducing new rules may contradict
this open-access law.
The Norwegian government has identified NBT as a source of potential growth for
the economy. Its reliance on oil exports, and the
steady decline of that industry, makes tourism
an increasingly attractive alternative for wealth
generation. A 2015 report showed that Norwegian tourism generates over 70 billion NOK
(aprox. 8 billion USD) per year (Menon Business Economics, 2015). As a result, the government has announced that a new tourism policy
will be discussed going forward. The best policy
will involve allocating a larger share of funding
toward NBT, which will help Norway keep up
with trends in future growth within the tourism
sector. Recently, Norway has developed a new
marketing strategy to encourage both domestic
and international tourists to travel within the
country. They have also worked on their brand as
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a destination, incorporating the slogan “powered
by nature”, putting nature-based experiences in
focus and making it the primary reason for traveling to Norway.
When tourists think of Trolltunga, they
likely imagine a place where they can be closer
to nature. Most photos of Trolltunga show less
than five people in the frame. However, people
have to stand in line for up to an hour to get out
on the cliff (Adressa, 2016). This might lead to
disappointment and dissatisfaction among tourists and give the locale a negative reputation. The
number of rescue operations and unprepared
tourists may also increase Trolltunga’s chances
of acquiring a bad reputation. The circulation
of these bad experiences on social media and
through word-of-mouth is a distinct possibility.
Recent research demonstrates that UGC
increases risk-taking if users see that peers have
already participated in risky adventure tourism activities (Plank, 2016). Tourist behaviour
at Trolltunga, where people frequently ignore
safety warnings, could contribute to this practice. Reckless behaviour might be encouraged by
the fact that UGC at Trolltunga often consists
of photos with people sitting or jumping close
to the edge of the cliff. These online photos, as
mentioned earlier, are also a big motivation for
tourists to travel to Trolltunga.
It is important for people to be responsible for evaluating content they find on social media and translate this into safe and appropriate
behaviour. Plank’s research suggests that users
need to double-check UGC and assess the risk
of an activity before imitating the act (Plank,
2016). At the same time, if the content on social
media does not clarify or inform about the risks
associated with certain behaviour, people may
not be aware of the danger. They may simply be
ignorant about and exposing themselves to unnecessary hazards. In their minds, their actions,
such as confronting the tip of Trolltunga or going hiking without the right equipment, may not
be as dangerous as they think. However, without any targeted research, it is hard to determine
if this is the reason for risk-taking behaviour
among tourists at Trolltunga. Although, interviews in recent news articles indicate that most
of the tourists who have been injured or rescued
have not been prepared and are not aware of the

The effects of social media on risk taking behaviour in nature-based tourism areas

Photo: Mariann Høgevold Midbøe

89

NMBU Student Journal of Life Sciences - Volume 7 - 2017

difficulty of this hike.
People find it difficult to evaluate and
reflect upon actual risks of an outdoor sport acitvity thorugh UGC (Plank, 2016). It is hard to
manage UGC on social media and therefore no
one has total control over what type of information is accessible. Tourists are also not always capable of discerning the reliability of information
they see, the information given might also lead
to confusion for the tourists. As a result, this
could lead to dangerous risk taking behaviour
that originates from potentially misleading information.
Murphy et al. (2007) examined the
link between the role of information, travel behaviour, and choice of destination. They found
that different sources of word-of-mouth communication lead to differences in travel behaviours and choices when at the destination.
Information gained through UGC and word-ofmouth reputations might be leading tourists at
Trolltunga to engage in risk-taking behaviour.
Conclusion
The literature suggests there are several reasons for tourists’ motivations, perceptions and
risk-taking behaviours while engaging in NBT.
NBT destinations such as Trolltunga have highlighted exponential growth in visitor numbers,
and this has coincided with an equivalent increase in rescue operations and accidents during
recent years. There is a high possibility that social media may have contributed to the spread
of information online about Trolltunga and, as a
result, more people want to visit this destination.
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However, the reasons for injuries and rescue operations might not only be related to the effect
of social media on risk taking behaviour. Factors such as general tourism behaviour, wordof-mouth information, and decision-making
models can help us to understand the underlying
effects of risk-taking behaviours.
There seems to be a complex network
of different factors affecting tourism in nature-based areas, but there is not yet enough
research to fully comprehend the role of social
media and the effects it has on NBT on a wider
scale. Future studies should consider the motivation for picking destinations and how this relates to social media. It would be of interest considering how much of this information and new
knowledge is used while actually being on site.
Because the challenges of demonstrating and measuring the influence of social media on behaviour are so complex, there is a need
for deeper examination and understanding of
tourist behaviour. A large amount of the world’s
population interacts with social media on technological devices daily. The global trends are
clear: people are traveling more in general, and
nature-based destinations seem to attract more
tourists than ever before. Norway has great potential for thriving nature-based and adventure
tourism industries. However, it is crucial to
maintain the balance between conservation and
responsible use of natural attractions. Therefore,
sustainable management and development of
these areas is important to maintain so that we
can create destinations people will want to visit
in the future.

The effects of social media on risk taking behaviour in nature-based tourism areas

References

Adressa, (2016, 7th October). Opp mot 100.000 er ventet
til Trolltunga i år (Up to 100,00 are expected to Trolltunga this year). Retrieved from
http://www.adressa.no/reise/article831742.snd
Adventure Tourism Development Index (ATDI) (2015,
March). The 2015 Report. Retrieved from: http://www.
adventureindex.travel/docs/atdi_2015.pdf
Cui, F., Liu, Y., Chang, Y., Duan, J. & Li, J. (2016). An
overview of tourism risk perception. Natural Hazards,
82(1), 643- 658.
Espiner, S. R. (1999). The use and effect of hazard warning
signs. Managing visitor safety at Franz Josef and Fox
Glaciers. Department of Conservation, Wellington,
New Zealand.
Honey, M. (2008). Ecotourism: Who owns paradise? (2nd
ed.). Washington, DC: Island Press.
Hudson, S., Roth, M. S., Madden, T. J. & Hudson, R.
(2015). The effects of social media on emotions, brand
relationship quality, and word of mouth: An empirical
study of music festival attendees. Tourism Management,
47, 68-76.
Kirkpatrick, D. (2010). The Facebook Effect. New York,
NY: Simon & Schuster, Inc.
Koltringer, C. & Dickinger, A. (2015). Analysing destination branding and image from online sources: A web
content mining approach. Journal of Business Research,
68(9), 1836-1843.
Kuenzi, C. & McNeely, J. (2008). Nature-based tourism.
Global Risk Government, 1, 155-178.
Marchiori, E. & Cantoni, L. (2015). The role of prior
experience in the perception of a tourism destination in
user-generated content. Journal of Destination Marketing and Management, 4(3), 194-201.
Marine-Roig, E. & Calve, S. A. (2015). Tourism
analytics with massive user-generated content: A case
study of Barcelona. Journal of Destination Marketing &
Management, 4(3), 162-172.
Menon Business Economics (2015, January). Verdiskapingsanalyse av reiselivsnæringen i Norge – utvikling
og fremtidspotensial (Value creation analysis of the
tourism industry in Norway - development and future
potential). Retrieved from https://www.regjeringen.no/
contentassets/78e603ad6c8e432695d2bca64fe54d3f/
verdiskapingsanalyse-av-reiselivsnaringen-sluttrapport-28--januar-2015.pdf
Murphy, L., Mascardo, G. & Benckendorff, P. (2007).

Exploring word-of-mouth influences on travel decisions: Friends and relatives vs. other travellers. International Journal of Consumer Studies, 31, 517–527.
NRK Hordaland. (2016a, 31st August). Ti redningsaksjoner til Trolltunga på ni dager (Ten rescue operations
at Trolltunga in nine days). Retrieved from https://
www.nrk.no/hordaland/ti-redningsaksjonar-til-trolltunga-pa-ni-dagar-1.13113589
NRK Hordaland. (2016b, 23rd November). Fra
800 til 80 000 turister til Trolltunga på seks år
(From 800 to 80 000 tourists at Trolltunga in
six years). Retrieved from https://www.nrk.no/
hordaland/endelige-tall_-80.000-besokte-trolltunga-i-2016-1.13233759
Plank, A. (2016). The hidden risk in user-generated content: An investigation of ski tourers’ revealed risk-taking behaviour on an online outdoor sports platform.
Tourism Management, 55, 289-296.
Tourism Victoria. (2008). Victoria’s nature-based tourism
strategy 2008-2012. Melbourne, Australia: Tourism
Victoria. Retrieved from http://www.tourism.vic.gov.
au/images/stories/Documents/StrategiesandPlans/Victorias-Nature-Based-Tourism-Strategy-2008-2012.pdf
United Nations Environmental Programme (UNEP)
(2015). A practical guide to good practice for tropical
forest-based tours. Retrieved from http://www.rainforest-alliance.org/business/sites/default/files/site-documents/tourism/documents/good_practice.pdf
World Tourism Organization (UNWTO) (2014, October). Global report on adventure tourism. Retrieved from
http://cf.cdn.unwto.org/sites/all/files/pdf/final_1global_report_on_adventure_tourism.pdf
World Tourism Organization (UNWTO) (2016, January). International tourist arrivals up 4% reach a record
1.2 billion in 2015. Retrieved from http://media.unwto.org/press-release/2016-01-18/international-tourist-arrivals-4-reach-record-12-billion-2015
World Travel Market (2015, November). Industry Report.
Retrieved from http://chiletourism.travel/Industry-Report-2015.pdf
Xiang, Z., & Gretzel, U. (2010). Role of social media in
online travel information search. Tourism Management,
31(2), 179-188.
Zeng, B. & Gerritsen, R. (2014). What do we know
about social media in tourism? A review. Tourism Management Perspectives, 10, 27-36.

91

NMBU Student Journal of Life Sciences - Volume 7 - 2017

About the authors

Pernille Eriksdatter
Giske
Pernille is a master’s student in Natural Resource Management. She holds a BSc in Renewable Energy from Sogn og Fjordane University
College and, as a part of her degree, she spent a
semester studying in Germany. She is currently
writing her master’s thesis on how life history
and environment influences Svalbard reindeer’s
antler growth. Her academic interests include
environmental law, wildlife management, and
Arctic management and conservation.

Fredrik Garnås
Rylandsholm
Fredrik is an MSc student in Chemistry and is
currently in a year-long exchange to the Technical University of Denmark (DTU). His field of
study is organic synthesis, and his exchanges to
DTU and Svalbard serve to both broaden and
focus his degree. Currently Fredrik centres his
work on academic writing, lab procedures, and
synthesis of new compounds.
92

Neil Davey

Neil is in his final year of a master’s degree in International Environmental Studies. For his thesis, Neil is exploring the impacts, expectations
and perceptions of using off-grid renewable energy systems in rural communities, including
what motivates their decisions, how it affects
them, and how it shapes their views on environmental sustainability. Neil is also a professional
photographer and uses photography as his main
research methodology.

Jenni Engstrøm
Svartor
Jenni is completing her master’s in Nature-Based
Tourism at the Faculty of Environmental Sciences and Natural Resource Management
(MINA). She holds a bachelor’s degree in Biology from the University of Bergen. Her passion
for traveling and interest in nature and wildlife
have motivated her to spend semesters abroad in
New Zealand, Australia, and Brazil.

About the authors

Jessica K.
Giannoumis
Jessica is a final-year master’s student in International Environmental Studies. She holds a bachelor’s degree in Media Science with a specialization in Human Geography. Her thesis research
explores underwater noise pollution regulations
and its effects on both the environment and different stakeholder groups.

Lukas Leitinger

Lukas is a BSc student in International Environment and Development Studies. His passion
lies in the ocean and the abundance of life it supports. His studies concentrate on society’s understanding and valuation of ocean ecosystems.

Martin Paliocha

Martin is an MSc student in Molecular Biology
and Evolution. He holds a BSc in Biology from
NMBU and primarily focuses on molecular
plant ecology and phylogenetics. For his master’s
project he is studying the molecular evolution of
vernalization response in the grass family (Poaceae).

Patrick Bolliger

Patrick is a second-year bachelor’s student in
International Environment and Development
Studies. Originally from Australia, his academic interests include coastal ecology and aquatic
resource management.

Kingsley Osei
Oteng
Kingsley is a first-year master’s student in Biotechnology with a specialisation in Microbiology. Last year, he earned his bachelor’s degree in
Chemistry. His current interests centre around
the study of bacteria.

Carlin Senst

Carlin is an MSc student in Ecology who has
a particular interest in environmental disease
management and the One Health Initiative.
Carlin received her BSc in Ecology and Evolutionary Biology from the University of Colorado at Boulder, and she plans to focus her future
research on how ecological factors influence the
epidemiology of diseases in multi-host systems.
93

NMBU Student Journal of Life Sciences - Volume 7 - 2017

Photo: Kristian Haraldsen

94

Guidelines for authors
Submissions for NMBU Student Journal of Life Sciences Volume 8 should be submitted to
studentjournal@nmbu.no
Publishing a paper offers students the opportunity to showcase their work at NMBU as well
as to a wider audience outside the university. It is also a valuable experience in editing and
publishing academic writing. The Journal offers students assistance in improving their writing
to meet academic publication standards.
Eligibility
Submissions are open to all current NMBU students at PhD, master’s, and bachelor’s levels,
as well as recent graduates. The submission should be written to academic standards and the
subject matter of the submissions should relate to study fields at NMBU.
Guidelines
R5
,#..(5#(5(!&#-"5),5),1!#(
R5
#,)-) .5),5)/'(.
R5
#'-515)'(65-#45gh65g8k5-*
R5
 5,0,5-.3&5, ,(5-.3&85)(0,.5."5)/'(.5.)5*&#(5.2.5 ),55 5
submitting if EndNote or other referencing program is used.
R5
/'#..5**,-5-")/&55&#'#.5.)5kfff51),-52&/#(!5ŀ!/,-65.&-65(55 5
references.
R5
#!/,-5(5.&-5'/-.5"05.#.&-65(/',#&&35, ,(5#(5."5.2.85
R5
Ļ5/."),B-C5('B-C65'/-.55,')05 ,)'5."5)/'(.5(5."5)/'(.]-5ŀ&55
name.
R5
/'#.5."5**,5#(5(5'#&5.".5#(&/-5/."),B-C5('B-C65-./35*,)!,'65&0&5) 55
study, and for which purpose the paper was originally written.
R5
&&5/."),-5.".5")-5.)5-/'#.55**,5'/-.551#&&#(!5.)51),%5)(5#'*,)0#(!5."#,55
paper to meet academic publication standards.
The NMBU Student Journal of Life Sciences Volume 8 is expected to be published in Spring
2018.

