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Abstract

Species interactions in the Arctic are affected by the ongoing climate change, yet interactions
between plant species and insects remain poorly understood. In this thesis, the interaction
between the seed bug Nysius groenlandicus and its host plants across a climate gradient has been
investigated. Feeding preference was examined using choice and no-choice assays across different
temperature treatments. Feeding time varied with temperature and seed species, indicating
that seed preference changed with temperature. Nutritional composition was analysed in N.
groenlandicus and in three different plant species: Bistorta vivipara, Dryas integrifolia and
Silene acaulis. Nutrient content of protein, carbohydrate and lipids differed between seed species,
temperature treatments and habitats, suggesting that both plant nutritional composition and
environmental conditions may influence seed bug nutritional composition. Feeding by the seed
bug had different effects on seed germination depending on plant species, collection location
and feeding duration. Germination of S. acaulis generally increased after exposure to N.
groenlandicus, suggesting that feeding may promote germination in some species. D. integrifolia
had overall low germination, with feeding duration having a significant effect on germination.
B. vivipara had contrasting germination responses between locations and feeding duration,
indicating that the effect of feeding by N. groenlandicus may depend on local environmental
conditions. Overall, it was found that the interaction between N. groenlandicus and Arctic
plant seeds is affected by environmental conditions, and that the effect might be species specific
between seed bugs and their host plants. Further research is necessary to understand this Arctic
interaction.
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1 | Introduction

1.1 The direct and indirect effects of climate change on Arctic
ecosystems

The Arctic is characterized by tundra vegetation, with low shrubs, tussocks of grasses and cushion
forming plants and it is characterized by the variation in soil moisture and snow accumulation
[Callaghan et al., 2004]. The Arctic ecosystem is furthermore characterized by its lack of trees,
with its latitudinal placement being above the natural treeline [Callaghan et al., 2004]. The
Arctic is experiencing the fastest rate of warming compared to the rest of the globe [Rantanen
et al., 2022]. The air temperature in the Arctic has gone up by 2.7°C between 1971 and 2017.
The thaw depths of the permafrost around Zackenberg have increased by 1.6 cm pr. year
between 1997 and 2010 [Box et al., 2019]. Meanwhile, the global mean surface temperature has
increased by just 0.4°C in the past 150 years [Post et al., 2009]. The warming of the Arctic is
causing irreversible melting of the permafrost as well, as resulting in release of water, CO2 and
methane, further accelerating the impact of climate change [Overland et al., 2019]. Furthermore,
precipitation in the Arctic is predicted to increase, with the increasing amount falling as rain
instead of snow, resulting in a wetter Arctic, with more river discharge and less snow [Overland
et al., 2019; Walsh et al., 2011]. A wetter Arctic can contribute to browning of vegetation,
due to thaw-freeze events were water, either from rain or melting, is frozen encapsulating the
vegetation in ice, resulting in either mortality of the vegetation or reduced fitness [Moullec and
Bender, 2022]. Climate change is inducing habitat loss, mismatch of phenology, introduction of
invasive species and the elimination of key species [Prakash and Verma, 2022; Post et al., 2019;
Moullec and Bender, 2022].

A northward migration of woody species, has been found in sheltered valleys above the normal
treeline in Alaska, suggesting a rapid northward expansion when the conditions are improving
with climate change [Callaghan et al., 2004]. Shrubs colonize most effectively after a disturbance,
and can therefore be strongly influenced by a change in climate. Woody species, such as shrubs,
can have an influential effect on ecosystem structure, due to their ability to dominate the
canopy and thereby reduce light availability for understory species [Callaghan et al., 2004]. The
expansion of shrubs in the Arctic can also alter the snowpack in the winter, affecting winter soil
decomposition and nutrient release, creating a positive feedback loop for shrub growth, which
will reshape the plant–herbivore dynamics [Sturm et al., 2001; Niittynen et al., 2018; Moullec
and Bender, 2022; Post et al., 2023]. Graminoid species have important ecosystem functions,
including methane transportation, whereas shrub species reduce rates of nutrient cycling and
winter albedo [Callaghan et al., 2004; Moullec and Bender, 2022]. Cushion plants found in alpine
and Arctic areas act as foundation plants for other plant species and invertebrates. Due to their
cushion structure, they help capture moisture and shade, creating a favorable microclimate for
other plant species and invertebrates to facilitate [Molenda et al., 2012].
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Due to warmer temperatures, the otherwise short growing season in the Arctic has increased,
resulting in invertebrate appearance and plant flowering advancing by up to 20 days [Post et al.,
2009]. However, this earlier onset of the growing season, can have a negative impact of insect
species, that rely on the timing of plant flowering for reproduction [Post et al., 2009; Høye, 2020].
Longer seasons and warmer temperatures also opens the doors for more species’ ability to thrive
in the Arctic environment [Taylor et al., 2020]. This can allow for borealization of the Arctic.
With the increase in temperature, generalist boreal species, adapted to these ’new’ conditions in
the Arctic, can migrate up, and act as a competition for the highly specialized endemic Arctic
species, either through parasitism, hybridization or predation [Moullec and Bender, 2022].

1.2 Seed predation and nutrient preference in Arctic food webs

General theory predicts that Arctic ecosystems should be weakly structured by species
interactions due to low productivity and high latitude [Oksanen and Oksanen, 2000; Pennings and
Silliman, 2005; Oksanen et al., 1981; Richards and Coley, 2007; Schmidt et al., 2017]. However,
it has been demonstrated that High Arctic invertebrate food webs are instead dominated by
strong top-down and bottom-up indirect effects [Roslin et al., 2013]. This is largely due to broad
generalism across multiple trophic levels, which gives rise to many indirect interactions, both
plant-mediated (bottom-up) and predator-mediated (top-down) [Barrio et al., 2016].

Arthropods are among the most numerous organisms in the Arctic. They fill out multiple
ecological functions, such as decomposition and pollination, they are also an important food
source for higher trophic levels, underscoring their ecological importance [Schmidt et al., 2017;
Roslin et al., 2013; Wirta et al., 2015]. In particular, the responses of terrestrial Arthropods and
their interaction webs to climate change are poorly understood [Schmidt et al., 2017]. Changes
in arthropod abundance and distribution have already been observed in the Arctic and may
affect food webs, with trends pointing to a shift from detritivore populations towards herbivorous
populations [Koltz et al., 2018; Høye, 2020]. Considering the ecological importance of arthropods,
such changes emphasize the need to address existing knowledge gaps and to better understand
how climate change affects arthropod communities and Arctic vegetation, including plants that
depend on pollinators for reproduction or are affected by herbivory [Taylor et al., 2020].

Insect seed predators can directly impact the abundance of plant species, either by killing seeds,
sucking out nutrients without lethal damage resulting in an alteration of nutrients, or introducing
pathogens [Yi et al., 2021]. Furthermore, this can have an indirect effect on other seed feeding or
herbivorous species [da Silva and Rossi, 2019]. With the direct impact seed predators can have
on the ability for seeds to germinate and their future fitness, this top-down interaction between
insects and plants can affect the colonization and regeneration of specific habitats [da Silva and
Rossi, 2019]. Seed predators attack seeds either post- or pre-dispersal, and either leave the
seed damaged, affecting its ability to germinate, or consume the seed completely [Lewis and
Gripenberg, 2008]. Pre-dispersal seed predation is similar to having a smaller crop size, whereas
post-dispersal can alter the spatial distribution of seeds [Lewis and Gripenberg, 2008]. However,
predation does not necessarily have a negative impact on the plant species, since it can leave
room for growth among seeds dispersed close to each other, and help remove otherwise non-viable
seeds [Lewis and Gripenberg, 2008]. Furthermore, some plant seeds are dependent on getting
their seed husk perforated by a seed predator, to allow water penetration and thereby break
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dormancy [da Silva and Rossi, 2019].

Invertebrate seed predators can be limited in their diet by the functional traits of the seed, such
as size and phylogeny. Diet breadth of seed predators can vary from year to year [Lewis and
Gripenberg, 2008]. Climate change can lead to higher seed yield and more regular flowering,
which will have a positive effect on the seed predator population size [Lewis and Gripenberg,
2008]. Latitude also brings variation in seed predation, with lower latitudes experiencing more
seed predation than higher latitudes. Furthermore defensive traits of oak trees were found to
be increased at higher latitudes [Moreira et al., 2020; Hargreaves et al., 2019]. Less defense
found at lower latitudes corresponded to higher seed mass found in seeds, which increased the
likelihood of survival of the seed following an attack [Moreira et al., 2020]. Higher and less variable
temperatures can increase population size for especially insect seed predators [Hargreaves et al.,
2019]. Invertebrate seed predators affect plant fitness more directly than herbivory, with this
effect being more pronounced at low latitudes, resulting in more specialized plant defense and
interactions among seed predators and plant species [Hargreaves et al., 2019]. Furthermore,
seed sucking insects can impact the nutritional composition of seeds after feeding, yielding a
higher protein content and reduced lipid content in the seed [Yi et al., 2021]. Slow-germinating
seeds are more exposed to seed predators, than fast germinating seeds. At high latitude and
elevation slow germinating seeds can be protected by a layer of snow for a longer time, creating
a protective barrier between the seed and the predator [Hargreaves et al., 2019]. Plants in high
latitude ecosystems can not escape seed predators through phenological shifts the same way as
temperate and tropic plants can, due to the short growing season [Molau et al., 1989]. However, in
this case insect seed predation can have a positive influence on genetic diversity. In a sub-Arctic
population of B. alpina seed predation was strongest during the middle of the growing season,
whereas seeds produced early and late in the season experienced a lower predation pressure.
These early and late produced seeds showed more genetic diversity and a lower proportion of
selfing. Although seed predation reduced seed survival, it may indirectly increase genetic diversity
by disproportionately removing seeds produced during periods with higher selfing rates [Molau
et al., 1989].

At optimum temperatures insects will need fat and protein sources for moulting, growth and
reproduction. This is evident when choice assays have been performed on phytophagous insects,
where host plants with high nitrogen, lipid and protein content were preferred [Raman, 1987].
Especially lipids are important during development. Many insects are not able to synthesize lipids
themselves, and are dependent on receiving them from other sources [Maharjan et al., 2020]. It is
furthermore found that insects reared on poor quality diets have a harder time utilizing ingested
lipids, and tend to store them, resulting in longer developmental time [Maharjan et al., 2020].
Lipid content is important for female seed bugs, which prefer to oviposit on seeds with a greater
lipid content. However, females also tend to choose larger seeds compared to smaller seeds
[Maharjan et al., 2020].

At temperatures outside the optimum carbohydrates will act as a more useful nutrient, due to it
being easier to convert to energy [DeVries and Appel, 2014]. Fats are used for long term energy
storage and cell membrane construction, but they are not necessarily essential for survival, and fat
consumption will for this reason be low outside optimum temperatures [DeVries and Appel, 2014].
As temperatures increase, so does metabolism [Hardison and Eliason, 2024; Iltis et al., 2021]. A
rise in metabolic demand entails a need for more energy, this is disclosed in The Macronutrient
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Ratio Hypothesis (MRH), which is a proposed explanation for the change in food preference in
ectotherms when the temperature changes [Hardison and Eliason, 2024]. The MRH suggests
that Carbohydrates are a more readily available energy-source, compared to the metabolizing of
protein that is a more complicated process, and that with higher temperatures, and thereby a
higher metabolism, carbohydrate rich food will be the better food source [Hardison and Eliason,
2024; Andersen et al., 2010; Anderson et al., 2017]. Furthermore, a diet high in Carbohydrate
can lead to an increased CTmax [Iltis et al., 2021]. This is partly due to the high demand of ATP
under heat stress which is readily generated from sugars. ATP enables the synthesis of heat-shock
proteins [Iltis et al., 2021]. However, some studies find that protein becomes a more favorable
nutrient with increasing temperatures [Lemoine et al., 2013; DeVries and Appel, 2014]. At higher
temperatures an elevation in protein turnover due to protein denaturing and the synthesis of
heat-shock proteins occurs, leading to nitrogen-rich plants becoming an increasingly preferred
food source with climate change, and leads to a reorder of feeding preferences, ultimately altering
plant communities due to a change in herbivory [Lemoine et al., 2013; Lemoine and Shantz, 2016].
This indicates that the MRH cannot be applied universally, and that macronutrient selection
can be species specific [DeVries and Appel, 2014].

1.3 Plant reproduction in a warmer Arctic

It has previously been acknowledged that Arctic plants relied more on asexual (vegetative)
reproduction than sexual reproduction (seeds), due to the harsh conditions and short growing
period of Arctic ecosystems. However, due to the amount of genetic diversity, and the
germinability of Arctic plant seeds in laboratory experiments, this is becoming less considered
[Müller et al., 2011].

Temperature has an positive effect on seed production and seed germination, with temperatures
between 12°C and 20°C being optimal [Müller et al., 2011]. The way ambient temperature is being
measured in Arctic areas, cannot stand in for the temperatures being experienced by organisms,
due to the solar radiation. Meteorological temperature readings are generally measured by 2
m air temperature [Körner, 2016]. Yet plants can experience daytime temperatures up to 30°C
when the air temperature is 8°C. Furthermore, plants can accommodate the temperature they
experience, by reducing size, have antifreeze properties and grow in cushions [Körner, 2016].
Phenology is one of the most important adaptations of plants to cold environments [Körner,
2016; Wang et al., 2020]. When exposed to experimental warming, phenology was impacted
by earlier leaf growth and flowering. When experimental warming was induced in low Arctic,
a shift from reproductive effort to vegetative growth happened, whereas it was opposite when
induced in high Arctic [Crawford, 2008; Wang et al., 2020]. This difference between Low and
High Arctic is explained by the competition for nutrients and light in the low Arctic, resulting in
more growth being the best strategy, whereas the higher reproductive effort in the high Arctic,
could help colonize unvegetated areas [Crawford, 2008; Totland and Nyléhn, 1998].

Seed dormancy plays a vital role in plant reproduction. Dormancy ensures that the plant seeds
do not germinate under unfavorable conditions. Many Arctic plant species have a physiological
dormancy, which requires a period of constantly low temperatures to break dormancy. This cold
period is known as stratification and it ensures that the plant seeds only germinate when the
conditions are right when winter is over and the growing season begins [Baskin and Baskin, 2014;
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Cavieres and Sierra-Almeida, 2018]. When dormancy has been broken, factors like temperature,
light availability and moisture have an effect on the germination of seeds. Desiccation is a threat
to plant seeds, and microhabitats consisting of lichen mats and cushions are for this reason
important for the survival of seedlings [Müller et al., 2011; Bell and Bliss, 1980].

With increasing climate change, weather variations can occur bringing thaw-freeze events and
summer drought, which can impact the fitness of plant seeds allowing for pathogenic attack, and
in worst case lead to mortality [Connolly and Orrock, 2015; Bell and Bliss, 1980].

1.4 Aim of paper

Climate change is affecting Arctic ecosystems at a faster rate than most other ecosystems, yet
the effects of climate change on insect–plant interactions are poorly understood. Due to the
influence seed-predating insects can have on plant reproduction, it is important to understand
how this interaction is impacted by environmental change. To increase our understanding of how
climate change is likely to affect insect seed predators and plant communities, we investigated
the interaction between the Greenlandic seed bug (Nysius groenlandicus), originating from a
sub-Arctic site (Narsarsuaq) and a High Arctic site (Zackenberg), and its host plants (Dryas
integrifolia, Silene acaulis and Bistorta vivipara).

To investigate this interaction, three experimental approaches were used. First, controlled feeding
experiments were conducted to examine how temperature affects the feeding behaviour of N.
groenlandicus. No-choice and choice assays were used to test how feeding patterns differed
among plant species and temperature treatments.
Second, nutritional analyses were conducted to explore whether seed preference could be related
to differences in macronutrient composition. Protein, carbohydrate and lipid contents were
measured in seeds of Dryas integrifolia, Silene acaulis and Bistorta vivipara, and in seed bugs
exclusively fed on the three seed species over three durations (24 hours, 72 hours and 120 hours).

Finally, germination experiments were used to assess how feeding by the seed bug affects plant
reproduction. Seeds of D. integrifolia, S. acaulis and B. vivipara were exposed to N. groenlandicus
for different durations (24 hours, 72 hours and 120 hours). Seeds were collected from either
Narsarsuaq or Zackenberg and kept under ambient temperature conditions. A third group of
seeds collected in Narsarsuaq was kept in the laboratory at a higher temperature to create a
climate gradient.

(1) It is expected that feeding behavior is affected by temperature, and that feeding on different
seed species will shift with temperature treatments.

(2) It is expected that variation in the nutritional value of the plant seeds, and their effect on
the nutritional content of the seed bug, will align with the preferences observed in the no-choice
and choice assays.

(3) It is expected that feeding by N. groenlandicus will affect the germination of plant seeds.
Longer exposure to seed bugs is expected to reduce germination, and that seed germination after
exposure to feeding will vary between locations.
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2 | Materials and Methods

2.1 Collection locations and sampling

Collection of the seed bug Nysius groenlandicus was carried out in the area of Narsarsuaq, South
Greenland (61°09’21"N, 45°25’13"W), between the 26th of July and 8th of August 2025, and
in Zackenberg, Northeast Greenland (74°28’11"N, 20°34’24"W), between the 18th and 26th of
August 2025. Individuals were collected using insect nets in the taller and more lush vegetation
in Narsarsuaq, while individuals were collected by hand in Zackenberg due to more barren areas
and lower vegetation. Only female imagoes were used in this study [Böcher and Nachman, 2001].

Individuals of Nysius groenlandicus used for nutritional condition analysis were kept in a freezer
as soon as possible after collection. Individuals of N. groenlandicus collected in the field were
kept in an insulated box with freezer blocks until they could be transferred to a freezer. N.
groenlandicus used for feeding behaviour analysis were collected in Greiner tubes and transferred
to 9 cm Petri dishes as soon as possible, where they were kept in a model KBWF 720, Binder
climate chamber (Tuttlingen, Germany).

Seeds used in feeding experiments and for nutritional analysis were collected in both South
Greenland and NE Greenland during the same time period as N. groenlandicus. Seeds were
identified using Böcher et al. [1978].

Silene acaulis, also referred to as the moss campion, is a herbaceous perennial plant characteristic
of the Arctic tundra. It grows in tight aggregations (cushions). S. acaulis is often found in
disturbed tundra and glacial moraines. S. acaulis has a gynodoecius breeding system with both
females and hermaphrodites, both of which produce seeds [Morris and Doak, 1998].
Bistorta vivipara produces bulbils rather than seeds. Bulbils are clonal propagules lacking a seed
coat, making them more vulnerable to desiccation. However, when tested, bulbils showed high
germination percentage, indicating that their vulnerability might not be as apparent as thought
[Bills et al., 2015].
Dryas integrifolia collected from NE Greenland, is highly hybridized with Dryas octopetala
[Elkington, 1965]. This hybridization was not accounted for when collecting seeds, and seeds
from Zackenberg will therefore be referred to in this thesis as D. integrifolia. Seeds were stored
in coffee filters until they were dried using a desiccator with silica and sorted into Eppendorf
tubes. In Narsarsuaq this was carried out immediately after collection. However, seeds from
Zackenberg were stored in coffee filters and transported back to Denmark before being dried and
sorted. After drying, seeds were kept at 5°C in Eppendorf tubes in the dark.

All seed species used in the choice and no-choice experiments were collected in South Greenland.
Seeds of: Angelica archangelica, Juncus trifidus, Luzula multiflora, Carex stylosa, Luzula spicata
and Bistorta vivipara were collected and used for the feeding experiment in July 2024.
Bistorta vivipara was further collected and used in the feeding experiment in July 2025, together
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with Dryas integrifolia and Silene acaulis.

2.2 Experimental design

To investigate the interaction of N. groenlandicus and its host plant seeds, three independent
experiments were carried out.

2.2.1 Experiment 1: Feeding behavior of N. groenlandicus

To test the effect of temperature on feeding behaviour, choice and no-choice feeding assays were
conducted at temperatures between 0°C and 25°C. In the no-choice assay, individuals of N.
groenlandicus were offered one seed species, to determine the total feeding time on a given seed
species at different temperatures. In the choice assay, individuals were offered three different
seed species and a piece of foam to choose from at different temperatures. These assays were
performed across three years, with different combinations of single seed species in the no-choice
assays and mixtures of seed species in the choice assay (table 2.1). Both types of assays were
performed in 24-well tissue plate (15 mm diameter). Individuals were placed in each well with
the corresponding amount and type of seeds, as disclosed in table 2.1.

Table 2.1. Overview of the seed species and treatments in the choice and no-choice feeding assays.
Experiments were carried out during the summer 2023, 2024 and 2025 in Narsarsuaq, South Greenland.
Seed species listed within the same choice column were tested together in the same choice assay. Not all
seed species were tested in the same choice assay.

2023 Treatment Temperature

Angelica arhcangelica No-choice

Choice 0, 5, 10, 15, 20, 25 °CJuncus trifidus N/A

Luzula multiflora N/A

2024 Treatment Temperature

Bistorta vivipara No-choice

Choice

0, 5, 10, 15, 20, 25 °C

Carex stylosa No-choice

Luzula spicata No-choice

Luzula multiflora No-choice

ChoiceJuncus trifidus No-choice

Angelica archangelica N/A

2025 Treatment Temperature

Dryas integrifolia No-choice

Choice 0, 5, 10, 15, 20, 25 °CSilene acaulis No-choice

Bistorta vivipara N/A
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2.2.2 Experiment 2: Nutritional analysis of N. groenlandicus and plant
seeds

To understand how feeding on different seed species affected the nutritional composition of
N. groenlandicus, individuals were either fed different seed species under field conditions or
under controlled laboratory conditions. Individuals were kept on one seed species for three
different durations: 24, 72 and 120 hours. Individuals exposed under laboratory conditions were
kept at 20°C (±0.5°C) in a model KBWF 720 Binder climate chamber (Tuttlingen, Germany)
using individuals collected in Narsarsuaq. The Narsarsuaq treatment was exposed to ambient
temperature conditions (12.04°C ±2.64°C), measured by a TMS-4 Standard data logger (Prague,
Czech Republic) placed outside with the Petri dishes. Zackenberg individuals were exposed to
ambient temperature conditions in Zackenberg (5.85 ±2.31°C), measured by a Lascar Easylog
EL-SIE-2 data logger (Salisbury, United Kingdom). Seven seed bugs were kept in 9 cm standard
Petri dishes for each feeding duration (table 2.2). The amount of seeds added to each Petri dish
was based on seed mass and availability of the seed species (table 2.2). When the specific feeding
duration had passed, seeds were transferred to standard Eppendorf tubes and dried as explained
in section 2.1. Seed bugs were transferred to standard Eppendorf tubes and frozen immediately
after the end of the experiment, to prevent biological degradation before the nutritional analysis.
Before analysis, all samples were weighed. During analysis, all samples were kept on ice to
prevent sample degradation.

Table 2.2. Overview of treatments used for the nutritional analysis. Individuals of Nysius groenlandicus
were exposed to one of three seed species, Bistorta vivipara, Silene acaulis or D. integrifolia, for durations
of either 24 hours, 72 hours or 120 hours prior to the nutritional analysis. For each seed species and
duration, five replicate Petri dishes were used, each containing seven seed bugs. N groenlandicus were
collected from Narsarsuaq and Zackenberg, with a total of 399 individuals from Narsarsuaq and 210
individuals from Zackenberg.

Duration Seed species Seed bugs per replicate Seeds per replicate

24 h B. vivipara 7 20 (0.7 g)

24 h S. acaulis 7 110 (0.0426 g)

24 h D. integrifolia 7 30 (0.0200 g)

72 h B. vivipara 7 20 (0.7 g)

72 h S. acaulis 7 110 (0.0426 g)

72 h D. integrifolia 7 30 (0.0200 g)

120 h B. vivipara 7 20 (0.7 g)

120 h S. acaulis 7 110 (0.0426 g)

120 h D. integrifolia 7 30 (0.0200 g)

2.2.3 Experiment 3: Germination of plant seeds

Seeds used for the nutritional analysis of protein, carbohydrate and lipid content, described in
section 2.2.2, were also used for the germination experiment. Seeds of all three plant species,
Dryas integrifolia, Silene acaulis and Bistorta vivipara), were placed in 9cm Petri dishes with four
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layers of filter paper wetted with demineralized water. Seeds from each species were distributed
between 15 replicate Petri dishes. Due to differences in seed amount used in experiment 3,
different amounts of seeds were placed in each Petri dish. For D. integrifolia, 7 seeds were placed
in each Petri dish, S. acaulis had 25 seeds and B. vivipara had 5 seeds per Petri dish.

Prior to germination, all seeds were stratified at 0°C for four weeks in a model KBWF 720 Binder
climate chamber (Tuttlingen, Germany), to break dormancy.

After stratification, Petri dishes were kept in the growth chamber (Aralab Fitoclima 5.000 PLH,
Portugal) at a constant temperature of 13.4°C ± 0.96 °C measured by a Lascar Easylog EL-SIE-2
data logger (Salisbury, United Kingdom). The photoperiod was set to 16:8 h light:dark, with a
light intensity of 220 µmol. Germination was monitored for 21 days, starting on the first day
after stratification. Every other day, seeds were watered when dry and checked for germination
using a Stemi 305 stereo magnifier, ZEISS (Oberkochen, Germany). Germination was recorded
when the radicle was detected.

2.3 Behavioural analysis

Observation of feeding behaviour were performed using the Elara 3.0 from IoTherm, with a
mounted Basler acA1920-155um camera with a Computar 1/2′′ 4-8mm Megapixel Lens. The
heat sink of the Elara was fitted with a styrofoam box to control the heat exchange with the
environment. Temperature was controlled directly using the IoTherm software. Temperature
was logged using a temperature logger (iButton: DS1923, the Netherlands), placed with the
samples inside the styrofoam box on the Elara heat sink.
Video material was recorded using the Pylon viewer software (Pylon 8, Basler) on a laptop and
was subsequently stored on an external hard drive. All repetitions were recorded for 45 minutes.
All video assays were analyzed afterwards by manual observation, and feeding time was recorded
for each individual. Feeding was noted if either the proboscis of an individual could be seen
directly inserted into a seed or if an individual was persistently standing still on the seed for
eight seconds or more.

Furthermore, a distinct feeding behavior of N. groenlandicus was observed, the individual would
lower its antennae before insertion of its proboscis into the seed and after successfully inserting
the mouthpart, the specimen would fully raise its antennae up again.

2.4 Protein analysis

Protein content was analysed using a BCA assay for total proteins, following a method similar
to that described by Spacht et al. [2021]. A Pierce™ BCA Protein Assay Kit (Thermo Fisher
Scientific, USA) was used on frozen samples of insects. Two individuals of N. groenlandicus were
pooled in each sample and homogenised using a small plastic pestle in 200 µL RIPA buffer.
Afterwards, each sample was centrifuged using a Heraeus Fresco 21 centrifuge (Thermo Fisher
Scientific, USA) for 5 minutes at 4°C at 14,000g. Samples were then vortexed to resuspend
pellets. Prior to a second round of centrifugation, each sample was agitated for 10 minutes
at 175 rpm using an Orbital shaker (IKA® HS 260 basic, Germany). The supernatant was
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transferred to a new microcentrifuge tube and centrifuged a third time. Eight standards were
prepared with concentrations of 2000, 1500, 1000, 750, 500, 250, 125 and 0 µg protein/mL.
Samples were diluted by a factor of 2, and pipetted into a 96-well plate (Sarstedt, Germany)
along with standards before adding 200 µL BCA reagent to each sample. After 30 minutes of
incubation at 37°C, absorbance was read at 563 nm using a Multimode flagship microplate reader
(Infinite® M1000, Tecan, Switzerland).

Protein content was calculated from absorbance values using the protein standard curve. Values
were corrected by the dilution factor and multiplied by the extraction volume. Protein content
was subsequently standardized by sample mass.

2.5 Carbohydrate analysis

Carbohydrate content was analyzed using the Anthrone assay for total Carbohydrates, following
a method similar to that described by Spacht et al. [2021]. Two individuals of N. groenlandicus
were pooled in each sample and homogenized using a small plastic pestle in 110 µl of 20X PBS
buffer (Thermo Fisher Scientific, USA) with Tween® 20 (CAS 9005-64-5, MP Biomedicals,
Germany). Samples were centrifuged for 5 minutes at 14,000g at 4°C. The supernatant was
removed and placed in a clean tube and centrifuged again. Finally, 100 µL of the supernatant
was transferred to a final microcentrifuge tube. Only samples containing B. vivipara required
dilution by a factor of 2. An anthrone reagent was prepared by adding 72 mL of 95-98% sulfuric
acid (CAS 7664-93-9, J. T. Baker™, VWR®, USA) to 28 mL demineralised water. Afterwards,
140 mg of anthrone (CAS 90-44-8, TCI, Japan) was added. Standards were prepared with the
same concentrations as for the protein assay, and 400 µL anthrone reagent was added to each
sample and standard. Samples and standards were then vortexed and placed in a 100°C heating
block for 17 minutes before 125 µL of each sample and standard was transferred to a 96-well
plate. Absorbance was read at 625 nm using the same microplate reader as described above.

Carbohydrate content was calculated from absorbance values using the carbohydrate standard
curve. Values were corrected by the dilution factor and multiplied by the extraction volume.
Carbohydrate content was subsequently standardized by sample mass.

2.6 Lipid analysis

Lipid content was analyzed using a Vanillin assay following a method similar to that described
by Spacht et al. [2021]. Two individuals of N. groenlandicus were pooled in each sample and
homogenized using a small plastic pestle in 500 µL of 2:1 Chloroform:Methanol (CAS 67-66-3,
67-56-1, VWR®, USA). Tubes were then shaken for 15 minutes at 240 rpm using the orbital
shaker and then afterwards centrifuged for 5 minutes at 4°C at 13,000g. Subsequently, 400 µL
of the supernatant was transferred to a new microcentrifuge tube, and 200 µL water was added.
Each tube was then vortexed for 5 seconds. Standards were prepared by transferring 0, 25, 50,
100, 150, 300, 400, and 500 µL lipid standard to glass tubes. Five minutes after adding water to
the samples, 120 µL of the lower phase of each sample was transferred to glass tubes. Standards
and samples were placed in a 100 °C digital heat block (VWR®, USA) until all solvent had
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evaporated. After evaporation, 100 µL Sulfuric Acid 95-98% (CAS 7664-93-9, J. T. Baker™,
VWR®, USA) was added to each tube. Tubes were then vortexed before being placed back on
the heating block at 90°C for ten minutes. All tubes were capped for this step. Afterwards, 1 mL
Vanillin 99% (CAS 121-33-5, Thermo Fisher Scientific, USA) was added, followed by incubation
in the dark for 20 minutes. Finally, 100 µL of each samples and standard was transferred to a
96-well plate, and absorbance was read at 525 nm using the same microplate reader as described
above.

Lipid content was calculated from absorbance values using the standard curve for lipids.
Values were corrected for the total chloroform extraction volume and the volume of chloroform
transferred for analysis. Values were subsequently standardized by sample mass.

2.7 Statistics

All statistics have been performed in RStudio 2024.09.0+375. Generalized linear models (GLMs),
generalized linear mixed-effects models (GLMMs), beta regression models and non-parametric
tests were fitted depending on the structure of the data.

All models were evaluated using simulation-based residual diagnostics using the DHARMa
package in R, to test for residual uniformity, dispersion and outliers. Akaike’s Information
Criterion (AIC) was used to compare model fit among candidate models. Post-hoc comparisons
were performed using estimated marginal means, using the emmeans package in R. Pairwise
comparisons were conducted within each treatment using Tukey correction for multiple
comparisons.

Experiment 1

Choice and no-choice data were analysed using generalized linear mixed-effects models (GLMMs).
The response variable was feeding time, measured as the total time each individual spent feeding
on a given seed species. Due to the occurrence of multiple feeding events for each individual on
the same seed species, feeding duration was summed for each individual and seed species. This
ensured that each individual contributed one total feeding time per seed species and reduced
the risk of pseudoreplication. Individuals that did not feed were assigned a feeding time of zero,
and were kept in the analysis. NA values caused by either escaped or dead individuals were
removed prior to modelling. Models were fitted using the glmTMB package in R. Temperature
was set as a categorical predictor (factor) rather than a continuous predictor, because the effect
of temperature was not assumed to be linear. Replicate (individual identity) was included as a
random effect, due to individuals contributing to multiple observations. For the no-choice data,
feeding time was analysed using a negative binomial distribution with a log link. This model was
chosen due to the heavily skewed data and the high amount of zero observations. For the choice
data, feeding time was analysed using a zero-inflated negative binomial mixed-effects model.
The model structure was otherwise similar to that used for the no-choice data, but included an
additional zero-inflation component due to the large number of observations without feeding.
Separate models were fitted for each repetition of seed groups.
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Experiment 2

To analyze nutrient content in N. groenlandicus, beta regression models were fitted with nutrient
proportion as the response variable. Seed species, location and feeding duration were included
as explanatory variables. The unfed control group was not included in the main model, due to
not having a feeding duration. Instead, the control group was compared separately with the
24-hour treatment for each nutrient. No control group was available for the laboratory group.
Nutritional content of seed species was analysed using a linear model assuming Gaussian error
distribution. Seed species, nutrient type and location were included as explanatory variables.

Experiment 3

Cumulative germination was analysed using log-rank tests. Germination was treated as a time-
to-event response, with the event being germination. Seeds that had not germinated by the
final observation day were treated as right-censored observations. Germination proportions were
converted to seed counts using the number of seeds per replicate, 5, 7 and 25 seeds for B. vivipara,
D. integrifolia and S. acaulis respectively. Log-rank tests were performed within each species
and location. Pairwise log-rank comparisons were performed between treatments, with p-values
adjusted using the Holm method.

Final germination proportion was analysed using generalized linear models with a binomial error
distribution and logit link function. Separate models were fitted for each seed species due to
clear differences in germination patterns. Explanatory variables included duration and location.

Non parametric tests were used on germination of B. vivipara due to complete separation in
germination, with either 100% germination or 0% germination. This prevented the fitting of a
binomial model. Therefore, Kruskal-wallis tests were used, followed by Dunn’s post-hoc tests.
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3.1 Seed preference across temperature - No-choice

Feeding amount on seed species was significantly affected by temperature, whereas seed species
alone did not significantly affect feeding time (table 3.1). The significant interaction found
between seed species and temperature indicates that the effect of temperature on feeding differed
among species (table 3.1). For this reason, pairwise comparisons between seed species within
each temperature treatment have been performed.

Figure 3.1. Mean feeding time per individual of N. groenlandicus on eight seed species collected
in Narsarsuaq across temperature treatments in the no-choice assay. The x-axis contains temperature
treatments from 0 - 25°C, the y-axis contains the mean feeding time in minutes. Color of lines indicates
seed species, points represent mean feeding time, and error bars show standard errors. Total sample size
per temperature treatment was n = 48.

Some seed species had an increase in feeding time with rising temperatures, including (L. spicata,
B. vivipara, J. trifidus and L. multiflora)(Figure 3.1). However, between 0°C and 5°C no
significant differences were found between seed species (p>0.05; Table A1). Feeding time on
seeds of A. archangelica reached a maximum at 10°C, exceeding the other seed species at this
temperature. Feeding time on A. archangelica was significantly higher than L. spicata, C. stylosa,
L. multiflora and J. trifidus at 10°C (p<0.01; Table A.1).
At 15°C the feeding time on A. archangelica had decreased, and feeding time on A. archangelica
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was no longer significantly higher than the for the other seed species (table A.1; Figure 3.1).
The lowest feeding time at 15°C was observed for L. mulitflora (Figure 3.1), which was fed-upon
significantly less than B. vivipara, S. acaulis and D. integrifolia (p<0.05; Table A.1).
At 20°C feeding time on both D. integrifolia and S. acaulis decreased (Figure 3.1), whereas
feeding time on B. vivipara increased (Figure 3.1), and feeding time became significantly higher
than S. acaulis, D integrifolia, L. multiflora and J. trifidus (p<0.001; Table A.1).
At 25°C B. vivipara, L. spicata, J. trifidus and L. multiflora were the most fed-upon seed species,
with no significant differences in feeding time between them. However, all four seed species had a
significantly higher feeding time than the least fed-upon seed species A. archangelica, S. acaulis
and D. integrifolia (p<0.01; Table A.1).

Table 3.1. Results of a generalized linear mixed-effects model testing the effects of seed species,
temperature and their interaction on feeding time in the no-choice assay. The model was fitted using a
negative binomial error distribution with log link function. χ2 is the test statistic and indicates strength
of the effect, df is degrees of freedom. Significant effects are indicated in bold text

Effect χ2 df p-value

Seed species 9.36 7 0.228

Temperature 120.7 5 <0.001

Seed species x temperature 207.03 35 <0.001

3.2 Seed preference across temperature - Choice

Feeding preference varied across the three choice assays. For the choice assay containing seeds of
D. integrifolia, S. acaulis and B. vivipara, feeding time was significantly affected by temperature
(p=0.003; Table 3.2). Furthermore, a significant interaction between temperature and seed
species was found (p<0.001; Table 3.2), indicating that the effect of temperature differed among
seed species.
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Figure 3.2. Mean feeding time per individual of Nysius groenlandicus on three seed species, Dryas
integrifolia, Silene acaulis and Bistorta vivipara and a foam control in the choice assay across temperature
treatments. The x-axis shows temperature treatments ranging from 0 - 25°C, while the y-axis shows the
mean feeding time per individual in minutes. Seed bugs were allowed to feed for 45 minutes during each
temperature treatment. Total bar height represents total feeding activity, while colors of bars indicates
seed species or foam. Labels on bars are shown only when feeding time exceeds 1 minute. Total sample
size per temperature treatment was n = 48.

At 0°C, the highest interaction time was observed for the foam control (Figure 3.2), although
no significant differences in feeding time were found between seed species or foam at 0°C and
5°C (table A.2). At 10°C, B. vivipara had the highest feeding time and differed significantly
from the other seed species and foam (p<0.0001; Table A.2). This pattern remained apparent at
15°C, 20°C and 25°C, where feeding time on B. vivipara was significantly higher than on several
of the other seed species or foam (p<0.05; table A.2). Feeding time on B. vivipara reached its
maximum at 20°C, with a mean feeding time of 23.4 minutes (Figure 3.2). at 15°C, feeding
time on both D. integrifolia and S. acaulis were significantly higher than on the control foam
(p<0.05; Table A.2). Furthermore, feeding time on D. integrifolia was significantly higher than
on the foam control at 25°C (p<0.05; Table A.2). However, no significant difference was found
between D. integrifolia and S. acaulis (Table A.2). The highest total feeding across temperature
treatments, was observed at 20°C, where the combined feeding time across all seed species and
foam is 30 minutes (Figure 3.2).
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Table 3.2. Results of a Type III ANOVA from a zero-inflated generalized linear mixed-effects model
testing the effects of seed species, temperature treatment, and their interaction on feeding time in Nysius
groenlandicus in the choice assay containing seed species: D. integrifolia, S. acaulis and B. vivipara and
foam. The model was fitted using a negative binomial error distribution with log link function. χ2 is the
test statistic indicating strength of the effect, df is degrees of freedom. Significant effects are indicated
in bold text

Effect χ2 df p-value

Seed species 5.635 73 0.131

Temperature 17.655 5 0.003

Seed species x temperature 41.585 15 <0.0001

For the choice assay containing seeds of: A. archangelica, L. multifloa and J. trifidus, feeding
time was significantly affected by seed species (p=0.036) and temperature (p<0.0001; Table 3.3).
Furthermore a significant interaction between temperature and seed species was found (p<0.001;
Table 3.3), indicating that the effect of temperature differed among seed species.

Figure 3.3. Mean feeding time per individual of Nysius groenlandicus on three seed species, Angelica
archangelica, Luzula multiflora and Juncus trifidus and a foam control in the choice assay across
temperature treatments. The x-axis shows temperature treatments ranging from 0 - 25°C, while the
y-axis shows the mean feeding time per individual in minutes. Seed bugs were allowed to feed for 45
minutes during each temperature treatment. Total bar height represents total feeding activity, while
colors of bars indicates seed species or foam. Labels on bars are shown only when feeding time exceeds
1 minute. Total sample size per temperature treatment was n = 48.

The total feeding time in this choice assay was highest at 25°C, reaching 20 minutes (Figure
3.3). At 5°C, the highest mean feeding time was observed for the seed of A. archangelica.
Furthermore, significant differences were found between A. archangelica and L. multifloa, and
between the foam control and L. multifloa at this temperature (Table A.3). At 10°C and 15°C
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A. archangelica remained the seed species with the highest feeding time, with mean feeding
times of 8.2 minutes and 11.2 minutes, respectively. At these temperatures, feeding time on
A. archangelica differed significantly from all other seed species and foam (p<0.05; Table A.3).
At 20°C, feeding time of A. archangelica decreased, and no significant differences were found
between seed species or foam (Table A.3). At 25°C, feeding time on J. trifidus and L. multiflora
increased to 8.1 minutes and 9.2 minutes, respectively (Figure 3.3). At this temperature, both
species differed significantly from both A. archangelica and the foam control (p<0.001; Table
A.3). However, they did not significantly differ from each other.

Table 3.3. Results of a Type III ANOVA from a zero-inflated generalized linear mixed-effects model
testing the effects of seed species, temperature treatment, and their interaction on feeding time in Nysius
groenlandicus in the choice assay containing seed species: A. archangelica, L. multifloa and J. trifidus
and foam. The model was fitted using a negative binomial error distribition with log link function. χ2 is
the test statisic indicating strength of the effect, df is degrees of freedom. Significant effects are indicated
in bold text

Effect χ2 df p-value

Seed species 8.536 4 0.036

Temperature 61.979 5 <0.0001

Seed species x temperature 93.149 15 <0.0001

For the choice assay containing L. spicata, C. stylosa and B. vivipara, feeding time was
significantly affected by temperature (p < 0.0001; Table 3.4). Furthermore, a significant
interaction between temperature and seed species was found (p<0.0001; Table 3.4), indicating
that the effect of temperature differed among seed species.
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Figure 3.4. Mean feeding time per individual of Nysius groenlandicus on three seed species, Luzula
spicata, Carex stylosa and Bistora vivipara and a foam control in the choice assay across temperature
treatments. The x-axis shows temperature treatments ranging from 0 - 25°C, while the y-axis shows the
mean feeding time per individual in minutes. Seed bugs were allowed to feed for 45 minutes during each
temperature treatment. Total bar height represents total feeding activity, while colors of bars indicates
seed species or foam. Labels on bars are shown only when feeding time exceeds 1 minute. Total sample
size per temperature treatment was n = 48.

At 0°C, feeding time was close to zero for all seed species and foam (Figure 3.4). At 5°C, feeding
time increases for all species and foam, although no significant difference was found (Table A.4).
Total feeding time was similar between 5°C and 10°C, but the distribution of feeding between seed
species is different (Figure 3.4). At 10°C, feeding of B. vivipara increased and became significantly
higher than all other seed species and foam (p<0.05; Table A.4). This pattern is also evident
at 15°C (p<0.05; Table A.4), although feeding time increasea for all three seed species (Figure
3.4). Feeding time on B. vivipara increased further at 20°C and remains significantly higher than
the other seed species and foam (Table A.4). However, at this temperature, feeding time on L.
spicata and C. stylosa were also significantly higher than foam (p<0.05; Table A.4). At 25°C,
feeding time of B. vivipara decreased from 19.1 minutes at 20°C to 16.8 minutes, while feeding
time on L. spciata increased (Figure 3.4). This reduces the difference in feeding time between
B. vivipara and L. spicata, and a significant difference was only found between B. vivipara and
C. stylosa (p = 0.039; Table A.4).
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Table 3.4. Results of a Type III ANOVA from a zero-inflated generalized linear mixed-effects model
testing the effects of seed species, temperature treatment, and their interaction on feeding time in Nysius
groenlandicus in the choice assay containing seed species: textitL. spicata, C. stylosa and B. vivipara and
foam. The model was fitted using a negative binomial error distribution with log link function. χ2 is the
test statistic indicating strength of the effect, df is degrees of freedom. Significant effects are indicated
in bold text

Effect χ2 df p-value

Seed species 0.409 3 0.938

Temperature 71.587 5 <0.0001

Seed species x temperature 50.954 15 <0.0001

3.3 Nutritional composition of plant seeds

Nutritional composition of the plant seeds was significantly affected by seed species, nutrient
type and location (Table 3.5). Furthermore, significant two-way and three-way interactions
were found between seed species and nutrient type, seed species and location, nutrient type and
location and seed species, nutrient type and location. These interactions indicate that differences
between seed species were not consistent across nutrients or locations.

Figure 3.5. Nutritional composition of three seed species collected in Narsarsuaq and Zackenberg:
Bistorta vivipara, Silene acaulis and Dryas integrifolia. Nutrient content is shown as percentage of seed
mass for protein, carbohydrate and lipid content (n = 5). Colors indicate nutrient type. The bold line
represents the median, lower and upper edge of box represents lower and upper quartile respectively,
whiskers show the maximum and minimum values. Colored dots are outliers.

Nutritional composition varied between seed species and locations (Figure 3.5). D. integrifolia
had noticeably higher lipid content than the other two seed species. Protein content is similar
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across most seed species and locations, except for D. integrifolia collected in Zackenberg, which
had a noticeably higher protein content (Figure 3.5).

Protein content did not differ significantly between seed species collected in Narsarsuaq (p>0.05;
Table A.5). In contrast D. integrifolia had significantly higher protein content than the two other
seed species when collected in Zackenberg (p<0.0001; Table A.5). For lipid content, significant
differences were found between most seed species in both Narsarsuaq and Zackenberg (p<0.0001;
Table A.5), except between B.vivipara - S. acaulis in Zackenberg. Carbohydrate was significantly
different between D. integrifolia and the two other seed species at both locations (p<0.0001;
Table A.5).

When comparing the same seed species across locations, B. vivipara had significantly different
protein content between Narsarsuaq and Zackenberg (p = 0.004; Table A.6). For S. acaulis, the
nutritional carbohydrate and lipid content differed significantly between locations (p<0.0001;
Table A.6). For D. integrifolia nutritional composition differed significantly between Narsarsuaq
and Zackenberg for all three nutrient types: protein, carbohydrates and lipid content (p<0.0001;
Table A.6).

Table 3.5. Results of a linear model testing the effects of seed species, nutrient type, location and their
interactions on nutritional composition of plant seeds. The model was fitted assuming a Gaussian error
distribution. F is the test statistic, df indicates degrees of freedom, and significant effects are indicated
in bold.

Effect df F-value p-value

Seed species 2 1.541 <0.0001

Nutrient 2 15.839 <0.0001

Location 1 9.129 <0.0001

Seed species x nutrient 4 103.759 <0.0001

Seed species x location 2 49.608 0.0003

Nutrient x location 2 4.691 <0.0001

Seed species x nutrient x location 4 61.239 <0.0001

3.4 Nutritional composition of Nysius groenlandicus

Protein content in N. groenlandicus was significantly affected by seed species, location and feeding
duration (Table 3.6). Several interactions between these factors were also significant, indicating
that the effect of seed species and feeding duration differed among locations (Table 3.6). Unfed
control individuals were excluded from the main model and analyzed separately. Therefore,
control comparisons are restricted to the 24-hour treatment.
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Figure 3.6. Protein content of Nysius groenlandicus after feeding on D. integrifolia, B. vivipara or
S. acaulis for 24, 72 or 120 hours. Protein content is mass-corrected and shown as percentage of body
mass. Line colors indicate seed species, while the black point represents unfed control individuals. There
is no control group for the laboratory treatment. Location codes are A = laboratory treatment, B =
Narsarsuaq and C = Zackenberg. Vertical lines show standard deviation

For the laboratory treatment (A), protein content generally increased after 72 hours before
declining at 120 hours (Figure 3.6). For individual fed on B. vivipara, protein content increased
significantly from 24 to 72 hours (p<0.0001; Table A.7), followed by a significant decrease from
72 to 120 hours (p<0.0001; Table A.7). For individuals fed on D. integrifolia, protein content
decreased significantly from 72 to 120 hours (p=0.001; Table A.7). No significant change in
protein content was found for individuals fed on S. acaulis in the laboratory treatment.

In the ambient Narsarsuaq treatment (B), protein content increased significantly across feeding
duration for individuals fed on B.vivipara ( p<0.05; Table A.7). For individuals fed on S. acaulis
protein content decreased significantly from 24 to 72 hours and 24 to 120 hours (p<0.01; Table
A.7). For individuals fed on D. integrifolia protein content decreased significantly from 24 to 72
hours (p=0.0002; Table A.7), followed by a significant increase 72 to 120 hours (p=0.023; Table
A.7).

In the Zackenberg treatment (C), protein content changed significantly when individuals were fed
S. acaulis. Here protein content decreased at 72 hours (Figure 3.6), with signficant differences
between 24 and 72 hours (p=0.0004; Table A.7) and between 24 and 120 hours (p=0.02; Table
A.7).

When comparing with the unfed control individuals, protein content in the Narsarsuaq control
group was significantly higher compared to individuals fed on D. integrifolia and B. vivipara for
24 hours (p<0.0001; Table A.15). In contrast, the Zackenberg control group had a sigfnificantly
lower protein content than individuals fed on S. acaulis for 24 hours (p<0.0001).

Within locations, significant differences among seed species were found at 72 hours in the
laboratory treatment (p < 0.05; Table A.8), but these differences were no longer significant
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at 120 hours. In the Narsarsuaq treatment, protein content differed significantly among seed
species at 120 hours, with individuals fed on S. acaulis differing from those fed on D. integrifolia
and B. vivipara (p < 0.001; Table A.8). In the Zackenberg treatment, significant differences
among seed species were found at 24 hours, where individuals fed on S. acaulis differed from
those fed on the two other seed species (p < 0.001; Table A.8), but no significant differences
among seed species remained at 120 hours.

Table 3.6. Results of a beta regression model testing the effect of seed species, location and feeding
duration and their interaction on protein content in Nysius groenlandicus. The model was fitted with a
logit link function and maximum likelihood estimation. χ2 indicate strength of the effect, df is degrees
of freedom. Significant effects are indicated in bold.

Effect χ2 df p-value

Seed species 6.489 2 0.039

Location 19.832 2 <0.001

Duration 39.920 2 <0.001

Seed species x location 35.564 4 <0.001

Seed species x duration 10.059 4 0.039

Nutrient x duration 48.036 4 <0.001

Seed species x location x duration 46.43 8 <0.001

Carbohydrate content in N. groenlandicus was significantly affected only by location (Table
3.7),indicating that carbohydrate content differed among the three location treatments tbut was
relatively stable across seed species and feeding durations (Table 3.7).

Figure 3.7. Carbohydrate content of Nysius groenlandicus after feeding on D. integrifolia, B. vivipara
or S. acaulis for 24, 72 or 120 hours. Carbohydrate content is mass-corrected and shown as percentage
of body mass Line colors indicate seed species, while the black point represents unfed control individuals.
There is no control group for the laboratory treatment. Location codes are A = laboratory treatment, B
= Narsarsuaq and C = Zackenberg. Vertical lines show standard deviation

Page 22 of 47



3.4. Nutritional composition of Nysius groenlandicus Aalborg University

Carbohydrate content varied only slightly among seed species and feeding durations (Figure
3.7). In the laboratory group (A), carbohydrate content decreases across feeding duration for
individuals fed on S. acaulis. In contrast, individuals fed on D. integrifolia and B. vivipara
showed an increase at 72 hours, followed by a decrease at 120 hours (Figure 3.7).

In the Narsarsuaq treatment (B), carbohydrate content generally increased from 24 to 72
hours across seed species, followed by a decrease at 120 hours (Figure 3.7). A significant
difference between feeding durations was only found for individuals fed on B. vivipara, where
carbohydrate content increased significantly from 24 to 72 hours (p = 0.040; Table A.10).
Few significant differences among seed species were found. At 72 hours, carbohydrate content
differed significantly between B. vivipara and S. acaulis in the laboratory treatment (p = 0.021;
Table A.11), and between B. vivipara and both D. integrifolia and S. acaulis in the Narsarsuaq
treatment (p < 0.01; Table A.11). Location differences were found only for individuals fed on B.
vivipara, where the laboratory treatment and Narsarsuaq differed from Zackenberg at 24 or 72
hours (Table A.12).

When comparing with the unfed control bugs, for the Narsarsuaq treatment (B), the
carbohydrate content in the control group were significantly higher compared to D. integrifolia
and B. vivipara (p<0.0001; Table A.15). No significance were found between the control group
and the 24 hour duration in Zackenberg (C).

Table 3.7. Results of a beta regression model testing the effect of seed species, location and feeding
duration and their interaction on carbohydrate content in Nysius groenlandicus. The model was fitted
with a logit link function and maximum likelihood estimation. χ2 indicate strength of the effect, df is
degrees of freedom. Significant effects are indicated in bold.

Effect χ2 df p-value

Seed species 1.784 2 0.410

Location 7.438 2 0.024

Duration 2.218 2 0.330

Seed species x location 4.317 4 0.366

Seed species x duration 2.352 4 0.671

Nutrient x duration 3.152 4 0.533

Seed species x location x duration 5.547 8 0.698

Lipid content in N. groenlandicus was significantly affected by location and feeding duration
(Table 3.8). In contrast, seed species and interactions involvingh seed species had no significant
effect. The significant interaction between location and feeding duration indicates that temporal
changes in lipid content differed between locations treatments.
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Figure 3.8. Lipid content of Nysius groenlandicus after feeding on D. integrifolia, B. vivipara or S.
acaulis for 24, 72 or 120 hours. Lipid content is mass-corrected and shown as percentage of body mass
Line colors indicate seed species, while the black point represents unfed control individuals. There is
no control group for the laboratory treatment. Location codes are A = laboratory treatment, B =
Narsarsuaq and C = Zackenberg. Vertical lines show standard deviation

A non significant trend can be observed for individuals fed on S. acaulis, where lipid content
decreases 24 to 120 hours across all locations (Figure 3.8). However, due to high standard
deviation, especially in the laboratory treatment (A), significance differences were limited.

For individuals fed on B. vivipara, lipid content differs significantly between locations at several
feeding durations. In particular, significant differences were found between the laboratory
treatment and the ambient treatments at 24 hours, and between the laboratory treatment and
Zackenberg at 72 hours (Table A.14).

When comparing the Narsarsuaq and Zackenberg treatment to the control, no significance is
found.
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Table 3.8. Results of a beta regression model testing the effect of seed species, location and feeding
duration and their interaction on lipid content in Nysius groenlandicus. The model was fitted with a
logit link function and maximum likelihood estimation. χ2 indicate strength of the effect, df is degrees
of freedom. Significant effects are indicated in bold.

Effect χ2 df p-value

Seed species 5.765 2 0.056

Location 21.264 2 <0.001

Duration 8.583 2 0.014

Seed species x location 7.628 4 0.106

Seed species x duration 4.487 4 0.344

Nutrient x duration 12.321 4 0.015

Seed species x location x duration 6.410 8 0.601

3.5 Germination analysis of Dryas integrifolia

Cumulative germination curves for D. integrifolia differed significantly between all feeding
duration treatments within all locations (p<0.0001; Table 3.9). This indicates that feeding
duration affected the germination pattern of D. integrifolia across the laboratory, Narsarsuaq
and Zackenberg treatments.

Figure 3.9. Cumulative germination curves for Dryas integrifolia across feeding duration treatments
and locations. Treatments included untreated control group and seeds exposed toNysius groenlandicus
for 24, 72 or 120 hours. Location are A = laboratory treatment at 20°C, B = Narsarsuaq ambient
temperature and C = Zackenberg ambient temperature. The x-axis show time in days, and the y-axis
shows mean cumulative germination percent. Each treatment included 15 replicate Petri dishes, with 7
seeds in each.
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For D. integrifolia in the laboratory treatment (A), the 24 hour treatment showed steepest
increase and reached the highest final cumulative germination (Figure 3.9), Pairwise log-rank
comparisons showed that the cumulative germination curve for the 24-hour treatment differed
significantly from both the 72 hour and 120 hour treatments (p<0.0001; Table A.16). In the
Narsarsuaq treatment (B), the 24 hour treatment showed a steep increase from day 4 (figure
3.9). The cumulative germination curve for the 24 hour treatment differed significantly from
the 72 hour and 120 hour treatments (p<0.05; Table A.16). The 120-hour treatment also
differed significantly from the control group (p = 0.0195; Table A.16). The steepest and highest
cumulative germination is reached by the control group in the Zackenberg treatment (C), reaching
approximately 60% germination by day 4 (figure 3.9). Pairwise log-rank comparisons showed that
the control group differed significantly from all feeding durations treatments (p<0.0001; Table
A.16), indicating differences in timing and/or occurrence of germination for this group.

Table 3.9. Overall log-rank tests comparing cumulative germination curves across treatments (feeding
duration) within each location for Dryas integrifolia. The event was set as germination, and seeds that
did not germinate were set as right-censored observations, meaning that the exact germination time is
unknown. Significant p-values indicate that at least one treatment-specific cumulatice germination curve
differed from the others within the same location

Seed Location χ2 df p-value

D. integrifolia A 36.522 2 <0.0001

D. integrifolia B 36.952 3 <0.0001

D. integrifolia C 536.597 3 <0.0001

When focusing on final germination proportion, germination of D. integrifolia, was significantly
affected by treatment, whereas location alone had no significant effect on germination proportion
(Table 3.10). The significant interaction between treatment and location indicates that the effect
of feeding duration differed between locations.
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Figure 3.10. Final germination proportion (FGP) of Dryas integrifolia across feeding duration
treatments and locations. Locations are A = laboratory treatment at 20°C, B = Narsarsuaq and C
= Zackenberg. FGP is shown in percentage of germinated seeds per Petri dishes (n=15). The bold
horisontal line on the boxplots represents the median, lower and upper edge of boxes represents lower
and upper quartile respectively, whiskers show the maximum and minimum values. points represent
outliers. Lowercase letters indicate significant differences among treatments within each location based
on Tukey-adjusted pairwise comparisons of estimated marginal means from the binomial GLM.

For the laboratory treatment (A), the highest final germination proportion was found for the
24 hour treatment group, with a median germination proportion close to 20% (Figure 3.10).
No control group exists for this location. Pairwise comparisons revealed significant difference
between 24 and 72 hours and between 24 and 120 hours (p<0.01; Table A.17). At the Narsarsuaq
(B), final germination proportion was highest for the control group and the 24 hour treatment,
with median germination close to 20% (Figure 3.10). Significant differences were found between
24 and 120 hours and between 24 and 72 hours and between the control group and the 120
hour treatment (p < 0.05; Table A.17). At Zackenberg (C), the control group is the only group
with germination, with a median germination proportion of 60% (Figure 3.10). The control was
significantly different from all other feeding duration treatments in this location (p < 0.0001;
Table A.17).

Between locations, significant differences are found between Narsarsuaq (B) and Zackenberg (C)
for the control group (p<0.0001), duration 24 hours (p=0.0002) and 72 hours (p=0.036). There
was no significant difference between location Laboratory group (A) and Narsarsuaq (B). At
duration 120 hours no significant difference is found between locations.
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Table 3.10. Results of a binomial generalized linear model testing the effects of treatment, location
and their interaction on final germination proportion (FGP) in Dryas integrifolia. Treatment refers to
feeding duration. The model was fitted with a logit link function and maximum likelihood estimation.
χ2 indicate strength of the effect. Df is degrees of freedom. Bold text indicate significance

Effect χ2 df p-value

Treatment 149 3 <0.001

Location 4.26 2 0.119

Treatment × location 87 5 <0.001

3.6 Germination analysis of Silene acaulis

Cumulative germination curves for S. acaulis differed significantly between all feeding duration
treatments within all locations (p<0.0001; Table 3.11). This indicates that feeding duration
affected the germination pattern of S. acaulis across the laboratory, Narsarsuaq and Zackenberg
treatments.

Figure 3.11. Cumulative germination curves for Silene acaulis across feeding duration treatments and
locations. Treatments included untreated control group and seeds exposed toNysius groenlandicus for 24,
72 or 120 hours. Location are A = laboratory treatment at 20°C, B = Narsarsuaq ambient temperature
and C = Zackenberg ambient temperature. The x-axis show time in days, and the y-axis shows mean
cumulative germination percent. Each treatment included 15 replicate Petri dishes, with 7 seeds in each.

For S. acaulis in the laboratory treatment (A), the 24 hour treatment had the steepest increase
and reached the highest cumulative germination percentage (figure 3.11). Pairwise log-rank
comparisons showed that all cumulative germination curves differed significantly from each
other within this location (p < 0.001; Table A.16), indicating differences in the timing and/or
occurrence of germination between all treatments. At Narsarsuaq (B), the 24 hour treatment had
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the steepest curve, and reached higher cumulative germination than the other treatments (Figure
3.11). The cumulative germination for the 24 hour treatment differed significantly from all other
treatments (p<0.001, Table A.16). At Zackenberg (C), the control group had a lower cumulative
germination than any of the other feeding duration treatments (figure 3.11). The cumulative
germination curve for the control group differed significantly from the other treatments at this
location (p < 0.001; Table A.16).

Table 3.11. Overall log-rank tests comparing cumulative germination curves across treatments (feeding
duration) within each location for Silene acaulis. The event was set as germination, and seeds that
did not germinate were set as right-censored observations, meaning that the exact germination time is
unknown. Significant p-values indicate that at least one treatment-specific cumulatice germination curve
differed from the others within the same location

Seed Location χ2 df p-value

S. acaulis A 57.906 2 <0.0001

S. acaulis B 35.079 3 <0.0001

S. acaulis C 65.483 3 <0.0001

Final germination proportion of S. acaulius was significantly affected by both treatment and
location (Table 3.12). The significant interaction found between indicate that the effect of feeding
duration differed between locations.

Figure 3.12. Final germination proportion (FGP) of Silene acaulis across feeding duration treatments
and locations. Locations are A = laboratory treatment at 20°C, B = Narsarsuaq and C = Zackenberg.
FGP is shown in percentage of germinated seeds per Petri dishes (n=15). The bold horisontal line on
the boxplots represents the median, lower and upper edge of boxes represents lower and upper quartile
respectively, whiskers show the maximum and minimum values. points represent outliers. Lowercase
letters indicate significant differences among treatments within each location based on Tukey-adjusted
pairwise comparisons of estimated marginal means from the binomial GLM.
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For laboratory treatment (A), final germination proportion was highest in the 72 hour treatment,
with a median germination proportion at around 75% (Figure 3.12). The lowest final germination
proportion at this location is found for the 24 hour treatment, with a median of around 45%
(Figure 3.12).Pairwise comparisons showed significant differences among all feeding durations in
the laboratory treatment (p < 0.001; Table A.18). No control exists for this location.

At Narsarsuaq (B), the highest median final germination proportion at 80% was found for
the 24 hour treatment (Figure 3.12). The control group had the lowest median germination
proportion. Pairwise comparisons showed that the 24-hour treatment differed significantly from
the control group, the 72-hour treatment and the 120-hour treatment (p < 0.001; Table A.18),
while no significant differences were found among the control, 72-hour and 120-hour treatments.
At Zackenberg (C), the control group had the lowest final germination proportion at roughly
30%, while the 72-hour treatment had the highest final germination proportion at 70% (Figure
3.12). Pairwise comparisons showed that the control group differed significantly from all feeding-
duration treatments (p < 0.001; Table A.18). Significant differences were also found between 24
and 72 hours and between 72 and 120 hours (p < 0.05; Table A.18).

Between locations the control group was significantly different between Narsarsuaq (B) and
Zackenberg (C) (p<0.0001). At 24 hours, Narsarsuaq is significantly different from Laboratory
group (A) and Zackenberg (C) (p<0.0001). For 72 hours the laboratory group (A) was
significantly different from Narsarsuaq (B) and Zackenberg (C) (p<0.01). At 120 hours duration
laboratory group (A) and Zackenberg (C) significantly differed (p=0.0227).

Table 3.12. Results of a binomial generalized linear model testing the effects of treatment, location and
their interaction on final germination proportion (FGP) in Silene acaulis. Treatment refers to feeding
duration. The model was fitted with a logit link function and maximum likelihood estimation. χ2 indicate
strength of the effect. Df is degrees of freedom. Bold text indicate significance

Effect χ2 df p-value

Treatment 100 3 <0.001

Location 42.8 2 <0.001

Treatment × location 106 5 <0.001

3.7 Germination analysis of Bistorta vivipara

Cumulative germination curves for B. vivipara differed significantly between feeding duration
treatments within all locations (p < 0.0001; Table 3.13). This indicates that the feeding duration
affected the germination pattern of B. vivipara across the laboratory, Narsarsuaq and Zackenberg
treatments.
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Figure 3.13. Cumulative germination curves for Bistorta vivipara across feeding duration treatments
and locations. Treatments included untreated control group and seeds exposed toNysius groenlandicus
for 24, 72 or 120 hours. Location are A = laboratory treatment at 20°C, B = Narsarsuaq ambient
temperature and C = Zackenberg ambient temperature. The x-axis show time in days, and the y-axis
shows mean cumulative germination percent. Each treatment included 15 replicate Petri dishes, with 7
seeds in each.

The cumulative germination curves of B. vivipara from the laboratory treatment (A) were all very
steep, indicating rapid germination (figure 3.13). However, the 72 hour treatment germinated
more slowly and reached a lower final cumulative germination percentage than the 24 hour and
120 hour treatments. this was further evident from the pairwise log-rank comparisons, which
showed that there was a significant difference between the 72 hour treatment and the two other
treatments (p<0.0001; Table A.16). At Narsarsuaq (B), the control group showed no increase
in cumulative germination, indicating that no germination occurred for this treatment (figure
3.13). The cumulative germination curve for the control group differed significantly from the
other feeding duration treatments (p<0.0001; Table A.16). Both the 24 hour and 120 hour
treatments reached 100% cumulative germination, (figure 3.13). The 72 hour treatment differed
significantly from both the 24 hour and 120 hour treatments (p < 0.001; Table A.16). At
Zackenberg (C), similar trends can be observed, the 72 hour treatment showed no increase
in cumulative germination, indicating that no germination occurred in this treatment (Figure
3.13)). The 72 was significantly different from the other three curves (p<0.0001; Table A.16).
The control group had the steepest and highest curve, making it significantly different from the
other three curves (p < 0.001; Table A.16).
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Table 3.13. Overall log-rank tests comparing cumulative germination curves across treatments (feeding
duration) within each location for Bistorta vivipara. The event was set as germination, and seeds that
did not germinate were set as right-censored observations, meaning that the exact germination time is
unknown. Significant p-values indicate that at least one treatment-specific cumulatice germination curve
differed from the others within the same location

Seed Location χ2 df p-value

B. vivipara A 66.118 2 <0.0001

B. vivipara B 635.800 3 <0.0001

B. vivipara C 543.078 3 <0.0001

Final germination proportion of B. vivipara differed between treatments and locations, either
reaching full germination (100%) or no germination at all. In the laboratory treatment (A),
most treatments had 100% median germination, with the only exception being the 72 hour
duration with a median of around 80% (figure 3.14). No control exists for this location. In
Narsarsuaq (B) the control group had no germination, however both the 24 hour and 120 hour
treatment reached 100% germination (Figure 3.14). For Zackenberg (C) the control group was
the only treatment that germinated, reaching a median of 100% (figure 3.14).

Figure 3.14. Final germination proportion (FGP) of B. vivipara across feeding duration treatments
and locations. Locations are A = laboratory treatment at 20°C, B = Narsarsuaq and C = Zackenberg.
FGP is shown in percentage of germinated seeds per Petri dishes (n=15). The bold horisontal line on
the boxplots represents the median, lower and upper edge of boxes represents lower and upper quartile
respectively, whiskers show the maximum and minimum values. points represent outliers. Lowercase
letters indicate significant differences among treatments within each location based on Dunn’s post-hoc
tests following Kruskal–Wallis tests.

Due to the Quasi complete separation for Bistorta vivipara, differences among treatments were
analyzed using non parametric tests. For the laboratory group (A) the 72 hour treatment is
significantly different from the two other treatments (p<0.01; Table 3.14). The control group
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and the 72 hour treatment at Narsarsuaq (B), is significant different from the other treatments
(p<0.05; Table 3.14). at Zackenberg (C), the control is significantly different from all other
treatments (p<0.001; Table 3.14).

Table 3.14. Dunn’s post-hoc comparisons of final germination proportion for B. vivipara between
feeding-duration treatments within each location following Kruskal–Wallis tests. Non-parametric tests
were used because final germination proportion showed complete separation, with several treatments
having either 0% or 100% germination. Only significant pairwise comparisons are shown (p < 0.05).
Location codes are A = laboratory treatment, B = Narsarsuaq and C = Zackenberg.

Location Comparison p-value

A 24 hours - 72 hours 0.003

B Control - 24 hours <0.0001

B Control - 72 hours 0.005

B 24 hours - 72 hours 0.023

B Control - 120 hours <0.0001

B 72 hours - 120 hours 0.023

C Control - 24 hours <0.001

C Control - 72 hours <0.0001

C Control - 120 hours <0.0001
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The aim of the present study was to evaluate the interaction between a seed-feeding insect and
the plants it interacts with, and how climate change can impact this interaction.

4.1 Seed preference

When insects are exposed to higher temperatures, their metabolism also increases [Hardison and
Eliason, 2024]. Based on this knowledge, it could be hypothesized that feeding amount would
increase at higher temperatures, regardless of the food option [Lemoine et al., 2013]. When
looking at feeding time throughout the different choice experiments, total feeding generally
increases with temperature (figures 3.2 – 3.4). However, feeding amount does not uniformly
increase for all seed species. When exposed to different seed species at different temperatures,
feeding amount changes depending on seed species. For the seeds of Bistorta vivipara, an increase
of feeding is consistent with an increase in temperature (Figure 3.1), as would be expected.
However, for seeds of Dryas integrifolia, Silene acaulis and Angelica archangelica, this is not the
case.

B. vivipara received the highest amount of feeding when the choice was between it, D. integrifolia
and S. acaulis throughout almost the entire temperature range (Figure 3.2). When looking at
the 25°C treatment for the choice assay between Luzula spicata, Carex stylosa and B. vivipara,
the seed species receiving most feeding were L. spicata and B. vivipara (Figure 3.4; Table A.4).
This tendency is also evident from the no-choice assay, where seed species of B.vivipara showed
increased feeding time at higher temperatures. B. vivipara ended up having having the overall
highest feeding time, with B. vivipara, receiving a little more feeding than L. spicata in both the
choice and no-choice assay (Figures 3.4 and 3.1).

The tendency for B. vivipara being most favored in total is sustained by the observations
of Böcher [1972], who describes B. vivipara to be a food source with higher preference than
other seed species. He further states that B. vivipara plays a significant role in the diet of N.
groenlandicus [Böcher, 1972].

For seeds of A. archangelica, an increase in feeding is found up until 10°C, followed by a decrease
(Figure 3.1). This tendency is also evident in the choice assay with A. archangelica, Luzula
multiflora and Juncus trifidus, where A. archangelica is the most fed upon seed at 10°C and
15°C, but the least fed upon at 25°C (Figure 3.3; Table A.3). The most fed-upon seeds at 25°C
in this choice assay were J. trifidus and L. multiflora (Figure 3.3; Table A.3). Both of these seeds
receive a low amount of feeding at low temperatures, with a slow increase up until the highest
temperature at 25°C. This pattern is apparent both for choice and no-choice assays (Figure 3.3
and 3.1).

A steady decrease in feeding on S. acaulis is found after 15°C in the no-choice assay (Figure
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3.1). S. acaulis functions as a microclimatic refuge for invertebrates in harsh climates, and N
groenlandicus is often found in and among the cushion plant [Molenda et al., 2012; Lundbye
et al., 2012]. However, feeding is much lower for this seed than the other seeds, indicating that
the plant could function as a refugium for the seed bug, but not necessarily as a preferred food
source (table A.2).

This apparent change in seed preference across temperature treatments indicates that the seed
bug may actively select what it feeds upon, rather than simply consuming what is available, due
to higher metabolic demand from the insect, and thereby higher preference for seed species high
in nutrients. Lemoine et al. [2013], found that herbivore insect species performed best on plants
with high nitrogen content when exposed to higher temperatures. They furthermore found that
temperature altered the defense chemicals in the plants, which led to a redistribution of herbivory
on the different plant species [Lemoine et al., 2013]. From the clear change in feeding patterns
at different temperatures from the choice and no-choice assays performed in this thesis, it could
be suggested that rising temperatures brought on by climate change, could result in a shift in
host plant species for the seed bug, to more nitrogen-rich plants.

4.2 Nutritional content as a driver of seed preference

To potentially explain why the preference for seed species changes with temperature and get an
idea of the direction of the change, nutritional content has been analyzed for seed species and
seed bugs. When looking at the nutritional composition of the seed species, the most noticeable
differences are found between D. integrifolia and the two other seed species (Figure 3.5). D.
integrifolia has the highest lipid content and, when collected in Zackenberg, also the highest
protein content. For this reason, it could be expected that D. integrifolia would be the overall
preferred seed species due to its higher nutrient content, particularly lipid content [Raman, 1987].

However, the choice and no-choice experiments were performed in Narsarsuaq with seeds and
seed bugs collected in this environment. Here, there is no variation in protein content between
seed species, but there is variation in lipid content (Figure 3.5; Table A.5). DeVries and Appel
[2014] state that at temperatures outside optimum, carbohydrates may be a more useful nutrient,
due to it being easily converted to energy. D. integrifolia and S. acaulis both receive an increase
in feeding up to 15°C, but feeding decreases for both seed species at higher temperatures,
although more rapidly for S. acaulis (Figure 3.1). When looking at the carbohydrate content,
D. integrifolia has a higher content than both B. vivipara and S. acaulis in Narsarsuaq (Table
A.5). The nutritional composition of B. vivipara and S. acaulis are very similar when collected
in Narsarsuaq (Figure 3.5), which could potentially make them equally preferred by the seed
bug, although this is not apparent (Figures 3.1 and 3.2). However, several factors other than
nutritional composition, can influence why B. vivipara appears to be more prefered.
Lewis and Gripenberg [2008] mention that the functional traits of seeds can limit seed predator
feeding. S. acaulis has a much lower seed mass compared to B. vivipara (table A.19), and the
seed husk for S. acaulis is also hard compared to the soft bulbils of B. vivipara [Lundbye et al.,
2012; Bills et al., 2015]. This could make the nutrients in B. vivipara more available to the seed
bug, which could explain why this seed is fed upon more when there is a choice (Figure 3.2,
table A.2). However, this does not necessarily explain why S. acaulis receives so little feeding
compared to B. vivipara in the no-choice assay (Figure 3.1).
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Looking beyond nutrient content and physical traits, other factors affecting feeding, could include
phenolic compounds in plants, which can act as a deterrent (defence) or attractant to insects
[Simmonds, 2003; Slansky, 1990]. Protein storage in seeds can also have other functions than
providing a nutrient source for the seedling, some storage proteins can act as a defence against
insect seed predators [Lundgren, 2009]. Vysochina and Voronkova [2013] found that the bulbils
of B. vivipara have a high amount of flavonoids (a subgroup of phenolic compounds), especially
individuals found at high latitudes. Quercetin was found to be one of the main flavonoids, found
especially in the leaves [Vysochina and Voronkova, 2013]. Quercertin in high amounts can act as
an insect repellent, whereas smaller amounts can attract insects [Simmonds, 2003]. The study by
Vysochina and Voronkova [2013] found the quercetin amount in the bulbils of B. vivipara to be
much lower than in the leaves and flowers of the plant. This could, among other factors, explain
why B. vivipara generally receives more feeding than the other seed species (Figure 3.1, 3.2 and
3.4).

Seed preference is affected by more than just the macronutrients of the plant seeds, and to further
understand the feeding behaviour of the seed bug, more research is needed, due to the mulitple
factors that can play a role in this interaction.

4.3 The effect of food source on insect nutritional content

To further understand the feeding behaviour of the seed bug, the effect of feeding from one seed
species have been analyzed.

A decrease in nutrient content of the seed bug has been found when fed upon S. acaulis from
the 24-hour to the 120-hour treatment for all nutrient types (protein, lipid and carbohydrate)
(Figures 3.6, 3.7 and 3.8). However, this decrease is only significant for protein content in
Narsarsuaq and Zackenberg (Table A.7). Lipid content in the seed bug increases when fed D.
integrifolia and B. vivipara in Narsarsuaq, while a decrease is found for individuals fed S. acaulis.
Individuals fed S. acaulis had the lowest amount of food available ( 0.04 g) due to low seed yield
in the collection area. This could potentially have been a too small amount for the seven seed
bugs in each Petri dish, especially when individuals fed B. vivipara had almost twice the seed
mass.

When looking at lipid content in the laboratory group, the lipid content of individuals fed D.
integrifolia was stable throughout the entire duration, whereas both individuals fed B. vivipara
and S. acaulis decrease in content throughout the duration (Figure 3.8). Although these changes
are not significant, D. integrifolia had the highest lipid content of all seeds (Figure 3.5), high
enough to maintain the lipid content in the seed bug in the warmer climate of the laboratory
treatment. At warmer temperatures more nutrients are being used on growth, metabolism and
reproduction [DeVries and Appel, 2014].

When looking at the nutritional composition of the seed bug, location, and thereby temperature
treatment, had the overall greatest effect on the composition of all three nutrient types. Seed
bugs from the laboratory group generally had higher nutrient content overall compared to the
Zackenberg treatment (Figures 3.6, 3.7 and 3.8). For this study, location acts as a climate
gradient, with the laboratory treatment being the warmest (20°C), Narsarsuaq representing the
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intermediate temperature treatment (12°C) and Zackenberg representing the coldest treatment
(6°C). Temperature plays an important role in the uptake and assimilation of nutrients in insect
species [Lemoine et al., 2013]. Plants contain more nitrogen and nutrients in general when grown
under higher temperatures [Dostálek et al., 2020], and with the increased metabolic demand
of insects at higher temperatures, this could explain the generally higher nutrient amount in
individuals collected in Narsarsuaq [Lemoine et al., 2013].

In the natural environment, individuals collected in Narsarsuaq had a very different microhabitat
compared to individuals collected in Zackenberg. For small insect species with a limited ability to
choose their microhabitat, food readily available in the habitat inhabited by the individual insect
may play an even more important role [Spacht et al., 2021]. For this project, food availability
was equivalent for each treatment location during the experiment. Since the experiment duration
was relatively short, with the longest exposure being 120 hours, the original microhabitat could
have had an impact on the experiment results. The control insects collected in Narsarsuaq and
Zackenberg indicate this. The control individuals are visibly different from each other, with the
Narsarsuaq individuals having a higher concentration of protein and carbohydrate (Figures 3.6
and 3.7). Some of the control individuals differed significantly when compared to the 24 hour
treatment (Table A.15), indicating that although short, treatment durations did have an effect
on the bugs.

To understand how the different seed species affect the nutritional composition of the insect,
it is important to consider not only the nutritional composition of the seeds, but also how
nutrients are assimilated in the insect. Although the seed species had similarities in nutritional
composition, the way their nutrients are assimilated in the insect can vary. This may depend
on compounds found in the plant seeds, which can affect the uptake of nutrients in the insect.
These compounds can vary due to the growing conditions of the plants, such as available soil
nutrients and temperature during growth [Lundgren, 2009; Coll and Hughes, 2008]. The storage
of nutrients in the seeds can vary from species to species. They can also vary in chemical form,
for example, carbohydrates may be stored as starches, which require specific enzymes from the
insect to be broken down [Slansky, 1990]. Protein can be stored as different protein bodies, where
some may act as a defensive trait, rather than a nutrient source [Lundgren, 2009; Slansky, 1990].
This could explain why relatively similar nutrient contents in plant seeds can result in different
nutrient uptake by the seed bug. Nutrients obtained from seeds can also be converted into
other nutrient sources in the insect. For example, carbohydrates can be used for lipid synthesis,
resulting in lower carbohydrate content and higher lipid content in the seed bug [Slansky, 1990;
Bala et al., 2018].

4.4 Germinability of plant seeds post feeding

To understand how feeding by the seed bug affects the reproduction of plants, seed germination
of plant seeds exposed to N. groenlandicus for different durations have been investigated.

The effect of feeding on seed germination varied between treatments. For both B. vivipara and D.
integrifolia in Zackenberg, the control seeds collected directly from nature had significantly higher
germination than the feeding treatments (Figure 3.10 and 3.14). This is in contrast to B. vivipara
collected from Narsarsuaq, where the control group is the only group without germination. For
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S. acaulis, the control groups from both Narsarsuaq and Zackenberg had the lowest germination
(Figure 3.11 and 3.12), although this is not significant for Narsarsuaq (table A.18). Lundbye
et al. [2012] exposed seeds of S. acaulis to the seed bug N. groenlandicus and found that
feeding increased germination speed. This could also be the case in this experiment. Since
the germination period was limited to 20 days, treated seeds may have had higher germination
because feeding increased germination speed. If the experiment had continued longer, the control
seeds could potentially have germinated just as much, if not more [da Silva and Rossi, 2019].
Seeds were kept in the growth chamber after the germination period had ended for around three
more weeks. Around 35% of ungerminated control seeds from Zackenberg had germinated, and
just under 40% of the 24-hour treatment seeds also from Zackenberg had germinated (Data not
included in this thesis). A longer germination period could have been allowed to better catch
the potential delay or advance of feeding treatments. This advance in germination caused by the
seed bug could increase fitness of the seed, securing its germination and growth within the short
time period of the growing season in the Arctic [Lundbye et al., 2012]. During the germination
experiment, multiple seeds became infected with fungus, similar fungi were observed by Morris
and Doak [1998] in S. acaulis and described as anther smut, infected seeds did not germinate.
When seeds were collected, they were pooled from multiple plants in the same Eppendorf tubes,
and the anther smut could potentially have been transferred between seeds during collection and
storage of the seeds, which could have further affected the germinability of the seeds.

Seeds from D. integrifolia had the overall lowest germinability with no treatment reaching 100%
and only one treatment reaching a median germination above 50% (Figure 3.9 and 3.10). Seeds
of D. integrifolia had the lowest mass of all three species (table A.19), which could explain the
low germinability of this species overall. Smaller seeds have less tolerance to stress, and species
producing smaller seeds may compensate for this by producing a larger amount of seeds [Muller-
Landau, 2010]. da Silva and Rossi [2019] found that larger seeds had a better germination
outcome when attacked by a seed-feeding insect compared to smaller seeds. Furthermore, Hagen
[2002] found D. octopetala to be a weak germinator, with germination potentially being affected
by injured or immature seeds [Hagen, 2002]. Feeding duration had a significant effect on the
germination of D. integrifolia (Table A.17), and in contrast to S. acaulis, shorter feeding duration,
generally yielded the highest germination percentage (Figure 3.9), indicating that the piercing
of the seed husk and removal of nutrients by N. groenlandicus overall had a negative effect on
this seed.

Germination of B. vivipara contrasted greatly between Narsarsuaq and Zackenberg, with
completely opposite germination patterns. In Narsarsuaq, all feeding treatments had high
germination, except the control, which did not germinate at all. Whereas, in Zackenberg this
was reversed, with germination only happening for the control (Figure 3.13 and 3.14). Seed
mass did not vary greatly between these locations (Table A.19), and that is therefore unlikely to
explain the difference in germination. However, germination of B. vivipara was quick and had a
large germination proportion when germination happened, which is comparable to the findings
of Hagen [2002]. Bulbils of B. vivipara can be more vulnerable than seeds, and the stratification
and storage of the bulbils could have affected their germination[Bills et al., 2015]. However, more
research is needed to understand this contrasting germination pattern. The impact of feeding
from insects differed between plant species. Climate change will make cold-adapted plants more
palatable. Cold-adapted plants have generally lower defenses against herbivory due to the lower
herbivory pressure, however, with rising temperatures, herbivory will also increase, putting a
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pressure on cold adapted plant species [Dostálek et al., 2020]. Because the locations act as a
climate gradient during seed maturation, with Narsarsuaq seeds having matured under higher
temperatures than Zackenberg seeds, these results may indicate how seeds could respond in the
future with progressing climate change. Temperature influences the number of seeds germinating
and the rate at which they germinate [Müller et al., 2011].
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5 | Conclusion

The present study found a pattern in seed preference for the Greenlandic seed bug Nysius
groenlandicus, when temperature increased. Feeding did not increase uniformly with temperature
across all seed species. Instead, some species appeared to increase in preference with increasing
temperature, while others decreased. Feeding increased with temperature for bulbils of B.
vivipara , and seeds of L. spicata, J. trifidus and L. multiflora. In contrast, feeding decreased for
A. archangelica, D. integrifolia and S. acaulis

Further analyses of seed nutritional content did not provide a clear explanation for why some
seed species were preferred more than others when temperature increased. similarly, nutritional
analyses of seed bugs fed on different seed species showed alternating patterns, suggesting that
seed preference cannot be explained by seed macronutrient composition alone.

Germination after exposure to seed bugs differed between seed species, feeding duration and
location. (S. acaulis, appeared to benefit from feeding by the seed bug, with higher germination
after exposure. In contrast, D. integrifolia and B. vivipara sjowed more variable germination
responses depending on location and feeding duration. This suggests that the effect of feeding by
seed bugs on plant reproduction may depend on both plant species and environmental conditions.

In conclusion the interaction between N. groenlandicus and its host plants, is affected by
temperature, plant species and location. These results indicate that climate change may
contribute to this interaction by altering feeding preferences and changing the effect seed
predation has on plant germination.

However, further research is still needed to fully understand this interaction and the effect climate
change has on it.
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Appendix

Only significant pairwise comparisons are shown in the appendix tables unless otherwise stated.
Location codes are defined as A = laboratory treatment, B = Narsarsuaq and C = Zackenberg.

Experiment 1

To ensure that observations across different observers were consistent, several test trials were
made, by having all observers analyze the same video, and statistically comparing differences in
observations. Such tests was repeated until there was a consistency in results. A time of
hesitation (eight seconds) was chosen through observation of twenty specimens, where feeding
was easily viewed, determining the average time from when the specimen set about eating till
its proboscis was seen being inserted.
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Table A.1 Tukey-adjusted pairwise comparisons of estimated marginal means for feeding time of seed
species within each temperature treatment in the no-choice assay. Ratios represents contrasts between
seed species. Ratio > 1 indicate higher estimated feeding time for the first species in the comparison. SE
is the standard error of the model estimate. z-ratio indicates the strength of the test statistics. P-values
are Tukey adjusted. Only significant comparisons are shown.

Comparison Temperature Ratio SE z-ratio Adjusted p-value

L. spicata / A. archangelica 10 0.14 0.06 -4.31302 0.0004

C. stylosa / A. archangelica 10 0.14 0.06 -4.26568 0.0005

L. multiflora / A. archangelica 10 0.16 0.07 -4.22653 0.0006

A. archangelica / J. trifidus 10 3.98 1.55 3.558218 0.0089

L. multiflora / B. vivipara 15 0.2 0.08 -4.1741 0.0008

B. vivipara / J. trifidus 15 3.14 1.08 3.325344 0.0199

L. multiflora / S. acaulis 15 0.28 0.11 -3.21447 0.0286

D. integrifolia / L. multiflora 15 3.43 1.33 3.170689 0.0328

B. vivipara / S. acaulis 20 17.74 8.38 6.089221 <0.0001

L. spicata / S. acaulis 20 12.02 5.76 5.187268 <0.0001

C. stylosa / S. acaulis 20 9.4 4.54 4.632642 0.0001

S. acaulis / J. trifidus 20 0.12 0.06 -4.45049 0.0002

L. multiflora / S. acaulis 20 8.62 4.18 4.441731 0.0002

A. archangelica / B. vivipara 20 0.35 0.09 -4.11507 0.0010

D. integrifolia / B. vivipara 20 0.37 0.1 -3.86797 0.0028

D. integrifolia / S. acaulis 20 6.52 3.21 3.806492 0.0035

A. archangelica / S. acaulis 20 6.23 3.05 3.733493 0.0047

B. vivipara / J. trifidus 20 2.07 0.5 3.033872 0.0496

A. archangelica / B. vivipara 25 0.09 0.03 -7.64445 <0.0001

D. integrifolia / B. vivipara 25 0.1 0.03 -7.61467 <0.0001

B. vivipara / S. acaulis 25 20.21 8 7.594645 <0.0001

L. spicata / S. acaulis 25 14.08 5.67 6.569093 <0.0001

L. spicata / A. archangelica 25 7.35 2.33 6.29284 <0.0001

S. acaulis / J. trifidus 25 0.08 0.03 -6.2872 <0.0001

L. spicata / D. integrifolia 25 6.9 2.14 6.229478 <0.0001

L. multiflora / S. acaulis 25 11.4 4.61 6.012953 <0.0001

A. archangelica / J. trifidus 25 0.15 0.05 -5.92934 <0.0001

D. integrifolia / J. trifidus 25 0.16 0.05 -5.85613 <0.0001

L. multiflora / A. archangelica 25 5.95 1.9 5.579697 <0.0001

D. integrifolia / L. multiflora 25 0.18 0.06 -5.49919 <0.0001

C. stylosa / S. acaulis 25 7.17 3 4.701921 0.0001

C. stylosa / B. vivipara 25 0.35 0.08 -4.64087 0.0001

C. stylosa / A. archangelica 25 3.74 1.26 3.910207 0.0024

D. integrifolia / C. stylosa 25 0.28 0.09 -3.7977 0.0037
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Table A.2 Tukey-adjusted pairwise comparisons of estimated marginal means for feeding time of D.
integrifolia, S. acaulis, B. vivipara and foam within each temperature treatment in the choice assay.
Ratios represents contrasts between seed species and foam. Ratio > 1 indicate higher estimated feeding
time for the first species in the comparison. SE is the standard error of the model estimate. z-ratio
indicates the strength of the test statistics.

Comparison Temperature Ratio SE z-ratio Adjusted p-value

D. integrifolia / B. vivipara 10 0.141 0.06 -4.329 <0.0001

B. vivipara / S. acaulis 10 14.593 8.05 4.857 <0.0001

B. vivipara / foam 10 14.868 8.20 4.892 <0.0001

D. integrifolia / B. vivipara 15 0.178 0.06 -4.936 <0.0001

D. integrifolia / foam 15 6.206 4.10 2.763 0.0292

B. vivipara / S. acaulis 15 5.854 2.11 4.905 <0.0001

B. vivipara / foam 15 34.772 21.30 5.791 <0.0001

S. acaulis / foam 15 5.94 3.96 2.674 0.0376

D. integrifolia / B. vivipara 20 0.156 0.07 -4.043 0.0003

B. vivipara / S. acaulis 20 7.349 3.58 4.094 0.0002

B. vivipara / foam 20 57.799 59.40 3.947 0.0005

D. integrifolia / B. vivipara 25 0.215 0.08 -4.306 <0.0001

D. integrifolia / foam 25 17.026 17.90 2.697 0.0353

B. vivipara / S. acaulis 25 14.582 7.33 5.33 <0.0001

B. vivipara / foam 25 79.279 81.30 4.266 0.0001

Table A.3 Tukey-adjusted pairwise comparisons of estimated marginal means for feeding time of A.
archangelica, L. multiflora, J. trifidus and foam within each temperature treatment in the choice assay.
Ratios represents contrasts between seed species and foam. Ratio > 1 indicate higher estimated feeding
time for the first species in the comparison. SE is the standard error of the model estimate. z-ratio
indicates the strength of the test statistics.

Comparison Temperature Ratio SE z-ratio p-value

L. multiflora / A. archangelica 5 0.00 0.00 -3.442 0.0032

L. multiflora / foam 5 0.00 0.00 -2.764 0.0292

L. multiflora / A. archangelica 10 0.00 0.00 -3.745 0.001

A. archangelica / J. trifidus 10 13.00 7.00 4.752 <0.0001

L. multiflora / A. archangelica 15 0.00 0.00 -4.22 0.0001

A. archangelica / J. trifidus 15 4.00 2.00 3.851 0.0007

A. archangelica / foam 15 16.00 8.00 5.467 <0.0001

L. multiflora / A. archangelica 25 4.00 1.00 3.76 0.001

L. multiflora / foam 25 73.00 75.00 4.187 0.0002

A. archangelica / J. trifidus 25 0.00 0.00 -4.268 0.0001

A. archangelica / foam 25 20.00 22.00 2.859 0.0221

J. trifidus / foam 25 95.00 98.00 4.411 <0.0001

Table A.4 Tukey-adjusted pairwise comparisons of estimated marginal means for feeding time of L.
spicata, C. stylosa, B. vivipara and foam within each temperature treatment in the choice assay. Ratios
represents contrasts between seed species and foam. Ratio > 1 indicate higher estimated feeding time
for the first species in the comparison. SE is the standard error of the model estimate. z-ratio indicates
the strength of the test statistics.

Comparison Temperature Ratio SE z-ratio Adjusted p-value

L. spicata / B. vivipara 10 0.00 0.00 -3.043 0.0125

B. vivipara / foam 10 7.00 3.00 3.786 0.0009

B. vivipara / C. stylosa 10 11.00 6.00 4.11 0.0002

L. spicata / B. vivipara 15 0.00 0.00 -3.555 0.0021

B. vivipara / foam 15 18.00 10.00 5.544 <0.0001

B. vivipara / C. stylosa 15 4.00 2.00 2.944 0.0171

L. spicata / B. vivipara 20 0.00 0.00 -2.831 0.024

L. spicata / foam 20 30.00 33.00 3.143 0.0091

B. vivipara / foam 20 101.00 103.00 4.518 <0.0001

B. vivipara / C. stylosa 20 2.00 1.00 3.203 0.0074

foam / C. stylosa 20 0.00 0.00 -3.568 0.002

B. vivipara / C. stylosa 25 3.00 1.00 2.653 0.0398
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Experiment 2: Nutritional composition of plant seeds

Location codes are defined as A = laboratory treatment at 20°C using individuals from
Narsarsuaq, B = ambient Narsarsuaq treatment and C = ambient Zackenberg treatment.

Table A.5. Pairwise comparisons of estimated marginal means for nutritional composition of plant
seed species within each nutrient type and location. Estimates represent differences in nutrient content
between the first and second seed species in the comparison. SE is the standard error of the estimate, df
is degrees of freedom and t-ratio is the test statistic. P-values are adjusted for multiple comparisons.

Comparison Nutrient Location Estimate SE df t-ratio Adjusted p-value

B. vivipara - D. integrifolia Carbohydrate Narsarsuaq -19.21 2.41 71 -7.97 <0.001

S. acaulis - D. integrifolia Carbohydrate Narsarsuaq -19.27 2.27 71 -8.48 <0.001

B. vivipara - S. acaulis Lipid Narsarsuaq -14.47 2.27 71 -6.37 <0.001

B. vivipara - D. integrifolia Lipid Narsarsuaq -59.81 2.27 71 -26.33 <0.001

S. acaulis - D. integrifolia Lipid Narsarsuaq -45.34 2.27 71 -19.96 <0.001

B. vivipara - D. integrifolia Protein Zackenberg -26.79 2.27 71 -11.79 <0.001

S. acaulis - D. integrifolia Protein Zackenberg -25.75 2.27 71 -11.33 <0.001

B. vivipara - S. acaulis Carbohydrate Zackenberg -10.66 2.27 71 -4.69 <0.001

S. acaulis - D. integrifolia Carbohydrate Zackenberg 11.81 2.27 71 5.20 <0.001

B. vivipara- D. integrifolia Lipid Zackenberg -33.82 2.27 71 -14.89 <0.001

S. acaulis - D. integrifolia Lipid Zackenberg -28.23 2.27 71 -12.43 <0.001

Table A.6. Pairwise comparisons of estimated marginal means for nutritional composition between
locations within each plant seed species and nutrient type. Estimates represent differences in nutrient
content between Narsarsuaq and Zackenberg. SE is the standard error of the estimate, df is degrees of
freedom and t-ratio is the test statistic. P-values are adjusted for multiple comparisons.

Comparison Seed Nutrient Estimate SE df t-ratio Adjusted p-value

Narsarsuaq - Zackenberg B. vivipara Protein 6.86 2.27 71 3.02 0.004

Narsarsuaq - Zackenberg D. integrifolia Protein -22.94 2.27 71 -10.10 <0.001

Narsarsuaq - Zackenberg S. acaulis Carbohydrate -13.94 2.27 71 -6.14 <0.001

Narsarsuaq - Zackenberg D. integrifolia Carbohydrate 17.14 2.27 71 7.55 <0.001

Narsarsuaq - Zackenberg S. acaulis Lipid 11.90 2.27 71 5.24 <0.001

Narsarsuaq - Zackenberg D. integrifolia Lipid 29.01 2.27 71 12.77 <0.001

Experiment 2: Nutritional composition of Nysius groenlandicus

Location codes are defined as A = laboratory treatment, B = Narsarsuaq and C = Zackenberg.
For pairwise comparisons, estimates represent differences between the first and second group
listed in the comparison. SE is the standard error of the estimate. Only significant pairwise
comparisons are shown unless otherwise stated.
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Table A.7. Tukey-adjusted pairwise comparisons of estimated marginal means for protein content
in Nysius groenlandicus between feeding durations within each seed species and location. Estimates
represent differences between feeding durations on the model scale. SE is the standard error of the
estimate, and z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq
and C = Zackenberg.

Comparison Seed Location Estimate SE z-ratio Adjusted p-value

24 h - 72 h B. vivipara A -0.05 0.01 -4.655 <0.0001

72 h - 120 h B. vivipara A 0.06 0.01 5.845 <0.0001

72 h - 120 h D. integrifolia A 0.04 0.01 3.704 0.001

24 h - 72 h B. vivipara B -0.03 0.01 -3.719 0.001

24 h - 120 h B. vivipara B -0.06 0.01 -6.296 <0.0001

72 h - 120 h B. vivipara B -0.03 0.01 -2.640 0.023

72 h - 120 h D. integrifolia B -0.04 0.01 -4.212 <0.0001

24 h - 72 h S. acaulis B 0.04 0.01 3.953 0.0002

24 h - 120 h S. acaulis B 0.03 0.01 3.733 0.001

24 h - 72 h S. acaulis C 0.03 0.01 3.802 0.0004

24 h - 120 h S. acaulis C 0.02 0.01 2.688 0.020

Table A.8. Tukey-adjusted pairwise comparisons of estimated marginal means for protein content in
Nysius groenlandicus among seed species within each location and feeding duration. Estimates represent
differences between seed species on the model scale. SE is the standard error of the estimate, and z-ratio
is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq and C = Zackenberg.

Comparison Location Duration Estimate SE z.ratio Adjusted p-value

B. vivipara - S. acaulis B 24 h -0.04 0.01 -4.132 0.0001

B. vivipara - S. acaulis C 24 h -0.03 0.01 -3.653 0.001

D. integrifolia - S. acaulis C 24 h -0.03 0.01 -4.498 <0.0001

B. vivipara - D. integrifolia A 72 h 0.03 0.01 2.432 0.040

B. vivipara - S. acaulis A 72 h 0.05 0.01 4.887 <0.0001

D. integrifolia - S. acaulis A 72 h 0.03 0.01 2.566 0.028

B. vivipara - D. integrifolia B 72 h 0.04 0.01 3.759 0.001

B. vivipara - S. acaulis B 72 h 0.03 0.01 3.540 0.001

B. vivipara - S. acaulis B 120 h 0.06 0.01 5.908 <0.0001

D. integrifolia - S. acaulis B 120 h 0.03 0.01 3.810 0.0004
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Table A.9. Tukey-adjusted pairwise comparisons of estimated marginal means for protein content
in Nysius groenlandicus between locations within each seed species and feeding duration. Estimates
represent differences between locations on the model scale. SE is the standard error of the estimate, and
z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq and C =
Zackenberg.

Comparison Seed Duration estimate SE z-ratio Adjusted p-value

A - B B. vivipara 24 h 0.02 0.01 2.506 0.033

A - C B. vivipara 24 h 0.04 0.01 4.609 <0.0001

A - C D. integrifolia 24 h 0.04 0.01 5.319 <0.0001

B - C D. integrifolia 24 h 0.04 0.01 4.995 <0.0001

A - B S. acaulis 24 h -0.03 0.01 -3.764 0.0005

B - C S. acaulis 24 h 0.02 0.01 2.658 0.021

A - B B. vivipara 72 h 0.04 0.01 3.442 0.002

A - C B. vivipara 72 h 0.08 0.01 8.643 <0.0001

B - C B. vivipara 72 h 0.05 0.01 5.370 <0.0001

A - B D. integrifolia 72 h 0.05 0.01 4.682 <0.0001

A - C D. integrifolia 72 h 0.05 0.01 5.498 <0.0001

A - C S. acaulis 72 h 0.03 0.01 4.013 <0.0001

B - C S. acaulis 72 h 0.02 0.01 2.516 0.032

A - B B. vivipara 120 h -0.05 0.01 -5.056 <0.0001

A - C B. vivipara 120 h 0.03 0.01 4.205 <0.0001

B - C B. vivipara 120 h 0.08 0.01 8.908 <0.0001

A - B D. integrifolia 120 h -0.03 0.01 -3.193 0.004

A - C D. integrifolia 120 h 0.03 0.01 3.584 0.001

B - C D. integrifolia 120 h 0.06 0.01 6.645 <0.0001

Table A.10. Tukey-adjusted pairwise comparisons of estimated marginal means for carbohydrate content
in Nysius groenlandicus between feeding durations within each seed species and location. Estimates
represent differences between feeding durations on the model scale. SE is the standard error of the
estimate, and z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq
and C = Zackenberg.

Comparison Seed Location Estimate SE z.ratio Adjusted p-value

24 h - 72 h B. vivipara B -0.02717 0.011177 -2.43075 0.040

Table A.11. Tukey-adjusted pairwise comparisons of estimated marginal means for carbohydrate
content in Nysius groenlandicus among seed species within each location and feeding duration. Estimates
represent differences between seed species on the model scale. SE is the standard error of the estimate,
and z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq and C =
Zackenberg.

Comparison Location Duration Estimate SE z-ratio Adjusted p-value

B. vivipara - S. acaulis A 72 h 0.026722 0.010025 2.665506 0.021

B. vivipara - D. integrifolia B 72 h 0.034416 0.01072 3.210333 0.004

B. vivipara - S. acaulis B 72 h 0.031499 0.010699 2.944096 0.009
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Table A.12. Tukey-adjusted pairwise comparisons of estimated marginal means for carbohydrate content
in Nysius groenlandicus between locations within each seed species and feeding duration. Estimates
represent differences between locations on the model scale. SE is the standard error of the estimate, and
z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq and C =
Zackenberg.

Comparison Seed Duration Estimate SE z-ratio Adjusted p-value

A - C B. vivipara 24 h 0.023041 0.009045 2.547366 0.029

A - C B. vivipara 72 h 0.025171 0.010024 2.511065 0.032

B - C B. vivipara 72 h 0.03101 0.010752 2.88416 0.011

Table A.13. Tukey-adjusted pairwise comparisons of estimated marginal means for lipid content
in Nysius groenlandicus between feeding durations within each seed species and location. Estimates
represent differences between feeding durations on the model scale. SE is the standard error of the
estimate, and z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq
and C = Zackenberg.

Comparison Seed Location Estimate SE z-ratio Adjusted p-value

24 h - 120 h B. vivipara A 0.3100786 0.09891011 3.134954 0.004

Table A.14. Tukey-adjusted pairwise comparisons of estimated marginal means for lipid content
in Nysius groenlandicus between locations within each seed species and feeding duration. Estimates
represent differences between locations on the model scale. SE is the standard error of the estimate, and
z-ratio is the test statistic. Location codes are A = laboratory treatment, B = Narsarsuaq and C =
Zackenberg.

Comparison Seed Duration Estimate SE z-ratio Adjusted p-value

A - B B. vivipara 1 0.46037 0.090659 5.078052 <0.0001

A - C B. vivipara 1 0.385952 0.101476 3.803378 0.0004

A - C B. vivipara 3 0.239998 0.100417 2.390018 0.044

Table A.15.Tukey-adjusted pairwise comparisons of estimated marginal means for protein, carbohydrate
and lipid content in Nysius groenlandicus between 24-hour treatments and unfed control individuals
within each seed species and location. Estimates represent differences between locations on the model
scale. SE is the standard error of the estimate, and z-ratio is the test statistic. Location codes are A =
laboratory treatment, B = Narsarsuaq and C = Zackenberg.

contrast Location Nutrient Estimate SE z-ratio Adjusted p-value

B. vivipara 24h - Control B protein -0.0532 0.00805 -6.605 <0.0001

Control - D. integrifolia 24h B protein 0.0366 0.00845 4.332 <0.0001

B. vivipara 24h - Control C protein -0.0532 0.00805 -6.605 <0.0001

Control - D. integrifolia 24h C protein 0.0366 0.00845 4.332 <0.0001

B. vivipara 24h - Control B Carbohydrate -0.0299 0.0115 -2.596 0.0465

Control - D. integrifolia 24 h B Carbohydrate 0.03257 0.0113 2.882 0.0206

Experiment 3: Seed germination

Location codes are defined as A = laboratory treatment, B = Narsarsuaq and C = Zackenberg.
For final germination proportion tables, odds ratios above 1 indicate higher odds of
germination in the first treatment listed, whereas odds ratios below 1 indicate higher odds of
germination in the second treatment listed.
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Table A.16. Pairwise log-rank comparisons between treatments within each seed species and location
for cumulative seed germination. P-values were adjusted using the Holm method to account for multiple
comparisons. Only significant comparisons are shown. Significant comparisons indicate that the timing
and/or occurrence of germination differed between treatments.

Seed species Location Comparison Adjusted p-value

D. integrifolia A 120 hours - 24 hours 0.0013

D. integrifolia A 72 hours - 24 hours 0.0045

D. integrifolia B 120 hours - 24 hours <0.001

D. integrifolia B 120 hours - Control 0.0195

D. integrifolia B 72 hours - 24 hours 0.031

D. integrifolia C 72 hours - Control <0.001

D. integrifolia C 120 hours - Control <0.001

D. integrifolia C 24 hours - Control <0.001

B. vivipara A 72 hours - 24 hours <0.001

B. vivipara A 120 hours - 72 hours 0.0011

B. vivipara B 120 hours - Control <0.001

B. vivipara B 24 hours - Control <0.001

B. vivipara B 72 hours - Control <0.001

B. vivipara B 120 hours - 72 hours <0.001

B. vivipara B 72 hours - 24 hours <0.001

B. vivipara C 72 hours - Control <0.001

B. vivipara C 120 hours - Control <0.001

B. vivipara C 24 hours - Control <0.001

B. vivipara C 72 hours - 24 hours <0.001

B. vivipara C 120 hours - 72 hours <0.001

S. acaulis A 72 hours - 24 hours <0.001

S. acaulis A 120 hours - 24 hours <0.001

S. acaulis A 120 hours - 72 hours <0.001

S. acaulis B 24 hours - Control <0.001

S. acaulis B 72 hours - 24 hours <0.001

S. acaulis B 120 hours - 24 hours 0.0407

S. acaulis C 72 hours - Control <0.001

S. acaulis C 24 hours - Control <0.001

S. acaulis C 120 hours - Control <0.001

S. acaulis C 120 hours - 72 hours <0.001
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Table A.17. Tukey-adjusted pairwise comparisons of estimated marginal means for final germination
proportion of D. integrifolia between feeding-duration treatments within each location. Odds ratios
represent contrasts between treatments. An odds ratio above 1 indicates higher odds of germination in
the first treatment listed, whereas an odds ratio below 1 indicates higher odds of germination in the
second treatment listed.

Comparison Location Odds ratio SE z-ratio Adjusted p-value

24 hours / 72 hours A 3.59259 1.56318 2.939 0.009

24 hours / 120 hours A 4.88889 2.3486 3.303 0.003

Control / 120 hours B 3.5 1.61374 2.717 0.033

24 hours / 72 hours B 2.68269 1.01781 2.601 0.046

24 hours / 120 hours B 4.84615 2.18302 3.503 0.003

Control / 24 hours C 62.48649 38.76531 6.665 <0.0001

Control / 72 hours C 191.1351 195.9801 5.123 <0.0001

Control / 120 hours C 191.1351 195.9801 5.123 <0.0001

Table A.18 Tukey-adjusted pairwise comparisons of estimated marginal means for final germination
proportion of S. acaulis between feeding-duration treatments within each location. Odds ratios represent
contrasts between treatments. An odds ratio above 1 indicates higher odds of germination in the first
treatment listed, whereas an odds ratio below 1 indicates higher odds of germination in the second
treatment listed.

Comparison Location Odds ratio SE z-ratio Adjusted p-value

24 hours / 72 hours A 0.297866 0.046835 -7.703 <0.0001

24 hours / 120 hours A 0.583555 0.086179 -3.647 0.001

72 hours / 120 hours A 1.959124 0.310308 4.246 <0.0001

Control / 24 hours B 0.379583 0.060178 -6.11 <0.0001

24 hours / 72 hours B 2.239732 0.356536 5.065 <0.0001

24 hours / 120 hours B 2.167243 0.345403 4.853 <0.0001

Control / 24 hours C 0.353149 0.054127 -6.791 <0.0001

Control / 72 hours C 0.234045 0.036545 -9.3 <0.0001

Control / 120 hours C 0.42359 0.064794 -5.616 <0.0001

24 hours / 72 hours C 0.662737 0.099215 -2.748 0.031

72 hours / 120 hours C 1.80987 0.270379 3.971 0.0004
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Mass overview of Seed species and seed bugs

Table A.19 Table containing mass of seed (B. vivipara, S. acaulis and D. integrifolia) and Nysius
groenlandicus, meassured during nutritional composition analysis. Mass of S. acaulis and D. integrifolia
is meassured on eight seeds pooled, Mass of Nysius groenlandicus is meassured on two individuals pooled
using a Sartorius Quintix35-1S scale

Treatment Narsarsuaq Zackenberg

Control B. vivipara 1.845 2.016

Control S. acaulis 3.775 5.318

Control D. integrifolia 1.434 1.273

Control N. groenlandicus 4.643 8.908

Weight N. groenlandicus:

Zackemberg
24 hours 72 hours 120 hours

B. vivipara 7.974 g 8.129 g 8.097 g

S. acaulis 8.434 g 7.991 g 8.437 g

D. integrifolia 9.274 g 8.696 g 9.727 g

Weight N. groenlandicus:

Laboratory group 20 C
24 hours 72 hours 120 hours

B. vivipara 3.957 g 4.376 g 4.561 g

S. acaulis 4.506 g 4.615 g 5.065 g

D. integrifolia 4.691 g 4.989 g 5.296 g

Weight N. groenlandicus:

Narsarsuaq
24 hours 72 hours 120 hours

B. vivipara 4.362 g 4.373 g 4.305 g

S. acaulis 4.239 g 4.637 g 4.819 g

D. integrifolia 5.111 g 5.076 g 5.284g
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