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Abstract

Climate warming is predicted to affect species @aoghic interactions worldwide, and alpine
ecosystems are expected to be especially sensitigkanges. There are few studies on how
insect herbivory respond to warming. Therefore, &élma of this study was to examine if
experimental warming had an effect on herbivoryldaf-chewing insects in an alpine plant
community. To manipulate the climate | used opgnd¢bambers (OTCs) from an ongoing
long-term experiment at Finse, Norway. By recordegding damages on the vascular plants
in the OTCs and in control plots, | found that warghincreased the herbivory pressure on
Dryas octopetala but not onBistorta vivipara and Salix reticulata The increase was
significant both in early and late season. Spespesific responses suggest that warming
might have caused changes in herbivore activityplant quality. A feeding preference
experiment with the larvae of the maflygaena exulansa common herbivore at the study
site, showed a strong dislike f@aussurea alpinaHowever, no significant difference
between the preference fo@r. octopetala, B. viviparaS. reticulata and S. herbaceawas
found. There was little consistence between thdifgeexperiment and the field registrations.
This discrepancy might be caused by the presenaddfional insect herbivore species in the
field or the fact that the feeding experiment wasdal on an introductory no-choice test. Even
with the limitations in using OTCs for herbivorysearch, the present study indicates that
some species, such Bs octopetalawill be more susceptible to insect herbivory tiudiners
when temperatures increase. Although the impactingieased herbivory on plant
performance has not been assessed in this stuglyndhease in damages @n octopetala
suggests that it is important to take insect henyivinto consideration when predicting

changes in alpine plant communities due to clinaateming.
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1 Introduction

Global mean temperatures have already increasedodtianate change and the warming is
predicted to continue (IPCC 2007). Worldwide, thss affecting species and trophic
interactions (Parmesan & Yohe 2003; Parmesan ZD@&nakis et al. 2008; Walther 2010).
Alpine ecosystems are expected to be especiallgitsento changes (Shen & Harte 2000)
and climate change is predicted to be the majaredrof shifts in biodiversity and species
composition (Sala et al. 2000).

Most of the research on the effects of climate wagnboth in alpine and other ecosystems,
has focused on plants (Arft et al. 1999; ElImeneodl. 2012; Pieper et al. 2011; Walker et al.
2006). Some focus has been directed to the eftectssects, for example studies showing
range shifts to higher latitudes or altitudes (Bigker et al. 2011; Drees et al. 2011; Hickling
et al. 2006) or studies examining abundance inorespto experimental warming (e.g. Adler
et al. 2007; Dollery et al. 2006). Less studiesehncused on the plant-insect interaction in
general and insect herbivory in particular (but Béghardson et al. 2002; Roy et al. 2004),
even though this may be important for understandiog ecosystems respond to climate
warming (Roy et al. 2004; Tylianakis et al. 2008).

How insect herbivory will change due to warmingdifficult to predict (Richardson et al.
2002), therefore scientists ask for research oeractions between herbivores and plants
under climate warming in various ecosystems (lale2011). Especially, long-term warming
experiments in the field are considered to be irgmir (Adler et al. 2007). Warming
experiments studying insect herbivory in alpine anctic areas have included various plant
species and different guilds of insect herbivorashsas leaf-chewing, leaf-mining, and
sap-sucking insects. These experiments found tbatesplants experienced decreased
herbivory, some experienced no change, whereassathiperienced increased herbivory with
warming (Richardson et al. 2002; Roy et al. 2004).

The above mentioned studies indicate that the respovaries between plant species.
Therefore it is likely that some species will bermsusceptible to increased insect herbivory
than others when the temperatures increase. Inr dodgredict which species that will
experience increased herbivory, it is essentialgin knowledge about the feeding
preferences of insect herbivores. At present, itifisrmation is incomplete or missing for

many speciesA common way to study feeding preferences is tadoohfeeding preference
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experiments in the laboratory (e.g. Hernandez.e2G1; Hagvar 1976; Pérez-Harguindeguy
et al. 2003).

The aim of this study was to examine if experimewarming had an effect on herbivory by
leaf-chewing insects in an alpine plant communifyp. manipulate the climate, | used
open-top chambers (OTCs) from an ongoing long-tevarming experiment at Finse,
Norway. | also examined the food preference of ltrgae of the diurnal motiZygaena

exulans(Hohenwart 1792), a common species at Finse anabtie main insect herbivores

in the study area (Hagvar 1976). | ask the spegifiestions:

(1) Does warming have an effect on the amount of insediivory?

(2) Does the effect of warming on the amount of ingexbivory vary between the plant
species?

(3) Does warming have an effect on the amount of inlsedtivory both early and late in
the season?

(4) What is the preferred food plant 8f exulan8

2 Materials and methods

2.1 Study site and study species

Field work was performed during the summer 201Eiase, situated in the northern part of
Hardangervidda mountain plateau, southwest NorWdne study site was located in the
midalpine zone at 1450 m a.s.l. on the southweshdaslope of Sanddalsnuten (60°36.8'N-
7°31.2' E). Finse has an alpine-oceanic climaté @wi8°C as mean temperature June - August
(Aune 1993), and 89 mm as mean monthly precipitatauring the same period
(Farland 1993).

The dominant plant in the study area is the winesrg dwarf shrulbryas octopetalal.,
which often forms heath communities on dry calcasesoils in arctic-alpine environments
(Elkington 1971; Mossberg & Stenberg 2007). Alpiwyas heaths are biodiversity hotspots
with common species lik8istorta vivipara (L.) Delarbre,Salix reticulataL., Saussurea
alpina L., and Tofieldia pusilla(Michx.) Pers. Important leaf-chewing insects fagdon
vascular plants at Finse are Lepidoptera (£.gexulans Boloria napaea(Hoffmannsegg

1804), Erebia pandrose(Borkhausen 1788)), beetles (e.g. Curculionidakrysomelidae),
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sawflies (e.g. Tenthredinidae) and a grasshoppmiahoplus frigidus(Boheman 1846))
(Hagvar 1975; Hagvar 1976; Seglen 1967; Solhgy 1997

2.2 Warming experiment

Open-top chambers (OTCs) were established in tndystrea in 2003 (Fig. 1). OTCs are
frequently used to simulate regional climate wagniend are considered to have few
undesired side effects (Arft et al. 1999; HollistewWebber 2000; Marion et al. 1997). During
the growth season, the mean air temperature iQW@s compared to ambient temperature is
1.6°C warmer at 5 cm above ground (Sandvik & Ei89). This is in accordance with an
expected warming of 0.2-0.5°C per decade until 2060 the Norwegian mainland
(Hanssen-Bauer & Fgrland 2001). Further detailsualite OTCs can be found in Sandvik
and Eide (2009).

Figure 1. OTCs at the slope of Sanddalsnuten, Fitsavay, 2012. Photo: T. Hasle

For the registrations | used a subset of 10 oth@f32 OTCs in the study area. | selected the
OTCs to use randomly, but made sure most of thentagwed D. octopetalaso their
conditions were as similar as possible and compatalthe research done by another master
student, S. Bergmann, at a higher elevation si&aatidalsnuten (1550 m a.s.l.). | established
10 control plots randomly around the OTCs, but madee most of them also contained



D. octopetalato make their conditions similar to the OTCs. Toatrol plots were placed at

least 1 m from OTCs to avoid being influenced bynegistration activity.

| did registrations inside a 50 x 50 cm frame icle®TC and control plot. The frame was
divided into subplots to make registrations eadieravoid edge effects from the walls, | put
the frame in the middle of the OTCs. | recordedfdeding damages made by leaf-chewing
insects on all living vascular plants inside thanie in each plot. | also recorded all
leaf-chewing insects known to feed on vasculartgléca one hour of searching per plot). If
there were insects in an OTC, but not inside tlaené&, | recorded them too because the
insects move fast and might as well have beenenid frame. To obtain comparable data, |
also recorded insects close to the control plotslf<cm). In order not to disturb the
experiment, no insects were removed from the pltherefore, all species identification was
done on site or later from photographs. Becausteiimited scope of a 30 credits master
thesis, | did no other insect collections. | estedathe percentage cover separately for
D. octopetala, B. vivipara, and S. reticulaiaside the frame in each plot. To detect
differences in herbivory between early and latesseal did the same field registrations twice
during the summer (early: 19.-28.06.12 and late:04108.12).

2.3 Feeding preference experiment

| conducted a feeding preference experiment togetita S. Bergmann in late June 2012 to
identify the preferred food plants of the polyphagd. exulandarvae (Naumann et al. 1999).
This speciesvas selected because we observed it in high abuadan the study area. Based
on a combination of literature on preferred foodnté (Hagvar 1976; www.lepidoptera.no
s.a.), own observation of common plants speciatspam observation of species with feeding
damages, we decided to uBe octopetala, B. viviparaS. reticulata, S. herbaceand

S. alpinain the experimentFirst we did an introductory no-choice test (Saftoaven et al.
2005) to see which plant species to exclude froenntlain test, a paired-choice test (Horton
1995). In the paired-choice test each larva wasrgiwo plant species in each trial to observe
which one it preferred. However, feeding marks wiexend in only 17% of the trials as the
larvae became inactive after ca one week in ther#bry. Therefore, the data from the
paired-choice test are not presented, and | usedidta from the no-choice test to approach

the feeding preferences &f exulans.



We collected larvae in vegetation similar to thedgtarea 20-100 m away from the OTCs and
brought them back to the laboratory at Finse Rebke&tation. Each larva was put in a
separate plastic box with a ca 1 cm thick layeplakter of Paris at the bottom (Fig. 2). To
prevent the larvae from escaping, but allow aicudation, we covered the boxes with netting.
We used lids with a hole in the middle to secueerthtting. Large windows in the laboratory
ensured similar day and night cycles as outsid@nRtemperature was ca 21°C during the
day and ca 16°C during the night. To keep the boxeist, we added a bit of water to the
plaster of Paris every morning. The plant matarssed was undamaged leaves collected one
or two days before feeding and kept fresh in ptalstixes with water in a cool room. The

leaves were collected in the same area as theelarva

Figure 2. Box withZ. exulandarva used in the feeding preference experimdmitd® T. Hasle.

We starved the larvae overnight to make conditionsall individuals as similar as possible
and to make sure they were motivated to eat duhegfeeding trials (Jogesh et al. 2008;
Pérez-Harguindeguy et al. 2003). We fed the lamate morning by putting leaves in the
center of the boxes and placing the larvae nexhéoleaves to make sure they all had the
same chance to discover the food. In the no-chieiseeach larva was fed two leaves, both
from the same plant species, in each trial. Afeelt hours, we removed the leaves. Because
of variation in interspecific and intraspecific lesize, we classified the leaves as eithet
eaten(less than 10% eaten) eatenfor the statistical analysis. Each larva was useskveral
trials and we randomized which larvae that werevigdch plant species. Dead or molting

larvae were removed from the experiment and rengedon these individuals were excluded
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if they did not feed in earlier trials. This wasngdbecausg. exulandarvae do not eat for 5-6
days before molting (Hagvar 1976). We did new srial replace the ones excluded so that we
had 20 replicates of each plant species.

2.4 Statistics

The field data were not normally distributed andvéas not possible to transform them to
normality. Therefore | used nonparametric testaséd R version 2.14.2 (R Development
Core Team 2012) in all statistical analyses.

| used Mann Whitney U tests in all analyses exéapthe feeding preference experiment. In
most Mann Whitney U tests, Treatment (OTC or cdhtn@s used as explanatory variable.
The response variable was either Number of dambegaceks, Relative amount of damages,
Number of all Lepidoptera larvae, or Number £f exulanslarvae. Relative amount of
damages was calculated as the number of damagezs|davided by the percentage cover of
the damaged plant species. To determine the re#dtip between feeding damages and
presence of all Lepidoptera larvae or presenc&.oéxulanslarvae alone, | used Mann
Whitney U tests with Number of damaged leaves apamse variable and Presence of all
larvae (1 or 0) or Presence @f exulanslarvae (1 or 0) as explanatory variables. These
analysis included data from both the OTCs and trol plots. Data from early and late
season were always combined in analyses with glidloptera larvae. Only early season data
were used in analyses with exulansbecause these larvae were only recorded in #@risgh

To compare preferences &f exulansn the feeding experiment, | tested whether nunadber
replicates with feeding damages differed betweamtp$pecies by using Fisher's exact test.
Number of replicates with and without damages v&gilas response variable, and each plant
species as explanatory variable. |1 performed téstsall possible combinations of plant

species.



3 Results

3.1 Feeding damages

Based on the difference in medians, experimentaimivey increased the total number of
damaged leaves by 115% late in the season, wheeghsin the season warming had no
significant effect (Fig. 3). Feeding damages weareorded onD. octopetala B. viviparg
S. reticulata S. alpina T. pusilla, Vaccinium myrtillusL., V. uliginosumL., Parnassia
palustrisL., Thalictrum alpinumL., and Carex species. Other vascular plants, for example

S. herbaceawere observed in the plots as well, but nonde$é¢ had feeding damages.

Combined,D. octopetalaB. viviparg andS. reticulatahad more than 95% of the recorded
damages. Early in the season none of these spmeged a significant difference in number
of damaged leaves in OTCs compared to control plotereas late in the season warming
increased the number of damaged leave® onctopetalaby 310% and orB. vivipara by
153%, based on the medians (Table 1). However, wthencover ofD. octopetala

B. viviparg andS. reticulatain the plots was accounted for in the analyBegctopetalavas
the only species that showed an increase in amoludamages with warming (Fig 4). In
contrast to the increase in Number of damaged &ahés increase in Relative amount of
damages foD. octopetalawas significant both early and late in the sea®ased on the
medians, the increase was 168% early and 458% Hatelate season the increase was
significant even when the outlier with the highesliue was removed (Mann Whitney U tests:
W =62.0, p<0.001, control: n=9, OTC: n = 73.H d).



a) Total damages, early
W =44.0,P=0.677
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250
]
250
1

200
!

200
1

150
|
150
1

100
|
100
1

Total number of damaged leaves
Total number of damaged leaves

50
|
50

=

o o o i
I I I I

control oTC control oTC
n=10 n=10 n=10 n=10

|
—_—

Figure 3. Total number of damaged leaves in OT@scamtrol plots for early and late season, Finse,
Norway, 2012. Box plots show the median, boxes nthekinterquartile range. Whiskers show the
minimum and maximum values that fall within 1.5% tlength of the box away from the interquartile
range, data further away are shown as outliersll®s in bold are significant at 5% level according
Mann Whitney U tests. Without the outlier in FigW¥: = 69.5, p = 0.050.

Table 1. Number of damaged leavesRinviviparg D. octopetala andS. reticulatain OTCs and
control plots for early and late season, Finsewdgr 2012. Medians for each group are shown, in
parenthesis are thé'and 3' quartiles. P values in bold are significant at 8%l according tdMann
Whitney U tests.

Control OoTC
Species Season Number of n Number of n wW P
damaged leaves damaged leaves

B. vivipara  Early 14 (7, 31) 10 7 (1, 15) 10 415 0.543
Late 9 (4, 18) 10 22(13,25) 10 78.00.037

D. octopetala Early 26 (10, 49) 9 30 (9, 42) 8 440 0.677
Late 26 (11, 56) 9  107(34,120) 8 79.50.028

S. reticulata Early 0(0,2 9 0(0,0) 5 21.0 0.867
Late 1(0,2) 8 0 (0, 2) 10 30.5 0.379
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3.2 Presence of insects and feeding preference expetime

Few Lepidoptera larvae were recorded in the pld@ble 2) and the ones found were
Z. exulansE. pandrose and Noctuidae specieNo beetles feeding on vascular leaves were
recorded. There was no significant effect of wagnom occurrence of Lepidoptera larvae or
Z. exulandarvae only (Mann Whitney U tests: W = 183.5, B.486, n = 40 and W = 51.5,

P = 0.914, n = 20, respectively). Furthermore, ghgere no significant differences in the
number of feeding damages between plots with anthowi Lepidoptera larvae (Mann
Whitney U test: W = 127.0, P = 0.353, larvae preser 6, larvae absent: n= 34) or with and
without Z. exulandarvae (Mann Whitney U tests: W = 48.0, P = 0.142exulanspresent:

n = 4,Z. exulansaabsent: n = 16).

The no-choice test showed that tle exulanslarvae preferredS. alpina less than

D. octopetala, B. vivipareS. reticulata andS. herbacedFisher’'s exact test: P < 0.001 for all
combinations) (Fig. 5However, there were no significant differencesvaen the preference
for D. octopetala, B. viviparaS. reticulata andS. herbacedFisher's exact test: P > 0.1 for

all combinations).

Table 2. Number of plots with Lepidoptera larvadyeand late season, Finse, Norway, 2012. Number

of larvae in each plot is given in parenthesis.

All Lepidoptera larvae Z. exulandarvae only

Early Late Early Late

Control plots 2(1+2) 2 (1+1) 2(1+2) 0
OTCs 2(2+3) 0 2(2+3) 0

10
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Figur 5. The preference df exulandarvae forD. octopetalaB. vivipara S. reticulata S. herbacea
andS. alpinain a laboratory no-choice feeding experiment.

4 Discussion

4.1 Feeding damages

Warming increased the total number of damaged teavan alpindryas heath at Finse late
in the season. This is consistent with Bergmanm(rseript) who showed that there were
more damaged leaves in the OTCs than in the coptott at a higher elevation site at
Sanddalsnuten. The results from Finse are in aaoccedwith Roy and colleagues (2004) who
found that experimental warming increased the kerlyi by leaf-chewing insects in a
montane meadow in the Rocky Mountains. Furtherm&mzlov (2008) found that the
herbivory by leaf-chewing and leaf-mining inseatsreased with warmer climate along a
gradient in Fennoscandia. Studies of fossil ledraa the Paleocene-Eocene global warming
period also show that the amount of damages inedeasth warming (Wilf & Labandeira
1999).

The increase in total number of damaged leavednatee season was mainly due to feeding
marks onD. octopetalaand B. vivipara However, when the cover of the plant species was
accounted for, onlyD. octopetalashowed a significant increase. This indicates that
increase in number of damaged leavesDonoctopetalawas due to increased herbivore
pressure in the OTCs, whereas the increase in dainlagves omB. viviparaprobably was
due to greater cover of the species in the OTCss Th consistent with Bergmann

(manuscript) who found that warming increased tbgec of B. vivipara at the higher
11



elevation site at Sanddalsnuten. The increase nmbeu of damaged leaves in some species,
but not others, is in accordance with Richardsod emlleagues (2002). They found that
warming of a subarctic dwarf shrub heath in Scaada increased the herbivory on
V. myrtillus by 600%, but had no effect an uliginosumor V. vitis-idaealL. The effect of
warming on the amount of insect herbivory in a naoet meadow in the Rocky Mountains

also varied between the plant species (Roy eD&84 R

The increase in herbivory on some plant specie$, fmi others, may have several
explanations. For example, warming might have ckdrige abundance, species composition,
feeding amount, or food preference of the insdgtde( et al. 2002; Liu et al. 2011; Niziolek
et al. 2012; Schoonhoven et al. 2005). Warming migkso have altered the chemical
composition the of plants (DelLucia et al. 2012}h@ occurrence and population densities of
the insects’ parasitoids, competitors, or preda{dnges & Lombardero 2000; Both et al.

2009), and thereby influenced the amount of herlyivo

Warming might have had a direct species-specifiecefon insect abundance. If this was the
case, the species that preferizdoctopetalashould bethe ones that increased the most in
abundance in order to explain why warming only éased the amount of herbivory on
D. octopetalaand not on the other species. However, neithet tatmber of Lepidoptera
larvae, noiZ. exulandarvae only, were more abundant in the OTCs thahe control plots.
Furthermore, there was no relationship betweenptiesence of Lepidoptera @. exulans
larvae and the amount of feeding damages in myystddwever, | only did recordings once
early and once late in the season, and | recordedfew larvae. Recordings of larvae every
day for a longer period might have detected a moreect diversity and abundance of insects.
Analyses combining the data from my study with tla¢a from the higher elevation site at
Sanddalsnuten show that there were mirexulandarvae in the OTCs than in the control
plots, but for the total number of Lepidoptera &vthere was no significant difference
(Bergmann manuscript). Accordingly, studies fronhest areas show that the effect of
warming on abundance of leaf-chewing insects vabesveen the species; experimental
warming increased the density of the larvae ofntlmeh Melanchra pisi(Linnaeus 1758) by a
factor of 10 in a Tibetan meadow (Liu et al. 201dereas it decreased the density of
Symphyta larvae and weevils irDa octopetalaheath at Svalbard (Dollery et al. 2006).

12



Another possible reason for the increased amoudawfages oD. octopetalan the OTCs is
that the amount eaten per insect of this specieeased. Increased feeding can happen
because insects are poikilotherms and up to aiceli@it, warming stimulates their
metabolism (DeLucia et al. 2012; Ipekdal & Cagl@i2; Niziolek et al. 2012; Speight et al.
2008). Niziolek and colleagues (2012) found thadtles of the herbivorous speciespillia
japonica (Newman 1841) fed more under warmed compared tbiearh conditions. In
contrast, Johns and colleagues (2003) found that \ilas not the case for two other
herbivorous beetle©ctotoma champior(Baly 1886) and. scabripennigGuérin-Méneville
1844). This indicates that the effect of warmingconsumption per insect is species-specific.
To my knowledge, no similar studies have been donethe insect herbivores at Finse.
However, it is possible that the species preferingpctopetalain my study site increased
feeding as a response to warming and ate morengerdual than the species preferring other

plants.

Phenological changes in insects or plants due tanimg causing longer time for feeding
might also have increased the amount of biomassnea¢r insect. Warming can lead to
earlier hatching or emergence of insects (Masteral.e1998; Miles et al. 1997; Woiwod
1997, but see Liu et al. 2011). If warming advartbestime of snowmelt, the early emerging
insects can start feeding on the wintergrBelmctopetala However, not all plant species will
advance their phenology. The initiation of growin deciduous species and herbs like
B. viviparais often determined by photoperiod and not by terajure (Welker et al. 1997
and references therein). This might be anotheroreaghy warming only increased the

amount of herbivory oD. octopetalaand not on the other species.

Furthermore, it is possible that changed food pesfee of the insects can explain the increase
in damages oD. octopetala.Some studies report that the preferred food ptdninsect
herbivores changed with warming, although it is kimbwn if this was mediated by changes
happening to the insects themselves or to thent fuants (Ipekdal & Caglar 2012; Schalk et
al. 1969; Schoonhoven et al. 2005). To my knowledhes has not been studied for the

species at Finse.

The differences in herbivory between the plant ggemight have been induced by changes
in concentration of antiherbivory compounds dugvémming (DeLucia et al. 2012; Hansen et

al. 2006). However, an earlier study at Sanddaggndound that in botlD. octopetala,
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B. vivipara and S. reticulatathe concentration of carbon-based secondary congsoun
(CBSCs) was hardly affected by experimental warngkgbakken et al. 2008). Therefore, if
the explanation for the increase in damagedoroctopetalais that the concentration of
antiherbivory compounds had decreased, it mighe teeen caused by other compounds than
CBSCs.

Plant quality can also change if warming leadsltered nutrient concentration (DeLucia et
al. 2012; Niziolek et al. 2012). The research affiRrdson and colleagues (2002) showed that
for Vacciniumspecies, shoot nitrogen concentration was moreitapt than phenolics in
explaining the amount of herbivory. Nitrogen cortcation in D. octopetalahas shown
contrasting responses to warming, both negativelk®vest al. 1993; Welker et al. 1997),
positive (Rustad et al. 2001), and no response K&vadt al. 2005; Wookey et al. 1995). To
my knowledge, no studies have been done on nitragetent inD. octopetalaat Finse,
therefore it is uncertain whether increased nitnogencentration might explain the increased

herbivory in the present study.

Most of the damages seen on the leaves in the faed similar to those made by
Z. exulangn the feeding preference experiment. Howeverngetheere other insect herbivores
feeding in the area as well, both Lepidoptera laraad, according to pitfall traps placed ca 40
m from the OTCs, Chrysomelidae (Bergmann manugcriptvas unable to separate the
feeding damages made by the different insect speti@s complicates the interpretation of
which insect species that were influenced by themireg and caused the increase in number
of damaged leaves @ octopetalaEarly in the season, the insect recordings frloensite in
the present study, the higher elevation site ati&asnuten, and the pitfall traps (Bergmann
manuscript) indicate that. exulanss the most abundant insect herbivore. This sugdbat
the increase in herbivory di. octopetalan the OTCs early in the season mostly was caused
by Z. exulansZ. exulanshas a life cycle that lasts for at least two yesmrd overwinter as
larvae (Hagvar 1976; Tremewan 1985). In the feedirgeriment most of th&. exulans
larvae stopped eating in the end of June, aftentadbaveek in the laboratory (pers. obs.), even
though they live in habitats with a long snow-fpgiod and can be observed throughout the
summer at Finse (Hagvar 1976). However, the lansssl in the present experiment started
feeding again after an experimental cooling pemodugust (Birkemoe pers. comm. 2013).

This indicates that young. exulandarvae feed mostly early in the season and theimtgoa
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diapause before they continue feeding the nexhgpiihe older larvae pupate in early July
(Hagvar 1976). The early season feeding patterd. afxulansand the occurrence of other
Lepidoptera larvae in late season in my study #ie higher elevation site at Sanddalsnuten,
and in the pitfall traps (Bergmann manuscript)j¢ate that the increased amount of damages
on D. octopetalain the OTCs late in the season probably was cabgeadditional insect

herbivore species as well Asexulans

4.2 The limitations of OTCs for predicting insect hedy

Based on my data, | do not know whether the insagtgegated in the OTCs when feeding
and moved out when not feeding, or if they maitgysd in the OTCs. Gaps under the walls
of the OTCs allowed the insects to move in and athough the movement might have been
restricted. Free movement of insects into warmeasto feed can cause unrealistically high
densities in the OTCs (Moise & Henry 2010). If thappened in the present study the results
do not show a realistic response to climate warmegause when the whole region is warm
the insects cannot escape from the heat when edinig. Another source of error in the
experiment was that the insects might have praefaoestay in the OTCs because there they
were more protected from wind (pers. obs.; Richamdst al. 2002). This effect can be
avoided by using overhead heaters instead of O€@s Roy et al. 2004). This can be an
alternative for further herbivory research, buimisre expensive than OTCs, and is not suited

for remote and powerless areas such as the dite jpresent study (Shen & Harte 2000).

4.3 Feeding preferences @f exulans

The feeding preference experiment showed no sggmfi difference betweed. exulans
larvae’s preference fdD. octopetala, B. viviparaS. reticulata andS. herbaceaThis is in
contrast to an earlier experiment with exulansat Finse by Hagvar (1976). He found that
they preferredS. herbaceaand other Salix species and hardly fed oB. vivipara
(D. octopetalaand S. reticulatawere not included in the experiment). The diffees in
results might be caused by induced preference,etenence for the plant fed on earlier
(Bernays & Weiss 1996; Jermy et al. 1968), becdhsdarvae from the two experiments
were collected in different vegetation typ&s.herbaceavas common in the site of Hagvar
(1976), whereas it was almost absent from my sgitdy(pers. obs.). Induced preference is
quite common among larvae of Lepidoptera specieern@/s & Chapman 1994;

Schoonhoven et al. 2005), but to my knowledge shadied forZ. exulans

15



In contrast to the feeding experiment, in the fiéldound more damaged leaves on
D. octopetalaandB. viviparathan onS. reticulataandS. herbaceaThis might be because the
two latter species were less abundant in the figldrs. obs.). As noted by Pérez-
Harguindeguy and colleagues (2003), feeding pretereexperiments are most useful when
comparing feeding on plant species that have three seccessibility in the field. Furthermore,
one should be careful comparing the results froenekperiment and the field because the
data came from a no-choice test that tested wHitlheospecies the larvae accepted to eat, not
the preference from a choice between alternativks. difference between the results in the
feeding experiment and in the field may also hagenbcaused by the other insect herbivore
species feeding in the study sie.exulansnever fed orS. alpinain the experiment, so the
damages on this species in the field were likelysed by other insect herbivores.

5 Conclusion

Even with the limitations in using OTCs for herbiy@esearch, the present study provides an
indication of how the herbivory by leaf-chewing@ats might respond to climate warming. It
indicates that some species, suchasoctopetala will be more susceptible to insect
herbivory than others when the temperatures inerdas to global warming. | have discussed
possible explanations for why the effect of warmorg herbivory varied between the plant
species, however, research is needed to deterrhmecdusal relations. Furthermore, the
impact of increased herbivory on plant performahas not been assessed in this study, and
would be interesting to examine. Climate changéuges more than just warming, and is
predicted to cause differences in precipitatiomwsiregime, and availability of nutrients
(Hobbie 1996; IPCC 2007). It would be interestingeixamine the combined effect of these
factors on insect herbivory to get more reliabledietions following future climate change.
More research is needed to determine the prefdoed plant ofZ. exulanslarvae, both
because the no-choice test in the present studyalidchow a pronounced preference and
because the results from the present and earlparenents at Finse diverged. | suggest doing

a paired-choice test early in the season to avaictive larvae.
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