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Nutrient driven oviposition and food choice in 
terrestrial herbivorous insects – a choice experiment 

 
Linnéa Waara 
 
 
Abstract  
 
The presence of competitors and predators as well as plant quality affect which plants an 
insect feed from. These factors affect food choice through the entire insect life cycle, and is 
especially important when it comes to nurturing larvae. Females oviposition choice sets the 
initial stage for larval growth and survival, and it is therefore predicted that there is a strong 
selection pressure to make them oviposit on the best plants possible. This study looks into 
the behavior of nutrient driven ovipositing and food choice in the beetles Phratora vitellinae 
and Lochmaea caprea by offering individuals ten leaves of Salix viminalis, one treated with 
extra nitrogen in order to increase the nutritional value, and four treated with extra carbon, 
which should lower the nutritional value. During the choice experiment, only two females of 
Phratora vitellinae oviposited, making it impossible to draw any conclusion regarding 
nutrient driven oviposition choice. However, data showed a preference for nitrogen treated 
leaves and an avoidance of untreated control leaves in almost every case when looking into 
the largest loss of area for leaves of each treatment. When analyzing the number of leaves of 
each treatment that is eaten per individual there was a slight preference for nitrogen treated 
leaves, even though the probability of nitrogen being ranked as most preferred in this case 
was almost zero. Carbon treated leaves and acetone treated control leaves were equally 
avoided. For Lochmaea caprea, females fed from a significantly larger number of leaves than 
males did (t-test, t=1.86, p=0.0003). An ANOVA showed no significant difference in C:N 
ratio among leaf treatments (ANOVA, F=9.28E-07, p=0.99). Since plant C:N ratio most likely 
will increase continuously due to CO2 emissions, the effects an increased carbon 
concentration in plant tissues has on oviposition and food choice in herbivorous insects is 
something to look further into. More studies on this subject are therefore needed. 
 
 
 
Key words: Herbivore-plant interactions, offspring survival, Salix viminalis, Phratora 
Vitellinae, Lochmaea Caprea, C:N ratio, CO2 emissions. 
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1 Introduction 
 
1.1 Background 
 
In a productive ecosystem, terrestrial herbivorous insects are seemingly faced with an 
unlimited amount of resources. However, insect foraging is a process not as simple as it may 
seem at first glance. There are factors that insects take into account before choosing which 
plants to feed from, e.g. the presence of competitors and predators as well as plant quality 
(Behmer 2009). The presence of predators is a factor that induces stress in insects, causing 
physiological changes that affects the nutritional demand and balance. A general theory in 
ecology holds that with a predator present, insects facing an increased risk of predation 
increase their metabolism and allocate resources from functions affecting growth and 
reproduction to functions affecting survivorship. This requires insects to change their 
nutrient intake, hence, change what plants or plant parts they feed on based on their quality 
(Hawlena and Schmitz 2010). Plant quality, however, is a factor that is driven by the balance 
of nutrients and secondary metabolites, sometimes acting as a toxin, that are present in an 
individual plant (Tremmel and Müller 2013). Plants contain all essential nutrients an 
herbivorous insect requires (Behmer 2009), but the concentrations vary among species, 
individuals and even among parts of an individual plant (Tremmel and Müller 2013). 
Foraging is therefore a constant exercise in acquiring the perfect blend of nutrients and in 
getting as little secondary metabolites into the system as possible (Amwack and Leather 
2002; Behmer 2009).  
 
Herbivory is challenging for insects, since the chemical composition of an insect is very 
different from a plant. Insects have a much higher protein content than plants, and the 
amount of amino acids differ between animal and plant proteins (Di Giulio and Edwards 
2003). This explains why nutrient availability is known to be a very important factor affecting 
growth and survival of herbivorous insects (Ritchie 2000). Among all macronutrients, 
nitrogen (N) is the most common resource limiting plant production, and it is also thought to 
be a limiting nutrient for herbivorous insects and other arthropods, partly due to its crucial 
part in protein synthesis. Overall, N is crucial for growth, survival and reproduction in these 
organisms (Huberty and Denno 2006) 
 
Changes in plant quality occur partly due to changing atmospheric conditions caused by 
increased green house gas emissions. Changing amounts of UV-radiation and rainfall 
patterns along with increasing temperatures will also indirectly affect plants (Cornelissen 
2011), while increased CO2 concentrations will affect plants directly, causing changes in 
growth, allocation and tissue composition (Zavala et al. 2012). The current CO2 concentration 
is ca 30% higher than in the pre-industrial era (Cornelissen 2011), with preliminary reports 
showing a concentration of 404.39 ppm in July 2016 (NOAA 2016) The atmospheric CO2 is 
constantly increasing, and is expected to increase for many more years. According to IPCC, 
the worst case scenario would be a 235% increase from the current concentration by the year 
2100 – from 404.39 ppm to a 950 ppm (IPCC data distribution Centre 2014). Plants growing 
in elevated CO2 conditions show an increase in photosynthetic activity, productivity and 
biomass (Stiling and Cornelissen 2007). The most well documented change in tissue 
composition is an increased C:N ratio due to increased carbon allocation, causing both N 
concentration and the concentration of other nutrients to decrease, which results in a 
reduced nutritional value to herbivores (Stiling and Cornelissen 2007; Cornelissen 2011). The 
‘carbon-nutrient balance’ hypothesis predicts that an increased C concentration under 
elevated CO2 will cause a change in the composition of secondary metabolites. Carbon based 
defense compounds, e.g. phenolics (flavonoids and tannins) and terpenoids, will increase in 
leaves while N based defense compounds, e.g. alkaloids, glucosinolates and cyanogenic 
glycosides, will consequently decrease (Robinson et al. 2012; Cornelissen 2011).  
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Carbon-based defense compounds are important plant defenses against herbivory (Robinson 
et al. 2012), partly by making the leaves harder and more difficult to feed on. This implies 
that a changed secondary metabolite composition might cause an additional reduction in 
plant quality (Zavala et al. 2012). Many herbivorous insects respond directly to elevated CO2 
concentrations by changing their physiology, behavior or life history parameters, but the 
tight relationship with their host plant will cause an indirect response due to changes in host 
plant quality (Stiling and Cornelissen 2007). Since N is the most important limiting nutrient 
for insects and other arthropods, it is thought that a decreased N concentration due to carbon 
allocation will decrease the insect herbivore fitness by reducing growth rates and prolonging 
the developmental time. Further, an increase in the per capita food consumption could occur 
to compensate for the lowered nutritional quality (Robinson et al. 2012), a response called 
the ‘compensatory feeding’ hypothesis (Zavala et al. 2013).  
 
Food quality and predator presence is important for food choice through the entire insect life 
cycle, and is especially important when it comes to nurturing larvae. Females choosing where 
to lay their eggs, a process called ovipositioning, sets the initial stage for the growth of larvae 
(Nomikou et al. 2003). Larvae have little or no capacity to move from one plant to another, 
meaning that the mother’s oviposition choice is the main factor affecting the growth and 
survival of her offspring (Nomikou et al. 2003; da Silva Galdino 2015). Ovipositing on 
nutritious plants decreases the risk of larvae being eaten by a predator, since the high quality 
food enables them to grow faster (Nomikou et al. 2003). A female encountering a poor-
quality plant may change her oviposition behavior either by changing the size and/or 
nutrient content of the eggs, i.e. laying eggs of lower quality on low quality host plants, or by 
reducing the number of eggs she lays. In extreme cases she might even resorb her eggs to find 
a better suited host plant for her offspring. It is therefore predicted that a strong selection 
pressure constantly acts upon female insects to make them oviposit on the best plants 
possible for her offspring, both when it comes to quality and predator presence - they have 
evolved into specialists and usually make the right choice. This is called the ‘mother knows 
best’ principle (Müller and Arand 2007; da Silva Galdino et al. 2015).  
  
1.2 Aim and hypotheses 
 
The aim of this study was to investigate if the feeding and oviposition behavior in the Brassy 
willow beetle, Phratora vitellinae and the Willow leaf beetle, Lochmaea caprea (Coleoptera: 
Crysomelidae) are affected by nutrient concentrations in leaves of the Basket willow, Salix 
viminalis. This was done by conducting a choice experiment with cuttings of S. viminalis 
containing specific proportions of leaves with higher concentrations of N and C, respectively.  
 
The hypotheses were as follows: 
1) Egg-bearing females will prefer to oviposit on leaves containing higher N concentrations. 
Leaves with higher C concentrations will be the least preferred ones. 
 
2) Both females and males will prefer leaves containing higher concentrations of N as their 
food source. Leaves with higher C concentrations will be avoided. 
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2 Materials and methods 
 
2.1 The beetles 
 
P. vitellinae, or the brassy willow beetle, is a common leaf beetle present throughout Europe. 
It is referred to as a generalist species foraging on different species of Salix and Populus, and 
it is also considered a pest on the same species. Pupation occurs in the soil beneath the host 
tree, meaning that the newborn adults easily climbs back onto the same tree to feed on young 
leaves in the spring. If the climate is favorable there might be a second generation of P. 
vitellinae in the late summer. Groups of adults overwinter in sheltered places, e.g. cracks in 
bark, but not necessarily on their host tree. In spring, when these adults emerge from their 
place of hibernation to feed and reproduce, finding a suitable host tree is crucial. Eggs are 
oviposited in clutches on the lower side of the leaves, on which the larvae also feed (Rowell-
Rahier 1984). The individuals of P. vitellinae used for this study were kept in cages in a 
climate room since 2013, being recrossed with new individuals once every year to avoid 
inbreeding depression. During these years their source of food has been S. viminalis 
exclusively.  
 
Another generalist leaf-feeder used in this study is L. caprea. This beetle is quite common in 
Sweden, and it is mostly found on various species of Salix and Betula. In the beginning of 
autumn, adults drop into soil to overwinter, usually in September-October. When they 
emerge in the spring they mate and oviposit eggs on the lower side of the leaves they also feed 
on (Hjältén 1996). The survival rate of offspring is therefore much dependent on the mother’s 
oviposition choice, which is the reason why both P. vitellinae and L. caprea are suitable 
insect herbivores to use in this study.  
 
Individuals of L. caprea were collected around Lake Nydala, Umeå, Sweden in May 2016. 
They were kept in a separate cage inside the same climate room as P. vitellinae throughout 
the study. Individuals of L. caprea that were not used in the study were released back into 
nature when the study was finished. Since individuals of L. caprea were collected directly 
from nature it is difficult to know what their diet has consisted of until time of collection. 
However, every individual were collected from Salix plants, and during the study their food 
source were S. viminalis. 
 
2.2 The host plant 
 
Salix viminalis, or the basket willow, is a widespread species of Salix, with the Northern 
Hemisphere as their natural region. The species is naturalized in Sweden, and has been used 
in short-rotation forestry for biomass production (Björkman et al. 2001) due to its ability to 
grow fast and generate large amounts of biomass rapidly (Olejniczak et al 2011). S. viminalis 
is easy to grow from cuttings and grows at a rapid rate in an suitable climate, e.g. in a green 
house. This makes S. viminalis ideal to use in this study. To be able to conduct the choice 
experiment, 40 cuttings of S. viminalis were purchased from a Swedish energy company 
named Salixenergi AB, all with the same genotype. 

2.3 Plant preparation 
 
The experiment took place in a controlled environment inside a greenhouse. Furthermore, 
the cuttings were grown in a hydroponic environment, i.e. put in a water based nutrient 
solution instead of soil. A list of the nutrients used for the nutrient solution is found in table 
1. Each cutting was put in a plastic pot. Pots were divided into groups of five, put in larger 
plastic trays and filled with nutrient solution. The total amount of pots was 40, and the total 
amount of plastic trays was eight, with five pots in each (figure 1). To minimize the growth of 
cyanobacteria in each pot, and to enable the cuttings to grow in a relatively straight position, 
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dark plastic lids was put at the top of each pot, with each cutting placed in a large hole in the 
center of the lid. Three smaller holes were also made to enable air to circulate. Cuttings were 
allowed to grow for five weeks before starting the choice experiment.  

Before making the nutrient solution used to grow S. viminalis, stock solutions were made 
with each ingredient. These solutions were subsequently mixed together and diluted 25 times 
with distilled water to create the final solution. The nutrient solution was initially replaced 
after seven days. The rest of the growth period it was replaced every three or four days. 

Table 1. Recipe of the stock solution used to grow S. viminalis. 

Compound Concentration (g/l) 
K2SO4 27.9 

MgSO4 x 7 H2O 49.3 
NaH2PO4 x H20 2.3 

Na2HPO4 x 2 H2O 14.4 
CaSO4 x 2 H2O 10.3 
CaCl2 x 2 H2O 7.6 
FeCl3 x 6 H2O 0.48 

EDTA Tritriplex III 
(C10H14N2Na2O2 x 2 H2O)  0.63 

H3BO3 0.143 
MnSO4 x H2O 0.077 
ZnSO4 x 7 H2O 0.022 
CuSO4 x 5 H2O 0.0008 

Na2MoO4 x 2 H2O 0.0005 
CoCl2 x 6H2O 0.0118 

NH4NO3 2 
 
Ten leaves on each plant were chosen for the choice experiment. Five out of ten leaves 
received N or C additions and were marked by putting a small piece of tape on the stem right 
below the leaf. A small dot was made with a pen on one piece of tape. The leaf directly above 
this piece of tape received a dose of NH4NO3 (diluted with a 50% acetone solution) in order to 
increase the amount of N, while the other four leaves received a dose of sucrose (also diluted 
with a 50% acetone solution) in order to increase the amount of C. Sucrose is the most 
common carbohydrate storage compound in Salix plants (Bollmark et al. 1999), which makes 
it the best suited compound to use for carbon addition in this study. In the choice experiment 
made with P. vitellinae, control leaves were left untreated. However, when L. caprea was 
used, leaves were treated with a 50% acetone solution (figure 2). All solutions were applied 
on the lower leaf surface with an Eppendorf pipette and a brush, adding 10 µl per cm2 leaf 
area. Since the choice experiment were conducted on leaves still attached to the plant, the 
possibility to measure the exact area was limited. However, this was solved by picking leaves 
not included in the experiment and calculating their approximate area and their exact area. 
The approximate area was calculated by measuring the length and maximum width with a 
ruler, while the exact area was measured in leaf area meter LI-300C including the portable 
area meter LI-COR Inc. Thereafter, a linear regression was conducted, plotting the 
approximate and the exact area against each other, making it possible to know how large 
each leaf is only by measuring the length and maximum width with a ruler (figure 3).  
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Figure 1. A figure of the hydroponic experimental design. 8 trays with 5 pots in each tray gives a total of 40 pots. 
The green dot shows where the cutting was placed.  

 
 

 

Figure 2. A total of ten leaves were included in the choice experiment. One received extra N (black leaf), four 
received extra C (striped leaves) and five were untreated controls or acetone treated controls (white leaves). 
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Figure 3. A linear regression showing the relation between the approximate leaf area, length times maximum 
width, measured with a ruler, and the exact leaf area measured in a leaf area meter (n=59). 
 

2.4 Fertilizer calculations. 
  
Using data from Penner (2014) it was assumed that the amount of N and C in leaves from S. 
viminalis are 5.3% and 44.7% respectively. One cm2 of leaf weighs approximately 0.00067 g, 
of which 0.000335 g will be N 0.0029949 g will be C. The amount of fertilizer added per leaf 
was decided to be 10 µl/cm2 (or 0.00001 l/cm2) leaf area. In order to dilute two solutions, 
one that increases the N concentration with 5%, and another that increases the C 
concentration with 50%, the amount of N and C per liter and cm2 had to be calculated 
(equation 1a and 1b). 
 
!.!#	  %	  	  !.!!!&&#	  g/c*+

!.!!!!,	  l
= 1.675	  𝑔	  𝑙5,𝑐𝑚58     Equation 1a 

!.#	  %	  	  !.!!899:9	  g/c*+

!.!!!!,	  l
= 149.745	  𝑔	  𝑙5,𝑐𝑚58     Equation 1b 

 
The numbers 0.05 (equation 1a) and 0.5 (equation 1b) is the expected percental increase in N 
and C. This is multiplied with the initial amount of N and C, and the answer is then divided 
with the amount of solution that is to be applied per cm2 leaf area (0.00001 l = 10 µg). This 
gives us the amount of N and C per liter that has to be added to each cm2 leaf area in order to 
increase the amount of N and C with 5% and 50% respectively. 

Since it is NH4NO3 and C12H22O13 (sucrose) and not pure N and C that is being added to the 
leaves, concentrations of each solution have to be higher than the ones calculated in equation 
1a and 1b. The right concentrations are found out initially by dividing 33.5 g l-1cm-2 and 
299.49 g l-1cm-2 with the molecular weight of N (14.007 moles) and C (12.011 moles), followed 
by multiplying that with the molecular weight of NH4NO3 (80.043 moles), and sucrose 
(342.3 moles) (equation 2a and 2b) 

R² = 0,91921
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,.=>#	  ?	  @ABC*A+

,:.!!>	  *D@EF
	  ×	  80.043	  𝑚𝑜𝑙𝑒𝑠 = 9.572	  g	  	  𝑙5,𝑐𝑚58	     Equation 2a 

,:9.>:#	  ?	  @ABC*A+

,8.!,,	  *D@EF
	  ×	  342.3	  𝑚𝑜𝑙𝑒𝑠 = 	  4267.564	  𝑔	  	  𝑙5,𝑐𝑚58   Equation 2b 

 
Answers are thereafter divided by the amount of N and C atoms each molecule is consisting 
of. Therefore, 9.572 is divided by 2 (NH4NO3), and 4267.564 g/l is divided by 12 (C12H22O13).  

Finally, to add 5% N or 50% C to a S. viminalis leaf, two solutions has to be diluted - one 
containing NH4NO3 with the concentration of 4.786 g/l and a one containing sucrose with 
the concentration of 355.63 g/l. Since only a few µg of each treatment that was added to a 
leaf, 2 dl of each solution was enough. Diluting solutions with 2 dl of acetone then required 
0.957 g of NH4NO3 and 71.126 g of sucrose respectively. 

2.5 Choice experiment 
 
The choice experiment was conducted continuously as a mating couple were found in the 
cages. A leaf containing a mating couple were carefully removed from the stem and put into a 
petri dish. As soon as the mating procedure had finished, the male and female were put into 
separate petri dishes marked with unique numbers. To ensure that the treatment had an 
effect on the nutrient composition of the leaves, each individual was put on a branch of a 
cutting with leaves that was treated with C and N 1-3 days earlier. Each branch was covered 
by a net to prevent the insect from transferring to an untreated branch, giving it no other 
choice than to feed and/or oviposit on the treated leaves (figure 4). The net construction was 
made by cutting two similar pieces of net and putting them together with duct tape on both 
sides to avoid insects from getting stuck in the glue. Individuals were removed from their 
cuttings after five days, and leaves that were fed on or oviposited on were removed as well. 
For males, leaves were classified by the amount of leaf area that has been eaten, with 1 being 
the leaf with the largest loss of area, followed by noting what kind of treatment each of the 
classified leaves had received (N, C, control or acetone). The same classification was done for 
leaves eaten by females, along with noting whether or not oviposition had occurred (yes/no), 
how many clutches that was laid and on which leaves they were found (N, C or control or 
acetone control). Leaves, insects and egg clutches were thereafter put in separate tubes 
marked with unique numbers, species name, sex and date. Tubes were finally stored in a 
freezer. 
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Figure 4. A picture of the choice experiment. Each individual was put inside a net covering a branch containing 
the ten leaves that were included in the experiment.  

2.6 Leaf nutrient analysis 
 
Leaves were freeze dried in the vacuum freeze drier CoolSafe 95/55-80, ScanVac, 
LaboGeneTM for 24 hours. Afterwards they were grinded, weighed and put in small 
aluminum foil capsules. Capsules were folded carefully in a way that removes all excess air; 
air that otherwise would contaminate the sample. Air consists of both N and C, and since this 
nutrient analysis was done using very small sample weights, only a small volume of air inside 
the capsules would distort the nutrient analysis. Finally, samples were sent to a lab at 
Uppsala university, Sweden, for C and N measuring. 
 
From the data received from the lab at Uppsala university, C:N ratios and percentages of C 
and N in each treatment (N, C, control and acetone control) were calculated. 
 
2.7 Statistical analysis 
 
Choice experiment data were tested by using the Rank Preference Index (RPI). This index is 
performed by ranking the usage and availability of each leaf treatment from 1-3, with 1 being 
the treatment with the highest usage per individual or the highest availability in the 
experiment. By doing this it is possible to calculate the rank difference per individual by 
subtracting the ranking of availability from the ranking of usage. The treatment receiving the 
lowest average ranking difference for each sex will be ranked as most preferred, while the 
treatment with the highest average ranking difference will be ranked as avoided (Krebs 
1999). Two different versions of RPI was used in this study – one that ranks treatments 
according to the areal loss per leaf of each treatment (RPI1) and another that ranks 
treatments according to the number of leaves of each treatment that was eaten per individual 
(RPI2). 
 
A t-test was used to see if there are any significant differences in the number of leaves eaten 
between males and females of each species. Differences in leaf C:N ratio among treatments 
were statistically analyzed using one-way ANOVA. 
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3 Results 
 
3.1 Choice experiment 
 
The choice experiment data showed a clear difference in feeding behavior between males and 
females of each species, especially when it comes to L. caprea - females fed from a larger 
amount of leaves than males did (table 2). Two females of P. vitellinae oviposited several 
clutches each, and males of P. vitellinae ate large amounts from untreated control leaves 
(table 3). 
 
Table 2. Food preference data for individuals of L. caprea. The leaf with the largest areal loss is classified with 1. 
An * marks on which leaves oviposition occurred.  

 
 
 
Table 3. Food preference data for individuals of P. vitellinae. The treatment with the largest areal loss per leaf is 
classified with 1. 

 
 
 
 
 
 
 

 

L. caprea 
Classification of areal loss 

Individual 1 2 3 4 5 6 7 8 9 10 

F1.1 N Acetone Acetone Acetone Acetone C C C C 
 F2.1 Acetone N C C Acetone C Acetone Acetone Acetone 
 F3.1 Acetone Acetone C C C C 

    F4.1 N C Acetone Acetone C Acetone C Acetone C Acetone 

F5.1 Acetone Acetone N Acetone Acetone C C C C 
 

M1.1 
          M2.1 Acetone C Acetone N C 

     M3.1 Acetone C Acetone C 
      M4.1 

          M5.1 N C 
        

 
       

P. vitellinae 
Classification of areal loss       

Individual 1 2 3 4 5 6 7 8 9 

F1 C Control Control 
      F2 N C C* Control Control* Control Control C Control 

F3 C N* Control* C C Control* 
   F4 C Control 

       
M1 Control Control N Control 

     M2 Control Control Control Control C C 
   M3 Control Control 

       M4 Control Control C C 
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RPI 1, showing the food preference based on the areal loss of leaves of each treatment, gave N 
treated leaves the lowest average rank difference in all cases except for female P. vitellinae 
where N and C treated leaves received the same ranking. This means that N treated leaves 
were ranked as preferred in all cases (table 4). Treatments ranked as avoided were the 
untreated controls in all cases but one - male P. vitellinae, where C treated leaves received 
this ranking. An overview of the number of leaves of each treatment that were divided into 
classifications 1-4 is found in figure 5a-d. RPI2 ranks treatments according to the number of 
leaves of each treatment that is eaten per individual. This version of the index ranks N 
treated leaves as the preferred treatment in two cases - for male P. Vitellinae and female L. 
caprea. However, both N and C treated leaves were ranked as preferred for L. caprea. (table 
5). 
 
 
Table 4. RPI 1. Average rank differences for males and females of P. vitellinae and L. caprea. Each treatment was 
ranked according to the greatest areal loss per leaf. 
 

 
Rank preference index 1 

Treatment 

P. vitellinae L. caprea 

Females Males Females Males 

N -0.75 -0.375 -1.2 -1 

C -0.75 0.375 0.4 0.33 

Control/Acetone 1.5 0 4 0.66 
 
Table 5. RPI2. Average rank differences for males and females of P. vitellinae and L. caprea. Each treatment was 
ranked according to the number of leaves of each treatment that is eaten per individual. 
 

 
Rank preference index 2 

Treatment 

P. vitellinae L. caprea 

Females Males Females Males 

N 0 -0.375 -0.4 0 

C 0.125 0.25 -0.4 -0.5 

Control/Acetone -0.125 0.125 0.8 0.5 
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Figure 5. The number of leaves per treatment (N,C, Control/Acetone control) that were classified into 1-4, with 1 
being the ones with the largest areal loss. a) Shows the food preference of female P. vitellinae, b) food preference 
of male P. vitellinae, c) female L. caprea, d) male L. caprea. Each individual had one leaf treated with extra N, 
four leaves treated with extra C and five control leaves or acetone treated leaves to feed on. 
 
When comparing the number of leaves eaten by each sex, there was no significant difference 
found between males and females of P. vitellinae (t-test, t=1.94, p=0.29). Nonetheless, the 
two ovipositing females of P. vitellinae fed from more leaves than the two non-ovipositing 
females (figure 6a). For L. caprea, females fed from a significantly more leaves than males 
did (figure 6b) (t-test, t=1.86, p=0.0003). 
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Figure 6. The total number of leaves fed on by each individual of a) P. vitellinae and b) L. caprea. Females 
marked with an * also oviposited. 
 
3.2 Leaf nutrient analysis 
 
Results from the leaf nutrient analysis showed that the lowest C:N ratio was found in N 
treated leaves, while the highest C:N ratio was found in leaves treated with acetone only 
(figure 7). However, there were no significant differences between treatments (ANOVA, F= 
9.28E-07,	  p=0.99). Looking into percentages, the amount of N was highest in leaves that 
received the N treatment, and lowest in leaves treated with acetone only (table 6).  
 

 
Figure 7. Mean leaf C:N ratio ± 95% confidence interval for each treatment (n=5). 
 
Table 6. Results from the leaf nutrient analysis showing the mean percentage of N and C in leaves of each 
treatment type (n=5).  

Treatment N (%) C (%) 

N 2.9 42.7 

C 2.2 41.1 

Control 2.3 41.4 

Acetone control 2 40.9 
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4 Discussion 
 
The two RPI’s produced slightly different results, but nonetheless, the conclusion is the same 
– N treated leaves seemed to be preferred for males and females of P.vitellinae and L. 
caprea. RPI1 ranked N treatments as preferred in all cases, while RPI2 ranked N treatments 
as preferred in two out of four cases. The treatments ranked as avoided were controls in five 
out of eight cases, and C in three out of eight cases (both RPI1 and RPI2 included). The N 
preference was especially clear for female L. caprea; all females actually fed from N treated 
leaves, and the amount of area that was lost from each of those leaves was enough to give 
them in ranks 1-3 (out of 10) in terms of areal loss. This is interesting given the fact that only 
one leaf out of 10 were treated with extra N. For female P. vitellinae, both N and C treated 
leaves ranked as preferred in RPI1. It is therefore not possible to know which treatment this 
group of individuals actually preferred to eat from, but it is at least clear that the untreated 
control leaves are the least preferred food source.  
 
Even though both versions of the RPI got somewhat similar results, the credibility of both 
versions is arguable, especially for RPI2. The simplicity of this version is an advantage, but it 
has an important issue; since it ranks treatments according to the number of leaves per 
treatment that is eaten per individual, the chance of N receiving rank 1 is very low due to the 
fact that only one out of 10 leaves were N treated. It also excludes all information carried by 
the classification of areal loss. RPI2 could therefore be considered a very conservative test. 
However, even though the results are unreliable it is still interesting to include the RPI2 
results since N treatments actually were ranked as most preferred in two out of four cases, 
despite the low probability. Over all, a problem with an RPI is that the results could be 
interpreted in two different ways when including as few treatment types as have been in this 
study: N treated leaves being ranked as most preferred in almost all cases could just be a 
result of the insects avoiding another treatment type.  
 
Also, the low number of replicates makes the results from both RPI’s relatively uncertain, but 
the second hypothesis of this study, stating that males and females of both species will prefer 
to feed on N treated leaves and avoid feeding on C treated leaves can at least not be rejected 
based on the results of RPI1. 
 
The amount of leaves eaten by males and females is significantly different in L. caprea, but 
not in P. vitellinae. This is clearly shown in figure 6a-b. The two ovipositing females also ate 
from a higher number of leaves than the non-ovipositing ones. This difference between 
ovipositing females and non-ovipositing females could be the result of egg-bearing females 
looking for the perfect leaf to serve as food for their offspring. Perhaps they “test” leaves to 
find the one that is best suited for oviposition. This could also be the case for L. caprea, even 
though no egg clutches were found. Females of L. caprea ate from almost every leaf included 
in the study, while males did not eat at all or only ate from a few leaves. The answer to this 
phenomenon could be that L. caprea feed from but do not oviposit on S. viminalis, or Salix 
plants over all, which would result in them testing leaf after leaf without finding the “perfect” 
one. The first hypothesis regarding oviposition can neither be rejected nor accepted due to 
few replicates. Nonetheless, one female actually oviposited on an N treated leaf within 
classification 2, but unfortunately no conclusions can be drawn from only two replicates.  
 
The small amount of replicates throughout the study could be explained by the fact that too 
few individuals of P. vitellinae were found mating during this period, and that mating 
couples of L. caprea did not seem to be interested in continuing the mating after they had 
been transferred into a petri dish. Performing of the choice experiment is dependent upon 
couples mating, since the isolation of mating couples is the simplest way of knowing which 
one is female and which one is male, and it also ensures that the female is fertilized and egg 
bearing. There are factors than can explain the absence of mating couples in P. vitellinae. 
Firstly, the mating season inside the cages seemed to “peak” about two weeks before the 
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choice experiment was ready to start. Eggs and larvae were found in the cage during these 
two weeks, but the insects could have lost interest in mating when the choice experiment was 
initiated. Secondly, the humidifier in the climate room where the insect cage was situated 
broke shortly after the mating season peaked, resulting in wilting of S. viminalis plants that 
served as food for the insects. Some insects probably died during this incident, making the 
chance of finding a mating couple even smaller than before. If the experiment would have 
turned out as planned regarding the amount of replicates, the results could nonetheless only 
be applicable to an environment in nature where all competition and predators are absent. If 
the study had been conducted with competitors and/or predators present, the results could 
have turned out differently than if only the factor of nutrient content were included. The 
factor of e.g. predators is perhaps something to include in future studies. Also, there are 
ecologists stating that the oviposition choice of a female does not always reflect the ‘mother 
knows best’ principle; it might just be that she acts in a way that is best for her own survival 
and long-term fitness, not in a way that increases the survival rate and fitness of her offspring 
(Scheirs et al. 2000). It is difficult to know which one of these two factors that affects a 
females oviposition choice the most in a study like this one. 
 
The leaf nutrient analysis was done to see if the N and C treatments had any effect on the leaf 
C:N ratio. An ANOVA showed no significant difference between any of the treatments, but 
the N treatment seems to have lowered the C:N ratio enough to have caused the insects to 
prefer eating from N treated leaves. If looking into percentages of N and C in each treatment, 
N treated leaves have the highest amount of N. However, the percentage of N in control 
leaves is not 5% as were assumed based on data from Penner (2014), but 2.3 %. The C 
treatment does not seem to have had any apparent effect on the leaf C:N ratio, which 
probably means that the treatment did not work. Considering how the C treatment affected 
the leaf, this is not a surprise. The amount of sucrose needed to increase the C amount in a 
leaf was 71.126 g per 2 dl acetone - a concentration that clearly was too high for the leaf to 
absorb. The C treated leaves therefore never really “dried” after the treatment was applied, 
partly due to the high humidity in the green house where the experiment took place. 
Noseworthy et al. (2006) used sucrose as C compound when applying solutions on leaves, but 
did not do a leaf nutrient analysis to confirm that the treatment actually had affected the C:N 
ratio. Also, they did not get any significant results showing that individuals avoided C treated 
leaves. There is therefore no way of knowing if the sucrose solution increased the C amount 
in the leaves. Another C compound should therefore be used for the C treatment in future 
studies. Results from Bollmark et al. (1999) shows that starch is a common carbohydrate 
compound in S. viminalis leaves under most growth conditions. Starch was considered as 
carbon compound for the C treatment solution, but the fact that it is insoluble in alcohol 
made it unfit for this experiment. Starch is soluble in hot water, but a C compound diluted 
with water was not possible in this case since the surface tension of a few tens of µl of water 
made the droplet almost impossible to brush out on the leaf. Acetone was therefore 
considered the best compound to use for diluting each solution, and due to the fact that 
sucrose is the most common carbohydrate storage compound for all Salix species (Bollmark 
et al. 1999) and that it is soluble in alcohol it was considered the best suited compound to use 
for the C treatment. However, the results did not turn out as expected despite the effort to 
find the compounds best suited for this purpose. Leaves treated with only acetone also turned 
out to have the highest C:N ratio, which could mean that acetone affected the leaves even 
though it was assumed that it would evaporate too quickly for the leaf to be able to absorb 
any C. The ANOVA did not show any significant differences between the mean C:N ratio for 
each leaf treatment, meaning that the high C:N ratio in acetone leaves could be a random 
coincidence. Nonetheless, both RPI1 and RPI2 ranks acetone leaves as avoided for L. caprea, 
which could be a result from an increased amount of C. 
 
The difference in controls between the species was not planned at first. The control leaves 
were left untreated for P. vitellinae while L. caprea had acetone painted control leaves. The 
untreated control leaves made it possible to study how the insects respond to the treatments 
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over all. If P. vitellinae showed clear preference for untreated leaves, like males did in this 
case, it could be a response to the fact that the acetone solutions changed the leaf 
composition or appearance in a way that was not preferred by the insects at all. A few dry 
spots actually had appeared on some younger leaves about 24h after the treatments were 
applied to the leaves. These spots did not appear on any of the untreated leaves. Treating the 
control leaves with acetone eliminated that factor affecting the food choice for L. caprea. The 
appearance and conditions of all leaves were basically the same for those individuals, except 
for some stickiness on the C treated leaves due to the sucrose. This stickiness was however 
also present for P. vitellinae. 
 
Since the anthropogenic green house gas emissions continues, the future C:N ratios in plant 
tissues will become higher than current levels. The effects an increased C amount in plants 
has on oviposition and food choice in herbivorous insects is therefore something that has to 
be further studied. Another study like this one could be done, but perhaps with some 
modifications. If the main purpose is to look into effects on an increased carbon allocation in 
plant tissues, the N treatment will not be necessary to include. Perhaps leaves with different 
percental increases in C could be offered to the insects instead. Also, a study on what 
evolutionary long term effects an increase in carbon allocation in plant tissues could have on 
herbivorous insects should be conducted. 
 
5 Conclusion 
 
The higher amount of nutrients a leaf contains, the more attractive it should be to an 
herbivorous insect. This study shows that leaves treated with extra N, seemingly resulting in 
a slight increase in N, is a preferred food source by most individuals of the beetle species P. 
vitellinae and L. caprea. Control leaves were ranked as avoided in the majority of cases. An 
increased amount of CO2 in the atmosphere increases the amount of C in plants, resulting in 
lower nutritional value due to a decrease in nutrients and an increase in carbon-based 
defense compounds. In a choice experiment, individuals will most likely avoid feeding from 
leaves containing an increased amount of C if more nutritional leaves are available. However, 
C treated leaves showed no significant increase in C:N ratio, and were only ranked as avoided 
in three out of eight cases in this study. Since the plant C:N ratio most likely will increase 
continuously due to CO2 emissions, the effects an increased C amount in plant tissues has on 
oviposition choice and food choice in herbivorous insects is something to study further. More 
studies on this subject are therefore needed. 
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