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 Abstract 

Sexual dimorphism is notable in insect populations and latitudinal regions. Varying sizes and 

shapes between the sexes help insects to optimize performance for the different roles or 

environments they occupy. In this study, I analyse sexual dimorphism of wing length and 

shape across latitudinally distinct populations of two geometrid moths.  

This study aims to analyse the morphological differences between males and females in 

Cabera pusaria and Chiasmia clathrata, using their fore wing length and fore wing aspect 

ratio to investigate the wing length and shape dimorphism across a gradient of growing 

season length and in relation to body size. I use linear mixed models to test for effects of sex, 

body (femur) size and mean growing season length on wing length and aspect ratio. I 

expected both species (C. pusaria and C. clathrata) to show same sexual dimorphism and to 

follow the same scaling along the latitudinal gradient. This is because they are relatively 

closely related within their family: Geometridae: Ennominae. Some of these assumptions 

proved to be wrong. The analysis reveals that both Chiasmia clathrata and Cabera pusaria 

display sexual wing dimorphism. In Chiasmia clathrata, the dimorphism occurs in the 

forewing length, while Cabera pusaria exhibits their sex difference in the forewing aspect 

ratio.  

When their body size (estimated using mid femur length) was plotted against the season 

length with sex as the interacting factor, their forewing aspect ratio and fore wing length also 

show a similar pattern of scaling with season length; they all decrease or remain constant 

(show no changes) with growing season length. The results show evidence of sexual 

dimorphism in wing size of geometrid moths, while along the gradient of growing season 

there is little variation in the strength of the sexual dimorphism for these two species. The 

general implication is that size dimorphism of both sexes of C. pusaria and C. clathrata is not 

related to the length of the growing season, it is more related to their morphology such as 

body size, life history and ecological behaviour
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Introduction 

The main aim of ecologist and evolutionary biologists is to be able to explain the several 

patterns of variation in nature (Gaston et. al. 2000). The patterns of body size evolution are of 

particular interest to biologists; this is because body size is linked to fitness and affects nearly 

all physiological and life-history traits of animals (Brown et. al. 2004). Body size also varies 

both within and between species and tends to co-vary with different environmental conditions 

(James 1970).  

Latitudinal gradient in climate is one of the major causes of natural variation in the body size 

of animals (Kivelä et. al. 2011). It can lead to patterns such as animals are larger at higher 

latitudes (Blanckenhorn & Demont 2004) or the opposite; where they are smaller at higher 

latitudes (converse Bergmann clines; Blanckenhorn & Demont 2004). This variation can be 

as result of larger organisms in colder climates (higher latitudes) exhibiting smaller surface-

to-volume ratio, thereby increasing their heat conservation capabilities (Blackburn et. al. 

1999; Blanckenhorn et. al. 2006). Most ectotherms exhibit converse Bergmann clines, in 

which their body size tends to decrease toward the latitudinal poles. This difference can be 

attributed to changes in season length (Masaki 1967; Blanckenhorn & Demont 2004) rather 

than temperature. Season length plays an important role in determining the time available for 

foraging, development, and growth. This affects the phenotypic body size of insects; a 

smaller size may be attained if animals’ risk not completing their development in the shorter 

northern summers. These time constraints are the mechanism producing a converse 

Bergmann cline. (Kivelä et. al. 2011; Välimäki et. al. 2013).  

Sexual size dimorphism (SSD) is quite common in the animals (Hedrick & Temeles 1989; 

Shine 1989; Fairbairn 1997). It is the difference between female and male organism based on 

their body size. Male and female body sizes may differ in their structural pattern. Most 

migratory insects exhibit sexual size dimorphism especially in their wing structure; however,   
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the direction and range of this sexual dimorphism varies (Teder & Tammaru 2005; 

Blanckenhorn et. al. 2006). Wings allow insects to fly and migrate from one place to another. 

Their size, structure and shape are intimately related to flight ability. Insect wing morphology 

is also dependent on various aspects of behaviour and ecology, such as their environment, 

migration, fecundity, and sexual display (Johansson et. al. 2009). The length of the wing in 

insects is related to their body size (Johansson et. al. 2009; Hassall 2015). The wing aspect 

ratio (ratio of the wing length to its width) explains wing design and flight ability in insects 

(Hassall 2015). The aspect ratio can be large, giving insects longer, narrower wings for faster 

and efficient manoeuvrability, however these insects in turn, lack sustainability for long 

distance flight, while low aspect ratio gives insects broader wings and more stability for 

distant flight (Norberg 1995; Hassall 2015). The reason for these traits is because, in 

migratory insects, flight is a major determinant of behaviour, fecundity, life history, 

oviposition, and energy reserves (Zera & Mole 1994). Females can have short wings and low 

aspect ratio, or their wings are undeveloped, rendering them completely flightless. In non-

migratory female insects, their flight ability is generally poor, and they use their wings 

mainly in search for appropriate host plant in a suitable microhabitat (Smith & Moore 2005), 

while males have bigger wings and larger aspect ratios, they use their wings mostly in search 

of females that has exhibited readiness to mate through release of the pheromone (Crespo et. 

al. 2014). 

Allometry refers to the scaling of organism`s part (organ size) relative to the body size 

(Gould 1966). In this thesis, it simply refers to the scaling of insect`s wing relative to its body 

size. The scaling could be hyper allometric, in which a particular part (organ size) increases 

more than the body size, hypo allometric, where an organ increases with body size, but at 

smaller rate (Stillwell et. al. 2016) or isometric where the scaling of the organ size is 

maintained at equal proportions to the body size (Sacchi & Hardersen 2012). 

The aim of this study is to evaluate and compare sexual dimorphism of wing shape and wing 

size in two geometrid moths of Chiasmia clathrata and Cabera pusaria, over various 

latitudinal clines. The Geometrid moths belong to the family of insect Geometridae, order; 

Lepidoptera and sub family; Ennominae. Chiasmia clathrata is a geometrid moth, which can 

have two generations per year. They live mostly in pastures and open habitats in Europe. 

They are also oligophagous, with their larvae feeding mostly on leguminous plants 

(especially Lathyrus spp. and Vicia spp.), they also overwinter strictly as pupae (Kivelä et. al. 

https://link-springer-com.pc124152.oulu.fi:9443/article/10.1007/s00435-012-0172-1#ref-CR23
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2011;Välimäki et. al. 2013). Their larvae burrow into soil for pupation. Compared to Cabera 

pusaria, they lean more towards being an income breeder and while they can still also 

reproduce without feeding as adult, they may also increase their egg production by visiting 

flowers (Javöis et. al. 2011; Kivelä et. al. 2011; Valimäki et. al. 2013). This may be because, 

feeding increases adult life span, and they can by this means lay more of the eggs they had 

ready at eclosion (Tammaru & Haukioja 1996; Javöis et. al. 2011; Välimaki et. al. 2013). 

They have the ability of feeding on nectar and their flight ability is not reduced, their adult is 

short- lived (Javöis et. al. 2011; Kivelä et. al. 2011). Cabera pusaria is a univoltine geometrid 

moth, its adult diapause generation fly in early summer (June– early July). They live and 

inhabit mostly in palearctic regions and feed on deciduous trees. They are oligophagous in 

nature but dwelling mainly on birch (Betula spp) and alder (Alnus spp) (Tammaru & Javöis 

2000; Kivelä et. al. 2011), they overwinter strictly as pupae. They pupate in the ground; in 

leaf litter or burrow a little in the soil. (Kivelä et. al. 2011; Välimäki et. al. 2013). They are 

capital breeders, which means that they rely on the larva for their source of nutrients. This is 

as result of the scarcity of adult food in boreal forest compared to the abundance of larval 

food (Javöis et. al. 2011). This makes it easy for C. pusaria to invest more in their abdomen 

size, than ability to fly. Their adult also has short life span (Tammaru & Haukioja 1996; 

Javöis et. al. 2011). Their females are expected to have larger abdomen size than the males. 

This is because the size of the female is related to its ability to reproduce and their selection 

pressure to increase in number of offspring is high. (Tammaru & Javöis 2000; Javöis et. al. 

2011).  

Before the analysis, I hypothesized that both moth of Chiasmia clathrata and Cabera pusaria 

would show the same picture (result), where they exhibit sexual dimorphism in both the fore 

wing aspect ratio and fore wing length, the male wing being distinctly larger than the female 

and their trend in latitude (season) would follow the same scaling according to converse 

Bergmann`s rule. To this effect, I explore whether the wing length scales to the body size 

similarly or differently in the two sexes; this was important because based on theoretical and 

empirical studies, body size varies latitudinally (Kivelä et. al. 2011; Välimäki et. al. 2013) 

and, most importantly, I also check whether sexual dimorphism in wing traits remains 

constant or not, across the gradient of the growing season length in both study species.  

https://onlinelibrary-wiley-com.pc124152.oulu.fi:9443/doi/full/10.1111/j.1570-7458.2011.01120.x#b53
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Methods 

1.1 Study Area  

Sampling and collection of the moths from field was done by Sami Kivelä and Panu 

Välimäki in 2008. The processes and other activities such as the preservation, laboratory 

work, analysis of mid femur length et cetera of the study material, was done with aid and 

participation from other colleagues (Kivelä et. al. 2011). In their study, moths of Chiasmia 

clathrata and Cabera pusaria were collected from field in twenty - two locations in Finland, 

in June and July 2008 (see appendix 3). They were gathered at several locations along the 

length of Finland, thus these sampling locations having different growing season lengths 

(Kivelä et. al. 2011). 

1.2 Material 

The material was prepared by Sami Kivelä and Panu Välimäki in June and July  2008. It 

consists of preparations of wings and legs of sampled moths, preserved in plastic (laminated), 

with labels containing the species name, identification number, sex, population, and location 

of collection. In the publication (Kivelä et. al. 2011), the length of the mid femur was 

measured but wing morphology variables were neither measured nor analysed. In my thesis, I 

carried out the photography, measurement, and analysis of the wing morphology.  
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1.3 Experimental Set Up 

I took photographs of the two species, Chiasmia clathrata and Cabera pusaria using an 

Olympus OM-D E-MI camera equipped with a 60mm F2.8 macro lens. I used Olympus 

capture software to operate the camera. For even lighting, I used Godox SL60W twin lamps 

which I manually set to Ch; 12 and intensity of 87 %, on both sides of the box reflected 

diffusers. The program was set to use shutter speed of 1/40s, F-stop; 16.0, ISO; 200, custom 

white balance of 6000 K, Focus; C-AF, and image type; LSF+RAW. The Godox SL60W 

lightbox and diffusers were aligned in a specified position on a photography stand. The 

camera was positioned at a height of 50.5 cm while the height of the sample platform was 

12cm. The background light was always turned off to give more consistent lighting of the 

photographed specimen. I photographed 440 and 607 specimens of Chiasmia clathrata and 

Cabera pusaria respectively. 

1.4 Photography Protocol 

I followed specific photography protocol. To avoid measurement error, I started each day by 

placing microscopic glass on the camera platform, photographing a blank background 

standard. Then I photographed a colour checker classic, NanoTarget (calibrate LLC 2021); 

for standardizing colour balance and setting a scale size measurement of the moths. First, I 

photographed only Chiasmia clathrata (Fig.1a), repeating the background and colour 

standard procedure after each eighteen-moth photographed. I repeated the same procedure for 

Cabera pusaria (Fig.1b) while taking record of the date of the photography, species name, 

the photo number, and the species identification number in spreadsheet.  
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1.5 Data Preparation 

The first step, in preparing the photographed wings for analysis was measuring the wings. 

This was done by the python program designed by my supervisor, Matthew Nielsen. This 

program allows for easy computational annotation and measuring of wings from photographs 

(Nielsen 2022, unpublished). Wings which were heavily damaged were not processed. For a 

wing resulting in wrong measurement, identification or those with overlaps, I re- measured 

the wing length and area by hand, using image J (Java 1.8.0_172). I renamed the photographs 

to match with the specimen numbers which were used in the original data. Additionally, I 

went through the images using their identification number and numbering in the photo 

column and compared them with the individuals in the image photographs; to make sure that 

each matched with the correct identification, sex, and numbering. This was done as a control 

measure, to align each photograph with the correct identification. Then, the python program 

measured the wing photographs and converted its pixel unit to millimetres, the conversion to 

millimetres was possible by using the known dimensions of the color standard as a scale. I 

used final sample size of 330 specimens of Chiasmia clathrata and 565 specimens of Cabera 

pusaria. 

 

  

https://wsr.imagej.net/distros/osx/ij153-osx-java8.zip
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1a 

 

Fig.1a. Wings of Chiasmia clathrata when photographed  
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 1b 

 

Fig.1b. Photographed wings of Cabera pusaria. 
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1.6 Justification for choosing the variables 

Wing length and aspect ratio; as studying sexual dimorphism in wing size and shape in 

Chiasmia clathrata and Cabera pusaria is the purpose of my study, these two are the 

response variables or dependent variables in my statistical models. The wing length gives a 

structural indication of the pattern of the insect`s overall wing size if, aspect ratio is constant 

while the wing aspect ratio describes the wing design and flight ability in the moth.  

I chose growing season length as my focal explanatory variable or independent variable; this 

is related to latitude. However, it is a better descriptor of the actual climate these moths 

encounter and how long they can be active each year. In addition, the length of each growing 

season plays a major rule in the determining generation time, morphologic characteristics, 

and their diapause stage (Kivelä et. al. 2011).  

Season length estimates which I used for my analysis are same as those in Kivelä et. al. 

(2011) article. However, those data were not measured in the study, but the raw data came 

from the Finnish Meteorological institute; the data on mean daily temperatures (2001-2008) 

by the Finnish Meteorological Institute, interpolated to 10-km grid, were used by Kivelä et. 

al. (2011) to estimate the length of the growing season when average daily temperature is 

over 10 degrees Celsius at sampling locations by using GAM models. 

I used the mid femur length to represent the overall body size of each insect. Analysis of the 

overall body size helped me to account for how the wing length varied independently among 

the sexes, because body size of an organism sometimes varies between the sexes, individuals 

or due to function of a part (organ size). In the Allometric analysis, I included this variable to 

study how wing length and wing shape scale with the body size in both sexes of my study 

species. In their variation across the growing season length, I used body size (mid femur 

length) to control for the effects that the season length has on wing length and shape through 

the body size. 

Finally, to quantify patterns in sexual dimorphism, I used sex as a factorial explanatory 

variable. This allowed me to easily differentiate between male and female external 

appearance, wing morphological pattern (structure) and calculations in my models.   
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1.7 Statistical analysis 

Before beginning the statistical analysis, I merged the wing measurements, information on 

sampling locations, and mid femur length data from Kivelä et. al. (2011) using merge 

function in R. Then I calculated the aspect ratios (AR) of the wings, by taking the square of 

the wing length (l) and dividing it with the wing area (A). 

𝐴𝑅 =
𝑙2

𝐴
         (Formula 1) 

Then, I calculated the mean values for wing lengths and aspect ratios for each individual by 

averaging between the left and right-side values. When only one value was available, I used it 

as it is. I then plotted these measured data by species and sex and removed any clear outliers 

as likely errors, typically either zero or manyfold in value compared to other datapoints. If, I 

saw that the error was restricted to the other wing (left or right), I used the value from the 

good wing instead of removing the datapoint. Additionally, I drew scatter plots to check 

covariate correlations and the normality of the response variables. Finally, I plotted the three 

morphological characters (wing length, aspect ratio and area) as a function of season length 

and mid femur length respectively. I repeated this process separately for both hindwing and 

forewing of Chiasmia clathrata and Cabera pusaria. These plots gave me a first impression 

of the patterns in my data. Statistical analysis were then performed using R 4.1.2 (R 

development Core Team 2019). 

To get a comprehensive picture, I fitted three statistical models for both species: 

1. Allometric analysis of the fore wing length (organ size) to the mid femur length (body size), 

using sex as the interacting factor. With this analysis, I address the study question of whether 

there is sexual dimorphism in the scaling of wing length with body size in Chiasmia clathrata 

and Cabera pusaria respectively. The response variable was natural logarithm of forewing 

length, and the explanatory variables were ln-transformed mid femur length and sex and their 

interaction. 

2. Analysis of forewing length of female and male sexes in relation to growing season length. I 

use this analysis to answer the hypothesis of whether there is any change in the pattern of 

scaling between the male and female sexes, along the gradient of growing season length in 

the forewing length of Chiasmia clathrata and Cabera pusaria. The response variable used 
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for this analysis was natural logarithm forewing length and the explanatory variable, ln-

transformed mid femur length, season length and sex and their interaction. 

3. The third analysis was carried out using the same method as in number 2, but here, I analysed 

the forewing aspect ratio of the female and male sex in relation to the season length. Thus, I 

study whether there was any changes or sexual dimorphism in wing shape of C. clathrata or 

C. pusaria, along the gradient of the growing season length. In this case, I used forewing 

aspect ratio as the response variable and the explanatory variables, ln-transformed mid femur 

length, season length, sex and the interaction between season length and sex. The models for 

C. pusaria were later simplified, where the non- significant interaction between season length 

and sex were dropped from the model to get an accurate measure of the effect of sex. 

I carried out the analysis using generalised linear mixed modelling. Using this statistical 

method enabled me study differences between individuals in a population as well as 

differences between populations, while taking into account non-independence of 

measurements originating from the same population. Sampling location (population) was 

included as random intercept in all statistical models. Natural logarithm transformation was 

used because it is the convention in allometric analyses as the transformation linearizes the 

allometric relationship.   
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Results  

Allometric analysis of the fore wing length to mid femur length (body size) 

In Chiasmia clathrata, both the mid femur length and sex are significantly associated with 

forewing length (see Fig. 2a). However, there was no significant interaction between sex and 

mid femur length, the relationship between body size and wing lengths was similar between 

the sexes. The scaling showed a close isometric scaling (Table 1) in which growth in the 

body size occurs at the same rate with fore wing length. From the graphic representation of 

the forewing length to mid femur length, we see that the male forewing length was 

significantly larger than the female wing length, demonstrating sexual dimorphism in 

Chiasmia clathrata fore wing length.  

In Cabera pusaria, forewing length was statistically significantly associated with the mid 

femur length. There is also a significant interaction between sex and the mid femur length 

(body size), (see Fig. 2b).This interaction means that the male wings are relatively larger 

compared to the female wings in large specimens. Thus, the scaling coefficient of the female 

wings were lower than the male wings, demonstrating hypo allometric scaling in the fore 

wing length to mid femur length in sexes (Table 2). In general, in C. pusaria fore wing 

length, there are only small differences in wing length between the sexes, but this is 

dependent on the body size of the moth.  
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Fig.2. Allometric scaling of the natural logarithm fore wing length to natural logarithm mid femur length 
(body size) by sex in Chiasmia clathrata (panel A) and Cabera pusaria (panel B). 

  



14 

 

Table 1. Allometric scaling of ln-transformed forewing length to ln-transformed mid femur length in 
Chiasmia clathrata, allowing for an interaction between sex and ln-transformed mid femur length. 

Significant effects are denoted with stars. 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 1.62164 0.05984 27.100 <2e-16 *** 

Mid femur length 0.92269 0.06837 13.495 <2e-16 *** 

sexmale 0.18738 0.07476 2.507 0.0122 * 

Mid femur 

length:sexmale 
-0.08566 0.08293 -1.033 0.3017 

 

Table 2. Allometric scaling table of ln-transformed forewing length to ln-transformed mid femur length 
in Cabera pusaria. 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 2.10196 0.05776 36.39 <2e-16 *** 

Mid femur length 0.58936 0.05565 10.59 <2e-16 *** 

sexmale -0.12551 0.06621 -1.90 0.0580 

Mid femur 

length:sexmale 
0.12942 0.06416 2.02 0.0437 * 
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Variation of fore wing length to season length in C. clathrata and C. pusaria 

In Chiasmia clathrata, the forewing length was also associated with mid femur length and 

sex, as shown before, but season length had no effect, nor was there any significant 

interaction between sex and season length. In the plot (Fig. 3a; Table 3), the male and female 

fore wing length remained constant through the growing season length, showing no 

difference in scaling along the gradient of the growing season length. However, the male fore 

wing length was significantly larger than the female fore wing length throughout the growing 

season length, indicating sexual dimorphism in fore wing length. 

In Cabera pusaria, mid femur length and season length had a significant effect on forewing 

length. Sex didn’t have significant effect on fore wing length, though an interaction between 

sex and season length, although not significant, is suggested. This means that growth in 

season length has major effect on the overall wing length, as well as a putative small effect on 

the difference between male and female fore wing length. From the graphic presentation (Fig. 

3b; Table 4), we see that both male and female fore wing length decrease with increasing 

season length, showing roughly the same scaling pattern along the growing season length, 

with female wings maybe showing a slightly stronger response. Also, in their wing length 

dimorphism, the sexes showed to have no larger or smaller wings, that is it showed no sex 

difference or dimorphism in size of their forewing length.  
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Fig.3. Natural logarithm forewing length to the season length by sex in Chiasmia clathrata (panel A) 

and Cabera pusaria, (Panel B) showing their cline along the growing season length. 
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Table 3. Fixed effects of a linear mixed model explaining the variation ln-transformed forewing 
length of Chiasmia clathrata in relation to sex (male vs female), growing season length, ln-

transformed mid femur length, allowing for an interaction between sex and growing season length. 
Significant effects are denoted with stars. 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 1.6810783 0.0670063 25.088 <2e-16 *** 

sexmale 0.1614480 0.0673095 2.399 0.0165 * 

Season length -0.0001163 0.0003871 -0.300 0.7639 

Mid femur length 0.8763617 0.0450071 19.472 <2e-16 *** 

sexmale:season 

length 
-0.0003168 0.0004142 -0.765 0.4443 

 

Table 4. Fixed effects of a linear mixed model explaining the variation ln-transformed forewing 

length of Cabera pusaria in relation to sex (male vs female) and growing season length. 

Cabera pusaria     

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 2.1409233 0.0463922 46.15 < 2e-16 *** 

sexmale -0.0579135 0.0338639 -1.71 0.08723 . 

Season length -0.0008704 0.0002332 -3.73 0.00019 *** 

Mid femur length 0.6886980 0.0292126 23.58 < 2e-16 *** 

sexmale:season 

length 
0.0004093 0.0002095 1.95 0.05071 

 

  



18 

 

 Analysis of the fore wing aspect ratio to growing season length in C. clathrata and C. 

pusaria 

In the forewing aspect ratio of Chiasmia clathrata, only the season length had a significant 

effect. This means that the fore wing aspect ratio is dependent on the length of the growing 

season. There was no interaction between sex and season length, meaning that although the 

forewing aspect ratio depends on the season length, it does so in an identical manner for both 

males and females. In the plot (Fig. 4a; Table 5) of the fore wing aspect ratio to season length, 

there was no difference in the scaling pattern of the sexes; they both decreased with increasing 

season length. The wing aspect ratio also showed no sexual dimorphism and the difference 

between the sexes remained constant along the season length gradient.  

In Cabera pusaria, it appeared that none of the variables had significant effects on the fore 

wing aspect ratio (Table 6a, See Appendix 2). However, the visualization plot disagreed with 

the statistical result. To confirm this observation, I dropped the interaction between sex and 

season length from the model. This revealed the highly significant effect of sex. This means 

that the fore wing aspect ratio of C. pusaria differs between males and females, but no other 

factor including growing season length affects it. Figure 4b and Table 6b, showed fore wing 

aspect ratio of the female wings to be larger than that of the males, showing sexual 

dimorphism in the fore wing aspect ratio. Furthermore, there was no scaling difference in the 

male and female wings to growing season length; both sexes were constant through the 

gradient of the growing season length.  
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Fig.4. Fore wing aspect ratio variation of Chiasmia clathrata (panel A) and Cabera pusaria (panel B) 

in relation to the growing season length by sex. 
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Table 5: Fixed effects of a linear mixed model explaining the variation fore wing aspect ratio of 

Chiasmia clathrata in relation to sex (male vs female), growing season length, ln-transformed mid 

femur length, allowing for an interaction between sex and growing season length.   

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 3.391483 0.190505 17.803 <2e-16 *** 

sexmale -0.238886 0.230934 -1.034 0.3009 

Season length -0.002307 0.001110 -2.078 0.0377 * 

Mid femur length -0.261298 0.144641 -1.807 0.0708 

sexmale:season 

length 
0.001445 0.001421 1.017 0.3091 

 

Table 6b. Fixed effects of a linear mixed model explaining the variation fore wing aspect ratio of 

Cabera pusaria in relation to sex (male vs female) ,growing season length and ln-transformed mid 

femur length. 

Cabera pusaria     

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 3.031561 0.148040 20.478 <2e-16 *** 

sexmale -0.127954 0.015486 -8.263 <2e-16 *** 

Season length 0.000117 0.000609 0.192 0.848 

Mid femur length -0.145326 0.119665 -1.214 0.225 
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Discussion 

The main aim of this thesis is to examine sexual dimorphism in wing size and shape across 

latitudinally distinct populations of geometrid moths. I achieved this by analysing the 

relationship of season length, mid femur length (body size) and sex with wing length and 

wing shape (wing aspect ratio) in Chiasmia clathrata and Cabera pusaria. I first explored the 

sex dimorphism of the wing morphology to body size through their allometric relationship. 

Then, to study variation in latitude, I analysed the forewing length and fore wing aspect ratio 

of both the male and female wings in relation to the growing season length. 

While observing  my hypothesis that sexual dimorphism will occur in both moths of 

Chiasmia clathrata and Cabera pusaria and in the dimorphism, male wings will be distinctly 

larger than the females in both fore wing aspect ratio and fore wing length and their trend in 

latitude (season) would follow the same scaling according to converse Bergmann`s rule. 

However, some of these hypotheses proved wrong. As after the statistical analysis,  they 

display different patterns of dimorphism in their wings and in C. pusaria fore wing aspect 

ratio, the female wings were longer than the male wings. 

The reason behind this sex dimorphism in wing length and area of these moths may be 

attributable to their nature; life history, ecological associations and allometric relationship 

between the wing morphology to body size of the sexes in both moths. In this study, 

Chiasmia clathrata exhibited sexual size dimorphism in the fore wing length, the male wings 

were vividly larger than the female wings, while in Cabera pusaria, sexual dimorphism was 

exhibited in their fore wing aspect ratio, where the female wings were narrower than the male 

wings. Relating these to their morphology, Chiasmia clathrata as a capital breeder with some 

income components do not have reduced flight ability (Javöis et. al. 2011; Kivelä et. al. 

2011). Due to the isometric scaling of their wing shape to body size, their wing shape 

remained at constant rate with the changing body size and therefore there was no dimorphism 

in wing shape between the sexes even though their wing length is sexually dimorphic. In 

Cabera pusaria, there appears to be a need for narrow wing shape in the females. This could 

account for the hypo allometric scaling more so in female wings than male wings. For a more 

conclusive view, in both species, females have smaller wings, but the two species differ in 

how this is achieved. In C. clathrata, both the male and female have the same wing shape 

(aspect ratio), so the longer winged males will naturally have larger wings, while in C. 

pusaria, both the male and female wings have the same wing length, however, the wings of 
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the males are broader than the female wings, thus increasing their area compared to females 

in their fore wing. The differences in flight behaviour might contribute to this difference and I 

predict Chiasmia clathrata will rely more on fast flapping flight, while Cabera pusaria can 

more often be seen flapping at a slower pace with more gliding.  

Looking at the study question of whether there is latitudinal variation sexual dimorphism in 

wing length, both sexes of Chiasmia clathrata had a constant forewing length throughout the 

growing season length. In Cabera pusaria, the female and male wings both decreased with 

growing season length. In the fore wing aspect ratio, in Chiasmia clathrata, the forewings of 

both sexes widened with season length, while in C. pusaria, they remained constant in shape 

along the distribution of the growing season length. Their overall body size along the length 

of the growing season also follows converse Bergmann cline (see Appendix 1). Overall, in 

their latitudinal variation, they showed no sexual dimorphism. This suggest that there are 

either no differential selection pressures for the two sexes along their geographical 

distributions, or that the trait has not yet evolved.  

One of the difficulties and limitations I encountered, was in the explanation of the reason 

behind the wing dimorphism. This was because, explaining the reason behind the result 

requires an in-depth knowledge of the moths as the dimorphism is related to their wing 

structure, which is not only linked to reproduction, but it is also strongly linked to dispersal 

capability and overall flight performance of these moths, and they all tend to be correlated 

with the reproductive success of the species. Although my study species had very specific 

differences in their life histories, which give some credibility to my conclusions, more 

species would need to be studied to pinpoint the role of life-history traits on the maintenance 

of sexual dimorphism in wing length and shape in lepidoptera. Other limitation I encountered 

was in the amount of data. Wings which were heavily damaged were not used in my analysis. 

This reduced the amount of wing data, which I used for my result analysis. Though additional 

data could have revealed a few borderline significant effects, they would have, nevertheless, 

been very small in effect size.  

In the future, it would be interesting to study the dimorphism in fore wing length and fore 

wing aspect ratio in a wider range of species, starting with Selenia tetralunaria. This is 

because they are also in the family of Geometridae , Order; Lepidoptera, they are closely 

related to the non-sexually dimorphic geometrid moths (Mutanen & Kaitala 2006). They tend 

to be similar genetically, but their morphology is different. They also vary in the wing length 
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and shape (Mutanen & Kaitala 2006). They are a capital breeder, however, are very 

synovigenic (they do not have full egg to be laid at adult eclosion; an ovigeny characteristics 

of income breeders), (Javöis et. al. 2011). Studying the sexual wing dimorphism in the fore 

wing length and fore wing aspect ratio of this moth would help predict and understand the 

fecundity mechanism better (reproduction and oviposition strategies). This research thesis 

would also help in giving insight and comparing these traits. As they are all capital breeders, 

and it is also closely related to Chiasmia clathrata in having some income breeding 

components though the traits are not related as Chiasmia clathrata and Cabera pusaria are 

pro-ovigenic (they have full egg to be laid at adult eclosion; an ovigeny characteristics of 

capital breeders). 

In conclusion, Insects exhibit varying sexual dimorphism in their body structure, this could 

be as result of various factors such as their reproduction, behaviour, and egg- production 

strategies. Relating the result of this study analysis to our local environment it simply means 

that the growth in season length did not in any way affect male and female wing morphology 

of Chiasmia clathrata and Cabera pusaria, their sex difference is related to their body size 

which might be attribute of their ecological behaviour, life history and flight methods. From 

my independent studies during this thesis, researchers have not yet discovered the main cause 

of wing dimorphism in the sexes. Climate undoubtedly has direct effect on body size and 

wing structure of insects, this is because, insects are very vulnerable, small poikilotherms 

with little thermoregulation ability (Pureswaran et. al. 2018). The study of the sexual wing 

dimorphism also helps in keeping track of the evolutional and geographical changes in our 

environment.   
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Appendix 

From the exploratory plot, the body size of the male C. clathrata was larger than the female. 

(Fig. 5a) while Cabera pusaria; showed no difference between the male and female body 

sizes (Fig. 5b). The overall body size(mid femur length) of both C. clathrata and C. pusaria 

increased with increasing season length, following converse Bergmann cline (Figure 6).  

 

Fig. 5. Mid femur length (body size) of Chiasmia clathrata (Panel A) and Cabera pusaria (Panel B) by 
sex. 

 

Fig. 6: Femur length (body size) in relation to the growing season length in male and female Chiasmia 

clathrata (Panel A) and Cabera pusaria (Panel B).  
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2. 

Table 6a. Fixed effects of a linear mixed model explaining the variation fore wing aspect ratio of 
Cabera pusaria in relation to sex (male vs female), growing season length, ln-transformed mid femur 
length, allowing for an interaction between sex and growing season length.   

 Estimate Std. Error z value Pr(>|z|) 

(Intercept) 2.9560382 0.1627810 18.160 <2e-16 *** 

sexmale 0.0165311 0.1353310 0.122 0.903 

Season length 0.0006059 0.0007518 0.806 0.420 

Mid femur length -0.1489112 0.1196893 -1.244 0.213 

sexmale:season 

length 
-0.0008944 0.0008322 -1.075 0.282 
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 3. 

Table of the locations where the moths of my study species and the other geometrid moths were 
sampled, and the number of their families per location. 

 

(Image credit: Kivelä et. al. 2011. published) 

The Figure was gotten and based on the study by Kivelä et. al. (2011). The location table is published 
in the supporting information material of Kivelä et. al. (2011)  
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(Image credit: Kivelä et. al. 2011, published) 

Map: this contains the geographical locations of Cabera pusaria and Chiasmia clathrata, the dash line 
shows the regions that were used when the phenotypic correlation was calculated (represented with 
letter A-F), the region delimations were based on their latitude, season length and phenology (Kivelä 

et. al. 2011).The map is published in the supplementary material of my study material (Kivelä et. al. 
2011).  
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