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1. INTRODUCTION 

Differences in body size are among the most evident manifestations of phenotypic 

diversity in animals. They can be observed at any taxonomic level, making body 

size a central parameter in ecology and evolution (Stern, 2001). Historically, bio-

logists have long been interested in predicting patterns of body size variation 

based on life-history, evolution, geography, and environmental factors (e.g., 

Pincheira‐Donoso et al., 2019; Kuntner & Coddington, 2020; Gergely & Tökölyi, 

2023; Johnson et al., 2023). While no single pattern or mechanism fully explains 

body size diversity, its consistent correlations with physiological, behavioural, 

and life-history characteristics (Gouws et al., 2011) undoubtedly demonstrate that 

body size variation is central for understanding an organisms’ evolutionary 

history, providing cues on how species adapt to environmental challenges through 

time and space. 

Although differences in body size can sometimes be strikingly evident to 

human eyes, the quantitative representation of body size is not as straightforward 

as it may seem. This is because animals do not possess a single, fixed size but 

rather exhibit multiple size dimensions (Hayes & Shonkwiler, 2001). The size of 

a flying insect like butterflies or moths, for instance, can be expressed by multiple 

proxies, including fresh or dry mass (Choi, 2024), forewing length (García-

Barros, 2015; Javoiš et al., 2019), wingspan (García-Barros, 2015; Seifert et al., 

2023), body length (García-Barros, 2015), thorax width (Monalisa, 2023), abdo-

men length (García-Barros, 2015), wing area (García-Barros, 2015), wing scale 

size (Simonsen & Kristensen, 2003; Bálint et al., 2019), body volume (Monalisa, 

2023), head width (García-Barros, 2015), or by structural size metrics (Hayes & 

Shonkwiler, 2001) derived from principal component analyses (De Souza et al., 

2024). Likewise, several size metrics exist for non-flying arthropods, such as 

arachnids. Those include total body length (Kuntner & Coddington, 2009; Kuntner 

& Elgar, 2014; McLean et al., 2018; Kuntner & Coddington, 2020), carapace 

length (Kuntner et al., 2010; Kuntner & Coddington, 2020), the length of specific 

corporal segments (Fox et al., 2015; Kuntner & Coddington, 2020) or the use of 

weight measures as above (Kuntner et al., 2010; Kralj-Fišer et al., 2023). In both 

situations, the choice of the measurement method and character used to represent 

size depends on a combination of biological meaning of the metric, context at 

which the measurement is taken, and technicalities involved in measuring the 

chosen character. 

Traditionally, ecologists working on invertebrates rely on weight or length 

measurements as proxies for body size. Weight (hereafter used interchangeably 

with the terms “mass” and “biomass”) is generally the preferred metric when esti-

mating complex biological parameters such as metabolic rates (Hudson et al., 

2013), energy transfer across trophic levels (Barneche et al., 2021), and repro-

ductive potential or investment (Warburg, 2011; Kuntner & Coddington, 2020) is 

the primary goal. In some ecological contexts, combining weight and length can 

be particularly informative. Examples include the calculation of condition indices 
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based on mass-to-length ratios, or residuals from mass-length regressions, although 

the validity of such indices has been questioned due to their statistical dependence 

on body size itself (Hayes & Shonkwiler, 2001). When working with weight 

measurements, a decision must be made between using live or dry weight. For 

invertebrates in general, live mass is often easier and quicker to measure, making 

it a practical non-destructive proxy for body size that can be obtained in field and 

applied to many ecological contexts (Eklöf et al., 2017). For example, live masses 

can be directly related to the living condition of the organism, providing im-

mediate insights into its current physiological state (Dekanová et al., 2023), being 

also useful in the assessments of ecosystem quality and productivity (Eklöf et al., 

2017).  

Very often, however, ecologists and evolutionary biologists aim to describe 

the relationship between body size and other life-history traits, to quantify how 

other traits scale with body size at both inter- and intraspecific levels, which often 

requires the calculation of species-level body size estimates (e.g., species means). 

The covariation with body size is thus the phenomenon of interest, and the choice 

between dry or live mass can significantly influence the results. In this context, 

the use of live mass can be particularly problematic for listable reasons. First, live 

mass is highly variable due to water content, which fluctuates with environmental 

conditions and the organism’s hydration state (Dekanová et al., 2023). Second, 

temporary changes in live mass can also result from the feeding status of the indi-

vidual (Hayes & Shonkwiler, 2001), as commonly reported for predator arthro-

pods such as arachnids (Moya‐Laraño et al., 2008; Schmidt et al., 2012; Réveil-

lion et al., 2022; Wu et al., 2023). Third, even in species with non-feeding adult, 

such as many lepidopterans, live mass is expected to vary with age while the 

overall body dimension (body length) remains fixed (Molleman et al., 2011, 2022). 

Fourth, specimen collection and preservation methods can substantially alter live 

mass, either underestimating or overestimating it depending on the technique 

used (Knapp, 2012; Dekanová et al., 2023). These sources of variation are not 

mutually exclusive, and accounting for their effects on live mass estimation when 

dealing with wild-caught specimens can be impractical. More importantly, the 

statistical noise they introduce often does not reflect true biological variation, 

making alternative measures of body size more appropriate. 

Most of the limitations associated with using live mass can be mitigated by 

measuring dry mass instead. When measured properly (see below), dry mass 

offers a more stable and consistent alternative proxy for biomass and body size, 

as it removes variability introduced by water content (Dekanová et al., 2023; 

Eklöf et al., 2017). Additionally, dry mass is less affected by preservation methods, 

particularly when specimens are preserved using dry techniques, as is common 

for flying insects. This brings about the important advantage of enabling the 

quantification of biomass from historical specimen collections (Kinsella et al., 

2020), making it possible to weigh specimens collected decades or even centuries 

ago. By excluding water-related variation, dry mass offers a more accurate 

representation of biologically active tissue and is thus a better proxy for energy 

content in studies of nutrient cycling (Eklöf et al., 2017; Weil et al., 2019). 
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Furthermore, it facilitates standardized comparisons across studies and taxa, 

enhancing the potential for meta-analyses and large-scale ecological syntheses 

(Reed et al., 2016; Gogina et al., 2022). When analysed jointly, live and dry masses 

enable the calculation of energy densities (kcal/unit dry weight, e.g., Lourenço-

de-Moraes et al., 2025), which are widely used in bioenergetic models and in 

studies of optimal foraging, body condition, and energy budgets (James et al., 

2012). 

Nevertheless, use of dry mass does not resolve all of the issues associated with 

live mass, nor is it free from technical challenges. For example, age-related chan-

ges in tissue density or composition, as well as the nutritional status of the 

individual, are expected to introduce some variation in body weight, which can 

be undesirable, depending on the study context. More evident, however, is the 

fact that obtaining dry mass requires extensive handling to properly prepare 

specimens for measurement. While live mass can be quickly and easily obtained 

in the field, dry mass involves a more time-consuming process that may require 

specialised equipment in laboratory conditions. Furthermore, the drying proce-

dure is itself (to some degree) destructive, and improperly handled dried speci-

mens are at risk of partial or complete loss, which is of particular concern when 

working with rare museum specimens. 

Fortunately, weight measurements are not the only means of representing 

body size. Alternatives include simple and intuitive metrics based on linear 

measurements, which are widely employed by biologists either to represent body 

size directly or to derive more complex proxies through natural and consistent 

morphometric scaling laws (e.g., Sohlström et al., 2018; Straus & Avilés, 2018; 

Kinsella et al., 2020; Mazón et al., 2020; Ruiz‐Lupión et al., 2020; Weiss & 

Linde, 2022; Harianja et al., 2023; Yazdanian et al., 2023). For invertebrates, 

linear measurements such as total body length or the length of specific body parts 

(e.g., wing length or wingspan in flying insects, carapace length in arachnids) are 

non-destructive and widely used proxies for body size due to their simplicity and 

ease of acquisition, especially in species with relatively simple body plans 

(García-Barros, 2015). Unlike dry or live mass, length-based metrics like total 

body length are less affected by an organism’s hydration state or feeding status 

and are less sensitive to size changes induced by aging, since body growth in 

arthropods ceases once they reach adulthood (Chown & Gaston, 2010). This also 

applies to most measurements taken from sclerotised body parts such as the head 

and thorax in insects, and the carapace in arachnids (McArthur et al., 2018; 

McLean et al., 2018; Réveillion et al., 2022). Not surprisingly, most length 

metrics show strong correlations with both dry and live mass (Lovich & Gibbons, 

1992; Kuntner & Coddington, 2020). The relationship between body mass and 

length often follows a power law, in which mass is proportional to length raised 

to an exponent b, commonly expressed as mass ∝ length3 (Caruso & Migliorini, 

2009). This pattern is grounded in Euclidean geometry, where volume (and by 

extension, mass: volume ∝ length3 ∝ mass) scales with the cube of linear dimen-

sions (Caruso & Migliorini, 2009; Kuntner & Coddington, 2020; Ruiz‐Lupión 

et al., 2020). This principle is intimately connected to the concept of allometry, 
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which, in simple terms, describes the scaling of a trait relative to overall body 

size (Huxley, 1932; Pélabon et al., 2014; Voje et al., 2014; Pélabon et al., 2018). 

Allometric relationships are commonly described by a power law function of 

the form Y = AXᵇ, where Y represents trait size, A is a constant estimated from 

the data, X is body size, and b is the exponent that describes the growth of Y 

relative to X (Huxley, 1932; Voje et al., 2014). When analysed on a log-log scale, 

the relationship becomes linear (but see Venditti et al., 2024) in the form log(Y) = 

log(A) + b × log(X), with A as the intercept and b as the slope, the latter repre-

senting the scaling of trait size relative to overall body size (Huxley, 1932; 

Pélabon et al., 2018). The allometric slope b is of particular interest as it tells how 

much change in the trait size is expected to occur per unit change in body size. 

Based on that information, the allometric slopes can be categorized into isometric 

(b = 1, trait size increases proportionately to body size), negative (b < 1, trait size 

increases slower than body size), or positive (b > 1, trait size increases faster than 

body size) (Bonduriansky, 2007; Shingleton, 2010; Ruiz‐Lupión et al., 2020). 

While this example refers to a specific case of allometric scaling in a hypothetical 

morphological trait, the concept of allometry is much broader. In fact, allometric 

relationships are found across a wide range of physiological, behavioural, eco-

logical, and life-history traits (West et al., 1997; Frank, 2009; Voje et al., 2014; 

Han et al., 2015; Glazier, 2024). Moreover, the characterization of allometric 

relationships is not limited to individuals of the same sex (Abouheif & Fairbairn, 

1997; Fairbairn, 1997), age (Cheverud, 1982; Pélabon et al., 2013; Glazier, 2024), 

or even species (Abouheif & Fairbairn, 1997; Klecka & Boukal, 2013). Specifi-

cally, allometric analyses can target different levels of biological organization: a 

single individual across developmental stages (ontogenetic allometry), multiple 

individuals at the same life stage within a population or species (static allometry), 

or comparisons across species (evolutionary allometry) (Shingleton, 2010; Péla-

bon et al., 2014; Sherratt et al., 2022). While a full discussion of how these forms 

of allometry relate to one another is beyond the scope of this text (reviewed by 

Cheverud, 1982; Pélabon et al., 2013), it is important to note that morphological 

evolution in taxa with a shared Bauplan (e.g., insects or arachnids) is mostly 

driven by modifications in static allometry, as much of the observed morpho-

logical variation arises from shifts in the relative proportions of body parts rather 

than changes in absolute size (Shingleton, 2010). Altogether, the definition of 

allometric relationships facilitates the identification of trait optima relative to 

body size and the assessment of developmental (genetic) correlations in compara-

tive frameworks (Lande, 1979; Pélabon et al., 2014; Voje et al., 2014; Pélabon 

et al., 2018; Venditti et al., 2024). Moreover, simple and accurate models for 

estimating complex proxies for body size from simpler trait measurements can be 

obtained from allometric relationships (Knight et al., 2022; Sherratt et al., 2022). 

Since the late 1960s, numerous equations based on allometric principles have 

been proposed to predict invertebrate body size from linear measurements. A 

meta-analysis by Ruiz-Lupión et al. (2020) compiled 283 predictive equations for 

soil arthropods, the majority of which (n = 215) were derived from interspecific 

data (evolutionary allometry). A closer examination of their supplementary 
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material highlights the marked underrepresentation of certain arthropod groups, 

notably Lepidoptera and Scorpiones. While this pattern may be partly due to the 

stringency of the data inclusion criteria employed by Ruiz-Lupión et al. (2020), 

it also reflects a broader lack of attention to these taxa in studies developing pre-

dictive models for body size. In lepidopterans, most predictive models have been 

developed using datasets that include a limited number of species that are often 

distantly related – e.g., a few species from different families (e.g., Rogers et al., 

1977; Sample et al., 1993; Hódar, 1996, 1997). This is problematic because the 

limited number of lepidopteran species used in these models certainly under-

represents the clade’s morphological diversity, thereby restricting the appli-

cability of such models (Kinsella et al., 2020). Recent efforts improved both the 

taxonomic and geographic representativeness of predictive body size models for 

Lepidoptera (e.g., García-Barros, 2015; Sohlström et al., 2018). While valuable, 

especially in proposing equations based on more inclusive datasets and in 

exploring the predictive value of linear traits beyond body length, these contri-

butions share at least two persistent shortcomings. The first is the fact that they 

rely on imprecise input data for body size due to the absence of a fixed onto-

genetic reference point at which body size is measured, as discussed above. The 

second is the general absence of a rigorous phylogenetic comparative frame-

work – one that accounts for the non-independence of species-level data and 

enables the detection of phylogenetic patterns in allometric relationships (Blom-

berg et al., 2003). This approach could allow researchers to infer potential macro-

evolutionary constraints on trait size (Knight et al., 2022; Sherratt et al., 2022; 

Voje et al., 2022). Unfortunately, these limitations are not unique to studies on 

lepidopterans. 

Very few predictive methods have been developed for estimating body size in 

arachnids, and the limited research that exists tends to focus on specific groups, 

mainly spiders and harvestmen (e.g., Höfer & Ott, 2009; Penell et al., 2018; 

Straus & Avilés, 2018). This is concerning, given the critical ecological roles 

arachnids play across nearly all terrestrial ecosystems. As primarily generalist 

predators, they occupy diverse trophic niches and feed on a wide variety of prey, 

contributing to the regulation of arthropod and insect populations (de Hart et al., 

2017; Tourinho & Lo-Man-Hung, 2021; Lyubechanskii et al., 2023). Their pre-

datory role is key to maintaining food web stability and controlling pest popu-

lations. For a perspective, a 2017 study estimated that the global spider com-

munity alone kills between 400 and 800 million metric tonnes (fresh weight) of 

prey annually, with insects and collembolans making up over 90% of this diet 

(Nyffeler & Birkhofer, 2017). Arachnids are also highly abundant: spider 

densities can reach 1,000 individuals per square metre, while in some ecosystems, 

scorpion biomass may exceed that of vertebrates (Polis & Yamashita, 1991; 

Gefen et al., 2009). Moreover, their sensitivity to habitat disturbance and micro-

climatic changes make them effective bioindicators, with important applications 

in environmental monitoring and management (Tourinho & Lo-Man-Hung, 2021; 

Elliott et al., 2024). While the reasons for the underrepresentation of arachnids in 

body size prediction studies remain speculative, the development of taxon-
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specific methods is clearly overdue and would significantly advance ecological 

and entomological research. 

Recent advances in molecular systematics have enabled the reconstruction of 

taxonomically comprehensive phylogenetic trees for invertebrate groups, in-

cluding robust family-level phylogenies for geometrid moths and buthid scor-

pions (e.g., Murillo-Ramos et al., 2019; Štundlová et al., 2022; Ghanavi et al., 

2024; Õunap et al., 2025). When combined with a systematically compiled and 

taxonomically broad trait dataset, it becomes possible to estimate reliable 

parameters for predicting body size from simpler linear measurements while 

accounting for evolutionary dependencies among species. Such practices are 

valuable in their own right, also providing foundation for further comparative 

research on body size evolution and its ecological associations with environ-

mental conditions and life-history traits in these organisms. 

This thesis summarises the results of four phylogenetic comparative studies 

that present analytical approaches for predicting body size metrics in two species-

rich groups of invertebrates and demonstrate how such predictions can be applied 

in macroevolutionary contexts. The goals were to employ phylogenetic com-

parative methods to derive parameters that can be used to generate reliable esti-

mates of body size for two distinct arthropod groups: moths of the family Geo-

metridae and scorpions of the family Buthidae, as well as to apply these estimates 

to investigate ecological and evolutionary processes underlying body size varia-

tion in these taxa. The Studies I and III address the challenges of deriving labour-

intensive body size metrics in geometrid moths (I) and buthid scorpions (III). The 

second and fourth studies provide empirical examples of how predicted body size 

metrics can be effectively used to address macroevolutionary questions, using 

moth (II) and scorpion (IV) datasets as case studies. In Study II, phylogenetic 

comparative methods were applied to examine the relationships between body 

size and various life-history traits in geometrids, followed by reconstructions of 

the evolutionary pathways that may have led to these associations. Study IV 

focuses on patterns of sexual size dimorphism (SSD) in Neotropical buthid 

scorpions, employing models of continuous trait evolution to infer the tempo and 

mode of body size evolution in males and females. In addition, the study offers a 

comparative assessment of evolutionary allometry across 10 morphometric traits 

in both sexes. 
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2. MATERIAL AND METHODS 

2.1. Study taxa 

Geometridae Leach, 1815, is a megadiverse family of moths comprising approxi-

mately 24,000 described species distributed across a wide range of habitats 

(Murillo-Ramos et al., 2019; Yoshimatsu et al., 2020). Geometrids have been 

widely used in ecological research, both in field and laboratory settings (e.g., 

Javoiš et al., 2019; Holm et al., 2022; Seifert et al., 2023; Tammaru & Teder, 2025), 

and their ecology and life history are relatively well documented in some regions 

(Mikkola et al., 1985; Skou, 1986; Mikkola et al., 1989; Hausmann, 2019). The 

larvae of geometrid moths feed on a variety of plants, including shrubs, trees, and 

ferns (Teder, 2020; Zielonka et al., 2022). The remarkable taxonomic diversity 

found within Geometridae often translates into an equally diverse set of functio-

nal roles displayed by these insects. While some geometrids exhibit high host 

specificity, feeding exclusively on one plant species (Janse Van Rensburg et al., 

2024), numerous species are generalist herbivores that feed on a wide range of 

plant species. This feeding behaviour can substantially impact plant community 

dynamics and forest structure (Summerville & Crist, 2008; De Smedt et al., 2019; 

Janse Van Rensburg et al., 2024). Moreover, many geometrid moths frequently 

visit flowers and carry pollen, contributing to the pollination of various plant 

species. It has been shown that geometrids are particularly important pollinators 

in urban gardens and natural ecosystems where they interact with a diversity of 

flowers (Wonderlin et al., 2019; Ribas-Marquès et al., 2022). Perhaps needless to 

say is the fact that geometrids serve as a vital food source for many vertebrate 

and invertebrate predators. Therefore, their abundance and diversity make them 

a relevant component of the food web (De Smedt et al., 2019; Summerville & 

Crist, 2008). 

The other taxon studied in this thesis is the family Buthidae C. L. Koch, 1837, 

which is the most species-rich family of scorpions, currently with 1,284 valid 

species (Rein, 2025). Buthid scorpions are present in almost all terrestrial habitats 

but are particularly diverse and abundant in arid and semiarid regions (Stockmann 

& Ythier, 2010). Despite their nearly cosmopolitan distribution at the family level, 

they tend to exhibit geographically restricted distributions at the genus level. Not-

able examples include the genera Ananteris Thorell, 1891, Centruroides Marx, 

1890, and Tityus C. L. Koch, 1836, all of which are confined to the Americas and 

contain numerous endemic species (Lourenço, 1993; Stockmann & Ythier, 2010). 

These three genera alone account for 34% of all described species within 

Buthidae (Rein, 2025). Buthid scorpions are solitary, nocturnal predators that 

typically feed on a wide range of invertebrates, including conspecifics (Stock-

mann & Ythier, 2010; Dionisio-da-Silva et al., 2024). The family exhibits high 

interspecific variation in body size, with species ranging from as small as 1.2 cm 

to as large as 15 cm in total length (Teruel, 2001; Viquez & Armas, 2005). Both 

intra- and interspecific variation in body size (and shape) plays a key role in 

explaining critical life history traits, including courtship behaviour, fecundity, 
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metabolic rates, sexual selection, intraguild predation, cannibalism, microhabitat 

stratification, and ecophysiological adaptations (Polis, 1990). 

 

2.2. Trait data 

Due to differences in body plan and data availability, distinct variables were used 

to represent body size in moths and scorpions. For geometrid moths, body size 

was expressed as dry body mass (DBM), whereas for scorpions, separate analyses 

employed two commonly used proxies for body size in the group: total length, 

measured from the anterior margin of the carapace to the tip of the telson with the 

metasoma extended, and carapace length, measured from the anterior to the 

posterior margin of the carapace (see Fig. 1 for details). 

In the first study of geometrid moths (I), DBM was taken from freshly eclosed 

adults reared under laboratory conditions obtained in previous research (Javoiš 

et al., 2011; Holm et al., 2019) in order to avoid ontogenetic weight variation. 

The trait data and phylogeny were composed of 105 geometrid species from 

temperate (Estonia, n = 67 species) and tropical (Uganda, n = 38) habitats. Adults 

were weighed one day after eclosion to avoid including meconium weight it the 

measurements. For each species, an average of six males and six females were 

air-dried and weighed, and forewing lengths were measured on 1,299 individuals 

using callipers. Because additional morphological measurements were not pos-

sible on the same individuals, we collected linear traits from size-referenced photo-

graphs of 539 museum and wild specimens using ImageJ (Schneider et al., 2012). 

Five linear measurements were taken to be used as DBM predictors: forewing 

length, wingspan at the tips, maximum wingspan, body length, and abdomen 

width. A schematic representation describing these measurements is illustrated in 

Fig. 1a. To correct for size differences between lab- and wild-reared specimens, all 

image-based measurements were scaled using the ratio of forewing lengths from 

the two groups. Once the predictive models were established in Study I, DBM 

was predicted for the entire Northern European geometrid fauna (n = 372 species) 

from linear measurements of maximum wingspan and abdomen width whenever 

appropriate (i.e., only abdomen width was used in apterous species), for appli-

cation in Study II. These linear measurements were extracted using ImageJ from 

1,270 size-referenced images (ranging from 1 to 6 specimens per sex per species) 

sourced from the Geometridae Mundi (https://www.zsm.mwn.de) and Lepiforum 

(https://lepiforum.org/) databases. 

The study with predicted DBM in geometrids (II) used life-history data (i.e., 

overwintering stage, host-plant growth form, dietary specialisation, voltinism, 

and diel activity) compiled by Teder (2020) across the species’ European ranges. 

The variables were transformed into binary whenever required for statistical 

analyses. Larval overwintering was contrasted with other stages (adult, egg, or 

pupa) due to its unique ecological aspects (e.g., predation risk, mobility). Host-

plant associations were divided into tree feeders (strict or facultative feeders on 

trees and shrubs) and herb feeders (primarily herbivorous species plus two lichen 

https://www.zsm.mwn.de/
https://lepiforum.org/
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feeders). Dietary specialisation was dichotomised by grouping polyphagous 

species as generalists, and monophagous and oligophagous species as specialists, 

to capture ecological differences in host-search effort. Voltinism (univoltine or 

multivoltine) and diel activity (diurnal or nocturnal) were already binary variables 

in their original forms. 

 

Figure 1. Linear measurements taken from (a) geometrid moths and (b) buthid scorpions. 

In moths, the predictive ability of wingspan at wing tips (wst), maximum wingspan 

(mws), forewing length (fwl), body length (bdl), and abdomen width (abw) for dry body 

mass at maturation was assessed in males and females of 105 geometrid species from 

tropical (n = 38) and temperate (n = 67) habitats. For buthid scorpions (195 species), two 

body size metrics were used: total length (toL) and carapace length (carL). These were 

predicted from chela length (cheL) and width (cheW), telson length (teL) and width 

(teW), and length and width of the fifth metasomal segment (met5L and met5W, 

respectively). The ability of carapace length to predict total length was also evaluated. 

Measurements of chela depth (cheD) and metasomal length (sum of the lengths of five 

metasomal segments) were collected a posteriori and included in the study of SSD in 

Neotropical buthids. (Adapted from Studies I and III).  

 

For size predictions (III) and subsequent comparative analysis of SSD in 

scorpions (IV), meristic data on scorpion morphology, including body size, were 

compiled from the literature for 195 species, mostly taxonomic descriptions and 

systematic reviews of Buthidae. The set of traits analysed includes measurements 

of length (L), width (W), and depth (D) for the chela (cheL, cheW, cheD) and 

telson (teL, teW, teD), as well as the length and width of the mesosoma (mesL 

and mesW), the total length of the metasoma (metL), calculated as the sum of 

segments I–V, and the width of the fifth metasomal segment (met5W), which 

serves as a proxy for overall metasomal width. These traits are associated with 

key biological functions such as feeding, hunting, defence, and reproduction, and 

their respective allometric patterns are expected to covary, to some extent, with 

the functional roles they support (Prendini, 2001; Loria & Prendini, 2021; Coelho 

et al., 2022). A schematic representation of these measurements is illustrated in 
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Fig. 1b. The predictive value of carapace length (carL) for total length (toL) was 

also evaluated. Once the size predictive models were established (Study III), they 

were used to estimate missing body size (carL) data for a subset of species 

(n = 16) lacking this information in the original dataset, allowing their inclusion 

in the analysis of SSD in Study IV. 

 

2.3. Phylogenetic trees 

Study I uses the molecular phylogenetic tree provided by Holm et al. (2019) that 

includes both tropical and temperate geometrid species. This phylogenetic tree 

combines four subfamily-specific ultrametric trees based on eight genes frag-

ments (6,543 bp in total) estimated by Bayesian inference into a single ultrametric 

tree with 373 terminals. 

For studies II–IV, ultrametric phylogenies were obtained by estimating node 

ages using Bayesian inference, based on maximum likelihood tree topologies. 

Tree topologies were reconstructed using IQ-TREE2 (Minh et al., 2020) from 

sequence alignments comprising four genes (2,836 bp) for buthid scorpions (III–

IV) and 11 genes (7,880 bp) for geometrid moths (II). DNA sequences were sour-

ced primarily from GenBank and supplemented with newly generated data 

following taxon-specific protocols (e.g., Õunap et al., 2016; Wahlberg et al., 2016; 

Esposito et al., 2018). The maximum likelihood topologies were time-calibrated 

using fossil constraints and secondary calibrations from previous studies (Ojan-

guren-Affilastro et al., 2017; Esposito & Prendini, 2019), with branch lengths 

converted to units of time via Bayesian dating analyses in BEAST 1.10.4 (Suchard 

et al., 2018). 

 

2.4. Data analysis 

For each study, the phylogenies were pruned to retain only species present in the 

respective trait datasets. All continuous variables were log transformed prior 

analyses. Phylogenetic principal component analysis was used to provide a visual 

assessment of the correlations between body size metrics and their predictors in 

geometrid moths (I) and buthid scorpions (III). For both taxa, the ability of linear 

measurements in predicting target body size metrics was evaluated using phylo-

genetic generalised least square (PGLS) models. The procedure began by fitting 

simple regression models for each trait separately, and then choosing the trait (i.e., 

the model) that provided the best fit to the data. This trait was interpreted as the 

“best single predictor” of body size. Then, the best-fit simple predictor models 

were expanded into several multiple regression models by adding a secondary 

predictor (one at a time) to check whether increasing model complexity resulted 

in significant improvement in terms of prediction quality and model fit, which 

were assessed by Akaike information criterion (AIC) and root mean squared error 

(RMSE). Sexes were analysed separately where necessary to account for poten-

tial influences of SSD. 
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Relationships linking body size (DBM) with several other life-history traits in 

geometrids (II) were inferred using PGLS models in both simple and multiple 

regression configurations. These relationships were further investigated using the 

Bayesian threshold model (Felsenstein, 2012; Revell, 2014), applied to infer how 

transitions between states of a discrete variable evolving along the phylogeny 

correlated with body size. Pagel’s test for correlated evolution between two binary 

characters (Pagel, 1994) was implemented to examine the sequence of trait 

evolution based on the associations revealed by the PGLS and threshold models. 

For example, if the PGLS analysis suggests that generalist species tend to be 

significantly larger than specialists, Pagel’s test can be used to infer the likely 

evolutionary pathways that produced large-bodied generalist species. A limitation 

of the test is that it only accommodates binary traits. As a result, body size was 

discretised into two categories using the partition around medoids algorithm 

(Kaufman & Rousseeuw, 1990), which yielded two size classes: “small” (n = 173) 

and “large” (n = 199) species, with mean ± standard deviation body sizes of 

5.35 ± 1.41 mg and 15.5 ± 1.59 mg, respectively. 

SSD and sex-related differences in body parts between male and female buthid 

scorpions (IV) were examined using Bayesian phylogenetic mixed regression 

models implemented in the R package MCMCglmm (Hadfield, 2010). Carapace 

length was chosen to represent body size as this measure is presumably less prone 

to error than total length (McLean et al., 2018). Body size (carL) was always 

included as a covariate in the mixed models testing for sex differences in the size 

of body parts. The same class of models were employed to quantify male and 

female allometric slopes and at the same time, to test whether the slopes differed 

between sexes. A phylogenetic major axis regression was applied to test whether 

body size in Neotropical buthids conforms to the predictions of Rensch’s rule by 

regressing log10 female size (response variable) onto log10 male size (independent 

variable). In this setting, Rensch’s rule is supported if the slope of the major axis 

regression is significantly less than 1 (Abouheif & Fairbairn, 1997; Webb & 

Freckleton, 2007). 

Lastly, continuous models of trait evolution implemented in the R package 

geiger (Pennell et al., 2014) were used to characterise the tempo and mode of 

body size evolution in male and female scorpions. To this end, three models were 

fitted separately for each sex. The first, the Brownian motion (BM) model, is 

defined by two parameters: θ, the ancestral trait value at the root of the phylogeny 

(also referred to as the phylogenetic mean), and σ², the rate parameter describing 

how fast trait values undergo random fluctuations over time. The BM model 

assumes trait evolution follows a random walk, with changes accumulating 

directionless through time (Beaulieu et al., 2012; Cooper et al., 2016). The second 

model, the Ornstein-Uhlenbeck (OU) model, builds on the BM framework by 

introducing an additional parameter, α, which captures the strength of attraction 

toward a central tendency (θ), consistent with a stabilising selection process 

(Beaulieu et al., 2012). Like BM, the OU model also includes the evolutionary 

rate parameter σ². The selection strength α can be expressed more intuitively as 

the phylogenetic half-life (t1/2 = ln 2/α), representing the time it takes for a trait to 
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move halfway from its ancestral state to the selective optimum (Hansen et al., 

2008), and the metric ρ, which quantifies the proportion of trait variance reduced 

by selection over a given time period, relative to the variance expected under pure 

drift (Cornuault, 2022). The best-fit models for each sex were used in bootstrap 

simulations to estimate 95% confidence intervals for the parameters θ and σ². 

  



19 

3. RESULTS 

3.1. Morphometric predictors of body size in geometrids 

(Study I) 

There was considerable interspecific variation in body size (DBM) across the 105 

geometrid species, spanning nearly 25-fold in females and 23-fold in males. All 

morphometric traits showed positive correlations with body mass, although the 

strength of these correlations varied. Among them, maximum wingspan consis-

tently appeared as the most reliable single predictor of DBM for both sexes. In 

males, the simple regression model with maximum wingspan as predictor differed 

from the second best-fit model (wingspan tips as predictor) by three AICc units. 

For females, wingspan tips was also the second-best single predictor of DBM, 

scoring 11 AICc units away from the best-fit model (maximum wingspan). In 

contrast, abdomen width exhibited the weakest association and lowest predictive 

power when used alone. It scored 82 and 37 AICc units away from the best-fit 

simple regression model in female and, respectively. Phylogenetic principal com-

ponent analyses supported the interpretation of the first axis (PC1) representing 

an overall size gradient for geometrids, with all measurements loading negatively 

(Fig. 2). However, abdomen width was nearly orthogonal to the other traits, 

indicating that it captured additional variation beyond overall size (Fig. 2), likely 

reflecting aspects of body plan. In fact, models combining maximum wingspan 

(size descriptor) and abdomen width (body plan descriptor) explained more 

variation in DBM than any other multiple regression model, showing sub-

stantially improved fit (lower AICc values) and reduced prediction error. Perhaps 

surprisingly, interaction terms (e.g. sex, region, clade) had only minor effects on 

allometric slopes, further supporting the robustness and generality of the pre-

dictive relationships. 
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Figure 2. Ordination of geometrid moth species (n = 105 species) obtained via phylo-

genetic principal component analysis of five linear measurements in (A) female and (B) 

male specimens. Species (points) are coloured by their respective body sizes, expressed 

as dry body mass (DBM) at the maturation time. PC1 represents an overall size descriptor, 

with larger species scoring negatively. PC2 captures information on body plan, repre-

senting species with slender to stout abdomens. (Source: Study I). 
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3.2. Life-history correlates in geometrid body size  

(Study II) 

Predicted DBM in Northern European geometrids was found to correlate signi-

ficantly with the overwintering stage, dietary breadth, host-plant growth form, 

and diel activity (Fig. 3a-d). In the absence of covariates (i.e., in single predictor 

PGLS regression analyses) species overwintering as larvae were, on average, 

larger than those overwintering in other stages. Likewise, generalist feeders, tree-

associated (i.e., tree feeders) species, and nocturnal moths tended to have larger 

body sizes than their respective counterparts. Multiple regression PGLS models, 

which included all traits as predictors, largely supported the findings from the 

bivariate analyses described above (Fig. 3a–d). Overwintering stage, dietary 

specialisation, and diel activity retained significant associations with body size in 

the full model. The effect of host-plant growth form was no longer significant in 

the presence of covariates (all other traits), suggesting that its association with 

body size may be confounded or mediated through other ecological factors. 

Voltinism showed no evidence of association with size in any model. 

The analyses using the Bayesian threshold model broadly corroborated the 

results from the PGLS models. Body size showed a positive correlation with 

larval overwintering (mean r = 0.25), indicating that increases in body size are 

associated with transitions to overwintering in the larval stage. A negative 

correlation was found between body size and the liability for diurnal activity 

(r = –0.44), supporting the conclusion that nocturnality is associated with larger 

body size. The association between body size and host-plant growth form was 

also negative (r = –0.19), again suggesting that dietary shifts toward the herb-

feeding state were associated with smaller sizes. Among the traits tested, only 

dietary specialisation showed a weaker signal in the threshold model than in the 

PGLS analysis: the 95% credible interval for the correlation coefficient slightly 

overlapped zero, although the posterior distribution still favoured a positive 

association. No correlation with voltinism was detected in either modelling 

framework. 
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Figure 3. Relationship between predicted body size (dry body mass at maturation) and 

life-history traits in Northern European geometrid moths (n = 372 species) obtained through 

simple and multiple phylogenetic regression models. Point estimates are presented with 

their respective 95% confidence intervals (slabs). Overwintering stage (a), dietary specia-

lisation (b), host-plant growth form (c), and diel activity (d) were consistently associated 

with body size in the studied species, with no qualitative differences between simple and 

multiple regression outcomes, except for the effect of host-plant growth form, which 

became non-significant in the multiple regression model (c). (Source: Study II). 

 

Discrete character models were fitted to assess the sequence of trait evolution 

linking body size with its correlates identified from the PGLS and threshold 

model analyses. Results from these discrete models indicated that body size and 

several life-history traits had coevolved (Fig. 4a–c). Large species that overwinter 

in the larval stage derived mostly from small ancestors that already had the ability 

to overwinter in the larval stage (Fig. 4a), suggesting that larval overwintering 

strategy preceded increases in body size. The same analogy was supported for 

explaining the emergence of large generalist (Fig. 4b), and large woody plant 

feeder species (Fig. 4c). Their ancestors were most likely generalists, and woody 

plant feeders of small size, indicating that the ability to feed on a greater variety 

of plant items, and in woody plant foliage, may have preceded the evolution of 

larger sizes. These findings collectively suggest that changes in overwintering 

biology and feeding strategies may have facilitated evolutionary increases in 

body size, rather than being secondary consequences of shifts in body size. 
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Figure 4. Evolutionary transitions in body size classes and life-history traits in Northern 

European geometrid moths. Arrows indicate the direction of each transition between pair 

of states of body size and overwintering stage (a), dietary specialisation (b), and host-

plant growth form (c), which were both correlated with body size in the phylogenetic 

regression analyses (see Results). Large species that overwinter in the larval stage derived 

mostly from small ancestors that were already larval overwinterers. Similar analogy applies 

to explain the emergence of large generalist and large woody-plant feeder geometrids. 

(Source: Study II). 
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3.4. Morphometric predictors of body size in buthid 

scorpions (Study III) 

In buthid scorpions, strong correlations were found among all linear measure-

ments (carL, toL, cheL, cheW, met5L, met5W, teL, teW), and phylogenetic 

principal component analysis confirmed the presence of a dominant size axis 

(PC1) with all measurements loading negatively for both sexes (Fig. 5a–b). None 

of the variables were able to effectively capture information on overall body plan, 

although PC2 appeared to separate species based on aspect ratios of chela, 

metasoma and telson, with slender (rather than stout) structures loading 

negatively on PC2 for females (Fig. 5a), and positively for males (Fig. 5b). 

 

Figure 5. Phylogenetic principal component analysis on morphometric traits in (a) male 

and (b) female buthid scorpions (n = 195 species). The first axis (PC1) captured infor-

mation on overall size, while the second axis (PC2) described variation in chela, meta-

soma, and telson aspect ratio, although none of the traits could effectively represent 

overall body plan in the studied species. See Figure 1 for trait abbreviations. (Source: 

Study
 
III).
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Overall, all predictor linear measurements proved useful in providing accurate 

predictions of body size, even when they were used alone: RMSE values re-

mained below 13 mm for toL and 1.1 mm for carL. For toL, the most accurate 

single predictor was met5L, with average RMSE values below 7 mm across sexes. 

Carapace length was most precisely predicted by teL, with prediction errors 

generally below 1 mm. The addition of secondary predictors yielded only marginal 

improvements in prediction accuracy. Trait-size relationships held practically 

constant across both male and female datasets and were broadly applicable beyond 

the family Buthidae, as confirmed by additional predictions made on 30 non-buthid 

species, where RMSE values stayed below 7.5 mm for toL and 2.1 mm for carL. 

 

3.5. Sexual size dimorphism and evolutionary allometry 

in Neotropical buthids (Study IV) 

The pattern of SSD in Neotropical buthid scorpions is female-biased, although 

the size difference between sexes was succinct, with females being 8% larger than 

males. The posterior mean size-difference between sexes was estimated at 

4.1 mm, with 95% credible intervals ranging from 2.7 to 6.7 mm. Despite females 

being the larger sex in absolute terms, males were larger than females for seven 

out of the ten traits when controlling for body size in the analysis (Fig. 6a). The 

only exceptions were telson length and mesosoma length, where no statistical 

differences were observed between sexes, and mesosoma width, with female 

mesosoma being on average 13% wider than that of males. 

None of the traits showed statistically significant differences in allometric 

coefficients (slopes) between sexes (Fig. 6b). However, some differences in allo-

metric patterns were observed. In males, chela length and chela depth exhibited 

positive allometry, whereas in females, these traits followed an isometric pattern 

(Fig. 6b). The phylogenetic major axis regression revealed that the relationship 

between female and male body size in the Neotropical buthids is consistent with 

Rensch’s rule (intercept = 0.29, β = 0.87, P = 0.001). 
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Figure 6. Trait size differences (a) and allometric slopes (b) of 10 morphometric traits 

measured in male and female Neotropical buthid scorpions inferred with Bayesian phylo-

genetic mixed regression models. Trait size differences were estimated accounting for 

body size. Mean estimates (points) are shown with their respective 95% credible intervals 

(whiskers). Solid points indicate statistically significant effects (pMCMC < 0.05). The 

vertical dashed line in panel (b) marks the isometric expectation for the allometric 

relationships. See Figure 1 for trait abbreviations. (Source: Study IV). 
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Figure 7. Phylogenetic mean (a) and rate of body size evolution (b) in male and female 

Neotropical buthid scorpions estimated under Ornstein-Uhlenbeck and Brownian motion 

processes for males and females, respectively. Distributions and 95% confidence intervals 

for parameter estimates were created by permuting the best-fit models for each sex 1000 

times. Solid points denote statistically significant differences (P < 0.05) in Monte Carlo 

test. (Source: Study IV). 
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4. DISCUSSION 

Predictive equations based on allometric relationships offer an effective and 

practical means of estimating time-consuming body size metrics using simpler 

morphological traits. Most existing models for insects and arachnids have been 

developed from taxonomically broad datasets (see Ruiz‐Lupión et al., 2020) that 

may not adequately capture the morphological diversity within the focal groups. 

As a result, the accuracy of size estimation is often limited in the absence of 

taxon-specific models grounded in robust datasets (Sohlström et al., 2018). This 

limitation also hampers comparative research on species-rich clades, where 

reliable size imputation techniques are essential to improve data completeness. 

Although cross-taxon comparison is not the focus of this thesis, it could be con-

vincingly demonstrated that body size metrics such as dry body mass (DBM) at 

maturation time in moths, and length-based measurements (total length and cara-

pace length) in scorpions, can be accurately predicted from simple linear mea-

surements of individual body structures, without requiring multiple predictors 

(i.e., no more than two) and complex model elements, such as interactions. 

 

4.1. Body size prediction in geometrid moths (Study I) 

DBM at maturation in moths can be reliably estimated using single linear mea-

surements, particularly those taken from the forewings, such as wingspan and 

wing length. These findings were not unexpected, as wing size is closely asso-

ciated with body weight in flying insects to maintain efficient flight performance 

(Shi et al., 2022; Darveau, 2024; Zhu et al., 2025). Among the studied wing mea-

surements, maximum wingspan was the most accurate single predictor of DBM 

and is also one of the most used proxies for body size in Lepidoptera, widely 

adopted in large-scale faunistic inventories and catalogues (e.g., Skou, 1986; 

Hausmann, 2019; Murillo-Ramos et al., 2019). This allows DBM to be predicted 

from readily available wingspan data from the literature, significantly expanding 

the potential use of the proposed predictive methods. In fact, we showed that any 

of the three forewing measurements (maximum wingspan, wingspan at the tips, 

and forewing length) can be used to predict DBM with consistent accuracy. Among 

these, forewing length holds particular practical value, as it can be measured with-

out requiring specimens to be mounted in the traditional way. This is especially 

beneficial when DBM needs to be estimated for large numbers of individuals, 

such as those obtained from mass trap collections in ecological studies. 

The results also indicate that prediction accuracy improves slightly when 

maximum wingspan is combined with abdomen width. Geometrid moth species 

exhibit considerable variation not only in body size, but also in body plan. While 

many members of the family possess a butterfly-like morphology, with slender 

bodies and broad wings, others are more stout-bodied, resembling typical noctuids 

or even bombycoids. Given this diversity, it is reasonable to expect that com-

bining a general measure of body size with a metric reflecting body plan would 
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enhance model performance. It could be observed in the phylogenetic principal 

component analysis of moth traits that species’ body plans can be represented 

along a gradient from slender to stout forms, primarily captured by the second 

principal component, with abdomen width showing the highest loading on this 

axis. Thus, the contribution of abdomen width to improving model fit likely 

results from its capacity to represent overall body plan, offering additional, inde-

pendent morphological information for estimating DBM. The particular property 

of abdomen width in representing overall body plan can be better understood by 

taking the ecological relevance of abdomen width into account. In our analysis, 

broader abdomens were typical of temperate species in the genera Lycia Hübner, 

1825, Biston Leach, 1815, Ennomos Treitschke, 1825, and Colotois Hübner, 1823, 

which do not feed as adults and are therefore extreme capital breeders (Tammaru 

& Haukioja, 1996). This contrasts with most geometrids, which depend to 

varying degrees on adult feeding (Javoiš et al., 2011). In previous work, relative 

abdomen mass has been identified as a morphological indicator of a species’ 

position along the continuum from income to capital breeding strategies (Davis 

et al., 2016), with abdomen width serving as a practical proxy for this trait. It 

remains unclear whether geometrid species with non-feeding adults are present 

in equatorial Africa (Holm et al., 2019). If such species were absent from our 

tropical subsample, this may explain the lack of extreme abdomen width values 

among Ugandan species. 

 

4.2. Natural-history correlates of body size 

in Northern European geometrids (Study II) 

Linear measurements of maximum wingspan and abdomen width were success-

fully converted into DBM for 372 geometrid species occurring in Northern Europe, 

representing the entire geometrid fauna of the region (Õunap et al., 2025). Over-

all, correlations between DBM and life-history traits were weak but statistically 

significant, mostly consistent with previous comparative findings (e.g., Teder, 

2020; Seifert et al., 2022, 2023). Phylogenetic regressions and threshold model 

analysis consistently supported the association between large body size and over-

wintering in the larval stage. This finding aligns with earlier ecological studies 

linking body size to overwintering strategies in geometrids (e.g., Davis et al., 2013; 

Seifert et al., 2022, 2023) and other lepidopterans (Zeuss et al., 2017; but see 

García-Barros, 2000), suggesting a general pattern. As a novel contribution 

though, we found that this association is unlikely to result from an indirect effect 

mediated by a third variable, as evidenced by the absence of interactive effects. 

Furthermore, the model of correlated evolution supported the hypothesis that 

larval overwintering more commonly preceded the evolution of larger body size. 

This suggests that evolutionary transitions from non-larval to larval over-

wintering may have favoured the development of larger body sizes, rather than 

larger size driving the adoption of larval overwintering. 
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In explaining the tendency for larval overwinterers to be larger, it is important 

to consider that the state of the variable “overwintering stage” would have been 

undefined during a portion of the evolutionary history of the studied species. This 

is because some ancestors were undoubtedly tropical moths that did not undergo 

overwintering. It is reasonable to assume, however, that although tropical ances-

tors did not overwinter, they may have possessed an inherent predisposition to do 

so in one developmental stage rather than another. This idea is well captured by 

the concept of liability in the threshold model analyses (Felsenstein, 2012). 

Although identifying the exact biological mechanisms that determine over-

wintering stage lies beyond the capabilities of the threshold model, the results 

still indicate that these determinants coevolve, to some extent, with body size. 

Interestingly, previous studies have indicated that the larval stage is the most 

susceptible to predation (Cornell & Hawkins, 1995; Tanhuanpää et al., 2001; 

Remmel et al., 2011), implying that species would preferably avoid over-

wintering at this life stage. Indeed, the tendency of overwintering in a life stage 

other than the larval is confirmed by our study and other comparative analyses on 

geometrids (Seifert et al., 2023), and in Lepidoptera, more broadly (Teder, 2020). 

The species that do overwinter as larvae must therefore gain a compensatory 

advantage. We suggest the principal benefit lies in the ability of overwintering 

larvae to immediately exploit the flush of fresh spring foliage upon resumption 

of activity. In many cases, this early-season foliage is known to be of higher nutri-

tional quality (Feeny, 1970; Roslin & Salminen, 2009; Tikkanen & Lyytikäinen‐

Saarenmaa, 2002). Such benefits might counterbalance the mobility challenges 

of larval overwinterers in leaving the host plant in search of a suitable over-

wintering shelter and the requirement to return and recolonise the host plant in 

spring. 

Another phenological studied trait is voltinism, which did not correlate with 

body size in the analysis of Northern European geometrids. Indeed, among Euro-

pean lepidopterans, links between body size and voltinism appear less consistent 

than those involving other phenological traits like overwintering stage (Teder, 

2020; Seifert et al., 2023). Some studies report significant correlations (Teder, 

2020; Seifert et al., 2023), while others do not (Seifert & Fiedler, 2024). The 

threshold models revealed no association even at the level of latent liabilities. 

While smaller size might seem advantageous for fitting several generations into 

the short northern summer (Zeuss et al., 2017; Teder, 2020), the rapid growth of 

lepidopteran larvae (Tammaru & Esperk, 2007) suggests that direct trade-offs 

between body size and voltinism have limited influence. Reported associations 

may instead be indirect. For instance, tree feeders, which are often large, tend to 

be univoltine due to their reliance on young foliage (Van Asch & Visser, 2007; 

Teder, 2020). 

Across species, body size is generally negatively associated with dietary 

specialisation, as shown in geometrids (Davis et al., 2013; Seifert et al., 2022, 2023) 

and other insects (Brändle et al., 2000; but see García-Barros, 2000). Seifert et al. 

(2023) suggested that this relationship may depend on host-plant growth form. 

Our results confirmed a significant interaction between specialisation and host-
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plant growth form, with generalists being larger than specialists only among tree 

feeders. This supports the idea that larger size in generalists may help them over-

come woody plants’ quantitative defences. The interaction also explains why 

host-plant growth form affected body size in simple but not in multiple phylo-

genetic regression models that included dietary specialisation. In line with Davis 

et al. (2013) and Seifert et al. (2023), we argue for special emphasis on interactive 

effects when examining ecological links between body size and diet breadth. 

Unfortunately, the threshold model and the Pagel’s model of sequence trait evo-

lution currently apply only to binary traits in bivariate settings. Despite this, our 

transition rate analyses favoured correlated over independent evolution for both 

body size and dietary specialisation, and for body size and host-plant growth 

form, suggesting that large generalists tended to evolve generalism before large 

size, and large tree feeders typically shifted to woody hosts before increasing in 

size. 

We also found that larger body sizes were consistently linked to nocturnal 

activity in both phylogenetic regression and threshold model analyses. Diurnality 

in geometrid moths is rare and generally associated with smaller sizes, likely to 

reduce detectability (Tammaru et al., 2018). We agree with Tammaru et al. (2018) 

that large-bodied diurnal lepidopterans likely require effective antipredator 

defences to offset higher predation risk. Nonetheless, our results suggests that a 

direct causal connection between body size and diel activity in geometrids is 

difficult to establish, as no evidence was found for correlated evolution between 

these traits in the Pagel’s model of sequence trait evolution. The contrast between 

these findings and earlier studies points to possible influences from unmeasured 

factors, such as predation pressure, which is difficult to assess in adult moths. 

 

4.3. Body size prediction in buthid scorpions (Study III) 

In the case of body size prediction in scorpions, the inclusion of an additional size 

predictor in a multiple regression setting is not strictly required to achieve reliable 

estimates. This holds true for both total length and carapace length, which are the 

two most widely used proxies for body size in scorpions (e.g., Outeda-Jorge et 

al., 2009; Seiter & Stockmann, 2017; Lira et al., 2021). This outcome likely 

reflects a strong size component shared across all linear measurements, with no 

single variable capturing substantial variation in body plan, as shown by the 

phylogenetic principal component analysis based on both male and female data. 

This limitation is not particularly problematic for buthid scorpions, as most 

species in this family exhibit a narrow-bodied morphology, with no pronounced 

variation in overall body plan (a few exceptions may apply for a small number of 

cave-dwelling species). In fact, while body size can vary greatly among species 

of the same family (11.9 to 119.1 mm in total length in the present study), diffe-

rences in body plan among scorpions are generally more evident above the family 

level. For instance, species within Scorpionidae, Euscorpiidae, Scorpiopidae, and 

Chactidae display markedly different body plans compared to buthids, typically 
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characterised by stouter builds and proportionally shorter and robust appendages 

(Stockmann & Ythier, 2010). 

Conveniently, the general absence of statistically significant interactions in-

volving sex, indicates that the predictive models can be reasonably applied to 

both male and female scorpions. This is particularly advantageous in cases where 

morphological differences between the sexes are subtle, or when specimens are 

too damaged or incomplete to allow for reliable sex determination. Such situa-

tions are common across various fields, including palaeontology, where only 

partial remains may be preserved or accessible for measurement (e.g., Santiago‐

Blay et al., 2004; Riquelme et al., 2015; Lourenço, 2023), and studies of feeding 

ecology, where only fragments of specimens are often recovered (e.g., Sahley 

et al., 2015; Qashqaei et al., 2023; Nordberg et al., 2018). In addition, the pre-

dictive equations will prove useful for estimating body size in specimens stored 

in scientific collections, where conventional measurements can be difficult to 

obtain without risking damage to the specimen. 

The single predictor phylogenetic regression models showed that carapace 

length is an effective predictor and a suitable proxy for body size (i.e., total 

length). While this result may seem expected, given the widespread use of cara-

pace length as an indicator of body size in scorpions (e.g., DeSouza et al., 2016; 

Seiter & Stockmann, 2017; Moreira et al., 2022; Giménez Carbonari et al., 2024), 

Study III represents the first empirical validation of its reliability for predicting/ 

representing total length, supported by robust comparative data. With few excep-

tions (e.g., McLean et al., 2018), the use of carapace length as a proxy for body 

size has rarely been justified in methodological terms. From a technical stand-

point, carapace length offers several practical advantages over total length, the 

most evident being its ease of measurement. Ideally, however, such advantages 

should be supported by empirical validation, which is now provided in Study III. 

In terms of predictive ability, the simple phylogenetic regression models 

identified met5L as the best single predictor of total length. Met5L offers parti-

cular advantages for measurement, as it typically does not require full extension 

of the metasoma or manipulation of other body parts. Additionally, metasomal 

segments are highly sclerotised in scorpions, making them less susceptible to 

breakage than more fragile structures such as the aculeus. It is not uncommon to 

find reports of specimens with broken aculeus tip (e.g., Armas, 1999; Teruel & 

Rein, 2010; Teruel & Kovařík, 2014), which depending on the size of the scor-

pion, may compromise the quality of the size predictions, especially in smaller 

species (e.g., species in the genus Microtityus Kjellesvig-Waering, 1966 or Anan-

teris Thorell, 1891). Fortunately, all other predictors also performed reasonably 

well in estimating both total length and carapace length. Thus, the general recom-

mendation is to use telson length for size prediction only when the aculeus is fully 

intact. 
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4.4. Sexual size dimorphism and evolutionary allometry 

in Neotropical buthids (Study IV) 

In the studied species, SSD was female-biased, with females being 8% larger than 

males, on average. This pattern matches previous intraspecific findings (Giménez 

Carbonari et al., 2024). Mesosoma length and width were the only traits where 

males did not significantly surpass females when controlling for body size. Fe-

males had significantly wider mesosomas, implying greater mesosomal areas 

assuming a basic length × width estimate. This may partly reflect selection acting 

on pre- and post-embryonic aspects of scorpion reproduction. Pre-embryonically, 

a larger mesosoma could house more reserves in the hepatopancreas, an organ 

accounting for around 40% of body mass and directly involved in oogenesis and 

vitellogenesis (Warburg, 2011). Post-embryonically, broader mesosomas may 

offer increased surface area for carrying scorpionlings, potentially supporting 

larger broods in number or size. However, this interpretation remains to be tested, 

as mesosomal area in scorpions has yet to be precisely quantified anatomically. 

The observed female-biased SSD aligns with the reasoning that reproductive 

advantages linked to larger body size may favour selection for larger females in 

scorpions (reviewed by Giménez Carbonari et al., 2024). In Neotropical buthids, 

SSD follows Rensch’s rule, being more pronounced in smaller species and nearly 

absent in larger ones. This suggests that stronger selection on female fecundity 

(i.e., larger sizes are selected for), or reduced male size due to selective pressures, 

may underlie SSD, particularly in smaller species (see below). Proximate causes 

of SSD could include sex-specific differences in mortality, energy intake, and 

energy use related to maintenance, reproductive organs, or behaviour (Mollet 

et al., 2023). Unfortunately, there are no comparative studies exploring these 

mechanisms in scorpions, leaving their relative roles unclear. However, insights 

can still be drawn from experimental data on species within Study IV. In Tityus 

neibae Armas, 1999, for example, males can mature by the fourth instar under 

weekly feeding, while females do not (Seiter et al., 2020), suggesting that males 

may prioritise early maturity at the cost of body size, potentially to reduce pre-

dation risk. Females, by contrast, attain larger sizes, likely enhancing reproduc-

tive output (Seiter et al., 2020). Similar patterns have been reported in Tityus 

pusillus Pocock, 1893, where earlier male maturation at a smaller size is believed 

to be an adaptive response to compensate increased exposure to predators due to 

their greater foraging activity (Albuquerque & Lira, 2016; Lira et al., 2018). 

These findings point to strategic growth trade-offs between development time, 

body size, and mortality risk (Tuni & Berger-Tal, 2012; Albuquerque & Lira, 

2016). Comparable mechanisms have been proposed for spiders, where females 

may grow larger by extending development either through additional instars 

(Higgins & Goodnight, 2010, 2011; Kuntner et al., 2012; Agnarsson et al., 2024) 

or by lengthening each instar (Higgins & Goodnight, 2011). They may also 

assimilate energy more efficiently and exhibit lower activity levels than males 

(Chelini et al., 2019). It is worth mentioning, however, that such observations 

come from spiders with extreme female-biased SSD, which is clearly not the case 
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in buthid scorpions. Furthermore, while longer development often leads to larger 

size in invertebrates (recently reviewed by Tammaru & Teder, 2025), this is not a 

fixed rule in Neotropical buthids. For instance, in Ananteris mauryi Lourenço, 

1982, males mature slightly later than females, yet females still achieve larger 

adult sizes on average (Lira et al., 2021). 

As briefly mentioned, an alternative explanation for female-biased SSD in 

Neotropical buthids may lie in male size reduction rather than female size in-

crease. This is consistent with the “Ghiselin-Reiss small-male hypothesis”, which 

posits that smaller males are likely to evolve when reproductive success is largely 

determined by scramble competition for access to females (Blanckenhorn et al., 

1995). Under such conditions, males are expected to prioritise reproductive 

investment over somatic growth, potentially resulting in reduced survival and a 

corresponding relaxation of male-male competition (Blanckenhorn et al., 1995; 

Mollet et al., 2023). In other arachnids, smaller male size has been linked to 

greater reproductive success in mating systems characterised by scramble compe-

tition, where rapid mate location is key (Danielson-François et al., 2012; Jordan 

et al., 2014). Under this scenario, SSD in Neotropical buthids may result from 

divergent sex-specific roles, with males selected for speed and mobility, and 

females for enhanced reproductive output and parental care, as hypothesised in 

intraspecific studies (Carlson et al., 2014; Miller et al., 2016). The SSD pattern 

observed here, consistent with Rensch’s rule, indicates that male size reduction is 

more evident in smaller species, also meaning that males of larger species must 

benefit from increased absolute size. This last aspect likely reflects the influence 

of pre-copulatory sexual selection, such as male-male competition and terri-

toriality, reported in larger species (Tang, 2023), including in Neotropical buthids 

(Wyman et al., 2025), but presumably less relevant in smaller-bodied ones. None-

theless, the subtle yet significant size differences in Neotropical buthids remain 

difficult to attribute to a single cause. As in other arthropods (e.g., Higgins & 

Goodnight, 2011; Quiñones-Lebrón et al., 2021; Agnarsson et al., 2024), inter-

sexual genetic correlations and the energetic and ecological costs of achieving 

and maintaining larger body sizes in both sexes (Blanckenhorn, 2000; Blancken-

horn et al., 2007; Chelini et al., 2019; Higgins & Goodnight, 2011) are likely to 

constrain SSD evolution. 

The models of continuous trait evolution revealed substantial sex-specific 

differences in both the rate and mode of body size evolution among Neotropical 

buthids. Male body size evolved approximately three times faster than female 

size, with an OU model best fitting the male data and a BM model fitting the 

female data. These results support the reasoning that each sex is subject to 

different selective pressures of unequal intensity. Although intuitive, such evo-

lutionary processes have not previously been quantified for body size in scor-

pions. The BM model for females suggests body size evolution is better explained 

by stochastic processes, lacking a clear directional pull toward an adaptive size 

optimum. However, this should not be interpreted as an absence of constraint, as 

the low evolutionary rate (σ²) points to limited evolvability. Moreover, statistical 

support for an OU model was not absent, suggesting potential weak stabilising 
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selection. A similar caveat applies to males, though the stronger support for the 

OU model indicates stabilising selection toward an optimal size (estimated at 4.06 

mm carapace length). Additionally, the higher evolutionary rate in males reflects 

a faster exploration of trait space, yet this is not unconstrained. The absolute 

strength of selection (α) was three times greater in males than females (using an 

OU model for both sexes for illustrative purposes). This is further supported by 

the shorter phylogenetic half-life and greater reduction in trait variance (ρ) for 

male size, pointing to strong selective pressures, likely sexual selection. While 

both sexes show evidence of evolutionary constraint, the mode and intensity of 

selection differ, with male size shaped by stronger and more directed forces. 

These findings provide a valuable starting point for future comparative studies of 

body size evolution in scorpions and other arthropods. 

Perhaps surprisingly, the analysis of allometric scaling revealed no sex-

specific differences in slopes, though certain traits displayed distinct patterns 

between sexes. Chela length and depth showed positive allometry in males but 

were isometric in females. In line with previous intraspecific studies (Giménez 

Carbonari et al., 2024), this is expected given the role of these traits in mating. 

Scorpion courtship involves the male grasping the female with his chelae and 

performing coordinated movements to initiate copulation (Foerster et al., 2021; 

Simone & van der Meijden, 2021), a process that can last minutes to hours 

depending on female resistance. In species with female-biased SSD, this requires 

considerable pinch force from males. Indeed, chela depth is strongly correlated 

with pinch force in size-corrected analyses (van der Meijden et al., 2010). The 

positive allometry in male chela depth suggests that males of smaller species may 

exert disproportionately higher pinch force relative to their size, consistent with 

the greater SSD seen in these species. Positive allometry in male chela length was 

also observed, although this may reflect selection for greater closing speed rather 

than force, as previously proposed (van der Meijden et al., 2010). If so, this 

adaptation would again be most evident in smaller-bodied species, which exhibit 

stronger SSD. In any case, further studies are needed to assess the link between 

male pinch force (and chela morphology) and SSD using comparative data. As 

phylogenetic hypotheses and comparative datasets continue to accumulate 

(Štundlová et al., 2022; Santibáñez‐López et al., 2023), and with the development 

of increasingly sophisticated phylogenetic comparative methods, future analyses 

will be better equipped to explain the evolutionary processes responsible for the 

emergence and maintenance of female-biased SSD in scorpions. 
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5. CONCLUSIONS 

The predictive equations developed in Studies I and III, and presented in this 

thesis, offer ecologists practical tools for estimating body size in two invertebrate 

groups: the diverse moth family Geometridae (I) and the species-rich scorpion 

family Buthidae (III). These methods allow accurate size estimation for both taxa 

without the need for complex computations or multiple predictor variables. Their 

potential applications range from biomass estimation in ecological studies to 

reliable size inference from incomplete palaeontological records. The equations 

can also be used as taxon-specific imputation methods for enhancing data com-

pleteness in comparative analyses. This last application is demonstrated in the 

two case studies summarised in this thesis, where predicted size values were used 

to explore different ecological and evolutionary aspects of body size variation in 

moths (II) and scorpions (IV). Specifically, dry body mass predictions enabled a 

detailed examination of life-history correlates in Northern European geometrid 

moths, offering new insights into how body size is evolutionarily linked with 

traits related to larval host specialisation and phenology. Similarly, the imputation 

of carapace length using the predictive methods developed for scorpions enabled 

the development of the most taxonomically comprehensive analysis to date of 

SSD and evolutionary allometry in the group, conducted within an explicitly 

phylogenetic framework. The methodological framework, phylogenetic recon-

structions, and comparative datasets developed as part of this thesis are valuable 

resources that will likely stimulate future research on body size evolution, a field 

of growing interest within evolutionary biology that still lacks a more inclusive 

perspective on invertebrate taxa. 
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SUMMARY 

Body size is a fundamental aspect of animal form and function, shaped by evo-

lutionary history and ecological adaptations. However, measuring body size 

across taxa remains challenging due to the diversity of morphological proxies and 

the multiple sources of variation associated with size metrics. For invertebrates, 

body size is typically represented by either mass (live or dry) or linear measure-

ments, such as total body length or the dimensions of particular body parts. Mass-

based measures are especially useful when studying processes that scale directly 

with biomass, such as metabolic rates, trophic energy transfer, or reproductive 

investment. However, mass measurements, particularly those taken from live 

specimens, are vulnerable to short-term fluctuations in water content, feeding 

status, and age-related changes, as well as artefacts introduced by collection and 

preservation methods. Dry mass reduces much of this variability and can even be 

measured from museum material, making it more consistent than live mass in 

some contexts. Length-based metrics, on the other hand, offer a widely applicable 

alternative. They are non-destructive, unaffected by temporary physiological 

changes such as hydration state, and tend to remain stable after growth ceases in 

adulthood. 

Many length measurements correlate strongly with both live and dry mass and 

follow predictable allometric scaling relationships. Allometry, in its broadest 

sense, describes how one trait changes in relation to overall body size. It can be 

studied at the intraspecific level (ontogenetic or static allometry) or at the inter-

specific level (evolutionary allometry, which is the focus of this thesis). The slope 

of an allometric relationship indicates whether a trait scales proportionately, more 

rapidly, or more slowly than body size. Together with the intercept, it forms the 

basis of predictive models used to estimate one trait from another. In a phylo-

genetic context, such models provide a powerful means of generating body size 

estimates for large datasets, enabling the acquisition of indirect but accurate 

measures of body size that would otherwise be impractical to obtain. Moreover, 

predictive models based on allometric relations are the best (and perhaps the only) 

way to impute missing data on body size when direct measurements are not 

possible, such as with museum specimens or fossil records. 

Despite the long history of allometric studies, predictive models for many 

invertebrate groups remain scarce. In Lepidoptera, most existing models rely on 

small species samples and non-phylogenetic statistical methods. A comparable 

situation occurs in arachnids, where research is largely concentrated on spiders 

and harvestmen, with virtually no studies addressing scorpions, despite their eco-

logical significance as abundant generalist predators. To help filling this gap, this 

thesis builds on recent advances in the field of invertebrate phylogenetics to 

address methodological and evolutionary questions concerning body size esti-

mation and its applications in macroevolutionary research focused on insects and 

arachnids. Four phylogenetic comparative studies are presented using two eco-

logically distinct and species-rich groups, geometrid moths and buthid scorpions. 
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Studies I and III develop predictive equations for estimating body size metrics 

from simple linear measurements in geometrid moths (I) and buthid scorpions 

(III) while accounting for phylogenetic relatedness. Studies II and IV apply these 

predictions to investigate ecological and evolutionary correlates of body size, 

focusing on life-history traits in Northern European geometrid moths (II) and 

patterns of sexual size dimorphism in Neotropical buthid scorpions (IV). 

Phylogenetic principal component analyses supported the interpretation of the 

first axis as representing an overall size descriptor in geometrid moths. However, 

abdomen width, however, was nearly orthogonal to the first axis, indicating that 

it captured variation beyond overall size, likely reflecting aspects of body plan. 

In fact, models combining maximum wingspan (size descriptor) and abdomen 

width (body plan descriptor) accounted for more variation in DBM than any other 

multiple regression model. In Northern European geometrids, predicted body size 

was significantly associated with larval overwintering strategies, nocturnal 

activity of the adults, and generalist feeding habits of the larvae. Discrete trait 

models further indicated that shifts in overwintering and feeding strategies pre-

ceded increases in size. 

In buthid scorpions, most morphometric traits served as reliable predictors of 

body size, but the phylogenetic principal component analysis indicated limited 

ability of the studied traits in providing information on body plan. All linear 

measurements reliably predicted both total length and carapace length in male 

and female buthids and performed well even in non-buthid scorpions. Carapace 

length was strongly correlated with total length, but despite that, total length was 

best predicted by the length of metasomal segment V, whereas telson length 

provided the most accurate predictions of carapace length in the simple regression 

analyses. Increasing model complexity by adding multiple predictors had neg-

ligible effects on prediction accuracy and was therefore unnecessary. 

In the study of sexual size dimorphism in scorpions, Neotropical buthids 

exhibited female-biased size dimorphism, although males possessed relatively 

larger structures after accounting for body size. Male traits such as chela length 

and depth scaled with positive allometry, contrasting with the isometric patterns 

observed in females. Patterns of body size evolution differed between sexes: 

female size followed a Brownian motion model, while male size fit an Ornstein-

Uhlenbeck process, suggesting stabilising selection and more rapid evolution 

(towards trait optima) in males. Together, these studies demonstrate the value of 

phylogenetically informed allometric models for estimating body size and 

addressing evolutionary questions in morphologically diverse invertebrates. The 

methodological approach, phylogenetic reconstructions, and comparative data-

sets generated during this thesis constitute valuable resources that will likely 

stimulate further research on body size evolution, an area of growing interest in 

evolutionary biology that still lacks a sufficiently inclusive perspective on 

invertebrate taxa. 
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SUMMARY IN ESTONIAN 

Kehasuuruse fülogeneetilis-võrdlevad uurimused putukatel ja 

ämblikulaadsetel: ennustustest rakendusteni 

 

Kehasuurus on loomade fundamentaalne, kõiki eluavaldusi mõjutav parameeter. 

Liigiomane kehasuurus sõltub evolutsioonilisest ajaloost, kuid on aldis muutuma 

ka vastusena kaasaegsetele valikusurvetele. Kehasuuruse uurimise eelduseks on 

oskus kehasuurust mõõta. Isendi suuruse kvantifitseerimine eri taksonite lõikes 

on siiski jätkuvalt keerukas, seda tulenevalt nii kehasuuruse mõõtudena kasu-

tatavate morfoloogiliste parameetrite mitmekesisusest kui ka nende parameetrite 

sageli suurest varieeruvusest, millel on omakorda mitmeid erinevaid põhjusi. 

Selgrootutel väljendatakse kehasuurust tavaliselt kas massina (elus- või kuiv-

mass) või erinevate lineaarmõõtude abil, näiteks keha kogupikkus või teatud 

kehaosade mõõtmed. Massipõhised suuruse mõõdud on eriti asjakohased selliste 

protsesside uurimisel, mis on kehamassiga otseselt seotud; sellisteks on näiteks 

ainevahetuse kiirus, troofiline energiaülekanne või reproduktiivne investeering. 

Kehamass, eriti elusmass, on paraku sõltuv organismi füsioloogilisest seisundist 

kuna reageerib näiteks muutustele looma veesisalduses ja toitumuses ning sageli 

korreleerub ka isendi vanusega; samuti on mass tundlik erinevatest kogumis- ja 

säilitamismeetoditest tulenevatele artefaktidele. Kuivmassi kasutamine elusmassi 

asemel võimaldab vältida suurt osa sellist tüüpi probleemidest ning seda saab 

mõõta isegi muuseumieksemplaridel, mis muudab kuivmassi teatud kontekstides 

elusmassist usaldusväärsemaks kehasuuruse mõõduks. Pikkusel põhinevad keha-

suuruse mõõdud pakuvad massipõhistele mõõtudele laialdaselt rakendatavat 

alternatiivi: nende määramine on sageli mitteinvasiivne, need ei sõltu lühi-

ajalistest muutustest isendi füsioloogias (nt hüdratatsiooniseisundist) ning nende 

väärtused püsivad sageli stabiilsena pärast kasvu lõppemist täiskasvanueas. 

Paljud pikkusmõõdud korreleeruvad tugevalt nii elus- kui kuivmassiga ning 

alluvad allomeetrilistele seaduspäradele, mis võimaldab erinevaid kehasuuruse 

mõõte vastastikku teisendada. 

Allomeetria kirjeldab selle sõna kõige üldisemas tähenduses seda, kuidas 

mingi meetrilise tunnuse väärtus muutub seoses keha üldise suuruse muutu-

misega. Allomeetriat saab uurida liigisiseselt (ontogeneetiline ehk staatiline allo-

meetria) või liikide vahel (evolutsiooniline allomeetria, mis on käesoleva väite-

kirja keskseks teemaks). Allomeetrilise seose tõus näitab, kas tunnuse väärtus 

skaleerub keha suurusega võrdeliselt või muutub sellest kiiremini või aegla-

semalt. Koos vabaliikmega moodustab allomeetrilise võrrandi tõus aluse ennus-

tusmudelitele, mille abil saab ühe tunnuse alusel teise tunnuse väärtust hinnata. 

Fülogeneetilises kontekstis pakuvad sellised mudelid võimsa vahendi keha-

suuruse analüüsimiseks suuremahuliste andmestike põhjal. Need võimaldavad 

saada oma olemuselt kaudseid, kuid siiski piisavalt täpseid kehasuuruse (eelkõige 

massi) mõõte, mille vahetu määramine oleks ebapraktiline. Veelgi enam – allo-

meetrilistel seostel põhinevad ennustusmudelid on parim (ja tihti ainus) võimalus 
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saada võrreldavaid andmeid olukordades, kus massi otsene määramine pole üldse 

võimalik, näiteks muuseumimaterjali või fossiilide puhul. 

Hoolimata allomeetriaga seotud uurimuste pikast ajaloost on paljude selg-

rootute rühmade jaoks asjaomaseid ennustusmudeleid endiselt vähe. Liblikaliste 

puhul põhineb enamik olemasolevaid mudeleid väikestel valimitel ja fülogeneesi 

mitte arvestavatel statistilistel meetoditel. Sarnane on olukord ka ämblikulaadsete 

puhul, kus uurimused on keskendunud valdavalt ämblikele ja koibikutele. Skor-

pionid on seni jäänud väärilise tähelepanuta, seda hoolimata nende ökoloogilisest 

tähtsusest arvukate generalistkiskjatena. 

Käesolev väitekiri käsitleb metodoloogilisi ja evolutsioonilisi küsimusi, mis 

on seotud kehasuuruse hindamise ja kehasuuruse hinnangute rakendamisega 

makroevolutsioonilises uurimistöös. Töö hõlmab nelja fülogeneetilis-võrdlevat 

uurimust, milles mudeltaksonitena kasutatakse kahte morfoloogiliselt ja öko-

loogiliselt erinevat liigirikast lülijalgsete rühma – liblikaliste hulgast vaksiklasi 

ja skorpionide sugukonda Buthidae. Töö tugineb värskeimatele edusammudele 

uuritavate rühmade fülogeneesi rekonstrueerimisel. 

Uurimustes I ja III töötati välja liikide fülogeneetilist sugulust arvestavad 

ennustusvõrrandid kehamassi hindamiseks isendite lineaarmõõtmete alusel, 

vastavalt vaksiklaste ja skorpionide jaoks. Uurimustes II ja IV rakendati selliseid 

ennustusi kehasuuruse ökoloogiliste ja evolutsiooniliste seoste uurimiseks, 

keskendudes elukäigutunnustele Põhja-Euroopa vaksiklastel (II) ning keha-

suuruse soolise dimorfismi mustritele Neotroopika skorpionidel (IV). Analüüsi 

esimese sammuna uuriti võimalusi kombineerida erinevaid kehasuuruse mõõ-

tusid rakendades fülogeneesi arvestavat peakomponentanalüüsi. Leitud pea-

komponentidest esimene on vaksiklaste puhul tõlgendatav kehasuuruse mõõ-

duna. Tagakeha laius osutus esimesega teljega peaaegu ortogonaalseks muutujaks 

ja on kasutatav kui kehaehituse tüübi iseloomustaja. Mudelid, mis kombineerisid 

tiibade siruulatust ja tagakeha laiust selgitasidki suuremat osa kehamassi 

varieeruvusest kui ükski alternatiivne mitmese regressiooni mudel. Järgnenud 

fülogeneetilis-võrdlev analüüs näitas, et ennustatud kehasuurus on seoses talvi-

tuva arengujärguga, valmikute ööpäevase aktiivsuse ja röövikute toiduspetsia-

lisatsiooni astmega. Analüüsist ilmnes lisaks, et talvitumis- ja toitumisstrateegiate 

muutused eelnesid evolutsioonilisele muutusele suurema kehasuuruse suunas. 

Skorpionide sugukonnas Buthidae osutus enamik morfomeetrilisi tunnuseid 

kehasuuruse usaldusväärseteks ennustajateks, kuid erinevalt vaksiklastest ei 

ilmnenud kehaehituse erinevusi hästi kirjeldavat üksikmuutujat või peakompo-

nenti. Kõik lineaarmõõtmed ennustasid usaldusväärselt nii kogupikkust kui ka 

peakilbi pikkust nii isastel kui emastel skorpionidel. Peakilbi pikkus korreleerus 

tugevalt kogupikkusega, ent kogupikkust ennustas siiski kõige täpsemalt meta-

soma V lüli pikkus, samas kui telsoni pikkus osutus parimaks peakilbi pikkuse 

ennustajaks. Mudelite keerukuse suurendamine avaldas ennustustäpsusele vaid 

tühist mõju ning mitme sõltumatu muutujaga mudelite kasutamine osutus seetõttu 

ebavajalikuks. 

Ennustusvõrrandid osutusid üldistatavateks üle sugude ja rakendatavateks ka 

väljaspool sugukonda Buthidae. Leidis kinnitust, et Neotroopika skorpionidel on 
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emased isastest suuremad, kuid mitmete üksikmõõtude osas osutusid isased 

emastest suuremateks peale üldise kehasuuruse mõju statistilist eemaldamist. 

Isastel ilmutasid sellised tunnused nagu chela pikkus ja sügavus positiivset allo-

meetrilist seost kehasuurusega, mis erines emastel täheldatud isomeetriast. Keha-

suuruse evolutsiooni mustrid erinesid sugude lõikes: emaste suurus allus Browni 

liikumise mudelile, samas kui isaste suurus oli kooskõlas Ornsteini-Uhlenbecki 

protsessiga, mis viitab stabiliseerivale valikule ja kiiremale evolutsioonile opti-

mumi suunas isastel. 

Kokku võetuna näitavad väitekirja osauurimused fülogeneetilist teavet arves-

tavate allomeetriliste mudelite sobivust kehasuuruse hindamisel ja evolutsiooni-

liste küsimuste käsitlemisel morfoloogiliselt mitmekesiste selgrootute puhul. 

Väitekirjaprojekti käigus välja arendatud metodoloogiline lähenemine, fülo-

geneetilised rekonstruktsioonid ja võrdlevad andmestikud on ressursid, mis 

usutavasti aitavad oluliselt kaasa edasisele uurimistööle kehasuuruse evolutsiooni 

vallas – evolutsioonilise ökoloogia ühes keskses uurimissuunas, millel on 

jätkuvalt palju võita erinevate selgrootute loomade taksonite senisest laiemast 

kaasamisest. 

 

 

 

 

 

 

 

  



42 

ACKNOWLEDGMENTS 

I thank the University of Tartu and the people of Estonia for giving me the chance 

to study and live in such an amazing place. I extend my gratitude to all the friends 

and people I have met in academia. In particular, my supervisors Prof. Toomas 

Tammaru and Dr. John T. Clarke, for believing in my potential, and contributing 

to my professional career. The studies summarised in this thesis would have been 

much harder to finish without the contributions of Tiit Teder, Juhan Javoiš, Erki 

Õunap, Axel Hausmann, Villu Soon, Pasi Sihvonen, André F. A. Lira, Luis F. de 

Armas, and Vadir Q. Balbino. I am afraid I cannot list all those who supported 

me in so many ways and helped make my PhD journey more enjoyable, but 

I would like to mention at least some names (without specific order): Arthur 

Foerster, Anastasia Tõnisson (and Misha), Sille Holm, Val & Vanda Gomes, 

Avneet Sharma, and Inaldo (Dada). Thank you all for the good (and sometimes 

ridiculous) moments that my brain loves to replay, usually at the most in-

appropriate times. Finally, I would like to dedicate this work to my mother, for 

her endless patience with the younger me, especially during the time I thought it 

was a great and cool idea to secretly keep live spiders and scorpions in my 

bedroom. And to my father, who is 100% responsible for this behaviour, as he 

introduced me to the natural world from an early age, teaching me, in the best 

way he could, about every creature we came across (whether “charismatic” or 

not) during our outdoor adventures. 

 

 

 

  



43 

REFERENCES 

Abouheif, E., & Fairbairn, D. J. (1997). A comparative analysis of allometry for sexual 

size dimorphism: assessing Rensch’s Rule. The American Naturalist, 149(3), 540–

562. https://doi.org/10.1086/286004 

Agnarsson, I., Goodnight, C., & Higgins, L. (2024). Developmental asynchrony: A 

potential cost of extreme sexual size dimorphism in seasonal environments. The 

Journal of Arachnology, 52(1). https://doi.org/10.1636/JoA-S-22-058 

Albuquerque, C. M. R., & Lira, A. F. A. (2016). Insights into reproductive strategies of 

Tityus (Archaeotityus) pusillus Pocock, 1893 (Scorpiones, Buthidae). Comptes 

Rendus. Biologies, 339(5–6), 179–184. https://doi.org/10.1016/j.crvi.2016.03.003 

Armas, L. F. (1999). Quince nuevos alacranes de La Española y Navassa, Antillas 

Mayores (Arachnida: Scorpiones). Avicennia, 10(11), 101–136. 

Bálint, Z., Katona, G. P., Horváth, Z. E., Kertész, K., Piszter, G., & Biró, L. P. (2019). 

High accuracy of color-generating nanoarchitectures is kept in lowland and moun-

tainous populations of Polyommatus dorylas (Lepidoptera: Lycaenidae: Polyom-

matinae). Arthropod Structure & Development, 53, 100887.  

https://doi.org/10.1016/j.asd.2019.100887 

Barneche, D. R., Hulatt, C. J., Dossena, M., Padfield, D., Woodward, G., Trimmer, M., & 

Yvon-Durocher, G. (2021). Warming impairs trophic transfer efficiency in a long-term 

field experiment. Nature, 592(7852), 76–79.   

https://doi.org/10.1038/s41586-021-03352-2 

Beaulieu, J. M., Jhwueng, D.-C., Boettiger, C., & O’Meara, B. C. (2012). Modeling 

stabilizing selection: expanding the Ornstein-Uhlenbeck model of adaptive evolution. 

Evolution, 66(8), 2369–2383. https://doi.org/10.1111/j.1558-5646.2012.01619.x 

Blanckenhorn, W. U. (2000). The evolution of body size: What keeps organisms small? 

The Quarterly Review of Biology, 75(4), 385–407. 

Blanckenhorn, W. U., Dixon, A. F. G., Fairbairn, D. J., Foellmer, M. W., Gibert, P., Linde, 

K. van der, Meier, R., Nylin, S., Pitnick, S., Schoff, C., Signorelli, M., Teder, T., & 

Wiklund, C. (2007). Proximate causes of Rensch’s Rule: Does sexual size dimorphism 

in arthropods result from sex differences in development time? The American 

Naturalist, 169(2), 245–257. https://doi.org/10.1086/510597 

Blanckenhorn, W. U., Preziosi, R. F., & Fairbairn, D. J. (1995). Time and energy con-

straints and the evolution of sexual size dimorphism? To eat or to mate? Evolutionary 

Ecology, 9(4), 369–381. https://doi.org/10.1007/BF01237760 

Blomberg, S. P., Garland, T., & Ives, A. R. (2003). Testing for phylogenetic signal in 

comparative data: Behavioral traits are more labile. Evolution, 57(4), 717–745. 

https://doi.org/10.1111/j.0014-3820.2003.tb00285.x 

Bonduriansky, R. (2007). Sexual selection and allometry: A critical reappraisal of the 

evidence and ideas. Evolution, 61(4), 838–849.   

https://doi.org/10.1111/j.1558-5646.2007.00081.x 

Brändle, M., Stadler, J., & Brandl, R. (2000). Body size and host range in European 

Heteroptera. Ecography, 23(1), 139–147.   

https://doi.org/10.1111/j.1600-0587.2000.tb00269.x 

Carlson, B. E., McGinley, S., & Rowe, M. P. (2014). Meek males and fighting females: 

Sexually-dimorphic antipredator behavior and locomotor performance is explained by 

morphology in bark scorpions (Centruroides vittatus). PLoS ONE, 9(5), e97648. 

https://doi.org/10.1371/journal.pone.0097648 



44 

Caruso, T., & Migliorini, M. (2009). Euclidean geometry explains why lengths allow 

precise body mass estimates in terrestrial invertebrates: The case of oribatid mites. 

Journal of Theoretical Biology, 256(3), 436–440.  

https://doi.org/10.1016/j.jtbi.2008.09.033 

Chelini, M.-C., Delong, J. P., & Hebets, E. A. (2019). Ecophysiological determinants of 

sexual size dimorphism: Integrating growth trajectories, environmental conditions, 

and metabolic rates. Oecologia, 191(1), 61–71.   

https://doi.org/10.1007/s00442-019-04488-9 

Cheverud, J. M. (1982). Relationships among ontogenetic, static, and evolutionary allo-

metry. American Journal of Physical Anthropology, 59(2), 139–149.  

https://doi.org/10.1002/ajpa.1330590204 

Choi, S.-W. (2024). Length-weight relationships of moths along the elevational gradient 

of three mountains across southern South Korea. Journal of Asia-Pacific Entomology, 

27(3), 102294. https://doi.org/10.1016/j.aspen.2024.102294 

Chown, S. L., & Gaston, K. J. (2010). Body size variation in insects: A macroecological 

perspective. Biological Reviews, 85(1), 139–169.   

https://doi.org/10.1111/j.1469-185X.2009.00097.x 

Coelho, P., Kaliontzopoulou, A., Sousa, P., Stockmann, M., & Van Der Meijden, A. 

(2022). Reevaluating scorpion ecomorphs using a naïve approach. BMC Ecology and 

Evolution, 22(1), 17. https://doi.org/10.1186/s12862-022-01968-0 

Cooper, N., Thomas, G. H., Venditti, C., Meade, A., & Freckleton, R. P. (2016). A 

cautionary note on the use of Ornstein Uhlenbeck models in macroevolutionary 

studies. Biological Journal of the Linnean Society, 118(1), 64–77.  

https://doi.org/10.1111/bij.12701 

Cornell, H. V., & Hawkins, B. A. (1995). Survival patterns and mortality sources of 

herbivorous insects: Some demographic trends. The American Naturalist, 145(4), 

563–593. https://doi.org/10.1086/285756 

Cornuault, J. (2022). Bayesian analyses of comparative data with the Ornstein–Uhlen-

beck model: Potential pitfalls. Systematic Biology, 71(6), 1524–1540.  

https://doi.org/10.1093/sysbio/syac036 

Danielson-François, A., Hou, C., Cole, N., & Tso, I.-M. (2012). Scramble competition for 

moulting females as a driving force for extreme male dwarfism in spiders. Animal 

Behaviour, 84(4), 937–945. https://doi.org/10.1016/j.anbehav.2012.07.018 

Darveau, C.-A. (2024). Insect flight energetics and the evolution of size, form, and 

function. Integrative And Comparative Biology, 64(2), 586–597.  

https://doi.org/10.1093/icb/icae028 

Davis, R. B., Javoiš, J., Kaasik, A., Õunap, E., & Tammaru, T. (2016). An ordination of 

life histories using morphological proxies: Capital vs. income breeding in insects. 

Ecology, 97(8), 2112–2124. https://doi.org/10.1002/ecy.1435 

Davis, R. B., Õunap, E., Javoiš, J., Gerhold, P., & Tammaru, T. (2013). Degree of spe-

cialization is related to body size in herbivorous insects: A phylogenetic confirmation. 

Evolution, 67(2), 583–589. https://doi.org/10.1111/j.1558-5646.2012.01776.x 

de Hart, P. A. P., Taylor, J. M., Doran, J. M., Howell, O., & Hurd, L. E. (2017). Trophic 

niche differences in arachnid predators between field and forest ecosystems. Entomo-

logical News, 126(4), 328–336. https://doi.org/10.3157/021.126.0401 

De Smedt, P., Vangansbeke, P., Bracke, R., Schauwvliege, W., Willems, L., Mertens, J., 

& Verheyen, K. (2019). Vertical stratification of moth communities in a deciduous 

forest in Belgium. Insect Conservation and Diversity, 12(2), 121–130.  

https://doi.org/10.1111/icad.12320 



45 

De Souza, D., Carvalho, G. A., & Faria, L. D. B. (2024). Body part selection for size 

classification of two Trichogramma species. Neotropical Entomology, 53(4), 929–936. 

https://doi.org/10.1007/s13744-024-01173-2 

Dekanová, V., Streberová, Z., Novikmec, M., & Svitok, M. (2023). The effect of preser-

vation on biomass and length estimates and its variation within and between two 

mayfly species. Limnology, 24(3), 181–191.   

https://doi.org/10.1007/s10201-023-00715-8 

DeSouza, A. M., Santana Neto, P. D. L., Lira, A. F. A., & Albuquerque, C. M. R. (2016). 

Growth and developmental time in the parthenogenetic scorpion Tityus stigmurus 

(Thorell, 1876) (Scorpiones: Buthidae). Acta Scientiarum. Biological Sciences, 38(1), 

85. https://doi.org/10.4025/actascibiolsci.v38i1.28235 

Dionisio-da-Silva, W., Foerster, S. Í. A., Gallão, J. E., & Lira, A. F. A. (2024). What’s for 

dinner? Prey consumption by Neotropical scorpions across contrasting environments. 

The Journal of Arachnology, 52(1). https://doi.org/10.1636/JoA-S-22-060 

Eklöf, J., Austin, Å., Bergström, U., Donadi, S., Eriksson, B. D. H. K., Hansen, J., & 

Sundblad, G. (2017). Size matters: Relationships between body size and body mass 

of common coastal, aquatic invertebrates in the Baltic Sea. PeerJ, 5, e2906.  

https://doi.org/10.7717/peerj.2906 

Elliott, B. B., Shapcott, A., Henderson, C. J., Olds, A. D., & Gilby, B. L. (2024). 

Identifying insect and arachnid indicator taxa for impacts and management in coastal 

landscapes. Journal of Insect Conservation, 28(4), 633–649.  

https://doi.org/10.1007/s10841-024-00580-5 

Esposito, L. A., & Prendini, L. (2019). Island ancestors and new world biogeography: a 

case study from the scorpions (Buthidae: Centruroidinae). Scientific Reports, 9(1), 

3500. https://doi.org/10.1038/s41598-018-33754-8 

Esposito, L. A., Yamaguti, H., Pinto-Da-Rocha, R., & Prendini, L. (2018). Plucking with 

the plectrum: Phylogeny of the New World buthid scorpion subfamily Centruroidinae 

Kraus, 1955 (Scorpiones: Buthidae) reveals evolution of three pecten-sternite stridu-

lation organs. Arthropod Systematics & Phylogeny, 76(1), 87–122.  

https://doi.org/10.3897/asp.76.e31942 

Fairbairn, D. J. (1997). Allometry for sexual size dimorphism: Pattern and process in the 

coevolution of body size in males and females. Annual Review of Ecology and Syste-

matics, 28(1), 659–687. https://doi.org/10.1146/annurev.ecolsys.28.1.659 

Feeny, P. (1970). Seasonal changes in oak leaf tannins and nutrients as a cause of spring 

feeding by winter moth caterpillars. Ecology, 51(4), 565–581.  

https://doi.org/10.2307/1934037 

Felsenstein, J. (2012). A comparative method for both discrete and continuous characters 

using the threshold model. The American Naturalist, 179(2), 145–156.  

https://doi.org/10.1086/663681 

Foerster, S. Í. A., Dionisio-da-Silva, W., Dos Santos, A. B., Albuquerque, C. M. R., & 

Lira, A. F. A. (2021). Notes on the courtship behavior of the parthenogenetic scorpion 

Tityus stigmurus. Acta Arachnologica, 70(2), 83–86.  

https://doi.org/10.2476/asjaa.70.83 

Fox, G. A., Cooper, A. M., & Hayes, W. K. (2015). The dilemma of choosing a reference 

character for measuring sexual size dimorphism, sexual body component dimorphism, 

and character scaling: Cryptic dimorphism and allometry in the scorpion Hadrurus 

arizonensis. PLOS ONE, 10(3), e0120392.  

https://doi.org/10.1371/journal.pone.0120392 



46 

Frank, S. A. (2009). The common patterns of nature. Journal of Evolutionary Biology, 

22(8), 1563–1585. https://doi.org/10.1111/j.1420-9101.2009.01775.x 

García-Barros, E. (2000). Body size, egg size, and their interspecific relationships with 

ecological and life history traits in butterflies (Lepidoptera: Papilionoidea, Hes-

perioidea). Biological Journal of the Linnean Society, 70(2), 251–284.  

https://doi.org/10.1111/j.1095-8312.2000.tb00210.x 

García-Barros, E. (2015). Multivariate indices as estimates of dry body weight for com-

parative study of body size in Lepidoptera. Nota Lepidopterologica, 38(1), 59–74. 

https://doi.org/10.3897/nl.38.8957 

Gefen, E., Ung, C., & Gibbs, A. G. (2009). Partitioning of transpiratory water loss of the 

desert scorpion, Hadrurus arizonensis (Iuridae). Journal of Insect Physiology, 55(6), 

544–548. https://doi.org/10.1016/j.jinsphys.2009.01.011 

Gergely, R., & Tökölyi, J. (2023). Resource availability modulates the effect of body size 

on reproductive development. Ecology and Evolution, 13(1), e9722.  

https://doi.org/10.1002/ece3.9722 

Ghanavi, H. R., Chazot, N., Sanmartín, I., Murillo‐Ramos, L., Duchêne, S., Sihvonen, P., 

Brehm, G., & Wahlberg, N. (2024). Region‐specific diversification dynamics and bio-

geographic history of one of the most diverse families of insects. Systematic 

Entomology, syen.12651. https://doi.org/10.1111/syen.12651 

Giménez Carbonari, J. J., Oviedo-Diego, M. A., Peretti, A. V., & Mattoni, C. I. (2024). 

Sexual dimorphism and functional allometry in scorpions: A comparative study from 

a neotropical species. Zoology, 126208. https://doi.org/10.1016/j.zool.2024.126208 

Glazier, D. S. (2024). Multiphasic allometry: The reality and significance of ontogenetic 

shifts in the body-mass scaling of metabolic rate. Academia Biology, 2(4).  

https://doi.org/10.20935/AcadBiol7411 

Gogina, M., Zettler, A., & Zettler, M. L. (2022). Weight-to-weight conversion factors for 

benthic macrofauna: Recent measurements from the Baltic and the North seas. Earth 

System Science Data, 14(1), 1–4. https://doi.org/10.5194/essd-14-1-2022 

Gouws, E. J., Gaston, K. J., & Chown, S. L. (2011). Intraspecific body size frequency 

distributions of insects. PLoS ONE, 6(3), e16606.  

https://doi.org/10.1371/journal.pone.0016606 

Hadfield, J. D. (2010). MCMC methods for multi-response generalized linear mixed 

models: The MCMCglmm R package. Journal of Statistical Software, 33(2), 1–22. 

Han, B. A., Park, A. W., Jolles, A. E., & Altizer, S. (2015). Infectious disease transmission 

and behavioural allometry in wild mammals. Journal of Animal Ecology, 84(3), 637–

646. https://doi.org/10.1111/1365-2656.12336 

Hansen, T. F., Pienaar, J., & Orzack, S. H. (2008). A comparative method for studying 

adaptation to a randomly evolving environment. Evolution, 1965–1977.  

https://doi.org/10.1111/j.1558-5646.2008.00412.x 

Harianja, M. F., Luke, S. H., Barclay, H., Chey, V. K., Aldridge, D. C., Foster, W. A., & 

Turner, E. C. (2023). Length–biomass equations to allow rapid assessment of semi‐

aquatic bug biomass in tropical streams. Entomologia Experimentalis et Applicata, 

171(2), 102–115. https://doi.org/10.1111/eea.13247 

Hausmann, A. (2019). The geometrid moths of Europe (Vols. 1–6). Brill. 

Hayes, J. P., & Shonkwiler, J. S. (2001). Morphological indicators of body condition: 

Useful or wishful thinking? In J. R. Speakman (Ed.), Body Composition Analysis of 

Animals (1st ed., pp. 8–38). Cambridge University Press.  

https://doi.org/10.1017/CBO9780511551741.003 



47 

Higgins, L., & Goodnight, C. (2010). Nephila clavipes females have accelerating dietary 

requirements. Journal of Arachnology, 38(1), 150–152.   

https://doi.org/10.1636/Sh08-92.1 

Higgins, L., & Goodnight, C. (2011). Developmental response to low diets by giant Nephila 

clavipes females (Araneae: Nephilidae). Journal of Arachnology, 39(3), 399–408. 

https://doi.org/10.1636/B11-18.1 

Hódar, J. A. (1996). The use of regression equations for estimation of arthropod biomass 

in ecological studies. Acta (Ecologica, 1996, 17 (5), 421, 433. 

Hódar, J. A. (1997). The use of regression equations for the estimation of prey length and 

biomass in diet studies of insectivore vertebrates. Miscelánea Zoológica, 20(2), 1–10. 

Höfer, H., & Ott, R. (2009). Estimating biomass of Neotropical spiders and other 

arachnids (Araneae, Opiliones, Pseudoscorpiones, Ricinulei) by mass-length regres-

sions. Journal of Arachnology, 37(2), 160–169. https://doi.org/10.1636/T08-21.1 

Holm, S., Javoiš, J., Kaasik, A., Õunap, E., Davis, R. B., Molleman, F., Roininen, H., & 

Tammaru, T. (2019). Size‐related life‐history traits in geometrid moths: A comparison 

of a temperate and a tropical community. Ecological Entomology, 44(5), 711–716. 

https://doi.org/10.1111/een.12747 

Holm, S., Kaasik, A., Javoiš, J., Molleman, F., Õunap, E., & Tammaru, T. (2022). A com-

parative study on insect longevity: Tropical moths do not differ from their temperate 

relatives. Evolutionary Ecology, 1–12. 

Hudson, L. N., Isaac, N. J. B., & Reuman, D. C. (2013). The relationship between body 

mass and field metabolic rate among individual birds and mammals. Journal of 

Animal Ecology, 82(5), 1009–1020. https://doi.org/10.1111/1365-2656.12086 

Huxley, J. (1932). Problems of relative growth. Johns Hopkins University Press. 

James, D. A., Csargo, I. J., Von Eschen, A., Thul, M. D., Baker, J. M., Hayer, C.-A., 

Howell, J., Krause, J., Letvin, A., & Chipps, S. R. (2012). A generalized model for 

estimating the energy density of invertebrates. Freshwater Science, 31(1), 69–77. 

https://doi.org/10.1899/11-057.1 

Janse Van Rensburg, P. D., Bezuidenhout, H., Steyn, T., & Van Den Berg, J. (2024). A 

new distribution and host record for the rare moth, Callioratis millari (Lepidoptera: 

Geometridae), and some ecological observations. Environmental Entomology, 53(2), 

305–312. https://doi.org/10.1093/ee/nvae008 

Javoiš, J., Davis, R. B., & Tammaru, T. (2019). A comparative morphometric study of 

sensory capacity in geometrid moths. Journal of Evolutionary Biology, 32(4), 380–

389. https://doi.org/10.1111/jeb.13422 

Javoiš, J., Molleman, F., & Tammaru, T. (2011). Quantifying income breeding: Using 

geometrid moths as an example: Quantifying income breeding. Entomologia Experi-

mentalis et Applicata, 139(3), 187–196.   

https://doi.org/10.1111/j.1570-7458.2011.01120.x 

Johnson, J. V., Finn, C., Guirguis, J., Goodyear, L. E., Harvey, L. P., Magee, R., Ron, S., 

& Pincheira-Donoso, D. (2023). What drives the evolution of body size in ectotherms? 

A global analysis across the amphibian tree of life. Global Ecology and Biogeography, 

32(8), 1311–1322. 

Jordan, L. A., Kokko, H., & Kasumovic, M. (2014). Reproductive foragers: Male spiders 

choose mates by selecting among competitive environments. The American Natu-

ralist, 183(5), 638–649. https://doi.org/10.1086/675755 

Kaufman, L., & Rousseeuw, P. J. (1990). Finding groups in data: An introduction to 

cluster analysis (1st ed.). Wiley. https://doi.org/10.1002/9780470316801 



48 

Kinsella, R. S., Thomas, C. D., Crawford, T. J., Hill, J. K., Mayhew, P. J., & Macgregor, 

C. J. (2020). Unlocking the potential of historical abundance datasets to study biomass 

change in flying insects. Ecology and Evolution, 10(15), 8394–8404.  

https://doi.org/10.1002/ece3.6546 

Klecka, J., & Boukal, D. S. (2013). Foraging and vulnerability traits modify predator–

prey body mass allometry: Freshwater macroinvertebrates as a case study. Journal of 

Animal Ecology, 82(5), 1031–1041. https://doi.org/10.1111/1365-2656.12078 

Knapp, M. (2012). Preservative fluid and storage conditions alter body mass estimation 

in a terrestrial insect. Entomologia Experimentalis et Applicata, 143(2), 185–190. 

https://doi.org/10.1111/j.1570-7458.2012.01247.x 

Knight, J. A., Ledesma, D. T., & Kemp, M. E. (2022). Allometric patterns in phryno-

somatid lizards and the implications for reconstructing body size for fossils. Evo-

lutionary Ecology, 36(4), 561–590. https://doi.org/10.1007/s10682-022-10186-5 

Kralj-Fišer, S., Kuntner, M., & Debes, P. V. (2023). Sex-specific trait architecture in a 

spider with sexual size dimorphism. Journal of Evolutionary Biology, 36(10), 1428–

1437. https://doi.org/10.1111/jeb.14217 

Kuntner, M., & Coddington, J. A. (2009). Discovery of the largest orbweaving spider 

species: The evolution of gigantism in Nephila. PLoS ONE, 4(10), e7516.  

https://doi.org/10.1371/journal.pone.0007516 

Kuntner, M., & Coddington, J. A. (2020). Sexual size dimorphism: Evolution and perils 

of extreme phenotypes in spiders. Annual Review of Entomology, 65(1), 57–80. 

https://doi.org/10.1146/annurev-ento-011019-025032 

Kuntner, M., & Elgar, M. A. (2014). Evolution and maintenance of sexual size di-

morphism: Aligning phylogenetic and experimental evidence. Frontiers in Ecology 

and Evolution, 2. https://doi.org/10.3389/fevo.2014.00026 

Kuntner, M., Gregorič, M., & Li, D. (2010). Mass predicts web asymmetry in Nephila 

spiders. Naturwissenschaften, 97(12), 1097–1105.   

https://doi.org/10.1007/s00114-010-0736-1 

Kuntner, M., Zhang, S., Gregorič, M., & Li, D. (2012). Nephila female gigantism attained 

through post-maturity molting. Journal of Arachnology, 40(3), 345–347.  

https://doi.org/10.1636/B12-03.1 

Lande, R. (1979). Quantitative genetic analysis of multivariate evolution, applied to 

brain: Body size allometry. Evolution, 33(1), 402. https://doi.org/10.2307/2407630 

Lira, A. F. A., Correia, J. A., Dionisio-da-Silva, W., & De Albuquerque, C. M. R. (2021). 

Life-history traits of the Brazilian litter-dwelling scorpion: Post-embryonic develop-

ment and reproductive behaviour in Ananteris mauryi Lourenço, 1982 (Scorpiones: 

Buthidae). Journal of Natural History, 55(21–22), 1323–1334.  

https://doi.org/10.1080/00222933.2021.1925766 

Lira, A. F. A., Pordeus, L. M., Rego, F. N. A. A., Iannuzzi, K., & Albuquerque, C. M. R. 

(2018). Sexual dimorphism and reproductive behavior in the Brazilian scorpion Tityus 

pusillus (Scorpiones, Buthidae). Invertebrate Biology, 137(3), 221–230.  

https://doi.org/10.1111/ivb.12221 

Lira, A. F. A., Foerster, S. Í. A., Albuquerque, C. M. R., & Moura, G. J. B. (2021). Con-

trasting patterns at interspecific and intraspecific levels in scorpion body size across 

a climatic gradient from rainforest to dryland vegetation. Zoology, 146, 125908. 

Loria, S. F., & Prendini, L. (2021). Burrowing into the forest: Phylogeny of the Asian 

forest scorpions (Scorpionidae: Heterometrinae) and the evolution of ecomorpho-

types. Cladistics, 37(2), 109–161. https://doi.org/10.1111/cla.12434 



49 

Lourenço, W. R. (1993). A review of the geographical distribution of the genus Ananteris 

Thoreli (Scorpiones: Buthidae), with description of a new species. Revista de Biología 

Tropical, 41(3A), 697–701. 

Lourenço, W. R. (2023). Scorpions trapped in amber: A remarkable window on their 

evolution over time from the Mesozoic period to present days. Journal of Venomous 

Animals and Toxins Including Tropical Diseases, 29, e20230040.  

https://doi.org/10.1590/1678-9199-jvatitd-2023-0040 

Lourenço-de-Moraes, R., Maciel, A. L. F., Ferreira, R. B., & Benedito, E. (2025). Can 

energy density influence treefrog distribution and species functional traits? Evo-

lutionary Ecology, 39(1), 23–36. https://doi.org/10.1007/s10682-024-10319-y 

Lovich, J. E., & Gibbons, J. W. (1992). A review of techniques for quantifying sexual size 

dimorphism. Growth Development and Aging, 56, 269–269. 

Lyubechanskii, I. I., Bespalov, A. N., Tiunov, A. V., Azarkina, G. N., Dudko, R. Yu., 

Salisch, L. V., & Mordkovich, V. G. (2023). Trophic structure of the soil-dwelling 

arthropod communities at the border of the forest and the steppe in the south of 

western Siberia: Isotopic data. Diversity, 15(3), 445.  

https://doi.org/10.3390/d15030445 

Mazón, M., Nuñez-Penichet, C., & Cobos, M. E. (2020). Relationship between body mass 

and forewing length in Neotropical Ichneumonidae (Insecta: Hymenoptera). Neo-

tropical Entomology, 49(5), 713–721. https://doi.org/10.1007/s13744-020-00784-9 

McArthur, I. W., De Miranda, G. S., Seiter, M., & Chapin, K. J. (2018). Global patterns 

of sexual dimorphism in Amblypygi. Zoologischer Anzeiger, 273, 56–64.  

https://doi.org/10.1016/j.jcz.2018.02.005 

McLean, C. J., Garwood, R. J., & Brassey, C. A. (2018). Sexual dimorphism in the 

Arachnid orders. PeerJ, 6, e5751. https://doi.org/10.7717/peerj.5751 

Mikkola, K., Jalas, I., & Peltonen, O. (1985). Suomen Perhoset: Mittarit 1. Geometridae 

of Finland 1 (Vol. 1). Tampereen kirjapaino Oy Tamprint. 

Mikkola, K., Jalas, I., & Peltonen, O. (1989). Suomen Perhoset: Mittarit 2. Geometridae 

of Finland 2 (Vol. 1). Tampereen kirjapaino Oy Tamprint. 

Miller, D. W., Jones, A. D., Goldston, J. S., Rowe, M. P., & Rowe, A. H. (2016). Sex 

differences in defensive behavior and venom of the striped bark scorpion Centru-

roides vittatus (Scorpiones: Buthidae). Integrative and Comparative Biology, 56(5), 

1022–1031. https://doi.org/10.1093/icb/icw098 

Minh, B. Q., Schmidt, H. A., Chernomor, O., Schrempf, D., Woodhams, M. D., Von 

Haeseler, A., & Lanfear, R. (2020). IQ-TREE 2: New models and efficient methods 

for phylogenetic inference in the genomic era. Molecular Biology and Evolution, 

37(5), 1530–1534. https://doi.org/10.1093/molbev/msaa015 

Molleman, F., Granados‐Tello, J., Chapman, C. A., & Tammaru, T. (2022). Fruit‐feeding 

butterflies depend on adult food for reproduction: Evidence from longitudinal body 

mass and abundance data. Functional Ecology, 36(8), 1961–1972.  

https://doi.org/10.1111/1365-2435.14103 

Molleman, F., Javoiš, J., Esperk, T., Teder, T., Davis, R. B., & Tammaru, T. (2011). Sexual 

differences in weight loss upon eclosion are related to life history strategy in 

Lepidoptera. Journal of Insect Physiology, 57(6), 712–722.  

https://doi.org/10.1016/j.jinsphys.2011.02.009 

Mollet, F. M., Enberg, K., Boukal, D. S., Rijnsdorp, A. D., & Dieckmann, U. (2023). An 

evolutionary explanation of female‐biased sexual size dimorphism in North Sea 

plaice, Pleuronectes platessa L. Ecology and Evolution, 13(1), e8070.  

https://doi.org/10.1002/ece3.8070 



50 

Monalisa, P. (2023). M3 = Maths on morphometry of moths. Resonance, 28(2), 313–324. 

https://doi.org/10.1007/s12045-023-1550-3 

Moreira, M. O. M., Araújo, V. L. N., Foerster, S. Í. A., Moura, G. J. B., & Lira, A. F. A. 

(2022). Relationship between body size and habitat heterogeneity on cannibalism and 

intraguild predation in scorpions. Biologia, 77(10), 2867–2873.  

https://doi.org/10.1007/s11756-022-01154-z 

Moya‐Laraño, J., Macías‐Ordóñez, R., Blanckenhorn, W. U., & Fernández‐Montra-

veta, C. (2008). Analysing body condition: Mass, volume or density? Journal of 

Animal Ecology, 77(6), 1099–1108.   

https://doi.org/10.1111/j.1365-2656.2008.01433.x 

Murillo-Ramos, L., Brehm, G., Sihvonen, P., Hausmann, A., Holm, S., Reza Ghanavi, H., 

Õunap, E., Truuverk, A., Staude, H., Friedrich, E., Tammaru, T., & Wahlberg, N. 

(2019). A comprehensive molecular phylogeny of Geometridae (Lepidoptera) with a 

focus on enigmatic small subfamilies. PeerJ, 7, e7386.  

https://doi.org/10.7717/peerj.7386 

Nordberg, E. J., Murray, P., Alford, R., & Schwarzkopf, L. (2018). Abundance, diet and 

prey selection of arboreal lizards in a grazed tropical woodland. Austral Ecology, 

43(3), 328–338. https://doi.org/10.1111/aec.12570 

Nyffeler, M., & Birkhofer, K. (2017). An estimated 400-800 million tons of prey are 

annually killed by the global spider community. The Science of Nature, 104(3–4), 30. 

https://doi.org/10.1007/s00114-017-1440-1 

Ojanguren-Affilastro, A. A., Adilardi, R. S., Mattoni, C. I., Ramírez, M. J., & Ceccarelli, 

F. S. (2017). Dated phylogenetic studies of the southernmost American buthids (Scor-

piones; Buthidae). Molecular Phylogenetics and Evolution, 110, 39–49.  

https://doi.org/10.1016/j.ympev.2017.02.018 

Õunap, E., Nedumpally, V., Yapar, E., Lemmon, A. R., & Tammaru, T. (2025). Molecular 

phylogeny of north European Geometridae (Lepidoptera: Geometroidea). Systematic 

Entomology, 50(1), 32–67. https://doi.org/10.1111/syen.12638 

Õunap, E., Viidalepp, J., & Truuverk, A. (2016). Phylogeny of the subfamily Larentiinae 

(Lepidoptera: Geometridae): Integrating molecular data and traditional classi-

fications. Systematic Entomology, 41(4), 824–843.  

https://doi.org/10.1111/syen.12195 

Outeda-Jorge, S., Mello, T., & Pinto-da-Rocha, R. (2009). Litter size, effects of maternal 

body size, and date of birth in South American scorpions (Arachnida: Scorpiones). 

Zoologia (Curitiba), 26, 45–53. 

Pagel, M. (1994). Detecting correlated evolution on phylogenies: A general method for 

the comparative analysis of discrete characters. Proceedings of the Royal Society of 

London. Series B: Biological Sciences, 255(1342), 37–45.  

https://doi.org/10.1098/rspb.1994.0006 

Pélabon, C., Bolstad, G. H., Egset, C. K., Cheverud, J. M., Pavlicev, M., & Rosenqvist, G. 

(2013). On the relationship between ontogenetic and static allometry. The American 

Naturalist, 181(2), 195–212. https://doi.org/10.1086/668820 

Pélabon, C., Firmat, C., Bolstad, G. H., Voje, K. L., Houle, D., Cassara, J., Rouzic, A. L., 

& Hansen, T. F. (2014). Evolution of morphological allometry. Annals of the New York 

Academy of Sciences, 1320(1), 58–75. https://doi.org/10.1111/nyas.12470 

Pélabon, C., Tidière, M., Lemaître, J.-F., & Gaillard, J.-M. (2018). Modelling allometry: 

Statistical and biological considerations – a reply to Packard. Biological Journal of 

the Linnean Society. https://doi.org/10.1093/biolinnean/bly141 



51 

Penell, A., Raub, F., & Höfer, H. (2018). Estimating biomass from body size of European 

spiders based on regression models. The Journal of Arachnology, 46(3), 413. 

https://doi.org/10.1636/JoA-S-17-044.1 

Pennell, M. W., Eastman, J. M., Slater, G. J., Brown, J. W., Uyeda, J. C., FitzJohn, R. G., 

Alfaro, M. E., & Harmon, L. J. (2014). geiger v2.0: An expanded suite of methods for 

fitting macroevolutionary models to phylogenetic trees. Bioinformatics, 30(15), 

2216–2218. https://doi.org/10.1093/bioinformatics/btu181 

Pincheira‐Donoso, D., Meiri, S., Jara, M., Olalla‐Tárraga, M. Á., & Hodgson, D. J. 

(2019). Global patterns of body size evolution are driven by precipitation in legless 

amphibians. Ecography, 42(10), 1682–1690. https://doi.org/10.1111/ecog.04644 

Polis, G. A. (1990). The Biology of Scorpions. Stanford University Press. 

Polis, G. A., & Yamashita, T. (1991). The ecology and importance of predaceous arthro-

pods in desert communities. In The Ecology of Desert Communities (pp. 180–222). 

University of Arizona Press. 

Prendini, L. (2001). Substratum specialization and speciation in southern African 

scorpions: The Effect Hypothesis revisited. In Scorpions 2001: In memoriam Gary A. 

Polis (pp. 113–138). 

Qashqaei, A. T., Ghaedi, Z., & Coogan, S. C. P. (2023). Diet composition of omnivorous 

Mesopotamian spiny‐tailed lizards (Saara loricata) in arid human‐altered landscapes 

of Southwest Iran. Ecology and Evolution, 13(2), e9783.  

https://doi.org/10.1002/ece3.9783 

Quiñones-Lebrón, S. G., Kuntner, M., & Kralj-Fišer, S. (2021). The effect of genetics, 

diet, and social environment on adult male size in a sexually dimorphic spider. 

Evolutionary Ecology, 35(2), 217–234. https://doi.org/10.1007/s10682-020-10097-3 

Reed, D. C., Nelson, J. C., Harrer, S. L., & Miller, R. J. (2016). Estimating biomass of 

benthic kelp forest invertebrates from body size and percent cover data. Marine 

Biology, 163(5), 101. https://doi.org/10.1007/s00227-016-2879-x 

Rein, J. O. (2025). The Scorpion Files. Species List. https://www.ntnu.no/ub/scorpion-

files/intro.php 

Remmel, T., Davison, J., & Tammaru, T. (2011). Quantifying predation on folivorous 

insect larvae: The perspective of life-history evolution. Biological Journal of the 

Linnean Society, 104(1), 1–18. https://doi.org/10.1111/j.1095-8312.2011.01721.x 

Réveillion, F., Montuire, S., Maquart, P., Fétiveau, C., & Bollache, L. (2022). Variations 

in the carapace shape of whip spiders (Arachnida: Amblypygi). Journal of Morpho-

logy, 283(8), 1003–1014. https://doi.org/10.1002/jmor.21485 

Revell, L. J. (2014). Ancestral character estimation under the threshold model from 

quantitative genetics. Evolution, 68(3), 743–759. https://doi.org/10.1111/evo.12300 

Ribas-Marquès, E., Díaz-Calafat, J., & Boi, M. (2022). The role of adult noctuid moths 

(Lepidoptera: Noctuidae) and their food plants in a nocturnal pollen-transport network 

on a Mediterranean island. Journal of Insect Conservation, 26(2), 243–255.  

https://doi.org/10.1007/s10841-022-00382-7 

Riquelme, F., Villegas-Guzmán, G., González-Santillán, E., Córdova-Tabares, V., 

Francke, O. F., Piedra-Jiménez, D., Estrada-Ruiz, E., & Luna-Castro, B. (2015). New 

fossil scorpion from the Chiapas Amber Lagerstätte. PLOS ONE, 10(8), e0133396. 

https://doi.org/10.1371/journal.pone.0133396 

Rogers, L. E., Buschbom, R. L., & Watson, C. R. (1977). Length-weight relationships of 

shrub-steppe invertebrates. Annals of the Entomological Society of America, 70(1), 

51–53. https://doi.org/10.1093/aesa/70.1.51 



52 

Roslin, T., & Salminen, J. (2009). A tree in the jaws of a moth – temporal variation in oak 

leaf quality and leaf‐chewer performance. Oikos, 118(8), 1212–1218.  

https://doi.org/10.1111/j.1600-0706.2009.17322.x 

Ruiz‐Lupión, D., Gómez, J. M., & Moya‐Laraño, J. (2020). Mass–length allometry 

covaries with ecosystem productivity at a global scale. Global Ecology and Bio-

geography, 29(1), 87–101. https://doi.org/10.1111/geb.13010 

Sahley, C. T., Cervantes, K., Pacheco, V., Salas, E., Paredes, D., & Alonso, A. (2015). 

Diet of a sigmodontine rodent assemblage in a Peruvian montane forest. Journal of 

Mammalogy, 96(5), 1071–1080. https://doi.org/10.1093/jmammal/gyv112 

Sample, B. E., Cooper, R. J., Greer, R. D., & Whitmore, R. C. (1993). Estimation of insect 

biomass by length and width. American Midland Naturalist, 129(2), 234.  

https://doi.org/10.2307/2426503 

Santiago‐Blay, J. A., Fet, V., Soleglad, M. E., & Craig, P. R. (2004). The second 

cretaceous scorpion specimen from Burmese amber (Arachnida: Scorpiones). Journal 

of Systematic Palaeontology, 2(2), 147–152.  

https://doi.org/10.1017/S1477201904001221 

Santibáñez‐López, C. E., Ojanguren‐Affilastro, A. A., Graham, M. R., & Sharma, P. P. 

(2023). Congruence between ultraconserved element‐based matrices and phylo-

transcriptomic datasets in the scorpion Tree of Life. Cladistics, 39(6), 533–547. 

https://doi.org/10.1111/cla.12551 

Schmidt, J. M., Sebastian, P., Wilder, S. M., & Rypstra, A. L. (2012). The nutritional 

content of prey affects the foraging of a generalist arthropod predator. PLoS ONE, 

7(11), e49223. https://doi.org/10.1371/journal.pone.0049223 

Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH Image to ImageJ: 25 

years of image analysis. Nature Methods, 9(7), 671–675.  

https://doi.org/10.1038/nmeth.2089 

Seifert, C. L., & Fiedler, K. (2024). Macroecological patterns in European butterflies 

unveil strong interrelations between larval diet breadth, latitudinal range size and 

voltinism. Ecography, 2024(2), e07021. https://doi.org/10.1111/ecog.07021 

Seifert, C. L., Strutzenberger, P., & Fiedler, K. (2022). Ecological specialisation and range 

size determine intraspecific body size variation in a speciose clade of insect 

herbivores. Oikos, 2022(9), e09338. 

Seifert, C. L., Strutzenberger, P., & Fiedler, K. (2023). How do host plant use and seasonal 

life cycle relate to insect body size: A case study on European geometrid moths 

(Lepidoptera: Geometridae). Journal of Evolutionary Biology, 36(5), 743–752. 

https://doi.org/10.1111/jeb.14169 

Seiter, M., Mosetig, L., & Milasowszky, N. (2020). The trade-off between adult size and 

development time due to different feeding regimes in the scorpion Tityus neibae. 

Invertebrate Reproduction & Development, 64(4), 274–280.  

https://doi.org/10.1080/07924259.2020.1806119 

Seiter, M., & Stockmann, M. (2017). The life history of the parthenogenetic scorpion 

Lychas tricarinatus (Simon, 1884) from Odisha province, India and supplementary 

notes on Tityus trivittatus Kraepelin, 1898 (Scorpiones, Buthidae). Zoologischer 

Anzeiger, 270, 155–165. https://doi.org/10.1016/j.jcz.2017.10.003 

Sherratt, E., McCullough, E. L., & Painting, C. J. (2022). Commentary: The ecological 

and evolutionary implications of allometry. Evolutionary Ecology, 36(4), 431–437. 

https://doi.org/10.1007/s10682-022-10201-9 

 



53 

Shi, P., Jiao, Y., Niklas, K. J., Li, Y., Guo, X., Yu, K., Chen, L., & Hurd, L. E. (2022). 

Sexual dimorphism in body size and wing loading for three cicada species. Annals of 

the Entomological Society of America, 115(4), 344–351.  

https://doi.org/10.1093/aesa/saac006 

Shingleton, A. (2010). Allometry: The study of biological scaling. Nature Education 

Knowledge, 3(10), 1–7. 

Simone, Y., & van der Meijden, A. (2021). Armed stem to stinger: A review of the eco-

logical roles of scorpion weapons. Journal of Venomous Animals and Toxins Including 

Tropical Diseases, 27, e20210002.   

https://doi.org/10.1590/1678-9199-jvatitd-2021-0002 

Simonsen, T. J., & Kristensen, N. P. (2003). Scale length/wing length correlation in 

Lepidoptera (Insecta). Journal of Natural History, 37(6), 673–679.  

https://doi.org/10.1080/00222930110096735 

Skou, P. (1986). The geometroid moths of North Europe (Lepidoptera: Drepanidae and 

Geometridae). Brill. 

Sohlström, E. H., Marian, L., Barnes, A. D., Haneda, N. F., Scheu, S., Rall, B. C., 

Brose, U., & Jochum, M. (2018). Applying generalized allometric regressions to pre-

dict live body mass of tropical and temperate arthropods. Ecology and Evolution, 

8(24), 12737–12749. https://doi.org/10.1002/ece3.4702 

Stern, D. (2001). Body-size evolution: How to evolve a mammoth moth. Current Biology, 

11(22), R917–R919. https://doi.org/10.1016/S0960-9822(01)00554-1 

Stockmann, R., & Ythier, E. (2010). Scorpions of the World. N.A.P. Editions. 

Straus, S., & Avilés, L. (2018). Estimating consumable biomass from body length and 

order in insects and spiders. Ecological Entomology, 43(1), 69–75.  

https://doi.org/10.1111/een.12471 

Štundlová, J., Šťáhlavský, F., Opatova, V., Stundl, J., Kovařík, F., Dolejš, P., & Šmíd, J. 

(2022). Molecular data do not support the traditional morphology-based groupings in 

the scorpion family Buthidae (Arachnida: Scorpiones). Molecular Phylogenetics and 

Evolution, 173, 107511. https://doi.org/10.1016/j.ympev.2022.107511 

Suchard, M. A., Lemey, P., Baele, G., Ayres, D. L., Drummond, A. J., & Rambaut, A. 

(2018). Bayesian phylogenetic and phylodynamic data integration using BEAST 1.10. 

Virus Evolution, 4(1). https://doi.org/10.1093/ve/vey016 

Summerville, K. S., & Crist, T. O. (2008). Structure and conservation of lepidopteran 

communities in managed forests of northeastern North America: A review. The 

Canadian Entomologist, 140(4), 475–494. https://doi.org/10.4039/n07-LS06 

Tammaru, T., & Esperk, T. (2007). Growth allometry of immature insects: Larvae do not 

grow exponentially. Functional Ecology, 21(6), 1099–1105.  

https://doi.org/10.1111/j.1365-2435.2007.01319.x 

Tammaru, T., & Haukioja, E. (1996). Capital breeders and income breeders among 

lepidoptera: Consequences to population dynamics. Oikos, 77(3), 561.  

https://doi.org/10.2307/3545946 

Tammaru, T., Johansson, N. R., Õunap, E., & Davis, R. B. (2018). Day‐flying moths are 

smaller: Evidence for ecological costs of being large. Journal of Evolutionary 

Biology, 31(9), 1400–1404. https://doi.org/10.1111/jeb.13306 

Tammaru, T., & Teder, T. (2025). Body size and timing of maturation. In Life History 

Evolution: Traits, Interactions, and Applications (p. 496). Wiley. 

Tang, V. (2023). Non-aggressive competition between males of Srilankametrus yaleensis 

(Kovařík et al., 2019) (Scorpionidae), and other types of agonistic behavior observed 

in scorpions. Euscorpius, 2023(368), 1–17. 



54 

Tanhuanpää, M., Ruohomäki, K., & Uusipaikka, E. (2001). High larval predation rate in 

non-outbreaking populations of a geometrid moth. Ecology, 82(1), 281–289.  

https://doi.org/10.1890/0012-9658(2001)082[0281:HLPRIN]2.0.CO;2 

Teder, T. (2020). Phenological responses to climate warming in temperate moths and 

butterflies: Species traits predict future changes in voltinism. Oikos, 129(7), 1051–

1060. https://doi.org/10.1111/oik.07119 

Teruel, R. (2001). Taxonomía y distribución geográfica de Microtityus fundorai Armas 

1974 (Scorpiones: Buthidae) en la provincia Santiago de Cuba, Cuba. Revista Ibérica 

de Aracnología, 4, 29–33. 

Teruel, R., & Kovařík, F. (2014). Redescription of Androctonus bicolor Ehrenberg, 1828, 

and description of Androctonus turieli sp. n. from Tunisia (Scorpiones: Buthidae). 

Euscorpius, 2014(186), 1–15.  

https://doi.org/10.18590/euscorpius.2014.vol2014.iss186.1 

Teruel, R., & Rein, J. O. (2010). A new Hottentotta Birula, 1908 from Afghanistan, with 

a note on the generic position of Mesobuthus songi Lourenço, Qi et Zhu, 2005 

(Scorpiones: Buthidae). Euscorpius, 2010(94), 1–8.  

https://doi.org/10.18590/euscorpius.2010.vol2010.iss94.1 

Tikkanen, O., & Lyytikäinen‐Saarenmaa, P. (2002). Adaptation of a generalist moth, 

Operophtera brumata, to variable budburst phenology of host plants. Entomologia 

Experimentalis et Applicata, 103(2), 123–133.   

https://doi.org/10.1046/j.1570-7458.2002.00966.x 

Tourinho, A. L., & Lo-Man-Hung, N. (2021). Standardized sampling methods and 

protocols for harvestman and spider assemblages. In J. C. Santos & G. W. Fernandes 

(Eds.), Measuring Arthropod Biodiversity (pp. 365–400). Springer International 

Publishing. https://doi.org/10.1007/978-3-030-53226-0_15 

Tuni, C., & Berger-Tal, R. (2012). High mortality and female-biased operational sex ratio 

result in low encounter rates and moderate polyandry in a spider: Ecological Factors 

Shape Polyandry. Biological Journal of the Linnean Society, 107(4), 910–919. 

https://doi.org/10.1111/j.1095-8312.2012.01990.x 

Van Asch, M., & Visser, M. E. (2007). Phenology of forest caterpillars and their host trees: 

The importance of synchrony. Annual Review of Entomology, 52(1), 37–55.  

https://doi.org/10.1146/annurev.ento.52.110405.091418 

van der Meijden, A., Herrel, A., & Summers, A. (2010). Comparison of chela size and 

pincer force in scorpions; getting a first grip. Journal of Zoology, 280(4), 319–325. 

https://doi.org/10.1111/j.1469-7998.2009.00628.x 

Venditti, C., Baker, J., & Barton, R. A. (2024). Co-evolutionary dynamics of mammalian 

brain and body size. Nature Ecology & Evolution, 8(8), 1534–1542.  

https://doi.org/10.1038/s41559-024-02451-3 

Viquez, C., & Armas, L. F. (2005). Primeros registros de Centruroides exilimanus Teruel 

& Stockwell, 2001 (Scorpiones: Buthidae) para Guatemala y El Salvador, con la 

descripción de la hembra adulta. Boletín Sociedad Entomológica Aragonesa, 37, 169–

170. 

Voje, K. L., Bell, M. A., & Stuart, Y. E. (2022). Evolution of static allometry and con-

straint on evolutionary allometry in a fossil stickleback. Journal of Evolutionary 

Biology, 35(3), 423–438. https://doi.org/10.1111/jeb.13984 

Voje, K. L., Hansen, T. F., Egset, C. K., Bolstad, G. H., & Pélabon, C. (2014). Allometric 

constraints and the evolution of allometry. Evolution, 68(3), 866–885.  

https://doi.org/10.1111/evo.12312 



55 

Wahlberg, N., Peña, C., Ahola, M., Wheat, C. W., & Rota, J. (2016). PCR primers for 30 

novel gene regions in the nuclear genomes of Lepidoptera. ZooKeys, 596, 129–141. 

https://doi.org/10.3897/zookeys.596.8399 

Warburg, M. R. (2011). Scorpion reproductive strategies, allocation and potential; a 

partial review. European Journal of Entomology, 108(2), 173–181.  

https://doi.org/10.14411/eje.2011.023 

Webb, T. J., & Freckleton, R. P. (2007). Only half right: Species with female-biased sexual 

size dimorphism consistently break Rensch’s Rule. PLoS ONE, 2(9), e897.  

https://doi.org/10.1371/journal.pone.0000897 

Weil, J., Trudel, M., Tucker, S., Brodeur, R. D., & Juanes, F. (2019). Percent ash‐free dry 

weight as a robust method to estimate energy density across taxa. Ecology and 

Evolution, 9(23), 13244–13254. https://doi.org/10.1002/ece3.5775 

Weiss, F., & Linde, A. (2022). How to estimate carabid biomass? An evaluation of size-

weight models for ground beetles (Coleoptera: Carabidae) and perspectives for further 

improvement. Journal of Insect Conservation, 26(4), 537–548.  

https://doi.org/10.1007/s10841-022-00391-6 

West, G. B., Brown, J. H., & Enquist, B. J. (1997). A General model for the origin of 

allometric scaling laws in biology. Science, 276(5309), 122–126.  

https://doi.org/10.1126/science.276.5309.122 

Wonderlin, N. E., Rumfelt, K., & White, P. J. T. (2019). Associations between nocturnal 

moths and flowers in urban gardens: Evidence from pollen on moths. The Journal of 

the Lepidopterists’ Society, 73(3), 173. https://doi.org/10.18473/lepi.73i3.a6 

Wu, J., Miller, T. E., Cicirello, A., & Mortimer, B. (2023). Spider dynamics under vertical 

vibration and its implications for biological vibration sensing. Journal of The Royal 

Society Interface, 20(206), 20230365. https://doi.org/10.1098/rsif.2023.0365 

Wyman, J. T., Wright-Ueda, J., Agnew, Q., Castellano, I., & Simone, Y. (2025). First 

report of arm-span competition in buthid scorpions: Male-male contest in Tityus cf. 

rosenbergi Pocock, 1898. The Journal of Arachnology, 52(3).  

https://doi.org/10.1636/joa-s-23-009 

Yazdanian, M., Kankaanpää, T., Itämies, J., Leinonen, R., Merckx, T., Pöyry, J., Sihvo-

nen, P., Suuronen, A., Välimäki, P., & Kivelä, S. M. (2023). Ecological and life‐

history traits predict temporal trends in biomass of boreal moths. Insect Conservation 

and Diversity, 16(5), 600–615. https://doi.org/10.1111/icad.12657 

Yoshimatsu, S., Watabiki, D., & Osawa, T. (2020). Specimen‐based records of geometrid, 

pyralid and crambid moths (Lepidoptera) with location information from the col-

lection of Dr. Hiroshi Inoue. Ecological Research, 35(6), 1051–1056.  

https://doi.org/10.1111/1440-1703.12170 

Zeuss, D., Brunzel, S., & Brandl, R. (2017). Environmental drivers of voltinism and body 

size in insect assemblages across Europe. Global Ecology and Biogeography, 26(2), 

154–165. https://doi.org/10.1111/geb.12525 

Zhu, M., Niklas, K. J., Chen, L., Wang, L., Jiao, Y., & Shi, P. (2025). Scaling relationships 

and sexual size dimorphism among the body parts of Holotrichia oblita (Coleoptera: 

Scarabaeidae). Ecology and Evolution, 15(7), e71760.  

https://doi.org/10.1002/ece3.71760 

Zielonka, M. W., Pope, T. W., & Leather, S. R. (2022). Effect of host plant on the life 

history of the carnation tortrix moth Cacoecimorpha pronubana (Lepidoptera: 

Tortricidae). Bulletin of Entomological Research, 112(1), 44–50.  

https://doi.org/10.1017/S0007485321000493 

 



 

 

 

 

PUBLICATIONS 

  



CURRICULUM VITAE 

Name:  Stênio Ítalo Araújo Foerster 

Date of birth:  03.02.1990 

Citizenship:  Brazilian 

Contact:  Department of Zoology, Institute of Ecology and Earth Sciences, 

J. Liivi 2, 50409, Tartu, Estonia, https://foersterst.github.io/ 

E-mail:  stenioit@gmail.com 

 

Education: 

2020–…...   University of Tartu, Zoology and Hydrobiology, PhD 

2018–2020  Universidade Federal de Pernambuco, Genetics, M.Sc. 

2010–2015  Universidade Federal Rural de Pernambuco, Biological Sciences, 

B.Sc. 

 

Courses & Workshops 

2025 Computational Molecular Evolution, Hellenic Centre for Marine 

Research, Crete, Greece. Instructors: Alexandros Stamatakis, 

Ben Redelings, Bruce Rannalla, Mike May, Maria Anisimova, 

Ziheng Yang, Adam Leache. 

2024 BayesTraits Workshop, University of Reading, Reading, UK. 

Instructor: Joanna Baker. 

2023 Evolutionary Analysis of Morphology, Okinawa Institute of 

Science and Technology, Okinawa, Japan. Instructors: Liam J. 

Revell, Luke J. Harmon, Michael E. Alfaro, Evan P. Economo, 

Anjali Goswami, Emma Sherratt, Peter Wainwright. 

2022 RevBayes Workshop, University of Oslo, Oslo, Norway. Ins-

tructors: Sebastian Höhna, Rachel C. M. Warnock. 

 

Teaching activities 

LTOM.01.002 Data Analysis in Community Ecology (3 ECTS), University of 

Tartu, Lecturer in charge: Meelis Pärtel, Carlos P. Carmona 

 

Conference presentations 

2025 Congress of the European Society for Evolutionary Biology 

(ESEB 2025), Barcelona, Spain. Poster: Co-evolutionary dyna-

mics of dietary breadth and body size in moths. 

2025 EMBO Practical Course Computational Molecular Evolution, 

Crete, Greece. Poster: Evolutionary transitions in dietary breadth 

and their relationships with body size in geometrid moths. 

141 

https://foersterst.github.io/


2022 XXII European Congress of Lepidopterology, Laulasmaa, Estonia. 

Poster: You do not need a scale to weigh a Geometridae moth: 

applying allometric relationships to predict dry body weight at 

maturation stage. 

 

Research interests: Phylogenetic comparative methods, evolutionary ecology, 

trait evolution, arachnids, insects. 

 

Scientific publications 

Brito‐Almeida, T. R., Foerster, S. Í. A., Lima, J. R., Da Silva, M. A., Moura, 

G. J. B., & Lira, A. F. A. (2025). Free pasture of exotic goats reduces diversity 

and negatively affects body condition in scorpions (Arachnida: Scorpiones) 

assemblage from Brazilian seasonal dry tropical forest. Ecology and Evo-

lution, 15(1), e70804.  

Costa, J. M. R., Foerster, S. Í. A., Pessoa, V. B., Tizo-Pedroso, E., Moura, 

G. J. B., & Lira, A. F. A. (2025). Biotic interactions rather than habitat 

complexity predict the occurrence of bark-dwelling social pseudoscorpions in 

urban environments. Biologia. https://doi.org/10.1007/s11756-025-01985-6 

Fetnassi, N., Foerster, S. Í. A., Õunap, E., Ghamizi, M., & Tammaru, T. (2025). 

Complementary roles of agricultural and natural habitats in supporting moth 

diversity in semi-arid landscapes of Morocco. European Journal of Entomo-

logy, 122, 173–183. https://doi.org/10.14411/eje.2025.022 

Foerster, S. Í. A. (2025). Body size prediction in scorpions: A phylogenetic 

comparative examination of linear measurements of individual body parts. 

PeerJ, 13, e18621. https://doi.org/10.7717/peerj.18621 

Ude, K., Foerster, S. Í. A., Fetnassi, N., & Tammaru, T. (2025). Forest clear‐cuts 

support diverse moth fauna but lack common grassland species. Journal of 

Applied Ecology, 1365–2664.70063.   

https://doi.org/10.1111/1365-2664.70063 

Dionisio-da-Silva, W., Foerster, S. Í. A., Gallão, J. E., & Lira, A. F. A. (2024). 

What’s for dinner? Prey consumption by Neotropical scorpions across con-

trasting environments. The Journal of Arachnology, 52(1).  

https://doi.org/10.1636/JoA-S-22-060 

Foerster, S. Í. A., Clarke, J. T., Õunap, E., Teder, T., & Tammaru, T. (2024). A 

comparative study of body size evolution in moths: Evidence of correlated 

evolution with feeding and phenology-related traits. Journal of Evolutionary 

Biology, 37(8), 891–904. https://doi.org/10.1093/jeb/voae072 

Foerster, S. Í. A., Javoiš, J., Holm, S., & Tammaru, T. (2024). Predicting insect 

body masses based on linear measurements: A phylogenetic case study on 

geometrid moths. Biological Journal of the Linnean Society, 141(1), 71–86. 

https://doi.org/10.1093/biolinnean/blad069 

142 

https://doi.org/10.1007/s11756-025-01985-6
https://doi.org/10.14411/eje.2025.022
https://doi.org/10.7717/peerj.18621
https://doi.org/10.1111/1365-2664.70063
https://doi.org/10.1636/JoA-S-22-060
https://doi.org/10.1093/jeb/voae072
https://doi.org/10.1093/biolinnean/blad069


Lira, A. F. A., Moura, G. J. B., & Foerster, S. Í. A. (2024). Scorpion assemblages 

in threatened Brazilian forests: The role of environmental factors in explaining 

beta‐diversity patterns. Insect Conservation and Diversity, 17(1), 128–138. 

https://doi.org/10.1111/icad.12699 

Souza, M. C. O., Foerster, S. Í. A., Salomão, R. P., Souza‐Alves, J. P., Moura, 

G. J. B., Lira, A. F. A., & Ferreira, R. B. (2024). The role of bromeliad struc-

tural complexity on the presence, spatial distribution and predator avoidance 

in Tityus neglectus (Scorpiones: Buthidae). Ecology and Evolution, 14(6), 

e11522. https://doi.org/10.1002/ece3.11522 

Ude, K., Õunap, E., Kaasik, A., Davis, R. B., Javoiš, J., Nedumpally, V., Foerster, 

S. Í. A., & Tammaru, T. (2024). Evolution of wing shape in geometrid moths: 

Phylogenetic effects dominate over ecology. Journal of Evolutionary Biology, 

voae033. https://doi.org/10.1093/jeb/voae033 

Lira, A. F. A., Andrade, A. R., & Foerster, S. Í. A. (2023). Latitudinal trends in 

scorpion assemblages of Brazilian Atlantic Forest: do the Rapoport’s and 

Bergmann’s rules apply? In Neotropical Gradients and Their Analysis (pp. 

179–203). Springer. 

Lira, A. F. A., Foerster, S. Í. A., & Badry, A. (2023). Living in a desert: 

Examining scorpion beta diversity in Egyptian drylands from a macro-

ecological perspective. African Zoology, 58(1), 18–28.  

https://doi.org/10.1080/15627020.2023.2188121 

Cunha, H. P., Santos, A. B., Foerster, S. Í. A., Moura, G. J. B., & Lira, A. F. A. 

(2022). Can contrasting habitats influence predatory behavior in tropical 

forest scorpions? Acta Ethologica, 25(2), 107–113.  

https://doi.org/10.1007/s10211-022-00390-5 

Foerster, S. Í. A., Dionisio-da-Silva, W., Santos, A. B., Albuquerque, C. M. R., 

& Lira, A. F. A. (2022). New records of the not-so-rare males of the partheno-

genetic scorpion Tityus stigmurus (Thorell, 1876) (Scorpiones: Buthidae). The 

Journal of Arachnology, 50(1). https://doi.org/10.1636/JoA-S-21-009 

Lira, A. F. A., Foerster, S. Í. A., DeSouza, A. M., & Armas, L. F. (2022). Dis-

entangling diversity patterns in Cuban scorpions (Arachnida: Scorpiones). 

Novitates Caribaea, 19, 72–91. https://doi.org/10.33800/nc.vi19.290 

Moreira, M. O. M., Araújo, V. L. N., Foerster, S. Í. A., Moura, G. J. B., & Lira, 

A. F. A. (2022). Relationship between body size and habitat heterogeneity on 

cannibalism and intraguild predation in scorpions. Biologia, 77(10), 2867–

2873. https://doi.org/10.1007/s11756-022-01154-z 

Foerster, S. Í. A., Dionisio-da-Silva, W., Santos, A. B., Albuquerque, C. M. R., 

& Lira, A. F. A. (2021). Notes on the courtship behavior of the parthenogenetic 

scorpion Tityus stigmurus. Acta Arachnologica, 70(2), 83–86.  

https://doi.org/10.2476/asjaa.70.83 

  

143 

https://doi.org/10.1111/icad.12699
https://doi.org/10.1002/ece3.11522
https://doi.org/10.1093/jeb/voae033
https://doi.org/10.1080/15627020.2023.2188121
https://doi.org/10.1007/s10211-022-00390-5
https://doi.org/10.1636/JoA-S-21-009
https://doi.org/10.33800/nc.vi19.290
https://doi.org/10.1007/s11756-022-01154-z
https://doi.org/10.2476/asjaa.70.83


Lira, A. F. A., Araujo, J. C., Rego, F. N. A. A., Foerster, S. Í. A., & Albuquerque, 

C. M. R. (2021). Habitat heterogeneity shapes and shifts scorpion assemblages 

in a Brazilian seasonal dry tropical forest. Journal of Arid Environments, 186, 

104413. https://doi.org/10.1016/j.jaridenv.2020.104413 

Lira, A. F. A., Foerster, S. Í. A., Salomão, R. P., Porto, T. J., Albuquerque, 

C. M. R., & Moura, G. J. B. (2021). Understanding the effects of human 

disturbance on scorpion diversity in Brazilian tropical forests. Journal of 

Insect Conservation, 25(1), 147–158.   

https://doi.org/10.1007/s10841-020-00292-6 

Lira, A. F., Foerster, S. Í. A., Albuquerque, C. M. R., & Moura, G. J. B. (2021). 

Contrasting patterns at interspecific and intraspecific levels in scorpion body 

size across a climatic gradient from rainforest to dryland vegetation. Zoology, 

146, 125908. 

Salomão, R. P., Lira, A. F. A., Foerster, S. Í. A., & Vaz-de-Mello, F. Z. (2021). 

Dung beetle assemblage (Coleoptera: Scarabaeinae) from an altitudinal 

enclave of rainforest surrounded by a Seasonally Tropical Dry Forest in the 

Neotropics. International Journal of Tropical Insect Science, 42(1), 55–62. 

https://doi.org/10.1007/s42690-021-00517-4 

Foerster, S. Í. A., Lira, A. F. A., & Almeida, C. G. (2020). Vegetation structure 

as the main source of variability in scorpion assemblages at small spatial 

scales and further considerations for the conservation of Caatinga landscapes. 

Neotropical Biology and Conservation, 15(4), 533–550.  

https://doi.org/10.3897/neotropical.15.e59000 

Foerster, S. Í. A., DeSouza, A. M., & Lira, A. F. A. (2019). Macroecological 

approach for scorpions (Arachnida, Scorpiones): β-diversity in Brazilian 

montane forests. Canadian Journal of Zoology, 97(10), 914–921.  

https://doi.org/10.1139/cjz-2019-0008 

Lira, A. F. A., Foerster, S. Í. A., & Silva-Filho, A. A. C. (2016). Reports of 

scorpion predation by spiders in the Brazilian Atlantic Forest and Caatinga 

(Arachnida: Scorpiones, Araneae). Revista Ibérica de Aracnología, 28, 87–89. 

 

  

144 

https://doi.org/10.1016/j.jaridenv.2020.104413
https://doi.org/10.1007/s10841-020-00292-6
https://doi.org/10.1007/s42690-021-00517-4
https://doi.org/10.3897/neotropical.15.e59000
https://doi.org/10.1139/cjz-2019-0008


ELULOOKIRJELDUS 

Nimi:  Stênio Ítalo Araújo Foerster 

Sünniaeg:  03.02.1990 

Kodakondsus:  Brasiilia 

Kontaktandmed: Tartu Ülikooli ökoloogia ja maateaduste instituut, zooloogia 

osakond, J. Liivi 2, 50409, Tartu: https://foersterst.github.io/ 

E-mail:  stenioit@gmail.com 

 

Haridustee 

2020–…...   Tartu Ülikool, zooloogia ja hüdrobioloogia, doktoriõpe 

2018–2020  Universidade Federal de Pernambuco, geneetika, magistriõpe 

2010–2015  Universidade Federal Rural de Pernambuco, bioloogia, baka-

laureuseõpe 

 

Läbitud erialased kursused 

2025 Computational Molecular Evolution, Hellenic Centre for 

Marine Research, Crete, Greece. Juhendajad: Alexandros 

Stamatakis, Ben Redelings, Bruce Rannalla, Mike May, 

Maria Anisimova, Ziheng Yang, Adam Leache. 

2024 BayesTraits Workshop, University of Reading, Reading, UK. 

Juhendaja Joanna Baker. 

2023 Evolutionary Analysis of Morphology, Okinawa Institute of 

Science and Technology, Okinawa, Japan. Juhendajad: 

Liam J. Revell, Luke J. Harmon, Michael E. Alfaro, Evan P. 

Economo, Anjali Goswami, Emma Sherratt, Peter Wain-

wright. 

2022 RevBayes Workshop, University of Oslo, Oslo, Norway. 

Juhendajad: Sebastian Höhna, Rachel C. M. Warnock. 

 

Õppeülesannete täitmine 

LTOM.01.002 Ökoloogiliste koosluste andmeanalüüs (3 EAP), Tartu Ülikool, 

vastutavad õppejõud Meelis Pärtel ja Carlos P. Carmona 

 

Konverentsiettekanded 

2025 Congress of the European Society for Evolutionary Biology 

(ESEB 2025), Barcelona, Spain. Poster: Co-evolutionary 

dynamics of dietary breadth and body size in moths. 

 

145 

https://foersterst.github.io/


2025 EMBO Practical Course Computational Molecular Evolution, 

Crete, Greece. Poster: Evolutionary transitions in dietary 

breadth and their relationships with body size in geometrid 

moths. 

2022 XXII European Congress of Lepidopterology, Laulasmaa, 

Estonia. Poster: You do not need a scale to weigh a Geo-

metridae moth: applying allometric relationships to predict 

dry body weight at maturation stage. 

 

Peamised uurimisvaldkonnad: fülogeneetilised võrdlevad meetodid, evolut-

siooniline ökoloogia, tunnuste evolutsioon, ämblikulaadsed, putukad  

 

Teaduspublikatsioonid 

Brito‐Almeida, T. R., Foerster, S. Í. A., Lima, J. R., Da Silva, M. A., Moura, 

G. J. B., & Lira, A. F. A. (2025). Free pasture of exotic goats reduces diversity 

and negatively affects body condition in scorpions (Arachnida: Scorpiones) 

assemblage from Brazilian seasonal dry tropical forest. Ecology and Evo-

lution, 15(1), e70804. 

Costa, J. M. R., Foerster, S. Í. A., Pessoa, V. B., Tizo-Pedroso, E., Moura, 

G. J. B., & Lira, A. F. A. (2025). Biotic interactions rather than habitat com-

plexity predict the occurrence of bark-dwelling social pseudoscorpions in 

urban environments. Biologia. https://doi.org/10.1007/s11756-025-01985-6 

Fetnassi, N., Foerster, S. Í. A., Õunap, E., Ghamizi, M., & Tammaru, T. (2025). 

Complementary roles of agricultural and natural habitats in supporting moth 

diversity in semi-arid landscapes of Morocco. European Journal of Ento-

mology, 122, 173–183. https://doi.org/10.14411/eje.2025.022 

Foerster, S. Í. A. (2025). Body size prediction in scorpions: A phylogenetic 

comparative examination of linear measurements of individual body parts. 

PeerJ, 13, e18621. https://doi.org/10.7717/peerj.18621 

Ude, K., Foerster, S. Í. A., Fetnassi, N., & Tammaru, T. (2025). Forest clear‐cuts 

support diverse moth fauna but lack common grassland species. Journal of 

Applied Ecology, 1365–2664.70063.   

https://doi.org/10.1111/1365-2664.70063 

Dionisio-da-Silva, W., Foerster, S. Í. A., Gallão, J. E., & Lira, A. F. A. (2024). 

What’s for dinner? Prey consumption by Neotropical scorpions across con-

trasting environments. The Journal of Arachnology, 52(1).  

https://doi.org/10.1636/JoA-S-22-060 

Foerster, S. Í. A., Clarke, J. T., Õunap, E., Teder, T., & Tammaru, T. (2024). A 

comparative study of body size evolution in moths: Evidence of correlated 

evolution with feeding and phenology-related traits. Journal of Evolutionary 

Biology, 37(8), 891–904. https://doi.org/10.1093/jeb/voae072 

146 

https://doi.org/10.1007/s11756-025-01985-6
https://doi.org/10.14411/eje.2025.022
https://doi.org/10.7717/peerj.18621
https://doi.org/10.1111/1365-2664.70063
https://doi.org/10.1636/JoA-S-22-060
https://doi.org/10.1093/jeb/voae072


Foerster, S. Í. A., Javoiš, J., Holm, S., & Tammaru, T. (2024). Predicting insect 

body masses based on linear measurements: A phylogenetic case study on 

geometrid moths. Biological Journal of the Linnean Society, 141(1), 71–86. 

https://doi.org/10.1093/biolinnean/blad069 

Lira, A. F. A., Moura, G. J. B., & Foerster, S. Í. A. (2024). Scorpion assemblages 

in threatened Brazilian forests: The role of environmental factors in explaining 

beta‐diversity patterns. Insect Conservation and Diversity, 17(1), 128–138. 

https://doi.org/10.1111/icad.12699 

Souza, M. C. O., Foerster, S. Í. A., Salomão, R. P., Souza‐Alves, J. P., Moura, 

G. J. B., Lira, A. F. A., & Ferreira, R. B. (2024). The role of bromeliad struc-

tural complexity on the presence, spatial distribution and predator avoidance 

in Tityus neglectus (Scorpiones: Buthidae). Ecology and Evolution, 14(6), 

e11522. https://doi.org/10.1002/ece3.11522 

Ude, K., Õunap, E., Kaasik, A., Davis, R. B., Javoiš, J., Nedumpally, V., Foerster, 

S. Í. A., & Tammaru, T. (2024). Evolution of wing shape in geometrid moths: 

Phylogenetic effects dominate over ecology. Journal of Evolutionary Biology, 

voae033. https://doi.org/10.1093/jeb/voae033 

Lira, A. F. A., Andrade, A. R., & Foerster, S. Í. A. (2023). Latitudinal trends in 

scorpion assemblages of Brazilian Atlantic Forest: do the Rapoport’s and 

Bergmann’s rules apply? In Neotropical Gradients and Their Analysis (pp. 

179–203). Springer. 

Lira, A. F. A., Foerster, S. Í. A., & Badry, A. (2023). Living in a desert: Examining 

scorpion beta diversity in Egyptian drylands from a macroecological per-

spective. African Zoology, 58(1), 18–28.  

https://doi.org/10.1080/15627020.2023.2188121 

Cunha, H. P., Santos, A. B., Foerster, S. Í. A., Moura, G. J. B., & Lira, A. F. A. 

(2022). Can contrasting habitats influence predatory behavior in tropical 

forest scorpions? Acta Ethologica, 25(2), 107–113.  

https://doi.org/10.1007/s10211-022-00390-5 

Foerster, S. Í. A., Dionisio-da-Silva, W., Santos, A. B., Albuquerque, C. M. R., 

& Lira, A. F. A. (2022). New records of the not-so-rare males of the partheno-

genetic scorpion Tityus stigmurus (Thorell, 1876) (Scorpiones: Buthidae). The 

Journal of Arachnology, 50(1). https://doi.org/10.1636/JoA-S-21-009 

Lira, A. F. A., Foerster, S. Í. A., DeSouza, A. M., & Armas, L. F. (2022). 

Disentangling diversity patterns in Cuban scorpions (Arachnida: Scorpiones). 

Novitates Caribaea, 19, 72–91. https://doi.org/10.33800/nc.vi19.290 

Moreira, M. O. M., Araújo, V. L. N., Foerster, S. Í. A., Moura, G. J. B., & Lira, 

A. F. A. (2022). Relationship between body size and habitat heterogeneity on 

cannibalism and intraguild predation in scorpions. Biologia, 77(10), 2867–

2873. https://doi.org/10.1007/s11756-022-01154-z 

 

147 

https://doi.org/10.1093/biolinnean/blad069
https://doi.org/10.1111/icad.12699
https://doi.org/10.1002/ece3.11522
https://doi.org/10.1093/jeb/voae033
https://doi.org/10.1080/15627020.2023.2188121
https://doi.org/10.1007/s10211-022-00390-5
https://doi.org/10.1636/JoA-S-21-009
https://doi.org/10.33800/nc.vi19.290
https://doi.org/10.1007/s11756-022-01154-z


Foerster, S. Í. A., Dionisio-da-Silva, W., Santos, A. B., Albuquerque, C. M. R., 

& Lira, A. F. A. (2021). Notes on the courtship behavior of the parthenogenetic 

scorpion Tityus stigmurus. Acta Arachnologica, 70(2), 83–86.  

https://doi.org/10.2476/asjaa.70.83 

Lira, A. F. A., Araujo, J. C., Rego, F. N. A. A., Foerster, S. Í. A., & Albuquerque, 

C. M. R. (2021). Habitat heterogeneity shapes and shifts scorpion assemblages 

in a Brazilian seasonal dry tropical forest. Journal of Arid Environments, 186, 

104413. https://doi.org/10.1016/j.jaridenv.2020.104413 

Lira, A. F. A., Foerster, S. Í. A., Salomão, R. P., Porto, T. J., Albuquerque, 

C. M. R., & Moura, G. J. B. (2021). Understanding the effects of human 

disturbance on scorpion diversity in Brazilian tropical forests. Journal of 

Insect Conservation, 25(1), 147–158.   

https://doi.org/10.1007/s10841-020-00292-6 

Lira, A. F., Foerster, S. Í. A., Albuquerque, C. M. R., & Moura, G. J. B. (2021). 

Contrasting patterns at interspecific and intraspecific levels in scorpion body 

size across a climatic gradient from rainforest to dryland vegetation. Zoology, 

146, 125908. 

Salomão, R. P., Lira, A. F. A., Foerster, S. Í. A., & Vaz-de-Mello, F. Z. (2021). 

Dung beetle assemblage (Coleoptera: Scarabaeinae) from an altitudinal 

enclave of rainforest surrounded by a Seasonally Tropical Dry Forest in the 

Neotropics. International Journal of Tropical Insect Science, 42(1), 55–62. 

https://doi.org/10.1007/s42690-021-00517-4 

Foerster, S. Í. A., Lira, A. F. A., & Almeida, C. G. (2020). Vegetation structure 

as the main source of variability in scorpion assemblages at small spatial 

scales and further considerations for the conservation of Caatinga landscapes. 

Neotropical Biology and Conservation, 15(4), 533–550.  

https://doi.org/10.3897/neotropical.15.e59000 

Foerster, S. Í. A., DeSouza, A. M., & Lira, A. F. A. (2019). Macroecological 

approach for scorpions (Arachnida, Scorpiones): β-diversity in Brazilian 

montane forests. Canadian Journal of Zoology, 97(10), 914–921.  

https://doi.org/10.1139/cjz-2019-0008 

Lira, A. F. A., Foerster, S. Í. A., & Silva-Filho, A. A. C. (2016). Reports of scor-

pion predation by spiders in the Brazilian Atlantic Forest and Caatinga 

(Arachnida: Scorpiones, Araneae). Revista Ibérica de Aracnología, 28, 87–89. 

148 

https://doi.org/10.2476/asjaa.70.83
https://doi.org/10.1016/j.jaridenv.2020.104413
https://doi.org/10.1007/s10841-020-00292-6
https://doi.org/10.1007/s42690-021-00517-4
https://doi.org/10.3897/neotropical.15.e59000
https://doi.org/10.1139/cjz-2019-0008


149 

DISSERTATIONES BIOLOGICAE 

UNIVERSITATIS TARTUENSIS 
 

  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 

  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion transport 

and contractile functions in rat heart. Tartu, 1991, 135 p.  

  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indi-

kaatoritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 

  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transposable 

elements in helper plasmids. Tartu, 1992, 91 p. 

  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 

strain EST 1001. Tartu, 1992, 61 p. 

  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 

Pseudomonas sp. strain EST 1001 and their transcriptional activation in 

Pseudomonas putida. Tartu, 1992, 72 p. 

  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-

logy and introduction. Tartu, 1993, 91 p. 

  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli ribo-

some. Tartu, 1993, 68 p. 

  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 

10. Arvo Käärd. The development of an automatic online dynamic fluo-

rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 

for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 

11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-

noassay for potato viruses. Tartu, 1993, 147 p. 

12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 

1993, 47 p. 

13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 

trees grown under different enviromental conditions. Tartu, 1994, 119 p.  

13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 

1994, 108 p. 

14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 

15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 

transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 

16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 

framework and its application in the population study of the great tit (Parus 

major). Tartu, 1995, 118 p. 

17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 

transgenic plants. Tartu, 1996, 158 p. 

18. Illar Pata. Cloning and characterization of human and mouse ribosomal 

protein S6-encoding genes. Tartu, 1996, 60 p. 

19. Ülo Niinemets. Importance of structural features of leaves and canopy in 

determining species shade-tolerance in temperature deciduous woody taxa. 

Tartu, 1996, 150 p. 



150 

20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 

region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 

21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 

100 p. 

22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor 

transcription factors in neurogenesis. Tartu, 1996, 109 p. 

23. Maido Remm. Human papillomavirus type 18: replication, transformation 

and gene expression. Tartu, 1997, 117 p. 

24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  

124 p. 

25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-

organisms in the Baltic Sea. Tartu, 1997, 180 p. 

26. Meelis Pärtel. Species diversity and community dynamics in calcareous 

grassland communities in Western Estonia. Tartu, 1997, 124 p. 

27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: dis-

tribution, morphology and taxonomy. Tartu, 1997, 186 p. 

28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997, 

80 p. 

29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 

responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 

30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of 

23S rRNA. Tartu, 1997, 134 p. 

31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of Riga 

ecosystem. Tartu, 1997, 138 p. 

32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 

water bodies. Tartu, 1997, 138 p. 

33.  Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 

galanin-based chimeric peptides. Tartu, 1998, 110 p. 

34. Andres Saag. Evolutionary relationships in some cetrarioid genera (Liche-

nized Ascomycota). Tartu, 1998, 196 p. 

35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 

36.  Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 

eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 

37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis on 

the competition and coexistence of calcareous grassland plant species. 

Tartu, 1998, 78 p. 

38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-

tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 

1998, 200 p.  

39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 

Tartu, 1998, 98 p. 

40. Arnold Kristjuhan. Studies on transcriptional activator properties of tumor 

suppressor protein p53. Tartu, 1998, 86 p. 

41.  Sulev Ingerpuu. Characterization of some human myeloid cell surface and 

nuclear differentiation antigens. Tartu, 1998, 163 p. 



151 

42.  Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 

factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 

43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied genera 

(Hypocreales, Ascomycota). Tartu, 1998, 178 p. 

44. Markus Vetemaa. Reproduction parameters of fish as indicators in envi-

ronmental monitoring. Tartu, 1998, 117 p. 

45. Heli Talvik. Prepatent periods and species composition of different Oeso-

phagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 104 p. 

46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 

vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 

47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 

77 p. 

48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 

sources of variation and connections with life-history traits. Tartu, 1999, 

117 p. 

49.  Juan Jose Cantero. Plant community diversity and habitat relationships in 

central Argentina grasslands. Tartu, 1999, 161 p. 

50. Rein Kalamees. Seed bank, seed rain and community regeneration in 

Estonian calcareous grasslands. Tartu, 1999, 107 p. 

51.  Sulev Kõks. Cholecystokinin (CCK) – induced anxiety in rats: influence of 

environmental stimuli and involvement of endopioid mechanisms and 

serotonin. Tartu, 1999, 123 p. 

52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 

clover and pasture. Tartu, 1999, 123 p. 

53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-

mal complex formation in cereals. Tartu, 1999, 99 p. 

54. Andres Valkna. Interactions of galanin receptor with ligands and G-pro-

teins: studies with synthetic peptides. Tartu, 1999, 103 p. 

55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 

101 p. 

56.  Ana Rebane. Mammalian ribosomal protein S3a genes and intron-encoded 

small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 

57.  Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-

lational strategies. Tartu, 2000, 101 p. 

58. Reet Kurg. Structure-function relationship of the bovine papilloma virus 

E2 protein. Tartu, 2000, 89 p. 

59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-

tions: an mtDNA study. Tartu, 2000, 121 p. 

60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. Tartu, 

2000, 88 p. 

61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 

protein p53. Tartu, 2000, 106 p. 

62. Kai Vellak. Influence of different factors on the diversity of the bryophyte 

vegetation in forest and wooded meadow communities. Tartu, 2000, 122 p. 



152 

63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 

structure and functions of benthic macrofauna. Tartu, 2000, 160 p. 

64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the inner 

sea the West-Estonian archipelago. Tartu, 2000, 139 p. 

65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 

Estonia. Tartu, 2000. 124 p. 

66. Jaan Liira. On the determinants of structure and diversity in herbaceous 

plant communities. Tartu, 2000, 96 p. 

67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu, 2001, 

111 p. 

68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 

ecological and evolutionary consequences. Tartu, 2001, 122 p. 

69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 

transport across the plasma membrane. Tartu, 2001, 80 p. 

70. Reet Marits. Role of two-component regulator system PehR-PehS and 

extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 

Carotovora. Tartu, 2001, 112 p. 

71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-

mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 

major, breeding in Nothern temperate forests. Tartu, 2002, 126 p. 

72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in Pseudo-

monas putida. Tartu, 2002, 108 p. 

73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 

illumination on the structure of a species-rich grassland community. Tartu, 

2002, 74 p. 

74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance 

of six temperate deciduous tree species. Tartu, 2002, 110 p. 

75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002, 112 p. 

76. Neeme Tõnisson. Mutation detection by primer extension on oligonucleo-

tide microarrays. Tartu, 2002, 124 p. 

77. Margus Pensa. Variation in needle retention of Scots pine in relation to 

leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p. 

78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 

principles to applications. Tartu, 2003, 168 p. 

79. Viljar Jaks. p53 – a switch in cellular circuit. Tartu, 2003, 160 p. 

80. Jaana Männik. Characterization and genetic studies of four ATP-binding 

cassette (ABC) transporters. Tartu, 2003, 140 p. 

81. Marek Sammul. Competition and coexistence of clonal plants in relation 

to productivity. Tartu, 2003, 159 p 

82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 

papillomavirus type 1. Tartu, 2003, 89 p.  

83. Andres Männik. Design and characterization of a novel vector system 

based on the stable replicator of bovine papillomavirus type 1. Tartu, 2003, 

109 p. 



153 

84. Ivika Ostonen. Fine root structure, dynamics and proportion in net primary 

production of Norway spruce forest ecosystem in relation to site conditions. 

Tartu, 2003, 158 p. 

85. Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 

Tartu, 2003, 199 p. 

86. Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted eagle 

A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004, 159 p.  

87. Aare Abroi. The determinants for the native activities of the bovine 

papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p. 

88. Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p. 

89. Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 

feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p. 

90. Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 

perennial plants and their effect on plant performance. Tartu, 2004, 175 p.  

91. Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p. 

92. Kristiina Tambets. Towards the understanding of post-glacial spread of 

human mitochondrial DNA haplogroups in Europe and beyond: a phylo-

geographic approach. Tartu, 2004, 163 p. 

93. Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004, 103 p. 

94. Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 

protein p53. Tartu, 2004, 103 p. 

95. Jaak Truu. Oil shale industry wastewater: impact on river microbial 

community and possibilities for bioremediation. Tartu, 2004, 128 p. 

96. Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 2004, 

105 p. 

97. Ülo Maiväli. Studies on the structure-function relationship of the bacterial 

ribosome. Tartu, 2004, 130 p.  

98. Merit Otsus. Plant community regeneration and species diversity in dry 

calcareous grasslands. Tartu, 2004, 103 p. 

99. Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus, 

Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p. 

100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 

N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 

lakes. Tartu, 2004, 111 p. 

101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 

in greenfinches. Tartu, 2004, 144 p.  

102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 

Tartu, 2004, 142 p. 

103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 

plasmid pEST4011. Tartu, 2005. 106 p.  

104. Andres Tover. Regulation of transcription of the phenol degradation 

pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p. 

105. Helen Udras. Hexose kinases and glucose transport in the yeast Hansenula 

polymorpha. Tartu, 2005, 100 p. 



154 

106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-

bution patterns, taxonomy. Tartu, 2005, 162 p. 

107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005, 

162 p.  

108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occurrence 

in the Gulf of Finland. Tartu, 2005, 156 p. 

109. Krista Kaasik. Circadian clock genes in mammalian clockwork, meta-

bolism and behaviour. Tartu, 2005, 121 p. 

110. Juhan Javoiš. The effects of experience on host acceptance in ovipositing 

moths. Tartu, 2005, 112 p.  

111. Tiina Sedman. Characterization of the yeast Saccharomyces cerevisiae 

mitochondrial DNA helicase Hmi1. Tartu, 2005, 103 p.  

112. Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 

distribution, population structure and ecology. Tartu, 2005, 112 p.  

113. Riho Teras. Regulation of transcription from the fusion promoters ge-

nerated by transposition of Tn4652 into the upstream region of pheBA 

operon in Pseudomonas putida. Tartu, 2005, 106 p.  

114. Mait Metspalu. Through the course of prehistory in India: tracing the 

mtDNA trail. Tartu, 2005, 138 p.  

115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 

European populations and its implication for genetic association studies. 

Tartu, 2006, 124 p. 

116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-

tions in trees with respect to canopy position. Tartu, 2006, 126 p. 

117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 

Putida. Tartu, 2006, 120 p. 

118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 

Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p. 

119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 

satellite images. Tartu, 2006, 90 p. 

120. Lea Tummeleht. Physiological condition and immune function in great tits 

(Parus major l.): Sources of variation and trade-offs in relation to growth. 

Tartu, 2006, 94 p. 

121. Toomas Esperk. Larval instar as a key element of insect growth schedules. 

Tartu, 2006, 186 p.  

122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus) in the Baltic 

region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p. 

123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida albi-

cans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 

124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007, 

123 p.  

125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-

siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 

D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.  



155 

126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 

of human history and landscape structure. Tartu, 2007, 89 p.  

127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community structure 

in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.  

128. Marko Mägi. The habitat-related variation of reproductive performance of 

great tits in a deciduous-coniferous forest mosaic: looking for causes and 

consequences. Tartu, 2007, 135 p.  

129. Valeria Lulla. Replication strategies and applications of Semliki Forest 

virus. Tartu, 2007, 109 p.  

130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 

conservation. Tartu, 2007, 79 p. 

131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 

and local factors. Tartu, 2007, 171 p. 

132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 

cooperation. Tartu, 2007, 112 p. 

133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 

damage defense systems in avoidance of stationary phase mutations in 

Pseudomonas putida. Tartu, 2007, 172 p. 

134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 

markers for association studies in european populations. Tartu, 2007, 96 p.  

135. Priit Kilgas. Blood parameters as indicators of physiological condition and 

skeletal development in great tits (Parus major): natural variation and 

application in the reproductive ecology of birds. Tartu, 2007, 129 p.  

136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 

fish communities. Tartu, 2007, 95 p.  

137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008, 

128 p. 

138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 

2008, 125 p. 

139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-

dows and their rare plant species. Tartu, 2008, 99 p. 

140. Lauri Laanisto. Macroecological approach in vegetation science: gene-

rality of ecological relationships at the global scale. Tartu, 2008, 133 p. 

141. Reidar Andreson. Methods and software for predicting PCR failure rate in 

large genomes. Tartu, 2008, 105 p.  

142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p. 

143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 

Tartu, 2008, 98 p.  

144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 

190 p. 

145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 

inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 

146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 

(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 



156 

147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-

finches – assessment of the costs of immune activation and mechanisms of 

parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 

2008, 124 p. 

148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-

pancy by animals. Tartu, 2008, 128 p. 

149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-

nulosus in Estonia: phylogenetic relationships and occurrence in wild 

carnivores and ungulates. Tartu, 2008, 82 p. 

150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-

nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 

151. Janne Pullat. Design, functionlization and application of an in situ synthe-

sized oligonucleotide microarray. Tartu, 2008, 108 p. 

152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 

metabolic and stress signals. Tartu, 2008, 142 p.  

153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 

physical obstructions. Tartu, 2008, 106 p. 

154. Marge Starast. Influence of cultivation techniques on productivity and 

fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  

155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 

2009, 104 p. 

156.  Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 

Pseudomonas putida. Tartu, 2009, 124 p. 

157. Tsipe Aavik. Plant species richness, composition and functional trait 

pattern in agricultural landscapes – the role of land use intensity and land-

scape structure. Tartu, 2009, 112 p. 

158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 

the replication and interactions of alphaviruses and hepaciviruses. Tartu, 

2009, 104 p. 

159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 

Instability in its Host Cell. Tartu, 2009, 126 p. 

160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 

Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 

young duplicated genes. Tartu, 2009, 168 p. 

161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 

Tartu, 2009, 86 p. 

162. Triinu Remmel. Body size evolution in insects with different colouration 

strategies: the role of predation risk. Tartu, 2009, 168 p. 

163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 

predation in lake ecosystems. Tartu, 2009, 129 p. 

164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 

complex coastal environments. Tartu, 2009, 109 p.  

165. Liisa Metsamaa. Model-based assessment to improve the use of remote 

sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 

2009, 114 p. 



157 

166. Pille Säälik. The role of endocytosis in the protein transduction by cell-

penetrating peptides. Tartu, 2009, 155 p. 

167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009, 

147 p. 

168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 

capacity and shade tolerance among plant functional groups. Tartu, 2009, 

99 p. 

169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 

mechanisms under starvation stress. Tartu, 2009, 191 p. 

170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-

pulations. Tartu, 2009, 117 p. 

171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-

ledge in vaccine development. Tartu, 2009, 95 p. 

172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 

folliculogenesis. Tartu, 2010, 179 p. 

173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 

Seychelles Islands. Tartu, 2010, 107 p. 

174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 

sea. Tartu, 2010, 123 p. 

175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 

variably proton-coupled mechanism. Tartu, 2010, 121 p.  

176. Mari Nelis. Genetic structure of the Estonian population and genetic 

distance from other populations of European descent. Tartu, 2010, 97 p. 

177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 

method for nucleic acid variation analysis: method and applications. Tartu, 

2010, 129 p. 

178. Egle Köster. Morphological and genetical variation within species comp-

lexes: Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 

101 p. 

179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 

Geometridae). Tartu, 2010, 111 p.  

180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 

and p-cresol in pseudomonads. Tartu, 2010, 125 p. 

181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 

species on sediment properties and benthic communities in the northern 

Baltic Sea. Tartu, 2010, 123 p. 

182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 

approaches. Tartu, 2010, 161 p. 

183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 

ecosystem. Tartu, 2010, 126 p.  

184. Toomas Silla. Study of the segregation mechanism of the Bovine 

Papillomavirus Type 1. Tartu, 2010, 188 p. 

185.  Gyaneshwer Chaubey. The demographic history of India: A perspective 

based on genetic evidence. Tartu, 2010, 184 p. 



158 

186.  Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 

variation in Estonian and Czech populations. Tartu, 2010, 164 p. 

187. Virve Sõber. The role of biotic interactions in plant reproductive per-

formance. Tartu, 2010, 92 p. 

188.  Kersti Kangro. The response of phytoplankton community to the changes 

in nutrient loading. Tartu, 2010, 144 p. 

189.  Joachim M. Gerhold. Replication and Recombination of mitochondrial 

DNA in Yeast. Tartu, 2010, 120 p. 

190. Helen Tammert. Ecological role of physiological and phylogenetic diver-

sity in aquatic bacterial communities. Tartu, 2010, 140 p. 

191.  Elle Rajandu. Factors determining plant and lichen species diversity and 

composition in Estonian Calamagrostis and Hepatica site type forests. 

Tartu, 2010, 123 p. 

192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 

Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 

193.  Siim Sõber. Blood pressure genetics: from candidate genes to genome-

wide association studies. Tartu, 2011, 120 p. 

194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-

dependent stages of translation initiation, elongation, and termination. 

Tartu, 2011, 178 p. 

195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. Tartu, 

2011, 134 p. 

196. Tambet Tõnissoo. Identification and molecular analysis of the role of 

guanine nucleotide exchange factor RIC-8 in mouse development and 

neural function. Tartu, 2011, 110 p. 

197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-

cellular trafficking, stability and endosomal escape during protein trans-

duction. Tartu, 2011, 161 p.  

198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 

trends and response to environmental pressures. Tartu, 2011, 157 p. 

199.  Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 

Tartu, 2011, 152 p. 

200.  Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 

transcription elongation. Tartu, 2011, 108 p. 

201. Kristjan Välk. Gene expression profiling and genome-wide association 

studies of non-small cell lung cancer. Tartu, 2011, 98 p. 

202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-

plankton species under changing climate and eutrophication conditions. 

Tartu, 2011, 153 p. 

203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-

graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 

143 p.  

205. Teele Jairus. Species composition and host preference among ectomy-

corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.  



159 

206. Kessy Abarenkov. PlutoF – cloud database and computing services sup-

porting biological research. Tartu, 2011, 125 p.  

207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 

hormone beta-subunit coding gene (FSHB) and its association with repro-

ductive health. Tartu, 2011, 184 p. 

208.  Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 

communities. Tartu, 2011, 97 p. 

209.  Elin Sild. Oxidative defences in immunoecological context: validation and 

application of assays for nitric oxide production and oxidative burst in a 

wild passerine. Tartu, 2011, 105 p. 

210.  Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 

Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 

211. Pauli Saag. Natural variation in plumage bacterial assemblages in two wild 

breeding passerines. Tartu, 2012, 113 p. 

212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-

strate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 

213. Mari Järve. Different genetic perspectives on human history in Europe and 

the Caucasus: the stories told by uniparental and autosomal markers. Tartu, 

2012, 119 p. 

214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 

diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 

215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 

leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 

216. Triinu Kõressaar. Improvement of PCR primer design for detection of 

prokaryotic species. Tartu, 2012, 83 p. 

217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 

individual variation and responses to immune system manipulation. Tartu, 

2012, 117 p. 

218.  Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 

219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-

ferent spatial scales. Tartu, 2012, 165 p. 

220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 

amphipathic cell-penetrating peptides induces influx of calcium ions and 

downstream responses. Tartu, 2012, 113 p. 

221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-

genome SNP genotyping experience in Estonian patients and general popu-

lation. Tartu, 2012, 171 p. 

222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 

(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 

223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 

syringae pv. tomato DC3000: heterologous expression, biochemical charac-

terization, mutational analysis and spectrum of polymerization products. 

Tartu, 2012, 160 p. 

224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-

genesis. Tartu, 2012, 109 p. 



160 

225. Tõnu Esko. Novel applications of SNP array data in the analysis of the 

genetic structure of Europeans and in genetic association studies. Tartu, 

2012, 149 p. 

226. Timo Arula. Ecology of early life-history stages of herring Clupea haren-

gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 

227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 

grassland ecosystems. Tartu, 2012, 130 p. 

228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 

plant community patterns and regeneration in boreonemoral forest. Tartu, 

2012, 114 p.  

229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 

Tartu, 2012, 122 p. 

230. Kaupo Kohv. The direct and indirect effects of management on boreal 

forest structure and field layer vegetation. Tartu, 2012, 124 p. 

231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. Tartu, 

2012, 114 p. 

232.  Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 

233. Rauno Veeroja. Effects of winter weather, population density and timing 

of reproduction on life-history traits and population dynamics of moose 

(Alces alces) in Estonia. Tartu, 2012, 92 p.  

234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-

sia. Tartu, 2013, 142 p.  

235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-

mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 

236. Liis Uusküla. Placental gene expression in normal and complicated 

pregnancy. Tartu, 2013, 173 p. 

237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 

cerevisiae. Tartu, 2013, 112 p. 

238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-

ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.  

239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 

three groups of ascomycetes. Tartu, 2013, 136 p.  

240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-

Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-

synthetic Bacteria. Tartu, 2013, 150 p.  

241. Margus Leppik. Substrate specificity of the multisite specific pseudo-

uridine synthase RluD. Tartu, 2013, 111 p. 

242. Lauris Kaplinski. The application of oligonucleotide hybridization model 

for PCR and microarray optimization. Tartu, 2013, 103 p. 

243.  Merli Pärnoja. Patterns of macrophyte distribution and productivity in 

coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 

244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 

GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 

245.  Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 

remote assessment and physiological determinants. Tartu, 2013, 128 p.  



161 

246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 

biochemical and psychopharmacological characterization. Tartu, 2013,  

144 p.  

247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-

sinase variation in Eurasian and Oceanian populations. Tartu, 2013, 115 p. 

248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 

community structure and diversity. Tartu, 2013, 102 p. 

249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. Tartu, 

2013, 151 p.  

250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-

nemoral forest ecosystems. Tartu, 2013, 151 p.  

251.  Eneli Oitmaa. Development of arrayed primer extension microarray assays 

for molecular diagnostic applications. Tartu, 2013, 147 p. 

252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 

bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 

121 p. 

253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 

and exceptions. Tartu, 2014, 132 p.  

254. Randel Kreitsberg. Using biomarkers in assessment of environmental 

contamination in fish – new perspectives. Tartu, 2014, 107 p.  

255. Krista Takkis. Changes in plant species richness and population per-

formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 

256.  Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 

pregnancy loss. Tartu, 2014, 211 p.  

257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 

extracted peatlands in Estonia. Tartu, 2014, 133 p. 

258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 

(Hymenoptera: Chrysididae) with emphasis on the northern European 

fauna. Tartu, 2014, 211 p. 

259.  Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 

for the Detection of Positive-Strand RNA Viruses by Vertebrate Host Cells. 

Tartu, 2014, 207 p. 

260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic conduc-

tance in woody plants: ecophysiological consequences. Tartu, 2014, 135 p.  

261. Marju Männiste. Physiological ecology of greenfinches: information 

content of feathers in relation to immune function and behavior. Tartu, 

2014, 121 p. 

262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf photo-

synthetic parameters in Populus tremuloides: diurnal, seasonal and inter-

annual patterns. Tartu, 2014, 115 p. 

263. Külli Lokko. Seasonal and spatial variability of zoopsammon communities 

in relation to environmental parameters. Tartu, 2014, 129 p.  

264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: Estonian 

experience. Tartu, 2014, 152 p.  



162 

265.  Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 

and the conservation value of rural manor parks. Tartu, 2014, 111 p. 

266.  Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 

2014, 167 p.  

267.  Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 

demographic processes in South Asian populations. Tartu, 2014, 160 p. 

268.  Riin Tamme. The relationship between small-scale environmental hetero-

geneity and plant species diversity. Tartu, 2014, 130 p. 

269. Liina Remm. Impacts of forest drainage on biodiversity and habitat quality: 

implications for sustainable management and conservation. Tartu, 2015, 

126 p.  

270. Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus. 

Tartu, 2015, 106 p. 

271. Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning 

habitat preferences and age of freshwater fishes inhabiting the Baltic Sea. 

Tartu, 2015, 137 p. 

272. Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hymenop-

tera, Ichneumonidae). Tartu, 2015, 247 p. 

273.  Martin Pook. Studies on artificial and extracellular matrix protein-rich 

surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p. 

274. Mai Kukumägi. Factors affecting soil respiration and its components in 

silver birch and Norway spruce stands. Tartu, 2015, 155 p. 

275. Helen Karu. Development of ecosystems under human activity in the 

North-East Estonian industrial region: forests on post-mining sites and 

bogs. Tartu, 2015, 152 p. 

276. Hedi Peterson. Exploiting high-throughput data for establishing relation-

ships between genes. Tartu, 2015, 186 p. 

277.  Priit Adler. Analysis and visualisation of large scale microarray data, 

Tartu, 2015, 126 p.  

278.  Aigar Niglas. Effects of environmental factors on gas exchange in deci-

duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015, 

152 p.  

279.  Silja Laht. Classification and identification of conopeptides using profile 

hidden Markov models and position-specific scoring matrices. Tartu, 2015, 

100 p. 

280.  Martin Kesler. Biological characteristics and restoration of Atlantic 

salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu, 

2015, 97 p. 

281. Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-

tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu, 

2015, 205 p 

282.  Priit Palta. Computational methods for DNA copy number detection. 

Tartu, 2015, 130 p.  

283. Julia Sidorenko. Combating DNA damage and maintenance of genome 

integrity in pseudomonads. Tartu, 2015, 174 p.  



163 

284.  Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal 

waters: distribution and environmental preferences. Tartu, 2015, 97 p. 

285.  Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu, 

2015, 171 p. 

286. Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-

costerone with Nestling Growth and Fledging Success in Wild Passerines. 

Tartu, 2016, 113 p.  

287.  Ann Kraut. Conservation of Wood-Inhabiting Biodiversity – Semi-Natural 

Forests as an Opportunity. Tartu, 2016, 141 p. 

288. Tiit Örd. Functions and regulation of the mammalian pseudokinase TRIB3. 

Tartu, 2016, 182. p. 

289. Kairi Käiro. Biological Quality According to Macroinvertebrates in Streams 

of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced 

Hydromorphological Changes. Tartu, 2016, 126 p. 

290.  Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites 

in Estonian canids. Tartu, 2016, 144 p. 

291.  Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid 

nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p. 

292. Kadri Runnel. Fungal targets and tools for forest conservation. Tartu, 

2016, 157 p.  

293. Urmo Võsa. MicroRNAs in disease and health: aberrant regulation in lung 

cancer and association with genomic variation. Tartu, 2016, 163 p.  

294.  Kristina Mäemets-Allas. Studies on cell growth promoting AKT signaling 

pathway – a promising anti-cancer drug target. Tartu, 2016, 146 p. 

295. Janeli Viil. Studies on cellular and molecular mechanisms that drive normal 

and regenerative processes in the liver and pathological processes in 

Dupuytren’s contracture. Tartu, 2016, 175 p. 

296.  Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L. 

and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p. 

297. Kadri Peil. RNA polymerase II-dependent transcription elongation in 

Saccharomyces cerevisiae. Tartu, 2016, 113 p.  

298. Katrin Ruisu. The role of RIC8A in mouse development and its function 

in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016, 

129 p.  

299. Janely Pae. Translocation of cell-penetrating peptides across biological 

membranes and interactions with plasma membrane constituents. Tartu, 

2016, 126 p.  

300. Argo Ronk. Plant diversity patterns across Europe: observed and dark 

diversity. Tartu, 2016, 153 p. 

301. Kristiina Mark. Diversification and species delimitation of lichenized 

fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu, 

2016, 181 p. 

302. Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows: in-

fluence of mowing and sediment application. Tartu, 2016, 140 p. 



164 

303. Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas 

putida: regulation and role in stress tolerance. Tartu, 2016, 154 p. 

304. Kadri Pärtel. Application of ultrastructural and molecular data in the 

taxonomy of helotialean fungi. Tartu, 2016, 183 p. 

305. Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and 

Europe: genetic diversity, population structure and -processes, and hybridi-

zation between wolves and dogs. Tartu, 2016, 121 p. 

306. Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of 

plants and lichens: from communities to genetic diversity. Tartu, 2016,  

126 p. 

307.  Liina Pajusalu. The effect of CO2 enrichment on net photosynthesis of 

macrophytes in a brackish water environment. Tartu, 2016, 126 p.  

308. Stoyan Tankov. Random walks in the stringent response. Tartu, 2016, 94 p. 

309.  Liis Leitsalu. Communicating genomic research results to population-

based biobank participants. Tartu, 2016, 158 p. 

310. Richard Meitern. Redox physiology of wild birds: validation and appli-

cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p. 

311. Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy 

human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p. 

312. Mihhail Kurašin. Processivity of cellulases and chitinases. Tartu, 2017, 

132 p. 

313. Carmen Tali. Scavenger receptors as a target for nucleic acid delivery with 

peptide vectors. Tartu, 2017, 155 p. 

314. Katarina Oganjan. Distribution, feeding and habitat of benthic suspension 

feeders in a shallow coastal sea. Tartu, 2017, 132 p. 

315.  Taavi Paal. Immigration limitation of forest plants into wooded landscape 

corridors. Tartu, 2017, 145 p.  

316. Kadri Õunap. The Williams-Beuren syndrome chromosome region protein 

WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p. 

317.  Riin Tamm. In-depth analysis of factors affecting variability in thiopurine 

methyltransferase activity. Tartu, 2017, 170 p. 

318.  Keiu Kask. The role of RIC8A in the development and regulation of mouse 

nervous system. Tartu, 2017, 184 p. 

319.  Tiia Möller. Mapping and modelling of the spatial distribution of benthic 

macrovegetation in the NE Baltic Sea with a special focus on the eelgrass 

Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p. 

320.  Silva Kasela. Genetic regulation of gene expression: detection of tissue- 

and cell type-specific effects. Tartu, 2017, 150 p. 

321. Karmen Süld. Food habits, parasites and space use of the raccoon dog 

Nyctereutes procyonoides: the role of an alien species as a predator and 

vector of zoonotic diseases in Estonia. Tartu, 2017, p. 

322. Ragne Oja. Consequences of supplementary feeding of wild boar – concern 

for ground-nesting birds and endoparasite infection. Tartu, 2017, 141 p. 

323. Riin Kont. The acquisition of cellulose chain by a processive cellobio-

hydrolase. Tartu, 2017, 117 p. 



165 

324. Liis Kasari. Plant diversity of semi-natural grasslands: drivers, current 

status and conservation challenges. Tartu, 2017, 141 p. 

325. Sirgi Saar. Belowground interactions: the roles of plant genetic relatedness, 

root exudation and soil legacies. Tartu, 2017, 113 p. 

326. Sten Anslan. Molecular identification of Collembola and their fungal 

associates. Tartu, 2017, 125 p. 

327. Imre Taal. Causes of variation in littoral fish communities of the Eastern 

Baltic Sea: from community structure to individual life histories. Tartu, 

2017, 118 p. 

328. Jürgen Jalak. Dissecting the Mechanism of Enzymatic Degradation of 

Cellulose Using Low Molecular Weight Model Substrates. Tartu, 2017, 

137 p. 

329.  Kairi Kiik. Reproduction and behaviour of the endangered European mink 

(Mustela lutreola) in captivity. Tartu, 2018, 112 p. 

330. Ivan Kuprijanov. Habitat use and trophic interactions of native and 

invasive predatory macroinvertebrates in the northern Baltic Sea. Tartu, 

2018, 117 p. 

331.  Hendrik Meister. Evolutionary ecology of insect growth: from geographic 

patterns to biochemical trade-offs. Tartu, 2018, 147 p. 

332.  Ilja Gaidutšik. Irc3 is a mitochondrial branch migration enzyme in 

Saccharomyces cerevisiae. Tartu, 2018, 161 p. 

333. Lena Neuenkamp. The dynamics of plant and arbuscular mycorrhizal 

fungal communities in grasslands under changing land use. Tartu, 2018, 

241 p. 

334. Laura Kasak. Genome structural variation modulating the placenta and 

pregnancy maintenance. Tartu, 2018, 181 p. 

335.  Kersti Riibak. Importance of dispersal limitation in determining dark 

diversity of plants across spatial scales. Tartu, 2018, 133 p. 

336.  Liina Saar. Dynamics of grassland plant diversity in changing landscapes. 

Tartu, 2018, 206 p. 

337.  Hanna Ainelo. Fis regulates Pseudomonas putida biofilm formation by 

controlling the expression of lapA. Tartu, 2018, 143 p. 

338.  Natalia Pervjakova. Genomic imprinting in complex traits. Tartu, 2018, 

176 p. 

339. Andrio Lahesaare. The role of global regulator Fis in regulating the 

expression of lapF and the hydrophobicity of soil bacterium Pseudomonas 

putida. Tartu, 2018, 124 p. 

340.  Märt Roosaare. K-mer based methods for the identification of bacteria and 

plasmids. Tartu, 2018, 117 p. 

341. Maria Abakumova. The relationship between competitive behaviour and 

the frequency and identity of neighbours in temperate grassland plants. 

Tartu, 2018, 104 p. 

342. Margus Vilbas. Biotic interactions affecting habitat use of myrmecophi-

lous butterflies in Northern Europe. Tartu, 2018, 142 p. 



166 

343. Liina Kinkar. Global patterns of genetic diversity and phylogeography of 

Echinococcus granulosus sensu stricto – a tapeworm species of significant 

public health concern. Tartu, 2018, 147 p. 

344. Teivi Laurimäe. Taxonomy and genetic diversity of zoonotic tapeworms 

in the species complex of Echinococcus granulosus sensu lato. Tartu, 2018, 

143 p. 

345. Tatjana Jatsenko. Role of translesion DNA polymerases in mutagenesis 

and DNA damage tolerance in Pseudomonads. Tartu, 2018, 216 p. 

346. Katrin Viigand. Utilization of α-glucosidic sugars by Ogataea (Hanse-

nula) polymorpha. Tartu, 2018, 148 p. 

347. Andres Ainelo. Physiological effects of the Pseudomonas putida toxin grat. 

Tartu, 2018, 146 p. 

348. Killu Timm. Effects of two genes (DRD4 and SERT) on great tit (Parus 

major) behaviour and reproductive traits. Tartu, 2018, 117 p. 

349. Petr Kohout. Ecology of ericoid mycorrhizal fungi. Tartu, 2018, 184 p. 

350.  Gristin Rohula-Okunev. Effects of endogenous and environmental factors 

on night-time water flux in deciduous woody tree species. Tartu, 2018, 

184 p. 

351. Jane Oja. Temporal and spatial patterns of orchid mycorrhizal fungi in 

forest and grassland ecosystems. Tartu, 2018, 102 p. 

352.  Janek Urvik. Multidimensionality of aging in a long-lived seabird. Tartu, 

2018, 135 p. 

353.  Lisanna Schmidt. Phenotypic and genetic differentiation in the hybridizing 

species pair Carex flava and C. viridula in geographically different regions. 

Tartu, 2018, 133 p. 

354. Monika Karmin. Perspectives from human Y chromosome – phylogeny, 

population dynamics and founder events. Tartu, 2018, 168 p. 

355.  Maris Alver. Value of genomics for atherosclerotic cardiovascular disease 

risk prediction. Tartu, 2019, 148 p. 

356.  Lehti Saag. The prehistory of Estonia from a genetic perspective: new 

insights from ancient DNA. Tartu, 2019, 171 p. 

357. Mari-Liis Viljur. Local and landscape effects on butterfly assemblages in 

managed forests. Tartu, 2019, 115 p.  

358. Ivan Kisly. The pleiotropic functions of ribosomal proteins eL19 and eL24 

in the budding yeast ribosome. Tartu, 2019, 170 p. 

359. Mikk Puustusmaa. On the origin of papillomavirus proteins. Tartu, 2019, 

152 p. 

360.  Anneliis Peterson. Benthic biodiversity in the north-eastern Baltic Sea: 

mapping methods, spatial patterns, and relations to environmental gradients. 

Tartu, 2019, 159 p. 

361. Erwan Pennarun. Meandering along the mtDNA phylogeny; causerie and 

digression about what it can tell us about human migrations. Tartu, 2019, 

162 p. 



167 

362.  Karin Ernits. Levansucrase Lsc3 and endo-levanase BT1760: characteri-

zation and application for the synthesis of novel prebiotics. Tartu, 2019, 

217 p. 

363. Sille Holm. Comparative ecology of geometrid moths: in search of contrasts 

between a temperate and a tropical forest. Tartu, 2019, 135 p. 

364. Anne-Mai Ilumäe. Genetic history of the Uralic-speaking peoples as seen 

through the paternal haplogroup N and autosomal variation of northern 

Eurasians. Tartu, 2019, 172 p. 

365.  Anu Lepik. Plant competitive behaviour: relationships with functional 

traits and soil processes. Tartu, 2019, 152 p. 

366. Kunter Tätte. Towards an integrated view of escape decisions in birds 

under variable levels of predation risk. Tartu, 2020, 172 p. 

367.  Kaarin Parts. The impact of climate change on fine roots and root-

associated microbial communities in birch and spruce forests. Tartu, 2020, 

143 p. 

368. Viktorija Kukuškina. Understanding the mechanisms of endometrial 

receptivity through integration of ‘omics’ data layers. Tartu, 2020, 169 p. 

369. Martti Vasar. Developing a bioinformatics pipeline gDAT to analyse 

arbuscular mycorrhizal fungal communities using sequence data from 

different marker regions. Tartu, 2020, 193 p. 

370.  Ott Kangur. Nocturnal water relations and predawn water potential disequi-

librium in temperate deciduous tree species. Tartu, 2020, 126 p. 

371. Helen Post. Overview of the phylogeny and phylogeography of the  

Y-chromosomal haplogroup N in northern Eurasia and case studies of two 

linguistically exceptional populations of Europe – Hungarians and Kalmyks. 

Tartu, 2020, 143 p. 

372. Kristi Krebs. Exploring the genetics of adverse events in pharmacotherapy 

using Biobanks and Electronic Health Records. Tartu, 2020, 151 p. 

373.  Kärt Ukkivi. Mutagenic effect of transcription and transcription-coupled 

repair factors in Pseudomonas putida. Tartu, 2020, 154 p. 

374.  Elin Soomets. Focal species in wetland restoration. Tartu, 2020, 137 p. 

375.  Kadi Tilk. Signals and responses of ColRS two-component system in 

Pseudomonas putida. Tartu, 2020, 133 p. 

376.  Indrek Teino. Studies on aryl hydrocarbon receptor in the mouse granulosa 

cell model. Tartu, 2020, 139 p. 

377. Maarja Vaikre. The impact of forest drainage on macroinvertebrates and 

amphibians in small waterbodies and opportunities for cost-effective 

mitigation. Tartu, 2020, 132 p. 

378. Siim-Kaarel Sepp. Soil eukaryotic community responses to land use and 

host identity. Tartu, 2020, 222 p. 

379.  Eveli Otsing. Tree species effects on fungal richness and community 

structure. Tartu, 2020, 152 p. 

380.  Mari Pent. Bacterial communities associated with fungal fruitbodies. Tartu, 

2020, 144 p. 



168 

381.  Einar Kärgenberg. Movement patterns of lithophilous migratory fish in 

free-flowing and fragmented rivers. Tartu, 2020, 167 p.  

382.  Antti Matvere. The studies on aryl hydrocarbon receptor in murine 

granulosa cells and human embryonic stem cells. Tartu, 2021, 163 p. 

383. Jhonny Capichoni Massante. Phylogenetic structure of plant communities 

along environmental gradients: a macroecological and evolutionary 

approach. Tartu, 2021, 144 p. 

384. Ajai Kumar Pathak. Delineating genetic ancestries of people of the Indus 

Valley, Parsis, Indian Jews and Tharu tribe. Tartu, 2021, 197 p. 

385. Tanel Vahter. Arbuscular mycorrhizal fungal biodiversity for sustainable 

agroecosystems. Tartu, 2021, 191 p. 

386.  Burak Yelmen. Characterization of ancient Eurasian influences within 

modern human genomes. Tartu, 2021, 134 p. 

387.  Linda Ongaro. A genomic portrait of American populations. Tartu, 2021, 

182 p. 

388.  Kairi Raime. The identification of plant DNA in metagenomic samples. 

Tartu, 2021, 108 p. 

389. Heli Einberg. Non-linear and non-stationary relationships in the pelagic 

ecosystem of the Gulf of Riga (Baltic Sea). Tartu, 2021, 119 p. 

390.  Mickaël Mathieu Pihain. The evolutionary effect of phylogenetic neigh-

bourhoods of trees on their resistance to herbivores and climatic stress. 

Tartu, 2022, 145 p. 

391. Annika Joy Meitern. Impact of potassium ion content of xylem sap and of 

light conditions on the hydraulic properties of trees. Tartu, 2022, 132 p. 

392.  Elise Joonas. Evaluation of metal contaminant hazard on microalgae with 

environmentally relevant testing strategies. Tartu, 2022, 118 p. 

393. Kreete Lüll. Investigating the relationships between human microbiome, 

host factors and female health. Tartu, 2022, 141 p. 

394. Triin Kaasiku. A wader perspective to Boreal Baltic coastal grasslands: 

from habitat availability to breeding site selection and nest survival. Tartu, 

2022, 141 p. 

395. Meeli Alber. Impact of elevated atmospheric humidity on the structure of 

the water transport pathway in deciduous trees. Tartu, 2022, 170 p. 

396.  Ludovica Molinaro. Ancestry deconvolution of Estonian, European and 

Worldwide genomic layers: a human population genomics excavation. 

Tartu, 2022, 138 p. 

397. Tina Saupe. The genetic history of the Mediterranean before the common 

era: a focus on the Italian Peninsula. Tartu, 2022, 165 p. 

398.  Mari-Ann Lind. Internal constraints on energy processing and their con-

sequences: an integrative study of behaviour, ornaments and digestive 

health in greenfinches. Tartu, 2022, 137 p. 

399. Markus Valge. Testing the predictions of life history theory on anthropo-

metric data. Tartu, 2022, 171 p.  

400.  Ants Tull. Domesticated and wild mammals as reservoirs for zoonotic 

helminth parasites in Estonia. Tartu, 2022, 152 p. 



169 

401. Saleh Rahimlouye Barabi. Investigation of diazotrophic bacteria asso-

ciation with plants. Tartu, 2022, 137 p. 

402. Farzad Aslani. Towards revealing the biogeography of belowground 

diversity. Tartu, 2022, 124 p.  

403.  Nele Taba. Diet, blood metabolites, and health. Tartu, 2022, 163 p.  

404.  Katri Pärna. Improving the personalized prediction of complex traits 

and diseases: application to type 2 diabetes. Tartu, 2022, 190 p. 

405.  Silva Lilleorg. Bacterial ribosome heterogeneity on the example of bL31 

paralogs in Escherichia coli. Tartu, 2022, 189 p. 

406. Oliver Aasmets. The importance of microbiome in human health. Tartu, 

2022, 123 p. 

407. Henel Jürgens. Exploring post-translational modifications of histones in 

RNA polymerase II-dependent transcription. Tartu, 2022, 147 p. 

408. Mari Tagel. Finding novel factors affecting the mutation frequency: a case 

study of tRNA modification enzymes TruA and RluA. Tartu, 2022, 176 p. 

409. Marili Sell. The impact of environmental change on ecophysiology of 

hemiboreal tree species – acclimation mechanisms in belowground. Tartu, 

2022, 163 p. 

410.  Kaarin Hein. The hissing behaviour of Great Tit (Parus major) females 

reflects behavioural phenotype and breeding success in a wild population. 

Tartu, 2022, 96 p. 

411.  Maret Gerz. The distribution and role of mycorrhizal symbiosis in plant 

communities. Tartu, 2022, 206 p. 

412. Kristiina Nõomaa. Role of invasive species in brackish benthic community 

structure and biomass changes. Tartu, 2023, 151 p. 

413.  Anton Savchenko. Taxonomic studies in Dacrymycetes: Cerinomyces and 

allied taxa. Tartu, 2023, 181 p. 

414.  Ahto Agan. Interactions between invasive pathogens and resident myco-

biome in the foliage of trees. Tartu, 2023, 155 p. 

415.  Diego Pires Ferraz Trindade. Dark diversity dynamics linked to global 

change: taxonomic and functional perspective. Tartu, 2023, 134 p. 

416. Madli Jõks. Biodiversity drivers in oceanic archipelagos and habitat 

fragments, explored by agent-based simulation models. Tartu, 2023, 116 p. 

417.  Ciara Baines. Adaptation to oncogenic pollution and natural cancer defen-

ces in the aquatic environment. Tartu, 2023, 164 p. 

418.  Rain Inno. Placental transcriptome and miRNome in normal and compli-

cated pregnancies. Tartu, 2023, 145 p. 

419. Daniyal Gohar. Diversity, genomics, and potential functions of fungus-

inhabiting bacteria. Tartu, 2023, 138 p. 

420.  Sirli Rosendahl. Fitness effects of chromosomal toxin-antitoxin systems in 

Pseudomonas putida. Tartu, 2023, 154 p. 

421. Mathilde Frédérique E. André. New Guinea, a hotspot for Human evo-

lution: settlement history and adaptation in northern Sahul. Tartu, 2023, 

202 p. 



170 

422.  Vlad-Julian Piljukov. Biochemical characterization of Irc3 helicase. Tartu, 

2023, 137 p. 

423.  Gerli Albert. Carbon use strategies of macrophyte communities in the 

northeastern Baltic Sea: implications for a high CO2 environment. Tartu, 

2023, 128 p. 

424. Mariann Koel. The molecular interactions between trophoblast and endo-

metrial cells in embryo implantation. Tartu, 2023, 171 p. 

425.  Robin Gielen. Diversity and ecological role of pathogenic fungi in insect 

populations. Tartu, 2023, 139 p. 

426.  Kaspar Reier. Quantity, stability and disparity of ribosomal components 

in Escherichia coli stationary phase. Tartu, 2023, 151 p. 

427.  Linda Rusalepp. The impact of environmental drivers and competition on 

phenolic metabolite profiles in hybrid aspen and silver birch. Tartu, 2023, 

153 p. 

428.  Eliisa Pass. The effect of managed forest-wetland landscapes on forest grouse 

and nest predation. Tartu, 2023, 115 p. 

429.  Sanni Färkkilä. Methods for studying plant-fungal interactions – reflecting 

on the old, the new and the upcoming. Tartu, 2024, 147 p. 

430.  Maarja Jõeloo. Advances in microarray-based copy number variation 

discovery and phenotypic associations. Tartu, 2024, 209 p.  

431. Natàlia Pujol Gualdo. Decoding genetic associations of female reproduc-

tive health traits. Tartu, 2024, 205 p.  

432.  Sirelin Sillamaa. The role of helicases Hmi1 and Irc3 in yeast mito-

chondrial DNA maintenance. Tartu, 2024, 189 p.  

433.  Iris Reinula. Genetic variation of grassland plants in changing landscapes. 

Tartu, 2024, 201 p.  

434.  Vi Ngan Tran. The cellular dynamics and epithelial morphogenesis in 

Drosophila wing development. Tartu, 2024, 158 p. 

435. Slendy Julieth Rodríguez Alarcón. Intraspecific trait diversity in plants: 

characterizing effects of trait variation on community assembly and eco-

system functioning. Tartu, 2024, 129 p.  

436. Arun Kumar Devarajan. Microbes and climate change: insights from 

plant-microbe interactions in rice phyllosphere and soil microbiomes in 

subarctic grasslands. Tartu, 2024, 224 p.  

437. Leonard Owuraku Opare. Rearing density effects on a commercially 

important insect species. Tartu, 2024, 145 p.  

438.  Siqiao Liu. The effect of anthropogenic disturbance on soil fungal commu-

nities. Tartu, 2024, 172 p.  

439.  Kertu Liis Krigul. The gut microbiome at the interface of human health 

and disease. Tartu, 2024, 158 p. 

440. Danat Yermakovich. The evolutionary history of complex traits: impli-

cations of archaic admixture. Tartu, 2024, 153 p. 

441.  Yiming Meng. Plant mycorrhizal type and status in the global flora. Tartu, 

2024, 200 p. 



442. Iryna Yatsiuk. Evolution, species delimitation and diversity in myxo-

mycetes: Arcyria and allied genera. Tartu, 2024, 193 p. 

443.  Daniela León Velandia. Mycorrhizal trait distribution and composition in 

plant communities under natural gradients. Tartu, 2024, 121 p. 

444. Bruno Paganeli. Dark diversity methods for prioritization of areas and 

species in nature conservation. Tartu, 2024, 155 p. 

445.  Mario Reiman. Placental transcriptome in normal and complicated preg-

nancies. Tartu, 2025, 167 p. 

446.  Maarja Kõrkjas. Dynamics of tree-related microhabitats in live forest 

trees and its links with biodiversity. Tartu, 2025, 134 p. 

447.  Eleonora Beccari. Mapping and exploring trait spaces across the tree of 

life. Tartu, 2025, 190 p. 

448. Jack R. Hall. Dissolved organic carbon dynamics of Baltic Sea macroalgae: 

production, bioavailability and ecosystem effects. Tartu, 2025, 135 p. 

449.  Artjom Stepanjuk. Function of adhesion molecules and signalling path-

ways in human endometrial and embryonic models. Tartu, 2025, 247 p. 

450.  Marianne Kivastik. Heterostylous plants in an era of global change: the 

role of local, landscape and climatic actors. Tartu, 2025, 167 p. 

451.  Yehor Yatsiuk. Large tree-cavities as key structures for forest biodiversity. 

Tartu, 2025, 215 p. 

452.  Ovidiu Copoț. Relevance of eDNA, citizen science, and species distri-

bution modelling for fungal conservation. Tartu, 2025, 198 p. 

453.  Tarmo Puurand. Human genome studies with k-mer frequencies. Tartu, 

2025, 184 p. 


	CONTENTS
	LIST OF PUBLICATIONS
	1. INTRODUCTION
	2. MATERIAL AND METHODS
	2.1. Study taxa
	2.2. Trait data
	2.3. Phylogenetic trees
	2.4. Data analysis

	3. RESULTS
	3.1. Morphometric predictors of body size in geometrids (Study I)
	3.2. Life-history correlates in geometrid body size  (Study II)
	3.4. Morphometric predictors of body size in buthid scorpions (Study III)
	3.5. Sexual size dimorphism and evolutionary allometry in Neotropical buthids (Study IV)

	4. DISCUSSION
	4.1. Body size prediction in geometrid moths (Study I)
	4.2. Natural-history correlates of body size in Northern European geometrids (Study II)
	4.3. Body size prediction in buthid scorpions (Study III)
	4.4. Sexual size dimorphism and evolutionary allometry in Neotropical buthids (Study IV)

	5. CONCLUSIONS
	SUMMARY
	SUMMARY IN ESTONIAN
	ACKNOWLEDGMENTS
	REFERENCES
	PUBLICATIONS
	CURRICULUM VITAE
	ELULOOKIRJELDUS
	DISSERTATIONES BIOLOGICAE UNIVERSITATIS TARTUENSIS



