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Figure 2. Quantitative genetic analysis and selection responses of female caste of weaver ants. A. Major; 
B. Minor; C. Queen; D. Media caste (worker); E. Wingless + Winged form; 1. Variance ratio; 2. Vector 1; 
3. Vector 2; 4. Selection differentials; 5. Selection gradients; 6. Total response; 7. Direct response;  
8. Correlated response. 
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polyphenism (Wheeler, 1991). Genetic variation is the most significant factor in the symmetrical 
variability of body shape, and the variance of all space measures/dimensions is greater than one when 
the GP-1 matrix is analyzed. Eigenvalues of the matrix GP-1 are different from those of the PCs and show 
that the possibilities for evolutionary changes in response to selection predominantly depend on the 
attributes. These eigenvalues and eigenvectors provide valuable information on the inheritance of the 
structures, such as the range of heritability for all possible variables and the form of variables that 
respond to selection more or less easily (Klingenberg & Leamy, 2001a, 2001b).  

 The selection differential (according to breeder’s equation Δµ= GP-1s= Gβ, where Δµ is the 
response to selection, ‘G’ is the additive genetic covariance matrix, ‘P’ is the phenotypic covariance 
matrix, ‘s’ is the selection differential and ‘β’ is the selection gradient (Lande, 1979), the selection 
differential ‘s’ is the difference between the shape means before and after selection in a parent 
generation (under truncation selection, or the vector of covariance function between the shape variables 
and relative fitness) of major worker ants, highly influenced on the frontal part of the head, prothorax 
and first and last abdominal segments. Widening of the prothoracic and head regions are the major 
shape changes observed in the selection differential analysis. But in the selection gradient (according to 
the Breeder’s equation, selection differential β evaluate the vector of regression coefficients from a 
regression of relative fitness of shape) specifically ‘hold constant’, It indicates the impact of those shape 
features (morphological shape and size variations of worker and queen of Asian weaver ant) that are 
phenotypically correlated but not under selection gradient. So, the selection gradient usually favoured 
for studying directional selection (Lande, 1979; Lande & Arnold, 1983). By analyzing the outcome of the 
selection differential, the major workers have tendencies to increase the width of the whole body in a 
dynamic proportional manner to maintain the body structure. In selection response analysis, the highly 
influenced body parts are the head (the major sensilla regions such as antennae and eye and 
mouthparts) followed by thorax. It is not possible to make a very useful generalization about the 
widening of head. The widening of the head may be also affected the shape and size of mandibles – the 
basic pattern of the mandible may get evolutionarily modified and adapted to exploit a different kind 
of functions (outdoor tasks and defense mechanisms) (Fig. 2, A4–8).  

Analyzing the heritability statistics, selection differential analysis - the matrices GP-1 influences the 
shape of the thoracic region. The expansion of the head region was the major characteristic feature 
observed in major workers. But in the selection gradient, the highly influenced part is the head and 
followed by the thoracic region – this result is similar to the minor worker ants. In total response, the 
most influenced part is the prothoracic regions. Head followed by thorax and abdomen are the highly 
influenced parts in direct response analysis, and also the most constrained shape is observed in 
correlated response. The progressive decreasing shape response is a critical factor for functional-based 
energy management and its distribution. The combined system of worker ants, the media caste, 
expressed the mixed characteristic features of major and minor workers (Fig. 2, D4-8). In the selection 
response analysis of the winged-wingless form, each selection response showed unique characteristic 
shape movements and articulations. Initially, we postulated that the worker and queen descended from 
a single common ancestor, and that this ancestor may have exhibited a combination of the 
morphological traits shared by both the worker and the queen. As evidence for our findings, the 
majority of shape and size variations were found in the thoracic and head regions in the combined form 
ant (i.e., winged-wingless form). The shape features include a large, globular gaster (a queenly trait), a 
large head, and a long, slender mandibular process (a combination of major and worker ant phenotypic 
characters) (Fig. 2, E4-8). The correlated response is not only a significant part of the overall selection 
effect but also provides important data on the geometry of the selection process/response (Klingenberg 
& Leamy, 2001a, 2001b). The evolutionary potential of the ant caste system's morphological structure 
may be taken into consideration. Based on the heritability statistics, we confirmed that functional 
modular integration exists in queen, major, and minor worker ants (female caste system – 
morphological polyphenism) (Table 2).  
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Table 2. Predicted response to directional selection (Selection response) of major, minor, queen, major + 
minor (media) system and major + minor + queen system. 

Sl. No Analysis Major Minor Queen Major + 
Minor 

Major + Minor 
+ Queen 

1 Selection differential      
 Magnitude in unit of Procrustes distance 1.5665 4.860 0.463 0.357 1.160 
 Magnitude in unit of phenotypic standard 

deviation 
154.699 417.949 21.583 36.351 62.067 

2 Selection gradient      
 Magnitude – Standardized by phenotypic 

variation in the same direction 
277.342 458.974 25.932 44.440 70.373 

3 Total response to selection      
 Magnitude in unit of Procrustes distance 1.717 5.210 0.461 0.357 0.288 

4 Direct response selection (based on the 
direction of the selection gradient) 

     

 Magnitude in unit of Procrustes distances 0.959 2.151 0.066 0.175 0.145 
5 Correlated response to selection      

 Magnitude in unit of Procrustes distances 1.423 4.745 0.457 0.311 0.249 
 

The widening and lengthening of the head region also alter the mandibular process – it may help the 
major worker ants for defense and foraging purposes and other nest-building function aspects. The 
primary function of a minor worker ant is brood care, so that purposes the mandibular process is not 
much expanded; it moves to the reduced state condition (Babu et al., 2011). 

Finally, we can conclude that the ecological specification in many taxa is correlated with the head 
and its muscle structures, mostly, but not limited to, feeding functions. Therefore, head structural 
divergence in major and minor workers likely due to differences in colony tasks (Smith 1987; Mertl & 
Traniello, 2009). Castes are a more dynamic product of adaptive evolution (Powell et al., 2020). From 
this perspective, weaver ant showed different selection responses. The quantitative genetic study of 
shape selection response would provide new insights into the genetic base of adaptive alteration and 
the underlying nature of morphological structures. Highly altered and conserved regions in 
symmetrical body structures and their heritability level study will help to explore the speciation and 
diversification of morphological polyphenism. Genetic level alterations and their related morphological 
variations as well as shape and size heritability can be easily studied by using a multivariate 
quantitative genetic analysis (Klingenberg et al., 2001; Klingenberg & Leamy, 2001a, 2001b).  

There is no detectable shape and size phylogenetic signal in the females of O. smaragdina. These 
findings supported the divergent evolution of the symmetrical body shape of the caste system, and the 
architectural morphological complexity of each system (caste) was separately derived (and also the 
presence of some degree of homoplasy). This kind of phenomenon was observed in Drosophila 
melanogaster subgroup - sexual shape dimorphism, lack of a detectable phylogenetic signal may result 
from a selection of a phylogenetic structure that is dominated or instead, maybe the result of 
spontaneous random drift evolution (combination with speciation and founder effects) (Gidaszewski et 
al., 2009). A strong phylogenetic signal means that closely related species are more similar in shape 
than in structure (morphological architecture) in distally related species. In other words, closely related 
species should share the same morphometric space, whereas more remote species should be located in 
different and potentially remote locations. In contrast, data lacking a phylogenetic signal have a 
tendency to result in more pronounced shape changes on the phylogenetic branches because closely 
related species are predicted to be equally distant from one another as remotely related species. A 
strong phylogenetic signal is expected to result in a significantly smaller amount of change on the 
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entire tree than it would in the absence of one (Klingenberg & Gidaszewski, 2010). The evolutionary 
heterogeneity makes ant phylogeny very complex and challenging to recognize or to decode the tree 
root features. The overall morphology (advanced morphometric tool-based) analysis helps to better 
understand the relationship between fossils and current taxa and makes them more effective in dating 
divergence, but also provides a pragmatic structure to classify living organisms. Better morphological 
characterization of species and higher taxa helps to investigate consistency in habitats and shapes 
(Ward, 2014). Ant body size can evolve faster than body shape. Many species (Stanley & Yang, 1987; 
Clyde & Gingerich, 1994; Hunt, 2007; Wood et al., 2007; Dzeverin, 2008) have been found with similar 
size and shape variations and they are often interpreted as a sign that size will tend to be more 
evolutionarily labile (Stanley, 1979). Organisms can undergo an evolutionary transition by altering the 
axis of their size, which entails altering their allometry, such as whether it is positively or negatively 
allometric or, isometric axis (Marroig & Cheverud, 2005 & 2010). This strategy might operate in 
colonies so that the morphological variability can be accomplished by adjusting the size of the body 
(allometry) rather than modifying the shape (Pie & Tscha, 2013). Unusual triphasic allometry is 
exhibited by Asian weaver ants (Wilson, 1953), so changes in allometry affect their morphological 
structure and may make it easier for them to carry out colony tasks (Mahima et al., 2021). 

This is the first study report explaining the shape heritability of the female caste system in the 
Asian weaver ant. The shape and size inheritance of the queen and workers (major and minor) castes 
were revealed in this study. We tracked each caste's morphological functional divergence using 
quantitative genetic analysis. The widened head, well-developed mouthparts, and thoracic regions are 
highly heritable traits of major worker ants that indicate function adaption of the major workers and 
these morphological characters help to perform outdoor tasks (i.e., foraging and defense). Long and 
slender body features are highly heritable traits in minor worker ants that are modulated for indoor 
tasks, especially for maintaining the brood. It's interesting to note that the major heritable traits in 
queens are well-developed thorax and abdomen, which indicate the ability to fly and to produce 
offspring, respectively. According to the results of the phylogenetic signal analysis, all shape and size 
characteristics of each caste are influenced by environmental factors rather than by evolutionary 
factors. In the phylogeny analysis, we also revealed that, minor workers showed a closer relationship 
with queen than major worker. It indicated the morphological divergence and evolution of eusocial 
organization in Asian weaver ants. Our research indicates that Asian weaver ants have a high degree of 
environmental adaptability because environmental factors control the changes in their size and shape. 
This peculiar characteristic was the main factor in the Asian weaver ants' global distribution. We 
deduced from the study that Asian weaver ants had caste-specific shape and size variations, and these 
variations were influenced/modulated by their functional activities. 
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) Oecophylla smaragdina )Hymenoptera, Formicidae بافنده آسیایی، مورچه سازگاري  ختیر يآشکارساز
 یوابسته به نظام اجتماع یکم کیو ژنت یاسشواهد تبارشن لیو تحل هیتجزمبتنی بر 
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ویژه در  تشکیل نظام اجتماعی در حشرات و واگرایی ریختی ناشی از آن، به :چکیـده
ا هنوز به خوبی مطالعه نشده است. با این حال، اهمیت تلفیق ژنتیک و تکوین بر ه همورچ

هاي انتخاب  فرگشت موضوعی مورد مناقشه است. در این تحقیق، سعی کردیم تا واکنش
ژنتیکی کمی، شواهد تبارشناسی و منشا فرگشتی طبقه افراد ماده (ملکه، کارگرهاي 

 اي آروارهیش پهنا و درازاي ناحیه سر و زواید کوچک و بزرگ) را رمزگشایی کنیم. افزا
توسعه یافته، بارزترین خصوصیات توارثی یافت شده در کارگرهاي بزرگ هستند. فرض بر 

ها براي دفاع،  به این افراد مورچهفرگشت و توارثی  این گرفته شد که این خصوصیات بی
. اما در کارگرهاي کنند سازي کمک می فرایند جستجوي غذا و دیگر عملکردهاي لانه

اي تحلیل رفته، بیشتر جنبه توارثی دارند. در مقایسه با  کوچک، سر کوچک و زواید آرواره
فرگشت و توارثی بیشتر در ناحیه سینه و شکم  افراد کارگر، در مورچه ملکه خصوصیت بی

بزرگ حشره، قابل تشخیص است. جالب توجه است که هیچ شواهد تبارشناسی در بین 
توان  اده جمعیت مورچه بافنده آسیایی قابل شناسایی نبود. بر این اساس میافراد م

استدلال نمود که توسعه نظام اجتماعی و واگرایی ریختی، پدیده حفظ شده فرگشتی 
اند. بر اساس نتایج این تحقیق، به این نتیجه  نبوده و طی فرایندهاي محیطی انسجام یافته
ل و اندازه مرتبط با طبقه اجتماعی، صفات رسیدیم که خصوصیات ریختی شامل شک

 فرگشت بوده و از ترجیح این حشرات در انتخاب آشیان اکوژیک منتج شده است.  بی

سنجی هندسی، شواهد تبارشناسی، خصوصیات توارثی، واگرایی،  ریخت واژگـان کلیدي:
 .نظام اجتماعیهاي بافنده،  مورچه
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