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Single-piece nesting termites live and forage in the same piece of wood throughout their life, which limit their colony size. In certain species, more than one colony thrive in a given piece of wood (multicolonial substrate) and intraspecific competition become important in this limited resource, as has been reported in Zootermopsis nevadensis (Hagen, 1858) and Neotermes chilensis (Blattodea: Kalotermitidae) (Blanchard, 1851). The effects of such competition have been described mainly at population and colony levels rather than at the individual level. In eusocial insects such as termites, intraspecific competition constitutes a stress factor imposed to a colony as a whole and should also cause developmental instability in soldiers produced under such conditions. Investment in the production of soldiers involves a trade-off between colony maintenance costs and defense benefits. Hence, we hypothesize that body size and fluctuating asymmetry, two indicators of developmental instability, will increase when two or more colonies of N. chilensis share a piece of wood (high intraspecific competition scenario). Our results showed that soldiers developing in multicolonial substrates were indeed larger and more asymmetric than soldiers developing in unicolonial substrates. The large body size in a soldier could improve its chance to win a physical contest with a non-nestmate opponent; thus, despite the high cost to produce large soldiers in small colonies, larger soldier production could be an adaptative strategy to avoid being outcompeted. However, the effects of deviations from perfect symmetry on soldier performance are not clear.
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INTRODUCTION

Intraspecific competition studies in social insects have focused mainly at the colony level (Passera et al., 1996; Thomas et al., 2005; Sanada-Morimura et al., 2006; Cronin et al., 2012; Lloyd and Poulin, 2014; Blight et al., 2016) and at the population level (Holway et al., 1998; Adams and Tschinkel, 2001; Korb and Linsenmair, 2001; Boulay et al., 2007; Grohmann et al., 2010; Bourguignon et al., 2011; Perdereau et al., 2011; Tsuji, 2013; Pringle and Tarnita, 2017); however, the effects of intraspecific competition at the individual level are poorly studied.

Termites are eusocial species that live in colonies organized into three castes (Thorne, 1996; Korb and Hartfelder, 2008; Eggleton, 2011): (i) primary reproductives involved in reproduction, (ii) soldiers involved in defense against intruders, and (iii) true workers (or pseudergates) involved in nest keeping and taking care of juveniles and other castes and also, together with soldiers, in defense. Mandibles of termite soldiers are morphologically adapted to defense (Scholtz et al., 2008); hence, soldiers are unable to feed themselves and they depend on pseudergates or workers for survival (Haverty, 1977; Henderson, 1998). Consequently, investment in the production of soldiers involves a trade-off between colony maintenance costs and defense benefits (Noirot, 1989; Chouvenc et al., 2015). Pseudergates are undifferentiated and totipotent individuals who may develop into other castes such as soldiers or primary reproductives, or they may spend their whole life as pseudergates, depending on environmental conditions (Ogino et al., 1993; Roisin and Korb, 2011). Thus, environmental factors such as colony conditions (colony size, reproductive status, caste ratio, resource availability, etc.), temperature and seasonality significantly affect hormone and gene expressions (Scharf et al., 2007; Miura and Scharf, 2011) which trigger the differentiation from pseudergate to presoldier instar. This process may also be enhanced by ecological factors such as inter and/or intraspecific competition as a form of induced defense at the colony level (Passera et al., 1996; Aguilera-Olivares et al., 2017).

Termite species may be classified according to their nesting behavior in two main categories: separate-piece nesting termites, where foraging substrates and nesting substrate are different; and single-piece nesting termites, who spent their whole life in the same piece of wood (Abe, 1991; Shellman-Reeve, 1997). The colonies of separate-piece nesting termites are composed commonly by true workers and their size ranges from thousands to millions of individuals who can forage and move for thousands of square meters. On the other hand, colonies of single-piece nesting termites are characterized by the presence of pseudergates and colony size (usually no larger than a few thousand individuals) is limited by the volume of the piece of wood where they thrive (Abe, 1991; Shellman-Reeve, 1997; Korb and Hartfelder, 2008; Mizumoto and Bourguignon, 2021). If several colonies of single-piece nesting termites share the same substrate, inter and/or intra-specific competition is expected to occur, particularly when nesting resources become limited (Thorne et al., 2003; Ripa and Luppichini, 2004; Amarillo-Suárez et al., 2011).

Neotermes chilensis (Blattodea: Kalortermitidae) (Blanchard, 1851) is a single-piece nesting termite (i.e., it completes its life cycle within a finite resource) which uses dry scapes (stems of inflorescences) of the bromeliads Puya alpestris ssp. zoellneri [ex P. berteroniana—Zizka et al. (2013)] and P. chilensis (Molina, 1782) among its hosts (Aguilera-Olivares et al., 2015). In previous work at the same study site (Aguilera-Olivares et al., 2017), we reported that about half of the scapes were occupied by a single colony (unicolonial substrates) and the other half contained between 2 and 9 colonies (multicolonial substrates). Additionally, we observed galleries interconnecting two colonies within a scape which had been blocked with sawdust, probably following an agonistic interaction. Under this intraspecific competition scenario, the soldiers/non-soldiers ratio significantly increased. This implies that colonies exposed to competition have an inherently higher cost due to the increased production and maintenance of soldiers, and since resources are finite in this termite, an increased developmental stress is imposed on these soldiers. N. chilensis stands as an interesting species to study the effect of intraspecific competition in an eusocial insect because: 1) it lives on a limited resource; 2) it is not able to move to another resource, so it must compete when the nesting substrate is shared with other colonies; 3) due to low colony sizes (no more than 500 individuals) it is easier to study than other termite species with typical colony sizes in the thousands to millions of individuals; and 4) about 90% of individuals inside a colony are pseudergates, i.e. totipotential individuals which could develop as soldiers, alates or remain as pseudergates their whole life according environmental signals. Moreover, the soldier caste of N. chilensis appears as particularly relevant in terms of intraspecific competition at the individual level, especially the consequences of stress during development.

Developmental stability is the ability of an organism to produce its developmentally programed phenotype despite epigenetic perturbations; contrastingly, developmental instability occurs when an organism is unable to buffer those perturbations (Markow, 1995). In species with symmetric morphological traits, the developmentally programed phenotype is one with perfect symmetry of such traits; and any random deviations from this symmetry on individuals inside a population leads to fluctuating asymmetry (Palmer, 1994; Graham et al., 2010). These deviations may be associated with genetic stress such as hybridization (Graham and Felley, 1985; Handy et al., 2004), and with environmental stress such as food limitation (Swaddle and Witter, 1994), heat shock (Hosken et al., 2000), and intraspecific competition (Witter and Swaddle, 1994). In insects, there is evidence that high levels of larval density constitute an environmental stressor inducing fluctuating asymmetry (Clarke and McKenzie, 1992; Gibbs and Breuker, 2006; Beasley et al., 2013), which may be caused by the effects of intraspecific competition due to a reduction of food availability (Hunt and Allen, 2000). Nevertheless, the effect on fluctuating asymmetry of another scenario of intraspecific competition caused by a restriction in the use of a nesting substrate, as occurs when two or more insect colonies share the same nest, has not been assessed.

On the other hand, body size is a life-history trait which has been used in insects as an indicator of developmental stress (Warren et al., 2006; Couret and Benedict, 2014). Thus, the effect of factors such as altitude (Cushman et al., 1993; Smith et al., 2007; Hoiss et al., 2012), temperature (Bochdanovits and De Jong, 2003), and competition (Heinrich, 1993; Warren et al., 2006; Amarillo-Suárez et al., 2011; Wills et al., 2014; Korallo-Vinarskaya et al., 2015) during insect development are important predictors of body size outcome. When interference competition occurs, body size generally determines who will dominate the resources; thus, larger individuals are frequently more successful than smaller ones (Heinrich and Bartholomew, 1979; Otronen, 1988; Heinrich, 1993; Zobel and Paxton, 2007; Bespalova and Helms, 2014). In termites, significantly higher fluctuating asymmetry has been detected in soldiers of Coptotermes formosanus Shiraki, which develop within incipient colonies (instable and stressful scenario) in comparison with soldiers which develop within mature colonies (more stable environment) (Chouvenc et al., 2014a). Furthermore, studies in three Reticulitermes (R. speratus, R. virginicus, and R. flavipes) and two Cryptotermes (C. secundus and C. domesticus) termite species have shown increased female-to-male ratio because female soldiers are larger than male soldiers and thus have a better chance to win in a physical encounter (Matsuura, 2006; Muller and Korb, 2008). In summary, intraspecific competition is a stressful scenario for termite colonies which could affect body size and symmetry properties of developing individuals and hence their performance.

The aim of this work was to study the effects of intraspecific competition at the individual level in an eusocial insect. If competition in the context of finite resources induces colonies to invest in larger and/or more numerous soldiers, it would directly impose a developmental stress on these individuals. We hypothesized that soldiers of N. chilensis developing in colonies that share a nesting resource with other colonies (high intraspecific competition scenario) would show significantly higher values of fluctuating asymmetry and they would be larger than soldiers whose colonies occur singly within a nesting resource (low intraspecific competition scenario).



MATERIALS AND METHODS


Species and Study Area

N. chilensis is an endemic termite from Chile distributed between 26 and 33.5°S (Ripa and Luppichini, 2004). The study area (Las Chilcas: 32°52′S; 70°52′W) is located within the sclerophyllous shrub community of central Chile (Gajardo, 1994) whose predominant species are Adesmia arborea Bert. ex Savi (Fabaceae), Colliguaya odorifera Mol. (Euphorbiaceae), Echinopsis chiloensis (Colla) H. Friedrich and G.D. Rowley (Cactaceae), Puya chilensis and P. alpestris ssp. zoellneri (Bromeliaceae). In the study area, N. chilensis builds its nests inside the dry scapes of P. alpestris ssp. zoellneri, with colonies containing up to 500 individuals and it is the only termite species present. Scapes were severed from the rest of the plant, brought to the laboratory in Santiago after being enclosed within a mesh to avoid loss of individuals, and maintained in a breeding room at 16±1°C under darkness for a maximum of 2 weeks until they were dissected.



Collection of Samples

A total of sixteen scapes of P. alpestris ssp. zoellneri were dissected and the number of colonies and of soldiers and non-soldiers were recorded. Eighteen colonies and fifty-three individuals in total were used in this study. Individuals collected were stored in 70% v/v alcohol. Multicolonial soldiers: five scapes had 2 or 3 colonies (mean ± sem: 2.75 ± 0.25 colonies per scape) some of which had soldiers (6.14 ± 1.62 soldiers per colony). A total of seven colonies from multicolonial substrates with 29–178 individuals (104.71 ± 23.3 individuals per colony) were used in the study. The analysis included 22 multicolonial soldiers (2–5 soldiers were extracted from each colony, 3.14 ± 0.46). Unicolonial soldiers: 11 scapes had a unique colony. In these scapes, colony size ranged from 48 to 492 individuals (136.1 ± 38.4 individuals per colony) and all had soldiers (7.91 ± 2.07 soldiers per colony). All the 11 colonies in unicolonial substrates were used in the study. The analysis included 31 unicolonial soldiers (2–4 soldiers were extracted from each colony, 2.82 ± 0.18).



Measurement of Traits

Since termites have a non-quitinized abdomen, body size changes dramatically with hydration level. Hence, only quitinized traits were used (17 in total) to estimate body size (Muller and Korb, 2008; Johnson et al., 2011): six mandibular, seven head and four thoracic traits (described in Table 1 and Figures 1A–E). On the other hand, the left and the right side of four traits were used to assess developmental instability through fluctuating asymmetry (Table 1 and Figure 1C). One photograph was taken of each trait for body size estimation and one photograph was taken of each side of traits selected for the fluctuating asymmetry study. An Olympus® Trinocular Stereo Zoom Microscope Model SZ61 was used with an integrated MSHOT 30 camera; the zoom used for each trait is given in Table 1. Using the software M-shot Digital Imaging System (Micro-shot Technology Co, 2010), the traits were measured in triplicate in three different days to avoid bias and reduce errors.


TABLE 1. Morphological traits used to evaluate body size and fluctuating asymmetry in soldiers of N. chilensis from unicolonial and multicolonial substrates.
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FIGURE 1. Morphological traits used to evaluate body size and fluctuating asymmetry in soldiers of N. chilensis from unicolonial and multicolonial substrates. (A) Ventral view of the head; (B) dorsal view of the head; (C) prothoracic legs; (D) mandibles and (E) dorsal view of the thorax. Abbreviations used are described in Table 1.




Statistical Analyses

All the analyses and graphics were performed and generated using R version 3.4.4 (R Core Team, 2019).


Body Size

A Principal Component Analyses (PCA) was performed with the 17 traits measured using the FactoMineR package (Le et al., 2008) to retrieve a set of principal component variables that explained major differences in soldier morphology. The total contribution of each trait was calculated using the function fviz.contrib, the most contributed traits were selected as explained in Supplementary Figure 1. The principal components that most explained variation in soldier morphology were then used as predictor variables in Generalized Mixed Models (GLMM), in order to test significant differences in body size between soldiers from unicolonial and multicolonial substrates using the glmmTMB package (Magnusson et al., 2017). Coloniality (unicolonial and multicolonial substrates) was the fixed effect and colony size, i.e., the total number of individuals per colony, was the covariate. In order to control the indirect effect of the colony of origin, this parameter was used as the random factor in the models. The significance of the random effect was tested in reduced models. For each model, we assessed residual distribution using the DHARMa package in R (Hartig, 2021).



Fluctuating Asymmetry

The difference between the mean right side and the mean left side of each trait (R-L) was calculated. Following Palmer (1994), the following analyses were performed: (i) normality of the (R-L) distribution was assessed using the Kolmogorov-Smirnov test with Lilliefors correction to discard significant antisymmetry; (ii) significant deviation from zero was tested using a one-sample t-test to discard significant directional asymmetry; (iii) a regression was performed between R-L and trait size to discard size dependence; and (iv) a two-way ANOVA was performed with soldiers and side (triplicate data for each side) as factors to discard measurement error.

In order to assess deviations from perfect symmetry, two fluctuating asymmetry indexes were chosen (Palmer, 1994):


1)FA1= mean | R-L |, calculated for each four of traits in Table 1. We performed a PCA with the four FA1 index values obtained. We performed a GLMM to test significant differences in fluctuating asymmetry between soldiers from unicolonial and multicolonial substrates with PC1 and PC2 as predictor variables, similar to body size analyses described above.

2)FA10 = σ2, which gives an estimate of the variance between right and left sides after removing the effects of measurement errors and possible directional asymmetry. Thus, from the result of the two-way ANOVA mentioned above, the mean square of the interaction (MSint), mean square of the error (MSerror), number of replicates (Nr), number of soldiers (Ni), and number of sides (Ns) were used to calculate the variance ([image: image]) for each trait (Equation 1) and their approximate degrees of freedom (Equation 2):
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RESULTS


Body Size Analysis

Our preliminary PCA showed that the variation in morphology between soldiers from unicolonial and multicolonial substrates was mainly explained by 10 traits (RMA, RMP, IDR, PnW, PnL, LMA, HP, HA, HMxW, and HL) (Supplementary Figure 1A and Supplementary Table 1). These traits were selected and a second PCA was run, in which the first two principal components explained 77% of total variance of soldier morphology (Supplementary Figure 1B and Supplementary Table 2). The first principal component (PC1) was named “head scores” because head variables (head area, head perimeter, head length, and head maximum width) were the most contributory variables (51.6%) to this component (Supplementary Figure 1B and Supplementary Table 2). These variables showed strong positive correlations with this component (correlation coefficients from 0.81 to 0.90—Supplementary Table 2). High values of PC1 represent soldiers with larger heads. The second axis (PC2) was the “mandible and head scores” because mandible traits (right mandible perimeter, right mandible area, interdental distance 1–2 right) and a head trait (head length) were the most contributory variables (67.11%) to this component (Supplementary Figure 1B and Supplementary Table 2). These variables showed positive correlation with mandibular traits (correlation coefficients from 0.45 to 0.70 for RMP—Supplementary Table 2) and a negative correlation with the head trait (correlation coefficient −0.44—Supplementary Table 2). The GLMM on PC1 showed that soldiers from multicolonial substrates had larger heads than soldiers from unicolonial substrates (z = −2.59; p = 0.009) (Figure 2 and Table 2). It was also found that colony size had a significant positive effect on head traits (z = 3.49; p < 0.002) but did not have a significant effect on the second principal component (Table 2). Similar results were obtained when the random effect was excluded from the models (Table 2). No significant deviations from model assumptions were detected (Supplementary Figure 3A).


[image: image]

FIGURE 2. Soldiers’ head (A) and mandible/head (B) components among soldiers from multicolonial and unicolonial substrates. In the plot, the modeled means are represented by large circles, bars are the modeled 95% confidence intervals, and the model-adjusted individual response values are represented by the small dots. Metric scores were obtained from PCA of body size metrics. P-values indicate significance at p < 0.05.



TABLE 2. Fixed effects of the GLMM analyses for body size metrics (green shadow) and fluctuating asymmetric indexes 1 (FA1) (purple shadow) of soldiers of N. chilensis from multicolonial and unicolonial substrates.
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Fluctuating Asymmetry Analysis

Preliminary tests showed non-significant antisymmetry (Supplementary Table 3), non-significant directional asymmetry (Supplementary Table 4), non-significant dependence of the trait on size (Supplementary Table 4); and non-significant measurement errors (Supplementary Table 5) in the four traits analyzed.

The first principal component (PC1) explained the 36.2% of variation among soldiers. Since prothoracic femur area, prothoracic femur length and prothoracic femur width FA1 index values had the highest factor scores for this principal component (Supplementary Table 6), we named it “prothoracic femur” component (Supplementary Figure 2). The second principal component (PC2) explained the 27.7% of variation among soldiers and prothoracic tibia length FA1 index values had the highest factor score (Supplementary Table 6); hence, this principal component was named “prothoracic tibia” (Supplementary Figure 2). GLMM showed that soldiers from multicolonial substrates had significantly higher fluctuating asymmetry indexes than soldiers from unicolonial substrates in prothoracic femur component (z = −2.22; p = 0.027); however, non-significant differences (z = 1.57; p = 0.117) were found in the prothoracic tibia component (Table 2 and Figure 3). Colony size had non-significant effect on both components (Table 2). Similar results were obtained when no random factors were included in the model (Table 2). No significant deviations from model assumptions were detected (Supplementary Figure 3B).
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FIGURE 3. Soldiers’ prothoracic femur (A) and prothoracic tibia (B) principal components from FA1 indexes among soldiers from multicolonial and unicolonial substrates. In the plot, the modeled means are represented by large circles, bars are the modeled 95% confidence intervals of each mean, and the model-adjusted individual response values are represented by the small dots. Scores were obtained from PCA of fluctuating asymmetry indexes (FA1). P-values indicate significance at p < 0.05.


Finally, the FA10 index showed a significantly more fluctuating asymmetry in soldiers from multicolonial substrates than in soldiers from unicolonial substrates in all femur traits (Table 3).


TABLE 3. Fluctuating asymmetry index 10 (FA10) of four morphological traits of soldiers of N. chilensis from multicolonial and unicolonial substrates.
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DISCUSSION

Many abiotic and biotic factors may affect the normal ontogenetic development of insects (Palmer, 1994; Markow, 1995; Graham et al., 2010; Couret and Benedict, 2014). In this work, termite colonies were collected from a common site; hence, those present in unicolonial and multicolonial substrates were exposed to the same abiotic factors. Additionally, N. chilensis was the only termite species present in the study site and N. chilensis termites were the only insects found inside the scapes. Hence, intraspecific competition operating on a termite colony as a whole is expected to be the most important stress factor that may differentially affect unicolonial and multicolonial soldier individual development. All the indexes and analyses used in this work showed significantly higher levels of fluctuating asymmetry in soldiers developed in multicolonial substrates than soldiers developed in unicolonial substrates. Thus, our results showed that the presence of neighboring colonies generated developmental instability in soldier differentiation from pseudergates.

When two or more colonies share a nesting substrate, several scenarios could follow, e.g., their galleries could meet and colonies could fuse, they could fight against each other with the possible consequence of the elimination of one of them, or they could avoid each other. In exotic invasive species, nestmate recognition mechanisms generally fail because genetic diversity in the population is low and relatedness among nestmates is high. This may lead to colony fusion, as has been shown in termites (Perdereau et al., 2010, 2011; Lee et al., 2019) and ants (Holway et al., 1998; Eyer et al., 2018). On the other hand, in native species, where genetic diversity in the population is high and relatedness between colonies is low, colony fusion is rare (Shelton and Grace, 1996; Deheer and Vargo, 2004; Smith et al., 2012). In the population of the native species N. chilensis under study, the mean relatedness of nestmate pairs was shown to be 0.465 ± 0.0085 (mean ± sem), corresponding closely to that expected for full siblings (r = 0.50) and the relatedness between non-nestmate pairs was close to zero (Aguilera-Olivares et al., 2015). This suggests that if two or more colonies meet within the nesting substrate, colony fusion would be rare or inexistent. In fact, nestmate recognition was reported in N. chilensis, soldiers being more aggressive toward non-nestmates than toward nestmates from different castes (Aguilera-Olivares et al., 2016a,b). These observations suggest that individuals from two colonies of N. chilensis within a scape either fight and eliminate opponent colonies or avoid them. Additionally, the colony of origin had a very slight if any effect when its inclusion or exclusion as random factor was considered in the models; thus, despite the fact that individuals inside a colony of N. chilensis are closely related, there is enough variation among soldiers to be considered independent samples, suggesting that the response to intraspecific competition in our analyses is independent of their degree of relatedness.

Body size is a life-history trait that has been used in insects as an indicator of developmental stress (Warren et al., 2006; Couret and Benedict, 2014). Intraspecific competition as a stress factor has been described in literature (Heinrich, 1993; Warren et al., 2006; Amarillo-Suárez et al., 2011; Wills et al., 2014; Korallo-Vinarskaya et al., 2015). In territorial species where interference competition occurs with physical encounters displayed, larger individuals have better chances to win a fight and monopolize resources than smaller individuals (Price et al., 2011; Bespalova and Helms, 2014; Holland et al., 2021). In our study, we demonstrated that soldiers from multicolonial substrates had significantly larger heads than those from unicolonial substrates, strongly suggesting that in a competitive scenario, colonies produce larger soldiers which increase the chance to win fights and monopolize resources. Furthermore, Muller and Korb (2008) showed that females of Zootermopsis nevadensis (Hagen, 1858), a single-piece nesting termite, develop more often into soldiers than males because they are significantly larger, which is an advantage when blocking holes/galleries or fighting with other individuals (Zobel and Paxton, 2007). In our work, quitinized traits of N. chilensis that showed differences in size between uni- and multicolonial substrates are closely related to defensive tasks. Thus, head traits (head area, head perimeter, head length, and head maximum width) could be related to the blocking of galleries with the head and to more developed muscles to produce stronger bites (Bespalova and Helms, 2014). When the scape used by two or more colonies is depleted and the tunnels dug by members of different colonies finally meet, all of these traits could improve the chance to win a fight in a hypothetical scenario of interference intraspecific competition (Heinrich and Bartholomew, 1979; Otronen, 1988; Heinrich, 1993; Zobel and Paxton, 2007; Bespalova and Helms, 2014).

Soldiers totally depend on workers or pseudergates for survival (Haverty, 1977; Henderson, 1998); thus, the soldier production represent a trade-off at colony level between benefits (colony defense) and costs (investment in soldier nurturing) (Noirot, 1989; Chouvenc et al., 2015). Additionally, in incipient colonies some larvae must develops into soldiers instead of workers in order to maintain a relatively stable soldier proportion, which could have consequences in colony growth as a result of a reduction of worker number (Chouvenc et al., 2015). In Coptotermes species, a subterranean and separate-piece nesting termite, incipient colonies with low numbers of workers and hence a reduced nurturing capacity produce smaller and more asymmetric soldiers (i.e., low quality soldiers produced at low cost) as an strategy to keep a stable caste ratio which produces a delay on the growth of colonies (Chouvenc and Su, 2014b; Chouvenc et al., 2015, 2017); while soldiers from mature colonies which contain high number of workers and hence exhibit high nurturing capacity, are larger and symmetric (high quality soldiers produced at high cost) (Chouvenc and Su, 2014b; Chouvenc et al., 2017). In single-piece nesting termites, such as N. chilensis, colony survival is directly related with its capacity to get and defend resources; thus, despite the high cost to produce large soldiers in small colonies, larger soldier production could be an adaptative strategy to avoid being outcompeted.



CONCLUSION

This study shows for first time the effect of intraspecific competition at the individual level in an eusocial insect. Soldiers of N. chilensis which developed from pseudergates in a high intraspecific competition scenario (multicolonial substrates) were larger and exhibited more asymmetric traits than soldiers which developed in a low intraspecific competition scenario (unicolonial substrates). While the large body size in a soldier could improve its chance to win a physical contest with a non-nestmate opponent, the effects of deviations from perfect symmetry on soldier performance are not clear. In single-piece nesting termites, such as N. chilensis, colony survival is directly related with its capacity to get and defend resources; thus, despite the high cost to produce large soldiers in small colonies, larger soldier production could be an adaptative strategy to avoid being outcompeted. Having shown the effects of intraspecific competition on body size and asymmetry of soldiers, it would be interesting to test the fitness consequences of larger body size and fluctuating asymmetry in soldiers of N. chilensis and its consequences for colony life. Additionally, the effects could be tested in other single-piece nesting termites such as the worldwide distributed (except in Asia) Cryptotermes brevis (Walker, 1853) and in Z. nevadensis, where multicolonial substrates have been reported.
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