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The first workers produced by an ant queen with a claustral founding mode are much smaller than the workers after the
second generation and are thus called “nanitics.” These nanitics shoulder the initial fate of the colony and thus may be different
morphometric morph from the other workers inmature colony to optimize the survival of their own colony.We report here that, in
the antCamponotus obscuripesMayr, the allometric rules of the nanitics are different from those of otherworkers inmature colonies,
suggesting that the nanitics constitute an independent caste as with soldiers or queens in other species. In addition, the antennae
of the nanitics show the minimum absolute length-difference with the mother queen compared to the other traits measured. This
result suggests that this small size difference enables C. obscuripes nanitics to communicate with the other members of the colony.
Our results indicate that polymorphic societies affect the growth rules of workers.

1. Introduction

Many ant species show the claustral nest-founding mode, in
which a dealated queen produces a few 1st workers using only
the reserved nutrition in her body [1–3]. Eclosed 1st workers
are much smaller than the workers after the 2nd generation
and are thus called “nanitics” [2]. The nanitics are special
workers that shoulder the fate of the colony. Since the amount
of resources that can be invested into the production of the
nanitics is limited to the stored nutrients in the queen’s body,
a trade-off between size and numbers is expected to occur
among the nanitics produced by a queen [4]. In fact, this
trade-off has been detected in the nanitics of themonogynous
ant Camponotus japonicus Mayr, 1866 [5]. A previous study

showed that there is a negative correlation between the
number and the size of the naniticswhen a queen’s investment
into them was controlled statistically [5]. Therefore, the
nanitics are assumed to be under strict constraints in terms
of their development to maintain the optimal relationship
between size and number.This suggests that the nanitics may
have different growth rules relating morphological traits to
body size compared with other workers in mature colonies.

From the analysis of the slope and the intercept of this
equation, we can determine the growth rules of the traits. In
some cases, the allometric rule of a trait changes with body
size, namely, a morphological polymorphism. For example,
males of a stag beetle, Prosopocoilus inclinatus (Motschulsky,
1857), show a dimorphism in the mandible size to the body
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size [6]. The male mandible of stag beetles is a special organ
used to fight with other males, and the two morphs adopt
different reproductive strategies [7, 8].Thus, the growth rules
are affected by the ecology of the focal organism.

In ants, worker polymorphisms are classified into five
types, that is, monomorphism,monophasic allometry, dipha-
sic allometry, triphasic allometry, and complete dimorphism
[9]. A species showing distinctive polymorphisms has more
than one worker-morph, each of which has a different
allometric rule for some traits, for example, the small normal
workers and the soldiers with a huge head in species of
the ant genus Pheidole [complete dimorphism [10]]. In this
distinct polymorphism, each caste has a different allometric
rule for some trait (e.g., the head of workers in Atta spp.).
In this type, the allometric line has one (or more) inflection
point(s), meaning that there is more than one morph, each
of which has a different allometric rule [9, 11]. Another
type is monophasic allometry, in which the size of workers
varies considerably within a colony, but the allometric rule is
represented by a simple linear regression, with Camponotus
obscuripesMayr 1879 belonging to this type [12].

In a monophasic allometric ant, Solenopsis invicta Buren,
1972, allometric rules have been shown to differ depending on
the colony size or the social form (monogyny or polygyny)
[13]. In S. invicta, the allometric equation of the ratio of
the antennae/body size to the body length has a negative
slope [13]. In our interpretation, this result suggests that the
antennae of S. invicta are under a constraint in terms of
their absolute length, likely because the ants communicate
with other colony members by physical contacts with the
antennae, and thus, communicationmay occur only between
workers with antennae of a similar length.

We generalized two hypotheses to be tested from this
consideration; (1) antennae are the smallest divergent trait
between small and large individuals in an ant species, and (2)
nanitics may have different allometric rules for several traits
(especially for antennae) comparing with workers in mature
colonies, meaning that nanitics are a distinct morphological
caste as with soldiers in the complete dimorphic species.

In this study, we tested these hypotheses using a
monophasic allometric ant, C. obscuripes. We compared the
allometric rules for several traits of the nanitics and workers
in mature colonies. In addition, we checked the degree of the
difference in absolute length for examined traits between the
nanitics and their mother queens. Based on the results, we
tested the above hypotheses and will discuss how the social
lives of ants affect the morphological growth rules of workers
belonging to different generations.

2. Materials and Methods

2.1. Study Organisms. We examined amonophasic allometric
ant, Camponotus obscuripes. Eighteen incipient colonies were
obtained (see below). Each individual was separated into the
head, thorax, right-side legs, and abdomen.These body parts
were fixed to a glass slide using an adhesive agent and were
dried at 60∘C for 3 days before the measurements. All the

measured traits are exoskeleton parts, and thus, the drying
did not shrink the sizes of the traits.

The allometric rules of the workers in mature colonies
were examined using a sample from a mature colony from
Niigata Pref., Japan. Thirty-three workers that covered the
full size range of the colony were prepared as described in
the previous paragraph. All the individual body parts were
photographed with a scale bar (10mm) using a digital camera
(WRAYCAM-NF300,WRAYMER,Osaka, Japan) attached to
a binocular microscope (SZH, OLYMPUS, Tokyo, Japan).

In autumn 2016, eighteen incipient colonies (including a
queen and a few nanitics) of C. obscuripes were bought from
an online insect shop (the Ant-Room; http://www.antroom
.jp/about.php). All the queens were collected in the summer
of 2016 in Hachioji, Tokyo, Japan.

2.2. Morphological Measurements. We measured several
morphological traits of all the individuals (see Figure 1;
head width (HW), head length (HL), thorax length (TL),
pronotum length (PN), length of right forefemur (FF), fore-
tibia (FT), midfemur (MF), midtibia (MT), hindfemur (HF),
hindtibia (HT), width of posterior end of 1st segment of
abdomen (AW), and lengths of the left antennal scape (AS)
and the antennal funiculus (AF)) to 0.001mm using a free-
ware (ImageJ, ver. 1.45) on the digital photographs. For the
mature colony, we selected 33 workers that covered the full
size range of the sample. For the incipient colonies, we
measured 18 queens and a total of 78 nanitics (2 to 7 nanitics
per queen).

First, we conducted a principal component analysis of the
workers in the mature colony to determine the index of body
size. As the antennae are focal objectives, we removed AS
and AF from this analysis. Relationships of growth among
organs are represented by the allometric rules between two
traits [14]. In an allometric analysis, a trait is selected as
the index of body size (for the selection method, see [15],
pp 203–205), and the regression of other traits on the body
size is calculated using the log-transformed data. The trait
that is the most isometric with the principal component 1 is
used as the index of body size (see [15], pp 203–205). AW
was selected as the index of body size. Then, we calculated
allometric equations for the remaining traits based on AW
for the nanitics, the workers in the mature colonies, and the
queens using log-transformed data. Then, linear regression
equations were calculated for each class. The slopes and the
intercepts of the two allometric equations for each trait pair
were compared within the 3 classes using ANCOVA.

Second, we compared the absolute sizes of each trait
between the queen and her nanitics as (the worker’s
length)/(the queen’s length) to determine which trait shows
the lowest size difference between the queens and the nanitics.
Using the 76 data points for each trait, we compared each
pair of traits for significant differences between the two traits
using the Wilcoxon matched pairs test. The significance level
was corrected using the Bonferroni correction for multiple
comparisons. In addition, we calculated the same ratios for
the workers in the mature colony between the largest and
smallest workers (in AW).

http://www.antroom.jp/about.php
http://www.antroom.jp/about.php
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Figure 1: The traits measured.

3. Results

First, there is no significant correlation between the sizes
of the same trait of the queens and her nanitics for all the
measured traits (Pearson’s correlation coefficient; for all the
traits, 𝑝 > 0.05), meaning that we can treat each nanitic’s data
as an independent data point because these results showed
that there is no phenotypic correlation between the mother
queen and her nanitics. Probably, the expected genetic
correlation has been covered by differences in nutritional
condition among queens because sizes of nanitics have shown
to be affected by the initial amount of resources stored in their
queen [5]. Thus, we combined all the data for the incipient
colonies for the statistical analyses.

Figure 2 shows the allometric relationships for each trait
in each class (nanitics, workers in a mature colony, and
queens). In several traits, there is a difference in the allometric
slopes between the nanitics and the other workers (i.e., HW,
HL, TL, FF, FT, and MF); the differences are significant
after the Bonferroni correction for multiple comparisons (see
Figure 2). But note that, for AF, there is no difference in the
slopes among the three classes. For the workers in the mature
colonies, only the slope of HW is significantly steeper than
1.0, that is, the monophasic allometry in them. The slopes of
MT, HF, and HT do not differ between the nanitics and the

other workers. In conclusion, the nanitic is a distinct caste
that follows different growth rules from those of the other
workers for several traits.

Figure 3 shows the proportions of a dwarf trait to the
same trait of their mother queen (Figure 3(a)) and those
between the largest and smallest workers in the mature
colony (Figure 3(b)). In the former, AS and AF are the
traits that show the first and second smallest differences in
absolute length compared to the queens.These differences are
still significant after the Bonferroni correction for multiple
comparisons (Figure 3(a)). As a result, the two parts of
antennae (AF and AS) have the lowest differences in length
compared to the queen. Although we could not conduct a
statistical test, this trend is the same for the workers in the
mature colony (Figure 3(b)).

4. Discussion

Our first finding is that the nanitics of C. obscuripesmake up
a distinct morphological caste that has different allometric
rules for several traits from those of the other workers in the
mature colony.The existence of nanitics in claustral founding
ants has been thought to be a cause of their success in the
ecosystem [3]. Because of the limited amount of resources
needed to produce nanitics, a trade-off between size and
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Figure 2: Allometric pattern in each trait for each class (nanitics (left circle), other workers (central squares), and queens (right triangles)).
Significant differences among the classes (the compared class is shown with horizontal black bars) were tested by ANCOVA. The stars (∗)
represent a statistically significant difference in the slopes after Bonferroni correction for multiple comparisons among the classes (the
significance level is 𝑝 = 0.0042 in this case). The fact that the queens are a distinct caste is apparent; the queen class was removed from
the calculations excluding the analysis for AF, in which the allometric slope for the queens is not different from those of the other two classes.

number is expected [4], and a previous study has supported
this hypothesis [5]. Because nanitics shoulder the initial fate
of the colony, their body shape should be strongly constrained
to the optimal growth rule tomaximize colony survival.Thus,
it is not surprising that the nanitics have distinct allometric
rules from those of other workers. Our results demonstrate
this, and we conclude that nanitics of C. obscuripes constitute
a distinct caste from the other workers, like soldiers in species
with the complete dimorphism.

A distinctive allometric pattern among the 3 classes
(nanitics, other workers, and queens) has led us to a con-
clusion that C. obscuripes is a species showing the diphasic

allometry rather than the monophasic allometry as believed
previously [9]. The workers in a mature colony have a simple
linear regression slope in each trait (Figure 2) suggesting they
show themonophasic allometry, but the nanitics show signif-
icantly different slopes for several traits (i.e., HW,HL, TL, PN,
FF, FT, and MF) from the workers in the mature colony (Fig-
ure 2).These results suggest that other ant species showing the
monophasic allometry may be substantially diphasic as with
C. obscuripes. Examinations of allometric rules in nanitics are
needed to confirm this hypothesis.

The diphasic allometry typically found in HW, that is, the
allometric slope, is moderate in the nanitics and the queens
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Figure 3:The ratios of a dwarf ’s trait length to her mother queen’s length of the same trait. (a)The ratio of dwarf to queen traits.The different
letters on the whiskers indicate statistically significant differences after Bonferroni correction for multiple comparisons. (b) The ratio of the
smallest workers to the largest ones in the mature colony. AS and AF show the first and second smallest differences in these lengths.The black
horizontal bar in (b) shows the value of the trait that shows the third smallest difference (FF).

but is steep in the other workers (see Figure 2). This pattern
is found in several other traits. For example, TL, PN, FF, FT,
and MF show similar patterns with HW. It is noteworthy
that these traits are thought to support directly the weight
of the head. A previous study has shown that workers of
ants have relatively large pronotum in which there are many
neck muscles that support head weight [16]. The allometric
slope of HW (1.472) is significantly steeper than 1 (ANCOVA,
𝑡 = 11.095, df = 32, 𝑝 = 1.679𝑒 − 12), indicating that HW
increases disproportionately with body size. As HWbecomes
large, the head weight will increase to the third power of the
increase in HW. Thus, supportive traits of the head weight
would show a similar allometric pattern as that of HW. In
male stag beetles with exaggerated mandibles as weapons,
supportive traits of the weapons (head or prothorax) are also
enlarged [17, 18].

It is unknown why the worker’s head disproportionally
enlarges with body size in C. obscuripes. The enlarged head
of the large workers in C. obscuripes may function as a food
crusher as in soldiers of Pheidole spp. [10]. Nevertheless, an
enlarged head would need robust supportive traits to be fully
functional.Therefore, several such traits (TL, PN, FF, FT, and
MF) may show a similar allometric growth pattern as that of
HW.

The hind leg does not show the above pattern and instead
seems to be monomorphic with AW. Hind legs may be used
mainly to support the weight of the abdomen and thus
increase constantly with abdomen size irrespective of the
worker size. This hypothesis seems to be supported by the
observed allometric patterns found in HF and HT.

The second finding is the smallest difference in the
absolute length of antennae between large and small indi-
viduals. Figure 3(a) shows the proportions of a nanitic’s trait
size to her mother’s. The AS and AF of the nanitics are
significantly closer to those of the queen compared with
the other traits after a Bonferroni correction for multiple
comparisons (Figure 2). Ants communicate with nest mates
using their antennae. In particular, the antennal funiculus

seems to be important because it contains many sensory
receptors [19]. If there is a large difference in the AF between
individuals, efficient communications may be difficult.

This constraint comes from sociality. As colony members
must communicate with nest mates to maintain colony func-
tion, the length of the antennae cannot differ substantially
among the nest members. Solitary insects would be free from
this constraint and, thus, the observed feature of the antennae
may be restricted in social insects. However, we cannot test
this hypothesis using ants because there is no ant species
without sociality, excluding the social parasites (the antennae
of a social parasite would become of a similar length to that of
the host species due to the requirement for communicating
with host individuals). However, in social wasps belonging
to the Polistinae, the 1st workers are smaller than those after
the second generation [20]. If social Polistinae wasps showed
the same trend in antennal length as that of C. obscuripes,
we could test the size constraint hypothesis by comparing the
difference in antennal length to the body size between solitary
and social wasps. The smallest difference in antennal length
between large and small individuals would be a trait that
has evolved after acquiring sociality.This hypothesis is worth
being tested in future studies. In conclusion, the acquisition of
sociality differently affects the growth rules of different castes
in a colony to optimize colony efficiency for survival.
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