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Copyright © 2015 Irena M. Grześ et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Metal pollutionmay cause the decrease in the individual body size. In ants, themorphological diversity within and between colonies
may be much higher than that considered before, even in monomorphic ants. In this study we measured the body size, expressed
as head width, of Lasius niger workers collected from 44 young colonies in their ergonomic stage along a well-known gradient
exhibiting chronic metal pollution. We calculated statistics describing the body size distribution curve, namely, average, median,
data range, skewness, and kurtosis. None of these statistics correlated with the pollution level. Contrary to our previous study
performed on mature colonies, workers from young colonies do not display pollution-related morphological changes. The results
stress the importance of developmental stage of colony on diversifying body size of the worker cast, in monomorphic ants living in
metal-polluted areas.

1. Introduction

Some social insects have evolved morphologically distinct
subcastes of workers, dedicated to different tasks in the
colony. However, most ant species and genera maintain a
single behaviorally flexible worker cast [1]. Despite being
monomorphic, considerable inter- and intracolony worker
size variation may exist [2, 3]. Although such a variation was
generally considered to be too small to be relevant for task
allocation, the recent study has effectively challenged this
claim. Workers of the monomorphic species Temnothorax
rugatulus foraging outside the nest might be bigger than
intranidal workers [4]. Therefore, monomorphism does not
necessarily mean the absence of body size-related division
of labour. The question can also be asked as to what extent
the body size of monomorphic ants can be modified in
polluted and stressed environments. Field studies as well as
laboratory experiments showed that in many invertebrate
species individual body size may decrease along the metal
pollution gradient [5–7]. Significant decreases in body size
have also been observed along urbanization gradients [8, 9].
However, as many other authors indicated, the relationship
between body size and urbanization or metal pollution

pressure might be much more complex and cannot always be
described as simple increase or decrease [10–12].

In our previous studies we analyzed the body size of
the monomorphic ant Lasius niger (L., 1758) along a well-
known gradient of metal pollution [13]. We tested body
size under the expectation that it will decrease along the
increasing metal pollution gradient as a result of toxicity
and/or food limitation. We found that the average body size
was unrelated to pollution, but the frequency of relatively
small ants increased with the pollution level. Thus, the shape
of body size distributions seems to respond to environ-
mental stress, although the investigated ant is considered
monomorphic [14]. We found similar increase of relatively
small ants without a change in the median or average size in
related species Lasius flavus (Grześ, Okrutniak unpublished).
We proposed a hypothesis that the observed change might
be underlined by energetic constraints in the colony. The
study on Lasius niger was undertaken on mature colonies, at
the reproductive stage, namely, the stage of intensive sexual
cast production, that is energetically costly to breed [15].
Therefore, the question appears to be whether the observed
change depends on the developmental stage of the colony.
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In the present study we investigated 44 young nests
(not producing sexual casts) of Lasius niger located along a
well-known pollution gradient, which was the same as the
one used in the previous study. The body size (expressed
as head width) was measured. We compared the statistics
describing the central tendency and distribution shape along
the pollution gradient.

2. Materials and Methods

2.1. Study Species and Study Area. The black garden ant
(Lasius niger) is one of the most common species in the
Palearctic area [14]. Our previous study revealed that L.
niger is the most abundant ant, compared to other species
inhabiting the investigated area [16]. The species inhabit var-
ious anthropogenic environments like farmlands, pastures,
ruderal places, or green spaces in urban areas. L. niger is
strictly monogynous and monomorphic, building mineral
nest mounds containing from a hundred to more than ten
thousandworkers.The species of interest is both aphidicolous
and carnivorous [14].

The study area is located in the vicinity of Olkusz in
Southern Poland. Metal concentrations in the humus layer
at the most polluted sites in this region exceed 9600mg/kg
for zinc, 1500mg/kg for lead, and 80mg/kg for cadmium
[17]. Previous studies performed in the area showed that
metal concentrations in the soil are highly correlated with
each other [10, 18]. Fifteen study sites were established along
the pollution gradient covering abandoned fields and fresh
meadows. The transect extended from 0.7 to 35 km from the
pollution source. Metal concentrations at the sites decreased
with an increasing distance to the smelter, approaching
background levels at the sites further than 25 km from the
smelter.The study sites were represented by abandoned fields
(11 sites), mown meadows (1 site), and industrial wastelands
(3 sites).

2.2. Pollution Level. In order to provide a biologically realistic
measure of the pollution level of each site, we analyzed Zn
and Cd concentrations in a random sample of invertebrates
collected at each site in a preliminary study in the sum-
mer of 2011. Zn concentration in invertebrates correlated
positively with both the Cd concentration in invertebrates
and the Zn total soil concentrations. The lowest and highest
Zn concentrations in invertebrates accounted for 134 and
1,545mg/kg dry weight (d.w.). In turn, the lowest and highest
Cd concentrations in invertebrates accounted for 3.98 and
39.70mg/kg d.w. The detailed Zn and Cd concentrations in
invertebrates and in the soil samples as well as the botanical
description of the study sites are reported in [13] (see sites
S1–S3, S5, S6, S8, S10–S12, and S14–S19). Zn concentration in
invertebrates was used as an indicator of pollution level.

2.3. Morphological Measurements. The species identification
followed [14]. In each of the 15 study sites, 3 young colonies
of L. niger were selected (15 × 3 = 45). One colony was
excluded from the final analysis due to the mistake during
sampling. All colonies were checked for the absence of sexual

casts. A random sample of about 30 ± 3 workers from each
nest was collected using exhaustor and stored in −5∘C till
being measured. The body size of ants was expressed as
the maximum head width above the eyes (HW) [14]. All
measurements of head widths were performed under 50x
magnification using a metallographic microscope Met-153
(Motic, China) connected to a digital camera (Huvitz, Korea).
The head widths were measured to the nearest 0.00001mm
based on digital photos using Panasis, ver. 2.4.2, Huvitz. In
order to check the accuracy of themeasurements 30 ants were
measured twice. The results of the first and the second set of
measurements were correlated. High correlation coefficient
(𝑟 = 0.90, 𝑃 < 0.0001) indicated high repeatability of the
measurements. In L. niger ants, the nest volume grows almost
proportionally to the colony size [19]; therefore, the nest basal
area diameter was used as an estimator of the colony size. In
all colonies used in this study, the mound diameter ranged
from 10 to 47 cm (median size accounted for 19.0 cm).

2.4. Statistical Procedures. To test the relationships between
the pollution level and body size of L. niger, the descriptive
statistics of head width, including mean, median, and range,
as well as kurtosis and skewness, were calculated. Each
of these statistics was calculated on each colony and was
correlated separately with the pollution levels of the sites
(Zn concentration in the invertebrates). The significance
of each relationship was tested using a simple regression
(Statgraphics Centurion XV) with a 95% confidence level
followed by a check for normality of residuals. In ants the
body size can be correlated with the size of colony [20–22].
Therefore, in order to eliminate the influence of the colony
size prior to correlating with the pollution level, each statistic
was first correlated with the colony size. The residuals were
then regressed against the pollution level. Thus, when testing
the relationship between head size and pollution, only the
fraction of variance that was not explained by the colony size
was used. As three ant nests were collected at each site, the
values of residuals for each of the statistics were averaged to
avoid a problem of pseudoreplication [23].

3. Results

The average head size ranged between 700 and 965 𝜇m.
The head size differs significantly between colonies (one-
way ANOVA, 𝐹 = 35.52, 𝑃 < 0.0001; Figure 1). The size
distribution in each colony did not depart significantly from
the normal distribution as both st. skewness and st. kurtosis
were within the range expected for normal distribution −2 to
+2. No statistics (average, median, range, st. skewness, and
st. kurtosis) correlated significantly with pollution of the site
(𝑃 > 0.05 in each case, Table 1).

4. Discussion

The aim of this study was to test if the bias towards the
higher frequency of small ants, detected in previous studies
in mature colonies of Lasius niger, occurs also in the younger
colonies of this species. Based on our study no significant
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Table 1: The results of linear regression of statistics describing the body size distribution of Lasius niger workers versus pollution level. Five
independent analyses were done. None of the statistics were significantly correlated with the metal pollution gradient.

Statistics 𝐹 𝑅
2

𝑃 Interpretation
Average 0.91 0.065 0.56 Central tendency measurements are independent of the pollution levels of the sites.
Median 0.81 0.059 0.38
Range 2.99 0.187 0.11 The range of dispersal of body size per site is not dependent on the pollution levels of the sites.
st. skewness 0.19 0.147 0.67 The distribution shape is independent of the pollution levels of the sites.
st. kurtosis 0.99 0.071 0.34

P < 0.0001
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Figure 1: The results of one-way ANOVA of head size of the ant
Lasius niger collected from 44 colonies. Points represent the mean
value calculated per colony. Whiskers denote 95% intervals of LSD
test. Since 𝑃 < 0.0001, the colonies differ significantly in average
head size of workers.

increase of the fraction of small ants was found along the pol-
lution gradient. In turn, big and mature colonies were found
previously to contain larger fraction of small workers along
the increasing metal pollution gradient. Thus, the change in
the shape of body size distribution in the investigated ant
seems to be associated with the developmental stage of the
colony. In both previous and present study we used the same
species, study area, measurement procedures, and a similar
number of colonies (𝑁mature = 51,𝑁young = 44) and identical
number of individuals per colony (𝑁 = 30). Therefore,
we believe that the comparison between mature and young
colonies in the study should be mandatory.

Trace metal pollution is known to cause a range of
toxic effects on invertebrates [24–27]. Considering the effects
on morphology, metal pollution may induce morphological
deformities [28], the increase in developmental instability
[29, 30], and reduced body size [6, 31]. Generally, three
mechanisms may underline the negative impact of metals
on the body size/mass: (1) toxicity of metals based on the
displacement of the essential metals from enzymes at active
sites, resulting in loss of their function, (2) trade-offs between
the cost of detoxication and energy allocation to growth
and development [6, 32], and (3) limited food availability
in contaminated areas [7]. In this study we conclude that
L. niger may undergo certain morphological changes along
the pollution gradient, but the change seems to be associated
with mature colonies but not with young colonies. This
observation might be explained in the light of the colony
development and energy allocation within the colony.

In ants, three main phases of colony development over
its lifespan can be distinguished [33]. The first phase called

“colony founding” is characterized by the absence of adult
workers; the only adult present is the egg lying queen. The
development of the colony at this stage is weakly dependent
on external food resources but remains heavily reliant on
the amount of fat accumulated in the queen. The moment of
transition to the next stage of colony development, namely,
the ergonomic stage, is eclosion of the first workers. At this
stage the queen is focused exclusively on egg lying, while the
workers are concerned with brood care. As a consequence, at
this stage the energy investments in the colony are devoted to
colony growth rather than reproduction or dispersal. When
the number of adult workers approaches a certain level, the
production of the virgin queens and males starts; thereby
the colony enters the reproductive stage. Therefore, young
colonies allocate their resources to rearing workers, thus
facilitating colony growth, while mature colonies have to
share the energy to be allocated between a new generation
of workers and in sexual castes. Rearing males and females
in mature colonies that are at the reproductive stage most
likely needs more effort than simply rearing workers in the
young colonies at the same reproductive stage. Tschinkel
observed that workers of the Pogonomyrmex ants lose 20%
fat during the male and female feeding phase that takes place
in July [34].Therefore, the increased fraction of small workers
observed inmature colonies, but not in young colonies,might
be an effect of energy limitation during intensive production
of sexuals.

5. Conclusions

We did not find the pollution-related increase of the fraction
of relatively small workers in the young colonies of L. niger
to be similar to that found in the previous analogical research
performed on the mature colonies. The results of this study
suggest that body size in monomorphic ant Lasius niger may
undergo shifts in the distribution of the body size as a result of
the interaction of metal pollution and the stage of the colony
development. Energetic constraints during the sexual casts
rearing might explain the proved difference between young
and mature colonies.
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