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Abstract. The ongoing process of climate change will result in higher temperatures during winter and therefore might increase
the survival of overwintering invertebrates. However, the process may also lead to a reduction in snow cover and expose over-
wintering invertebrates to lower temperatures, which could result in higher mortality. During a field experiment, | investigated the
effects of a reduction in snow cover on the survival of the ant Temnothorax crassispinus, which overwinters in nests located on
the ground. Ant colonies differed in the survival rate of the workers in the experimental (from which snow cover was removed) and
control group. In the control group, the survival rate was unrelated to colony size. However, in the experimental group, from which
snow was removed after each heavy snowfall, worker survival was lower in small colonies. Such colony size related mortality may

affect the fusion of colonies before winter.

INTRODUCTION

For many animals living in temperate climates, physical
conditions during overwintering, mostly low temperatures,
cause high mortality (Leather et al., 1995; Rodenhouse et
al., 2009; Bradshaw & Holzapfel, 2010). Thus, many or-
ganisms escape such conditions, e.g. hiding underground,
where temperatures are typically more favourable for sur-
viving winter (Leather et al., 1995; Bale, 1996; Bale &
Hayward, 2010). Among others, most species of ants over-
winter underground, but ants of the genus Temnothorax
overwinter in nests located on the ground (Herbers, 1989;
Herbers & Johnson, 2007). Therefore, during winter, ants
in such sites may be exposed to extreme temperatures. Ear-
lier studies indicate that the mortality of the ant Temnotho-
rax during winter may be high (Herbers & Johnson, 2007;
Mitrus, 2013), however, when winter is mild, the survival
rate might be very high, and even larval development may
be completed (Mitrus, 2015a).

The ongoing process of climate change will result in
higher temperatures in all seasons, but the largest change
in temperature is likely to occur in winter (Christensen et
al., 2013). Warmer temperatures during winter could in-
crease the chances of survival of overwintering inverte-
brates (e.g., Bale & Hayward, 2010; Bradshaw & Holzap-
fel, 2010; Templer et al., 2012, but see also e.g., Sorvari et
al., 2011, Haatanen et al., 2015). However, climate change
will probably not only affect temperature during winter,
but is also likely to result in a reduction in the depth and
duration of snow cover (Christensen et al., 2013; Convey
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et al., 2015). Such a reduction in snow cover may adverse-
ly affect survival rate, as snow cover insulates terrestrial
habitats at ground level from extreme air temperatures and
temperature fluctuations (Leather et al., 1995; Bale & Hay-
ward, 2010; Templer et al., 2012; Convey et al., 2015).

The cavity-nesting ant 7. crassispinus is present through-
out Western and Central Europe. Colonies of the ant are
small, typically ranging from a few dozen to several hun-
dred workers (Seifert, 2007; Czechowski et al., 2012).
Nests of this ant are located in the litter layer, mostly in
cavities in acorns, small sticks and logs (Seifert, 2007;
Biatas et al., 2011; Czechowski et al., 2012). Before win-
ter colonies can unite, especially if there are only a small
number of suitable nest sites (cf. Heinze, 2008). The aim
of this study was to determine the effect of the reduction
of snow cover on the survival of the cavity-nesting ant 7.
crassispinus.

MATERIAL AND METHODS

Experimental procedure

On the 4th and 5th of November, 2015, near Opole (southern
Poland), I collected 83 nest sites (62 acorns and 21 beech sticks)
containing colonies of the ant 7. crassispinus: 52 with one queen,
containing 9-321 workers (mean 141.1, quartiles: 96.5-208), and
31 without a queen, containing 9—161 workers (mean 58.0, quar-
tiles: 30-93). Each of the colonies contained brood in the early
stages of development. I transferred the colonies to square Petri
dishes (10.2 cm x 10.2 cm x 1.9 cm) with a thin plaster base and
artificial nest sites placed on top. The nests were made in a birch
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woodblock, with dimensions of 7 cm x 1.8 cm x 1.8 cm. In each
woodblock, I carved out a cavity with a volume of ca. 780 mm?
(for details, see: Mitrus, 2015a). The dishes with artificial nests
were kept in a thermostatically controlled cabinet maintaining a
daily cycle 10L : 14D, at temperatures of 16°C and 8°C, respec-
tively. From the 12th to the 20th of November, when most of the
artificial nests had been occupied by the ants, the temperature was
gradually decreased; the final culture regime was 10L : 14D, at
7°C and 3°C, respectively. During that time, ants were fed twice
a week, with frozen fruit flies, Drosophila hydei, and honey; any
dead workers found were counted and removed from the Petri
dishes (0-22 workers, median 2).

After the first slight frost, on November 25, I closed the en-
trances to the artificial nests with a metal netting to prevent the
ants from escaping. At the time, a few individuals were outside of
the artificial nest sites, and several colonies did not accept the nest
sites. Finally, in the field experiment I used 72 colonies: 46 with
one queen and 8-312 workers (mean 134.7, quartiles: 49-201),
and 26 without a queen consisting of 10—159 workers (mean 64.5,
quartiles: 29—101). Colonies with queens were larger than those
without queens (unequal variance ¢ test: t'= 4.76, df = 69.87, P
< 0.0001). The final days of November and the first half of De-
cember 2015 were rather warm, with daily air temperature even
above +10°C. Thus, I delayed placing the artificial nests in the
forest near Opole until the 16th of December, when the ambient
temperature during the day was ca. +5°C.

The nests were divided randomly into six groups, and in the
field they were placed in three pairs of plots. The distance be-
tween the plots in each pair was 2 m; the three pairs of plots were
separated from each other by a distance of about 20 m. In each of
the plots, 12 artificial nest with colonies were located: 7-8 nests
with colonies with queens, and 4-5 without queens. Each nest
was attached to ca. 16 cm sticks poked into the ground; distances
between the nests was 15 cm. Previously calibrated AZ 88128
data loggers were placed on the ground near the nest sites. In ad-
dition, two such data loggers were placed on tree trunks, 1.5 m
above ground level. Using the data loggers, the temperature was
monitored at hourly intervals. Then, I covered the plots with a 16
mm diameter plastic net fastened to the ground with plastic pegs.
Subsequently, I randomly selected from each pair of plots, an ex-
perimental (“snow-removal” plots, where the systematic removal
of snow was planned) and a “control” plot (“control” plots, not
to be cleared of snow). The plastic net facilitated the removal of
snow cover from “snow-removal” plots.

Compared to typical winters for this part of Poland (cf.
Kozuchowski, 2011; Mitrus, 2015a), the 2015/16 winter was
rather warm with little snow. Thus, from the “snow-removal”
plots, I removed snow cover just four times (after a snowfall,
when snow completely covered the nest sites): on the 2nd, 8th,
16th and 22nd of January 2016. During the winter, even on the
“control” plots, the snow cover was only present temporarily.
For instance, I removed snow from the “snow-removal” plots on
January 22, but as early as January 24, nest sites at the “control”
plots were partially devoid of snow cover. During the experiment,
the maximum thickness of snow cover recorded in the area was
only about 7 cm.

Finally, I collected nest sites on February 26, 2016, transported
them to a laboratory and placed them in a culture chamber at 5°C.
From February 29, the temperature was gradually increased to
reach 10L : 14D, 15°C and 5°C, respectively, on March 10. On
that day I carefully opened the nests and counted the live indi-
viduals.
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Data analysis

The survival of workers during overwintering in each colony
was calculated as: (number of workers at the end of the experi-
ment/number of workers at the beginning of the experiment)
% 100%. The general linear model (GLM) method was used to
compare percentage survival of ants in “snow-removal” versus
“control” groups, and for colonies with queens versus those with-
out queens, as these colonies significantly differed in the initial
number of workers. The GLM model included the initial number
of workers as a covariate, and site (pairs of plots) as a block-
ing factor. As the distributions of the percentages of workers that
survived were left skewed, before the analyses I transformed the
data on survival, raising the numbers to their cubes. I carried out
statistical analyses using the software package Statistica, ver. 12
(StatSoft, 2014). I used Pearson correlation coefficient when ana-
lysing relations between the number of workers and percentage
survival. All probability values shown are two-tailed.

RESULTS

During winter, in periods without snow cover, the tem-
peratures near nest sites in “snow-removal” and “control”
plots were similar: recorded differences in temperatures
were typically £0.4°C. However, just after snowfall and
the experimental removal of snow cover, the temperatures
in “snow-removal” and “control” plots temporarily differed
by up to 7.1°C, e.g. at 19.00 on the 22nd of January, after
snow was removed in the morning of the same day, record-
ed temperatures were: —9.3°C and —2.2°C at the “snow-
removal” and “control” plots, respectively (cf. Fig. 1). The
minimum recorded temperature at the “snow-removal”
plots was —11.0°C, and at the “control” plots —9.2°C. The
minimum air temperature (1.5 m above ground level) was
—16.7°C. The maximum temperatures recorded during the
experiment were +9.9°C, +11.0°C and +13.7°C, near nest
sites in the “snow-removal” plots, “control” plots, and 1.5
m above ground level, respectively.

On March 10, 2016, in three of the 72 nests, I found no
ants, when the nests were collected on February 26, the
metal netting at these three sites, which prevented the ants
from escaping, had become partially detached (they in-
cluded two colonies with queens and one without a queen;
two from the “snow-removal” and one from the “control”

ground level, at control areas
10 | — ground level, at experimental areas
— 1.5 m avove the ground level

snow cover was removed after snowfalls

temperature [C]

11-31 January 2016

Fig. 1. Temperature changes at ground level in plots the snow
cover of which was experimentally reduced (winter 2015/16, south-
ern Poland) compared to that in “control” plots from which the snow
cover was not removed. In addition, air temperature 1.5 m above
ground is shown. Arrows indicate January 16th and 22nd, when
snow cover was removed after snowfalls.
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Table 1. Percentage of workers of the cavity-nesting ant Tem-
nothorax crassispinus that survived overwinter. During the field
experiment (mid December 2015 — end February 2016, south-
ern Poland), snow cover was removed from experimental plots
(“snow-removal” group), after each heavy snowfall, but not from
the “control” group. In parenthesis: number of colonies analyzed.

median min-max quartiles

Colonies with queens
“snow-removal” group (N = 23)
“control” group (N = 21)

94.6
93.8

34.6-100.0 81.2-96.5
31.1-100.0 91.7-97.7

Colonies without queens
“snow-removal” group (N =11) 87.5
“control” group (N = 14) 92.7

70.0-98.4 78.3-95.3
66.3—100.0 79.2-99.2

plots). The percentage survival of workers in the different
colonies was 31.1-100.0% (Table 1). Only one of the 44
queens died during the winter (in a colony in a “control”
plot).

There was a significant difference in the percentage sur-
vival of the workers in nests in the “snow-removal” and
the “control” plots (GLM: F, (/= 4.92, P =0.030), and the
initial number of workers affected the percentage survival
(F, 4 =479, P=0.012). However, the presence of a queen
did not significantly affect the percentage of workers that
survived (P = 0.78), and there was no differences between
sites (P = 0.87). For the “snow-removal” plots, the per-
centage survival during the winter was correlated with
the number of workers in the nest at the beginning of the
experiment (Pearson’s correlations: » = 0.55, N =23, P =
0.007, and r = 0.66, N = 11, P = 0.028, for colonies with
and without queens, respectively). However, there were no
such correlations for “control” plots (Pearson’s correla-
tions: » = 0.069, N=21, P=0.77, and » =-0.059, N = 14,
P = 0.84, for colonies with and without queens, respec-
tively; Fig. 2).

DISCUSSION

Temnothorax crassispinus ant colonies differed in per-
centage mortality in the “snow-removal” (for which snow
cover was removed) and “control” groups. In addition, for
ant colonies in “control” plots, there was no correlation be-
tween percentage mortality and colony size. This result is
consistent with previous reports (cf. Rueppell & Kirkman,
2005; Herbers & Johnson, 2007; Mitrus, 2015a). However,
for the “snow-removal” group, worker mortality was high-
er in smaller colonies; such a relationship was recorded in
both colonies with and without queens.

In winter, during the experiment, snow cover was pre-
sent only temporarily. Previous winters in southern Poland
were characterized by thin and temporary snow cover.
During the 2015/2016 winter, there were only four heavy
snowfalls, after which the artificial nest sites were com-
pletely covered and it was necessary to remove the snow
from the “snow-removal” plots as part of the experiment.
On each occasion the snow melted several days after the
snowfall. Thus, the snow removal resulted simply in a
reduction in the periods with snow cover. It is probable
that climate change will lead to a reduction in snow cover
depth and duration (Christensen et al., 2013; Convey et al.,
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Fig. 2. Proportion of workers of the cavity-nesting ant Temnotho-
rax crassispinus that survived during overwintering (mid Decem-
ber 2015 — end February 2016), in relation to the initial number of
workers. There was a significant difference in the survival of work-
ers in the nests in the experimental (from which snow cover was
removed after each heavy snowfall) and “control” plots (from which
no snow was removed) (GLM, P = 0.030). In addition, (a) in “snow-
removal” plots, survival was correlated with the initial number of
workers in the nest, both for colonies with and without queens; but
(b) for colonies in “control” plots there were no such correlations.
Raw data are presented, but P values for Pearson’s correlations
are calculated using transformed data for percentage survival.

2015). Thus, snow cover will only protect overwintering
animals periodically (as in this experiment), and strong
frost, even when short lasting, may result in high mortality.

The mortality of Temnothorax ants overwintering in
nests at ground level may be high (Herbers & Johnson,
2007; Mitrus, 2013). However, nest sites on the ground
differ in different localities: for example some of them
may be under leaves whereas others are on bare ground
and more exposed to frost. Colonies of Temnothorax ants
might relocate during winter if temperatures during the day
are high (Herbers & Johnson, 2007; pers. observ.). The ar-
tificial sites used in the experiment, which were in birch
woodblocks, were readily accepted by Temnothorax ants
(cf. Foitzik et al., 2003; Mitrus, 2015b). However, colo-
nies abandoned three nests in this experiment, which indi-
cates that ants may prefer different cavities or a different
localities. Thus, closing the entrances to the artificial nests
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during the study may have affected survival compared to
natural nest sites.

It is suggested that overwintering on the ground may
cause Temnothorax colonies to become active early in
spring (Berman et al., 2010). However, such behaviour
may result in them being exposed to extreme temperatures.
It is known that clustering increases the survival during
winter of Leptotherax ants (Heinze & Holldobler, 1994;
Heinze et al., 1996), and that Temnothorax colonies may
unite before winter, particularly if nest sites are limited (cf.
Heinze, 2008). This study shows that the fusion of colonies
(resulting in an increase in the number of workers) may
have an effect on their survival during some winters; most-
ly when frost is severe and there is lack of snow cover or
such cover is thick. During this study I collected queen less
colonies and those with only one queen, but in previous
autumns I found colonies with several, even seven, queens
(Mitrus, 2013, 2015a). It would be interesting to check if in
areas where there is a higher probability of the nests being
on bare exposed ground and more exposed to extreme tem-
peratures, whether the fusion of colonies is more frequent.
Differences in the percentage of such fusions may be vis-
ible especially when the availability of nest sites in autumn
is large (e.g., after seasons when acorns are abundant, as
some species of trees exhibit high variability in seed pro-
duction between years; cf. Wesotowski et al., 2015).
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