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Respiratory Q10 varies between populations of two species of
Myrmica ants according to the latitude of their sites
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Abstract

Metabolic respiration by groups of restingMyrmica ruginodisand M. scabrinodisworker ants from five sites representing a
range of latitudes, have been compared by measuring rates of CO2 production—standardised by fat-free weight—at 5 and 25°C.
M. ruginodiswhich lives in cooler habitats thanM. scabrinodisconsistently produced more CO2. At 5°C ants of both species from
southern latitudes were metabolically more active than those from more northerly latitudes, whereas at 25°C the situation was
reversed. Estimates of Q10 were positively correlated with latitude indicating that the respiratory metabolism of northern populations
increases relatively more in response to rising temperatures than southern populations. Values of Q10 at different latitudes were
the same for both species. The results are discussed in terms of seasonal fluctuations of temperature at different latitudes. 1999
Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

Ants are social insects which live in family groups.
Their abundance and impact upon most terrestrial eco-
systems makes them true keystone species which have
direct and indirect effects upon the biodiversity of terres-
trial communities (Ho¨lldobler and Wilson, 1990; Wilson,
1990). Most species nest in the soil where they can per-
sist for many years, consequently the activity cycles of
both individuals and colonies are highly temperature
dependant (Peakin and Josens, 1978). Most respirometry
studies on ants are concerned with energy flow through
colonies or energy requirements of individuals per-
forming different tasks (briefly reviewed by Nielsen,
1986). This trend has continued with studies of colony
energetics (eg. Lighton, 1989; Martin, 1991; Porter and
Tschinkel, 1985; Davidson, 1987), energetics of sexual
production (eg. Peakin et al., 1989; Schmidt and Reuss,
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1990; Boomsma and Isaaks, 1985; Boomsma et al.,
1995) and foraging activity (eg. Fewell et al., 1996;
Nielsen, 1987; Nielsen and Baroni Urbani, 1990). There
have been a few studies on the direct effect of environ-
mental variables upon the respiratory metabolism of
individuals; for example the effect of temperature
(Lighton and Wehner, 1993), the interaction between
temperature and longevity (Calabi and Porter, 1989) and
the effect of O2 availability (Hebling et al., 1992), but
since Nielsen (1986) there has been little further investi-
gation of respiratory metabolism in response to altitude
or latitude.

Published data giving direct comparisons over alti-
tudinal or latitudinal gradients mostly show differences
between species; in the case of ants there are differences
between high and low altitude congeneric species
(MacKay, 1985) and between groups of species from
different latitudes (Nielsen, 1986). However we can find
no published intra-specific comparisons for insects and
only a few for plant species. These show that the respir-
atory metabolism of plants can vary over their geo-
graphical ranges in response to latitude or altitude
(Anekonda et al., 1996; Mariko and Koizumi, 1993;
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Criddle et al., 1994) and variations in characteristics
appear to be heritable (Criddle et al., 1996). For
example, dark respiration rates of needles ofPinus syl-
vestristrees grown in common gardens, varies according
to the latitude of origin of the stock, with the rates of
respiration of northerly stock being relatively greater
than those of southerly stock (Reich et al., 1996).

Given that ant colonies are highly responsive to ambi-
ent temperatures, live in the soil, are relatively sedentary
and in many respects have characteristics analogous to
those of perennial flowering plants we hypothesised that
ant populations might show climate mediated variations
in respiratory metabolism. We have made a preliminary
test of this for two common European red ant species,
Myrmica ruginodisNyl. and Myrmica scabrinodisNyl.
We have followed other studies by measuring changes
in metabolic respiration of small groups of resting
worker ants in response to two temperatures, and used
this to calculate Q10 values (Nielsen, 1986).

2. Materials and methods

2.1. The ant colonies sampled

As part of an ongoing collaborative study of phe-
nological variation inMyrmicaant populations over their
European range, we were able to obtain samples ofM.
ruginodisandM. scabrinodisfrom 5 sites at 4 latitudes.
The sites were: Chupa, White Sea region of Russia
66.25°N, 33°E; Vyritsa, St. Petersburg region, Russia
59.25°N, 30.3°E; Vladimer, Moscow region of Russia
56.25°N, 39.5°E; Kiev, Ukraine 50.5°N, 30.5°E; South
Dorset, UK 50.5°N, 2°W. We aimed to test 3 colonies
of each species from each site. Unfortunately, due to
mortalities between collection and testing only oneM.
scabrinodiswas available from Kiev and 2M. ruginodis
from Vladimer, but 6M. scabrinodiswere available
from Dorset giving a total of 30 colonies. All colonies
were sampled towards the end of summer and were
maintained in laboratory culture with ample food
(Wardlaw, 1991) prior to testing. Consequently all the
ants should have been in the same pre-winter physiologi-
cal state (eg. Kipyatkov, 1988).

2.2. The method of calculating respiration rate

Estimates of respiration rates were made by measuring
CO2 production using a flow-through analyser model LI-
6251 connected to a data acquisition and analysis system
(Sable System, Salt Lake, Utah using Datcan V
software). The air flow was held constant at 150 ml
min21. This equipment is very sensitive and can measure
concentrations to 50 ppb CO2. The respiratory chambers
were cylindrical tubes (length 60 mm, diameter 13 mm
with both ends stopped with rubber plugs) which were

placed in a temperature regulated water bath. We used
5°C and 25°C in our tests.

In order to eliminate individual variation about 20
workers were used in each run. The ants were counted
at the finish of the test in order to reduce the effect of
disturbance—they settle down to apparently normal
resting behaviour in the test chamber if handling is
reduced. After a minimum of 1 h acclimation at 5°C a
minimum of two series of measurements were made;
each series consisted of 516 readings of the CO2 concen-
tration over a 5.1 min period. The water bath was then
raised to 25°C with the test ants left in place until the
following day when a new series of measurements was
made. The ants were then counted, weighed alive before
killing and drying in a vacuum oven at 60°C for 24 h.
The dried ants were reweighed and their lipid contents
were extracted using petroleum ether in a Suxhlet appar-
atus for 24 h. Fat content was determined as the differ-
ence between the dry weight and the lipid-free dry
weight.

The data analysis program converted the records of
CO2 concentrations to an estimate of the total CO2 pro-
duced during each measuring period, and by averaging
over the different periods between the 516 readings we
could calculate a mean respiration rate as volumeµl of
CO2 h21 mg21 fat-free weight. The average Q10
between 5 and 25°C was calculated as the square root of
the ratio of the respiration rates at the two temperatures.

2.3. Statistical analysis

A simple test of the effect of latitude upon any vari-
able recorded (for example respiration rate at 25°C) is
confounded because the 30 colonies sampled were taken
from only 5 sites at 4 different latitudes (Kiev and Dorset
are about the same latitude); in other words there are far
fewer than 29 (N–1) degrees of freedom available to test
the effects of latitude. Therefore, we have used a much
more rigorous test based on estimating the proportion of
the total between-site variation which can be explained
by latitude (one attribute of the sites) and testing its stat-
istical significance using the variance ratio (F test) based
on this—see Table 1. All analyses were made using the
MINITAB  statistical package.

3. Results

3.1. Estimates of individual weights of ants

There was considerable variation for the average indi-
vidual dry weights of the ants used in the respirometer
runs; this mainly reflects real differences between the
source colonies because 15–25 workers are usually suf-
ficient to give a reasonable estimate of individual dry
weights within colonies. The mean of the average dry
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Table 1
Analyses of variance used to estimate the effect of latitude upon the variables measureda

Source df Sum Squares Mean squares F dfF

Species 1 SSspecies MSspecies Fspecies=MSspecies/MSW 1,24
Latitude 1 SSLat MSLat FLat=MSLat/MSR 1,3
Residual 3 SSR MSR=SSR/3 – –
Total Between-sites 4 SSB=SSLat+SSR MSB=SSB/4 FB=MSB/MSW 4,24
Within site (residual) 24 SSW MSW=SSW/24 – –
Total 29 SST=SSspecies+SSLat+SSR+SSW

a Thirty nests of two species were sampled from 5 sites. The proportion of the within site variation which can be explained by
latitude=SSLat/SSB and its statistical significance can be estimated from FLat with 1,3 degrees of freedom.

weight estimates from the 14 colonies ofM. ruginodis
was significantly greater than that for the 16 colonies of
M. scabrinodis (0.96±0.22 mg v 0.79±0.16 mg;
F1,24=7.8, P=0.01). We used fat free dry weights used
to standardise the estimates of rate of production of CO2

and these also varied significantly between the species
(0.81±0.17 mg v 0.65±0.08 mg;F1,24=10.6,P,0.01) but
within species, variation was due to differences between
individual colonies with no indication of significant vari-
ation due to sites (F4,24=0.4,P.0.7). On the other hand,
the average fat reserves of workers did not vary between
the two species either in absolute weight (0.15±0.10 mg
v 0.13±0.12 mg;F1,24=0.8, P.0.3) or as a percentage
of dry weight (16±9% v 15±10%; F1,24=0.1, P.0.7).
However, there was an indication that percentage fat
varied between sites (F4,24=3.1, P=0.03), with workers
from high latitudes tending to have less fat than workers
from lower latitudes.

3.2. Estimates of respiration rates

At 5°C, the weight specific (fat-free weight) rate of
CO2 production varied significantly between the species
(F1,24=14.8, P,0.01) with an indication of variation
between the sites (F4,24=2.0, P,0.15) of which latitude
explains 56% (F1,4=3.8, P,0.15; Fig. 1(a)). However at
25°C, weight specific CO2 production not only varied
significantly between the species (F1,24=34.2,P,0.001)
but it also varied significantly between the sites
(F4,24=6.9, P,0.001) with latitude explaining 66% of
this (F1,3=5.7, P,0.10; Fig. 1(b)). When we analysed
the data for Q10 which are independent of individual
weights, we detected no evidence for a difference
between the two species (F1,24=0.2, P.0.70) but a rela-
tively strong difference between the five sites (F4,24=6.6,
P,0.001) of which the latitude explained a statistically
significant 80% of the variation (F1,3=12.2, P,0.04;
Fig. 1(c)).

We conclude that latitude has an effect upon the res-
piratory response (Q10) of ants drawn from different
populations.M. ruginodisconsistently recorded a higher

weight specific production of CO2 than M. scabrinodis
but the relationship for change in Q10 with latitude was
the same for both species (best least squares fit
Q10=0.057*Latitude20.653,P,0.01; Fig. 1(c)).

4. Discussion

The relationship between Q10 and latitude is
important. It means that ants at high latitudes respond
relatively more to increased temperature than others of
the same species originating from lower latitudes. This is
consistent with other studies of sub-arctic invertebrates
which shows northern species to be more responsive
than southerly species (eg. Block et al., 1994). We
believe that this is the first demonstration of such a
response between different populations of the same spec-
ies of insect and is consistent with results for plants
(Reich et al., 1996). Furthermore, the relationship
between Q10 and latitude is statistically the same for
both of theMyrmica species investigated, despite these
belonging to quite different species-complexes
(Radchenko, 1994).

Although Q10 is a useful parameter, the temperature
response curves from which it derives are not normally
linear so that in most biological reactions Q10 itself var-
ies with temperature, generally decreasing as tempera-
tures increase. This holds for worker ants. For example,
Nielsen (1986) calculated Q10 values for a number of
different species over the 5°C and 35°C range of tem-
peratures and showed that although most had Q10 values
of about 3.0 over the 5–25°C range, values in the 5–
15°C range were generally greater than those at higher
temperatures. There were considerable variations
between species: temperate ant species from Arizona had
lower values of Q10 over the 5–15°C range than ants
from Alaska, but desert ants from Arizona had similar
values to Alaskan ants, although they can survive at
35°C, a temperature which is lethal to temperate species.
Ideally such populations should be compared using the
shapes of their temperature response curves.
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Fig. 1. Data for respiration rates (µl CO2 h21 mg21 fat-free weight)
of 30 samples of c. 20 workers from a series ofMyrmica scabrinodis
(circles and solid line) andM. ruginodis(star and dashed line) colonies
sampled from sites at 4 different latitudes. (a) relationship between
CO2 production and latitude at 5°C; (b) relationship at 25°C; (c)
relationship between Q10 over range 5–25°C and latitude, the line is
the best least squares fit for both species.

Our data also provided only two points on each curve
sufficient to estimate a Q10 for each population, because
in this preliminary study there was a trade off between
the number of colony samples studied and the range of
temperatures used. However, we suggest that this is suf-
ficient to indicate the probable shape of the response
curves. The observed relationship between Q10 and lati-
tude (Fig. 1(c)) is due equally to the respiratory rates at
both temperatures (Figs. 1(a), 1(b)). Bearing in mind that
we used a rigorous estimate of the degrees of freedom
(see methods), we suggest that these probably reflect a

real effect of latitude despite the relatively high prob-
ability that in both cases the proportions of between-site
variation in respiration attributable to latitude, could be
due to chance (P=0.14 and 0.09 at 5 and 25°C
respectively). We suggest that temperature response
curves probably follow the scheme indicated in Fig. 2
where the curves are relatively steeper (higher Q10s) at
high latitudes pivoting around a mid temperature of
about 14°C, the temperature at which mostMyrmicacol-
onies become socially active. This would produce the
observed result whereby ants drawn from colonies at
high latitudes (both species) produced relatively less
CO2 at 5°C, than ants from colonies sampled from lower
latitudes (negative relationship—Fig. 1(a)), while at
25°C the situation was reversed, with ants from high lati-
tudes producing relatively more than ones from low lati-
tudes. The lack of statistical difference in the relation-
ship between Q10 and latitude for the two species (Fig.
1(c)) indicates that the scheme suggested (Fig. 2) might
be the same for allMyrmica species.

A “steeper” response curve for populations living at
high latitudes compared to conspecifics from lower lati-
tudes, is consistent with the thermally reduced summer
seasons in northern habitats. Approximate estimates
from climate tables indicate that on average the White
Sea, Moscow and Dorset populations experience about
100, 150 and 180 days per annum when mean air tem-
peratures exceed 10°C giving estimates 1400, 2000 and
2400 total degree-days during those periods. Obviously
ants experience different temperatures in their soil nests
and have the ability to modify the temperature regimes
to some extent according to nest construction, but we
suspect that precise estimates would follow the same
overall pattern. Consequently northern individuals need
to be able to respond quickly to rising temperatures and
be physiologically more active during the short warm
season to achieve the same colony growth as more
southerly individuals. Furthermore, they must hibernate

Fig. 2. Suggested shapes for the change in metabolic activity ofMyr-
mica ants at four latitudes, in response to temperature.
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for longer and perhaps this selects for a lower winter
metabolism while at low latitudes, populations experi-
ence short winters with variable temperatures during
which it might be disadvantageous to be very torpid.

It is significant thatM. ruginodis metabolises about
25% more oxygen per gram of body tissue thanM. scab-
rinodis, assuming that inert cuticle forms a constant pro-
portion of the fat-free dry weights. Elmes and Wardlaw
(1983) showed thatM. scabrinodis workers are less
efficient at rearing brood, taking about 30–40% longer
at any temperature, thanM. ruginodis; but on average,
M. scabrinodislive in sites that are 1°C warmer enabling
them to complete their brood-rearing at the same time
asM. ruginodis. If the same relationship holds within a
species we would expect that populations might to some
extent adapt to cooler habitats (lower cumulated degree-
days) by evolving greater metabolic activity as indicated
by our results.

This study suggests therefore, that the respiratory
metabolism of conspecificMyrmica ant populations is
locally adapted to environmental conditions, and is prob-
ably an inheritable characteristic. Much more detailed
study is required before the full consequences of such
adaptation becomes clear; for example apart from
obtaining full temperature response curves from a range
of latitudes, ants should be tested at different times in
their active season. We tested ants only at the end of the
season and it might be that differences between popu-
lations are more exaggerated in spring after hibernation
when insects might be most sensitive to rising soil tem-
peratures (Block et al., 1994). If our conclusion is valid
then it has important implications for the spread of these
keystone species into new habitats in the event of global
climate change. For example, should boreal habitats sud-
denly become much warmer the existing ant populations
might not expand as rapidly as might be expected; colon-
isation of new sites might either require selection to
operate on the existing populations, a process which
might take a number of generations, or await immi-
gration from more southerly populations.
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