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Abstract. A few days of thermal acclimation (to 5 °C versus 15 °C) may strongly
affect tolerance to drought stress in Collembola. To better understand this phenomenon,
the effect of acclimation on water loss rate and its consequence for survival in
the species Pogonognathellus flavescens Tullberg (Tomoceridae) is investigated.
Acclimation does not affect the water content of hydrated animals but animals
exposed to 15 °C and 76% relative humidity lose water much faster after having
been acclimated to 5 °C rather than 15 °C. Tolerance to water loss is not affected; in
both treatment groups, animals survive up to 40% loss of the water content recorded
when fully hydrated. The percentage water content of hydrated animals decreases with
size, which may explain why the proportion of initial water lost appears to be a better
predictor for survival than the amount of remaining water. The proportion of initial
water lost per unit time is little influenced by size in animals acclimated to 15 °C but
increases with decreasing size in the group at 5 °C, indicating that acclimation affects

a physiological protection against water loss.
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Introduction

Water loss is a major challenge for terrestrial life, and
especially so for small arthropods. Sensitivity to dry conditions
also has implications for species responses to climate change
because increasing drought is predicted for many temperate
areas (Easterling et al., 2000). Consequently, numerous studies
exist reporting on desiccation resistance from physiological
and/or ecological points of views (Ring ef al., 1990; Hadley,
1994; Zachariassen, 1996; Addo-Bediako et al., 2001; Chown,
2002; Gibbs et al., 2003; Hoffmann et al., 2003).

Much work focusses on the insects, which, with their
desiccation resistant cuticles and invaginated tracheal systems,
typically tolerate considerable exposure to dry conditions
(Hadley, 1994; Chown & Nicolson, 2004 for review). Both
cuticular modifications and alteration of the pattern and rate
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of gas exchange form significant components of the insect
response to altered water availability (Zachariassen et al., 1988;
Toolson & Kuper-Simbrén, 1989; Gibbs et al., 1998; White et
al., 2007). Springtails also comprise a focus of considerable
research in this arena. Because most springtails exchange
gasses and thus transpire through the body surface, they are, in
general, highly sensitive to changes in the humidity of their
surrounding environments (Noble-Nesbitt, 1963; Vannier &
Verdier, 1981; Verhoef & Prast, 1989; Harrisson et al., 1991;
Kersgaard et al., 2004; Elnitsky et al., 2008). Consequently,
variation in drought exposure may have considerable impact on
individual performance, and on habitat occupancy of species
in relation to drought tolerance (Verhoef & Witteveen, 1980;
Verhoef & van Selm, 1983; Leinaas & Sgmme, 1984; Leinaas
& Fjellberg, 1985; Hertzberg & Leinaas, 1998).

Desiccation stress is a function of current, physical condi-
tions. However, the phenotypic response may also be influ-
enced by conditions encountered previously by an individual,
as a consequence of acclimation. Indeed, acclimation forms
a fundamental part of individual and population responses to
fluctuating environments (Kingsolver & Huey, 1998; Huey
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et al., 1999; Wilson & Franklin, 2002; Stillman, 2003). Many
types of acclimation may theoretically affect drought resis-
tance. Several studies report that drought acclimation may have
positive effects on desiccation tolerance in Collembola (Sjursen
et al., 2001; Holmstrup et al., 2002; Elnitsky et al., 2008).
However, the substantial influence of temperature on desicca-
tion stress (Hadley, 1994) suggests that the effects of thermal
acclimation require closer attention than they have enjoyed to
date (Gibbs e al., 1998; Terblanche et al., 2005).

On the basis of such arguments, Chown er al. (2007)
report the effects of thermal acclimation on drought tolerance
in a comparison of indigenous and invasive collembolan
species on sub-Antarctic Marion Island (46054’8, 37045’E).
It is demonstrated that surprisingly strong effects of thermal
acclimation are exerted on survival time under desiccation
stress, and that invasive species differ from indigenous ones in
the form of the phenotypic plasticity that they show (Chown
et al., 2007). More specifically, the invasive species typically
have longer survival times after acclimation to higher than to
lower temperatures, whereas the indigenous species show the
opposite pattern.

To better understand the evolution of such differential accli-
mation effects, an improved understanding of the processes
underlying them is necessary. As a first approach, the present
study focuses on some major differences in possible mech-
anisms involved: the observed acclimation effects may not
only involve changes in the tolerance of absolute water loss
and/or alteration of transpiration rates (Chown, 1993; Gibbs
et al., 1998), but also the water content of hydrated animals
might be affected by the acclimation temperature. The differ-
ent mechanisms are not mutually exclusive and, in the present
study, these three possibilities are examined in one selected
species. Moreover, an analysis of size-dependent water loss
rate after acclimation to different temperatures is undertaken
to determine the extent to which physical or physiological pro-
cesses might be involved in any change in transpiration rate.
Both factors may be important in protection against desiccation
in Collembola (Verhoef & Witteveen, 1980; Verhoef & Prast,
1989).

To address these questions, the effects of temperature
acclimation on water loss rates and dehydration tolerance are
investigated in one of the invasive species studied previously,
namely Pogonognathellus flavescens Tullberg (Tomoceridae).
This species shows an especially strong effect of acclimation at
5 °C versus 15 °C. When subsequently exposed to 15 °C and
76% relative humidity (RH), the latter acclimation results in an
almost twice as long survival time compared with the former
(Chown et al., 2007). The present study therefore focuses on
these treatments.

Materials and methods

Pogonognathellus flavescens is widely distributed in tem-
perate regions of the Holarctic, usually in damp habitats
(Gisin, 1960; Fjellberg, 1980). It was introduced acciden-
tally to sub-Antarctic Marion Island (46 54’S, 37 45’E) and
subsequently has become invasive (Chown et al., 2002).

The present study was conducted at Marion Island in April
2004.

Soil samples from a site with a high density of the species
were collected and returned to the laboratory within 2 h.
There, two groups of animals were gently sorted by aspirator
and transferred to 30-mL plastic vials that had wet Plaster-
of-Paris bases, and supplied with approximately 2—3 cm of
wetted, loose natural substrate (litter, moss, etc.) in which the
animals sought shelter. The vials were closed by lids and were
regarded to have constant saturated humidity throughout the
acclimation period. In these vials, the animals were held at
5 °C and 15 °C, respectively, in climate chambers (Labcon,
Johannesburg, South Africa, accurate to & 1 °C) for 1 week,
corresponding to the acclimation treatments in our previous
experiment (Chown et al., 2007).

Acclimation effects on water loss rate and survival were
tested at 15 °C and constant RH of 76%, which was maintained
using a saturated NaCl solution. The animals were kept
individually in small (diameter 10 mm, height 5 mm) cages
of fine-meshed stainless steel net. The desiccating conditions
were created in sealed 300-mL plastic vials filled with 70 mL
of saturated NaCl. Inside each vial, a smaller (diameter 3 cm,
height 7 cm) plastic tube was inverted to function as a support
for the small stainless steel cages to prevent the animals
from coming into contact with the salt solution. Prior to the
experiment, the cages were washed in alcohol and air-dried.

Before being placed into the desiccation vials, the cages
were weighed alone and with the acclimated animals added.
Each trial included eight to 12 individually caged animals. As
soon as an animal had been transferred to a cage, and prior
to weighing, the cage was kept on an everted, small Petri
dish lid (5.5 cm) that was placed on wet filter paper inside
abox (17 x 11 x 6 cm) at 15 °C to minimize water loss. The
balance housing of a Metler Toledo UMX2 (Metler Toledo,
Switzerland) was placed inside an earthed Perspex chamber.
During the weighing of hydrated animals, the chamber was kept
humid by moistened filter paper. As a result of this standardized
handling and the fact that P. flavescens was found to be
relatively drought resistant compared with the other species
studied (Chown et al., 2007), the values recorded prior to
experimental manipulation were considered to be reasonable
estimates of the mass of fully hydrated animals (hereafter
referred to as hydrated individuals).

After the initial weighing, the cages were placed into the
desiccation chambers at 15 °C. Water loss rates and survival
were determined at approximately 2-h intervals, commencing
at 4 h (time recorded in minutes). For each recording, cages
were removed from the desiccating conditions and quickly
transferred to the balance (which was conditioned by filter
paper moistened with saturated NaCl solution) and weighed.
Survival status was then assessed visually (under a stereo
microscope). Individuals not showing any sign of movement,
not even with their antenna (and lying on their sides), were
scored as dead (Chown et al., 2007). The animals were then
dried to constant mass over silica gel and weighed again. Final
water content was estimated as final wet mass minus dry mass.
Because of differential survival, the desiccation experiment
was run in two parts. The first part included both acclimation
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treatments and lasted for 8 h. At that time, almost all the
animals acclimated to 5 °C but none acclimated to 15 °C had
died. Therefore, to describe the survival of animals acclimated
to 15 °C, a second experiment with this acclimation only was
run for 10—15 h. Because this second experiment dealt with
a different set of animals and only one acclimation treatment,
these animals were only included in analyses that required data
on both living and dead animals from both acclimations (i.e.
effect of water loss on survival, and survival as a function of
time). Tests on the effects of acclimation on dry mass/hydrated
water content ratio, and on the size-dependent water loss ratio,
were performed on animals from the first experiment.

Initial body water content was estimated by subtracting dry
from wet mass, and expressed as the proportion of original
(wet) mass (Hadley, 1994). The effects of dry mass and
acclimation on the water content of hydrated animals were
compared between animals from the first experimental part.
A general linear model was used for the test with arcsine
transformation of the fraction of water as the response variable.

To determine water loss tolerance, both live and dead
individuals from all time periods for each acclimation treatment
were pooled, and the degree of desiccation was calculated for
each individual in two ways: (i) the proportion of water lost was
calculated as initial water content minus final water content and
divided by initial water content and (ii) final (relative water)
content was calculated as final water content divided by dry
mass. Both measures have been used previously to determine
water loss tolerance (Hadley, 1994, Chown & Klok, 2003).
Logistic regression was used in each of the four cases (i.e. two
tolerance measures for each of two acclimation treatments) to
determine the extent to which each measure could predict the
status (live or dead) of the animals.

Because the proportion of water lost provided the best
predictor of status (see Results), this measure was used in a
further analysis to examine the effects of time and acclimation
treatment on water loss, applying a general linear model with
arcsine transformed proportional water loss as the response
variable.

Finally, patterns of how acclimation affected the relation
between water loss rate and animal size were analysed. If des-
iccation is mainly controlled by physiological mechanisms the
relative water loss (i.e. water loss/initial water content) per
unit time would presumably be less strongly influenced by
the increasing surface area to volume ratio with decreasing
size versus when water loss is mainly controlled by cuticular
structures. Thus, if acclimation at 5 °C weakened a physio-
logical protection, it was expected that the size dependence of
the rate of relative water loss rate would increase. To inves-
tigate this, the rate of relative water loss against size was
plotted. Body mass is related strongly to hydrated water con-
tent. Indeed, because the present study focuses on the fraction
of water lost, size is expressed as the initial water content of
(hydrated) animals. Thus, because the predictor variable (initial
water content) is included in the response variable (water loss
rate/initial water content), any analysis would be confounded.
Consequently, in the statistical analysis, the comparison among
acclimation groups was instead made by investigating the rela-
tionships between absolute water loss rate and initial water
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content for each of the acclimation treatments. The relation-
ship between absolute water loss rate (y) and size (x) may
be described by a linear model: y = a + bx (see Results).
Thus, the rate of relative water loss may be expressed as:
y/x = b + al/x. This means that the intercepts of the abso-
lute water loss curves reflect how fast the relative water loss
decreases with size (i.e. at small sizes, differences in the con-
stant a (intercept) have a substantial effect on y/x but, with
increasing size, y/x approaches the constant b (slope). If the
intercept approaches zero, this means that the rate of relative
water loss approaches a constant value (i.e. independent of the
area to volume ratio). (With a = 0, then y/x = b for any value
of x). The slope estimates the value to which the relative water
loss response curves approaches asymptotically with increasing
size.

A general linear model was used to compare the effect of
size between the treatment groups. Transformation of data was
not required (Levene test for equal variance: F 3% = 0.838,
P = 0.36). During the 8 h of drought exposure included in this
comparison, mortality only occurred among the animals accli-
mated to 5 °C (see Results). To avoid over-estimating water
loss in this acclimation group as a result of a possible increased
water loss rate after death, a conservative test was performed
including only animals that had survived the experiment.

Results

Dry mass and proportional water content showed a distinct
negative relationship in the hydrated animals (Fig. 1). However,
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Fig. 1. Percentage water content of fully hydrated Pogonognathellus
flavescens as a function of body dry mass and acclimation treat-
ments. General linear model (analysis of covariance), with arcsine
transformation of fraction of initial water content as response vari-
able, showed a highly significant effect of dry mass (F e = 27.5;
P < 0.0001). However, there was neither an effect of acclimation
(F1,63 = 2.1; P = 0.15), nor any significant time x acclimation inter-
action (F'1 63 = 0.01; P = 0.75).

Journal compilation © 2009 The Royal Entomological Society, Physiological Entomology, 34, 325-332



328 H. P. Leinaas et al.

this relationship did not differ between acclimation treatments,
showing that temperature did not affect the water content of
hydrated animals.

Survival appeared to be much more closely related to the
fraction of body water that was lost during the experiment
(Fig. 2a) than to the remaining water content relative to dry
mass (Fig. 2b). Accordingly, the logistic regression of the
former relation had a much higher R? than the latter for both
acclimations (Fig. 2). Consequently, the proportion of water
lost was retained as a major variable for analysis. It indicated
a threshold for mortality of approximately 40% body water
loss at both acclimation temperatures. Thus, we found no
effect of acclimation temperature on water loss tolerance (i.e.
dehydration tolerance; Hadley, 1994).

Our study confirmed previous results (Chown et al., 2007)
that animals acclimated to 15 °C survived much longer than
those acclimated to 5 °C (Fig. 3). The former group had
much lower water loss across time, an effect that was highly
significant (Table 1). The same result was also evident when
only analysing animals from the 4-h period prior to any
mortality (Table 1), when animals acclimated to 5 °C and
15 °C on average had lost 25.2% and 17.7% of the initial water,
respectively. Figure 3 also shows that the water loss rate of the
animals acclimated to 15 °C appeared to increase and become
more variable towards the end of the experiment when most
animals had died, which is probably a main contribution to the
significant time x acclimation interaction (Table 1). Increasing
water loss rate in these animals after death is suggested by the

significantly higher water loss rate (per unit time) in animals
exposed to drought for 14—15 h, when all except one died,
compared with the animals from the first part (4—8 h) of the
study when all survived (general linear model: effect of time
period: F131 =15.8; P = 0.019; effect of size F1-3! = 9.92;
P < 0.0001).

The relative water loss rate appeared generally higher in the
animals acclimated to 5 °C. In addition, the difference between
treatment as well as variation within treatment decreased with
size (Fig. 4). The absolute water loss rates for both acclima-
tions were fairly well described by linear models: 5 °C accli-
mation: water loss rate = 0.380 + 0.00066 x size: R? = 0.61.
15 °C acclimation: water loss rate = 0.046 + 0.00064 x size;
R? = 0.66. Figure 4 shows that the animals acclimated to 5 °C
that died during the experiment had higher rates of water
loss than those that survived. However, the conservative test
in Table 2, only including the latter, is likely to underesti-
mate the direct acclimation effects because the excluded ani-
mals that died during the experiment probably had the highest
water loss rate also in the living state. The results neverthe-
less clearly demonstrate that a substantial part of the accli-
mation effect is a result of the differential water loss rate in
living animals. The difference in intercept was highly signif-
icant, as was the effect of size. On the other hand, the lack
of a significant size x acclimation interaction shows that the
slopes did not differ between treatments (i.e. the response
curves for absolute water loss form two parallel lines). This
means that even when excluding all the animals acclimated
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Fig. 2. Survival in relation to drought stress in animals acclimated to 5 °C and 15 °C, expressed both as (a) percentage loss of initial (hydrated) body
water (logistic regression: R> = 1.000; x> = 40.49, d.f. = 1, P < 0.0001 and R?> = 0.907; x2 = 68.50, d.f. = 1, P < 0.0001, for animals acclimated
to 5 °C and 15 °C, respectively) and (b) as remaining body water/dry mass (logistic regression: R> = 0.369; > = 14.95, d.f. = 1, P = 0.0001 and
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Fig. 3. Percent of initial (fully hydrated) water content remaining
in Pogonognathellus flavescens after drought exposure (15 °C; 76%
RH) for different periods of time. (a) Animals acclimated to 5 °C.
(b) Animals acclimated to 15 °C. Filled symbols represent animals
that were still alive at the end of treatment. Open symbols represent
animals that were dead at the end of treatment. Dashed lines indicate
40% water loss.

to 5 °C that died during the experiment, the relative water loss
of the two treatments (Fig. 4) differed clearly but converged
asymptotically with size. Moreover, the estimated intercept in
the animals acclimated to 15 °C was very close to zero, indi-
cating that their rate of relative water loss was little affected
by size (Fig. 4), especially when disregarding the smallest
animals.

Discussion

The present study shows that the relative amount of water con-
tent in fully hydrated animals decreases with increasing body
size, reflecting the possibility that other storage components,
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such as lipids and carbohydrates, increase relative to water
content with increasing size. Similar results are reported for
other insects (Edney, 1977; Hadley, 1994). The size depen-
dency of proportional body water might explain why the
proportion of initial water lost appears to be a more rele-
vant predictor for survival and thus of desiccation tolerance
than the amount of remaining water (relative to body dry
weight).

Although a large effect of acclimation on survival time
in P. flavescens is reported by Chown et al. (2007), it is
not clear to what extent this is the result of changes in
water loss tolerance and water loss rates, nor could the
possibility be excluded that acclimation affects the amount
of water in hydrated animals. The present study demon-
strates clearly that the only significant effect is that the ani-
mals acclimated to 5 °C have much higher water loss rates.
A reduction in the rate of water loss is a typical response to
drier conditions in many arthropods (Edney, 1977; Zachari-
assen et al., 1988; Hadley, 1994; Chown & Nicolson, 2004)
and is repeatedly obseved even within species (Hadley & Mas-
sion, 1985; Rourke, 2000; Terblanche et al., 2006; Parkash
et al., 2008). Intraspecific variation may reflect fixed differ-
ences within (Hoffmann et al., 2001) and/or between popu-
lations (Karan & Parkash, 1998; Hoffmann er al., 2003) but
phenotypic plasticity expressed as a response to acclimation
may also be important. The effects of drought acclimation are
well documented for both insects (Hoffmann, 1990; Benoit et
al., 2007) and Collembola (Sjursen et al., 2001; Holmstrup et
al., 2002; Elnitsky et al., 2008). In the present study, how-
ever, a surprisingly pronounced effect on water loss rates of
a short-term thermal acclimation is shown. Only a few stud-
ies have investigated thermal acclimation effects on water loss
rates and the results obtained are mixed. In some cases, no
effect is documented, such as in Drosophila mojavensis (Gibbs
et al., 1998) and in the chrysomelid Chirodica chalcoptera
(Terblanche et al., 2005), whereas, in others, clear effects are
found. Thus, acclimation to high (20 °C) versus low (17 °C)
temperatures results in a decline in cuticular permeability in
Drosophila pseudoobscura (Toolson, 1982; Toolson & Kuper-
Simbrén, 1989), whereas, in Drosophila melanogaster, accli-
mation to summer conditions generally results in an increase
in survival under desiccating conditions (Hoffmann et al.,
2005).

The present study reveals a strong variation of the acclima-
tion effect with size, and the results suggest that larger animals
having a water content of as much as 2000 ng in the hydrated
state would be little affected by the acclimation treatment.
Apparently, no similar size-dependent effect of acclimation has
previously been reported.

The results are consistent with the idea that a physiolog-
ical control of water loss present in the animals acclimated
to 15 °C is greatly reduced by acclimation to 5 °C. In par-
ticular, the effect of acclimation to 15 °C protects sensitive
smaller animals against rapid water loss. Such size dependence
can hardly be explained simply by physical protection of the
cuticle. By contrast, animals acclimated to 5 °C diverge much
less from the expectation of simple physical drying (Harrisson
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Table 1. General linear model (analysis of covariance) for effects of acclimation on water loss during a desiccation exposure in Ponognathellus flavescens
(response variable = arcsine transformation of the fraction of initial body water lost).

Source d.f. SS F P
Effect on water loss throughout the whole experiment

Time 1,91 0.6459 43.85 < 0.0001
Acclimation 1,91 0.7012 47.61 < 0.0001
Time x acclimation 1,91 0.0628 4.628 0.03
Water loss during the first 4 h of drought exposure

Acclimation 1,32 0.0889 17.40 0.0003

Neither time (within the very narrow sampling range of 237—251 min) nor a time x acclimation interaction were significant (P = 0.15 and P = 0.61,

respectively).

et al., 1991). Physiological changes in the epidermis underly-
ing the cuticle and in the concentration of the body fluids are
reported to affect desiccation in springtails (Verhoef & Wit-
teveen, 1980; Verhoef & Prast, 1989; Holmstrup et al., 2001;
Kersgaard et al., 2004). The existence of a physiological pro-
tection mechanism is also consistent with an apparent increase
in water loss after death, most clearly seen in the animals accli-
mated to 15 °C. What this mechanism might comprise requires
further exploration.

Warm conditions are often associated with dry periods in
temperate areas, where the species occurs naturally, and even
at constant humidity, drought stress is much higher at 15 °C
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Fig. 4. Effects of thermal acclimation and body size on the rate
of relative water loss in Pogonognathellus flavescens. Body size is
expressed as initial water content (in fully hydrated animals) and the
rate of relative water loss as the fraction of initial water lost per
minute. Acclimation at 5 °C: open circles, died during experiment;
closed circles, survivors. Acclimation at 15 °C: squares, all survived.

than at 5 °C (Chown et al., 2007). Consequently, an accli-
mation temperature of 15 °C might be received as a signal
for increased need of protection against desiccation. How-
ever, the underlying mechanism for physiological protection
is likely to have been established independent of acclimation,
and the animals may also profit from the physiological protec-
tion being turned off, or reduced, when it is less likely to be
needed (i.e. at low temperatures). The fact that closely-related
collembolan species living in habitats of contrasting humid-
ity differ correspondingly in drought tolerance suggests that
the protection is costly (Leinaas & Fjellberg, 1985; Bauer &
Christian, 1993; Hertzberg & Leinaas, 1998) and that a reduc-
tion of these costs should be advantageous. This argument is
consistent with the differential response to the same thermal
acclimation regime in indigenous versus invasive alien species
at Marion Island (Chown et al., 2007), with the former species
being adapted to a much cooler and more humid environment
than the European areas from where the invasive species are
assumed to originate (Chown et al., 2007). Moreover, the accli-
mation effect in the invasive species might be more general
than is suggested by the investigation of this single species.
In their study, Chown e al. (2007) report a similar thermal
acclimation effect of survival of desiccation in two distantly-
related invasive species: (i) the tomocerid, which is the subject
of the present study and (ii) the isotomid species Isotomurus
cf. palustris. Thus, improved survival of desiccation after high

Table 2. General linear model (analysis of covariance) for the effects
of body size (initial water content) and acclimation on water loss rates in
Ponognathellus flavescens.

Parameter Estimate SE P
Intercept (15 °C) 0.046 0.09 0.64
Acclimation 0.27 0.05 < 0.0001
Size (initial water) 0.00065 0.00008 < 0.0001
Size x acclimation 0.00003 0.00014 0.81

Parameters were estimated, on animals exposed to drought for 4-8 h,
excluding animals (acclimated to 5 °C) that died during the experiment.
‘Intercept (15 °C)’ tests the probability that the response curve of this
acclimation treatment has an intercept = 0. ‘Acclimation’ tests difference in
intercept between the two treatment groups. ‘Size’ shows the general effect
of size for both acclimations, whereas ‘size x acclimation’ tests differences
in slopes between the two response curves. F>% = 38.7; P < 0.0001.
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temperature acclimation might be more widespread in spring-
tails that have become invasive, although further investigations
of indigenous and invasive species in the same habitats and
areas will be required to establish whether this is the case.
Certainly, the suggestion is in accordance with predictions,
made on the basis of investigations of other taxa, proposing
that invasive species have characteristics that promote their
establishment and spread in a given area (Richardson & Pysek,
2006; Chown & Gaston, 2008).

In P. flavescens, thermal acclimation appears to affect an
active physiological protection against water loss. However,
in other collembolan families, structural modifications of areas
covered by epicuticular wax may be a more important aspect
of drought resistance than in P. flavescens (Lawrence &
Massoud, 1973; Leinaas & Fjellberg, 1985; H. P. Leinaas,
unpublished results). Such lineage-specific differences are
likely to have consequences for how thermal acclimation may
affect drought resistance, and thus emphasize the importance
of future comparative studies that aim to obtain general
knowledge about the role of phenotypic plasticity in the
response to environmental changes in these animals.
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