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Abstract. Species of springtails (Collembola) have a stratified distribution along the soil/air profile and present an opportunity to
study adaptive traits relating to a gradient of fluctuating humidity. The habitat of eu-edaphic species (found in deeper litter and
soil layers) secures a relatively stable humidity, whereas hemi-edaphic (found in upper litter layers) and epigeic springtails (found
on soil surface or vegetation) can experience an increased range of moisture fluctuation with much more rapid shifts between
extremes. We hypothesized that the capacity for acclimation to drought conditions is better developed in species associated
with the soil surface than in soil-dwelling species. To test this hypothesis, we measured the osmotic response of two epigeic, two
hemi-edaphic and three eu-edaphic species to mild drought acclimation (3 d at —1.5 MPa; the average wilting point of plants) and
compared the drought tolerance of drought acclimated animals with controls. Epigeic species had no or very little osmotic regula-
tion during mild drought acclimation and unexpectedly became less tolerant to subsequent acute drought stress than controls.
The hemi-edaphic and eu-edaphic species significantly increased body fluid osmolality in response to mild drought acclimation.
However, none of these species became more drought-tolerant after exposure to mild drought. In conclusion, we found that the
osmotic response to drought acclimation was indeed related to the vertical position of a species in the soil/air profile, however, the

relationship was opposite to our hypothesis.

1. INTRODUCTION

Springtails are wingless hexapods closely related to
insects but forming their own order (Collembola). Most
springtails are small (their body length is typically 1 to 5
mm) and live in the air-filled pore space of soils, in litter on
the soil surface, or in the vegetation (Gisin, 1943; Hopkin,
1997). Springtails have ecological significance for nutrient
cycling in soils through grazing on roots, microorganisms
and detritus, and as prey for soil-dwelling predators such
as spiders (Rusek, 1998; Wise, 2004; Potapov et al., 2016).

Springtail species typically occupy distinct vertical strata
of the soil profile (Hopkin, 1997; Berg et al., 1998; Po-
tapov et al., 2016; Ferrin et al., 2023) and are often divided
into species that live in the uppermost litter or on the soil
surface (epigeic species), in vegetation (atmobiotic spe-
cies), and truly soil-living species which live in deeper soil
layers (eu-edaphic species). Intermediate to these, the he-
mi-edaphic species live in the deeper litter layers. The life
forms of springtails (i.e. their preferred vertical distribu-
tion in the soil) are often inferred from morphology such as
pigmentation, presence of eyes, body size, antennal length
and presence or absence of a furcula (Gisin, 1943; Parisi et
al., 2005; Potapov et al., 2016; Malcicka et al., 2017; Fer-

rin et al., 2023). Hence, epigeic life-forms are colourful,
have eyes, long antennae, well-developed furcula and are
often relatively large. Eu-edaphic species are often blind,
without cuticular pigmentation, have short antennae and
often have reduced or absent furcula. Hemi-edaphic spe-
cies are intermediate in these traits. However, exceptions
to this categorization may occur, and the vertical distribu-
tion of individuals within a species may temporarily shift
according to light, temperature and soil humidity (Hagvar,
1983; Lagerlof & Andren, 1991; Detsis, 2000; Tsiafouli et
al., 2005).

Springtails, with their stratified distribution along the
soil/air boundary, present an opportunity to study the oc-
currence of plasticity in drought tolerance as an adaptive
trait in species along an extended gradient of fluctuating
humidity similar to a climatic gradient, however, at a much
smaller spatial scale. The habitat of the eu-edaphic spe-
cies secures a relatively stable humidity (Willmer, 1982).
On the other hand, epigeic springtails can experience an
increased range of moisture fluctuation with much more
rapid shifts between extremes (Geiger et al., 1995). As-
suming that species are well adapted to the conditions in
the soil strata where they are found, it may be hypothesized
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that the capacity for acclimation to drought conditions is
better developed in species associated with the soil surface
than in soil dwelling species.

Eu-edaphic springtails can actively regulate internal
osmotic pressure and absorb water vapor in relatively
dry soil by accumulating compatible osmolytes (sugars,
sugar alcohols or free amino acids) in response to desicca-
tion (Bayley & Holmstrup, 1999; Holmstrup et al., 2015).
Hence, pre-acclimation at mildly desiccating conditions
can stimulate upregulation of the animals’ body fluid os-
molality, reducing cuticular water loss and increasing
survival chances when exposed to more severe drought
(Sjursen et al., 2001). In contrast to the eu-edaphic species,
epigeics primarily rely on a low cuticular permeability to
survive drought and are not able to absorb water vapor by
osmoregulation (Kersgaard et al., 2004; Holmstrup et al.,
2015).

In the present study, we compare seven springtail spe-
cies and test the hypothesis that a species’ habitat position
along the vertical soil/air transect (i.e. the life form) de-
termines its capacity to acclimate to drought conditions.
To this end, we measured the responses in a species’ body
fluid osmolality when exposed to mild drought conditions
and whether pre-acclimation to mild drought increases sur-
vival of subsequent exposure to severe drought conditions.

2. MATERIALS AND METHODS

2.1 Animal material

Seven species of springtails were included in the study (Table
1). The species Heteromurus nitidus (Templeton), Sinella curvi-
seta (Brook), S. tenebricosa (Folsom), Folsomia candida (Wil-
lem) and Protaphorura fimata (Gisin) were cultured in our labo-
ratory and kept in Petri dishes with a base of moistened gypsum/
charcoal mixture (8:1 w:w). These springtail species were held at
a constant temperature of 20°C (12L: 12D cycle) and given dried
baker’s yeast as feed.

For the experiment, we randomly collected adult animals
from mass cultures of these species. Entomobrya nivalis (Lin-
naeus) were collected in early September, 2023, from the canopy
of Juniper communis bushes near the Mols Laboratory, Rende,
Denmark, and brought to the laboratory in plastic beakers con-
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taining moist Juniper litter. Orchesella cincta (Linnaeus) were
extracted from mixed deciduous forest floor litter collected near
Silkeborg, Denmark, in June 2021. We selected adults of the two
field-collected species and initiated experiments after two days of
acclimation to 20°C.

2.2 Drought tolerance experiments

The aim of the experiment was to investigate whether pre-
acclimation to realistic mild drought would improve the toler-
ance of subsequent severe drought exposure. Laboratory experi-
ments were designed to simulate the soil water potential (SWP)
experienced by the springtails during a natural drought event.
Considering that SWP at the permanent wilting point of plants
is approximately —1.5 MPa (equivalent to 98.9% Relative Hu-
midity; RH), and that SWP (even under severe drought) is rarely
below —15 MPa (ca. 90% RH), we established a drought exposure
system which was able to accurately create drought exposures
in this range. To this aim, aqueous NaCl solutions were used to
create controlled water potentials (and RH) in small vials where
the springtails were kept (Holmstrup, 1997). Briefly, the spring-
tails were placed in open-top (but covered with 100 pm nylon
net preventing escape of the springtails) plastic sample vials (3
cm high, 1.6 cm diameter), which were glued to the floor of 300-
mL plastic cups (4.5 cm high, 9.2 cm diameter) containing ca. 25
mL aqueous NaCl solution, sealed with tightly fitting plastic lids.
The air in this small closed system rapidly equilibrates with the
salt solution (following Raoult’s law), and precise SWP can be
established by adjusting the NaCl concentration and keeping the
system at constant temperature (Lang, 1967).

As a pre-acclimation treatment representing mild desiccation
stress for springtails, we chose exposure to the average wilting
point of plants (—1.5 MPa or 98.9% RH; using 19.4 g NaCl L)
for three days at 20°C (Holmstrup et al., 2001; Kersgaard et al.,
2004). As a control treatment, we used exposure to —0.18 MPa
(99.9% RH; 2 g NaCl L™). We did not use saturated conditions
as a control treatment since this often causes some mortality due
to the presence of liquid water in the test beakers (Holmstrup,
unpubl. study). The haemolymph osmolality of springtails kept
under humid conditions is in the range 250400 mOsm (equiva-
lent to —0.6 to —0.95 MPa) (Verhoef & Witteveen, 1980; Verhoef
& Prast, 1989; Kaersgaard et al., 2004). Hence, the SWP in the
pre-acclimation beakers resulted in potentially desiccating con-
ditions for the exposed springtails, which could induce a physi-
ological up-regulation of body fluid osmolality (Bayley & Holm-
strup, 1999).

Table 1. Overview of the Collembola species used in the experiments and some traits associated with their vertical distribution in the soil profile.

. Maximal body Complex Antenna length Omm . o . , Vertical distri-
Species length (mm) pigmentation Colour (relative to body Iength)Scales tidia Furca Vertical distribution Life form bution rank°©
E.ntor'nobrya 18 yes intense/ 0.52 no fully On bark and Atmqbl(_)nt/ 1
nivalis dark developed moss of live trees epigeic
Orchesella intense/ fully  In surface litter and lower Atmobiont/

. 6 yes 0.5 no 8 Co 2
cincta dark developed  parts of tree trunks epigeic
Heteromurus fully Under rocks and pieces  hemi-
nitidus 2 no pale 0.45 yes 1 developed of wood, in surface litter edaphic 3
Sinella fully . hemi-
curviseta 2 no pale 0.6 no 2 developed In litter edaphic 4
Smella' 1.5 no white 0.4 no 0 fully In compost soil eu-edaphic 5
tenebricosa developed
Folso_mla 25 no white 0.25 no 0 fully In thick organic IltFer eu-edaphic 6
candida developed and compost soil
Iﬂ?rt":at?aphorura 25 no white 0.16 no 0 absent In compost soil eu-edaphic 7

2Extracted information from Fjellberg (2007). * Based on morphological traits as outlined in Ferrin et al. (2023). ¢ Ranking of species according to their
most likely distribution along the vertical soil profile. This value is determined based on reported vertical distribution and life form, where a rank = 1
indicates the most superficial position, and rank = 7 the deepest position in the soil-air gradient.
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Table 2. Concentrations of aqueous NaCl solutions (C_) used in the drought exposure experiments. The soil water potential (SWP; -MPa) was

calculated as: SWP = 0.0733 x C_+ 0.0001 x C? (Eq. 1).

Species

Concentration of NaCl solution (C_; g L™ solution)

Entomobrya nivalis 2.0 19.4 31.6
Orchesella cincta 2.0 31.8 40.8
Heteromurus nitidus 2.0 17.0 31.6
Sinella curviseta 2.0 23.0 31.6
Sinella tenebricosa 2.0 23.0 31.6
Folsomia candida 2.0 17.0 31.6
Protaphorura fimata 2.0 31.6 40.2

52.0 80.0 124.0 166.0 191.0 242.0
60.5 75.0 85.0 95.0 110.0
40.8 51.8 60.5 71.2 100.0
40.8 51.8 60.5 71.2 88.9
40.8 51.8 60.5 71.2 88.9
40.8 51.8 60.5 71.2 100.0
51.8 60.5 71.2 88.9 110.0

A total of 32 beakers were dedicated to pre-acclimation to mild
drought, and 32 beakers served as controls, with each beaker
containing ten animals. After the pre-acclimation period, NaCl
solutions were replaced by increasing NaCl concentrations (four
beakers per concentration) ranging between 2 and up to 242 g
L', depending on the species (Table 2). Springtails were then ex-
posed to drought for seven days, after which the animals of each
beaker were transferred to separate Petri dishes with moist plas-
ter of Paris/charcoal for re-hydration and recovery. Survival was
scored after 24 h recovery. Animals that walked normally, either
spontaneously or after light stimulation with a fine paint-brush,
were scored as survivors. All other animals were scored as dead.

2.3 Differential scanning calorimetry

Body fluid osmolality was estimated using differential scan-
ning calorimetry (DSC) as described by Holmstrup (2018). Calo-
rimetric analysis of single springtails was done using a DSC4000
calorimeter (Perkin Elmer, Waltham, MA, USA). A single spring-
tail was transferred to a pre-weighed 50 pL aluminium DSC pan,
and its fresh weight was determined using a Sartorius SC 2 micro-
balance (Sartorius AG, Goettingen, Germany) accurate to 1 ug.
The pan was immediately hermetically sealed, and samples were
subjected to a DSC program consisting of three steps: (1) hold for
1 min at 5°C; (2) cool to —35°C at a rate of 5°C min' (causing
the animal body fluids to freeze) (3) hold for 1 min at —35°C; (4)
heat to 5°C at a rate of 1°C min"'. The melt endotherm (enthalpy
change during melting of ice formed in the animal) of the heating
scan curve was recorded, and the melt onset temperature was esti-
mated using Pyris Software (Perkin Elmer, Waltham, MA, USA)
as described by Block (1994).

The melt onset temperature (determined by DSC) of intact
springtails is not necessarily a true melting point of haemolymph.
However, a good estimation of osmolality can be achieved using
DSC when calibrating melt onset temperature with melting point
determination of animal samples using vapor pressure osmom-
etry as described by Holmstrup (2018).

Hence, osmolality was calculated based on melt onset tempera-
ture (M, _;°C) and fresh weight of the animal (FW; mg) follow-
ing the equation:

Osmolality = —0.368756 xM__ —(0.331181 x FW)—0.185582
(Eq.2)

2.4 Statistical analysis

The effect of pre-acclimation on body fluid osmolality within
each species was subjected to analysis of variance where data ful-
filled the requirements of normal distribution and homoscedastic-
ity. In other cases, a Kruskal-Wallis one-way analysis of variance
on ranks was done.

The relationship between increasing drought and survival for
each springtail species was analysed by fitting a dose-response
curve using the model fitting function drm() in the R packages drc
(Ritz et al., 2015). Two curves were fitted for each species, one
for control and one for pre-exposed springtails. Appropriate two

or three parametric log-logistic dose-response models were fitted,
with binomial as the family type and logit as the link function, and
the lethal SWP_ values (ED, ) were estimated from these models.
Pairwise comparisons of the SWP, values between control and
pre-acclimated groups for each species were performed using the
compParm function to assess statistically significant differences.
Additionally, we compared the drought tolerance among six of
the seven species (excluding E. nivalis due to its distinctive sur-
vival pattern) using a two-parameter log-logistic model fitted to
the control data. The compParm function was again employed to
identify significant differences in the SWP, values among spe-
cies. All statistical analyses were conducted using RStudio (ver-
sion 2023.12.1) and R (version 4.2.2).

3. RESULTS AND DISCUSSION

3.1 Suitability of DSC analysis for the measurement
of body fluid osmolality

The estimated osmolality of control animals ranged be-
tween 500 and 900 mOsm (Fig. 1). Previous research using
more conventional methods such as melting point depres-
sion (e.g. Clifton nano-litre osmometer) or vapor pressure
osmometry (Wescor) gave osmolality values for O. cincta,
F candida and P. fimata between 275 and 400 mOsm (Ver-
hoef & Witteveen, 1980; Verhoef, 1981; Verhoef & Prast,
1989; Kersgaard et al., 2004) which is 100-200 mOsm
lower than estimated here by use of DSC (Fig. 1).
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Fig. 1. Osmolality of body fluids in seven species of springtails kept
at control conditions (—0.18 MPa) or acclimated to mild drought
(-1.5 MPa) for three days. Values are mean +SE (n = 5-8). An
asterisk indicates that pre-acclimated animals had a significantly
higher osmolality than controls (P <0.05).
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Fig. 2. Log-logistic dose-response analysis of drought survival in seven springtail species. Black symbols and lines indicate controls, Blue
symbols and lines indicate animals pre-acclimated to mild drought (—1.5 MPa) for 3 days.

Also, the DSC-estimated osmolality of control E. nivalis
(ca. 900 mOsm) was twice as high as the osmolality of
summer acclimated specimens measured by use of melt-
ing point depression (Verhoef & Witteveen, 1980; Zettel,
1984). While the inferior accuracy of the DSC methodol-
ogy for osmolality measurement must be carefully consid-
ered in the interpretation of our results, the precision of this
method is sufficiently good (coefficient of variation was
10-20%) for comparison of treatments (Fig. 1).

3.2 Effect of pre-acclimation on body fluid
osmolality

The hemi-edaphic and eu-edaphic species clearly re-
sponded to mild drought acclimation by increasing their
osmolality, although this was not statistically significant
in S. tenebricosa (Fig. 1). The highest relative increases
in osmolality were seen in the eu-edaphic species F. can-
dida (93%) and P. fimata (117%). This osmotic response to
mild drought is unique to especially hemi-edaphic and eu-
edaphic springtails and important for their ability to main-
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tain their body fluids hyperosmotic to ambient humidity
conditions in the soil, thereby facilitating water vapor ab-
sorption and avoidance of fatal dehydration during drought
spells (Bayley & Holmstrup, 1999; Karsgaard et al., 2004;
Holmstrup & Bayley, 2013). Thus, all hemi-edaphic and
eu-edaphic species raised their osmolality well above 600
mOsm (which is equivalent to the pre-acclimation regime
of —1.5 MPa) and thus re-established their hyperosmotic
status in this experimental environment. The osmotic re-
sponse to drought acclimation in these species is mainly
based on accumulation of sugars, sugar alcohols and cer-
tain free amino acids known as compatible osmolytes (Ver-
hoef & Prast, 1989; Bayley & Holmstrup, 1999; Holmstrup
et al.,, 2001; Holmstrup et al., 2015). Evaporative water
loss during pre-acclimation would also contribute to an in-
creased osmolality, however, the mild drought level and
short duration are unlikely to have caused any substantial
dehydration in this experiment (Kersgaard et al., 2004;
Holmstrup et al., 2015).
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Opposed to the species living in the litter and deeper soil
layers, pre-acclimation to mild drought did not change — or
only slightly changed — the osmolality of the epigeic/atmo-
biotic species; E. nivalis did not show any response at all,
and only a small (20%) increase from 500 to 600 mOsm
was observed in O. cincta (Fig. 1). Hence, these epigeic/
atmobiotic species were much less osmo-responsive to
drought acclimation.

3.3 Drought tolerance

The log-logistic dose-response curves fitted survival data
well for control and pre-acclimated animals of all seven
species (Fig. 2). It should be noted that control survival in
E. nivalis was only 50% in both control animals and pre-
acclimated animals. However, it was still possible to calcu-
late the effect of drought in both treatment groups as the le-
thal SWP, . Lethal SWP,  values were estimated from the
dose-response curves, and we tested inter-specific differ-
ences in acute drought tolerance (i.e. without pre-acclima-
tion), and within each species, we tested if pre-acclimation
caused a significant change in lethal SWP_ .

Considering only the control treatment, we observed
significant differences in drought tolerance among the spe-
cies. The most drought-tolerant species was E. nivalis, for
which half of the animals survived SWP below —15 MPa
for seven days (<90% RH; Figs 2 and 3). This reflected
a remarkable desiccation resistance, probably due to low
cuticular permeability for water since osmoregulation was
completely absent in this species (Fig. 1). In support of
this interpretation, Verhoef & Witteveen (1980) showed
that the transpiration rate of E. nivalis is very low com-
pared to other springtail species despite its relatively small
size and large surface : volume ratio (Table 1). The species
O. cincta, S. curviseta and P. fimata had almost the same
drought tolerance with lethal SWP, of approximately —5.5
MPa (Fig. 3). The species H. nitidus, S. tenebricosa and
F. candida displayed similar and lower drought tolerance
with lethal SWP, at around -3 MPa (Fig. 3). The drought
tolerance levels found in the present study (except E. ni-
valis, which was not tested before) are in good agreement
with what has previously been reported in studies using the
same methodology (Holmstrup et al., 2001; Karsgaard et
al., 2004).

In a natural setting, soil organisms will likely be subject-
ed to slowly increasing drought rather than acute shifts to
low humidity conditions since drying of soils is a gradual,
buffered process occurring over days or weeks. Thus, free-
ranging soil invertebrates have the opportunity to accli-
mate to a relatively mild desiccation pressure before severe
drought takes effect. Indeed previous research has shown
that drought acclimation can greatly improve tolerance of
later and more severe desiccation stress in a number of soil
invertebrates such as nematodes, eu-edaphic springtails,
midge larvae and earthworms (Womersley & Ching, 1989;
Sjursen et al., 2001; Hayward et al., 2007; Petersen et al,
2008).

Pre-acclimation to mild drought reduced the drought tol-
erance by almost 50% of the two epigeic species (E. nivalis
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Fig. 3. The soil water potential causing 50% mortality (lethal SWP,
7-day exposure) of springtail species pre-exposed to mild drought
(=1.5 MPa) or at non-stressing conditions (control; see text for fur-
ther details). Error bars are SE, and asterisks indicate statistically
significant differences between treatments (controls versus pre-
acclimation to mild drought). Different letters above black bars in-
dicate differences between species (only control treatments). Note
that E. nivalis was not included in the inter-species comparison.

and O. cincta) although this reduction was statistically sig-
nificant only in O. cincta (Fig. 3). In the remaining species
we found no statistically significant effect of pre-acclima-
tion. Combining the results of Fig. 1 and Fig. 3, we saw
that species with the smallest osmotic response to drought
acclimation (the two epigeic species; Fig. 1) became less
drought tolerant, whereas those species having a distinct
osmotic response to drought acclimation did not change
their drought tolerance to any large degree (Fig. 4). This
was surprising since it must be assumed that epigeic spe-
cies in their natural habitat are exposed to harsher and more
variable drought conditions than soil edaphic species sim-
ply because the upper part of the soil profile will desiccate
more rapidly during droughts than the deeper soil layers.
Hence, one might think that they, through evolution, were
adapted to have higher plasticity in this regard. However,
the epigeic species are not utilizing osmoregulation (Fig.
1), but rely on their ability to resist evaporate dehydration
(Kersgaard et al., 2004). Moreover, epigeic species have
good abilities to migrate horizontally and find microsites
with higher humidity (Joosse, 1970; Verhoef & Van Selm,
1983) and, therefore, seem to utilize different strategies
to cope with drought than species from deeper soil strata.
This idea was further elaborated by Ponge (2020) who
highlighted the good dispersal abilities (‘move’ strategy) of
epigeic species versus the phenotypic plasticity (‘change’
strategy) of eu-edaphic species (with poor dispersal abil-
ity) as fundamentally different adaptations to overcome
environmental hazards. It is still unresolved, however, why
the epigeic species suffer more from pre-exposure to mild
drought than species deeper in the soil. These species can-
not absorb water vapor as eu-edaphic species and may be
unable to tolerate high water loss which might cause mor-
tality due to thirst.
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Fig. 4. The relationship between relative osmotic response to pre-
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springtail species. Circles represent mean values and lines the
result of piecewise linear regression (R? = 0.96; P = 0.014). Sim-
ple linear regression (not shown) also indicated a significant re-
lationship (R? = 0.624; P = 0.035). Note that a negative value of
Lethal SWP, indicates a worsened drought tolerance after pre-
acclimation.

3.4 Is plasticity related to life form?

In an attempt to show a possible connection between
life forms and the adaptive ability to osmo-regulate dur-
ing drought acclimation (i.e. plasticity), we plotted the
relative increase of body fluid osmolality of a species (a
measure of phenotypic plasticity) against its vertical posi-
tion (‘vertical distribution rank”) in the soil profile (Fig.
5). Linear regression showed a clear relationship between
vertical distribution rank and plasticity indicating that the
species living above the ground displayed very little plas-
ticity in osmoregulation whereas the eu-edaphic species
had the highest plasticity in this trait. We stress that only
seven species were included in our study, which limits the
broadness of this observation, and further, we cannot rule
out that phylogeny has a big influence on this relationship.
Life form and vertical position of a species are to a large
degree connected to phylogeny with most Entomobryidae
being atmobiotics and most Isotomidae and Onychiuridae
being eu-edaphic or hemi-edaphic (Potapov et al., 2016).

Our results on the plasticity of osmoregulation have bear-
ings to observations of plasticity of heat tolerance as well
as plasticity of cold tolerance as a result of thermal accli-
mation in springtails. Thus, van Dooremaalen et al. (2013)
found that epigeic springtail species were more plastic than
eu-edaphic species in their adjustment of membrane fluid-
ity and that this adaptation was part of a more rapid gain of
heat tolerance during acclimation to mild heat. Similarly,
Bahrndorff et al. (2009) found that epigeic springtails more
rapidly gained cold tolerance during low-temperature ac-
climation than eu-edaphic species did, possibly through
similar membrane adjustments as for heat tolerance. In-
terestingly, epigeic springtails, which by definition live
most of their life in a thermally fluctuating environment
(i.e. on the soil surface or in vegetation), have adapted by
being physiologically more plastic towards thermal stress,
whereas for drought tolerance, the relationship seems to be
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Fig. 5. The relationship between a species’ vertical position and
the response of body fluid osmolality to acclimation at —1.5 MPa.

opposite. The conclusion we draw with the present study is
in line with experimental drought treatments of field com-
munities of springtails across the European continent (Fer-
rin et al., 2023). In that study, it was shown that the spring-
tail communities in shrubland became more dominated by
eu-edaphic species at the expense of epigeic species after 8
years of repeated summer drought. The eu-edaphic species
are likely living in a more stable and protected environ-
ment, but at the same time, they are also benefitting from
adaptive osmo-regulation capabilities.
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