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Abstract

The hygropreference of adultCryptopygus antarcticusandAlaskozetes antarcticuswas investigated over 2 h at 5, 10 and 20°C,
along humidity gradients (9–98% RH) established by means of different salt solutions. Two chamber arrangements were employed,
linear and grid, to determine any influence of thigmotactic behaviour on distribution within the RH gradient. The humidity preference
of both species varied with temperature. At 5 and 10°C, C. antarcticusdistributed homogeneously showing no clear RH preference.
At 20°C, this species preferred the highest humidity (98% RH).A. antarcticusdemonstrated a preference for the lowest humidity
(9% RH) at 5°C, but at 10°C its distribution differed between the two arena types. At 20°C, A. antarcticusshowed no clear humidity
preference. Assays to control for experimental asymmetries along the gradient; thigmotactic behaviour; and aggregative behaviour
exclude these factors as explanations for the observed results. The mean initial water content of samples did not differ significantly
between temperature regimes (C. antarcticus: 68.6, 71.1 and 74.3%;A. antarcticus: 68.1, 70.1 and 68.6% at 5, 10 and 20°C
respectively), but the level of water loss increased significantly with temperature. The influence of desiccation tolerance and the
ecological significance of the observed humidity preferences are discussed. 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The distribution, abundance and activity of many soil
organisms can be related to the moisture characteristics
of their environment. This is particularly true in the Ant-
arctic, where at the microhabitat level, the abundance of
nematodes, tardigrades, rotifers and microarthropods is
directly proportional to microvariations in relative
humidity (Kennedy, 1993). In polar habitats moisture
availability is often restricted, because liquid water is not
biologically available, being locked up as ice at least for
part of the year. Dehydration resistance, therefore, is as
important as cold resistance for survival (Ring and
Danks, 1994); and tolerance of different relative
humidity conditions within the soil/air interface gives an
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individual, or species, more options in terms of
microhabitat selection, as well as an increased disper-
sal ability.

On Signy Island, in the maritime Antarctic, diurnal
ranges of 37–100% relative humidity (RH) have been
recorded under stones in a fellfield habitat during sum-
mer (Worland and Block, 1986). The CollembolanCryp-
topygus antarcticusand the miteAlaskozetes antarcticus
dominate the arthropod fauna in this location, and must
cope with a variety of desiccating conditions. Previous
studies with C. antarcticus (e.g. Block et al., 1990;
Harrisson et al., 1991; Block and Harrisson, 1995) illus-
trated that this species has no physiological control over
water loss and is unable to take up water vapour from
the atmosphere to restore any deficit.A. antarcticuscan
survive prolonged periods under conditions of low
humidity (Cannon, 1986; Worland and Block, 1986), but
at 95% RH is unable to absorb moisture from the atmos-
phere (Block, 1981). When held for 93 days at 4°C and
100% RH, however, increases in body weight were
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observed, indicating an ability to absorb water vapour
(Cannon, 1986). Against this background, the preference
for certain humidity conditions by these species is likely
to be very different.

Relative humidity affects diverse physiological para-
meters in terrestrial arthropods. At elevated summer tem-
peratures conditions of low RH present a desiccation
risk, especially during moulting. At low temperatures,
however, dehydration can induce glycerol production in
some species, which enhances cold tolerance (e.g. Can-
non, 1986). High relative humidities on the other hand,
reduce the risk of desiccation, but can impair an individ-
uals supercooling ability (Cannon, 1986). Actively
choosing an appropriate RH value at the right time
would therefore constitute an advantageous behav-
ioural strategy.

Both Collembola (Verhoef and van Selm, 1983) and
mites (Usher, 1971) show movement patterns within soil
profiles in response to unfavourable conditions of rela-
tive humidity. The observed RH preferences can often be
predicted according to the species’ microhabitat. When
confronted with a humidity gradient some species
immediately move to the most humid conditions, e.g. the
cave-dwelling CollembolaHeteromurus nitidus(Wilson,
1975). Others initially select a low humidity, and then
move to high humidity conditions as they become desic-
cated e.g. the sheep tickIxodes ricinus(Lees, 1948), and
the British harvest miteTrombicula autumnalis(Jones,
1950).C. antarcticusexists mainly in damp mineral soil
and plant material (Worland and Block, 1986), whereas
A. antarcticusoccupies a variety of habitats including
the underside of rocks and stones, and may even bask
in the sun during warm periods to increase its heat
budget (see Block and Convey, 1995). There is little
knowledge, however, of the preferred humidity ranges
of either species.

In the Antarctic there are distinct microhabitat
environmental gradients, which relate as much to vari-
ations in soil moisture, nutrients and acidity as to the
more frequently studied temperature parameter (Heal
and Block, 1987). By assessing how different environ-
mental factors influence activity and behaviour, we may
obtain a better understanding of which microhabitats are
selected. Also, by understanding which climatic con-
ditions are avoided, we can begin to predict when and
why active dispersal may occur.

This paper investigates the distribution ofC. antarc-
ticus and A. antarcticusalong a ‘free choice’ humidity
gradient, and examines the influence of temperature on
the humidity preference of these species. The influence
of aggregative and thigmotactic behaviour upon orien-
tation within the experimental arenas is assessed. The
role of body water content and desiccation tolerance in
determining hygropreference are also discussed.

2. Materials and methods

Experimental animals were adultCryptopygus antarc-
ticus (length ca. 1.5 mm) andAlaskozetes antarcticus
(length ca. 1 mm) collected during February and March
1999 from Gourlay Peninsular, Signy Island in the South
Orkney Islands, maritime Antarctic (60°439S, 45°
389W). C. antarcticuswas obtained from patches ofPra-
siola crispa located near penguin colonies or seal wal-
lows. A. antarcticuswas found in dense aggregations on
the underside of rocks also near penguin colonies. Stock
cultures of several thousand individuals were established
in plastic containers containingP. crispa, and various
species of moss with adhering soil, taken from field sites.
These cultures were kept outside under ambient summer
conditions ranging from21 to +8°C (see Davey et al.,
1992).

Relative humidity gradients were generated using dif-
ferent saturated salt solutions: potassium hydroxide|9%
RH; magnesium chloride|33% RH; sodium chloride
|75% RH; and potassium sulphate|98% RH, which
were selected because they provided similar RH con-
ditions across the range of temperatures investigated
(Winston and Bates, 1960). The gradients were then
established in two different types of arena [Fig. 1(a,b)],
and the experimental apparatus set up as shown in Fig.
1(c). The upper half of the chamber had nylon gauze
netting (pore diameter 95µm) across its base to provide
a porous surface for the arthropods to walk on and
experience the different RH conditions immediately
above each salt solution. Chambers were placed inside
a special thermal containment system, which consisted
of an aluminium block through which antifreeze solution
could be passed, and its temperature regulated by means
of a thermal circulating bath (Lauda RCS6). The tem-
perature inside each chamber was monitored using an
electronic thermometer (Comark) with a miniature ther-
mocouple attached, and once stable, the animals were
uniformly distributed across the gradient via holes at the
top of each chamber compartment. These holes were
then sealed with rubber bungs, but enabled a relative
humidity sensor (Vaisala HML14) to be placed inside
the chambers to monitor humidity conditions at various
intervals during the experiment.

Experiments were conducted at 5, 10 and 20°C under
diffuse artificial illumination, and unless otherwise
stated, the distribution of four individuals within each
gradient was recorded every 10 min over 2 h. Small
numbers of individuals were used to reduce the influence
of aggregative behaviour or population clumping that is
known to occur in both these species (Peckham, 1967;
Strong, 1967; Tilbrook, 1973; Block, 1982; Usher and
Booth, 1984; Block and Convey, 1995). The duration of
each experiment was limited to 2 h, as this was close to
the maximum survival time forC. antarcticusat 20°C.
The distribution was recorded by counting the number
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Fig. 1. (a) Linear humidity chamber arrangement. (b) Grid humidity chamber arrangement. (c) Schematic side view of experimental arena, to
assess the hygropreference ofC. antarcticusand A. antarcticus. Chamber placed inside thermal containment system through which cooling fluid
is circulated. Temperature regulated at 5, 10 or 20°C by thermal circulating bath. Humidity conditions generated by different saturated salt solutions.

of individuals within each zone and, when an individual
was between zones, the position of the head was con-
sidered indicative of its preference. A minimum of five
replicates was carried out for each regime to permit stat-
istical analysis. The distribution ofC. antarcticusandA.
antarcticuswas also observed under uniform humidity
conditions of 75% RH (5°C) within the linear arena.
These experiments were then repeated using 20 individ-
uals to assess any influence of aggregative behaviour on
their orientation within the experimental apparatus.

Within the linear humidity chamber, thigmotactic
behaviour may promote the collection of individuals at
either end of the gradient. To determine if such behav-
iour influenced the distribution of either species, experi-
ments were repeated using grid chambers that provided
equal body-surface contact in each compartment. During
all experiments the chambers were also rotated 180° to
compensate for any external asymmetries.

All stock cultures were maintained under similar con-
ditions, but differences in the hydrated state of individ-
uals prior to the investigation may have influenced the
observed results. The fresh weight of each group of four
animals was recorded at the start of the experiment, then
re-weighed once the hygropreference assessment was
completed. Finally, the samples were dried to constant
weight at 60°C and the dry weight recorded (Balance
type: Satorius M3P, accuracy± 1 µg). The mean initial
water content and percentage water loss of each sample
was then calculated for all temperature regimes.

2.1. Statistical analysis

Chi-squared tests were used to determine if the distri-
bution of the two species differed significantly from ran-
dom at the end of the observation period. Because the
number of individuals in each experiment was small, the
sum of the final frequencies from each regime was used
in calculating the test statistic. The mean initial water
content and percentage water loss of samples for each
species, was compared between temperatures using one-
way ANOVA (Minitab software package).

3. Results

3.1. The influence of temperature on hygropreference

The results of this investigation suggest that tempera-
ture does influence the humidity preference of both spec-
ies.

Data obtained forC. antarcticus using the linear
chamber are illustrated in Fig. 2(a). At 5 and 10°C, the
distribution after 2 h did not differ significantly from
random (χ2=7.71 and 6.25 respectively, 3 df; N.S.). At
20°C, however, this species demonstrated a clear prefer-
ence for the most humid conditions, 98% RH (χ2=36, 3
df; P,0.001).

The distribution ofA. antarcticuswithin the linear
arena [Fig. 2(b)] differed significantly from random at
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Fig. 2. (a) Distribution ofC. antarcticuswithin a humidity gradient
at 5, 10 and 20°C (linear chamber), (8, 8 and 6 replicates respectively).
(b) Distribution of A. antarcticuswithin a humidity gradient at 5, 10
and 20°C (linear chamber), (8, 5 and 5 replicates respectively). Mean
and standard errors are presented for 12 observations,n=4.

5°C, and indicated a preference for the lowest humidity,
9% RH (χ2=11.75, 3 df;P,0.01). At 10 and 20°C, how-
ever, no clear humidity preference was observed and the
distributions did not differ significantly from random
(χ2=4.8 and 5.2 respectively, 3 df; N.S).

3.2. Orientation in the absence of an RH gradient

In this experiment the distribution of both species was
assessed in the linear arena under uniform conditions of
75% RH (5°C) over 2 h. Both species distributed homo-

geneously, and data did not differ significantly from ran-
dom (C. antarcticus, χ2=6.4; A. antarcticus, χ2=3.2, 3
df; N.S.) (Fig. 3).

3.3. Assessing aggregative behaviour

To determine if aggregative behaviour would influ-
ence the distribution of either species within a uniform
gradient, an experiment was undertaken using 20 indi-
viduals (Fig. 4). The distributions of both species dif-
fered significantly from random (χ2=71.6, and 66.4,
P,0.001 forC. antarcticusand A. antarcticusrespect-
ively. df=3).

3.4. Excluding thigmotaxis

The distribution ofC. antarcticuswithin grid arenas
[Fig. 5(a)] did not differ significantly from random at 5
and 10°C (χ2=2.0 and 0.57 respectively, 3 df; N.S.). At
20°C, however, a clear preference for the highest
humidity, 98% RH, was observed (χ2=30, 3 df;
P,0.001). The orientation ofA. antarcticuswithin the
grid chamber [Fig 5(b)], indicates no clear humidity
preference at 20°C (χ2=0.8, 3 df; N.S.), but a preference
for the lowest humidity, 9% RH, at 10 and 5°C
(χ2=12.75,P,0.01 andχ2=11.25,P,0.025 respectively.
df=3). For C.antarcticus, the results are consistent with
those from the linear chamber at all temperatures, and
for A. antarcticusat 5 and 20°C.

Fig. 3. Distribution ofC. antarcticusandA. antarcticuswithin a uni-
form humidity gradient at 5°C (linear chamber), (five replicates for
both species). Mean and standard errors are presented for 12 obser-
vations,n=4.
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Fig. 4. Distribution of 20 individuals ofC. antarcticusandA. antarc-
ticus within a uniform humidity gradient at 5°C (linear chamber),
(three replicates for both species). Mean and standard errors are
presented for 12 observations,n=20.

3.5. Differences between A. antarcticus and C.
antarcticus—the role of body water content

The mean initial water content of samples (Table 1)
did not differ significantly between temperatures (one-
way ANOVA P=0.126 and 0.567 forC. antarcticusand
A. antarcticusrespectively). Levels of water loss dif-
fered significantly between regimes, however, (one-way
ANOVA P,0.001 for both C. antarcticus and A.
antarcticus) and were greatest at 20°C (Table 1). Con-
tinued desiccation ofC. antarcticussamples, after each
experiment, prevent accurate assessment of the water
loss responsible for inducing an aversion to low RH con-
ditions. Desiccation ofA. antarcticusbeyond the period
of experimentation was less of a problem, however, and
the greatest water loss of anA. antarcticussample was
11% of its initial content at 20°C.

4. Discussion

A number of factors may influence the distribution of
these species in a relative humidity gradient. There is a
tendency for bothC. antarcticus (e.g. Block, 1982;
Usher and Booth, 1984), andA. antarcticus(Peckham,
1967; Strong, 1967; Tilbrook, 1973) to demonstrate
population clumping. Marshall and Convey (1999) out-
line important differences in their aggregative behaviour,
but in whatever form, this characteristic has particular
relevance to hygropreference. Joosse (1970, 1971) sug-
gested that aggregations could lower desiccation rates in

Fig. 5. (a) Distribution ofC. antarcticuswithin a humidity gradient
at 5, 10 and 20°C (grid chamber), (8, 7 and 5 replicates respectively).
(b) Distribution of A. antarcticuswithin a humidity gradient at 5, 10
and 20°C (grid chamber), (8, 8 and 5 replicates respectively). Mean
and standard errors are presented for 12 observations,n=4.

Collembola; and this may also be one of the advantages
of aggregations inA. antarcticus(Block and Convey,
1995). There is a clear indication that large numbers
affected the distribution of both species (Fig. 4), but the
use of only four individuals in all experiments assessing
RH preferences, reduces the likely influence of aggregat-
ive behaviour.

Both species occur in microhabitats offering high
body-surface contact, such as cracks and crevasses in
rocks, suggesting that thigmotactic behaviour may
influence their orientation within RH gradients in the



16 S.A.L. Hayward et al. / Journal of Insect Physiology 47 (2001) 11–18

Table 1
Mean initial water content and mean water loss ofC. antarcticusandA. antarcticussamples used in hygropreference experiments at 5, 10 and 20°C

Temperature C. antarcticus A. antarcticus
Mean initial water content Mean water loss (%)a Mean initial water content Mean water loss (%)a

(% of fresh wt) (% of fresh wt)

5°C 68.6±4.8 20.3±5.0 68.1±4.2 0.3±0.6
10°C 71.1±4.7 39.1±5.3 70.1±4.7 4.7±1.7
20°C 74.3±8.2 53.4±8.2 68.6±3.9 7.8±2.1

a % of initial water content lost during hygropreference experiment. No fecal pellets were found in the chambers so it is assumed that weight
loss was solely the consequence of water loss.

field. Consistent results between the two different
chamber arrangements, however, suggest that thigmot-
axis did not influence their distribution within the experi-
mental arenas. Initial hydrated state can also have a
marked effect on behaviour within a humidity gradient
(e.g. Madge, 1964), and individuals desiccated prior to
investigation often select high RH conditions sooner
than those that are not dehydrated. The initial water con-
tent of all samples (Table 1) did not differ significantly
between temperature regimes, however, and therefore
are unlikely to be responsible for any observed differ-
ences in behaviour.

The RH preference of bothC. antarcticusandA. ant-
arcticus is influenced by temperature, and can be partly
explained by their different desiccation tolerances. Wor-
land and Block (1986), indicated that both species
experience increased levels of water loss at higher tem-
peratures, and thatC. antarcticusis less tolerant of des-
iccation thanA. antarcticus. Harrisson et al. (1991), sug-
gested that the former species has no active processes
governing the evaporation of water across its cuticle.
The rate of water loss, therefore, is directly proportional
to temperature at constant humidity (Block et al., 1990).
One might expectC. antarcticusto rapidly select con-
ditions of high RH, and be confined to moist habitats,
but this would greatly limit its distribution at polar lati-
tudes. At 5 and 10°C, the level of desiccation over 2 h
appears not to result in the avoidance of low relative
humidities, and so no clear preference was seen. At
20°C, however, high (98%) RH conditions were rapidly
selected. AllC. antarcticussamples survived and were
active at the end of each temperature regime. However,
desiccation beyond the experimental period makes it
impossible to determine the level of dehydration that
induced the observed response at 20°C [Figs. 2(a) and
5(a)]. This response probably does not represent active
selection of an optimum environment, but rather an aver-
sion response to unfavourable conditions. This indicates
an ability to withstand localised adverse humidity con-
ditions for a certain period of time, the duration of this
period being governed by temperature and initial water
content. The ecological significance of such behaviour
is that behavioural regulation of body water content will
play a role in microhabitat selection.

A. antarcticushas recorded dehydration rates of only
5% h21 at 35°C and 5±1% RH (Worland and Block,
1986), and although its level of water loss increased with
temperature, it never resulted in the avoidance of low
RH conditions [Figs. 2(b) and 5(b)]. Initial water content
values for this species (Table 1) correspond with those
previously recorded for field fresh samples, e.g. 65–75%,
and generally fluctuate little throughout the year (Block,
1981). From this investigation it can be concluded, that
an 11% depletion of this hydrated state does not induce
an aversion response to low humidities. Temperatures
exceeding 20°C have been recorded in fellfield habitats
on Signy Island, but do not cover prolonged periods
(Walton, 1982).

The reasons why the results forA. antarcticusdiffered
between the two chamber types at 10°C are unclear. It
has been suggested that for some invertebrates low RH
conditions assist with cuticle release during moulting, or
facilitate the elimination of water soluble metabolic by-
products (Roca and Lazzari, 1994). This may explain the
preference of this species for low relative humidities at
a temperature close to the optimum for adult growth (see
Convey, 1994).

The preference ofA. antarcticusat 5°C for conditions
of low RH can be linked to its physiological responses
to low temperatures. Studies by Cannon (1986) indicated
that the cold tolerance ofA. antarcticus, determined by
its supercooling point (SCP), is reduced under saturated
conditions. Cold tolerance is increased, however, in a
low RH environment, and the extent of the increase is
directly proportional to the saturation deficit. Cannon
(1986) linked this to the accumulation of the cryopro-
tectant glycerol, which was directly related to the rate of
water loss in summer acclimated individuals. The selec-
tion of desiccating conditions at low temperatures may,
therefore, enhance an individual’s cold tolerance and
thus could be considered an advantageous behavioural
strategy. It should also be noted that glycerol production
can be a dehydration tolerance mechanism (Rojas et al.,
1986). C. antarcticusdoes not accumulate cryoprotec-
tants as a result of desiccation at low temperatures,
which may partly explain the random distribution of this
species at 5°C.

There are a number of explanations as to how species
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with different desiccation tolerances can co-exist in polar
habitats. A key factor is the scale over which variations
in the microenvironment occur. For example, small ani-
mals may be better able to penetrate into protected
microhabitats, and despite their higher water loss rates,
may live perfectly well side by side with larger animals
that have a lower rate of water loss (Ring et al., 1990).
In the case ofC. antarcticusandA. antarcticus, survival
in similar microhabitats may be possible due to the speed
with which the former species can respond to adverse
conditions.C. antarcticusis capable of rapid movement
when distressed and, provided that moist refuges exist,
an appropriate behavioural response to adverse con-
ditions of low relative humidity will permit survival of
this species in the southern polar environment.A. antarc-
ticus however, is slow moving, with measured walking
rates of 4–6 cm min21 at room temperature (Strong,
1967). This species may, therefore, rely more on physio-
logical adaptations to cope with desiccation stress.

In conclusion, the distribution ofC. antarcticusin the
Antarctic is likely to be constrained to some extent by
RH conditions, due to its limited desiccation tolerance.
It is not totally restricted to high RH environments how-
ever, and demonstrates a behavioural response to avoid
desiccation stress. This enhances the dispersal capabili-
ties of this species, especially in polar environments
where suitable moist habitats may be very patchily dis-
tributed.

A. antarcticusis more resistant to and tolerant of des-
iccation, and consequently can inhabit a greater variety
of microenvironments. The distribution of this species,
however, may be more restricted by the availability of
nutrients (see Block and Convey, 1995). Its slow rate of
movement means that a rapid behavioural response to
adverse conditions is not possible, which could promote
the development of physiological adaptations to limit
water loss. Prolonged periods of stress at elevated tem-
peratures may eventually induce movement to high RH
environments, but are unlikely to be experienced in the
maritime Antarctic. At low temperatures, a preference
for low RH conditions may be explained by the associa-
ted adaptations to cold and drought tolerance in this
species.
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