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a b s t r a c t

We present year round meteorological and conductivity measurements of colonized
hypolithic rocks in the Arava Valley, Negev Desert, Israel. The data indicate that while dew
is common in the Negev it is not an important source of moisture for hypolithic organisms
at this site. The dominance of cyanobacteria in the hypolithic community is consistent with
predictions that cyanobacteria are confined to habitats supplied by rain. To monitor the
presence of liquid water under the small Negev rocks we developed and tested a simple
field conductivity system based on two wires placed about 0.5 cm apart. Based on 21
replicates recorded for one year in the Negev we conclude that in natural rains (0.25 mm
to 6 mm) the variability between sensor readings is between 20 and 60% decreasing with
increasing rain amount. We conclude that the simple small electrical conductivity system
described here can be used effectively to monitor liquid water levels in lithic habitats.
However, the natural variability of these sensors indicates that several replicates should be
deployed. The results andmethod presented have use in arid desert reclamation programs.

Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

In arid deserts and polar regions photosynthetic communities are found below the surface of translucent rocks (Vogel,
1955; Friedmann and Galun, 1974; Cockell and Stokes, 2004; Warren-Rhodes et al., 2006, 2007, 2013; Pointing et al., 2009;
Cary et al., 2010; Cowan et al., 2011; Tracy et al., 2010; Wong et al., 2010; Azúa-Bustos et al., 2011; Khan et al., 2011; Chan
et al., 2012; Pointing and Belnap, 2012; Stomeo et al., 2013). They are typically found under quartz (Nienow, 2009) but have
been reported under flint in the Negev (Friedmann et al., 1967; Berner and Evenari, 1978) under quartz, marble, talc, and
two distinct types of carbonate in theMojave (Smith et al., 2014) and gypsum in the Atacama (Dong et al., 2007). In addition
to providing protection against UV (Berner and Evenari, 1978; McKay, 2012; Smith et al., 2014) and physical abrasion it
has been assumed that the rock enhances water retention compared to the adjacent soils. In extreme deserts the dominant
species found under colonized rocks is the cyanobacteria, Chroococcidiopsis (e.g., Warren-Rhodes et al., 2006; Pointing et al.,
2009; Cary et al., 2010; Azúa-Bustos et al., 2011; Cowan et al., 2011; Tracy et al., 2010; Chan et al., 2012). Chroococcidiopsis
is an oxygenic photosynthetic single cell cyanobacteria extremely tolerant to desiccation and radiation (Billi et al., 2000,
2011).

Direct measurements in the laboratory of the spectral properties of hypolithic rocks from the Negev Desert (Berner and
Evenari, 1978) and the Mojave Desert (Smith et al., 2014) provide a clear indication of their effect on the light regime.
However, the effect of small rocks on water retention is more difficult to assess and requires field measurements. It has
been suggested that rain, fog, and dew are all possible moisture sources for hypolithic communities of cyanobacteria but
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Fig. 1. Site image showing the data logger system emplaced near the Hatzeva Field School in the Arava Valley: N30.772, E35.238, −145 m.

it has proved difficult to isolate these sources and determine their relative contribution in different deserts (McKay et al.,
2003; Warren-Rhodes et al., 2006, 2013; Azúa-Bustos et al., 2011).

Water availability is key to the habitability of the hypolithic environment because the primary producers are cyanobac-
teria which require water activity levels every close to unity (RH = 100%). Recently, Strong et al. (2013) have shown that
hydration is a critical trigger of cyanobacterial photosynthetic activity and that critical hydration thresholdsmay existwhich
determine growth. Previous studies have placed lower limits on the water activity of vapor that can support cyanobacteria
activity (e.g. Kushner, 1981 (>94%); Potts and Friedmann, 1981 (∼98%); Palmer and Friedmann, 1990 (>90%)). It is therefore
not surprising that Warren-Rhodes et al. (2006) report that hypolithic cyanobacteria, which are present under translucent
rocks in virtually all other deserts, are not present in the arid core region of the Atacama Desert which receives very little
rain or fog. Dew has been determined to be ineffective at providing moisture in this area (McKay et al., 2003). Wierzchos
et al. (2006, 2011) and Davila et al. (2008) however, have shown that cyanobacteria and associated heterotrophic bacteria
can grow inside saline endoevaporitic habitats where moisture is condensed by halite when relative humidity values are
above 75%. Thus, liquid water, albeit salty, is generated from nighttime humidity even when there is no rain, dew, or fog.

Here we focus on the water supply to the communities of hypoliths that are found in the Arava Valley in the Negev
Desert, which is of particular interest as one of the lowest elevation, hottest, and driest parts of the Negev. It is of interest to
determine the seasonal availability and sources of liquid water under the small flint stones that form the desert pavement
in this area (Fig. 1). In particular we seek to test the hypothesis that dew can be an important source of water for hypolithic
cyanobacteria in the arid regions of the Negev Desert.

Previous studies in the Negev have shown that fog and dew can be frequent and relatively abundant source of liquid
water for microbial lithobiontic colonization in this desert (eg. Kidron et al., 2002 and references therein). However, Kidron
(1999) has shown that the efficacy of dew and fog as amoisture source decreases sharplywith decreasing elevation. Previous
studies have tended to focus on sites at higher elevation in the central and western Negev. Previous reports of dew in the
Negev are from locations with 90 mm of rain or more and at higher elevation (eg 200 m)—more and heaver dew (Kidron
et al., 2002). Our site at −145 m is much lower and would be expected therefore to have less effective dew and fog sources.
Interestingly, Kidron et al. (2014) point out that cyanobacteria are confined to habitats supplied by rain while lichen can
grow if dew is plentiful. As a result, Kidron et al. (2014) suggest that purely cyanobacteria colonization therefore serves as
a bioindicator for dewless habitats within the dewy Negev Desert.

In this paper we report on year round measurements of liquid water occurrence beneath colonized rocks in the Arava
Valley and correlate this with rain and dew occurrence.We have developed a simple fieldmethod for recording conductivity
and test it with 21 replicates in this project. The results andmethod presented have direct use in monitoring the restoration
of arid desert environments.

1. Methods

We describe and test a simple method to detect the presence of liquid water in and under desert rocks and soils based
on the large change in electrical conductivity between the wet and dry state. To determine the presence of liquid water
we use the conductivity (the inverse of the resistance) between two wires placed under the rock of interest. Conductivity
beneath the colonized flint at this site was measured with wires spaced about 0.5 cm apart. The insolated portion of the
wires is secured to the rock by epoxy but the bare wires are not and are physically pressed between the rock and soil. They
are thus in contact with both the rock and the soil. A schematic of the conductivity circuit and the implementation of the
wires on a sample of the Negev flint are shown in Fig. 2. As discussed below, the distance between the wires is not critical
as the conductivity is not a function of the distance between the measurement points because the resistance is dominated
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