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Commonly comprised of cyanobacteria, algae, bacteria and fungi, hypolithic communities inhabit the 
underside of cobblestones and pebbles in diverse desert biomes. Notwithstanding their abundance and 
widespread geographic distribution and their growth in the driest regions on Earth, the source of water 
supporting these communities remains puzzling. Adding to the puzzle is the presence of cyanobacteria 
that require liquid water for net photosynthesis. Here we report results from six-year monitoring in the 
Negev Desert (with average annual precipitation of ~ 90 mm) during which periodical measurements 
of the water content of cobblestone undersides were carried out. We show that while no effective 
wetting took place following direct rain, dew or fog, high vapor flux, induced by a sharp temperature 
gradient, took place from the wet subsurface soil after rain, resulting in wet-dry cycles and wetting 
of the cobblestone undersides. Up to 12 wet-dry cycles were recorded following a single rain event, 
which resulted in vapor condensation on the undersides of the cobblestones, with the daily wet phase 
lasting for several hours during daylight. This ‘concealed mechanism’ expands the distribution of 
photoautotrophic organisms into hostile regions where the abiotic conditions limit their growth, and 
provides the driving force for important evolutionary processes not yet fully explored.
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Rendering a deep green tint to the ventral side (underside) of the surface of cobblestones, hypoliths consisting 
primarily of cyanobacteria and algae (photoautotrophs) and by heterotrophs (bacteria and fungi) are common 
in deserts1,2. They abound below translucent quartz pebbles3, but are also found under opaque rock particles 
and partially embedded pebbles. Inhabiting the North American and the Australian deserts4,5, the Gobi6, the 
Negev7,8, the Namib9,10, and the Atacama11–13, hypoliths were reported to fix nitrogen14,15, and to serve as 
important contributors of carbon in hyperarid regions where they may contribute 10–20% of the total carbon 
input16. The species composition of hypolithic communities is distinct from that of the adjacent soil1,17–19. 
Moreover, although inhabiting the most hostile biomes, and being the only photoautotrophs in some of the most 
xeric loci within these hyperarid regions4, sequence-based identification reveals extremely diverse communities, 
comparable and even more diverse than those characterizing adjacent sky-facing lithic communities20.

Sheltered from direct rain, and often decoupled from soil surfaces, the water source supporting hypolithic 
communities remains puzzling. This puzzle is accentuated by the fact that cyanobacteria globally predominate 
in these communities4,21. Unlike eukaryotes that may perform net photosynthesis at RH ≥ 80%22, cyanobacteria 
require liquid water for growth22,23. Despite this essential dependence on liquid water, they inhabit extreme hot 
(Atacama) and cold (the Dry Valleys in Antarctica) deserts where liquid water is extremely scarce.

While it was traditionally assumed that hypoliths benefit from rain18,24, they were also thought to benefit 
from dew and fog7,11,18,25–27. The scholarship has also suggested other potential water sources such as surface 
runoff28,29, capillary wicking30, and water trickling following rain, dew or fog31. Nevertheless, none of the above-
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mentioned mechanisms were substantiated by direct measurements. In contrast, high correlation was found 
with soil humidity > 95%, but surface wetting was not determined32. To date, no satisfactory mechanism has 
been proposed for wetting the undersides of cobblestones in hyperarid environments, particularly for conditions 
in which no direct contact exists between the hypolithic organisms and the soil.

In the Negev Highlands with a mean annual rainfall of ~ 90 mm and 200 dewy days a year33, hypoliths (with 
Chroococcidiopsis sp. Predominating7,25) are widespread. Hypoliths are also common in the southern Negev8 
where mean annual rainfall is only ~ 30 mm and dew is scarce34. Evidence suggests that the limited sky-view 
factor (SVF)35 of the cobblestone underside would prevent nighttime substrate temperatures (Ts) from reaching 
the dew-point temperatures (Td) required for atmospheric vapor condensation36,37. Thus, the predominance of 
cyanobacteria in the hypolithic communities of the Negev, despite the high threshold of liquid water required for 
their net photosynthesis23, represents a paradox requiring an explanatory mechanism.

Kidron et al.38 reported observational evidence from the Negev that wet-dry cycles (WDCs) occur on the 
soil surface following medium and high-depth rain events (> 5 mm) during which vapor transport (from the 
wet soil) promotes vapor condensation on the cooler soil surface and in addition on aboveground substrates39, 
explained by distillation (condensation resulting from vapor that stems from the wet soil). The onset of WDCs 
was attributed to large diurnal temperature gradients within the wet soil. We hypothesize that temperature-
induced vapor flux (TIVF) can provide the necessary water source to support hypoliths and that by attaching 
thin (1 mm-thick) absorbing substrates such as cloths, the amount condensed on the cobble underside can be 
measured, similarly to the way such cloths were used to measure vapor condensation on the cobblestone tops38.

Here we report results from field studies designed to test the TIVF hypothesis and evaluate the potential 
roles of alternate sources of water in wetting the underside surfaces of cobblestones (hereafter cobbles) using 
methods similar to those previously described38,39. By preventing runoff and capillarity and by measuring the 
amount of water accumulating on velvet-like cloths and magnetized plastic sheets that were attached to the 
cobble underside, the amount of vapor reaching the cobble underside from the underlying soil was assessed 
(Fig. 1a). The occurrence of TIVF was also examined by measuring water and temperature with soil depth. For 
comparison, the amount of dew, fog and atmospheric vapor accumulating on the cobbles were also periodically 
measured by the cloths and magnetized plastic sheets (MPSs) that were attached to the top of the cobble during 
the dry season (Fig. 1b). As reference, we measured the amount of water (dewfall, distillation) via the cloth-plate 
method (CPM)40, a cloth attached to 10 cm × 10 cm × 0.2 cm glass plates.

For quantitative calculations, we define the water threshold required for the predominant microorganisms 
(cyanobacteria) to perform net photosynthesis, which was found to be 0.1 mm23, and which was also found to 
represent the minimum threshold that indicates liquid water23.

The field experiments were conducted in the Negev Highlands for a period of six years (2014/15, 2015/16, 
2017/18, 2019/20, 2021/22, 2022/23).

Results and discussion
Hypoliths were present on 86.7% of the hilltop cobbles, having chlorophyll a content of 18.3 (SD = 4.0) mg 
m− 2. Mean rain precipitation of ≥ 1 mm rain events during the study period was similar to the long-term mean 
(92.7 mm; Table S1). As shown in Table S1 most rainfall events were small (< 5 mm per event), with only 7 
large events (> 20 mm) occurring during the experiment. Apart from a restricted area around the periphery of 
a cobble underside, rain did not commonly wet the underside of cobbles, and the amount of moisture found on 
the cloths following rain was ≤ 0.03 mm, ruling out the possibility of direct wetting by rain trickling. No wetting 
took place by dew or fog (Fig. 2). Also, no trickling was observed following dew or fog, explained by the sharp 
decrease in the amount of dew over the sides of the cobble with the increase in the substrate angle41.

Fig. 1.  Cobbles at the research site during the wet season during which cloths and MPSs are attached to the 
cobble undersides (a) and cloths and MPSs attached also to the top of the cobble during the dry season aiming 
to assess the effect of dew and fog on the water regime of the cobbles (b).
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Figure 2 shows the average concomitant amount of atmosphere-driven non-rainfall water from dew (N = 62) 
and fog (N = 10), as periodically measured by the CPM and on the top and underside of the cobbles during the 
summers of 2016, 2019, 2020, 2021 and 2022. While relatively high amounts of dew and fog (~ 0.10–0.20 mm) 
were obtained on the top of the cobbles and on the CPM during the non-rainy period, only minute values 
(≤ 0.02 mm) were recorded on the cobble undersides.

During the morning and noon hours after a rain event, WDCs were periodically monitored (days during 
which monitoring took place are indicated in Table S1). WDCs were observed for a week or more following 
a rain event (in accordance with rain depth; see below), during which a wet soil surface was visible during the 
morning. Commonly and except for cloudy days, surface desiccation took place during midday, but rewetting 
of the soil surface was observed again during the following morning. These WDCs, which were previously 
described in desert surfaces38,42–45, were primarily explained by vapor transport42–51. WDCs were also noted on 
the open surfaces of the Negev following rain events that wetted the upper several centimeters of the soil38. As 
verified by temperature and moisture measurements, WDCs also took place on the cobble undersides.

Temperature distributions as measured during 16–18 March, 2023 (following the 9.1 mm rain event of 14 
March, 2023 and during 14–16 April, 2023 (following the 24.4 mm rain event of 10–12 April, 2023) on the 
cobble undersides are shown in Fig. 3a1 and a2, respectively. These measurements show consistent differences 
with a clear gradient. The warm-to-cold gradient from the subsurface to the surface during the late night and 
the early morning and an opposite gradient during midday support the occurrence of vapor movement, as 
found in previous experiments48,52. For example, during the 9.1 mm rain event of 14 March, 2023 the minimum 
temperature measured on the underside of the cobble was 5.0 ℃ lower than at 9 cm below surface, and 2.3 ℃ 
and 1.6 ℃ lower than at 3 cm and 1 cm below surface, respectively. These thermal gradients are larger than 
the required thermal gradient of 0.5 ℃ cm− 1 reported by Cary52 to support substantial vapor flow. The vapor 
transport and condensation were also reflected by clear moisture cycles within the soil underlying the cobbles.

The water dynamics in the subsurface soil as recorded under the cobbles are shown in Fig. 3b1 and b2. These 
figures show clear diurnal cycles. For instance, an increase in water content near the surface (at 2.0 cm depth) 
took place during the early morning while an increase in water content at 4.5 cm depth (with a concomitant 
decrease at 2.0 cm) took place during midday. The increase in water content at 2.0 cm below surface during the 
early morning hours lends support to the proposed TIVF hypothesis during which vapor from the subsurface 
condenses on the cobble undersides.

High values of water content on the underside of the cobbles were indeed observed following rain events 
(Fig. 4a,b), with both substrates, cloths and MPSs, yielding comparable results (Fig. S1). As depicted in Fig. 5, 
these amounts were as high as 0.5 mm and lasted for up to 7 h (for instance during 12 January, 2015). These 
values were higher than the commonly recorded dew values on the top of cobbles following atmosphere-driven 
non-rainfall water, which seldom exceeded 0.25 mm (Fig. 2).

Following winter rain events, WDCs may commonly last for a week but may even last for 12 days after a large 
rain event during favorable (cool) temperature conditions. This was evident following the high-depth rain event 
of 29.4 mm of 7–11 January, 2015 (and additional 2.1 mm that fell during 16 January, 2015) (Fig. 5). The results 
in Fig. 5 highlight the increased accumulation of water during the morning hours followed by a sharp decrease 
(due to the cobble warming by radiation) during the rest of the day. As can be noted in Fig. 5 and following 

Fig. 2.  Average amount of deposited dew (N = 62) (a), and fog (N = 10) (b) as measured by the cloth-plate 
method and with cloths attached to the top and underside of cobbles during the rainless dry season. Bars 
indicate one standard error. Different letters indicate significant differences (P < 0.05). The values are reported 
as equivalent depth of water per unit area (mm).
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Fig. 4.  Vapor condensation on the underside of a cobble on a MPS (0.23 mm as measured at 09:00 on 13 
January, 2015) following the rain event of 7–11 January, 2015 (a), and 0.20 mm as obtained on a MPS and a 
cloth (bottom) on 7 January, 2022 following the rain event of 14.8 mm during 1–3 January, 2022 (b).

 

Fig. 3.  Daily temperatures as measured on the underside of the cobble (cobble us) and at 1, 3, 6, 9 cm below 
surface following the 9.1 mm rain event of 14 March, 2023 (DOY 73 in Table S1) (a1) and the 24.4 mm rain 
event of 10–12 April, 2023 (DOY 100–102 in Table S1) (a2), and the water content at 2.0, 4.5 and 7.5 cm below 
cobbles following the 9.1 mm rain event of 14 March, 2023 (DOY 73 in Table S1) (b1), and water content at 2.0, 
and 4.5 cm below cobbles following the 24.4 mm rain event of 10–12 April, 2023 (DOY 100–102 in Table S1) 
(b2).
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other rain events, each of the cycles becomes shorter with the elapsed time since the rainfall event – an expected 
outcome following soil water loss with time.

The extent (i.e., number of cycles and the length of the daily wet phase of each cycle) of the WDCs also depends 
upon the ambient temperatures. The lower the nocturnal air temperature, the sooner the vapor condensation37 
and the higher the maximum water content on the cobble undersides (Fig. S2). Also, the lower the temperature, 
the higher the number of the WDCs. And thus, in comparison to rainstorms during the warm spring days, 
the cool winter rain events result in a longer wet phase during each WDC and a substantially higher number 
of WDCs. This can be clearly seen once winter and spring rain events of similar magnitudes are compared. In 
comparison to 7 WDCs monitored following the 14.8 mm winter rain event of 1–3 January, 2022 only 4 WDCs 
were monitored following the 15.0 mm spring rain event of 12–13 April, 2016 (Fig. 6). Indeed, while the average 
maximum air temperature during the week that followed the 1–3 January, 2022 event was 17.8 ℃, it was 28.8 
℃ for the week following the 12–13 April, 2016 rain event. Also, as can be seen in Fig. 3a2, whereas the soil 
temperatures at 1 cm depth below the cobble rose during the three days following the 14 March, 2023 rain event 
by 2.8℃, they rose by 7.8℃ during the three days following the rain event of 10–12 April, 2023.

The temperature effect was also clearly demonstrated once the wetness duration under the cobbles was 
calculated. Figure  7 shows the calculations for five pairs of winter (19–20 February, 2020; 8 February, 2023; 
1–3 January, 2022; 7–11, January, 2015; 24–25 February, 2020) and spring (10–12 April, 2015; 14 March, 2023; 
12–13 April, 2016; 12–14 March, 2020; 10–12 April, 2023) rain events of comparable magnitudes. While average 
daylight wetness duration for a winter event was 26.1 h (SD = 5.7), it was only 10.6 h (SD = 4.3) for the spring 
event. Wetness duration following the winter events lasted ~ 2.5 fold longer in comparison to the rain events 
during the spring.

A schematic model depicting the WDCs and the subsequent wetting of the cobble undersides is shown 
in Fig.  8. Unlike dew and fog that provide water to the cobble tops, TIVF provides water to the hypolithic 
community. Whereas distillation serves as the source of water to the hypolithic community, non-rainfall water 
and distillation provide water to lichens residing on the sky-facing surfaces of the cobbles39.

One should however note that through shading, the cobbles impede surface cooling during the night but at 
the same time, by facilitating lower daytime temperatures (Fig. 3), they impede daytime evaporation. This may 
explain the observation that hypolithic communities were commonly found on cobbles > 10–11 cm in diameter28. 
The impediment of daytime vapor loss may also explain the occurrence of hypoliths on the underside of partially 
embedded cobbles3, supported by field observations noting that the undersides of these cobbles were wet53.

Interestingly however, as can be noted in Fig. 5, the maximal water content on the cobble underside was 
commonly measured only 2–3 h after sunrise. Such a process is supported by the pattern that described the 
increase in water drops during condensation as observed on the MPSs, i.e., individual semi-circular drops with 
clear boundaries typical of vapor condensation37 (Fig. 4). It is suggested that as the soil is warmed up by the first 

Fig. 5.  WDCs as measured during 5 days using MPS following the 29.4 mm that fell during 7–11 January, 
2015 (DOY 7–11 in Table S1), and an additional 2.1 mm that fell during 16 January, 2015 (DOY 16 in Table 
S1). Bars represent one standard error.
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sun rays soon after sunrise, an enhanced vapor flux from the subsurface to the cobble underside takes place, 
apparently stemming from increased turbulence within the soil pores. It is worth noting that a similar process 
during which enhanced condensation of atmospheric vapor took place after sunrise was also reported to take 
place on the top of lithobiont-inhabiting cobbles54.

Based on the rain distribution during 1990–2020 and the magnitude of the WDCs during winter and spring, 
we calculated the annual wetness duration of the hypolithic community in the Negev (Table 1). On average, 13 
large (> 30 mm), 45 medium (10–20 mm) and 168 small (1–5 mm) rain events characterize the rainy period 
(data obtained from the IMS meteorological station in Sede Boqer; https://ims.gov.il/he/data_gov). On average, 
winter and spring rain events provide 76.4 h, and 15.1 h, of daylight wetness duration per year, respectively, 
totaling 91.5 h. However, when calculating the time during which prolonged rainy days (that lasted for 2–4 days) 
took place (during which no field measurements were conducted by us), total wetness duration calculated for the 
undersides of the cobbles is 124.7 h (Table 1).

Fig. 7.  The relationships between the rain depth and the daylight time duration during which > 0.1 mm was 
recorded on the underside of the cobbles during five pairs of rain events with comparable magnitudes during 
the winter (19–20 February, 2020; 8 February, 2023; 1–3 January, 2022; 7–11 January, 2015; 24–25 February, 
2020) (a), the spring (10–12 April, 2015; 14 March, 2023; 12–13 April, 2016; 12–14 March, 2020; 10–12 April, 
2023) (b) and during both seasons (c).

 

Fig. 6.  A comparison between a 14.8 mm rain event that took place during the winter (1–3 January, 2022, i.e., 
DOY 1–3 in Table S1) (a) and a 15.0 mm rain event that took place during the spring (12–13 April, 2016, i.e., 
DOY 102–103 in Table S1) (b). Bars represent one SE.
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One may however note that the actual value may be even higher. In comparison to cobbles that lie on the 
ground, our cobbles were kept 2 mm above ground, being therefore subjected to enhanced evaporation by the 
morning wind54. Additionally, since cyanobacteria commonly excrete exopolymeric substances that may retain 
water for an extended time55, one may conclude that our calculations may be conservative and the cyanobacteria 
activity may be longer than that calculated by us. Also, since the photoautotrophic eukaryotes such as green algae 
may perform net photosynthesis already at relative humidity of 80%56, which corresponds to 0.05 mm56, the 
overall photosyntheitic period of activity of the entire hypolithic community may be longer than that estimated 
by us.

Wetness duration as calculated by us on the cobble undersides is higher than the wetness duration calculated 
for lithic cyanobacteria in this region (90.6 h)57. Since daylight wetness duration rather than the amount of water 
determines the photosynthetic period of activity and subsequently the lithobiont biomass57,58, it may explain the 
higher chlorophyll content of the hypoliths (18.3 mg m− 2), in comparison to the lithic cyanobacteria covering 
the top (sky-facing) surface rocks (11.7 mg m− 2)59. However, the higher chlorophyll content of the hypolithic 
community may be also explained by their shaded position, which provides protection from the harmful UV, 
attesting to the favorable conditions of the hypolithic habitat.

In comparison to coastal deserts that may also benefit from dew or fog and are therefore characterized by 
exceptionally high-biomass lithobionts59,60, most deserts lie inland where rain provides their main (if not the sole) 
source of water. With the underside of cobbles serving as a local water harvesting surface, hypoliths thus inhabit 

Fig. 8.  A schematic presentation of the suggested mechanism. Following rain, heat influx (during the day) 
and efflux (during the night) results in water evaporation and water transport to the soil subsurface during the 
day and water transport to the soil surface and the underside of cobbles during the night and the very early 
morning hours. Whereas lichens on the sky-facing cobbles in the Negev also benefit from dew and fog, TIVF-
driven distillation is the only source of water available to the hypoliths. Note that the magnitude of the cycles 
(bottom drawing) is getting smaller with time until ceased.
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the most favorable habitat in these hyperarid regions. With microorganisms being capable of long dormancy 
(dozens of years) under limited water supply61, providing that the hazardous effect of UV radiation is minimal12, 
the negligible UV radiation on the cobble underside exerts extra advantage to the hypolithic community29. 
Hypoliths may thus serve as a useful indicator for decade-long rainfall distribution and magnitude. This may 
explain their presence in the most extreme hot deserts (e.g. the Namib61 and the Atacama62) even under 
conditions of year-long paucity of rain.

Because cyanobacteria are also capable of fixing nitrogen5,14, the hypolithic habitat may be regarded as the 
least nutrient-limited habitat in hyperarid environments15. In hyperarid regions the hypolithic habitats are 
further regarded as the ‘only significant source of primary production… (acting) as reservoirs for terrestrial 
biota’ and as ‘the last refuge for life’20. The enigma of the apparent contradiction between the high amount of 
water required by cyanobacteria and their presence in the most arid regions on Earth brought Pointing et al.20 
to suggest that an alternative model should be proposed in regard to their water requirements. This apparent 
paradox is however explained by the above-mentioned mechanism. This ‘concealed mechanism’ may explain the 
expanded distribution of photoautotrophs to areas where all other surfaces lack photoautotrophs4, may explain 
the very high diversity of the hypolithic community in comparison to sky-facing substrates20, and the fact that 
the hypolithic habitat can therefore be regarded as one of the most mesic habitats within the most extreme 
deserts on Earth.

Research site and methodology
The research site is located in a loessial flat valley, Sede Zin, near Kibbutz Sede Boqer in the Negev Highlands, 
480 m above MSL (34º23’E, 30º56’N). Long-term annual precipitation is 80–100 mm63. Precipitation occurs in 
the winter months, between November and April. The average annual dew and fog formation is ~ 33 mm, with 
~ 200 dewy and foggy days per year, during which the late summer and fall are particularly dewy33. Average 
daily temperature is 17.9 ºC; it is 24.7 ºC during the hottest month of July and 9.3 ºC during the coldest month 
of January64. The annual potential evaporation is ~ 2600 mm65.

Sede Zin borders 50–70 m-high limestone hills, with abundant cobbles that are covered by endolithic and 
epilithic lichens25,39. These cobbles are also commonly inhabited by cyanobacteria-dominated hypoliths. For 
the evaluation of the hypolith frequency and their chlorophyll content, we conducted a survey during October, 
2016. We randomly examined 60 cobbles from two hilltops (30 cobbles from each hilltop) and demarcated 
the boundaries of the visible patches (clearly noted by their deep green color) of the hypoliths. Hypoliths were 
present on 86.7% of the cobbles. Out of these cobbles, 20 cobbles were randomly chosen and the surface of 1 cm 
× 1 cm, randomly taken from each boundary limit was scrapped (using a sharp sterilized) blade) to a depth of 
~ 5 mm for chlorophyll measurements. Chlorophyll was extracted by 5 mL of hot methanol (70ºC, 20 min) in 
the presence of MgCO3 (0.1% w/v) in sealed test tubes and assayed according to Wetzel and Weslake66 using the 
equation:

	 CHLa (mgL− 1cm− 2) = (A665 − A645) × 13.9 × 5.� (1)

To evaluate the capability of the different sources of water, rain, dew, fog and distillation to wet the underside 
surface of cobbles, measurements were conducted in our research site. For this end, we used fifteen 10 cm × 
10 cm × 2–3 cm cobbles (3 rows of 5 cobbles each) that were carefully cut from the same slab to minimize possible 
differences in their structural, textural and physicochemical properties (Fig. 1a). Each cobble was laid within a 
15 cm-diameter and 5 cm-high ring that protruded 1 cm-above ground aiming to prevent runoff entry into the 
underside of the cobble. While serving to impede runoff from the vicinity into the cobble underside, previous 

Rain event (mm)
Total events for 
30 years Events per year

Wetness 
duration (h)

Winter Spring Winter Spring Winter Spring

1–5 133 35 4.43 1.17 11.6 5.7

5–10 56 14 1.87 0.47 17.8 1.1

10–20 29 16 0.97 0.53 20.4 4.5

20–30 9 3 0.30 0.10 11.0 2.9

> 30 11 2 0.37 0.07 19.1 5.6

Days with continuous rain1 3.9 0.8 3.9 0.8 27.3 2.4

Total 107.1 17.6

Total for the year 124.7

Table 1.  Calculating the wetness duration during which the amount of water at the hypolithic community 
was > 0.1 mm. Calculations were based on the number of rain events with 1–5, 5–10, 10–20, 20–30 mm and 
> 30 mm that fell at Sede Boqer during the last 30 years (1990–2020) during the winter (November until March 
15th ) and spring (March 16th until end of May) months. 1Calculating rainy days during which measurements 
were not carried out, but TIVF took place. We registered the amount of these days for each year during 
1990–2020. We calculated an average activity of 7 h and 3 h for each of these rainy days during winter and 
spring, respectively.
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measurements ruled out the possibility that the ring may have contributed water to the cobble underside, or 
affected the evaporation rate within the ring.

All cobbles were put on four 2 mm-diameter wooden sticks, keeping the cobbles ~ 2 mm above ground to 
prevent direct contact with the soil and therefore water capillarity. This also allowed us to weigh the amount of 
water that accumulates on depositional substrates (see below) attached to the cobble underside. One should 
note that the air gap may not have entirely mimicked the natural conditions as it may increase the evaporation 
induced by the morning wind, thus reducing the amount of water on the cobble underside. Our values may 
therefore be conservative as they may reflect minimum values implying that the actual water accumulating on 
the cobble underside may be even larger than those measured by us.

For the measurements of the water that accumulates on the cobble substrate, cloths and magnetized plastic 
sheets were used. Strips of 6 cm × 3 cm × 0.1 cm velvet-like PVA microfiber porous cloths (Vileda, Germany) 
were attached to the underside of the cobbles (using tapes) in order to evaluate the accumulated amounts. 
In addition, and in order to allow us to also visibly observe the diel distribution of the water, 6 cm × 1.5 cm 
× 0.05 cm magnetized plastic sheets (MPSs) were also periodically attached to the undersides of the cobbles 
(Fig. 1b). The attachment of each MPS to the underside of the cobble was done via a 0.5 cm-thick, 1.2 cm-
diameter magnet that was inserted into a hole of similar dimensions (drilled to the center of the underside of 
each cobble), so that the MPS was kept flat with the underside surface of the cobble. Each magnet kept the MPS 
tightly to the cobble underside. By randomly collecting cloths and MPSs from one cobble from each row, we 
were able to complete up to five rounds of sample collections within a single morning, each containing 3 samples 
of cloths and MPSs. Cloths and MPSs were also attached to the top of the cobbles during the dewy and non-rainy 
period (late summer and fall). We assumed that while sampling of the cloths during the dewy season will allow 
us to assess the potentiality of dew and fog to wet the underside of the cobble, sampling followed rain events 
will allow us to assess whether the cloths were wetted by direct rain (once the collection of the cloths is carried 
out immediately following the cessation of the rain) or by distillation stemming from TIVF that may take place 
during WDCs after rain events.

The wetness duration was calculated by constructing a daily graph of evaporation (water amounts versus 
time of collection), based on the measured values and in line with the pattern that characterize dew54 and rain67 
evaporation. Missing data were filled by extrapolation.

For reference, the cloth-plate method (CPM) was used. It consists of 6 cm × 6 cm × 0.1 cm velvet-like cloth 
that is attached to the center of a 10 cm × 10 cm × 0.2 cm glass plate, glued in turn to a 10 cm × 10 cm × 0.5 cm 
plywood plate that served to provide an identical base40. During the current research a threshold of 0.1 mm, 
which is required by the cyanobacteria to perform net photosynthesis served to evaluate the annual estimated 
activity of the hypolithic community.

The cloths and MPSs were attached to the cobbles in the late afternoon and collected during the following 
morning. Each cloth and each MPS was separately placed into a glass flask that was immediately sealed. 
Following a rain event, the cloths and MPSs were collected in 1–2 h intervals throughout the morning and noon. 
To avoid cloth and MPS moistening by direct rain, the cloth and the MPS collection commonly commenced one 
day after the cessation of the rain. For calculating the water amount, the amount was divided by the surface area 
in accordance with the equation:

	 WC = (Wwet −−Wdry) / (rA)× 10,� (2)

where WC is the amount of water content in millimeters, Wwet and Wdry are the wet and dry weight of the cloths 
in grams, respectively, ρ is the density of water at given temperature in g cm− 3 and A is the surface area in cm2.

In order to study the daily dynamics of the WDCs and TIVF, a pair of calibrated Hobo moisture sensors 
(S-SMx-M005 Soil Moisture Smart Sensor) connected to Hobo H21-USB Micro Station (Onset Computer 
Corporation, MA, USA) was installed during February 2023 at 2.0  cm, 4.5  cm and 7.5  cm depth under the 
cobbles. Temperatures were measured with a pair of calibrated (± 0.05 °C) 3  cm-long and 0.5  cm-diameter 
TMC6-HD thermistors (Onset Computer Corporation, MA, USA), inserted at 1, 3, 6 and 9 cm below surface 
and tightly attached to the cobble undersides. The temperature sensors were connected to U-12 Hobo data 
loggers (Onset Computer Corporation, MA, USA). All readings were carried out and saved in 20 min intervals.

Data availability
Data that support the findings was uploaded at Zenodo and can be found at: Giora Kidron. Zenodo. https://doi.
org/10.5281/zenodo.10864503.
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