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Causes of two patterns of lichen zonation on cobbles in the
Negev Desert, Israel

Giora J. KIDRON

Abstract: Two patterns of lichen zonation on cobbles were observed in the Negev Desert, Israel:
growth on the top of the cobble and growth on the cobble margins. The causes of the different
patterns are examined. Microscopic examinations did not reveal any textural or structural differences
between the top and the margins of each cobble, excluding the possibility that mineralogical
differences are responsible for the patterns observed. Field measurements have, however, shown a
significant difference in the quantities of average daily dew, with the top of the cobbles receiving
approximately double the quantity received at the margins. These results were consistent on all
cobbles examined, loose as well as partially embedded cobbles. In addition, field observations
following rain noted a greater moistness at the margins of partially embedded cobbles. This
phenomenon, also observed following sprinkling experiments, was explained by water capillary rise.
Whilst the top dwelling pattern may be explained by the significantly larger quantities of dew on the
top of the cobble, the margin-dwelling pattern may be explained by greater moistness at the
cobble-soil interface due to water capillary rise. Providing that the threshold moisture duration is met,
lichen colonization may be expected. An estimated annual daylight moisture duration of approxi-
mately 260–320 h is thought to be necessary for lichen growth in the Negev. The findings may assist
in evaluating weathering rates and paleoclimate reconstruction. � 2002 The British Lichen Society
G. J. Kidron: Institute of Earth Sciences, The Hebrew
University of Jerusalem, Givat Ram Campus, Jerusalem
91904, Israel
Introduction

Data concerning the causes of lichen zo-
nation on rocks are scarce. Zonation has
been attributed to differential rock prop-
erties (Wetmore 1970; Brodo 1973), pref-
erential accumulation of nutrients (Scott
1967), or differential microclimatological
conditions, controlling the availability of rain
(Topham 1977) or dew (Danin & Garty
1983). In fact, owing to their poikilohydric
nature, the availability of water to lichens is
largely determined by microclimatological
conditions. This is especially so in arid areas
such as the Negev Desert where dew is a
major water source for lichens (Lange et al.
1970a; Kappen et al. 1979). The accumu-
lation of dew is largely affected by the
0024–2829/02/010071+10 $35.00/0
properties and position of the substratum
(Kidron 1998; Kidron et al. 2000), and owing
to more rapid and more efficient nocturnal
radiative cooling, preferential accumulation
may occur at certain loci such as rock heaps,
crests and loose cobbles (Kidron 1988).
Kidron (1988, 2000a) found highly sig-
nificant differences in the quantities of dew
deposition obtained between loose cobbles
and adjacent rock surfaces in the Negev
Highlands. The cobbles were totally covered
by lichens with over 90% being endolithic
species, predominantly Caloplaca alociza (A.
Massal.) Mig. and Rinodina bischoffii (Hepp)
A. Massal. (cf. Kushnir et al. 1978).

Two patterns of zonation by endolithic
lichens were observed on limestone cobbles
at Nizzana, in the western part of the Negev:
those with a marginal zone and those with a
zone on top of the cobble (Fig. 1A & 1B).
Whilst the marginal pattern was almost
always restricted to partially embedded
� 2002 The British Lichen Society
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cobbles and was very common in Nizzana,
the much less frequent top-dwelling pattern
was restricted to loose cobbles, usually
>5 cm above ground. The top-dwelling
pattern was, however, common on loose
cobbles at the southern parts of the Negev,
south of the Negev Highlands.

Variability in the quantity of rainfall inter-
cepted directly was ruled out as a possible
explanation for the patterns observed
(Topham 1977) due to the widespread oc-
currence of the phenomenon, regardless of
cobble location or aspect. The differential
availability of nutrients from an external
source (i.e. rain, dust or soil splash which
may supply much of a lichen’s mineral and
nutrient supply, see Jenkins & Davies 1966)
was also ruled out owing to the fact that both
growth patterns were found in the same
area. Differences in substratum properties
(Brodo 1973) and dew variability (Danin &
Garty 1983; Kidron 1988), however, could
have accounted for the differences observed.
In addition, capillary rise may also provide a
possible source of water.

The aim of the current investigation was
to evaluate the possible role of substratum
properties, dew and capillarity in determin-
ing the two patterns of zonation observed.
F. 1. Cobbles with margin -(A) and top-dwelling (B) lichen at Nizzana.
Research sites and methods
Observation and collection of cobbles showing both pat-
terns of lichen zonation, i.e. on the top of the cobbles
and on the margins, and dew measurements were made
at Nizzana, western Negev Desert (Fig. 2). Cobbles with
the top dwelling pattern were also collected from two
additional sites located 6 km and 15 km east and south-
east, respectively, of Mizpe Ramon in the Negev, within
and south of the erosion cirque (Fig. 2). The cobbles
collected from these two sites together with those col-
lected from Nizzana were thin sectioned and examined
under a light microscope for possible structural and
textural differences between the top and margins.

The dew measurements were carried out at Nizzana
during the late summer and fall of 1992 for 58 days, a
period when the heaviest dews form in the Negev
(Evenari et al. 1971; Zangvil & Druian 1980; Zangvil
1996). The measurements were made at the top of a
hill, 245 m above m.s.l., consisting of alluvial deposits
(Ahuzam conglomerate) with unconsolidated cobbles
of which 85–90% are limestone. Mean annual precipi-
tation is c. 95 mm (Rosenan & Gilad 1985).

Eight cobbles with lichen cover were chosen for dew
measurements:

a. four flat cobbles (8–15�5–10�2–5 cm) exhibit-
ing preferential growth around the margin (cobbles:
1–4);

b. two loose cobbles (15–20�10–15�10–15 cm)
exhibiting preferential growth on the top (cobbles:
5 & 6);

and c. two loose cobbles (10–15�10–15�8–12 cm)
totally covered by lichens which served as a reference
(cobbles: 7 & 8).

The dew was measured using two pairs of 2·0�
2·0�0·15 cm velvet-like cloths (Universal Company,
Germany), attached with adhesive stickers, to the top of
the cobbles, to the margins (a term used in relation to
partially embedded cobbles) or to the sides of the
cobbles (a term used in relation to loose cobbles) each
afternoon. The cloths were collected during the early
hours of the following morning, approximately half an
hour after sunrise, placed in flasks and sealed immedi-
ately, then weighed for moisture content (to the nearest
0·1 mg). At this time dew quantities were maximal
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(Kidron 1998). In addition, three glass plates
(10�10�0·2 cm) attached on top of plywood
(10�10�0·5 cm) were used as an independent uni-
form substratum for dew measurements. Cloths,
6�6�0·15 cm, were attached in the afternoon to the
centre of each of the plates and collected during
the early morning hours into flasks, and later weighed to
determine their moisture content (Kidron 1998).

In addition, three field experiments were conducted
in February 1997 in order to assess capillary rise.
Smooth cobbles were inserted into the ground and their
surrounding area, approximately 20 cm in diameter,
was sprinkled with distilled water, equivalent to ap-
proximately 10 mm rainfall, during the late afternoon.
The water level and duration of capillary rise was
measured at 2 and 4 hours intervals during the follow-
ing day time and night time, respectively.
F. 2. Location of the Nizzana research site, and the
two sites 6 km east (1) and 15 km southeast (2) of

Mizpe Ramon.
Results

From data based on three 30 m transects
at Nizzana, 87·8% of all limestone cobbles
were inhabited by lichens, of which 56·5% of
the cobbles were entirely covered, 35·0%
were covered only at the cobble margins,
and 8·5% were only inhabited by lichens on
the top of the cobble. Whereas the cobbles
with a marginal zone were mostly flat,
usually 8–12 cm diameter and <5 cm height
above ground and for the most part slightly
embedded within the soil, all other cobbles
lay loosely on the surface. A very sparse
cover (usually <5%) of cyanobacteria was
sometimes noted on top of the lichen-
covered cobbles. The dominant species in-
habiting the cobbles was Caloplaca alociza,
the only endolithic species covering all types
of cobbles. A number of loose cobbles also
supported an epilithic species, Diplotomma
venustum (Körb.) Körb. However, the rela-
tive cover of this species was very low,
usually �1%, and rarely exceeding 2% of
the area covered by lichens.

A comparison of thin rock sections
showed no apparent difference in structure
or texture between the inhabited and non-
inhabited parts of the cobbles just below
the colonized zone (Fig. 3). These results
were consistent for all cobbles examined
from Nizzana, whether with margin dwelling
(Fig. 3A), or top-dwelling lichens (not
shown), and also for other types of cal-
careous cobbles examined with top-dwelling
lichens, from 6 km east and 15 km south-
east of Mizpe Ramon (Fig. 3B and 3C,
respectively).

During the 58 day monitoring period, dew
occurred on 39 days on glass plates, but
of these days only 28 yielded dew on the
cobbles. The discrepancy may be explained
by the different thermal properties of glass
in comparison to the rock (Kidron 1998).
During the 28 days with dew deposition on
the cobbles, top sections of the cobbles
with either top or margin-dwelling lichens
showed consistently and significantly larger
(P<0·05) quantities of dew than the sides or
margins (Fig. 4). Thus, whereas the top of
partially embedded cobbles had an average
daily dew deposition of 0·06–0·07 mm, the
quantity at the margins was 0·03–0·04 mm
(Fig. 5A), and the top of loose cobbles with
top-dwelling lichens received 0·14–0·16 mm
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F. 3. Thin section micrographs of the inhabited (A, B, C) and uninhabited (a,b,c) surface of three carbonate
cobbles with differential patterns of lichen zonation. A, a biomicritic, fossiliferous limestone, characterized by a
margin-dwelling lichen at Nizzana; B, a biomicritic, homogenic chalk with top-dwelling lichen, 6 km east of Mizpe
Ramon; C, a micritic limestone with rhombic spar lining pores with top-dwelling lichen, 15 km southeast of Mizpe

Ramon. Scales=500 �m.
compared to only 0·07–0·09 mm on the
sides. These results show that the top and
sides of loose cobbles receive approximately
twice as much dew as the top and margins of
partially embedded cobbles. Those entirely
covered by lichens (reference) received a
daily average of 0·07–0·14 mm (Fig. 5B &
C).

A moist band, usually 1–2 cm wide (with
lower rock angles having wider belts), was
noted during cool, cloudy days, at the mar-
gins of partially embedded cobbles following
rainstorms. These moist belts were confined
to cobbles that had good contact with the
surrounding surface, and usually persisted,
presumably as a result of capillary rise, as
long as the upper soil surface was moist.

Capillary rise was clearly observed follow-
ing three sprinkling experiments on cobbles
inserted in the ground. During one of the
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experiments, beginning during the afternoon
of 25 February 1997, the sky was partially
cloudy. During the day following the sprink-
ling, a moist band, 1–2 cm wide, was clearly
visible at the cobble-soil interface. North-
facing margins were moist during the entire
day following the experiment (Fig. 6),
maintaining their moistness until midday on
27 February, some 40 h after sprinkling,
providing approximately 20 h of daylight
moistness. However, the south-facing
margins dried up during midday on 26
February, but were rewetted during the early
morning hours of 27 February, providing
12–14 h of daylight moistness. The results
obtained during the two other experiments
were similar.
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F. 4. Twenty days of contemporaneous dew measurements on top and at the margins of two partially embedded
cobbles with margin-dwelling lichen; cobble 1: top �, margin �; cobble 2: top �, margin �.
Discussion

The similarity in the structure and texture
of the inhabited and uninhabited parts of
cobbles suggests that the two patterns of
zonation are not the result of of differential
rock properties. This conclusion is in agree-
ment with Galun (1963) who did not find
variation in lichen communities on variable
carbonate rocks such as crystal, lithographic
limestone, flinty limestone or dolomite.
Clearly other factors are determining the
patterns of zonation observed.

The quantities of dew on the top and sides
of the loose cobbles were approximately
double the amounts received on the top and
margins of the partially embedded cobbles,
respectively. These data were in agreement
with dew values measured during the fall of
1987 and 1988 on top of loose and partially
embedded cobbles in Sede Boqer, with loose
cobbles exhibiting almost twice the amount
as partially embedded cobbles of the same
height (Kidron 1988, 2000a).

The larger quantities of dew obtained on
the loose cobbles can be safely attributed to
better ventilation (Kidron 1988; Danin &
Garty 1983), and consequently to lower
nocturnal temperatures (Kidron 1988,
2000a). The larger quantities of dew on the
top of the cobbles in comparison to the
margins or sides is explained by the larger
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F. 5. Average daily dew quantities on top and margins of cobbles. A, four partially embedded cobbles with
margin-dwelling lichen (cobbles 1–4); B, two cobbles with top-dwelling lichen (cobbles 5 & 6); C, reference cobbles
with total lichen cover (cobbles 7 & 8). Different letters indicate statistically significant differences (paired t-test,
P<0·05).
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F. 6. Water capillary rise on partially embedded
cobbles (arrow) during the afternoon of 26 Feburary
1997, following surface moistening during the after-

noon of the preceding day.
proportion of sky ‘seen’ by the relatively
horizontal top sections of the cobbles
i.e. the Sky View Factor (SVF) (Oke 1978).
Both factors, ventilation and the SVF, may
enhance outgoing radiational cooling (Oke
1978), resulting in lower nocturnal surface
temperatures that will in turn promote dew
condensation (Monteith 1957). Thus, while
more efficient ventilation may explain the
larger quantities of dew received on the loose
compared to partially embedded cobbles,
differences in the SVF may explain the larger
deposition on the top of the cobbles in
comparison to the sides or margins. Similar
results, with horizontal surfaces receiving
larger quantities than sloping surfaces, were
also obtained by Angus (1958), and exper-
iments with wooden boxes have shown that
the quantity of dew condensed on the top of
a box was approximately 4–5 times larger
than that condensed on its side, normal to
the ground (G. J. Kidron, unpublished).
Whereas the differential rates of dew for-
mation might explain the ‘top’ pattern of
lichen zonation, it cannot provide a satisfac-
tory explanation for the marginal pattern of
zonation found on the partially embedded
cobbles.

The quantities of dew characterizing the
sides of the loose cobbles with top dwelling
and the sides of the reference cobbles both
fall within the range of 0·07–0·09 mm,
indicating that these parts of the cobbles
may have passed the moisture threshold
necessary for lichen colonization. However,
since the duration rather than quantity of
dew may be the paramount factor in lichen
establishment (Lange et al. 1970a, 1977;
Kappen et al. 1980), a calculation of the
annual estimated daylight activity available
for each habitat was performed. The calcu-
lation was based on: (i) average dew depo-
sition of 0·2 mm in Sede Boqer and 0·1 mm
in Nizzana during periods of 94 and 53 days,
respectively (Kidron 1999) and (ii) the sur-
face moistness at a dune field, 6 km north of
Nizzana, monitored for three years. The
mean annual daytime surface moistness
durations of dune sand and of a silty playa
following rain were 250 h and 120 h, re-
spectively. Assuming that the sandy loam,
which characterizes the research site, may
experience intermittent moistness for ap-
proximately 200 h, then this will in turn
facilitate approximately 200 h of annual
daytime moistness duration due to capillary
rise.

Preliminary estimates of moistness dur-
ation on the cobbles, based on the above,
is provided in Table 1. Whereas moistness
duration on the top sections of the cobbles
was assumed to last for 2 h, in accordance
with the findings of Lange et al. (1970b),
it was assumed that the sides or margins of
the cobbles experienced shorter duration, in
view of the close link between quantities of
dew deposited and their duration (Kidron
et al. 2000). The data suggest that the mar-
gins of partially embedded cobbles, and the
top sections of loose cobbles, may enjoy
an annual daylight activity of c. 320 h. The
top sections of partially embedded cobbles
may experience only 190–200 h of activity,
whereas intermediate values of c. 260 h may
be available to the sides of loose cobbles.
Between 260–320 h are available to the
reference particles, indicating that the moist-
ness threshold necessary for lichen establish-
ment may lie in the range of these values.

The values estimated here are similar,
although somewhat lower, than those pro-
posed for lichens inhabiting cobbles in Sede
Boqer (Danin & Garty 1983), and are in
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T 1. Estimated annual moistness duration for lichens inhabiting cobbles (in daylight hours)

Source of
moisture

Cobbles

Loose Partially embedded Reference

Top Sides Top Margins Top and Sides

Rain1 60 60 60 60 60
Capillary Rise 2002

Dew3 2604 2005 1356 557 200–260
Total 320 260 195 315 260–320

1. Direct rain, based on an average of three years of measurement (1992–1994) with a tipping bucket rain
recorder at the dune field, 6 km north of Nizzana (20 h)+estimated daylight moistness duration following rain
(40 h).

2. The calculation is based on the estimated annual daylight time duration during which a flat sandy loam surface
is wet.

3. Dew calculations here include fog and condensation.
4. Whereas dew precipitation was measured on the glass plates for 39 days, dew condensation during these days

occurred only for 72% of the days on the cobbles. And thus, out of the 180 days assumed to be dewy in Nizzana,
130 days may supply moisture to the top of the cobbles. Based on an average period of photosynthetic activity
of 2 h per dewfall event (Lange et al. 1970b), 260 h of moistness are expected at the top of the cobbles following
dew.

5. Only 24 days out of 39 days of measurements, resulted in dew at the sides of the cobble, i.e. 110 dewy
mornings with approximately 1·8 h of duration, i.e. 200 h.

6. Only 20 days out of the 39 yielded dew on these cobble sections, i.e. 90 days, with approximately 1·5 h of
duration, i.e. 135 h.

7. Only 12 out of 39 dewy mornings resulted in dew on these cobble sections, i.e. 55 days, with approximately
1·0 h of duration, i.e. 55 h.
agreement with the lower dew deposition in
Nizzana compared to Sede Boqer.

If this analysis is correct, then the
threshold for lichen growth lies between 260
and 320 h. It is not clear yet whether the
lower range of 260 h may suffice to initiate
lichen growth. It may, however, suffice to
sustain an already established population.
According to this analysis, colonization of
the top section of the partially embedded
cobbles (with margin-dwelling lichens) may
not be possible or may be extremely slow as
long as the cobbles remain partially embed-
ded and dew deposition on the top of the
cobble is low. However, once loosened and
detached from the surface, larger quantities
of dew are predicted to be condensed on the
top of the cobble as a consequence of bet-
ter ventilation leading to a faster cooling
rate and to lower nocturnal temperatures
(Kidron 1988). Whereas the contact with
soil may hinder outgoing radiational cooling
of embedded cobbles, loose cobbles will lose
their heat faster. This process was hypoth-
esized to be accelerated by the afternoon
breeze in the Negev leading to better venti-
lation (Kidron 2000b; Kidron et al. 2000).

Cobbles with top-dwelling lichens in
Nizzana were not entirely covered by
lichens, although they received similar quan-
tities of dew to the reference cobbles. This
could be owing to cobbles being relatively
newly exposed and given sufficient time they
may become totally covered in lichens. Al-
ternatively, the reference cobbles currently
entirely covered by lichens may have been
re-positioned. According to this model,
these cobbles were also once characterized
by top-dwelling lichens, but owing to animal
and human disturbance, they have been
re-positioned, allowing the top section to
become a side section and vice versa. In their
new position, the top sections receive a
preferential dew regime sufficient for lichen
establishment and the cobble sides will re-
ceive less dew but still enough to sustain the
existing population. Lichens that are re-
positioned to the undersurface of disturbed
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cobbles will die, as clearly observed in the
field and pointed out by other researchers
(Danin 1986).

Field observations support the notion that
cobbles with either top- or margin-dwelling
lichens may eventually be completely cov-
ered by lichens. Indeed cobbles of similar
size, some covered entirely by lichens, and
others with top- or margin-dwelling lichens
only, commonly occur at the same site.
Whether an expansion of cover is solely a
function of time or only occurs following a
change in the cobble position (leading to
a change in dew deposition) is not known.
Another question yet to be answered is
whether a gradual expansion occurs from the
already colonized surfaces to bare sections or
whether the mode of total cobble coloniz-
ation in Nizzana follows a two stage pattern:
(a) an initial top or margin colonization; (b)
a concomitant colonization over all the bare
areas following a sudden increase in dew
deposition. Whilst both modes of coloniz-
ation may concomitantly take place, field
observations point to the paramount role of
the gradual expansion mode. Both processes
may however be slow, due to the low growth
rates of lichens and the overall low rates of
dew deposition at Nizzana.

Endolithic lichens cover over 95% of the
surface area of cobbles in Sede Boqer, but
only approximately 50–60% in Nizzana.
The difference in lichen cover is probably a
reflection of the lower average daily dew
deposition measured in Nizzana (0·1 mm)
compared to Sede Boqer (0·2 mm) (Kidron
1999, 2000a). It may also reflect the differ-
ent lithology. Unlike the relatively massive
strata of bedrock that characterizes Sede
Boqer, the alluvial deposits (conglomerates)
in Nizzana are made up of a mixture of
cobbles and loessial sediments. Following
erosion and anthropogenic disturbance, bare
cobbles are continuously being exposed,
resulting in new colonization.

Within the erosional cirque (Makhtesh
Ramon) and south of the cirque, 6 km east
and 15 km south-east of Mizpe Ramon, only
top-dwelling lichen communities were ob-
served. These sites receive lower rainfall and
experience higher evaporation rates than
Sede Boqer and Mizpe Ramon, which are
located in the Negev Highlands north of the
erosion cirque (Fig. 2). Being 350–400 m
lower in elevation and further away from the
Mediterranean Sea, the southern Negev is
characterized by lower rainfall, lower quan-
tities of dew, and higher evaporation rates
(Zangvil & Druian 1980; Rosenan & Gilad
1985). It is suggested that here the current
climatic conditions are too dry to sustain full
lichen cover or to allow prolonged wetness
due to capillary rise, and lichen growth is
therefore confined to the top of the cobbles,
receiving larger quantities of dew. It is also
suggested that in the less arid parts of
the Negev, such as the Negev Highlands,
capillary rise may play a significant role in
supplying water to lichens dwelling on top
of small and partially embedded desert
pavement pebbles, and may also explain
narrow bands of cyanobacteria that occur
frequently above the rock soil interface on
rain-sheltered, and consequently otherwise
barren, sections of cliffs.

Understanding the causes of lichen
zonation may promote studies concerning
the impact of moisture availability upon
weathering and paleoclimate reconstruction.
Thus, studies concerning dew weathering,
yet to be assessed (Goudie 1989), and
weathering due to capillary rise, may be
feasible. Furthermore, since endolithic
lichens leave a unique jigsaw puzzle-like
weathering pattern on the rock surface
(Danin et al. 1982), old weathering patterns
of ancient lichen communities may serve as
paleoclimate indicators (Danin 1985, 1986).
While patterns of paleo top-dwelling lichens
may indicate higher dew deposition, pat-
terns of paleo margin-dwelling lichens may
imply capillary rise due to longer hours of
surface moistness.

I thank Uri Blaya, Itai Vonshak, Valeri Morozovski,
Alex and Leon for their valuable field measurements,
Yehuda Ben-Israel for preparing the thin sections, Julia
Gruzman and H. Curtis Monger for advice concerning
interpretation of the thin sections, Solomon P. Wasser
and Marina Temina for identifying the lichens, and two
anonymous referees and Carol A. Kidron for their
valuable comments on the manuscript. I would also like
to thank Avinoam Danin for introducing me to the
subject.



80 THE LICHENOLOGIST Vol. 34
R

Angus, D. E. (1958) Measurements of dew. Arid Zone
Research 11: 301–303.

Brodo, I. M. (1973) Substrate ecology. In The Lichens
(V. Ahmadjian & M. E. Hale, eds): 401–441.
London: Academic Press.

Danin, A. (1985) Palaeoclimates in Israel: evidence
from weathering patterns of cobbles in and near
archaeological sites. Basor 259: 33–43.

Danin, A. (1986) Patterns of biogenic weathering as
indicators of paleoclimates in Israel. Proceedings of
the Royal Society of Edinburgh 89b: 243–253.

Danin, A. & Garty, J. (1983) Distribution of cyano-
bacteria and lichens on hillsides of the Negev
Highlands and their impact on biogenic weather-
ing. Zeitschrift für Geomorphologie 27: 423–444.

Danin, A., Gerson, R., Marton, K. & Garty, J. (1982)
Patterns of limestone and dolomite weathering by
lichens and blue-green algae and their palaeo-
climatic significance. Palaeogeography, Palaeoclima-
tology, Palaeoecology 37: 221–233.

Evenari, M., Shanan, L. & Tadmor, N. (1971) The
Negev, The Challenge of a Desert. Cambridge:
Harvard University Press.

Friedmann, E. I. (1978) Melting snow in the dry valley
as a source of water for endolithic organisms.
Antarctica Journal of the United States 13: 162–
163.

Galun, M. (1963) Autecological and synecological ob-
servations on lichens of the Negev Desert, Israel.
Israel Journal of Botany 12: 179–187.

Goudie, A. S. (1989) Weathering processes. In
Arid Zone Geomorphology (D. S. G. Thomas, ed.):
11–24. New York & Toronto: Belhaven Press &
Halsted Press.

Jenkins, D. A. & Davies, R. I. (1966) Trace element
content of organic accumulations. Nature 210:
1296–1297.

Kappen, L., Lange, O. L., Schulze, E.-D., Evenari, M.
& Buschbom, V. (1979) Ecophysiological in-
vestigations on lichens of the Negev Desert, IV:
Annual course of the photosynthetic production of
Ramalina maciformis (Del.) Bory. Flora 168: 85–
105.

Kappen, L., Lange, O. L., Schulze, E.-D., Buschbom,
V. & Evenari, M. (1980) Ecophysiological investi-
gations on lichens in the Negev Desert, VII: The
influence of the habitat exposure on dew imbibi-
tion and photosynthetic productivity. Flora 169:
216–229.

Kidron, G. J. (1988) Dew variability, lichen and cyano-
bacteria distribution along slopes at Sede Boqer, North-
ern Negev, Israel. Unpublished M.Sc. Thesis. The
Hebrew University of Jerusalem (in Hebrew, with
English summary).

Kidron, G. J. (1998) A simple weighing method for
dew and fog measurements. Weather 53: 428–
433.
Accepted for publicatio
Kidron, G. J. (1999) Altitude dependent dew and fog in
the Negev Desert, Israel. Agricultural and Forest
Meteorology 96: 1–8.

Kidron, G. J. (2000a) Dew moisture regime of endo-
lithic and epilithic lichens inhabiting calcareous
rock particles and bedrock, Negev Desert, Israel.
Flora 195: 145–153.

Kidron, G. J. (2000b) Analysis of dew precipitation in
three habitats within a small arid drainage basin,
Negev Highlands, Israel. Atmospheric Research 55:
257–270.

Kidron, G. J., Yair, A. & Danin, A. (2000) Dew
variability within a small arid drainage basin in the
Negev Highlands, Israel. Quarterly Journal of the
Royal Meteorological Society 126: 63–80.

Kushnir, A., Tietz, A. & Galun, M. (1978) ‘Oil hyphae’
of endolithic lichens and their fatty acid compos-
ition. Protoplasma 97: 47–60.

Lange, O. L., Schulze, E.-D. & Koch, W. (1970a)
Ecophysiological investigations on lichens of the
Negev Desert II: CO2 gas exchange and water
conservation of Ramalina maciformis (Del.) Bory in
its natural habitat during the summer dry period
(technical translation 1655. National Research
Council of Canada). Flora 159: 38–62.

Lange, O. L., Schulze, E.-D. & Koch, W. (1970b)
Ecophysiological investigations on lichens of the
Negev Desert III: CO2 gas exchange and water
metabolism of crustose and foliose lichens in their
natural habitat during the summer dry period
(technical translation 1656. National Research
Council of Canada). Flora 159: 525–538.

Lange, O. L., Geiger, I. L. & Schulze, E.-D. (1977)
Ecophysiological investigations on lichens of the
Negev Desert. V. A model to simulate net photo-
synthesis and respiration of Ramalina maciformis.
Oecologia 28: 247–259.

Monteith, J. L. (1957) Dew. Quarterly Journal of the
Royal Meteorological Society 83: 322–341.

Oke, T. R. (1978) Boundary Layer Climates. New York:
John Wiley & Sons.

Rosenan, N. & Gilad, M. (1985) Meteorological data,
Atlas of Israel. Jerusalem: Carta.

Scott, G. D. (1967) Studies of the lichen symbiosis, 3.
The water relations of lichens on granite kopjes in
central Africa. Lichenologist 3: 368–385.

Topham, P. B. (1977) Colonization, growth, succes-
sion and competition. In Lichen Ecology (M. R. D.
Seaward, ed.): 31–68. London: Academic Press.

Wetmore, C. M. (1970) The lichen family Heppiaceae
in North America. Annual Monthly Botanical
Garden 57: 158–209.

Zangvil, A. (1996) Six years of dew observation in the
Negev Desert, Israel. Journal of Arid Environments
32: 361–372.

Zangvil, A. & Druian, P. (1980) Measurements of dew
at a desert site in southern Israel. Geographical
Research Forum 2: 26–34.
n 30 October 2001


	Causes of two patterns of lichen zonation on cobbles in the Negev Desert, Israel
	Introduction
	Fig. 1

	Research sites and methods
	Fig. 2

	Results
	Fig. 3
	Fig. 4

	Discussion
	Fig. 5
	Fig. 6
	Table 1

	References


