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Herbivory in Rocks and the Weathering of a Desert

MosHE SHACHAK, CLIVE G. JONES,* YIGAL GRANOT

Two species of snail, Euchondrus albulus and Euchondrus desertorum, eat endolithic
lichens growing under the surface of limestone rocks in the Negev Desert, Israel. This
unusual type of herbivory has the unexpected and major impact of weathering this
rocky desert at a rate of 0.7 to 1.1 metric tons per hectare per year. The biotic
weathering contributes to the process of soil formation at a rate that is similar to wind-
borne dust deposition. These findings demonstrate that herbivores can have a
significant regulatory impact on ecosystem processes, even in cases where the total
amount of primary production consumed is small.

LANTS HAVE MANY CHARACTERIS-

tics that make consumption by herbi-

vores difficult. Features of particular
importance are low availability of nutrients
and water, low digestibility, toughness, and
high concentrations of defensive chemicals
(1). Lichens possess all of the above charac-
teristics, and it has been suggested that
lichens should be difficult to consume (2).
Endolithic lichens that occur under the rock
surface should be an even more difficult
food to use than epilithic or surface lichens.
We report an unusual form of herbivory by
two snail species in the Negev Desert. These
animals feed on endolithic lichens in the
limestone rock. An unexpected consequence
of this consumption is that the snails are
major agents of rock weathering and soil
formation in this desert, despite the relative-
ly small amount of primary production that
they consume. The disproportionate impact

of the consumption of lichens by snails
arises because snails must physically disrupt
and ingest the rock substrate in order to
consume the lichens. These findings show
that herbivores can play an important regu-
latory role in ecosystem processes, even if
they consume small quantities of primary
production.

The Negev Desert Highlands, Israel, is a
hilly limestone rock desert 500 to 1000 m
above sea level with an annual rainfall of 90
mm/year. Seventy percent of the ground
area is covered by rocks of various sizes from
10 to 108 cm? (3). These rocks are partially
covered by epilithic lichens and contain ex-
tensive areas of endolithic lichens. Endo-
lithic lichens are the dominant cryptogamic
elements in limestone in extreme environ-
ments. They consist of a fungal cortex, algal
layer, and fungal medulla and occur at
depths between 1 and 7 mm in rock (4). We

Fig. 1. Euchondrus desertorum for-
aging on a limestone rock contain-
ing endolithic lichens. The snail
shell is 150 mm long; white feces
are on top right-hand side of the
rock. The feeding trails scraped in
the rock by the snail are the white
lines running down the rock be-
tween the snail and the feces. [Pho-
tograph by Alan Rokach]

observed snails of two species, Euchondrus
albulus Mousson and Euchondrus desertorum
Roch, foraging on these rocks. A close
examination of foraging areas showed white
trails that were the color of raw limestone
(limestone without any endolithic lichens);
we also saw small piles of feces of the same
color. We postulated that snails were feed-
ing on endolithic lichens, which occur with-
in the upper 1 to 3 mm of these rocks (4),
and were ingesting rock in the process of
obtaining food.

We videotaped the foraging behavior of
snails on rocks in the laboratory (Fig. 1).
Our findings showed that snails moved over
the rock surface in what appeared to be a
searching behavior, then stopped and
changed body orientation so that the shell
became almost vertical. They then began a
series of short, rapid, side-to-side motions.
Snails continued this activity for about 20
minutes per foraging period while moving
slowly along the rock, leaving a white mark
in the rock. We do not know what cues are
used by the snails in selecting a feeding area.
One of these white marks was a gouge in the
rock surface about 10.3 mm long, 1.1 mm
wide, and 0.4 mm deep (Fig. 2). The sides
of this gouge clearly showed layers of fungus
and algae in the rock, with the white lime-
stone beneath. The depth of the trail ap-
peared to depend on the number of times an
old trail had been re-browsed (Fig. 2). It is
possible that snails re-browse trails to con-
sume the fungal hyphae that grow into the
trail within 48 hours of initial browsing.
The radula of both snail species appears to
be typical of the family. Cutting teeth have a
large cusp with a blunted and curved tip.
Injuries and deformities to the teeth are
common, presumably as a consequence of
feeding. However, there is no evidence of
any special radula adaptations in these two
species. We presume that teeth are contin-
ually regrown to repair those that have been
damaged (5). We analyzed the calcium con-
tent of snail feces and compared the values
to those of samples from the top 1 mm of
the rock and lichen layer that was removed
by the snails. The calcium content was 0.33
mg of Ca?* per milligram of feces and 0.31
mg of Ca?* per milligram of rock and lichen
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layer (6). These results supported our hy-
pothesis that snails ingested the rock materi-
al they had removed.

We determined the rate of removal of
rock by snails in a field enclosure experiment
and in the field (7). In the enclosure, where
snails were at densities of ten per stone, rock
surface was removed at an estimated rate of
15 mm? per snail per day, which is about
7% of the surface area of the rock to a depth
of about 1 mm per year (8). Our estimate of
weathering from the field was 4% of the
rock surface area to a depth of 1 mm per
year and a feeding rate of 9 mm® per snail
per day (8). On the basis of these estimates
of annual grazing rates in the field and
enclosure, we calculated the rates of biologi-
cal weathering of rock by snails for the
whole desert as 69.5 to 110.4 g/m? per year
(0.695 to 1.104 metric tons per hectare per
year; about 0.626 to 0.994 m* per hectare
per year) (9).

To help evaluate the magnitude of the
impact of weathering due to snails on the
process of soil formation, we compared our
estimates to dust deposition. Deposition of
dust from other areas, such as the Arabian
and Sinai peninsulas, has been considered to
be one of the main sources of soil in the
Negev Desert Highlands (3). We deter-
mined dust deposition on stones in the same
general area where E. albulus was abundant
(10) and estimated a mean (+ 1 SD) dust
deposition rate of 36 (% 11) g/m? per year.
This value, together with estimates of dust
deposition in the Negev and other deserts
(10), is similar to that calculated for biologi-
cal weathering due to snails. Clearly, snail
consumption of lichen and rock has a major
effect on the ecosystem processes of weath-
ering and soil formation. A live biomass of
snails of only about 0.575 g/m? (based on an
abundance of 21 snails per square meter) has
about the same impact on soil formation as
dry dust deposition by wind—a major phys-
ical factor in arid zones (11).

Researchers debate the issue of whether
or not consumers can affect or regulate
ecosystem processes; it is frequently as-
sumed that if a regulatory role is possible, it
will occur only when herbivores overcon-
sume the resource, as in insect outbreaks or
overgrazing (12). Our data show that snail
herbivory in the Negev Desert has an exten-
sive impact. The amount of herbivory here is
similar to or less than that found in other
ecosystems (13). The disproportionate im-
pact of these herbivores on processes other
than trophic relations arises because the rock
abiotic substrate must be disrupted in order
for the snails to consume food. Our findings
suggest that a more comprehensive under-
standing of the role of herbivores will be
gained from a recognition that consumers
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Fig. 2. Feeding trails caused by foraging of E.
albulus on endolithic lichens in limestone rock.
(A) A new trail, (B) old trails. [Photograph by
Robert Mickler]

can significantly affect ecosystem processes
and that the magnitude of the impact does
not necessarily relate to the amount of re-
source consumed.
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