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Dew, fog and hygroscopic food as a source of water
for desert arthropods

Nleir Broza*

Utilization of dew and damp hygroscopic material as water sources by

- desert arthropods has been dernonstrated. The arthropods that were

observed drinking derv or eating hygroscopic material include isopods,
an$heteropteran bugs, carabid, coccinellid and several tenebdonid
beetles, including one day-active species. The amount of watcr gained

by the tenebrionid beetles following intake of hygroscopic matelial was

measured in field experiments and found to be substantial.

Introduction

Most desert arthropods live far from any source of open water. Although they inhabit areas

that are almost tot;lly dry in summer, certain species occur in large numbers' The question

arises; how are they able to obtain the necessary water ?

Edney (1974) summarized the sources of water which may be available to deselt arthro-
pod". Besides the u,ater conrent of their food, he mentioned the possibility of oral and anal

uptake from moist surfaces and the direct absorption of water_ from unsatulated air. But

surprisingly little attention has been paid to the phenomena of dew and fog in desert areas,

and to th"e iossibility of their regulaiabsorption by desert animals. The possible utilization

of hygroscopic (mosily plant) material, which has absorbed water vapour from unsaturated

air, has also been neglected,
iaylor (1968), hoi'ever, demonsrated the use of hygroscopic food as a source of water

by de""rt )ntelopes in Kenya, while Louw (1972) ,afi Hamilton &-Seely (1976) gave in-

tJresting information on the use of the advective fog as a source of water by tenebrionid

beetles In the Namib Desert. (See also Seely, i978.) This paper attempts to demonstrate_

the use of these sources of water by the many arthropods that inhabit the desert areas of

Israel.

Material and Methods

The region at which the observations lvere made is located immediately south of the_city of

Arad, Ilrael (600 m above sea level), 35"i5' N, 31'15' E. The mean annual rainfall is 152 mm'

ifllr t"gi"t i" classified by Meigs'(1952) as an 'arid area' (Ac 23)' , I ,

The irea of the observations consists of a little valley with moderate slopes. The slopes

are almost barren but, in the valley proPer, the vegetation is relatively dense and consists of
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two dominant plantsi Atl;Plex s\ongiosa (lduell.) 
^nd 

Attiplex leucoclada (Boiss.). The former
rvas introduced to Israel from Australia.

Observations were carried out by regular investigation of strips of ground in the area. At
night, this was done with the aid of flashlights' Microclimatological measurements were

cairied out at the beginning of each observation Period, TemPerature lvas measured at a
height of 5 cm above ground by a YSI tele-thermometer, Humidity lvas measured at the

."tn'" h"ight by the diy-bulb and wet-bulb method, using YSI thermistor probes. The
probes were inside a special screen, which rvill be described elsewhere. Body temPeratures

of beetles were measuied by a YSI tele-thermometer with probe No. 524 (24 gauge). In
every observation period, samples of hygroscopic plant fragments were collected in sealed

vessels. Their wate! content was later determined in an oven,
Numerous field observations were carried out, Here only a description of one typical

night and early morning observation (12 October 1972) will be giver' On that night, a very
dry and hot week, a heat waYe, came to an end with the occullence of dense fog. The fog

continued until late the following morning, and dozens of nocturnal insects moved in the
get area, alongside diurnal forms.

Nocturnal ienebrionids (Trachyderma philistina (Reic\e')) and diurnal tenebrionids
(Adesn;it dilatota (Klg.)) were used in the field experiments. The beetles were taken to the

iaboratory, marked individually, weighed iD a Mettle! balance accurate to the nearest 1 mg

and put under desiccating conditions. They were reweighed and subsequently returned to
the field during nights when dew fell. There they were released in containers (55 cm in
diameter and 16 cm high), but without coveis or bottoms, in an area covered with leaves

^ad 
fruit ol Ati?le.r whi"h rve.e wet with dew. In the control groups, the upper layer of

leaves and fruit was carefully removed, so that only dry Plant material remained' At the end

of the experiments, the beetles were once more collected and reweighed.

Results
A. Dinhing dto?s of dew

During the early morning, specimens ofthebtg Scanthius aegyptius (Cast') (Pyrrhocoridae)

were o-bserved itutrding oo wet stones, the Proboscis curved and extended at right angles to
the substrate. They suiked tiny drops of water from the rough surface of the stone. Ants of
the species Monomorium subopacum (Smith) were observed walking in 'ant-paths'. At the

ends of the paths, some wet stones were covered with scores of ants whose mouthpalts ll'ere

moving insiie the tiny pores on the surface of the stones as they drank the dew (Plate 1).

Predatory beelles, Carabus impressus (Klg.) (Carabidae), were observed travelling on an

Atiplex leicoctadabush, 'harvesting' dew drops from the surface of the leaves' They moved

thei; big mandibles, one on each side of the leaf blade, collecting large drops of water

(Plate 2)-. Specimens of Coccinella septempunctata (L,) (Coccinellidae) were seen on the same

bushes, Thi heads of these little predatory beetles wele seeo in contact with drops of dew,

in such a way that the drops formed a meniscus between the leaf and the beetles' mouthparts,

The nocturnal tenebrionid beetle Blaps sulcata (Cast.), usually to be found walking on

the ground, rvas seen on the top of a dead plaot (Carthamus Palaestinus (Compositae)), 50 cm

aboie ground, sitting on the head of the fruit (capitulum) and drinking dew (Plate 3)'

B. Obtaining zaater fram wet matetial

The soil in the observation area is loess. After a night rich with dew or heary fog, the uPPer

layer of the soil is partially covered by wet Patches. At sunrise, specimens of the isopod

Hemitepistus reaumiri (Aud. & Sav.) were observed outside their holes, eating dead frag-

metfts;f Atiplcx $thich had been wetted by the dew. Other specimens rvere seea sclatching

and eating the wet loess.
Excluding ants, the most common insects to be seen in the observation area were tene-

brionid beeiles. Among the many diferent species obsewed, mention will only be made of
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Plate 1. Ants of the species Monanotiutt utbopacunt (Smith) collecting drops of dew
from the tiny pores on the surface of stone.

Plate 2. The predatory beetle Calabus imbtessus (Klg.) collecting drops of dew from the
surface of leaves.



Plate 3. The ground-drvelling tenebrionid beetle Blaps u cata (Cast.) climbing high
above the ground to drink dew rvhich had been gathering in the fruit of a composite plant.
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three nocturnal onesi BIaPs sulcata (Cast.), Pimelia derasa (Klg.) and Ttachyderma philistim
(Reiche). Many dozens were noticed actively eating and drinking on dewy nights. Most
were seen taking water from the damp hygroscopic plant material' More than three dozen

were seen eating wet plant fragments during a two-hour period on 12 October 1972.

Diurnal, thermophilic insects warm themselvcs by solar radiation, before activity begins.

The same radiation also causes dew to evaPorate. An attempt was made by observing the
tenebrionid beetle Adesmia dilatala (KlE,) to discover how diurnal insects reconcile their
need for sunlight with their need for water.

Observations on the activity of Adesmia, during the last week of September 1972, showed

the well-known pattern of beetles warming themselves at the beginning of the day. Activity
began only afte; body temperature had reached 33'5-34'5 "C. By that time, there had

ociutted a partial drying of the wet hygroscopic plant material (Table 1; 22 September

1972).
The second week of October 1972 was very dry and hot, a heat wave. An observation

which was made during the middle of this heat wave, and a second, made on the morning
on whieh the heat wave came to an end, are summarized in Table 1.

During the lq:at wave (9 October 1972) we did not observe 
^ny 

acti'lity of Adesmia h the
area. Duiitrg'i-he morning of 12 October 1972, however, when the heat wave ended there
was healT fog and very humid conditions. The Adesmia beetles then came out in large

numbers and did not wait until they were warmed. The beetles were active when their body
temperatuies were very low-about 20'5'C. They were seen eating wet hygroscopic plant

material.

C. FieA expeinents

In addition to the above obsewations, additional exPedments were carried out in the field.
Particulars of the exact conditions and the results are given in Table 2.

Table 2 slrorvs that specimens of Trachydetma sp' which had been put into a container
with wet material on dei'vy nights, increased their body weight significantly-by eating the
wet plant fragments or sucking water from them. They incleased their total body weight by
an average of 14,0 per cent, rvhile there was, on avelage, no inclease in the control grouP.

Although two control specimens increased their body u'eight by 1'2 per cent, the remainder
lost weight.

If it is assumed that all the weight gained was due to water, the insects would have in-
creased their moistule content by approximately 27 pet cet't. But, since it is possible that
they may also have eaten the hygroscopic material, which contained 68 2 per cent water
and 31'8 per cent dry material, it can be calculated that only 68'2 per cent of the increase

in weight is due to wate! (Table 2)' This would mean that their water content increased by
19.5 per cent.

Thi test group of Adesmia increased their total body weight by a lower value-only
7'6 per ceni-but this is still a substantial increase compared with the controls rvhich
showed an average increase in weight of only 1'2 per cent of initial body weight. By evalua-

ting the amount;fwater rvhich the control beetles could have absorbed from the dry material
thai they had eaten, we arrive at an insignificant value, due to the lolY percentage of water
in the food, of only 16'4 per cent (Table 2).

Discussion

Botanists and meteolologists have, for a long rvhile, believed that dewfall drastically in-
fluenced the water balance of plants (Ashbel, 1936; Duvdevani, 1964). However, in later
wolks (Evenali et a/., 1971), it has been claimed that dew has no imPodance as a source of
water for higher desert plants, although dew is known to be the main water source for desert

lichens and algae (Lange et a1,,1970; Berner, 1974).
In contrast, apart flom the works of Lourv (1972) and Hamilton & Seely (1976) almost

no attention had been drawn to the possible efrects of dew and fog on desert animals' Louw
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and Hamilton & Seely describe the drinking of drops of fog by t*'o species of tenebrionid

;;;l* ;; .h" Namib'sand-dunes. The obseivations reported.here extend the phenomenon

i. *r"u o,f,", 
".tnropods 

with dilTerent feeding habits ?fhese include carabid and coccinelid

l;,I"."i,i; ;;;;;:;;r". It has previouslv-been thought thxt thev obtain all their water

;;1;;;;y fluids of their prey. But, after"a d'y period they are also able to use dcw as a

source of moisture to make up their water deficit'*ii; 
;;i;""i";. of Adesttia' dilatata was even more comprehensive. 'll,e gews Adesmia

rTenebrionidae) consists of many thermophilic, diurnai species in Africa and Asia

iiil"d".;;-il-;."., joolr. ii.'p'"f""td't"'peratu rc of the.various specics plevigu-siv

i*,"*;""t'.a 1," h'een iound'to lie ;etween 34 and 39 "C lBolwig, 1957; EI Rayah' 1970;

s;,"1rt;. ;ilh*gt *. ou",."tt range of activity occurs at body temperatures belqeen

zo -lr]ri;6 lii niyah' 1970; Btoza' 1977), body tempelatures- below 25 'C have been
--.,.',r.4 

r-,r"uin,r.lv onlv ruhen the beetles leave oienter lheir night retreats' According to

ff;;J.";;il;.; ;;*.;;;, u""tt"t or tl" species Adesmia dilatata cr.'anse their tehav-

;;i;;;r:';;il'i y 
"natr,"i, 

*pe'atu'e rcsponse when thev c-an therebv satisfv their

,rl"a'fo, r,uut., at xn;nusual ho* Jr tn" day buring fog' they feed at dawn alongside

nocturnal insects.
-1;;;il;on considered was whether the amount of lvater obtained from dew is

suffidjert to serve as a maln soulce of water for small desert animals throughout the year'

Tliefollowing information supports this hypothesis' Information concerning theoccurrence

.f ;;;"; flg in the des".i ar"as of the'world is very scarce' but some work has been

carried out in israel (McGinnis et al',1968)'*i"-irr" 
i"r"rl 

"r"a 
of Israel, thete at" 

'elions 
with over 200 dew-nights and mole than

30 il;;;;; ;;;;. ih""" ui" tl'" -ia '"ii'* near the Mediterranean sea-shore and the

^1""t." 
rrLnr'""a".gions. Indeed, the amouit of dew decreases greatly in olher Negev areas

""ai,'" 
i-f-,3 t"t,r'.*'end of the Jordan rift valley, only 4- 20 de'v-nights' per year' have been

,."".-ta"J-iarr'ua. 1949; Cilead & Rosnan, 1954; Evenari rl al ' 1971)'
- - 

f" e"alii:+qg lt, iO.+2, f, eS t- southwes! of our observation area, the yeariy oewlarr

" -"1""i# "r"-ini;i; 
.h" ;;; ;;"ual rainfa . Even more important is the fact that the

amount of derv tends to be fairly constant from year to year, in- 
-contrast 

to the extremely

variable rainfall. Rain falls for an average of 16 days a yeaiin the Negev Highlandq but only

irrrru ai" *lti""- o"* ,,ot ottty upptit th'oughlttt ihe *hole year',but is more flequently

encountered during the dry season'rihe", on uui'ugt, 
'*o 

out of every three nights in Avdat

the same r6le as

ffiL" 
",r'ror.rnt 

of dew formed in a dew-night is very small But'.according to Ashbel (1949)'

,"" 
"a" -"r,ipiy irt" amount of dew on the"gauge.bv four to "9*:" i" :-tjii."::^":::::T1l::

il'#1fi;5;;:;;"J"" pi*,.. r""r,"'o''o'i a"* it deposited unevenl.'': the result is that

it condenses in significantlv t"'g" l;;;t;;;;"'' i""'"'+ i" '"';"fv,tlie 
requirements of

small animals-at least in the Negev Highlands and sea-shore rn lslael'

SummarY

Utilization of dew and damp hygroscopic matcrial as a source of moisture by desert arthro-

il;;;;;;;il"d. o,,.ing"ntlJ oit"rvations' two relcvant.Phenomena were obseryed:

5H,'fi'kt;;';il;r" a'"p" "ia ""iing 
of hvg'o"'-opic material which had absorbed water

il;;;il;i;i;f[" n.ri"u**tii""! i"po'i"a r'"itin \verecarried out immediatelv aftcr

.f-r" 
"r"a'"i " 

f,*, rvave. The ,rthropod. tliat were observed drinking dew or cating hygro-

;;#;;ii";ruJi iropoat, J;, b;st' carabid and coccinellid beetles and several
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tenebrionid beetles, including one diurnal species. The amount of water gained by tene-
brionid beetles following intake of hygroscopic material rvas measured in field experiments
and found to be substantial.

Information on the occurrence of dew and fog in the desert area of Israel is summarized.
It is concluded that these soulces of wate! may cover'the needs of many desert arthropods.

Thanks are due to Professo! E. B, Edney, Professor M. Evenari and Professor M. P. Pener
for reading the manuscript and for their valuable comments. My sincere thanks also go to
M. Tintpulver and T. Y. McCarthy for assistance in the ficld.
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