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1. INTRODUCTION

Many experiments to determing the relationship between fog and mist precipitation and vegetation.
have been conducted during the last 80 years.  Un foggy or miisty days, or i1 zones where advective sea
fog is prevalent, moisture is intercepted by vegetation and precipitation is collected in the form of drip
and stemflow, even though no rainfall is measured during the same period on adiacent open ground.
This deposition of fog droplets on foliage or on the ground beneath may be beneficial to the plant andto |
the local water ceonomy. :

The present review is a synthesis of published opinion, often controversial.  Interception of rain or -
drizzle by vegetation has usually implied a loss to the water eyele through vaporization s sity of moisture
that would otherwise have reached the ground. The distinction between a ‘gain’, due to removal of
maoisture from a fog<aden air flow, and = *loss’, due to interception and evaporation of meteoric water,
is clearly defined.  No attempt & made, however, to examine the possibility that some of this atmos
pheric moisture may be directly absorbed and translocated by the intercepting pland, however relevans
the process may be to ecosystem dynamics.  The formation of dew, although an imporiant process i
certain regions, is generally associated with clear atmospheric conditions and Hes outside the scope of this &
review,  Stone {133] and Monteith [95] have discussed in detail the importance of occulf precipitatio
a5 a souree of water?,

2. HISTORICAL REVIEW
(4) farly Quaditative Observations

The first published reference 10 fog, prempnauon oceurs in. the Rook of Gernesis. Chapter I, verse)
. But there went up a mist from the earth, and watered the whole face of the ground | " From
B;bhml times to the present day, most references have baen smnhﬂy observationa! in charicter {see als
fxodus XVI, 13) N
Ome of the eartiest ceours in George (Glas™s Hiator} ef thr: (amw Tstands® 1561, published in 1764,
“In one of the Canary Islands grows. a tree which furnishes water to the inhabitants and beasts of the
whole place . . . its leaves constantly distill such a guantity of water as is sufficient to furnish drink 1o
every creature in Hierro, nature having provided this remedy for the drought of the island . . . On the -
north side of the trunk are two tanks or cisterns.  One of these containg water for the drinking of the
inhabitants and the other that which they use for their cattle, washing and such like purposes.  Every
morning, near this part of the island, a cloud or mis{ arises from the sea, which the south and easterly
winds force against the fore-mentioned steep ciiff so that the cloud . ., advances stowly . .. and then rests
upon the thick leaves and w zdc‘spreddm g branches of the tree from whence it distils in dreps thistres:
vields most water in those years when the Levant or easterly winds have preveiled for o continuvance, for
by these winds only the clouds or mists are drawn thither by the sea . . .’ Glas was an accurate observer—
his descriptien of the “Fountain or Hely Tree' {as it was known on Hierro or Ferro) would match
species of the genus Oceten (Lauraceae)—but he made ne quantitative assesssmagnt of drip or leca
climatic variables, Pérez, in a more recent article {1104, confirms the substance of Glas's account bul:

reports that & violent storm uprooted the tree, to the great distress of the inhabitants of that ntheml'
parched island.

* Forest Research Station, Jonkershoek. ) o
1 Occult procipitation, ie, the condensation of dew, rime or frost to vield lguid water, s distingt from €

precipitation of fog and mist on or by vegetation, or by other means, ¢z clectrically {125, Normal precipitatiof
includes rain, hatl and snow,
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Phe teres TSt and tvondense’, as gsed i wovount and o

v oriticived as misleading 431 By analogy. they merely il

ot e

wr compurable stadies, hive beens
; Rute the soreening action of o tree,
whose follage or trunk provides a harrier on which diffusing droplets collecr,
Githert White 11507 notes that in heavy fogs uf elevated sttugtions purticalucly, trees gre perieg
dambics’s An tmazing amount of water may be distilled by one tree in a night’s time, by comdensing
vapour which trickies down the twigs and boughs 50 as (o make the greund below quite in g float,
Ui misty day in Newton {Berkshire, Fngland]. o particuiar ouk in feafl dropped so much water that the
cartway stood puddies and the ruts ran with witer, though the ground in generab was dusty’.  Whie
szated that certain ypes of leal were more efficient in influencing the amount of water supplicd, and tha
drip keptsmall ponds (ull wpon the summils of elalk hills. oven during drought periods when ponds
w the vales were dried up {151, 84],

By Californian Expervicave: The Coastal Redvwoudy

The relationship between trees and foz is discussed i many papers dealing mainly with the eflect of
Californian coastal stray fogs upon the distribution of vegetation, and partivularly of the constal
Redwoods.  Cannon [23] and Cooper {27] bath gave desertptive accounrs of the phenomenon, and de

wrest f42] noted thut interception from ‘wet fog’ {the *Nebelreissen® of Engler 2 o/, 40, 4] may he

iderable under certain conditions of wind velocity,  Means {921 ir an account drawing extensively
arlier publications, stated thur soil under these trees was up 1o three times maoister than soil under
sdiucent herbaceous vegetation, :

The elimatic environment of the foresty claimed the attention of meteorologists, and Blake ] started
sreliminary investigations on lemperature inversions over the seq which were followed up in greater
Jetail by Byers {20, 21, 221. Byers suguested {hat although Pacific-const stratus frequently oceurred
vver the ocean when Redwood valieys were atmospherically clear, the effect of the fog on the trees would
he (o reduce the hours of sunshine, the diurnal temperatures, and thus the rdes of vaporization.  “in
the consial valleys, the cloud dissipates at HLO0 a2.m. during the sumpmer and forms or moves in after

ef. Onnights whencloud does not reach into the - Heys: dew is Iikei}*_wemzdezme._m_tt{c}f the muodst.
a1t the radiation-cooled €urth, wmn uch more imporiant | phenomenon in su memer than Tog drip. .,
However, in the Santa Cruz mountains, Dolglas Fir does receive the summier fog and this probabiy
ounts for its distribution® 221 Isuac [66] recorded appreciable catches of fog in the Redwood zone.
1 the greatest amounts were abtained only two miles from the coast, Fog was present up to 3 miles
fran the coast, but there were not such marked differences infand betweers caiches under the canopy ang
vreopen ground.  Despite Byers’ view of the limited value of summer fog in this region, Prat [116]
wonsiders it to be a dominant ecological factor, but effective only during drought periods and when _
plants are physiologically sctive, ie. in swnmer in the Northern Hemisphere. Hig Opinion seems to have
recvived confirmation from more recent work, despite shortecomings in technigque,

Obertander [105] recorded precipitation under six fog-exposed trees in the San Franciseo peninsuls
during five weeks in summer, His cateh ranged from 18 to 388 in., the Iatter under 3 tree anly 20 1y,
Righ. More recently, Parsons [107] placed asne standurd 8in. rain gauge under and stightly to the Iee
of i 160-fe.-high Menterey Pine (P, radiata). o dense-foliaged, conicabshaped tree fron: which the lower
ranches had been praned.  For u complete summer, bt using only one gauge, 9-84 in. of fog drip was
recnrded although no rainfall was observed bevond the canopy of the tree. Parsons. imated the.
inual avernge fog drip to be [Oin,, of the equivalent of nearly halfihe annual averaze precipitation fo e
Hrarea.. He postulated that the antount of water contribured 1o the ground fran Fog is a function of:
) size, shupe and nature of the tress intercepting the fog droplets; {5) wing velocity ; () air temperature

st irz-zariabl-y_bezwscn_487" and 507 F ). Parsons suggests ( fike Byers) that ground fog; wind-and |
¢ drip ire not particularly commuon in the Redwood vadleys, and that red: ction of insolation i

: ¥ more Influential, - The close relationship ‘between tog drip and wind velocity explaing why -
SN s peculfiarty a hill-cres phenomenon, as was noted by Gitbert White 156 However, under very
“ableair conditions with particularly wet and persistent winter fog, drip iv sheltered vitlleys. in Califoraia
Ty 2iso be constderable PLEL, 102, 108, Qi

YO The Qugntitative Approach: Techuiques and Rationalized Experience

Considerable diversity of opinton elsewhere in {he world was exposed as a resuit of early research in
f--dfs[arnia 112, 113, 17 431 Phillips | H4] stated, fnrer afig, that moisture ioss dye o Interception of
fretal by 1ree miLy be up to 2597, bt af leasr 15 in. of precipitation js added to the ordinary ramfall gs
: result of ‘condensation” of hydrometeoric mists by the forest canopy.  He maintained that the taller
" vegetation, the greater the fog precipitation muy be, Hp o 1S i per annum, _
Syi'lihesizing the work of metecrologists (19, 18} and ccological observations, Nicholson {103 Pty
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produced @ report for Lee LUK and East Afvican Governments, on the value of Torests in infloencing
el and water supply, w hu,h N fxir i-z; \und £hL da‘u.p{:,d n‘spmmns at that time.  He was, undér rm"
doichy thit 1% | : FOY 3

STt in _
Fatlithe gondensin

iy
_ ol i*‘s\, atr mzh;n the um{};}}
fand presumubly alse the low lmipc,r _ "He also emphasized the mechanical
sction of the trees in mzcrmpmw cloud and sea mg and c:;msxmz thens 1o lose their moisture.  {a the
mansoon rinfall reglon {orographic rain), the major climatic influence of forests consists in inducing
sueh precipitation, E
Estimagions, using fog-eatching gauges, were made in other continents at the beginning of this
confury. Muarloth {83, 86, 87 in South Afriea and Linke [80, 81} in Germany initiated experinients of
this type, Marloth erected his gauges on Table Mountain, to ascertain the amount of moisilre
deposited from prevailing south-east (orographic) clouds. By placing a number of reeds over the orifice
oof i standard 3<in. gavge, he found that the amount of water caught in misty weather was greater than
thal cauglt by a sintilar gunge without reeds. Various oriticisms of Marloth’s work have been expressed ¢
hut, as Rubner [120, 171] ;mm&d out i a detailed study of fog precipitation, if there were extreme:
conditions prevailing on Table Mountain, this was certainly not so in Linke's investigations in the
Taunus Mounisins,
Linke {80, 8] set up an ordinary gauge underneath a dense forest canopy, not far from a comparable |
gauge in the open.  On days with continuous fog, the {ormer recorded higher precipitation than the.
futter. Obsen tions were continued for a number of years, using gauges set within the forest at’
various distances from the margin: the results largely confirmed those of Marioth. Dieckmans {38
~obtuined n similar. pattern of . precipitation, using a prototype fog-catcher. . It consisted of a gauze:
eviinder, with a diameter 3 that of the rain gauge funnel, inseried in the neck of a'standard gauge so that
it protecied 33 om. above the rim of the orifice {991, Rubner has discussed the validity of Linke’s work -
in some detail and compared his resulls with, e.g., those of Schubert | 124) and Deéscombes {331 Rubner:
himself used a highly ingenious fog meter for his observations at Kriegwald, and many of his®
conclusions are apt. The gauze- L}’ linder type of apparatus has been insiailed. with modifications, in :
many wbagqumt \Flidlt‘m but is not Tree from sources of error, particularly when used within the forest’
canopy (120, 1 3,022, 74, 78, 4. 79, :
Grunow [33- 31} found that, on fog-free days, the amonnt of rain caught by the two types of gauge did
ol vary significantly when averzged over a long peried. although xmsz%c COMpArisons were ofimé
markedly distinet. He attributed this to the diection of mchmtwn of the ram [120, 121, 43],  Uno
i ur;;szsl G:jumm did not differentiate between the cateh fram rain and:mist on fongy dﬁ}a, being
primarily concerned with interception, ‘bt considerad that, over 2 period of 2 'vear, fog drip secounted
for $0.20% of the 1otal precipitation recorded within a stand and. on the margin, for 50‘il,of the moisture |
reaching the floor,  In 4 more recent paper [58], he advocates the use of large meansuring baths for -
collecting precipitalion vn the forest floor where no correlation has 1o be made with gavges on open :
grownd {fcij “He found that 1397 of the s ateroolidered i in the summer monthy rgprf:a:,nt» f{w condensg-
stiomythis ﬁﬁuu rises to 52%] ‘11 thz: sz‘md mfar;:m mcn.:mna tin, prf)pgjrtmn eollected 10 9‘3‘,’.(_, of that in
“the.open, i;'
Morte intensive experiments were continued by E)elf‘w {31} Fﬂu{mch {44} and Sauberer [123)the &
kast anthor using lead-bisulphide photo-eleetric cells to measure the infra-red permeability of fog, and
hence s effect on plant gromi ;
Delfs [31] ke Linke, Grunow and Geiger {46, found maximmm precipitetion of fog and mist 2
Forest margms, particularly in montune afeas (confirmation of this effect at Jower aiitt:xdm has bu:n
reported from Japan 63D, - In windy weather, the windwird edge has the fowest rate of intereeplion,
although no distinction 13 mdde batwem interception of Tog and st and: that of rameo-a ‘constant
Sailing in these premmmtx where m:erupnon loss” pather than *precipitation gain’ bas been the ohied
of study. U Dells views on mzexccptmn {bm including fog drip} may be summarized as follows: i
(1) A forest canopy intercepts less moisture in winter than in summer i the N Hemisphere, owing to
higher atmospheric relative humidity, reduced snlar radistion and, in deciduous tregs, reduction of £ eal
surface area.  (2) haterception has “different values depending on locality, the weather preceding the
periad of interception {i.e. interception afier wet periods may be lower than after dry periods), the crop .
ivolved, and duration and intensity of rainfall, (1) Imercepimn may vary with topography, and at
increase in steepness of slope frequently results in an increase in precxp;tatmﬂ {the normal gradient dur
to altitude and, sometimes, aspect). However, since steep and vulnerable slopes, particularly i
Europe, are often maintained or planted with a tree stocking at higher-than-average density, this mustbe
alterwed for in assossing this Factor.  These views were suppnrwd by Eidmann (38, 38a).  (4) Thereart
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oy im applving formulae o tnterception problems: this i passib
nount and distribution of

B

f ¢
raintall are Known, and if an overall g :
¢ s avaiiable. Tn any event, formulae can be applied only 1o compariable foresis and forest sreas
eifects of interceplion differ mirkediy in {femperate and froment lands,
arber work in Franve, mspired by Descombes £330 was hydrological rather than chmatiolngiy
oz and mist on streamilow behaviowr was evident

¥ stories potential and

Pod neadle and siem

L but some emphasis on the offect of i

C 335088 1A withouy materially advancing the state of our kaowledze,  (For crivicisms of
Decombes” workssee (1200 In 1941 Wick: E153] in South Africa remarked on the wnreliabiliy of

inferceplion experiments, and save g comprehensive
avemenls i thew dlesion,
wht estublished apparatus st Jonkershoek 0 gauge water precipitated from both ruin and mist
Lioture intereepted by Foltage amd evaporafed-—or otherwise transiocated-—was not measured.  Fis
Aperiments were designed te esthmate the tota) penciration derived from rain and mist condensation und
ompure it with rainfali recorded in the open.  Eight-inch Casella siphan recorders wore used i the
cpen and e Snowdensvpe gatges beneath the canopy.  Stem run-off wis collected through fead
steering [6d 132, 321 Wichl was not entirely satisfied with hig gauging technigues, but the datg
ned indicated that some penetration in the form of drip and stem run-oft may have been derived

review of the probiems, as wel ay Sty

aling

rom mist eondensing on the frees,
Like Martoth [83, §4], Nagel [98] iniilally measured fog precipitation on Tahle Mountain with two

ane of which was equipped with fog cateher.  The value of his results
ilure to separate precipitation from this soufce during periods when rain and drizzle were also
cmenting the cateh.  He found that during his vear of study, fop precipitated 3294 mm. and rain
w40 mm. He agreed that at jeast two sels of instruments would be required for satisfuctory resufts

¢ on the plateau and the other some 200 m. ower down. Although the intention was never fulfilled,
el considered the vse of farge gawge cylinders in conjunction with anemograph and dropesize
secorder. Too fine a mesh for the gauge s not suitable, as the fog catcher then acts as a solid cylinder
wned deflects the air flow bearing some of the water droplets,  Similuri ¥s oo farge a mesh allows mare fo ¢

is restricted because of

+
<
i

: nade i series of 'm’eas:sri:nwn_z:s:a1'_8&&";&%;{3;)_113’;:;;_& in.the fog desert of S
2 double gauze sereeny 04 2omin sire, o He estimated thal deateh of 4000 1o 3000 jifres -
vater chn be collected annually by this means. o '
awail, Mordy and Hurd 1901 anticipated ihe suggestions ‘put forward by Garcia-Prieto of i,
Tenerite 431 They.consider 1hat appreciable ainounts of water could be obtained gither by tree-
ng or from artificial barrier constructed 1o collect cloud water. ' Aga Tesult of their representi-

\ n Institute estabhished 2 °f; og dripexperiment”on Lanai which ran for. three:
Ao date, the most efficient and Siceessiul of ull research: projests inthis Beli [24,391
B mechanicat fog-catchers of various designs fthe “harp” tvpe well as Jouvies) the following
sits were obtuined @ (1) Fog-drip infensities vary with droplet: size) di

cavsing slouds, wind speed, otc) 42 _’I_‘h_e-_.%\is’%}est-réc-mrded.r‘zitxﬁ:ﬁ;ﬁ-

distribution of droplets w hin
i2 eCOY _ catch, intercépted by the  Norfolk
sland Pine (Araucaria heteraplvlia), wis 44-6 Sgalthr (3) From horizontal %-in. rais gayges set nnder a
phintation, 16-19 In, were measured, compared with 15-52 in, for the watershed and only 1-16 in,
emopen ground. (43 The *harp type of fog catcher. kept oriented to oncoming clouds, was found 1o
e most efiective during periods of fght rainfalf and, during the period of stady, 4 harp 37 0 37540 in
sternal dimensions with veriical copper wires (0-01 in, diam.) spaced (425 in. apart, collected 1964 in, of
“aler, whereas rain gauges in the open caught only 104 in. The catcher is more eftective when placed
izh zbove the ground. _ - e _ e .
A% fur s the trees are concerned, Norfolk island Pines precipitaze anadditional ¥
Gy fm:n_'tjz‘ﬁgra'tphi&: cloud.  During periods of light rain, mechunical intercoptors ¢
SO three times that recorded in the standard gauges on open ground,
CPShisive to build and maintain, whereas. the Pine trees need Hitle
& U‘y‘.-?:'t}'i.d_ns_ dre that conifers are hetter adapted Hian'
ik

irr-of raln each-
ateh o volume of
Mechanical devices are
: attention efter estiblishment.
_ broadieaved species 1oL intercept for moisture, - S
he shund of Hokkaido., research a8 been mainly directed” towards interception ind oz pture ofsen
helterbelts planted along the Togay north-east coast. Notable successes huve been Claimed for

Prevention forests” which striin the moisture =ormuch of i1s 'f;")-'z}_r-;xdvec't.ég}'n'_i_"f)g; mgving inshore.
‘02 the summer months, Afogewater content 6f'0-3 2. jcum. is reported to be reduced 1o nearly zero
tedistely hehind the shelterbelt at 3 height of 10 m.. and to 607, of the frontal value 2t 40 m. sboye

frowad.  Estimated foge-water capiure on the ground at the windward margin of the shelterbelt is _
Browilh a fog-water content of 0-3 ¢ feu.m. and & wind speed of 34 m.isee. . FPuactors in the Tog-" .

SEenting aetion of the forest were aséribed to thros major phenomens 1 (1) captire-of the fog pariicles
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42 modification of aif temperature by the Torest, and evaporation or condensation of ithe fog particles
and. (3) enhincement of turbufent maotion of the alr by the forest, [
“The Japanese cxperienced difficulty with thelr measurements, sndd as hote as 1961 the conclusior
were ", . . 1hat we are not yel in a position to formulate the fog-capt uring power of the forost and of ¢
open ground in any definite form . [106, 69, 63, 68, 911 o
- Turbulense bs s factor that seenis Lo vary sceording to type of cover and situation. | Maget 101 foun
with bis Table Mounidin experiments that thrbalence over the scrubycaver adversely affected the catg
The lapaness ested thit turbulence promotes precipitation by diverting the fog flowing over the &
of the canopy ffo the interfor of the forest, T According to Thowmpson [139], when conditions of calm of
Tieht winds exist in the free wir, there is—-under moderate woodland eanopies—un abmost continbous
and slow triunsier of air between the canopy and the ground.  With stronger windgs, eddying about the
trees avercomes these geatle mavements, gnd uir motion becontes erratic and turbulent, afthough Ssitch
turbudence Tessens with decrvasing density of eover,  During the daytime there is noticeable horizontal B
mevemnent of air towards clearings where conveetion isat & maximum {28] Penman [109] polms our
that as the heizht of vegetation increases, new fuctors affect gviaporation. Incrensed roughness at the
surface fi.e. of the plant/alr interface) will increase evaporation rates, whike the swaving of ihe cm;ﬁ
trapsiors damper air from inside the canopy {o ubove it [103, 9] _
Went {1497 refuted many of the earter conceptions of the nature of fog and said, inrer alia, that fog
and mists are reiily low-hanging cloids in-which the water droplets are so small that they do not setth
on horizontal surfaces ard thus do not register in @ rain gauge.  He supgests how lrees can remove
molsture from the atmosphere.  The water droplets {00101 ey, too light to settle, ure suspended in
caturated air and hence cannof evaporate.  When they move past solid surfaces, deflection of the ak
fiow prevenis eontact. I the surface is smadl and narrow enough, the air is hardly defiected and the
inertin of the droplets is sufficient to carry them against the surface where they may settle.  In effect,
small or narrow surfaces will act as strainers for the fog dropiers,  This would appear to be confirmed
by the work of Costint and Wimbush {29}, which indicated that fine-feaved grassland and heath (sclero:

nhyll) vegetation were more efficient 1n this respect than o community of broadleaved species.
Went's views [ 1491 are somewhat radical, as there are many exun nles of effective drip in broadleaved 2

e i L

woodland. Hursh and Pereira 1657 observed the effect of dew and mist in the Shiniba Hills of Kenya.o

Cooler temperatures accompanying the southern monsoon produced a heavy dew, mist and fog.  The
mist apparently collected on ail parts of the plants with which it eame in contaci, the amount of water:
collected theretore depending on the sum total of swrfuce area. The fog and mist tended to remainint
the forest for several Hours longer than in the open.  No experimental evidence was adduced but similary
ahservations are on record (104, 801 _ :
. Coastal fogs of this nature, formed by moisture-laden air vising against goastal Tanges, or cloud
forming against mountaing by laterallalr movement, are ideal for condensation and must cause com’
siderabie, turbulence] so that more cloud and fog droplets are available for precipitation than with
Jumingrair-flow 281 Inthe Shimba Hills, as elsewhere i the tropics, vegetation may be more laxuriant
than one would normally expect for the recorded rainfail and, in one case at least, is phiysiognomically
akin to rain forest, although adjacent terrain at a lower altitude owsside the fog zone has o mean rainfalls
of under 200 mm, {78} o _ _ L
Although many uuthorities consider that fog and its condensation is of importance ondy in restricted
tocalitics such as mobntainregions and certain constalarzas 6], itis probably of wider significance inth -
tropics where, generafly speaking, there is amuch greater water content i the atmosphere [62,.52
Values Toreloud drip of up to 10 times the nornril precipitation have been quoted in the past from mor
temperate lands, but many of these figures should be treated with reserve. Hursh and Pereira [65
cite an example from Oregon in which 1125 in, of extra water were aecornted for in this manner durisg s
a period of 142 fogey days {76].  Subsequent investigation revealed that the gauge was sited anders
farge tree, itself adiacent to several other large-crowned trees and thus in a position to FECEIVE AN aug s
mented supply of water. I many eases no distinction is made between interception of moisturs from’
stable stratus and rain clouds, although itis now fairly clear from the examples queded in this review thet
rainfall under trees sited on cloud-shrouded peaks, part icularly in the tropics. is preater than thatin by
apen [131,.132, 14117 There is;, however, po nanimity of-opinion-for the phenomenon as.a whele.
RBeard | 7], reviewing his own experience in South Africa, sugpested that condensation from mist ovel:
forest canopies never led to a higher cateh than that recorded in the open; and if it did occur during.
pertods of light rain, is presence was invariably masked by normal interception.  According to Costit
and Wimbush [29), precipitation at temperatures above freezing, under windless conditions in
Australizn Alps, was about the same under trees and in the epen. In windy weather, it was greater.
under the trees, especially ot higher altitudes.  Most of the extra waier collected was from rmists ant;
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yarently the sparse, rge-leaved tree canopies wore fneffective in straining out the spuller
is making apcloud and fog. At Dreezing teaiperatures, the tedes avcaniuinted Jarge amounts of
i Im;z fmm l' & ‘!m% dum} (Jt er ei‘wm,m tions iue mdtnd that fine-deaved grasstand and hes

5y Fog Drip: Syaibietic Relationships

1m fedwood siudsu in Clatfornia stimulated research of a qu‘m»woiwzmi mum in uzhs_; £
o la-Sweden and ‘South Africa. Romell 11197 and Phillips [113] dnvestigaie t?u possibility of

herie iisture being.absor hed by s:p;rﬁnt <and ransictated 1o

e Trost) tsue The tress con-
i their partictlar stadies were spacies of Picea and Podocéarpus, both coniferous genera,  Prut
wt,d zhat {h\, California sen fog favours the dweinpmem of 1he lichen Ramaling Mmh SrOWS
essus macrocarpr, and Dodee [37] has confirmed that species of lchen: sueh us
ssiork up 1o, 5 times their owr selght inowater. . Glover [51] makes o siilar
rmt ion mﬂ. remzd to the pzmah.rm of Usnea in the mist belt of nonmm Somalin and its assogiu-
with Jusiperus pracera. Penciration of the cortex of the supporting tree b3 the hyphae of such
fes has not vet been substantiated, aithough Bonler {10] mentions a vase in the Sundperus forest of

ten 121 working on the {roticose lichen Clidonia, foand that water was absorbed during réin to the
1t that soil under the Hehen mat does not receive nearly 15 much moisture as soil m the open,
veh ja dry periods 1t may receive morg,  The Behen may absorh 4-5 times its own weight b water
relensing any to the soil, and small catehes were entirely absorbed.  These resulis were confirmed
\101;} and Buell [97]. working on bryophytes and lichens, whe, fomui that moss can micru,pl up to
fthe throughfall,  Inthe Gwat Smoky Mountains sbove 330011, Sharp {126] showed that there.

: Lg}rrdattmz between the incidence of fog and the presence of vascular epiphyles, thelr germination
coyethy I:rumf enhanced by high rainfall and humidity.  Similar-but less detaited ohm,wm:{}m h}\;, L
nade in Pera {7?} Teuador [521, Ethopia’ {&2 ér%s}‘, and South Africa 881 :

St Fay Dripr B afngsz af Re:’anmzshwx

New, Zeatand, the ecoiﬂﬂicai unphumcms {rf ;nmospimsu mo;%im were wtud)hd by Zotov. f 561
¢d that the L%ppt : :m!mr%me on Tararua Mountain t,omudc_s f

£ with the Tower line of o

":“h pecurs on average o some 200 davs a year and is asseciated with the moisture-faden N
. Zotov claimed that the formation of Tog depends on the absolute smount of water vapour in
sair and on the atmospheric temperature and pressure, and is closely associated in New Zealand with
tation of a serub-chimax type. He stafes that the fog, com;mseti of fairly large droplets {149},
sits o large amount of water in a relatively short time.  As the keafarea index {i.c. ratio of total Jeal
s to pround area) is high, the benefits of 'id‘;erpium are obwious.  Although fog composed of fine
ots (*dry’ fog) deposits little moisture on foliage, its effect on the aerial environment of the plam
be the same as that of ‘wel® fog (Nebelr eisseny,  Zotov 1156] goes on to examine other aspects—
: sion of solar radiation (hy 100 times), reduction of assimulation (by 5 times) and ansual incroment,
m admitted that different plants may not show fog-shading effects so ahviously ; but he atiributes the
¢hee association of serub vegetation with fog shading to the fact that the component species are very
rch more efficient manopohaug and utilizing the recorded light intensities than high-forest genera
as Nothofagns [142, 143, 521
/’ otov's work, althongh Qb%i’:l vatianal in character, was primarily concerned with three saajor groups

ckmatic factors important to plants, viz, solar mdmi:on precipitation and evaporation.  Thorn-
z {1407 stressed that plant growth is related fo actual mositure used rather than to the total rainfall,
v when measurements of evaporation and condensation from natural surfaces under different types
ot cover are avaifable for a farge number of localities will i be possible to evaluate the moisture
o1 i plant distribution.
fortunately. many otherwise valunble observations of this category from African centres Iack
tive dati Kennedy-kat_ {723 discussed the ecological :mphca{mn' st effedts dn ‘the
e Sudan {5‘3{3} Aty Shaw {17 considers that the-so-called *Cofiec forest” of Angola de pends
ence upon the constant ‘cordensation’, in vaileys and shaltered slopes of the sub- phi%c‘m 4 rm -
wvapbur brogght i by the moistire-laden westérly sea reeze;  In contrast to Zotov [156],
s that Anmhm montane brushwood communities can fuqueml} develop with some mwn'mcx
W Hen expmed to drv winds from the cast, which bring no mist.  The Coftee forest” shows similari-
and cceurs in o aarrow strip running paratlel tothe coast.  The Welwlnchio
. : tear the sea, and Airy Shaw suggests that the bulk ‘of moisture” raqum  for
i3 growthis durm,d from sed Togs {98,147, 148, 5L I‘Ies&ewr the wide distribution of the species,

g
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even in the easiern sreas where this kind of precipitation 15 neghteible or lneking, proves that fog ts ny
enthrely o Henating [ Mor for the existence of Bedwiaschin [75), :
int Eum;x Fen il“iyr} u‘:ns;d&lgd that Tog may be-a Hosting Lictor for plant for nm[mn::. in.
{adian Tyrol and Ew, OPIIon W endorsid m Bi}mi Pl dor siping communities, (
:_'-‘"smmad out tat, onthe Mediterrinean coust, fogs afe chiefly focidized i moutitin m"u,, wl
Cagtion i vy important e protecting forests while:in® (_dhfﬁi“}!}t the iumrmsw of the
Y {_}?iiﬂ(m dsdueio t%m meidence of Tog in summu when rain s deficient. T Carr {”’ 1 howe
sstudying fow formation in Honduras fends 1o support the negative viewpoint o ';un [i55iand Bo
: {E}}{%LL 1730 Ceballos amnd Ortuds [26], continising aarlier inv estigations in the L&mu v lslands, ca
“to the ‘conclision that the annyal rainfall on Tenerife ddes wor account for the hmmd tvpe of
mmem there and; aithas:gh the data are scanty, stale that Tog interception not only oceurs but. may b
‘ihree fimes the amoust of precipitation in‘open tertdin,. ~GareinPricto, Ludlzm and Saunders [45] ng
simitay effeets oy {he same island 1o those observed by (;Lm [:«{}1 and suggest that efforts should be ma
. ‘\Eumiic The amount of cloud water. %w the crection of a mﬁp?e {it,_ o Lo;msmw m seVer JI nels
wirgs o fine mréa susperided some 30 fi. from the gr ound, o

{F}y Phvsiological Daplications

dtis notw\mt 1y that sea io;:a offthe $.W. Afiican Hitoral are wore prevalent in winter, when pia:z,,
dﬂ\ actwe and I“««lf’d {‘39 1017 suggests that Wehvirschia, for example, is-capable ¢
Went { {49} pmnmd out I"mt m maﬂ\* ;u 1{2 rs.i,mnx seme chara

teristic ;":icmtsh.nm devith}pu} .
as an adaptation, not for mﬁlnunc tr;msp;ﬂtmn, ds is. of{cn msﬂue%tﬂd but fm‘ 3tmmmsz mmsmﬁ:: fmt;;
the atmosphere. z

1t is now generally accepted that, at high altitudes at least, the coniferous type of needle is an eificie
condenser of Tog droplets at the normal rate of Tog movement; e.g. hoar frost, which consists of fro
fog droplets, may cover coniferous needies but only adheres to the edges of broadleaved species.

Franm the climatological pmnt of view, it muay be {rue that desert plants such gy Welwinsohia susta
life by coliecting water from this source: Nagel considers that they may also absorb salt particles im
fog dmp!us at night, when relative | humidity is high 99, 118},

ir: pragtics, ‘.’Udt‘sdii44 143] fornd thatabsorption by the acrink pdris of phmtuoc}k plaa nniy und

v high sataration deficits and:over a ong period of continved spraying

' i%md -he experimented with Tamartx aphylia.a sait-excreting :;;)Lm e

more pronounced under this tree (and atmosplieric humidity. ‘helow th amn.ﬁon ic&e% is {mater) tha
under any other species stidied, providing an additional sou 33 {zﬁ “ (mr part:wldrh inre gmns w
freguent humid-pights.

Kassas [70] 15 of the opinion that certain flowering :\e:wphw:es $i arid- mms g aivw] bm
directly from atmospheric Tumidity, 2ad Decon, Priestley and Sw mhmk EB{)I sugpest that it
sodium-chioride ‘Crystals ‘on™such plants that form, the absorbing surface. For the physiologic
implications of dbmrpuon by leaves under humid conditions reference may be made to a series of in
portant papers [14, 15, 60, 61, 134-8, 127-%, 3, 93, 67, 49}

The exper;mems of Stone and his celieagues in the VLS AL [134-8] seem 1o indicate that the need
form of leaf is very much more efiective as a condensing surfuce, ond in an admirable review Sto
indicates that absorption of fog and mist is 2 strong pcm:bsfm wherever gradients exist, Le. und
conditions of high humidity and soil moisture stress {} 33} o opractice, it is therefore probably just
fiable to take fog precipitation into sccount w en palculaiing the water balance of énvire vatchment a
{9, 146] even if, as Baumgartner [6] maintains, fog precipitation is :mpmmnt only on the summitsan
hifrhf:r xin[}{:\ in mouniamam regions and pfav § A very minor role in the mmr FEUNE A8 W %mi

3. DISCUSSHON AND SUMMARY

The historical background and the saffent featores of Tog precipitation have been reviewed at som
lenpth. 1t is clear that many of the eariler projects designe +d to imaestigate tlwrmess fculgd to differs
tizte between water deposited from cloud and fogand ihai derived from rainfall, - Fowrs 3
of Phil §rpa ;md Marloth's experiments and, by the same token, Wagels, 1« valid | i so fiF 18 it conge
rainfatl. .

_ ;*xcwzdmn 10 Fourcade [43), the influente of the inclination of rain, at ahtitudingl cloud iewisr .
sty raing ;‘rrnmﬂ is consideruble.  On miountains, the inclination may be harizomtal or even upwat
ruultme in extraordinary differences in equivalent rainfall Rubncr [120-1] has also stressed §
importance of horizontal precipitation and ks relationship te vertical precipilation over forest canoph
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rits galnst pencrakizing from purely ool experienee. The neglect of the inclination Fctor hos
o ereers o the interpretation of resuits and has atribuied (o Vi
caplure By exist w reality.

vertheless accepted that since fog and mist are widespread, their deposition
have @ profound eflect on bts growth, development and distribution, Py miation of Yo
10 be Jargety dependent on the natire and velocity af the inflowing air; this may account for the
nce of fogdnip in hilly terrain. Betiust moisture-iaden airm sl v frons the sea upuing
anges provides the turbulent. saturiied conditiens idea for deposition,- the tneidence of fog
fon IS 0" ' : i 73} and Grubb and
rs determinmg thy -

alion i grealor capacity

reported from tropicat monidne regions, . Korfoat:
‘oo may be bne of the

e 157) sgest the
;‘;@1}1'_0 - forest types under these conditions,
e values for witer precipitated from mist
estimated fairly well from thetfrequency of occurrence and do _ _
speed. - The quantity is fikely to be substantial: and on mouniains that gre figher thanthe bases
iy fine-weather und rain clouds, Tog precipitation appenrs to exceed the actual rainfall, B should
cn intor consideration tn ail studies of the water bajance of catchment sreas and duringcompilation
atic atlases [16, 100, 101, Owing largely to the patiern of air Bow and eharacteristios of [he
: surface, fogeladen air s more localized in terperate lands, and the more extravagant cliims
danced for water income from this source should be treated with reserve, e e
reespective of any direct benefit, fo both vegetation and wuter supplies; it hus been suggested thit
epted moisture which remains on foliage may be 'csnai’éf:raii-qa;wzti;a{if;i}f AR AT g, sing the
v expended inits evaporation'from the leaf surfaces during fop-free periods would huve been used,
spivation of anequdl amount of water from the soif [83.73]0 Grubb und Whitmore [321 stated
the whale aerial environment is altered by feggy conditions, and basic physiological provesses of the
ats are bound to be affected.  These features have seldom been stressed in published research but
bledly require further study. In any event, they emphusize the importance of mist during
& when plants are physiologically active, Le. in summer in the Northern Hemisphere,
Fhere seems to be some doubt whether the tvpe of feal is more important than the sem tota! of feaf
rhaceirea,  Ithas been stated that fine-leaved vegetation (e.g. the “fynbos® of the Cape floral kKingdom,
< mucehia and chaparral counterpirts in the N. Hemispliere) is a more effective se reening surface for
droplets than any other.  Available data wonkd seem to indicate also that g coniferons forest is
sior it this respect to a deciduous or broadleaved canopy,  The eriteria, however. do not appear o
suerally valid, and atmospheric humidity and temperature probably have considerable influence on
v process. Doubtless other climatic phenomena, and even edaphic varizbles such us soil MROIsture, are
creobed as well. Grubb and Whitmiore [52] state that the greater abundance of epiphytes in the mon-
forest is related to more frequent wetting with Higuid water from fog rather than o a constantly
- hunidity,
ished resulfs from Japan seent to show that a coniferous canapy entunees turbulenge, which in
promotes a downward diffusion of fog that would otherwise luive flowed inland and dispersed.,
e £109] and others maintain that increased turbulence over a high-forest canopy will incrense
sration rates by creating channels for vapour transport from inside the forest. 1o mountainous
.+ o the drier tropies, it Is significant thal coniferous species, e.g. Juniperus procera and Podocarpus
v in north-east and east tropical Africa, are invariably found in zones where fog and mist are frequent
ot negessarily persistent, and rainfall ks comparatively scanty,
sbsorption and translocation of fog water, the evidence is scanty and almost entively derived from
tory studies. [ seems certain that epiphytes can absorb moisture direcily from the atmosphere,
s ot yel proved that this moisture can be taken up by the host plants.  In the laboratory, in
ated atmosphere, both positive and negative transport of wazer, depending on the divection of the
erpressure-deficit gradients, has been demonstrated in certain higher plants.  Absorption of fog
F i therefore a strong possibility because such gradients are seasonally present in all but the very
~bsoils. A recent paper by Gindel 1497 describes an investigation into the influence of mist
tie water economy of woody xerophytes growing under arid-couditions. . Preliminary results
e the importanee of _atmospheric meistare in the estublishment and develapment of natarid
v vegetation in desert and subtropical regions, while chemical anatysis shows thatwater from these
$ contains ions that are frvportant in the autrition of the plant, oo e
y ehservers have remarked on the shortcomings in beth meisuring and ing technigues for .
> the volume of water deposited from fogladen sir. - These inadequacies have restricted our
on of the role of fog and mist in the ecosystem, - As Miller {94} conchuded, "Whether the aim i
Aorate the climate, to add molsture of the inflowing abr to focal water resources, or to arvive st 4

mostimporiaid environiental facto

H

iclent experience
v.of e clonds and from the

are stlb.conjectoral, but with suflic

i

and -
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better understunding of iy iuffuence on the disiribition of specics aud the dvaniics of vegeration [t
italics are munel, furthor rescarch is vssential’,
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