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The direct effects of rain on birds is a subject to which no more than 
passing attention has yet been given. This review is an attempt to 
summarise the scattered information in the literature and to draw 
some general conclusions. It is concerned particularly with wetting 
and its consequences, and with the behavioural responses of the birds. 

WETTING BY RAIN 

Nye (1964) showed that, if the insulating layer of air trapped under 
and between the feathers is replaced by water, which is a greater 
conductor of heat, the wet bird will suffer much larger heat loss, 
for which it has to compensate physiologically if its body temperature 
is to remain constant. Heat will also be lost through evaporation of 
water from the wet plumage. This extra heat loss must be made good by 
the production of heat from internal reserves. If these are depleted, 
or if cooling is rapid, death from hypothermia (lowered body tempera
ture) may result. It must therefore be of considerable survival value for 
plumage to withstand rain, especially when the weather is cold and 
food is scarce. The questions which need to be answered are: 

(1) Are some species more prone than others to wetting? 
(2) To what plumage characters is variability in rain 

resistance due? 
(3) What are the consequences of wetting? 
(4) Are some species more resistant than others to loss 

of heat after wetting and, if so, how? 
This review is not, however, concerned with (2), a neglected and com
plex subject which needs a review to itself, other than to point out 
that structural characters of the coherent vanes of body feathers 
are implicated (Baxter and Cassie 1945). 
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RECORDS OF WETTING BY RAIN 

It is probable that the plumages of most birds are at least temporarily 
rainproof, and that the ability to shed water declines with the time 
of exposure and the intensity of the rain. Madsen (1941) believed 
that most land-birds were capable of withstanding prolonged rain 
without their plumages becoming soaked. Although this may be 
true, the value of such a vague general statement without factual 
evidence is slight, and there seem to be few records in the literature 
of the comparative abilities of birds of different species to withstand 
rain. 

Rowan (1967) found that mousebirds Coitus spp became wet in 
heavy rain and then relapsed into torpor which might be followed by 
death; she considered that their soft, hairlike plumage was easily 
wetted. McKinney (1952) noted that even incubating Mallard Anas 
platyrhynchos might become wet in prolonged heavy rain. Warner 
(1963) found that Laysan Teal A. laysanensis in the wild state were 
very easily wetted in rain, but he could give no explanation for this. 
Yealland (1941) stated that waders of various species which had been 
sent to him at London Zoo in boxes became drenched by heavy rain on 
arrival, but the water repellency of the plumage was restored after a 
few weeks in captivity and from then on the birds could be exposed to 
rain without chilling. 

Some descriptions have been published of the effects of severe 
rainstorms on roosting passerines, many of which were found dead with 
soaked plumage. Odum and Pitelka (1939) recorded a differential 
mortality, the proportions of Bronzed Crackles Quiscalus versicolor and 
Cowbirds Molothrus ater to Starlings Sturnus vulgaris among the corpses 
being much higher than in the roosting flocks. Similarly, Childs 
(1913) noted that American Robins Turdus migratorius were killed, but 
very few House Sparrows Passer domesticus despite their abundance; 
the birds were blown by strong winds out of the trees in which they 
were roosting and died from wetting on the ground. In another instance 
involving House Sparrows alone, Dawson (1967) found that there was 
apparent agreement in the proportions of males, females and juveniles 
killed and those in the population. In all three cases, however, a 
complex of factors could be involved and there is little on which to 
base assertions on the comparative abilities of different species to 
withstand wetting. 

In north Queensland, Australia, heavy falls of as much as 12 inches 
of rain in 24 hours occur, with high winds, and White (1946) stated, 
'it was not an uncommon sight to see birds with sodden plumage', 
though unfortunately he did not name the species concerned. Cottam 
and Trefethen (1968) recorded that unbrooded nestling White-winged 
Doves Zenaida asiatica and recently fledged juveniles became drenched 
by rain and were weakened, dying of exposure and predation. In heavy 
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rain, the plumages of both adult and nestling Spoonbills Platalea 
leucorodia become wet and matted (Beetham 1896). Frigate-birds 
Fregata spp (Murphy 1936), Greenshanks Tringa nebularia (Nethersole-
Thompson 1951), a Griffon Vulture Gyps fulvus (Bannerman 1956), a 
nestling Cuckoo Cuculus canorus (L. S. V. Venables in lift.) and nest
ling Buzzards Buteo buteo (Hosking and Newberry 1940) have all been 
recorded as getting wet in heavy rain. Bump et al. (1947) found that 
the chicks of Ruffed Grouse Bonasa umbellus were wetted in rain only 
if the birds were flushed from cover, presumably the result of brush
ing the plumage against wet vegetation. Lack and Lack (1952) noted 
Swifts Apus apus 'flying through heavy rain, and arriving in their 
[nest] boxes very wet'. Other records of wetting of birds by rain 
were given by Kendeigh (1934) and Nye (1964). In heavy rain I have 
observed the wetting of heads and mantles of Herring Gulls Larus 
argentatus, Black-headed Gulls L. ridibundus, a Willow Warbler Phyl-
loscopus trochilus, Jackdaws Corpus monedula and Woodpigeons Columba 
palumbus, but have seen no sign of wetting of the plumage of Pied 
Wagtails Motacilla alba observed at short range. J. V. Beer (in litt.) 
has also noted the mantles of Herring Gulls becoming wet in heavy 
rain, as well as young being drenched. 

The wetting of the plumage of Peregrines Falco peregrinus by rain 
was recorded by Baker (1967), and as early as about 1250 by Frederick 
II of Hohenstaufen in De Arte Venandi cum Avibus (Wood and Fyfe 
1943). In this connection Beebe (i960) made the interesting observation 
that the race pealei of the Peregrine, which inhabits the north-west 
Pacific coast of North America, a region of heavy rainfall, and which 
is characterised by a very abundant production of powder down, is 
unusually resistant to wetting by rain. Other raptors, including other 
races of the Peregrine, which were exposed to rain at the same time 
were soaked. Beebe considered that the powder on the plumage some
how confers resistance to wetting. This seems likely, but no experi
mental studies have been made to elucidate the precise role of powder 
down. 

It is only too evident that the records of wetting of birds by rain 
are extremely fragmentary. At this stage, however, it seems clear 
that a wide variety of species become wet in rain and that there is 
probably no such thing as a completely rainproof plumage; nevertheless, 
most of the records of wetting refer to land-birds, as would be ex
pected, since the plumage of water-birds is generally capable of pro
longed exposure to water without becoming wet. No clear-cut 
differences emerge between the abilities of the plumages of different 
land-birds to withstand rain, a result no doubt of the casual nature of 
the observations and the difficulty of describing the rainfall involved, 
most authors relying on such vague terms as 'light', 'heavy', 'thunder
storm' and 'prolonged rain'. 
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THE CONSEQUENCES OF PLUMAGE WETTING 
Experimental wetting of a variety of species results in a sharp drop 
in body temperature, especially if the birds are young (Bump et al. 
1947, Long 1948, Nye 1964). Long showed that unfed young of several 
gallinaceous species were less resistant to the wetting effects of rain 
than were individuals which had been fed; in addition, wetting 
at low air temperatures produced a faster and greater fall in body 
temperature, with a slower recovery than at higher air temperatures. 
It is clear from this that it is advantageous for the bird to shelter 
from rain or to have a rain-resistant plumage. Long also showed 
that 'cold adaptation' occurred in Pheasants Pbasianus colchicus: in other 
words, individuals repeatedly exposed to cold and wet were capable 
of maintaining their body temperatures better than were others which 
had not been exposed before. It is probable that this ability is a result 
of increased production of thyroxin from the thyroid gland. Here 
is clear experimental evidence for the chilling effects of wet plumage, 
but how important is this in natural mortality? As Nye (1964) noted, 
there are few reports in the literature of hypothermia in wild birds 
from natural wetting under field conditions, but this is probably due 
more to lack of observation than to rarity of occurrence. 

As well as differences between species in resistance to rain, there 
are probably physiological differences in their ability to withstand 
the cooling effects of wet plumage. Cormorants Phalacrocorax spp, 
for example, which apparently get wet on immersion in water as a daily 
event, must have some physiological resistance to hypothermia, as 
well as a thick insulating layer of subcutaneous fat, to compensate 
for the replacement of trapped air in the plumage with water. Other 
things being equal, it must be more serious for a small bird than for 
a large one to get wet, since heat loss is related to surface area, which 
is greater in relation to volume in small than in large species. On 
these grounds one would expect greater mortality from wetting in 
small birds. To sum up, the effects of wetting are exacerbated if 
the bird is small, if the weather is cold, if food is scarce, if other 
stresses are applied, or if the bird is young and its system of temperature 
regulation not yet developed. 

Instances of heavy mortality from severe storms were given by 
Kendeigh (1934): the birds were usually killed by soaking of the 
plumage and being forced to the ground, where they were in effect 
drowned. These mortalities were often associated with cold weather 
and scarcity of food, conditions which exacerbate the effects of wet 
plumage. Kendeigh was probably correct in his belief that ordinary 
rains do not wet or affect birds to any harmful degree, although he 
considered birds to be particularly susceptible to mortality from 
rain in the breeding season: 'Juvenile birds, even several days out 
of the nest, are less able to avoid becoming soaked by rains than are 
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adults.' This is presumably a reflection of both a relatively imperfect 
plumage and more naive behaviour. 

Downy young also appear susceptible to wetting by rain, and hypo
thermia followed by death is frequent (Long 1948, Nye 1964). The 
brooding of such young by the adults in rain undoubtedly reduces 
mortality, which is probably the result of a combination of plumage 
less resistant to water, much poorer resistance to hypothermia, and 
small size. Bump et al. (1947) found that chicks of the Ruffed Grouse, 
if not brooded during heavy rain, may die. Those less than six weeks 
old are more susceptible to the effects of severe rain than older ones. 
They found that losses of young were related to the number of days 
on which rain fell rather than the total amount falling. They inter
preted this mortality to be the result of soaking of the plumage 
of the young by contact with wet vegetation, since light rains probably 
soak vegetation as much as do heavy rains. The influence of rain, 
even if heavy, on the survival of the adult grouse was minor. Dale 
(1942) noted that young Partridges Perdix perdix being reared 'must 
be carefully protected against weather changes, as a small amount of 
rain is likely to be fatal to them. Young Pheasants, however, can 
often survive serious wetting without high mortality if accompanying 
temperatures are not too low." 

Gerstell (1936) found that high rainfall in the breeding season in 
Pennsylvania resulted in higher breeding success of Bobwhite Quail 
Colinus virginianus than in seasons when rainfall was below the mean. 
As he pointed out, this is the converse of what might be expected. He 
considered that mortality of chicks in the wild by drowning and 
wetting was probably insignificant, being reduced by the parent's 
brooding and by the young taking shelter. He concluded that the 
connection found between rainfall and breeding success was the result 
of food production being related to rainfall. Although the effects of 
high rainfall on food supply may increase breeding success, it is 
nevertheless likely that a greater mortality of young results from 
wetting than in drier years: as he noted, young game birds reared 
artificially require shelter from rain for high survival. The most 
probable explanation of Gerstell's results is that any increased mortality 
of young from wetting in rainy seasons was more than offset by the 
greater availability of food. 

Swifts are particularly prone to heavy mortality in rainy weather, 
because they suffer a shortage of aerial insect food, are susceptible 
to cold, and get wet (Koskimies 1950). L. S. V. Venables (in lift.) 
reported that a young Cuckoo died on the nest after two nights of 
heavy rain, its plumage drenched: its foster parent, a Dunnock Prunella 
nodularis, was too small to brood it effectively. 

Campbell (1968) gave some evidence suggesting that heavy rainfall 
in winter affects numbers of tits Parus spp in a wood, although he 
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admitted that other associated weather factors made it difficult to 
draw a definite conclusion. He suggested that the effects of rain 
might be the wetting and chilling of the birds and also the washing 
of insects from the vegetation. Rain may also wash away nests, as 
recorded for the House Martin Delichon urbha by Howard (1948), or 
drown birds in nest burrows, as recorded for the Sand Martin Kiparia 
riparia and the Little Green Bee-eater Merops orientalis by Goodwin 
(1947). It seems likely that rain is important in mortality only when 
particularly heavy and especially when coupled with other factors, and 
that it is young birds which are most affected. 

The hunting efficiency of Peregrines is reduced in rain because 
their plumage gets wet, as noted by Frederick II of Hohenstaufen 
(Wood and Fyfe 1943): 'In misty weather, the falcon may easily be lost 
and her feathers may become wet. Rain . . . is undesirable, as it hinders 
her flight. To the heron \Ardea cinerea] such weather is less of an 
impediment, for its feathers, even when sprayed with water, do 
not absorb the water. The heron's defence is in lofty flight; and a 
falcon weighed down with rain-soaked plumage cannot mount above 
the hunted bird,' 

BEHAVIOUR OF BIRDS IN RAIN 

(1) Postures adopted 

Simmons (1965) noted that birds exposed to rain normally sleek their 
feathers and stand in a semi-vertical position with neck retracted 
so that the rain easily drains off the plumage. Sleeking of the plumage 
presses the feathers closely together and probably reduces the numbers 
of gaps through which water could penetrate. I have repeatedly ob-

Fig. 1. Postures of captive Australian White-eyed Ducks Aytbya australis when 
sprayed with a hose: (a) semi-vertical stance with neck retracted and plumage 
sleeked so that water runs off; (b) squatting with plumage again sleeked, but ex

panded to broken outline as soon as spraying ceases (drawn by R. J. Prythenb) 

file:///Ardea
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served this semi-vertical stance in captive Australian White-eyed 
Ducks Aythya australis when exposed to spray from a hosepipe (fig. ia). 
Alternatively, this species squats on the ground and sleeks its feathers 
against its body, the change in thickness of the plumage being most 
pronounced (fig. ib). Immediately the spraying ceases, the bird 
appears to expand again. Alternation between the two postures 
takes a matter of a few seconds: the ease and smoothness with which 
the 'contracted' position is taken up makes it likely that expulsion 
of air from air sacs is also involved, since it seems improbable that 
such a marked contraction could result from the action of the feather 
musculature alone. If showering is heavy, the nictitating membranes 
are closed, protecting the eyes. I have observed gulls and terns (Laridae) 
on the ground stop feeding in heavy rain and stand in an immobile, 
hunched position with necks retracted; similar behaviour is described 
for Lapwings Vanellus vanellus by Spencer (1953). I have also seen 
neck retraction by Goosanders Mergus merganser on water in heavy 
rain, and it occurs in White-winged Doves when sheltering young 
(Cottam and Trefethen 1968). 

Beetham (1896) described an extraordinary posture adopted by nest
ling Purple Herons Ardeapurpurea in heavy rain; they huddled together 
in a ring with backs nearly vertical and shoulders touching, necks 
hidden under their bellies: 'It was a very neat arrangement, the rain 
falling on their sloping backs was readily thrown off, while the heads 
were snug and dry in the tent-like interior.' Delamain (1933) found 
that young Kingfishers Alcedo atthis, exposed to rain just after leaving 
the nest burrow for the first time, stiffened their bodies and stretched 
out their necks, beaks pointing skywards. He commented that 
these birds, 'who had never been touched by a drop of rain, instinc
tively adopted an attitude which offers the least surface to the 
downpour.' 

(2) Sheltering 

In heavy rain, especially in cold weather, it would clearly be of survival 
value for birds with plumage that is poorly resistant to wetting 
to take shelter, provided that feeding was not grossly interrupted. 
In the tropics, where very heavy rains of short duration are frequent, 
sheltering seems to be widespread. Mrs M. K. Rowan {in lift.) states 
that in Cape Province, South Africa, short heavy rains of up to six 
inches in two or three hours may occur. In such weather very few 
birds are seen, presumably because they are sheltering, and both 
flight and song appear to be inhibited. Dr C. H. Fry {in lift.) records 
large numbers of Red-throated Bee-eaters Merops bulockii sheltering 
in their burrows during heavy rain. He considers it likely that the 
overcast weather preceding rainstorms stimulates birds to take cover: 
in Nigeria, 'the arrival of a typical mid wet-season downpour is 
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generally heralded by hours of overcast, accumulating oppressiveness 
and relative humidity, and, between three and 30 minutes of the start 
of rain, by a strong, gusty wind; the rain itself usually develops 
from a few drops to a torrential downpour in a matter of seconds. 
Terrestrial passerines stop feeding when the wind rises, become 
restless and make for cover.' 

M. P. Stuart Irwin {in lift.) has recorded a flock of Scaly Weavers 
Sporopipes squamifrons sheltering in a heavy tropical rainstorm, but 
Skead (1947) saw Cape Weavers Hyphantornis capensis feeding even in 
heavy rain. Rain in temperate regions rarely comes on so fast and 
never has the same intensity; nevertheless, it is probably more impor
tant for a temperate species to escape wetting than for a tropical one, 
because of the colder conditions and presumed greater scarcity of 
food in winter. The physical effect of rain in the tropics, because of its 
volume and intensity, must also be more important than in temperate 
regions through, for example, the washing away of nests, eggs and 
young. Schorger (1955) cited an old record of a migrating flock of 
the now extinct Passenger Pigeon Ectopistes migratorius being driven 
by heavy rain to shelter in trees, but he also gave another record of 
this species seen flying all day in rain. It is probable that the con
tradiction implied in this case and in others that follow is only apparent, 
and that sheltering usually occurs when rain is particularly heavy 
(most accounts are necessarily vague about the exact amount). Other 
factors, such as lack of food and cold, may influence behaviour. 

Lack and Lack (1952) found that Swifts shelter in the nest during 
rain and, if the fall is heavy, may not emerge for most of the day; 
also that they dodge local storms, flying in front of and away from 
them. Nevertheless, Swifts have been seen soaring under thunderclouds 
in torrential rain (Pounds 1947). Broods of Ruffed Grouse tend to 
shelter in woods during rain (Bump et a/. 1947), and hatched Partridge 
chicks may remain on the nest in continuous rain for as long as 24 
hours (Hosking and Newberry 1940), behaviour which perhaps serves 
to prevent soaking of the plumage by contact with wet vegetation. E. J. 
Wise has informed me verbally that well-fed Woodpigeons in spring 
or summer show reluctance to leave the roost wood if the weather 
is wet, and that they may not do so all day, but I have a record of 
a large flock feeding in a field in heavy rain in winter. S. Cramp 
(in lift.) states that in his experience Feral Pigeons Columba livia regularly 
resort to ledges beneath overhangs and shelter from wind in heavy 
rain. I have seen a feeding flock of about 20 Jackdaws fly to a barn 
near-by to shelter after a few minutes' exposure to continuous and 
increasingly heavy rain; they returned to feed when the rain's intensity 
lessened. C. Felton has verbally reported a similar incident involving 
a large flock of juvenile Starlings, although I have a record of this 
species feeding in the open for 15 minutes in heavy rain; the latter 
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birds continually shook their plumage during the time that the rain 
was falling. 

Felton and P. R. Greenwood {in lift.) have seen House Sparrows 
sheltering in rain in gorse bushes or under roofed bird-tables, and the 
latter observer also describes a Blue Tit Parus caerukus sheltering 
from heavy rain under a large leaf. On the other hand, I have seen 
Pied Wagtails in open fields, and once a spring migrant Willow Warbler 
on turf, all feeding in heavy rain. In my experience gulls, such as 
Herring Gulls and Black-headed, will rest in flocks in heavy rain and 
show no activity or movement apart from occasional preening; more 
preening seems to occur when the intensity of the rain gets less and 
few will be seen flying if the rain is heavy. Hirundines flying around 
and presumably feeding in rain were observed by Dixon (1890) 
and by Dr G. L. Maclean (in litt.), and I have noted House Martins, 
Sand Martins and Swallows Hirundo rustica doing this in heavy rain. 

Cessation of feeding of young Pied Flycatchers Ficedula hypoleuca 
by the parents in heavy rain was recorded by Hosking and Newberry 
(1940), the male disappearing and the female remaining in the nest 
hole. Mendall (1937) described similar behaviour by Bay-breasted 
Warblers Dendroica castanea, the female in this case brooding the 
young on the open nest. It is likely that in both cases the male parent 
was sheltering from the rain. Robinson (1947) wrote of the Magpie 
Lark Grallina cyanoleuca, which has an exposed nest, that 'in very wet 
weather there is less urge to brood and as a result shifts are much 
more regular, as the sitting bird will often call up its mate very in
sistently after it has been sitting more than twenty minutes, or even 
leave the nest.' This behaviour may reasonably be interpreted as a 
conflict between brooding the young and taking shelter from the rain. 
Covering of exposed young by the parent in heavy rain has been 
recorded in the Spoonbill (Beetham 1896), Buzzard (Hosking and 
Newberry 1940, R. W. Robson in litt.), Greenshank (Nethersole-
Thompson 1951), Woodpigeon (Hosking and Newberry 1940), Cape 
Robin Cossypha caffra (Mrs M. K. Rowan in litt.) and Reed Warbler 
Acrocephalus scirpaceus (Brown 1946). This behaviour is clearly wide
spread, but there is an unfortunate absence of detailed documentation. 
The Black-throated Thistletail Schi^peaca harterti, however, an open-
nesting species, has been observed feeding young in spite of heavy 
rain and cold in its very wet habitat in the Bolivian Andes (Vuilleumier 
1969). Hawkins (1970) described some remarkable behaviour by an in
cubating Moorhen Gallinula chloropus which covered itself with a 
sheet of waste polythene whenever it rained. Was this insight learn
ing or do birds occasionally cover themselves naturally against rain? 

There is clearly a need for detailed field observation on the whole 
subject of birds sheltering from rain: the behaviour obviously occurs, 
but how frequent it is and the conditions which bring it about in 
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different species await systematic study. At present, there is little more 
in the literature than vague statements such as that of Dixon (1890) 
that 'birds' (unspecified) quickly disappear on the approach of heavy 
thunderstorms, and emerge and start singing again when the rain 
stops. Williams (1941) has shown that the Chestnut-backed Chickadee 
Parus rufescens and the Bewick's Wren Thryomanes bemckii both tend to 
roost at higher light intensities (i.e. earlier in the day) in rainy than 
in dry weather. 

Brown and Amadon (1968) stated, 'In wet countries, birds of prey 
will often roost in caves or under a rocky overhang, when roosting 
on crags, and are thus able to keep their plumage dry.' The use for 
roosting of closed nests and cavities, both self-made and natural, is 
widespread in birds and was discussed by Skutch (1956), who con
sidered that protection from cold or rain was the explanation. In this 
respect, it is interesting that the nests of some members of two tropical 
families, the weavers (Ploceidae) and the sunbirds (Nectariniidae), 
are highly efficient in resisting rain. Skead (1947) showed that the 
nest of the Cape Weaver was so resistant to water that no penetration 
occurred even when several gallons were poured over it, the water 
simply running down the sides and dripping off; if the nest was 
inverted, however, water did penetrate. Skead (1967) also found that 
the dangling nests of certain sunbirds shed rain well, in spite of their 
light and open structure. He considered the shape of such nests 
important: the apex is small and the sides are steep, facilitating down
ward movement of water drops by gravity; in some cases, a sloping 
hood over the entrance probably prevents rain entering through the 
hole. Skead found that a dangling nest of a Collared Sunbird Anthreptes 
collans withstood three days of rain, becoming only slightly damp 
inside on the roof. Nests of other sunbirds, however, not dangling 
but built in foliage and rounder in shape, like that of the Orange-
breasted Sunbird Nectarinia violacea, absorbed rain until the lining 
became wet. The woolly nature of the lining (kapok and protea down) 
lent itself to absorption and retention of moisture, unlike the fibrous 
lining of the previous species. Yet the down-lined nest of the Lyrebird 
Menura superba is apparently rain-proof (Pratt 1951). 

(3) Inhibition of flight and migration 

It is the general view that migration is lessened by rainfall, but, 
as Lack (1960) pointed out, statistical evidence is needed. Parslow 
(1969) wrote, 'It is generally accepted that widespread and continuous 
rain has an inhibiting effect on migration, both while it is in progress 
and also in preventing migrants from actually setting off' and again, 
'While it is hard to be sure, owing to the fact that rain echoes obscure 
those from birds, it is probable that negligible numbers of migrants 
set off at dusk from places where it is raining at the time.' 
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The main problem in attempting to elucidate the effects of rain on 
migration is that associated weather factors invariably occur with 
the rain, in a variety of combinations, and it is therefore difficult 
to be sure that an observed effect is solely or largely the result of 
rainfall. Phillips and Lee (1966) had this problem when attempting 
to discover the effects of weather factors on migrating Manx Shear
waters Puffinus puffinus observed in sea-watches from land. They 
found that the flight-lines moved closer to shore with the onset of 
bad weather, such as rain or mist; a steady stream of Fulmars Fulmarus 
glacialis past the observation point ceased with the onset of rain, 
and they considered that the birds had come down on the sea. Nisbet 
and Drury (1968), by applying multivariate analysis to migration data, 
attempted to separate out the effect of rain on migration. Their 
findings were that the migration of song-birds was slightly suppressed 
by rain, that migration was usually suppressed by cold rain; and that 
migration was significantly correlated with a lack of rain at the destina
tion of the following day, anticipatory behaviour which they con
sidered an adaptation to avoid rain on arrival. 

The resting of birds on the ground in rain has already been alluded 
to, as has the impaired flight of Peregrines in rain. How widespread 
is inhibition of flight and what are the reasons for it? It is possible 
that the wings are more easily wetted than other parts of the plumage, 
and resting birds have their wings folded and partly covered by adja
cent contour feathers. A more simple explanation, however, likely to 
apply in some cases at least, is that feeding efficiency on the wing is 
reduced by rain to a level at which expenditure of energy for flight is 
not worthwhile. 

Brown and Amadon (1968) stated that wet weather in the morning 
prolongs the period that birds of prey spend at the roost. Brown (1955) 
also argued that the habit of making a larder of kills at the nest, 
apparently more highly developed in Golden Eagles Aquila chrysaetos 
in Scotland than in African eagles, is related to weather: ' . . . in 
Africa . . . on a wet day the eagles kill later than on a dry day . . . 
a wet morning generally clears up about eleven, and the sun comes 
through; one may then expect the eagle to kill and bring prey to the 
nest in the early afternoon. In Scotland there are plenty of wet morn
ings which never clear up when the eagle may have difficulty in 
killing all day. Falconers know that eagles and other hawks do not 
like flying with their wings wet, and there must be many a day in the 
Highlands when a hunting eagle could hardly avoid becoming wet and 
bedraggled . . . it has seemed to me possible that the eagle lays in 
a store in good weather which will tide her over bad.' Hen Harriers 
Circus cyamus also apparently rarely fly in wet weather (Olney 1969) 
and adult Spoonbills when wetted by rain fly 'with difficulty' (Beetham 
1896). But I have seen Greenshanks flying overland in heavy rain. 
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(4) Comfort movements in rain 
McKinney (1965) found that the rate of wing-flapping by wild flocks 
of White-fronted Geese Anser albifrons increased in short periods of 
rain, but dropped in prolonged heavy rain. He considered that the 
function of wing-flapping in this context was the removal of adherent 
water drops from the feathers. Captive Australian White-eyed Ducks 
(personal observations) perform a variety of preening movements after 
being showered with water from a hosepipe, including breast-preening, 
wing-whirring, head-scratching and oil-distribution movements. If 
the birds are showered again before the movements are completed, they 
stop and resume the postures described on page 406. If showering is 
interrupted, even for only a few seconds, the preening movements 
restart immediately. In the case of Skylarks Alauda arvensis, Delius 
(1969) found that bodyshaking was stimulated by fine slow rain and 
inhibited by heavy rain; on the other hand, preening was inhibited by 
rain of any kind. 

A wide variety of birds rainbathe, by deliberately exposing the 
plumage to rain and so wetting it. Others brush their feathers against 
water-soaked vegetation. Simmons (1965) gave a brief discussion of 
this behaviour and it will not be considered here. The advantages of 
rainbathing could be that a more controlled wetting of the plumage 
is achieved than by bathing in standing water and, of course, that 
it allows bathing to occur where standing water is not available. 
It may also have a cooling function in some circumstances. 

Plumage drying after rain will not be discussed here, but it may 
involve both wing-spreading (Clark 1969) and sunbathing (e.g. Gush 
1951). 

(5) Other behaviour associated with rain 
Several authors and correspondents state that rain inhibits song, but 
information is largely vague. Beetham (1896) found that, on the 
approach of a thunderstorm, Reed Warblers stopped singing and 
Purple Herons stopped calling. Red-backed Shrikes Lam'us collurio also 
apparently cease singing in rain (Austin 1962). In South Africa, the 
local name of the Hammerkop Scopus umbretta, 'N'jaka or Rain Doctor, 
is received from the natives from its peculiarity of screaming loudly 
before the rain sets in' (Holub 1894). 

Pratt (1951) noted that the female Lyrebird appeared to work 
hardest at nest construction in rainy weather, and he suggested that 
the material used was most pliable when moist. Fleay (1937) found that 
Brush Turkeys Akctura lathami opened up the top of the egg mound in 
rain and turned over the material; they covered the mound again 
on the advent of sunny weather. The reason for this behaviour is not 
clear, but possibly moisture increases fermentation and hence heat 
production in the mound. 
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SUMMARY 
The most important direct effect of rain on birds in general is wetting of the plumage 
and the possibility of death resulting from hypothermia, but it is probably not a 
particularly significant mortality factor in most cases, except at the chick stage. 
A wide variety of birds take shelter, or rest immobile, in rain; some cover their 
young; and flight appears to be inhibited. These effects of rain await detailed study, 
and much of the information available at present is vague and anecdotal. The low 
level of published material is paralleled by an apparent lack of unpublished data: 
a request for information in British Birds resulted in only six replies. It is hoped 
that this review will stimulate observation of birds in rain, and that this will clarify 
the numerous queries raised in the text above. 
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