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There is considerable disagreement about whether an ajrcraft-mounted light
or a narrow beam wonld secare hirds away, or, conversely, would attrect them
(Blokpoel 1976.,4riffin et al. 1974, Larkin 1976, Yakobi 1978). 1 should like
to discuss this problem with respect to midair cellisions between nocturnal
migrants and aircrafts. It will be suggested that the phase of the muon and
the presence or absence of the moon above the horizon might well be c¢rucial,
but so far neglected, environmental variables which affect the cutcome of
these encountoers.

The {irst step in any warning procedure is to attract the attention or oyv
of tlie party concerned. Light can be nsed for this purpose in two wiys. nither
a warning notice is brightly illuminated, or a warning is given by directing
a bright beam towards the party concerned, Tn other words a warning can be
given by light directed away ifrom or, conversely, towards the party for which
the message is intended,.

Posters used in advertising in a sense function as "warnings'. In a good
advertisement the configuration should be such that the message of the poster
comes over unmistakably. In behavioural terms the sign stimulil should
qualitatively and quantitatively be such that they release the desired
behaviour pattern.

In traffic the bright light of the headlamps of a car is in itself meaning-
less, but it can perform a warning function in that it appeals to the cognitive
ability of man to associate the light with a specific danger, and can thus
cause him to make an adeguate evagive manceuvre.

Which leatures of an aircraft-wonnted light might sipnal "dapper” to a
hoctarnal migrant bivd, snd thus induce an evasive manoenvre? Ttois hiphly
unlikely that a "Tipht' conveys any configurational information to 4 hird.

The movement of the light will neither be conspicuous to a bird which 1is
directly in the aircraft's flight-path, because the light is coming straight
towards the bird, nor will it frighten a bird by its sudden appearance becausc
the perceived stimulus intensity incrcases gradually as the light approaches.
Apparently, therefore, the only aspect which might determine whether a bird
will be indifferent to a light, will approach it or make an evagive manceuvre
seems to be the degree to which the bird perceives the light as "uncemfortably
glaring". With respect to the plausible inference that the more powerful a
light the more a bird will avoid it, a word of caution: so far, very few
people are aware of the tremendous orientational problems which artificial
light fields may present to birds and other animals. Since snimal orientation
systems that use light are adapted in a highly complicated way to the spatial
properties of natural light fields, these orientation systems cannot cope

with some deviant properties of artificial light fields.

In mv view it would be wrong te be unduly optimistic about the outcome of
efforts to srare birds awav by the use of artificial light. 1In order to pet
4 muTe Tealistic view of the matter 3¢ would probably be hieipful 17 T draw
some distinclions beiween the spatial properties oif natural light ficlds wnud
those of artificial light fields. I shall then go on to analvse the ways in
which optic oricntation systems are adapted to natural Tight fields, and,
finally, show how the unnatural spatial propertics
My entail a disorpamnization of oriontation,
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Spatial preperties of natural and artxflclal Lﬂ&hg_fie[dq

The angular radiance distribution (ARD)! at a given point jn a plven
radiizncee ficld is obtained Ly making a number of weasurements in various
dircetions with a suitiable detector. A three—-dimensional display of the ARD,
namely the radiance distribution solid (RDS) is achieved by consiructing a
surface through the end points of the pscudovectors, whose lengths are
propurtional to the radiances measured in the various dircctions by the
rotating detector. The shape of the RDS is the result of the interactions
of the radiation with the environment which either change the direction of

the radiation {scattering; reflection)} or decrcase its intensity (absorption).

Thaur@tlrally (Tyler & Preisendorfer 1962) the RDS would gradually change
into either a spherc {complete isotropic radiance field) or a ncedle
(extremely anisotropic radiance field: a parallel beam) if only scattering
or only absorption were involved respectively (see Verheijen 1978, fig. 1).
Bevause of the contributions made by the various factors that influence beam

direction and intensity only a restricted group of RDS's out of the theoretical

range of RD5's occurs within the habitat of a given species. I have recently
proposed a vectorial measure to quantify the degree of anisotropy of a given
radiance distribution: the dirvectivity D (see Verheijen 1978). At a given
point in a given radiance distribution the directivity D is determined as
follows. Among all pairs of opposite irradiznces Ey and E, which can be
measured at this point there is one pair that shows a maximum difference

E:1 - Ez. The radiant vector UR = max (E; - E;} quantifies the directional
properties, ov the degree of anisotropy, of the radiance distribution. A
measure wvhich quantifies the directional properties independently of the
amount of scalar irradiance is obtaincd by leldlnP the radiant vector by
the scalar irradiance. Thus Lhe d]fELlIU]ty |DI 1V ]/F ig sensitive only
te the "form" of the RDS, and not to the "size. ObVJOUSTy the magnitude of
I ranges between zero in an isotropic radiance field and one in a parallel
beam,

With the help of the directivity concept two important deviant properties
of the light field produced by an artificial light source - and more
particularly by a narrow heam - can be demonstrated. The reduction or the
elimination of the factors influencing the direction of the rays (scattering
snd reflection) entails an unnaturally high directivity, and at points above
the light the directivity shows, moreover, a vertical component pointing

downwards, whereas in natural light fields this component generally points
upwards.

Grientational adaptations to the spatianl properties of natural light fields

Orientation systcws based on scnsitivity to radiation {light) can be
roughly divided into two categories (see for instance Schwerdtfeger 1977):
!. pholic systems attuned to scalar and vectorial leatures of the natural

ARDY; and
2, visval systems attuned to configurational features,

This distinction gocs back to much eclder literature. The German biologist
Precht (1942), for instance, differentiated between "Phototaxis" (reactien
to "Jight™) and "Photoentaxis' (reaction to "visible things").

Although the Bird Strike Committee is concerned primsrilv with birds, &
comparative approach ls essential because most of the aviilable evidence
reérates to animals ocher than birds. Therelore data on invertcbrales
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- especially insects - and on amphiblans, fish, and ¢ven man, will also be
reviewed.

The nature of the two catcgories of orientation systems can be Jllustrated
by the contributicn that each system makes to one and the sawme function,
nariely postural control in {ish. Many spec1e€ of fish tend to orient their
dorsal side in the "direction of the light" (von Holst 1935, 1948), asu do
many aquatic invertebrates and flying insects. In addition to this Dorsal
Light Response (DLR) some species of fish show the Ventral Substratce Response
(VsiY: o tendeney to orioent their ventral side towards a visihle substrate.
The mechanism of the VSR differs from the DLR In certain jmportant aspecls,
for instance the VSR is guided by confipurational visual cues representing a
substrate, und it operates via a higher level of neural integration thian the
DLR (Mever et al. 1976). Unfortunately there are practically no data about
these orientation systems in birds.

Photic systens

1t must be assumed that photic crientation systems underlying the DLR are
attuned to the natural shape and "upright" position of the RDS, or, im other
words, 1o a D showing a natural magnitude and a natural upward direction. I
would suggest that this explains why sardine-like fish predominantly
concentrate below an underwater lamp, a fact that is of extraordinary
importance in fishing techniques that use light, e.g. light~and-pump fishing
(Kurc 1969, Te Men 1971, and others). Fish swimming beside the Tump and
cspecially above 1t frequently behave in an agitated and capricionus way, which
scems to indicate that they bave orientational problems, In all plohdhlllty
a strong DLR also accounts for the similarly aberrant behaviour of insects
flying in the vicinity of a lamp. Tt may be for similar reasons tlat birds
tend to ronblegate on dark nights below the level of lights in tall structures.
Animals swimming or flying close to an artificial light frequently exhibit a
lateral inward tilt because of the locally abnormal position of D. This might
automatically cause the animal to circle the light, because, at least in birde
and bats, a turn is typically initiated by a banked movement in accordance
with the principle of the banked turn (Lighthill 1975). It is cenceivable that
unnatura]ly large differences in the excitation of the sensory elements
involved in photic orientation, which are induced by a RDS that is unnatural
in shape and position, will provoke aberrant orientation, 1i.e. disorientation,
if the error signals which the moving inimal uses in its feedback control
nechanism (ef . Schdne 1975) acquire values that are beyond the ronge to whitch
that mecrhanism 1s attuncd.

Visual systems

Because visnal orientation systems are attuned to configuratiomal features
the cyes must reproduce or image the environment in some detail. In gencral
the visual world is sampled more densely in some parts of an eye than in
others, For this purpose one or more regions of an eye, each termed an "area’,
are characterized by a relatively small angle between adjacent receptors. In
birds with laterally situated cves the central area of an eye is stimulated
by stimuli in the monocular lateral visual field of that eye, and the lateral
or temporal sreas of both eyes are stimulated by stimuli in the common
binacular frontal visual field (Meyer 1977). A similar arrangement Is found
in many species of fish (A1l and Anctil 1976) and insects (Horridge 14771V,

Movements of one or both eves, of the head or the vhole body (depending on
the degree of wmobility of the eyes and the head of the aniral concernedl can
couse any region of the envivonren® 1o be iwmaged on an are: of the wve.

Tarye aweunt of literature on thi¢  ~ponse — the "wisual grasp @ flex’ - i
accunoulated. The response can o roi- ceed not only by environmen:izl vi




stimuli, but also by the electrical stimulation of structures In the central
hervous system. There are indications that in the latter case the absence or
proescencee of
determine whether the response is an isolated stercotyped output, ©r 1s part
of a more complex and purposeful behaviour pattern (see for instance Phillips
and Youngren 1971),
Buring preolonped observation of a picture, fixations of the human cye
appear to concentrate on two types of regions characterized by “contrast” and
by "meaning" respectively (Yarbus 1967). Engel (1976, 19277) introduced the
concepts of visual and cognitive conspicuity. Fye movements to visually

consplcuous contrasts can occur involuntarily, and are probably controlled
at an carly

ronspicuous configurations occur voluntarily wad are probably controlled at a

Tate and high level of neural processing. In prodators visual {ixation of a
stimulus cin lead fo capture of prey or to flight. The congitive conspicuity
of the stimulus - its dimensions, shape, etc., - determines which of these two
behaviour patterns will be released. This has been studied extensively in
toads by Fwert (1974). When there are lesions in the thalamus-pretectal region
of the brain (Ewert and von Wietersheim 1974) toads are no longer able to
distinguish visual patterns in a behaviourally relevant manner: prey-catching
ts disinhibited and occcurs in answer to any visual stimulus. Obviously the
key stimulus "prey" is reduced to "being visible" or "showing a contrast", or
arcording to the concepts of Engel (1976, 1977}, to visuatl conspicuity,

Following bitemporal lobectomies the rhesus monkey shows as part of the
Klaver-Bucy syndrome a compulsive tendency to orient visually towards and
Approach everything in sight (Kluver and Bucy 1939), Similar symptoms can
occur in man as a result of cerebral dissolution, for instance in senility
{Jackson 1884, see Ploog 1964). This apallic syndrome (Kretschmer 1940) was
analysed in detail by Pilleri (1966) and more recently occurred in Japancse
persons who suffered the effects of mercury poisening upon eating fish
contaminated with industrial e{fluent (the notorious Minamata discase, sce
for instance Takeuchi and Eto 1976), and in frig smeng persons who had ealen
wheat preserved with a sercury compound (Gerstenbrand et al. 1977).

With repoard to birds, Nye (1973) found that plgeons are very skilled at
responding by pecking to stimuli located in the anterior visual field but not
to stimuli presented laterally. Erichsen (1977) observed, however, that
Barbary doves (Streptopelia risoria) orient their head towards lighted lamps
placed in various positions, {ixating it monocularly with the central area of
one eye. It is not clear whether these differences should be attributed to

differences in the species involved, the stimuli offered, or the responses
required.

*

The visual orientation system of a bird flying in complete darkness in the
vicinity of an artificial light source might be disorganized in the following
way. Because of its visual conspicuity the light source will be imaged on the
area, or one of the areas, of the birds eye as a result of the orienting
reflex. 1f the light source is imaged on the temporal area of both eyes, thern
the bird will {1y straight towards the light source. Tf the light source &
imaged on the central arca of one cye only, c.p. the right eye, then the hird
will start circling, keeping the light source to its right. Because the light
source is not cognitively conspicuous, and becsuse the dark environment does
not produce cognitively conspicuous stimuli (the role of glare, which
itself i1s a complicated phenomenon, is not considered here) higher _cvels of
the central pervous system that would normally decide to terminate this
behaviour do not receive information about the dangerous situation. Thus the
bebaviour acquires a stereoptyped "forced' character such as that shown b

minals during central stimulation in a "poor” enviromment, or by animals
SIth coatral defects g3 74 o those reselting in the au:ilic syndrome in
~onee o antly the animal ooy Tecome a s lotim of the trappic » effecr (Vorteijon

1958, 1960, 1969) of tie artificial light source.

"appropriate sensory cucs" or the "organization of the cnvirovment'

and low level of ncural processing., Visual {ixations of cognitively




The disorpganization of the photic and visual orientation svstons as
ountlined above is the result of the abnormal ARD in the vicinity of an
artificial light source. Obviously meonlight reduces the abnormal character
of the AXD, Thus meconlight would reduce the trapping effect of artificial
light sources. There is in fact overwhelming evidence, that insccts, fish
and birds generally congregate at artificial lights on nights when there i1s
a noew or nearly new moen, or during periods of the night when the moon is
Lelow the harizen (Verheijen 1958, 1960, Southwood 1971, Ren Yamy 1976),
Revently T have considered the dares of 62 nights on which birds were repurted
killed at tall lighted structures in the U.S.A, hetween 1935 and 1973 as af
they were a sample of a circular distribution of nights in a lumar month
{(Verhedjen in prep.). The distribution proved to be non-uniform, with a
lrighly significant c¢lustering arcund the hypothetical direction, namely new
T .

Conclusjons and recompendations

1. Many species of birde are atiracted to artificial lights because of the
"{rapping effect” ol this light,

2. Bird kills at tall lighted structures are correlated with two independent
environmental variables: cloud cover incrcases the kills, whereas the presence
of the moon above the horizon decreascs the kills. Therefore reports of
collisivns between hirds and aircraft and accounts of experiments designed to
seare birds out of the path of an airceraft en route at night with the help of
Tight should. include data relating to the location, the date, {he time, the
rloud cover and the phase of the woon,

3. An aircraft-mounted narrow beam might be a more promising scaring device
than the above mentioned factors uwnderlying the trapping effect of artificial
Tipht would seem to suggest. An animal's ovrientation systems are only
discrganized as leng as they are stimulated by the unnatural light stimuli.
Therefore many types of light Lraps are designed In such a way that the
gencrally inevitable shadow cone occupies a minimum solid angle (insects:
Southwood 1971, fish: Ben Yami 1976}, A bird in the narrow collision zone in
front of an approaching aircraft might move from this rzone, and out of the
aircraft-mounted light beam, were it to make an undirecied startle response
upon sudden stimulation by the narrow beam. Better still, the light beam might
even induce the bird te make an evasive manceuvre, as was supgested by Griffin
et al, (1974) and Larkin (1976), I would suggest that the relations between
a rigidly controlled optic stimulus situation and a bird's response could best
be studied in birds trained to perform a specific task while {1ying in a wind
tunnel.
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