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t Referred to throught the paper as S5, A, A, S. BSCE 12
WORLD / BIRD STRIKE COMMITTEE EUROPE | 28 October 1977

CONFERENCE PARIS, OCTCBEZR, 1977

DEVELOPMENT OF THE THEORETICAL CONSTRUCT OF SYNERGISED
ALUMINIUM AMMOWIUM SULPHATE™
FOR THE CONTROL OF BIRDS AT AIRPORTS

From the various papers at this and previous similar conferences

it can be seen that it is the behaviour of birds at airfields which
is the major cause of concern, Therefore, 1t 1s the behaviour of
birds with which we are concerned and with which I shall deal. VWe
have nothing against the birds themselves: we seek neither to
destroy nor to eliminate them; but only to control the type of
behaviour which is causing concern. This applies equally to the
indiscriminate depletion of food stocks over the world and to the
safety of travel hy air.

Many species of birds frequent airfields, pcssibly because large
open spaces relatively free from man provide safe resting places
affording full visibility against surprise attacks from predators,
moreover, permanent pasture areas between runways and pasture, and
cereals and vegetables which are often found around the perimeters
provide ample feeding grounds and, as in the case of the J.F.Kennedy
Airport, New York, further food is found in the small rodents. The
location.is often near ecologically good food provision, occasionally
with municipal refuse dumps nearby. Structure and location of the
airports is, therefore, conducive to large accumulations of birds,
and any long-term solution to the bird-strike problem may well have
to take these ecological factors into consideration and this may
involve re-structuring and, possibly, re-siting - a costly proceedure
which could not take place within the forsceable future,

For the present, therefore, we have the problem of controlling the
numbers of birds which frequent airfields.

Many means of bird-scaring have been used over the years, but they
are time~consuming, costly, and have never yet been found to give
continuous, overall, control. The ideal answer would seem to lie+
in the use of an effective deterrent which would control the
behaviour of birds, that is, to eliminate the habit of alighting and
remaining on and around airfields, providing that such method of
control would be economically and ecologically viable and able to
give continuogus, overall, protection,

This has already been achieved at one airport - the Ben Gurion
International Airport, Israel, where, after a history of bird strikes
there has been a period of three years without them and, indeed, a
reasonable freedom from all birds.

This freedom followed a planned spraying of all feeding areas on and
around the airfield (inctuding the municipal refuse tips on the
perimeter) with the safe, harmless, chemical S.A.A.S.

Initially, clearance of birds was assisted by the transmission of
taped bird distress calls and an exceedingly loud fog-emitter (Pulse-
Fog), but, previously, both of these methods had only very temporary
effect. (v. Ref.9)

The success of S.A.A.S5. in controlling bird behavicur is only Jjust
being understood through the results of research into the electrical
and chemical control of behaviour in both avian and mammalian species.
Identical behaviour has been observed in the domestic hen under
chemical stimulation of the brain (Fisher, 1969) during laboratory
research, and, recently, in the field in sparrows when chemically
stimulated with S.AA.S. In each case, the behaviour elicited was
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dentical: ihe hirds stopyed feeding, shook the head from side to
silde,  thesn wiped the beak on the ground.  The SiA.A.S., a chemical
Substance %alion ia from the environment, elicits identical behaviour
%3 the chomisal ciimulation applied directly to the hypothalamus in
the brzin ¢f iha cird.
This paper trovidaen the theoretical construct of how this is achleved,

—— Yrema i ey e L
aHy CONTES L OF EAnAVIOUR

E2haviour., whethen o feeding, resting, mating, nest-building or the
establishrent o7 zocial hierarchies ig largely under chemical control.
flectrical angd chenical stimulation of areas within the hypothalamus
in the brain have found separate areas primarily concerned with one
of the sollowing tvnes of behavionr: fear, anger, feeding, satiety
cr the inkihiiticn of “eeding and many other activities and functions.
It 15 belicved thait “hara is a specific "trigger" chemical for the
control of oposifia tzhaviour. This chemical is within the
hynothalamus ang iv triggers off the needed responses from the
encaocrins srotom, Cur knowledre of the chemistry of the avian
hyrcthalamiz ana rivuitary hormones ig recent and incomplete »
whlereas.  in mammalson sr=cies, research has moved apace since the
rloneerins otudien ~- “alter Rudolph HESS5, who obtained the Nobel
Prize in 10LO for it Olcs demonstrated the pleasure and pain
centre in the hyrothalamus in 1956, and Fisher, in 1964, demonstrated
the abiliiy o elisis 2isgust of normal food frem the chemical
stimulatisn of a sarvicular area there. - identical behaviour to that
cbtained ircnm. 504045,

The chemical contral o+ behaviour is affected by the neuro~secretory

Eysveni:  one contrally situated in the hypothalamrszand one
rerivacrally situated in the endocrine glands which are scattered

thiroughoul *he ami=a] body. Information reaches the hypothalamus
Tla senonre verceriors and the cranial herves - the olfactory nerve,
cne branch of “he Lps e~

vaoen® wrigeninal nerve,  the nervi terminales and the
CoTic nervo eniicss

I 0 “RSAnTIZ In the eyes which are responsive to chemicals,
. .

and, poszitiv, oihars,

In the firzt gf +tho systens, hormones are produced which when
releaged act as trigser mechaniszs to the perivheral system causing

& particular giand o produce its specific chemical and release it
into the kody, thereby affecting and controlling behaviour (CHEDD 1971)

ror examvie., it has long been known that Guelea quelea birds prefer

i cach bird malntaining an individuat distance within which
appro2ch by a companicn is not tolerated (Hediger, 1950), and it has
now been established by laboratory experinments that this behaviour is
controlled % +he vroauction of luteinising hormone from the pituitary
£land (Butieorfield & Crook, 1968), and the trigger release mechanism
in ¢ ' “halomns for the luteinising hormone {LFH) structurally

in che Loz

4 in 1971 (Guillenin & Burgess, 1972).

o

2rzicals in the control of animal behaviour is only now
~d:  and while there is a great deal yet to learn, the
2 srated with sonme degree of confidence:
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ernal changes, such as, for example, the external

and the internal need of hunger, stimulate the

15, This information in the form of nerve impulses
~d ultinately to the neuro-secretory cells of the

©s2, 1n turn, communicate the information through

- by means of hormone—releasing factors causing the
hird to {Kobayashi & Wada, 1973). Animals also communicate with
cach other throuch cherical means. particularly over time and distance
when visual or aucitory means could not operate effectively.

This chemical information left by others is verceived by the sensory
Derceptors of the olfactory system, for example, and communicated to
the n2uro-secrevory cells in the game way. This information may
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“nmedify or alter the animal's behaviour, as, for example, a bird about
to alight and feed may, on picking up a danger signal, fly off without
alighting, leaving in its turn a chemical communication of fear. These
external chemical communications in animals are termed 'pheromones! by
i, nany workers, buit possibly a more useful term is texocrinclogy'. This
was used by Parkes and Bruce, (1961), following their research on
visual and olfactory stimulation in birds and mammals, to denote the
expanded view of chemical regulators of behaviour to include, not only
| the internal chemical information system of endocrinology, but, also,
- external or exogonous chemical information which also modifies behaviour,
The fact that the systems are interlinked helps to explain, in part the
self-regulatory nature of vopulation controls and the abnormal behaviour
which follows overcrowding (Hall, 1969).

It is only since 1967 that reliable scientific evidence has been
accumulating of the importance of the olfactory perceptual sense in
avian species, although the anatomical evidence has been known for
vyears, "Anatomical evidence, especially impressive in the case of
olfaction, has existed for some time, and convincing electro-
physiological and behavioural observations have been more recent
contributionst(Wenzel, 1973).

CHEMORECEPTICN

Qur knowledge at present indicates that the perception of chemical
stimuli occurs through the neural routes:

1. the olfactory nerve with receptor endings in the posterodorsal
reaches of the nasal cavity,

2. taste fibres in the facial and glossopharyngeal nerves with
sense cells on the tongue and buccal lining, and

%, free nerve endings distributed widely over the body surface in
the neural network that respond to the several qualities of
cutaneous sensation - the common chemical sense, which has had
little study.

Some writers have argued that apparent olfactory or gustatory
sensitivity in the bird may actually be due to common chemical
: | sensitivity. This argument need no longer be taken seriously because
) | the modalities of taste and smell do exist, but cutaneous chemo-

. reception may alsc contribute. (¥Wenzel, 1973).

The structure of the olfactory epithelium is consistent for all
vertebrates, including the twc avian species Black Vulture {(Coragyps
 atratus) and the domestic duck (Anas platyrhynchos) which were studied
| in detail (Brown & Beidler, 1966, and Graziadel & Bannister, 1967).
The only non-mammalian chacteristic is an increase in microvilli on

the terminal dendrite knob,

The size of the olfactory bulb, the terminal part of the cerebral
hemisphere of vertebrates, from which springs the olfactory nerve
(first cranial nerve) running to the organs of smell, varies widely
among birds, but "the absence of gross differences between the avian
and mammalian olfactory bulbs makes it reasonable to apply
descriptions of mammalian bulb ultrastructure to birds, for no
direct knowledge is available". (Beidler, 1971}

QLFACTORY PATHWAYS IN THE BRATN

In 1971, new research technigues used by Lennart Heimer showed for
the first time a central pathway for smell in the brain, and although
this technique has not yet, as far as I know, been used in bird study,
at least one recent study on the pigeon (Rieke & Wenzel, 1973),
using electrical stimulation, confirms earlier reports that smell
evokes responses in the central areas of the brain of the bird. This
would seem to bear out all evidence so far obtained that there is

., 1ittle difference between the olfactory systems of all vertebrates.
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There is ample research to dewme strate that the gsense of smell in

ano Fos
at least fourteen different varieties of birds is indigtinguishable
reptiles and mammalnz. The methods used

from that of azphibians
’ - - -
are clectro-clfactograms {electrical recordings

to demonsirate thig

oS o s 0o

of the oclfactory nerve - Tucker, 1955), and extracellular recordings
(Shibuya & Tonosall, 19723, Furtherzore, electrizal recordings from
the olfactory bulb itgels have been oblained for fifteen different

avian species (v, App. TA'), I the latter it wasz stated that

"The wave bursts ars very 1 of recordings fron any vertebrate
olfactory system.™ (Sieclk, Slock & Vienzel, 19693; Wenzel & Sieck v

L]
An dnteresting point is the variation in responses to smell which i
occurs with differsnt zoncentratinng of the same compound and with C
‘different compounds and the variation from one bird to another of the B
same species (Sieck and Wenzel 1967 « 1972), The fact that the (
recordings were genuine reflections of the responses to swell was c
established by showing that the activity disappeared following the f
cutting of the clfactory nerve. 0

EHAVIOURAL FVINTHCE OF SMELT

PN e
oo AL, [ Y

Even before the above eovidance was known, some studies were showing
that behaviour was dencndent voon taste ang suell, and the potential
for the use of thesa genses iz now well established,

Several instances af “ho nge of olfaction in normal behaviour have
been documented and cihars have Soen ousoested {(Stager, 1967).  After
extensive studies, Sha cunciaied that the Turkey Vulture and,
possibly the Hins Vulburs locale general areas of carrion by odour
cues, aiter whizh, the exach toczation is pinvoiated by wvisioa. (The
method for this suady was to nilde a generator of ethyl mercaptan at
the base of a canvon aad to release the funmos into tlie still, morning

air., The a% gee the penerator, tbut they congregated
and circled 0f “he generator repeatedly.)
Stager, 196 that the African Honeyruides which feed on
beeswau, e cdour of the wax, He found that the

: e

birds we:
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ted candle, while Archer and Glen,

t Honeryguides "can be netted repeatedly in the
immediate vicinily of Veshives even ven to twelve days after their
abandonment by the bees and when visual and auditory clues would no
longer b2 available, They concluded, "They were able to rinpoint
the location of Lho hives by a distance cue such as odour.™

B T T —

<
Fapi et al (1371-2 recoriing that homing pigeons rely on olfaction, :
stated, "RBirds with bilateral cilfactory nerve section, with both (
nostrils rlugged with cotinn tazmpons, and with one nerve bisected ‘
and the other nostril plugged, were all pro cundly disorientated as f
shown by the very low incidencs of returns to the home loft, The |
few that returnsed arrived later than the sham operated control birds." |
They had ocboerved behaviour on si¥ days before the operation and for ;
seven days after, 2 result of which they suggest, "pigeons in .
the 1oft learn to recozrice odours frow surrounding areas and to |

assocliate then with wind Q3 ections, "

Johnztone et al ¢
even contirihute
ways that are conil-

cd, "It (avian reliance on olfaction) nay
: T v

oraraticn of vhysiological systems in
5 b2 uadersiood for other vertebrates,!

were completely successful at night
in locating which of *three feedine stations contained their food.

]

v T s o ; . 3yt e
venzel (1963-72), found thal kiwis

Grubb (1971/2) produced a variety of ovidence o show that Leach's
Sterm Petrels and Wilson's Storm Petrels, the Greater Shearwater and,
possibly, Sooty Shearwater birds accomplish at least some navigation
by reliance upon olfactory cues.!
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Egrets found an island in the Bay of Fundy at night by flying up-wind

(Grubb, 1972). Their nesting material served as an effective lure in

the darkness. The birds landed through dense trees a short distance

down wind from their burrows and they chose an arm of a 'Y' maze which

tontained the odour of their own nest material rather than the other

yvhich had similar control naterial taken from the ground. Finally,

the birds with plugs in their nostrils or with secticned olfactory

nerves, had not returned to their burrows after one week, and Grubb

concluded that the evidence supported the hypothesis that Leach's

Storm Petrel depends unon olfaction for many aspects of burrow location.

{Wot only does olfactory input influence many aspects of reproduction
in other (than avian) fornms, but it has even been shown to affect

; certain aspects of general behaviour in both rats and birds." (Avian

Biol., 1973) which cites Douglas & Isaacson (1969); Heimer &Larsson
(1967); Papi et al (1969) and Hutton & Wenzel (1971).The article
continues, "Perhaps 1ts most significant contribution to many avian
forms lies in this sphere of influence rather than in the transmission
of specific information about odours."

VARTATIONS 1IN BPEHAVICURAL RLSPOISHDS

The variations in responses of birds and mammals has posed the greatest

problems to the commercial development of an acceptable and ecologically
viable chemical repellent, The complexity of behaviour is due, partly

to the complexity of perceptual response in the individual, and partly,

for want of a better term, thloodymindedness!', or determination to

carry out some destructive act,

The degree of variabion in responses, both inter and infra species, 1is,
at present, unaccounted for in research studies. Explanations given
for it usually include past experience coupled with present nutritional
and metabolic need, e.g.s; past water deprivation may mean that present
thirst will overcome the aversion to a particular taste, (Venzel, 1973)
In such cases, a repellent, to be successful, would need the spectrum

of repellency necessary for the particular species, together with such
potency as to be able to overcome the tolerance limit of any individual.
But, although this argument has some cogency, it has yet to be resolved.

RESPOISES TC S, A A.5.

Ividence of the variations in resvonses to S.A.A.S. which would appear
to have been caused by high incidence of hunger and/or thirst was first
demonstrated in the Israeli Goverarent trials by de Wolf and the Volcani
Tnstitute (1971-5). Migratory birds of varying species flying South
over various farms from Hedera (329127 N) to Gilat (31020" N) did no
damage to crops sprayed with S5.A.A.S., whereas, after a further flight
of some 150 miles across mainly barren desert to Neviot (29°00" H) (1)
some damage was found on the crops at the agricultural station there.

Tndividual dislikes and preferences can be comprehended, but the
apparent determination to carry out an act despite disagreeable
consequences is believed to be unusual. This was first demonstrated
by two dogs which shared a kennel and badly damaged it by gnawing,
whereuron it was heavily painted with 5.A.A.5, in an adhesive. The
dogs stopped chewing for two days, but on the third day they tore the
kennel Lo pieces, were violently s%ck and thereafter refused
absolutely to go near any kennel. (2

In similar vein, the buds and flowers of a row of syringa bushes in

a garden were being taken by tits and sparrows and so sprayed with
S.AVALS. There was no damage for three days, butb on the fourth and
fifth days every bud and flower was found on the ground - not one
remained on the buches - but none of the other plants in that garden,
which normally suffered heavy damage, were touched during the
remainder of that season. (3)

Similar instances have been noted, but at the moment no work is known

T T SR T THNE. SR . T g, - BRI, Il SRS T PN
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COUUROT, R PEHAVIOUR BY S,ALALS. Zfiiiiéirlwg' Th
“lfactory control of avian behaviour by S.A.A.S. has been well ;E
established. Leinati L., followed by field trials in the U.X. and ac
Ttaly, (4,5,6,7), showed that majze, pea and cereal seed, dressed o1
with S.4LA.5. at up to S%¢ w/w, and sown un to two inches under the £}
so1l surface, were left untouched by nheasants, rooks and crovs, bl
whereas, up to 50% of the control seed was taken in some instances m:
at the first sowing, and up to 30% at the second and subseguent .
sowings in the same control plots during the same season. m.
In uany field trials, however, control by 5.A.A.S. can be very ki
difficult to establish scientifically for the reason that the effect f
of the repellent smell can cover a wide area, including that which t
was not treated. (For this reason it is recommended that 5.A.A.S. be n
srrayed in strivs leaving alternate unspraved strips so as to minimise W
cost of material and avnplication) This action was well demonstrated r
in a trial using the Latin Sguare method of evaluation, when it was 0
hoped that the young cereal plants in the treated squares would d
eventually stand proud cver the untreated control areas, But, in the r
event, the first birds to arrive at, or near, a treated sguare C
apparently warned the others of something unusual and distasteful and :
all birds left the field and did not return. To the scientists this }
was a fajlure: to the farmer it was a huge success!(8) 5

Avian response to the repellent involving, possibly, both olfaction
and gustation has ample evidence from official trials including:-

Udagawa Y. Ministry of Agriculture, Japan; Japan Botanical Epidemic
Preventlion aud Nippon Shokubutsu Boeki Kyokai, '"Published Results of
Ministry Trials, 1376", opp 232-5, on the control of pigeons
(Columba palumbus) on soybean.{16) Also, nrivate trials! reports of ‘
wild boar on bamboo shoots (17), and reports with vhotographs of

sparrows (Passer domesticus) and turtoedoves (Streptopelia turtur)

on barley, soy bean and paddy rice (18)

A mm b R e

de Wolfl 7, Ministry of Agriculture, Jsrael, Plant Protection trials
L970-74 et seq.: control of damage to various crops by several avian
snecies including goldfinch (Carduelis carduelis & Carduelis elegans),
linnet (Carduelis cannabina), vpigeon (Columbdae), turtle dove
{Strectopelia turtur), svarrow (Passer donesticus and Passer
hispaniolensis), lark {(Alauda arvensis), greenfinch {(Chloris chloris),
rock vartridge (Alectoris graeca), starling (Sturnus vulgaris) and
black~headed zull(Larus ridibundus).(19)

F. A0, Research into the Control of Grain-Fating Birds. Preliminary,
rravate draft of report of S.A.A.S. in the control of parakeet
(Psittacula %rameri), onarrot (Poicenhalus senecalus), buffalo and
village weaver (Bubalornis albirostiris % Ploceus cucullatus), glossy
stariing (Lampratornis chalybacus), grey~headed sparrow (Passer griseus),
and others. (20)

Dar 5, "Ownrmary of Tests Carried out at the International Ben Gurion
Airrvort {(Lod) with Bird-Repellent 'RETA'™ (S5.A.A.5., BSCE/11, 1976,
Wr.26, showed control of partridge {(Perdrix bartavelle and Alectoris
mraeca), black-headed gull (Larus ridibundus), Tlapwing (Vanellus
vanellus), starting (Sturnus vulgaris), dove (Streptopelia turtur),

pigeon {(Colunba Palumbus) and swallows (Hirundo rustica and Delichon
urbica). (9}

Liemnry would apnear to play an imnortant role in avian and mammalian
control by means of chemicais. The chemical information on its route
to the hypothalamus being linked up with feed-back loops from the
mitral cells within the olfactory bulb which apparently »lay a role
in the nemory of previous experience, thereby affecting behavioural
resronGes, But 1ittle is known yet of this function,

N



e —

LR

r 1977

L1%

),

(e BSCE 12

* The memory factor, together with the information given b & fPgtobre 1977

release of pheromones, or exogonous chemical factors giving warning
nessages would appear to be the only possible explanation for the
action of birds and mammals in avoiding a treated area for periocds
of up to several months. This could be due to memory alone if only
the creatures experiencing the original treatment were concerned,
but newcomers to treated areas have been repelled in a similar
manner after the lapse of several weeks and months and even after
heavy rain would have washed away most 1f not all of the repelle?g)

“material, as, for example, at Ben Gurion International Alrport

where there are movements of migratory birds, and seagulls were

found to arrive daily with the peossible object of reconoiteri?v

the repellent effect of the S,ALA.S. At Sydney, Australia, 10}

no dogs would walk on areas of parks seven weeks after treatment

with S.A.A.S., during which time there had been 4-inches (102mm)

rainfall and the government drugs laboratory could find no evidenc?

of the chemical regaining on the treated areas. Similarly, rats 11~-12
desert rodents (13) and rabbits (14) among the mammalian species to
react to the repellent, have been totally repelled for long periods

of time from the freated areas.

Response attributable solely to the gustatory effect of S.A.A.S, has
been demonstrated empirically in a manner similar to that by Fisher

with the hen (v, above) on only one occaslion, Twelve sparrows _
(Passer domesticus) were found happily shredding the petals of crocus
flowers with their beaks, The birds left while the petals wvere

sprayed with a mild solution of S.A.A.S. in water bult they returned
after a few minutes, whereupon one of their number hopped to a flower
and commenced to shred a petal as before, when it suddenly stopped,
dropped the petal, shook its head several times from side to side and
hopped back ito its fellows. Shortly after, two others from the twelve
then carried out precisely the same actions with identical results.

Then, all twelve birds flew off. But, during the remainder of the
season, no further damage was done in that garden to any plant by any(lr
bird although much damage was done to plants in the adjoining gardens. 7

To sum up, research into the control of behaviour by neuro-physiological
reans has now reached a stage whereby several control mechanisms are
known, both electrical and chemxical.

it is suggested that we use our knowledge of the normal avian chemical
control of behaviour in order to control behaviour undesirable to man
by the development of an ecologically viable chemical repellent.

Such a repellent has been developed and the results of the field trials
at Ben Gurion International Airport (now free from most birds for three
years) would seem to suggest that it is effectively controlling bird
behavicur at present.

I, therefore, submit to this conference that I have demonstrated that
S.A.A.5. can have behavioural control over the birds and mammals that,
directly and indirectly, can cause damage to aircraft in the course of
landing and taking-off at airfields, and that I have correlated the
scientific research work showing that this is achieved by neuro-
chemical action within the brain.

There is, of course, much laboratory and field research still to be
carried out, but, meanwhile, it is suggested that the correct grade
of S.A.A.S. correctly applied on areas in and surrounding airports
may do much to reduce the incidence of bird-strikes to aircraft in
many parts of the world.

A questionnaire is attached to each copy of this paper for the use of
any authority wishing to obtain advice as to grade and quantity of
S.AA.S. to use and the method of applicatiocon.

R.J.STONE.
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The avian species shown below were used in electrophysiological v
experiments in olfaction by the methods and the researchers shown 3
NERVE RECORDING -~ Tucker D. 1965 in 'Electrophysinlogzical Evidence
for Olfactory Function in Birds: Nature: 207. 34-36. 4
Chicken (White Leghorn) ’
Common crow ( Corvus brachyrhynchos)
Muscovy Duck (Cairina moschata) €

Domestic Goose (Embden)

Ring~-billed Gull (Larus delawarensis)
American Sparrow-hawk (Falco sparverius)
Blue Jay (Cyanocitta cristata) &
Common Night-hawk (Chordeiles minor)
Domestic Pigeon (Columba palumbus)
Bobwhite Quail (Colinus virginianus)
House Sparrow (Passer domesticus)
Black Vulture (Coragyps atratus) 1(
Turkey Vulture (Cathartes aura)

Common Yellowthroat (Geothypis triches)

-

Ya

1

BULB_RECORDING - Sieck, 1967; Sieck & Wenzel, 1969; Wonzel & Sieck, 1972) 1

Black-footed Albatros (Diomedea nigripes)

Chicken (White Leghorn) 1
Mallard Duck (Anas platyrhynchos)

Domestic Pigeon

Manx Sheerwater (Puffinus puffinus opisthomelas) 1

1!
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